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Prognostic Markers in Multiple Sclerosis
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Multiple sclerosis (MS) is chronic autoimmune disease with a high level of heterogeneity in its course and
prognosis. More than half of patients with MS do not discuss their long-term prognosis with the treating doc-
tor. Most patients regard personalized information on the course of MS as extremely important in relation
to taking decisions on family planning, choice of profession, and treatment. Determination of prognosis in
routine clinical practice uses clinical markers, though these are nominally divided into favorable and unfa-
vorable factors, which allows general conclusions regarding the prognosis of MS to be made. Neuroimaging
and biological markers are mainly used for research purposes, though they are now actively employed in
clinical studies to assess the effects of treatment on the organic causes of persistent disability. This review
describes studies of the prognostic value of various clinical, neuroimaging, and biological markers.
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Multiple sclerosis (MS) is an autoimmune demyelinat-
ing and simultaneously a neurodegenerative disease of the
CNS, which leads to long-term loss of patients’ ability to
work [1]. At diagnosis, more than 80% of cases are relaps-
ing remitting MS (RRMS), though 65% of cases of RRMS
develop into secondary progressive MS (SPMS) [2].

MS is treated using MS disease-modifying drugs
(DMD), which are the only evidence-based approach to in-
fluencing the rate of progression, though this treatment is
not always effective because of weak responses to the tactic
selected, highly active or aggressive MS, and various oth-
er reasons. The treatment of SPMS is mainly symptomatic
in nature, though a number of drugs for the pathogenetic
treatment of SPMS are under development and are being in-
troduced into clinical practice [3]. An important task is that
of developing effective treatments delaying and hopefully
preventing the progression of RRMS to SPMS. No small
role is played by the ability to prognosticate the progression
of MS in each individual patient.

Depending on the method of acquiring information,
several types of prognostic markers are identified: clinical
markers and neuroimaging markers. Most markers are at the
research stage, with assessment of specificity and sensitivi-
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ty and evaluation of advantages and drawbacks. As the saf-
est method of acquiring clinical data, neuroimaging mark-
ers characterize focal lesions but provide little detail on
microstructural damage [4]. Biomarkers allow assessment
of the status of processes at the microstructural level, though
acquiring data on them requires invasive procedures for col-
lection of biological fluids, which carries certain risks.

Evidence-based provision of more effective and aggres-
sive treatment tactics before the onset of severe or irrevers-
ible clinical symptoms in patients increases the probability
of preserving quality of life and slowing or stopping pro-
gression of MS. The value of prognostic markers is assessed
in terms of their ability to reflect a high risk of progression
in the conditions obtaining, which is reflected as an increase
in the extent of disability, with the possible progression of
RRMS to SPMS or clinically isolated syndrome (CIS) to
RRMS. Indirect prognostic markers may be precursors of
MS relapses, which may be the basis of subsequent progres-
sion. This review addresses studies of potential markers for
MS progression.

Clinical Markers. At the patient consultation stage,
collection of demographic and history data can identify risk
factors associated with the features of the course and pro-
gression of MS. Favorable factors for MS course are young
age at onset, female sex, initial symptoms in the form of
sensory or visual impairments, short duration of first re-
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lapse, and long subsequent remission [5]. Unfavorable fac-
tors include older age at onset of MS, male sex, impairments
to the pyramidal system, cerebellum, or pelvic organs, mul-
tisymptomatic onset, incomplete remission after the first re-
lapse, short first remission, and high relapse frequency at the
initial stages of MS. Data reported by Bergamaschi et al. [5]
indicated that unfavorable prognoses were associated with
greater age, greater number of impaired functional systems,
and pelvic, motor, or sensorimotor manifestations. Results
from a cohort observational study reported by Fambiatos et
al. [6] (n = 15,717) indicated that the probability of transi-
tion from RRMS to SPMS increased with increases in the
patient’s age (odds radio (OR) = 1.02, p < 0.001) and du-
ration of illness (OR = 1.01, p = 0.038). Higher scores on
the Expanded Disability Status Scale (EDSS) (OR = 1.30,
p < 0.001), rapid increase in disability (OR = 2.82,
p <0.001), and larger numbers of relapses in the preceding
year (OR = 1.07, p = 0.010) also had statistically signifi-
cant effects on the prognosis of progression. A decrease in
the level of disability (OR = 0.62, p = 0.039) and use of
DMD treatment (OR = 0.71, p = 0.007) were predicted to
be linked with lower risks of conversion to SPMS. A num-
ber of studies [5]suggested that male sex was a more unfa-
vorable factor for MS course, though in this case there was
no statistically significant difference by gender (OR = 1.14,
p =0.098). A study reported by Briggs et al. [7] indicated
that smoking and obesity were recognized as risk factors for
a more severe course of MS.

