
CO
NF

ER
EN

CE
  R

EP
OR

T
PE

ER
-RE

VI
EW

ED

Editor Prof. Hans-Peter Hartung, Heinrich-Heine-University Düsseldorf, Germany

EAN Congress 2022
European Academy of Neurology

25–28 JUNE 2022  •  VIENNA  •  AUSTRIA

Late Responses to CGRP 
Antibodies in Migraine  
CGRP monoclonal antibodies elic-
ited a late therapeutic response in 
over one-third of migraine patients 
who were initially considered non-
responders at 12 weeks in a real-life 
study. 

Gut Microbiota Associated 
with MS Disability Worsening 
A high prevalence of dysbiotic Bac-
teroides 2 enterotype was found in 
patients with RRMS, with additional 
worsening of the EDSS Plus score 
after 4–5 years, underscoring the 
potential of gut microbiota as a prog-
nostic biomarker in MS. 

New Biomarker for 
Neuronal Death in Epilepsy
cfDNA in serum of patients with 
mesial temporal lobe epilepsy may 
constitute a new biomarker for 
early detection of neuronal death, 
a Spanish study showed. 
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Dear colleagues,

After 2 years, this year’s EAN meeting welcomed participants 
again in person in Vienna and online, creating a true hybrid 
meeting. More than 8,000 neurologists participated in  this event 
that highlighted research from all areas of neurology. Recent 
advances in disease classification, diagnosis, pathobiology and 
new treatments were presented.

It was an exciting return to meet face-to-face again, learning, 
sharing and networking together in-person.

With this report we bring you some of the very best content 
of the meeting, including updated guidelines, new potential 
biomarkers, real-world data, and not unexpected news on 
COVID19.

There were lively discussions during live Q&A sessions and in 
the chatrooms. The main meeting was preceded by a range of 
excellent teaching courses providing high level postgraduate 
educational sessions.

As always, our summaries are written independently and 
are peer-reviewed for balance. We hope you find this edition 
informative, engaging, and balanced and thank you again for 
your readership. 

Prof Hans-Peter Hartung
FRCP FEAN FAAN FANA  

Letter from the Editor

CONFERENCE REPORT - EAN 2022
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Overarching Theme
Another example is the Chronic Migraine Epidemiology and 
Outcomes (CaMEO) study, which assessed barriers to good 
medical care for chronic migraine [4]. Of 1,254 included 
patients, only <5% with chronic migraine traversed the 3 
barriers –medical consultation, accurate diagnosis, and 
minimal pharmacologic treatment– to receiving proper care.

Focusing on factors that neurologists themselves may 
influence, Prof. Clarke explained that neurologists could 
stimulate the application of trial results into clinical practice 
by serving on committees of regulatory authorities or of 
regional, national, and international guidelines. Also direct 
clinical involvement can help, such as building coalitions, 
setting up clinical implementation groups, conducting local 
needs assessments, changing the infrastructure/finance, 
and implementing and monitoring change.

Furthermore, Prof. Clarke highlighted the importance 
of promoting the implementation of science in training 
programmes of neurologists, in order to improve the quality 
and effectiveness of health services. Implementation trials 
expand on explanatory and pragmatic clinical trials and 
focus on patients, providers, purchasers, organisation, and 
policy. Implementation trials can be designed as:
• Two-arm, parallel-design randomised trials;
• Multi-arm, randomised trials, for example testing 2 

implementation strategies;
• Stepped-wedge cluster, randomised trials, in which 

clusters are sequentially randomised;
• Sequential trials with an adaptive design, in which the 

implementation strategy is modified at several stages 
according to pre-specified decision rules. Participants 
are re-randomised at each stage.

The outcome measures of implementation trials are very 
different from those of explanatory and pragmatic trials. 
Outcome measures can be acceptance, adoption, appro pria-
teness, feasibility, fidelity, implementation costs, penetration, 
and sustainability.

The EAN Campus
Next, the symposium addressed how the general neurologist 
can select what is important and relevant from the avalanche 

Getting evidence into practice
The EAN 2022 meeting’s overarching theme was ‘Getting 
evidence into practice’. A range of workshops and symposia 
addressed this subject, including the plenary symposium 
‘Improving lives and reducing burden: What evidence 
do we need to implement?’. Discussed was the need to 
speed up the process of implementing results from clinical 
trials into the practice. Neurologists themselves can play 
a part in this, as well as incorporating implementation 
science in training programmes. Also discussed was the 
EAN Campus, an e-learning platform meant to cover the 
full curriculum of the European Training Requirements in 
Neurology (ETRN) by 2026.

The plenary symposium moderated by Prof. Maurizio Leone 
(Casa Sollievo della Sofferenza, Italy) included lectures on 
how implementing evidence can improve lives and reduce 
disease burden [1].

The symposium first addressed the question if neurology trials 
inform everyday clinical practice well enough. Prof. Carl Clarke 
(University of Birmingham, UK) argued that there are often 
significant delays in the implementation of trial results, such 
as in the field of Stroke [2]. Risk factor management in TIA 
patients can reduce the risk of future events by 80%. This can 
and should be accomplished by the following 7 interventions: 
brain and carotid imaging, neurology consultation, anti-
hypertensive treatment, anticoagulants for atrial fibrillation, 
anti-thrombotic medication, and statins. A recent American 
study showed that only a third (34.3%) of patients actually 
received these interventions without fail after a TIA [3].

Epilepsy care is another example where quality-of-care 
measures are not sufficiently adhered to in clinical practice, as 
Prof. Clarke illustrated by means of some of the quality-of-care 
measures from the American Academy of Neurology (AAN):
• Intractable epilepsy referrals to a major centre: 48%
• Annual reproductive counselling for women of child-

bearing age: 46%
• Anxiety and depression screening: 55%
• Risk advice on Sudden Unexpected Death in Epilepsy 

(SUDEP): 14%
• In children: timely IV-benzodiazepine in status: 33%
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of available information in an increasingly complex era. Prof. 
Barbara Tettenborn (Cantonal Hospital St. Gallen, Switzerland) 
identified the main advantages as well as limitations of e-learning 
in neurology [5]. Though easily available and accessible, it often 
presents an abundance of information, which is not peer-
reviewed.

After a survey, conducted by EAN in 2020, showed that most 
responders used online learning materials, the EAN decided 
to develop a new e-learning platform, the EAN Campus. This 
initiative officially launched at the EAN 2022 meeting and is now 
freely available for all EAN members at https://eancampus.
ean.org. The EAN Campus is already a fully-fledged interactive 
Learning Management System, with over 1,000 pieces of 
content. All 29 EAN topics (subspecialties) are represented 
on the platform on 3 levels of expertise: basic, advanced, and 
expert. Basic content is aimed at students and new neurological 
residents, advanced content is aimed at experienced residents 
and general neurologists, and expert content at specialists in 
specific topics. 

Content is constantly added, after having been reviewed by 
experts and double-checked by editorial boards and panels. 
The goal of the EAN Campus is to cover the full curriculum of 
the European Training Requirements in Neurology (ETRN) by 
2026 (basic and advanced levels). The content on the expert 
level is already maintained on a continuing basis to keep 
it up-to-date. Content varies from recordings of congress 
presentations, webcasts, and virtual master classes, to highly 
interactive case studies and lectures. Furthermore, short audio 
talks with 2 hosts and an additional expert on a specific topic 
(EAN Cast: Weekly Neurology) have been recently launched.

Prof. Tettenborn concluded: “We are very grateful for cooperation 
regarding new content, especially interactive modules.”

1. Leone MA (chair). Improving lives and reducing burden: What evidence do we need 
to implement? PLEN03, EAN 2022, 25–28 April, Vienna, Austria.

2. Clarke CE. ‘Do neurology trials inform everyday clinical practice? If not, why not and 
what should be done to make sure that they do?’ PLEN03, EAN 2022, 25–28 April, 
Vienna, Austria.

3. Damush TM, et al. J Gen Intern Med. 2021;36(2):322–32.
4. Dodick DW, et al. Headache. 2016;56(5):821–834. 
5. Tettenborn B. How does the general neurologist find what is important and relevant 

in an era of information overload and increasing complexity? PLEN03, EAN 2022, 
25–28 April, Vienna, Austria.

Migraine
Targeting cortical activation by transcranial 
magnetic stimulation
Cortical spreading depression (CSD) is thought to be 
the underlying mechanism of the migraine aura. CSD 
is a slowly propagated wave of depolarisation followed 
by suppression of brain activity involving dramatic 
changes in neural and vascular function. Several studies 
showed that cortical stimulation can affect CSD-induced 
changes and act as a treatment option for migraine.

CSD can be induced mechanically, chemically, or electrically, 
and can be used as a lab model to study cortical excitation 
in migraine. Cortical activation or a single CSD wave can 
sensitise or desensitise third-order thalamic neurons, 
potentially through corticothalamic modulation. Cortical 
activation in migraine can be targeted by transcranial 
magnetic stimulation (TMS). This is a non-invasive form of 
brain stimulation in which a changing magnetic field is used 
to cause an electric current at a specific brain area through 

electromagnetic induction. Dr Anna Andreou (King's College 
London, United Kingdom) and colleagues aimed to discover 
the effects of cortical stimulation and CSD in the thalamus 
and the hypothalamus, which are key brain nuclei involved 
in migraine pathophysiology, as well as discover effects of 
single-pulse TMS (sTMS) on CSD-induced changes [1].

sTMS can modulate cortical excitability and CSD, as was 
shown in a recent study in mice [2]. In this study, sTMS reduced 
spontaneous cortical neuronal firing in the occipital cortex 
and attenuated L-glutamate-evoked firing. sTMS distorts the 
velocity, spread, and depression phase of CSD. Active and 
chronic sTMS increases the threshold of CSD induction and 
the threshold of third-order thalamic neurons. Dr Andreou 
added that sTMS was shown to be an effective preventive 
migraine treatment.

sTMS is approved as a treatment for acute migraine in the 
USA and in the UK, but not in the rest of Europe. In a study with 

https://eancampus.ean.org
https://eancampus.ean.org
https://doi.org/10.1007%2Fs11606-020-06100-w
https://doi.org/10.1111/head.12774
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201 migraine patients, early treatment of migraine with aura 
by sTMS resulted in increased freedom from pain at 2 hours 
compared with sham stimulation, which was sustained for 24 
and 48 hours after treatment [3]. Results of an open-label study 
with 263 migraine patients suggested that sTMS may be an 
effective, well-tolerated treatment option for migraine prevention 
[4]. A very recently published open-label study suggests that 
sTMS may be an effective, well-tolerated treatment option for 
the long-term prevention of difficult-to-treat, high-frequency 
episodic migraine and chronic migraine [5]. After 3 months, 
93/153 (60%) analysed patients were responders. The median 
reduction in monthly headache days for all patients at month 
3 was 5 days, from 18 days at baseline to 13 days after sTMS.

