1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Curr Opin Neurol. Author manuscript; available in PMC 2016 June 01.

-, HHS Public Access
«

Published in final edited form as:
Curr Opin Neurol. 2015 June ; 28(3): 237-243. d0i:10.1097/WC0.0000000000000195.

Progressive multiple sclerosis

Daniel Ontaneda, MD, MS and Robert J. Fox, MD, MS
Mellen Center for Multiple Sclerosis, Cleveland Clinic Lerner College of Medicine

Abstract

Purpose to Review—To highlight the pathological features and clinical aspects of progressive
multiple sclerosis (PMS). To highlight results of clinical trial experience to date and review
ongoing clinical trials and perspective new treatment options. Explain the challenges of clinical
trial design in PMS.

Recent Findings—MS has been identified as a chronic immune mediated disease, and the
progressive phase of the disease appears to have significant neurodegenerative mechanisms. The
classification of the course of PMS has been re-organized into categories of active vs. inactive
inflammatory disease and the presence vs. absence of gradual disease progression. This
differentiation allows clearer conceptualization of PMS and possibly even more efficient
recruitment of PMS subjects into clinical trials. Clinical trial experience to date in PMS has been
negative with anti-inflammatory medications used in relapsing MS. Simvastatin was recently
tested in a phase I trial and showed a 43% reduction on annualized atrophy progression in
secondary progressive MS. Ongoing PMS trials are currently being conducted with the
phosphodiesterase inhibitor ibudilast, SIP modulator siponimod, and anti-B-cell therapy
ocrelizumab. Several efforts for development of outcome measures in PMS are ongoing.

Summary—PMS represents a significant challenge, as the pathogenesis of the disease is not well
understood, no validated outcome metrics have been established, and clinical trial experience to
date has been disappointing. Advances in the understanding of the disease and lessons learned in
previous clinical trials are paving the way for successful development of disease modifying agents
for this disease.
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Introduction

Progressive multiple sclerosis (PMS) is a clinical form of MS characterized by gradual
accrual of disability independent of relapses over time. Secondary progressive MS (SPMS)
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occurs after an initial relapsing course of the disease and primary progressive (PPMS)
occurs with gradual accumulation of disability from the onset. PPMS is the presenting form
of the disease in approximately 10% of patients and a large proportion of subjects with
RRMS will eventually go on to develop SPMS. No treatment has been identified to treat
purely progressive forms of MS, and this failure is in contrast to the significant advances
made in relapsing remitting MS (RRMS), where inflammation can be targeted to modify the
disease course.l A significant unmet need exists in the treatment of PMS and this relates to
an incomplete understanding of the disease pathogenesis, lack of validated outcome
measures and mostly negative clinical trial experience to date. Treatment of PMS with
neuroprotective and neurorestorative agents is the next frontier in the journey to provide
more complete control of the disease process.

Significant recent advances have been made over the last several years in the understanding
of PMS through the development of tools to further our understanding of the basic, clinical
and therapeutic mechanisms of the disease. In this paper we will review the main features of
PMS and highlight recent advances in PMS.

Pathogenesis

MS is a chronic inflammatory, demyelinating and neurodegenerative disorder. Inflammation
and focal demyelination with break-down of the blood brain barrier are prominent features
in relapsing MS.2 In PMS focal disruption of the blood brain barrier is less common and
widespread degeneration of the white and grey matter with resultant atrophy are
pathological hallmarks.3 MS may be seen as a spectrum with an intense focal inflammatory
component in RRMS and more neurodegenerative features with concomitant chronic
inflammation and axon loss in PMS (figure 1). In PMS focal white matter lesions that
accrued earlier in the disease have chronic demyelination and ongoing axonal loss. The
underlying pathophysiology of this chronic demyelination and axonal loss is unknown.
Potential explanations include dysfunction of oligodendrocytes, astrocytes, microglia, B-cell
and humoral immunity, mitochondria, lipids and lipid receptors, and metabolism.® The
presence of chronic “active” lesions with a rim of inflammatory cells may also be seen in a
subset of PMS patients.® Inflammation may also be seen in PMS as aggregates of
inflammatory cells (mainly B-cells) in the meninges which have a follicle like appearance.’
Finally the presence of widespread demyelination and lesions in the cortex are common in
MS and are a particularly prominent feature in PMS. Compartmentalized inflammation in
the meningeal space may relate to the formation of cortical lesions,® although similarly may
be a secondary reaction. Indeed, the chronic, bland inflammation seen in PMS may be a
secondary response to a different pathologic process, which could explain the previous
ineffectiveness of anti-inflammatory therapies in PMS trials. Clearly, the pathogenesis of
PMS is not well understood and this is slowing the development of effective therapies.