Boiko et al. [8] assessed the prognostic significance of
neuropsychological test results in patients with RRMS
(n = 50). In studies over a five-year observation period,
Stroop word-color interference test results indicated that
difficulty in switching verbal skills to sensory perceptive
functions was tightly linked with increases in disability on
the EDSS in patients with RRMS.

Attempts were made to construct a mathematical model
of the course and progression of MS on the basis of clinical
data from large registers [9]. Kasatkin et al. [10] developed
a mathematical model for assessing the personalized risk of
relapse of MS over a period of six months, which is actually
a system supporting doctors’ decision-taking in relation to
the need to change DMD. In 2020, Volkov and Popova [11]
published results on the questionnaire MSProDiscuss for
the early detection of RRMS progression and diagnosis of
SPMS (sensitivity 0.82, specificity 0.84).

Jordy et al. [12] assessed olfactory function in patients
with MS (n = 100): results from patients with EDSS >4
demonstrated a 5.2 times greater level of olfactory dysfunc-
tion than the control group. The authors suggested that ol-
factory dysfunction is a potential marker for progression of
MS. In relation to the less common clinical impairments,
there is interest in impairments to circadian rhythms, re-
flecting the functions of deep brain structures and influenc-
ing cortisol release, which may also affect the progression
of MS [13].
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Mirmosayyeb et al. [14] reported data from analysis of
the characteristics of progression in patients with RRMS
(n = 2627) with onset in adulthood (18-50 years of age;
n = 2416), in youth (<18 years; n = 127), and in late life
(>50 years; n = 84 years). In relation to high rates of pro-
gression, this was associated with high EDSS scores in ear-
ly-onset patients, while in adult-onset patients it was also
linked with younger age, shorter intervals between relapses,
and spinal cord lesions, while in the late-onset group dis-
ease progression was associated with plaques in the spinal
cord and accumulation of spinal contrast foci.

Neuroimaging Markers. Paraclinical methods have
an important role in MS studies. Neuroimaging plays the
key role in the diagnosis of MS. Prognostic neuroimaging
markers are found at the investigation stage. Studies report-
ed by Genovese et al. on patients with RRMS (n = 1612)
showed that progression of disability was associated with
the volume of atrophy of T2 foci (34.4 mm?, p <0.001) and
the percentage change in brain volume (-0.21%, p =
= 0.042) [15]. Atrophy volume in T2 foci was linked with
progression from CIS to RRMS or RRMS to SPMS
(+26.4 mm’, p = 0.002).

Longitudinal and cross-sectional studies have shown
that the extent of disability in MS correlates with atrophy
of the gray matter of the brain [16—18]. More detailed study
allowed this group to conclude that there is an interaction
between local gray matter atrophy in the temporal lobe and
deep brain structures with progressive forms of MS [19,20].
Assessment of local gray matter atrophy in the thalamus,
corpus callosum, and spinal cord was also used as a pre-
dictor for progression [21]. The thalamus underwent atro-
phy in MS patients earlier than other brain structures [22].
The rate of thalamic atrophy in patients correlated with the
level of disability on the EDSS [23]. An eight-year longitu-
dinal study involving patients with different MS subtypes
(n = 73) showed that thalamic atrophy correlated with the
level of disability [24]. It should be noted that assessment
of overall and local atrophy of the brain is used mainly for
scientific purposes but not in routine clinical practice [21].

Studies using the diffusion tensor imaging (DTI) MRI
mode have reported more severe diffusion anomalies in the
white matter in patients with SPMS than in those with
RRMS [25]. Cortese et al. took the view that greater in-
creases in diffusion in progressive forms of MS were linked
with the combination of structural damage to axons and de-
myelination [18]. Changes noted in DTI mode pointed to a
high probability of forming “black holes” and white matter
damage in this area [26-28].

In progressive forms of MS, new active foci are found
rarely, though existing T2 foci tend to increase gradually
with loss of brain tissue without acute inflammation. These
foci have cells with high iron contents — activated microglia
— at the lesion edges [18, 29]. Rims of this type are rarely
seen in inactive foci or those at the remyelination stage, and
are not encountered in active foci [30]. Elliot et al. devel-
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oped a method for automatic detection of chronic foci in
standard brain MRI scans and put this forward as a marker
for chronic inflammation reflecting ongoing “silent” pro-
gression [18, 31].

