
10.1177/1352458518798582© 2018 SAGE Publications

Diagnosis and differential diagnosis

P330
An international multicentre validation experiment for 
MOG antibodies

M. Reindl1, K. Schanda1, M. Woodhall2, F. Tea3, S. 
Ramanathan3, B. Teegen3, J. Sagen4, J. Fryer4, J. Mills4, 
S. Mindorf5, N. Ritter5, U. Krummrei5, W. Stöcker5, J. 
Eggert6, K. Rostasy7, T. Berger1, S.R. Irani2, R. Dale3, C. 
Probst5, F. Brilot3, M. Probst6, S. Pittock4, P. Waters2

1Clinical Department of Neurology, Medical University of 
Innsbruck, Innsbruck, Austria, 2Oxford Autoimmune Neurology 
Group, Nuffield Department of Clinical Neurosciences, 
University of Oxford, Oxford, United Kingdom, 3Brain 
Autoimmunity Group and Kids Research at the Children’s 
Hospital at Westmead, Brain and Mind Centre, University of 
Sydney, Sydney, NSW, Australia, 4Department of Neurology, 
Mayo Clinic, Rochester, MN, United States, 5Euroimmun 
Medizinische Labordiagnostika AG, 6Institute for Quality 
Assurance affiliated to Euroimmun, Luebeck, 7Paediatric 
Neurology, Witten/Herdecke University and Children’s Hospital 
Datteln, Datteln, Germany

Background: Antibodies to myelin-oligodendrocyte-glycoprotein 
(MOG-ab) are associated with a broad spectrum of human CNS 
demyelinating diseases including AQP4-ab-seronegative neuro-
myelitis optica spectrum disorders and related clinical presenta-
tions such as isolated optic neuritis and myelitis, acute disseminated 
encephalomyelitis, but only rarely in multiple sclerosis. Although 
numerous studies have used different immunoassays for MOG-ab, 
there is no published blinded multi-centre validation experiments 
comparing MOG-ab assays. The aim of our study was therefore to 
compare the most frequently used assays for MOG-ab such as 
immunofluorescence cell-based assays (IF-CBA), flow cytometry 
cell-based assays (FACS-CBA) and enzyme-linked immunosorb-
ent assay (ELISA). In phase one we compared 11 different 
MOG-ab assays (in-house and commercial; IF-CBA, FACS-CBA 
and ELISA) in a blinded fashion on 89 serum samples.
Methods: The clinical laboratories (Innsbruck, Mayo, Oxford and 
Sydney) sent coded MOG-ab positive sera (n=39), MOG-ab nega-
tive sera (n=40) and clinical documentation to the Institute for 
Quality Assurance (IQA), Lübeck, Germany. Euroimmun AG 
contributed 10 technical controls (humanized monoclonal anti-
bodies) which were also sent to the IQA. All samples and controls 
were re-coded, aliquoted and distributed to the five testing cen-
tres. Upon completion of the testing, the assay results from each 
centre was entered onto a web-based database. The data were then 
unblinded, and analysed.
Results: We found a very good agreement between live IF-CBA 
and live FACS-CBA (kappa values > 0.9). There was a good 
agreement between live CBA (IF or FACS) and fixed IF-CBA 
(kappa values > 0.8). The agreement of ELISA and all CBA was 

very poor and our results indicate that ELISA is not useful for the 
detection of human MOG-ab. However, phase I only focused on 
clearly positive and negative samples, and we are therefore cur-
rently performing phase II using 100 additional samples (border-
line and lower positive, healthy controls, and replicates from 
phase I) to compare the sensitivity and specificity of assays. We 
plan to perform a phase III to examine MOG-ab assays in routine 
diagnostic centres world-wide and are particularly interested in 
centres that can contribute sera to the study.
Conclusions: Large multicentre validation studies of antibody 
assay are important to evaluate assay reproducibility between cen-
tres and to help define the clinical phenotype associated with 
MOG-ab.
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Introduction: Migraine may be a common diagnosis in patients 
initially referred to evaluate the possibility of multiple sclerosis 
(MS). On MRI, white matter hyperintensities (WMH) may be 
detected on the T2-weighted sequences in migraine patients. The 
periventricular region, traditionally considered a hallmark of MS, 
may be not so rarely involved, thus contributing to misdiagnoses. 
The number of periventricular lesions (PVLs) required to fulfill 
Dissemination in Space (DIS) requirements varies among differ-
ent diagnostic criteria. 3 PVLs have been suggested by the 
MAGNIMS group while the Panel recently maintained the 
requirement for 1 PVL.
Objectives: To analyze the differences on WMH volumes and loca-
tions; to evaluate the involvement of periventricular region in two 
large cohorts of migraine and Clinically Isolated (CIS) patients.
Aims: to evaluate the impact of 1 vs 3 PVLs on sensibility and 
specificity of the DIS criteria according to the MAGNIMS group 
and the Panel in two large cohorts of migraine and Clinically 
Isolated (CIS) patients.

Materials and methods: White matter T2/FLAIR hyperintensi-
ties of 84 migraine and 79 Clinically Isolated Syndrome (CIS) 
patients were volumetrically and topographically assessed by 
using manual segmentation technique and, subsequently, by gen-
erating Lesion Probability Maps (LPMs) and Voxel-Based Lesion 
Symptom Mapping (VLSM). A logistic regression analysis based 
on lesion location was performed to evaluate the impact of 1 ver-
sus 3 PVLs on the sensibility and specificity of the 2017 revisions 
and the 2016 MAGNIMS criteria.
Results: CIS patients had a higher WMH number and volume in 
all the four locations analyzed. Interestingly, 10.7% of migraine 
patients showed infratentorial WMH, detectable through a careful 
evaluation of the posterior fossa on the T2-weighted images. 
Logistic regression analysis showed that PVLs were the best fac-
tor separating CIS from migraine patients with a 85% decrease in 
the probability to be migraineur for each PVL more than one 
(OR=0.156, 95% CI=0.076, 0.319, p< 0.001). MAGNIMS criteria 
demonstrated the highest specificity in differentiating CIS from 
migraineur (100% vs 87%) against a predictable lower sensibility 
(63% vs 72%).
Conclusions: PVLs play a key role in the differential diagnosis 
between migraine and CIS, particularly when they are ≥ 3. It 
might be prudent for the clinician to consider a higher number of 
PVLs, in order to avoid misdiagnosis.
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Background: Patients with sarcoidosis who develop neurologic 
disease are generally presumed to have Neurosarcoidosis (NS). 
However, possibility of a co-existing neurologic condition, such 
as Multiple Sclerosis (MS) should be considered as well. 
Incorrectly diagnosing MS patients with NS might not only 
deprive them of beneficial MS disease-modifying therapies 
(DMT) but also potentially expose them to NS therapies that may 
be harmful for MS (e.g., TNF alpha-inhibitors).
Objectives/Aims: To report a case series of 9 patients with 
biopsy-confirmed extra-neural sarcoidosis and specialist-diag-
nosed MS followed in tertiary MS centers, and to evaluate respec-
tive phenotypes, diagnostic determinants and treatment responses.
Methods: Inclusion criteria: biopsy-confirmed sarcoidosis out-
side the central nervous system; meets the Revised McDonald 
Criteria for MS; does not demonstrate any typical radiologic fea-
tures of NS. A retrospective review of the patient charts was per-
formed across 4 MS Centers to identify patients meeting the 
inclusion criteria.
Results: We identified 9 patients with systemic sarcoidosis and 
MS: 7/9 patients were women; average age was 46.8 years (range 
37-54); average MS duration was 8.4 years (range 2-17); average 
sarcoidosis duration was 6.1 years (range 1-18 years). Sarcoidosis 
was confirmed by lung biopsy in 7/9 patients, mediastinal biopsy 
in 2/9 patients. All patients showed multiple MRI findings typical 
of MS (Dawson’s fingers, U-fiber lesions, cerebellar white matter 
lesions, dorsal and lateral spinal short-segment lesions, etc.). 
None of the patients had MRI features suggestive of NS (persis-
tent enhancement, cranial nerve enhancement, leptomeningeal 
involvement, pituitary lesions, etc.). Patients were followed by an 
MS specialist for an average 6.3 years (range of 1-17 years). All 
patients received DMT for MS. Typical additional MS-like lesions 
were seen on follow-up MRI in 6 out of 9 patients.
Conclusions: MS and sarcoidosis can rarely co-occur. If clinical 
and radiographic course is typical for MS and there are no radio-
graphic features of NS, sarcoidosis should be viewed as a comor-
bid autoimmune disorder. Rigorous phenotyping and close clinical 
and MRI follow-up can help differentiate MS from NS.
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Development of the Mac Donald criteria (MDc) for Multiple scle-
rosis (MS) diagnosis and subsequent revisions were based on data 
from adult white European and North American populations. In 
North Africans (NAs), prevalence, clinical phenotype and differ-
ential diagnosis of MS are different. In 2017, the International 
Panel on Diagnosis of MS reviewed the 2010 criteria and recom-
mended revisions. However, their relevance in NAs remains dis-
cussed. Data about the reliability of MS criteria in our region are 
scarce.
To study the sensitivity of 2017 MDc in a cohort of Tunisian 
patients with typical clinical isolated syndrome (CIS).
From 2003 to 2017, we collected patients with typical CIS fol-
lowed in the department of Neurology of Razi Hospital. They had 
clinical follow-up of at least two years or until the development of 
definite MS. All patients were aged of 18 to 50 years and had 
baseline MRI obtained within three months of onset.
Seventy patients met inclusion criteria and consisted of 54 women 
and 16 men. Mean age was 36.6 ± 11.2 years with mean age when 
CIS occurred around 29.6 ±9.7 years. CIS was monofocal in 
80.6%. It included spinal cord symptoms (40%), optic neuritis 
(32%), brainstem or cerebellar symptoms (18%) and supratento-
rial syndrome (10%). Only one patient remained diagnosed as 
CIS. At first attack, 2010 MDc were fulfilled in 38.5% while 
64.4% with 2017 MDc thanks to CSF analysis in 11.4% and inclu-
sion of symptomatic and asymptomatic lesions in 14.5%. The 
2017 criteria had higher sensitivity compared to 2010 version in 
our population (74% versus 44.4%).
In our NA cohort, new criteria allowed the diagnosis of a higher 
rate of MS since first clinical event. More studies are urgently 
needed to really validate these criteria in our latitudes.
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Background: In neuromyelitis optica spectrum disorders 
(NMOSD) relapse-dependent accumulation of central nervous 
system damage is key to our current understanding of fixed neu-
rological deficits. However, little is known about possible chronic 
subclinical disease processes occurring independently of acute 
attacks such as optic neuritis (ON) or transverse myelitis. Visual 
evoked potentials (VEPs) provide objective functional measures 
of the visual pathway.

Objective: To investigate if subclinical disease progression 
occurs within the visual system of NMOSD patients indepen-
dently of acute ON.
Design: Retrospective longitudinal multi-center study at 16 cent-
ers of the German Neuromyelitis optica study group (NEMOS) 
between May 1994 and May 2017.
Methods: Five hundred sixty-four full-field VEPs of 172 NMOSD 
patients were longitudinally assessed. For analyses, 209 eyes of 
105 predominantly Caucasian (93.3%) and female (83.3%) 
NMOSD patients were eligible. Rates of change over time for 
P100 peak-latencies (RCL) and P100-N140 peak-to-peak-ampli-
tudes (RCA) were analyzed for each individual eye using linear 
regression and compared using generalized estimating equation 
models.
Results: A median of three VEPs per patient were performed over 
a median interval of 32 months. The rates of change in the absence 
of ON during the interval were +1.951ms/year (N=101 eyes; 
SD=6.274; p=0.012) for the P100-latencies and -2.149µV/year 
(N=64 eyes; SD=5.013; p=0.005) for the P100-N140-amplitudes. 
The history of a previous ON, that had occurred >6 months before 
baseline VEP, had no influence on RCL and RCA. ONs during the 
observational period led to mean RCL and RCA of +11.689ms/
year (N=16 eyes; SD=17.593; p=0.003) and -1.238µV/year (N=11 
eyes; SD=3.708; p=0.308), respectively.
Conclusions: This first longitudinal VEP study provides evidence 
of subclinical disease progression within the visual pathway of 
NMOSD patients, occurring independently of acute ON attacks. 
These findings could have an impact on the disease prognosis and 
management of NMOSD patients and add novel insights into the 
pathophysiology of the disease.
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Patient satisfaction with the first talk about diagnosis 
and its impact on treatment decisions: a Swiss multiple 
sclerosis Registry study

L. Barin1, C.P. Kamm2,3, M. Kaufmann1, M. Lutz4, 
C. Pot5, S. Schippling6,7, A. Salmen2, S. Mueller8, P. 
Calabrese9, A. Chan2, V. von Wyl1, Swiss Multiple 
Sclerosis Registry.
1University of Zurich, Institute of Epidemiology, Biostatistics 
and Prevention, Zurich, 2Department of Neurology, Inselspital; 
University Hospital Bern and University of Bern, Bern, 
3Neurology and Neurorehabilitation Centre, Luzerner 
Kantonsspital, Lucerne, 4Swiss Multiple Sclerosis Society, 
Zurich, 5Division of Neurology, University of Lausanne, 
Lausanne, 6Neuroimmunology and Multiple Sclerosis Research, 
Department of Neurology, University Hospital Zurich, 7Center 
for Neuroscience Zurich, ETH Zurich, Zurich, 8Department of 
Neurology, Cantonal Hospital St. Gallen, St. Gallen, 9Division 
of Molecular and Cognitive Neuroscience; Department of 
Psychology, University of Basel, Behavioral Neurology and 
Neuropsychology, Basel, Switzerland

Introduction: Patient satisfaction with the first diagnostic consul-
tation (FDC) might have an impact on treatment decision. 
Initiation of disease modifying treatment (DMT) in multiple scle-
rosis (MS) should be informed, shared with the patient, and con-
sider all appropriate options.
Objectives: To investigate factors contributing to patient satisfac-
tion with the FDC and to assess its association with DMT 
initiation.
Methods: Using retrospective patient-reported data of the Swiss 
MS Registry, we fitted ordered logistic regression models (out-
comes: a. Satisfaction with FDC: 1(not at all, reference) to 5 (very 
satisfied); b. Start of DMT after FDC: no/yes), adjusted for period 
of diagnosis and other pre-specified confounders. Primary pro-
gressive MS was excluded.
Results: 421 persons with MS diagnosed after 1995 (clinically 
isolated syndrome (n=11), relapsing remitting (n=379) or second-
ary progressive MS (n=31) at diagnosis) were included. 54% of 
participants were satisfied with the FDC (levels 4-5), 24% were 
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not satisfied (1-2), and 22% were neutral (3). For 18% the FDC 
lasted ≤10 min, for 42% 10-30 min, for 32% ≥30 min, others did 
not recall. 84% perceived the diagnosis as clear. The most covered 
topics were the nature of MS (67%) and DMT (72%). 59% were 
suggested ≥2 DMT options, 22% 1 option, and 19% no DMT 
option. Of all patients, 70% initiated DMT within 3 months, 7% 
after 3 months, and 23% did not start any.
In the multivariable regression on satisfaction with FDC, involve-
ment in the DMT choice (odds ratio 16, [95% confidence interval 
4-59] vs. no involvement), the number of topics covered (1.4 [1.2-
1.7] per additional topic), clarity of the diagnosis (3.5 [1.5-8] vs. a 
perceived unclear diagnosis), and high socioeconomic status 
defined by highest work position (2.1 [1.1-4]), were associated 
with better satisfaction. Worse satisfaction was associated with an 
interval from contacting a doctor to the diagnosis exceeding 3 
months (0.48 [0.27-0.85]). Satisfaction with the FDC (6 [2-19]), 
diagnosis after 2010 (8.6 [2.1-35.6]), and FDC longer than 30 min 
(4.9 [1.1-20.7]), were associated with DMT initiation. Males were 
less likely to start DMT (0.3 [0.1-0.7]).
Conclusions: Satisfaction with FDC could be crucial for increas-
ing DMT initiation in the MS population. In order to achieve that, 
physicians should aim to minimize the diagnostic process length, 
dedicate ample time to the FDC, provide clear information about 
MS, and involve patients in treatment decision.
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Myelin oligodendrocyte glycoprotein (MOG) antibody-
associated demyelination: comparison between onset 
phenotypes

Y. Zhou1, X. Jia1, C. Chen1, L. Peng1, A.G. Kermode2, W. 
Qiu1

1The Third Affiliated Hospital of Sun Yat-Sen University, 
Guangzhou, China, 2University of Western Australia, 
Department of Neurology, Perth, WA, Australia

