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Dear colleagues,

This year, ECTRIMS took place in Amsterdam with over 
9,000 neurologists, researchers, and MS professionals 
seeking updates on new developments regarding diagnosis, 
treatment, pathology, and biomarker research.  

EBV has gathered renewed interest in its possible relationship 
with MS, showing MS to be associated with a broader EBV-
specific T-cell receptor repertoire. A late-breaker trial showed 
the first disease-modifying therapy in radiologically-isolated 
syndrome to reduce the risk with 80% of having a first clinical 
event. Smouldering MS was also in the spotlight, with 
presenters arguing that the real MS is driven by smouldering 
processes.  
 
This summary attempts to identify and review the highlights 
of the congress. 

I hope you will find this interesting reading. 
 
Best wishes,
Hans-Peter Hartung 

Letter from the Editor
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A case for including optic nerve lesions in the 
McDonald criteria
Optic nerve lesions (ONLs) are often the first detectable 
marker of MS; nevertheless, they are currently not included 
in the McDonald criteria for diagnosing MS. Several 
presenters at ECTRIMS 2022 made the case for adding 
ONLs as a key diagnostic measure of MS at the next 
revision of these criteria.

In the 2010 revision of the McDonald criteria, symptomatic 
and asymptomatic lesions were considered equally to 
determine dissemination in space (DIS) or dissemination in 
time (DIT) [1]. From then on, DIS criteria required any lesions 
(clinically silent or not) in at least 2 out of 4 typical areas of 
the CNS: periventricular, juxtacortical, infratentorial, or spinal 
cord. Radiologist Prof. Frederik Barkhof (Vrije Universiteit 
Amsterdam, the Netherlands) presented the results from his 
discussion with the Magnetic Imaging in Multiple Sclerosis 
(MAGNIMS) group on these criteria [2].

The MAGNIMS group noticed “a bit of an imbalance,” in the 
words of Prof. Barkhof: “Why would you require 3 regions 
if you have an ONL and only 2 if you have a spinal cord or 
a brainstem presentation?” Consequently, MAGNIMS MRI 
criteria for DIS proposed requiring the involvement of at least 
2 out of 5 CNS areas, now including also the optic nerve. 
Prof. Barkhof said that it was generally considered a sensible 
proposal which failed to be included in the 2017 McDonald 
criteria [3], due to a paucity of data at the time. Prof. Barkhof 
expressed his confidence that ONLs will be included in the 
upcoming revision, as optic neuritis is the most common 
first presentation of clinically isolated syndrome (CIS)/MS 
and MRI has a high specificity and sensitivity.

Next, Dr Angela Vidal-Jordana (Vall d'Hebron University 
Hospital, Spain) discussed the implementation of ONLs in the 
clinic [4]. When a patient presents with new visual symptoms, 
one should ask whether this is suggestive of an inflammatory 
aetiology and whether these symptoms are typical for 
MS. If the answer to both questions is positive, optic nerve 

topography should be taken into account in the diagnostic 
process. Dr Vidal-Jordana stressed that optic neuritis is 
frequently overdiagnosed, in up to 60% of cases. Therefore, 
when a patient comes to a neurologist with a diagnosis of 
optic neuritis, that diagnosis should be questioned. As long 
as the highest quality standards apply, MRI, visual evoked 
potentials (VEP), or optical coherence tomography (OCT) can 
be used to evaluate structure and function of the optic nerve. 
Test selection should probably be based on availability, centre 
experience, and time elapsed since CIS. “If less than 3 months 
have passed, I would go for a VEP; if more time has passed, I 
would probably choose OCT,” said Dr Vidal-Jordana.

Non-MRI methods for assessing ONLs were discussed by 
neuro-ophthalmologist Prof. Laura Balcer (NYU Grossman 
School of Medicine, NY, USA) [5]. In about 25% of MS 
patients, ONLs are the first clinical demyelinating event. “An 
enormous amount of data has emerged over the past 5 years, 
demonstrating the importance of the optic nerve in the MS 
diagnosis with implications for early therapy.” It is however 
critical to be sure of the diagnosis of optic neuritis before 
considering it a symptom of MS. It should not be confused 
with central serious maculopathy for example, which is often 
painless and could worsen when treated with steroids.

Prof. Balcer concluded that the optic nerve should “get a fair 
shake” in the diagnosis of MS, since  multiple modalities exists 
for identifying ONLs, including OCT, VEP, and advanced MRI. 
Further, evidence for these measures is strong, and diagnostic 
criteria need not necessarily be additive or fulfilled sequentially. 
Clinical diagnosis of optic neuritis and identification of optic 
neuropathies is also critical to establish DIS and DIT. Taken 
together, the optic nerve should be a first ingredient in the MS 
diagnostic criteria, according to the discussants.

1. Polman CH, et al. Ann Neurol. 2011;69(2):292–302.
2. Barkhof F. Rationale and detection by MRI. Hot topic 6, ECTRIMS 2022, 26–28 

October, Amsterdam, the Netherlands.
3. Thompson AJ, et al. Lancet Neurol. 2018;17(2):162–173.
4. Vidal-Jordana A. Clinical implementation. Hot topic 6, ECTRIMS 2022, 26–28 

October, Amsterdam, the Netherlands.
5. Balcer L. Non-MRI assessment of optic nerve lesions. Hot topic 6, ECTRIMS 2022, 

26–28 October, Amsterdam, the Netherlands.

Diagnosis and Prediction of Disease 
Course
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Early, non-disabling relapses increase 
disability accumulation
Non-disabling relapses (NDRs) that occur early in the 
course of relapsing-remitting MS (RRMS) are associated 
with a higher risk of disability accumulation. These types 
of relapses should therefore be taken into consideration 
when making treatment decisions, as was concluded 
from a prospective registry study.

The European Medicines Agency (EMA) restricts the use 
of certain disease-modifying treatments (DMTs) to MS 
patients with disabling relapses. For example, natalizumab 
and fingolimod can only be used in the first line in case of 
rapidly-evolving, severe MS, Dr Cyrus Daruwalla (Cambridge 
University Hospitals, UK) pointed out. Confronted with NDRs, 
a neurologist is uncertain about the prognostic significance 
and whether the NDRs should influence treatment. A study set 
out to determine whether NDRs early in the course of RRMS 
herald faster accumulation of disability than the absence of 
such relapses [1].

Prospectively-collected data was used from 78,531 partici-
pants from the MSBase international registry (msbase.org). 
Participants with NDRs only were compared with those 
with no relapses in the first 2 years after attaining clinically 
definite RRMS. To mitigate the confounding effect of DMTs, 
participants were stratified according to the highest-efficacy 
DMT they received during follow-up into no treatment, platform 
therapies, or high-efficacy DMT. For each group was assessed 
whether early NDRs were associated with 90-day confirmed 

disability accumulation events, defined as an increase in 
Expanded Disability Status Scale (EDSS) score of 1.0 (or 1.5 if 
the baseline EDSS=0, or 0.5 if the baseline EDSS>5).

Untreated RRMS participants with NDRs had a significantly 
higher risk of disability accumulation (+29%) than participants 
with no relapses (see Figure). Participants treated with 
platform DMTs who had NDRs, had a significantly increased 
risk of disability accumulation compared with participants 
without relapses. No difference was detected between users 
of high-efficacy DMTs and participants without relapses.

“Contrary to EMA guidance, NDRs should be considered in 
decisions to initiate or escalate treatment, including high-
efficacy therapies,” concluded Dr Daruwalla.

1. Daruwalla C, et al. Early non-disabling relapses are associated with a higher risk 
of disability accumulation in people with relapsing-remitting multiple sclerosis. 
Abstract O178, ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

Cerebrospinal fluid kappa-free light chains for 
MS diagnosis
A systematic review and meta-analysis indicated that 
the kappa-free light chains (κ-FLC) index has a similar 
diagnostic accuracy in MS as oligoclonal bands (OCB). 
Intrathecal κ-FLC synthesis might be included into the 
next revision of MS diagnostic criteria as an additional 
tool to measure intrathecal immunoglobulin synthesis.

Intrathecal IgG synthesis is a hallmark of MS [1]. Determination 
of the OCB in cerebrospinal fluid (CSF) is the gold standard for 

Figure: Disability accumulation for no treatment, platform therapies, or high-efficacy DMT [1]
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detecting this. A highly-promising alternative method for the 
assessment of intrathecal inflammation is the quantification 
of κ-FLC in CSF. In the context of a consensus statement on 
how to best to evaluate CSF in patients suspected of MS, a 
systematic review and meta-analysis were performed by Dr 
Harald Hegen (Medical University of Innsbruck, Austria) and 
colleagues to compare the diagnostic value of κ-FLC and OCB 
[2,3].

Included were 34 studies that assessed diagnostic sensitivity 
and specificity of both methods to discriminate patients 
with MS or a clinically isolated syndrome (CIS) from control 
participants. The diagnostic sensitivity and specificity of κ-FLC 
were almost identical to those of OCB, confirming the diagnostic 
performance of κ-FLC (see Table). A central issue here is a cut-
off value for the κ-FLC index, which was determined at 7.0. 

Table: Performance of CSF evaluation using κ-FLC or OCB [2]

Marker Sensitivity (range) Specificity (range)

κ-FLC 88% (52–100) 89% (69–100)

OCB 85% (37–100) 92% (74–100)

Mean difference 2 -4

k-FLC, kappa-free light chains; OCB, oligoclonal bands.

An international expert panel reached consensus on several 
recommendations for standard CSF evaluation. One of these 
recommendations was that determination of intrathecal 
κ-FLC synthesis, e.g. by the κ-FLC index, should be included 
in the next revision of MS diagnostic criteria. The panel's 
conclusions were endorsed by the European Committee for 
Treatment and Research in Multiple Sclerosis (ECTRIMS).

1. Bonnan M. Mult Scler Int. 2015;2015:296184. 
2. Hegen H, et al. Cerebrospinal fluid kappa free light chains for the diagnosis of 

multiple sclerosis: a systematic review, meta-analysis and consensus statement. 
Abstract O056, ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

3. Hegen H, et al. Wien Med Wochenschr. 2022;172(15-16):337–345.

Physical impairment is present before 
perceived MS onset
An analysis of patient-reported outcomes (PROs) over 
a 10-year period suggests that physical impairment in 
MS patients with progressive disease is present before 
the perceived disease onset. This implies that an initial 
phase of the disease may be generally overlooked.

Online registries offer the opportunity to streamline follow-
up through large-scale, long-term, and cost-effective data 
collection. Registry data can be analysed retrospectively 
to compare outcomes based on a particular exposure. 

Additionally, this type of data allows patients to get involved 
with research and offer a personal perspective on their 
disease.

