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Multiple sclerosis (MS) is primarily an inflammatory and degenerative disease of the

central nervous system, triggered by unknown environmental factors in patients with

predisposing genetic risk profiles. The prevention of neurological disability is one of

the essential goals to be achieved in a patient with MS. However, the pathogenic

mechanisms driving the progressive phase of the disease remain unknown. It was

described that the pathophysiological mechanisms associated with disease progression

are present from disease onset. In daily practice, there is a lack of clinical, radiological,

or biological markers that favor an early detection of the disease’s progression. Different

definitions of disability progression were used in clinical trials. According to the most

descriptive, progression was defined as a minimum increase in the Expanded Disability

Status Scale (EDSS) of 1.5, 1.0, or 0.5 from a baseline level of 0, 1.0–5.0, and

5.5, respectively. Nevertheless, the EDSS is not the most sensitive scale to assess

progression, and there is no consensus regarding any specific diagnostic criteria for

disability progression. This review document discusses the current pathophysiological

concepts associated with MS progression, the different measurement strategies, the

biomarkers associated with disability progression, and the available pharmacologic

therapeutic approaches.
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INTRODUCTION

Multiple sclerosis (MS) has been classically defined as a demyelinating disease of the central
nervous system (CNS), with preferential involvement of the white matter. In MS two pathological
phenomena converge. There is an inflammatory event, responsible for clinical relapses and
demyelination plaques in the CNS; and there is a neurodegenerative phenomenon responsible for
progressive disability worsening.
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Most patients withMS have symptoms of acute/subacute focal
neurological deficit, which have come to be called “relapses”
or “attacks,” with repetition of episodes in various locations of
the CNS over time. This more frequent form of MS course is
called “relapsing-remitting” (RRMS). After several years, 35–
50% of patients initially classified as RRMS go into a phase
characterized by slowly progressive neurological deterioration
independent of previous inflammatory activity (1–4), which is
commonly referred to as the “secondary progressive” phase
(SPMS). Approximately 15% of patients with MS begin a
slowly progressive deterioration from the start in the absence of
detectable clinical relapses, a course that has been called “primary
progressive” (PPMS). A fourth category, called “recurrent
progressive,” described those who, although initially behaving
the same as patients with PPMS, develop some relapses during
the course (5). This classification was revised and modified,
so that the “recurrent progressive” category disappears, and
activity criteria are defined, measured either by the presence
of clinical relapses or activity on MRI, or by progression of
disability (6).

The transition to a progressive course of the disease
seems to be age-dependent. Although recent natural
history studies show a lower percentage of patients
transitioning from RRMS to SPMS, the age of transition
is surprisingly immutable, around the forties (4, 7).
With aging, comorbidities also play a role, and are
intimately related to disability and health care resources
consumption (8–10).

The neurodegenerative process, historically, was not included
in the clinical diagnostic criteria of MS, with the exception of
the 1965 Schumacher criteria, where two patterns of clinical
involvement of MS were recognized: one with episodes of
clinical deterioration separated by a month or more from
each other, with a duration of at least 24 h (similar to the
current definition of relapses), and a second pattern with
a gradual clinical worsening over a period of 6 months or
longer (11). In 1983, the Poser diagnosis criteria excluded
progressive forms of MS, in part due to lack of reliable
radiological or biological markers ruling out alternative
diagnoses (i.e., progressive myelopathy or spinocerebellar
syndrome) at that time (12). Although the currently recognized
clinical forms of progressive MS are only defined based on
clinical criteria (6), the emergence of magnetic resonance
imaging (MRI) techniques allowed a better characterization
of progressive MS and its differentiation between PPMS and
SPMS (13). Since 2001, PPMS has been included explicitly
in the McDonald criteria and its updates (14–17). Nowadays,
both PPMS and SPMS are usually referred to as progressive
MS (PMS).

Prevention of irreversible disability is one of the essential
clinical goals in a patient with MS. However, in daily
practice, there is still a lack of clinical, radiological, or
biological markers that favor an early detection of the
progressive course of the disease, and also there is no
expert consensus on specific diagnostic criteria for disability
progression (18).

OBJECTIVES

The Progression Working Group is part of the EMDAT study
group (Esclerosis Múltiple Disease Activity Task Force). This is
a multidisciplinary team consisting of eight neurologists (AVJ,
FCPM, LBR, LFD, NTL, SEM, VML), a neuropsychologist (YH),
an anatomopathologist (JFL) and a neuroradiologist (JCP) from
different Health Centers in Spain, all experts in the management
of patients with MS. This group aimed to elaborate a review
document based on the current concepts of MS progression.

MATERIALS AND METHODS

The EMDAT Progression Working Group was divided into
two subgroups with the aim to address different topics in MS
progression. The first group focused on clinical and cognitive
characteristics (VML, LBR, LFD, NTL, YH); the second group
focused on paraclinical items: pathology, pathophysiology, and
imaging markers (FCPM, AVJ, JCP, JFL, SEM). A non-systematic
review document was elaborated after discussion among the
participants, based on the review of the literature and the
experience of each expert. The workflow for this document is
detailed in Figure 1.

PATHOLOGY AND PATHOPHYSIOLOGY OF
PROGRESSIVE MS

The combination of primary perivenular demyelination, loss
of oligodendrocytes, inflammation, and remyelinated spots,
distinguishes MS from other demyelinating disorders of the
CNS (19). These features, as well as neurodegenerative changes
resulting from neuronal damage, are present in all the evolutional
stages of MS (20), and are always associated with B and T-cell
mediated immunity, macrophages, and microglia. Lesions in MS
can affect both white and graymatter of the brain and spinal cord.