Proton MR spectroscopy with recording of changes in
metabolite peaks yields data on biochemical changes in dif-
ferent parts of the brain. Decreases in the N-acetylaspartate
(NAA) peak serve as a marker for neuroaxonal damage,
while increases in the myoinositol peak provide evidence of
increased glial cell activity. The largest changes in NAA and
myoinositol peaks observed on MR spectroscopy were seen
in patients in whom CIS later progressed to MS [32]. Studies
reported by Golovkin et al. showed that the NAA level de-
creased to 30% of normal in SPMS, which is evidence of a
transition from reversible inflammation to progressing de-
generation [33]. MR spectroscopy in MS with assessment
of y-glutamate and y-aminobutyric acid (GABA spectros-
copy) is at the research stage [28, 33, 34].

A prospective longitudinal study reported by Kobys’
[35] included patients from the moment of diagnosis of
CIS to onset of RRMS (n = 180). The observation period
averaged 10.3 years. The main neuroimaging predictors
of reaching moderate disability in MS was the presence of
nine or more T2 foci of size >3 mm with infratentorial and
periventricular locations, and the risk of reaching severe dis-
ability increased when there were =20 T2 foci and a longer
disease duration. Decreases in NAA levels in particular ar-
eas served as an indicator of neurodegenerative processes in
MS. The NAA:creatinine ratio in the brain in MS decreased
diffusely, reflecting ubiquitous functional impairments.

Construction of maps of dynamic interactions between
the functional network structure of the brain and clinical
markers of disease — MRI-based connectomics — is a neuro-
imaging method with potential [18, 36, 37].

Biomarkers. The search for biomarkers for the pro-
gression of MS is directly linked with studies of pathogenic
processes underlying the transition from autoimmune in-
flammation to persistent neurodegeneration. By the time of
writing this review, there was no single theory able to ex-
plain all the processes seen in progression of MS without in-
ternal contradictions [38]. The ideal biomarker, apart from
sensitivity and specificity, must be obtained by a method
which is safe for patients and easily detected using labora-
tory equipment, and must also be resistant to the systematic
influences of factors such as the sampling method and bio-
sample processing and storage [39].

Blood and cerebrospinal fluid (CSF) are suitable ma-
terials for sampling to find biomarkers in MS. Biomarkers
in the blood can be measured at different time intervals and
relatively large volumes can be collected. However, periph-
eral media, including venous blood, do not always reliably
reflect the processes occurring in the CNS, show significant
daily variations, and are present at low concentrations be-
cause of the excluding function of the blood:brain barrier.
CSF concentrations of potential biomarkers are higher and
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directly reflect changes in the CNS. However, CSF sampling
requires invasive lumbar puncture and only small quantities
of material are obtained [4].

At present, the most actively studied prognostic bio-
markers for MS are oligoclonal bands (OCB), chitinase-3-
like protein-1 (CHI3L1), and neurofilaments (NF).

OCB are immunoglobulin bands found in blood or
CSF, detected by a variety of electrophoretic methods. OCB
were previously used only as a diagnostic marker, though
some researchers now take the view that OCB can be used
as a prognostic marker for MS. For example, studies report-
ed by Tintore et al. (n = 1015) showed that detection of
OCB points to an increased risk of clinically confirmed MS
(OR 1.3 [1.0-1.8]) and greater stable disability (OR 2.0
[1.2-3.6]) independently of each other and other factors
[40]. In addition, data reported by Kuhle et al. indicated that
OCB were the most sensitive and specific prognostic factor
for determining the probability that CIS would progress to
MS [41].

Another actively studied marker is CHI3L1 — this is
a glycosidase present as an extracellular monomeric sin-
gle-chain glycoprotein secreted by monocytes, macroglia,
and activated astrocytes [42]. The physiological role of
CHI3L1 in the CNS has not been fully studied, though its
presence in inflammatory foci of demyelination indicates
that it is at least a modulator of inflammation in the CNS
[43, 44]. Kusnierova et al. assessed the CSF CHI3L1 con-
centration in inflammatory CNS diseases, including MS and
CIS [45]. Increased CSF CHI3LI1 levels were seen in pa-
tients with MS, but they were much lower than in patients
with other inflammatory CNS diseases. As the CSF CHI3L1
concentration correlated with the NF heavy chain concentra-
tion, this being a biomarker for structural damage to nervous
tissue, but not with inflammatory biomarkers, the authors
suggested that CHI3L1 reflects the extent of tissue damage
rather than the extent of inflammatory activity [46, 47].

