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Headache and Migraine
A multitude of biologicals showed 
relevant results in preventing or 
reducing severity of migraine/
headache attacks. 

Three New NMOSD 
Treatments
PREVENT, N-MOmentum, and 
SAkuraSky all demonstrated  
significant benefit in relapse 
risk of NMOSD. The investigated 
monoclonal antibodies also had 
favourable safety profiles. 

Two Anticipated Trials in 
Parkinson’s
Nilotinib and isradipine, approved 
therapies in non-neurological 
disorders, have been investigated 
in Parkinson’s disease. While both  
studies are valuable, their results 
led to more questions than answers.  
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Dear Reader,

Over 14,000 attendees from around the world attended 
the 71st AAN Annual Meeting in Philadelphia. With 3,000+ 
presented abstracts, every aspect of brain research has 
its place at the conference, meaning every neurologist 
can find their topic of interest.

Progress in common disorders such as dementia, 
epilepsy, migraine, and multiple sclerosis and advances 
in oligonucleotide approaches to rare diseases
While research successfully continues in major fields 
of dementia, epilepsy, migraine, and multiple sclerosis, 
this year’s AAN was one of emerging science in more 
rare disorders. Very positive results were reported for 
three phase 3 trials using three different monoclonal 
antibodies in NMOSD, which might result in the first 
approved therapies. Progress has also been made 
regarding treatment options in rare neuromuscular 
disorders, such as myasthenia gravis, Charcot-Marie-
Tooth, and spinal muscular atrophy. Clearly the search 
for effective treatments in all fields of neurology needs 
to continue. The same holds for improved diagnosis and 
disease management, with an ever-increasing role for 
digital technologies.

This report includes summaries of these presentations 
and more. We hope to provide an interesting read for 
those who were unable to attend, or would like to recap 
their experience at a busy conference.

Best Regards,
Hans-Peter Hartung

Prof. Hans-Peter Hartung

Letter from the Editor

CONFERENCE REPORT - AAN 2019
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Interview with
Prof. Natalia Rost, MD, MPH, FAHA, FAAN,  
chair of the Science Committee of the 2019 AAN meeting

Prof. Natalia Rost is

Chief of the Stroke Division at 

Massachusetts General Hospital and 

Professor of Neurology at Harvard 

Medical School. As chair of the 

Science Committee, Prof. Rost

talks to Medicom about some of the 

scientific (and other) highlights of

this year's AAN meeting.

You are a stroke specialist. Are there any 
trials or other developments in stroke 
you would like to mention?
“Stroke care has evolved dramatically over the 
past years. The most important development 
has obviously been the application of 
thrombectomy. There seem to be periods of 
acceleration and then of contemplation. We 
have achieved a particularly high level of care 
to patients with large-vessel occlusion. There 
are now signs of contemplation, where we 
implement what we have discovered, analyse 
the results, perform quality assessments; and 
reflect upon how to proceed further. We are 
e.g. trying to develop 'pre-hospital' systems 
of care, as well as seeking solutions for the 
disparities of care that unfortunately exist in 
the US and elsewhere. We are also staging 
the next interventions to find answers to 
questions like: Do we go for smaller vessels 
further down the vessel tree? Are we closing 
patent foramen ovale more often than we 
should, or not often enough?”

Which are some of the other 
presentations that you would like to draw 
our attention to?
“I am very proud of our plenary line-up. Take 
the session 'Frontiers in neuroscience', very 
specifically targeting some of the most 
cutting-edge neuroscience. This is meant 
to challenge general neurologists; to show 
them that there are incredible developments 
in neuroscience, which we neurologists can 
by no means imagine to be applicable to 
general practice. But that is also how e.g. 
optogenetics started, or precision neuro-
immunotherapy, etc. –with applications that 
we could not have imagined 20 years ago. And 
on the last afternoon of the meeting there is 
a session on neuroimaging that spans across 
multiple subspecialties, in a true sense of 
neurology as a community, and a perfect way 
to conclude the annual meeting.”

biggest antidote to a burn-out. I've never 
regretted being involved with the AAN. You 
give, but receive much more. When I became 
a member of the Academy, I was still a 
medical student; exactly 20 years later I am 
helping to shape the meeting. It has been 
the greatest gratification of my professional 
career. Busy? Busy does not count.”

Can you point out some new features at 
this year's meeting?
“Almost immediately after a meeting is over, 
we start planning for the next year. We assess 
very carefully the feedback we get, but the 
Science Committee also constantly surveys 
the response to presentation formats. For 
at least 10 years we continue to innovate, 
both content and format. We have also 
learned that neurologists -however 'nerdy' 
of a crowd- but they also like to have fun. 
So, infusing some joyous elements into 
the meeting has tremendously stimulated 
participation. People walk around smiling, 
enjoying the meeting, not just hurrying from 
one presentation to the next. That is why we 
have organised the 'Grand Experience' for 
example: a unique vast space with a stage in 
all four corners to signify openness, breaking 
the siloes, with separate talks, creating 
energy and buzz. Or take the 'Brain Dome', 
which allows you to walk through the brain; it 
is a mix of neuroanatomy, neuro-physiology, 
and a touch of Disneyland.
I am particularly proud of a new series 
called 'Advancing medicine: innovation and 
inspiration', with three great lecturers. Dr 
Hugh Herr is an engineer who has developed 
smart prostheses, bionic limbs that he uses 
himself, as he has lost both his legs. Dr Mona 
Hanna-Attisha helped to put an end to the 
problem of lead-poisoned drinking water in 
the city of Flint. Dr Patricia Churchland talked 
about the interface between neuroscience 
and morality.”

Why was the opening party of the 
meeting called 'Philly Spectacular'? 
“Because it was spectacular! The AAN has 
brought its annual meeting to Philadelphia 
multiple times, mainly because the city is so 
well-situated and able to accommodate such 
a large group of attendees, over 15,000 this 
time. Philadelphia also offers a lot of history 
and art, such as the Barnes Foundation, one 
of the best private art collections worldwide. 
From a scientific standpoint, the breadth 
and depth of the presented science is also 
spectacular, with over 3,000 abstracts, plus 
presentations by the world's most renowned 
scientists as well as promising young 
investigators. This meeting is really our 
annual party.”

How hard and time-consuming is it to 
chair the Science Committee?
“It is a serious commitment, but also the 

INTERVIEW
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Amyloid PET in cognitively impaired patients
The use of amyloid PET significantly influences clinical 
management, including the use of medications and 
counselling, of patients with MCI or dementia [1]. 
Changes in management were observed in about 60% 
of cases, more than double what the researchers had 
expected. This was the main finding of the Imaging 
Dementia – Evidence for Amyloid Scanning (IDEAS) 
study, presented by Prof. Gil Rabinovici (University of 
California San Francisco, USA). 

“IDEAS was a nationwide effort to get evidence for the clinical 
utility of PET amyloid in MCI”, he stated. This was a requested 
study after the national US Centers for Medicare & Medicaid 
Services decided in 2013 not to cover PET scanning for 
routine clinical care due to insufficient evidence. The study’s 
main aim was to investigate the impact of the PET scan 
results on patient management. At 595 clinical dementia 
sites, 11,409 Medicare beneficiaries with MCI (60.5%) or 
dementia (39.5%) were recruited. “This has been the only 
time in my career that recruitment was finished early and 
under budget”, Prof. Rabinovici observed. “I think it reflects 
a desire by everyone involved to have amyloid PET covered 
by insurance.”

A total of 18,295 scans were completed. The primary 
objective was to assess whether there was a ≥30% change 
in post-PET patient management in AD drug therapy; other 
relevant drug therapy; and counselling about safety and 
future planning. The composite endpoint largely exceeded 
the target of 30%: it changed in 60.2% of patients with MCI 
and in 63.5% of patients with dementia (P<0.001). The 
most common change involved AD medications: their use 
largely increased in patients with positive scans and slightly 
decreased, though still significantly, in patients with negative 
scans (P<0.001). The aetiologic diagnosis of AD was changed 
to non-AD in 25.1% of participants, and from non-AD to AD 
in 10.5%. There were also post-PET reductions in the use of 
neuropsychological testing, other brain imaging, and CSF 
studies. Analyses of the impact of amyloid PET scans on 
health outcomes are underway.

1. Rabinovici G, et al. AAN 2019, Plen01.001.

Tight blood pressure control lowers risk of mild 
cognitive impairment
Treating adults with hypertension to a systolic blood 
pressure goal of <120 mmHg compared with <140 mmHg 
lowered the risk of mild cognitive impairment (MCI), 
according to findings of the SPRINT MIND trial [1].

In the original SPRINT trial, targeting a systolic blood 
pressure of <120 mmHg resulted in lower rates of fatal and 
nonfatal major cardiovascular events and death from any 
cause among patients at high risk for cardiovascular events 
without diabetes [2]. SPRINT MIND consequently evaluated 
the effect of intensive blood pressure control on risk of 
dementia. Geriatrist Dr Jeff Williamson (Wake Forest Baptist 
Medical Center, Winston-Salem, USA) presented the results.

Participants were aged 50 years or older with hypertension but 
without diabetes or a history of stroke. They were randomised 
to a systolic blood pressure goal of <120 mmHg (intensive 
treatment; n=4,678) or <140 mmHg (standard treatment; 
n=4,683). During a median follow-up of 5.1 years, the primary 
cognitive outcome of adjudicated probable dementia occurred 
in 149 and 176 participants in the intensive and standard 
treatment group, respectively (HR 0.83). Dr Williamson 
speculated the study may have been underpowered to show 
an effect on dementia. Intensive blood pressure control did 
significantly reduce the risk of MCI (HR 0.81), as well as the 
combined rate of MCI or probable dementia (HR 0.85). The 
main MRI results, which had not yet been published, of intensive 
versus standard blood pressure control were as follows:
• white matter lesion volume: 0.92 vs 1.45 cm3;
• transformed white matter lesion volume: 0.15 vs 0.28 cm3 

(P<0.001);
• total brain volume change: -30.6 vs -26.9 mm3 (P=0.006).

Dr Williamson concluded: “SPRINT MIND is the first 
randomised controlled trial intervention to show a reduction 
in the risk of MCI, without evidence that intensive blood 
pressure control harms cognition. This study demonstrates 
that a diverse population can be recruited, randomised, 
and assessed in follow-up for cognition over 5 years with 
acceptable assessment protocol adherence.”

1. Williamson JD, et al. JAMA. 2019;321(6):553-61.
2. Wright JT Jr, et al. N Engl J Med. 2015;373(22):2103-16.



4 CONFERENCE REPORT - AAN 20194

Two experimental antibodies reduce amyloid 
levels
Promising results of two human monoclonal antibodies 
in different stages of AD were presented: aducanumab 
and gantenerumab. 

Aducanumab (previously known as BIIB037) binds to both 
soluble and insoluble aggregated forms of amyloid-beta (Aβ), 
including oligomers, protofibrils, and fibrils. Results from 
the long-term extension (LTE) of the phase 1b PRIME study 
were presented. In patients with prodromal AD and mild AD 
dementia treated with aducanumab, amyloid plaque levels 
continued to decrease over 36 or 48 months [1]. Analyses of 
clinical endpoints suggested continued benefit. The safety 
profile of aducanumab remained unchanged.

During the core PRIME study, patients were randomised to 
placebo or fixed-dose aducanumab (1, 3, 6, or 10 mg/kg) for 12 
months. In the LTE, all patients received aducanumab (3, 6, or 
10 mg/kg; fixed or titrated). Amyloid plaque levels decreased 
in a dose- and time-dependent manner in the aducanumab 
groups over 36 or 48 months. Clinical Dementia Rating 
Sum of Boxes (CDR‒SB) and Mini Mental State Examination 
(MMSE) data suggested continued clinical benefit in patients 
continuing aducanumab in the LTE. Since the start of PRIME, 
46 of 185 (25%) patients dosed with aducanumab experienced 
amyloid-related imaging abnormalities – oedema (ARIA-E), 
which was asymptomatic in 61%. Symptoms associated 
with ARIA-E were typically mild to moderate in severity. The 
clinical and imaging characteristics of recurrent ARIA (n=8) 
were typically asymptomatic. The authors concluded that 
these data continue to support investigation of aducanumab 
in the ongoing phase 3 trials ENGAGE and EMERGE.

