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Therapeutic Perspectives in Neurology

Introduction
The Central European Multiple Sclerosis (MS) 
Expert Board was founded in 2007 with the aim of 
improving the management of MS patients in the 

Central European area. At annual board meet-
ings, renowned MS experts from Austria, the 
Czech Republic, Hungary, Poland, Slovakia and 
Slovenia discuss practical aspects, including local 

Factors influencing daily treatment choices 
in multiple sclerosis: practice guidelines, 
biomarkers and burden of disease
Thomas Berger , Monika Adamczyk-Sowa, Tünde Csépány, Franz Fazekas,  
Tanja Hojs Fabjan, Dana Horáková, Alenka Horvat Ledinek, Zsolt Illes, Gisela Kobelt,  
Saša Šega Jazbec, Eleonóra Klímová, Fritz Leutmezer, Konrad Rejdak, Csilla Rozsa,  
Johann Sellner, Krzysztof Selmaj, Pavel Štourač, Jarmila Szilasiová, Peter Turčáni,  
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Abstract:  At two meetings of a Central European board of multiple sclerosis (MS) experts 
in 2018 and 2019 factors influencing daily treatment choices in MS, especially practice 
guidelines, biomarkers and burden of disease, were discussed. The heterogeneity of MS 
and the complexity of the available treatment options call for informed treatment choices. 
However, evidence from clinical trials is generally lacking, particularly regarding sequencing, 
switches and escalation of drugs. Also, there is a need to identify patients who require highly 
efficacious treatment from the onset of their disease to prevent deterioration. The recently 
published European Committee for the Treatment and Research in Multiple Sclerosis/
European Academy of Neurology clinical practice guidelines on pharmacological management 
of MS cover aspects such as treatment efficacy, response criteria, strategies to address 
suboptimal response and safety concerns and are based on expert consensus statements. 
However, the recommendations constitute an excellent framework that should be adapted to 
local regulations, MS center capacities and infrastructure. Further, available and emerging 
biomarkers for treatment guidance were discussed. Magnetic resonance imaging parameters 
are deemed most reliable at present, even though complex assessment including clinical 
evaluation and laboratory parameters besides imaging is necessary in clinical routine. 
Neurofilament-light chain levels appear to represent the current most promising non-imaging 
biomarker. Other immunological data, including issues of immunosenescence, will play an 
increasingly important role for future treatment algorithms. Cognitive impairment has been 
recognized as a major contribution to MS disease burden. Regular evaluation of cognitive 
function is recommended in MS patients, although no specific disease-modifying treatment 
has been defined to date. Finally, systematic documentation of real-life data is recognized as 
a great opportunity to tackle unresolved daily routine challenges, such as use of sequential 
therapies, but requires joint efforts across clinics, governments and pharmaceutical 
companies.
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diagnostic and therapeutic algorithms, educa-
tional requirements, data gaps and support for 
argumentation in discussions with health authori-
ties. The experts represent mainly the main aca-
demic MS centers in their respective countries 
and are, thus, engaged in both MS patient care 
and (basic and clinical) MS research (Figure 1). 
Here we summarize the content of the two most 
recent board meetings, held on 27 January 2018 
and 26 January 2019 in Vienna, Austria. According 
to the given clinical and scientific fields of interest 
of the participants, lectures and debates focused 
on the implications of the recently published clini-
cal practice guidelines, treatment decisions in light 
of existing and potential biomarkers, and conse-
quences of the burden of MS and costs of illness.

European Committee for the Treatment and 
Research in Multiple Sclerosis/European 
Academy of Neurology clinical practice 
guideline
In January 2018 the first European clinical prac-
tice guidelines on the pharmacological manage-
ment of MS patients were published by the 
European Committee for the Treatment and 

Research in Multiple Sclerosis (ECTRIMS) and 
the European Academy of Neurology (EAN).1,2 
The availability of guidelines that can be per-
ceived as a European consensus was deemed 
essential for both physicians and authorities. 
They contain a total of 21 recommendations and 
cover treatment efficacy, response criteria, strate-
gies to address suboptimal response and safety 
concerns, including pregnancy.