NF is a member of the intermediate filaments family
of proteins and is the main component of the axon cytoskel-
eton [48]. NF can be divided in terms of molecular weight
into neurofilament light chains (NFL) (68 kDa), neurofil-
ament intermediate chains (160 kDa), and neurofilament
heavy chains (205 kDa) [49, 50]. Current highly sensitive
methods allow NFL to be detected not only in the CSF, but
also in serum. A large prospective study reported by Barro
et al. in MS patients showed that high NFL concentrations
at the early stage of illness were associated with faster de-
velopment of disabling complications and subsequently re-
flected increasing atrophy of the brain and spinal cord [51].
NFL are known to be associated with changes in both neu-
ron structure and treatment sensitivity, which increases the
chance that standardized, reliable, and widely available
analyses with reference values for serum NFL (sNFL) will
be introduced [52, 53].

Metabolic profiles of the tryptophan and kynurenine
metabolic pathways have been evaluated as potential bio-
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markers [54, 55]. Data on the influences of the microbiome
on the course and progression of MS have been reported [56].
Both treating physicians and patients need personal-
ized prognoses. Data reported by Dennison et al. (n = 3175)
indicated that 53.1% of patients with MS never discussed
the long-term prognosis with their treating physicians [57].
Some 54.2% of patients did not understand their long-term
prognoses. For 76%, it was extremely important to obtain
information on the long-term course of MS. More than 90%
were willing to use tools which would allow personalized
prognoses of the course of MS to be obtained. Patients noted
that the long-term prognosis would be an important factor
for taking decisions about careers, families, and everyday
life, as well as selecting particular types of medical help.
Considering the limited use of prognostic markers for
each separate subgroup, there is a need to continue studying
this problem. Currently the most widespread prognostic
strategies are built on subjective analyses of all markers
available to clinicians in routine practice. The clinician’s
clinical experience plays no little role here. Despite the sub-
jectivity of the results obtained, the relatively high risk of
errors, and the need for a high level of professionalism on
the part of the physician in making prognoses at the early
stages of the course of MS, this method is successfully used.
The limited introduction of mathematical models is
associated with both low market promotion of the technol-
ogies developed, but also the need to use parameters not
assessed in routine clinical practice. These characteris-
tics are generally features of neuroimaging data requiring
high-power MRI or biomarkers which are not only not eval-
uated in the context of state-funded healthcare but are also
unavailable in large clinical laboratory diagnostic centers.
Studies addressing the prognostic value of markers in
MS themselves have a number of limitations. This is likely
to be particularly associated with the lack of a single defi-
nition of prognostic markers, such that for each nosology
the prognosis is important in relation to a particular clinical
event associated with the disease of interest. Best studied
is the question of prognostic markers in oncology: they are
used for determining the risk of disease recurrence. For
MS, there is no single strategy for assessing the prognostic
strength of markers and no clinical events have been select-
ed as the basis for analysis. For prognostic markers, it is
usually difficult to assess sensitivity and specificity because
of the binary nature of the results. The sensitivity and spec-
ificity of prognostic markers in reported studies determine
the probability of making diagnoses of particular levels of
progression, which are difficult to assess in routine practice.
For this purpose, for example, use can be made of threshold
values for the volume and number of cortical foci or the
extent of atrophy of brain matter, whose presence correlates
with sSNFL levels [58]. A number of studies have assessed
not the features of the course characterizing progression but
rather the fact of progression of CIS to RRMS or RRMS
to SPMS or the difference between patients with RRMS
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and progressive forms of MS course [42, 59]. Correlations
with increased EDSS scores have been evaluated for many
markers. On the other hand, research groups use a variety of
statistical methods to assess prognostic significance: from
multiparametric regression analysis to multilayered neural
networks. Studies seek models with the greatest prognos-
tic value, where the variables are the quantitative charac-
teristics of biomarkers [60]. The introduction of prognostic
markers to clinical practice unavoidably requires standard-
ization of all stages of investigation and statistical assess-
ment, along with direct comparative studies between mark-
ers and methods.

The shift in the MS treatment paradigm from decreas-
ing the mean annual frequency of relapses to preventing
disease progression is a trigger mechanism for new research
into the long-term functional and structural CNS damage in
MS. A multidisciplinary approach to solving the problem of
prognosticating the course of illness and the involvement
of large numbers of scientific groups in the work will soon
yield new solutions and, thus, tools for personalizing the
prognosis of MS.
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