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Announced at EAN: EMA  
approves Erenumab
Erenumab is the first-ever  
mechanism-specific treatment for 
migraine. Erenumab significantly 
reduces the amount of migraine 
days, which was also observed in 
patients with medication-overuse 
headache.  

Serum Neurofilament Light
Validated for Monitoring MS
A new ultrasensitive immuno-
assay can detect neurofilament 
light in serum, a swedish study 
shows. “Maybe we won’t need  
cerebrospinal fluid neurofilament 
light anymore.”

A Step Towards early Parkin
son’s Disease Detection
Dermal phospho-alpha-synuclein 
can be detected in patients with 
rapid eye movement sleep behavior  
disorder, suggesting a synucle-
inopathy and even perhaps pro-
dromal Parkinson’s disease.  
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Dear Reader,

The 3rd Conference of the European Academy of Neurology took 
place in Amsterdam in June. Again, a high-level meeting producing 
many interesting learning and research experiences, throughout the 
subspecialties of neurology. Although not yet at the level of its American 
counterpart, the meeting's level is clearly improving and its future looks 
promising.
In this conference report, you can find the highlights of the most popular 
subspecialties of neurology, which will help you to stay up-to-date with the 
recent advances in neurology.
Ageing and dementia continues to be a promising field of research, since 
new compounds are being developed and tested, which we look forward to 
learn more about in the near future.
It seems to be an exciting time for the treatment of status epilepticus, with 
new strategies and new forms of neuromodulation.
For the prevention of migraine, a new EMA-approved monoclonal antibody, 
erenumab, is now available while botulinumtoxinA and cannabinoids are 
likewise becoming a part of the armamentarium.
Multiple Sclerosis (MS) remains one of the fastest evolving areas in 
neurology. With a positive CHMP opinion on cladribine and upcoming 
molecules like ocrelizumab, relapsing MS treatment is improving. 
Interestingly, additional options for treating progressive forms of MS are 
also emerging, namely, siponimod and ocrelizumab, maintaining high 
hopes for preventing disability in the long run.
In Parkinson’s disease, researchers are reinventing the role of DBS and 
finding ways of earlier detection. But above all else, even a possible real 
DMT is ready for a clinical trial.
For stroke, endovascular therapy has now become standard of care 
within a time window of 6 hours, which might well be further expanded. 
Furthermore, early tDCS might enhance brain plasticity and functional 
outcomes, while alpha-lipoic acid might become an additional option for 
secondary prevention of stroke.

It remains for me to wish you lots of pleasure in discovering all the highlights 
from the EAN 2017, and hope that it will benefit your care of patients.

All the best! 
Bart

Prof. dr. Bart van Wijmeersch

Letter from the Editor

CONFERENCE REPORT - EAN 2017
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Ageing and Dementia

AGEING AND DEMENTIA

In the absence of interventional trials, presentations 
on ageing and dementia focused to a large extent on 
biomarkers and outcome measures. Parental history 
of dementia increases dementia risk when the age 
of parental diagnosis is below 80 years. Obstructive 
sleep apnea may induce preclinical Alzheimer’s 
disease. Patients with diabetes mellitus were found 
to be younger at dementia diagnosis and furthermore 
received suboptimal dementia treatment.

June 24 saw a symposium on outcome measures, which 
could potentially be used in clinical trials for new Alzheimer’s 
disease (AD) drugs. Dr. S. Sikkens (Amsterdam, the 
Netherlands) presented a review of the scales measuring 
instrumental activities of daily living (IADL) developed for or 
validated in the early stages of AD [1]. From 401 articles, a 
total of 20 informant-based questionnaires were identified. 
Among others, Sikkens presented the recently developed 

Amsterdam IADL questionnaire (A-IADL-Q), which is 
computer-based and uses an adaptive approach. The 
questionnaire is completed by a caregiver. Two versions are 
available: a full version of 70 items and a shorter version 
of 30 items. Both are reliable and useful regardless of the 
stage and severity of the disease and are highly sensitive to 
changes over time. The A-IADL-Q assesses impairments in 
a broad range of daily activities such as household or leisure 
activities, using (household) appliances, doing finances and 
working on a computer. 

Diagnostic utility of FDG-PET 
An Italian research group presented a number of reviews on 
the diagnostic utility of FDG-PET. The first was concerning 
AD dementia with an atypical presentation or course [2]. 
The 10 included studies presented a heterogeneous sample 
of atypical AD dementia patients, including mainly primary 
progressive aphasia (n=53) and posterior cortical atrophy 

Table 1 FDG-PET utility in the differential diagnosis between BLD/AD

OUTCOME ASSESSMENT N0 OF 
STUDIES

N0 DLB/ 
 N0 AD REFERENCE STANDARD RISK OF

STUDY BIAS IMPRECISION INDIRECTNESS INCONSI-
TENCY

EFFECT
(mean ± SD)

QUALITYOF 
EVIDENCE

SPECIFY

SEMI
QUANTITIVE 8 146/365

4 cliniacal dagnosis; 3 clinical diagnosis and/
or pathology: 1 BM based diagnosis and/or 

diagnosis at FU
NOT SERIOUS NOT SERIOUS SERIOUS VERY SERIOUS RANGE:

67100
LOW TO 

MODERATE

VISUAL 4 86/69
2  cliniacal dagnosis; 1 clinical diagnosis and/

or pathology: 1 BM based diagnosis and/or 
diagnosis at FU

NOT SERIOUS NOT SERIOUS SERIOUS NOT SERIOUS RANGE:
7083 MODERATE

SENSI-
TIVITY

SEMI
QUANTITIVE 8 146/365

4 cliniacal dagnosis; 3 clinical diagnosis and/
or pathology: 1 BM based diagnosis and/or 

diagnosis at FU
NOT SERIOUS NOT SERIOUS SERIOUS VERY SERIOUS RANGE:

5892
LOW TO 

MODERATE

VISUAL 4 86/69
2  cliniacal dagnosis; 1 clinical diagnosis and/

or pathology: 1 BM based diagnosis and/or 
diagnosis at FU

NOT SERIOUS NOT SERIOUS SERIOUS VERY SERIOUS RANGE:
5287 MODERATE

ACCU-
RACY

SEMI
QUANTITIVE 5 103/287

3  cliniacal dagnosis; 1 clinical diagnosis and/
or pathology: 1 BM based diagnosis and/or 

diagnosis at FU
NOT SERIOUS NOT SERIOUS SERIOUS VERY SERIOUS RANGE:

6697
LOW TO 

MODERATE

VISUAL 2 42/58 1 clinical diagnosis; 1 BM based diagnosis and/
or diagnosis at FU NOT SERIOUS NOT SERIOUS SERIOUS NOT SERIOUS RANGE:

7678
LOW TO 

MODERATE

AUC

SEMI
QUANTITIVE 6 102/134

3  cliniacal dagnosis; 1 clinical diagnosis and/
or pathology: 1 BM based diagnosis and/or 

diagnosis at FU
NOT SERIOUS NOT SERIOUS SERIOUS VERY SERIOUS RANGE:

0.711.06 LOW

VISUAL 3 56/83 2 clinical diagnosis NOT SERIOUS NOT SERIOUS SERIOUS SERIOUS RANGE:
0.690.83

VERY LOW TO 
LOW

 ASSESSMENT OF EVIDENC FOR DIAGNOSTIC UTILITY STRENGTH OF RECCOMENDATION           MODERATE WEAK RECOMMENDATION FOR DIAGNOSTIC UTILITY 
               (N of studies/patients + assesment of the evidence score + critical effct size)     
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(PCA) (n=43). Data provided high evidence for moderate 
diagnostic utility of FDG-PET for the differential diagnosis. 
This evidence was consistent with recommendations of the 
clinical use of FDG-PET in patients with atypical presentation 
or disease course.
A second review assessed whether the automated 
assessment of FDG-PET scans, added sufficient information 
to the visual reading required to optimise differential 
diagnosis in patients with dementing neurodegenerative 
disorders [3]. Moderate-to-high evidence for a moderately 
added diagnostic value of automated assessment of FDG-
PET over visual reading was found; this was consistent with 
recommendations, mainly with unexperienced readers.
A third review found only low evidence for a moderate 
diagnostic utility of the FDG-PET for the differential diagnosis 
of AD and dementia with Lewy bodies (DLB) [4]. Thirteen 
studies with a total of 743 patients (512 AD and 231 DLB) 
were included. The available critical outcomes provided a 
moderate evidence score (Table 1). Semi-quantitative and 
visual assessments led to the same sensitivity, specificity 
and accuracy. FDG-PET provided a specificity range of 67-
100%, a sensitivity range of 52-92%, and an accuracy of 78% 
in the differential diagnosis.

Predicting dementia
Parental history of dementia increases dementia risk when 
age at parental diagnosis is below 80 years, Dutch researchers 
reported [5]. They assessed parental history of dementia in 
2087 non-demented participants of the population-based 
Rotterdam Study between 2000 and 2002. The participants 
had a mean age of 64 years, 55% was female. During a mean 
follow-up of 12.2 years, 142 participants developed dementia. 
Parental history was associated with risk of dementia 
(HR=1.67), in particular when parents were diagnosed at a 
younger age (HR <80 years; 2.58 vs ≥80 years; 1.01). This 
association was independent of known genetic risk factors, 
which therefore only partially explain heredity. Accordingly, 
age at diagnosis in probands was highly correlated with the 
age of diagnosis of their parents <80 years (r=0.57, P=0.001), 
but not thereafter (r=0.17, P=0.55). The results also indicated 
that unexplained heredity may in part be attributed to cerebral 
hypoperfusion and small-vessel disease. No evidence 
was found of preferential maternal compared to paternal 
transmission.
Antibodies against glial derived antigens in AD may reflect 
hippocampal demyelination and memory loss [6]. This 
finding may be of importance in the light of emerging data 
from animal models of AD, indicating early demyelination of 

the hippocampal region. Polish researchers assessed levels 
of antibodies against the following proteins of myelin sheath 
in sera of 26 AD patients and 26 healthy controls: myelin 
oligodendrocyte glycoprotein, myelin basic protein, myelin-
associated glycoprotein, and proteolipoprotein. In AD patients, 
significantly higher titers were observed for all measured IgG 
autoantibodies. With the exception of anti- myelin-associated 
glycoprotein IgM antibodies, measured IgM autoantibodies 
also had higher titers in AD patients (P<0.05). Larger studies 
are necessary to confirm that these autoantibodies can serve 
as early biomarkers of AD in humans.

