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Emerging Therapies for
Progressive Multiple Sclerosis
A number of agents with putative neuroprotective effects have shown promise
in recent clinical trials.
By Matthew Tremblay, MD, PhD
Introduction
Approximately 10% to 15% of people with
multiple sclerosis (MS) are diagnosed with
primary progressive MS (PPMS), in which
there is worsening disability in the absence of
preceding relapses.1 Many others with relapsing-remitting MS (RRMS) will eventually enter a phase of
worsening disability independent of clinical relaapses or MRI
changes, referred to as secondary progressive MS (SPMS).
Collectively, PPMS and SPMS are referred to as progressive
MS (PMS). Since the turn of the millennium, multiple highly
effective treatments for RRMS have been approved, including oral immunomodulators and infused monoclonal antibody therapies. In contrast, only 2 medications have Food
and Drug Administration (FDA) approval for treating progressive MS. Effective treatment for PMS remains an unmet
need. Both immunomodulators and neuroprotective agents
are being evaluated and are discussed in this review (Figure).
Most of the disease-modifying therapies (DMTs)
approved for RRMS and numerous other immunosuppressant medications have been evaluated for PMS, but the vast
majority had disappointing outcomes. Many investigators
attribute the high failure rate in PMS trials to the distinct
pathophysiology of PMS that is likely less dependent on
inflammation than RRMS. The unique challenges of designing appropriate clinical trials for people with PMS make the
search for treatments for PMS particularly challenging. The
disability progression that defines PMS can be difficult to
identify in routine clinical practice because of the chronic
nature of symptoms and the need to exclude potential confounders, such as clinical relapses and fluctuations related to
infection and environmental factors. Selecting appropriate
endpoints is difficult and evolving. The standard measure
for clinical disability remains the Expanded Disability Scale
Score (EDSS), although this is limited by the disproportional
weight it gives ambulatory dysfunction.2 Recent studies
have used composite endpoints, such as the MS Functional
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Figure. Therapies in use and under investigation for progressive
multiple sclerosis are immunomodulators or neuroprotective
agents with a variety of mechanisms of action as shown here.
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Composite (MSFC) incorporating multiple measurements,
including as timed 25-foot walk (T25FW), 9-hole peg test
(9HPT), and paced auditory serial addition test (PASAT).3
Radiologic endpoints have long been utilized in MS clinical trials, particularly the number of new or enlarging T2
lesions and gadolinium-enhancing lesions (GELs) on MRI.
Recognition that brain atrophy correlates with disability
progression has led to use of volumetric assessments as an
endpoint for treatment efficacy in trials for treatment of
PMS.4 Measurements of neurofilament light chain (NfL) in
cerebrospinal fluid (CSF) and serum are also being used as a
surrogate for quantifying axon loss and neurodegeneration.5
Lessons of Interferon-b Trials
Although detailed summaries of the negative trials of
interferon b (IFN b) for PMS6,7 are beyond the scope of
this review, a discussion of IFN-b trials provides some
insight into the limitations of using immunomodulators
to treat people with PMS. A European trial of IFN b-1b
for SPMS demonstrated a delay in time to confirmed disability progression (CDP), compared with placebo, which
was not replicated in a North American trial of IFN b-1b
for SPMS.8,9 Post-hoc analysis suggests the discrepancy was
a consequence of younger age, shorter disease duration,
higher relapse frequency, and higher prevalence of GELs
in participants of the European study compared with the
North American trial.10 Another trial demonstrated statistically significant reduction in MSFC scores in patients
receiving weekly intramuscular IFN b-1a, but no difference
in EDSS scores.3 The outcomes of these trials are highlighted, because they foreshadowed 2 themes in clinical
trials directed at treating PMS. First, a positive outcome is
typically associated with a younger study population with
more inflammatory disease and a shorter disease duration
and second, preservation of upper extremity function and
cognition appear more attainable than preventing decline
of ambulatory function or worsening EDSS score.
Food and Drug Administration-Approved
Therapies
Mitoxantrone
Mitoxantrone is an anthracenedione initially developed
for treating malignancy that was also FDA-approved for the
treatment of both RRMS and PMS. Although it is rarely used
now because of severe risks associated with treatment, it is
1 of only 2 on-label medications for PMS. Mitoxantrone was
studied in a phase 3, placebo-controlled trials of 194 participants, half who had SPMS and half who had RRMS with
progression between relapses.11 All were randomly assigned
to receive placebo or mitoxantrone (5 mg/m2 or 12 mg/m2)
intravenously every 3 months for 24 months. The primary
outcome was multivariate analysis of 5 clinical measures:

EDSS change over 24 months, ambulation index changes,
number of treated relapses, time to first relapse, and changes in standardized neurologic status. Statistically significant
improvements on the composite and individual test scores
were seen with mitoxantrone compared with placebo for
the monthly 12 mg/m2 dosage regimen.