Ms Annalaura Lerede (Imperial College London, UK) 
presented a prospective registry data analysis reflecting 
55-year-long disease trajectories, using data from a 10-
year period [1]. The aim was to gather new insights into 
the evolution of physical disability across MS subtypes. Ms 
Lerede focused on 2 PROs, namely the Multiple Sclerosis 
Impact Scale (MSIS-29) motor component, and the Multiple 
Sclerosis Walking Scale (MSWS-12), which measure general 
motor and walking abilities, respectively. A total of 15,976 
MS patients from the UK MS Register provided data for this 
study. The records were analysed by disease length (5-years 
bins) and by MS subtype: relapsing-remitting MS (RRMS), 
primary-progressive MS (PPMS), secondary-progressive MS 
(SPMS), and so-called ‘benign’ MS.

Results showed that the investigated PROs worsened over 
time in each disease subtype except benign MS (2% of the 
total population) and at each disease timepoint (P<0.0001 for 
both PROs). The average scores of all subtypes differed from 
each other (P<0.01) and disease duration was associated with 
PROs for all subtypes (P<0.001). PPMS and SPMS patients 
had notably higher (i.e. worse) PROs from the first year up 
to 10 years later. RRMS patients whose disease progressed 
within the 10-year follow-up also had higher average PROs 
from onset (P<0.0001 up to 45 years from onset). 

Ms Lerede noted that both PROs already reflect physical 
disability in all categories of patients before perceived 
MS onset. “These results suggest that patients may be 
overlooking an initial phase of the disease.” She added that 
this work supports the value of PROs as alternative outcome 
measures in MS, and that PROs may be useful to study the 
MS prodromal phase.

1. Lerede A, et al. From the patient’s perspective: trajectories of physical worsening 
over 55 years in multiple sclerosis. Abstract O083, ECTRIMS 2022, 26–28 October, 
Amsterdam, the Netherlands.

Chronic active MS lesions respond poorly to 
anti-CD20 antibodies
Anti-CD20 therapies do not fully resolve chronic active/
smouldering lesions, visible on MRI as paramagnetic rim 
lesions (PRLs), after 2 years of follow-up. These findings 
may be partially explained by the low numbers of CD20+ 
B cells in chronic active lesions, the limited CD20+ B 

https://doi.org/10.1155/2015/296184
https://doi.org/10.1007/s10354-022-00912-7
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cells tissue turnover, and the inefficient passage of anti-
CD20 antibodies across the blood-brain barrier.

Chronic active/smouldering lesions, visible as PRLs, are 
associated with clinical disease severity and neuro-axonal 
damage [1]. A new study aimed to assess the effects of anti-
CD20 antibody therapy on these lesions [2]. B-cell lineage 
lymphocytic subpopulations in chronic active lesions were 
also analysed, including the consequences of their depletion.

A longitudinal, clinical, MRI study was set up in which 4 
European academic hospitals participated. Included were 
68 adults with relapsing-remitting MS or progressive MS; 
42 received anti-CD20 treatment, while 26 chose not to 
be treated. All participants underwent longitudinal 3T 
susceptibility-based MRI for PRL detection and quantitative-
susceptibility mapping (QSM) analysis. The median follow-up 
for treated and untreated participants was 26 and 31 months, 
respectively. Dr Pietro Maggi (Saint-Luc University Hospital, 
Belgium) presented the results. 

A total of 346 white-matter lesions were studied: 185 PRLs 
(133 treated and 52 untreated) and 161 non-PRLs (110 

treated and 51 untreated). At follow-up, the paramagnetic 
rim disappeared in none of the 133 treated PRLs. The 
researchers did not find a significant treatment effect on 
PRLs versus non-PRLs for log-lesion volume (P=0.16), QSM 
(P=0.56), or T1 values (P=0.34). PRLs were larger (P<0.0001) 
and expanded over time (P=0.009), “confirming their nasty, 
destructive phenotype,” Dr Maggi said.

In chronic active lesions, lymphocytes constituted 6.8% of all 
immune cells; they included 4.3% of CD20+ B cells, 20% of 
antibody-producing plasmablasts, 75.5% of activated T cells, 
and 0.2% of natural-killer cells. A gene-regulatory network 
(GRN) machine-learning analysis predicted that depletion of 
CD20+ B cells, plasmablasts, and T cells would each affect 
genes highly expressed by microglia and dendritic cells.

Thus, anti-CD20 therapies did not fully resolve PRLs after 2 
years of follow-up. The lack of CD20+ B cells in chronic active 
lesions and the inefficient passage of anti-CD20 antibodies 
across the blood-brain-barrier could be possible explanations

1. Absinta M ,et al. JAMA Neurol. 2019;76(12):1474–1483.
2. Maggi P. Chronic active multiple sclerosis lesions are poorly responsive to anti-

CD20 antibody treatment. Abstract O118, ECTRIMS 2022, 26–28 October, 
Amsterdam, Netherlands.

Treatment: Trials & Strategies
Dimethyl fumarate reduces the risk of a first 
clinical event in RIS
A randomised, placebo-controlled trial demonstrated 
beneficial effects of a disease-modifying therapy (DMT) 
in preventing a first acute clinical event in people with 
a radiologically-isolated syndrome (RIS). Dimethyl 
fumarate reduced this risk by over 80%, the ARISE trial 
showed.

The randomised, double-blinded, placebo-controlled ARISE 
trial (NCT02739542) studied the use of dimethyl fumarate in 
people with RIS treated in 12 centres in the USA [1]. A total 
of 87 adult RIS patients were recruited and randomised 1:1 
to oral dimethyl fumarate 240 mg twice daily or placebo. 
The primary endpoint was the time to onset of clinical 
symptoms attributable to a CNS demyelinating event at 
week 96. Also studied were the differences in the number 

of new or newly-enlarging T2 lesions, change in T2-lesion 
volume, and the number of gadolinium-enhancing (Gd+) 
lesions over 96 weeks. Prof. Darin Okuda (University of Texas 
Southwestern Medical Center, TX, USA) stressed that 10 out 
of 87 participants did not complete the full 96 weeks, as the 
study was prematurely terminated due to slow recruitment. 

The risk of a first clinical demyelinating event was reduced 
in the dimethyl fumarate group in the unadjusted Cox 
proportional-hazards regression model (HR 0.18; 95% CI 
0.05–0.63; P=0.007) and in the adjusted analysis (HR 0.07; 
95% CI 0.01–0.45; P=0.005). The pre-specified Bayesian 
analysis revealed a significant reduction in the number of 
new or newly-enlarging, T2-weighted, hyperintense lesions in 
the dimethyl fumarate arm compared with placebo (HR 0.20; 
95% CI 0.04–0.94; P=0.042) after adjusting for the number 
of Gd+ lesions at baseline. This finding is highly consistent 

https://doi.org/10.1001/jamaneurol.2019.2399
https://clinicaltrials.gov/ct2/show/NCT02739542
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with the primary analysis results. MRI outcomes showed 
a significant reduction in the occurrence of new or newly-
enlarging T2 lesions and in change in T2-lesion volume in 
the dimethyl fumarate group (see Figure).

Figure: Pre-specified secondary MRI outcomes [1]
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Regarding safety, there were more moderate adverse events 
in the dimethyl fumarate group (34; 32%) than in the placebo 
group (19; 21%). However, severe events were similar, with 3 
(5%) in the dimethyl fumarate group and 4 (9%) in the placebo 
group.

“This data supports the benefit of early intervention in the 
MS disease spectrum,” concluded Prof. Okuda.

1. Okuda D, et al. Multi-center, randomized, double-blinded assessment of DMF in 
extending the time to a first clinical demyelinating event in radiologically isolated 
syndrome (ARISE). Abstract O179, ECTRIMS 2022, 26–28 October, Amsterdam, 
the Netherlands.

How and when to make a timely switch to high-
efficacy DMT
For a variety of reasons, relapsing-remitting MS (RRMS) 
patients together with their neurologist can decide on 
starting treatment with a low- or moderate-efficacy 
therapy. Such an escalation approach continues to be 
a viable paradigm, in view of varying disease severity, 
medication safety, and patient preference.

Many RRMS patients choose to start with a disease-
modifying therapy (DMT) that has low or moderate efficacy, 
to then escalate this therapy when necessary, as opposed to 
starting with an early, intensive therapy. According to Dr Dalia 
Rotstein (University of Toronto, Canada), such an escalation 
approach can be considered due to favourable prognostic 
factors, long-term safety concerns, patient preference 

(in terms of safety and route of administration), access, 
or associated cost [1]. She emphasised that treatment 
response should consequently be assessed early. “MS is a 
highly heterogeneous disease which is largely unpredictable, 
especially early on. So, the first 1 or 2 years of therapy can 
provide valuable information to determine what treatment 
intensity is required in the long term.” In these first 2 years, 
the patient should be closely monitored for relapses, MRI 
activity, and disability progression, while also considering 
levels of neurofilament light (NfL).

No randomised-controlled trials exist to date to guide treatment 
switches. When considering a switch, the neurologist should 
take the time to treatment effect (varying from 3–6 months) 
into account, and then obtain a re-baseline MRI. Generally in 
guidelines, 1 or more relapses are usually seen as a cause for 
concern, as well as a confirmed Expanded Disability Status 
Scale (EDSS)-progression of at least 1 point. More controversy 
exists regarding MRI, but anywhere between 1–3 new T2 
lesions should be a reason to consider a switch.

To avoid delays in escalating therapy, vaccination in advance 
(especially in the COVID-19 era) is important. According to Dr 
Rotstein, the washout period should be minimised. In recent 
studies, prolonged washout periods have been associated 
with an elevated risk of new disease activity, particularly after 
terminating fingolimod treatment [2]. She concluded that 
early aggressive therapy (the “hit-hard-and-early” concept) 
may gain popularity, but the escalation approach continues 
to be a viable paradigm, in view of varying disease severity, 
medication safety, and patient preference.

1. Rotstein DL. How to make a timely switch to high efficacy DMT. Abstract O006, 
ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

2. Alroughani  R, et al. Mult Scler Relat Disord. 2019;34:9–13.

Comparing real-world effectiveness of DMTs
In a cohort study, ocrelizumab proved to be superior 
to other disease-modifying treatments (DMTs) in 
achieving no evidence of disease activity (NEDA-3), as 
well as in reducing relapse risk and Expanded Disability 
Status Scale (EDSS) worsening. MRI results were less 
contrasting, possibly due to the limited sample size that 
was analysed.

A cohort study (1997–2021) aimed to evaluate the real-world 
effectiveness of different DMTs using relapses, EDSS, and 
MRI activity [1]. Included were 1,986 relapsing MS patients 
with an average age of 39 years, 71.2% were women, and time 

https://doi.org/10.1016/j.msard.2019.06.007
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since diagnosis was 8.4 years. Used as DMTs were dimethyl 
fumarate (n=670), glatiramer acetate (n=547), fingolimod 
(n=336), ocrelizumab (n=256), or natalizumab (n=177). The 
mean follow-up was 5.81±5.85 years.