Gantenerumab is a fully human IgG1 antibody that binds to 
a conformational epitope on Aβ fibrils. It has demonstrated 
high levels of amyloid reduction on PET scans in AD patients. 
In the extension of the SCarlet RoAD and Marguerite 
RoAD studies, high-dose gantenerumab was consistently 
associated with large amyloid reductions in both ARIA-E and 
non-ARIA-E groups of AD patients [2].

Gantenerumab was given at titrated subcutaneous doses of 
≤1,200 mg monthly. Of 373 RoAD patients in the extension 
period, 30.6% had ARIA-E. Among 67 patients scanned 
after 1 year, 28 (41.8%) experienced ARIA-E; of these, 7 
(25%) were symptomatic. Both patients with and without 

ARIA-E showed large amyloid reductions: overall -38 and 
-59 centiloid after 1 and 2 years, respectively. There were no 
significant differences between the ARIA-E and non-ARIA-E 
groups. However, the investigators frequently noted regional 
focal reductions in ARIA-E patients.

1. Castrillo-Viguera C, et al. AAN 2019, S9.009.
2. Klein G, et al. AAN 2019, S9.007.

How to implement brain-healthy behaviour in 
clinical practice
Neurologists often advise patients to adopt healthy 
lifestyles (e.g. physical exercise, Mediterranean diet, 
cognitively/socially stimulating activities), but often 
focus on more immediate medical issues during 
follow-up visits. Closing the gap between consensus 
recommendations for lifestyle changes and their 
implementation in clinical practice remains a huge 
challenge. Utilising relatively low-cost college graduates 
as 'brain health champions' (BHCs) showed promising 
results in a pilot study [1].

The BHC program is an inexpensive, interactive, multi-modal 
health coaching approach, that assists patients in adopting 
consensus-based brain health recommendations. It was 
tested in a 6-month, single-centre, randomised controlled 
trial of 40 patients with dementia, MCI, or subjective cognitive 
decline. In the active intervention arm, a BHC was added to 
the clinical team who made weekly motivational phone call 
interviews and additional in-person visits every 6 weeks. 
BHCs and patients/caregivers also met to establish and 
update personalised, attainable goals. Primary outcomes 
were changes in physical activity, dietary pattern, and 
cognitive/social engagement.

BHC participants had statistically significant and clinically 
meaningful increases in brain-healthy behaviour scores and 
quality of life compared to the standard-of-care control group. 
Cohen’s d effect sizes were in the large to very large range for:
• physical activity (d=1.37, P<0.001);
• Mediterranean diet (d=0.87, P=0.016);
• cognitive and social activity (d=1.09, P=0.003);
• quality of life (d=1.54, P<0.001).
BHCs helped participants access existing, cost-effective, 
community-based resources to achieve their goals.

1. Gale S, et al. AAN 2019, S9.003.
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Cannabidiol effective in children with Dravet 
syndrome
Cannabidiol (CBD) in a dosage of 10 or 20 mg/kg/day 
significantly reduced convulsive seizure frequency 
in children and adolescents with Dravet syndrome. 
This was concluded from GWPCARE, a dose-ranging, 
multicentre, randomised, double-blind, placebo-
controlled trial [1]. CBD20 gave rise to more adverse 
events and discontinuations.

Dravet syndrome is an infantile-onset developmental and 
epileptic encephalopathy associated with drug-resistant 
seizures. In GWPCARE, a highly purified form of CBD was 
applied. The 199 children and adolescents with Dravet 
syndrome and drug-resistant seizures who participated, 
had a mean age of 9 years. They were randomised 1:1:1 to 
placebo or CBD in doses of 10 or 20 mg/kg/day (CBD10 or 
CBD20) as add-on anticonvulsant therapy. 

Convulsive seizures during 14 weeks of treatment were 
reduced 27% in the placebo group, 49% in the CBD10 group 
(P=0.0095), and 46% in the CBD20 group (P=0.0299). There 
were also significantly more patients with a ≥50% reduction 
in convulsive seizures: 26% vs 44% (P=0.0332) and 49% 
(P=0.0069), respectively, as well as a higher reduction in total 
seizures: 30% vs 56% (P=0.0003) and 47% (P=0.0255). The 
incidence of adverse events was similar across all groups, 
around 89%. However, serious adverse events were reported 
in 15%, 20%, and 25% of patients, respectively. There were only 
discontinuations due to adverse events in the CBD20 group 
(7%). Elevated transaminases exceeding 3 times the upper 
limit of normal occurred in 5% of CBD10 and 19% of CBD20 
patients; all elevations resolved. The authors concluded that 
any dose increase above 10 mg/kg/day should be guided by 
individual efficacy and safety.

1. Miller I, et al. AAN 2019, emerging science 006.

Possible role of brivaracetam in controlling 
acute seizures
In an exploratory trial, efficacy and safety of brivaracetam 
and lorazepam for controlling acute seizures were 

compared. The similar efficacy suggests a possible role 
of brivaracetam in this setting [1].

The study was designed as a phase 2, open-label, 
randomised, parallel-group, active-controlled proof-of-
concept trial. Participants were adult patients admitted to an 
Epilepsy Monitoring Unit (EMU) in Birmingham, USA. They 
were randomised 1:1:1 to single-dose bolus intravenous 
lorazepam, brivaracetam 100 mg (BRV100), or brivaracetam 
200 mg (BRV200), which was administered when a seizure 
required intervention. The primary efficacy outcome was 
time to next seizure or use of rescue medication.

Of 45 randomised patients who received trial medication 
for a qualifying seizure, 11 (24.4%) had a seizure within 
12 hours (lorazepam n=5, BRV100 n=3, BRV200 n=3), 
suggesting similar efficacy across treatments. Most patients 
were seizure-free at 12 hours (lorazepam 60.0%, BRV100 
80.0%, BRV200 80.0%). Rescue medication use at 12 hours 
was numerically higher for lorazepam (40.0%) than for 
brivaracetam (6.7% and 13.3%, respectively). Safety results 
were as expected. One lorazepam patient reported a seizure 
cluster.

1. Szaflarski J, et al. AAN 2019, S36.008.

Long term safety of diazepam nasal spray
An interim-analysis of an open-label trial showed that 
diazepam nasal spray is safe and well tolerated in 
epilepsy patients with frequent breakthrough seizures or 
acute repetitive seizures. Adverse events were generally 
mild or moderate in severity, and mostly unrelated to 
treatment [1].

Of 121 enrolled patients thus far, 109 were included in the 
safety analysis. Their median age was 14 years. Diazepam 
nasal spray was administered as needed to treat bouts of 
diagnosed seizures over a 12-month period. Doses were 5, 
10, 15, or 20 mg based on age and body weight. A total of 
1,585 seizure episodes were treated with diazepam nasal 
spray (1 to >40 doses). A single dose adequately controlled 
seizures in 92% of seizure episodes. Overall, 67 patients 
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had at least one adverse event. A total of 19 patients had 
treatment-related adverse events, the most frequent of 
which was nasal discomfort (n=7); 18 patients had 30 serious 
adverse events that were not treatment-related.

1. Sperling M,et al. AAN 2019, P1.5-028.

Brain-responsive neurostimulation reduces 
seizures
The complete follow-up of a 7-year prospective open-label 
long-term treatment study of a responsive neurostimulation 
system was presented [1]. Patients treated with this type of 
treatment experienced sustained reductions in seizures. In 
a third of patients, this reduction was 90% or greater during 
the last 3 months.

Participants of the long-term treatment study were 230 out 
of 256 patients who were treated in a 2-year randomised, 

double-blinded controlled pivotal study (n=191), or a prior 
2-year feasibility study (n=65). Mean age was 34 years; 
mean epilepsy duration 19.6 years; mean number of anti-
epileptic drugs used 2.9; median seizure frequency 10.2 
per month. The median percent reduction reached 75% 
at the end of year 9 (n=168). In addition, 30% of subjects 
experienced at least one seizure-free period of 6 months or 
more; 19% experienced a seizure-free period of 12 months or 
more. The median percent reduction in seizures was 67.2%. 
Infection risk was 3.7% per procedure; all but 1 infection was 
soft tissue only. There were 16 deaths, 9 due to possible 
or definite ‘sudden unexpected death in epilepsy’. The 
authors concluded that these outcomes support the long-
term effectiveness and safety of this treatment of medically 
intractable focal seizures.

1. Nair D, et al. AAN 2019, S36.005.

Headache and Migraine

Atogepant effective and safe for migraine 
prevention
In a phase 2b/3 study, all 5 atogepant treatment arms 
showed statistically significant, clinically relevant 
reductions in mean migraine days compared to placebo 
[1]. Atogepant was well tolerated, with no treatment-
related serious AEs.

Atogepant is a novel, oral calcitonin gene-related peptide 
receptor antagonist in development as a prophylactic 
treatment of episodic migraine. In this multicentre, 
randomised, double-blind, parallel-group trial, 795 adult 
patients with 4-14 migraine days (mean 7.67) in the 28-
day baseline period were randomised 2:1:2:1:2:1 to placebo, 
atogepant 10 mg QD, 30 mg QD, 30 mg BID, 60 mg QD, or 60 
mg BID, for 12 weeks. Mean change in monthly migraine days 
between atogepant treatment groups and placebo are listed 
in the Table. Adverse events were reported by 480 subjects; 
for 170, adverse events were considered treatment-related; 7 
subjects reported serious adverse events but these were not 
treatment-related.

Table: Mean change in monthly migraine days with atogepant [1]
 

Treatment group Mean change in monthly 
migraine days

P-value (compared with 
placebo)

Placebo -2.85

Atogepant 10 mg QD -4.00 0.0236

Atogepant 30 mg QD -3.76 0.0390

Atogepant 30 mg BID -4.23 0.0034

Atogepant 60 mg QD -3.35 0.0390

Atogepant 60 mg BID -4.14 0.0031

QD, once daily; BID, twice daily

1. Goadsby PJ, et al. AAN 2019, S17.001.

Long-term efficacy and safety of erenumab
Over 52 weeks, erenumab provided sustained efficacy 
in prevention of episodic migraine in patients enrolled 
in the phase 3 STRIVE study [1]. The safety profile was 
comparable to that observed in prior studies, with no 
new relevant safety findings.

In the 24-week double-blind treatment phase of the STRIVE 
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study, 955 participants were randomised to placebo, erenumab 
70 mg, or erenumab 140 mg monthly. In the dose-blinded 
active treatment phase, the 845 patients who remained in 
the study were rerandomised to erenumab 70 mg or 140 mg 
from week 24 to 52. At week 52, the change in number of 
monthly migraine days in the erenumab 70 mg and 140 mg 
groups during active treatment phase was –4.2 and –4.6, 
respectively, compared to study baseline; and –1.1 and –1.8 
compared to active treatment phase baseline. Improvements 
were also seen in monthly acute migraine-specific medication 
treatment days. After 52 weeks, 61% of patients on 70 mg 
and 65% of patients on 140 mg achieved a ≥50% reduction 
in monthly migraine days; 38.5% and 40.8% achieved a ≥75% 
reduction; and 20% and 21% achieved 100% reduction.

Another study showed efficacy of erenumab in chronic 
migraine patients with medication overuse who had previously 
failed preventive treatment [2]. This was a post-hoc analysis 
for the medication overuse subgroup (n=349/667, 52.3%) 
of a pivotal placebo-controlled, double-blind, randomised 
study of erenumab in chronic migraine patients [3]. Changes 
in monthly migraine days were significantly greater for this 
group compared with placebo: -5.5 (70 mg) and -7.4 (140 
mg) vs -2.9 days (P<0.001). The proportion of medication 
overuse patients with at least a 50% reduction in monthly 
migraine days was also greater for erenumab: 31.9% and 
41.7% vs 15.2%.

In the 52-week, open-label extension of the same parent study 
[3], two-thirds of 469 patients converted and/or sustained 
conversion from chronic migraine to episodic migraine, with 
higher conversion rates at 140 mg [4]. Conversion to episodic 
migraine is clinically meaningful, which can be deduced by 
greater monthly migraine days reductions and higher ≥50% 
response rates. Most conversions had already taken place at 
12 weeks. The overall proportion of converters was 64% at 
12 weeks, and 72% at 52 weeks.

1. Chou DE, et al. AA2019, S38.005
2. Dodick D, et al. AAN 2019, S38.002.
3. Tepper S, et al. Lancet Neurol. 2017;16(6):425-34.
4. Lipton R, et al. AAN 2019, S17.008.