The histopathological differences between relapsing and
progressive forms of MS are mainly quantitative (19). Thus,
relapsing MS is characterized by the predominance of confluent
plaques of active demyelination, located mainly in the white
matter and in areas of high venous density. They present
a central inflammatory region with abundant T lymphocytes
(especially CD8+), macrophages and are associated with an
accumulation of microglia. In contrast, PMS shows a higher
number of slowly expanding lesions distributed in areas with
less blood perfusion. Histologically these lesions present an
inflammatory margin of macrophages and activated microglia
that surrounds a demyelinated and inactive center. Damage to
the blood-brain barrier, which is very characteristic in relapsing-
remitting MS (RRMS), is less evident in PMS, leading to partial
compartmentalization of inflammation.

However, in other study qualitative differences and
heterogeneity have been observed in MS lesions between
different patients, defining a series of patterns of MS lesions (21).
Normally, in the same subject, all active plaques correspond
to the same pattern, although these patterns may be different
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FIGURE 1 | Overall workflow, timing, and expert group/subgroups composition.

between subjects (21, 22). However, other studies have not
confirmed this fact, suggesting that, rather than interindividual,
heterogeneity is dependent on time and the stage of evolution
of the lesions in the same individual (23, 24). Although these
differences did not clearly characterize the type of MS, it may be
important to also take it into consideration.

Lesions in the gray matter predominate in PMS, especially
areas of subpial cortical demyelination (25). These lesions also
present inflammation, but to a lesser degree compared to
white matter plaques. They can be associated with different
pathological features, like ectopic lymphoid follicles, neuronal
and glial cell loss, and extensive remyelination zones (26). Finally,
in PMS, there is a diffuse inflammatory infiltration in the
“normal-appearing” white matter, where activation of microglia,
axonal damage, and reactive gliosis are seen (25).

The mechanisms that link alterations of the immune response
and cerebral demyelination remain unknown. Demyelination
might be associated with local microenvironmental factors or
soluble factors produced by meningeal infiltrates. Demyelination
could be triggered by a specific antibody, although the particular
antigen targeting the myelin sheath has yet to be identified. On
the other hand, genetic studies reveal activation in the oxidation
of neurons, myelin, and oligodendrocytes, associated with
mitochondrial damage (27, 28). The mitochondrial alteration
would imply an energy deficit in the form of “virtual
hypoxia” (29), that would amplify oxidative damage causing an
imbalance in cell ion exchange through mechanisms linked to
calcium channels. Finally, extracellular iron, released by injured
oligodendrocytes and microglia, increases tissue susceptibility to
oxidative damage caused by free radicals. All these processes may
play an important role in the progressive forms of MS when
cellular aging and the number of accumulated lesions exceed the
brain adaptive mechanisms (30).

MEASUREMENT STRATEGIES IN MS
PROGRESSION

Defining Progression in MS
In most MS clinical trials, the definition of progression is
based on the increase in the Expanded Disability Status Scale
(EDSS) (31) confirmed over time (18). The current concept
of MS progression recommended by the European Medicines
Agency (32) (Table 1), and the most widely used in clinical
trials, comes from a meta-analysis of four clinical trials. Based
on the patient’s baseline EDSS, it establishes two different strata
when defining progression. If the patient’s baseline EDSS is
below 6, only ≥1 point of sustained impairment is needed for
progression to be considered, whereas ≥0.5 points are required
if baseline EDSS is higher than 6.0 (34). Later, an additional
stratification of the scale was suggested, so in patients with EDSS
= 0, an increase of ≥1.5 points would be needed (18), together
with a major affection on the pyramidal functional system of
≥2 (33).

On the other hand, there is no specific period of time for the
identification of a progressive course of the MS or confirmation
of its diagnosis (Table 1). This is an essential issue in the relapsing
form of the disease, since the time when a patient converts to
SPMS is unclear. Furthermore, during the natural course of the
disease, patients in the progressive phase may continue to have
relapses combined with periods of stabilization or slight clinical
improvement, making thus the diagnosis more difficult (6).

It was suggested that the “transition” from the relapsing phase
of the disease to the progressive one is only an artifact caused by
the low sensitivity to detect minor clinical changes by the current
clinical scales (35) and the brain plasticity that can compensate
for clinical deficits at disease onset (36). Nevertheless, it has been
proposed that the pathophysiological mechanisms associated
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TABLE 1 | Definitions used to diagnose disease progression in MS.

Definition of progression

(EDSS worsening from baseline)

Time to confirm

disease progression

Population

studied

European Medicines

Agency (32)

1.0 point if EDSS ≤ 5.5

0.5 point if EDSS ≥ 6.0

6 months MS

Kalincik et al. (18) 1.0 point if EDSS ≤ 5.5

0.5 point if EDSS ≥ 6,0

12 or 24 months PMS (PPMS and

SPMS)

Lorscheider et al. (33) 1.0 point if EDSS ≤ 5.5

0.5 point if EDSS ≥ 6.0

FSS ≥ 2

3 months if basal EDSS

≥ 4.0

SPMS

EDSS, Expanded Disability Status Scale; FSS, Functional Systems Score; PMS, progressive multiple sclerosis; PPMS, primary progressive multiple sclerosis; SPMS, secondary

progressive multiple sclerosis.

with disease progression are probably present from the disease
onset in RRMS patients, but they are often silent (37–39).

