
Introduction: Multiple sclerosis (MS) affects more than a million 
people in the US. A considerable portion of these patients either 
begin with primary progressive disease or eventually transition to 
secondary progressive MS. A progressive disease course is the 
most critical factor affecting disability accumulation. The relatively 
recent development of treatments for relapsing multiple sclerosis 
has had a profound impact on the disease course for many with 
MS. Unfortunately, therapies for progressive MS have not had the 
same degree of advancement in general. New insights into the 
pathophysiology of progressive MS may lead to new treatments. 

Observations:  In this review, we identify some of the significant 

challenges encountered in the development of therapies for 
progressive MS, assess the evidence for use of currently approved 
therapies for patients with progressive MS, identify some of the 
current therapies in development from progressive MS, and 
consider the role for discontinuing therapy in certain patients. 

Conclusions: Developing effective disease modifying therapies 
that slow or stop the gradual accumulation of neurologic 
disability in progressive MS represents a critical unmet need. As 
the understanding of the inflammatory and neurodegenerative 
aspects of MS are better elucidated there may be opportunity for 
advancement in the treatment of progressive MS. 
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Multiple sclerosis (MS) is the most com-
mon demyelinating disease of the central 
nervous system, with recent estimates 

of around 1 million people living with MS in the 
US.1 In many countries, MS is a leading cause 
of disability among young adults, second only to 
trauma.2 Clinically, neurologic worsening (ie, dis-
ability) in MS can occur in the relapsing-remitting 
(RRMS) phase of disease due to incomplete re-
covery from neuroinflammatory relapses. How-
ever, in the 15% of patients with a progressive 
course from onset (PPMS), and in those with 
RRMS who transition to a secondary progressive 
phenotype (SPMS), neurologic worsening follows 
a slowly progressive pattern.3 A progressive dis-
ease course—either PPMS at onset or transition-
ing to SPMS—is the dominant factor affecting 
MS-related neurologic disability accumulation. In 
particular, epidemiologic studies have shown that, 
in the absence of transitioning to a progressive 
disease course, < 5% of individuals with MS will 
accumulate sufficient disability to necessitate use 
of a cane for ambulation.4-6 Therefore, developing 
disease modifying therapies (DMTs) that are highly 
effective at slowing or stopping the gradual accu-
mulation of neurologic disability in progressive MS 
represent a critical unmet need.

Research into the development of DMTs for 
progressive MS has been hindered by a number 
of factors. In particular, the clinical definition and 
diagnosis of progressive MS has been an evolv-
ing concept. Diagnostic criteria for MS, which 
help facilitate the enrollment of appropriate sub-
jects into clinical trials, have only recently clarified 
the current consensus definition for progressive 
MS—steadily increasing neurologic disability inde-

pendent of clinical relapses. Looking back to the 
Schumacher criteria in 1965 and Poser criteria in 
1983, it was acknowledged that neurologic symp-
toms in MS may follow a relapsing-remitting or 
progressive pattern, but little attempt was made to 
define progressive MS.7,8 The original McDonald 
criteria in 2001 defined diagnostic criteria for pro-
gressive MS.9 These criteria continued to evolve 
through subsequent revisions (eg, cerebrospinal 
fluid [CSF] specific oligoclonal bands no longer 
are an absolute requirement), and only in the 2017 
revision was it emphasized that disability progres-
sion must occur independent of clinical relapses, 
concordant with similar emphasis in the 2013 revi-
sion of MS clinical course definitions.3,10 

The interpretation of prior clinical trials of DMT 
for progressive MS must consider this evolving 
clinical definition. The US Food and Drug Admin-
istration (FDA) approved mitoxantrone in 2000—
making it the first DMT to carry an approved label 
for SPMS. While achieving significant clinical ef-
ficacy, it is clear from the details of the trial that 
the enrolled subjects had a high degree of in-
flammatory disease activity, which suggests that 
mitoxantrone treats neuroinflammation and not 
relapse-independent worsening. More recently, 
disparate results were seen in the anti-CD20 
(rituximab, ocrelizumab) and S1P receptor modu-
lator (fingolimod, siponimod) trials targeted at pa-
tients with primary and secondary progressive 
MS.11-14 Although there are differences between 
these therapies, they are more similar than not 
within the same therapeutic class. Taken together, 
these trials illustrate the critical impact the nar-
rower inclusion/exclusion criteria (namely age and 
extent of inflammatory activity) had on attaining 
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positive outcomes. Other considerations, such as 
confounding illness, also may impact trial recruit-
ment and generalizability of findings.