These studies thus suggest that neuromodulation may be 
a promising nonpharmacological treatment approach for 
migraine.

1. Andreou A. Cortical Spreading Depression is the main clinical initiation wave for all 
migraine types. SYMP05-2, EAN 2022, 25–28 April, Vienna, Austria.

2. Lloyd JO, et al. Neurotherapeutics. 2020;17(4):1973–87.
3. Lipton RB, et al. Lancet Neurol. 2010;9(4):373–80.
4. Starling AJ, et al. Cephalalgia. 2018;38(6):1038–48.
5. Lloyd JO, et al. J Headache Pain. 2022;23(1):63.

Erenumab more than doubles plasma CGRP 
levels
The calcitonin gene-related peptide (CGRP) receptor 
blocker erenumab is associated with a significant increase 
in CGRP levels in peripheral blood after 6 months of 
therapy in a real-life population of migraine patients. The 
efficacy and safety of erenumab was comparable with that 
in clinical trials.

Erenumab differs from the other available CGRP monoclonal 
antibodies by not blocking CGRP but its receptor. By doing 
this, one would expect the CGRP level to increase as a normal 
physiological reaction. Seemingly paradoxical, erenumab 
would in that case have a positive effect on migraine while 
causing CGRP levels to rise. Up until now, it was unknown 
what effect erenumab has on plasma CGRP levels, if any at all. 
Dr Nina Vashchenko (Sechenov First Moscow State Medical 
University, Russia) and her group set out to investigate this 
[1].

Included were 58 migraine patients who were treated with 
the CGRP monoclonal antibody erenumab. Of these, 50 
were women and the average age was 44.6 ± 11.4 years. 
To assess CGRP levels, blood samples were obtained (not 
during a migraine attack) from the antecubital vein before 

and after 6 months of therapy. CGRP levels were measured 
by enzyme-linked immunosorbent assay (ELISA). Patients 
had a headache diary and completed the Migraine Disability 
Assessment Scale (MIDAS), Hospital Anxiety and Depression 
Scale (HADS), and the Allodynia Symptom Checklist-12.

Of the 58 patients, 49 patients had chronic migraine and 
28 had medication-overuse headache. During the study, 2 
patients dropped out due to constipation and 42 continued 
treatment with erenumab for at least 6 months. The monthly 
number of headache days was 6.8 days after treatment 
compared with 21.6 days at baseline. Erenumab was more 
effective as acute migraine therapy than previous treatment 
in 31 patients (73.8%). Samples from 18 patients revealed 
that the mean plasma CGRP level was 21.29 pg/mL before 
treatment, which more than doubled to 59.94 pg/mL after 
treatment. It is unclear if this should be a cause of concern.

The efficacy and safety of erenumab was comparable 
with that in clinical trials. Dr Vashchenko added that of the 
patients who stopped erenumab therapy, those with higher 
elevated CRP levels during treatment saw their number of 
migraine days rise to baseline values relatively quickly.

1. Vashchenko N, et al. CGRP plasma levels in migraine patients before and after 
CGRP monoclonal antibodies therapy. OPR-049, EAN 2022, 25–28 April, Vienna, 
Austria.

Over a third of patients responds late to CGRP 
antibodies
Calcitonin gene-related peptide (CGRP) monoclonal anti-
bodies elicited a late therapeutic response in over one-
third of migraine patients who were initially considered 
non-responders at 12 weeks, in a real-life study with 912 
participants. The authors advocate to extend the efficacy 
evaluation of CGRP inhibitors to 6 months.

Migraine patients usually have an early response, within 12 
weeks of treatment, to CGRP inhibitors. A real-life cohort 
study, presented by Dr Cinzia Aurilia (University of Florence, 
Italy), was set up to establish the late response rate (beyond 
12 weeks of treatment) in all consecutive patients who were 
treated with a CGRP inhibitor for ≥12 months over a 3-year 
period [1]. 

Included were 912 patients from 16 specialised centres 
with either chronic migraine (CM; n=690) or high-frequency 
episodic migraine (HFEM; n=222). Patients were treated with 
erenumab (n=789), fremanezumab (n=65), or galcanezumab 

https://doi.org/10.1007/s13311-020-00879-6
https://doi.org/10.1016/s1474-4422(10)70054-5
https://doi.org/10.1177/0333102418762525
https://doi.org/10.1186/s10194-022-01428-6
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(n=58). The primary endpoint was the proportion of late 
responders (≥50% response >12 weeks) and the secondary 
endpoint was the estimated median week of response in 
these patients.

Overall, 352 patients (38.6%) were non-responders at week 
12. From the erenumab, fremanezumab, and galcanezumab 
receivers, 43.6% (344), 21.5% (14), and 24.1% (14) were 
non-responders, respectively. Of these non-responders, 
just over a third (36.4%; n=128) had a response at a later 
stage: erenumab 33.1% (n=114), fremanezumab 35.7% 
(n=5), galcanezumab 64.2% (n=9). Rates of responders, 
non-responders, and late responders for all 3 therapies 
are shown in the Table. In the group of late responders, a 
≥50% response was seen after a median of 20 weeks (IQR 

4–24) of treatment: 20, 16, and 20 weeks in the erenumab, 
fremanezumab, and galcanezumab group, respectively.

Table: Rates of responders, non-responders, and late responders for 
erenumab, fremanezumab, and galcanezumab [1]

Responders Late responders Non-responders

Erenumab (789 pts) 58.9% 14.4% 26.7%

Fremanezumab (65 pts) 78.5% 7.6% 13.9%

Galcanezumab (58 pts) 75.9% 15.5% 8.6%

Pts, patients.

Based on these results, the authors propose to continue 
evaluating the efficacy of a CGRP inhibitor for up to 6 months 
and to align reimbursement policies accordingly.

1. Aurilia C, et al. Late response to anti-CGRP (calcitonin gene-related peptide) 
monoclonal antibodies: implication for clinical practice. OPR-050, EAN 2022, 25–
28 April, Vienna, Austria.

When to start, switch, and stop MS therapy: 
Real-world evidence counts
Real-world data provide supplementary information on: 
a) the importance of starting a disease-modifying therapy 
(DMT) early in multiple sclerosis (MS), b) on switching to 
high-efficacy DMT when moderate-efficacy DMT cannot 
stabilise the disease, and c) on starting high-efficacy 
DMT as first treatment, and stopping MS therapy in later 
stages of MS. 

Randomised-controlled trials may be the gold standard of 
evidence but real-world data provides important supplemen-
tary data on DMTs in MS. “Although real-world research lacks 
blinding and randomisation, it uses unselected populations of 
patients, under real circumstances, with very different lifestyles 
and comorbidities, and can follow them for a long time,” argued 
Prof. Melinda Magyari (Rigshospitalet, Denmark) [1].

Possible real-world data sources are disease registries, 
databases, administrative claim data, medical records, 
big data, and (hopefully in the future) wearable devices. A 
critical issue real-world data can help clarify is when to start 
treatment with a DMT. This data is better suited than clinical 
trials to evaluate the ability of a DMT to postpone long-term 
disability. For example, a study Prof. Magyari co-authored, 

found that patients treated later (2–8 years after MS onset) 
were 42% more likely to reach an Expanded Disability Status 
Scale (EDSS) score of 6 than patients treated early (<2 years 
after disease onset; P=0.001) [2].

Real-world data has also shed light on the beneficial effects 
of starting high-efficacy DMT early in MS. These beneficial 
effects and the studies that found them were summarised 
in a very recent expert opinion paper [3]. This document 
claims it may be advisable to offer a high-efficacy DMT to 
MS patients early after diagnosis, taking into account factors 
such as drug safety profile, disease severity, clinical and/or 
radiological activity, and patient-related factors.

Prof. Magyari also addressed the question when to stop MS 
therapy. Reasons to do this include long disease duration, lack 
of relapses and of MRI activity, progression to secondary-
progressive MS (SPMS) with very slow progression, safety 
issues, and access-related issues [4]. There are legitimate 
arguments for and against continuing DMT [5]. Prof. Magyari 
cited a study that identified a subset of patients with a high 
likelihood to stay relapse-free after discontinuing DMT: 
age >45 years at discontinuation, absence of relapses for 
≥4 years on DMT before discontinuation, and absence of 
contrast-enhancing lesions [6].

Multiple Sclerosis
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Prof. Magyari concluded: “As the effectiveness of DMTs 
diminishes with time and MS progression, we should remember 
that the window of opportunity to treat the disease effectively 
is at its early stages. Timing of high-efficacy DMT has a 
long-term impact. Observational studies provide important 
supplementary data on this. We should always continue to 
monitor treatment effects. Permanent discontinuation of 
treatment may be appropriate in some cases.”

1. Magyari M, et al. Real-World-Evidence (Big data, registries): “game-changer” 
for regulatory and clinical views on when to start, switch and stop of disease-
modifying therapies in MS? SYMP02-4, EAN 2022, 25–28 April, Vienna, Austria.

2. Chalmer TA, et al. Eur J Neurol. 2018;25(10):1262–70.
3. Filipp M, et al. J Neurol. May 24 2022. DOI: 10.1007/s00415-022-11193-w.
4. Hartung HP, et al. Curr Opin Neurol. 2021;34(4):598–603.
5. Knox KB, et al. Int J MS Care. 2020;22(2):75–84.
6. Bsteh G, et al. Mult Scler. 2017;23(9):1241–8.

Updated EAN-ECTRIMS guideline on 
pharmacological MS treatment
The new EAN-ECTRIMS guideline includes the advice 
to treat young secondary progressive multiple 
sclerosis (SPMS) patients with siponimod or anti-
CD20 monoclonal antibodies, regardless of the lack of 
evidence on efficacy, safety, and tolerability. Additionally, 
starting earlier with higher-efficacy disease modifying 
drugs (DMDs) is suggested when treating patients 
with unfavourable prognosis. If a high-efficacy DMD 
treatment is terminated, a different high-efficacy DMD 
should be started. The radiologically isolated syndrome 
(RIS) is not however included in the guideline, due to a 
lack of evidence.