Introduction: As a broad spectrum of disease entities, variable 
signs of onset potentially pose a challenge to early identification 
and treatment of MOG antibody-associated demyelination.
Objective: To analyze the clinical and prognostic features of 
MOG antibody-associated demyelination with different onset 
phenotypes.
Aims: To investigate the implication of first demyelinating event 
to whole disease course and future prognosis.
Methods: A total of 52 MOG-IgG seropositive patients identified 
by cell-based assay were divided into four groups: (i) ON at onset 
(MOG-ON+, n=23); (ii) TM at onset (MOG-TM+, n=12); (iii) pure 
brain symptoms at onset (MOG-ON－TM－, n=14); (iv) both ON 
and TM at onset (n=3, not included into analyze). Data were col-
lected through medical records and regular follow-up.
Results: MOG-ON－TM－ had the youngest age of onset. 
Patients with MOG-TM+ tended to relapse more frequently, with 
a longer interval to first relapse compared to those with 
MOG-ON+ and MOG-ON－TM－. Throughout the course, 21%-
33% of patients had clinical evidence of other attack localization 
except their initial ones. High MOG-IgG titers were associated 
with increased CSF leukocytes. There was a trend towards 
greater likelihood of haboring transient, low MOG-IgG titers in 
MOG-TM+ vs the other groups. The majority of MOG-TM+ and 
MOG-ON+ had radiologic brain involvement, but the frequency 
of abnormal MRI and large brain lesion were predominately 
lower than the MOG-ON－TM－. After a median disease dura-
tion of 20 months, most cases exhibited a favourable outcome, 
but not always, with 13% developing severe visual deficits, 2% 
becoming wheelchair dependent and 6% developing cognitive 
impairment. The onset phenotype appeared to be an important 
predictor of disability type. Having ON at onset (OR 2.27, 
p=0.047) was more likely to achieve a complete recovery, while 
having high MOG-IgG titers (OR 0.14, p=0.025) was less likely 
to recover fully.
Conclusions: Onset phenotype may influence long-term presen-
tation, MOG-IgG status as well as the outcome. Further large and 
prospective studies will be required to better clarify the clinical 
relevance of MOG-IgG and the first demyelinating attack.
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Leucopathy-like acute demyelinating syndromes with 
anti-MOG-antibodies in children

E. Yazbeck1, H. Maurey2, C. Leroy1, P. Horellou3, S. 
Napuri4, M. Lali5, F. Rivier6, C. Adam7, L. Stimmer8, C. 
Serguera8, K. Deiva9

1Pediatric Neurology Department. National Referral Center 
for Rare Inflammatory Brain and Spinal Diseases, Assistance 
Publique-Hôpitaux de Paris, Hôpitaux Universitaires Paris Sud, 
Site Bicêtre, 2Neuropediatric Department. National Referral 
Center for Rare Inflammatory Brain and Spinal Diseases, 
Assistance Publique-Hôpitaux de Paris, Hôpitaux Universitaires 
Paris-Sud, Hôpital Bicêtre, 3Pediatric Neurology Department, 
National Referral Center for Rare Inflammatory Brain and Spinal 
Diseases and Université Paris-Sud, UMR 1184-CEA-IDMIT, 
Center for immunology of Viral Infections and Autoimmune 
Diseases, Le Kremlin Bicêtre, 4Pediatric Department, CHU de 
Rennes - Hôpital Sud, Rennes, 5Pediatric Department, Centre 
hospitalier Bretagne Atlantique, Vannes, 6Pediatric Neurology 
Department, CHRU de Montpellier - Hôpital Gui de Chauliac, 
Montpellier, 7Neuropathology, CHU Paris-Sud - Hôpital de 
Bicêtre, 8UMR1184 «Immunology of Viral Infections and 
Autoimmune Diseases», CEA (Commission d’Energie Atomique), 
IDMIT, Faculté de Médecine Paris Sud - XI, 9Neuropediatric 
Department. National Referral Center for Rare Inflammatory 
Brain and Spinal Diseases and Université Paris-Sud, UMR 
1184-CEA-IDMIT, Center for immunology of viral infections and 
autoimmune diseases, Assistance Publique-Hôpitaux de Paris, 
Hôpitaux Universitaires Paris-Sud, Hôpital Bicêtre, Le Kremlin 
Bicêtre, France

Acute demyelinating syndromes (ADS) are frequently associ-
ated with anti-MOG antibodies in children. Clinical phenotypes 
are heterogeneous and may delay the diagnosis, especially when 
they relapse and are wrongly considered as multiple sclerosis 
(MS). Here, we describe three children with progressive cogni-
tive and motor impairment, epilepsy and behavior disorders. The 
brain MRI showed diffused bilateral white matter injuries 
including optic nerves, periventricular regions, corpus callosum, 
cerebellum and spinal cord. Cerebrospinal fluid (CSF) analysis 
showed high levels of proteins in two cases and meningitis with 
a majority of lymphocytes in two cases. There were no oligo-
clonal bands. Metabolic and inflammatory blood markers were 
all negative. Due to their atypical presentation, brain biopsies 
were performed in two children and showed white matter lesions 
with no argument for histiocytosis nor for tumor. Steroids were 
ineffective, clinical and radiological improvement and stabiliza-
tion were obtained after active immunotherapy associating 
Mitoxantrone in two patients and Natalizumab in one of them. 
After nine years of follow up, all three children have cognitive 
impairment. A retrospective analysis for anti-MOG antibodies in 
these children at onset of disease was positive, and two children 
turned seronegative after treatment and during follow-up. 
Leucopathy-like ADS with anti-MOG-antibodies display dis-
tinct phenotypes and have a severe neurological prognosis. Early 
diagnosis and appropriate treatment may improve outcome in 
these children.

Key words: Acute Demyelinating Syndromes (ADS), leucopa-
thy-like, anti-MOG antibodies, Multiple Sclerosis (MS), 
immunotherapy
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Neuromyelitis optica spectrum disorders: the evaluation 
of 66 patients followed by Istanbul Bilim University, 
department of neurology

B. Altunrende, M. Nalbantoglu, G. Akman Demir
Medical Faculty, Istanbul Bilim University, Istanbul, Turkey

Background and objectives: Neuromyelitis optica spectrum dis-
orders (NMOSD) are relatively rare disorders when compared to 
multiple sclerosis (MS). We aimed to evaluate clinical character-
istics and disease course of the NMOSD patients followed at our 
department.
Patients and methods: All the patients with the diagnosis of 
NMOSD according to the Wingerchuck diagnostic criteria 2015 
followed since the establishment of our MS clinic in April 2011, 
were evaluated.
Results: There were 66 patients (51 female, 15 male) with 
NMOSD followed at our MS unit. The mean age of the patients 
was 44,1±16,8 (17-84) years. The mean age of the patients on 
disease onset is 32.5± 16.9 (11-82) years. The disease duration 
was 8.1±6.5 years. The disease course was relapsing in 55 
patients (83%). The attacks were triggered by infection in 2 
patients and by vaccines in 3 patients. The first attack was optic 
neuritis (ON) and transverse myelitis (TM) in 12 patients (6 
patients had bilateral ON (BON)), TM and area postrema syn-
drome (APS) in 4 patients (2 patients had also ON; one had 
BON and the other had ON), ON in 30 patients (BON in 5), TM 
in 17 patients (1 patient had also diencephalic syndrome), APS 
in 3 patients. The mean EDSS score was 3.5±2.1(1-8) at the last 
visit. NMO IgG was positive in 43 patients (65%). MOG was 
evaluated in 17 out of 66 patients and were all negative. 
Oligoclonal band was positive in 13 out of 33 patients (39%). In 
NMOSD patients, cranial magnetic resonance imaging (MRI) 
showed no abnormality in 31; nonspecific lesions in 22; chias-
mal lesion in 1, brainstem lesions in 5, large hemispheric lesion 
in 2 and hypothalamic lesion in 1 patient. In spinal MRIs, 43 
patients had longitudinally extensive transvers myelitis 
(LETM); 12 had short segment TM (STM) and in 11 patients it 
was normal.
Conclusion: This is one of the largest single center series col-
lected over 7 years. NMOSD seems to be over-represented in our 
center since it is one of the few where NMO IgG/MOG testing is 
available. In NMOSD, early diagnosis and treatment, as well as 
differentiation from MS, is important to prevent the patient from 
the permanent disability.

Disclosure
there is no conflict of interest and nothing to declare.
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A comparative analysis of diagnosis delays when applying 
the 2017 McDonald criteria to patients with recurring-
remitting multiple sclerosis

S. Gassama, R. Le Faucheur, L. Grangeon, D. Maltête, B. 
Bourre
Neurology, Rouen University Hospital, Rouen, France

Background: Multiple Sclerosis (MS) diagnosis remains a chal-
lenge because of the heterogeneity of the clinical presentation and 
the interindividual evolutivity among patients. Throughout the 
years, scientific and technological progress in multiple fields such 
as imaging, biology and pathology contributed to better define 
MS diagnosis. In 2017, new elements were added to the previous 
MS definition, the 2017 McDonald criteria.
Objective: To evaluate the impact of the 2017 McDonald criteria 
on MS diagnosis delay and on direct medical costs by studying a 
hundred recurrent-remitting MS patients.
Methods: We analysed the last hundred patients included in the 
European Database for Multiple Sclerosis (EDMUS) cohort by 
our Neurology department at the University Hospital of Rouen 
(France). Demographic (sex, age), clinical (Expanded Disability 
Status Scale - EDSS), imaging (lesion load on brain Magnetic 
Resonance Imaging - MRI), biology (oligoclonal bands in the 
Cerebrospinal Fluid - CSF) and economical variables were 
evaluated.
Results: Application of the 2017 McDonald criteria were associ-
ated with a mean decrease of MS diagnosis delay of 28.58 weeks 
eg. about 7 months (p=0,0002 ; CI 95%=[16,1 ; 40,3 weeks]) 
among 12 patients. All of these patients had received a lumbar 
puncture and had positive oligoclonal bands in the CSF. 2 of them 
had symptomatic lesions and 2 had cortical lesions on the MRI. 
The mean EDSS score was 1,38 [0 ; 5] . In comparison, among the 
patients whom MS diagnosis was not shortened by the 2017 
McDonald criteria, 30 patients had a lumbar puncture, among 
which 16 (53%) had positive oligoclonal bands. 23 of these 
patients had symptomatic lesions and 2 had cortical lesions on the 
MRI. The mean direct medical costs during the delayed diagnosis 
period is under calculation. Further data will be presented at the 
ECTRIMS.
Conclusion: Applying the 2017 McDonald criteria can reduce 
diagnosis delay when oligoclonal bands are positive in the CSF 
and can contribute in treating MS patients earlier than with the 
previous Revised 2010 criteria.
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Tbet positive B cells discriminate active neuromyelitis 
optica spectrum disorder

J. Bennett1, J. Zhang2, A. Ritchie3, G. Owens3

1Departments of Neurology & Ophthalmology | Program in 
Neuroscience, University of Colorado, School of Medicine, 
2Department of Immunology, 3Department of Neurology, 
University of Colorado School of Medicine, Aurora, CO, United 
States

Background: Neuromyelitis optica spectrum disorder (NMOSD) 
is a severe, recurrent autoimmune inflammatory disorder of the 
central nervous system (CNS) associated with a pathogenic anti-
body response against aquaporin-4 (AQP4). AQP4 serum titers, 
however, are a poor prognosticator of NMOSD disease activity. 
Biomarkers of NMOSD activity would be valuable for predicting 
treatment response.
Methods: We evaluated changes in pro-inflammatory, regulatory, 
and anergic B cell populations in NMOSD patients using fluores-
cence activated cell sorting (FACS). We obtained and purified 
peripheral blood B cells from active (< 1 month from acute clinical 
attack) and quiescent (> 90 days from acute clinical attack) AQP4-
seropositive NMOSD patients. NMOSD patients were either 
untreated or naïve to B cell-depleting therapy. We determined the 
relative fractions of naïve, memory, double negative (DN), plasma-
blasts, B10 regulatory and anergic B cell subsets. Functional vari-
ants within the memory and double negative B cell populations 
were further assessed using surface and intracellular markers.
Results: The number of naïve, memory (CD27+IgD-), double 
negative (CD72-IgD-, DN) memory, B10 regulatory, and anergic 
B cells failed to distinguish active from inactive NMOSD patients. 
Cell surface markers of B cell activation (CD86, HLA-DR2, 
CD24, CD148) also failed to correlate with disease activity. We 
identified a novel B cell subset (CD11c+CxCR5-) within both the 
memory and DN memory B cell populations, that was signifi-
cantly elevated in active NMOSD patients. This unique B cell 
subset expressed CD21, FcRL5, and the transcription factor T-bet.
Conclusions: Our studies have identified an expanded population of 
memory and DN memory B cells (CD11c+CxCR5-CD21+FcRL5+T-
bet+) in active NMOSD patients. This population shares surface 
markers identical to B cells that are expanded in systemic lupus ery-
thematosus patients. Fluctuations in circulating Tbet+ B cells may 
be a useful marker for monitoring NMOSD patients.

Disclosure
Funding: National Institutes of Health, Guthy Jackson Charitable 
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Clinical and MRI features of onset myelitis in MOG-
antibody disease

R. Mariano, K. Kumar, G. dos Passos, S. Messina, M.I. 
Leite, J. Palace
Nuffield Department of Clinical Neurosciences, University of 
Oxford, Oxford, United Kingdom

Introduction: Myelin oligodendrocyte glycoprotein (MOG)-
antibody disease has recently been recognised. Transverse myelitis 
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at onset is a significant predictor of long-term disability, particu-
larly sphincter dysfunction. Few data exist about the MRI features 
and their clinical association.
Methods: Adult MOG-antibody-positive patients, attending our 
specialist service, with onset myelitis and appropriate imaging 
were identified. MRI scans were reviewed and associated with 
clinical outcomes and CSF findings.
Results: Of the 22 patients included; 77.3% had LETM; 22.7% 
had short TM; 9.1% had isolated cervical cord lesions, 40.9% had 
involvement of the thoracic cord (18.2% thoracic without conus 
extension, 22.7% thoracic and conus). The remainder involved 
both cervical and thoracic cord. In total, 47.8% of patients had 
lesions involving the conus. 52.2% had >1 lesion at onset 
(range:2-6).
Median EDSS at nadir was 6 (range:1-9). Nadir EDSS scores 
correlated with total lesion length (r=0.3532,p=0.0119). Median 
EDSS at recovery was 1 (range:0-6). Lesion length did not cor-
relate with recovery EDSS. One patient was left severely disa-
bled (EDSS 6) and was the oldest (70 years at onset). Lesion 
number, GAD enhancement and swelling did not associate sig-
nificantly with clinical outcomes, nor did CSF findings. All 
patients requiring long-term catheterisation had conus lesions 
and this proportion was significant when compared to those not 
requiring catheters (p=0.0373). The presence of brainstem lesions 
was significantly higher in patients whose residual EDSS was ≥3 
(p=0.035).
16/22 had follow-up scans. 56.3% showed complete resolution 
(mean follow-up=29 months), 43.7% showed some resolution or 
were stable (mean follow-up=26 months). The mean improve-
ment in EDSS was greater in those with complete resolution 
(p=0.0339).
Conclusion: MOG-antibody disease myelitis commonly presents 
as LETM, although short lesions are not uncommon. Patients may 
present with more than one lesion. Lesion length correlates with 
nadir EDSS but not with recovery EDSS as most patients recover 
well despite long lesions at onset. Brainstem lesions may contrib-
ute to residual disability. Long-term catheter requirement is sig-
nificantly associated with conus involvement and MRI resolution 
associates with better recovery.
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Subclinical visual loss may be associated with MOG- IgG 
associated longitudinally extensive transverse myelitis

L. Pandit, S. Mustafa, S. Ayyagiri, A. Sudhir, A. 
D’Cunha, C. Malli
Neurology, Nitte University, Mangalore, India

Background: The natural history of MOG-IgG associated mono-
phasic longitudinally extensive myelitis ( LETM) has not been 
previously highlighted
Objective: To evaluate clinical course and afferent visual func-
tions in a subset of MOG-Ig+ patients ,diagnosed by cell based 
assay(Tohoku University,Japan) and presenting with myelitis 
alone during their clinical course.
Methods: In this retrospective analysis 17/ 42 (40.5%) MOG-IgG+ 
patients diagnosed at a single center in south India satisfied the 
inclusion criteria. There were 14 patients with monophasic and 3 
with recurrent LETM. Afferent visual functions including high con-
trast visual acuity testing and visual evoked potential (VEP) were 
recorded at disease onset . Ten patients could be retested after a 
median interval of 29 months (range 24- 72 months). The latter 
underwent optical coherence tomography (OCT) also.
Results: In all, 13/17 ( 76.5%) were male. Median disease dura-
tion was longer (p< 0.02) in those with RTM ( 144 months,range 
72-236) as compared with LETM (38months, range12-104). At 
disease onset ,visual acuity (VA) was normal in all and VEP was 
prolonged (P100 latency ≥ 111.8 msec) in1 patient. On repetition, 
VA was normal in all but VEP was abnormal in 6/10 (60%). Seven 
patients (70%) had an abnormal OCT. These patients had a sig-
nificant reduction of peripapillary retinal nerve fibre layer 
(pRFNL) thickness (p - 0.05) and macular ganglion cell complex 
( mGCC) volume (p- 0.005) when compared with healthy con-
trols. No patient had microcystic macular edema.
Conclusion: Our study for the first time showed evidence of sub-
clinical visual dysfunction in MOG-IgG associated myelitis. Our 
findings support the notion that there may be silent disease pro-
gression in MOG-IgG associated disease, similar to the subclini-
cal optic atrophy reported among MS patients. These new findings 
suggest that this subset of patients may need long term follow up 
with frequent visual function monitoring, which may in turn, 
influence treatment decisions.
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Early treatment in neuromyelitis optica spectrum 
disorders
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F. Esposito1, B. Colombo2, M. Romeo1, P. Preziosa2, 
U. Pensato3, G. Greco1, M. Comola1, G. Comi1, V. 
Martinelli2