Compared with ocrelizumab (which was used as a reference), 
the probability of relapse after 1 year was higher with glatiramer 
acetate (OR=27.27), dimethyl fumarate (OR 10.60), fingolimod (OR 
16.28), and natalizumab (OR 17.20). After 2 years, probability of 
relapse was higher with glatiramer acetate and fingolimod versus 
ocrelizumab; there were no differences with dimethyl fumarate 
and natalizumab (see Figure). Again compared with ocrelizumab, 
EDSS was higher after 1 year with dimethyl fumarate, fingolimod, 
glatiramer acetate, and natalizumab. The same was true after 2 
years (see Figure). 

The probability of new/Gd-enhancing lesions was higher 
with glatiramer acetate (OR 4.02; 95% CI 1.74–9.27; P<0.01) 
compared with ocrelizumab. No differences were found 
for dimethyl fumarate (P=0.42), fingolimod (P=0.87), and 
natalizumab (P=0.11). The probability to achieve NEDA-3 
status was lower in all groups compared with ocrelizumab. 
NEDA-3 was achieved by 90.23% of participants in the 
ocrelizumab group. For glatiramer acetate this percentage was 
44.24% (HR 12.52; 95% CI 9.55–16.42; P<0.01), for dimethyl 
fumarate 62.08% (HR 1.66; 95% CI 1.30–2.11; P<0.01), for 
fingolimod 54.16% (HR 2.98; 95% CI 2.35–3.77; P<0.01), and 
for natalizumab 57.72% (HR 1.71; 95% CI 1.32–2.21; P<0.01). 

Ocrelizumab was superior to natalizumab in propensity score-
adjusted analyses, which does not necessarily translate into 
differences at the level of the individual MS patients with high 
disease activity.

In summary, ocrelizumab was superior to other DMTs in 
achieving NEDA-3 and EDSS worsening. The less striking 
MRI results require ongoing analysis in a larger patient group.

1. Moccia M. Comparing clinical and radiological effectiveness of disease modifying 
treatments in the real-world. Abstract O018, ECTRIMS 2022, 26–28 October, 
Amsterdam, the Netherlands. 

Study fails to show non-inferiority of rituximab 
to ocrelizumab
A comparative study failed to demonstrate that treatment 
with rituximab is non-inferior to ocrelizumab in relapsing-
remitting MS (RRMS). Rituximab was associated with a 
higher relapse risk than ocrelizumab.

Ocrelizumab is a humanised, monoclonal antibody targeted 
against CD20+ B cells, which has been shown to reduce the 
frequency of relapses by 46% and disability worsening by 
40% compared with interferon-β1a. Rituximab is a chimeric, 
monoclonal, anti-CD20 agent that serves as an off-label 
alternative to ocrelizumab. 

A longitudinal, observational, cohort study evaluated the 
clinical non-inferiority of rituximab to ocrelizumab in RRMS [1]. 
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Data was obtained from the MSBase (msbase.org) and the 
Danish MS registry (DMSR) and participants had to be pre-
treated with either rituximab or ocrelizumab for at least 6 
months. Participants with comparable baseline characteristics 
were matched 1:6 by propensity score on age, sex, MS 
duration, Expanded Disability Status Scale (EDSS) score, prior 
relapse rate, prior therapy, disease activity, MRI lesion burden, 
and country. The primary study outcome measure was the 
annualised relapse rate (ARR). The pre-specified, non-inferiority 
margin was a 1.2 rate ratio. Secondary outcome measures 
were the cumulative hazard of relapse, 6-month confirmed 
disability accumulation, and 6-month confirmed disability 
improvement. Dr Izanne Roos (University of Melbourne, 
Australia) presented the results.

Included were 1,613 participants; 898 from MSBase and 
715 from the DMSR. Of these, 1,354 received treatment with 
ocrelizumab and 259 with rituximab. Over a mean follow-
up of 1.5 years, the ARR ratio was higher in rituximab-treated 
participants, with a rate ratio of 1.8 (95% CI 1.4–2.4). ARR was 
0.20 for rituximab versus 0.09 for ocrelizumab users (P<0.01). 
The cumulative hazard of relapse was higher in the rituximab 
group (HR 2.8; 95% CI 1.46–2.96; P<0.001) but the cumulative 
hazard of disability accumulation was not different (HR 1.51; 
95% CI 0.86–2.64; P<0.15). Follow-up was insufficient to draw 
definitive conclusions on disability outcomes. Results were 
confirmed in sensitivity analyses with an intention-to-treat 
design.

The comparative effectiveness of rituximab and ocrelizumab 
should be further evaluated in randomised, clinical, non-
inferiority trials, such as the DanNORMS trial (NCT04688788).

1. Roos I, et al. A non-inferiority study of rituximab versus ocrelizumab in relapsing-
remitting multiple sclerosis. Abstract O180, ECTRIMS 2022, 26–28 October, 
Amsterdam, Netherlands. 

Autologous haematopoietic stem cell 
transplantation versus DMTs
Results of a new study comparing autologous 
haematopoietic stem cell transplantation (AHSCT) to 
various highly efficacious disease-modifying treatments 
(DMTs) reveal it to be superior to fingolimod and 
comparable with ocrelizumab and natalizumab therapy 
in the prevention of relapses.

In AHSCT, patients’ stem cells are harvested and reinfused after 
high-dose chemotherapy, in an attempt to reset the immune 
system. From observational, single-arm cohorts, autologous 
haematopoietic stem cell transplantation (AHSCT) is known 
to be very effective in MS patients with highly active disease 
[1]. In the absence of direct, randomised, comparative trials, the 
presented study compared the effectiveness of AHSCT with 
fingolimod, ocrelizumab, and natalizumab therapy by emulating 
a series of pairwise trials [2]. Patient data was collected in 6 
centres specialised in AHSCT from 5 different countries, and 
was paired with patients from the MSBase registry (msbase.
org) using fingolimod, ocrelizumab, or natalizumab. The 
AHSCT and pharmaceutical groups were matched using a 
propensity score that was based on demographic factors, 
previous relapses, time since diagnosis, and most effective 
prior therapy. The main endpoints were annualised relapse 
rate (ARR), freedom from relapse, and Expanded Disability 
Status Scale (EDSS) change. Prof. Tomas Kalincik (University 
of Melbourne, Australia) presented the results.

Matched participants had a mean of >0.9 relapses in 
the prior year and a mean EDSS of 3–4. Compared with 
612 fingolimod users, 120 matched AHSCT participants 
experienced less relapses (mean ARR 0.20 vs 0.11), relapse 
risk (HR 0.55; 95% CI 0.37–0.91). The risk of EDSS worsening 
was not significantly different (HR 0.49; 95% CI 0.16–1.54) 
and AHSCT patients were more likely to experience disability 
improvement (HR 2.62; 95% CI 1.46–4.72).

No significant differences were detected between 91 AHSCT 
and 303 ocrelizumab-treated participants: ARR 0.10 versus 
0.08, relapse risk (HR 0.85; 95% CI 0.46–1.56), EDSS worsening 
(HR 0.41; 95% CI 0.09–1.90), and EDSS improvement (HR 2.31; 
95% CI 0.63–8.48). Compared with 606 natalizumab users, 
116 AHSCT participants had similar results in ARR (0.12 vs 
0.09), relapse risk (HR 0.78; 95% CI 0.40–1.52), and EDSS 
worsening (HR 0.50; 95% CI 0.09–2.61). AHSCT was however 
associated with a higher rate of EDSS improvement (HR 1.82; 
95% CI 1.19–2.78), despite the fact that natalizumab is known 
for the reduction of disability in clinical trials. 

1. Willison AG, et al. J Neurol. 2022;269(7): 3937–3958.
2. Kalincik T, et al. Comparative effectiveness of autologous haematopoietic stem 

cell transplantation vs. fingolimod, ocrelizumab and natalizumab in relapsing-
remitting MS. Abstract O019, ECTRIMS 2022, 26–28 October, Amsterdam, the 
Netherlands.

 

https://www.msbase.org/
https://clinicaltrials.gov/ct2/show/NCT04688788
https://www.msbase.org/
https://www.msbase.org/
https://doi.org/10.1007/s00415-022-11063-5
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Stem cell transplantation not superior to 
natalizumab in progressive MS
Immune ablation with autologous haematopoietic 
stem cell transplantation (AHSCT) was not superior to 
natalizumab in reducing disability progression or allowing 
reduction of disability in patients with progressive MS. 
This was the main result from a non-randomised study 
comparing pairwise-censored groups.

What is known about the effectiveness of AHSCT in 
progressive MS mostly comes from results of studies that 
focused on relapsing-remitting MS. In fact, at ECTRIMS 2022, 
Prof. Tomas Kalincik (Royal Melbourne Hospital, Australia) 
presented results of a study comparing AHSCT with 3 high-
efficacy DMTs in relapsing-remitting MS [1]. Prof. Kalincik 
also explored the effectiveness of AHSCT in progressive MS 
and compared it with a single, high-efficacy therapy, namely 
natalizumab [2]. This comparator was chosen for pragmatic 
reasons.

Patients with secondary or primary progressive MS (SPMS 
and PPMS) from 6 AHSCT MS centres around the world 
plus patients from the MSBase registry (msbase.org) could 
participate. They were included if they received AHSCT 
or started natalizumab during progressive MS. A total of 
39 participants treated with AHSCT (37 with SPMS, 2 with 
PPMS) were matched with 139 natalizumab users. The 
pairwise-censored groups were compared on annualised 
relapse rates (ARR), freedom from relapses, and cumulative 
hazards of 6-months confirmed Expanded Disability Status 
Scale (EDSS) worsening and improvement. Prof. Kalincik 
stressed that, on average, participants had moderately 
advanced disease, with a mean EDSS of 5.7 and a mean 
0.5–0.6 relapses in the preceding year. There was a follow-
up of up to 6 years.

ARR while on treatment was low in both groups (both 0.08). 
“This is significant when we consider that these patients had 
a relatively high relapse rate prior to baseline,” Prof. Kalincik 
commented. Hazard ratio for relapses was 1.05 (see Figure), 
a result that was corroborated by the similar cumulative 
hazards of having a relapse at year 2 (AHSCT 20%, 
natalizumab 14%) and at year 5 (31% and 34%, respectively). 

Confirmed EDSS worsening was relatively prevalent in both 
groups (HR 1.49) and HR for improvement, which rarely 
occurred, was 1.49.

Figure: Relapse results for AHSCT and natalizumab [2]
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 In the AHSCT group, 3 patients (7.7%) had febrile neutropenia 
during mobilisation, 9 (23%) had serum sickness, 6 
(15%) required ICU admission, and 36 (92%) experienced 
complications after discharge, including 21 infections. There 
were no treatment-related deaths.