The new EAN-ECTRIMS guideline “Update on the pharma-
cological treatment of people with multiple sclerosis” was 
presented at the EAN 2022 meeting [1]. Prof. Maria Pia 
Amato (University of Florence, Italy) summarised the main 
questions the guideline addresses.

The 5 core topics of the guideline include:
1. Efficacy of DMDs.
2.  Early treatment decisions.
3. Disease/treatment response monitoring and treatment 

modification.
4.  Treatment suspension and disease reactivation.
5.  Pregnancy and breastfeeding.

Added to these were 3 practical topics:
6. Treatment safety and its monitoring.
7. Disease-modifying therapy (DMT) switching strategies.
8. Long-lasting effects of DMTs (alemtuzumab and cladribine).

The guideline supports not only early start of MS treatment 
but also early start of a higher-efficacy DMDs, depending on 
the degree of disease activity, either clinically or on MRI, and 
patient characteristics. This is an important difference from 
the previous edition of this guideline, Prof. Amato stressed. 
“It is an important message of this guideline that you should 
not lose time when treating a patient with an unfavourable 
prognosis, by giving them only moderately effective drugs.”

When treatment with a high-efficacy DMD is terminated for 
whatever reason, the guideline suggests starting another high-
efficacy DMD, taking into account factors like clinical and MRI 
disease activity, pharmacokinetics, and the risk of resumed 
disease activity or even rebound (especially in natalizumab 
or S1P modulators). Prof. Amato added: “When a patient 
is stable and has no safety or tolerability issues, consider 
continuing treatment with a DMD, taking into account patient 
characteristics and comorbidities, drug safety profile, family 
planning, and patient values and preferences.”

Prof. Amato explained that a big part of the discussion was 
about recommendations regarding treatment of SPMS 
without evidence of inflammatory activity (relapses and/
or MRI activity). “Particularly in young SPMS patients and 
those in whom progression has started recently, treatment 
with siponimod or anti-CD20 monoclonal antibodies should 
be considered, even though only scarce evidence is present 
to support their use in this setting, as well as the safety and 
tolerability profile of these drugs.”

When asked about radiologically isolated syndrome (RIS), 
Prof. Amato said treatment of RIS is not included in the 
guideline because evidence from clinical trials is lacking; 
there are however RIS trials ongoing with teriflunomide, 
dimethyl fumarate, and ocrelizumab.

1. Amato MP. Getting Evidence into practice: The new EAN-ECTRIMS guideline 
“Update on the pharmacological treatment of people with multiple sclerosis”. 
SYMP02, EAN 2022, 25–28 April, Vienna, Austria.

Gut microbiota composition associated with 
disability worsening
A new study found a high prevalence of dysbiotic Bacteroides 
2 enterotype at baseline and after 3 months in patients 
with relapsing-remitting multiple sclerosis (RRMS), with 
additional worsening of the Expanded Disability Status 
Scale (EDSS) Plus score after 4–5 years. These results 
underscores the possible involvement of gut microbiota in 
MS and its potential as a prognostic biomarker.

https://doi.org/10.1111/ene.13692
https://doi.org/10.1007/s00415-022-11193-w
https://doi.org/10.1097/wco.0000000000000960
https://doi.org/10.7224%2F1537-2073.2018-107
https://doi.org/10.1177/1352458516675751
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Several neurological diseases, such as MS, Parkinson's, and 
Alzheimer's disease, are associated with alterations in the 
microbiota, called dysbiosis. In the experimental autoimmune 
encephalomyelitis (EAE) model of MS, modulation of the 
gut microbiome has been shown to alter the disease [1]. 
Numerous studies in humans, mainly cross-sectional, have 
shown subtle differences in specific bacteria, but results 
are very diverse. By comparison, the number of longitudinal 
studies of gut microbiota are scarce and most failed to shed 
light on the possible relation between gut microbiota and long-
term disability worsening. To this end, a longitudinal study 
was conducted by Dr Ayla Pauwels (Vrije Universiteit Brussel, 
Belgium) and colleagues, including 111 MS patients; 86 with 
RRMS and 25 with primary progressive MS (PPMS) [2].

Only 27 patients received treatment at baseline; they were 
all RRMS patients and were all treated with interferon-beta. 
Studied were the diversity, enterotypes, and specific gut 
microbial taxa variations between subgroups. There exist 4 
clusters/community types in the gut microbiota: Bacteroides 
1 (B1), Bacteroides 2 (B2), Prevotella (P), and Ruminococcus 
(R). “Every single person has one predominant enterotype, 
which can change over time,” Dr Pauwels explained.

After a mean follow-up of 4.4 years, 39/95 patients had 
worsened EDSS-Plus score. Baseline enterotype was found 
to be related to EDDS-Plus worsening. Of patients who had 
a worsened EDSS score at the last timepoint, a much higher 
percentage had a B2 enterotype at baseline and after 3 
months versus patients who did not worsen (close to 50% 
vs about 30%, respectively). A B1 enterotype was much more 
prevalent in the group that did not worsen (just over 50%). 
These differences were largely driven by the RRMS group, in 
which they were even more prominent.

Gut microbiota could thus possibly serve as a prognostic 
biomarker in patients with RRMS and are a target for 
personalised microbiome therapies.

1. Berer K, et al. Proc Natl Acad Sci USA. 2017;114(40):10719–24.
2. Pauwels A, et al. Gut microbiota composition is associated with disability 

worsening in MS. Late Breaking News 1, EAN 2022, 25–28 April, Vienna, Austria.

Teriflunomide in children with MS: final results 
of TERIKIDS
The final results of the open-label extension (OLE) 
period of the TERIKIDS study showed that continuous 
teriflu nomide numerically – but not significantly – 
lowered the relapse risk and disability progression 

compared with delayed teriflunomide initiation in 
paediatric multiple sclerosis (MS) patients. MRI lesion 
count was significantly reduced and the safety profile 
was manageable. The beneficial effects of teriflunomide 
in TERIKIDS are similar to those seen in adults.

Treatment of paediatric MS represents an area of unmet need, 
as there are limited options. The randomised, double-blind, 
placebo-controlled TERIKIDS study (NCT02201108), including 
166 children aged 10–17 years (median age 14.6 years) 
with relapsing MS, showed no significant difference between 
teriflunomide and placebo in time to first confirmed clinical 
relapse after 2 years [1]. This was possibly due to a higher 
number of participants switching from double-blind to open-
label treatment because of high MRI activity. Teriflunomide 
numerically reduced relapse risk and significantly reduced 
new/enlarging T2 and gadolinium-enhancing T1 lesion counts. 
Prof. Tanuja Chitnis (Brigham and Women’s Hospital, MA, USA) 
presented the final results from the TERIKIDS OLE period [2].

Of the 166 participants from the initial double-blind phase, 152 
participants (91.6%) continued in the OLE, until a maximum 
of 192 weeks after initial randomisation, and 104 participants 
(68.4%) completed the OLE. All of them received teriflunomide 
at a body weight-based dose (the equivalent of 14 mg in adults). 

Final study results showed that from randomisation to the 
end of OLE, relapse risk was numerically lower, but not 
significantly different, for teriflunomide versus placebo 
(HR 0.62; 95% CI 0.39–0.98; P=0.11), with a corresponding 
median time to first clinical relapse of 153.9 versus 86 weeks. 
The number of gadolinium-enhancing T1 lesions per scan 
was 1.5 compared with 2.7 in the placebo group: a relative 
reduction of 43% (P=0.043). The number of new/enlarging T2 
lesions was 5.7 compared with 11.1 in the placebo group: 
a relative reduction of 49% (P=0.001). The teriflunomide 
group had a numerically lower risk of disability progression 
sustained for 24 weeks (HR 0.47; 95% CI 0.23–0.96). 

Teriflunomide was well tolerated. The incidence of treatment-
emergent adverse events (TEAEs) during the OLE was lower 
in the teriflunomide group (81.0%) than in the placebo group 
(90.4%), as was the incidence of serious TEAEs (14.0% vs 
28.8%). Twelve participants discontinued the open-label 
treatment due to TEAEs.

1. Chitnis T, et al. Lancet Neurol. 2021;20(12):1001–11.
2. Chitnis T, et al. Teriflunomide in paediatric patients with relapsing multiple 

sclerosis: results from the open-label TERIKIDS extension. OPR-025, EAN 2022, 
25–28 April, Vienna, Austria.

https://doi.org/10.1073/pnas.1711233114
https://clinicaltrials.gov/ct2/show/NCT02201108
https://doi.org/10.1016/s1474-4422(21)00364-1
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Estimating brain age in MS: machine learning 
versus deep learning
A Norwegian study compared traditional machine lear-
ning with deep learning methods to estimate brain age 
in a large, longitudinal cohort of people with multiple 
sclerosis (MS). Both brain age models revealed significant 
associations with Expanded Disability Status Scale (EDSS) 
score and duration of disease. The authors concluded that 
deep learning is an ideal analytic tool to process complex 
imaging data.

Brain age is a numerical estimate of biological age, which 
is calculated by combining structural T1 MRI images and 
information about chronological age, in conjunction with 
artificial intelligence-based computation [1]. Dr Lars Skattebøl 
(Oslo University Hospital, Norway) aimed to validate a deep 
learning simple fully convoluted neural network (DL-SFCN) 
model for brain age in MS. The main objective was to compare 
DL-SFCN with an established feature-based machine learning 
model. To this end, eligible MRI data of 1,516 MS patients was 
analysed [2]. Since there is no “true” comparative value for 
a brain age estimate, Pearson's correlation and linear mixed 
effect (LME) modelling were used to look for associations 
between brain age, age, and clinical variables.