1Neurology and Neurorehabilitation, 2Neurology, San Raffaele 
Hospital - Vita-Salute San Raffaele University, Milano, 
3Dipartimento di Scienze Biomediche Neuromotorie, IRCSS 
Istituto delle Scienze Neurologiche di Bologna, Bologna, Italy

Introduction: Neuromyelitis Optica (NMO) is a severe inflam-
matory disease of the CNS. We report the impact of an earlier 
treatment in clinical practice.
Methods: We included in our cohort only patients in which, at the 
end of a thorough investigation, other alternative diagnosis were 
excluded. Overall 70 patients reached a diagnosis of NMO. We 
evaluated how treatment approach changes overtime. We divided 
patients in “early treatment group” if the treatment was started 
after 1 or 2 relapses and “late-treatment group” if it started after 
more than 2 relapses.
Results: Overall the number of patients who received an “early 
treatment” was significantly higher for patients with a disease onset 
after 2007 (23% vs 50%, p< 0,001). In order to test the beneficial 
effect of an earlier treatment, we excluded 20 patients because they 
reached a severe disability status within the second relapses. Overall 
16 patients were treated “early” and 34 patients were treated “late”. 
The proportion of patients who reached a severe disability was sig-
nificantly higher in the “late treatment group” (59% vs 6%; p< 0.05). 
The same results were observed evaluating the proportion of patients 
developing a permanent EDSS score of at least 6.0 (32% vs 0%; p< 
0.05) or a permanent severe ipovisus (32% vs 6%; p< 0.05).
Conclusions: In the last years our treatment approach has signifi-
cantly changed leading to an improvement in patients manage-
ment. An early treatment allowed a better outcome changing the 
natural history of the disease.
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Do concomitant autoimmune diseases affect neuromyelitis 
optica spectrum disorder (NMOSD) course?

N. Molazadeh, S. Eskandarieh, A. Naser Moghadasi, A.R. 
Azimi, R.S. Kazemi, M.A. Sahraian
MS Research Center, Neuroscience Institute, Tehran University 
of Medical Sciences, Tehran, Islamic Republic of Iran

Introduction: Neuromyelitis optica spectrum disorder (NMOSD) 
is an inflammatory demyelinating disease of the central nervous 
system that causes lesions in the optic nerve, spinal cord and 
brain.Literature data shows an ever-growing list of autoimmune 
diseases associated with NMOSD.
Aims: The aim of this study was to identify and compare the basic 
and clinical features of NMOSD patients with and without con-
comitant autoimmune diseases.
Methods: We conducted a case-control study among patients with 
a definite diagnosis of NMOSD, referred to Sina hospital, a ter-
tiary care referral center in Tehran, from April 1, 2015 to April 1, 
2016. Seventy nine NMOSD patients, both with concomitant 
autoimmune diseases (n = 18, case group) and without concomi-
tant autoimmune diseases (n = 61, control group) were enrolled. 
The demographic data consist of gender, current age, NMOSD 
onset age, disease duration, family history of MS and NMOSD, 
smoking habit, passive smoker, and also clinical and laboratory 
data including Expanded Disability Status Scale (EDSS),Annual 
Relapse Rate (ARR) and positivity or negativity of NMO-IgG 
were collected. Data were processed using the Independent t-test 
and the Logistic regression was applied to evaluate association 
among variables.
Results: The female to male ratio was 8:1 in case group and 
4.54:1 in control group. Our results revealed a significant relation-
ship between case and control groups in NMOSD onset age 
(37.50±9.84 vs 30.72±10.87, P value = 0.02, 95%CI = 1.08-
12.47). We found no significant differences in other characteristic 
variables between case and control groups. NMO-IgG positivity 
was 52.9% and 53.4% in case and control group respectively. The 
mean EDSS was 3.27±1.89 in case group and 2.89±2.11 in control 
group but this difference was not statically significant (P 
value>0.05), even after adjusting for gender, age and disease dura-
tion. The mean ARR was calculated 1.18±0.88 in cases and 
0.87±0.71 in controls (P value>0.05).
Conclusions: Basic and clinical studies of the NMOSD associ-
ated with autoimmune diseases are limited and there is no consen-
sus about that. Results of our study demonstrate that several 
autoimmune diseases may co-exist with NMOSD and this co-
existence may enhance the NMOSD onset age and may also 
worsen the disease course. Further studies are needed to investi-
gate the effect of concomitant autoimmune diseases on the course 
of NMOSD.
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Decision-making on radiologically isolated syndrome 
among Argentinean neurologists: a survey based on 
clinical experience

E. Carnero Contentti, J.P. Pettinicchi, A. Caride, P.A. 
Lopez
Neuroimmunology Unit, Department of Neuroscience, Hospital 
Alemán, Buenos Aires, Argentina

Background: Although management of radiologically isolated 
syndrome (RIS) is still a challenge in clinical practice, in the 
absence of evidence-based guidelines, opinion of experts might 
give neurologists some guidance to optimize clinical decision-
making. Our aim was to know current RIS management opinion 
of Argentinean neurologists based on their clinical experience.
Methods: A cross-sectional web-based anonymous voluntary survey 
was performed by Argentinean neurologists. We developed questions 
based on a hypothetical patient with RIS (4 periventricular white mat-
ter and 1 juxtacortical lesions on magnetic resonance imaging -MRI- 
gadolinium negative). General agreement was defined as at least 75% 
of coincidence in the answer to each particular question.
Results: Sixty-six participants completed the survey. There was 
general agreement to follow-up patients, perform further exami-
nations and not to treat RIS patients at presentation. In addition, 
participants agreed to perform a lumbar puncture to evaluate the 
presence of oligoclonal bands (OCB, 82%) and to order a spinal 
cord MRI (75.4%). They did not agree to obtain visual evoked 
potentials (VEP, 50.8%), Brief International Cognitive Assessment 
for MS (BICAMS, 13.1%) or brain volume measures (9.4%). In 
case of positive OCB, altered VEP, BICAMS, brain atrophy or the 
presence of both Gd-negative or Gd-positive lesion on spinal MRI 
at follow-up, a few participants would prescribe treatment to these 
patients (13.1% to 46.7%). In addition, if a brain Gd-positive 
lesion is observed at onset, 43.6% would prescribe treatment. At 
follow-up, there was agreement to perform brain (100%) and spi-
nal (80%) MRI. During the follow-up, only 15.4% would not ini-
tiate treatment in absence of clinical symptoms, regardless of the 
examinations results. In those cases in which a treatment was pre-
scribed, there was agreement in using injectable drugs (78.7%).
Conclusion: These findings give us a first idea about Argentinean 
neurologists decision-making on this entity and may help in the 
development of a practice guideline.
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Pediatric MS
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The central vein sign in paediatric-onset multiple sclerosis

T. Sinnecker1,2, E. Wuerfel3,4, N. Cerda Fuertes1, D. 
Meier2, T. Derfuss1, J. Gärtner4, J. Wuerfel2,5,6

1Neurologic Clinic and Policlinic, Departments of Medicine, 
Clinical Research and Biomedical Engineering, University 
Hospital and University of Basel, 2Medical Image Analysis 
Center AG, 3Child and Youth Health Service, Medical 
Services, Health Department of Basel City, Basel, Switzerland, 
4Department of Pediatrics and Adolescent Medicine, Division 
of Pediatric Neurology, University Medical Center Göttingen, 
Georg August University Göttingen, Göttingen, 5NeuroCure 
Clinical Research Center, Charité Universitätsmedizin Berlin, 
Berlin, Germany, 6qbig, Department of Biomedical Engineering, 
University of Basel, Basel, Switzerland

Background: The diagnosis of paediatric-onset multiple sclerosis 
(POMS) has remained challenging and may thus delay treatment 
decisions. Recently, the central vein sign (CVS) was proposed as 
an additional diagnostic imaging biomarker in adult-onset multi-
ple sclerosis (AOMS).
Objective: To evaluate the diagnostic value of the CVS in POMS.
Methods: We analysed 26 patients with POMS (median age at 
disease onset 14.8 years (range 7.2 - 17.1 years), median disease 
duration 12 months (range 4 - 73 months), median EDSS 1.0 
(range 0 - 3.5)) for the existence of a central vein within lesions on 
highly resolving and co-registered 3D FLAIR and 3D susceptibil-
ity weighted imaging (SWI) at 3 Tesla.
Results: 232 lesions were analysed in total. A central vein was 
detectable within 96 (41%) lesions. All patients with POMS pre-
sented with at least one lesion containing a central vein, while 21 
(81%) had at least two, and 17 (65%) had at least three lesions 
with a central vein. 17 (65%) patients with POMS had 40% or 
more lesions with a central vein.
Conclusion: The majority of all patients with POMS presented 
with cerebral white matter lesions containing a distinct central 
vein, suggesting a high potential of the CVS to improve POMS 
diagnosis in the future. CVS detection may be further improved 
by the selection of dedicated T2*-weighted sequences. Our find-
ings are in line with previous reports in AOMS, and thus underline 
similarities between AOMS and POMS.
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Macular changes in pediatric multiple sclerosis

H. Hummel1, S. Specovius2, A. Kowallick3, P. Huppke1, 
M. Schittkowski3, F. Paul2, A.U. Brandt4, J. Gärtner1

1Department of Pediatrics and Adolescent Medicine, Division 
of Pediatric Neurology, University Medical Center Göttingen, 
Georg August University Göttingen, Göttingen, 2NeuroCure 
Clinical Research Center, Charité - Universitätsmedizin Berlin, 
corporate member of Freie Universität Berlin, Humboldt-
Universität zu Berlin and Berlin Institute of Health, Berlin, 
3Department of Ophthalmology, Section for Strabismus, 
Neuroophthalmology and Oculoplastic Surgery, University 
Medical Center Göttingen, Georg August University Göttingen, 
Göttingen, 4Department of Neurology, University of California, 
Irvine, CA, USA, NeuroCure Clinical Research Center, Charité 
- Universitätsmedizin Berlin, corporate member of Freie 
Universität Berlin, Humboldt-Universität zu Berlin and Berlin 
Institute of Health, Berlin, Germany

Background: Neuroaxonal damage in the retina occurs depend-
ent and independent of clinical optic neuritis in patients with mul-
tiple sclerosis (MS). In adult MS patients retinal imaging markers 
measured by optical coherence tomography (OCT) are promising 
biomarkers for disease course and severity.
Objective: To investigate retinal changes in pediatric MS.
Aims: To elucidate the role of retinal imaging with OCT as a 
potential diagnostic marker in pediatric MS.
Methods: Baseline data from a prospective and ongoing study 
following children with MS at the German Center for Multiple 
Sclerosis in Childhood and Adolescence Göttingen. Controls were 
recruited from healthy volunteers and from patients admitted to 
the hospital for conditions not affecting the retina. Spectral 
domain OCT was performed with Cirrus HD-OCT. Macular reti-
nal nerve fiber layer (mRNFL), ganglion cell and inner plexiform 
layer thickness (GCIP) and outer retinal layer (ORL) volumes 
were investigated.
Results: The study included 115 children with MS (age 182±29 
months, 75 female) and 68 controls (age 165±35 months, 41 
female). In controls mRNFL, GCIP and INL were not signifi-
cantly associated with age or sex.
When comparing all MS patients with controls and correcting for age 
and sex, MS patients had an on average −2.4 mm3 lower mRNFL 
volume (29.66±5.31 mm3, SE=0.621, p=1.215×10-4) than controls 
(31.79±2.57 mm3). Similarly, MS patients had an on average −6.5 
mm3 lower GCIP volume (78.07±10.39 mm3, SE=1.245, p=5.215×10-

7) than controls (84.14±5.01 mm3). In contrast, ORL volume did not 
differ between MS patients and controls (125.25±13.40 mm3 vs. 
125.99±8.75 mm3, B=−0.507 mm3, SE=1.828, p=0.782).
Eyes from MS patients with previous optic neuritis (ON) showed 
significantly reduced GCIP in comparison to control eyes 
(B=−6.981 mm3, SE=0.827, p=0) and eyes from MS patients 
without prior ON (B=−9.074 mm3, SE=1.983, p=4.753×10-6). 
GCIP volume was also reduced in MS eyes without prior ON 
compared to control eyes (B=−3.087 mm3, SE=1.257, p=0.014).
While ORL volume was similar between eyes with history of ON 
and those without, two eyes had greatly increased ORL volumes 
in the context of microcystic macular edema (MME).

Conclusion: GCIP in pediatric MS patients is reduced both after 
ON but also without previous ON suggesting covert retinal neuro-
degeneration in the context of MS also outside of clinically 
defined optic neuritis attacks. Further, children occasionally also 
present with MME after ON.
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Adults with MS show earlier cognitive changes than those 
with pediatric MS

A. Clayton1, A. Belman1, L. Benson2, T.C. Casper3, M. 
Goyal4, J. Graves5, M. Gorman2, Y. Harris6, S. Mar4, 
J. Ness6, T. Schreiner7, E. Waubant5, B. Weinstock-
Guttman8, L. Krupp1, L. Charvet1

1New York University Langone Medical Center, Multiple 
Sclerosis Comprehensive Care Center, New York, NY, 
2Massachusetts General Hospital, Boston, MA, 3University 
of Utah, Salt Lake City, UT, 4Washington University in St. 
Louis, St. Louis, MO, 5UCSF Neurology, San Francisco, CA, 
6University of Alabama at Birmingham, Birmingham, AL, 
7University of Colorado-Denver, Denver, CO, 8University of 
Buffalo, Buffalo, NY, United States

