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Essential facts at a glance
Multiple sclerosis (MS) is a complex, most likely 
autoimmune-mediated inflammatory neurode-
generative disease of the central nervous system 
(CNS), characterized by inflammatory demyeli-
nation and axonal/neuronal damage. In Germany, 
an estimated 250,000 people suffer from MS. In 
recent years, the approval of various therapies has 
significantly changed the course and prognosis of 
the disease. This position statement (white paper) 
by members of the KKNMS (Competence 
Network Multiple Sclerosis), members of the 
BDN (Association of German Neurologists), 
members of the DGN (German Society of 

Neurology), and members of the Austrian and 
Swiss neurological societies describes – based on 
available evidence – crucial issues and current sta-
tus of disease-modifying pharmacological thera-
pies for people with MS.

Currently, the distinction between relapsing MS 
(RMS), relapsing-remitting MS (RRMS), pri-
mary progressive MS (PPMS), and secondary 
progressive MS (SPMS) is still the pre-dominant 
description in regulatory documents. Whereas 
clinical classification of MS into (1) relapsing and 
(2) progressive forms, each of which can progress 
with and without activity [measured both 
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clinically and with magnetic resonance imaging 
(MRI)], is much closer to clinical reality and bet-
ter matches the underlying pathobiology.

Data from real-world cohort and registry studies 
gathered in recent years reveal, first, an early ther-
apeutic intervention yields long-term benefits, 
and second, for patients with disease activity, 
early treatment with a high-efficacy therapy may 
have advantages over an escalation approach  
that favors lower-efficacy therapies for initial 
treatment.

Presently, two treatment approaches/schools of 
thought dominate the selection of optimal ther-
apy for (highly) active MS. Both strategies are 
based on evaluating the individual patient’s risk 
of further MS progression and considering the 
risk versus efficacy of the specific disease-modify-
ing therapies (DMTs).

1. According to the escalation approach, 
lower-efficacy therapies with a known and 
relatively safe risk profile are selected for 
initial treatment. If – despite sufficiently 
long and regular treatment – disease activ-
ity persists/recurs, treatment is escalated to 
a more potent therapy option.

2. Alternatively, treatment can be initiated 
with a high-efficacy DMT already at the 
time of diagnosis, for example, with alem-
tuzumab, cladribine, natalizumab, ocreli-
zumab, ofatumumab, or S1P modulators 
(fingolimod, ozanimod, ponesimod).

Data from observational studies suggest that ini-
tial treatment with a high-efficacy DMT may be 
associated with a lower risk of conversion to 
SPMS in patients with disease activity.

When starting or switching treatment, it is essen-
tial to continuously monitor patients, including a 
thorough neurological examination and MRI of 
the brain at regular intervals.

It is advisable to take a ‘de-risking approach’ and 
perform a complete laboratory and vaccination 
status check (currently obligatory for several ther-
apies but not for all) before starting a DMT.

Furthermore, crucial questions regarding the 
management of MS patients in the COVID pan-
demic have recently sprung up. In this context, it 

is necessary to point out that (1) according to cur-
rent data, MS patients do not per se have an 
increased risk for SARS-CoV-2 infection or a 
severe course of the disease, while a higher degree 
of disability due to MS can nevertheless increase 
the risk for severe COVID-19; (2) the principles 
behind DMTs and their application are not fun-
damentally changed by the pandemic; and (3) 
MS patients are recommended to be vaccinated.

For further guidance on treatment effects and 
side effects of each drug and information on nec-
essary examinations and laboratory controls 
before therapy initiation or switch, we refer to the 
descriptions in the summary of product charac-
teristics (SmPC) of the respective medicines.

Introduction and background
MS is a complex, most likely autoimmune-medi-
ated inflammatory neurodegenerative disease of 
the CNS. In Germany, an estimated 250,000 
people suffer from MS.1,2 The approval of several 
DMTs for treating different forms or stages of the 
disease requires us to update our knowledge base, 
looking at the benefits and risks of these therapies 
in the context of high-quality studies.

This position statement (white paper) of the 
MSTCG (Multiple Sclerosis Therapy Consensus 
Group) reflects open questions on MS, the dis-
ease course, and management under DMTs  
in 2021, based on available scientific evidence. 
Our treatment recommendations are primarily 
applicable in German-speaking countries (regard-
ing regulatory aspects and approvals), while the 
defined recommendations and treatment 
approaches are highly relevant for the MS com-
munity worldwide. Our knowledge about the dis-
ease has expanded in recent years, especially 
regarding specifics on (early) diagnosis, disease 
course assessment and prognosis, and options for 
measurability in the clinical practice. Together 
with the approval of and experience with various 
compounds and therapeutic concepts, these 
advances have shaped the place of pharmacologi-
cal intervention in modern MS management. 
Nevertheless, it is not possible to make scientifi-
cally sound and concrete recommendations for 
every situation; for example, there is still insuffi-
cient evidence on the use of pharmacotherapy in 
radiologically isolated syndrome (RIS). Therefore, 
a deliberative approach tailored to the individual 
patient and the individual circumstances is still 

Martin Berghoff  
Neurologie, 
Universitätsklinikum 
Gießen, Gießen, Germany

Stefan Bittner  
Klinik für Neurologie, 
Universitätsmedizin der 
Johannes Gutenberg-
Universität Mainz, Mainz, 
Germany

Andrew Chan  
Neurologie, Inselspital, 
Universitätsspital Bern, 
Bern, Switzerland

Adam Czaplinski  
Neurologie FMH, Bellevue 
Medical Group, Zürich, 
Switzerland

Florian Deisenhammer
Franziska Di Pauli  
Universitätsklinik für 
Neurologie, Innsbruck, 
Austria

Renaud Du Pasquier  
Universitätsklinik für 
Neurologie, Lausanne, 
Switzerland

Christian Enzinger  
Universitätsklinik für 
Neurologie, Medizinische 
Universität Graz, Graz, 
Austria

Elisabeth Fertl  
Wiener 
Gesundheitsverbund, 
Neurologische Abteilung, 
Wien, Austria

Achim Gass  
Neurologische Klinik, 
Universitätsmedizin 
Mannheim/Medizinische 
Fakultät Mannheim, 
Universität Heidelberg, 
Mannheim, Germany

Klaus Gehring  
Berufsverband Deutscher 
Nervenärzte (BVDN), 
Neurozentrum am 
Klosterforst, Itzehoe, 
Germany

Claudio Gobbi  
Neurologe, Lugano, 
Switzerland

Norbert Goebels  
Klinik für Neurologie, 
Universitätsklinikum 
Düsseldorf, Düsseldorf, 
Germany

Michael Guger  
Klinik für 
Neurologie 2, Kepler 
Universitätsklinikum, Linz, 
Austria

Aiden Haghikia  
Universitätsklinik für 
Neurologie, Magdeburg, 
Germany

Hans-Peter Hartung  
Klinik für Neurologie, 
Medizinische Fakultät, 
Heinrich-Heine-Universität 
Düsseldorf, Düsseldorf, 
Germany; Klinik für 
Neurologie, Medizinische 
Universität Wien, Wien, 
Austria

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


H Wiendl, R Gold et al.

journals.sagepub.com/home/tan 3

necessary (and reasonable) instead of categorical, 
rigid recommendations.

The key issues addressed here relate to the timing 
and nature of therapeutic interventions and the 
approach to clinical management of MS under 
therapy. Our recommendations, including their 
rationales, represent the current state of MS man-
agement and treatment. They are intended to 
provide practical guidance for clinicians and a  
scientifically sound foundation for treatment 
decisions. We include recommendations on the 
following topics:

 • early treatment of patients with clinically 
isolated syndrome (CIS)

 • efficacy of DMTs
 • treatment of patients with relapsing as well 

as progressive disease forms
 • monitoring of treatment response
 • treatment strategies for inadequate response 

to therapy
 • therapy discontinuation or switch
 • long-term effects of DMTs
 • treatment in special situations such as 

pregnancy
 • treatment strategies in the context of 

COVID-19

This MSTCG position statement is an initiative 
of members of the KKNMS, members of the 
BDN, members of the DGN, and members of the 
Austrian and Swiss neurological societies.

The essential core is based on the 2018 ECTRIMS/
EAN guideline and its upcoming update while 
focusing on the care situation in German-speaking 
countries.3,4 Several authors of this position state-
ment were involved in writing the 2018 ECTRIMS/
EAN guideline. Furthermore, the 2018 US guide-
line was considered.5,6

The first version of this position statement and 
the main questions were developed by a core 
team of authors, and consensus recommenda-
tions were reconciled in several conferences. The 
position statement was then further developed 
with the entire group of authors in an additional 
reconciliation process, and consent was reached 
on the core statements. The basis for participa-
tion was the disclosure of all conflicts of interest. 
Our approach was guided by the following sub-
sections, which are considered endpoints or eval-
uation criteria for DMTs in MS:

a.  reducing the risk of relapses or newly 
occurring relapses

b.  reducing the risk of meeting criteria for MS 
diagnosis in patients with CIS

c.  reducing the risk of disability worsening
d.  reducing the risk of MRI activity [new/

enlarging T2 lesions, gadolinium-enhanc-
ing (Gd+) lesions] and CNS atrophy

e.  improving health status as experienced/
reported by the patient [PROMS – patient-
reported outcome measures, including 
quality of life (QoL)]

f.  reducing the risk of cognitive impairment
g.  frequency/severity of adverse events
h.  reducing the risk of SPMS (in patients with 

relapsing disease)
i.  timing the switch between different DMTs
j.  monitoring the phase between two DMTs
k.  for pulse therapies: occurrence of disease 

activity during the first year of treatment 
(i.e. before administration of another cycle)

l.  for pulse therapies: benefit and timing of 
an additional cycle of treatment

m.  reducing the risk of disease activity and dis-
ability worsening during and after pregnancy

The evidence strength was graded according to 
an assessment of the underlying (study) data 
(grade 1–5, analogous to the system suggested by 
the Oxford Centre for Evidence-based Medicine. 
For more detail on classification of types of stud-
ies within this system, please see https://www 
.cebm.ox.ac.uk/resources/levels-of-evidence/
oxford-centre-for-evidence-based-medicine-lev-
els-of-evidence-march-2009).

All recommendations reflect a consensus within 
the author group (thus formally >95%).