To confirm disability progression, a patient’s clinical
worsening should be reassessed after a variable period of time
(18, 40). In relapsingMS, the irreversible progression of disability
can be biased because of the transient deterioration associated
with relapses. For this reason, it was proposed to use different
clinical outcome measures to assess progression and relapses
(41). The clinical improvement following a relapse usually
occurs after 2 months, although recovery can occur longer than
12 months in some patients (42). For this reason, to improve
sensitivity when assessing disability progression, it is suggested
to evaluate patients after 1 month of clinical stability following a
relapse, avoiding thus possible bias (43).

A confirmed increase in the EDSS measured at 3 or 6 months
may not provide an accurate estimate of long-term disease
outcomes. In this context, it was described that up to 30% of
patients with a confirmed progression at 3–6 months follow up
might have clinical improvements if they are reevaluated after
12–24 months, especially younger patients or if small changes
in the EDSS took place (18). On the other hand, although a
longer time for the disability confirmation (i.e., 12–24 months)
would increase the irreversibility sensitivity, this could delay
therapeutic interventions.

Recently, a novel definition of progressive MS has been
proposed. It shortened the time to diagnosis in routine clinical
practice (Table 1) and was introduced after comparing 576
different definitions of EMSP from a vast European registry.
According to this new definition, if the patient presents with an
EDSS ≥ 4 and has a functional impairment of the pyramidal
system of ≥2, the clinical reassessment to confirm disability
can be done during the 3 months follow up (33). Therefore,
in patients with an EDSS <4.0, the diagnosis of irreversible
disability progression should be made with caution, and a longer
follow-up is suggested to safely confirm it (i.e., 6, 12, or 24
months) (18, 40).

Physician-Oriented Measures in
Progressive MS
To date, no particular scale is considered as the gold standard
to assess clinical progression in MS. Due to the high variability

of MS, it seems unlikely that a single evaluation strategy will be
adequate to meet all evaluation objectives in different patients.
Because of this, it is necessary to use multidimensional outcome
measures. Different scales would probably be required at different
stages of the disease over time (41).

The EDSS is the most widely used scale in MS. Its main
advantage is its familiarity, widespread use, and the information
gathered on its validity and reliability (41). Although this scale
is based on neurological examination and is clinically relevant,
it has some disadvantages: (a) it presents an intra- and inter-
evaluator variability that can reach up to 40% due to its low
precision in distinguishing amongst mild, moderate and severe
symptoms, (b) it has subjective items, such as bowel and bladder
dysfunction, (c) the scale is asymmetric, assigning a relatively
higher weight to patient’s locomotion, and (d) the times spent in
each level of the scale is variable, being higher in the upper strata
(18, 41).

The stratification of the EDSS has been used to improve its
precision in detecting progression. The presence of two strata
(an increase of one point for EDSS between 0 and 5.5, or 0.5
points above EDSS of 5.5) could overestimate the progression
compared to the presence of three strata (EDSS increase of 1.5
points if the baseline EDSS is 0, an increase of one point if
the baseline is between 1 and 5.5, or increase of 0.5 points if
the baseline is above 5.5). However, it must be noted that the
EDSS has more stability at the highest levels of the scale and,
therefore, the clinical worsening needed to consider progression
would be higher. Consequently, it may be necessary to include
additional assessments in patients with higher disability status to
improve the progression detection sensitivity (18) since it would
not measure small changes at this point (40).

The Neurostatus developed by Kappos, used in the European
trial on beta-interferon-1b in the SPMS, includes a neurological
examination similar to the EDSS, with extra items added to
assess ambulation and vision, to improve sensitivity (41, 44).
Nevertheless, in this evaluation, the locomotion also has a
significant weight compared to the rest of the functional systems.

An international working group developed the Multiple
Sclerosis Functional Composite (MSFC). It is comprised of three
performance tests: 9-Hole Peg Test (9HPT) to assess upper
limb function, Timed 25-Foot Walk (T25FW) to determinate
ambulation, and Paced Auditory Serial Addition Test (PASAT)
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to assess cognition (45). Since the variables evaluated in these
three tests are different, a Z score was selected as a standard
metric. The MSFC is objective, multidimensional, standardized,
and more sensitive in detecting clinical changes than traditional
ordinal scales (41). The disadvantage of this method is related to
the use of the Z-score, which orders the patient in the number
of standard deviations with respect to a reference population,
but does not directly translate the patient’s disability status, nor
is it easy to interpret changes that may occur in this score (46).
However, it has been proven that a worsening of 0.5 in the total
score, or >20% in each component, is a clinically significant
marker of disease progression (47, 48).

Composite measurements such as “EDSS-plus” have been
proposed in response to the multidimensional needs of the
disease (49). The aim was to improve the detection of disability
progression by adding T25FW and 9HPT to the EDSS. A
worsening ≥20% for T25FW and 9HPT, confirmed at 24 weeks,
differentiates more accurately between patients who progress
to PMS from those who do not. In this respect, rates of
disability progression at 24 weeks measured by EDSS-Plus were
59.5%, compared to only 24.7% when standard EDSS was used,
suggesting that EDSS-Plus is approximately twice more sensitive
than EDSS (49). On the other hand, the ORATORIO trial
included the No Evidence of Progression (NEP) endpoint, which
was defined as no progression in EDSS, no worsening of ≥20%
on 9HPT, or ≥20% on T25FW for 12 weeks (50). In this trial,
more than half of the patients who did not show a worsening of
disability measured by EDSS experienced a confirmed worsening
of ambulation when measured by T25FW. Also, a considerable
proportion of patients who did not have a confirmed progression
in EDSS, displayed a worse upper limb function when they were
evaluated by using the 9HPT (50).