Introduction: Cognitive impairment is common and often disa-
bling in multiple sclerosis (MS), but the risk factors and mecha-
nisms underlying cognitive decline remain poorly understood. 
Pediatric MS (MS onset < 18 years of age) is unique due to the 
demyelinating process occurring in the context of development.
Objectives: To compare cognitive functions in newly diagnosed 
patients with either adult- or pediatric-onset MS (AOMS vs. 
POMS).
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Aim: To test performance in newly diagnosed MS patients using 
the Symbol Digit Modalities Test (SDMT) and a computer-based 
measure sensitive to processing speed deficits (Cogstate).
Methods: As part of an ongoing multi-center longitudinal cogni-
tion trial, AOMS and POMS participants were recruited from out-
patient visits and matched by years of disease. At the baseline 
evaluation, all participants were administered the Wide Range 
Achievement Test-4 (WRAT-4), the SDMT and the Cogstate Brief 
Battery, which includes three measures of information processing 
speed tasks:simple (DET) and choice (IDN) reaction time and 
working memory (ONB). Cogstate scores were converted to 
z-scores and then averaged for one composite z-score.
Results: A total of n=64 participants completed baseline assess-
ments with n= 32 in the AOMS group (mean age 33.36 ± 5.82) 
and n= 32 in the POMS group (mean age 11.31 ± 3.64). All par-
ticipants had relapsing remitting disease and the groups were 
matched for disease duration (4.91 ± 3.05 years for AOMS vs. 
6.38 ± 3.54 for POMS). The POMS group had higher estimated 
premorbid IQ (WRAT-4 reading 112.7 ± 18.5 vs. 105.4 ± 13.4), 
though the result did not reach significance (p=0.07).
Neither group’s cognitive performances fell into the impaired 
range relative to age-normative means. However, the AOMS com-
pared to the POMS group consistently performed significantly 
worse on the SDMT (mean z-score -0.26 ± 1.15 for AOMS vs. 
0.68 ± 1.53 for POMS, p=0.01) and slower on the Cogstate com-
posite (mean z-score of -1.04 ± 1.09 for AOMS vs. 0.35 ± 1.15 for 
POMS, p=0.04). Estimated premorbid IQ was correlated with 
SDMT, but not Cogstate performance (r=0.56 p=0.001 and r=0.13 
p=0.35, respectively). Age of disease onset was significantly neg-
atively correlated with cognitive processing (SDMT: r= -0.32, p= 
0.01 and Cogstate DET: r= -0.33, p=0.02), further indicating that 
older age of onset is associated with greater cognitive 
impairment.
Conclusions: Adult MS is associated with larger cognitive 
involvement than pediatric MS.
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Perspectives on clinical trials in pediatric MS: results of 
an international survey
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Department, national referral center for neuro inflammatory 
diseases in children, Assistance Publique-Hôpitaux de Paris, 
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Introduction and objective: For the first time in the past 5 years, 
pediatric multiple sclerosis (MS) trials have been launched, with 
some fully enrolled or completed. The experience of investigators 
with these recent trials has provided new insights on the feasibility 
and challenges of studies in pediatric MS, which are important to 
understand for future trials.
Method: We conducted a survey of the International Pediatric 
Multiple Sclerosis Study Group membership regarding barriers to 
pediatric MS clinical trials, using a web-based tool.
Results: 58 care providers from 18 countries answered the survey 
of which 38 had participated in a clinical trial. Top challenges for 
providers included the time to set up the trial and obtain local eth-
ics approval, the frequency of study visits and difficulty balancing 
such effort with clinical time, and limited access to part-time clini-
cal trial coordinator support. The frequency of study visits proved 
a barrier to patient recruitment and retention. Ethical concerns, 
raised by both providers and families, included the use of placebo, 
or comparator trials using a drug shown to be inferior to study 
drug in adult MS trials. Providers recommended strategies to 
reduce the number of in-person visits, shorten the time of research 
visits, enable laboratory sampling at sites close to home, and to 
limit the number MRI scans required.
Conclusions: This study highlights important barriers to success 
in pediatric MS clinical trials, and provides suggestions for study 
design that would be more practical for families and clinical trial 
staff.
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Juvenile multiple sclerosis (SOKIDMUS study): 
evaluation of factors associated with socio-professional 
performances in adulthood
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Background: To date, no studies about factors associated with 
socio-professional performances in adulthood in patients with 
juvenile multiple sclerosis (MS) (onset before 18 years of age) 
have been performed, despite studies showing cognitive impair-
ments in these patients.
Goals: We aimed to assess these associations in two subgroups: 
patients with juvenile MS, and patients with ´non-juvenile MS´ 
(aged 18-22 years at MS onset).
Patients and methods. A cross-sectional study nested in the 
´Observatoire Français de la Sclérose en Plaques´ (OFSEP) sur-
vey was conducted with inclusion of 445 patients with a con-
firmed MS diagnosis: 211 with juvenile MS (70.1% female) and 
234 with non-juvenile MS (75.6 % female). Patients were 25 to 35 
years at inclusion in 2015. The variables collected concerned 
baseline demographic, disease and therapeutic characteristics, 
social status, academic level, fatigue status (Modified Fatigue 
Impact Scale 5-item, MFIS5), mental health status (K6 scale), 
recovery level (Recovery assessment scale), self-esteem status 
(Rosenberg´s self-esteem scale) and socio-professional perfor-
mance (´Work and social adjustment scale´, WSAS). The outcome 
was poor socio-professional performance defined as WSAS≥20. 
Descriptive analysis was completed by multivariate analysis with 
logistic regression in the two groups.
Results: In the juvenile MS group, patients were mostly between 
the ages of 15 and 18 at onset (71.1%), 92.8% had a relapsing-
remitting course (92.7% in the non-juvenile group) and 64% were 
working (69% respectively). In multivariate analysis, Expanded 
Disability Status Scale (EDSS) at inclusion > 3 (62 patients out of 
211 ; odds ratio (OR) : 5.1, 95% confidence interval (95% CI) : 
2.1-12.3, p< 0.001), significant fatigue (MFIS5 ≥ 10, 89 patients; 
OR : 14.9, 95% CI : 5.6-39.5, p< 0.001) and risk of depression 
(K6≥13, 43 patients; OR : 3.4, 95% CI : 1.3-9.1, p=0.01) were 
significantly associated with poor socio-professional perfor-
mances in patients with juvenile MS onset. The same factors were 

found for non-juvenile MS patients, in addition to a longer disease 
duration and a lower recovery level. No interaction was found sta-
tistically significant for the two groups.
Discussion: For both groups, factors associated with poor socio-
professional performances are related to disease severity. Social 
interventions could be helpful in these patients.
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Obesity is associated with increased risk of developing 
pediatric multiple sclerosis and frequent failure of first-
line therapy
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Background and Objective: Obesity has been linked to an 
increased risk of pediatric multiple sclerosis (MS) but little is 
known about its influence on disease activity. Analyzing a large 
German pediatric MS cohort, we assessed if obesity is associated 
with greater disease severity.
Methods: Retrospective single center study of patients enrolled in 
the Göttingen pediatric MS database. Radiologic disease activity, 
time interval to second clinical event, annual relapse rate on first-
line therapy and EDSS progression were analyzed and compared 
with respect to body mass index (BMI).
Results: 453 pediatric MS patients were included in the study, 
27.8% were overweight (>P90) and 14.8% obese (>P97) at first 
presentation. Obesity was found to increase risk of pediatric MS 
two-fold in girls and boys. Increased MS risk was related to high 
BMI in both childhood and adolescence. Analyses revealed no 
influence of BMI on severity of disease activity on MRI, time 
interval to second clinical event and short term EDSS progression, 
however, obese subjects were found to experience significantly 
more relapses on first-line treatment with interferon-b and glati-
ramer acetate compared to non-overweight patients and had a 
higher switch rate to second-line therapy.
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Conclusions: Obesity in childhood and adolescence increases 
risk of pediatric multiple sclerosis, however, we found no indica-
tion that obesity also leads to a more inflammatory course of the 
disease. In spite of this, obese patients appear significantly more 
likely to respond poorly to first-line agents and subsequently 
require more frequent escalation of therapy. Normalizing weight 
of pediatric MS patients would therefore significantly alleviate 
disease burden and reduce therapy associated costs.
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Disability outcomes in patients with early cerebellar 
symptoms in multiple sclerosis
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E.K. Havrdova2, M. Trojano3, G. Izquierdo4, S. Eichau4, 
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Introduction: Cerebellar symptoms are a common feature in 
multiple sclerosis (MS). A proportion of patients present with 
these symptoms at or early after their first clinical presentation. 
Whether early cerebellar symptoms have any prognostic value in 
MS is unclear.
Objectives/Aims: The aim of this study was to investigate long-
term disability outcomes in patients presenting with early cerebel-
lar symptoms.
Design/Setting: This retrospective cohort study used prospec-
tively collected data from the MSBase registry, a large interna-
tional observational cohort of MS patients. The studied outcomes 
were cumulative hazard of relapses and disability worsening 
events, confirmed over 6 months with Expanded Disability Status 
Scale (EDSS) scores.
Methods: Inclusion criteria consisted of: diagnosis of relapsing 
MS with ≥1 relapse recorded, first EDSS assessment within 2 
years of patients’ first MS symptom, ≥3 recorded EDSS scores 
and EDSS frequency ≥1/year. Patients with a relapse with cerebel-
lar symptoms or an EDSS score with cerebellar functional score 
≥2 were identified as having early cerebellar presentation. Cox 
proportional hazards models were used to describe and compare 
the probability of remaining free from (i) relapse and (ii) disability 
worsening between patients who presented with early cerebellar 
symptoms and those who did not. Andersen-Gill models were 
used to estimate the cumulative hazard of (i) relapse incidences 
and (ii) disability worsening events. The models were adjusted for 
demographic and clinical factors.
Results: The study cohort consisted of 10,929 eligible MS 
patients, including 2,723 patients with early cerebellar symptoms. 
Shorter median times to first relapse (0.6 vs 1.1 years respectively, 
hazard ratio HR=1.09, P< 0.001) and to first confirmed disability 
worsening event (14.1 vs 17.5 years respectively, HR=1.44, P< 
10-13) were observed for patients with early cerebellar symptoms. 
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Patients with early cerebellar symptoms also had a greater cumu-
lative hazard of relapses (HR=1.15, P< 10-7) and of disability 
worsening events (HR=1.37, P< 10-11).
Conclusions: The presence of early cerebellar symptoms in MS is 
associated with poorer prognosis. Therefore, early cerebellar 
symptoms could potentially be used as an early indicator of the 
need for more aggressive therapeutic approach.
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Factors affecting mortality and causes of death among 
MS patients
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Introduction: People with MS have increased mortality, com-
pared to the general population, but only half, on average, die 
from causes directly related to the disease.
Methods: Among 324 dead patients from the London Ontario 
database (PP = 111; RR = 20; SP = 193), we used Kaplan Meier 
and Cox regression analyses to explore factors, affecting mortality 
and causes of death.
Results: The median time to death from onset was 24 years and 
the median age at death was 60 years. The majority of patients 
(n=210; 64.8%) died from causes related to MS; respiratory dis-
eases (n=116; 55.2%), MS (n=48; 22.8%) and infections (n = 19; 
9%) were the commonest immediate causes of death. In the group 
of dead from causes unrelated to MS (n=114; 35.2%) most of 

patients died from malignancies (n=42; 36.8%), cardiovascular 
(n=31; 27.1%) and cerebrovascular (n=15; 13.1%) diseases. In the 
two subgroups, of dead due and not due to MS, the distribution of 
disease phenotypes (relapsing onset patients: 65.7% vs 65.8%; 
p=0.98), sex ratio (females: 57.6% vs 56.1%; p=0.79) and disabil-
ity at last assessment (median DSS = 8 in both subgroup) were 
similar. Those who died from causes related to MS were younger 
at the disease onset (33.0 vs 36.7 mean years; p=0.03), attained 
death in similar time (23.9 versus 26.0 mean years; p=0.075) and 
were younger at death (57.0 versus 62.7 mean years; p< 0.001). 
Therefore, older age at onset associated with a higher probability 
of dying from MS unrelated causes (OR=1.04; p=0.004), as 
patients grew older and were exposed to a higher risk of develop-
ing comorbidities, such as malignancies, cardiovascular and cer-
ebrovascular diseases. Among the dead due to MS, the time to 
death was not affected by sex, the clinical phenotype, the age at 
onset or by the type of symptoms at clinical presentation. In con-
trast, among the dead not due to MS, time to death was shorter in 
males (males=23.3, females=28.1 mean years; p=0.03), in those 
with a PP course (PP=21.9 versus RR/SP=28.2 mean years; 
p=0.02) and in those older at onset (age ≤ 20 = 30.7, age 21-30 = 
31.0, age > 30 = 23.9 mean years, p = 0.02).
Conclusions: Dead due and not due to MS have similar disease 
duration and disability immediately preceding death, but differ in 
the age at clinical onset, which is associated with different death 
causes. These data question the validity of differentiating whether 
death is directly related to MS or not, and the utility of using DSS 
10 as MS-specific landmark status.

Disclosure
Antonio Scalfari: nothing to disclose
Christian Lederer: nothing to disclose
Martin Daumer: nothing to disclose
Richard Nicholas: nothing to disclose
George Ebers: nothing to disclose
Paolo Muraro: nothing to disclose

Epidemiology

P354
Pregnancy outcomes in Teriflunomide exposed men and 
women. A nationwide Danish registry-based study
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Introduction: The majority of persons diagnosed with multiple 
sclerosis (MS) experience their first MS symptoms in the repro-
ductive age.
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Teriflunomide (TFL, Aubagio â) 14mg, was first released in 
Denmark for relapsing-remitting MS in December 2013. 
Treatment with TFL is contraindicated in women of childbearing 
potential who are not using reliable contraception. TFL can be 
transmitted via semen and a low risk of male-mediated embryo-
foetal toxicity is described.
Objective: To report pregnancy outcomes of TFL exposed women 
and partners to TFL exposed men: gestation week < week 37, 
abortions and congenital malformations, the frequency of caesar-
ean section, live born and stillborn, birth weight and Apgar score.
Methods: Prospective cohort study comparing pregnancy out-
comes of TFL exposed men and women, matched on age at con-
ception, 1:4 with controls from the background population. Data 
on TFL treated patients treated 1st of January 2014 to 31st of 
December 2016 for at least 30 consecutive days prior to concep-
tion, and with conception occurring up to two years after treat-
ment discontinuation were extracted from The Danish Multiple 
Sclerosis Registry and merged with several national reproductive 
registries. Logistic regression was used to analyse the association 
between TFL exposure and any adverse event.
Results: A total of 31 pregnancies were recorded, 18 of partners to 
a TFL exposed man and 13 women. Among these, all 18 partners 
of men exposed to TFL completed their pregnancies: livebirth (18), 
gestation time >37 weeks (17), gestation time 33-36 weeks (1), 
birth weight normal in relation to gestation week (18), spontaneous 
and elective abortion (0), congenital malformation (plagiocephali/
flat head syndrome) (1), normal delivery (14), induced delivery 
(2), caesarean section (2), Apgar score ≥7 (18). Among the 13 
pregnancies in women exposed to TFL: elective abortion (11), 
spontaneous abortion (0), livebirth (2), gestation time >37 weeks 
(2), birth weight normal (2), congenital malformations (0), normal 
delivery (1), induced delivery (1), Apgar score ≥7 (2). The TFL 
group was associated with a 22% reduction in the odds of any 
adverse event relative to controls, although this association was not 
significant (OR 0.78; 95% CI 0.16-3.72, p=0.753).
Conclusion: Pregnancy outcomes were consistent with those of 
the background population. The malformation reported of the 
partner to a TFL exposed man is comparable to the rate of plagio-
cephaly reported in Denmark.
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Robust evaluation of MS prevalence in Sweden based 
on the National Patient Registry data by modelling of 
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Background: Each medical care event (mce) with a diagnosis 
assigned to a patient is mandatory registered in the National 
Patient Registry (NPR). NPR includes all inpatient MS care 
events since 1969 and outpatient visits since 2001. Accurate eval-
uation of MS prevalence is a time consuming task. It involves 
validation of MS diagnosis and access to individual patient’s 
records. Early symptoms of different neurological disorders can 
be misclassified with MS, and patients can possibly get a false MS 
diagnosis under the early clinical period.
Objectives: Evaluation of the actual MS prevalence using NPR 
data by analysing the frequency- and time- distribution of all 
reported MS diagnosis. Assessment of a fraction of false positive 
MS diagnosis in inpatient and outpatient care and analysis of its 
distribution in time.
Methods: NPR includes all the registrations of MS diagnosis 
(mce) based on a medical examination of a patient. Number of 
mce covers a range from 1 to over 100 per patient, dependently on 
MS duration. We analysed the actual mce-distribution using 
Gaussian fit with calculations of residuals of a fitted model. For 
the patients with 1 or 2 confirmations of MS diagnosis we inves-
tigated the time distribution. We checked when patients got 
MS-diagnosis without any further confirmation of MS in later 
years. Such diagnosis were considered as false positive 
MS-diagnosis and excluded from the final evaluations.
Results: We got 20814 living patients with reported MS diagnosis 
until 2013. The distribution of mce showed that the number of 
patients with 1 or 2 diagnosis extended strongly beyond the 
observed distribution for the rest of patients. This suggested that 
false positive MS diagnosis belong almost exclusively to the 
patients having only one confirmation of MS (61% misclassified) 
or two (20%). Analysis of a time distribution of a subgroup with 
mce=1 revealed, that for inpatient care, the number of patients 
with misclassified MS was stable with time with the mean of 27±7 
patients per year and for outpatient care 101±12 per year. Total 
number of patients with misclassified MS in NPR was 2495 
i.e.12% of all registered patients. They were excluded from the 
calculations of MS prevalence. The procedure resulted in 18320 
prevalent MS patients in 2013 i.e. 191/100,000.
Conclusion: New method for evaluation of MS prevalence based 
on MS diagnosis registered in NPR appeared to be a robust one. It 
gave new insights on the level of false positive MS cases reported 
in early MS.
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Inflammatory activity in the cerebrospinal fluid a decade 
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Introduction: The risk of MS subsequent to acute Epstein-Barr 
virus (EBV) infection manifested as serologically defined infec-
tious mononucleosis (IM) is 2.5 - 3 times higher than expected 
from population data. While association between EBV and MS 
was amply confirmed, the reason for the post-IM surplus risk is 
unknown. Both direct causality from persistent reactivity after 
IM, and reverse causality due to EBV specific immunodeficiency 
were proposed, but no hard evidence has been produced in sup-
port of any of these hypotheses. The immunological condition of 
persons who previously experienced acute IM has not been 
investigated.
Objectives: To reveal persistent inflammatory activity or neuro-
degeneration several years after IM. Markers which recently 
showed increased values in MS were selected.
Aims: To examine a direct rather than reverse causality between 
EBV and MS.
Methods: We examined healthy individuals who had serologi-
cally determined IM between 2003 and 2007. Follow-up includ-
ing a questionnaire, a neurological evaluation and a CSF analysis 
was performed. The levels of NFl, CXCL13 and YKL-40 were 
determined with immunochemical methods in the post-IM group 
(n=22), and in MS control (n=23) and healthy control groups 
(n=19) with mean age 30, 36 and 26 years.
Results: The CSF level of YKL-40 was increased in the healthy 
post IM Group, 76.5 (SE 6.21), compared to healthy individuals 
not reporting previous IM experience, 57.7 (SE 6.88) (p t-test = 
0.049, Kruskal-Wallis 0.084). The levels of NFL in the post IM 
group, 283.8 (SE 20.5) did not deviate from those of the healthy 
controls, and CXCL13 was below the detection level in most indi-
viduals. The NFL, CXCL13 and YKL-40 levels were markedly 
increased in the MS patients (p < 0.001), practically acting as 
positive controls.
Discussion: The higher levels of YKL-40 a decade after acute IM 
was suggestive of a direct rather than inverse link between EBV 
infection and subsequent inflammatory state, which may be 

comparable to inflammatory preclinical stages known from MS 
and other autoimmune diseases. YKL-40, which plays a role in 
inflammation, proliferation, and angiogenesis, has been evaluated 
in many inflammatory diseases and is a potential marker for a post 
IM stage, as IM is known to be a risk factor for several mainly 
inflammatory conditions including MS. Thus, further studies on 
the post IM state are warranted.
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Increased risk of MS after organic solvent exposure