Unfortunately, side effects limit the use of this medication in practice. Nausea, alopecia, urinary tract infections,
secondary amenorrhea, leukopenia, and transaminase
elevations were all noted in the phase 3 trial. Even more
concerning, a postmarketing report estimated the incidence
of systolic dysfunction at 12%, congestive heart failure at
0.4%, and leukemia at 0.8% after mitoxantrone treatment
for MS.12 The FDA added a “black-box” warning about these
side-effects 5 years after the approval, and since then MS
practitioners have all but abandoned use of the medication.
Ocrelizumab
Ocrelizumab is a humanized monoclonal antibody to
CD20, an epitope predominantly expressed by B lymphocytes. It was FDA approved for the treatment of PPMS based
on results of a double-blind, placebo-controlled randomized
clinical trial evaluating efficacy in patients with PPMS.13 The
primary endpoint was 12-week CDP, measured by EDSS.
A key secondary endpoint was the MSFC, which evaluates ambulation, upper extremity function, and cognition.
A modest, but significant reduction in the proportion of
patients reaching 12-week CDP was observed in patients
treated with ocrelizumab compared with those treated
with placebo (32.9% vs 39.3%, relative risk reduction 24%,
P = .03). Ocrelizumab similarly reduced the proportion of
patients reaching 24-week CDP (29.6% vs 35.7%, relative risk
reduction 25%, P = 0.04). Ocrelizumab decreased the rate
of worsening on the T25FW test and risk of upper extremity function worsening, as measured by 9HPT, the latter of
which was explored in further detail in post hoc subgroup
analysis.14 Ocrelizumab treatment led to significant reduction in brain atrophy and a modest decrease in T2-lesion
volume. Infusion reactions with ocrelizumab were common,
but easily managed. Ocrelizumab, like other anti-CD20
therapies, is associated with increased risk of upper respiratory infections, herpes viral infections, and reactivation of
hepatitis B. An imbalance in the rate of malignancy was
observed but will require longer-term safety monitoring to
fully address. Neoplasms were reported in 2.3% of patients
treated with ocrelizumab (including 4 patients with breast
cancer) as compared with 0.8% in the placebo group.
Although ocrelizumab achieved both primary and multiple secondary outcomes, study design—patient selection—
may limit the ability to generalize the findings to all patients
with PMS. The ocrelizumab trial limited enrollment to persons age 18 to 55 with relatively short disease duration and
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an elevated immunoglobulin G (IgG) index or unique CSF
oligoclonal bands. A high proportion of those in the study
exhibited GELs (27.5% in the ocrelizumab group, 24.7% in the
placebo arm). Although the prevalence of enhancing lesions
was similar to that seen in a trial of rituximab (24.5%), it was
considerably higher than earlier negative trials in PPMS with
glatiramer and fingolimod (14.1% and 13%, respectively).15-17
The high prevalence of inflammatory disease may have contributed to the positive outcome of the trial.
Emerging Therapies
Siponimod
Siponimod, a selective sphingosine-1-phosphate1,5 receptor modulator, is under review for approval for treatment
of patients with SPMS following completion of a phase 3
study in which 1,651 persons with SPMS were randomly
assigned (2:1) to receive siponimod or placebo for 3 years
or until a prespecified number of participants reached
3-month CDP, as determined by EDSS.18 The study population was fairly representative of SPMS, with the majority
needing mobility assistance and more than 75% not having
had a clinical relapse for a year prior to enrollment. At baseline, however, 21% of them had contrast-enhancing lesions.
Siponimod decreased the disability progression risk with
26% reaching 3-month CDP compared with 32% of those
receiving placebo (relative risk reduction 21%, P = .013).