In conclusion, a significant change of≥20% in the T25W (51),
≥20% 9HPT (52), or ≥7-point change in the low-contrast letter
acuity chart (53) should be considered progression of MS.

Finally, the use of new technologies for real-time
measurement of patient disability, for example, wrist
accelerometers for remote gait measurement are useful despite
their limitations and will undoubtedly be applied in future
clinical practice to help detect progression (54, 55).

Patient Self-Administered Scales
The patient-reported outcome (PRO) measures are
questionnaires designed for patients to indicate their perceptions
regarding their health status, quality of life, and well-being (56).
Although PRO measures are not widely used in clinical practice,
it has been shown that worse scores are obtained from patients
with progressive forms of MS, even in the early stages of the
disease (57).

The systematic use of PRO questionnaires could provide
additional information on standard disability measurements for
a particular patient. Considering the widespread use of digital
tools, the use of different PRO tests would not necessarily increase
the time spent in the neurologist office. We believe that they
can be especially useful for those patients with mild disabilities
or for those who complain of clinical deterioration, when

that impairment cannot be confirmed with standard physician-
oriented measures.

It was described that the PRO test could be used for the
assessment of the MS population, based on different randomized
controlled trials and observational studies (58) Taking into
account different psychometric parameters, such as time of
administration and neuropsychological domains to be assessed,
as well as the level of the evidence supporting them, our
group recommended the use of generic scales that focus on the
quality of life such as the Short Form 36 (SF-36) (59) and the
European Quality of Life (EQ-5D) scale (60), or specific MS
scales as Multiple Sclerosis Quality of Life-54 (MSQol-54) (61).
To measure the impact of the disease on the patient’s motor skills
and cognition, this group recommended the Multiple Sclerosis
Impact Scale-29 (MSIS-29) (62). In the case where subjective
gait complaints are suspected, the 12 items Multiple Sclerosis
Walking Scale (MSWS12) can be used (63). Finally, to objectively
assess a patient’s fatigue, the Modified Fatigue Impact Scale
(MFIS) can be useful (64).

There are also limitations for the PRO questionnaires since
there is a lack of validation studies to support their use
and no standardized cut-off points in most tests. Also, PRO
questionnaires cannot be used for therapeutic decision-making
since they do not allow for the confirmation of the progression of
the disease.

Neuropsychological Assessment
Currently, international consensus indicates that clinical follow-
up of the MS population should include a neuropsychological
status assessment (65, 66). Amato et al. considered that the
neuropsychological evaluation is a tool that will help to redefine
the clinical activity in MS. Furthermore, it is of fundamental
importance when a progression of the disease is suspected (67).

In PMS, there is a higher percentage of patients with cognitive
impairment than relapsing forms of the disease (86% in the
secondary progressive and 74% in the primary progressive
forms). Moreover, the severity of cognitive impairment is higher
in PMS, with more cognitive domains affected by the disease
(68). Compared to RRMS, in PPMS the cognitive symptoms are
more prominent during disease onset, and patients have a worse
cognitive decline after 6 years of follow-up (69).

Neuropsychological assessment has three aims in the clinical
monitoring of the MS. First, it serves as a measurement of
progression. An international consensus recommended an early
baseline assessment of cognitive status of newly diagnosed
patients and a follow-up reevaluation after 1 or 2 years,
depending on the patient’s cognitive impairment (65, 68, 70).
This assessment can be carried out by using a screening test,
such as the Symbol Digit Modality Test (SDMT) (71). However,
the use of a more comprehensive evaluation could provide more
information regarding other neuropsychological domains, such
as cognitive, emotional, and behavioral processes (65, 66). The
second aim is to predict cognitive impairment. Studies showed
that patients with untimely cognitive impairment are more likely
to develop earlier the secondary progressive form of the disease
(72). Also, in newly diagnosed patients, alterations in memory
and speed of information processing predict physical disability as
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measured by EDSS at 5 and 7 years (73). Mood disorders during
disease onset (i.e., depression or anxiety) also serve as predictors
of cognitive changes after 1 year of follow-up (74). Physical
fatigue in early phases is related with a rise in disability degree
3 years later. Accordingly, an increase of 10 points in the Fatigue
Impact Scale would indicate clinical deterioration (75). The third
aim is to certify the progression of the disease. It has been
established that a reduction of ≥4 points or a 10% worsening in
the Symbol Digit Modality Test without concomitant depression
or fatigue, can be considered clinical deterioration (76). However,
the patient’s cognitive impairment must be confirmed during the
follow-up evaluations. It has not yet been defined how long for is
necessary to maintain the cognitive deterioration for the disease
progression to be classified as irreversible.

BIOMARKERS ASSOCIATED WITH
DISABILITY PROGRESSION

Imaging Biomarkers: Magnetic Resonance
Imaging (MRI)
In progressive MS, the MRI facilitates the demonstration of
the substrate of disease progression (i.e., demyelination, axonal
degeneration, and microglial activation), predicting thus future
disability, and exploring new parameters of treatment efficacy
(77). However, the role of MRI in progressive MS regarding
diagnostic and monitoring of progression is currently limited
(78) (Table 2).

MRI Findings Associated With Neuroinflammation
The baseline lesion burden in the CNS and the increase in the
number of T2 lesions during the follow-up studies are good
predictors of both short and long-term cumulative disability
(80). The specific localization of T2 lesions in the brain and
spinal cord is also crucial in predicting progression. In the early
stages of the disease, lesions located in the cerebellum, pons, or
midbrain correlate well with a higher risk of future cumulative
disability (81). Also, the presence of spinal cord lesions at the
initial stages of the RRMS forms has been described as a robust
predictor of progression and cumulative disability 15 years after
the diagnosis (82).