1. Kalincik T, et al. Comparative effectiveness of autologous haematopoietic stem 
cell transplantation vs. fingolimod, ocrelizumab and natalizumab in relapsing-
remitting MS. Abstract O019, ECTRIMS 2022, 26–28 October, Amsterdam, the 
Netherlands.

2. Kalincik T, et al. Effectiveness of autologous haematopoietic stem cell 
transplantation in comparison with natalizumab in progressive MS. Abstract O181, 
ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

Efficacy of DMTs fades away in secondary 
progressive MS
A large study that combined data from 9 registries 
concluded that disease-modifying therapies (DMTs) 
may be beneficial during the early stages of progression 
in secondary progressive MS (SPMS), but their effect 
seems to fade away with time, over the follow-up years.

The investigators combined data from 8 registries of as many 
European countries, plus the MSBase registry (msbase.org). 
The number of patients (total 10,238) each registry contributed 
varied greatly: from 15 from the UK, to 2,337 from Italy, and 
3,236 from France. Included patients were at least 18 years of 
age, had clinically defined SPMS, and were divided into treated 
and untreated patients. Participants were classified as treated 

Progressive MS

https://www.msbase.org/
https://www.msbase.org/
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if they had been on DMTs for at least 80% of the time during 
the 2-year index period (2015 and 2016) and if they were on a 
DMT at the index date (1 January 2017). The influence of DMTs 
on Expanded Disability Status Scale (EDSS) score trajectories 
was evaluated over a 4-year follow-up period. The data collected 
in each registry was converted into a standardised format, the 
so-called common data model (CDM). A linear mixed effect 
(LME) model was used to analyse EDSS trajectories and DMT 
effects. Dr Luigi Pontieri (The Danish Multiple Sclerosis Registry, 
Denmark) presented the results [1].

Compared with untreated participants, treated participants 
were generally younger at index date, had a shorter disease 
duration, and had less often SPMS. Results from the LME 
model indicated that treated participants had a lower EDSS 
score at index date (untreated group coefficient; registry 
range 0.12–0.74 point/year]. Unsurprisingly, their EDSS 
score generally increased during follow-up (time coefficient; 
registry range 0.04–0.18 point/year). Staying on DMTs 
did not have a significant effect on the EDSS score (time 
treatment coefficient; treated group as reference; registry 
range -0.064–0.1000 point/year); this effect was significantly 
negative in the Czech and MSbase (msbase.org) registries.

In conclusion, untreated SPMS participants generally had 
higher EDSS scores than treated participants, suggesting a 
beneficial effect of DMTs in slowing disease accumulation at 
the earlier stage of progressive MS. However, as participants got 
older, continuing DMT did not seem to slow EDSS progression. 
These results stress the importance of earlier recognition and 
intervention of patients transitioning to progressive MS.

1. Pontieri L, et al. Influence of disease modifying therapies on expanded disability 
status scale scores trajectories in treated and not-treated patients with secondary 
Progressive multiple sclerosis - analysis from nine registries. Abstract O065, 
ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

Smartphone tapping can help detect 
progressive MS
Just by typing on their mobile phone, MS patients can allow 
progression of their disease to be passively monitored and 
it allows for good adherence. Tapping speed may be a 
useful tool for MS monitoring and can help to detect the 
phenotypes with progressive disease patterns.

Continuously acquired smartphone keyboard interactions 
have shown their potential for the monitoring of various 
neurodegenerative diseases, including Parkinson’s disease 
and dementia [1]. Dr Juan Luis Chico-Garcia (Hospital 
Ramon y Cajal, Spain) and colleagues prospectively studied 
the potential of this approach in MS, in their comprehensive 
MS centre [2]. 

The researchers developed their own software that MS 
patients in their institution could download on their mobile 
phone. They set out to study the accuracy and reliability of 
this “in house” application and to correlate tapping speed 
with clinical MS scales. Median values in the first week of 
assessment were compared through Spearman's Rho and 
linear regression including Expanded Disability Status Scale 
(EDSS) score, 9-Hole Peg Test (9HPT), Timed 25-Foot Walk 
(T25FWT), and Processing Speed Test (PST) CogEval® raw 
scores (RS) and Z score.

Of the 50 participants, 31 (62%) were women, median age 
was 45 years Early treatment with DMT effective and they 
had an EDSS score of 2.0 (IQR 1.5–4.5), 80% had relapsing-
remitting MS, 12% had secondary-progressive MS, 8% had 
primary-progressive MS, and 18% used no DMT. 

Tapping speed was found to have a strong negative correlation 
with EDSS score (r=-0.54; P=0.0003), 9HPT (r=-0.54; P=0.002), 
and T25FWT (r=-0.65; P=0.0007). Tapping speed positively 
correlated with baseline PST RS (r=0.57; P<0.00001) and PST 
Z score (r=0.43; P=0.0003) but was negatively correlated with 
time since MS first symptoms (r=-0.39; P=0.003). Tapping 
speed was lower in participants diagnosed with secondary 
progressive MS than with relapsing-remitting MS (P=0.008), 
with an area under the curve of 0.84. Limitations of the study 
were low sample size, underrepresentation of progressive 
phenotypes, and the influence of age.

Tapping speed may thus be a useful tool for MS monitoring 
and may help to detect the progressive phenotypes of the 
disease.

1. Arroyo-Gallego T, et al. J Med Internet Res. 2018 Mar 26;20(3):e89.
2. Chico Garcia JL, et al. Tapping speed in smartphone is useful for detection of 

progressive multiple sclerosis. Abstract O074, ECTRIMS 2022, 26–28 October, the 
Netherlands. 
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Early treatment with DMT effective in 
paediatric-onset MS
In an observational study, disease progression independent 
of relapse activity (PIRA) was less frequent in paediatric-
onset MS (POMS) than in adult-onset MS (AOMS). 
However, even in POMS, PIRA accounted for about half 
of all confirmed disability accumulations. Early treatment 
with disease-modifying therapy (DMT) was effective in 
preventing PIRA, especially in POMS patients.

A real-world, multicentre, cohort study set out to compare 
the proportion of PIRA in POMS and AOMS patients [1]. 
Extracted from the Italian MS Registry were 5,169 patients 
with clinically isolated syndrome and relapsing-remitting MS, 
assessed <1 year from onset and with follow-up of up to 5 
years. They were stratified by age at onset in POMS (<18 years, 
n=323) and AOMS (>18 years, n=4,846). 

PIRA (assessed using multivariable Cox regression models) 
was less frequent in POMS, occurring in 22.6% of participants 
compared with 33.8% in AOMS. PIRA accounted for 47.8% of 
confirmed disability accumulation events in POMS and 66.7% in 
AOMS during the entire follow-up of 12.2 years (P<0.001). In both 
cohorts, PIRA was associated with longer disease duration. A 
multi-variable analysis confirmed POMS to be a protective factor 
against PIRA (HR 0.665; P=0.001). Some of the most important 
factors associated with the risk of PIRA were longer baseline 
disease duration (HR 1.574; 95% CI 1.307–1.897; P<0.001), lower 
baseline EDSS score (HR 0.868; 95% CI 0.832–0.905; P<0.001), 
lower number of relapses before the event (HR 0.62; 95% CI 
0.585–0.657; P<0.001), and longer follow-up spent on a DMT 
(HR 0.468; 95% CI 0.413–0.531; P<0.001). In both cohorts, longer 
exposure to DMTs reduced the risk of PIRA as well as relapse-
associated worsening (P<0.001). This effect was especially 
evident in POMS.

The fact that even in POMS, PIRA accounted for about half 
of all confirmed disability accumulations, suggests that MS 
could be considered as a continuum. Relapse-dependent 
disability worsening would then be interwoven with relapse-
independent worsening from the very onset of MS. Dr Emilio 
Portaccio (University of Florence, Italy) stressed that the 
demonstrated effectiveness of early treatment with DMTs, 
especially in POMS, was the most important result of the 

study [1]. This strategy may slow down the transition to the 
progressive phase of MS and reduce the long-term burden.

1. Bellinvia A, et al. Progression independent of relapse activity can occur in paediatric-
onset multiple sclerosis and can be prevented by disease modifying drugs. 
Abstract O071, ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

Fingolimod in paediatric MS: results of up to 6 
years
In MS patients aged 10–17 years treated with fingolimod 
for up to 6 years in the PARADIGMS study, the annualised 
relapse rate (ARR) and the rate of new or newly-enlarging 
T2 lesions remained low. These rates were significantly 
reduced in patients who switched from interferon (IFN)
β-1a to fingolimod. No new safety signals were observed.

In the 2-year core phase of the PARADIGMS study 
(NCT01892722), fingolimod demonstrated superior efficacy in 
terms of relapses and MRI outcomes versus IFNβ-1a in patients 
with paediatric MS between 10–17 years of age. Fingolimod 
reduced the ARR by 82% and the annual rate of new/newly 
enlarging T2 lesions by 53% [1]. The safety profile was similar 
to that seen in adults. Dr Kumaran Deiva (Paris South University 
Hospitals, France) presented results of the ongoing, long-term, 
extension phase, during which patients are treated with open-
label fingolimod for up to 5 additional years [2].

Of the 215 participants randomised in the core phase, 171 
(79.5%) continued in the extension phase. The extension phase 
consisted of 2 groups: participants who received fingolimod 
in the core and extension phase (continuous group; n=95) and 
participants who switched from IFNβ-1a in the core phase to 
fingolimod in the extension phase (switch group; n=76). The 
mean age at the start of the study in the core phase was 15.3 
years. The median duration of fingolimod exposure was 2,061 
days in the continuous group and 1,493 days in the switch group.

“Patients receiving IFNβ-1a in the core phase benefited from 
a significant reduction in ARR after switching to fingolimod 
in the extension phase,” noted Dr Deiva. ARR remained low 
and comparable with that of the core phase throughout the 
extension phase for participants who were on fingolimod from 
the start. Adjusted ARR was 0.34 in the switch group versus 
0.11 in the continuous group (see Figure). A comparison 
within the switch group showed that the adjusted ARR in the 

Paediatric MS 
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core phase was 0.61; in the extension phase, after switching 
to fingolimod, this was 0.22. The ARR among fingolimod 
users was low in the core phase (0.07) and remained low 
thereafter (0.11). Fingolimod had a likewise positive effect on 
the annualised new/newly enlarging T2 lesions. The between-
group comparison showed a 40% reduction (P=0.0007); 
the within-group comparison showed a reduction of 42% 
(P<0.0001) during the extension phase, as well as a 27% 
reduction among participants who used fingolimod in both the 
core and extension phase.