All of the disease-modifying therapies (DMTs) 
approved by the European Medicine Agency at 
the time of publication are taken into account but 
not prioritized due to insufficient evidence by for-
mal head-to-head studies. There is a focus on 
early treatment of clinically isolated syndrome, 
treatment in patients with established relapsing 
and progressive MS, monitoring of treatment 
response, and stopping or switching treatment. 
The guidelines recommend an attempt to specify 
a provisional disease course as soon as the diagno-
sis is made in a patient. This should be closely fol-
lowed up, timely re-evaluated and re-classified as 
needed. Regular magnetic resonance imaging 
(MRI) monitoring is justified based on the fact 
that early disease activity predicts the risk of future 

Figure 1.  Multiple sclerosis related clinical and scientific fields of interests of expert panel participants 
(N = 23, multiple answers possible).
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disability. Due to the lack of high-quality evidence 
on MRI monitoring of DMT efficacy, the guide-
lines recommend annual scans. As re-occurrence 
of disease activity can be expected upon discon-
tinuation of effective agents, treatment switches to 
other DMTs should be considered. Among the 21 
recommendations three were rated as strong, nine 
as weak and nine based on expert consensus.

The expert panel emphasized that the ECTRIMS/
EAN guidelines represent the optimum of what 
can be achieved considering the available evi-
dence, and that the recommendations constitute 
an excellent framework that should be adapted to 
local regulations, MS center capacities and infra-
structure. Given the cost constraints, implementa-
tion might be problematic in some Central 
European countries with economically driven lim-
ited access to MS drugs; details have been 
described already by the expert panel.3 Fortunately, 
these problems have been diminishing in the 
region in recent years. However, based on these 
European recommendations, national discussions 
with local health authorities might improve access.

MS patients are increasingly being treated at spe-
cialized centers, as office-based general neurolo-
gists cannot always handle the complexity of MS 
treatment and monitoring. However, specialized 
MS centers do not have to be necessarily restricted 
to hospitals but office-based MS care centers 

should also make specific commitments to certain 
standards, retain responsibility for pharmacovigi-
lance and issue clear monitoring protocols. 
Thorough education is an important aspect in 
this context of local or outsourced care.

Biomarkers for supporting treatment 
decisions
The heterogeneous nature of MS gives rise to dif-
ferent phenotypes. Approximately one-third of 
patients experience only slowly progressing 
changes, whereas the remaining two-thirds dete-
riorate severely without treatment according to 
the ASA trial (Figure 2). ASA (Avonex Steroid 
Azathioprine) is an investigator initiated clinical 
trial that enrolled 181 patients with early active 
relapsing–remitting MS between 1999 and 2003. 
Most of the patients have been followed in the 
same clinical and MRI settings since 1999.4 
Studies and registries have shown that early diag-
nosis and optimized treatment are a key determi-
nant of long-term outcomes.5–7 However, not all 
patients might require immediate therapy after 
diagnosis.8 Another aspect under debate is treat-
ment failure; here, established scoring systems 
have been proposed for interferons, but not yet for 
new drugs.9 In stable disease, shared treatment 
discontinuation represents an option only if com-
plex monitoring is provided every 6 months, but 
this approach will require further validation.10

Figure 2.  Confirmed disability progression EDSS: one-third of patients shows relatively stable disease over 
time.3

ASA, Avonex Steroid Azathioprine Study,; CDP, confirmed disability progression; EDSS, Expanded Disability Status Scale; 
RRMS, relapsing–remitting multiple sclerosis.
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Treatment algorithms would be welcome, but 
data are lacking in many settings, and physicians 
are often left without evidence-based guidance. 
The possibility of mild and stable disease courses 
should be kept in mind11 when considering treat-
ment switches and escalation therapies. Modern 
drugs can improve the course of MS but might 
also cause serious adverse events.12,13 Thus, a 
more personalized approach to identify an indi-
vidual’s prognosis is essential to identify patients 
who benefit from timely drug intervention.