Slowly expanding lesions (SEL) lie halfway between
neuroinflammation and neurodegeneration. They are more
frequent in progressive forms of the disease and correspond
to active chronic lesions without alteration of the blood-brain
barrier. The use of semi-automatic programs to quantify their
growth can help with their identification (83). The use of
specific sequences permits the identification of iron-laden
microglia/macrophages in their periphery (84). The presence of
multiple SELs is associated with more aggressive forms of the
disease, with shorter intervals between onset and progressive
phase of the disease, and a higher motor and cognitive disability
(85). In the future, the evaluation of the peripheral edges of the
SEL could also be useful to evaluate treatment efficacy (86).

Cortical gray matter lesions are present in all forms of
MS but are more frequent in the progressive forms. In the
relapsing form of the disease, the basal cortical lesion load

and its evolutional accumulation are associated with disability
and cognitive impairment at 5 years (87, 88). Spinal cord gray
matter involvement is more frequent in PMS patients and is
independently associated with disability progression (89).

The presence of asymptomatic gadolinium-enhanced lesions
in the basal MRI is associated with shorter time to PMS
phase progression and with worse physical and mental
impairment (82).

Leptomeningeal infiltrates are markers of inflammation in
different MS subtypes and correspond to ectopic lymphoid
follicular structures that lead to cortical damage with
demyelination and axonal loss. They are more prevalent in
the PMS form and correlate well with cortical atrophy and worse
disability at 5 years (84). Meningeal enhancement patterns can
be variable and depending on the type and persistence over time,
there may be a more significant correlation with the disability
deterioration (90).

MRI Findings Associated With Neurodegeneration
Chronic black holes are hypointense lesions in T1-weighted
sequences that persist for more than 6 months (91). The number
of black holes at disease onset and its subsequent progression
predicts future worsening of disability measured with EDSS (85).

Cerebral atrophy is described in all MS phenotypes, with
a progression of the atrophy of 0.5–1.3% per year usually.
The cerebral atrophy is one of the objective parameters that
have the highest correlation with disease progression at 10
years and correlates with deterioration of the cognitive function
(81). Its application in daily clinical practice is difficult due to
the multiple confounding factors that can alter its calculation
(92). Globally, the level of brain atrophy at disease onset is
associated with a more significant future cognitive decline,
fatigue, and disability. Finally, the assessment of brain atrophy
has been included in clinical trials as a marker of treatment
efficacy (85).

Gray matter atrophy is greater in progressive forms of the
disease and correlates well with clinical disability. There are
differences in the location of the atrophy depending on the
clinical form; in SPMS temporal cortex atrophy is more evident
(84, 93). Thalamus atrophy in recently diagnosed patients is
associated with an increased risk of disability progression and
cognitive impairment (78, 84). On the other hand, cortical
atrophy of the cerebellar lobes is correlated with cognitive
impairment in patients with PMS (78).

Finally, the spinal cord atrophy, measured in the cervical
segment, is more significant in the progressive phase and
has a strong correlation with disability (94). Furthermore,
the evolutional loss of spinal cord volume is an independent
marker associated with disease progression (95). Finally,
the spinal cord atrophy is a potential biomarker of the
efficacy of new drugs but lacks reproducibility across patient
populations (94).

Advanced MRI Techniques in Clinical Practice
Functional magnetic resonance imaging studies have shown
changes in the cortex of patients with PPMS. These changes
involve alterations in function of neural networks. The alterations
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TABLE 2 | MRI sequences useful to predict disability and progression in MS.

Sequence* Useful findings in impairment prediction and disease

progression

Technical considerations and

limitations

T2, PD, FLAIR - Initial lesion load and appearance of new lesions in baseline studies

- Topography of lesions (i.e., protuberance, midbrain, and spinal cord)

DIR, 3D T1, MPRAGE/MP2RAGE - Greater detection of cortical lesions in baseline study and their

increase in number with evolution.

PSIR - Superior detection of cortical lesions and their increase in number

with evolution.

- Higher detection of spinal cord lesions

- Detection of spinal cord gray matter involvement.

3D T1 BRAIN:

- Global cerebral atrophy

- Cortical atrophy

- Deep gray matter atrophy (thalamus/caudate nucleus).

- Chronic black holes detection

- Slowly expanding lesions (SEL).

- Difficult application in clinical practice:

multiple confounding factors can alter its

calculation.

- Isometric voxels with 1 × 1 × 1mm

resolution

- Use of automatic or semiautomatic post-

processing tools.

- Use of segmentation techniques.

SPINAL CORD:

- Global spinal cord atrophy (measurement in the cervical segment).

- Poor reproducibility

T2* and SWI - Number of SEL with peripheral iron rim due to the presence

of microglia/macrophages

- High magnetic fields (3T and 7T).

- Phase imaging

- Assessment of iron deposition in basal ganglia - Quantitative evaluation with R2*

mapping or QSM

3D-T2-FLAIR post contrast - Detection of ectopic lymphoid follicles. - Late acquisition at 10–15min.

- Subtracted images

MTI Magnetization transfer ratio (MTR):

- MTR reduction in ANWM, ANGM, and T2 lesions.