In deep learning estimations, brain age and chronological age 
were more firmly correlated (correlation coefficient [R]=0.90; 
95% CI 0.89–0.90) than in machine learning estimations 
(R=0.75; 95% CI 0.74–0.76). Higher brain age was 
significantly associated with higher EDSS for deep learning 
estimates (t=5.3; 95% CI 0.17–0.37) as well as machine 
learning estimates (t=3.7; 95% CI 0.16–0.51), and with longer 
disease duration for deep learning estimates (t=5.8; 95% CI 
0.08–0.15) and for machine learning estimates (t=6.5; 95% 
CI 0.15–0.28). The strongest correlation was found using 
longitudinal data. Clinical correlation between brain age and 
brain age gaps (BAG) was stronger at lower EDSS scores 
and was non-significant at an EDSS score of 6. The largest 
differences in BAG were found at an EDSS score of about 6, 
these differences were less prominent at lower EDSS scores.

Overall, the DL-SFCN performed equally well to the model 
comparator, both showing significant correlations to EDSS and 
disease duration. Deep learning may be of higher clinical value 
due to a stronger association to EDSS than machine learning.

1. Franke K, et al. Neuroimage. 2010;50(3):883–92.
2. Skattebøl L, et al. Brain Age in Multiple Sclerosis: A comparison of traditional 

machine learning and deep learning methods. OPR-123, EAN 2022, 25–28 April, 
Vienna, Austria.

Ofatumumab improves cognitive processing 
speed
In the phase 3 ASCLEPIOS I/II trials, ofatumumab was 
associated with more clinically meaningful improvements 
in cognitive processing speed (CPS) compared with 
teriflunomide, as measured by changes in Symbol Digit 
Modalities Test (SDMT) scores. This was observed in 
the overall population and in the subgroup of patients 
recently diagnosed with multiple sclerosis (MS).

Cognitive impairment presents in 40–70% of MS patients, can 
start early in the disease course, and can have a profoundly 
negative effects on quality-of-life. Cognitive impairment, 
particularly CPS, also seems to be able to predict MS 
progression. In trials, CPS is often measured with the SDMT. 
Early baseline screening with the SMDT or a similar validated 
test is recommended for clinically stable patients. The phase 
3 ASCLEPIOS I and II trials (NCT02792231, NCT02792218), 
using the SDMT, showed that ofatumumab significantly 
reduced inflammatory disease activity, relapses, and delayed 
disability worsening compared with teriflunomide in patients 
with relapsing MS. A subanalysis, presented by Prof. Ralph 
H.B. Benedict (University at Buffalo, NY, USA), assessed the 
effect in the overall populations of ofatumumab (n=946) 
versus teriflunomide (n=936) on SDMT performance. A 
≥4-point improvement (or a ≥10% change) in SDMT score 
is considered to be clinically meaningful. A recent diagnosis 
was defined as diagnosed within the last 3 years.

Ofatumumab significantly improved SDMT scores from 
baseline to month 24 in the overall group; improvement 
was even more pronounced in the recently diagnosed 
subgroups (see Figure on the next page) [1]. More patients 
on ofatumumab had ≥4-point sustained improvement on 
SDMT (25%) versus teriflunomide (19.6%) in the overall 
group; there was a similar pattern in the recently diagnosed 
group (26.9% and 20.2%, respectively). Ofatumumab 
increased the probability of time-to-first 6-month confirmed 
cognitive improvement in the overall population (HR 1.14; 
95% CI 0.96–1.36), in the recently diagnosed subgroup (HR 
1.19; 95% CI 0.93–1.52), and in the group without baseline 
cognitive impairment (HR 1.23; 95% CI 0.98– 1.56). The 
observed trends for greater benefits of ofatumumab in those 
without cognitive impairment at baseline and in the recently 
diagnoses population provides further support for initiating a 
high-efficacy therapy early in the disease course to preserve 
cognitive function.

https://doi.org/10.1016/j.neuroimage.2010.01.005
https://clinicaltrials.gov/ct2/show/NCT02792231
https://clinicaltrials.gov/ct2/show/NCT02792218
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At the same session, Prof. Francesco Saccà (University 
of Naples Federico II, Italy) presented cumulative data 
for up to 4 years that indicated that longer-term safety of 
ofatumumab is good, with no new safety risks identified 
[2]. Adverse events and serious adverse events remained 
consistent with observations in the phase 3 trials. The rate 
of serious infections remained stable, as did the mean levels 

of immunoglobulin. Most reported cases of COVID-19 were 
not serious (90.2%) and most patients (98.4%) recovered. 
The risk of malignancies was not increased over time.

1. Benedict RHB, et al. Improvement in Cognitive Processing Speed with Ofatumumab 
in Patients with Relapsing Multiple Sclerosis. OPR-130, EAN 2022, 25–28 April, 
Vienna, Austria.

2. Saccà F, et al. Longer-term Safety of Ofatumumab in Patients With Relapsing 
Multiple Sclerosis. OPR-134, EAN 2022, 25–28 April, Vienna, Austria.

Figure: Change from baseline in SDMT score of ofatumumab versus teriflunomide for overall and recently diagnosed patient populations [1]
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Intestinal alterations in patients with 
Parkinson’s disease
Patients with Parkinson’s disease (PD) can demonstrate 
mild intestinal inflammation, accompanied by an increase 
in faecal tumour necrosis factor (TNF), faecal IL-1beta, 
collagen fibres, and S100-expression. PD patients can 
also show an impairment of the intestinal epithelial barrier, 
expressed by an increase in acidic mucins, a decrease in 
Claudin-1-expression, and alterations in the microbiota.

PD is characterised by alpha-synuclein accumulation, 
changes in gut microbiota composition, impairment of the 
intestinal epithelial barrier (IEB), and enteric neurogenic/
immune/inflammatory changes. “The intestinal system is not 
only impaired by PD, but can also be a culprit,” said Dr Gabriele 
Bellini (University of Pisa, Italy) [1]. An imbalance in neuro-
immune, brain-gut axis could lead to neuroinflammation 
and intestinal dysmotility. Furthermore, gut microbiota 
alterations, frequently found in PD patients, could very well 

favour bacterial translocation with an increased intestinal 
permeability. This could result in enteric neuroinflammation 
which could favour the misfolding and aggregation of alpha-
synuclein. Dr Bellini and his group therefore set up a study 
to evaluate:
• Changes in faecal microbiota composition;
• Changes in the intestinal mucosal barrier that are capable 

of altering intestinal permeability;
• Alterations of inflammatory markers in plasma and stool.

Enrolled were 19 PD patients (14 men) and 19 healthy controls. 
They underwent motor and cognitive evaluations, laboratory 
(plasma and stool) evaluations, as well as morphological 
evaluations using colon biopsies: epithelial mucins, collagen 
fibres, Claudin-1 tight junction, and S-100-positive glial cells.

Looking at changes in faecal microbiota, PD patients had a 
significantly different alpha-diversity, which was not the case 
for beta-diversity. Butyricimonas, a short-chain fatty acid-

Parkinson’s Disease
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Figure: Survival probability by genetic status: SNCA, LRRK2, PRKN, or GBA [1]

producing bacterium that plays an important role in colonic 
T cell differentiation, was reduced. Morphological results in 
PD patients showed an increase in acidic mucin production 
and in collagen density, a reduced expression of Claudin-1, 
and an increase of S-100-positive glial cells. The endoscopic 
exam did not reveal a macroscopic inflammatory process. 
Compared with controls however, there were significantly 
higher levels of faecal IL-1beta (P<0.01) and of faecal TNF 
(P<0.05). Dr Bennini: “This allows for the hypothesis that PD 
patients have a mild form of intestinal inflammation.”

1. Bellini G, et al. Intestinal histomorphological and molecular alterations in patients 
with Parkinson’s disease: results from a pilot study. OPR-059, EAN 2022, 25–28 
April, Vienna, Austria.

Gene variants impact survival in monogenic 
Parkinson’s disease
Survival of patients with monogenic forms of Parkinson’s 
disease (PD) may be affected by specific gene mutations. 
The records of 2,037 PD patients were analysed from 
their first hospital visit and results showed that patients 
with LRRK2 or PRKN gene mutations had a longer survival 
time while the survival time was shorter for patients with 
SNCA or GBA gene mutations. 

The most common mutations causing PD are in the SNCA, 
LRRK2, and PRKN genes while variants in glucocerebrosidase 
(GBA) are considered as risk factors. Monogenic forms of PD 
account for approximately 5% of all cases, as most appear to 
occur sporadically, without any family history. A change in the 

LRRK2 gene is probably the most common genetic variant 
associated with PD, causing people who carry this variant to 
have a 70% risk of being diagnosed with PD by the age of 80.

A study presented by Dr Aymeric Lanore (Paris Brain Institute, 
France) was the first to compare mortality of patients 
carrying SNCA, LRRK2, PRKN, or GBA variants responsible for 
monogenic forms of PD [1]. Data was retrieved from a large 
multicentre cohort of PD patients, 2,037 of whom were included 
in this analysis. During follow-up, 890 of the 2,037 participants 
died. Gene mutations in LRRK2 (HR 0.49; 95% CI 0.26–0.90) 
and PRKN (HR 0.41; 95% CI 0.24–0.70) were associated with 
a smaller risk of death than PD patients without any known 
mutation (see Figure). Two other mutations were associated 
with shorter survival: SNCA (HR 9.88; 95% CI 4.78–20.40) and 
GBA (HR 1.33; 95% CI 1.00–1.78).

“The results suggest that the shorter survival of SNCA and 
GBA patients may be related to faster motor progression of 
the disease and earlier development of cognitive impairment,” 
explained Dr Lanore. “These are important new insights which 
could help the development of new drugs targeting these 
genetic variants to slow down or stop the disease.” She added 
that these findings may also enable clinicians to have honest 
conversations with their patients about expected survival 
times. “This can empower patients to make decisions about 
their care and what to do with the time they may have left.”

1. Lanore A, et al. Survival in monogenic forms of Parkinson’s disease: results of a 
large retrospective study. OPR-085, EAN 2022, 25–28 April, Vienna, Austria.
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Cerebrovascular Disease and Stroke
Most acute stroke patients have undiagnosed 
risk factors
In a large, single-centre cohort study, two-thirds of 
patients with acute ischemic stroke had one or more 
undiagnosed major vascular risk factors, most notably 
dyslipidemia, hypertension, and atrial fibrillation (AF). 
Patients with undiagnosed risk factors were relatively 
young, were more often women, and had more often a 
patent foramen ovale (PFO).