MRI
MRI is acknowledged as the best available bio-
marker in MS at present. It reflects both inflam-
mation and tissue damage and supports diagnosis 
as well as prognosis assessment, disease activity 
monitoring and pharmacovigilance. This under-
lines the importance of a close cooperation 
between neurologists and (neuro-) radiologists. 
Although not formally proven, MRI monitoring of 
simple parameters indicative of inflammation (T2 
lesion load, contrast-enhanced T1 lesions) is used 
in everyday clinical practice. It enables changes in 
therapy immediately once MRI pattern is changed 
significantly, but also prevents overreactions in 
patients whose MRI findings are stable.

Sequential MRI scans appear also be used to moni-
tor MS related neuroaxonal damage in terms of 
total brain atrophy14 or atrophy of certain regions 
such as the corpus callosum or the thalamus15 – 
however, this requires rigorous standardized proto-
cols, which are so far only available and used in 
specialized MRI centers, thus limiting yet the mean-
ingfulness of brain atrophy measure on individual 
levels in routine practice.16 To better understand 
variability of brain volume changes, real-world data 
might provide helpful insights here. A comparison 
of longitudinal MRI scans across 1565 Czech MS 
patients and 131 healthy controls showed wide 
inter-individual variability in both groups, although 
volume loss over more than 4 years of follow-up was 
generally greater in MS patients. In many instances, 
regional atrophy appeared to provide better differ-
entiation between the two groups, but more work is 
needed to improve accuracy and to be able to set up 
reliable cut-off values between normal and patho-
logical brain volume loss.17

Cross-sectional results showed promising correla-
tions between brain atrophy and cognitive func-
tion. A cut-off of >3.5 cm3 for T2 lesion volume 

gave an odds ratio (OR) of 5.1 for cognitive 
impairment, while a cut-off of <0.85 cm3 for 
brain parenchymal fraction resulted in an OR of 
2.9. Use of both cut-offs provided accuracy of 
75%, specificity of 83% and sensitivity of 51%.18 
Another example of how quantitative MRI data 
can be used in clinical practice is results from the 
12 year follow-up in the ASA cohort. Here, com-
bination of particular clinical [relapses and 
Expanded Disability Status Scale (EDSS) change] 
and MRI (lesions and corpus callosum volume 
change) parameters in the first year was able to 
predict disability progression. The strength of 
prediction was improved when particular param-
eters were used in a specific composite score.19

Overall, brain volume changes over time are rel-
evant and may drive treatment modifications in 
the future; however, formal establishment of evi-
dence by proving that treatment intervention (or 
switch) changes the risk of further brain atrophy 
is urgently needed.

Spinal cord imaging should not be neglected as 
spinal cord is affected in many patients, and a 
close and dominant relationship between spinal 
cord pathology and clinical disability is well estab-
lished.20 Particularly in early MS, assessment of 
the spinal cord volume could be helpful.16,21 
However, the identification of new lesions is more 
challenging in the spinal cord than in the brain, as 
tools for quantification are lacking.16

Despite enormous developments in MRI tech-
niques clinicians are still confronted with the 
“clinico-radiological paradox”.22,23 Thus, combi-
nations of imaging and non-imaging biomarkers, 
for example, with neurofilament-light chains 
(NFLs),24 are indispensable and may therefore 
hopefully attenuate the paradox for future MS 
routine care. Among emerging non-imaging bio-
markers for disease activity in MS, NFLs are con-
sidered the most promising candidate to translate 
into clinical routine practice.

Neurofilament levels
NFL can be measured using the most advanced 
and sensitive Single Molecule Array (Simoa®) 
method in cerebrospinal fluid (CSF), serum and 
plasma. NFL levels appear to reflect acute and 
chronic axonal damage, thus showing an associa-
tion with relapses and EDSS progression.25–28 
Data suggest that NFL levels might also predict 
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brain atrophy over 15 years;12 however, this still 
needs to be established beyond doubt. Further, 
correlations have been demonstrated between 
NFL levels and other brain MRI measures (i.e. 
T2-lesion load, gadolinium-enhanced lesions; 
Figure 3), spinal cord atrophy and treatment 
response.25,29,30 Significant increases in NFL lev-
els will most likely correspond to disease activity 
if other reasons are excluded. Increased NFL lev-
els might be an important hint of ongoing inflam-
mation that is not reflected by clinical signs or 
even MRI, although this has to be proven by pro-
spective studies.