The lack of known biological targets in pro-
gressive MS, which is a complex disease with 
an incompletely understood and heterogeneous 
pathology, also hinders DMT development. De-
cades of research has characterized multifocal 
central nervous system (CNS) lesions that ex-
hibit features of demyelination, inflammation, re-
active gliosis, axonal loss, and neuronal damage. 
Until recently, however, much of this research fo-
cused on the relapsing phase of disease, and so 
the understanding of the pathologic underpin-
nings of progressive disease has remained lim-
ited. Current areas of investigation encompass 
a broad range of pathological processes, such 
as microglial activation, meningeal lymphoid fol-
licles, remyelination failure, vulnerability of chron-
ically demyelinated axons, oxidative injury, iron 
accumulation, mitochondrial damage, and oth-
ers. There is the added complication that the 
pathologic processes underlying progressive 
MS are superimposed on the CNS aging pro-
cess. In particular, the transition to progressive 
MS and the rate of disability accumulation dur-
ing progressive MS show strong correlation with  
age.6,15-17

Finally, DMT development for progressive MS 
also is hindered by the lack of specific surrogate 
and clinical outcome measures. Trials for relaps-
ing MS have benefited greatly from the relatively 
straightforward assessment of clinical relapses 
and inflammatory disease activity on magnetic 
resonance imaging (MRI). With the goal of devel-
oping DMTs that are highly effective at slowing 
or stopping the gradual accumulation of neuro-
logic disability in progressive MS, which by def-
inition occurs independent of clinical relapses, 
these measures are not directly relevant. The lon-
gitudinal clinical disability outcome measures 
change at a slower rate than in early, relapsing 
disease. The use of standardized scales (eg, the 
Expanded Disability Status Scale [EDSS]), lower 
limb function, upper limb function, cognition, or 
a combination is a subject of ongoing debate. 
For example, the ASCEND and IMPACT trials 
(placebo-controlled trials for SPMS with natali-
zumab and interferon β-1a, respectively) showed 
no significant impact in EDSS progression—but 
in both of these trials, the 9-hole peg test (9-HPT), 
a performance measure for upper limb function, 
showed significant improvement.10,18 Particularly 
in those with an EDSS of > 6.5, who are unlikely 

to have measurable EDSS progression, functional 
tests such as the 9-HPT or timed 25-foot walk 
may be more sensitive as measures for disabil-
ity progression.11 MRI measures of brain atrophy 
is the current gold standard surrogate outcome 
for clinical trials in progressive MS, but others that 
may warrant consideration include optical coher-
ence tomography (OCT) or CSF markers of axo-
nal degeneration. 

DMT FOR PROGRESSIVE MS 
Current diagnostic nomenclature separates pa-
tients with active (superimposed clinical and/or 
radiographic relapses) from those with inactive 
disease.3,12 Relapsing forms of MS include all 
RRMS and those with SPMS with superimposed 
relapses (ie, active SPMS). Following this para-
digm shift, the FDA changed the indication for 
already approved DMT from RRMS to relapsing 
forms of MS. Below is a discussion of DMT that 
specifically use the term SPMS and PPMS in the 
indication, where phase 3 trial data for progres-
sive MS is available.

In 2019, the FDA approved the first oral medi-
cation (siponimod) for active SPMS. Subsequently, 
updates to the labels of the older DMT expanded 
to include active SPMS. Until 2019, the only FDA 
approved medication for SPMS was mitoxantrone, 
and use of this medication was limited due to un-
favorable adverse effects (AEs). No medications 
had obtained FDA approval for inactive SPMS to 
this point, which represented an unmet need for a 
considerable number of patients. 

Mitoxantrone became the first DMT approved 
for use in SPMS in 2000 following early trials that 
showed reductions in EDSS worsening, change 
in ambulation index, reduced number of treated 
relapses, and prolonged time to first treated re-
lapse. However, as with some of the other pos-
itive trials in progressive MS, it is difficult to 
discern the impact of suppression of relapses as 
opposed to direct impact on progressive patho-
physiology. Within the placebo arm, for example, 
there were 129 relapses among the 64 subjects, 
which suggests that these cases had particu-
larly active disease or were in the early stages of 
SPMS.13 Furthermore, the use of this medication 
was limited due to concerns of cardiotoxicity and 
hematologic malignancy as serious AEs. 