Based on the data basis, the recommendation 
strength is graded as follows [analogous to the 
AWMF (German Association of the Scientific 
Medical Societies) rules]7:

1. Grade A: must (strong recommendation)
2. Grade B: should (recommendation)
3. Grade C: may (weak recommendation/

expert opinion)
4. Grade D: is feasible (good clinical practice 

point)

Within the framework of the recommendations, 
all treatment decisions require a patient/physician 
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consensus (keyword: shared decision making). 
Selecting a high-efficacy DMT should involve 
prior consultation with the patient scrutinizing 
the following factors:

 • individual patient characteristics (especially 
MS characteristics, expected adherence, 
age, sex, and aspects of family and life 
planning)

 • existing comorbidities
 • previous therapies
 • side effects and risk profile of the drug, 

including the necessary measures for ther-
apy monitoring

 • indication for the drug, and possibilities of 
cost reimbursement

MS diagnosis, course, and prognosis
The McDonald criteria are applied for MS diagno-
sis and, after initial publication in 2001, have been 
updated several times, with the most recent version 
from 2017.8 While dissemination in time (DIT) 
and dissemination in space (DIS) remains the core 
criterion for MS, the major updates relate to (1) 
oligoclonal bands (OCBs) as an additional criterion 
for DIT, (2) counting symptomatic lesions for both 
DIT and DIS, and (3) equivalence of cortical and 
juxtacortical lesions.2,9,10 Reported past episodes 
should be considered if there is a suitable electro-
physiological and morphological correlate [e.g. par-
esthesia, paroxysmal visual disturbances without 
visually evoked potentials (VEP), optical coherence 
tomography (OCT), sensory evoked potentials 
(SEP), MRI correlates]. The diagnosis should be 
postponed in case of diagnostic uncertainty and a 
timely re-evaluation planned.

Although the approval texts still distinguish 
between RMS, RRMS, PPMS, and SPMS, the 
clinical classification of MS into (1) relapsing and 
(2) progressive forms, each of which can progress 
with and without activity (measured both clini-
cally and with MRI), is much closer to clinical 
reality and better matches the underlying 
pathobiology.11

RIS is diagnosed in clinically asymptomatic 
patients who do not have a clinically manifest 
inflammatory demyelinating episode but whose 
MRI is highly suggestive of inflammatory demyeli-
nating disease and who may, in addition, have a 
chronic inflammatory cerebrospinal fluid (CSF) 
syndrome or abnormalities in electrophysiology 

(under exclusion of other differential diagnoses). 
Sufficient data on the indication of immunothera-
pies for treating RIS are lacking. However, there 
may be cases with persistent and documented 
paraclinical disease activity in which immunother-
apies may be indicated in the individual (off-label 
therapy). Currently, several studies are ongoing, 
including studies on dimethyl fumarate and terif-
lunomide (https://www.clinicaltrials.gov/ct2/result
s?recrs=&cond=Radiologically+Isolated+Syndro
me&term=&cntry=&state=&city=&dist=).

CIS is defined as a monofocal or multifocal first 
clinical event suggestive of MS in a person not 
previously diagnosed with MS. Depending on the 
clinical and diagnostic findings (monofocal versus 
multifocal presentation, OCB+ versus OCB–, 
MRI conspicuous versus inconspicuous), there is 
a risk (high/low) for the transition of isolated 
symptoms to MS over time.

MS under McDonald criteria can be categorized as 
relapsing or progressive type.9 Provided there is 
only one relapse and no additional clinical or par-
aclinical activity or progression to date while the 
criteria for DIT and DIS are still met, diagnosis is 
no longer CIS but McDonald MS [not further 
defined as the specific type, that is, RMS, RRMS, 
or progressive MS (PMS) is not clear].

MS can be assessed as mild/moderate or active/
highly active. Indicative for assessment are (1) 
relapse frequency, (2) MRI findings (lesion load, 
lesion localization), and (3) regression of 
relapse(s), disease activity, and disease severity 
(measured by clinical as well as radiological 
parameters); also, the patient’s age and comor-
bidities have to be considered.

Activity is determined based on clinical relapses 
(severity of clinical symptoms/duration/tendency 
to regress) and MRI activity (contrast-enhancing 
lesions; new or enlarged T2 lesions).

Progression is determined by an annual or more 
frequent examination. If no examination results 
are available, activity is considered ‘unknown’. In 
addition to the Expanded Disability Status Scale 
(EDSS), standardized instruments for assessing 
clinical function in patients with MS include the 
Multiple Sclerosis Functional Composite 
(MSFC), the Brief International Cognitive 
Assessment for MS (BICAMS), the 6- and 2-min 
walk tests, or the timed 25-foot walk test.
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If no assessments are available, disease activity 
and progression are ‘unknown’. It is fundamental 
to note that the classifications are not categorical 
or static and require continuous review and 
monitoring.

In RMS, a distinction is often made between 
RMS and RRMS, with the additional assessment 
of whether the respective relapses are with or 
without residual disability.

Residual disability after relapses that do not remit 
completely is referred to as RAW (relapse-associ-
ated worsening). A disability acquired independ-
ent of relapses is referred to as PIRA (progression 
independent of relapse activity).12

In PMS, it is possible to determine activity as well 
as progression. In addition, a distinction is made 
between PPMS and SPMS. If this is not possible, 
the assessment PMS remains, with the add-on 
‘unclear type’.

Disease-modifying pharmacological therapies
Currently, 17 drugs are approved for MS treat-
ment in Germany (for an overview of the respec-
tive drugs and their modes of action, see Table 1; 
for specifics in Switzerland refer to Achtnichts 
and colleagues).2,13–18

Initially, various injectable drugs were approved 
in the 1990s. They were based on recombinant 
interferon-beta preparations and, from 2001 
onwards, also on the polypeptide glatiramer ace-
tate. Interferon-beta preparations have since been 
further devolved on toward a pegylated form with 
a prolonged half-life.19

Then, at the beginning of this century, several 
studies were started on oral drugs such as fingoli-
mod, dimethyl fumarate, and teriflunomide. 
Instead of a placebo, these trials could include 
active comparators such as interferon-beta and 
glatiramer acetate. In recent years, additional 
studies with class I evidence have been published 
on the newly developed and more selective S1P 
receptor modulators ozanimod, ponesimod, and 
siponimod. By gradually increasing dosing over 
the first treatment week, initial heart rhythm 
monitoring could be omitted in most patients.

At the same time, several monoclonal antibodies 
(mAb) were investigated for parenteral therapy of 

RMS. The first mAb to be approved was natali-
zumab in 2006, which in two studies reduced clini-
cal disease activity by nearly 70% and MRI 
parameters by approximately 90% compared with 
placebo.20 This success has been hampered by the 
emergence of human Polyomavirus HPyV-2 (for-
merly John Cunningham virus, JCV)-induced pro-
gressive multifocal leukoencephalopathy (PML) in 
more than 800 patients. Regular safety testing is 
now required and involves determining antibody 
titer against serum HPyV-2 and cerebral MRI 
scans to detect suspicious lesions early on (e.g. 
https://www.ema.europa.eu/en/medicines/human/
referrals/tysabri). Natalizumab is also approved in 
a subcutaneous formulation since March 2021.

In recent years, anti-CD20 antibodies have 
become established as a further therapeutic 
option for RMS. Ocrelizumab has been approved 
since 2018 and was developed from rituximab, 
which was never formally approved for MS treat-
ment (only off-label use). Ofatumumab, which is 
administered subcutaneously, received approval 
in March 2021. Ocrelizumab was also the first 
compound ever to be approved for PPMS. In the 
relatively small but well-structured pivotal study, 
a significant delay in disability progression since 
the onset of progressive MS, particularly in the 
first year after initiation of therapy, was achieved 
in patients under 50 years of age and with short 
disease duration. This resulted in a theoretical 
delay of wheelchair use by up to 7 years.21,22

Another i.v.-administered antibody, alemtu-
zumab, was very effective in pivotal trials and is 
considered a prototype of the so-called immune 
depletion and repopulation strategies (IDRPs) or 
immune reconstitution therapies (IRTs).23 In 
approximately 50% of patients, there is long-term 
remission after two treatment cycles without the 
need for further maintenance therapy. However, 
a number of infectious and autoimmune side 
effects limit its use to highly active courses.

Already at the beginning of the last decade, 
Cladribine, which originated in oncology treat-
ment (hairy cell leukemia), was shown to reduce 
relapses by more than 50% in RMS patients.24 
This so-called pulse therapy is administered in 
only two weekly cycles in years 1 and 2. The drug 
also belongs to the IDRPs.

The MSTCG integrative consensus scheme  
consisting of all DMTs and their according 
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indication is outlined in Figure 1. In the following 
sections, we turn to the key questions and recom-
mendations for MS treatment.

Key questions and recommendations for 
therapeutic intervention

What is the benefit of DMT in patients with CIS 
(regardless of whether they meet the criteria 
for definite MS or not) compared with no 
treatment?
Review on evidence followed by our recommen-
dations. CIS is defined as a monofocal or multifo-
cal first clinical event suggestive of MS in a person 
not previously diagnosed with MS. Typical pre-
sentations include unilateral optic neuritis (ON), 
focal brainstem or cerebellar symptomatology, or 
symptoms of partial transverse myelitis. Symp-
toms usually develop subacutely and persist for at 
least 24 h without concurrent fever or infection. If 
the criteria for local and temporal dissemination 
are met during the diagnosis (which is increasingly 
often the case given the high sensitivity of the 2017 
diagnostic criteria), CIS marks the presumed first 
episode of MS (see Box 1).8,25 If this is not the 
case, there is a risk (high/low) for the transition of 
isolated symptoms to MS over time, depending on 
the clinical and diagnostic findings (monofocal 
versus multifocal presentation, OCB+ versus 
OCB–, MRI conspicuous versus inconspicuous). 
Variants of ON may cause diagnostic difficulties 
(while other diseases need to be excluded in a 
careful analysis of the findings):

 • ON without cerebral or spinal MRI-lesions 
with negative OCB → diagnosis: isolated 
ON and no CIS.

 • ON without cerebral or spinal MRI-lesions 
with positive OCB → diagnosis: CIS, as 
OCB significantly increases the risk for a 
second clinical event.

 • ON with one MRI-lesion but without OCB 
→ diagnosis: ON, as according to the cur-
rent definition of CIS/disseminated lesions, 
⩾2 MRI-lesions are required.

 • ON with one MRI-lesion and positive OCB 
→ diagnosis: CIS.

 • ON with ⩾2 MRI-lesions but without posi-
tive OCB → diagnosis: CIS.

The Barcelona cohort, a prospective open collec-
tion of CIS patients initiated in 1995, is consid-
ered a valuable and informative source for 
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Figure 1. Disease-modifying therapy of MS.
Available drugs are listed alphabetically, not by strength or preference. Scheme updated based on the KKNMS Scheme, Aktuelle Neurologie 2014.
1Azathioprine is formally approved but rarely applied (second choice). 2Mitoxantrone formally approved here as well as in highly active RRMS 
but rarely applied due to the unfavorable side-effect profile and the cumulative maximum dose (second choice). 3Natalizumab: both i.v. and s.c.; 
especially in case of HPyV-2 (JCV) antibody positivity [HPyV-2 (JCV) Ab ⩾ 0.9 HPyV-2 (JCV) Ab titer] risk stratification is essential due to PML 
risk! High risk for PML after (a) prior immunosuppression, (b) ⩾18 months of continuous therapy, and with (c) positive HPyV-2 (JCV) Ab status. 
4Interferons: interferon-b-1a i.m., interferon-b-1a s.c., interferon-b-1b s.c., pegylated interferon-b-1a s.c./i.m. 5Glatiramer acetate includes other 
glatiramoids. 6Decisions on type of therapy (as well as therapy concept) depend on the level of disease activity and severity; thus first- and second-
line therapies are included here. For explanations on specific multiple sclerosis types, see also Box 1.