Clinical Features and Course

The diagnosis of PMS can be difficult to make when identifying the disease from onset
(PPMS) and may go unrecognized by patients or physicians for some time. Similarly,
determining when a patient with RRMS has transitioned into SPMS can be difficult since it
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is purely a clinical diagnosis based upon patient history. This difficulty relates in part to the
indolent onset of progression of symptoms and to the occasional superimposed clinical
relapses in SPMS. Similarly, new lesions or gadolinium enhancing lesions (hallmarks of
active inflammation) can be seen during the SPMS phase of the disease. PMS commonly
presents as syndromes of neurological progression of one or more symptoms. The most
common presentation of PMS is that of a progressive myelopathy, which typically manifests
as a spastic, ataxic paraparesis with sphincteric dysfunction. Progressive cerebellar,
cognitive, hemiplegic, brainstem syndromes and a combination of each of these may also
occur.? When compared with RRMS the diagnosis of PPMS can be delayed. Current
diagnostic criteria for PMS require a full year of gradual progression in addition to temporal
and anatomic dissemination, which can be supported by cerebrospinal fluid markers.10 In a
similar way the transition between RRMS and SPMS is not easy to identify and a delay of
up to 3 years was recently described in this “transition” period.1! This may be due to the fact
that differentiating incomplete recovery of relapses and disability may be difficult for
patients as well as clinicians. Disability is typically accrued more rapidly in PPMS as
compared to SPMS, but it should be noted that relapses may still occur in subjects with
SPMS, occasionally even in subjects with PPMS.12

Recent changes to the classifications of MS were proposed by an international expert panel
to further characterize the clinical course of PMS.13 These changes include categorization of
disease course in PMS as either having active inflammation (so-called “active”) or not
having active inflammation (so-called “non-active™) based upon the presence of clinical
relapses or new T2 lesions.(Figure 2) The expert panel also recommended classifying PMS
based on the presence or absence of gradual clinical disease progression. These
recommendations relate, in part, to improving the identification of patients for clinical trials,
as well as simplifying the designation of PMS. It should be noted that a previous
categorization of PMS (progressive relapsing) was abandoned in this more contemporary
classification.

Clinical Measures of PMS

A significant challenge in PMS is the difficulty quantifying disability over time. As outlined
above, disability progression in PMS can manifest in many different ways and progression
occurs over years. This heterogeneity and slow progression present challenges to measuring
disease progression in PMS trials. The Expanded Disability Status Scale (EDSS) is an
ordinal scale ranging from 0 to 10 in 0.5 point increments. The EDSS is the most common
metric used to define disability progression over time in clinical trials.14 A worsening of 0.5
or 1 points sustained over 3—-6 months is a common definition of disease progression. The
EDSS has several drawbacks including its construct as an ordinal scale,® high inter-rater
variability,® over-reliance on lower extremity function,16 lack of meaningful cognitive
component,1” and relative insensitivity to longitudinal change in specific ranges of the
scale.1® These features have limited the utility of the EDSS both in clinical practice as well
as in clinical trials. The Multiple Sclerosis Functional Composite (MSFC) is a quantitative
measure of MS related disability and includes arm, leg, visual, and cognitive components. A
20% change in any MSFC components has been proposed as evidence of disease
progression.19 The MSFC has its own limitations, as its components are not collected
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routinely in clinical practice and it surveys only a limited amount of neurological function.
Furthermore, regulatory acceptance of the MSFC as a primary outcome has been limited. An
alternative method for measuring progressive MS, which is easy to conduct, sensitive to
change, quantitative, and grounded in patient feel/function is desperately needed. To meet
that need, a the Multiple Sclerosis Outcomes Assessment Consortium was developed by the
National Multiple Sclerosis Society (USA) and Critical Path Institute to develop and
validate a quantitative outcome tool of disability progression that can be used in MS clinical
trials.20-21 Analysis of existing datasets and technological advances in measuring function
are likely to produce improved disability measurement tools over the next several years.