- Used in clinical trials to monitor

myelin integrity

Spectroscopy - Assessment of NAA (N-acetyl-aspartate) levels. - No conclusive results

DTI - Alteration of fractional anisotropy (FA) values - No conclusive results

PD, Proton Density; FLAIR, fluid-attenuated inversion recovery; DIR, double inversion recovery; MPRAGE, magnetization prepared rapid gradient echo; PSIR, phase-sensitive inversion

recovery; SWI, susceptibility-weighted imaging; QSM, quantitative susceptibility mapping; MTI, Magnetization Transfer Imaging; DTI, diffusion tensor imaging.

detected could suggest that the cortical adaptation capacity
to adapt to tissue damage in patients with progressive forms
of MS would also be altered, contributing to functional
loss (96).

The Magnetization Transfer Ratio (MTR) is a measurement
of tissue integrity. Alteration of its values in apparently normal
white matter (ANWM) is more significant in PPMS and SPMS
phenotypes. Low initial MTR values in ANWM can predict
severe impairment and disability in PPMS. MTR has been used
in clinical trials to study tissue remyelination in patients with
SPMS (78).

DTI (Diffusion Tensor Imaging) can be used to measure
demyelination and axonal loss in T2 lesions, in ANWM and
gray matter. The alteration of the anisotropy fraction has been
correlated with a physical and cognitive disability (97).

Magnetic resonance spectroscopy studies observed decreased
levels of N-acetyl-aspartate (NAA) in both evolving lesions
and ANWM and, interestingly, in the cortex of patients with
progressive forms (78, 98).

Quantification of iron deposition in basal ganglia has been
shown to correlate well with cognitive decline. It has also been
proposed as a marker of future cumulative disability in patients
with a clinically isolated syndrome (99, 100).

Neurophysiological Biomarkers
Although the role of neurophysiological tests, as evoked
potentials (EP), has been displaced in the last updates of
diagnostic criteria in both relapsing and primary progressive MS,
there are several studies that have investigated their potential role
in predicting disability or even treatment response, and are still
a useful paraclinical diagnostic support for MS, enhancing the
detection of clinical unapparent demyelinating lesions (101). EP
not only assess CNS conductions, being an objective ancillary
evaluation of visual, motor (pyramidal), sensory and acoustic
pathways, but also can have a glimpse on intracortical processes
that are related to the mechanisms of brain plasticity (102).

Serum and CSF Biomarkers
The search for new biomarkers in multiple sclerosis is necessary
for the early diagnosis of the disease, to stratify risk, to predict
and monitor progression, to measure treatment response, and
to monitor adverse drug effects (103). There are currently a
few validated useful biomarkers to predict MS progression, but
research in this field has been multiplied in recent years.

One of the essential biomarkers in MS is the oligoclonal bands
(OCB). The presence of OCB in the cerebrospinal fluid in patients
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with a clinically isolated syndrome is an independent predictive
factor for moderate disability (EDSS 3.0) in the future (80). Also,
intrathecal secretion of IgG has been associated with increased
risk of worsening disability in a shorter time (104).

Other CSF molecules have been studied, such as CXCL13
chemokine, which is associated with increased disability in MS
patients, but is not specific, and correlates with BOCs (105). The
glial fibrillary acidic protein (GFAP) is an intermediate filament
protein associated with astrocyte damage and astrogliosis. This
protein has been associated with severe disability progression
after 8–10 years of disease evolution and is higher in PMS (106,
107). It also correlates with the glycoprotein YKL-40 (CHI3L1), a
biomarker associated with progression to EDSS of 6.0 (108).

Neurofilament light chains (NfL) are biomarkers of neuronal
damage found in both CSF and serum. In CSF, measured by
ELISA, they have been proposed as predictors of severity and
disease progression. Higher levels of NfL have been found in
patients who switched to the PMS form (109). In a recent
prospective study of 607 patients over 12 years in which serum
NfL was measured using Simoa assay, a significant relationship
was found between EDSS deterioration and NfL serum levels.
However, no association was found between serum NFL levels
and long-term disease progression in relapsing and between
CSF NFL levels and EDSS scores in primary progressive forms
(110, 111). These results are contradictory to those found by
Barro and Disanto in two different studies, where a correlation
was found between high serumNfL levels and long term disability
progression in MS (112, 113). A recent meta-analysis of NFL in
progressiveMS also points out that NFL are more related to acute
inflammation rather than being able to differentiate prognosis in
progressive MS (114).

Additional Imaging Biomarkers
Optical coherence tomography (OCT) is an imaging technique
that has been used to evaluate retinal integrity in MS patients.
Peripapillary retinal nerve fiber layer (pRNFL) and ganglion
cell-inner plexiform layer (GCIPL) thickness are recognized as
markers of diffuse axonal damage in MS (115, 116).

Few studies have analyzed the role of OCT in patients with
progressive forms ofMS.Most of these studies are cross-sectional
and include heterogeneous populations, in which PMS patients
constitute only a small proportion of the studied cohorts.

Other studies demonstrated that pRNFL and GCIPL thinning
correlates with a higher EDSS (115, 116). Also, it was
proved that the OCT could be useful in predicting disability
progression during follow-up. Specifically, the authors of this
work demonstrated that presentation with a pRNFL thickness
below 88 um confers a higher risk of developing disability after
5 years of follow-up (HR 1.96, 95% CI 1.39–2.76) (117). An
independent study also demonstrated that a thickness of RNFL
below 88 um is associated with an increased risk of developing
cognitive impairment as well, measured by the SDMT (118).

It is worth mentioning that these two studies have been
performed in relapsing MS patients, and it is not known
whether these results can be extrapolated to progressive forms of
the disease.