McDonald MS: Relapsing MS (RMS) Progressive MS (PMS)

CIS RRMS SPMS PPMS
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Pulsed therapies

•	 Alemtuzumab
•	 Cladribine
•	 Ocrelizumab

Continuous therapies

•	 Natalizumab3

•	 Ofatumumab
•	 S1P-modulators	

(Fingolimod, 
Ozanimod, 
Ponesimod)

with relapses

•	 Cladribine
•	 Interferon-b-1b	s.c.
•	 Ocrelizumab
•	 Ofatumumab
•	 Ponesimod
•	 Siponimod
•	 (Mitoxantrone2)

without 
relapses, 
with MRI 
activity

•	 Siponimod

with clinical /  
MRI activity

•	 Ocrelizumab

•	 Interferon-b-1a	i.m.
•	 Interferon-b-1a	s.c.
•	 Interferon-b-1b	s.c.

m
ild

 /
 m

od
er

at
e

•	 Dimethyl	fumarate
•	 Glatiramer	acetate5

•	 Interferons4

•	 Teriflunomide
•	 (Azathioprine1)

assessing future prognoses of patients with CIS. 
Recently, long-term data were published on 401 
CIS patients from this cohort who were enrolled 
before 2006 and followed up for at least 10 years 
(mean follow-up 14.4 years).26 Overall, patients 
treated early on (median 4 months after a first 
CIS event) had a significantly lower risk of achiev-
ing an EDSS score of 3.0 when compared with 
patients treated after another relapse (median 
36 months after a first CIS event). The risk for 
future disability accumulation was estimated 
upon lesion burden in the baseline MRI. Analyses 

revealed that detecting approximately 20 T2 
lesions on the baseline MRI was a valid predictor 
of aggressive MS progression. Another notable 
study describes the long-term course of an English 
CIS cohort over 30 years, prospectively recruited 
between 1984 and 1987.27 As this study is often 
used to argue for a more defensive therapeutic 
approach after a first demyelinating event, it is 
important to keep in mind that these patients 
were recruited at the beginning of the MRI era 
and the imaging quality at that time is not compa-
rable with today’s MRI quality. Nevertheless, this 
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RIS  

CIS •	 Monofocal
•	 Multifocal

McDonald MS •	 Monofocal
•	 Multifocal

MS, relapsing type – (RMS, RRMS) •	 Mild/moderate	course
•	 Active/highly	active	course

° With activity (MRI/relapses)
° Without activity
° Activity unknown
° With progression
° Without progression
° Progression unknown
° With residual disability
° Without residual disability

MS, progressive type – (PMS, PPMS, SPMS) •	 Primary	progressive	course
•	 Secondary	progressive	course
•	 Unclear	course

° With activity (MRI/relapses)
° Without relapses, with MRI activity
° Without activity
° Activity unknown
° With progression
° Without progression
° Progression unknown

CIS, clinically isolated syndrome; MRI, magnetic resonance imaging; MS, multiple sclerosis; PPMS, primary 
progressive MS; RIS, radiologically isolated syndrome; RMS, relapsing MS; RRMS, relapsing-remitting MS; SPMS, 
secondary progressive MS.

Box 1. Classification of MS disease courses, including RIS, under consideration of the 2017 updated McDonald 
criteria for MS, and adapted from Lublin and colleagues and Okuda and colleagues.8,11,28

work was also able to correlate disability accumu-
lation with the level of lesion burden at baseline, 
particularly in the presence of infratentorial 
MRI-lesions.

The benefit of immunotherapy for CIS patients 
(regardless of whether they meet the criteria for 
definite MS or not) was investigated in five pla-
cebo-controlled trials and their respective long-
term studies. Three studies (with a total of 1368 
patients), comparing interferon preparations with 
placebo, showed a longer time to next relapse 
(= clinically definite MS, CDMS) and less lesion 
increase on MRI for the treatment group.29–31 
Injectable therapeutics reduced relapses in CIS 
by approximately 40–45%, supporting the impor-
tance of anti-inflammatory action in the early 
stages of MS.

CIS patients who had received a placebo for 
2 years were offered interferon in the extension 
studies. The extension studies on beta-interferon 
suggest that patients who received placebo in the 
double-blind phase were disadvantaged regarding 
the degree of disability for the entire observation 
period compared with patients treated with beta-
interferon from the start.31 Looking at 3-year  
follow-up data, patients treated early also took 
longer to convert to CDMS than placebo 
patients.32 This difference persisted at follow- 
up observations after 5, 8, and 11 years.33–36 
Similarly, a study of glatiramer acetate in CIS 
patients (N = 481) showed delayed conversion to 
CDMS in the treated group compared with pla-
cebo after 3 years; this is also true for studies of 
teriflunomide and cladribine in CIS patients.37–39 
A systematic review and meta-analysis on three 
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clinical trials revealed DMT could also attenuate 
brain atrophy in CIS patients over time.40 Due to 
the more sensitive diagnostics for CIS in the 
revised McDonald criteria, the frequency of CIS 
diagnosis has decreased in favor of RRMS diag-
nosis in recent years – with many of the newer 
agents no longer being studied in this specific set-
ting. However, the mainly retrospective subgroup 
analyses of all available agents consistently show 
that early treatment with immunotherapy signifi-
cantly benefits patients.

Recommendation 1:

 • Under exclusion of other differential diag-
nostic causes, CIS patients (regardless of 
whether the criteria for DIT and DIS are 
met) must be offered immunotherapy.

 • The choice of immunotherapy should be 
based on predictive parameters; primarily 
(1) MRI findings (number and localization 
of lesions) but also (2) extent of relapse 
regression, (3) multifocal presentation, and 
(4) CSF-specific OCB or chronic inflam-
matory CSF changes.

 • For CIS patients with a high lesion burden 
or infratentorial lesions on diagnostic MRI, 
immunotherapy should be actively recom-
mended given the presumed unfavorable 
prognosis. Here, depending on the individ-
ual circumstances, high-efficacy therapy can 
be considered already for initial treatment.

 • Treatment of CIS should not be unneces-
sarily delayed and should not follow an 
escalation approach in the individual 
(highly active) case (please note any recom-
mendations for off-label use).

What is the benefit of DMT in patients with RMS 
compared with no treatment/treatment with 
another disease-modifying drug?
Review on evidence followed by our recommen-
dations. All placebo-controlled trials on currently 
available DMTs demonstrated a reduction in dis-
ease activity, as measured by relapses and new 
lesions on MRI compared with their comparator 
arm. A subset of these studies was also able to dem-
onstrate superiority in terms of reduced disability 
progression. At the time, studies with interferon 
preparations were performed in collectives with sig-
nificantly higher disease activity than nowadays, 
resulting in a relapse rate reduction of approxi-
mately 30%. The first studies with fingolimod 

showed a wide therapeutic active dosing range 
(between 0.5 and 5 mg) and, for the first time, a 
relapse rate reduction of above 50%. The two stud-
ies with dimethyl fumarate also provided convinc-
ing effects regarding relapse rate reduction. Finally, 
teriflunomide showed good results in two studies, 
especially for the stabilization of disability progres-
sion. These three preparations initiated the second 
generation of DMTs, which offered an improved 
form of application and tolerability, in addition to a 
partly higher potency. In the clinical practice, sec-
ondary factors such as compatibility with family 
planning (dimethyl fumarate), better acute tolera-
bility (fingolimod, teriflunomide), autoimmuno-
logical comorbidities (teriflunomide, dimethyl 
fumarate), and long-term experience emerged as 
relevant for treatment decisions.

In randomized direct and indirect comparison 
studies, the drugs alemtuzumab, fingolimod, oza-
nimod, ponesimod, natalizumab (in a combina-
tion study with interferon-beta versus natalizumab 
alone), ocrelizumab, and ofatumumab were supe-
rior to the respective comparators in terms of 
relapse frequency and MRI parameters. In con-
trast, differences in disability progression were 
not as clear in these studies, although evident in 
some. For all preparations, there is strong evi-
dence for a significant reduction of inflammatory 
activity. A systematic review and meta-analysis  
on four randomized-controlled trials showed 
DMT to delay the rate of brain volume loss in 
RRMS patients.41

The various preparations differ in their therapeu-
tic efficacy, measured by the relative reduction of 
relapse activity/frequency. In addition, they can 
be divided into continuous immunotherapies and 
pulsed therapies according to their mode of 
action. Continuous therapies have several possi-
ble modes of action, ranging from immunomodu-
lation to alteration of immune cell migration. 
Pulsed therapies (alemtuzumab, cladribine, ocre-
lizumab) act by depleting immune cells, with 
effects over a longer time (months to years).23 A 
common feature of all therapies is that they pri-
marily act on the peripheral adaptive immune sys-
tem, thereby preventing damage within the CNS. 
CNS damage that has already occurred can only 
be influenced to a small extent by these thera-
pies.42,43 However, in addition to affecting acute 
inflammatory activity due to relapses, these thera-
pies may also reduce further deterioration of neu-
rological function that occurs independently of 

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


H Wiendl, R Gold et al.

journals.sagepub.com/home/tan 15

relapses. This PIRA may even be the central 
driver of neurological decline during the relapsing 
phase.12,44

Recommendation 2:

 • Initiation of DMT in RRMS is necessary to 
reach the treatment goal of reducing inflam-
matory activity in the form of disease flares 
and new lesions in MRI. The overriding 
focus is to preserve the so-called cerebral 
reserve. In addition, various studies (regis-
try studies, open-label extension studies) 
indicate the positive influence of these ther-
apies on the longer term risk of disability 
and secondary progression.

 • In general, patients diagnosed with MS 
must be offered immunotherapy provided 
that therapy conduct is supported by (1) an 
adequate infrastructure; (2) an adequate 
disease assessment; (3) continuous moni-
toring of the disease and the therapy; and 
(4) knowledge, recognition, and treatment 
of therapeutic side effects. The entire spec-
trum of DMTs approved for RMS can be 
offered (i.e. alemtuzumab, cladribine, 
dimethyl fumarate, fingolimod, glatiramer 
acetate/glatiramoids, interferon beta-1a, 
interferon beta-1b, pegylated interferon 
beta-1a, natalizumab, ocrelizumab, ofatu-
mumab, ozanimod, ponesimod, terifluno-
mide; reserve medications: azathioprine, 
mitoxantrone).

 • Selecting the optimal therapy is based on the 
current knowledge of the respective mecha-
nism of action and follows two main treat-
ment approaches. Both strategies are based 
on evaluating the individual patient’s risk of 
further MS progression and considering the 
risk versus efficacy of the specific DMT.
I.  According to the escalation approach, 

lower-efficacy therapies with a known 
and relatively safe risk profile are 
selected for initial treatment. If further 
disease activity is evidenced (clinically 
or via MRI), treatment is escalated to a 
more potent therapy option.