Eptinezumab reduces mean monthly migraine 
days
In the phase 3 PROMISE-1 trial, efficacy and safety of 
eptinezumab for the prevention of episodic migraine through 
1 year was evaluated. Administered intravenously every 12 
weeks, it reduced mean monthly migraine days over weeks 

1-12. Additional infusions achieved sustained or incremental 
reductions [1]. 

Eptinezumab is a calcitonin gene-related peptide receptor 
antagonist. In PROMISE-1, eligible adults with episodic 
migraine were randomised to 4 infusions every 12 weeks of 
eptinezumab 30 mg, 100 mg, 300 mg, or placebo. The primary 
endpoint was change in mean monthly migraine days in the 
first 3 months (see Table). In the efficacy population (n=888) 
baseline mean monthly migraine days were ~8.5. 

Table: Efficacy results of eptinezumab in PROMISE-1 [1]

Placebo Eptinezumab 
100 mg

Eptinezumab 
300 mg

Change in monthly migraine days 
(months 1-3) -3.2 -3.9 (P=0.018) -4.3 (P<0.001)

Change in monthly migraine days 
(months 8-10) -4.1 -4.5 -5.3

≥75% responder rate 
(months 1-3) 20.3% 30.8% (P=0.011) 31.5% (P=0.007)

≥75% responder rate 
(months 8-10) 39.6% 39.4% 54.1%

Also presented were results of the PROMISE-2 trial, 
investigating the impact of eptinezumab on patient global 
impression of change (PGIC) and self-reported most 
bothersome associated symptom (MBAS) in patients with 
chronic migraine [2]. The efficacy population included 1,072 
patients (100 mg, n=356; 300 mg, n=350; placebo, n=366). 
After 4 weeks, MBAS was much or very much improved in 
45.0%, 56.9%, and 28.9% of patients, respectively. PGIC was 
much or very much improved in 45.0%, 59.0%, and 32.3%, 
respectively. Improvement was maintained or further 
improved after 12 and 24 weeks. The similar trends in MBAS 
and PGIC improvement across time points suggest these are 
highly correlated.

1. Saper J, et al. AAN 2019, S38.003.
2. Cady R, et al. AAN 2019, S38.009.

Fremanezumab efficacy and safety maintained 
over 1 year
Results of a 1-year multicentre, randomised, double-blind, 
parallel-group study showed sustained effectiveness of 
the calcitonin gene-related peptide receptor antagonist 
fremanezumab in chronic and episodic migraine patients [1]. 

Included in this analysis were 1,494 patients who had 
received subcutaneous fremanezumab either monthly (225 
mg; chronic migraine starting dose of 675 mg), or quarterly 
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(675 mg) at least 12 months. In chronic migraine patients 
(n=1,110), the mean change in monthly migraine days was 
-8.1 and -7.2 days in the monthly and quarterly groups, 
respectively. The ≥50% response rate was 57% and 53%. 
The number of headache days of at least moderate severity 
decreased similarly: -6.8 and -6.4 days. In episodic migraine 
patients (n=780), the mean change in monthly migraine days 
was -5.1 and -5.2 days in the monthly and quarterly groups, 
with a ≥50% response rate of 68% and 66%. Headache days 
of at least moderate severity decreased by -4.2 and -4.4 
days. Injection-site reactions, mostly mild to moderate, were 
the most common adverse events (26-33%). Serious adverse 
events occurred in 3%; none were treatment-related.

In a separate presentation, the long-term efficacy of 
fremanezumab was looked at using different response rate 
thresholds. The results showed that efficacy of fremanezumab 
was maintained over 12 months, with similar or greater 
response rates after 1 year than at earlier time points [2]. 

1. Goadsby P, et al. AAN 2019, S38.004.
2. Newman L, et al. AAN 2019, S38.001.

Lasmiditan: rapid onset of efficacy in acute 
migraine
Lasmiditan is a novel selective 5-HT1F receptor agonist 
that lacks vasoconstrictive activity. Patients treated 
for a single migraine attack reported earlier onset of 
efficacy with oral lasmiditan compared to placebo. 
Some of the efficacy measures improved as early as 30 
minutes after active treatment [1]. This was concluded 
from an analysis of two placebo-controlled phase 3 
trials: SPARTAN and SAMURAI.

In both studies, lasmiditan met co-primary and secondary 
efficacy endpoints at 2 hours following initial dose. The 
goal of the integrated analysis was to evaluate onset of the 
following efficacy measures: pain freedom, total migraine 
freedom, most bothersome symptom freedom, pain relief, 
freedom from associated individual symptoms (photophobia, 
phonophobia, or nausea), and patient-reported ‘no disability’ 
due to migraine. From 60 minutes onwards, rates of pain 
freedom and total migraine freedom were significantly 
higher in lasmiditan 100 and 200 mg groups compared with 
placebo (P<0.01). In the same groups, rates of patients who 
were photophobia-free, most bothersome symptom-free, 
and experienced pain relief were significantly higher starting 
30 minutes post-dose, (P<0.05). In the 200 mg group, 

significantly more patients were phonophobia-free at 30 
minutes post-dose (P<0.05) and reported “no disability” due 
to migraine at 60 minutes (P=0.001).

1. Ashina M, et al. AAN 2019, S17.007.

New formulation of rimegepant: fast onset of 
action
The calcitonin gene-related peptide receptor antagonist 
rimegepant had already demonstrated efficacy in acute 
migraine. An orally dissolving tablet (ODT) formulation 
with a more rapid onset of action compared with the 
previously studied tablet was tested  in a multicentre phase 
3 trial. A single dose of rimegepant ODT demonstrated 
rapid and sustained clinical benefits within 60 minutes 
and through 48 hours post-dose [1]. Tolerability was 
comparable to placebo, including liver function tests.

This so-called Study 303 randomised 1,375 subjects to 
rimegepant 75 mg ODT or placebo, with which they treated 
1 migraine attack of moderate or severe pain intensity. The 
coprimary endpoints were freedom of pain after 2 hours, and 
freedom from the most bothersome symptom. A total of 
1,351 subjects were evaluated for efficacy. Rimegepant ODT 
was superior to placebo for 2-hour pain freedom (21.2% vs 
10.9%; P<0.0001) and freedom from the most bothersome 
symptom (35.1% vs 26.8%; P=0.0009). Rimegepant ODT 
also significantly outperformed placebo for secondary 
endpoints like 60-minute pain relief, 48-hour sustained pain 
freedom, and (sustained) functional disability freedom. The 
most common adverse events were nausea and urinary 
tract infection, occurring in ≤1.6% of patients. There were no 
serious treatment-emergent adverse events. 

1. Lipton RB, et al. AAN 2019, emerging science 005.

Efficacy, tolerability, and safety of ubrogepant 
confirmed
Ubrogepant is a calcitonin gene-related peptide receptor 
antagonist in development for acute migraine. In the 
multicentre, double-blind, phase 3 ACHIEVE II study, 
ubrogepant 50 mg resulted in a significantly higher rate 
of freedom from headache and absence of the most 
bothersome migraine-associated symptom after 2 
hours [1].

A total of 1,686 adults with a history of migraine were 
randomised to placebo, ubrogepant 25 mg, or 50 mg. Patients 
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had 60 days to treat a single migraine attack of moderate 
or severe pain intensity. Significantly greater proportions of 
ubrogepant-treated patients achieved 2-hour pain freedom. 
In the placebo, 25 mg, and 50 mg groups these rates were 
14.3, 20.7% (adjusted P=0.029), and 21.8% (adjusted 
P=0.013). Compared with placebo, the 2-hour absence of 
most bothersome symptom was also significantly higher in 
the 50 mg group (adjusted P=0.013). All secondary efficacy 
endpoints (except absence of nausea after 2 hours) met 
statistical significance versus placebo in the 50 mg group. 
Ubrogepant was well-tolerated and had a safety profile 
similar to placebo.

Results from the ACHIEVE I and ACHIEVE II study were 
also combined in an analysis of the impact of ubrogepant 
on patient-reported functional disability, satisfaction with 
study medication, and headache relief [2]. In both placebo-
controlled trials, a higher proportion of ubrogepant-
treated patients reported normal function (single-item 
functional disability scale) and overall satisfaction with 
treatment, and indicated their migraine was much better. 
The results of these patient-centred outcomes were found 
to be clinically meaningful by the authors and reinforce the 
potential benefits of ubrogepant in the acute treatment of 
migraine. 

In a 1-year safety analysis of ubrogepant, asymptomatic 
elevations of liver enzymes were reported that resolved with 
continued dosing. Bilirubin was not elevated [3]. A separate 
study found no significantly prolonged QT intervals at 
therapeutic and supratherapeutic doses of up to 400 mg, 
which were well-tolerated in healthy adults [4].

1. Trugman JM, et al. AAN 2019, S38.008.
2. Viswanathan HN, et al. AAN 2019, P2.10-012.
3. Ailani J, et al. AAN 2019; abstract P2.10-009.
4. Jakate A, et al. AAN 2019; abstract P2.10-003.

Galcanezumab reduces cluster headache 
frequency
In a placebo-controlled trial, the anti-calcitonin gene-
related peptide antibody galcanezumab reduced the 
weekly episodic cluster headache attack frequency from 
week 1 to 3, and resulted in a greater percentage achieving 
a reduction in the weekly cluster headache attack 
frequency at week 3 of at least 50%. The safety profile 
of galcanezumab was similar to that seen previously in 
patients with episodic or chronic migraine [1].

Dr David Dodick (Mayo Clinic, Phoenix, USA) stressed that 
there is underrecognition of cluster headache and a high rate 
of misdiagnosis that delays the correct diagnosis an average 
of 5 to 7 years. “Effective acute treatments are underused, 
and there are no approved medications for prevention.” 
Presenting results from the double-blind treatment period 
of this trial, Dr Dodick said participants were randomised 
to subcutaneous galcanezumab 300 mg (n=49) or placebo 
(n=57) once monthly. The primary endpoint was the overall 
mean change from baseline in weekly attack frequency 
across weeks 1 to 3. A significant difference was found: -8.7 
for galcanezumab versus -5.2 for placebo (P=0.036). The 
key secondary endpoint, the proportion achieving a ≥50% 
reduction in weekly attack frequency at week 3, was also 
significantly higher (76% vs 57%; P=0.04). 

Dr Dodick pointed out that the Patient Global Impression of 
Improvement (PGI-I) was significantly better after 4 weeks in 
the active treatment group, but not after 8 weeks. “This likely 
reflects the typical spontaneous resolution of cyclic cluster 
headache after some weeks.” Galcanezumab was generally 
well-tolerated. There was a low incidence of discontinuation 
due to adverse events, with no clinically meaningful 
differences between galcanezumab and placebo in safety 
parameters except for a higher incidence of injection site 
pain (4 patients in the galcanezumab arm versus 0 in the 
placebo arm). He could not say if any of the other available 
anti-calcitonin gene-related peptide antibodies may be 
effective in cluster headache.

1. Bardos JN, et al. AAN 2019, Plen02.004.

Non-invasive vagus nerve stimulation for 
cluster headache
Non-invasive vagus nerve stimulation (nVNS) was 
cleared in 2018 by the FDA for adjunctive use for the 
prophylaxis of cluster headache. Real-world findings 
from a patient registry showed that nVNS usually 
reduced pain severity within 30 minutes, complementing 
evidence from clinical trials supporting its efficacy for 
acute treatment of episodic cluster headache attacks 
[1]. 

Participants were trained on self-treatment with nVNS and 
the use of a tracker for data collection on nVNS usage and 
frequency, severity, and duration of cluster headache attacks. 
A total of 14 patients used nVNS for 116 attacks, with a mean 
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of 3.69 stimulations used per attack. At attack onset and 30 
minutes after initial treatment, mean pain score was 2.68 
and 1.30, respectively, on a scale of 0-4. Patients subjectively 
self-reported that nVNS reduced pain in 82% of attacks. Of 

the 116 nVNS-treated attacks, 69.8% had resolved to either 
mild or no pain after 30 minutes.

1. Nagy A, et al. AAN 2019, S38.006.

Multiple Sclerosis and NMOSD

Three very promising new treatments of 
NMOSD
MS and NMOSD can present with very similar clinical 
features. The recent discovery of highly sensitive and 
specific NMO-specific IgGs that target aquaporin-4 in 
patients with NMOSD led to NMOSD being considered 
as a distinct clinical entity. At the AAN 2019 meeting, 
NMOSD for the first time took centre stage. Results 
of three promising new therapies were presented: 
inebilizumab, eculizumab, and satralizumab.