The trials of interferon β-1b illustrate the same 
difficulty of isolating possible benefits in disease 
progression from disability accumulated from re-
lapses. The first interferon β-1b trial for SPMS, 
was conducted in Europe using fingolimod and 
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showed a delay in confirmed disability progres-
sion compared to placebo as measured with the 
EDSS.14 However, a North American trial that fol-
lowed in 2004 was unable to replicate this find-
ing.15 The patients in the European trial appeared 
to be in an earlier phase of SPMS with more ac-
tive disease, and a post-hoc pooled analysis 
suggested that patients with active disease and 
those with more pronounced disability progres-
sion were more likely to benefit from treatment.16 
Overall, interferons do not appear to apprecia-
bly alter disability in the long-term for patients 
with SPMS, though they may modify short-term,  
relapse-related disability.

Perhaps the most encouraging data for 
SPMS was found in the EXPAND trial, which in-
vestigated siponimod, an S1P receptor modu-
lator that is more selective than fingolimod. The 
trial identified a 21% reduction in 3-month con-
firmed disability progression for SPMS patients 
taking siponimod compared with those taking 
a placebo.17 Although the patients in EXPAND 
did seem to have relatively less disease activ-
ity at baseline than those who participated in 
other SPMS trials, those who benefitted from si-
ponimod were primarily patients who had clini-
cal and/or radiographic relapses over the prior 
2 years. Based on this, the FDA approved si-
ponimod for active SPMS. The extent to which 
siponimod exerts a true neuroprotective effect 
beyond reducing inflammation has not been 
clearly established. 

B-cell depleting therapies rituximab and 
ocrelizumab have been evaluated in both primary 
and secondary progressive MS populations. 
Early investigations of the chimeric rituximab in 
PPMS did not show benefits on disability (EDSS) 
progression; however, benefits were seen in 
analysis of some subgroups.18 With this in mind, 
the ORATORIO trial for the humanized version, 
ocreluzimab, included PPMS patients that were 
younger (aged < 55 years) and had cutoffs for 
disease duration (< 15 years for those with EDSS 
more than 5 years, < 10 years for those with 
EDSS less than 5 years). The study showed sta-
tistically significant changes on disability pro-
gression, which led to ocrelizumab receiving the 
first FDA indication for PPMS.11 There are sub-
stantial pathophysiologic similarities between 
PPMS and SPMS in the progressive phase.19 

While these medications may have similar effects 
across these disease processes, these benefits 
have not yet been demonstrated in a prospective 
trial for the SPMS population. Regardless, B-cell 

depleting therapy is a reasonable consideration 
for select patients with active SPMS, consistent 
with a relapsing form of MS. 

THERAPIES IN DEVELOPMENT 
DMT development for progressive MS is a high 
priority area. Current immunomodulatory ther-
apies for RRMS have consistently been inef-
fective in the inactive forms of MS, with the 
possible exceptions of ocrelizumab and siponi-
mod. Therefore, instead of immunosuppression, 
many agents currently in phase 2 and 3 clini-
cal trials target alternative pathophysiological 
processes in order to provide neuroprotection, 
and/or promote remyelination and neurogene-
sis. These targets include oxidative stress (OS), 
non-T cell mediated inflammation, and mito-
chondrial/energy failure.20 Below we review a se-
lection of clinical trials testing agents following 
these approaches. Many agents have more than 
one potential mechanism of action (MOA) that 
could benefit progressive MS. 

Lipoic acid (LA), also known as α-lipoic 
acid and thiotic acid, is one such agent target-
ing alternative pathophysiology in SPMS. LA 
is an endogenous agent synthesized de novo 
from fatty acids and cysteine as well as ob-
tained in small amounts from foods.21 It has 
antioxidant (AO) properties including direct 
radical scavenging, regeneration of glutathi-
one, and upregulation of AO enzymes via the 
NrF2 pathway.22 It supports mitochondria as a 
key cofactor for pyruvate dehydrogenase and 
α-ketoglutarate dehydrogenase, and it also 
aids mitochondrial DNA synthesis.21,22 Studies 
in experimental autoimmune encephalomyeli-
tis, a widely used experimental mouse model 
of inflammatory demyelinating disease, also in-
dicate a reduction in excessive microglial acti-
vation.23 A phase 2 pilot randomized controlled 
trial (RCT) of 1200 mg LA in SPMS (n = 51) re-
sulted in significantly less whole brain atro-
phy by SIENA (Structural Image Evaluation, 
Using Normalization, of Atrophy) at 2 years.24 A  
follow-up multicenter trial is ongoing. 