II.  Alternatively, treatment can be initiated 
with a high-efficacy DMT already at the 
time of diagnosis. For example, with 
alemtuzumab, cladribine, natalizumab, 
ocrelizumab, ofatumumab, or S1P 
modulators (fingolimod, ozanimod, 
ponesimod).

 • The immunotherapy must be selected 
based on main MS parameters (prognosis, 
disease activity, and disease severity), pri-
marily on (1) relapse frequency, (2) MRI 
findings (lesion burden, lesion localiza-
tion), and (3) regression of relapse(s), dis-
ease activity, and disease severity (measured 
by clinical and radiological parameters); In 
addition, the patient’s age, sex, comorbidi-
ties, presence of CSF-specific OCB or 
chronic inflammatory CSF changes, and 
especially the safety profile of DMT are to 
be considered.

 • The definition of (highly) active RMS 
should adhere to the following: ⩾1 relapse 
within the last 12 months, ⩾2 relapses in 
the last 24 months, OR ⩾3 new T2 lesions 
or ⩾1 new Gd+ lesion in a follow-up MRI 
(contrast agent can be omitted if recent and 
high-quality follow-up images are available) 
in the last 12 months.

What is the benefit of DMT in patients with 
progressive MS (PPMS or SPMS) compared  
with no treatment?
Review on evidence followed by our recommen-
dations. The development of DMTs for treating 
progressive MS (PPMS/SPMS) has been less 
successful than for RMS. It is now generally 
accepted that treatment is more effective if started 
early in the disease course rather than later. One 
of the likely reasons is a neurodegenerative com-
ponent in the pathophysiology of MS that is not 
(or no longer) responsive to immunotherapy and 
has its primary site of action not directly in the 
CNS. Interferon beta 1-b, mitoxantrone, and 
siponimod are approved for SPMS. Siponimod is 
approved for the active disease, as defined by 
additional relapses or MRI activity. In data from 
the pivotal trial conducted explicitly in SPMS 
patients, a better response is seen in younger 
patients with inflammatory activity.45 For SPMS 
with relapse activity, other DMTs are also for-
mally approved under the RMS label, although 
no dedicated studies for patients with SPMS 
exist. As it is well demonstrated that DMTs 
reduce relapse rates, treatment is reasonable in 
SPMS patients with relapse or RMS activity, even 
though long-term observational data are currently 
unavailable.

Uncertainties may arise further down the line 
when patients with initially active SPMS have 
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been treated and no longer have relapses. Various 
experts, including the authors of the North 
American guideline, recommend discontinuing 
therapy when there is pure progression without 
relapse.5 However, it is unclear whether the DMT 
suppresses relapse activity despite not affecting 
progression, meaning that patients would con-
tinue to benefit from the relapse rate reduction 
provided by DMT. If therapy is discontinued in 
SPMS patients, close monitoring of subsequen-
tial inflammatory activity is essential.

For PPMS, ocrelizumab is the only currently 
approved treatment. Here, too, the pivotal study 
indicates better efficacy in younger patients with 
shorter disease duration.46 Even if the effect in 
PPMS is comparatively small as measured by the 
EDSS, at least younger patients benefit from ther-
apy with ocrelizumab, especially as there is no 
approved alternative. There are no data from  
controlled trials in older patients (>55 years)  
with a longer disease course (>15 years) and a 
higher degree of disability (EDSS score > 6.5). 
Nevertheless, according to the authors’ assess-
ment, therapeutic nihilism should not be prac-
ticed here. In particular, when patients are at risk 
of losing physical independence, a therapeutic 
attempt is justified. For the patients’ QoL, this 
attempt can be decisive.

For treating progressive MS, intrathecal steroids 
(antispasmodic and anti-inflammatory) and cyclic 
methylprednisolone pulse therapies (as individual 
treatment approaches) continue to be selected – 
mainly in the context of symptomatic therapy 
optimization. Some clinical data exist on this, as 
well as experience from the real-world context 
(e.g. current data from the DMSG registry), even 
if no evidence-based studies are available.47–50

Recommendation 3:

 • Patients with progressive MS benefit from 
DMT, especially in the early stages of the 
disease, and must be treated when clinical 
and imaging activity is present. In individ-
ual cases, therapy should also be considered 
in later disease stages or after longer disease 
duration if vital functions are at risk of 
being lost. The age of the patient should be 
included in the risk-benefit assessment.

 • Before starting therapy, the therapy goals 
must be discussed and, in the following, 

continuously reviewed. In case of unchanged 
disease progression after therapy initiation, 
insufficient response to therapy must be 
assumed. However, in addition to the end-
points MRI activity, relapse rate, and over-
all disability, it is critical to also look for 
changes within relevant functional systems 
included in the EDSS (e.g. upper extremity 
function), as well as improvements in QoL 
as perceived by the patient and a reduced 
risk for cognitive impairment.

 • As changes in the progressive forms are 
often slow and fluctuations are also part of 
the disease picture, positive and negative 
changes should be confirmed (ideally after 
3 or 6 months).

 • In progressive disease courses, decisions 
regarding treatment efficacy should ideally 
be possible within 2 years. If DMT is not 
effective, discontinuation of therapy should 
be discussed with the patient.

What is the benefit of early treatment with a 
DMT versus no therapy in MS patients?
Review on evidence followed by our recommen-
dations. It is generally agreed that DMTs have a 
better effect early in the course of MS. Recent 
registry data indicate that later initiation of DMT 
leads to more extensive disability in the longer 
term.51–53

In addition to preventing acute episodes of the 
disease, prophylactic therapy may reduce the risk 
of long-term neurologic deterioration or second-
ary progression. Due to the slow course of MS, 
this therapeutic goal cannot be investigated in 
randomized trials. However, from registry data 
generated in recent years, we can infer that DMTs 
do indeed reduce the risk for long-term neuro-
logic deterioration.52–58 The long-term benefits  
of therapy strongly depend on how early DMT  
is started.59

Due to the great heterogeneity of the clinical MS 
course, the further individual patient’s course is 
extremely difficult to predict. Although the term 
‘benign MS’ has been abandoned eventually, 
there may be courses that do not lead to any (sig-
nificant) disability after 30 years – even without 
therapy. While in overall analyses 15–20% of 
patients do not accumulate measurable disability 
in the longer term, there are no reliable or 
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accepted predictors for a course without substan-
tial disability.60

Recommendation 4:

 • DMT in MS must be started as early as 
possible after diagnosis to avoid further/
future disability. In individual cases, a wait-
and-see approach with regular neurological 
and imaging checks may also be considered 
in patients with very low lesion burden and 
complete remission of mild clinical 
symptoms.

 • The superiority of immediate therapy after 
a first clinical event (CIS) versus early treat-
ment (<3–6 months after the first clinical 
event) appears to be minimal.

In MS patients, what is the advantage of early 
onset of high-efficacy DMTs compared with  
late onset?
Review on evidence followed by our recommen-
dations. Choosing the first DMT in MS patients is 
challenging. The choice must occur on an individ-
ual patient level and take into account several fac-
tors: clinical symptoms, MRI activity, the efficacy 
of the therapeutic agent, side effects of the thera-
peutic agent, handling, route of administration, 
and the patient’s life circumstances and family sit-
uation. A general rule applies: the more potent the 
DMT, the higher the potential risk of severe side 
effects. The so-called escalation regimen, in which 
therapy is always started with a less effective drug 
and switched to a high-efficacy DMT if disease 
activity persists, was initially advocated when only 
a few DMTs were available.61 With the availability 
of multiple high-efficacy DMTs, including deplet-
ing therapies, the hit-hard-and-early concept was 
postulated, recommending using high-efficacy 
DMT at disease onset, in analogy to, for example, 
rheumatology. Controlled trials that might demon-
strate the superiority of one of these therapeutic 
approaches have now been initiated, but results 
will not be available for several years. Retrospective 
registry studies already suggest that in patients 
with disease activity, early use of high-efficacy 
DMT compared with lower-efficacy DMT may 
delay subsequent disability progression or transi-
tion to SPMS.52,55 The underlying reason may be 
in concordance with delaying therapy initiation 
early in the disease: persistent clinical or subclini-
cal disease activity under less effective therapy may 

cause irreversible neurological deficits and allow 
the activation of signaling pathways associated with 
progressive disease progression that could have 
been otherwise prevented.

High-efficacy therapies are not suitable for every 
patient and require an individual risk-benefit 
assessment. Depleting or IRTs, including autolo-
gous hematopoietic stem cell transplantation, 
have a special position in this regard. They cause 
profound changes in the immune system. Thus, 
on one hand, they show a higher risk of severe 
side effects and notably increased risk of infection 
in the first months after a therapy pulse. On the 
other hand, a proportion of patients profit from 
disease stabilization and therapeutic effects per-
sisting years beyond the end of therapy, inducing 
long-lasting therapy-free disease stability.23,62–64 
Substance-specific risk reduction strategies  
need to be applied. In comparison, conventional 
immunotherapies require continuous therapy 
with cumulative risks over time, counting toward 
the individual risk-benefit balance.

Recommendation 5:

 • Considering the disease course in the long-
term, there is an advantage of using high-
efficacy versus lower-efficacy DMTs from 
the beginning. This treatment strategy is 
supported by registry data, although pro-
spective studies are lacking. Due to a pos-
sible increased risk for severe side effects 
and in consideration of individual life cir-
cumstances, the use of high-efficacy DMTs 
at the beginning of the disease should be 
decided individually and following the 
patient’s wishes.

 • Different therapy concepts exist within the 
group of high-efficacy DMTs. (1) Sustained 
therapy: efficacy relatively immediate with 
application and accompanied by reversibil-
ity after discontinuation: natalizumab and 
S1P receptor modulators (as well as ocreli-
zumab and ofatumumab with limitation 
due to the mechanism of action), versus (2) 
pulsed therapy: efficacy due to immune 
depletion and repopulation significantly 
beyond the half-life of the drug, possibly 
also permanent therapy-free disease stabil-
ity: alemtuzumab and cladribine (and pos-
sibly ocrelizumab, with severe limitation 
due to mechanism of action).
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Which examinations and parameters predict 
poor response to DMT in MS patients?
Review on evidence followed by our recommen-
dations. After an adequate treatment period 
with a DMT, the occurrence of new relapses, 
new lesions on MRI, or a confirmed disability 
increase in the last 12 months characterizes an 
active disease course and insufficient or subopti-
mal treatment response. However, because 
DMTs need time to take full effect and the inci-
dence of potential side effects varies widely, 
treatment and monitoring periods vary in both 
pivotal and real-world studies. In a retrospective 
cohort analysis, the time from therapy initiation 
to onset of effect on relapse rate reduction was 
described as approximately 3–4 months (12–
30 weeks), which is consistent with long-term 
clinical experience.65,66 Especially, a relapse or 
MRI activity within the first 4–8 weeks after 
therapy initiation requires an individual decision 
whether this can be tolerated until the full onset 
of DMT action or whether, due to disease sever-
ity, a direct switch to a more potent therapy is 
necessary.