For practical purposes, NFL levels in the CSF 
have been shown to correlate well with corre-
sponding serum/plasma levels, even though they 
are considerably lower. Serum may be more 
promising than plasma, as NFL levels and detec-
tion sensitivity are higher compared with plasma.30 
Despite the increased NFL concentration in the 
CSF, 14% and 22% of the respective paired 
serum/plasma samples showed normal values.30 
Therefore, monitoring intervals of 2–3 months 
appear reasonable if blood is examined in order to 
capture disease activity. Concomitant disorders 
(e.g. physical activity, trauma or small vessel dis-
ease31) may confound NFL levels and therefore 
need to be excluded as a reason for increased 
levels.

The panel experts agree that the clinical utility of 
NFL levels has not been fully determined yet. 
Evidently this is a marker suitable for monitoring 
rather than for diagnostics. Plasma and serum 
levels reflect treatment responses and disease 
reactivation. It might therefore be assumed that 

patients whose NFL levels do not normalize with 
treatment are at risk of current/ongoing disease 
activity. However, the available evidence does not 
yet justify treatment decisions in the individual 
patient. The significance of certain levels at dif-
ferent disease stages still needs to be defined. 
Dynamics play an important role, thus, the pat-
tern might be more relevant than the absolute lev-
els, especially in progressive cases. Also, costs and 
availability of routine measures might restrict the 
access to NFL assessment in many countries.

Issues left to elucidate include the sensitivity of 
measurements in CSF and blood, the implemen-
tation of cut-off levels including age-adjusted 
ranges, and the harmonization of assessment 
methods. Studies investigating these questions 
are ongoing. Ring-experimental studies among 
laboratories are required to specify the added 
value of NFL levels and to ensure the reliability 
and validity of measurements. There is a need for 
prospective studies that involve the collection of 
serum and plasma samples including their corre-
lations with MRI and clinical findings.

Combinations of markers
For clinical routine, the experts recommended 
complex monitoring at specialized MS centers 
incorporating clinical evaluation (e.g. progres-
sion, relapses, cognition, patient-reported out-
comes), MRI and laboratory parameters. 
Disability requires comprehensive regular assess-
ments. Besides quantitative aspects, the quality of 
relapses (e.g. severity of relapses, incompleteness 
of remission) and the clinical and MRI topogra-
phy of lesions deserve further attention.

Figure 3.  Correlation between neurofilament-light chain levels and T2 lesion load/gadolinium-enhanced 
magnetic resonance imaging lesions.25

Gd, gadolinium; sNFL, serum neurofilament-light.
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An issue is the lack of standardization of disease 
biomarkers, especially composite ones, including 
the “No Evidence of Disease Activity” concept.32 
Also, the question remains of which biomarkers 
to include in a composite system and how to 
measure, validate and interpret them. Biomarker 
dimensions might replace or support each other, 
or they might be independent.

Standardization is of particular importance with 
respect to MRI assessment. This implies the use 
of the same scanner and standardization of proto-
cols and read-outs by (neuro-) radiologists. The 
findings should be systematically documented 
and entered into one database.