Figure: Persistent ARR reduction with fingolimod in the core and extension 
phase [2]
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The most frequently reported adverse events were nasopharyn-
gitis (43.5%), headache (34.1%), leukopaenia (25.3%), and upper 
respiratory tract infection (21.2%). Overall, no qualitative or 
quantitative changes in reported adverse events were observed 
with long-term exposure. The same was true for serious adverse 
events, and most of these were single events. Dr Deiva concluded 
that these results continue to support the positive benefit-risk 
profile of fingolimod in paediatric MS patients.

1. Chitnis T, et al. N Engl J Med. 2018;379(11):1017–1027.
2. Deiva K, et al. Long-term efficacy and safety of fingolimod in paediatric multiple 

sclerosis patients: analysis of PARADIGMS study up to 6 years of treatment. 
Abstract O069, ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

Switching treatment after initial platform 
injectable DMT: real-world data
A cohort study of children with MS or clinically isolated 
syndrome (CIS) assessed real-world effectiveness of 
switching treatment in patients initially treated with a 
platform injectable disease-modifying therapy (DMT). 
The results support escalating to a higher-efficacy DMT, 
which leads to better disease activity control. Long-
term safety data for oral and infusion DMTs are required.

Most DMTs lack efficacy data in children, which makes 
paediatric-onset MS (POMS) treatment challenging. The 
use of newer DMTs in POMS lags behind from that in 
adults, though a large, retrospective analysis supports 
the use of newer DMTs over injectables in POMS [1]. Data 
on switching DMTs in POMS is, however, scarce. A cohort 
study of children with MS or CIS at 12 US clinics was set 
up to compare the real-world effectiveness of switching 
from platform injectable (interferon-β or glatiramer acetate) 
to oral (dimethyl fumarate, fingolimod, or teriflunomide) or 
infusion therapy (natalizumab, rituximab, ocrelizumab, or 
alemtuzumab) versus switching to other injectable DMT [2].

Overall, 212 children whose first treatment was a platform 
injectable and who switched DMT before they were 18 years, 
were included in the analysis. They were stratified into 3 groups: 
1) switchers to another injectable (n=93); 2) switchers to an 
oral DMT (n=76); and 3) switchers to infusion DMT (n=43). 
Groups 2 and 3 were older at onset (group 1 12.3 years; group 
2 13.5 years; group 3 14.2 years) and switch date (group 1 14.6 
years; group 2 16 years; group 3 15.7 years). Participants that 
switched to infusion were more likely to have new enhancing 
lesions prior to switching (group 1 45%; group 2 28%; group 3 
67%). Follow-up was up to 4 years.

The primary outcome was the annualised relapse rate (ARR), 
which was 0.59 in group 1, 0.22 in group 2, and 0.15 in group 
3. Results were similar for the adjusted analysis (see Table).

Table: Adjusted primary analysis outcomes [2]

Oral Infusion Injectable P-value

Rate ratio (95% CI) 0.38 
(0.21–0.69)

0.25 
(0.11–0.53) 1 (reference) P<0.001

Rate difference (95% CI) 0.37 
(0.02–0.73)

0.45 
(0.06–0.84) 0 (reference) P<0.001

NNT 2.7 2.22

NNT, number needed to treat.

Secondary outcomes included markers of radiological 
disease activity. Results were displayed as the time it took 
for 50% of each group to develop new T2 lesions. In groups 
1, 2, and 3 this was 0.49, 1.25, and 1.99 years, respectively. 
In conclusion, switching from a platform injectable to an oral 
or infusion DMT as opposed to another injectable DMT led to 
better disease activity control of paediatric MS. Long-term 
safety data for oral and infusion DMTs are required.

1. Krysko KM, et al. Ann Neurol. 2020;88(1):42–55.
2. Abrams A. Real-world effectiveness of switching treatment after initial platform 

injectable disease-modifying therapies in pediatric multiple sclerosis in the US. 
Abstract O070, ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

https://doi.org/10.1056/nejmoa1800149
https://doi.org/10.1002/ana.25737


14 CONFERENCE REPORT - ECTRIMS 202214

Pregnancy and infant outcomes in women 
receiving ocrelizumab
Updated pregnancy outcomes in MS patients receiving 
ocrelizumab showed an increase in the number of 
reported pregnancies over the previous year. The 
cumulative data did not suggest an increased risk of 
preterm birth, major congenital abnormalities, or other 
adverse outcomes with in utero exposure to ocrelizumab.

Updated pregnancy outcomes in MS patients receiving 
ocrelizumab were presented by Prof. Celia Oreja-Guevara 
(University Hospital San Carlos, Spain) [1]. Included were 2,020 
cumulative MS pregnancies of women exposed to ocrelizumab 
before or during pregnancy from November 2008 up to 31 
March 2022, which is an increase of 65% compared with the 
previous data cut-off in 2021. Additionally included were the 
outcomes of 61 infants of up to 1 year of age exposed to 
ocrelizumab in utero and/or during breastfeeding. Prof. Oreja-
Guevara focused on the 1,498 prospectively reported cases. 

From the 596 women (39.8%) with known pregnancy 
outcomes, 286 were exposed to ocrelizumab (of 147, exposure 
was unknown) (see Table). Most pregnancies (79.0%) resulted 
in live births; proportions were similar in the exposed and 
non-exposed groups. Prof. Oreja-Guevara expressly noted 
that results in the exposed and non-exposed groups, e.g. 
the percentage of preterm births, did not differ significantly. 
The percentage of elective termination of pregnancy was 
higher in the exposed (11.5%) versus the non-exposed group 
(3.7%). However, the overall cumulative proportion of elective 
abortions decreased: it was 15.7% in 2021. The percentage of 

spontaneous abortions was lower in the exposed group (8%) 
than in the non-exposed group (10.4%), which is still lower 
than the overall rate in Spain, which is around 15%.

Combining prospective and retrospective cases, of 809 children 
born alive, 10 (0.9%) had major congenital abnormalities, of which 
8 were in the exposed group. Two of these had Down syndrome. 
There were 0 cases of major congenital abnormalities in the non-
exposed group, but as Prof. Oreja-Guevara noted, in this group 
underreporting is always a problem in this type of study. Follow-
up data of 1 year was present of only 61 newborns; these will be 
presented in more detail at the ECTRIMS meeting of 2023.

In conclusion, Prof. Oreja-Guevara noted 2 important 
tendencies: “We see more and more pregnancies, but there 
is not an increased risk of adverse pregnancy of infant 
outcomes with ocrelizumab in utero exposure compared with 
previous reports and epidemiological data. Most importantly: 
The proportion of patients undergoing elective abortion 
decreased over the previous year, probably because both 
patients and physicians are less afraid of adverse outcomes.”

1. Oreja-Guevara C. Pregnancy and infant outcomes in women receiving ocrelizumab 
for the treatment of multiple sclerosis. Abstract O038, ECTRIMS 2022, Amsterdam, 
26–28 October, the Netherlands.

New safety data of anti-CD20 mAbs around 
pregnancy
B-cell-depleting, anti-CD20 monoclonal antibodies 
(mAbs) such as ocrelizumab may be safe when used 
before or during the first trimester of pregnancy and/or 
during lactation, a new study suggested. Anti-CD20 mAbs 
do not seem to have a depleting effect on the physiological 
B-cell development in exposed infants. Exposure in the 
second or third trimester can lead to B-cell depletion.

Data on the reduction of B cells in newborns after different 
exposure windows of anti-CD20 mAbs before or during 
pregnancy or breastfeeding are extremely scarce. As a result, 
anti-CD20 mAbs have a very conservative label regarding 
pregnancy, which is impractical in daily practice and increases 
the risk of disease progression in the mother.

Prospective data, presented by Dr Carolin Schwake (Ruhr-
University Bochum, Germany), included results from 44 

Pregnancy 

Table: Pregnancy outcomes by ocrelizumab exposure [1]

Non-exposed
(n=314)

(n=163)

Exposed
(n=532)

(n=286)

Unknown
(n=652)

(n=147)

Total
(n=1,498)

(n=596)Known outcomes

Live births

63.0% 60.9% 41.3% 57.1%Full term (≥37 weeks)

10.9% 9.3% 10.1% 10.0%
Preterm (<37 weeks)

25.5% 29.8% 48.6% 32.9%
Unknown gestational age

1.8% 1.4% 2.7% 1.8%Ectopic pregnancy

3.7% 11.5% 4.8% 7.7%Elective termination

Intrauterine foetal death

10.4% 8.0% 18.4% 11.2%
Spontaneous abortion 
≤22 weeks

— 0.3% — 0.2%Stillbirth >22 weeks

• Most pregnancies 
resulted in live births 
(79%), and proportions 
were similar in the 
exposed and 
non-exposed groups

84.0% 78.7% 74.1% 79.0%
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infants (22 girls and 22 boys) who were exposed to anti-CD20 
mAbs before or during pregnancy and the lactation period, or 
only during lactation. B-cell counts and adverse effects of the 
44 infants were analysed [1].

Results indicated that 41 infants were exposed before or 
during pregnancy (33 to ocrelizumab and 6 to rituximab) and 
during lactation (1 to rituximab and to 3 ocrelizumab). The 
average time interval between anti-CD20 mAbs exposure 
and the last menstrual period was 49.6 days if administered 
before pregnancy (n=33) and 44 days if administered during 
pregnancy (n=8). B-cell analysis of the newborns was done 
on average 19 days postpartum. Mean postnatal B-cell values 
were within the normal range (782.6 ± 440.7/µL; 15.9 ± 6.8%). 
In 2 cases, ocrelizumab exposure in the second and third 
trimesters of pregnancy resulted in complete B-cell depletion, 
but complete repopulation was seen after 2 months of 
follow-up. There were no congenital malformations or severe 
infections during the first year of life. In 3 cases, exposure was 
limited to lactation (1 ocrelizumab, 2 ofatumumab). This had 
no effect on the B-cell count of the infants (1,121.7 ± 50.5/µL).

Dr Schwake concluded that active attempts of conception can be 
planned shortly after infusion/injection of anti-CD20 mAbs. In the 
second or third trimester, these drugs can cross the placenta and 
result in B-cell depletion in the infant. During this period, exposure 
should therefore be monitored and live vaccines postponed.

1. Schwake C. Effects of anti-CD20 therapies on infant health and physiological B-cell 
development if administered before or during pregnancy and/or lactation. Abstract 
O036, ECTRIMS 2022, Amsterdam, 26–28 October, the Netherlands.

MS activity and pregnancy outcomes after 
long-term use of natalizumab
Discontinuing natalizumab during the first trimester of 
pregnancy increased the relapse risk during pregnancy 
and postpartum. Continuing natalizumab after the 30th 
gestational week significantly reduced postpartum 
relapse risk but also increased anaemia in newborns.