Predicting ALS risk in frontotemporal dementia 
patients
An attempt was made to establish the risk of developing 
amyotrophic lateral sclerosis (ALS) in patients presenting 
with frontotemporal dementia (FTD), to identify the relevant 
clinical variables associated with progression from FTD to 
FTD-ALS [7]. The researchers concluded that FTD patients 
with a mixed behavioural FTD variant, progressive non-fluent 
aphasia (bvFTD+PNFA), carrying a C9orf72 repeat expansion, 
should be closely monitored for the possible development of 
ALS.
A total of 152 consecutive patients with FTD (but not with 
a dual FTD-ALS diagnosis at presentation) and a follow-
up of at least 12 months were included. Of FTD patients 
5% developed ALS. The incidence rate of ALS was 6.7/100 
patient-years in patients with FTD symptoms since 1 year. 
Of particular clinical relevance is the risk of developing ALS in 
FTD, which declined with the duration of FTD symptoms. No 
FTD patients developed ALS after 5 years. Out of 8 patients 
who developed ALS, 5 presented with a mixed bvFTD+PNFA 
phenotype, 2 with bvFTD and 1 with PNFA. Progression to 
FTD-ALS was significantly more frequent in patients with 
bvFTD+PNFA (OR 38.3, P<0.0001) and in FTD patients who 
carried the C9orf72 repeat expansion (OR 8.0, P=0.02).

Early-onset Alzheimer’s disease
Two-year follow-up data of a large cohort of patients 
with early-onset AD (EOAD) provided new insights on 
the progression of the disease at early age, highlighting 
the severe and fast cognitive impairment [8]. Clinical, 
neuropsychological, medical-social, autonomic and imaging 
courses of EOAD with onset before the age of 60 were 
described.
Patients of the prospective French COMAJ cohort between 
2009 and 2014 with probable or certain EOAD were 
included (n=94), except those with autosomal dominant 
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AD. Demographic data, vascular risk factors, APOE4 status, 
history, neuropsychological, medical-social, autonomy and 
magnetic resonance imaging (MRI) data were collected. Of 
the participants 62% was female, the mean age was 57.4 
(±3.3) years, diagnostic delay was 3.8 (±2.2) years; 56% had 
a typically amnestic phenotype, 44% were depressive, 62% 
were APOE4 carriers. The APOE4 carriers were significantly 
more amnestic than non-carriers: 75.5% vs 36.3% (P=0.0007). 
Mean mini–mental state examination was 19.7 (5.7) at 
diagnosis, whereas 14.1 (7.8) at inclusion and 9.8 (7.8) 
at two-year follow-up. Mean Scheltens score was 1.8 at 
baseline and 2.5 two years later. Loss of autonomy was 
severe: only 8.5% (n=8) of patients were working at baseline, 
none on follow-up. A daily help was required in 76% (n=71) 
of cases at baseline, and in 91% on two-year follow-up, with 
26% institutionalised at this time.

Other conditions linked to Alzheimer’s disease
A pilot study documented that in obstructive sleep apnea 
(OSA) patients preclinical AD biomarkers modification may 
appear [9]. Accordingly, reduced sleep quality and night-time 
hypoxia may be detrimental factors inducing AD pathology. 
In line with these findings, the Italian authors suggest to 
apply positive airway pressure in OSA patients as soon as 
possible, in order to stop the ongoing chain of events leading 
to AD neurodegeneration.
In this study the patients affected by OSA underwent a protocol 
counting cerebrospinal fluid (CSF) AD biomarkers analysis, 
neuropsychological assessment, and 18F-FDG PET. OSA 
patients were compared to two group of controls, the first one 
for CSF AD biomarkers and neuropsychological data, and the 
second one for 18F-FDG PET analysis. A significant reduction 
of CSF β-amyloid 42 levels and a significant increase of CSF 
total tau (t-tau) and phosphorylated tau concentrations in 
OSA patients were found compared to controls. Also, in OSA 
patients, the 18F-FDG uptake in Broadmann areas 7 and 31 
was significantly reduced. There was a significant interplay 
between CSF total tau and phosphorylated tau level increase 
and memory and attention test scores.
In a large cross-sectional registry-based study clinical 
characteristics of diabetes mellitus (DM) were investigated, 
and the possible relationships between DM and different 
types of dementia disorders were assessed [10]. Patients 
with DM were found to be younger at dementia diagnosis. 
Also, they obtained less dementia medication for Alzheimer’s 
disease, suggesting less optimal dementia treatment.

A total of 29,630 Swedish patients were included in the 
study; 4881 (16.5%) of them were diagnosed with DM. In 
the fully adjusted model, DM was associated with lower 
age at dementia diagnosis (OR 0.97), male gender (1.41), 
vascular (1.17) and mixed dementia (1.21). Dementia with 
Lewy bodies (0.64) and Parkinson’s disease dementia 
(0.46) were less common among DM patients, as well as 
treatment with antidepressants (0.85). DM patients with 
Alzheimer’s disease obtained significantly less treatment 
with acetylcholinesterase inhibitors (0.78) and memantine 
(0.68).

Opioid use on the rise
From 2000 to 2012 the use of opioids among the elderly 
Danish population increased by 17% among elderly without 
dementia (from 14.9% to 17.4%), and by 39% (from 24.2% 
to 33.5%) among elderly with dementia, according to the 
authors of a population-based observational study [11]. The 
higher increase of opioid use among elderly with dementia 
was mainly due to an increase in strong opioids (from 
11.7% to 23.3%), in particular buprenorphen and fentanyl. 
During the same time period the use of antipsychotics 
decreased. The time-dependent association with a decrease 
in antipsychotics may suggest that opioids to some extent 
have replaced antipsychotics in managing neuropsychiatric 
symptoms, despite the lack of evidence for effect of opioids. 
Future research should focus on potential risks associated 
with increased use of opioids.
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Epilepsy
“If you cannot measure it, you cannot improve it”, 
as Lord Kelvin famously said. Nowhere was the 
overarching theme of the EAN 2017 meeting, outcome 
measures in clinical studies, more present than in 
the sessions dedicated to epilepsy. Seizure diaries 
are so unreliable that they may become a thing of 
the past. Unfortunately, the past 25 years have not 
seen significant improvements of (pharmacological) 
treatment options. However, as prof. S. Shovron 
(London, United Kingdom) stated, it is “sort of an 
exciting time” for the treatment of status epilepticus.

“The traditional approach of counting seizures is flawed 
with under-reporting rates of up to 50%”, prof. P. Boon (Gent, 
Belgium) stated in a plenary session on outcome measures 
in epilepsy therapy [1]. A number of alternatives to seizure 
diaries that may be more reliable are; electrical seizure 
diaries, ambulatory elektro-encefalogram (aEEG) with dry or 
implanted electrodes, and video EEG monitoring. 
Health professionals have identified 5 domains of importance 
to them via the International League against Epilepsy's 
Commission on Outcome Measurement. They are, in order of 
importance: 1) seizure severity; 2) seizure frequency; 3) quality 
of life (QoL); 4) cognitive function; and 5) adverse events 
(AEs). However, additional areas of importance to patients 
and carers have been identified [2]. In addition, they identified 
3 further domains as critically important: depression, anxiety, 
and independence or need for support. Prof. Boon added 
that comorbidities of importance are not only depression 
and anxiety, but also cognitive impairment, as this may have 
a negative effect on tolerability, compliance, retention and 
QoL. He made a warm plea for a brief screening of epilepsy 
patients for adverse cognitive side effects of treatment. Prof. 
Boon also stated that in clinical trials retention should always 
be included as a secondary outcome measure, as even mild 
AEs will sometimes cause epilepsy patients to discontinue 
their treatment.

New anti-epileptic drugs 
Carbamazepine is still “unbeaten” for the treatment of 
generalised tonic-clonic seizures and focal seizures with 
partial and complex symptomatology, stated prof. E. Trinka 
(Salzburg, Austria). He stressed that clinical practice in 

epilepsy should not solely focus on treatment efficacy, 
but rather on effectiveness. A combination of efficacy and 
tolerability, which are the primary influences on QoL of 
epilepsy patients.
During the same symposium on June 26th however, prof. 
Trinka mentioned a number of new anti-epileptic drugs 
which are close to introduction. One example is YKP3089 
(cenobamate) as adjunctive therapy in subjects with partial 
onset seizures, which was highly effective in achieving 
seizure freedom [3]. In 2 double-blind placebo-controlled 
studies, patients with refractory partial-onset seizures 
were randomised to placebo or YKP3089 (C013: 200 mg/
day; C017: 100, 200, or 400 mg/day). In study C013, 9% and 
28% of patients with placebo and YKP3089 200 mg were 
seizure-free after 12 weeks. In study C017, 1% of patients 
with placebo vs 3%, 11% and 20% of patients with YKP3089 
100, 200, and 400 mg were seizure-free after 18 weeks. Most 
common AEs were dose-related and included somnolence, 
dizziness, fatigue, diplopia, and gait disturbances.
Another example is cannabidiol, a non-psychoactive major 
component of Cannabis Sativa, for the treatment of drug-
resistant seizures in children with Dravet Syndrome. Bialer 
said there is a “media hype” going on, which has greatly 
raised expectations. In a recently published study in 120 
children, cannabidiol resulted in a reduction of convulsive 
seizure frequencies but was associated with higher rates 
of AEs, compared with placebo [4]. The median frequency 
of convulsive seizures per month decreased from 12.4 to 
5.9 with cannabidiol, and from 14.9 to 14.1 with placebo 
(median difference −22.8 percentage points; P=0.01). The 
percentage of patients who had at least a 50% reduction 
in convulsive seizure frequency was 43% with cannabidiol 
and 27% with placebo (OR 2.00; P=0.08). AEs that occurred 
more frequently in the cannabidiol group included diarrhoea, 
vomiting, fatigue, pyrexia, somnolence, and abnormal liver 
function test results.

Prof. Trinka also gave examples of “exciting new avenues”, 
such as studies of the mTOR signalling pathway that will 
result in disease-modifying therapy (DMT) for specific forms 
of epilepsy. Examples are everolimus and rifampicine, which 
will be introduced soon. He also praised contributions by the 
European Reference Network for rare and complex epilepsies, 
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such as the GATOR complex gene and the repurposing of 
clemizole for Dravet syndrome. A recent study described a 
rapid path from preclinical discovery in zebrafish, through 
target identification, to potential clinical treatment for Dravet 
syndrome with clemizole and modulators of serotonin 
signalling [5].