Simvastatin also targets alternative patho-
physiology in SPMS. It has anti-inflammatory 
effects, improves vascular function, and pro-
motes neuroprotection by reducing excitotox-
icity. A phase 2 RCT demonstrated a reduction 
in whole brain atrophy in SPMS (n = 140), and a 
phase 3 trial is underway.25 Ibudilast is another 
repurposed drug that targets alternative inflam-
mation by inhibiting several cyclic nucleotide  
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phosphodiesterases, macrophage migration in-
hibitory factor and toll-like receptor 4. A phase 
2 trial (n = 225) in both SPMS and PPMS also 
demonstrated a reduction in brain atrophy, but 
participants had high rates of AEs.26 

Lithium and riluzole promote neuroprotec-
tion by reducing excitotoxicity. Lithium is a 
pharmacologic active cation used as a mood 
stabilizer and causes inhibition of glycogen syn-
thase kinase-3β. Animal models also indicate 
that lithium may decrease inflammation and pos-
itively impact neurogenesis.27 A crossover pilot 
trial demonstrated tolerability with trends toward 
stabilization of EDSS and reductions in brain at-
rophy.28 Three neuroprotective agents, riluzole 
(reduces glutamate excitotoxicity), fluoxetine 
(stimulates glycogenolysis and improves mito-
chondrial energy production), and amiloride (an 
acid-sensing ion channel blocker that opens in 
response to inflammation) were tested in a phase 
2b multi-arm, multi-site parallel group RCT in 
SPMS (n = 445). The study failed to yield differ-
ences from placebo for any agent in reduction 
of brain volume loss.29 A prior study of lamotrig-
ine, a sodium channel blocker, also failed to find 
changes in brain volume loss.30 These stud-
ies highlight the large sample sizes and/or long 
study durations needed to test agents using 
brain atrophy as primary outcome. In the future, 
precise surrogate markers of neuroprotection will 
be a great need for earlier phase trials. These re-
sults also suggest that targeting > 1 MOA may 
be necessary to treat SPMS effectively.

Efforts to promote remyelination target one 
hallmark of MS damage. High dose biotin (about 
10,000× usual dose) may promote myelin repair 
as a cofactor for fatty acid synthesis and support 
mitochondrial oxidative phosphorylation. While a 
RCT yielded a greater proportion of participants 
with either PPMS or SPMS with improvement in 
disability than placebo at 12 months, an open 
label trial suggested otherwise indicating a need 
for a more definitive trial.31,32 

Anti-LINGO-1 (opicinumab) is a monoclo-
nal antibody that targets LINGO, a potent nega-
tive regulator of oligodendrocyte differentiation 
and myelination.33 Although this agent failed in a 
phase 2 trial in relapsing MS, and is thus unlikely 
to be tested in progressive forms, the innovative 
approach to stimulating oligodendrocytes is on-
going. One such effort is to use thyroid hormone, 
crucial to myelin formation during development, 
as a repair agent in MS.34 A dose-finding study 
of thyroid hormone was completed and efforts to 

develop a thyromimetic agent are ongoing. 
Finally, efforts to promote neurogenesis re-

main a goal for many neurodegenerative dis-
eases. Exercise appears to prevent age-related 
atrophy of the hippocampus in animals and hu-
mans and help maintain neuronal health.35 In pa-
tients with RRMS, cortical thickness is impacted 
positively by resistance training, which suggests 
a neuroprotective effect.36 A multi-center trial of 
exercise in patients with progressive MS investi-
gating cognitive outcomes is ongoing. 

DISCONTINUING DMT
In the early 1990s, the successful development 
of immune modulating therapies that reliably re-
duced disease activity in RRMS led to widespread 
initiation in patients with relapsing disease. How-
ever, guidance on when or if to discontinue DMT, 
even in those who have transitioned to SPMS, re-
mains largely absent at this time. Requests to dis-
continue DMT may come from patients weary of 
taking medication (especially injections), both-
ered by AEs, or those who no longer perceive ef-
ficacy from their treatments. Clinicians also may 
question the benefit of immune modulation in pa-
tients with longstanding freedom from relapses or 
changes in MRI lesion burden. 

To inform discussion centered on treatment 
discontinuation, a clinical trial is currently un-
derway to better answer the question of when 
and how to withdraw MS therapy. Discontinu-
ation of Disease Modifying Therapies in Mul-
tiple Sclerosis (DISCO-MS) is a prospective, 
placebo-controlled RCT and its primary end-
point is recurrence of disease activity over a  
2 year follow-up period.37 Eligibility require-
ments for the trial include age > 55 years, 
5-year freedom from relapses, and 3-year  
freedom from new MRI lesions (criteria in-
formed by progressive MS cohort studies).31 
In addition to demonstrating the active dis-
ease recurrence rates in this patient popula-
tion, the trial also aims to identify risk factors 
for recurrent disease activity among treated 
MS patients.37 DISCO-MS builds upon a series 
of retrospective and observational studies that 
partially answered these questions, albeit in the 
context of biases inherent in retrospective or 
observational studies.