A prospective, observational cohort study assessed relapses 
during pregnancy and postpartum as well as pregnancy 
outcomes, including foetal haematological abnormalities, 
in women with highly-active MS who used natalizumab [1]. 
Patients were divided into 2 groups: those who terminated 
natalizumab during the first trimester (1 Trim-group) or after 
the first trimester (>1 Trim-group). Prof. Sandra Thiel (Ruhr 
University Bochum, Germany) presented the results [1].

Included were 350 pregnant women, 171 in the 1 Trim-group and 
179 in the >1 Trim-group. The latter group stopped natalizumab 
after a median of 31 gestational weeks (range 12.1–39.7 weeks). 
Women in the >1 Trim-group had significantly fewer relapses 
during pregnancy (5.2% vs 32.4%; P<0.001) and postpartum 
(22.8% vs 49.7%; P<0.001) compared with the 1 Trim-group (see 
Figure). Early restart (4 weeks postpartum) also decreased the 
relapse risk postpartum (OR 0.32; 95% CI 0.17–0.58; P<0.001).

Figure: Relapse rate during pregnancy and postpartum [1]

0.0

0.5

1.0

1.5

Timeframe

M
ea

n 
AR

R 
(e

st
im

at
ed

)

1s
t_

tri
_p

re
pr

eg
na

nc
y

2n
d_

tri
_p

re
pr

eg
na

nc
y

3r
d_

tri
_p

re
pr

eg
na

nc
y

4t
h_

tri
_p

re
pr

eg
na

nc
y

1s
t_

tri
_p

re
gn

an
cy

2n
d_

tri
_p

re
gn

an
cy

3r
d_

tri
_p

re
gn

an
cy

1s
t_

tri
_p

os
tp

ar
um

2n
d_

tri
_p

os
tp

ar
um

3r
d_

tri
_p

os
tp

ar
um

4t
h_

tri
_p

os
tp

ar
um

1 Trim-group
>1 Trim-group

Tri, trimester; 1 Trim-group, natalizumab terminated during the first trimester; >1 Trim-group, natalizumab 
terminated after the first trimester.

Pregnancy outcomes were similar between groups. In the >1 
Trim group and the 1 Trim group, 12.9% and 10.6% of births 
were preterm (P=0.625), while 4.7% and 3.4% of newborns 
had congenital abnormalities (P=0.719). In both groups, newborns 
were smaller than expected. To assess anaemia and thrombo-
cytopenia in the 122 newborns with available blood counts, the >1 
Trim group was stratified into women who stopped natalizumab 
after gestational week 30 (>30GW; n=79) and before week 30 
(<30GW; n=43). Compared with the <30GW group, newborns in 
the >30GW group had significantly more often haematological 
abnormalities (57% vs 39.5%; P=0.10). Rates of anaemia were 
46.8% and 27.9%, for <30GW and >30GW respectively; rates of 
thrombocytopenia were 22.8% and 16.3%. Significantly more 
women in the <30GW group suffered from relapse (38.5% vs 
16%), especially during the first postpartum trimester.

Prof. Thiel concluded: “These study results should lead to a risk-
benefit discussion between women treated with natalizumab 
and their neurologists, to continue treatment up to week 30 or 
even week 34 of gestation, in combination with an early restart 
during the first 4 weeks after delivery.”

1. Thiel S. Disease activity and pregnancy outcomes after long-term exposure to 
natalizumab during pregnancy. Abstract O039, ECTRIMS 2022, 26–28 October, 
Amsterdam, the Netherlands.
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Ravulizumab significantly reduced relapses in 
AQP4+ NMOSD
In a placebo-controlled study, ravulizumab, a 
monoclonal antibody against  complement C5, was 
highly effective in reducing the risk of relapse in patients 
with anti-aquaporin-4 antibody-positive (AQP4-IgG+) 
neuromyelitis optica spectrum disorder (NMOSD). No 
relapses were observed over a median follow-up of 73.5 
weeks in the open-label, phase 3, externally-controlled 
CHAMPION-NMOSD trial. Ravulizumab, given every 8 
weeks because of long-half life, was well tolerated.

A placebo-controlled trial studying ravulizumab in NMOSD was 
deemed unethical because of the availability of eculizumab 
and other medications, explained Dr Sean Pittock (Mayo Clinic, 
MN, USA) [1]. A non-inferiority trial was unfeasible due to the 
rarity of AQP4+ NMOSD. Instead, the CHAMPION-NMOSD trial 
(NCT04201262) used the placebo group from the PREVENT 
trial (NCT01892345) investigating eculizumab. Propensity 
scores were used to account for potential confounders 
introduced by this comparator. Ravulizumab binds the same 
complement component 5-epitope as eculizumab, but has a 
longer elimination half-life, allowing for an extended dosing 
interval of 8 rather than 2 weeks.

Participants aged 18 years or older received a weight-based, 
IV loading dose of ravulizumab (2,400–3,000 mg) on day 1, 
followed by weight-based maintenance doses (3,000–3,600 
mg) on day 15 and once every 8 weeks thereafter. The 58 
participants on ravulizumab and 47 on placebo had a mean 
follow-up of 73.5 and 36.0 weeks, respectively.

The study met its primary endpoint, which was the time to 
first adjudicated, on-trial relapse and relapse-risk reduction 
(RRR). There were 0 on-trial relapses in the ravulizumab group 
versus 20 in the placebo group (P<0.0001), representing an 
RRR of 98.6%. The percentage of relapse-free participants at 
48 weeks was 100% with ravulizumab and 63% with placebo. 
A key secondary efficacy endpoint, the adjudicated on-trial 
annualised relapse rate (ARR), was 0.00 with ravulizumab. 
This was superior to a predefined comparator ARR of 0.25 as 
well as the ARR of 0.42 in the placebo group (see Table for all 
secondary outcomes).

Table: Secondary endpoint results of the CHAMPION-NMOSD trial [1]

Secondary 
endpoints Measures

Ravulizumab 
group 
(n=58)

PREVENT 
placebo 

group (n=47)
P-value

Adjudicated on-
trial ARR

Adjusted ARR (95% 
upper CI) 0.000 (0.044) N/A <0.0001

Change from 
baseline in HAI-
score

No clinically 
important 

worsening, n (%)
Clinically important 

worsening, n (%)

56 (96.6)

2 (3.4)

36 (76.6)

11 (23.4)

0.0228

Change from 
baseline in EQ-5D 
index score

Mean ± SD
Median
Range

0.005 ± 
0.1522
0.000

-0.33 to 0.50

-0.043 ± 0.2115
0.000

-0.67 to 0.41
0.0567

Change from 
baseline in EQ-5D 
VAS score

Mean ± SD
Median
Range

2.6 ± 14.1
0.5

-45 to 40

0.6 ± 16.4
0.000

-28 to 40
0.0297a

Change from 
baseline in EDSS

No clinically 
important 

worsening, n (%)
Clinically important 

worsening, n (%)

52 (89.7)

6 (10.3)

36 (76.6)

11 (23.4)

0.0588a

aBecause statistical significance for clinically important change from baseline in EQ-5D score was not 
met, P-values for the subsequent lower-ranking secondary endpoints are not significant; therefore, 
nominal P-values are presented. 
ARR, annualised relapse rate; CI, confidence interval; EDSS, Expanded Disability Status Scale; HAI, Hauser 
Ambulation Index; N/A, not applicable; SD, standard deviation; VAS, visual analogue scale.

Ravulizumab was well tolerated, with a safety profile 
consistent with that of eculizumab. No unexpected patterns 
were observed in the treatment-emergent adverse events, 
which were reported in 93.1% versus 95.7% of participants 
in the experimental and placebo group, respectively. Serious 
adverse events were seen in 13.8% versus 55.3% of the 
participants. There were 2 cases of meningococcal infection 
in the ravulizumab group, which recovered with no sequelae. 
Their occurrence does highlight the need for close monitoring 
and risk evaluation.

1. Pittock SJ. Efficacy and safety of ravulizumab in adults with anti-aquaporin-4 
antibody positive neuromyelitis optica spectrum disorder: outcomes from the 
phase 3 CHAMPION-NMOSD trial. Abstract O051, ECRIMS 2022, 26–28 October, 
Amsterdam, the Netherlands.

NMOSD patients are cognitively impaired 
regardless of serostatus
A prospective, longitudinal, multicentre study of 217 
patients with NMOSD found a lower prevalence of 
cognitive deficits than was previously reported. A 
subset of patients was cognitively impaired in visual 
processing speed and semantic fluency, regardless of 
their serostatus.

NMOSD 

https://www.clinicaltrials.gov/ct2/show/NCT04201262
https://clinicaltrials.gov/ct2/show/NCT01892345
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To what extent NMOSD patients face cognitive deficits is 
unclear. Previous studies showed inconsistent results, with 
a prevalence ranging between 30–70% [1]. A prospective, 
longitudinal, multicentre, observational study, initiated by Dr 
Martin Hümmert (Hannover Medical School, Germany) and 
colleagues aimed to determine the frequency and type of 
cognitive impairment and to assess whether there are changes 
over time in NMOSD.

Included was data from 217 NMOSD patients from 17 
specialised German centres. Of these participants, 174 (80%) 
were anti-aquaporin-4 antibody-positive (AQP4-IgG+) and 43 
(20%) were seronegative. To determine their cognitive status, 
participants underwent the Symbol Digit Modalities Test 
(SDMT, testing visual processing speed), the Paced Auditory 
Serial-Addition Task (PASAT, a hearing test of processing 
speed), and/or the Multiple Sclerosis Inventory Cognition 
(MUSIC, a screening test of the most frequently impaired 
cognitive domains in MS: immediate recall, semantic fluency, 
visual processing speed, inhibition score, and delayed recall). 
Test results were compared with normative data from healthy 
controls. To assess changes over time, intra-individual 
cognitive performances were analysed after 1–2 years.

The median age was 52 years, with a median disease 
duration of 6 years and an Expanded Disability Status Scale 
(EDSS) score of 3.5. Compared with healthy controls, NMOSD 
patients were impaired in SDMT (P=0.007), MUSIC verbal 
fluency (P<0.001), and MUSIC congruent naming speed 
(P<0.001). About one-fifth of patients (23/123; 19%) showed 
impaired performance in at least 2 test scores; 40% (62/157) 
showed impaired performance in at least 1 test score. There 
was no significant decrease in individual performance after 
1–2 years. EDSS scores were associated with lower test 
performance and SDMT scores were related to physical 
disability (r=-0.43; P<0.0010) and visual disability (r=-0.32; 
P<0.001). No differences were present between AQP4-IgG-
seropositive and -seronegative NMOSD patients.

The authors concluded that the prevalence of cognitive 
deficits was lower than previously reported and did not 
noticeably deteriorate after 2 years. They argued that 
neuropsychological measurements should be adapted to 
physical and visual disabilities typically seen in NMOSD 
patients. In order to assess elderly (>60 years) patients, 
normative data of healthy controls is needed.