Early and refractory status epilepticus
Prof. Shovron focused on new potential drugs for early 
status epilepticus (SE) and super-refractory SE (SRSE). He 
stressed the importance of staged treatment, since “time is 
brain”. Detect and treat fast; because in later stages it will be 
increasingly difficult.
To prof. Shovron, one of the most important developments 
in epilepsy care in recent years was buccal intramuscular 
midazolam, as it allows early treatment to be safely 
administered. In the RAMPART study, intramuscular 
midazolam was found to be non-inferior to intravenous 
lorazepam in stopping seizures for patients with SE treated 
by paramedics, before the patients arrived in the emergency 
department. Intramuscular midazolam was also as safe as 
intravenous lorazepam [6]. However, intranasal midazolam 
may be the future. Absorption of intranasal formulations 
of midazolam appears to be relatively rapid compared to 
diazepam formulations. Its shorter elimination half-life may 
allow patients to return to normal function more quickly 
because of rapid offset of effect. On the other hand, the faster 
rate of elimination of midazolam may expose patients to a 
higher rate of seizure recurrence compared with diazepam 
[7]. 
Synergistic drug combinations may also hold some promise. 
A triple therapy aimed at correcting maladaptive GABAA-
receptors and NMDA-receptors trafficking, for example, can 
reduce the severity of SE and its long-term consequences 
in rats [8]. A combination of GABAA-receptor agonist 
midazolam, the NMDA-receptor antagonist ketamine and 
the anti-epileptic drug valproate was more efficient than 
triple-dose midazolam, ketamine or valproate monotherapy 
or higher-dose dual therapy in reducing several parameters 
of SE severity. Triple therapy also reduced SE-induced acute 
neuronal injury and spatial memory deficits. In addition, 
simultaneous triple therapy was more efficient than 
sequential triple therapy.

Super-refractory status epilepticus
SRSE when it remains uncontrolled despite 24 hours of 
general anaesthesia, including cases which recur when the 
anaesthesia is withdrawn. Once a patient has entered the SRSE 

stage, the mortality rate is over 30% and many survivors are 
left with neurological disability. Treatment is unsatisfactory 
and based on open, often small, case series, prof. Shovron 
stated. There is an ongoing debate on anaesthesia (“risk 
or rescue?”) and the treatment strategies that should be 
employed. Potential new therapies at this stage include the 
use of ketamine as an alternative anaesthetic, which may 
provide a novel approach to otherwise refractory seizures. 
Prof. Shovron: “Unlike other anaesthetics, ketamine is a 
potent NMDA receptor antagonist that does not cause cardiac 
or respiratory depression and therefore does not necessarily 
require emergency intubation.” Ketamine was reported to be 
effective in 14 of a series of 19 episodes in 13 children [9]. 
They each received 2 boluses of 2–3 mg/kg of ketamine 5 
min apart, immediately followed by continuous infusion of 
5–10 mcg/kg/min (increased to 60 mcg/kg/min if required) 
with midazolam at 1mcg/kg/min, to limit psychological side 
effects such as hallucinations. Prof. Shovron also mentioned 
the use of adjunctive therapy with neurosteroids (“which 
have nothing to do with corticosteroïds”). An example is 
allopregnanolone, an endogenous inhibitory pregnane 
neurosteroid synthesised from progesterone. A phase 3 
study of allopregnanolone in SRSE is underway. 

Neuromodulation
Prof. Boon spoke about recent advances in the field of 
neuromodulation as an alternative for patients with drug-
resistant epilepsy who are unsuitable for surgery. Efficacy 
and safety of deep brain stimulation (DBS) of the thalamic 
anterior nucleus and responsive neurostimulation have also 
been evaluated in large randomised trials. During the blinded 
phase of the randomised trials seizure frequency was 
significantly reduced for all modalities. After approximately 
5 years of treatment, efficacy further increased in the open 
label studies; up to 55% for VNS, 69% for thalamic anterior 
nucleus DBS and 66% for responsive neurostimulation. 
Several other neurostimulation modalities are currently 
under investigation in a pre-clinical or clinical setting: DBS 
in other brain targets (e.g., hippocampus) and non-invasive 
neurostimulation techniques such as transcutaneous VNS, 
non-invasive VNS, trigeminal nerve stimulation (TNS), 
repetitive transcranial magnetic stimulation (rTMS) and 
transcutaneous direct current stimulation.
External TNS through adhesive cutaneous electrodes is 
a novel, non-invasive and reversible therapy to treat drug-
resistant epilepsy. Preliminary results of an ongoing study 
suggest external TNS to be effective in reducing seizure 
frequency in frontal or temporal drug-resistant epilepsy [10]. 
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Thus far, 32 patients (of 40) had been randomised, of whom 
17 received treatment with external TNS. Results at one year 
of follow-up are needed to obtain solid definite conclusions.

Another presented poster reported on continuous theta burst 
stimulation (cTBS) which appears safe and well-tolerated, 
even in seizure-prone subjects [11]. RTMS may have anti-
epileptic effects, especially in neocortical epilepsy; in cTBS 
stimulation intensity is lower and duration shorter. Three 
patients with refractory neocortical epilepsy were treated 
with a 4-day accelerated cTBS protocol targeted over the 
epileptogenic focus. Subject 1 and 2 suffered from epilepsy 
due to a low-grade tumour in the motor cortex, causing 
focal clonic seizures; subject 1 also experienced myoclonia 
of the left leg. Subject 3 had epilepsy with auditory seizures 
following an intracranial haemorrhage in the left temporal 
lobe. cTBS was well-tolerated and did not induce serious 
AEs or seizures. Anti-epileptic effects of variable extent 
were identified. Subject 1 experienced a transient reduction 
in severity of clonic seizures, with complete resolution of 
myoclonia for 6 weeks. Subject 2 experienced an overall 
50% seizure frequency reduction, with the most pronounced 
effect during treatment and the initial 4 weeks of follow-up 

(70% reduction, 3 seizure-free weeks). No marked effect on 
seizures was identified in subject 3, possibly due to extensive 
parenchymal damage at the target site.
In a Croatian study, corpus callosotomy (CC) and VNS 
were retrospectively compared in patients with generalised 
epilepsy non-responsive to medical treatment [12]. Of 
20 patients, 8 received CC and 12 VNS. In the first group, 
7 patients had Lennox-Gastaut syndrome, while in the 
second one 25% had Lennox-Gastaut syndrome, 25% had 
progressive myoclonic epilepsy and 50% had other epileptic 
encephalopathies. In the CC group, a significant reduction 
in the frequency of generalised tonic-clonic seizures (≥50%) 
was noted in 57% of patients, while 50% showed significant 
reduction of atonic seizures (AS) (half of which were seizure-
free) and 29% of myoclonic seizures (MS). In the VNS group 
82% of patients had significant reduction of generalised 
tonic-clonic seizures, 73% of atonic seizures (9% of which 
were seizure-free) and 60% of myoclonic seizures (20% 
were seizure-free). So in this series outcomes of CC were 
not inferior to VNS, with especially beneficial results in atonic 
seizures.
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Figure 1. Overview of stimulation protocol.
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Migraine

MIGRAINE

Migraine represents a severe and widespread health 
problem; along with medication-induced (medication-
overuse) headache, it is the third-leading cause of 
disability worldwide [1]. In recent years the evidence 
on the role of calcitonin gene-related peptide in 
migraine pathophysiology has been consolidated, 
and new and promising treatments for migraine pain 
and its possible prevention have been developed. Of 
these, erenumab took central stage.

Erenumab 
In the race to be the first-ever mechanism-specific treatment 
approach to migraine to enter the market, four monoclonal 
antibodies are competing: galcanezumab, eptinezumab, 
fremanezumab and erenumab.
The only one of these antibodies that is fully human and binds 
selectively to the calcitonin gene-related peptide receptor is 
erenumab. Coincidentally, it was during the EAN meeting, 
on June 21st, that Novartis announced that the European 
Medicines Agency had accepted its Marketing Authorization 
Application for erenumab for the prevention of migraine. 
Numerous important studies of erenumab were presented 
at the EAN meeting, presenting expanding evidence for its 
efficacy, while safety and tolerability are comparable to 
placebo.

Erenumab trials
In a phase 3 trial in patients with episodic migraine (EM), 
erenumab significantly reduced migraine frequency and 
acute migraine-specific medication use compared to 
placebo [2]. The 577 adult EM patients were randomised 
to subcutaneous, monthly placebo or erenumab (70 mg). 
Primary endpoint was change in monthly migraine days 
(MMDs) from baseline to weeks 9-12 of a 12-week double-
blind phase. Patients reported a mean 8.3 MMDs at baseline. 
The erenumab and placebo group experienced a mean 
reduction of 2.9 and 1.8 days (P<0.001). A ≥50% reduction 
in MMDs was achieved by 40% and 30% (OR: 1.6; P=0.010). 
Monthly acute migraine-specific medication use was 
reduced by mean 1.2 and 0.6 days (P=0.002). Respective 
≥5-point reductions in physical impairment were achieved by 
33% and 27% of patients (P=0.13) and in everyday activities 
by 40% and 36% (P=0.26). The safety profile of erenumab 

was similar to placebo. Most frequently reported AEs across 
both groups were upper respiratory tract infection, injection 
site pain, and nasopharyngitis.
Erenumab showed early onset of efficacy, with separation 
from placebo within the first week. This was the result of a 
subanalysis of a phase 2 trial of chronic migraine (CM), to 
assess efficacy prior to week 4 [3]. In the original report, time 
points assessed were weeks 4, 8, and 12. Both erenumab 
dose groups had a greater proportion of patients achieving a 
≥50% reduction in weekly MDs by week 1; 26% for both doses 
vs 16% placebo (P≤0.011). This proportion increased to 31%, 
41%, and 21% in the 70 mg, 140 mg, and placebo groups, 
respectively, at week 2 (P≤0.011).

Erenumab in subpopulations
In a prespecified subgroup analysis erenumab 140 mg 
showed better efficacy in patients with CM who previously 
failed ≥1 or ≥2 current standard of care prophylactic 
medications due to lack of efficacy and/or poor tolerability 
[4]. The original phase 2 trial demonstrated efficacy of 
erenumab 70 mg as well as 140 mg in CM patients, with 
a safety profile comparable to placebo. In the subgroup 
analysis, a greater reduction in monthly acute migraine-
specific medication treatment days was observed with 
erenumab 70 mg and 140 mg in patients who previously 
failed prophylactic medications versus placebo (Table 2). 
Erenumab 140 mg reduced cumulative monthly headache 
hours vs placebo in the subgroup. The placebo effect was 
greatest in patients who had never failed a prophylactic 
medication. Across endpoints, reductions were more 
substantial with erenumab 140 mg than 70 mg.

In another prespecified subgroup analysis of a phase 2 
study, erenumab also showed efficacy in CM patients with 
medication overuse [5]. “Erenumab reduced the number 
of migraine days in patients with medication overuse just 
as efficiently as in the group as a whole”, confirmed Prof. 
H-C Diener (Duisburg, Germany) during a presentation of 
the results. Of 667 patients randomised, 274 (41%) met 
medication overuse criteria. Mean baseline MMDs in the 
medication overuse subgroup were around 19 in the placebo, 
erenumab 70 mg and 140 mg group. Erenumab 70 mg 
and 140 mg both reduced the MMDs by 6.6, while placebo 
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reduced MMDs by 3.5 (P<0.001 for both). It also significantly 
reduced acute migraine-specific medication days by 5.4 and 
4.9 respecively, vs 2.1 days in the placebo group (P<0.001 
for both).