Imaging of Progressive MS

Magnetic resonance imaging (MRI) is a powerful tool both for the diagnosis of MS and as a
potential outcome metric in clinical trials. Demonstration of MS lesions in the brain and
spinal cord form part of the diagnostic criteria for MS (including PMS),10 allows
differentiation from other neurodegenerative diseases, and aids in making a prompt
diagnosis of MS. In clinical practice it is difficult to differentiate PMS from relapsing MS
using MRI; however studies have found some population-based differences between these
two groups. In PMS there tends to be a preponderance of spinal cord/brainstem lesions,
relative paucity of brain lesions, and relative paucity of new enhancing brain lesions over
time.% However, these characteristics are weak predictors of PMS in individual people with
MS. A subset of PPMS patients however do present with enhancing lesions, tend to progress
quickly, and may respond to anti-inflammatory treatments.?2 A decrease in the occurrence
of new T2 lesions occurs concomitantly to the clinical transition between RRMS and SPMS.
A common clinical scenario is a previous relapsing patient who is developing progressive
neurological worsening with no change in brain lesion load. MRI spectroscopy studies also
show there is greater tissue destruction, as measured by creatine and N-acetylaspartate of
lesions in PMS compared to RRMS.23 Independent of inflammatory measures brain atrophy
is prominent in PMS.24 Differences in regional atrophy exist in RR and PPMS. Atrophy in
RRMS is mainly due to loss of white matter and can be seen as ventricular enlargement,
while in PMS atrophy tends to be more of a cortical phenomenon.2® Cortical lesions are
more common in PPMS, followed by SPMS and RRMS; this finding may explain in part the
increased prevalence of cognitive dysfunction in PMS.26

Spinal cord imaging may be especially informative in PMS as this is likely the site of injury
as related to the clinical manifestations of the disease. Atrophy of the spinal cord is more
prominent in PMS compared to RRMS and is correlated with physical disability.2” A recent
study showed that gray matter atrophy from the spinal cord correlates strongly with
disability in PMS and may relate to the primary neurodegenerative aspect of the disease or
to atrophy’s characterization of the final common results of MS injury.28 Measures of tissue
injury using diffusion tensor imaging of the spinal cord also show that tissue integrity is lost
at greater rates in PMS patients.29 Routine spinal cord imaging can also be helpful in
excluding other disorders, such as degenerative disc disease.

Optical coherence tomography (OCT) is a non-invasive tool to characterize the retina. OCT
measurements of retinal nerve fiber layer thickness and macular volume can be found in
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PMS and correlate with disability. PMS patients tend to have lower retinal nerve fiber layer
thickness and lower macular volume than RRMS patients which indicates myelin and axonal
loss within the visual system and may be an indicator of both the degree of injury along a
spectrum and a predictor of injury in other areas of the central nervous system.30

Treatment Options and Clinical Trials

There are no currently approved treatments for purely progressive forms of MS. Clinical
trial experience to date has been mostly disappointing and the identification of a therapy to
treat PMS remains elusive. Several ongoing clinical trials with novel therapeutics and
outcome measures may identify agents in the not too distant future.