1. Hümmert MW. Cognition in patients with neuromyelitis optica spectrum disorders: 
A prospective longitudinal multicentre study of 217 patients (CogniNMO-Study). 
Poster P020, ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

Evidence-based consensus on pregnancy in 
NMOSD
The French MS Society (SFSEP) has developed a national, 
evidence-based consensus on pregnancy in NMOSD. 
Their recommendations were very similar to those for 
women with MS, with some notable exceptions, namely 
an increased risk of miscarriage, foetal growth retardation 
and pre-eclampsia in anti-aquaporin-4 antibody-positive 
(AQP4-IgG+) patients that warrant a closer obstetric 
monitoring and follow-up.

The main SFSEP recommendations were presented by 
Prof. Sandra Vukusic (University Hospital Lyon, France) 
and were published soon after [1,2]. NMOSD represents a 
distinct pathophysiological entity with very little literature 
on pregnancy. Still, there was a strong agreement on all 66 
proposed recommendations. Prof. Vukusic focused on the 
most important recommendations, including the following:
• Pregnancy is not contraindicated in women with NMOSD. 

However, pregnancy planning should be favoured during a 
period of inactivity of the disease for at least 12 months.

• It is recommended to carry out a reinforced obstetric follow-
up, with an expert neurological team, in women with NMOSD. 
“The reason for this is the high prevalence of autoimmune 
disorders in women with NMOSD that can have implications 
for obstetric outcomes,” Prof. Vukusic explained,

• It is recommended to inform patients of the increased 
risk of miscarriage and pre-eclampsia in case of AQP4-
antibody-seropositive status, and to plan for obstetric 
follow-up by an experienced team.

• Breastfeeding is not contraindicated, but it is recommended 
to discuss this topic and when to resume immunoactive 
treatment, considering the patient's preferences and 
disease activity, and reminding the patient of the 
importance of rapid resumption of the treatment (because 
of the severity of relapses in NMOSD).

• Relapse management during pregnancy and breastfeeding 
is the same as when not pregnant.

• There is no evidence for specific, postpartum therapy to 
prevent relapses, but if immunoactive therapy was stopped, 
then an early restart after childbirth is recommended, 
because of the high risk and severity of those relapses.

• It is recommended to not use anti-CD20 therapy (off-
label rituximab) during pregnancy. A 2-month delay is 
recommended between the last infusion and terminating 
contraception.

• Azathioprine can be continued during pregnancy if need 
be.
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• Mycophenolate mofetil is contraindicated during 
pregnancy. There should be 6 weeks between the last 
dose and stopping contraception.

• The use of eculizumab during pregnancy is not 
recommended. There should be 3 months between the 
last infusion and stopping contraception.

• Available evidence on eculizumab during pregnancy 
is lacking; data from other indications are reassuring, 
according to Prof. Vukusic.

1. Vukusic S, Marignier R, Ciron J, et al. Pregnancy in women with neuromyelitis optica 
spectrum disorders: recommendations from the French multiple sclerosis society. 
Abstract O052, ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

2. Vukusic S, et al. Mult Scler. 2022;13524585221130934.

COVID-19 
COVID-19 and MS: lessons learned thus far
In the era of COVID-19, the decision-making process 
when choosing a treatment for relapsing-remitting MS 
has not changed a great deal, given the major benefits 
of high-efficacy therapies. Both higher neurological 
disability and anti-CD20 therapy have been associated 
with more severe COVID-19. Vaccination protects 
against severe COVID-19, except in patients who use 
anti-CD20 therapies.

An overview of the insights that have been gathered over 
the past 2 years on COVID-19 in patients with MS [1,2] was 
provided by Prof. Céline Louapre (Sorbonne University, 
France) [3]. At the start of the pandemic, there were some 
key questions to be answered for MS patients:
• How severe is COVID-19 in patients with MS?
• What are the risk factors for developing a severe form of 

COVID-19 in patients with MS?
• Does COVID-19 modify the course of MS?
• Could COVID-19 change MS incidence?
• Does vaccination effectively prevent COVID-19 in MS 

patients?

An observational study in 347 MS patients who got 
COVID-19 between March and May 2020, found that 73 
(21%) were hospitalised and 12 (3.5%) had died [4]. Age, 
Expanded Disability Status Scale (EDSS), and obesity were 
independent risk factors for severe COVID-19. Most patients 
who died were in the group which did not receive any MS 
treatment. Neurological disability strongly predicted severe 
COVID-19: an EDSS of 6 or more was associated with an 
odds ratio (OR) of severe outcome of 6.33. A pooled analysis 
of 1,787 symptomatic COVID-19 patients with MS showed 
that around 12% were hospitalised and 2.7% were admitted 

to the ICU or died [5]. Anti-CD20 medication (OR 2.05) and 
methylprednisolone (OR 2.71) were associated with severe 
outcome of COVID-19 (P<0.001). 

To further specify these outcomes and put them into a better 
perspective, Prof. Louapre went on to present very recent, 
unpublished results of 2,709 patients in the COVISEP registry 
(NCT04355611). Data cut-off was in July 2022, at which point 
the group had a mean age of 44 years, a mean EDSS of 2.0, 
and included 390 secondary progressive MS patients and 
208 primary progressive MS patients. In total, 251 patients 
(9.3%) were hospitalised and 45 (1.7%) were admitted to 
the ICU or died. Hospitalisation rate was around 15% until 
the fifth wave of COVID-19, mainly caused by the Omicron 
variant, after which hospitalisation percentage dropped. 
Before the Omicron wave, COVID-19 severity was associated 
with EDSS and with anti-CD20 medication, which was still 
the case during the Omicron wave, despite the lower number 
of patients (see Figure). Among vaccinated MS patients (>2 
injections) only anti-CD20 medication was associated with 
COVID-19 severity, with an OR of 8.2 (95% CI 2.8–24.1) for 
severe COVID-19.
 
To investigate whether EDSS and anti-CD20 medication are 
cumulative risk factors for severe COVID-19, Prof. Louapre and 
colleagues set up a post-hoc study including 1,005 relapsing-
remitting MS patients on high-efficacy DMTs: 424 on anti-
CD20 therapy and 581, with very similar characteristics, on 
another high-efficacy therapy (natalizumab or fingolimod). 
The rate of severe COVID-19 in both groups was significantly 
different: 13.1% and 2.6%, respectively. Applying a logistic 
regression model weighted by propensity scores still revealed 
a higher risk of severe COVID-19 in the anti-CD20 group (OR 
5.02; 95% CI 2.71–9.30; P<0.001), present in all subgroups. 

https://doi.org/10.1177/13524585221130934
https://clinicaltrials.gov/ct2/show/NCT04355611
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However, this deleterious effect of anti-CD20 therapy was 
absent in patients with progressive MS, with an adjusted OR 
of 1.21 (95% CI 0.70–2.70). 

So, in patients with progressive MS, the risk-benefit ratio was 
different: an increased risk of severe COVID-19 in patients 
with higher disability must be weighed against the modest 
efficacy of anti-CD20 therapy or in fact any treatment at this 
stage of the disease.

1. Pugliatti M, et al. Curr Opin Neurol. 2022;35(3):319–327.
2. Pugliatti M, et al. Front Immunol. 2022;13:1045101.
3. Louapre C. Looking back, what have we learnt? Abstract O136, ECTRIMS 2022, 

26–28 October, Amsterdam, the Netherlands.
4. Louapre C,  et al. JAMA Neurol. 2020;77(9):1079–88.
5. Sormani MP, et al. Ann Clin Transl Neurol. 2021;8(8):1738–44.

Ocrelizumab and fingolimod increase the risk 
of COVID-19 and of worse outcomes
A nationwide study in the UK showed that MS patients 
using ocrelizumab or fingolimod are at an increased 
risk of contracting COVID-19 and hospitalisation due 
to COVID-19 compared with patients using other DMTs, 
and compared with the general population.

An immune response to COVID-19 vaccines varies between 
different DMTs used for MS. How does this translate into 
preventing COVID-19 and severe outcomes of the infection 
among MS patients? In order to assess this, a prospective 
and longitudinal cohort was formed of all MS patients in Great 
Britain who were using any DMT between March 2020 and 

August 2022. Data from 36,779 MS patients was provided 
by the National Health Service England and United Kingdom 
Health and Security Agency and comprised all COVID-19 
tests, outcomes, and vaccinations. Outcomes were COVID-19 
incidence, hospitalisation, and mortality compared with the 
general population and COVID-19-related hospitalisation and 
mortality in vaccinated patients. The results were presented by 
Dr Nikos Evangelou (Nottingham University Hospital, UK) [1,2].

Some of the results showed that in 2021, 80% of MS 
hospitalisations which involved COVID-19 had COVID-19 
as primary diagnosis. In 2022 (until the end of August), this 
percentage went down to 50%. The most frequently used 
DMT among hospitalised MS patients with COVID-19 as 
primary diagnosis was ocrelizumab: 2.3% in 2021 and almost 
1.5% in 2022. Looking only at MS patients who had received 2 
COVID-19 vaccinations, rate of hospitalisation with COVID-19 
as primary diagnosis was highest among users of anti-CD20 
medications: 13 per 100 for ocrelizumab and 7.9 per 100 for 
fingolimod. COVID-19-related in-hospital mortality (per 1,000 
people) was 0.3 for fingolimod, 2 for ocrelizumab, and 0–1.3 
for other DMTs. Following a third vaccination in 2021 in the 
UK, no hospitalisations were measured with any of the MS 
DMTs except for fingolimod (14%) and ocrelizumab (6%); 
none of these patients died.

Generally speaking, in 2022, mortality decreased possibly due 
to the widespread use of antivirals and the relatively milder 
Omicron variant. On the other hand, vaccination rates were 

Figure: COVID-19 severity associated with EDSS and anti-CD20 medication [1] 
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declining. How to explain to an MS patient the implications 
on a group level of being or not being vaccinated? The 
presented graph reflects the situation in the UK, according to 
Dr Evangelou (see Figure).

Figure: Effect of COVID-19 infection on MS patients in the UK on a DMT [1]
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EDSS, Expanded Disability Status Scale.
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Humoral and cellular immune responses after 
SARS-CoV-2 vaccination
In a comprehensive study, antibody and cellular responses 
to SARS-CoV-2 vaccination in MS patients using different 
disease-modifying treatments (DMTs) were analysed. 
Fingolimod-treated MS patients had an impaired humoral 
response and highly reduced T-cell responses after SARS-
CoV-2 vaccination. Cladribine-treated patients had reduced 
cellular responses.