A retrospective analysis, performed by Dr André Rêgo 
(Lausanne University Hospital and University of Lausanne, 
Switzerland), included 4,354 patients from the ASTRALregistry 
from 2003–2018, who had been admitted within 24 hours after 
a stroke [1]. Their median age was 70 years (IQR 15.2) and 
44.7% were women. 

1,125 patients (25.8%) were unaware of having any major risk 
factor; mean age in this subgroup was 59 years, as opposed 
to 74 years in the group with diagnosed risk factors. Within 
this group, 341 (30.3%) indeed had no undiagnosed major risk 
factor(s), but 784 (67.7%) did have at least one. Of these, 61.4% 
had newly detected dyslipidemia, 23.7% had hypertension, 
10.2% had AF, 5.2% had diabetes, 2.0% had ejection fraction 
<35%, and 1.0% had coronary disease. “The results, however, 
may not be generalisable to other countries, since Switzerland 
is known for its high-quality healthcare system, high general 
level of education, and relatively healthy population. If we did 
this study in another context, we probably would see even 
more undiagnosed risk factors,” said Dr Rêgo.

Having a major stroke risk factor without being aware of it 
was associated with lower age, non-Caucasian ethnicity, 
PFO, contraceptive use, and smoking (in patients ≥55 years 
old). Also found were negative associations with antiplatelet 
use before event and a higher BMI. In this group, there was 
a higher frequency of PFO-related strokes and a lower 
frequency for large vessel, lacunar, cardiac, or multiple 
coexisting causes. 

Improving the detection of undiagnosed risk factors would 
require a shift in healthcare focus, according to Dr Rêgo. “We 
still have a healthcare system excessively directed toward 

acute disease and less to chronic diseases and preventive 
medicine.”

1. Rêgo A, et al. Undiagnosed major risk factors in patients with acute ischaemic 
stroke: clinical profile, stroke mechanisms and outcome. EAN 2022, EOP-261, EAN 
2022, 25–28 April, Vienna, Austria.

Absence of Susceptibility Vessel Sign points to 
malignancy in stroke patients
The absence of the Susceptibility Vessel Sign (SVS) 
on baseline MRI is associated with the presence of 
active and occult malignancy in patients with acute 
ischemic stroke eligible for mechanical thrombectomy. 
SVS absence may increase the chance of detecting 
paraneoplastic coagulation disorders and occult 
malignancy in acute ischemic stroke patients.

One of the clinical applications of susceptibility-weighted 
imaging in brain MRI is the detection, in the acute stage 
of stroke, of intravascular thromboembolism, called the 
SVS. The presence of SVS on gradient-echo imaging or 
susceptibility-weighted imaging is strongly associated with 
a high proportion of red blood cells and a low proportion of 
fibrin and platelets in retrieved thrombi on MRI, as well as the 
presence of active malignancy.

A single-centre, retrospective, cross-sectional study, presented 
by Dr Morin Beyeler (Bern University Hospital, Switzerland), 
hypothesised that the absence of SVS is associated with 
underlying malignancy, because of shared histological clot 
findings [1]. The study also looked at the diagnostic value of 
SVS as a biomarker for malignancy-related stroke alone and 
in combination with other common malignancy biomarkers. Dr 
Beyeler was the winner of the EAN 2022 tournament for best 
clinical presentation by a neurologist in training.

The study included 577 patients, treated for acute ischemic 
stroke with mechanical thrombectomy and with available SVS 
status between January 2011 and December 2018. Of this 
cohort, 40 (6.9%) patients had active malignancy (9 occult) at 
the time of the index stroke while 72 patients (12.5%) showed 
no SVS. The absence of SVS was strongly associated with 
active malignancy (aOR 4.85; 95% CI 1.94–12.11) and occult 
malignancy alone (aOR 11.42; 95% CI 2.36–55.20). Compared 
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with patients with no malignancy, patients with active malig-
nancy:
• Were less often independent before stroke (mRS ≥2): 

82.5% versus 92.4% (P=0.039);
• Were more often using anticoagulation before stroke: 

35.0% versus 9.7% (P<0.001);
• Received less often bridging therapy: 12.5% versus 41.0% 

(P<0.001).

With regard to the diagnostic accuracy of the absence of SVS 
for active malignancies, the sensitivity was 20.83% and the 
specificity 95.05%. For occult malignancies (after exclusion 
of active known malignancies), the sensitivity was 8.06% and 
the specificity 99.17%.

Do these data make the absence of SVS a new biomarker 
for malignancy-related stroke? There is an association, but 
causality has not yet been proven. However, the adjusted 
odds ratio is higher than that of other known predictors. The 
low sensitivity may be compensated by a high predictive 
value. “SVS as a new biomarker could perhaps help to 
accelerate the diagnosis of occult malignancies,” Dr Beyeler 
concluded. “It may also help to guide secondary prevention, 
malignancy-related stroke usually being treated with low-
molecular weight heparins or with anticoagulants.”

1. Beyeler M, et al. Absence of Susceptibility Vessel Sign in Patients with Malignancy-
related Acute Ischemic Stroke. OPR-012, EAN 2022, 25–28 April, Vienna, Austria.

Acute stroke management: from time window 
to tissue window?
Core/penumbra mismatch criteria for the extended 
time window for endovascular treatment were not met 
by about a third of stroke patients in the early time 
window (<6 hours). The absence of this mismatch was 
independently associated with an unfavourable outcome 
after 3 months. These results raise the question if, apart 
from a time window, a tissue window should also be 
considered in early arriving patients.

Treatment of acute ischaemic stroke (AIS) with mechanical 
thrombectomy is strongly time dependent and since 2018 it is 
mainly applied 6–30 hours after AIS. In this late time-window, 
patient selection is based on advanced neuroimaging, which 
needs to demonstrate a significant penumbra in order for a 
patient to be selected for thrombectomy. In the early time-
window (<6 hours after AIS), there is no need for this type of 
advanced penumbra imaging; a CT-scan or MRI is sufficient. 
Dr Davide Strambo (University of Lausanne, Switzerland) 

and colleagues aimed to investigate whether pre-treatment 
perfusion parameters are associated with outcome in AIS 
patients treated with mechanical thrombectomy within 6 
hours [1].

To this end, a retrospective, single-centre analysis based on 
the ASTRAL registry was performed, including AIS patients 
with anterior circulation large vessel occlusion (LVO), treated 
within 6 hours, and with available baseline perfusion data. 
CT and MRI data allowed for quantification of the volume 
of the core, i.e. tissue that is irreversibly injured, and of the 
penumbra, i.e. tissue at risk. Based on these data, the absence 
of a core/penumbra “mismatch” was assessed (according 
to EXTEND 1A, SWIFT/PRIME, DEFUSE 3, and DAWN trials 
criteria), as well as ischaemic core and penumbra volumes, 
and perfusion/core ratio. The primary outcome was the 
3-month unfavourable shift on the modified Rankin Scale 
(mRS>2).

Included were 262 patients, with a mean age of 70 years and 
40% were women. Median National Institutes of Health Stroke 
Scale (NIHSS) at admission was 16, median onset-to-imaging 
was 100 minutes, and median onset-to-groin was 190 minutes. 
Median core volume was 24.4 mL (95% CI 8.0–62.4) and 
median penumbra volume was 113.5 mL (95% CI 68.7–164.6). 
Calculating the mismatch ratio showed that 20% of patients had 
a penumbra/core ratio <1.2, 7% between 1.2–1.8, and 73% >1.8. 

“About one third of patients lacked the favourable target 
mismatch according to the criteria of the EXTEND 1A, SWIFT/
PRIME, and DEFUSE 3 criteria,” Dr Strambo noted. When 
comparing outcomes at 3 months, an unfavourable outcome 
was associated with a larger ischaemic core, a slightly smaller 
penumbra, and a lower core/penumbra ratio (see Table).

Table: Associations between perfusion parameters and unfavourable 
outcome at 3-months by modified Rankin Scale [1]

90 days mRS >2
(n=105)

90 days mRS  0–2
(n=143)

P-value

Ischemic core volume (mL) 45.9 (13.0–101.8) 14.1 (5.6–38.5) <0.001

Ischemic penumbra volume (mL) 101.3 (51.0–153.5) 118.5 (83.5–176.9) 0.020

Penumbra/Core ratio 2.5 (0.8–7.0) 8.3 (3.1–19.0) <0.001

Penumbra/Core ratio ≥1.8 62/105 (59.1%) 121/143 (84.6%) <0.001

Penumbra/Core ratio ≥1.2 72/105 (68.6%) 128/143 (89.5%) <0.001

EXTEND-1A trial criteria unmet 47/105 (44.8%) 22/143 (15.4%) <0.001

SWIFT/PRIME criteria unmet 57/105 (54.3%) 28/143 (19.6%) <0.001

DEFUSE 3 trial criteria unmet 51/105 (48.6%) 25/143 (17.5%) <0.001

DAWN trial criteria unmet 79/105 (75.2%) 79/143 (55.2%) 0.001
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The absence of mismatch was independently associated 
with a significant shift towards worse disability at 3 months, 
with OR varying depending on trial criteria:
• EXTEND 1A trial: OR 2.77 (95 % CI 1.53–5.04; P=0.001);
• SWIFT/PRIME trial: OR 2.72 (95 % CI 1.54–4.81; P=0.001);
• DEFUSE-3 trial: OR 2.65 (95 % CI 1.49–4.70); P=0.001);
• DAWN trial: OR 3.26 (95 % CI 1.87–5.67; P=0.001).
• Any mismatch: OR 2.72 (95 % CI 1.45–5.07; P=0.002).

These results suggest there could be reason for a paradigm 
shift from time-window to tissue-window in acute stroke 
managements.

1. Schwarz G, et al. Perfusion imaging in large vessel occlusion stroke within 6 hours 
from onset: from time-window to tissue window. OPR-015, EAN 2022, 25–28 April, 
Vienna, Austria.

Epilepsy

Seizure forecasting with non- and minimally-
invasive devices
An international project has established the feasibility of 
ambulatory seizure forecasting with multiple minimally-
invasive devices, from medical-grade/research-grade 
devices to fitness trackers, using seizure cycles and 
subcutaneous EEG. Epileptic seizure cycles are common, 
measurable with different modalities, and strong 
predictors of future seizures.