MRI examination of the brain and clinical param-
eters serve the evaluation of DMT response in 
MS patients.66–68 Attention needs to be paid to 
standardized implementation and sufficient imag-
ing quality, with assessments conducted by an 
experienced investigator. Evaluation algorithms 
may help analyze the images but are not yet suf-
ficiently validated and not generally available in 
practice.

In addition, if inadequate therapy response is sus-
pected, medication adherence on the part of the 
patient should be ensured. Further details on 
individual DMTs and their monitoring are 
described in the SmPCs. For safety monitoring of 
high-efficacy DMTs, a cerebral MRI scan should 
be performed annually. To monitor treatment 
safety in patients at high risk of developing natal-
izumab-associated PML [anti-HPyV-2 (JCV) 
antibody positive and treatment duration of 
18 months or more], more frequent MRI exami-
nations at 3–6 monthly intervals are necessary. 
For patients at high risk of PML who switch 
DMT, a recent MRI (no older than three 
3 months) should be available before starting the 
new DMT, and preclinical PML should also be 
ruled out by polymerase chain reaction (PCR) of 
the CSF.

According to European consensus publications, 
definite treatment failures are those patients with 
⩾3 new T2 lesions and 1 relapse or ⩾2 relapses 
independent of MRI activity in 6–12 months 
despite DMT; and according to an American 
consensus, those patients with ⩾1 relapse, ⩾2 
new MRI-lesions, or increase in disability over 
1 year.5,66,68,69 Clearly enlarged T2 lesions also 
count as new MRI-lesions.3

It is recommended that DMT-treated patients 
undergo a standardized cerebral MRI examina-
tion within 6 months after treatment initiation, as 
well as an MRI examination after 12 months, 
which is ideally compared with a reference image 
3–6 months after treatment initiation to assess 
treatment response.66 If highly active disease pro-
cesses are apparent or new symptoms or severe 
side effects occur, imaging may need to be 
repeated earlier. Several centers recommend a so-
called re-baselining 3 months after therapy initia-
tion, under the notion that therapy initiation 
often occurs after an activity event, and the actual 
baseline can be better defined after 3 months. 
The primary parameter for evaluation is the num-
ber of new or enlarging T2 lesions. Gd adminis-
tration is not mandatory for follow-up evaluation. 
However, if an acute event is suspected (e.g. sus-
pected clinical relapse), contrast administration is 
still recommended. There is insufficient evidence 
for further MRI checks at standardized intervals 
beyond the MRI at 12 months after the initial ref-
erence image; checks should therefore be deter-
mined individually. However, an annual interval 
for paraclinical controls is suggested for docu-
mentation of the course and assessment of 
dynamics, activity, or progression.

To what extent and for which clinical decisions 
the determination of serum neurofilament light 
chains (sNfLs) can serve as a surrogate marker 
will become clear in the coming years. Currently, 
longitudinal measurements seem to be helpful to 
distinguish a stable disease from active progres-
sion even without MRI.70,71 Other markers, such 
as cerebral atrophy (MRI), cervical/spinal atro-
phy (MRI), or retinal atrophy (OCT), have not 
yet found their way into routine use. Measurements 
of subclinical pathological neurophysiological 
parameters (e.g. VEP, SEP, MEP) have been 
shown to be associated with a poor prognosis and 
also poor response to DMT.72 To what extent 
and for which clinical decisions the determination 
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of sNfLs can serve as a surrogate marker will 
become clear in the coming years.73

So far, there is insufficient evidence for the per-
formance of regular spinal MRI examinations to 
assess MS progression. A spinal MRI at the time 
of diagnosis is widely recommended to obtain a 
baseline assessment for future use on one hand 
and to be able to include any spinal lesions as a 
negative prognostic factor in treatment decisions, 
on the other hand. Due to the lack of sufficiently 
standardized methods, the same line of argumen-
tation holds for the regular use of brain atrophy as 
a progression marker.66,74

Recommendation 6:

 • The goal of MS therapy is the best possible 
disease control and the best possible QoL 
for the patient. In practice, disease control 
must be measured by clinical parameters 
(especially relapses, disability) and MRI 
activity (so-called NEDA concept, ‘no evi-
dence of disease activity’). Various assess-
ments (patient-based, physician-based) are 
available for measuring QoL.

 • In DMT-treated patients, therapeutic suc-
cess should be monitored by a clinical 
assessment every 3 months and by compari-
son of a standardized cerebral MRI within 
3–6 months after treatment initiation (eval-
uated as so-called re-baselining) and with 
an MRI 12 months after treatment initia-
tion and thereafter at annual intervals. 
Non-response to therapy may be assessed 
after 6–9 months at the earliest (see also 
specifics of pulsed therapies).

 • A DMT switch must be considered in case 
of disability-relevant relapses, rapid disabil-
ity progression, or severe side effects (safety, 
tolerability).

 • The switch from a DMT for a mild/moder-
ate disease course to a DMT for a (highly) 
active course should be made if there is ⩾1 
relevant relapse, or ⩾2–3 new or enlarged 
MRI-lesions confirmed by experts, or an 
increase in disability ⩾0.5–1 EDSS point 
(confirmed after 3–6 months) within 1 year 
(this is a so-called ‘vertical switch’).

 • A DMT switch within the same efficacy 
range may be appropriate in case of side 
effects (tolerability, safety) or minor disease 
activity (this is a so-called ‘horizontal switch’).

For MS patients on DMT and with poor response 
to treatment, what is the benefit of switching to 
higher-efficacy DMTs (vertical switch) versus 
similar efficacy DMTs (horizontal switch)?
Review on evidence followed by our recommen-
dations. Treatment of MS with DMT is based on 
the following therapeutic concept:

1. Initiation of a DMT early in the disease 
course, that is, after diagnosis (see recom-
mendation 4).

2. As all DMTs are primarily anti-inflamma-
tory, the therapeutic concept follows the 
pathogenetic concept according to which 
effective prevention of inflammatory disease 
activity (based on clinical and MRI out-
come criteria) also contributes to the pre-
vention of further/future irreversible disease 
progression or individual disability.75,76

3. The efficacy of DMTs is monitored clini-
cally (regarding further relapses and disa-
bility increase measured by the EDSS, FSS, 
or MSFC, as appropriate) and radiologi-
cally (new or enlarging MRI T2 lesions) in 
line with NEDA concept.77 Any medical 
monitoring should necessitate further 
meaningful action.

4. If the selected DMT does not have the 
desired therapeutic effect, that is, explicit 
evidence exists for clinical and radiological 
disease activity (see recommendation 6), 
the therapeutic goal of ‘no disease activity’ 
failed. If a moderate DMT is ineffective, 
switching to a high-efficacy DMT is the 
logical and coherent consequence following 
points 1, 2, and 3.

The existing literature offers no uniform defini-
tion of treatment failure for a (moderate-efficacy) 
DMT. Regardless, in addition to the intuitive 
view of treatment failure (= any degree of new dis-
ease activity despite existing therapy), there is 
now a consensus on the assessment of definitive 
treatment failure.5,66,68,69

Older studies have looked at the effects of immedi-
ate versus delayed switching from a moderate- 
efficacy DMT with treatment failure to a high- 
efficacy DMT. All studies consistently revealed  
an advantage when switching to alemtuzumab, fin-
golimod, or natalizumab compared with glatiramer 
acetate or interferon preparations.78–87
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In all phase III registration studies of high- 
efficacy DMTs, the baseline demographic data of 
the included study populations show that a  
substantial proportion of up to 75% of the study 
participants had been pre-treated with a moder-
ate-efficacy DMT.20,24,88–91 Insufficient efficacy of 
a prior DMT cannot be assumed in all study par-
ticipants (because, for example, side effects could 
also motivate a therapy switch/clinical trial par-
ticipation). If considered in conjunction with the 
inclusion criteria for these studies, however, 
which all required some disease activity in the 
12 months before study entry (average of 1.3–1.7 
relapses), a substantial proportion of patients will 
have had continued disease activity despite receiv-
ing a moderate-efficacy DMT.

In addition, all phase III pivotal studies of high-
efficacy DMTs (compared with placebo or active 
comparator groups in their respective core studies 
and followed by preplanned long-term observa-
tional studies) revealed that the switch from pla-
cebo/active comparator to a more potent DMT 
resulted in a level of efficacy comparable with that 
in the study population receiving high-efficacy 
DMT from baseline.81,91–93 Another outcome 
uniformly evident in the observational studies is 
the disability accumulated in the placebo/active 
comparator groups during the core study was not 
reversible, that is, the accumulated neurological 
impairment could not be compensated.

Finally, in a recent publication, therapy with a 
high-efficacy DMT had a significantly lower risk 
of RAW and PIRA than a moderate-efficacy 
DMT.12

Although the concept of ‘no evidence of disease 
activity’ (NEDA) has relevance in scientific assess-
ments as well as treatment concepts and therapy 
targets, it is not (yet) accepted as an endpoint for, 
for example, U.S. Food and Drug Administration 
(FDA) or European Medicines Agency (EMA) 
approvals, or GBA (German Joint Federal 
Committee) procedures. Various reservations are 
held against the NEDA concept. Under the study 
conditions, MRI turns out to be 10× more sensi-
tive compared with the criteria and therefore 
dominates the calculation. However, the MRI 
endpoints are only partly transferable to clinical 
reality regarding the frequency of examinations 
and standardization of assessments. Therefore, 
there are proponents of a purely clinical NEDA 
definition (so-called NEDA2), defined by relapses 

and disability progression.77 In addition, it is ques-
tioned what level of control of relapse activity and 
severity and disability stabilization can realistically 
be achieved and whether paraclinical activity in 
itself and if so which kind, justifies changing the 
treatment regimen; and also, how closely singular 
measurement points correlate with future disease 
progression (see also background to recommenda-
tion 6). Reference is made to the current lack of 
parameters to predict individual risk for relapses, 
disability progression, or other disease manifesta-
tions such as cognitive impairment.

In accordance with the European guideline 
(ECTRIMS/EAN 2018) and most international 
professional societies, the authors of this position 
statement point out the major achievement of 
modern MS therapy in this context: Through the 
use of high-efficacy DMT, the long-term stabili-
zation of the disease can be achieved – possibly 
with a reduction in disease severity – if the inflam-
matory process is stopped as early and as  
completely as possible. Here, the known and 
potentially unknown (long-term) risks of DMTs 
must be weighed against the benefits. Currently 
though, benefit-risk considerations are often at 
the forefront of discussions. However, in the 
authors’ opinion, MS and its control should be 
weighted as the main priority, while the possibili-
ties of active risk reduction (de-risking) and safety 
monitoring should be positively considered when 
assessing therapy risks. If there were a highly 
effective therapy without the risk of side effects, 
there would be little argument for withholding it 
from patients; this sets a critical anchor for the 
discussion, namely, the influence of safety aspects 
in debates and decisions about therapy concepts.

Recommendation 7:

 • MS patients on DMT for mild/moderate 
forms and with clinical and radiological 
signs indicating poor response to current 
treatment (see recommendation 6) should 
switch to a high-efficacy DMT without 
delay.