“In the 200 years that we have known about NMO, this year 
has been the most exciting by far”, said Dr Stacey Clardy 
(University of Utah, Salt Lake City, USA) in a review session on 
NMOSD. Her enthusiasm was largely based on 3 monoclonal 
antibodies in late-stage development for the treatment of 
NMOSD. Dr Clardy summarised the results of all 3 therapies, 
that had been presented earlier during the meeting.

Eculizumab
In a randomised, double-blind, time-to-event trial (PREVENT), 
eculizumab had a significantly lower risk of relapse than 
placebo among 143 patients with AQP4-IgG-positive NMOSD 
[1]. The safety profile was similar to that in other indications.

Eculizumab exerts its effect by inhibiting C5 complement 
activation and subsequent assembly of the membrane 
attack complex, which is instrumental in effecting astrocytic 
injury in NMOSD patients. Dr Clardy pointed out that 
patients were severely ill; they were allowed supportive 
immunosuppressive therapy. A total of 143 patients were 
randomised 2:1 to eculizumab (1,200 mg every 2 weeks 
maintenance) or placebo. As planned, the study was stopped 
at 23 adjudicated on-trial relapses. Of these, 3 occurred 
in the eculizumab group and 20 in the placebo group, 

representing a 94.2% reduction in risk of relapse compared 
with placebo (HR 0.06; P<0.0001; see Figure). After 48 weeks, 
97.9% and 63.2% of patients were relapse-free, respectively. 
The annualised relapse rate was significantly lower with 
eculizumab than placebo (0.016 vs 0.350; P<0.0001). The 
treatment effect was observed regardless of whether or not 
the patients had received concomitant immunosuppressive 
agents. Most treatment-related adverse events were mild to 
moderate.

Figure: Analyses of time to first adjudicated relapse [1]
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Inebilizumab
In a phase 3, double-masked, placebo-controlled trial 
(N-MOmentum), inebilizumab was associated with a 77% 
reduction in risk of relapse in AQP4-IgG seropositive patients 
(HR 0.227; P<0.0001). The effect on the total population, 
including AQP4-IgG seronegative patients was similar with 
a reduction of 73% (HR 0.272; P<0.0001) [2]. 

Inebilizumab is an anti-CD19 depleting B cell monoclonal 
antibody. In the inebilizumab study, 231 NMOSD patients 
(over 90% seropositive for anti-AQP4 antibodies) study were 
randomised 3:1 to inebilizumab or placebo for 6.5 months. 
Concurrent treatment with other immunosuppressants was 



MULTIPLE SCLEROSIS AND NMOSD 11

prohibited. After 28 weeks, 89% of actively treated AQP4-IgG 
seropositive patients were attack-free, versus 58% in the 
placebo group. On this basis, Prof. Bruce Cree (University 
of California, San Francisco, USA) explained that further 
recruitment into the placebo arm was deemed unethical 
as 43 relapses were observed among the 231 randomised 
patients. Inebilizumab also demonstrated statistically 
significant benefits in key secondary endpoints, including 
reduction in worsening from baseline in Expanded Disability 
Status Scale (EDSS) scores (P=0.0049); NMOSD-related 
hospitalisations (P=0.01); and frequency of cumulative total 
active MRI lesions (P=0.0034). Inebilizumab had a favourable 
safety and tolerability profile, with an adverse event rate 
similar to placebo.

Satralizumab
A subgroup analysis of the SAkuraSky study showed that 
satralizumab is especially effective in reducing relapses in 
NMO/NMOSD AQP4-antibody-positive patients [3].

Satralizumab is a recycling anti-IL-6 receptor monoclonal 
antibody. At baseline, 66.3% of patients were AQP4-
antibody-positive. In this subgroup, satralizumab showed 
a 79% risk reduction of relapses compared to placebo (HR 
0.21). After 48 and 96 weeks, 91.5% and 91.5% were relapse 
free with satralizumab, and 59.9% and 53.3% with placebo, 
respectively. In NMO/NMOSD AQP4-antibody-negative 
patients, satralizumab reduced the risk of relapse by 34% 
compared to placebo (HR 0.66). After 48 and 96 weeks, 84.4% 
and 56.3% were relapse free with satralizumab, and 75.5% 
and 67.1% with placebo. Satralizumab had a favourable 
benefit-risk profile.

1. Pittock SJ, et al. N Engl J Med. 2019 May 3.
2. Cree B, et al. AAN 2019, Plen02.001.
3. Yamamura T, et al. AAN 2019, S43.008.

Immune tolerance by peptide-loaded 
tolerogenic dendritic cells
An interesting trial that could help result in a new 
treatment option for NMOSD (as well as MS), investigated 
a form of adoptive cell therapy. In a phase 1b study, use 
of autologous tolerogenic dendritic cells (tolDCs) loaded 
with myelin and AQP-4 peptides was safe, feasible, and 
effective in eliciting antigen-specific IL-10 production 
by regulatory T cells in patients with NMOSD or MS [1].

The first author, Dr Irati Zubizarreta (Institut d’Investigacions 
Biomediques August Pi Sunyer, Spain),  explained that this 

was an open-label, first-in-human study testing increasing 
concentrations of autologous tolDCs (50 to 300 x 106 cells 
divided into 3 doses administered every 2 weeks) loaded 
with 7 myelin and 1 AQP-4 peptides. Participants were 8 
patients with MS and 4 with NMOSD. TolDCs therapy was 
well-tolerated with 16 adverse events which were mild 
and reversible; there were no therapy-related reactions. 
“There were no relapses or increased disease activity”, Dr 
Zubizarreta added. “There was a significant increase in the 
production of IL-10 levels in peripheral blood mononuclear 
cells stimulated with the peptides as well as an increase in 
the frequency of regulatory T cells by week 12 of follow-
up. No significant differences were seen in ex vivo cell 
proliferation, but there was a trend towards significance in 
NMOSD patients.” A phase 2 study in NMOSD patients is 
underway.

1. Zubizarreta I, et al. AAN 2019, S56.002.

New compounds for MS treatment
Phase 1 and phase 2 results of a couple of new 
compounds against MS were presented at the AAN 2019 
meeting. 

Elezanumab
Elezanumab is a fully humanised monoclonal antibody 
directed against repulsive guidance molecule A (RGMa). In 
a phase 1, double-blind, placebo-controlled, randomised, 
escalating multiple-dose study, elezanumab was well-
tolerated and did not consistently result in symptom 
worsening in patients who received multiple doses of up to 
1,800 mg [1].

A total of 20 MS patients (2 with SPMS) were randomised 
to 150 mg, 600 mg, or 1,800 mg elezanumab, or to placebo. 
The most common AE was headache (25% of patients); 3 
patients had a relapse. Free soluble RGMa decreased with 
increasing levels of elezanumab in CSF, while total RGMa 
increased linearly with CSF elezanumab exposure. Two 
phase 2 studies are on their way: RADIUS-R and RADIUS-D, 
for relapsing MS and progressive MS patients, respectively.

Evobrutinib
Evobrutinib is a highly specific oral inhibitor of Bruton’s 
tyrosine kinase (BTK), a key regulator of B cell and 
macrophage functions implicated in MS. This is the first BTK 
inhibitor  demonstrating reduction of disease activity in an 
autoimmune indication [2].
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In a double-blind phase 2 study, 267 adult relapsing MS 
patients were randomised to evobrutinib 25mg QD, 75mg 
QD, 75mg BID, open-label dimethyl fumarate (240 mg BID; 
reference arm), or placebo for 48 weeks. Placebo-treated 
patients switched to evobrutinib 25mg QD after 24 weeks. 
Evobrutinib 75mg QD and BID significantly reduced the 
total number of T1 Gd+ lesions at week 12, 16, 20, and 24 
versus placebo, which was the primary endpoint. There was 
a significant dose response (P=0.001). 

Liothyronine
In a phase 1b open-label study, liothyronine (synthetic tri-
iodothyronine: T3) appeared safe and well-tolerated in 20 
patients with relapsing or progressive MS [3].

T3 is a licensed product most commonly used to treat 
hypothyroidism and myxoedema coma. The rationale for 
using it in this study was that thyroid hormones play a role in 
early CNS development including promotion of myelination. In 
animal studies, T3 regulated oligodendrocyte differentiation 
and maturation. Every participant received T3 according to a 
standardised dose-titration schedule. The primary endpoints 
were safety and tolerability. Most common adverse events 
included gastrointestinal distress and abnormal thyroid 
function tests; no clinical thyrotoxicosis occurred. T3 was 
overall well-tolerated without treatment-related severe or 
serious adverse events. A larger trial will help assess whether 
it promotes oligodendrogenesis and enhance remyelination 
in vivo, limits axonal degeneration/apoptosis, and improves 
function. 

1. Ziemann A, et al. AAN 2019, S56.001.
2. Montalban X. et al. AAN 2019, S56.004.
3. Newsome S, et al. AAN 2019, S56.003.

Sequencing of high-efficacy disease-modifying 
treatments in MS
Given the chronic nature of MS and sub-optimal 
treatment response occurring frequently, sequencing 
of multiple treatments has become routine practice. 
The aim is to maximise the benefit–risk balance of 
treatment. One of the reasons this poses a challenge, 
is that real-world evidence for the numerous possible 
strategies is scarce.

A number of studies on this subject were presented at the 
AAN 2019 meeting:
• A real-world study looked at discontinuation and 

effectiveness of dimethyl fumarate (n=428) and 

fingolimod (n=358) over 36 months in 786 MS patients 
[1]. More patients on dimethyl fumarate discontinued 
than on fingolimod (58.3% vs 45.2%; OR 1.81; P<0.001). 
The main cause was intolerance. Within 12 months of 
discontinuation, one third of patients had switched to high 
efficacy therapy (natalizumab, rituximab, ocrelizumab, 
alemtuzumab), while 39-48% switched to a first-line 
injectable or oral disease-modifying treatment. After 
switching to high efficacy therapy, 6% of the dimethyl 
fumarate group and 11.9% of the fingolimod group 
relapsed; after switching to an injectable/oral disease-
modifying treatment, relapses were more common: 14.2% 
and 18.4%, respectively. There were also fewer Gd+ lesions 
after escalation to high efficacy therapy.

•  An analysis of the PANGAEA 2.0 database revealed a benefit 
within 12 months of treatment and sustained effectiveness 
over 24 months in patients on dimethyl fumarate, 
teriflunomide or daclizumab who switched to fingolimod 
[2]. Mean reduction in annualised relapse rate at 24 months 
was 73.5% in the oral disease-modifying treatment group, 
and 72.5% in the dimethyl fumarate group.

• In a prospective, observational, multicentre study, 
alemtuzumab proved to be safe and effective in controlling 
disease activity in patients who switched from fingolimod 
[3]. After 12 months (n=51), the annualised relapse rate 
was reduced from 1.35 to 0.16 (P<0.001). The proportion 
of patients who developed new Gd+ lesions decreased 
from 59% to 3%. After 24 months (n=24), the annualised 
relapse rate had decreased from 1.46 to 0.16 (P<0.01). 
There was a reduction from 71% to 14% in the proportion 
of patients who developed new Gd+ lesions. Infections 
were detected in 55% and 52% of patients, respectively; 
6% and 21% of patients developed thyroid disease.

• In the OCTAVE study, patients on ocrelizumab previously 
treated with natalizumab are followed. At 6 months, 
all 16 evaluated patients were free of relapses, EDSS 
progression, and MRI changes [4]. However, there were 4 
serious adverse events, including 1 case each of breast 
cancer and acute cystitis. The authors found these 
possibly treatment-related events concerning, given the 
small number of patients.

1. Hersh C, et al. AAN 2019, P3.2-065.
2. Ziemssen T, et al. AAN 2019, P3.2-075.
3. Gonzalez I, et al. AAN 2019, P3.2-050.
4. Smoot K, et al. AAN 2019, P3.2-056.
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Biotin, ocrelizumab, and ibudilast in 
progressive MS
New real-life data on the use of biotin in progressive 
MS were presented [1]; there was long-term data of 
ocrelizumab, the first-ever approved treatment of PPMS, 
in the open-label extension of the ORATORIO phase 3 
trial [2]; in addition, results of a post-hoc analysis of 
the phase 2 trial SPRINT-MS suggested that the effect 
of ibudilast on progression of brain atrophy is driven by 
patients with PPMS, more than SPMS [3].