Cannabinoids
A different treatment option for migraine that was reported on, 
were cannabinoids. They may be a suitable as a prophylaxis 

for migraine and also as an acute treatment for cluster 
headaches, but the latter only in patients who suffered from 
migraine during childhood [6]. An ongoing Italian study aims 
to verify therapeutic effect of 19% tetrahydrocannabinol  
(THC) + <0,4% THC, 9% cannabinol (CBD) (THC+CBD) as 
both a prophylactic and acute treatment of chronic cluster 
headache (CH) and migraine, in two phases. Phase 1 was 
an observational dose finding study, with 10 mg of oral 
THC+CBD as a starting dose. In phase 2, 370 migraine 
patients were randomly assigned to a 3 months-treatment 
with THC+CBD 200 mg/day or 25 mg/day amitriptyline; 190 
CH patients received THC+CBD or 480 mg/day verapamil. 
Therapeutic dose was 200 mg, inducing 55% pain decrease; 
a dose lower than 100 mg induced no pain relief at all. Pilot 
data of 79 migraine and 48 CH patients were presented. In 
migraine patients, THC+CBD and amitriptyline were equally 
effective, inducing 40.4% vs 40.1% reduction in attacks. In 
CH however, THC+CBD prophylaxis induced scant decrease 
of severity and number of attacks. Interestingly, acute 
THC+CBD decreased attack pain by 43.5% in both migraine 
and CH patients who had a history of migraine in childhood, 
but by 0% in CH patients without a childhood history of 
migraine. AEs were drowsiness and inattention. Other side 
effects were positive: a 70-100% decrease of stomach ache, 
colitis and musculoskeletal pain, strictly related to female 
sex (P>0.0001).

OnabotulinumtoxinA 
Preventive treatment of CM with onabotulinumtoxinA during 
a 24 month period with real-world setting sustained a 
reduction in the frequency of headache days and significantly 
improved QoL. This conclusion was based on results of the 
REPOSE Study, a multicentre, prospective, non-interventional 
study, investigating the effectiveness and safety of real-life 
use of onabotulinumtoxinA for CM [7]. A total of 633 patients 
received ≥1 onabotulinumtoxinA dose; the total number 
of onabotulinumtoxinA treatments amounted to 3499. 
Through 8 sessions of follow-up, patient-reported estimates 
of headache days/month were significantly reduced from 
baseline (P<0.001 at each follow-up session, Figure 1). 
The Migraine-Specific Questionnaire domain scores (Role 
Restrictive, Preventive, and Emotional) were also significantly 
reduced from baseline at each follow-up session. No new 
safety concerns were identified. Adverse drug reactions 
were reported by 18.3% of patients and typically of mild to 
moderate severity, the most frequently reported were eyelid 
ptosis (5.4%), neck pain (3.0%), and musculoskeletal stiffness 
(2.7%).

Table 2 Outcome measures by prior prophylactic treatment failure

Placebo Erenumab 
70 mg

Erenumab 
140 mg

Change from 
baseline in 
MMD

Never failed 
prophylactic 
medication

17.46 (4.77)a 
5.67 (6.98, 4.36)b

17.08 (4.17)a 
7.86 (9.33, 6.39)b

17.05 (4.60)a 
6.14 (7.61, 4.66)b

Failed ≥1 
prophylactic 
medication

18.57 (4.67)a 
3.51 (4.33  2.70)

18.39 (4.40)a 
5.98 (6.99  4.97)b

18.14 (4.69)a 
6.84 (7.84  5.85)b

Failed ≥2 
prophylactic 
medications

18.34 (4.45)a 
2.68 (3.63, 1.72)

18.21 (4.37)a 
5.38 (6.56, 4.20)b

18.75 (4.37)a 
6.96 (8.10, 5.82)b

≥50% 
reduction in 
MMD

Never failed 
prophylactic 
medication

38.1c 


50c 
1.75 (0.89, 3.43)d

41.9c 
1.33 (0.67, 2.66)d

Failed ≥1 
prophylactic 
medication

17.3c 


34.7c 
2.64 (1.56, 4.48)d

40.8c 
3.30 (1.98, 5.51)d

Failed ≥2 
prophylactic 
medications

14.2c 


35.6c 
3.46 (1.81, 6.61)d

41.3c 
4.18 (2.21, 7.91)d

Change in 
Monthly 
acute 
migranine-
specific 
medication 
treatment 
days

Never failed 
prophylactic 
medication

6.12 (6.50)a 
1.78 (2.52, 1.05)b

6.92 (6.97)a 
2.48 (3.31, 1.64)b

6.19 (6.63)a 
2.48 (3.31, 1.64)b

Failed ≥1 
prophylactic 
medication

10.82 (7.54)a 
1.47 (2.07  0.87)b

9.72 (7.19)a 
3.83 (4.58  3.08)b

11.41 (6.59)a 
4.90 (5.64  4.16)b

Failed ≥2 
prophylactic 
medications

11.45 (7.40)a 
1.26 (2.00, 0.53)b

10.52 (7.25)a 
4.05 (4.96  3.15)b

12.41 (6.23)a 
5.39 (6.27  4.51)b

Change in 
cumulative 
monthly 
headache 
hours

Never failed 
prophylactic 
medication

249.0 (124.8)a 
71.2 (92.4, 50.1)b

212.8 (121.7)a 
69.8 (93.7, 46.0)b

237.1 (128.5)a 
66.7 (90.5, 42.8)b

Failed ≥1 
prophylactic 
medicatio

229.4 (126.5)a 
46.2 (59.6, 32.9)b

229.2 (192.2)a 
58.2 (74.8, 41.6) b

204.1 (120.0)a 
77.9 (94.3, 61.5) b

Failed ≥2 
prophylactic 
medications

218.9 (119.0)a 
36.2 (51.9, 20.4)b

214.4 (123.2)a

49.2 (68.6,29.8)b
208.4 (128.5)a

77.1 (95.9, 58.3)b

Number	of	subjects	in	the	efficacy	analysis	set
Never failed prophylactic medication: Placebo (n=84); Erenumab 70mg (n=64); Erenumab 
140mg (n=62)
Failed ≥1 prophylactic medication: Placebo (n=197); Erenumab 70mg (n=124; Erenumab 
140mg (n=125)
Failed ≥2 prophylactic medications: Placebo (n=141); Erenumab 70mg (n=90); Erenumab 
140mg (n=92)

Patients who failed ≤3 classes of prophylactic	treatment	due	to	lack	of	efficacy	where	included	
in the study

a Mean at baseline (SD)
b LSM estimate (95%CI of LSM) at week 12
c Responder rate (%) at week 12
d Adjusted OR (erenumab vs placebo (95%CI)

Note: pairwise comparisons compare each erenumab group versus placebo (reference group).
Abbreviations:	CI,	confidence	interval;	LSM,	least	squares	mean;	MMD,	monthly	migraine	days;	
SD, standard deviation.
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More real-world data on tonabotulinumtoxinA came from a 
post-authorisation study, monitoring utilisation patterns and 
safety of prophylactic treatment for CM [8]. Results showed 
utilisation of onabotulinumtoxinA treatment for CM appears 
to be consistent across Europe. Inter-country variability in 
patient satisfaction and treatment-related AEs was observed. 
A total of 1160 patients (Germany, 287; Spain, 232; Sweden, 219; 
UK, 422) had ≥1 treatment, with 4017 treatments administered 
overall. The median number of injection sites (n=31) and total 
dose (155U) was consistent across all treatment sessions 
and similar across countries. The mean time between 
treatment sessions was 14.3 weeks. Most patients (74.4%) 
were (extremely) satisfied with onabotulinumtoxinA treatment 
(Germany, 61.3%; Spain 86.0%; Sweden, 78.8%; UK, 74.1%). 
At least one treatment-related AE was reported by 25.1% of 
patients (Germany, 30.7%; Spain 11.2%; Sweden, 17.8%; UK, 
32.7%), the most frequently observed was neck pain (4.4%). 
No new safety signals were identified.

Figure 2 Headache-day frequency calculated using the patient-reported 
estimate of number of days in a month with headache

* * * * * * * *

0

*P<0.001. Wilcoxon signed rank test for change versus baseline (level of significance: 5%)
The number of patients in followup (FU) sessions 912 were: FU9, n=67; FU10,n=38; FU11, n=21; Fu12, n=16 
The mean change from baseline for FU sessions 912 were significant (P<0.001).
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Depression, neuroticism and risk of migraine
Neuroticism is an independent risk factor for both depression 
and migraine, according to Hungarian-British researchers [9]. 
Migraine frequently co-occurs with other neuropsychiatric 
disorders, most frequently with depression. In 3026 
average people, subjects with lifetime depression reported 
significantly more migraine, analogous to scientific literature. 
Subjects with migraine without lifetime depression had a 
higher openness score, compared to subjects with lifetime 
depression. Neuroticism was a risk factor for both migraine 
and lifetime depression. Openness to new experiences, on 
the other hand, seemed to reduce the risk of co-occurrence 
of migraine and depression. According to the authors, these 
findings may help to comprehend the biopsychosocial 
background of migraine, and help to find novel strategies in 
the prevention and intervention of these conditions.
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Multiple Sclerosis and other CNS 
Inflammatory Diseases
In a session dedicated to the highlights of EAN 2017, 
prof. dr. R.Q. Hintzen (Rotterdam, the Netherlands), 
talking about multiple sclerosis (MS), confined himself 
to 4 subjects that he found real 'game changers.' 
They were neurofilament light for monitoring disease 
activity (and perhaps treatment effect); soluble CD27 
as prognostic marker for clinically isolated syndrome; 
treatment with the PPARgamma agonist CHS-131; 
and cladribine in highly active relapsing MS. However, 
that was far from all.

Coinciding with EAN 2017, Merck announced on June 27th 
that the Committee for Medicinal Products for Human Use 
of the European Medicines Agency had issued a positive 
opinion for approval of cladribine tablets (CT) for the 
treatment of highly active relapsing MS (RMS). The European 
Commission is expected to make a final decision on the 
application early September 2017 at the latest. The clinical 
development program included data from three phase 3 
trials, CLARITY, CLARITY EXTENSION and ORACLE MS, the 
phase 2 trial ONWARD and long-term follow-up data from 
the 8-year prospective registry, PREMIERE. In all, these trials 
included about 2,700 patients, some of whom were followed 
over 10 years.