I. Boström1, K. Bjornevik2, T. Riise2, K.-M. Myhr2, C. 
Wolfson3, M. Pugliatti4, A.-M. Landtblom5

1Division of Neurology | Department of Clinical and Experimen 
| -, University of Linköping, Karlstad, Sweden, 2University 
of Bergen, Bergen, Norway, 3McGill University, Montreal, 
QC, Canada, 4University of Ferarra, Ferarra, Italy, 5Uppsala 
University, Uppsala, Sweden

Background: Several studies have previously indicated an 
increased risk of multiple sclerosis (MS) after exposure to organic 
solvents. Scientific results, however, have been contradictory and 
there has been debate on this issue. We sought to examine the 
association between exposure to organic solvents and MS risk 
adjusted for other known risk factors.
Method: Reports on prior occupational organic solvent exposure 
were provided by 1197 MS cases and 2361 population-based fre-
quency matched controls from Norway and Sweden within the 
multinational case-control study on Environmental Risk Factors 
in Multiple Sclerosis (EnvIMS).
Results: Exposure to organic solvents was associated with an 
increased risk for MS with an OR of 1.46 (CI 95%: 1.16-1.83). 
The association remained similar in multivariable analyses 
adjusted for other established risk factors including smoking, hav-
ing had infectious mononucleosis or low outdoor activity during 
adolescence as indication of low vitamin D status. In subgroup 
analyses, we found that the risk associated with organic solvents 
was only seen among persons who had smoked (OR=1.53 vs 1.11 
for non-smokers; test for interaction p=0.06) and among those 
who had indication of low vitamin D status during adolescence 
(OR=2.28 vs 1.08 for higher vitamin D-status; test of interaction 
p=0.002).
Conclusion: In this study, we found that prior exposure to organic 
solvents was associated with an increased risk of MS. Interestingly, 
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the increased risk seems to be present only in individuals at 
increased risk by smoking and low vitamin D-status. Potential 
mechanisms include increased permeability of the blood brain 
barrier through solvent exposure, which enables access to the 
CNS for immune competent blood cells triggered in the lungs due 
to tobacco smoking.
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Differential multiple sclerosis treatment allocation 
between Australia & New Zealand impacts on clinical 
course but not quality of life

A.Z.Z. Phyo1, A. De Livera1, G. Jelinek1, C. Brown1, 
E. O’Kearney1, S. Neate1, K. Taylor1, W. Bevens1, S. 
Simpson, Jr.1,2, T. Weiland1

1Melbourne School of Population and Global Health, The 
University of Melbourne, Carlton, VIC, 2Menzies Institute for 
Medical Research, University of Tasmania, Hobart, TAS, Australia

Background: Differential treatment allocation may impact on 
clinical phenotype in MS and in turn upon quality of life (QoL).
Objectives: (a) Investigate the association between disease-mod-
ifying drugs (DMDs) use and relapse frequency, disability, clini-
cally significant fatigue, and physical & mental health-related 
QoL among participants with MS residing in Australia and New 
Zealand (NZ); (b) assess whether these associations differed sig-
nificantly between Australia & NZ.
Methods: Disability and fatigue were measured by PDDS and 
FSS, respectively. QoL was assessed by MSQOL-54. Associations 
were assessed by binomial and multinomial logistic regression, as 
appropriate, adjusted for relevant covariates. Multivariable mod-
els were adjusted for demographic and clinical covariates, as 
appropriate.
Results: 837 participants (627 from Australia; 210 from NZ) 
using DMDs were identified from an online cohort of people with 
MS. First- and second-generation DMD use was associated with 
significantly higher adjusted-odds of fatigue and disability, though 
not with 12-month relapse number. DMD use was not associated 
with physical or mental QoL. The association of first-generation 
DMD use with moderate disability significantly differed between 
nations, such that treatment was associated with lower odds in 
Australia but not in NZ; a similar difference was found for severe 
disability but did not reach significance. No differences were seen 
in the DMD association with relapse number, nor with fatigue or 
QoL, between Australia & NZ.
Conclusion: The differential treatment allocation associations in 
NZ are evident in the DMD-disability association, but there is no 
evidence that this treatment regime has negative associations with 
fatigue, mood, or QoL.
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Risk of mortality in immigrants with MS in Ontario, 
Canada
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1University of Toronto, Toronto, 2University of Waterloo, 
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Objective: To investigate whether mortality rates differ in immi-
grants compared to long-term residents with MS in Ontario, 
Canada after controlling for other known risk factors for 
mortality.
Background: There is little knowledge concerning how long-term 
outcomes in MS may differ based on sociodemographic conditions 
such as immigrant status. This study was conducted in Ontario, 
Canada a region with universal, publicly funded health insurance, a 
large immigrant population, and high MS prevalence.
Methods: We applied a validated algorithm to linked, population-
based immigration and health administrative data to identify inci-
dent cases of MS among adults aged 20 to 65 years between 1994 
and 2014 . Index date was defined by the first demyelinating dis-
ease claim. Long-term residents with MS were matched against 
immigrants in a 1:3 ratio by age and sex. Mortality from MS onset 
was calculated annually from 1994-2014 in immigrants and long-
term residents. A Cox proportional hazards model was used to 
estimate risk of mortality in immigrants compared to long-term 
residents, controlling for age at diagnosis, sex, urban residence, 
neighbourhood income quintile, and co-morbidity burden.
Results: There were 1,372 incident cases of MS in immigrants 
and 21,870 in long-term Ontario residents. Unadjusted survival 
was slightly better in immigrants, with 93% of immigrants alive 
by year 15 versus 88% of long-term residents. After adjusting for 
confounders, the risk of death in immigrants with MS was similar 
to long-term residents with MS at all time points except in the first 
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year after the index date, when the risk was higher in immigrants 
(HR 1.66; 95% CI: 1.05-2.63; p= 0.03). Other significant predic-
tors of mortality risk were older age at diagnosis (HR 6.47 for 
51-65 vs. 20-35 years, p< .0001), male sex (HR 1.42, p< .0001), 
lower neighbourhood income quintile (Q1 vs. Q5 HR 1.40; p< 
.0001), and co-morbidity burden (HR 1.54, p < .0001).
Conclusions: In this large immigrant population with universal 
access to health insurance, risk of mortality did not differ in immi-
grants with MS compared to long-term residents except in the first 
year after presentation. The reason for the difference in the first 
year is unknown, but could be due to later clinical presentation, 
poor social supports, and/or more severe first relapse in immi-
grants. This finding warrants further investigation as some of 
these early deaths may be preventable.
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Hospital admission, discharges and in-hospital mortality 
in multiple sclerosis patients: nationally representative 
data

I.C. George1, R. Brandstadter2, P. Agarwal3, M. 
Dhamoon2, C.-S. Kwon2, N. Jette2,3, M. Mazumdar3, A.K. 
Yeshokumar2

1Icahn School of Medicine at Mount Sinai, 2Neurology, 
3Department of Population Health Science and Policy, Icahn 
School of Medicine at Mount Sinai, New York, NY, United States

Introduction: Patients with MS are at risk for hospitalization. 
Tools to risk-stratify or identify patients vulnerable to admission, 
long hospital stays and adverse outcomes would be beneficial to 
clinicians. Objectives: To investigate the causes and rates of hos-
pital admission, factors associated with discharge status, and 
prevalence of in-hospital mortality in patients with Multiple 
Sclerosis (MS).
Aims: To identify causes of hospital admission and factors associ-
ated with poor outcomes.
Methods: We examined the 2013 National Inpatient Sample, a 
large inpatient care database from the Healthcare Cost and 
Utilization Project, and used ICD-9 code 340 in any diagnosis 
position to identify MS. Age-, sex-, race- and chronic condition 
number-matched admissions without MS were randomly selected 
in a 2:1 ratio (80,781 admissions total). We used discharge 

disposition location as a proxy for morbidity. Primary reasons for 
admission were examined, and survey-weighted multivariate 
logistic regression models were used to calculate odds ratios (OR) 
and determine factors associated with discharge disposition and 
in-hospital mortality.
Results: Out of 26,927 MS admissions, 73% were female, mean 
age was 54.8 years (standard error 0.12), with 1,364 (5%) in-hos-
pital deaths. Mean length-of-stay was 5.3 days and mean comor-
bidities 6. Non-neurologic causes of MS admissions were most 
commonly sepsis (9.3%), urinary tract infections (5.1%), and 
device/implant/graft complications (4.5%). Compared to controls, 
MS admissions had lower odds of discharge home (OR 0.584, 
Confidence Interval (CI): 0.562-0.607, p< 0.0001). Other factors 
associated with discharge to a facility included small hospital size 
(OR 0.84, CI: 0.804-0.877, p< 0.0001), longer length-of-stay (OR 
0.931, CI: 0.927-0.935, p< 0.0001) and rural hospitals (OR 0.771, 
CI: 0.721-0.823, p< 0.001). MS admissions had lower odds of in-
hospital mortality (OR 0.738, CI: 0.656-0.83, p< 0.0001). Patients 
with non-Medicare insurance had higher odds of discharge home 
(Medicaid vs Medicare, OR 2.118, CI: 2.004-2.239, p< 0.0001; 
Other insurance vs Medicare, OR 2.772, CI:2.657-2.893, p< 
0.0001). Elective admissions also had higher odds of discharge 
home (OR 1.494, CI: 1.421-1.572, p< 0.0001).
Conclusions: After hospitalization, MS patients are at greater 
odds of not being discharged home and the non-MS reasons for 
some of these admissions may be preventable. Increased aware-
ness of these risks may help prevent some hospital admissions.
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Prevalence of multiple sclerosis within a healthcare 
delivery system in Northern California: a retrospective, 
electronic, health records-based study from 2010 to 2016

R. Romanelli1, Q. Huang1, J. Lacy1, A. Wong2, L. 
Hashemi2, A. Smith2

1Neurology Department, Palo Alto Medical Foundation 
Research Institute of Sutter Health, Palo Alto, CA, 2Sanofi, 
Cambridge, MA, United States

Introduction: Given the role of both environmental and genetic 
factors in the aetiology of MS, quantifying the local prevalence of 
this condition in geographically distinct regions is important to 
understand its true burden, especially across diverse racial/ethnic 
populations residing in the same region and with access to the 
same healthcare.
Aims: To quantify the prevalence of MS in a healthcare delivery 
system in Northern California, USA.
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Methods: We used an electronic health records database from a 
healthcare delivery system in Northern California, USA to quan-
tify the prevalence of MS in adults ≥18 years of age. Individuals 
who had an International Classification of Disease 9/10 diagnosis 
of MS between 2010 and 2016 were identified. Overall and annual 
prevalence rates were calculated based on the total number of 
patient encounters during the entire study period and during each 
year, respectively. Rates were expressed per 100,000 of the popu-
lation with 95% confidence intervals (CI). For comparisons by 
year, gender, and racial/ethnic groups, rates were age-adjusted 
using logistic regression.
Results: Among 1,508,102 adult patients in the Northern California 
healthcare system between 2010 and 2016, MS prevalence was 311 
(95% CI: 300 to 321) per 100,000 population. There was a signifi-
cant increase in age-adjusted prevalence from 259 (95% CI: 249 to 
271) per 100,000 in 2010 to 358 (95% CI: 344 to 372) per 100,000 
in 2016 (P< 0.0001). A 2.3-fold higher age-adjusted MS prevalence 
was observed for women compared with men (385 and 164 per 
100,000, respectively; P< 0.0001). The highest age-adjusted MS 
prevalence was found among black women (677 per 100,000), 
whereas Asian men had the lowest prevalence (50 per 100,000). 
The age-adjusted prevalence of MS showed a numerical increase 
from 2010 to 2016 across all gender and racial/ethnic subgroups; 
however, only non-Hispanic white women, the largest subgroup, 
showed a significant linear increase in prevalence by year (27 addi-
tional cases per 100,000 population per year; P< 0.0001).
Conclusion: In a healthcare practice-based setting in Northern 
California, the prevalence of MS differed by gender and race/eth-
nicity, and was highest among black women. This study suggests 
that the prevalence of MS in the US is increasing, most notably 
among non-Hispanic white women.
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Factors associated with therapeutic inertia in multiple 
sclerosis care: results from a cross-sectional study in 
Argentina
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Saladino5, B. Silva5,6, F. Caceres5

1Division of Neurology, Department of Medicine, St. Michael’s 
Hospital, University of Toronto, Toronto, ON, Canada, 
2Laboratory for Social and Neural Systems Research (SNS-
Lab), Department of Economics, University of Zurich, Zurich, 
Switzerland, 3Decision Neuroscience Unit, Li ka Shing Institute, 
4Decision Neuroscience Unit, Li Ka Shing Institute, University 
of Toronto, Toronto, ON, Canada, 5MS Clinic, INEBA - 
Neurociencies Institute of Buenos Aires, 6Demyelinating 
Diseases Working Group, Argentine Neurological Society, 
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Introduction: Therapeutic inertia (TI) is a common phenomenon 
in multiple sclerosis (MS) care defined as the lack of treatment 

escalation despiteevidence of disease progression. TI may lead to 
poor patient’s outcomes. However, we have limited information 
on factors associated with TI
Objectives: To evaluate factors associated with TIamong neurol-
ogists caring for MS patients.
Design: Cross-sectional study comprising 117 neurologists with 
expertise in MS who were invited to participate in an online study. 
Participants answered questions regarding their clinical practice, 
risk preferences,management of 10 simulated case-scenarios, and 
complications associated with disease modifying agents. TI was 
defined as lack of treatment initiation or escalation when evidence 
of clinical and radiological activity(8 case-scenarios, 720 indi-
vidual responses). We created a score defined as the number of 
case-scenarios that fit the TI criteria over the total number of pre-
sented cases (score range from 0-8).Candidate predictors of TI 
included demographic data, MS specialist vs. general neurologist, 
practice setting, years of practice, volume of MS patients, and risk 
preferences.
Results: Overall,90 participants completed the study (completion 
rate 76.9%). The mean age (SD)was 46.4 (10.3); 47.7% were 
female neurologists and 34.4% were MS specialists.Overall, 153 
(21.3%) responses that exhibit TI.Participants with aversion to 
ambiguity were more likely to exhibit TI (mean TI score 5.6 vs 
4.3; p< 0.05). Higher TI scores were observed among general neu-
rologists (p=0.003). The multivariable analysis revealed that older 
age (p=0.02), higher aversion to ambiguity (p=0.04), being a gen-
eral neurologist (p< 0.001) and lower years of practice (p< 0.01)
were independent predictors of TI. The adjusted R2 was 0.28.
Conclusions: TI was observed in one out of five therapeutic deci-
sions in MS care. Most common associated factors include older 
age, being a general neurologist with lower years of practice and 
having aversion to ambiguity.
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Observatoire Français de la Sclérose en Plaques (OFSEP): 
an update
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B. Brochet3, M. Clanet4, F. Cotton5, J. De Sèze6, B. 
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J.-P. Neau32, C. Nifle33, C. Papeix7, I. Patry34, C. Pottier35, 
E. Thouvenot36, A. Tourbah37, P. Vermersch38, S. 
Vukusic39, on behalf of the OFSEP investigators
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Univ Lyon, Université Claude Bernard Lyon 1; Hospices Civils 
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Lyon, Lyon, 3CHU de Bordeaux, Bordeaux, 4CHU de Toulouse, 
Toulouse, 5Hospices Civils de Lyon, Lyon, 6CHU de Strasbourg, 
Strasbourg, 7Assistance Publique-Hôpitaux de Paris, Paris, 
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UMR5292; Observatoire Français de la Sclérose en Plaques, 
OFSEP; Université de Lyon, Lyon, France

Introduction: The Observatoire Français de la Sclérose En 
Plaques (OFSEP) is a French national cohort of patients with mul-
tiple sclerosis (MS) and related disorders (neuromyelitis optica 
spectrum disorders ‘NMOSD’…), aiming at collecting clinical 
and MRI data and biological samples in a routine clinical setting, 
to foster clinical, basic and translational research in MS.
Objectives: To update the OFSEP description.
Methods: Patients are followed longitudinally by their neurolo-
gist involved in the OFSEP network, who collects clinical data in 
a computerized medical file, EDMUS. Since June 2013, this col-
lection is standardized, including demographic and socioeco-
nomic characteristics and disease and therapeutic description. 
Since April 2016, serious adverse events are also systematically 
collected. A standardized imaging protocol has been developed 
and is currently implemented in MRI centres nationwide; raw data 
are stored in a server interfaced with Shanoir software. Biological 
samples (blood, cerebrospinal fluid, urine and stool) are collected 

in seven specific subgroups of interest. OFSEP has implemented a 
strategy to improve the quality of its data and samples.
Results: On 15 December 2017, clinical data from all French MS 
expert centres and networks were aggregated: data from 59,477 
patients were available (65% RRMS, 20% SPMS, 13% PPMS, 
2% NMOSD) with mean disease duration of 13.6 ± 10.6 years. 
Standardized MRIs were produced by 24 MRIs centres and 12,482 
cerebral (3D FLAIR, 17%; 2D DP T2, 17%; 3D T1 GADO, 12%) 
and 2,332 spinal sequences (SAG T2, 44%; SAG T1 GADO, 
31%) from 856 patients were available with 319 (37%) patients 
with sequences at several temporal point. Biological samples were 
collected in 12 centres from 771 patients.
Conclusions: Over the last 7 years, OFSEP has improved his data 
quality and extended the patients followed and the variables col-
lected. Its data and samples are open to physicians and research-
ers, public and private entities, in France and abroad. The ultimate 
goal of OFSEP is to answer questions about causes and mecha-
nisms of MS, effectiveness of treatments, prognostic factors of 
disease progression, etc.
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to declare.
Ayman Tourbah has no financial disclosure related to this project 
to declare.
Patrick Vermersch has no financial disclosure related to this proj-
ect to declare.
Sandra Vukusic has received consulting and lecturing fees, travel 
grants and unconditional research support from Biogen, Geneuro, 
Genzyme, Novartis, Merck Serono, Roche, Sanofi Aventis and 
Teva Pharma.