Implications for treatment
The panel expressed the opinion that there is no 
doubt about the usefulness of additional data 
constituting more rational and personalized treat-
ment choices in MS patients. Certain drugs might 
limit the use of subsequent agents by facilitating 
adverse events in the long-term.12 The type and 
timing of escalation plays an enormous role in 
clinical practice. Investigation of sequential drug 
use and long-term safety outcomes are of utmost 
importance; such information can be gained from 
registry data since head-to-head and sequential 
treatment trials are unlikely to be conducted. The 
modes of drug action should be taken into con-
sideration in the process of drug switching and 
treatment sequencing.12,13

It was agreed and advocated that early treatment 
and escalation therapy are necessary in patients 
with active disease as timely initiation of or switch 
to higher-efficacy agents are likely to improve 
long-term clinical outcomes.5,6 Natalizumab was 
the first drug to change significantly the course of 
disease in MS patients. However, treatment 
switches frequently take place rather late in clini-
cal practice, although a trend to early escalation 
therapy has been already observed over the last 
years. The panel stated that the management 
should generally be more pro-active. Also, the 
idea of de-escalation has been raised in the face of 
a growing number of long-term treated patients. 
It refers to patients with clinical and MRI stable 
disease for many years, but, even more important, 
also to patients as they get older. In patients with 
advanced age, immunological function and clini-
cal effectiveness of DMTs are unclear yet as the 
risk of adverse events might be increasing.33

The experts encouraged further investigations 
about how to procure, release and share these 
data. Support is required from pharmaceutical 
companies and government agencies with respect 
to collecting data routinely in a systematic way. 
Merging of databases can specifically promote 
this research. Of course, because of differences 
across MRI protocols and other measures, real-
life data frequently lack standardization. 
Therefore, another option should be collabora-
tion with pharmaceutical companies that often 
harbor big clinical data obtained in clinical trials.

Insights from the Cost of Illness Study
The observational, cross-sectional, retrospective 
MS Cost of Illness Study that was conducted in 
16,808 patients from 16 countries showed that 
health-related quality of life decreased in MS 
patients with increase in their disability over time, 
while costs likewise increased in all 16 countries.34 
Patterns of care were affected by healthcare struc-
tures, and almost all costs increased during 
relapses. DMTs represented a large proportion of 
the total cost in early disease, whereas other costs 
were increasing as the disease progressed. 
Dependence on others (i.e. informal care) greatly 
increased in severe MS. Fatigue was found to be 
an important problem across all severities and in 
all countries, affecting 95% of patients (Figure 4). 
Seventy-one percent reported cognitive impair-
ment, and productivity at work was reduced in 
70% of patients. Overall, the MS Cost of Illness 
Study confirmed the detrimental effect of MS on 
patients, their families and society. Healthcare 
consumption was influenced by the system, avail-
ability of services and medical tradition rather 
than by the disease itself.

The analysis includes three sub-studies, the first of 
which showed a steep decline in utility at higher 
EDSS levels, which might suggest room for 
improvement with respect to treatment.35 Although 
the utility scores at different EDSS levels varied 
across countries, possibly reflecting attitudes 
towards disability, the shapes of the curves were 
similar. The second sub-study evaluated the effect 
of MS symptoms on work capacity and productiv-
ity while at work. Here, 79% of patients reported 
limitations in their productivity due to MS. After 
control for EDSS, both cognition and fatigue 
showed a strong and independent correlation with 
reduced work capacity.36 Dynamics were more rel-
evant than the absolute levels of cognition and 
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fatigue. The experts noted that the incorporation 
of Visual Analogue Scale assessments of these two 
parameters into routine practice might be helpful. 
The third sub-study assessed the effectiveness of 
DMTs on relapses and disability measured with 
EDSS in the Czech Republic, comparing results 
from 2007 and 2015.37 The analysis showed that 
the number of relapses was associated with a higher 
risk of progression. Treatment with second genera-
tion DMTs was associated with a lower risk of 
both relapses and progression to EDSS 4.

Management of cognitive deficits
Cognitive problems in MS are due to both synap-
tic network disruptions and brain atrophy. Certain 
brain regions known to be connected to cognitive 
domains tend to develop volume loss in MS 

patients (Table 1).38–46 During early disease, it is 
mainly clinically silent T2 lesions that impact 
cognition.47 More than 70% of patients have cog-
nitive impairment across all stages of their dis-
ease.39 Patients with primary progressive MS 
show more severe cognitive decline than those 
with relapsing–remitting MS.48 Cognition is 
closely linked to employment status that repre-
sents an important and solid outcome.