PHARMACOLOGICAL TREATMENT FOR
PROGRESSIVE FORMS

Different drugs have been tested in progressive forms of MS
(Table 3). However, most of the clinical trials have shown
negative results, probably because of erroneous pharmacological
targets, or the strategies used tomeasure disease progression (79).

Why Do Most Therapeutic Strategies Fail in
Progressive Forms of MS?
The main reason that the majority of drugs tested so far
failed to control the progressive phase of the disease is because
of the inability to reverse the pathophysiological mechanism
responsible for progression (119). The therapeutic options
available for progressive MS are insufficient, which continues
to be a significant challenge for researchers (120). In PMS, it
was stated that inflammation might be partly compartmentalized
in the brain, and the intact blood-brain barrier prevents the
migration of the drugs into the CNS, limiting thus their
effect (120).

The SPMS form may still be associated with slight clinical
disease activity. On the other hand, the effects that most
of the current disease-modifying treatments (DMT) exert are
predominately on the inflammatory phase of the disease (121).
Hence, in clinical trials of PMS, some treatments reached their
best results in the subgroups of patients with slight disease
activity or shorter times of evolution (122–124). Table 4 shows
the currently approved treatments for PMS.

There are many drugs that have failed in their clinical trials
in the treatment of PMS, and their treatment continues to be a
challenge today (120). The causes of these failures are diverse.

The most obvious cause, as it is mentioned before, is that the
drugs used in clinical trials have not been able to reverse or to
stop the pathogenic mechanisms of the disease (119). In PMS,
inflammation might be partly compartmentalized within the
CNS, and the intact blood-brain barrier prevents the migration
of drugs into the CNS, limiting thus their effect (120). Sometimes
the criteria for deciding that a molecule could work in a PMS
clinical trial is its success in a previous clinical trial in relapsing
forms of MS, and this may not be extrapolated to PMS (46).

Other reason at stake could be an inappropriate clinical trial
design, outcome, sample size or population. As an example,
interferon beta in SPMS has inconsistently showed efficacy
for preventing progression in patients with SPMS. These
inconsistencies between clinical trials seem to be mostly related
to differences in previous inflammatory disease activity between
populations, rather to a real effect over the degenerative process.
A systematic review of the clinical trials in SPMS pointed out to
younger patients and those with pre-treatment relapses having
better outcomes than older patients with longer disease duration
and those who did not experience pre-study relapses (130). On
the other side, two trials with interferon beta failed to show
a reduction in disability progression in PPMS patients (131,
132). However, the trial populations were too small to allow
definitive conclusions on the efficacy of interferon beta treatment
in patients with PPMS (133).
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TABLE 3 | Clinical trials in progressive MS. Adapted from Ciotti JR and Cross AH (79).

Tested drug Type of MS Number of

subjects

Duration Primary endpoint Results

MECHANISM OF ACTION: NON-SELECTIVE IMMUNOSUPPRESSANTS

Cyclophosphamide 750 mg/m2

vs. IV glucocorticoids

SPMS 138 2 years Time to progression (using

EDSS)

Failure

Sulfasalazine 500–2,000mg daily

vs. placebo

RRMS,

SPMS, PPMS

199 3 years Time to progression (using

EDSS)

Failure

Mitoxantrone 5 or 12 mg/ m2 q3

months vs. placebo

PRMS, SPMS 194 1.5 years Sequentially tested endpoints

were change in EDSS, changes

in ambulation, relapses, time to

first relapse, and changes in SNS

p < 0.0001

Cladribine 0.7 or 2.1 mg/kg (total

dose over course) vs. placebo

SPMS, PPMS 159 1 year Mean change in EDSS Failure

MECHANISM OF ACTION: IMMUNOMODULATORS

IFN beta 1-b 8 million IU every

other day vs. placebo (European

trial)

SPMS 718 1,5 years Confirmed progression of

disability measured by EDSS

p = 0.007

IFN beta 1-b 250 or 160 mcg

every other day vs. placebo

(American trial)

SPMS 939 3 years Confirmed progression of

disability measured by EDSS

Failure

IFN beta 1-a 22 mcg, 44 mcg vs.

placebo (SPECTRIMS)

SPMS 618 3 years Confirmed progression of

disability measured by EDSS

Failure

IFN beta 1-b 8 MUI every other

day vs. placebo

PPMS, SPMS 73 2 years EDSS Failure

IFN beta 1-a 60 mcg q Weekly

vs. placebo (IMPACT)

SPMS 436 2 years MSFC p = 0.003

Glatiramer acetate 20mg daily

vs. placebo

PPMS 943 3 years Time to EDSS worsening Failure

Laquinimod 0.6mg daily vs.

placebo

PPMS 374 1 year Percentage of change in brain

volume

Failure

MONOCLONAL ANTIBODY

Rituximab 1,000mg q6 months

vs. placebo

PPMS 439 2 years Time to EDSS worsening Failure

Natalizumab 300mg IV q4

weeks vs. placebo

SPMS 889 2 years Percentage of patients with

progression in EDSS, T25FW or

9HPT

Failure

Ocrelizumab 600mg q6 months

vs. placebo

PPMS 732 3 years Percentage of patients with

progression in EDSS

p = 0.03

Opicinumab 3 or 10 or 30 or 100

mg/kg every 4 weeks + IFN beta

1-a vs. placebo +IFN beta 1a

RRMS, active

SPMS

418 1.5 years Percentage of patients with

improvements in EDSS, T25FW,

9HPT o PASAT

Failure

MECHANISM OF ACTION: SELECTIVE IMMUNOSUPPRESSANTS

Siponimod 0.25-2mg vs.