Clinical Trials to Date

Clinical trial experience in PMS has focused mainly on the use of immune modulating
therapies, many of which had shown beneficial effects in RRMS. Phase I1/111 clinical trials
using interferons, 31-35 glatiramer acetate, 36 and fingolimod3” have shown negative results.
Rituximab was tested in PPMS and the primary study endpoints were not met, although a
benefit was seen in a subgroup of younger patients with inflammatory brain disease activity
at baseline.22 Mitoxantrone was shown to be effective in SPMS patients with superimposed
relapses (i.e. concomitant infiltrative inflammation similar to that seen in RRMS), but this
effect was likely secondary to the infiltrative inflammatory component of SPMS rather than
any primary effect on the insidious disease progression aspect of PMS. This explanation is
likely similar to the differential benefits of interferon-betal in different SPMS trials.38 Older
immunomodulators, including azathioprine, methotrexate and cyclophosphamide have also
been studied and results have not showed a convincing benefit on progression.39-42 A trial
of a myelin basic protein analog (MBP8298) was also found to be ineffective in SPMS. The
disappointing results to date of immunomodulators in PMS raise caution about further trials
of purely anti-inflammatory therapies in PMS. Although it is possible that chronic,
smoldering inflammation may not be adequately suppressed by current immunomodulating
therapies, it seems more likely that different pathophysiologic mechanism underlie PMS,
making therapies that target more than just the immune system more likely to find success in
PMS.

Several potential neuroprotective therapies have been tested in PMS and results have been
mixed. Simvastatin at a dose of 80 mg daily was tested in a phase Il trial (n=140) in SPMS
and showed that simvastatin reduced annualized atrophy rate (the primary outcome) by 43%
compared to placebo.*3 Simvastatin also showed benefit in both the EDSS as well as well as
in the Multiple Sclerosis Impact Scale 29. The results of simvastatin are very promising,
although a future phase Il trial is challenging given the cost of a phase 111 MS trial and the
absence of patent protection which makes industry development unlikely. Lamotrigine was
tested in a phase 11 study in SPMS but showed no benefit on brain atrophy progression.*4
The investigators speculated regarding the possible confounding of the anti-inflammatory
effects lamotrigine and secondary pseudoatrophy in the first year of the trial, although the
validity of that explanation is unclear. A cannabinoid analog dronabinol was tested in a
three-year, phase 111 study, and the results were negative. A lower than expected proportion
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of progression in the study was hypothesized as a possible explanation for the result.4> The
dronabinol trial highlights the need for shorter, biomarker-driven phase Il studies before
longer, more expensive phase 11 studies are carried out.46

Ongoing Clinical Trials

Several anti-inflammatory and putative neuroprotective therapies are currently being studied
in PMS (Table 2). Natalizumab, a highly effective monoclonal antibody in RRMS, is
currently being tested in a large phase I11 study in SPMS. The effect of natalizumab on
progressive MS will need to be interpreted with caution, given the powerful anti-
inflammatory actions of the medication and its effects in a SPMS population which may still
have inflammatory disease activity. Siponimod is a selective sphingosine 1 phosphate (S1P)
modulator and is currently being studied in SPMS. Although the non-selective S1P
modulator fingolimod has shown a favorable effect on atrophy in RRMS, the negative
results of fingolimod seen in PPMS raises a potential question regarding the efficacy of
siponimod in SPMS. Ocrelizumab, a humanized version of rituximab, is being studied in
PPMS based on positive results in the subgroup analysis of the rituximab trial. Masitinib is
tyrosine kinase inhibitor which showed positive effects in a small phase Il study of PMS
subjects?” and is currently being tested in a phase 111 study in PPMS and SPMS. Ibudilast is
a phosphodiesterase inhibitor which showed a reduction in brain atrophy in a phase 1l study
in RRMS.#8 Based upon this atrophy benefit in RRMS, ibudilast is currently being studied
in a phase Il study in SPMS patients in the United States (SPRINT-MS).4® The SPRINT MS
study will include several advanced imaging metrics including diffusion tensor imaging,
cortical thickness, magnetization transfer and optical coherence tomography in all patients at
all sites. Regardless of whether ibudilast shows benefit, the SPRINT-MS study will allow a
head-to-head comparison of outcome metrics to better guide the conduct of future phase 11
trials in PMS. The MS-SMART phase I trial will study amiloride, riluzole, and ibudilast
compared with placebo in a 4-arm study in the United Kingdom.>9 The approach of studying
multiple active medications at a time allows for minimized exposure to placebo and
increases the likelihood of success by studying several medications simultaneously.

