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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.® In addition, rare side effects have been noted in
postmarketing data, including acalculous cholecystitis,” hemo-
phagocytic lymphohistiocytosis® and a report of an acute
coronary syndrome during infusion,” 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).™ 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 effica-
cy in primary progressive MS (PPMS)."" 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,’? as
well as favorable efficacy both when switching from natali-
zumab compared to fingolimod™ and as initial therapy when
compared to on-label therapies.' 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
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parallel trials for treatment of RRMS versus interferon-f3-1a
and in a placebo-controlled trial in PPMS. For RRMS, there was
a 46% to 47% reduction in the primary endpoint of annual-
ized relapse rate (ARR) in comparison to interferon-f-1a.”> 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.”” Overall, ocrelizumab has been
well-tolerated by patients. Serious infections were seen in tri-
als in combination with other immunotherapies in persons
with lupus and rheumatoid arthritis, leading to the suspension
of those trials.'®” These adverse results have not been mir-
rored 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 popula-
tion."® 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 immedi-
ate 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." This includes doses caus-
ing 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 glyco-
engineered for enhanced affinity to FcyRllla 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 radio-
graphic response.?®

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.?' Although targeting these cells may be effi-
cacious for MS, it also presents a greater theoretical risk for
immunoglobulin deficiencies, and it will be necessary to moni-
tor for infectious complications.

Daclizumab

Used sparingly, daclizumab is an antibody directed at
IL2R-0,, 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.??? It was available under a moni-
toring 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 recogni-
tion of secondary autoimmune events, including 12 cases of
an inflammatory CNS condition that led to at least 3 deaths.?
Daclizumab was withdrawn from the market March 2, 2018.

The withdrawal of daclizumab presents a quandary for cli-
nicians 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 discontinua-
tion. Although the optimal period of washout is unknown, the
opinion of the authors is to wait for 2 months or until all com-
plications from daclizumab resolve, whichever is later.

Natalizumab

Natalizumab is a humanized monoclonal antibody against
a4-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 effi-
cacy versus placebo? and in combination with interferon--1a
versus interferon-f3-1a alone.?® 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
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program allows for stratification based on level of titer, length
of exposure, and prior immunosuppression.2” 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.?®

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 num-
bers 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 al?® demonstrated a consider-
able decrease in the risk of PML in all definitions of EID. Cases
of PML did still occur with the exception of those who under-
went 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 disabil-
ity 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,*® 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 mono-
clonal antibodies have had a significant role. Opicinumab is a
fully humanized antibody that targets leucine-rich repeat and
immunoglobulin domain-containing neurite outgrowth inhibi-
tor receptor-interacting protein-1 (LINGO-1), which is a nega-
tive regulator of OPC differentiation into oligodendroglia® 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 signifi-
cance compared to placebo in both intention-to-treat and
prespecified per protocol analysis, although the drug was well-
tolerated.®! In another phase 2 trial of opicinumab in patients
with RRMS who were being treated with interferon-f3-1a intra-
muscular injections over the course of 84 weeks, the primary
endpoint was a multicomponent clinical endpoint that was
not significantly different versus placebo®’; 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.??

Another monoclonal antibody for remyelination, rHIgM22,
has completed phase 1 trials in humans. This recombinant
antibody was isolated from a patient with Waldenstrom’s
macroglobinemia and demonstrates the ability to induce
remyelination in a mouse model of demyelination.3* 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.® Further clinical studies
are necessary to determine whether this antibody can reach
the CNS in sufficient amounts, and if the beneficial remyelinat-
ing 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 cap-
tured 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 anti-
bodies have featured prominently in early trials of remyelin-
ation, and despite recent setbacks,>"3? these therapies have
informed us about the potential for neurologic recovery and
for future trial design. |
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