 • The high-efficacy DMT is chosen in con-
sultation with the patient based on the fol-
lowing factors:
a.  individual patient characteristics (espe-

cially MS characteristics, expected 
adherence, age, sex, and aspects of fam-
ily and life planning)

b.  existing comorbidities.
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c.  side effects and risk profile of the DMT, 
including the necessary measures for 
therapy monitoring

d.  indication for the drug, and possibilities 
of cost reimbursement

Does discontinuation of treatment with a high-
efficacy DMT increase the risk for a rebound of 
disease activity in patients with RRMS?
Review on evidence followed by our recommen-
dations. Several studies and reports describe the fur-
ther development of MS and clinical and paraclinical 
disease activity after discontinuing DMT. The course 
after discontinuation depends on various factors 
such as disease severity in the individual patient, dis-
ease duration, comorbidities, and the type of DMT. 
While pulsed immunotherapies tend to stabilize 
disease over the longer term, maintenance therapies 
suggest a more rapid return of disease activity after 
cessation. The therapy sequence is also essential.94–96 
In addition, there are immunopathogenic factors 
(genetics, environment, lifestyle).

Another factor to consider is differences in washout 
periods, that is, the times between discontinuation 
of a substance and initiation of follow-up treatment 
(typically from 1 to 6 months). Special considera-
tion in this context is given to drugs that affect leu-
kocyte migration.97,98 For them, in addition to the 
expected recurrence of disease activity due to dis-
continuation, various reports describe a rebound, 
meaning a return of disease activity to a level exceed-
ing that before the start of therapy. Although numer-
ous studies describe this effect for fingolimod and 
natalizumab, rebound does not occur in every indi-
vidual after discontinuing these therapies. However, 
an appropriate follow-up treatment should always 
be administered after these therapies to prevent the 
potential recurrence of disease activity.97,98

Recommendation 8:

 • Discontinuation or suspension of a medica-
tion for the therapy of (highly) active MS, 
either based on suboptimal efficacy or 
safety concerns, must be accompanied by a 
clear follow-up concept.

 • The following factors should be considered 
when selecting a follow-up medication:
1.  disease activity (clinical and MRI): the 

higher the disease activity, the larger the 
need for immediate initiation of a new 
therapy

2.  disease severity
3.  half-life as well as biological activity of 

the previous medication [differentiation 
between so-called maintenance thera-
pies (Natalizumab, S1P modulators, 
partly Ocrelizumab) and pulsed thera-
pies (Alemtuzumab, Cladribine, partly 
Ocrelizumab)]

4.  the risk of ‘carry-over’ PML (see recom-
mendation 10) should be reduced as 
much as possible, and clinical, MRI, 
and liquid diagnostic parameters [detec-
tion of HPyV-2 (JCV) DNA by PCR] 
should be used to determine the base-
line or pre-conversion status

 • The risk of recurrence of disease activity or 
rebound (especially after leukocyte migra-
tion therapies such as natalizumab or S1P 
receptor modulators) should be considered 
and can be expected 2–6 months after dis-
continuation of these agents.

If RRMS patients remain stable on DMT for 
an extended period, is treatment continuation 
beneficial compared with a treatment stop?
Review on evidence followed by our recommen-
dations. The scientific data on this clinically highly 
relevant question are scarce. The only available 
data result from retrospective observational studies 
mostly on older injectable MS therapeutics and 
comprising relatively small cohorts. A prospective 
paper from the Global MS Database describes that 
while relapse rates remain stable after discontinua-
tion of injectable MS therapies, disease progres-
sion is significantly accelerated.99 These results are 
consistent with smaller retrospective observations. 
So if treatment is well tolerated and safe, patients 
should be motivated to continue.

Special consideration must be given to agents 
inhibiting leukocyte migration (S1P receptor 
modulators fingolimod, ozanimod, ponesimod, 
siponimod, and natalizumab).97,98 Here, discon-
tinuation without a concept for follow-up treat-
ment should be the exception (challenging 
situations arise, for example, in the context of 
pregnancy, lactation, or surgery).

IRTs (alemtuzumab, cladribine, within limitation 
ocrelizumab) are special cases in the sense that 
disease remission without further or follow-up 
treatment is part of the therapeutic concept.23 The 
cohorts of the pivotal studies of alemtuzumab 
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(CARE MS I and II) have been followed up in 
very controlled conditions.63,100 These data show 
that about 50% of patients are stable for many 
years without the need for follow-up treatment, 
including the possibility of treating recurrent dis-
ease activity again with CD52 depletion (with the 
prospect of achieving re-stabilization). CLARITY 
Extension data are available for cladribine. Here, 
after only two cycles of depletion, a group of 
patients showed long-lasting disease stability in 
the absence of further DMT.100 Only a few  
controlled studies currently exist for the discon-
tinuation of B-cell depleting drugs. However, a 
reversible mechanism of action, and therefore ulti-
mately a return of disease activity, can be expected 
due to the B-cell dominance of the depletion prin-
ciple. Established prognostic or diagnostic mark-
ers (such as the dynamics of depleting versus 
repopulating immune cell types) that would indi-
cate durable remission for a specified group do not 
exist for MS. Hence, also IRTs require established 
guidelines for monitoring and appropriate action 
plans for recurring disease activity.

Evidence and practical examples for recommend-
ing a ‘de-escalation of treatment’ (meaning switch-
ing to a lower-efficacy DMT from a higher-efficacy 
DMT) are generally low, despite pathophysiologi-
cal rationale and arguments. Assuming that the 
sensitivity of the disease toward a lower-efficacy 
DMT might be different following pulsed immune 
therapy, the concept of de-escalation could be an 
option hereafter, maybe in general or after a return 
of disease activity (i.e. induction followed by main-
tenance).23,100 Currently, however, there is very lit-
tle controlled evidence for a de-escalation approach.

More attention is now being paid to disease activ-
ity in relation to age, effects of therapy relating to 
age, and phenomena of immune senescence ver-
sus immunocompetence in old age.101,102 Roughly, 
the inflammatory activity and the effect of immu-
notherapy, especially the influence on progres-
sion, decrease with age. When weighing the 
therapeutic goals and benefit-risk profile, consid-
ering disease activity becomes more important, 
especially at a higher age (>55).

Recommendation 9:

 • MS patients who are stable on a given 
DMT, receive clinical and radiological 
monitoring, and are without any safety or 
tolerability issues, must continue therapy.

 • Discontinuing or pausing treatment is asso-
ciated with the risk of recurrence of disease 
activity and progression, depending on the 
mechanism of action (see also recommen-
dation 8).

 • Discontinuing or pausing treatment at a 
patient’s explicit request (without planned 
follow-up therapy) may be done if adhering 
to clear guidelines for clinical and imaging 
monitoring.

Which strategy is recommended for patients 
who are scheduled to switch DMT?
Review on evidence followed by our recommen-
dations. Even with the availability of different 
DMTs, the heterogeneity of MS presents a chal-
lenge for therapy selection. The goal is to select 
the therapy that best meets the individual patient’s 
needs, taking into account efficacy, an acceptable 
benefit-risk ratio, and a relatively straightforward 
application.103 In the absence of predictive bio-
markers, stepwise and often time-consuming 
optimizations are necessary, possibly resulting in 
multiple therapy switches.104 Reasons for switch-
ing a DMT may include lack of efficacy, adverse 
events (intolerance, safety), and insufficient treat-
ment adherence.

A recently published multicenter retrospective 
Italian study analyzed data from 2954 patients 
with RRMS diagnosed between 2010 and 
2017.105 Here, 48% of patients had switched 
therapy at least once in 3 years. Insufficient effi-
cacy was the main reason for switching. Switching 
was observed more frequently in patients treated 
with first-line injectable therapeutics than in 
patients treated with second-line therapies such 
as fingolimod or natalizumab. An analysis of 595 
German MS patients, with a mean age of 41.6 
years, revealed that more than 60% of patients 
had ⩾1 relapse within 12 months before switch-
ing.106 Here, the main reasons for switching DMT 
were the failure of current therapy (53.9%), 
patient request (22.4%), and adverse events 
(19.0%). However, despite the demonstrated 
need for optimization, only 43.5% of patients 
were subsequently switched to a high-efficacy 
DMT, although the physicians in charge sought 
the switch to result in clinical optimization and 
had positive expectations regarding the outcome. 
These data demonstrate the still hesitant approach 
to switching to a high-efficacy DMT, which is 
likely due to the safety profile of these agents. 
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Accordingly, patient safety-oriented monitoring 
should be in place when switching DMTs, with 
the goal of not generating safety problems through 
a particular therapy sequence.16

Recommendation 10:

 • The switch from dimethyl fumarate, glati-
ramer acetate/glatiramoids, and interferon 
preparations to another DMT should be 
carried out without a washout interval. 
However – especially with dimethyl fuma-
rate – it is recommended to check the dif-
ferential blood count and, if necessary,  
to wait until the blood count has recov-
ered before switching in the case of 
lymphopenia.

 • For substances that regularly lead to lym-
phopenias, such as alemtuzumab, cladrib-
ine, or S1P receptor modulators, the 
lymphopenia should have largely regressed 
before switching if the patient’s clinical 
condition permits a pause in therapy (bene-
fit-risk analysis).

 • When switching from natalizumab to 
another high-efficacy therapy, the risk of 
‘carry-over’ PML must be considered. 
Therefore, a careful neuroradiological diag-
nosis must be performed before switching. 
In high-risk patients, CSF analysis for 
HPyV-2 (JCV) DNA should be performed 
(for further details and discussion on PML 
risk, see the section ‘Which therapeutic 
strategy should be selected to minimize the 
risk of PML for MS patients treated with 
DMTs?’).

 • The potential effect duration of DMTs 
should be considered when switching, espe-
cially if laboratory values or other factors 
dictate a break in therapy. Recurrence of 
disease activity can be severe for MS 
patients and is possible as early as 6 weeks 
after cessation of treatment for natalizumab 
and within the first 3 months for S1P recep-
tor modulators.

Which long-term therapeutic approach 
is optimal for patients last treated with 
alemtuzumab or cladribine?
Review on evidence followed by our recommen-
dations. A special situation occurs under deplet-
ing therapies with immune cells reconstitution.23,107 
Although the underlying mechanisms are not 

fully understood, the depletion following alemtu-
zumab or cladribine treatment will lead to a long-
lasting biological effect that persists beyond the 
phase of lymphocyte reduction. The basic idea is 
that the immune system is reconstituted with less 
autoimmune potential after depletion. Both ther-
apies are administered over 2 years only, with two 
and four treatment cycles, respectively. Long-
term observations show that 50–60% of patients 
require no further therapy for 5 years after being 
treated with alemtuzumab or cladribine and 
remain essentially free of relapses and disability 
progression.63,64 Reports exist of patients with 
more than 10 years of sustained disease stability. 
In this group of patients, the long-term therapeu-
tic approach is relatively simple: if clinical stability 
is achieved, there is no need for further immuno-
therapy initially, and only clinical progression 
needs to be followed up.