Several potential restorative therapies are being studies in early phase trials in PMS. Cell
based therapies in the form of stem cells have received significant attention; however a
restorative effect has yet to be seen in the trials to date. Potential remyelinating therapies
may also be tested in the future.

Challenges and Future Perspectives in Clinical Trials

Several challenges exist to the development of effective therapeutics in PMS and this relates
to an incomplete understanding of the pathogenesis of the disease and to shortcomings in the
methodological aspects of clinical trial design. The incomplete understanding of the
pathogenesis of PMS and imperfect animal models of PMS®! make identification of
potential target pathways and agents difficult. Focal inflammatory lesions serve as an
effective phase 1l outcome in RRMS, predicting clinical efficacy in phase 111 trials with high
accuracy. However a similar predictive biomarker does not exist in PMS. A robust, sensitive
and grounded clinical outcome for phase 111 trials is also needed and part of the failures seen
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in phase 11 trials to date may be due in part to this suboptimal outcome metric. Several
innovative clinical trial designs are now being developed and should make clinical trial
conduct more efficient and equitable for patients (e.g. minimize exposure to placebo).>2 The
progressive MS Alliance is an international effort to leverage resources across disciplines to
further research and treatment development in PMS and holds great promise to help
accelerate the development of effective therapies for PMS..53 The Multiple Sclerosis
Outcomes Assessment Consortium may provide more refined outcome metrics for use in
PMS clinical trials.

Conclusions

PMS represents an ongoing challenge for scientists trying to understand the disease, clinical
researchers attempting to develop therapies, clinicians in treating patients with PMS, and
most of all to people with PMS who suffer continued disability. Although previous clinical
trials have yielded disappointing results, important lessons have been learned and several
promising avenues have been identified and are being pursued. As our understanding of the
clinical and basic science around PMS improves, the likelihood of identifying effective
therapies is steadily increasing. A concerted effort is being made to develop phase Il and
phase 11 outcome metrics to test novel neuroprotective agents in PMS. Many ongoing
clinical trials hold great promise for the future.
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Inflammation Degeneration

Inflammation

RR I

Figurel.
Degenerative and inflammatory components in PMS

Relapsing remitting (RR), secondary progressive (SP)
Source: Authors
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1996
MS clinical description
Subtypes

Progressive accumulation
of disability from onset
PP with or without temporary
plateaus, minor remissions
A and improvements

Progressive accumulation
of disability after initial

> SP relapsing course, with or
without occasional relapses
and minor remissions

Progressive
disease

Progressive accumulation
\ of disability from onset
" PR but clear acute clinical
attacks with or without
full recovery

Figure 2.
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2013
MS disease modifiers
Phenotypes

Progressive
accumulation
of disability
from onset -+ Active™ and with progression™

(PP)

/' Active but without progression
Progressive .~

disease o
= Not active but with progression
(SP)
A Not active and without
Progressive progression (stable disease)

accumulation

of disability after
initial relapsing
course

Proposed Classification of Clinical Course in PMS

Taken from:

Lublin FD, Reingold SC, Cohen JA, et al. Defining the clinical course of multiple sclerosis:
The 2013 revisions. Neurology. 2014;83(3):278-286.
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Ongoing treatment trials in PMS, phase 111 and selected phase 11 studies

Table 1

Agent Disease Course | Duration Trial Size Phase
Amiloride (MS-SMART) SPMS 24 months | 440 (divided among 4 arms) 1
Ibudilast (SPRINT MS) PP, SPMS 24 months 250 1
lbudilast (MS-SMART) SPMS 24 months | 440 (divided among 4 arms) 1
Idebonone SPMS 24 months 80 1l
Imilecleucel-T SPMS 24 months 180 1
Masitinib PP, SPMS 24 months 450 11
Natalizumab SPMS 24 months 856 11
Ocrelizumab PPMS 24 months 733 11
Riluzole (MS-SMART) SPMS 25 months | 440 (divided among 4 arms) 1
Spinonimod SPMS 40 months 1530 11
T Cell Receptor Peptide SPMS 12 months 200 1

Source: Authors, data obtained from clinicaltrials.gov
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