Cognitive impairment indicates disease activity 
or progression and should of course be pre-
vented. However, pure cognitive relapses are 
controversial at this time. Moreover, transient 
cognitive decline has been observed at times of 
increased CNS inflammation. In a clinical trial, 
the cognitive performance worsened together 
with the emergence of contrast-enhanced MRI 

Figure 4.  MS Cost of Illness Study: prevalence of fatigue, cognitive difficulties, and reduced productivity across 
all EDSS levels in multiple sclerosis patients.34

EDSS, Expanded Disability Status Scale; VAS, Visual Analogue Scale.

Table 1.  Regional brain volume loss in multiple sclerosis affects certain cognitive domains.38–46

Regional brain volume loss Associated cognitive domain

Cortex •  Verbal fluency and attention/concentration38,39

•  Learning and memory40

Corpus callosum •  Processing speed and rapid problem solving41

•  Verbal fluency42

Thalamus •  Information processing and attention43

Hippocampus •  Memory, word-list learning44,45

Parieto-occipital lobes •  Verbal learning and complex visual integration46

https://journals.sagepub.com/home/tan
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lesions but improved again when the contrast 
enhancement declined or resolved.49 This indi-
cates that acute inflammation plays a role in cog-
nitive dysfunction.

Diagnostics
Cognition is a complex process, which also neces-
sitates complex evaluation. Various neuropsycho-
logical test batteries, including the Symbol Digit 
Modalities Test (SDMT),50 the Paced Auditory 
Serial Addition Test51 and the Brief International 
Cognitive Assessment for MS,52 have been estab-
lished. As most of the panel experts use one or 
either of these cognitive tests in their clinical rou-
tine setting it has been agreed that certain prac-
tice effects need to be considered regarding 
SDMT, which should therefore not be used more 
often than every 6 months in the individual 
patient, as well as some pitfalls that relate to the 
fact that depression, fatigue and motor hand dys-
function can affect neuropsychological test 
results. The proportion of patients with cognitive 
impairment decreases if more rigorous and prag-
matic tools are applied. Recently, the iPad-based 
self-administered CogEval™ tool, which was 
developed for screening of cognitive function in 
patients with MS, has been introduced. It pro-
vides a Processing Speed Test based on SDMT 
that uses attention, psychomotor speed, visual 
processing and working memory domains. The 
assessment takes 2 min and showed advantages 
over SDMT in a validation study.53

Despite their own routine practice in mainly aca-
demic MS centers, the panelists recognized that 
cognitive testing is usually not commonly per-
formed on a regular basis in MS. Many neurolo-
gists lack practical experience in measures of 
cognitive functions. Even many MS centers lack 
neuropsychologists for more professional assess-
ments and, of special importance, cognitive 
training. If a cognitive decline is observed during 
routine neurological examination, it should be 
mandatory to refer patients to full neuropsycho-
logical evaluation performed by well-trained 
psychologists. Of course, this requires more 
awareness in the care-giving community and 
appropriate resources given its time-consump-
tion of cognitive examining. The experts 
assumed that MS-related cognitive dysfunction 
might be underestimated by neurologists in gen-
eral as it eludes accurate assessment without 
standardization.

Aspects of treatment of cognitive dysfunction
Treatability of cognitive decline is subject to 
debate. No DMT has been approved specifically 
for the therapy of cognitive impairment in MS, 
and no evidence exists that shows clear improve-
ment in cognition after DMT treatment. 
However, DMTs and symptomatic therapy might 
have some beneficial effects, as well as lifestyle 
modification and rehabilitation. Interferon beta 
gave rise to improvement of different domains of 
cognition compared with placebo.54 Also, reports 
suggest benefits of 1-year and 3-year natalizumab 
treatment.55,56 Contradictory results have been 
obtained for the symptomatic treatment of cogni-
tive dysfunction in MS with various other drugs, 
including potassium channel blockers, dopamin-
ergic modulators, acetylcholinesterase inhibitors, 
stimulants and fampridine.57–59 Rather than 
switching pharmaceutical agents, advising the 
patient on lifestyle modifications might be help-
ful. The experts admitted that this should be a 
general approach as treatments cannot be 
expected to improve cognition per se and, on the 
other hand, side effects of drugs might enhance 
cognitive dysfunction, for example, acetylcho-
linesterase inhibitors.