Although a similar reduction in the risk of 6-month CDP
was observed in persons treated with siponimod, no benefit
was seen in measures of worsening ambulatory dysfunction, as measured by T25FW. Study authors attributed the
lack of statistically significant effects on ambulation to high
variability of the measurement in participants with more
pronounced disability. Subgroup analysis suggests that
persons with relapses in the preceding 2 years or rapid progression had the most relative risk reduction. The effect of
siponimod on disability progression was less pronounced
in patients with increasing age, disability, disease duration, or less evidence of inflammatory disease. The adverse
event profile of siponimod was similar to fingolimod, with
increased rates of lymphopenia, elevated liver enzymes,
bradycardia, macular edema, hypertension, varicella zoster
reactivation (including a case of meningitis), and a higher
rate of seizures (2%) in those who received siponimod.
Ibudilast
Ibudilast is a small molecule inhibitor of phosphodiesterase-4 and -10 with pleiotropic immune effects. In a trial for
patients with RRMS, ibudilast did not prevent development
of new lesions, but did decrease brain atrophy and conversion
of enhancing lesions to black holes.19 In a trial for patients
with PMS, 255 persons were randomly assigned to receive
ibudilast or placebo for 96 weeks.4 Just over 50% of the par-

48 PRACTICAL NEUROLOGY FEBRUARY 2019

ticipants had a diagnosis of PPMS and the rest had SPMS. Less
than one-third of participants were taking immunotherapy in
the form of an injectable DMT (use of other immunotherapies excluded participants). The primary endpoint was brain
atrophy progression measured by brain parenchymal fraction.
Secondary endpoints included other imaging markers, ocular
coherence tomography (OCT) measurement of retinal nerve
fiber layer thickness (used to assess optic nerve injury), and
20-week disability progression measured by EDSS. Patients
treated with ibudilast had a 48% reduction in brain atrophy
that the authors point out was superior to ocrelizumab,
siponimod, and simvastatin in other trials. The only statistically significant effects of ibudilast on other imaging outcomes
were cortical thickness and magnetization transfer ratio; however, effect size was reported without corrections for multiple
other comparisons. There was no statistically significant effect
on disability progression and patients treated with ibudilast
had higher rates of gastrointestinal symptoms (particularly
nausea, diarrhea, and abdominal pain), depression, and headache. Interestingly, the placebo group demonstrated higher
rates of upper respiratory infection, skin infection, and pain,
suggesting a potential treatment effect for MS-related pain.
Biotin
Biotin (vitamin B7) is a cofactor for multiple carboxylase
enzymes involved in fatty-acid synthesis and energy production. Biotin is proposed for treatment of MS because it may
increase remyelination and overcome the energy inefficiencies
in signal propagation along demyelinated axons,termed virtual
hypoxia. In an open-label pilot study of high-dose biotin supplementation (100-600 mg/day), 23 patients with progressive
MS showed improvements in visual acuity and visual evoked
potentials (ie, reappearance of P100 waveform). Although
90% of participants with progressive paraparesis or tetraparesis were reported as improved following treatment, blinded
review of videotaped clinical examinations yielded more modest results with improvements in EDSS observed in only 17%
(4/23) of participants. Of note, relapses occurred in 17% (4/23)
of participants, some resulting in overall worsening. The only
adverse event reported was diarrhea in 2 participants; however,
there were 2 deaths reported as unrelated to treatment.20
Another open-label study of 43 individuals with progressive MS who took biotin (300 mg/day) did not reproduce this
benefit, which the authors attributed to an older study population with longer disease duration.21
A third study showed no effect of high-dose pharmaceutical
grade biotin (MD1003) on vision in patients with MS-related
optic neuropathy.22 In a placebo-controlled randomized trial
of MD1003, reversal of disability or 20% improvement in EDSS
score at both 9 and 12 months was seen in 12.6% (13/103)
of those treated with 100 mg MD1003 given 3 times per day
compared with none who received placbo.23 Subgroup analysis
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suggested that persons with a lower baseline EDSS were more
likely to respond. After the 12-month placebo-controlled phase,
all 154 participants received high-dose biotin in an extension
phase. As further evidence of a treatment effect, 11.9% of those
who were given placebo in the blinded phase had reduced
disability in the extension phase. Relapse rates were similar
for those receiving MD1003 (4.9%; n = 5) and placebo (7.8%;
n = 4). New T2-weighted lesions and gadolinium enhancing
lesions were observed more frequently in patients treated with
MD1003, although this did not reach statistical significance.
A clinical trial was subsequently begun to specifically address
concerns about potential increased risk of relapses with offlabel use of high-dose biotin in patients with MS. Additional
safety concerns from this study included interference with a
number of common laboratory tests, most notably thyroid
testing. Other clinical laboratory testing likely to be affected by
high-dose biotin treatment includes vitamin D, troponin, and
pituitary hormone levels.24 A larger phase 3 study of MD1003 is
underway.