Efficacy and safety of cladribine
Post-hoc, exploratory, and other analyses of some of these 
trials were presented at EAN 2017. An important post-hoc 
analysis confirmed that cladribine is especially effective in 
patients with high disease activity [1]. This post-hoc analysis 
compared the effects of CT 3.5 mg/kg vs placebo in subgroups 
of CLARITY patients selected using two high disease activity 
definitions. Patients were categorised according to whether 
they had experienced high relapse activity (HRA) (≥2 relapses 
in the previous year) regardless of prior treatment, or HRA 
plus treatment non-response (HRA+treatment nonresponse: 
≥2 relapses in the previous year, or ≥1 relapse in the previous 
year while on DMT and ≥1 T1 Gd+ or ≥9 T2 lesions). In the 
overall CLARITY population, CT 3.5 mg/kg reduced the risk 
of 6-month confirmed Expanded Disability Status Scale 

(EDSS) progression by 47% vs placebo. In the HRA and the 
HRA+treatment nonresponse subgroups, this risk reduction 
was 82%, indicating greater responsiveness to CT 3.5 mg/
kg in patients identified by these criteria. Annualised relapse 
rate (ARR) was lower with CT 3.5 mg/kg than placebo in the 
overall population, with a rate ratio of 0.42, and even lower in 
the HRA (rate ratio 0.32) and HRA+ treatment nonresponse 
subgroup (rate ratio 0.33).
In the ORACLE-MS study in patients with a first demyelinating 
event, CT (3.5 and 5.25 mg/kg) significantly reduced risk of 
conversion to clinically definite MS (CDMS) vs placebo [2]. In 
exploratory analyses of the open-label maintenance period, 
treatment effects of CT were observed in patients who 

Table 3 Adjusted incidence of treatment-emergent AEs (TEAEs)

Placebo (n=641) Cladribine tablets 3.5 mg/kg
(N=923)

n T
Adj-AE 

per 
100PY

n T
Adj-AE 

per 
100PY

Number of patients 
with TEAE 515 546.3 94.26 773 748.4 103.29

Number of patients 
with TEAE related 
to study drug

291 1162.8 25.03 542 1605.5 33.76

Number of patients 
with TEAE leading 
to treatment 
discontinuation

21 1993.7 1.05 67 3229.0 2.07

Number of patients 
with serious *TEAE 67 1876.3 3.57 124 3096.8 4.00

Number of patients 
with TEAE leading 
to death

5 2024.7 0.25 9 3431.0 0.26

*Serious	was	defined	as	resultant	in	death;	life-threatening;	required	inpatient	hospitalisation;	
congenital anomaly or birth defect; or was otherwise considered as medically important. 
n is the number of patients with events; T is the total patient’s time on study in years. If a 
patient	has	multiple	events,	the	time	to	first	event	is	considered.	For	a	patient	with	no	event	
the time is censored at the last follow-up time for that patient. TEAE, treatment-emergent 
adverse event.
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converted to CDMS and subsequently received subcutaneous 
interferon β-1a. The point estimate of ARR in the open-label 
period was lower in patients originally randomised to CT 3.5 
mg/kg, compared with placebo. There were no observed 
differences in MRI activity during the open-label period. 
The incidence of lymphopenia during the open-label period 
following conversion to CDMS was low, even if interferon 
β-1a was administered subcutaneously within 10 months of 
the last dose of CT.
The safety profile for CT 3.5 mg/kg as monotherapy has been 
well-characterised in a pooled population of patients from 
early to more advanced RMS [3]. This cohort comprised 923 
patients from CLARITY, CLARITY Extension, ORACLE-MS and 
the PREMIERE registry; 641 patients in this cohort received 
placebo. Adjusted AEs per 100 patient years for lymphopenia 
were 7.94 (CT 3.5 mg/kg) and 1.06 (placebo), for infections 
and infestations, 24.93 and 27.05, for herpes zoster 0.83 and 
0.20, and for neoplasms 1.14 and 1.01, respectively. Herpes 
zoster was reported more frequently in patients experiencing 
grade 3 or 4 lymphopenia. No clustering of types of 
malignancy, and no malignancies commonly associated 
with immunosuppression were observed.

PPARgamma agonist
What rendered the results of a phase 2b-study of the PPAR 
modulator CHS-131 extra importance, was that this is oral 
medication uses a novel pathway, as prof. Hintzen stressed 
[5]. “CHS-131 crosses the blood-brain barrier intact and 
exercises an anti-inflammatory effect in the CNS, seemingly 
without suppression of the immune system”, he said. “There 
appears to be a protective effect on the cortical volume and 
on the whole brain volume. More proof is warranted, but it 
looks very promising.”
A phase 2b-study evaluated safety and efficacy of CHS-131 
in 227 treatment-naïve subjects who had RRMS for ≤3 years. 

Treatment with 3 mg/day CHS-131 was associated with a 
52% reduction in contrast-enhanced lesions compared to 
placebo (P=0.003); 1 mg/day CHS-131 was associated with 
a 21% reduction (P=ns). Treatment with 3 mg of CHS-131 
reduced cortical atrophy by 42.6% at 3 months and 34.2% 
at 6 months. Cortical atrophy in the group treated with 1 mg 
CHS-131 was similar to placebo. Safety of CHS-131 was 
comparable to placebo. Neither immunosuppression nor 
toxicities (such as edema or weight gain) were seen. Prof. 
D. Weinstein, who presented these results, concluded: “CHS-
131 is safe and well-tolerated, does not increase infection 
risk, directly protects the brain, and in my view has potential 
as a stand-alone frontline therapy or as part of a combination 
therapy.”

Secondary progressive MS
Treating secondary progressive MS (SPMS) is perhaps the 
biggest challenge in MS care. There is a high unmet need 
for treatments that delay disability progression in SPMS. 
Which is why a post hoc analysis of outcomes in the DECIDE 
trial in moderately to severely disabled patients at high risk 
of transitioning to SPMS was highly anticipated [6]. In this 
subset of patients, daclizumab was associated with greater 
benefits than interferon β-1a in reducing further relapse-
unrelated disability progression.
Daclizumab demonstrated superior efficacy to interferon 
β-1a on several clinical and radiologic outcomes in DECIDE. 
The post hoc analysis that was presented, was restricted 
to those patients who had moderate-to-severe disability at 
baseline (EDSS ≥3.5) and confirmed disability progression 
(CDP) during study, independent or in the absence of clinical 
relapses.
In patients with a baseline EDSS ≥3.5 who remained 
relapse free during DECIDE, 14.3% of daclizumab vs 23.4% 
of interferon β-1a patients had CDP: relative risk reduction 
(RRR), 33%, hazard ratio (HR): 0.67. Daclizumab reduced the 
number of new enlarging T2 lesions at week 96 by 45.7% 
(P=0.004) vs interferon β-1a. Similar results favouring 
daclizumab were observed on CDP outcomes in relapse-free 
patients with baseline EDSS ≥4.0 (RRR: 50%; HR: 0.50) and 
≥4.5 (RRR: 51%; HR: 0.49). Outcomes in patients with CDP 
independent of relapses were similar. 

Siponimod in secondary-progressive MS
In EXPAND, the largest randomised controlled study in SPMS 
to date, siponimod was found to have a robust positive effect 
on disability progression and other relevant outcomes in 
SPMS [7]. The efficacy results of the double-blind, placebo-

Working mechanism of cladribine
Cladribine	 (2-chloro-2´deoxy-β-d-adenosine)	 also	
known as 2-CdA, is a synthetic deoxyadenosine analog, 
designed by substituting a hydrogen atom with chlorine. 
This substitution makes it largely resistant to degradation 
by adenosine deaminase. Treatment with cladribine leads 
to a preferential and sustained reduction in lymphocytes 
and monocytes, resulting in long-lasting depletion 
of CD4+ and CD8+ T cells. The exact mechanism of 
action of cladribine is still unknown, but it has an 
immunosuppressive effect and has been approved for the 
treatment of hairy cell leukemia since 1980. [4]
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controlled, phase 3 EXPAND study were presented. The 1651 
participants were randomised 2:1 to once-daily siponimod 
2 mg or placebo. The primary endpoint was the time to 
3-month CDP, assessed by the EDSS. Siponimod reduced the 
risk of 3-month CDP by 21% vs placebo (HR: 0.79; P=0.013). 
Point estimates across predefined subgroups favoured 
siponimod. 
Risk reduction for time-to-confirmed worsening of ≥20% in 
the Timed 25-Foot Walk test was 6.2% (P=0.44). Siponimod 
reduced the risk of 6-month CDP by 26% (P=0.006), ARR 
by 55.5% (P<0.0001), T1 Gd+ lesion number by 86.6% 
(P<0.0001), and new T2 lesion number by 81% (P<0.0001).
The safety profile of siponimod appears to be in line with other 
S1P receptor modulators [8]. At least one treatment-emergent 
AEs was reported for 88.7% and 81.5% of siponimod and 
placebo patients, leading to treatment discontinuation in 7.6% 
and 5.1% of patients. Most common treatment-emergent 
AEs were headache, nasopharyngitis, urinary tract infection, 
falls and hypertension. Serious treatment-emergent AEs 
were reported in 17.9% and 15.2% of patients, respectively. 
Incidence of fatalities (0.4% vs 0.7%), malignancies (1.9% 
vs 2.6%) and infections (49.0% vs 49.1%) was similar. 
Lymphopenia below 0.2x109/µL was observed in 2.7% vs 
0.2% of patients, and Liver Function Test elevations ≥3 times 
the upper limit of normal in 5.6% vs 1.5%. Other AEs of interest 
were: bradyarrhythmias (3.5% vs 2.4%), hypertension (12.6% 
vs 9.3%) and macular edema (1.8% vs 0.2%).

Ocrelizumab in primary progressive MS
Only a few months before the EAN 2017 meeting took place, 
the Food and Drug Administration approved ocrelizumab as 
the first and, as yet, only DMT for primary progressive MS 
(PPMS). At the EAN meeting the results of an exploratory 
analysis of the ORATORIO trial were presented to estimate 
the risk of CDP vs placebo [9]. Despite decreasing overall 
event rates with stricter definitions, ocrelizumab consistently 
reduced the likelihood of more severe CDP events in patients 
with PPMS.
In ORATORIO, ocrelizumab reduced the risk of 12- and 24-
week CDP in patients with PPMS. In the exploratory analysis, 
the following definitions were used (EDSS point increase, 
baseline):
• Definition 1: ≥1.5 increase (baseline ≤5.5) or ≥0.5 increase 

(baseline >5.5);
• Definition 2: ≥2.0 increase (baseline ≤5.5) or ≥0.5 increase 

(baseline >5.5);
• Definition 3: ≥2.0 increase (baseline ≤5.5) or ≥1.0 increase 

(baseline >5.5). 

Compared with placebo, ocrelizumab reduced the risk of (a) 
12- and (b) 24-week CDP across definitions:
• Definition 1: (a) 0.72, P=0.0296; (b) 0.73, P=0.0497;
• Definition 2: (a) 0.73, P=0.0584; (b) 0.74, P=0.0861;
• Definition 3: (a) 0.52; P=0.0031; (b) 0.53, P=0.0063.