Biotin
High dose biotin has been suggested to improve 
mitochondrial energy failure and contribute to myelin 
synthesis. In 5 French MS centres, 579 progressive MS 
patients were treated with high dose biotin (203 with PPMS 
and 376 with SPMS) [1].  The mean EDSS at baseline was 
6.4; mean duration of biotin therapy was 12.7 years. EDSS 
improved in 72 patients (12.4%) and worsened in 110 
(18.9%). There was no statistically significant difference 
between SPMS and PPMS patients. The reported EDSS 
improvement is remarkably similar to that seen in a previous 
phase 3 trial, where it was 12.6% [4]. 

Results from the open-label phase of the 12-months double-
blind MS-SPI study at 4 years of follow-up showed that biotin 
was well-tolerated [5]. There were no new safety signals in 
the extension phase. Delayed biotin treatment resulted in 
higher disability over time. Patients improved after switching 
from placebo to biotin, and the effects of biotin observed in 
the double-blind phase were sustained over time [6]. After 9 
and 12 months, the mean change in EDSS was statistically 
significant in favour of biotin vs placebo (see Figure).

Figure: Effect of biotin treatment on disability score [6]
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Ocrelizumab
This monoclonal antibody depletes CD20 positive B 
lymphocytes. The ORATORIO trial investigated the effects of 
ocrelizumab in primary progressive MS. It showed consistent 
and sustained benefit of ocrelizumab over 5.5 years in 
measures of disability progression: Confirmed Disability 
Progression (CDP), Timed 25-Foot Walk Test (T25FW), 
9-Hole Peg Test (9HPT), and a composite measure of CDP 
(cCDP) [2]. Treatment benefit in the ORATORIO open-label 
extension was consistent with that seen in the double-blind 
period and was maintained across different time points, 
indicating sustained benefit. The proportion of patients with 
time to onset of 48-week CDP (CDP48) was lower in the 
continuous ocrelizumab group versus those who switched 
from placebo to ocrelizumab; at week 168 (30.5% vs 44.4%; 
P<0.001), at week 192 (34.8% vs 48.5%; P<0.001), and at 
week 264 (43.7% vs 53.1%; P=0.03). Ocrelizumab had a 
more profound effect on CDP48 than after 12 and 24 weeks, 
potentially due to higher specificity for permanent disability 
accumulation.

Ibudilast
The phosphodiesterase inhibitor ibudilast is thought to 
act by diminishing proinflammatory cytokine production. 
Because little is known about whether PPMS and SPMS 
differ in terms of treatment response, a post-hoc analysis of 
SPRINT-MS was performed [3]. In the original randomised 
trial, the effect of ibudilast on brain measures of integrity 
was evaluated in both PPMS (n=134) and SPMS (n=121) 
[7]. There was a marginally significant 3-way interaction 
between the treatment effect and disease course (P=0.0576), 
said Dr Andrew Goodman (University of Rochester School 
of Medicine and Dentistry, USA), who presented the results. 
The overall treatment effect was primarily driven by patients 
with PPMS (P=0.005), not by patients with SPMS (P=0.97). 
Dr Goodman suggested this difference may at least in part 
be explained by faster atrophy progression in the untreated 
PPMS patients (placebo group) than in the untreated SPMS 
patients (P=0.016). Backwards selection retained age, 
T2 lesion volume, retinal nerve fibre layer thickness, and 
longitudinal diffusivity as significant baseline covariates. 
However, the adjusted difference in treatment effect was 
still marginally significant (P=0.0715) and driven by PPMS 
(P=0.007).

Two other subanalyses of the SPRINT-MS trial were 
presented. One showed that ibudilast slowed annual macular 
volume loss over 96 weeks compared to placebo [8]. The 
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other made clear that ibudilast treatment was not associated 
with a decline in either serum or CSF neurofilament light 
[9]. The authors speculated that inflammatory activity may 
have confounded the intended use of neurofilament light to 
measure neurodegeneration.

1. Moreau T, et al. AAN 2019, P3.2-083.
2. Wolinsky JS, et al. AAN 2019, P3.2-031.
3. Goodman A, et al. AAN 2019, S12.007.
4. Tourbah A, et al. Mult Scler. 2016;22(13):1719-31.
5. De Seze, et al. AAN 2019, P3.2-043.
6. De Seze, et al. AAN 2019, P3.2-063.
7. Fox RJ, et al. N Engl J Med 2018;379:846-55.
8. Bermel R, et al. AAN 2019, P3.2-049.
9. Fox R, et al. AAN 2019, P3.2-033.

No increased MS relapse risk postpartum
“Women with MS should be allowed to breastfeed.” Dr 
Annette Langer-Gould (Kaiser Permanente Southern 
California, Pasadena, USA) said she has spent the better 
part of the last 15 years on this matter. 

In a plenary review session, she said an increased relapse 
risk in the first 3 months postpartum was found in a well-
known study by Confavreux et al. [1], but this was before 
disease-modifying treatments were available and before 
MRI scans could help diagnose MS after just one attack. Dr 
Langer-Gould initiated a study to see if the relapse risk in the 
early postpartum period is still augmented today [2].

She identified 466 pregnancies among 375 women with MS 
and fond no rebound disease activity directly after giving 
birth. “This is likely due to the inclusion of women from a 
population-based setting and of women diagnosed after a 
single relapse, and high rates of exclusive breastfeeding.” Of 
the participants, 38.0% were not on any treatment in the year 
prior to conception, 14.6% had clinically isolated syndrome 
and 8.4% relapsed during pregnancy. In the postpartum 
year, 26.4% relapsed and 41.2% resumed disease-modifying 
treatments. Annualised relapse rates declined from 0.39 pre-
pregnancy to 0.14-0.07 (P<0.0001) during pregnancy. In the 
first 3 months postpartum, annualised relapse rate was 0.27 
(P=0.02), and returned to pre-pregnancy rates (0.37) at 4-6 
months.

Dr Langer-Gould was “pleasantly surprised” to find that 
87% breastfed and 35% breastfed exclusively. Exclusive 
breastfeeding reduced the risk of postpartum relapses 
(adjusted HR 0.58; P=0.01), but resuming modestly effective 
disease-modifying treatments had no effect. “Times have 
changed”, she concluded. In her opinion, advising against 

breastfeeding because of MS is overly conservative and 
unnecessary.

1. Confavreux C, et al. N Engl J Med. 1998;339(5):285-91.
2. Langer-Gould A, et al. AAN 2019, S6.007.

McDonald Criteria MS often misapplied and 
misunderstood
Neurology residents and, to a lesser degree, MS 
specialists from the USA and Canada often incorrectly 
apply core components of the McDonald diagnostic 
criteria for MS [1]. Researchers suggest education may 
reduce misdiagnosis by concentrating on misinterpreted 
and misapplied components of the criteria.

A web-based survey was designed in which 72 neurology 
residents and 88 MS specialists from the USA and Canada 
partook. MS atypical syndromes that were incorrectly 
identified as typical by residents and MS specialists, 
respectively, were complete transverse myelopathy (by 35% 
and 15%); intractable vomiting/nausea/hiccups (20% and 
5%); and bilateral optic neuritis/unilateral optic neuritis with 
poor visual recovery (17% and 10%). “Touch or abutting” the 
ventricle criterion for periventricular lesions was correctly 
identified by 38% of residents and 61% of MS specialists; 
“juxtacortical” by 19% and 54%. Optic nerve involvement 
was incorrectly seen as a region that fulfils the criterion of 
MRI dissemination in space by 31% of residents and 26% 
of MS specialists. Subcortical white matter was incorrectly 
identified as a region that fulfils MRI dissemination in space 
by 11% and 18%. A case of radiologically isolated syndrome 
(RIS) was incorrectly identified as justifying the diagnosis MS 
by 48% and 12%. Nonspecific historical visual symptoms were 
incorrectly seen as fulfilling the criterion of dissemination in 
time by 75% of residents and 49% of MS specialists. Non-
specific historical sensory and coordination symptoms were 
considered to fulfil dissemination in time by 88% and 65%.

1. Solomon A, et al. AA 2019, S6.001.

Clinical relevance of neurofilament light chain 
levels
Serum neurofilament light chain (NfL) reflects neuroaxonal 
damage. It holds promise as a quick and easy biomarker  
of MS disease course and treatment response. 

Data from the ozanimod phase 3 studies suggested that 
serum NfL levels may be a marker of acute disease in 
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relapsing MS, correlate with the number of Gd+ and T2 
lesions, and potentially predict future relapse [1]. As was 
shown by studies presented at the AAN 2019 meeting, it is 
also predictive of ongoing disease activity in radiologically 
isolated syndrome and of cognitive impairment in secondary 
progressive MS (SPMS):

•  In 62 patients with radiologically isolated syndrome 
from 4 French centres, elevated serum and CSF NfL, 
IgG oligoclonal bands (OCB), and 2005 MRI criteria were 
found to be predictive of evidence of disease activity (HR 
1.87, P=0.047; HR 2.19, P=0.019; and HR 2.21; P=0.025; 
respectively) [2]. However, only CSF NfL levels predicted 
clinical conversion during follow-up (log rank, P=0.033). 
The authors concluded that if these outcomes can be 
replicated in larger datasets, these biomarkers may inform 
on treatment decisions in this population.

•  In an analysis of 1,397 SPMS patients, high serum NfL 
levels at baseline were associated with an elevated risk 
for prolonged cognitive worsening speed [3]. This was the 
case regardless of the presence of Gd+ T1 lesions, but 
the risk of worsening was more pronounced with Gd+ T1 
lesions present at baseline. The cohort was randomised 
to siponimod or placebo in the phase 3 EXPAND trial. 
Patients with high baseline NfL levels had a 41.4% higher 
risk of reaching time to 6-month confirmed worsening 
on SDMT (by 4 points from baseline, 6mCWSDMT) 
compared to patients with low NfL levels (P=0.0103). In 
patients without Gd+ T1 lesions at baseline (n=1,060) 
this percentage was 34.2% (P=0.061). Patients with Gd+ 

T1 lesions and high baseline NfL at baseline (n=296) had 
135.2% higher risk of 6mCWSDMT (P=0.0289).

•  Integration of serum NfL into clinical practice requires a 
standardised validated assay and establishing clinically 
meaningful cut-offs. Using serial samples from >1,400 
patients in four phase 3 trials (ADVANCE, CHAMPS, 
MSCRG, and SENTINEL), feasibility of establishing relevant 
cut-offs for disease severity stratification and treatment 
monitoring in RRMS patients was demonstrated [4]. In the 
analysed trials, serum NfL was measured with a SIMOA 
NF-light® Advantage Kit (Quanterix) or laboratory method, 
with the following results:
- baseline serum NfL levels were associated with 

number of enhancing lesions and accumulation of new 
T2 lesions (P<0.0001);

- serum NfL >16 pg/mL indicated high probability 
of disease activity over the following year (positive 
predictive value 91%);

- combining three serum NfL measurements improved 
positive predictive value from 91% to 94%;

- serum NfL>16 pg/mL was associated with long-term 
with worse outcomes;

- serum NfL levels were lowered by disease-modifying 
treatments; natalizumab reduced serum NfL to <16 pg/
mL in 96% of patients.

1. Harris S, et al. AAN 2019, S56.006.
2. Thouvenot E, et al. AAN 2019, S37.003.
3. Kuhle J, et al. AAN 2019, S12.009.
4. Calabresi PA, et al. AAN 2019, S26.001.
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Encouraging results zilucoplan in myasthenia 
gravis
Positive data of a randomised trial of zilucoplan in 
patients with generalised myasthenia gravis supports 
its potential therapeutic role [1]. Another important 
finding on the subject of myasthenia gravis: preoperative 
intravenous immunoglobulin to prevent myasthenic 
crisis is not always justified [2].

Prof. James Howard (University of North Carolina School 
of Medicine, USA) presented the results of a phase 2 trial of 
zilucoplan [1]. He explained zilucoplan is a subcutaneously 
self-administered small molecule complement inhibitor, 
targeting complement 5a (C5a) to C6. By inhibiting C5 
activation, zilucoplan prevents formation and assembly of 
the membrane attack complex in myasthenia gravis. The 
44 patients included in the trial had Quantitative Myasthenia 
Gravis (QMG) scores ≥12. They were randomised 1:1:1 to 
placebo, zilucoplan 0.1 mg/kg/day, or 0.3 mg/kg/day for 12 
weeks. The 0.3 mg/kg group experienced a mean reduction 
of 6 points in QMG score (placebo corrected change -2.8; 
P=0.05) in addition to a reduction of 3.4 points in MG-ADL 
score (placebo-corrected change -2.3; P=0.04). 