From a patient's perspective, one of the most difficult and 
debilitating aspects of epilepsy is seizure unpredictability. 
“Because of the potential harm that seizures can inflict 
onto patients or others, including sudden death, patients 
live in a state of perpetual uncertainty,” said lead author of 
the project Dr Pedro Faro Viana (King's College London, UK) 
[1]. Forecasting of seizures with an implantable intracranial 
EEG (iEEG) device is not appropriate for all patients and in 
any case minimally- or non-invasive EEG recording systems 
would be preferable.

Patients with drug-resistant epilepsy were enrolled in a 
prospective, multicentre, observational cohort for ultra 
long-term (>8 months) monitoring with an electronic diary, 
a wearable device, and ambulatory EEG monitoring [1]. 
Wearable devices employed were the Empatica E4, the 
smaller and more stylish Embrace 2 (if the Empatica E4 was 
refused), and the Fitbit Charge 3 or Fitbit Inspire. Ambulatory 
EEG devices included were NeuroPace RNS, Medtronic RC+S, 
UNEEG 24/7 SubQ, and EpiMinder.

A total of 40 participants had recorded >11,400 days (31.2 
years) of ambulatory data, including 1,712 EEG seizures. Nine 
patients terminated this observational study prematurely. 
These were some of the results:
• The Empatica E4 and NeuroPace RNS showed that seizures 

occur in cycles. Heart rate circadian and multi-day cycles 
were significantly phase-locked with the likelihood of self-
reported seizures [2].

• The Empatica E4 plus a seizure forecasting system with a 
long short-term memory (LSTM) recurrent neural network 
(RNN) algorithm predicted seizures significantly better 
than chance in 5/6 patients, with a mean area under the 
curve (AUC) of 0.80 [3].

• The wrist-worn Fitbit plus LSTM RNN also predicted 
seizures significantly better than chance in 5/6 patients, 
with an AUC of 0.74 (hourly forecasts) and 0.66 (daily 
forecasts) [4].

• The UNEEG 24/7 subscalp achieved significant fore-
casting performance in 3–5 out of 6 patients, with overall 
mean AUC of 0.65–0.74 [5].

The main study limitations were a small cohort, some cases 
of device deficiency, poor adherence and/or incomplete data, 
and retrospective or (pseudo-) prospective forecasting.

1. Viana P, et al. Seizure forecasting with non-invasive and minimally-invasive mobile 
devices – Epilepsy Foundation My Seizure Gauge study. OPR-078, EAN 2022, 25–
28 April, Vienna, Austria.

2. Gregg NM, et al. Under review.
3. Nasseri M, et al. Sci Rep. 2021;11(1):21935.
4. Stirling RE, et al. Front Neurol. 2021;12:713794.
5. Viana PF, et al. Epilepsia. Apr 8 2022. DOI: 10.1111/epi.17252. 

https://doi.org/10.1038/s41598-021-01449-2
https://doi.org/10.3389/fneur.2021.713794
https://doi.org/10.1111/epi.17252
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Real-world efficacy of cenobamate in focal-
onset seizures
Cenobamate has been recently approved as adjunctive 
treatment of uncontrolled, focal-onset seizures (FOS). 
Two case series shed light on the efficacy and safety 
of cenobamate in clinical practice. Results were positive 
and even in patients with superrefractory focal epilepsy, 
cenobamate was highly efficacious.

Although in the past years there has been an increase 
in available anti-seizure medications, drug-resistance 
in epilepsy patients has not decreased. An Italian study, 
presented by Dr Giovanni Falcicchio (University Hospital of 
Bari "A. Moro", Italy), investigated cenobamate as adjunctive 
treatment for patients with uncontrolled FOS [1]. Included 
were 20 adult patients who were enrolled in an Italian 
Expanded Access Program (EAP) with uncontrolled FOS and 
no treatment alternatives. Collected were efficacy and safety 
data 3, 6, and 12 months after administration of cenobamate, 
along with plasma concentrations of concomitant anti-
seizure medication. Primary efficacy outcomes were median 
percentage change in monthly seizure frequency and 
responder rate (≥50% monthly seizure frequency reduction).

After 3 months, participants taking cenobamate reported 
a significant reduction (mean 63%) in seizure frequency 
compared with baseline, with a responder rate of 11/20 
(58%). At month 6 and 12, decrease in seizure frequency was 
sustained. Adverse events were reported in 16 patients (80%), 
mainly mild and transient, and generally disappeared after 
reducing the posology of other anti-seizure medication the 
patient was taking.

Safety and efficacy of cenobamate as adjunctive therapy 
in an early-access programme was also assessed in a 
Spanish case series [2]. This prospective, longitudinal, 
multicentre study, presented by Dr Ariadna Gifreu (Bellvitge 
University Hospital, Spain), included 58 adult patients with 
drug-resistant epilepsy (mean age 40 [range 19–70]; 31 
women). Median number of previous and concomitant anti-
seizure medications were 9 and 3, respectively. Median 
monthly seizure frequency at baseline was 8.5 (range 5–30). 
Responder rates (≥50% monthly seizure frequency reduction), 
seizure free rates, and retention rates were measured at 6 
months; adverse events (AE) at 3 and 6 months.

Median dose at 6 months was 200 mg/day (range 75–400 
mg/day). At 6 months, median seizure frequency per month 

decreased significantly from 8.5 to 4 (P<0.001). Of 44 
participants, 26 (59%) were responders (see Figure for all 
responder rates). Retention rate was 41 out of 47 participants 
(87%). Of 58 patients, 36 (62%) experienced AEs during the 
titration period and 25 out of 44 (57%) after 6 months.
The most common AEs were somnolence, unsteadiness, 
and dizziness. There were no serious AEs.

Figure: Responder rates at 6 months for seizure frequency reduction 
>50%, >90%, and seizure-free [2]
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1. Falcicchio G, et al. Cenobamate: preliminary results of efficacy and safety in a real-
life setting. OPR-077, EAN 2022, 25–28 April, Vienna, Austria.

2. Gifreu A, et al. Short term efficacy and safety of adjunctive cenobamate in patients 
with super-refractory focal epilepsy. OPR-082, EAN 2022, 25–28 April, Vienna, 
Austria.

Possible new biomarker for early neuronal 
death in mesial temporal lobe epilepsy
Brain-derived cell-free DNA (cfDNA) in serum of 
patients with mesial temporal lobe epilepsy (MTLE) may 
constitute a promising new biomarker for early detection 
of neuronal death. Notwithstanding the equal release 
into the bloodstream of neuron-derived cfDNA in MTLE 
patients and controls, differential methylation patterns 
could be observed.

cfDNA consist of highly degraded DNA fragments that 
are released into the peripheral blood stream in both 
people with and without health conditions [1]. Apoptosis is 
generally considered to be the main source of cfDNA due 
to the matching size of cfDNA and apoptotic DNA cleavage 
fragments. DNA fragmentation during apoptosis is mediated 
by caspase-associated DNase.

cfDNA in circulation presents specific DNA methylation 
patterns that may allow for detecting and localising cell 
death. Recent studies have used cell-type specificity of 
DNA methylation to determine the tissue of origin, thus 
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detecting ongoing cell death taking place in specific body 
compartments. This approach is yet to be developed in 
epilepsy.

MTLE with hippocampal sclerosis (MTLE-HS) is characterised 
by severe neuronal death in the mesial regions [2]. Mr Ricardo 
Martins-Ferreira (University of Porto, Spain) and colleagues 
hypothesised that the predominant hippocampal sclerosis 
and hippocampal cell death occurring in MTLE is associated 
with an increased release of brain-derived cfDNA. To this 
end, cfDNA methylation profiling was performed in serum of 
12 MTLE-HS patients and 11 controls without epilepsy [3].

The use of a deconvolution tool could not detect significant 
differences in the proportion of cortical neuron-derived cfDNA 
between the 2 groups. This may be partly due to low precision 
of the current deconvolution tools and the possibility that 
release of brain-derived cfDNA is an acute event triggered by a 
seizure or by apoptosis. Also, no enrichment of neuron-specific 

differentially methylated regions (DMRs) in cfDNA was detected.
However, direct differential comparison of methylation 
between patients and controls did identify 235 differentially 
methylated CpG positions between patients and controls. 
Enrichment of pathways associated with cerebral function 
could be demonstrated by gene ontology analysis of the 
hypomethylated cluster (151 CpG). Examples of these path-
ways are chemical synaptic transmission, positive regulation 
of oligodendrocyte progenitor proliferation, and glutamate 
receptor activity. The researchers speculated that even 
though there was no difference in cfDNA in the circulation 
of MTLE patients and controls, the observed enrichment of 
epileptic patterns in hippocampal tissue of these patients 
was preserved, and may therefore be a valuable serum 
biomarker of epilepsy.

1. Martins-Ferreira R, et al. Front Cell Neurosci. 2022;16:852151.
2. Blümcke I, et al. Epilepsia. 2013;54(7):1315–29.
3. Martins-Ferreira R, et al. DNA methylation profiling of cfDNA in epilepsy patients 

demonstrates potential cerebral origin. OPR-066, EAN 2022, 25–28 April, Vienna, 
Austria.

COVID-19
COVID-19 elevates risk of neurodegenerative 
disorders
COVID-19-positive outpatients had an increased risk of 
a broad range of neurodegenerative and cerebrovascular 
disorders compared with participants who tested 
negative. However, no excess risk was detected compared 
with influenza A/B and community-acquired pneumonia, 
except for ischaemic stroke.

More than 2 years after the onset of the COVID-19 pandemic, 
the precise nature and evolution of the effects of COVID-19 
on neurological disorders are still not characterised. Previous 
studies have established an association with neurological 
syndromes, but it is still unknown whether COVID-19 
influences the incidence of specific neurological diseases 
and whether it differs from other respiratory infections [1,2]. 
Dr Pardis Zarifkar (Rigshospitalet, Denmark) and her group 
utilised electronic health records of 2,972,192 patients, 
which is about half of Denmark’s population, to characterise 
the influence of COVID-19 on neurological diseases [3,4]. 
Included were patients tested for COVID-19 or diagnosed with 

community-acquired bacterial pneumonia in hospital-based 
facilities between February 2020 and November 2021, as well 
as influenza patients from the corresponding pre-pandemic 
period a year earlier (February 2018 to November 2019). 