Neurofilament light for monitoring MS
Is a new era in MS monitoring dawning? Neurofilament light 
(NfL) is a biomarker of axonal damage, which was previously 
only measurable in CSF. However, recently developed 
ultrasensitive immunoassays can determine NfL in serum. In 
a Swedish study, the effects of disease activity and DMTs on 
serum NfL as well as the correlation of serum and CSF NfL 
in MS were determined [10]. Serum and CSF NfL levels were 
found to be highly correlated; disease activity and DMTs had 
similar effects on serum and CSF NfL levels.
NfL concentrations were measured in 521 paired serum and 
CSF samples from 373 subjects: 286 had RRMS, 45 other 
neurological conditions, and 42 were healthy controls. In 
almost half of MS patients, the serum and CSF samples were 
obtained pre- and post-treatment with a median interval of 
12 months. The NfL concentration was measured using 
ELISA in CSF and using an in-house ultrasensitive single 
molecule array assay in serum.
In MS, the correlation between serum and CSF NfL was 
R=0.723 (P<0.001). Serum concentrations were significantly 
higher in RRMS patients (26 ng/L) and in progressive MS 
patients (36.1 ng/L) compared with healthy controls (12.5 
ng/L; P=0.019 and P<0.001, respectively); Figure 3. Treatment 
with DMTs reduced serum NfL levels from 30.3 ng/L to 18.7 
ng/L; P<0.001). Patients with relapse or radiological activity 
had significantly higher serum NfL levels than those in 

Figure 3 Serum NfL concentrations in MS patients at baseline and at 
follow-up and in healthy controls
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remission (P<0.001) or those without new lesions on MRI 
(P<0.001). Prof. Hintzen was very content with these results. 
“Serum NfL is a strong candidate marker for disease activity 
and for the effects of DMTs”, he said. “Maybe we won't need 
CSF NfL anymore.”

Prof. Hintzen further mentioned a Swiss study that assessed 
the effect of fingolimod treatment in lowering serum NfL 
levels in patients with RRMS [11]. Fingolimod was associated 
with early and sustained reduction in serum NfL levels 
compared with interferon β-1a and placebo, approaching 
normal values.
NfL was measured in the phase 3 trials FREEDOMS and 
TRANSFORMS, using the Single Molecule Array technology. 
NfL baseline levels were well-balanced between treatment 
groups in both studies.
In TRANSFORMS, NfL levels significantly decreased with 
fingolimod vs interferon at month 6 (P=0.0001) and month 
12 (P=0.0010). After 12 months, NfL levels had decreased 
18.9% with interferon (from 26.0 to 21.1 pg/ml) and 40.0% 
with fingolimod (from 29.8 to 17.9 pg/ml), approaching levels 
of healthy controls (16.4 pg/ml). Fingolimod had lowered NfL 
levels by at least 20% after 12 months in 60.9% of patients, 
while interferon β-1a did so in 44.6% of patients (P=0.0404).
In FREEDOMS, fingolimod reduced NfL levels vs placebo after 
6, 12, 18, and 24 months (P<0.0001). From baseline to month 
24, NfL levels decreased by 39.0% with fingolimod (from 
30.4 to 18.6 pg/ml) and 3.8% with placebo (from 28.6 to 27.5 
pg/ml; P<0.0001). “A stronger MS drug has more impact on 
serum NfL”, commented prof. Hinzen, who also noted: “The 
strongest suppression of NfL was seen in patients with high 
disease activity.”

CD27 as prognostic marker
Prof. Hintzen mentioned another very important possible 
biomarker measured in CSF: the T cell activation marker 
soluble CD27 (sCD27). Which predicts long-term prognosis 
in patients with clinically isolated syndrome (CIS). In a 
prospective study including 77 CIS patients, sCD27 was 
associated with MS diagnosis and a high relapse rate [12]. 
The authors concluded that sCD27 is an activation molecule 
directly related to the immunopathology of MS and is a 
potential clinical marker that aids treatment decisions after 
a CIS.
The geometric mean of sCD27 levels in patients with CIS and 
in control individuals was 31.3 and 4.67 U/mL, respectively 
(P<0.001). During a mean follow-up of 54.8 months, 39 of 
77 patients (50.6%) were diagnosed CDMS. In a model 

adjusted for MRI and CSF measurements, sCD27 levels were 
associated with a diagnosis of MS (HR 2.4 per 100 U/mL 
increase in sCD27 levels; P=0.007). Patients with MS with 
high sCD27 levels (median >31.4 U/mL) at the time of CIS 
had a higher ARR than patients with low sCD27 levels: 0.33 
vs 0.06 (P=0.02).

Magnetic resonance imaging in primary 
progressive MS
In PPMS, MRI may be a reliable prognostic marker. Italian 
researchers found that conventional and diffusion tensor 
MRI measures allow an earlier identification of patients 
at risk of disease progression after 15 years than clinical 
assessment [13]. They acquired conventional and diffusion 
tensor MRI scans of the brain and T1-weighted scans of 
the cervical cord of 54 PPMS patients at baseline and after 
a median follow-up of 15 months. Clinical evaluation was 
performed after 5 and 15 years of follow-up in 49 patients. 
Measures of lesion load, brain and cord atrophy were 
obtained. Histograms of the mean diffusivity and fractional 
anisotropy values from the normal-appearing white and 
gray matter were analysed. At 15-year follow-up, 90% of the 
patients had disability progression. The best model including 
clinical variables only identified baseline EDSS and 5-year 
EDSS worsening as independent predictors of 15-year 
EDSS deterioration (R2=0.57; discriminating ability: 74%). 
When MRI variables were included, the best model identified 
baseline EDSS and 1-year change of EDSS, T1-hypointense 
lesions, brain volume and gray matter mean diffusivity 
as independent predictors of 15-year EDSS deterioration 
(R2=0.61; discriminating ability: 78%).

Restriction spectrum imaging
Restriction spectrum imaging (RSI) is a newly validated 
diffusion-based (MRI) sequence that estimates brain tissue 
in a novel and more specific way. The association between 
diffusion parameters derived from RSI and neurological 
disability in MS patients was explored by Norwegian and 
American researchers [14]. They concluded that diffusion 
parameters derived from RSI are promising imaging 
biomarkers in MS. Fast and slow apparent diffusion 
coefficient, (restricted) fractional anisotropy, neurite density, 
cellularity, extracellular water fraction and free water fraction 
were extracted from white matter lesions and from normal 
appearing white matter in 80 MS patients. They were divided 
into three subgroups according to their EDSS score: with 
minimal, low and substantial disability (<2.5, 2.5–3 and >3, 
respectively). The slow apparent diffusion coefficient in 
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white matter lesions differentiated best between disability 
subgroups (P=0.006), while neurite density in normal 
appearing white matter showed the best correlation with 
disability (ϱ=-0.38, P=0.011).

NEPAD as novel clinical trial endpoint
In the past couple of years, “no evidence of disease activity” 
(NEDA) composites have been widely used as an endpoint 
in clinical trials and even as a treatment goal in clinical 
practice. NEDA is defined as lack of active MRI lesion activity, 
no relapses, and no confirmed EDSS disability progression. 
The concept keeps evolving; the latest proposition is 
the incorporation of hand or arm function and walking 
assessments, resulting in a novel endpoint: 'no evidence 
of progression or active disease' (NEPAD), increasing the 
sensitivity for clinical disability worsening or progression 
compared with current definitions of NEDA.
A poster was presented in which NEPAD was applied to data 
from the ORATORIO trial of ocrelizumab in PPMS [15]. NEPAD 
was defined as:
• No evidence of progression (no 12-week confirmed EDSS 

progression of ≥1/≥0.5 points if the baseline score was 
≤5.5/>5.5 points, respectively; no 12-week confirmed 
progression of ≥20% on the timed 25-foot walk test and 
9-hole peg test);

• No brain MRI activity (no new or enlarging T2 lesions and 
no T1 gadolinium-enhancing lesions);

• No protocol-defined relapse.
Brain MRI assessments were conducted at baseline and 
weeks 24, 48 and 96. Compared with placebo, at week 120 the 
proportion of patients with NEPAD increased approximately 
3-fold with ocrelizumab: 29.9% vs 9.4% (risk ratio (RR) 3.15; 
P<0.0001). A consistent effect of ocrelizumab was also 

observed on all three components of NEPAD. The effect on 
MRI activity seemed to drive most of the difference, with 
70.3% vs 26.5% of participants having no brain MRI activity.
In a post-hoc exploratory analysis of the results of 
ocrelizumab in the OPERA I and II studies, NEPAD was also 
used as outcome measure [16]. Compared with interferon 
β-1a, ocrelizumab increased the proportion of RMS patients 
who maintained NEPAD. In the pooled OPERA studies, 
ocrelizumab (n=740) increased the proportion of patients 
with NEPAD at week 96 compared with interferon β-1a 
(n=753): 39.3% vs 21.5% (RR: 1.82; P<0.0001).

Other trials and subanalyses
• The results of a five year interim analysis of the 

non-interventional PANGAEA study support the positive 
effectiveness profile of fingolimod, demonstrated in phase 
3 clinical trials with real world evidence data [17]. A total of 
4229 patients were enrolled into PANGAEA; by January 2017, 
over 300 patients completed the five year documentation 
period. The mean ARR improved from 1.5 at baseline to 0.42 
after 12 months and further improved to 0.29 after five years. 
The mean EDSS at baseline was 3.0 and remained stable 
over five years. In each year of treatment more than 90% 
of the patients had a stable EDSS, over 70% of the patients 
were free of relapses and 6-month confirmed disability 
progression. 45% of the patients neither had a relapse nor 
disability progression over four years of treatment. Patient 
reported outcomes evaluated in a sub-study with 830 
participants confirmed the effectiveness and convenience 
profile of fingolimod from a patient point of view.

• A subgroup analysis demonstrated the efficacy and 
safety of daclizumab in DMT-naïve patients with active 
RMS [18]. These results support the overall findings from 
DECIDE across several clinically relevant RMS patient 
subgroups. Daclizumab demonstrated greater efficacy over 
intramuscular interferon β-1a across several clinical and 
radiological endpoints. At week 96, the relative reduction 
in ARR, proportion of relapse free patients, and number of 
new enlarging T2 hyperintense lesions was 52.4%, 51.0%, 
and 54.8%, respectively. Among the DMT-naïve patients, 
infections were observed in 59% and 53%, cutaneous 
AEs in 33% and 17%, and elevations of alanine/aspartate 
aminotransaminases in 7%/5% and 8%/5% of daclizumab 
and interferon β-1a treatment groups, respectively. Safety 
findings were comparable to those observed in other 
subgroup populations.