Recommendations on cognitive screening and 
management in MS have been recently published.60 
As a minimum requirement, the authors recom-
mended early baseline screening with SDMT or 
similarly validated tests at a time when the patient 
is clinically stable. Annual re-assessments should 
follow with the same instrument to detect acute 
disease activity, to assess for treatment effects or 
relapse recovery, to evaluate progression of cognitive 
impairment, and/or to screen for new-onset 
cognitive problems. Once impairment becomes 
evident, the patient should receive more compre-
hensive assessment.

Conclusion
The first European clinical practice guidelines on 
pharmacological management of MS have been 
published by ECTRIMS and EAN in 2018. It is 
acknowledged that these guidelines establish 
benchmarks, which should be adapted to local 
regulations and resources.

Predictive biomarkers guiding individual treat-
ment decisions, including treatment initiation or 
switches, would be highly needed but are still 
awaited to date. MRI is currently the best 
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biomarker for MS. Brain atrophy or atrophy of 
certain regions of the central nervous system 
including the spinal cord might prove relevant in 
the future. Combining MRI with other biomark-
ers is deemed essential. NFL levels are most 
promising to provide additional information but 
their clinical utility in individual patients needs to 
be established in the near future.

Immunological considerations, including matters 
of immunosenescence, will gain importance for 
forward planning and especially for the sequenc-
ing of drugs. Generally, attitudes have moved 
towards earlier initiation and change of treat-
ment. Real-world data based on registries can 
contribute to evaluating the effectiveness and 
safety of treatment sequences.

Cognitive dysfunction in MS patients is an emerg-
ing topic. There is agreement that cognition func-
tion deserves more attention in routine practice 
and should be routinely tested. However, no evi-
dence-based data are available that support 
switches of DMTs in patients with cognitive 
decline so far. Nevertheless, cognitive impair-
ment as an important part of the socio-economic 
disease burden urges to be prevented using sev-
eral approaches, including drug treatment and 
lifestyle modification.

Acknowledgements
All authors were involved in reviewing the manu-
script critically for important intellectual content 
and provided final approval of the submitted ver-
sion. We thank Dr. Judith Moser for drafting the 
manuscript. Biogen courteously reviewed the 
draft and provided feedback to the authors. 
Authors had full editorial control and provided 
approval to all final content.

Conflict of interest statement

Thomas Berger has participated in meetings 
sponsored by and received honoraria (lectures, 
advisory boards, consultations) from pharmaceu-
tical companies marketing treatments for multi-
ple sclerosis: Almirall, Bayer, Biogen, Biologix, 
Bionorica, Genzyme, MedDay, Merck, Novartis, 
Octapharma, Roche, Sanofi/Genzyme, TG 
Pharmaceuticals, TEVA-ratiopharm and UCB. 
His institution has received financial support in 
the last 12 months by unrestricted research grants 
(Biogen, Merck, Novartis, Sanofi/Genzyme) and 
for participation in clinical trials in multiple 

sclerosis sponsored by Biogen, Merck, Novartis, 
Roche, Sanofi/Genzyme, and TEVA.

Monika Adamczyk-Sowa has participated in 
meetings sponsored by and received honoraria 
(lectures, advisory boards, consultations) from 
pharmaceutical companies marketing treatments 
for multiple sclerosis: Bayer, Biogen, Merck, 
Novartis, Roche, Sanofi/Genzyme, TEVA.

Tunde Csepany has participated in meetings 
sponsored by and received honoraria (lectures, 
advisory boards, consultations) from pharmaceu-
tical companies marketing treatments for multi-
ple sclerosis: Biogen, Merck, Novartis, Roche, 
Sanofi/Genzyme, TEVA.