Of the study cohort, 919,731 individuals tested for COVID-19, 
of whom 43,375 tested positive. Compared with COVID-19-
negative outpatients, positive outpatients had an increased 
relative risk (RR) of Alzheimer’s disease (RR=3.5; 95% CI 
2.2–5.5), Parkinson’s disease (RR=2.6; 95% CI 1.7–4.0), 
ischaemic stroke (RR=2.7; 95% CI 2.3–3.2), and intracerebral 
haemorrhage (RR=4.8; 95% CI 1.8–12.9). 

The increased risk of most neurological diseases was, however, 
not higher in COVID-19-positive patients than in patients 
diagnosed with influenza or other respiratory illnesses. 
There were 2 exceptions: the RR for ischemic stroke was 
increased compared with influenza inpatients (RR=1.7; 95% CI 
1.2–2.4) and compared with bacterial pneumonia inpatients 
≥80 years (RR=2.7; 95% CI 1.2–6.2). The frequency of other 
neurodegenerative illnesses such as multiple sclerosis, 

https://doi.org/10.3389/fncel.2022.852151
https://doi.org/10.1111/epi.12220
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myasthenia gravis, Guillain-Barré syndrome, and narcolepsy 
did not increase after COVID-19, influenza, or pneumonia.

“We found support for an increased risk of neurodegenerative 
and cerebrovascular disorders in COVID-19-positive compared 
with COVID-19-negative patients, which must be confirmed or 
refuted by large registry studies in the near future,” Dr Zarifkar 
concluded. “Reassuringly, apart from ischemic stroke, most 
neurological disorders do not appear to be more frequent 
after COVID-19 than after influenza or community-acquired 
bacterial pneumonia.”

1. Liotta EM, et al. Ann Clin Transl Neurol. 2020;7(11):2221–2230. 
2. Chou S H-Y, et al. JAMA Netw Open. 2021;4(5):e2112131. 
3. Zarifkar P, et al. Frequency of neurological diseases after COVID-19, influenza A/B 

and bacterial pneumonia. OPR-033, EAN 2022, 25–28 April, Vienna, Austria.
4. Zarifkar P, et al. Front Neurol. 23 Jun, 2022. DOI: 10.3389/fneur.2022.904796. 

More headaches in adolescents during 
COVID-19 pandemic
A Turkish study found evidence that the long-term psycho-
social impact of the COVID-19 pandemic translates into 
worsening headache among adolescents. Over one third 
of schoolchildren who received online teaching during 
the COVID-19 pandemic reported worsening headache 
symptoms or new-onset headaches.

Though initially it seemed that the lockdown potentially had 
an improvement on headache in children due to reduced 
school-related stress, the long-term effect of the pandemic 
on headache in adolescents remained unknown. The current 
study analysed 851 adolescents who were admitted to the 
outpatient clinic of the Ermenek State Hospital in Istanbul, 
Turkey [1]. Participants were between 10 and 18 years of 
age and 531 (62%) were girls. Of them, 756 (89%) reported 
headaches over the study period. Among the group of 
children with headaches, 10% reported new-onset headaches 
over the pandemic home-schooling period, while headaches 
worsened in 27%, remained stable in 61%, and improved in 
3% (P<0.001). COVID-19 positivity was not more prevalent 
in the group with headache (15%) versus no headache (18%; 
P=0.432). 

Headache severity was significantly increased with age 
(correlation coefficient [R]=0.176; P<0.001), headache duration 
(R=0.188; P<0.001), depression (R=0.212; P<0.001), generalised 
anxiety (R=0.306; P<0.001), and COVID-19-related anxiety 
(R=0.107; P<0.01). Headache frequency was significantly 
increased with age (R=0.127; P<0.001), depression (R=0.219; 
P<0.001), and generalised anxiety (R=0.284; P<0.001). 

Those who reported worsened or new-onset headaches, had 
headaches on average 8–9 times per month. Risk factors for 
new-onset or worsening of headache during the pandemic were:
• Prolonged exposure to a computer screen: odds ratio (OR) 

1.7 (P<0.01);
• A lack of suitable conditions for online learning at home: 

OR 2.6 (P<0.001);
• School exams: OR 1.7 (P<0.001);
• Living in a city: OR 1.6 (P<0.05);
• Female sex: OR 1.8 (P<0.01);
• Weight gain: OR 1.6 (P<0.01);
• Depression: OR 2.0 (P<0.001); and
• COVID-19-related anxiety: OR 3.2 (P<0.01).

Dr Ayşe Nur Özdag Acarli (Ermenek State Hospital, Turkey) 
said that in contrast to previous reports, this analysis did 
not show a tendency towards reduction in headache and 
headache severity during the pandemic. She also noted that 
62% of respondents said they were dissatisfied with the 
quality and sufficiency of online education. Dr Acarli and her 
group concluded that headache triggered by a screen during 
online education may contribute to the feeling of decreased 
school performance, and thus anxiety and depression.

These study results emphasise the importance of preserving 
children and adolescents from electronic screen exposure. 
Traditional school attendance might be better than online 
education, at least for adolescents with headaches that are 
triggered by electronic screens. More psychological support 
and limiting screen time in adolescents would help improve 
or eliminate adolescents' headache episodes.

1. Acarli AO, et al. The burden of coronavirus disease (COVID-19) pandemic on 
headaches in adolescents: Other side of the coin. EPO-070, EAN 2022, 25–28 April, 
Vienna, Austria.

AstraZeneca vaccination and risk of cerebral 
venous sinus thrombosis
Cerebral venous sinus thrombosis (CVST) was more 
frequently reported after AstraZeneca (ChAdOx1 nCov-
19) vaccination than after any of the other SARS-CoV-2 
vaccines, an analysis of cases notified to the European 
Medicines Agency (EMA) revealed. Patients with CVST 
after AstraZeneca vaccination had a higher mortality 
rate compared with pre-COVID-19 CVST controls and 
patients with CVST after mRNA vaccination.

When the first cases were reported of CVST with thrombo-
cytopenia after vaccination against SARS-CoV-2 infection, 

https://doi.org/10.1002/acn3.51210
https://doi.org/10.1001/jamanetworkopen.2021.12131
https://doi.org/10.3389/fneur.2022.904796
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without any known causal relationship, a study was quickly 
initiated to investigate this [1,2]. The study's aim was 2-fold: to 
report clinical data of patients who developed CVST after SARS-
CoV-2 vaccination and to compare data between different 
vaccines and with a pre-COVID-19 CVST control group.

Data was retrieved from the so-called EMA EudraVigilance 
database. Dr Jonathan Coutinho (Amsterdam University 
Medical Centre, the Netherlands) and colleagues collected 
all cases coded as CVST and additionally screened for 
“potential CVST” (for example cerebral thrombosis or auto-
immune heparin-induced thrombocytopenia). As control 
group served 100 European patients with CVST from before 
the COVID-19 pandemic. In total, 213 CVST cases were 
identified: 187 after AstraZeneca/Oxford (ChAdOx1 nCov-19) 
vaccination and 26 after mRNA vaccination (25 with Pfizer/
BioNTech [BNT162b2], 1 with Moderna [mRNA-1273]). 

As expected, most patients were <60 years of age with no 
significant age differences between the 3 groups. Around 
half of patients with CVST after AstraZeneca vaccination 
had concomitant thrombocytopenia. Here, between-group 
differences were substantial: 107/187 in the ChAdOx1 nCov-
19 group, 0/26 in the mRNA vaccine group, and 7/100 in the 
pre-COVID-19 group. The corresponding mortality was also 
substantially higher in the ChAdOx1 nCov-19 group (see Table 
for the full results). Mortality in patients with thrombocytopenia 
in the ChAdOx1 nCov-19 group was 49% (95% CI 39%–60%).

Table: Comparison of CVST cases after ChAdOx1 nCov-19, mRNA 
vaccines, and pre-COVID-19 CVST cases [1]

Variable

ChAdOx1 
nCov-19 vaccine 

(n=187)

mRNA vaccines 
 

(n=26)

Pre-COVID-19 
CVST cases 

(n=100)

Age categories

 Age 0–29 25/124 (20%) 1/22 (5%) 19/100 (19%)
 Age 30–59 78/124 (63%) 10/22 (45%) 62/100 (62%)
 Age ≥60 21/124 (17%) 11/22 (50%) 19/100 (195)

Female 138/184 (75%) 20/26 (77%) 66/100 (19%)

Male 46/184 (25%) 6/26 (23%) 34/100 (34%)

Any CVST risk factor reported 20/187 (11%) 4/26 (15%) 64/100 (64%)

Oral contraceptive use reported 16/79 (20%) 1/7 (14%) 30/56 (54%)

Thrombocytopenia reported 107/187 (57%)  
95% CI 50–64%

0/26 (0%) 
95% CI 0–13%

7/100 (7%) 
95% CI 3–14%

Concomitant VTE reported 22/187 (12%) 
95% CI 8–17%

0/26 (0%) 
95% CI 0–13%

9/100 (9%) 
95% CI 5–16%

COVID-19 PCR test performed 39/187 (21%) 6/26 (23%) NA

Mortality 44/117 (38%) 
95% CI 29–47%

2/10 (20%) 
95% CI 6–51%

3/100 (3%) 
95% CI 1–8%

CVST, cerebral venous sinus thrombosis; PCR, polymerase chain reaction; VTE, venous thromboembolic events.

Reprinted from Krzywicka K, et al. Eur J Neurol. 2021;28(11):3656–3662. DOI 10.1111/ene.15029 under 
the terms of the Creative Commons Attribution 4.0 license.

Limitations of the study were limited availability of clinical 
data (since a passive pharmacovigilance database was 
the source), risk of selective reporting (or underreporting), 
mortality rates reflect the first experience with vaccine-
induced immune thrombotic thrombocytopenia (VITT), lack of 
a central adjudication of the CVT diagnosis, and absolute CVT 
risk after vaccination could not be calculated in this study.

This study confirmed that CVST after ChAdOx1 nCov-19 
vaccination has distinct features that differ from patients 
with CVST unrelated to vaccination. To prove causality, 
investigations for potential alternative causes are necessary.

1. Coutinho, JM. Post-SARS-CoV-2-vaccination cerebral venous sinus thrombosis: 
an analysis of cases notified to the European Medicines Agency. PLEN04, EAN 
2022, 25–28 April, Vienna, Austria.