However, sustained disease stability is not 
observed in all patients. If disease activity recurs 
already during therapy, no studies are available to 
determine the most favorable course of action. 
For alemtuzumab, data are available which indi-
cate a third (and in theory even a fourth and fifth) 
therapy cycle to lead to a renewed stabilization of 
disease activity without increasing the risk of ther-
apeutic side effects; while side effects do remain 
at the same level, leaving a continuous risk.63,108 
In principle, all other types of follow-up treat-
ments are conceivable, while there is the concern 
of insufficient efficacy with moderate-efficacy 
therapies, as patients previously treated with 
alemtuzumab or cladribine are often patients with 
highly active disease forms. If choosing high- 
efficacy DMTs for follow-up treatment, the risk 
of a serious adverse event could be increased, pri-
marily because of the long-lasting biological effect 
(not half-life) of alemtuzumab and cladribine. 
Also, the sequential use of these two therapeutics 
is not recommended because the summation of 
the respective long-lasting effects on the immune 
system is unpredictable. However, other DMTs 
can be chosen for follow-up treatment, subject to 
relatively close monitoring regarding potential 
severe side effects. Even if follow-up therapies are 
(and often need to be) implemented in clinical 
practice, there are no systematically collected 
data on sequential treatment after alemtuzumab 
or cladribine.

The situation is even more difficult if there is 
renewed disease activity in the first treatment year 
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with alemtuzumab or cladribine. In individual 
cases, paradoxical disease activation has been 
apparent after alemtuzumab.95,109 On the con-
trary, disease activity in the first year of alemtu-
zumab treatment is not entirely uncommon, 
especially after pretreatment with natalizumab or 
S1P receptor modulators.96 In the CareMS trials, 
a particularly impressive treatment effect was 
seen in the second year in patients with incom-
plete early response, indicating that partial early 
disease activity does not equate to treatment fail-
ure. Hence, if disease activity is partially reduced 
(incomplete early response), it would be reason-
able or justifiable to continue treatment in the 
second year to follow the long-term therapeutic 
approach. Patients with unabated or even 
increased disease activity (primary non-response 
or paradoxical disease exacerbation) may require 
an early therapy switch. Here, only high-efficacy 
DMTs can be selected for follow-up treatment 
because the disease activity occurred under a 
highly potent drug. Switching from cladribine to 
alemtuzumab or vice versa seems inadvisable due 
to the unclear consequences for immunocompe-
tence (see above). Thus, anti-CD20 antibodies, 
natalizumab, or S1P-receptor modulators should 
be primarily considered for an early treatment 
switch, whereby the respective previous therapies 
are taken into account in the individual decision.

Recommendation 11:

 • If disease activity recurs after completed 
alemtuzumab treatment, a third therapy 
cycle should be considered, under the 
premise that disease activity was signifi-
cantly reduced after the first two cycles, and 
therapy response or disease control can 
thus be assumed.

 • If disease activity recurs after completed 
cladribine treatment, a third therapy cycle, 
analogous to alemtuzumab, may be consid-
ered (currently off-label for cladribine in 
the third and fourth year), although no suf-
ficient data are available to support this 
approach.

 • Switching from alemtuzumab to cladribine 
or vice versa should be well justified due to 
the low predictability of sequential com-
bined effects on the immune system. All 
other approved DMTs may be adminis-
tered under close monitoring if disease 
activity occurs.

 • If disease activity occurs under alemtu-
zumab or cladribine in the first treatment 
year, this should, on one hand, be inter-
preted in the context of previous therapy 
and disease history (pre-existing activity/
severity). On the other hand, the effect of 
treatment should be waited for, and treat-
ment should be continued into the second 
year to follow the long-term therapeutic 
approach. If, however, disease activity is 
clearly unabated or even paradoxically 
increased after the first therapy cycle com-
pared with the status before therapy initia-
tion, the switch to another high-efficacy 
DMT should be made.

Which therapeutic strategy should be selected 
to minimize the risk of PML for MS patients 
treated with DMTs?
Review on evidence followed by our recommen-
dations. All DMTs have a theoretical risk of immu-
nological side effects due to their impact on the 
immune system, particularly as none of the avail-
able therapies selectively or specifically target MS.

Several recent studies have addressed the risk for 
infections and immunological side effects of 
DMTs.110 As largely immunological safety con-
cerns limit the widespread use of high-efficacy 
therapies, a primary goal of DMT monitoring is 
the prevention, early detection, and management 
of side effects, especially infections.16 The risk of 
PML due to HPyV-2 (JCV) is particularly promi-
nent in the context of DMTs.111–113 While treat-
ment with natalizumab undoubtedly carries the 
highest risk of treatment-associated PML, it is 
not the only agent for which PML cases have 
been described. Currently, drugs with high risk 
(>1:1000: natalizumab), intermediate risk (1: 
1000–1:50,000: dimethyl fumarate, fingolimod, 
ozanimod, siponimod), and low risk [<1:50,000: 
alemtuzumab, cladribine, glatiramer acetate/glat-
iramoids, interferons, ocrelizumab, (rituximab) 
teriflunomide] are distinguished.16,111,112

Regarding risk stratification for PML under 
natalizumab, the past years have provided essen-
tial insights: A stratification according to the 
parameters (1) duration of therapy, (2) previous 
immunosuppression, and (3) presence of anti-
HPyV-2 (JCV) antibodies (Ab) and their quantity 
(HPyV-2 (JCV) index) can be applied to calculate 
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the risk of developing PML (ranking from <1:10 
to >1:10,000).113–115 Some other markers are in 
development but so far unavailable for applica-
tion (e.g. CD62L titers, lipid-specific IgM bands). 
The risk for PML ultimately increases with the 
duration of therapy, that is, with each natali-
zumab infusion. Therefore, patients on natali-
zumab therapy need to be closely and continuously 
monitored, and in the case of negative HPyV-2 
(JCV) Ab status, monitoring by ELISA is recom-
mended every 6 months. HPyV-2 (JCV)-Ab posi-
tive patients with an index of ⩾0.9 should 
generally not be treated with natalizumab for 
longer than 18 months. Exceptions are feasible if 
therapies are closely monitored clinically (every 
3 months) and by MRI (every 3–6 months), with 
a systematic program in place to detect symptoms 
of PML. The MRI assessment requires diffusion-
weighted imaging (DWI) and post-contrast 
sequences.66

Under natalizumab treatment, the risk of sero-
conversion appears to be slightly higher than in 
the average population and MS patients in gen-
eral (2–10%/year).116–118

Extended Interval Dosing (EID) has recently 
been advocated as another measure to mitigate 
PML risk, mainly based on analyses from the 
TOUCH registry.119 This retrospective analysis 
found that EID over an average of 6 weeks 
resulted in a significantly lower PML risk than 
therapy over the initially approved interval of 
4 weeks. The authors classify the result as class III 
evidence as they are based on retrospective data 
analysis. Data from a prospective study address-
ing the efficacy of a 6-week versus 4-week dosing 
interval (NOVA study) are available in prelimi-
nary form and, not unexpectedly, suggest mainte-
nance of efficacy even with EID.120 Presently, a 
safe recommendation cannot be derived, although 
the study and the possibility of EID are also men-
tioned in the SmPC for natalizumab. Another 
currently unclear point is how the newly approved 
subcutaneous application form for natalizumab 
can be classified regarding the PML risk.

For dimethyl fumarate, monitoring of leukocyte 
levels and absolute lymphocyte counts is required 
to prospectively avoid safety risks, including 
PML. Dimethyl fumarate significantly reduces 
lymphocyte and leukocyte counts in approxi-
mately 10% of patients, and the drug should be 

discontinued at confirmed counts of <500/µl. In 
the range of persistent second-degree lymphope-
nia (500–800/µl), close monitoring is advised, as 
PML cases have occurred with lymphocyte levels 
in the second-degree range. Here, based on 
immune senescence processes, patient age is 
likely a relevant cofactor in the development of 
PML. Overall, the risk of PML associated with 
dimethyl fumarate is approximately 1:45,000.

The PML risk during fingolimod therapy is just 
below 1:10,000 (which does not include the 
‘carry-over’ PML cases from natalizumab to fin-
golimod). Nevertheless, there are no actual 
measures or specific laboratory values to stratify 
PML risk, except for the lymphocyte threshold 
of 200/µl, which should not be continuously out 
of range. However, the number of peripheral 
lymphocytes might not correlate with the risk of 
PML, especially because the rate of general 
infections does not seem to correlate with the 
number of lymphocytes either. Based on the 
underlying mechanism of action, it is likely that 
other S1P receptor modulators carry a risk of 
PML, in addition to other class-specific immu-
nologic side effects.

For the other drugs (alemtuzumab, cladribine, 
ocrelizumab, ofatumumab, teriflunomide), the 
current view is that although there is in principle 
a PML risk, it is too low to suggest true risk strati-
fication. In particular, age seems to be a main pre-
disposing factor (further indicated by the two 
PML cases that have occurred under ocrelizumab 
so far – as of April 2021).

Recommendation 12:

 • Natalizumab is associated with a high risk 
of developing PML if (1) HPyV-2 (JCV)-Ab 
status is positive (⩾0.9) and (2) treatment 
duration is ⩾18 months. And, regardless of 
HPyV-2 (JCV)-Ab status, (3) prior immu-
nosuppression is a risk factor that should be 
considered alongside treatment duration.

 • If stable, patients at low risk of PML 
[HPyV-2 (JCV)-Ab negative, HPyV-2 
(JCV)-Ab titer ⩽ 0.9] must be monitored 
for treatment safety and receive regular, at 
least annual, clinical, and paraclinical 
(MRI) examinations. Also, serum HPyV-2 
(JCV)-Ab titer checks must be performed 
every 6 months.
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 • For patients at high risk of PML [HPyV-2 
(JCV)-Ab titer ⩾ 0.9 and treatment dura-
tion with natalizumab > 18 months, previ-
ous immunosuppression], more frequent 
MRI controls (every 3–6 months) must be 
performed if therapy is continued. In paral-
lel, higher frequency clinical controls  
(⩽ every 3 months) must also be done. 
Here, the selection of short MRI protocols 
with specific PML sequences is possible.

 • For patients at high risk of PML who switch 
drugs, or for patients with a potential for 
increased disease activity after discontinua-
tion of therapy – as after switching from 
natalizumab to fingolimod – a cerebral MRI 
and, if necessary, CSF testing [HPyV-2 
(JCV) PCR] must be performed, particu-
larly at the time of discontinuation of cur-
rent treatment and after initiation of a new 
treatment, to reliably rule out ‘carry-over’ 
PML and to assess the situation at the end 
of therapy or after therapy initiation.

 • To avoid immunological side effects – 
including opportunistic infections such as 
PML – leukocytes and especially absolute 
lymphocytes should be monitored under 
dimethyl fumarate in the first year in par-
ticular. If the count is persistently below 
500/µl, the drug must be discontinued. In 
case of values persistently between 500 and 
800 µl – even beyond the first year – 
increased vigilance measures must be put in 
place (higher frequency clinical and MRI 
monitoring). The risk appears to increase 
with patient age (⩾55 years).