Zilucoplan had a favourable safety and tolerability profile, 
consistent with prior clinical trials. Prof. Howard went on 
to present results from the long-term open-label extension 
(OLE), in which 43 patients entered. The 14 patients in the 
placebo group switched to zilucoplan 0.3 mg/kg. The change 
from baseline in QMG score after 24 weeks was significant in 
both the original treatment arm (P<0.0001) and the original 
placebo arm (P=0.01). This was also true for the change 
in MG-ADL scores (P<0.0001 and P=0.0004, respectively). 
Based on these results, zilucoplan will be further evaluated 
in a registrational phase 3 trial.

Additionally, results of a prospective, randomised, double-
blind, single-centre study suggest that preoperative 
intravenous immunoglobulin (IVIg) to prevent myasthenic 
crisis in myasthenia gravis patients is unjustified under 
certain conditions [2]. The results of this prospective study 
were presented by Dr Josep Gamez (Vall d’Hebron University 
Hospital, Spain). The 47 participants were scheduled for 

surgery under general anaesthesia, and were randomised 
1:1 to treatment with IVIg at 0.4 mg/kg/day for 5 days, or 
saline solution under the same conditions. Primary outcome 
was the occurrence of myasthenic crisis. Only 1 patient, 
who received placebo, presented with myasthenic crisis 
requiring non-invasive ventilation (but not reintubation) for 
6 days. There were no differences between groups in the 
univariate analysis, nor risk factors for myasthenic crisis in 
the multivariate analysis. Dr Gamez observed: “In our series 
no myasthenic crisis may be expected if preoperative QMG 
score <8 and preoperative FVC >70%”. He concluded: “IVIg 
need not be administered to patients before thymectomy 
and other surgical procedures if there is a good preoperative 
functional status; and in multidisciplinary units with 
neurologists, anaesthetists, and surgeons experienced in 
myasthenia gravis patient care.”

1. Howard JF, et al. AAN 2019, emerging science 008.
2. Gamez J, et al. AAN 2019, Plen02.003.

Experimental drug shows promise for SOD1-
ALS
An investigational therapy for ALS, the antisense 
oligonucleotide BIIB067, was linked to possible slower 
progression in people with a genetic form caused by 
mutations in the superoxide dismutase 1 (SOD1) gene 
[1]. 

Approximately 10% of ALS cases are genetic; about one fifth 
of these is linked to SOD1 mutations. BIIB067 was designed 
to reduce production of the mutated SOD1 mRNA in SOD1-
ALS patients. In the multiple-ascending dose part of a study, 
50 patients with SOD1 mutation were randomised 3:1 to 
BIIB067 or placebo for 12 weeks. BIIB067 groups received 
20, 40, 60, or 100 mg, respectively. The primary outcome was 
safety.

Most adverse events were mild or moderate in severity. There 
were dose-dependent increases in BIIB067 concentrations 
in plasma and CSF. The 100 mg dose was associated with 
a statistically significant reduction of CSF SOD1 versus 
placebo (P=0.002). Prof. Timothy Miller (Washington 
University School of Medicine, St. Louis, USA) noted: “Lower 
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concentrations of the protein in the CSF suggest that there are 
also lower concentrations in the brain and spinal cord. Such 
reductions could lead to preservation of motor neurons and 
slow progression of the disease, but more study is needed 
to examine this.” In the 100 mg cohort, CSF phosphorylated 
neurofilament heavy was also lowered, functional decline 
as measured by ALS Functional Rating Scale Revised (ALS-
FRS-R) scores was slowed, and there was loss of vital 
capacity and muscle strength. Differences between the 100 
mg and placebo groups were greater in participants with 
rapidly progressive SOD1 mutations. Prof Miller said these 
results strongly support further investigation of BIIB067's 
efficacy in patients with SOD1-ALS.

In a review, Prof. Jinsy Andrews (Columbia University, New 
York, USA) said the pipeline for new ALS therapies is loaded, 
which is why trial designs must become more efficient. She 
shared the following thoughts about the future of ALS, saying 
there is a need to increase the depth of our understanding 
of the biology of the disease (which will decrease the need 
for placebo in trials); to develop innovative trial designs; 
incorporate biomarkers, technology and novel outcome 
measures in clinical trials; develop our understanding of the 
natural history of ALS; improve access to new treatments 
pre- and post-approval; and put patients at the centre to 
improve our understanding of ALS and improve therapy 
development.

1. Miller TM, et al. AAN 2019, emerging science 007.

First-ever effective and safe treatment of CMT1A
PXT3003 is the first effective, safe, and well-tolerated 
treatment for Charcot-Marie-Tooth disease type 1A 
(CMT1A), a rare, inherited, chronic, peripheral neuropathy 
[1].

PXT3003 is a novel oral fixed-dose combination of 3 
drugs: baclofen, naltrexone, and D-sorbitol. Two doses 
were evaluated in PLEO-CMT, an international, multicentre, 
double-blind, pivotal phase 3 trial. It assessed the efficacy 
and safety of 2 doses of PXT3003 given twice daily for up 
to 15 months versus placebo. The 323 participants were 
randomised 1:1:1 to placebo, dose 1 (D1: 3 mg baclofen, 0.35 
mg naltrexone, and 105 mg sorbitol), or dose 2 (D2: twice 
D1). Primary endpoint was the effect on disability, measured 
by the mean change in Overall Neurology Limitations Scale 
(ONLS) score at month 12 and 15. 

PXT3003 D2 met the primary endpoint. There was a 
0.37-point reduction of ONLS (P=0.008) versus placebo. Dr 
Florian Thomas (Hackensack University Medical Center, New 
York, USA) explained a minimum 0.30-point reduction of 
ONLS had been deemed clinically meaningful. In addition, in 
group D2, a trend for improvement was observed compared 
to baseline with a 0.20-point reduction of ONLS (P=0.098). 
Dr Thomas: “The D2 group improved as much as the placebo 
group deteriorated”. Also with D2, a reduction of 0.47 seconds 
was observed on the 10-meter Walk Test (10-mWT), the 
main secondary endpoint (P=0.016). The rate of treatment-
emergent adverse events leading to withdrawal was low and 
similar between groups (D2 5.3%, D1 5.5%, placebo 5.6%). Dr 
Thomas said this was not surprising, since both D1 and D2 
were low.

In another study, local muscle injections of ACE-083 were 
well tolerated in patients with CMT and resulted in increases 
in muscle volume and decreases in fat fraction [2]. ACE-
083 is a locally acting protein therapeutic, consisting of a 
modified form of human follistatin that binds myostatin plus 
other negative muscle regulators. The ongoing, placebo-
controlled part of the study will evaluate effects on function 
and quality of life.

1. Thomas FP, et al. AAN 2019, emerging science 001.
2. Thomas FP, et al. AAN 2019, S58.006.

Updates on three treatments of spinal 
muscular atrophy
Apart from already available nusinersen, follow-up data 
of two experimental treatments of spinal muscular 
atrophy (SMA) were presented: risdiplam and zolgensma 
(AVXS-101).

Motor function and event-free survival continued to improve 
in infants who initiated nusinersen in the ENDEAR study; and 
motor function stabilised or improved in those who initiated 
nusinersen in the SHINE study [1]. After nearly 3 years of 
treatment, the average Children's Hospital of Philadelphia 
Infant Test of Neuromuscular Disorders (CHOP INTEND) 
score increased by 16.8 points in participants who received 
nusinersen in ENDEAR and SHINE (n=65), and by 8.2 points 
in those who had received sham-control in ENDEAR and 
nusinersen in SHINE (n=24). Patients also continued to 
achieve motor milestones during SHINE. Median survival 
without need for permanent ventilation was 75.0 weeks.
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Risdiplam was well-tolerated and lead to sustained 
increases in SMN protein in patients with Type 2 and 3 SMA. 
This was concluded from an update on the SUNFISH part 
1 dose-finding study, and from exploratory efficacy data [2]. 
This study is not designed and powered to detect efficacy, 
but it was noted that patients on risdiplam experienced 
improvement over 12 months on the Motor Function Measure 
(MFM) compared to natural history data. In FIREFISH part 
1 study, risdiplam also improved motor function in babies 
with Type 1 SMA [3]. Of 14 babies, 13 (93%) had ≥4-point 
improvement in CHOP INTEND total score from baseline 
at 8 months (median change of 16 points). From baseline 
to 8 months the number of babies meeting the following 
Hammersmith Infant Neurological Examination (HINE)-2 
motor milestones increased:
• full head control (6/14: 43%);
• horizontal or upward kicking (7/14: 50%);
• rolling to side or from prone to supine (4/14: 29%);
• sitting with or without support (6/14: 43%).

Patients treated with a one-time dose of nasemnogene 
abeparvovec (AVXS-101, now known as zolgensma) in SMA 
Type 1 continued to gain strength, develop, and achieve new 
milestones, demonstrating a long-term, durable response 
[4]. Among 12 patients receiving the proposed therapeutic 

dose of this gene-replacement therapy in the START study, 
11 patients could hold their head erect for ≥3 seconds and 
sit without support for ≥5 seconds; 10 patients could sit 
without support for ≥10 seconds, 9 could sit without support 
for ≥30 seconds, 2 were able to stand alone and walk with 
assistance, and 2 could walk alone. The mean time since 
treatment was 3.7 years.

Results from the STR1VE study were also updated [5]. In this 
study, participants with SMA Type 1 with one or two copies 
of the SMN2 backup gene and bi-allelic SMN1 gene deletion 
or point mutations received zolgensma gene therapy at 
<6 months of age. CHOP INTEND scores increased by an 
average of 6.9 points 1 month after gene transfer, 11.7 points 
3 months after gene transfer, and 14.3 points 5 months after 
gene transfer. Of 22 patients, 21 achieved a CHOP INTEND 
score of ≥40. Patients continued to gain motor milestones, 
including 1 patient who could crawl, 1 patient who could pull 
to a stand, and 11 patients who could sit without support for 
at least 30 seconds.

1. Finkel RS, et al. AAN 2019, S25.004.
2. Mercuri E, et al. AAN 2019, S25.007.
3. Baranello G, et al. AAN 2019, S25.003.
4. Mendell JR, et al. AAN 2019, S25.006.
5. Day JW, et al. AAN 2019, P1.6-058.

Parkinson’s Disease and other 
Movement Disorders
Leukaemia and hypertension therapies tested 
in Parkinson's disease
Results of two highly anticipated trials in Parkinson's 
disease were presented, of therapies already registered for 
indications outside of neurology. These were the broad-
based tyrosine-kinase inhibitor nilotinib, registered 
for the treatment of chronic myeloid leukaemia (CML) 
and the dihydropyridine calcium channel antagonist 
isradipine, an approved treatment of hypertension.

A single dose of nilotinib induced a change of dopamine 
metabolism in Parkinson’s disease patients [1].“This kind of 

potential treatment for Parkinson’s could increase the use 
of a patient’s own dopamine, instead of using or periodically 
increasing drugs that mimic dopamine”, explained first 
author Dr Charbel Moussa (Georgetown University Medical 
Center, Washington DC, USA). In the study she presented, 
75 Parkinson’s disease patients were randomised to 5 
groups to receive open-label single-dose nilotinib (150, 
200, 300, or 400 mg) or placebo. Nilotinib entered the 
brain in a dose-independent manner. At a dose of 200 mg, 
nilotinib increased the level of 3,4-dihydroxyphenylacetic 
acid (DOPAC) and homovanillic acid (HVA), which suggests 
alteration of dopamine metabolism. Nilotinib appeared to 
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significantly reduce the CSF oligomeric:total alpha-synuclein 
ratio, as well as plasma total alpha-synuclein. The significant 
increase in the CSF level of triggering receptors on myeloid 
cells (TREM)-2 which nilotinib induced, suggests an anti-
inflammatory effect.