placebo

SPMS 1651 3 years Confirmed progression of

disability measured by EDSS

p = 0.013

Fingolimod 0.5mg or 1.25mg

daily vs. placebo

PPMS 970 5 years Time to progression measured

by EDSS, T25FW, or 9HPT

Failure

MECHANISM OF ACTION: NEUROPROTECTOR

Ibudilast 100mg daily vs.

placebo (added to patient’s

immunomodulator treatment)

SPMS, PPMS 255 2 years Change in brain volume

assessed by BPF

p = 0.04

Biotin 300mg daily vs. placebo

(added to patient’s

immunomodulator treatment)

SPMS, PPMS 154 1 year Proportion of disability

improvement (EDSS and T25FW)

p = 0.005

9HPT, Nine-hole peg test; BPF, Brain parenchymal fraction; EDSS, expanded disability Status score; IU, international units; MSFC, Multiple sclerosis functional composite; PPMS,

primary progressive multiple sclerosis; PRMS, progressive relapsing multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SNS, standardized neurological status; SPMS,

secondary progressive multiple sclerosis; T25FW, timed 25-foot walk.
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TABLE 4 | Approved treatments for progressive MS (125–129).

Drugs Indications approved by European

Medicines Agency

Interferon beta 1-b sc

Interferon beta 1-a sc

Relapsing SPMS

Mitoxantrone Highly active relapsing MS, associated

with a rapid evolution of disability in which

there are no alternative therapeutic

options.

Ocrelizumab Active PPMS

Relapsing SPMS

Siponimod Recently FDA and EMA approved for

active SPMS

EMA, European Medicines Agency; FDA, Food and Drugs Administration; SPMS,

secondary progressive multiple sclerosis; sc, subcutaneous; MS, multiple sclerosis.

Another example applies to the trial of fingolimod for PPMS,
in which more than 40% of patients were 50 or more years of
age, and more than 85% had no contrast-enhanced lesions (134).
The tools for measuring progression may not be sensitive enough
to detect progression, the primary objectives may not be the
most appropriate, as well as the length of the trials, too short
for PMS (135). In the ASCEND trial (natalizumab vs. placebo in
SPMS), the results were negative for the primary endpoint and
for the T25FW as secondary endpoint. However, an effect on
the 9HPT was observed as secondary outcome (136). This latter
study in SPMS contrasts with the moderate but positive effect
of siponimod, a selective sphingosine-1-phosphate receptors 1
and 5 modulator, on disability progression in SPMS. As in the
ASCEND trial, the clinical benefit of siponimodwasmore evident
in upper extremity function (9HPT) than in lower extremity
function (T25FW) (122).

The failure of the OLYMPUS trial with rituximab (124) can
be partly attributed to a miscalculation of the sample size,
probably due to a false expectation of progression rate from
the placebo group. This highlights the importance of adequate
planning prior to the study and of gathering more information
to infer the probability of progression in the placebo group. The
ORATORIO design was able to overcome these problems that
arose in the OLYMPUS clinical trial (133, 137). Long-term effects
of ocrelizumab in PPMS have been observed with sustained
benefit through 6.5 years of follow-up (138).

Therapeutic Failure in Progressive Forms
There is no consensus on the definition of therapeutic failure in
progressive forms of the MS. Persistence or appearance of new
activity, either radiological or clinical, should be considered as
a therapeutic failure. However, in the absence of inflammatory
activity, measuring progression can be more complex. In PMS,
EDSS has limited value in capturing slight changes in clinical
status, and should probably be complemented by other scales
such as T25FW and 9HPT. An alternative option might be
to consider the No Evidence of Progression or Active Disease

(NEPAD), which is a combined outcome measure used in a
clinical trial in patients with PPMS. It includes the absence of
progression and takes into account relapses and MRI activity,
which can both be present during the progressive phase (50).

On the other hand, DMT modulate the evolution of
the disease. However, we cannot confirm that they can
stop its progression. Thus, it is expected that patient will
progress during the disease course over time, despite
responding to DMT at disease onset. This point leads
to another question: should we maintain treatments
indefinitely or should we stop it after a certain level of
disability is reached? In this respect, the American Academy
of Neurology guidelines suggest to consider withdrawing
DMT in patients with EDSS ≥ 7.0 in the absence of clinical
or radiological activity (139), although this proposal is
pending validation.

CONCLUSIONS

The progression prevention of irreversible disability is the
primary therapeutic objective for every neurologist in the
management of patients with MS. Despite this, the definition
of progression remains controversial, as well as its clinical and
radiological identification in daily practice.

The clinical definitions of disability progression are based on
the increase in EDSS over a specific time, making it necessarily
retrospective. This means that nowadays, early identification
of progression is challenging, but it would be desirable to
take useful therapeutic actions for the patients. The different
examination scales used in clinical practice, despite having
significant advantages, can be deficient if used in isolation. Due
to the multidimensional characteristics of the disease, composite
measures, such as EDSS plus, could precisely identify progression
as quickly as possible.

The search for biomarkers that help identify progression in
MS is essential. MRI mainly offers prognostic factors but does
not allow us to identify progression when it occurs. There are few
validated biomarkers available for MS progression. Research in
this field has been multiplied in recent years.

Pharmacotherapy in progressive forms is currently
very limited. The pathophysiology of the disease may be
responsible for the repeated failure of various molecules to
prevent progression. Pharmacotherapy, along with the early
identification of progression, is one of the significant challenges
in progressive multiple sclerosis.
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