P364
Diet quality is associated with mobility and cognitive 
function in people with multiple sclerosis

K. Fitzgerald1, L. Mische1, M. Beier2, P. Calabresi1, E. 
Mowry1

1Neurology, 2Physical Medicine and Rehabilitation, Johns 
Hopkins School of Medicine, Baltimore, MD, United States

Background: People with multiple sclerosis (MS) are at increased 
risk of metabolic disorders like diabetes and hyperlipidemia. 
Aspects of diet are important determinants of metabolic comor-
bidities in the general population and influence mechanisms rele-
vant to MS (immune/mitochondrial function, oxidative stress and 
action of gut microbiota). However, evidence linking diet with 
objective MS outcomes is sparse.
Objective: To assess the association between diet quality and dis-
ability and neurological function in people with MS.
Methods: We conducted an observational study of people with 
MS who completed MS Performance Test-based (MSPT) assess-
ment of neurologic function and a 153-item food frequency ques-
tionnaire. For each individual, we calculated the Healthy Eating 
Index-2010, which is a composite measure of dietary quality 
favorably weighting an individual’s intake of fruits, vegetables, 
legumes, seafood/plant proteins, whole grains, mono/polyunsatu-
rated fat, other proteins and unfavorably weighting intakes of 
sodium, added-sugars and refined grains. Scores ranged from 0 
(poorest quality) to 100 (optimal quality). We evaluated the asso-
ciation between diet scores and MS outcomes including disability 
(Patient Determined Disease Steps [PDDS]) and objective neuro-
logical outcomes (walking speed, manual dexterity and process-
ing speed) using generalized linear models, as appropriate and 
adjusting for age, sex, disease subtype and duration, years of edu-
cation and body mass index (BMI).
Results: We analyzed data from 277 participants (78% female, 
mean age: 48.2y [standard deviation; SD: 12.7y], mean BMI: 28.2 
[SD: 7.5]) who completed MSPT and diet assessments. 
Participants in the highest quartile of dietary quality had signifi-
cantly higher processing speeds, faster 25-foot walking speeds 
and marginally faster manual dexterity speeds relative to individ-
uals in the lowest quartile (Q4 vs. Q1: adjusted mean difference 
for processing speed 3.87 [95% CI: 0.19-7.55]; P=0.02; for walk-
ing speed: 14% faster [95% CI: 4%-23%]; P=0.009; for manual 
dexterity: 6% faster; 95% CI: -2%-14%; P=0.08). Individuals in 
the highest quartile were also at a significantly lower risk of mod-
erate vs. mild disability (OR: 0.25; 95% CI: 0.07-0.84; P=0.03).
Conclusions: High dietary quality was associated with lesser dis-
ease severity using measures of disability, mobility and cognitive 
function. Longitudinal studies should evaluate if high quality diets 
predict slower rates of disability accrual.

Disclosure
Dr. Fitzgerald has nothing to disclose; Ms. Mische has nothing to 
disclose; Dr. Beier has nothing to disclose; Dr. Calabresi has 
received personal honorariums for consulting from Biogen and 
Disarm Therapeutics. He is PI on research grants to Johns Hopkins 
from MedImmune, Annexon, and Genzyme; Dr. Mowry reports 
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receiving free glatiramer acetate for the investigator-initiated vita-
min D trial, of which she is the PI from Teva Neuroscience pro-
vides. She is also the PI of investigator-initiated studies funded by 
Biogen, Sanofi-Genzyme. She is also a site investigator of trials 
sponsored by Sun Pharma, Biogen and royalties from Up-to-date.

P365
Three dietary patterns consistently demonstrated over 
five years of follow-up in early multiple sclerosis: results 
from the AusLong Study

S. Simpson, Jr.1,2, W. Oddy2,3, B. Taylor2, R. Lucas4,5, L. 
Black6, A.-L. Ponsonby3,4,7, L. Blizzard2, I. van der Mei2, 
Ausimmune/AusLong Investigators Group
1School of Population & Global Health | Neuroepidemiology 
Unit, University of Melbourne, Carlton, VIC, 2Menzies Institute 
for Medical Research, University of Tasmania, Hobart, TAS, 
3Melbourne School of Population and Global Health, The 
University of Melbourne, Carlton, VIC, 4National Centre for 
Epidemiology and Population Health, Australian National 
University, Canberra, ACT, 5Centre for Ophthalmology and 
Visual Science, University of Western Australia, 6School 
of Public Health, Curtin University, Perth, WA, 7Murdoch 
Children’s Research Institute, Parkville, VIC, Australia

Background: Diet may be relevant in multiple sclerosis (MS) 
onset and progression.
Objectives: To examine dietary patterns in a cohort of partici-
pants in the first five years following symptom onset.
Methods: We used the Cancer Council Victoria Food Frequency 
Questionnaire to evaluate dietary intake at baseline and 5-year 
review in a cohort of participants (n=260) in the early stages of 
CNS demyelination. Using iterated principal factor analysis, die-
tary patterns were identified and determinants thereof evaluated 
using linear regression.
Results: Three reproducible dietary patterns which we labelled 
‘Western’, ‘Mixed’ and ‘Prudent’ were independently found at 
baseline and 5-year reviews, these patterns explaining 42.5% & 
41.4, 32.0% & 29.1%, and 30.2% & 37.6% at baseline and 5-year 
reviews, respectively. The Western pattern was positively influ-
enced by processed meats, takeaway, fried foods, confectionary, 
beer and spirits. The Mixed pattern was positively influenced by 
fried and sweet foods and some vegetables. The Prudent pattern 
loaded positively on whole-grains, non-fried fish, some vegeta-
bles, fresh fruits and wine. Those who were overweight or were 
current smokers had on average a higher Western diet score, 
whereas females and those who were middle-aged had a lower 
Western Score. Those using omega-3/6 containing supplements, 
middle-aged adults and those most physically active had higher 
Prudent diet scores. During follow-up, the Western and Mixed diet 
pattern scores decreased, whereas Prudent diet pattern scores 
increased. The change in Western diet score was significantly 
lower among females and those who decreased their BMI, whereas 
the change in Prudent diet score was significantly less among those 
who were current smokers at baseline or who increased their BMI.
Conclusion: Although all three dietary patterns persisted during 
follow-up, there was evidence that some participants improved 

their diet whereas others did not. These findings have implications 
for the health improvement efforts of people in the early stages of 
living with MS.

Disclosure
The Ausimmune and AusLong Studies were funded by the 
National Multiple Sclerosis Society of the United States of 
America (award RG3364A1/2) and the National Health and 
Medical Research Council of Australia (APP316901 and 224215).
The members of the Ausimmune/AusLong Investigators Group 
are as follows: Robyn M Lucas (National Centre for Epidemiology 
and Population Health, Canberra), Keith Dear (University of 
Adelaide, Australia), Anne-Louise Ponsonby and Terry Dwyer 
(Murdoch Childrens Research Institute, Melbourne, Australia), 
Ingrid van der Mei, Leigh Blizzard, Steve Simpson, Jr. and Bruce 
V Taylor (Menzies Institute for Medical Research, University of 
Tasmania, Hobart, Australia), Simon Broadley (School of 
Medicine, Griffith University, Gold Coast Campus, Australia), 
Trevor Kilpatrick (Centre for Neurosciences, Department of 
Anatomy and Neuroscience, University of Melbourne, Melbourne, 
Australia). David Williams and Jeanette Lechner-Scott (University 
of Newcastle, Newcastle, Australia), Cameron Shaw and Caron 
Chapman (Barwon Health, Geelong, Australia), Alan Coulthard 
(University of Queensland, Brisbane, Australia), Michael P 
Pender (The University of Queensland, Brisbane, Australia) and 
Patricia Valery (QIMR Berghofer Medical Research Institute, 
Brisbane, Australia).

P366
Patient-reported loneliness and pessimism are associated 
with EDSS progression after discontinuation of disease 
modifying therapies in multiple sclerosis

C. Vaughn, K. Kavak, B. Weinstock-Guttman
University at Buffalo, New York State Multiple Sclerosis 
Consortium, Buffalo, NY, United States

Background: The large armamentarium of disease modifying 
therapies (DMTs) available to treat multiple sclerosis (MS) has 
contributed to more stable disease. However, there is insufficient 
data available to determine whether DMTs should be discontinued 
in persons with MS (pwMS) with an apparently stable disease 
course.
Objective: To examine whether any clinical or patient-reported 
outcomes (PROs) were associated with time to disability progres-
sion after DMT discontinuation.
Methods: Participants who discontinued DMT, did not resume 
treatment, and had at least three follow-ups, were extracted from 
the New York State Multiple Sclerosis Consortium (NYSMSC). A 
change in Kurtzke Expanded Disability Status Scale (EDSS) 
score of ≥1.0 points, if baseline EDSS < 6.0, or of ≥0.5 points, if 
baseline EDSS ≥6.0, constituted disability worsening. Time to 
event was defined as the duration in months between study enroll-
ment and disability worsening, or date of most recent follow-up in 
case EDSS scores remained stable. Mobility, physical and psy-
chosocial limitations were assessed the follow-up before treat-
ment discontinuation using the LIFEware™ system. Kaplan-Meier 
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survival curves and log-rank statistics were assessed to determine 
differences between patient-reported outcomes (PROs) or other 
clinical outcomes before DMT discontinuation and time to disa-
bility progression. These analyses were followed by Cox propor-
tional hazards modeling to adjust for age at DMT discontinuation 
and EDSS before DMT discontinuation.
Results: A final sample of 96 participants were included in this anal-
ysis. Mean age at DMT discontinuation was 49.6 (SD=12.6) years 
and mean disease duration was 16.0 (11.0) years. During the study 
(mean of 6.1 years ±3.4 years), 24 patients progressed in EDSS 
scores and 72 remained stable. Participants who reported moderate 
to severe loneliness and pessimism before discontinuing DMT were 
more likely to reach EDSS progression sooner than participants who 
reported no or mild loneliness and pessimism (Adjusted Hazards 
Ratio for loneliness = 3.00, 95% CI: 1.22-7.35 and Adjusted Hazards 
Ratio for pessimism = 3.31, 95% CI: 1.27-8.61).
Conclusion: Participants who reported loneliness and pessimism 
before DMT discontinuation were more likely to reach EDSS pro-
gression sooner after DMT discontinuation. This suggests that 
psychosocial PROs, and symptomatic treatment, should be taken 
into consideration when patients and clinicians are contemplating 
DMT discontinuation.

Disclosure
Caila B Vaughn has served as a consultant for Merck/EMD 
Serono.
Bianca Weinstock-Guttman has received honoraria as a speaker 
and as a consultant for Biogen Idec, Teva Pharmaceuticals, EMD 
Serono, Genzyme & Sanofi, Novarties and Acorda. Dr. Weinstock-
Guttman received research funds from Biogen Idec, Teva 
Pharmaceuticals, EMD Serono, Genzyme & Sanofi , Novartis and 
Acorda.
Katelyn S Kavak has nothing to disclose.

P367
Prognostic value of Anti-AQP4 and Anti-MOG antibodies 
in acute idiopathic transverse myelitis group

R.E.a. Ericksson1,2, V. Carvalho Neri3,4, M.P. 
Alvarenga3,4, C.C. Vasconcelos3,4, P.O. Barros4, C.A.M. 
Bento4, R.M.p. Alvarenga3

1Neurologia, Universidade Federal do Estado do Rio de 
Janeiro, 2Neurologia, Hospital Universitario Gaffree e Guinle, 
3Universidade Federal do Estado do Rio de Janeiro, 4Hospital 
Universitario Gaffree e Guinle, Rio de Janeiro, Brazil

Introduction: Acute idiopathic transverse myelitis (MTAI) is an 
inflammatory demyelinating disease, with monophasic or recurrent 
evolution. It may occur as an isolated clinical syndrome or CORE 
syndrome of the Neuromyelitis Optica (NOM) spectrum disorders. 
The presence of anti AQP4 in MTAI characterizes it as NOM spec-
trum disorders, and this reclassification allows the beginning a spe-
cific treatment. Another autoantibody has been studied as a 
biomarker in patients with NOM and high risk AQP4 syndromes, is 
the anti-MOG (oligodendrocyte myelin glycoprotein).
Objective: To test anti-AQP4 and anti-MOG antibodies in a 
cohort of patients with MTAI and to describe the clinical, 

demographic, laboratory and neuroimaging characteristics, ana-
lyzing the prognostic values.
Methods: Thirty patients with MTAI (Transverse Myelitis 
Consortium Working Group, 2002) attended in Rio de Janeiro / 
Brazil, whose anti-AQP4 and anti-MOG investigations were per-
formed using the Cell Based Assay (CBA) method, from January 
2016 to December 2017. Clinical, demographic, laboratory, and 
neuroimaging data were analyzed. The Expanded Disability Status 
Scale (EDSS) analyzed the disability in two years from diagnosis.
Results: The majority of the cases were women (83.3%), Afro-
descendant (63,3%). Recurrent clinical course was the most prevalent 
(60%). Neuroimaging studies, observed 60% with extensive lesions 
(LEMT) and 40% of small lesions (NEMT). In group of LEMT, 
44,5% was AQP4 positive patients and one case of LEMT was anti-
MOG positive and AQP4 negative. This case is a male, afro-descend-
ant, young age, monophasic course with completely recovery and 
EDSS zero. A clinical evaluation was analyzed by the median of 
EDSS; in the group of LEMT, AQP4 positive was 1,5; AQP4 nega-
tive, was4,0. In the group of NEMT, de median was 1,0.
Conclusion: In Brazilian patients MTAI, the median of EDSS in the 
group of LEMT AQP4 positive was lower than AQP4 negative group. 
Finally, the only case with anti-MOG positive was the best EDSS.

Disclosure
Nothing to disclose.