This is one of the first studies that assessed immune 
responses after SARS-CoV-2-vaccination in MS patients 
treated with DMTs vaccinated after a previous SARS-
CoV-2 infection and compared it with naïvely-vaccinated 

MS patients. It is also one of the first studies to investigate 
Th1 and Th2 cellular immune responses after SARS-CoV-2 
vaccination in MS patients using a DMT [1]. 

Included MS patients were treated with fingolimod (n=38), 
cladribine (n=31), dimethyl fumarate (n=23), natalizumab 
(n=22), alemtuzumab (n=17), or teriflunomide (n=13). 
Healthy controls (n=43) served as a control group. Anti-CD20 
medication was not included, as a similar study on this type 
of medication had been studied and recently published by a 
Swedish group [2]. The 183 participants received 2 vaccinations, 
as was customary at the time of the study. Of these, 146 were 
vaccinated without previously having contracted a SARS-
CoV-2 infection (non-COVID cohort), while 37 were vaccinated 
after a previous SARS-CoV-2 infection (COVID cohort).

Results showed a decreased antibody response in fingolimod-
treated participants, 4 and 12 weeks after vaccination, in 
both the non-COVID and the COVID cohort. Interferon (IFN)-
gamma T-cell responses in fingolimod-treated participants 
were completely abrogated at week 4 and week 12 in both 
cohorts. Interleukin-13 T-cell responses were decreased in 
fingolimod-treated participants at week 4 and week 12 in 
the non-COVID cohort. Antibody levels for fingolimod and 
healthy controls were significantly higher in the COVID versus 
the non-COVID cohort. As for cladribine, antibody and IFN-
gamma levels positively correlated with a longer time interval 
to the last cladribine treatment course at 12 weeks (not at 4 
weeks).

These findings are relevant with regard to risk mitigation 
strategies and vaccination recommendations for MS patients.

1. Rabenstein M. Humoral and cellular immune responses after SARS-CoV-2-
Vaccination in a Swedish cohort of persons with multiple sclerosis treated with 
disease modifying therapies. Abstract O138, ECTRIMS 2022, 26–28 October, 
Amsterdam, the Netherlands.

2. Högelin KA, et al. Eur J Neurol. 2022;29(11):3317–28.
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Re-myelination strategies in MS still pose 
many unanswered questions
A large amount of preclinical and clinical research has been 
dedicated to re-myelination in MS, with limited positive 
results. Possible explanations could include the wrong 
choice of targets, study populations, and/or markers.

For over 30 years, Prof. Catherine Lubetzki (Sorbonne University, 
France) has focused on studying re-myelination in MS, 
but thus far few studies yield any positive results [1]. 
Generally speaking, there are 2 strategies to promote myelin 
regeneration: exogenous and endogenous re-myelination. 
Exogenous re-myelination involves the transplantation of 
neural stem cells that have the potential to re-myelinate. 
Thus far, only 1 such study was performed in MS patients: 
a prospective, exploratory, open-label, phase 1 study 
(NCT03269071) of intrathecal transplantation of foetal-
derived neural stem cells in patients with progressive MS. 
The study has been completed, but no results have yet been 
published at the time of the ECTRIMS 2022 meeting.

Endogenous re-myelination uses strategies to promote 
spontaneous re-myelination, which in MS is normally insufficient 
after a few years. A preclinical, proof-of-concept study showed 
that semaphorin 3F-transduced haematopoietic stem cells 
stimulated migration of oligodendrocyte progenitor cells [2]. 
“This is an important concept, showing that macrophages can 
be used as cellular vectors to deliver pro re-myelinating agents 
at the right place and at the right time,” said Prof. Lubetzki.

Prof. Lubetzki went on to show that numerous drug trials with 
the aim of promoting re-myelination for the most part failed 
to meet their objectives. Among the agents that have been or 
are currently tested, are bexarotene, opicinumab, clemastine, 
bazedoxifene, and gold nanocrystals. Possible explanations for 
the negative results could be an incorrect choice of study targets, 
populations, and/or markers in these studies, or an insufficient 
number of preclinical studies with functional outcomes.

There is a need for more markers to monitor re-myelination 
and more primary outcomes. “We should also think very 
carefully about the selection of patients,” said Prof. Lubetzki. “I 
think we can agree that it is not useful to include patients with 

primary progressive MS, because they have too much axonal 
pathology. Instead, we should focus on relapsing-remitting 
MS and optic neuritis. We should include patients under 45 
years of age, who have had the disease for less than 5 years, 
and perhaps focus on good re-myelinators.” Optic neuritis 
patients are an interesting group, since re-myelination and 
neuroprotection can be assessed by using spectral-domain 
optical coherence tomography and visual evoked potentials. 
“But is optic neuritis the same thing as MS?”

PS: For this last topic, see also the piece on optic nerve 
lesions as a fifth element for dissemination in space in MS, 
in the chapter on diagnosis and prediction of disease course.

1. Lubetzki C. Towards promoting remyelination in clinic. Scientific Session 3: 
Remyelination, ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.

2. Aigrot M-S, et al. EMBO Mol Med. 2022;14(8):e14759.

MS associated with a broader Epstein-Barr 
virus specific T-cell receptor repertoire
New research data suggest that MS may be preceded 
by Epstein-Barr virus (EBV) infection but may be also 
associated with a broader EBV-specific T-cell receptor 
(TCR) repertoire. This is consistent with the assumption 
that there is an ongoing aberrant immune response to 
EBV in MS patients. Alternatively, it could be the remnant 
of a disease-triggering event or an ongoing CD8+ immune 
response to EBV.

2022 has seen renewed interest in the possible relationship 
between EBV and MS, with the publication of 2 very 
important studies. One showed, in a large cohort, that EBV 
seroconversion precedes MS by years and that CNS damage 
measured by neurofilament light (NfL) is detectable after 
EBV seroconversion [1]. The second study showed that CSF 
anti-EBNA1 auto antibodies can cross-react with the CNS 
autoantigen GliamCAM in a subset of MS patients [2]. “It 
is tempting to assume that EBV infection could trigger the 
autoimmune process behind MS,” said Dr Tilman Schneider-
Hohendorf (University of Muenster, Germany) [3,4]. Other 
evidence implicates EBV as a driver rather than a trigger for 
MS, in which case elimination of EBV would be a rational 
therapy for MS [5].

Miscellaneous 
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To further clarify the role of EBV in MS, Dr Schneider-
Hohendorf and colleagues studied the CD8+, EBV-specific 
T-cell receptor beta chain (TRBV) repertoire in 3 independent 
cohorts: 1,396 MS patients and 229 controls (discovery 
cohort); 59 MS patients and 51 controls (validation cohort); 
and 35 monozygotic, MS-discordant twin pairs (monozygotic 
twin cohort). Also retrieved were multimer-binding TRBV 
sequences from public databases specific to 4 pathogens: 
EBV-cytomegalovirus, influenza A, and SARS-CoV-2. 
Pathogen-specific TRBV sequences were quantified in 
peripheral blood.

The results showed a higher number of unique, EBV-specific, 
MHC-I restricted CD8+ T-cell sequences in MS patients. This 
finding was consistent in all 3 cohorts, thus excluding genetic 
as well as early environmental factors. “What we see here, 
is very likely an imprint of an aberrant primary response to 
EBV,” said Dr Schneider-Hohendorf. “However, it could also be 
an ongoing EBV response.” Anti-VLA4 therapy (natalizumab) 
resulted in a preferential increase in EBV-specific TRBV 
sequences. But as all the studied pathogenic cells should 
be blocked equally, the authors rather speculated their 
observations to be consistent with continuous EBV response 
causing continuous egress of EBV-specific clonotypes from 
blood to tissue, which then accumulate and are made visible 
by the treatment. Based on single-cell RNA sequencing of 
CSF, a sign of increased, EBV-associated CD8+ T-cell CNS 
immune surveillance was seen in MS, which can lead to 
ongoing CD8+ lytic EBV-specific response.

1. Bjornevik K, et al. Science. 2022;375(6578):296–301.
2. Lanz TV, et al. Nature. 2022;603(7900):321–327.
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4. Schneider-Hohendorf T, et al. J Exp Med. 2022;219(11):e20220650.
5. Sollid LM. Sci Immunol. 2022;7(70):eabo7799.

Cognitive rehab and mindfulness reduce 
cognitive complaints in MS
In a randomised-controlled trial, cognitive rehabilitation 
therapy (CRT) and mindfulness-based cognitive therapy 
(MBCT) had short-term positive effects on cognitive 
complaints in MS patients. On the long term, CRT helped 
to improve personalised cognitive goals and MBCT 
improved processing speed.

Cognitive complaints and objective impairments are frequent 
and disabling in MS patients, and profoundly affect daily 

living. There is increasing evidence for a compensatory and 
restorative effect of CRT, but its effect on cognitive problems 
in everyday life is unknown. Similarly, some positive effects 
of mindfulness on cognition have been observed.

The randomised-controlled REMIND-MS study looked at the 
effectiveness of both CRT and MBCT on patient-reported 
cognitive complaints in MS [1]. Effects on personalised 
cognitive goals and objective cognitive functioning were also 
evaluated. Participants were 110 MS patients with cognitive 
complaints, of whom 63 (57%) were objectively cognitively 
impaired. They completed questionnaires, performed 
cognitive tests, personalised goals setting, and underwent 
a magnetoencephalography (MEG) scan at baseline, post-
treatment, and after 6-months of follow-up.

The 110 participants were randomised to CRT (n=37), MBCT 
(n=36), or enhanced treatment as usual (ETAU; n=37); 100 
participants completed the study. Both CRT and MBCT 
positively affected patient-reported cognitive complaints 
compared with ETAU after 9 weeks (P<0.05), but not 6 months 
later. At 9 weeks of follow-up, CRT was associated with a 
decrease in general cognitive complaints and executive-
function cognitive complaints. The latter effect was also 
found in the MBCT group. 

After 6 months of follow-up, participants in the CRT group 
better achieved personalised cognitive goals (P=0.028). 
MBCT had a positive effect on processing speed (P=0.027). 
Participants with fewer cognitive complaints at baseline 
benefited more from CRT as suggested by the Cognitive 
Failures Questionnaire (P=0.012–0.040), while participants 
with better processing speed at baseline benefited more 
from MBCT (P=0.016).

Dr Ilse Nauta (Vrije Universiteit Amsterdam, the Netherlands) 
concluded that regardless of whether patients were relatively 
less or relatively more affected by cognitive problems, they 
all benefited from the interventions, depending on whether 
one focuses on short-term or longer-term results. Both 
interventions seem promising in the treatment of MS-related 
cognitive problems.

1. Nauta IM, et al. Cognitive rehabilitation and mindfulness reduce cognitive 
complaints in multiple sclerosis (REMIND-MS): a randomized controlled trial. 
Abstract O163, ECTRIMS 2022, 26–28 October, Amsterdam, the Netherlands.
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