2. Krzywicka K, et al. Eur J Neurol. 2021;28(11):3656–3662.

Large impact of COVID-19 on dementia 
diagnosis and care
Registry-based national data of Sweden demonstrated 
that the COVID-19 pandemic not only increased mortality 
of dementia patients in 2020, but also has extensively 
affected dementia diagnosis and care. This could have 
severe long-term consequences in terms of underdiagnosis 
and undertreatment of dementia, particularly amongst 
elderly women, the researchers warn.

In the Swedish population of 10.4 million people, around 
150,000 have dementia, with 24,000 newly diagnosed patients 
each year. The number of confirmed cases of COVID-19 is 
now around 2.5 million; 90% of deaths were in people aged 
>70 years. To explore the impact of the COVID-19 pandemic 
on dementia diagnosis and care, Prof. Bengt Winblad 
(Karolinska Institutet, Sweden) and colleagues collected 
regional and national data on International Classification of 
Disease version 10 coding (ICD-10), COVID-19 incidence, 
mortality, and population census from 2015–2020 from the 
National Institute of Health and Welfare [1,2].

The incidence of dementia diagnosis was relatively stable 
during 2015–2019, though already slightly declining, with a 
further decline in many regions during 2020. This decline was 
especially steep in women >85 years of age (see Figure on 
the next page). A higher COVID-19 incidence was inversely 
associated with a decrease in dementia diagnosis incidence. 
Unspecified dementia was however increased, which may be 
indicative of decreased quality in dementia diagnosis.

https://doi.org/10.1111/ene.15029
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/ene.15029
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Figure: Changes in dementia diagnoses in Sweden during de COVID-19 
pandemic [1,2]
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Reprinted from Axenhus M, et al. BMC Geriatr. 2022;22(1):365. DOI 10.1186/s12877-022-03070-y under 
the terms of the Creative Commons Attribution 4.0 license.

During the first 6 months of 2020, mortality was 4.82% higher 
than would be expected without the COVID-19 pandemic 
(n=18,940 vs n=18,452). Excess mortality was 8.61% in 
men and -0.58% in women with dementia. These rates were 
higher in patients with Alzheimer’s disease.

This study thus showed that the need for dementia diagnosis 
is crucial and that the COVID-19 pandemic further highlighted 
this.

1. Winblad B, et al. The COVID-19 pandemic has caused large disruptions to dementia 
mortality, care, and diagnosis in Sweden during 2020. OPR-036, EAN 2022, 25–28 
April, Vienna, Austria.

2. Axenhus M, et al. BMC Geriatr. 2022;22(1):365.
 

Tau autoimmunity associated with systemic 
disease
Tau autoimmunity is associated with vascular, kidney, 
and urinary disorders. A Swiss study found that anaemia, 
urinary disorders, chronic kidney disease, vascular 
disease, and diabetes are independent predictors of 
naturally occurring tau autoantibodies. These antibodies 
may be considered when evaluating Tau plasma levels in 
the differential diagnosis of dementia syndromes.

Tau is a microtubule-binding protein that is highly 
expressed in neurons. It plays a pivotal role in a variety 
of neurodegenerative diseases, including Alzheimer’s 
disease, progressive supranuclear palsy, and several other 
tauopathies. Tau antibodies against tau epitopes can 
reduce pathology and functional decline in animal models of 
tauopathies. These antibodies are currently tested in a range 
of clinical trials. Plasma natural anti-tau antibodies have been 
detected in serum and plasma of patients with Alzheimer’s 
disease and Parkinson’s disease, but also in controls 
without neurodegenerative diseases. Dr Andreia Magalhães 
(University of Zurich, Switzerland) and colleagues set out to 
investigate the prevalence of autoantibodies against tau and a 
possible association with neurological and other disorders [1].

Plasma samples of 24,339 patients were included, of which 1,169 
(4.8%) were positive. Older age (RR 1.26; P=0.001) and female 
sex (RR 1.2; P=0.007) were associated with a higher risk of 
positivity. They identified the following conditions as independent 
predictors of naturally occurring tau autoantibodies:
• Anaemia (RR 1.43; 95% CI 1.17–1.74; P=0.001);
• Urinary disorders (RR 1.44; 95% CI 1.24–1.67; P=0.001);
• Chronic kidney disease (RR 1.30; 95% CI 1.13–1.48; 

P=0.001);
• Vascular disease (RR 1.50; 95% CI 1.28–1.76; P<0.001);
• Diabetes (RR 1.29; 95% CI 1.10–1.52; P=0.002).

“For the first time it is possible to describe new potential 
roles for natural anti-tau autoantibodies in other than 
central nervous system diseases,” explained Dr Magalhães. 
Numerous new studies show that clinical tests using plasma 
tau can be used for the differential diagnosis of several 
dementia syndromes; some of these tests are expected to 
reach the clinic soon. However, since antibodies against tau 
prolong the half-life of tau in plasma, patients who receive 
such antibodies experience an increase in their plasma tau 
level. “Therefore, we think anaemia, vascular comorbidities, 
and kidney and urinary diseases should be taken into 
consideration when evaluating plasma levels for the 
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differential diagnosis of dementia syndromes,” concluded Dr 
Magalhães.

1. Magalhães A, et al. Naturally occurring plasma tau autoantibodies and risk of 
systemic disease. OPR-026, EAN 2022, 25–28 April, Vienna, Austria.

Long-term effects of avalglucosidase alfa in 
late-onset Pompe disease
Patients with late-onset Pompe disease treated with 
avalglucosidase alfa (AVAL) for 97 weeks maintained 
improvement from baseline in respiratory function, 
motor function, muscle strength, and health-related 
quality-of-life in the extended treatment period of the 
COMET trial. Participants who switched to AVAL after 
49 weeks of treatment with alglucosidase alfa (ALGLU) 
showed stabilisation of treatment effect.

AVAL is a recombinant human GAA enzyme replacement 
therapy enriched with mannose-6-phosphate to increase 
cellular uptake compared with ALGLU. In the primary analysis 
period of the phase 3 COMET trial (NCT02782741), AVAL 
resulted in greater improvements in forced vital capacity (FVC), 
which was the primary endpoint, as well as in other outcomes, 
and a more favourable safety profile compared with ALGLU in 
100 treatment-naïve patients with late-onset Pompe disease [1].

The open-label, extended-treatment period of the COMET 
trial investigated the efficacy and safety of AVAL in late-onset 
Pompe disease participants after 97 weeks of treatment and 
safety was measured up to the last follow-up (≥97 weeks) [2]. 
All 51 participants receiving AVAL (20 mg/kg every 2 weeks) 
in the primary analysis period continued this treatment in the 
extended treatment period (AVAL arm). From the remaining 
49 participants receiving ALGLU (20 mg/kg every 2 weeks) 
in the primary analysis period, 44 entered the extended 
treatment period and received AVAL (switch arm, 20 mg/
kg every 2 weeks). Prof. Benedikt Schoser (Friedrich Baur 
Institute, Germany) presented the results.

At week 97, participants in the AVAL arm had a least-
squares mean sustained change of +2.65 (SE 1.05) on FVC% 
and +18.60 (SE 12.1) for the 6-minute walk test distance. 
Improvements in secondary efficacy outcomes of max. 
inspiratory pressure and max. expiratory pressure % predicted 
also continued. In the switch-arm, the change in FVC% 
predicted stabilised to +0.36 (SE 1.12) and this was +4.56 (SE 
12.44) for the 6-minute walk test distance. Improvements in 
hand-held dynamometry (HHD) and quick motor function 

test (QMFT) continued in both arms. Moreover, biomarkers 
of Pompe disease burden (urinary Hex4 and serum creatine 
kinase) also improved from baseline to week 97, decreasing 
to or near the normal range by week 97.

In both treatment groups, no new safety concerns were 
observed during treatment for a minimum of 97 weeks and 
participants who switched from ALGLU to AVAL presented 
no safety- or immunogenicity-related problems. Treatment-
emergent serious adverse events were detected in 17 AVAL-
arm and 10 switch-arm participants; 4 and 2 of these, 
respectively, were related to treatment. 

Overall, these results support long-term maintenance of 
clinically meaningful outcomes with AVAL.

1. Diaz-Manera J, et al. Lancet Neurol. 2021;20(12):1012–1026.
2. Schoser B, et al. COMET: Efficacy and safety of avalglucosidase alfa in late-onset 

Pompe disease participants after 97 weeks of treatment. OPR-019, EAN 2022, 
25–28 April, Vienna, Austria.

European survey of patient satisfaction in the 
treatment of cancer-related neuropathic pain
A European survey has gathered insights into the 
diagnosis and management of cancer-related 
neuropathic pain (CRNP) and its impact on patients. 
Major differences were found between European 
countries. High patient satisfaction was associated 
with healthcare professionals taking more time for their 
patients.

Neuropathic pain is a common long-term consequence of 
cancer and its treatments. It can be directly disease-related 
or be due to the chosen treatment strategy. Continuing 
advances in chemotherapy, surgery, and radiotherapy 
significantly prolong survival, but can also prolong sequelae 
such as neuropathic pain.

In order to gain better understanding of the needs of 
patients with CRNP and to give them a voice, an online 
survey was prepared, conducted, and analysed with a team 
of experts including physicians, nurses, and patients [1]. 
Adult cancer patients from 13 European countries were 
screened for symptoms of CRNP. If they met ≥3 criteria of 
the Douleur Neuropathique 4 (DN4) screening questionnaire 
for neuropathic pain, they could be enrolled to share their 
experiences with diagnosis and management of CRNP.

Included were 549 patients with CRNP who participated 
in the survey (24–103 respondents per country). One third 
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(32%: between 21–49% per country) experienced severe pain 
on a daily basis. By definition, participants had symptoms of 
neuropathic pain, but only 60% received a formal diagnosis 
of CRNP, varying between 40% in France and 87% in 
Switzerland. Overall, 60% of participants had been warned 
beforehand that they might develop CRNP, in 45% of cases 
by their oncologist. 

The survey's results confirm once again that CRNP is 
undertreated. Pharmacological treatment instigated by a 
healthcare professional varied between 32% in Norway and 
79% in Switzerland. The highest percentage of patients satisfied 
with their CRNP treatment was found in Switzerland: 91%.

1. Rakusa M, et al. Cancer-related neuropathic pain in Europe: differences in diagnosis 
and treatment in 13 countries-patient´s perspective. OPR-074, EAN 2022, 25–28 
April, Vienna, Austria.