• In a study evaluating the long-term efficacy of fingolimod 
in annually achieving NEDA status, early switch from 

Figure 4 Principles of restriction spectrum imaging
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interferon β-1a to fingolimod improved MS control, and the 
benefits were sustained for the long term [19]. It was a post-
hoc study performed on the 7-year data from TRANSFORMS 
core and extension studies. NEDA-3 was defined as the 
absence of MRI activity, relapses, and disability progression. 
NEDA-4 additionally included interval average yearly rate 
of brain volume change of ≤0.4%. In year 1, NEDA-3 was 
achieved by 43.3% in the fingolimod group vs 30.3% in the 
interferon group (odds ratio (OR), 1.76; P=0.0002). NEDA-
4 was achieved by 27.8% and 16.4% patients, respectively 
(OR, 1.96; P=0.0002). After switching to fingolimod in the 
extension, 50.2% and 35.1% patients achieved NEDA-3 and 
NEDA-4, respectively, in year 2. Annual NEDA from years 3 to 
7 ranged between 45.6% to 74.2% for achieving NEDA-3, and 
24.4% to 53.2% for NEDA-4 in either group.
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Parkinson’s Disease and other 
Movement Disorders
There may not have been breakthroughs in treatment 
of Parkinson's disease (PD), but the number of studies 
presented on PD at EAN 2017 was impressive, diverse 
and interesting. We could for example witness “a 
second honeymoon of DBS in PD”, reaching the goal 
of early detection is approaching, and interesting trial 
results were presented, even of a possible DMT for PD.

“Deep brain stimlution (DBS) can justifiably be viewed as 
the second therapeutic breakthrough after L-Dopa in the 
history of PD therapies”, said prof. W. Poewe (Innsbruck, 
Austria) in a plenary session. Multiple controlled and open-

label studies have established efficacy in markedly reducing 
L-Dopa related motor complications and improving QoL in 
patients with moderately advanced PD. DBS does not seem 
to alter the course of disease and long-term outcome of PD, 
however. In the largest case series with a follow-up of >10 
years, including 79 patients with a mean disease duration 
of 22-25 years, mortality was 30%, dementia rates varied 
between 29% (deceased subjects) and 53% in those still 
alive, and overall 40% had been admitted to nursing homes 
[1]. Given the long duration of disease, these milestone 
data seem to compare favourably with those from series 
of unselected patients under conventional drug therapies 
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where mortality rates after 20 years have been as high as 
70% and dementia rates reached 80% [2]. “Understanding 
the longer-term impact of DBS on the course of PD becomes 
critical when proposals are made to change the timing of 
these procedures into earlier phases of PD, when medical 
options have not yet have been fully exploited”, prof. Poewe 
argued [3]. Long-term follow-up of prospective randomised 
trials like EARLYSTIM will hopefully provide an answer to 
the question if and how much DBS changes the long-term 
prognosis of PD. We could then witness, in prof. Poewe's 
words, “a second honeymoon of DBS”.

Continuous deep brain stimulation and 
repetitive transcranial magnetic stimulation
Pilot data presented at EAN 2017 provide evidence that 
intermittent, adaptive DBS (aDBS) may be more effective for 
treating motor symptoms and have less behavioural side-
effects than conventional continuous DBS (cDBS) [4].
A significant limitation in the aDBS studies to date is that they 
have been conducted in the immediate post-operative phase 
with concomitant lesional effects and sub-optimal cDBS 
settings. This new study, compared aDBS in the chronically 
implanted phase against cDBS for both motor efficacy and 
decision making under conflict as an index of impulsivity. 
In two PD patients (3 hemispheres) with cDBS of 14 and 
8 years, respectively, aDBS was applied. Bradykinesia was 
quantitatively assessed with a tablet task, while impulsivity 
was assessed using the Stroop task (one hemisphere). 
Each test was performed under three conditions: aDBS, 
no-stimulation and cDBS. The average bradykinesia dwell 
times for the no-stimulation, cDBS and aDBS conditions 
were 531±287, 449±127 and 405±49 ms, respectively; a 
significant main effect (P=0.04) was present. Furthermore, 
aDBS showed a more optimal speed-accuracy trade-off in 
the Stroop task relative to no-stimulation and cDBS.

Preliminary results from an ongoing study demonstrated 
for the first time that low-frequency stimulation of the 
right posterior superior temporal gyrus (STG) may improve 
articulation, rhythmicity, intonation and pausing of speech in 
PD with hypokinetic dysarthria (HD) [5]. RTMS was applied 
over the right posterior STG, the left orofacial primary motor 
area, and the vertex (V, a control stimulation site), using 10 
Hz and 1 Hz stimulation protocols and cross-over design. 
Participants were 10 PD patients with mild to moderate 
HD and 4 healthy controls. Preliminary results showed 
particularly effects (P<0.05 in Wilcoxon test) of 1 Hz rTMS 
of the STG on total pause time, the fundamental voice 
frequency, and speech index of rhythmicity in PD, while some 
effects of 10 Hz rTMS of the left orofacial primary motor area 
were also observed.
Results from a retrospective study suggest that after 
suboptimal results of the first therapy of advanced PD, 
patients may benefit from changing to another advanced 
therapy or combination treatments [6]. Dutch researchers 
identified 11 patients concurrently or consecutively treated 
with DBS and continuous intrajejunal levodopa infusion 
between May 2001 and December 2015. Of these, 7 were 
initially treated with DBS and 4 had continuous intrajejunal 
levodopa infusion as initial treatment, all but one continued 
both therapies. Mean age at first advanced treatment was 
53 years (range 42-65). In 3 patients response fluctuations 
were the indication for a second advanced therapy, in 8 
both dyskinesias and response fluctuations. No patients 
experienced worsening after the second advanced therapy. 
Five experienced no benefit, 4 experienced some and 2 much 
improvement.

Early detection
“We are getting closer to the big goal of being able to detect 
PD at a very early stage”, stated EAN president prof. G. 
Deuschl (Kiel, Germany). At a later stage, halting the disease 
course is no longer possible. The pathological hallmark 
of PD is a-synuclein (α-syn) aggregation. Biopsies of the 
skin, submandibular glands and of the colon have shown 
pathological α-syn at a very early stage and may aid in 
early detection. Dermal phospho-α-syn can be considered 
a peripheral histopathological marker of synucleinopathy 
and can be detected in a subgroup of patients with rapid 
eye movement sleep behavior disorder (RBD), presumably 
representing prodromal PD, as a very recent study confirmed 
[7]. Dermal phospho-α-syn is detectable in RBD patients 
without PD motor symptoms, thereby stratifying a patient 
group that is of great interest for clinical trials testing DMT. 

Figure 5 Tablet-based bradykinesia score (average dwelling time, left) and 
Stroop task speed/accuracy scores (a.u., right)
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In the future, this diagnostic marker could aid in detecting PD 
at a prodromal stage, also in the absence of RBD.
Italian researchers presented a study in which they measured 
α-syntotal and oligomers of α-syn (α-synolig) concentrations 
in 70 healthy subjects of different ages [8]. They found that 
decreased salivary concentration of α-syntotal may reflect 
the reduction of α-syn monomers, leading to the formation 
of intracellular inclusions during ageing process. The 
increased levels α-synolig in males compared to females 
(p<0,05) as well as the trend of correlation of α-synolig with 
age in the female population are both in accordance with the 
prevalence of PD, supporting salivary α-syn detection as a 
promising biomarker for PD.

Hypertension and sleep linked to Parkinson’s 
disease
Hypertension is associated with a more severe PD phenotype 
including increased dopaminergic pathology, suggesting that 
an optimal management of hypertension may also improve 
PD symptoms [9]. Hypertension has long been associated 
with PD, but the exact link between the two remains 
unknown. Italian-British researchers compared the clinical 
burden, neuropsychological features, CSF and imaging 
pathology in early untreated PD patients with and without 
hypertension. PD patients with hypertension showed worse 
motor symptoms (unified PD rating scale (UPDRS) III P<0.01; 
UPDRS III subscores for bradykinesia P<0.01 and rigidity 
P<0.05) and loss of [123I] FP-CIT uptake in the most affected 
posterior putamen (P<0.001). In the whole population, higher 
systolic blood pressure and pulse blood pressure correlated 
with worse motor symptoms (R=0.39; P=0.005 for systolic 
blood pressure; for R=0.36; P=0.01 for pulse blood pressure) 
and greater loss of posterior putamen [123I] FP-CIT uptake 
(R=-0.329; P=0.02 for systolic blood pressure; for R=-0.356 ; 
P=0.01 for pulse blood pressure).
Results of another study suggest a link between deep sleep 
and PD progression. Deep sleep relates to a mild motor 
progression in PD, particularly during early stages, suggesting 
beneficial effects [10]. Delta-power based on spectral analysis 
of electroencephalography during polysomnography was 
assessed. Delta-power was associated with lower annual 
increase of the UPDRS in all patients (r=-0.23; P=0.05). 
This association was stronger in patients with de novo (r=-
0.63; P=0.02) and early PD (r=-0.3; P=0.03). Only in patients 
with de novo PD, higher delta-power correlated with higher 
UPDRS at baseline (r=0.54, P=0.05). Therefore, the authors 
suggested that deep sleep might support nigrostriatal 

reserve, compensating during pre-motor PD until the 
breakdown of compensatory mechanisms.

Huntington's disease
Like in other neurodegenerative diseases, drug development 
in Huntington’s disease (HD) is challenging, with a large 
compound attrition rate at earlier phases of development 
and a very high trial failure rate at later stages, argued prof. 
J. Coutinho Ferreira (Lisbon, Portugal) [11]. The only drugs 
currently approved by the Food and Drug Administration 
are the dopamine-depleting agents tetrabenazine and 
deutetrabenazine, for the treatment of chorea in HD. There 
are no pharmacological interventions proven to be effective 
as a DMT.
New compounds and other therapeutic strategies are 
entering the stage of clinical development, exploring new 
putative mechanisms of action. These include targeting 
immunomodulation or lowering levels of the mutated 
huntingtin protein (mHTT) (gene therapy, inhibition of 
synthesis of mHTT, modulation of HTT homeostasis).
A recent review of the international clinical trials databases 
identified 31 trials for HD testing 23 different interventions. 
Interventions currently at a clinical trials stage that 
explore this new paradigm include inhibition aggregation 
of mutant huntingtin (PBT2), selective SirT1 inhibitors 
(selisistat), PDE10A inhibition, RNA interference anti-sense 
oligonucleotides (ASO), and anti-inflammation (laquinimod).
Coutinho Feirrera also mentioned a phase 1 safety and 
tolerability study of IONIS-HTT in patients with early HD. 
IONIS-HTT aims to reduce the production of huntingtin 
protein in brain cells. This approach, if it advances to phases 
2 (in 2018) and 3, may have the potential to slow, halt or 
perhaps even reverse the progression of HD symptoms.