MS and gender

P368
Disease-modifying therapies for multiple sclerosis in 
association with pregnancy: a Swedish nation-wide cohort 
study

A. Gorczyca1,2, P. Alping1, T. Frisell1, F. Piehl1, A. 
Langer-Gould3, K. Fink1,2

1Department of Clinical Neuroscience, Karolinska Institute, 
2Department of Neurology, Karolinska University Hospital, 
Stockholm, Sweden, 3Department of Research and Evaluation, 
Kaiser Permanente, Pasadena, CA, United States

Background: Multiple Sclerosis (MS) predominantly affects 
women of childbearing age. Disease-modifying therapies (DMTs) 
reduce the risk of future neurological disability, but data on poten-
tial negative effects on birth outcomes for more novel DMTs is 
still limited. While interferons and glatiramer acetate are consid-
ered safe at time of conception, discontinuation before planning 
pregnancy is typically recommended for more effective oral and 
biological DMTs. Hence, women may be at risk of relapses during 
the period between DMT discontinuation and the expectedly pro-
tective effects of pregnancy.
Objective: To describe DMT use, birth outcomes and relapse 
rates among women treated with DMTs shortly before pregnancy 
in a nation-wide cohort.
Methods: MS disease characteristics including treatment episodes 
given within 2 weeks preconception and relapses were extracted 
from the Swedish MS Register and data on pregnancies and birth 
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outcomes from the Swedish Medical Birth Register. We identified 
women who had undergone pregnancies until at least 22 weeks of 
gestation during the period of Jan 1st 2011 - Dec 31st 2016.
Results: Out of 1211 pregnancies, 446 were exposed to DMTs 
during the observed time period. Eight pregnancies were exposed 
to 2 different DMTs, contributing to 2 exposed pregnancies each. 
Thus, the number of exposed pregnancies amounted to 454, of 
which 200 were exposed to injectable interferons, 122 to natali-
zumab, 58 to rituximab, 49 to glatiramer acetate, 13 to dimethyl 
fumarate, 4 to fingolimod and 2 to alemtuzumab. The remaining 6 
pregnancies followed hematopoietic stem cell transplantation at 
some point before the defined time period.
Conclusions: Along with first-line injectable DMTs, natali-
zumab and rituximab were the most commonly prescribed DMTs 
in women shortly before pregnancy. With regard to rituximab this 
represents the largest cohort reported so far. Data on safety 
aspects, including neonatal and delivery outcomes, and disease 
activity parameters will be included in the final presentation. 
Findings will be of importance for risk-benefit assessments in 
relation to pregnancy planning for women exposed to MS DMTs.

Disclosure
AG: nothing to disclose.
PA: nothing to disclose.
FP has received research grants from Biogen, Novartis, and 
Genzyme, and fees for serving as Chair of DMC in clinical trials 
with Parexel.
ALG: nothing to disclose.
KF has received an unrestricted research grant from Biogen and 
has served on advisory boards for Teva, Merck and Roche. K.F. 
has held lectures for Merck and Biogen.

P369
What is the impact of natural menopause on multiple 
sclerosis? An Italian, multicentre, retrospective, 
observational study

D. Baroncini1, P. Annovazzi1, N. De Rossi2, G. Mallucci3, 
V. Torri Clerici4, S. Tonietti5, V. Mantero6, M.T. 
Ferrò7, M.J. Messina8, V. Barcella9, L. La Mantia10, M. 
Ronzoni11, C. Barrilà12, R. Clerici12, E. Susani13, M.L. 
Fusco14, L. Chiveri15, L. Abate16, O. Ferraro17, R. Capra2, 
E. Colombo3, P. Confalonieri4, M. Zaffaroni1, on behalf of 
rete SM Lombardia (network of MS centres in Lombardy)
1Multiple Sclerosis Centre, ASST Valle Olona, Gallarate 
Hospital, Gallarate (VA), 2Multiple Sclerosis Centre, Spedali 
Civili di Brescia, Montichiari (BS), 3Inter-Department Multiple 
Sclerosis Research Centre, IRCCS Mondino Foundation, Pavia, 
4Department of Neuroimmunology and Neuromuscular Diseases, 
Neurological Institute C. Besta IRCCS Foundation, 5ASST Santi 
Paolo e Carlo - PO San Carlo Borromeo, Milan, 6Neurological 
department, ASST Lecco, Lecco, 7Neuroimmunology, Center 
for Multiple Sclerosis, Cerebrovascular Department, ASST 
Crema, Crema, 8Neurology department, IRCCS Policlinico San 
Donato, San Donato Milanese (MI), 9USS Malattie Autoimmuni, 
ASST Papa Giovanni XXIII, Bergamo, 10Riabilitazione 
Neuromotoria - Centro Sclerosi Multipla, IRCCS Santa Maria 

Nascente, Fondazione Don Carlo Gnocchi, Milan, 11ASST 
Rhodense, Ospedale “G. Salvini”, Garbagnate Milanese 
(MI), 12Department of Neurology, Valduce Hospital, Como, 
13Neurology, Neuroscience Department, ASST Grande ospedale 
metropolitano Niguarda, 14ASST Monza, Ospedale San Gerardo, 
Clinica Neurologica, Milan, 15Dipartimento di Neuroscienze, 
ASST Ovest Milanese, Ospedale di Legnano, Legnano (MI), 
16Neurological Unit, ASST Valtellina e Altolario, Sondrio, 
17Department of Public Health Experimental and Forensic 
Medicine, Unit of Biostatistics and Clinical Epidemiology, 
University of Pavia, Pavia, Italy

Introduction: it is still not clear what happens to women with mul-
tiple sclerosis (MS) during menopausal transition: some studies have 
shown a worsening of subjective symptoms after menopause (MP)1, 

2, while one found a higher disability accumulation after MP3.
Objective: Last year we presented data on 84 patients, now we 
present data of a larger population.
Methods: we included women with MS and a natural MP onset 
after 2005. Exclusion criteria: MS onset < 3 years pre-MP, pri-
mary progressive MS, date of MP uncertain, previous use of 
cyclophosphamide/mitoxantrone, hysterectomy/endometrial 
ablation, neoplasm/HIV, use of hormonal replacement therapy 
(HRT) < 3 years pre-MP. The observation period was set at 2-4 
years pre and post-MP. Main outcomes were comparisons of ARR 
and EDSS scores pre/post-MP (ANOVA repeated measures). 
Possible confounders included in the analyses were: age at MP, 
MS duration, cigarette smoking, nulliparity and HRT post-MP. 
The analyses were repeated excluding women who suspended 
natalizumab (NAT) or fingolimod (FTY) during observation (con-
founder effect due to iatrogenic disease reactivation/rebound).
Results: we included 148 women from 16 centres in Italy (age at 
MP: 50.3±3.8 years, MS duration: 14.9±8.1 years). Observation 
period was about 3.5 years pre/post-MP. Cigarette smokers were 
43 (29%), nulliparous were 39 (26%), 5 received HRT post-MP. 
At MP median EDSS score was 2.0. The majority of patients 
(93%) received DMTs during the observational period: 101 (68%) 
only first-line drugs (IFNs, glatiramer acetate, dimethyl fumarate, 
teriflunomide), 4 only second-line drugs (FTY, NAT, alemtu-
zumab), 31 (21%) both types of drugs. Most of subjects (78%) 
started DMTs before MP (6.6±3.9 years pre-MP). Twelve patients 
suspended NAT/FTY treatment during observation. ARR signifi-
cantly reduced after MP with respect to pre-MP period (0.13±0.24 
Vs 0.22±0.31, p=0.002). EDSS score increased significantly dur-
ing the whole observation (p< 0.001), but the main differences 
were found after MP (p< 0.001), especially after excluding women 
with NAT/FTY interruption (EDSS score increased of 0.27 points 
and 0.46 points 2 and 4 years after MP). No interactions were 
found adjusting for possible confounders.
Conclusion: after MP ARR significantly decreases, while disabil-
ity significantly increases. These results are in agreement with our 
previous work and literature3. Natural MP could be a turning point 
to a less inflammatory, progressive phase of disease.

Disclosure
Damiano Baroncini received travel grants from Genzyme, 
Merck and Biogen for participation at national and international 
congresses; he received speaking honoraria from Sanofi and 
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Novartis, and personal compensation from Almirall for scien-
tific publication.
Pietro Annovazzi received honoraria for lecturing and participa-
tion in advisory boards, and/or travel expenses for attending con-
gresses and meetings from Merck, Biogen, Teva, Sanofi-Genzyme, 
Mylan, Almirall, Roche and Novartis.
Nicola De Rossi received speaker honoraria from Biogen Idec, 
Genzyme, Novartis, Sanofi-Aventis; received funding for partici-
pation in advisory board to Novartis and Genzyme-Sanofi and for 
travel to scientific meetings from Biogen Idec, teva, Sanofi-
Genzyme, Roche, Almirall and Novartis
Giulia Mallucci received support to travel to scientific meetings 
from Bayer Schering, Biogen Idec, Genzyme, Merck Serono, 
Novartis, Roche, Sanofi-Aventis, Teva; received speaker hono-
raria from Biogen Idec and served on the scientific advisory board 
for Biogen, Genzyme and Merck Serono
Valentina Torri Clerici acted as an Advisory Board member of 
Novartis and Merck-Serono, received funding for traveling and 
honoraria for speaking or writing from Teva, Biogen, Genzyme, 
Merk-Serono and Almirall. She received support for research 
project by Almirall.
Simone Tonietti received honoraria for lecturing from Teva and 
Sanofi-Genzime, for writing from Teva, for participation in advi-
sory boards from Merck and Biogen and for travel expenses for 
attending congresses and meetings from Merck, Biogen, Teva, 
Sanofi-Genzyme and Novartis.
Maria Josè Messina received funding for traveling and honoraria 
for speaking or writing from Genzyme.
Marco Ronzoni received travel grants for congresses participation 
from Biogen, Genzyme, Novartis e Merck. He received honoraria 
for conferences organization from Biogen. He received honoraria 
from Merck, Novartis, Biogen for advisory boards participation.
Valeria Barcella received speaking honoraria and/or consultant fees 
from Biogen Idec, Merck Serono, Bayer, Sanofi- Genzyme, Novartis.
Vittorio Mantero received honoraria for participation to advisory 
boards and/or travel expenses for attending congresses and meetings 
from Merck, Biogen, Teva, Sanofi-Genzyme, Roche and Novartis.
Paolo Confalonieri has been a board member of Biogen Idec, 
received travel grants from Sanofi, Biogen and Merck Serono.
Ruggero Capra has received consulting fees from Biogen, Teva, 
Genzyme, Merck Serono, and Novartis.
Mauro Zaffaroni has received honoraria for lecturing or participa-
tion in advisory boards, and financial support for attending con-
gresses from Almirall, Biogen Idec, Genzyme, Merck Serono, 
Novartis, and Teva.
Emanuela Susani, Maria Letizia Fusco, Caterina Barrilà, Luca 
Chiveri, Loredana La Mantia, Maria Teresa Ferrò, Raffaella 
Clerici, Ottavia Ferraro, Elena Colombo and Lucia Abate have 
nothing to disclose.

P370
Pregnancy and obstetrical outcomes in women with RRMS

C. Oreja-Guevara1, M. Alonso-Sepulveda1, M. 
Kawiorski1, M. Luque Alarcon1, P. Lafuente-Gonzalez2

1Neurology, Hospital Clinico San Carlos, 2Hospital 
Universitario la Paz, Madrid, Spain

Introduction: Multiple sclerosis (MS) commonly affects young 
women of childbearing age who also frequently face issues related 
to becoming pregnant. There are some myths and doubts about 
pregnancy, newborns and progression of MS, causing many 
patients to fear becoming pregnant.
Objective: To study the pregnancy and obstetrical outcomes of 
RRMS patients in a prospective spanish cohort
Methods: Observational study. We followed-up prospectively 
those MS patients who wanted to become pregnant, their pregnan-
cies and twelve months post-partum for four years. We collected 
information about concomitant diseases, contraceptive methods, 
artificial reproductive techniques (ART), DMTs, anaesthesia, kind 
of delivery and outcomes of the newborns. We compared these 
data with data of the Spanish population.
Results: From a cohort of 1166 patients, 60 pregnant (patients?) 
with 76 pregnancies were followed in the last 4 years. The Mean 
age was 35 ( 25-43) , mean BMI 20, mean disease duration 75 
months, 65% were treated with DMTs before pregnancy. 22% 
were smokers and 15% moderate alcohol consumers. 17% 
received ARTs. 20% (verb: e.g. had/experienced) spontaneous 
abortion in the first trimester and 9% (verb: e.g. had/developed 
gestational diabetes. Mean duration of pregnancy was 39 + 1,7 
weeks. C-sections was performed in 23% of the patients. 18% of 
patients didn´t receive anaesthesia during vaginal birth. All preg-
nancies resulted in live births, with no complications. Only 2% of 
malformations in newborns were reported. The mean birthweight 
was 3120 gr. Newborns of patients with moderate alcohol con-
sumptionbefore the pregnancy has a trend of less weight at birth 
(300mg less). When we compare these data with the national and 
obstetrical spanish register there were no significant differences.
Conclusions: MS patients have very similar pregnancy and 
obstetrical outcomes as the generalSpanish population. Newborns 
have similar outcomes as the newborns of the spanish population 
register, In conclusion there are no obstetrical or neurological rea-
sons to avoid pregnancy in MS patients

Disclosure
Celia Oreja-Guevara received honoraria as speaker from Biogen-
Idec, Roche, Merck-Serono, Teva, Genzyme and Novartis.
Marina Alonso-Sepulveda:nothing to disclose
Miguel Kawiorski:nothing to disclose
Monica Luque Alarcon: nothing to disclose
Pilar Lafuente-González:Speaking and/or consultancy honoraria 
from Biogen and Sanofi

MS symptoms

P371
Characteristics and treatment of multiple sclerosis - 
related trigeminal neuralgia: an Italian multi-centre study

D. Ferraro1, P. Annovazzi2, M. Moccia3, G. De Luca4, V. 
Nociti5,6, R. Fantozzi7, D. Paolicelli8, P. Ragonese9, A. 
Gajofatto10, L. Boffa11, P. Cavalla12, S. Lo Fermo13, M.C. 
Buscarinu14, L. Lorefice15, C. Cordioli16, M. Calabrese10, 
A. Gallo17, F. Pinardi18, C. Tortorella19, M. Di Filippo20, 
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V. Camera1, G.T. Maniscalco21, M. Radaelli22, F. Buttari7, 
V. Tomassini23, E. Cocco15, C. Gasperini19, C. Solaro24, 
RIREMS (Rising Researchers in MS)
1Department of Biomedical, Metabolic and Neurosciences, 
University of Modena and Reggio Emilia, Modena, 2MS 
Center, ASST Valle Olona, Gallarate Hospital, Varese, 
3Department of Neuroscience, Federico II University of 
Naples, Naples, 4Neurology Unit, Policlinico SS. Annunziata, 
Chieti, 5Fondazione Policlinico Universitario ‘A. Gemelli’, 
Catholic University, Rome, 6Fondazione Don Gnocchi Carlo 
Onlus, Milano, 7Neurology Unit, IRCCS Neuromed, Pozzilli, 
8Department of Basic Medical Sciences, Neuroscience and 
Sense Organs, University of Bari, Bari, 9Department of 
Experimental Biomedicine and Neurosciences, University of 
Palermo, Palermo, 10Department of Neuroscience, Biomedicine 
and Movement, University Hospital of Verona, Verona, 
11Neurology Unit, Tor Vergata Hospital, Rome, 12Department 
of Neurosciences and Mental Health, AOU City of Health 
& Science University Hospital, Turin, 13MS Center, A.O.U 
Policlinico-Vittorio Emanuele, Catania, 14Department of 
Neurosciences, Mental Health and Sensory Organs, Sapienza 
University, Rome, 15Department of Medical Sciences and Public 
Health, University of Cagliari, Cagliari, 16MS Center, Brescia 
Spedali Civili, Montichiari Hospital, Brescia, 17Department of 
Medical, Surgical, Neurological, Metabolic and Aging Sciences, 
Campania University “L. Vanvitelli, Naples, 18UOSI Multiple 
Sclerosis Rehabilitation, IRCSS Bologna, Bologna, 19Department 
of Neurosciences, San Camillo Hospital, Rome, 20Medicine 
Department, University of Perugia, Perugia, 21Neurology Unit, 
Cardarelli Hospital, Naples, 22Department of Neurosciences, 
San Raffaele Hospital, Milan, Italy, 23Universirt Hospital of 
Wales, Cardiff, United Kingdom, 24Rehabilitation Department, 
Mons. L. Novarese, Moncrivello, Vercelli, Italy

Background: The prevalence of trigeminal neuralgia (TN) in 
Multiple Sclerosis (MS) patients is higher than in the general pop-
ulation. Patients whose pain is insufficiently relieved by medica-
tion require invasive treatment, although studies on outcomes of 
surgically treated MS-related TN patients suggest higher recur-
rence rates and lower pain-free responses compared to idiopathic 
TN.
Objective: Aim of this retrospective, multicenter study was to 
gather information on the characteristics of MS patients with TN 
and on their medical and surgical treatments.
Methods and Materials: Neurologists members of the RIREMS 
(Rising Researchers in MS) group, were asked to identify patients 
with TN from their available clinical records and to fill out a data-
base comprising their clinical data, and information on medical 
and surgical treatments carried out in each patient.
Results: Patient population consisted of 298 patients (179F, 
119M, mean age: 57 +/-11 years) with a mean age at TN onset of 
48 +/-11 years, and a mean EDSS at onset of 4 +/-2. Pain was most 
frequently located in the territory of the third trigeminal branch 
and was bilateral in only 4% of cases. Carbamazepine was the 
most frequent preventive treatment, prescribed as a first choice in 
52% of cases, followed by oxcarbazepine (20%), gabapentin 
(14%) and pregabalin (10%). The first-choice treatment was 
mostly discontinued due to inefficacy (48%) or adverse events/

tolerability issues (40%), with only 12% of patients discontinuing 
it due to pain remission. A second, third or fourth preventive treat-
ment was prescribed, either in combination or sequentially, in 43, 
12 and 4% of patients, respectively. First-choice symptomatic 
treatments were intravenous steroids (44%), NSAIDs (20%) and 
opioids (17%). Surgery was performed in 81 (30%) patients, most 
commonly gamma knife stereotactic radiosurgery (37%), fol-
lowed by microvascular decompression (22%) and radiofre-
quency thermocoagulation (21%). A second surgical procedure 
was carried out in 32% of these, and a third procedure in 10%. The 
majority of patients (77%) are currently being treated for TN; of 
these, 19% require a combination of at least two medications.
Conclusion: Long-lasting pain remission in MS-related TN was 
uncommon in our study population, with over one third of surgi-
cally treated patients undergoing a repeat surgical procedure and 
with 77% of all patients requiring at least one preventive medica-
tion after a mean period of 9 (+/-7) years from TN onset.
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Italia, Biogen, Almirall, Novartis, Sanofi-GenzymeCT has served 
on advisory boards and/or has received travel grants and/or 
speaker honoraria from Merck Serono, Roche, Teva Italia, Biogen, 
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P372
Thoracic flexion provokes and localizes thoracic lesions in 
multiple sclerosis: a new clinical sign