In a phase 3 study, isradipine 10 mg daily failed to slow 
progression of disability in early Parkinson’s disease [2]. “Still, 
this study provided us with a lot of valuable information”, said 
Dr Tanya Simuni (Northwestern Medicine, Chicago, USA). 
The innovative trial design allowed for the determination of 
longer duration benefits on clinically relevant outcomes in a 
relatively small cohort on top of benefits from symptomatic 
therapy. The 336 participants were randomised to isradipine 
10 mg daily or placebo for 3 years. The primary outcome was 
the change in the Unified Parkinson Disease Rating Scale 
(UPDRS) Part I-III score measured in the ON state at month 
36. This change amounted to 2.99 points in the isradipine 
group and 3.26 points in the placebo group: a non-significant 
treatment effect of 0.27 points (P=0.85). Key secondary 
outcomes showed no statistically significant treatment effect. 
Isradipine was safe and well-tolerated; the most notable side 
effect was oedema. “The study recruitment, retention, and 
compliance were excellent, with a retention rate of 95% in a 
3 year study”, Dr Simuni reflected. She speculated that the 
isradipine dose may have been too low for this indication, the 
window of opportunity was perhaps already closed, or the 
calcium channel may not be the leading cause of Parkinson’s 
disease.

1. Moussa C, et al. AAN 2019, S10.007.
2. Simuni T, et al. AAN 2019, Plen02.006.

Levodopa oral inhalation powder
The standard of care for Parkinson’s disease is oral 
levodopa plus a dopa-decarboxylase inhibitor (LD-
DCI). However, about half of the patients develop 
debilitating OFF episodes within 5 years of starting 
treatment. For the treatment during such OFF periods, 
a self-administered levodopa inhalation powder in 
development for the treatment of OFF symptoms called 
CVT-301 was successfully evaluated. 

The extension of the SPAN-PD trial showed that CVT-301 
maintained its efficacy over 12 months in achieving an ON 
state in patients experiencing OFF periods, and showed 
improved efficacy in decreasing daily OFF time and increasing 
ON time without dyskinesia [1]. During the initial 12-week, 

double-blind phase, CVT-301 84 mg was associated with 
significant improvements in Unified Parkinson Disease 
Rating Scale (UPDRS) motor scores at 30 minutes post-
dosing compared to placebo (-9.83 vs -5.91). In addition, 
57.7% of patients on CVT-301 84 mg turned ON within 60 
minutes after treatment vs 36.1% on placebo [2].

In the extension study, patients from the SPAN-PD study 
and eligible CVT-301-naïve patients were enrolled. They 
maintained their usual oral carbidopa/levodopa regimen. 
All patients were on CVT-301 treatment for OFF periods, but 
were blinded to dose: 60 mg (n=161) or 84 mg (n=164). At 12 
months, 68.4% and 73.0% of patients on CVT-301 60 mg and 
84 mg, respectively, achieved an ON state within 60 minutes. 
These percentages were not significantly different from 
1-month values, suggesting that treatment efficacy was 
maintained. Mean changes in total daily OFF time improved 
from –0.33 and –0.55 hours at 1 month, to –0.70 and –0.88 
hours at 12 months for 60 mg and 84 mg, respectively. 
Change from baseline in daily ON time without dyskinesia 
improved from +0.23 and +0.18 hours at 1 month, to +0.32 
and +0.40 hours at 12 months.

1. Farbman ES, et al. AAN 2019, P2.8-048.
2. LeWitt PA, et al. Lancet Neurol. 2019;18(2):145-54. 

Mesenchymal stem cells in a proof-of-concept 
study
Preliminary findings from an ongoing small proof-of-
concept study suggested that infusions of allogeneic 
mesenchymal stem cells may be safe and well tolerated 
in subjects with mild to moderate idiopathic Parkinson’s 
disease [1].

Participants are 20 subjects 45-78 years of age, with OFF 
state Hoehn and Yahr classification ≤3. Each dose cohort 
consists of 5 study subjects that received 1 of 4 doses of 
mesenchymal stem cells: 1, 3, 6, or 10 x106 mesenchymal 
stem cells/kg of body weight. The primary outcome is safety, 
defined as the absence of transfusion reactions, adverse 
events or organ damage.

There were no adverse reactions in the first 24 hours. In 
subsequent follow-up, the most common side effects were 
hypertension, arthralgia, and nausea (27% for each), mild 
and transient in all cases. The first 14 patients sustained 
a reduction in Unified Parkinson Disease Rating Scale 
(UPDRS)-III motor score (OFF state) after 12 weeks. The 
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researchers will complete the study to identify the optimal 
dose that is well-tolerated and associated with improvement 
in cognition, motor function, and disability. 

1. Schiess M, et al. AAN 2019, S16.008.

T-type-calcium channel modulator in essential 
tremor
A randomised study achieved proof-of-concept for 
CX-8998 in essential tremor. Key pivotal study design 
parameters including primary and secondary efficacy 
endpoints, patient population, dose and titration 
scheme, were identified [1]. Further studies are needed 
to evaluate its efficacy.

CX-8998 is a potent, selective, and state-dependent small 
molecule modulator of T-type calcium channels. T-type 
calcium channels play a critical role in the generation of 
tremor-related oscillations. CX-8998 was evaluated in a 
double-blind, placebo-controlled study of 95 patients with 
moderate to severe essential tremor who had inadequate 
response to standard of care anti-tremor medications. They 
were randomised to either CX-8998 (titrated to 10 mg BID) 
or placebo for 28 days. The study's primary endpoint was 
centrally video-rated TETRAS (The Essential Tremor Rating 
Assessment Scale) Performance Subscale.

Due to methodological issues this endpoint did not reach 
significance in the CX-8998 group. However, there were 
significant improvements in investigator-rated TETRAS 
Performance Subscale (P=0.017), TETRAS-ADL (Activities 
of Daily Living; P=0.049), TETRAS total score (P=0.007), and 
Clinician Global Impression of Improvement (P=0.001). The 
significant differences on TETRAS-ADL were confirmed by 
Goal Attainment Scaling (P=0.034) and supported by the 
Patient's Global Impression of Change (P=0.089). In a subset 
of patients, digital spirography using an app that measures 
and monitors motor performance was qualified as a digital 
marker.

1. Papapetropoulos S, et al. AAN 2019, S4.008.

Experimental Parkinson’s disease therapies
Results of a number of experimental therapies were 
presented. Among them: PBT434, a novel, brain-
penetrating, inhibitor of α-synuclein aggregation; 
opicapone, a catechol-O-methyltransferase (COMT) 
inhibitor; venglustat, a CNS-penetrating glucosylceramide 

(GL-1) synthase inhibitor; and SYN120, an antagonist of 
serotonin receptors (5-HT6 and 5-HT2A).

•  PBT434 demonstrated approximately proportional 
pharmacokinetics up to 300 mg in a randomised, double-
blind, placebo-controlled first-in-human study [1]. A total of 
18 healthy volunteers received oral single ascending doses 
(n=8) or multiple ascending doses (n=10) of PBT434. The 
treatment was well-tolerated. Adverse events were mild 
and infrequent; no serious adverse events were reported. 
The authors concluded that PBT434 has potential for 
treating synucleinopathies such as Parkinson’s disease 
and multiple system atrophy.

•  Opicapone is a novel, highly selective, peripheral COMT 
inhibitor under development as an adjunct therapy to 
levodopa for Parkinson’s disease with motor fluctuations. 
In two international placebo-controlled phase 3 studies 
(BIPARK-1 and BIPARK-2), once-daily opicapone 
increased ON time without troublesome dyskinesia in 
this category of patients [2]. In both studies, opicapone 
50 mg was associated with a significant increase from 
baseline to week 14/15 in absolute ON time without 
troublesome dyskinesia versus placebo (P=0.002 and 
P=0.025 for BIPARK-1 and BIPARK-2, respectively). These 
improvements were sustained in long-term extension 
studies. In the pooled safety population (n=631), 
dyskinesia was reported in 17.4% and 6.2% of patients 
in the opicapone and placebo group, respectively; rarely 
resulting in discontinuation.

•  Once-daily venglustat at 3 escalating doses was tested 
in 17 Parkinson’s disease patients with a GBA mutation 
and symptoms ≥2 years in part 1 of the MOVES-PD trial 
[3]. Participants were randomised to placebo (n=4) or 
venglustat (n=13). All patients except 1 in the venglustat 
group reported at least 1 treatment-emergent adverse 
event; most were mild or moderate and resolved without 
corrective treatment during the study. The most common 
were psychiatric, neurological, and gastrointestinal events. 
No serious adverse events or deaths occurred. Dose-
dependent plasma and CSF exposure were observed. CSF 
glucosylceramide (GL1) decreased 74.3% (high dose). 
Part 2 of MOVES-PD is ongoing.

•  SYN120 was shown to improve cognition in preclinical 
models. In a phase 2a study, safety and preliminary 
efficacy of SYN120 in patients with Parkinson’s disease 
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dementia were evaluated [4]. Eligible patients were 
randomised to SYN120 100 mg daily or placebo; they all 
used a cholinesterase inhibitor as well. There were 36 
and 41 patients in the modified intention-to-treat groups 
of SYN120 and placebo, respectively. SYN120 did not 
improve cognition in patients with Parkinson’s disease 
dementia, but it may have improved cognition-based daily 
function. SYN120 was generally well-tolerated. Adverse 
events were experienced by 74% and 77% of participants in 
the SYN120 and placebo group, respectively; 11% (in both 
groups) were serious. A worsening of motor symptoms 
was observed.

•  A survey of Parkinson’s disease patients in a medical 
cannabis program in the USA confirmed that medical 
cannabis, typically in combination with other Parkinson’s 
disease therapies, is a well-tolerated option to improve 
both motor and non-motor symptoms [5]. Medical 
cannabis may be helpful in relieving some adverse events 
of Parkinson’s disease medications, such as nausea and 
insomnia. Of 63 participants, 77% reported improvement 
in motor symptoms, most commonly tremor and 
spasticity; improvements in rigidity, gait instability, 
dyskinesia, and bradykinesia were also found. Over half 
of the Parkinson’s disease patients had improvements 
in non-motor symptoms, including sleep disturbance, 
anxiety, depression, and nausea. Adverse events included 
somnolence, disorientation, and dizziness, with 6.4% 
discontinuing due to adverse events.

1. Stamler D, et al. AAN 2019, S4.001.
2. LeWitt P, et al. AAN 2019, S04.004.
3. Fischer T, et al. AAN 2019, S4.002.
4. Fernandez HH. AAN 2019, S4.005.
5. Myers B, et al. AAN 2019; P2.8-016.

Laquinimod does not improve motor scores in 
Huntington disease
The immunomodulator laquinimod failed to meet its 
primary endpoint of improving rater-dependent clinical 
outcomes at 1 year in patients with early Huntington 
disease in the LEGATO-HD study. It did, however, result 
in reduced volume loss in the caudate nucleus and other 
brain regions [1]. 

Laquinimod had previously been shown to modulate CNS-
resident inflammatory pathways involved in the pathology of 
Huntington disease. The 52-week phase 2 study LEGATO-
HD compared once daily 0.5, 1.0, and 1.5 mg laquinimod 
to placebo. The 1.5 mg arm was discontinued in 2016 as 
a precautionary safety measure, due to cardiovascular 
safety concerns in MS studies with laquinimod 1.2 and 1.5 
mg doses. The study's primary endpoint was change in the 
Unified Huntington’s Disease Rating Scale Total Motor Score 
(UHDRS-TMS).

There was no significant change from baseline in UHDRS-
TMS (P=0.49). The secondary endpoint of percent change 
in caudate volume loss at week 52 was met (P=0.0002). 
There were also treatment effect differences between 
the laquinimod and placebo group for all MRI exploratory 
measures. No treatment effects were observed in rater-
dependent clinical outcome measures. A treatment effect 
was suggested by certain Quantitative (Q)-Motor rater-
independent assessments, e.g. of tap speed inter-onset-
interval of the hands. Laquinimod was well-tolerated and 
there were no new safety signals.

1. Reilmann R, et al. AAN 2019, S16.007.
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Lack of consensus on anticoagulation after 
acute ischemic stroke in atrial fibrillation
Results of an internet-based questionnaire revealed 
a remarkable lack of consensus among US stroke 
neurologists on the timing of anticoagulation for 
secondary stroke prevention in patients with acute 
ischemic stroke due to non-valvular paroxysmal atrial 
fibrillation. Direct oral anticoagulants were the preferred 
anticoagulation strategy [1].