Clinical trial results
• Results of the multicentre TOLEDO trial provide 

level 1 evidence for the efficacy of apomorphine infusion 
(APO) for OFF time reduction, and support its wider use 
in PD patients with a high need for effective treatment for 
motor fluctuations [12]. TOLEDO is the first prospective, 
randomised, controlled trial to investigate the efficacy of APO 
vs placebo in patients with severe motor fluctuations poorly 
controlled by conventional therapy. Compared with placebo 
(n=53), APO (n=53) provided significantly greater reduction in 
OFF time between baseline and week 12 and a significantly 
greater improvement in ON time without troublesome 
dyskinesia (Table 4). APO was generally well tolerated with 
no unexpected AEs detected.
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• ND0612 may become an effective treatment alternative 
that avoids the surgical risks of available therapies for patients 
with advanced PD. This is suggested by a 28-day randomised 
phase-2 study evaluating the safety/tolerability and efficacy 
of 2 dosing regimens of high dose ND0612 (ND0612H) in 
PD patients experiencing motor fluctuations [13]. ND0612 
is a proprietary levodopa/carbidopa (LD/CD) liquid solution 
designed for continuous subcutaneous infusion. The dosing 
regimens tested were R1 (24h infusion with 720/90 mg LD/
CD) or R2 (14h ‘waking-day’ infusion with 538/68 mg LD/
CD + morning oral LD/CD 150/15 mg). R1 (24h) significantly 
reduced daily OFF time while increasing morning ON time 
and total daily good ON time. Eight of 19 (42%) subjects had 
a complete reduction in OFF time. The proportion of subjects 
with full ON was significantly increased at 8AM and 9AM. 
'Good' ON time (no/mild dyskinesia) also increased (3.7h, 
P<0.001). In R2, mean reduction in OFF time was 1.3h (not 
significant). Both regimens were well-tolerated. The most 
frequent AEs were mild-moderate infusion-site reactions.

• For the first time, the impact of LD/CD intestinal gel 
therapy on dyskinesia by means of the Unified Dyskinesia 
Rating Scale (UdysRS) has been evaluated [14]. In a 
prospective, open-label study, changes in Movement 
Disorder Society-sponsored UPDRS and UDysRS confirm 
that LD/CD intestinal gel treatment can effectively improve 

experiences of daily living in advanced PD. The total score of 
UDysRS decreased from 47 to 34 points (P=0.003).

• In a double-blind, placebo-controlled, phase 1b multiple 
ascending-dose study, PRX002 (RG7935) had an acceptable 
safety and tolerability profile, penetrated the CNS and 
reduced serum free α-syn [15]. PRX002 is an investigational 
monoclonal antibody designed to neutralise extracellular 
neurotoxic forms of α-syn. This may inhibit the cell-to-cell 
transmission of the aggregated form of α-syn and modify PD 
progression. A planned phase 2 study will evaluate PRX002 
as a DMT for PD. Prof. H.W. Berendse (Amsterdam, the 
Netherlands), presenting congress highlights, said he hoped 
this will herald “a new era in PD treatment.”
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Table 4. Change from baseline to week 12 in primary and secondary 
endpoint parameters

Change from baseline to week 12 APO
(n=53)

Placebo
(n=53)

Treatment 
difference
(95% CI)

p-value

Primary endpoint

Absolute change in time spent OFF 
(hours/day, based on patient diaries 2.47 0.58 1.89

(3.16, 0.62) 0.0025

Pre-specified secondary endpoints

Absolute change in time spent ON 
without troublesome dyskinesia  
(hours/day)

2.77 0.8 1.97
(0.7, 3.23) 0.0008

Number (%) of patients with response to 
therapy (OFF time reduction of ≥2 hours)

33
(62.3%)

15
(28.8%)

33.4%
(15.45, 51.36) 0.0008
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Stroke

STROKE

“Cerebrovascular disease is now being recognised as 
a neurological disease”, noted dr. V. de Herdt (Gent, 
Belgium) in a plenary session discussing highlights 
in the field of stroke. Since a number of randomised 
controlled trials have consistently confirmed its 
benefit, endovascular therapy has now become a 
standard treatment for patients with acute occlusion 
of the main intracranial arteries, with a time window 
of 6 hours, which might well be further expanded.

“The introduction of endovascular therapy means that we 
can now treat patients with large vessel occlusions”, prof. 
U. Fischer (Bern, Switserland) said. “The latest research 
findings show that we will be in a position to save far more 
stroke patients in future and spare them from serious lifetime 
disability.” He added: “Eight studies unanimously show that 
endovascular treatment of patients with acute occlusions 
of large vessels in the brain is superior to treatment with 
medication only.”

Trombolysis
Among the congress highlights in the field of stroke that De 
Herdt mentioned, were outcomes of thrombolysis in Swedish 
patients with dementia and acute ischemic stroke (AIS) [1]. 
They were found to be less likely to receive thrombolysis. 
Among patients who received thrombolysis, there were no 
significant differences in National Institutes of Health Stroke 
Scale (NIHSS) change, intracranial haemorrhage (ICH) or 
death at 3 months. However, dementia patients had worse 
functional outcomes, possibly explained by comorbidities or 
worse baseline functional status.
The researchers compared patients with pre-existing 
dementia who suffered an ischemic stroke 2010-2014 
(n=1356) with matched non-dementia subjects (n=6755). 
Thrombolysis was administered to 94 (7.0%) dementia 
and 639 (9.5%) non-dementia patients. The corresponding 
adjusted OR for the dementia group was 0.68 (P=0.010). 
However, when the analysis was repeated exclusively among 
patients who were independent in mobility, dressing and 
toileting before stroke, the difference between the groups 
was not significant. Physical functional outcome was worse 
among dementia patients after 3 months, with OR 3.67 
(p<0.001) for a higher modified Rankin Scale.

In patients treated with intravenous thrombolysis, risk of 
symptomatic ICH is known to be lower in posterior (PCS) than 
in anterior circulation strokes (ACS). Data regarding clinical 
outcomes are controversial, however. Data between 2010 
and 2015 from the SITS-EAST registry (n=2738) showed that 
PCS was associated with better 90-day clinical outcome than 
in the anterior circulation [2]. Good 90-day clinical outcome 
was achieved in 68.6% of PCS and 58.9% of ACS patients 
(P=0.02). Independent predictors of good 90-day clinical 
outcome were: age (OR 0.953), pre-stroke modified Rankin 
Scale (OR 0.611), baseline glycemia (OR 0.927), intravenous 
antihypertensive therapy before/during intravenous 
thrombolysis (OR 0.526), symptomatic ICH occurrence (OR 
0.096), PCS (OR 1.413). However, symptomatic ICH risk was 
only statistically insignificantly lower in PCS versus ACS 
patients.

Biomarkers
NfL is a promising biomarker for lacunar stroke and cerebral 
small vessel disease (CSVD) [3]. Serum NfL is increased 
in patients with recent small subcortical infarcts (RSSI) 
and associated with the progression of CSVD-related MRI 
markers. In a study in 79 RSSI patients (mean age: 61±11 
years, 67% male) and 53 healthy controls, RSSI patients had 
significantly higher NfL baseline levels (73.45 vs 34.59 pg/ml, 
P<0.0001). NfL levels remained increased at the 3-months 
follow-up and returned to normal 15 months post-stroke. In 
patients, NfL was associated with RSSI size, white matter 
hyperintensities severity and the development of new CSVD-
related lesions during the follow-up period.
Another biomarker-study that stood out for De Herdt sought 
to derivate and externally validate a 3-item (serum copeptin, 
age, NIHSS) prognostic model to predict disability and death 
within 3 months from AIS. This so-called 'CoRisk-Score' was 
well calibrated, could be externally validated, and performed 
better than a risk-score with NIHSS and age alone, the main 
outcome predictors after AIS [4].
In a third study, plasma NfL did not prove to be the 'brain 
troponin' the Swiss researchers had hoped for [5]. Plasma NfL 
levels measured within 24h from onset of stroke or transient 
ischemic attack covered no clinically relevant diagnostic or 
prognostic role beyond clinical severity and imaging.
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Comparing transcranial direct current 
stimulation and repetitive transcranial 
magnetic stimulation
A randomised trial compared the effects of transcranial 
direct current stimulation (tDCS), rTMS, or sham stimulation 
on functional and structural markers of brain plasticity and 
upper limb motor recovery [6]. In 41 patients with subacute 
hemispheric stroke and impaired upper limb motor function, 
tDCS specifically enhanced functional markers for cortical 
plasticity and prevented the structural signature for poor 
motor outcome, if applied timely. Cathodal tDCS induced 
an increase in EEG resting-state beta-band functional 
connectivity between ipsilesional primary motor cortex and 
the rest of the brain which was greater than post-sham 
stimulation and even compared to rTMS. Patients with poor 
motor recovery in the rTMS and sham groups showed a 
degradation of white matter tracts in the affected hemisphere, 
which did not occur in patients treated with tDCS (Figure 6). 
However, these neural effects translated to improved motor 
recovery only in patients in whom tDCS could be started 
within the first 4.5 weeks after stroke.

Fast-track hospitalisation 
Another study De Herdt thought should not be overlooked, 
assessed the feasibility and safety of fast-track 
hospitalisation (FTH) among patients with non-disabling 
AIS [7]. FTH bears the potential to expedite return to daily 
life while optimising the use of healthcare resources. In a 
single-centre, retrospective cohort study FTH was found 
to be feasible and did not seem to be associated with a 

higher risk of unplanned rehospitalisations. In a single-
centre, retrospective cohort study FTH was realised in 83 
patients (15%). Patients discharged per fast-track had less 
severe AIS, were treated less frequently with thrombolysis, 
and had a lower comorbidity index. The rates of unplanned 
rehospitalisation within 3 months from discharge did not differ 
between fast-track (10%) and open-end hospitalisations (9%, 
P=0.83). After adjusting for stroke severity, thrombolysis rate, 
and comorbidity, the difference in the risk of rehospitalisation 
remained non-significant (OR fast-track 1.5, P=0.39). De 
Herdt: “These results warrant a randomised trial.”

Alpha-lipoic acid 
12 weeks supplementation with 600 mg alpha-lipoic acid (ALA) 
was reported to have beneficial effects on anthropometric 
indices (weight, body mass index, waist circumference) and 
food intake (energy, carbohydrate, protein, and fat) in patients 
with stroke. This is suggested by the results of a randomised, 
double blind, placebo-controlled clinical trial [8]. Sixty-
seven stroke patients were randomly assigned to 600 mg 
ALA suppletion or placebo daily for 12 weeks. Weight, waist 
circumference, energy, carbohydrate, protein and fat intake 
were measured, and the body mass index was calculated. 
After 12 weeks, waist circumference (P<0.001), energy, 
carbohydrate, protein and fat intake (P<0.001) decreased 
significantly in the ALA group compared with placebo. No 
differences were observed in weight (P=0.26) and body mass 
index (P=0.56) in the ALA suppletion group.
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Figure 6 White-matter tract degradation in all 3 groups
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