 • There are no risk stratification parameters 
for PML risk under fingolimod (and pre-
sumably other S1P modulators) other than 
higher patient age (⩾55 years).

For MS patients on DMT, which treatment 
changes become necessary when planning 
a pregnancy or in case of an unplanned 
pregnancy? And which type of therapy is 
recommended post-natal when breastfeeding?
Review on evidence followed by our recommen-
dations. With the increasing incidence of MS in 
women, therapy during and after pregnancy is a 
highly relevant topic. A good review on this mat-
ter is included in Montalban and colleagues.3 As, 
naturally, there are no prospective studies, the 
most comprehensive experience regarding MS 
treatment and pregnancy is with DMTs with 

long-standing approval: Glatiramer acetate and 
interferon-beta preparations are generally 
approved during pregnancy, although a physician 
should assess the benefit of therapy continua-
tion.121,122 Also, in highly active forms of MS, the 
patient will usually be advised to first target dis-
ease stabilization before a planned conception. 
Should an unplanned pregnancy occur in a 
patient with a highly active disease, therapy con-
tinuation with natalizumab may be considered. 
The therapy should then be interrupted from the 
32nd week of gestation until delivery, as pro-
longed treatment can lead to blood count changes 
in the newborn.

Naturally, there are concerns with immunosup-
pressive DMTs that interfere with DNA replica-
tion or target molecules critically involved in 
intrauterine development. If a conception occurs 
under teriflunomide treatment, the drug must be 
forcibly eliminated by cholestyramine. Based on 
experience with fingolimod, a conception under 
S1P modulators must be avoided because of the 
risk of severe malformations. Differentiation 
between substances with short (siponimod, pone-
simod) versus long elimination times (fingolimod, 
ozanimod) may be relevant here. The use of clad-
ribine is prohibited during pregnancy.

Depleting antibodies can only be used during 
pregnancy after a strict benefit-risk assessment. 
There is no known risk of malformation with the 
latter, but immunological effects in the child may 
occur, particularly in the last trimester. Due to 
the long duration of immunological action, clad-
ribine and alemtuzumab (especially after a com-
plete treatment cycle), as well as anti-CD20 
antibodies, are suitable candidates to attempt 
conception during the therapy-free periods (see 
recommendations).

It should be pointed out that there is a large post-
marketing experience with the widely used oral 
DMT dimethyl fumarate and that no teratogenic 
effects have been observed.123

Recommendation 13:

 • Patients must be informed that, except for 
interferons and glatiramer acetate, DMTs 
have no approval during pregnancy.

 • The same applies post-natal when breast-
feeding, during which only interferons have 
been approved so far.
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 • For patients with highly active disease, con-
trol of disease activity should be a priority, 
and postponement of a planned conception 
is advised.

 • For planned or unplanned pregnancies in 
patients with highly active disease, natali-
zumab may be given up to week 32, consid-
ering the individual benefit-risk profile.

 • Administration of dimethyl fumarate may 
be possible up until conception.

 • Treatment with immunodepleting DMTs 
(alemtuzumab, cladribine) may be an alter-
native therapeutic option compatible with 
family planning, provided that the interval 
from last administration to conception is 
⩾4 months (alemtuzumab) or ⩾6 months 
(cladribine; applicable for both(!) sexes).

 • From knowledge gathered in clinical prac-
tice, it is feasible to plan a conception 
⩾4 months after treatment with ocreli-
zumab (good clinical practice point).

 • For women at high risk for disease activity, 
interferons or glatiramer acetate must be 
considered as a therapeutic option until the 
onset of and if necessary during pregnancy.

 • In principle, immunotherapy should be 
resumed after delivery, taking into account 
the requirements and restrictions during 
the period of breastfeeding.

Which treatment strategy is recommended 
for MS patients in the current epidemiological 
context of COVID-19?
Review on evidence followed by our recommen-
dations. The SARS-CoV-2 pandemic in 2020 has 
opened up the question to what extent DMTs 
affect the response of the immune system to new 
(viral) antigens. Currently, this question cannot 
be answered, but data available from registry 
studies allow a first positioning, following on from 
basic recommendations that were given in the 
early phase of the pandemic regarding the inter-
connection of MS, infections, and handling of 
immunotherapy.124

Thus, data from more than 300 patients in the 
French COVISEP registry were evaluated for their 
SARS-CoV-2 infection outcome under different 
DMTs.125 The authors could demonstrate an 
increased risk of severe COVID-19 progression in 
MS patients in relation to age and disability sever-
ity score (EDSS). Multivariate regression analysis 
confirmed older age, higher EDSS, previous 

cardiac disease, and obesity as risk factors for 
severe progression – that is, risk factors similar to 
those in the general population not affected by 
MS. No differences in COVID-19 progression 
were found between patient groups with different 
DMTs in this evaluation. Less favorable courses 
were more likely in untreated patients; it must be 
taken into account, however, that the group of 
untreated patients included more older MS 
patients with progressive courses.

In contrast, an evaluation of the Italian Musc-19 
registry showed, while the overall safety of DMTs 
was good (even after adjusting data for age and 
disease progression), the risk for severe COVID-
19 increased in the subgroup of patients treated 
with anti-CD20 mAb and after corticosteroid 
therapy. Similar conclusions were drawn from 
data of the so-called Global Data Sharing 
Initiative, a worldwide data collection of MS 
patients with COVID-19, which examined the 
endpoints of hospitalization, ICU admission, 
ventilation, and death.126 As in other registry 
studies, reaching these endpoints was associated 
with older age, a progressive MS course, and 
EDSS scores of >6. In addition to the higher risk 
for untreated patients, the authors found a higher 
risk for severe COVID-19 progression in patients 
treated with B-cell-depleting therapy. However, 
when looking closely at the data, this finding did 
not apply to the fatal outcome of the infection; 
here, there was no significant difference between 
anti-CD20 and other MS therapies. A North 
American registry analyzed 1626 patients and was 
able to show that a higher degree of disability was 
associated with worse COVID-19 progression; 
this was also true for older age, cardiovascular 
comorbidities, and recent treatment with corti-
costeroids and rituximab.127

In addition to questions on DMTs, the Corona 
pandemic has necessitated a reflection on the 
optimal vaccination strategy for MS patients (e.g. 
see the MS International federation in which 
members of the MSTCG are active: https://www.
msif.org/news/2020/02/10/the-coronavirus-and-
ms-what-you-need-to-know/). As vaccination has 
just started, sufficient data for MS patients do not 
yet exist. Therefore, recommendations have to be 
derived from the general experience with vaccina-
tions during immunosuppressive therapy.128 In 
principle, inactivated vaccines can be adminis-
tered safely, and preferably vaccination should  
be completed 2–4 weeks before the start of 
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immunosuppressive therapy. Live vaccines are 
generally contraindicated in patients receiving 
immunosuppressive treatment or require a care-
ful benefit-risk assessment. The interval between 
live vaccination and initiation of immunosuppres-
sive therapy should be at least 6 weeks. As a result, 
the vaccination status of MS patients should 
always be checked, and vaccinations potentially 
refreshed in line with the appropriate guidelines 
before initiating therapy. Often a check is 
neglected, however, or vaccination cannot occur 
prior to MS treatment due to organizational 
demands, as currently with the SARS-CoV-2 vac-
cination. Vaccination under a respective therapy 
needs optimal timing: some DMTs downregulate 
immune system response, and vaccination may 
not lead to the desired and sufficient protective 
immunity. This problem is minor with certain 
DMTs, such as dimethyl fumarate, glatiramer 
acetate/glatiramoids, interferon preparations, 
natalizumab, or teriflunomide, while it is proba-
bly more severe with cladribine, fingolimod, or 
ozanimod. Problems may arise with DMTs caus-
ing a depletion of B cells critical for the vaccina-
tion response (alemtuzumab, ocrelizumab, 
ofatumumab). In this context, the immunological 
memory against SARS-CoV-2 measured after 
6 months showed no apparent correlation between 
T-lymphocytes and B-cell responses, and immu-
nity protection is mediated not only by antibody 
formation but also by T-lymphocytes (CD4 and 
in particular CD8).129 Hence, the measurement 
of antibody formation is ultimately not the sole 
information required for expected protection 
against infection or a more severe disease course.

Few studies on the effects of other vaccines under 
DMTs have already been conducted.130–132 Some 
drugs were found to have a principally reduced 
vaccine response, while the majority of responses 
were sufficient for vaccine protection. Of particu-
lar interest here is the study of vaccination 
response 12 weeks after ocrelizumab administra-
tion (VELOCE).131 The positive response rate to 
a tetanus vaccine at 8 weeks was 23.9% in the 
ocrelizumab group versus 54.5% in the control 
group (with positive response rate defined as ⩾4-
fold increase in antibody titer due to vaccination 
– while serum protection was achieved by all sub-
jects in the ocrelizumab and control groups). The 
positive response rate to ⩾5 serotypes of polyva-
lent pneumococcal vaccine at 4 weeks was 71.6% 
in the ocrelizumab group and 100% in the control 
group. The positive response rates to a vaccine 

against five influenza strains at 4 weeks ranged 
from 55.6–80.0% in the ocrelizumab group and 
75.0–97.0% in the control group. Virtually no 
antibody responses were detectable against a true 
neoantigen such as keyhole limpet hemocyanin.

Recommendation 14:

 • Based on the data available to date, comor-
bidities and MS with severe disability pose 
an increased risk for severe COVID-19, but 
not MS disease in itself or treatment with 
DMTs. Only data on CD20 antibodies 
show the risk of a potentially more severe 
course under treatment. Thus, there is no 
reason to withhold or delay therapy for 
younger and otherwise healthy MS patients 
due to the pandemic. The selection of a 
drug should continue to be based solely on 
the activity and severity of MS.

 • However, in older MS patients with a 
higher degree of disability and pre-existing 
internal, especially cardiovascular, diseases, 
the disease activity in trajectory to age 
should be reflected more intensively in the 
context of the pandemic, especially for pro-
gressive MS, to check whether MS 
therapy/B-cell-depleting immunotherapy is 
indicated. Corticosteroid therapy may 
increase the risk for more severe courses, 
which should be considered for patients 
with regular corticosteroid pulses.

 • In principle, MS patients must be vacci-
nated – this includes vaccination against 
SARS-CoV-2 and applies to all currently 
available (conceptually inactivated) vac-
cines (mRNA, adenovirus vector). 
Vaccination should also be given under 
DMT as there is a reasonable prospect of 
achieving a sufficient vaccine response even 
with ongoing DMT. In this context, no 
special timing is required for vaccination. 
For ocrelizumab, data exist on vaccination 
3 months after therapy administration, so 
this time window may be followed if possi-
ble. If this is not possible, vaccination 
against SARS-CoV-2 may be given when-
ever possible and considering the benefit-
risk balance. Otherwise, the respective 
national vaccination guidelines must be fol-
lowed. Data on verifying the vaccination 
response by measuring antibodies are cur-
rently insufficient, and this is also not rec-
ommended by the manufacturers.
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