Risk of early recurrence of ischemic stroke due to atrial 
fibrillation may be high, but guidelines of the American Heart 
Association/American Stroke Association (AHA/ASA) provide 
imprecise recommendations on the timing and choice of 
anticoagulant for secondary prevention. A survey assessed 
current opinions of US board-certified stroke neurologists. 
In the survey, cases were presented of patients with acute 
ischemic stroke of varying severity and haemorrhagic 
transformation following paroxysmal atrial fibrillation. Of 
1,239 stroke neurologists surveyed, 238 responded. These 
were some of the main outcomes:
• For small acute ischemic stroke <1/3 middle cerebral artery 

(MCA) territory without haemorrhagic transformation, only 
24% would start anticoagulation within 48 hours from stroke 
onset, although 80% would start anticoagulation by 7 days.

• For greater stroke severity >1/2 MCA territory, 29% would 
start anticoagulation within 7 days, 48% in 7-14 days, and 
23% would wait at least 14 days. Some would request 
stability imaging before starting anticoagulation.

• Asymptomatic haemorrhagic transformation did not 
appreciably affect anticoagulation timing, but with 
symptomatic haemorrhagic transformation, 79% waited 
more than 14 days.

• Most started anticoagulation earlier than initially intended 
in case of left atrium/left atrial appendage, acute left 
ventricular thrombi, or mechanical heart valve.

• Direct anticoagulants were preferred by 62%. The most 
common reasons were low bleeding risk (82%), affordability/
cost (55%), and availability of a specific reversal agent 
(42%). Acetylsalicylic acid was preferred by 57% in patients 
ineligible for direct anticoagulants.

1. Rybinnik I, et al. AAN 2019, S35.001.

Direct oral anticoagulants compared to vitamin 
K antagonist in atrial fibrillation-related 
cerebral ischemia
There is still only limited real-world evidence on 
comparative effectiveness and safety of direct oral 
anticoagulants (DOACs) – also referred to as non-
vitamin K antagonist oral anticoagulants (NOACs) – 
versus a vitamin K antagonist in atrial fibrillation. In two 
studies to fill this gap, DOACs were found to result in a 
lower risk of intracranial haemorrhage [1,2].

In a retrospective subgroup analysis of the ARISTOPHANES 
study, stroke/systemic embolism, major bleeding, and their 
respective components were compared among non-valvular 
atrial fibrillation patients on DOACs or warfarin [1]. DOACs 
prescribed were apixaban, dabigatran, or rivaroxaban. 
Pooled results for two doses were presented: standard 
NOAC doses and warfarin (5 mg twice-daily apixaban-
warfarin, 150 mg twice-daily dabigatran-warfarin, and 20 
mg once-daily rivaroxaban-warfarin), and lower NOAC doses 
and warfarin (2.5 mg twice-daily apixaban-warfarin, 75 mg 
twice-daily dabigatran-warfarin, and 10 or 15 mg once-daily 
rivaroxaban-warfarin). All doses of NOACs were associated 
with lower intracranial haemorrhage rates compared to 
warfarin. The other main results were as follows:
• Only apixaban was associated with lower rates of stroke/

systemic embolism and major bleeding, for both doses 
compared to warfarin.

• Lower-dose dabigatran patients had similar rates of 
stroke/systemic embolism and major bleeding compared 
to warfarin. The standard dose gave similar rates of stroke/
systemic embolism, but a lower rate of major bleeding.

• Lower-dose rivaroxaban patients had a similar rate of 
stroke/systemic embolism compared to warfarin, but 
the standard-dose was associated with a lower stroke/
systemic embolism rate. Lower- as well as standard dose 
rivaroxaban gave higher major bleeding rates compared 
to warfarin.

An individual patient data analysis of 7 prospective cohort 
studies compared clinical outcomes of treatment with 
DOACs and vitamin K antagonists, among atrial fibrillation 
patients with a recent ischemic stroke or transient ischemic 
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attack [2]. In this study, DOAC treatment was associated with 
a reduced risk of poor clinical outcomes, mainly due to a 
lower risk of intracranial haemorrhage. 
The composite primary endpoint was recurrent acute 
ischemic stroke, intracranial haemorrhage, or mortality.

Of the 4,912 patients included, 2,256 (45.9%) received a 
vitamin K antagonist and 2,656 (54.1%) a DOAC. The median 
time from index event (acute ischemic stroke in 97% of 
cases) to starting vitamin K antagonist as well as DOAC 
was 5 days (P=0.53). During follow-up of 5,970 patient 
years, there were 262 acute ischemic stroke (4.4%/year), 
71 intracranial haemorrhages (1.2%/year), and 439 deaths 
(7.4%/year). DOAC use was associated with a reduced risk of 
the composite endpoint (HR 0.81, P=0.03) and of intracranial 
haemorrhage (HR 0.42, P<0.01). The risks of recurrent acute 
ischemic stroke (HR 0.92, P=0.53) and mortality (HR 0.84, 
P=0.11) were not significantly different.

1. Deitelzweig S, et al. AAN 2019, S35.004.
2. Seiffge D, et al. AAN 2019, S35.007.

Depressive symptoms associated with 
increased stroke risk
In a mostly Hispanic sample, depressive symptoms were 
associated with an increased risk of incident ischemic 
stroke [1].

Depressive symptoms were assessed using the Center of 
Epidemiological Studies–Depression Scale (CES-D); a score 
≥16 was considered elevated. In a prospective cohort, data 
were available of 1,104 participants (mean age 70 years; 61% 
women, 69% Hispanics). At baseline, 198 participants (18%) had 
elevated depressive symptoms. After a mean of 14 years, 101 
participants had had incident strokes; 87 strokes were ischemic. 
The cumulative incidence of stroke of any type was 14% and 13%, 
respectively. Having elevated depressive symptoms significantly 
increased the risk of ischemic stroke (HR 1.75). Stroke risk 
increased with depression severity. Every 5-point increase in 
CES-D score further increased the risk of ischemic stroke by 12%.

1. Simonetto M, et al. AAN 2019, S1.003.

Miscellaneous
Possibly lifesaving therapy in refractory PML
Transfer of anti-polyomavirus-specific T cells (PyVSTs) 
from healthy related donors is feasible and safe as adoptive 
immunotherapy of severely immunocompromised patients 
with refractory progressive multifocal leukoencephalopathy 
(PML). Encouraging results in 12 patients suggest PyVSTs 
may be a lifesaving therapy [1].

PML is an opportunistic infection of the central nervous 
system caused by activation of the JC polyomavirus (JCV) in 
immunosuppressed patients. “Until now, there has been no 
treatment for PML, which is almost like a death sentence for 
the patient”, explained Dr Erin Beck (National Institute of Health 
in Bethesda, USA). “Basically, what we did was borrow immune 
cells from close relatives of the patients and make them active 
against the JVC.” Dr Beck's group used peptide libraries derived 
from BK Large T (LT) and Viral Protein 1 (VP1) that are highly 
cross-reactive with the structurally homologous JC proteins. 
PyVSTs were then generated from first-degree relatives of 

patients with refractory PML. Patients received 1x106 PyVST 
cells/kg, which could be followed by one or two additional 
infusions at 2x106 PyVSTs/kg, at minimal intervals of 28 days. 
The study's primary endpoint was safety.

In 12 subjects who received at least one infusion, there 
were no serious treatment-related adverse events. Dr Beck 
was particularly relieved to see no cases of overt immune 
reconstitution inflammatory syndrome, which can be fatal in 
itself. There were also no infusion reactions or graft versus 
host disease. The therapy was feasible; 7 patients (58%) 
survived and showed signs of neurological improvement. 
Dr Beck: “We did not expect them to do so well, since their 
condition was deteriorating even around the time of the first 
infusion. So, the results are very encouraging.” She could not 
say who benefitted the most from this therapy and which 
markers might predict survival.

1. Cortese I, et al. AAN 2019, Plen01.002.
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New AAN guideline for treating Tourette 
syndrome
For people with Tourette syndrome and other chronic 
tic disorders, effective treatments are available that 
may help improve symptoms, according to a new AAN 
guideline [1]. The guideline is endorsed by the Child 
Neurology Society and the EAN.

The authors emphasised that treatment should be 
individualised, and be a collaborative decision of the patient, 
caregiver, and clinician. Treatment options include watchful 
waiting, the Comprehensive Behavioral Intervention for 
Tics (CBIT), and medication. Recommendations on how to 
offer and monitor these therapies have been provided. “It 
is important that doctors let patients know that tics may 
improve with time,” said guideline lead author Dr Tamara 
Pringsheim (University of Calgary, Canada). “Treatments 
can help decrease tic frequency and severity, but they rarely 
eliminate all tics.”

Some of the recommendations include:
• Clinicians should inform patients and caregivers that 

watchful waiting is an acceptable approach in people 
who do not experience functional impairment from their 
tics.

• Clinicians may prescribe CBIT as an initial treatment 
option relative to watchful waiting, for people with tics 
who do not experience functional impairment, if they are 
motivated to attempt treatment. CBIT combines relaxation 
training, habit-reversal training, and behavioural therapy 
to help reduce tic symptoms.

• In patients with tics, clinicians should assess for 
comorbid attention-deficit hyperactivity disorder (ADHD), 
obsessive-compulsive disorder (OCD), anxiety, mood, 
and disruptive behaviour disorders.

• Clinicians should direct patients with Tourette syndrome 
who self-medicate with cannabis to medical supervision 
where they can be monitored for efficacy and adverse 
events. Depending on local laws, clinicians may consider 
treatment with cannabis in treatment-resistant patients.

• Deep brain stimulation (DBS) may be considered in adults 
with severe Tourette syndrome who are resistant to 
medical and behavioural therapy.

1. Pringsheim T, et al. Neurology. 2019;92(19):896-906.

Subspecialty teleneurology: feasible and highly 
valued
Using subspecialty teleneurology services was feasible 
and received high patient ratings in a study performed at 
the Cleveland Clinic (Ohio, USA).

Dr Lindsey Ross described the implementation and 4 years of 
patient experience with outpatient subspecialty teleneurology 
visits at her academic institution [1]. “Virtual visits have 
the potential to improve patient access to neurological 
subspecialty care which otherwise often requires travel”, she 
said. Some of the advantages she mentioned were saving 
travel time, facilitation of long-distance follow-up, better 
compliance, continuous monitoring, and seeing the patient 
in his own environment.

In the study, virtual visits were conducted by personal 
smartphone or computer via videoconferencing with a 
provider. In 4 years, 3,958 patients completed 5,646 virtual 
visits. There was a broad applicability across subspecialties. 
Most visits concerned headache (21.4%), epilepsy (19.1%), 
spine (15.7%), and movement (10.8%). Virtual visits were 
utilised across a wide range of distances from the hospital: 
29.8% were local (<50 miles), 25.9% near regional (50-150 
miles), 21.6% far regional (151-270 miles), and 23.1% remote 
(>270 miles). On average, patients rated the virtual visit 4.7 
and their provider 4.9 on a 5-point scale.

1. Ross L, et al. AAN 2019, plen01.004.

OV101 (gaboxadol) as therapy of Angelman 
syndrome
The randomised phase 2 trial STARS showed clinical 
benefit of OV101 (gaboxadol) in patients with Angelman 
syndrome versus placebo [1]. Improvements were 
seen in sleep, motor, and behavioural function, using 
the Clinical Global Impressions - Improvement scale 
(CGI-I). The authors think CGI-I may be particularly well 
suited for assessing clinical improvements in a highly 
heterogeneous disorder like Angelman syndrome.

Angelman syndrome is a rare, genetic, neurodevelopmental 
disorder, characterised by intellectual disability, seizures, 
and severe impairments in speech, behaviour, motor skills, 
and sleep. In the STARS trial, OV101 once-daily (15 mg) and 
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twice-daily (10 mg, 15 mg) were tested versus placebo. The 
primary objective was safety and tolerability over 12 weeks.

In the 78 patients who completed the study, most adverse 
events were mild, with similar frequencies in all 3 groups. 
Global improvement was observed after 12 weeks with 
OV101 once-daily versus placebo (P=0.0006), with additional 
post-hoc analyses showing improved sleep onset latency 

and overall sleep and motor function. The Parent Global 
Impressions suggests that patients who show a clinically 
meaningful improvement on CGI-I (>2), also demonstrate 
improvements in communication, challenging behaviour, 
and anxiety.

1. Bird L, et al. AAN 2019, emerging science 004.
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