Lipoic Acid
Lipoic acid is an endogenous organosulfur compound
with putative antioxidant effects being evaluated for treatment of PMS based on hypothetical neuroprotective effects
and promising data from preclinical studies. A pilot study
suggested that lipoic acid was well tolerated and resulted in
reduction of relevant serum markers in patients with MS.25
In a subsequent phase 2 controlled trial, 54 participants
with SPMS were randomly assigned to receive lipoic acid
or placebo for 2 years.26 The primary endpoint of the study
was percent change in brain volume, a measure of brain
atrophy. Secondary endpoints included rates of atrophy in
segmented brain, spinal cord, and retina (as measured by
OCT), as well as change in disability, quality of life measures
and safety. Patients treated with placebo had a 68% reduction in brain atrophy but not in segmented brain, spinal
cord, or retina (measured by OCT). Changes in disability levels, quality of life measures, or safety were also not observed
although there were fewer falls and a trend toward improvement of T25FW in those who took lipoic acid. An increase in
gastrointestinal upset was seen for people taking lipoic acid
and 2 developed renal injury, including one with renal failure
and the other with proteinuria from glomerulonephritis.
A trend toward increased T2 lesion volume was seen in
those treated with lipoic acid, although only a single relapse
occurred in either arm. A larger phase 2 studya to evaluate
the safety and efficacy of lipoic acid is currently recruiting
with a goal of enrolling 118 participants to either 2 years of
1200 mg lipoic acid or placebo daily; this study has a primary endpoint of improvement in T25FW, with secondary
endpoints including 2-minute timed walk, change in falls,
and brain atrophy.

Simvastatin
Simvastatin is an HMG-CoA reductase inhibitor that is
indicated for treatment of hyperlipidemia and for secondary
prevention of cardiovascular disease. A clinical trial evaluating
simvastatin for treatment of PMS was designed based on scientific evidence of anti-inflammatory and cell protective effects.27
In this trial, 140 people with SPMS were randomly assigned
to receive 80 mg simvastatin or placebo daily. The primary
endpoint was annualized rate of whole brain atrophy, with
additional imaging secondary endpoints, including the number
of new or enlarging T2 lesions. Patients treated with simvastatin had a 43% reduction in brain atrophy and improvement
in EDSS. A non-significant trend was seen for improvement in
MSFC and reduction of T2 lesion accumulation. No differences
were observed in relapse frequency or inflammatory expression profiles. A larger phase 3 study evaluating simvastatin for
PMS is recruiting enrollees in the United Kingdom and Ireland,
with an anticipated enrollment of nearly 1,200 participants and
a planned primary outcome of time to CDP, as measured by
EDSS, with secondary endpoints including measures of ambulatory ability, upper extremity function, cognition, relapse rates,
and measures of cost effectiveness.
Conclusions
The majority of patients diagnosed with MS will eventually
enter a progressive disease phase. At present, ocrelizumab is
the only safe treatment available for persons with PMS, and
although siponimod may be approved in the near future for
SPMS, these medications are modest in their effects, and an
unmet need remains. Furthermore, much of the treatment
effect from ocrelizumab and siponimod is attributable to
decreased inflammation, which favors younger patients with
shorter disease duration. Such patients represent a fraction of
those with PMS, making these results difficult to generalize to
real-world patient populations. Older patients with decreased
mobility are likely more susceptible to infectious complications, which shifts the risk-benefit ratio in a way that warrants
careful patient selection.
There are reasons to be optimistic about filling the unmet
need of preventing disability for persons with PMS, including patients who may not be ideal candidates for an effective
immunomodulator. A number of agents with putative neuroprotective effects have shown promise in recent clinical trials.
Biotin, lipoic acid, and simvastatin are all medications that have
demonstrated a benefit in progressive MS that are available for
off-label use. While the safety data surrounding simvastatin are
readily available, some caution is reasonable with regard to offlabel use of lipoic acid and high-dose biotin while awaiting the
results of larger clinical trials. Although erroneous laboratory
results are an established risk with biotin (including thyroid and
troponin testing), data from previous studies also raise concerns
about the potential for increased inflammatory activity during

a. Lipoic acid for progressive multiple sclerosis (MS)(NCT 03161028).
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treatment. Ibudilast demonstrated a robust effect on brain atrophy, which will hopefully translate into prevention or reversal of
disability progression in an adequately powered study. n
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