A Minneapolis MS Treatment and Research 
Center single-center study identified 77 SPMS 
patients with no acute CNS inflammatory events 
over 2 to 20 years and advised these patients 
to stop taking DMT.32 In this group, 11.7% of  
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subjects experienced recurrent active disease. 
Age was the primary discriminating factor. The 
mean age of those who experienced disease 
activity was 56 years vs 61 years those who 
did not. 

A second observational study from France 
found that among 100 SPMS patients treated 
either with interferon β or glatiramer acetate for 
at least 6 months, 35% experienced some form 
of inflammatory disease upon discontinuation.38 
Sixteen patients relapsed and 19 developed 
gadolinium-enhancing MR lesions after DMT dis-
continuation. However, the age of the cohort was 
younger than the Minneapolis study (47.2 years 
vs 61 years), and reasons for discontinuation (eg, 
AEs or lack of disease activity) were not consid-
ered in the analysis. 

Other studies examining the safety of DMT 
discontinuation have not considered MS sub-
type or excluded patients with progressive  
subtypes of MS. The largest studies to date on 
DMT discontinuation utilized the international 
MSBase global patient registry, which identi-
fied nearly 5,000 patients who discontinued in-
terferons (73%), glatiramer acetate (18%), 
natalizumab (6%), or fingolimod (3%), without 
specifying the reasons for discontinuation.39 De-
spite these shortcomings, data reveal trends 
that are helpful in predicting how MS tends to 
behave in patients who have discontinued ther-
apy. Not surprisingly, disability progression was 
most likely among patients already character-
ized as having a progressive phenotype, while 
relapses were less likely to occur among older, 
progressive patients. 

Although clinicians may be increasingly will-
ing to discuss DMT discontinuation with their 
patients, at least 1 study exploring patient per-
spectives on stopping treatment suggests wide-
spread reluctance to stop treatment. A survey 
conducted with participants in the North Amer-
ican Research Committee on Multiple Sclerosis 
patient-report registry found that among sur-
vey respondents, only 11.9% would discontinue 
their MS medication if deemed stable, while 
66.3% stated they were unlikely to stop treat-
ment.40 

These results suggest that before clinicians 
incorporate DMT discontinuation into the nor-
mal course of discussion with patients, they 
should be prepared to provide both education 
(on the wisdom of stopping under the right cir-
cumstances) and evidence to support when 
and how to make the recommendation. Based 

on existing evidence, criteria for recommend-
ing treatment discontinuation might include pro-
longed freedom from disease activity (≥ 5 years), 
age > 55 years or 60 years, and a progressive 
disease course. Thus far, no combination of fac-
tors has been shown to completely predict an 
event-free transition off of medicine. Since no 
fixed algorithm yet exists to guide DMT stop-
page in MS, reasonable suggestions for moni-
toring patients might include surveillance MRIs, 
more frequent clinic visits, and possible transi-
tional treatment for patients coming off of na-
talizumab or fingolimod, since these drugs have 
been associated with rebound disease activity 
when discontinued.41,42 

Clinicians wishing to maximize function and 
quality of life for their patients at any age or 
stage of disease should look to nonpharma-
cologic interventions to lessen disability and  
maximize quality of life. While beyond the 
scope of this discussion, preliminary evidence 
suggests multimodal (aerobic, resistance, bal-
ance) exercise may enhance endurance and 
cognitive processing speed, and that treatment 
of comorbid diseases affecting vascular health 
benefits MS. 43 

CONCLUSIONS
The development of numerous treatments for 
RRMS has established an entirely new land-
scape and disease course for those with MS. 
While this benefit has not entirely extended to 
those with progressive MS, those with active 
disease with superimposed relapses may re-
ceive limited benefit from these medications. 
New insights into the pathophysiology of pro-
gressive MS may lead us to new treatments 
through multiple alternative pathophysiologic 
pathways. Some early studies using this strat-
egy show promise in slowing the progressive 
phase. Medication development for progres-
sive MS faces multiple challenges due to 
lack of a single animal model demonstrating 
both pathology and clinical effects, absence 
of phase 1 surrogate biomarkers, and later 
phase trial endpoints that require large sam-
ple sizes and extended study durations. Nev-
ertheless, the increase in number of trials and 
diversity of therapeutic approaches for progres-
sive MS provides hope for effective therapy. 
Currently, the heterogeneity of the population 
with progressive MS requires an individualized 
treatment approach, and in some of these pa-
tients, stopping therapy may be a reasonable  
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consideration. Symptomatic management re-
mains critical for all patients with progressive 
MS as well as non-pharmacologic approaches 
that maximize quality of life. 
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