Tanja Hojs Fabjan received speaker honoraria 
and consultant fees from Bayer, Biogen, Lek, 
Novartis, Roche, Sanofi/Genzyme and for partici-
pations in trials in multiple sclerosis sponsored by 
Bayer, Biogen, Roche.

Dana Horakova received compensation for travel, 
speaker honoraria, and consultant fees from 
Bayer, Biogen, Merck, Novartis, Roche, Sanofi/
Genzyme and Teva, as well as support for research 
activities from Biogen. She is also supported by 
the Czech Ministry of Education research project 
PROGRES Q27/LF1.

Zsolt Illes has participated in meetings sponsored 
by and received honoraria (lectures, advisory 
boards, consultations) from pharmaceutical com-
panies marketing treatments for multiple sclero-
sis: Biogen, Merck, Novartis, Roche, Sanofi/
Genzyme, TEVA, and received research grants 
from Biogen, Merck and Sanofi/Genzyme in the 
last 12 months.

Eleonóra Klímová has participated in meetings 
sponsored by and received honoraria (lectures, 
advisory boards, consultations) from pharmaceu-
tical companies marketing treatments for multi-
ple sclerosis: Biogen, Merck, Novartis, Roche, 
Sanofi/Genzyme and TEVA.

Gisela Kobelt has provided consulting and speak-
ing services to Almirall, Bayer, Biogen, Merck, 
Novartis, Oxford PharmaGenesis, Roche, Sanofi/
Genzyme, and Teva.

Fritz Leutmezer has participated in meetings 
sponsored by and received honoraria (lectures, 
advisory boards, consultations) from pharmaceu-
tical companies marketing treatments for multi-
ple sclerosis: Biogen, Celgene, MedDay, Merck, 
Novartis, Roche, Sanofi/Genzyme and TEVA.

https://journals.sagepub.com/home/tan


Therapeutic Advances in Neurological Disorders 13

10	 journals.sagepub.com/home/tan

Konrad Rejdak has participated in meetings 
sponsored by and received honoraria (lectures, 
advisory boards, consultations) from pharmaceu-
tical companies marketing treatments for multi-
ple sclerosis: Bayer, Biogen, Merck, Novartis, 
Roche, Sanofi/Genzyme, TEVA.

Saša Šega Jazbec received travelling grants and 
speaking honoraria from Biogen, Merck, Roche, 
Sanofi/Genzyme and Teva.

Csilla Rozsa has participated in meetings spon-
sored by and received honoraria (lectures, advi-
sory boards) for multiple sclerosis: Biogen, 
Merck, Novartis, Roche, Sanofi/Genzyme and 
TEVA.

Johann Sellner has participated in meetings spon-
sored by and received honoraria (lectures, advi-
sory boards, consultations) from pharmaceutical 
companies marketing treatments for multiple scle-
rosis: Alexion, Biogen, Celgene, MedDay, Merck, 
Novartis, Roche, Genzyme/Sanofi, TEVA-
ratiopharm. His institution has received financial 
support in the last 12 months by unrestricted 
research grants (Biogen, Merck, Sanofi/Genzyme) 
and for participation in clinical trials sponsored by 
Merck and Roche.

Krzysztof Selmaj received honoraria for consult-
ing and speaking from Biogen, Celgene, Merck, 
Novartis, Roche and TG Therapeutics.

Jarmila Szilasiova has participated in meetings 
sponsored by and received honoraria (lectures, 
advisory boards, consultations) from pharmaceu-
tical companies marketing treatments for multi-
ple sclerosis: Biogen, Merck, Novartis, Roche, 
Sanofi/Genzyme and TEVA.

Manuela Vaneckova has participated in meetings 
sponsored by and received honoraria (lectures, advi-
sory boards, consultations) from pharmaceutical 
companies marketing treatments for multiple sclero-
sis: Biogen, Novartis, Roche, Sanofi/Genzyme, 
TEVA, and received research grants from Biogen 
and Roche in the last 12 months; supported by the 
Czech Ministry of Education research project 
PROGRES Q27/LF1 and RVO-VFN64165.
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