A.T. Reder
Neurology, University of Chicago, Chicago, IL, United States

Objective: Determine whether local spine flexion can discrimi-
nate thoracic from cervical MS lesions.
Background: Lhermitte’s sign/symptom indicates there is a cer-
vical cord lesion due to an MS plaque or other cause. New lesions 
may not be apparent on cervical MRI, the Clinical/MRI paradox, 
although there may be prior MRI activity. Some MS patients have 
thoracic symptoms such as a sensory band, usually at T6-8, the 
“MS hug.” Is it due to cervical or thoracic lesions?
Design and methods: 25 MS patients with potential thoracic cord 
lesions performed two maneuvers: 1) Rapid neck flexion, with 
flexion maintained briefly, and also rapid neck extension, and 2) 
Rapid thoracic flexion with the neck straight and immobile.
Results: Thoracic flexion was positive in 9 of 15 patients with 
recent onset thoracic cord symptoms such as a thoracic sensory 
band. Their pain or dysesthesia was provoked or worsened and 
radiated around the chest or from the thoracic spine then down to 
the legs. There was no cervical Lhermitte’s sign elicited by this 
maneuver, even when it could be provoked with neck flexion. The 
thoracic flexion symptom was seldom positive when cord symp-
toms had appeared in the remote past, as in 10 additional patients. 
The maneuver is difficult when patients are corpulent, physically 
inactive, or have abdominal muscle weakness.
Conclusions: Thoracic flexion, a thoracic “crunch,” can elicit an 
electrical sensation. This is usually associated with recent thoracic 
cord lesions and is likely to be independent of cervical pathology. 
As with cervical cord symptoms on neck flexion, this sign may 
help localize MS plaques, even when MRI is negative.
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Assessing fatigue in multiple sclerosis: psychometric 
properties of the 5-item MFIS questionnaire

V. Meca-Lallana1, M. Brañas2, Y. Higueras3, A. 
Candeliere-Merlicco4, P. Carrascal5, O. Rodríguez-
De la Fuente6, E. Salas2, C. Amorós2, J. Maurino2, J. 
Ballesteros7

1Hospital Universitario La Princesa, 2Medical Department, 
Roche Farma, 3Hospital Universitario Gregorio Marañón, 
Madrid, 4Hospital Rafael Méndez, Lorca, 5Esclerosis Múltiple 
España, 6Hospital Universitario Puerta de Hierro, Madrid, 
7University of Basque Country, Leioa, Spain

Introduction: Fatigue in multiple sclerosis (MS) is a key symp-
tom associated with work-related problems and poor quality of life 
outcomes. The 5-item Modified Fatigue Impact Scale (MFIS-5) is 
a brief self-assessment tool for measuring the impact of fatigue on 
cognitive, physical and psychosocial function. However, limited 
information is available on the psychometric performance of the 
MFIS-5 in patients with MS.
Objective: To assess the factor structure and construct validity of 
the MFIS-5 in the management of MS.
Methods: A multicenter, non-interventional, cross-sectional 
study in adult patients with MS (McDonald 2010 criteria) was 
conducted. A non-parametric item response theory (IRT) proce-
dure, Mokken analysis, and confirmatory factor analysis (CFA) 
were performed to assess the factor structure of the MFIS-5. A 
graded response model (GRM or Samejima’s model) was con-
ducted to determine items characteristics.
Results: A total of 302 patients were studied (mean age = 42.3 ± 
10 years, 64.2% female, 90.4% with relapsing-remitting MS). 
Mean Expanded Disability Status Scale (EDSS) score: 2.6 ± 1.9. 
The Mokken analysis found the MFIS-5 is a strong one-dimen-
sional scale (overall scalability index H = 0.67) with high reliabil-
ity (Cronbach’s alpha = 0.90). The CFA model confirmed the 
one-dimensional structure (Comparative fit index = 1.0, RMSEA 
= 0.035). Samejima’s model fitted well an unconstrained model 
with different item difficulties. The item characteristic curve 
showed all items presented appropriate shape and difficulty 
parameters. Items #2 (“limited to do things away from home”), #3 
(“had trouble maintaining physical effort for long periods”), and 
#4 (“less able to complete tasks requiring physical effort”) repre-
sent 80.4% of the total information.
Conclusions: The MFIS-5 shows appropriate psychometric char-
acteristics as a patient-reported outcome. MFIS-5 may constitute 
a valuable and easy-to-implement addition to measure in clinical 
practice the impact of fatigue in patients with MS.
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P374
Social support reduces the impact of chronic pain in 
individuals with physical disability: a longitudinal study

M. Jensen, A. Silverman, K. Alschuler, I. Molton
Rehabilitation Medicine, University of Washington, Seattle, WA, 
United States

Introduction: Chronic pain is common in individuals with multi-
ple sclerosis (MS), and can have a negative impact on function. 
However, the presence of social support may buffer these negative 
effects. If social support is found to reduce the negative effects of 
pain on function, then social support could be a viable treatment 
target for individuals with MS and pain.
Methods: Individuals with MS endorsing at least some pain 
completed surveys assessing demographic variables (age, sex), 
pain intensity (0-10 NRS of average pain intensity), pain inter-
ference (Patient-Reported Outcomes Measurement Information 
System Pain Interference [PROMIS] item bank scales) and per-
ceived social support (Multidimensional Scale of Perceived 
Social Support) on two occasions, separated by about 3.5 years 
(Timepoints 1 and 2). Regression analysis examined the ability 
of baseline social support to prospectively predict subsequent 
changes in pain interference, controlling for changes in pain 
intensity.
Results: 196 individuals (mean age: 53.87 years; 82% women) 
with MS and pain completed the measures. Change in pain intensity 
contributed significantly to the prediction of change in pain interfer-
ence, controlling for demographic variables (R-square change = 
.19, F-change (1,231) = 44.66, p < .001). In addition, Timepoint 1 
social support predicted change in pain interference over time, even 
after controlling for change in pain intensity (R-square change = 
.02, F-change (1,191) = 4.91, p = .042). Post-hoc tests found that 
those endorsing higher baseline social support reported subsequent 
decreases in pain interference (Mean PROMIS pain interference 
difference score = 2.08, SD = 9.20), while those endorsing lower 
baseline social support evidenced increases in pain interference 
(Mean = -0.90, SD = 8.55) over the next 3.5 years.
Conclusions: The findings indicate that higher levels of perceived 
social support is associated with subsequent improvements over 
time in pain interference for individuals with MS and pain, even 
when controlling for changes in pain intensity. On the other hand, 
lower levels of social support prospectively predict increases in 
pain interference. The findings are consistent with other research 
indicating multiple health benefits from the presence of social sup-
port. Research to develop and evaluate the benefits of interventions 
that enhance social support in individuals with MS and pain is 
warranted.
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Fatigue and motor disability in African Americans with 
multiple sclerosis

M. Petracca1, M. Margoni2, G. Boffa3, A. Droby1, M.M. 
El Mendili1, S. Paduri1, O. Dobrich1, D. Kurtz1, C. Riley4, 
J. Howard5, S. Klineova1, M. Inglese1,3

1Icahn School of Medicine at Mount Sinai, New York City, 
NY, United States, 2University of Padua, Padua, 3University 
of Genoa, Genoa, Italy, 4Columbia University, 5New York 
University, New York City, NY, United States

Objective: To investigate the impact of fatigue on motor disabil-
ity in African Americans (AAs) with multiple sclerosis (MS).
Background: Fatigue is one of the most frequent (prevalence 
50-90%) and burdensome symptoms of MS, adversely affecting 
patients’ quality of life and ability to work. Although the disease 
course tends to be more severe in African American (AA) than in 
Caucasian (CA) patients, with increased occurrence of multifocal 
signs and symptoms, a greater risk for secondary progression and 
a poor response to disease-modifying therapies, the role of fatigue 
in modulating motor disability in AAs has never been explored.
Methods: Fourteen AA patients (13F, mean age 40.12 ± 11.25 yrs, 
mean disease duration 4.93 ± 4.16 yrs, median EDSS 1.7) and 9 
AA healthy controls (3F, mean age 36.98 ± 8.07 yrs) were pro-
spectively enrolled as part of an ongoing longitudinal study. In all 
subjects, fatigue and depression were estimated using the 
Modified Fatigue Impact Scale (MFIS) and the Beck Depression 
Inventory (BDI). An extensive motor evaluation was performed 
that included: 9-hole peg test (9-HPT), grooved pegboard test 
(GPT), 25-foot walk test (25-FWT), 2-minutes walk test 
(2-MWT), grip strength, arm muscle strength. Between- group 
comparison was performed with Mann-Whitney test, while cor-
relations were tested with Spearman correlation coefficient.
Results: AA patients and controls did not differ in terms of MFIS 
or BDI scores (25.21 ± 17.17 vs 20.11 ± 17.93, p=0.44; 9.00 ± 
8.71 vs 6.22 ± 5.97, p=0.35, respectively). Three AA patients and 
2 HC presented a clinically meaningful MFIS score (total 
score>38). MFIS score was correlated with BDI score in both 
groups (r=0.70, p=0.006 and r=0.73, p=0.023, respectively), but a 
significant correlation between motor scores and MFIS was 
observed only in the patients’ group (25-FWT rho=0.61, p=0.03; 
dominant hand 9-HPT rho=0.65 p=0.01; dominant hand GPT 
rho=-0.67, p=0.009; 2-MWT rho=-0.56, p=0.04).
Conclusions: These results suggest that even subclinical fatigue 
levels affect motor performance specifically in MS patients. We 
are currently enrolling CA MS patients and HC, thus allowing fur-
ther evaluations of the differential impact of fatigue in MS patients 
in both ethnic groups.
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Movement disorders in primary progressive MS: a 
prospective observational study

H. Abboud, S. Woodson, A. Serra
Neurology, University Hospitals of Cleveland, Case Western 
Reserve University Schoold of Medicine, Cleveland, OH, United 
States

Introduction: Movement disorders are thought to be rare in MS, 
however, many retrospective studies and review articles suggest 
that the prevalence is under-estimated. Moreover, the clinical 
characteristics of movement disorders have never been evaluated 
prospectively in patients with primary progressive MS (PPMS).
Objectives: To prospectively evaluate the prevalence and clinical 
characteristics of movement disorders in a sample of patients with 
PPMS.
Methods: A consecutive sample of PPMS was evaluated by a 
movement disorder specialist who carried out a standardized 
movement disorder questionnaire and performed a movement 
disorders-focused neurological exam. This study is still currently 
recruiting.
Results: Twenty PPMS were recruited so far (mean age 56.4 years, 
mean disease duration 12.2 years, 30% males). Movement disorders 
were present in 95% of the patients. the most common movement 
disorders were: action tremor 50%, tonic spasms 40%, focal dysto-
nia 40%, myoclonus 30%, RLS 25%, spontaneous clonus 15%, 
demyelination-related parkinsonism 5%, fasciculation 5%, hemifa-
cial spasm 5%. The movement disorders were spinal in origin in 
60% of the patients, cerebellar in 25%, and ganglionic in 15%.
Conclusion: Movement disorders are very frequent in patients 
with PPMS and are often spinal or cerebellar in origin. Ganglionic 
movement disorders are much more common in PPMS compared 
to our previously-studied group of RRMS patients.

Disclosure
Dr. Abboud is a consultant for Biogen and Genentech. Ms. 
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Spinal cord area as a cross-sectional predictor of gait 
related disability in multiple sclerosis

M. McGinley1, K. Nakamura2, H. Li3, M. Weber1, G. 
Macaron1, B. Moss1, L. Baldassari1, R. Bermel1, J. 
Cohen1, D. Ontaneda1

1Cleveland Clinic | Mellen Center, 2Cleveland Clinic | 
Department of Biomedical Engineering, Lerner Research 

Institute, 3Cleveland Clinic | Department of Quantitative Health 
Sciences, Cleveland Clinic Foundation, Cleveland, OH, United 
States

Introduction: The timed-25 foot walk (T25FW) is an established 
measure of disability in multiple sclerosis (MS) A technology-
enabled neuroperformance adaptation of the T25W, the walking 
speed test (WST) obtained via iPad® application has been imple-
mented as part of routine clinical care at our center.
Objectives and aims: To determine the relationship of the WST 
and patient determined disease steps (PDDS) to other neuroper-
formance measures, patient reported outcomes (PROs) and quan-
titative MRI metrics in a large clinical cohort.
Methods: Demographics, MS disease history, iPad based neurop-
erformance tests, PROs, and quantitative MRI data were collected 
cross sectionally from the MS population at a single site between 
December 2015 and December 2017. Brain MRIs obtained +/- 90 
days of a clinical encounter during which WST and PROs were 
collected were quantitatively analyzed via a semi-automated 
method to calculate T2 lesion volume (T2LV), normalized whole 
brain volume (BV), thalamic volume (TV), and cervical cord 
cross sectional area (CA). Spearman correlation coefficients were 
used to examine the relation of WST and PDDS with age, disease 
duration, PROs, neuroperformance measures and MRI metrics 
(significance set at p< 0.001). A linear regression model was 
designed to explore the contribution of disease measures and MRI 
measures to the WST and PDDS (significance set at p < 0.05).
Results: 944 patients (age 47.6 ± 11.4, disease duration 12.1 ± 
9.4) underwent concurrent neuroperformance assessment and 
MRI. PDDS and WST showed a strong correlation (ρ= 0.69, p < 
0.001). WST correlated with all PROs (strongest correlation were 
Neuro QoL lower extremity ρ= -0.70, p < 0.001). WST correlated 
with all MRI metrics (strongest correlations were T2LV (ρ=0.26), 
CA (ρ=-0.26), and BV (ρ=-0.25). PDDS had the same pattern of 
correlations. Linear regression model incorporating age, disease 
duration, sex, and MRI measures demonstrated that CA, T2LV, 
and BV were significant cross-sectional predictors of WST (p< 
0.05). For PDDS, significant predictors were age, CA, and T2LV 
(p< 0.05).
Conclusions: WST and PDDS correlated best with PROs cap-
turing lower extremity physical function in a large clinical 
cohort with routine technology-enabled administration. Gait 
dysfunction is likely related to spinal cord injury as evidenced 
by the strong correlation of WST and PDDS with cross sectional 
spinal cord area.
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Plasma neurofilament light levels are associated with risk 
of developing sustained disability in multiple sclerosis

A. Manouchehrinia1,2, B. Delcoigne1, C. Barro3, Z. 
Michalak3, L. Alfredsson4, L. Kappos3, F. Piehl1,2, T. 
Olsson1,2, J. Kuhle3, I. Kockum1,2

1Department of Clinical Neuroscience, Karolinska Institutet, 
2Centre for Molecular Medicine, Karolinska University 
Hospital, Stockholm, Sweden, 3Neurologic Clinic and Policlinic, 
Departments of Medicine, Biomedicine, and Clinical Research, 
University of Basel, Basel, Switzerland, 4Institute of Environmental 
Medicine, Karolinska Institutet, Stockholm, Sweden

Background: Elevated levels of plasma neurofilament light 
(pNfL) have been associated with short-term disease activity, 
treatment response and prognosis in multiple sclerosis (MS). The 
long-term predictive value and clinical usefulness of pNfL meas-
urement is yet to be determined.
Objective: To investigate the association between pNfL levels 
and risk of developing sustained disability progression in a large 
population-based sample of newly diagnosed MS patients.
Methods: Levels of pNfL were measured with the Single 
Molecule Array (SimoaTM) NF-light® Advantage kit technology 
(detection threshold 1.95 pg/ml) in patients with a confirmed 
diagnosis of MS and in population-based healthy controls. We 
assessed the impact of age-stratified pNfL levels above 50th and 
75th healthy controls percentiles (C50 and C75) on the risk of 
reaching sustained expanded disability status scale (EDSS) scores 
of 3.0, 4.0 and 6.0 using flexible parametric survival models while 
adjusting for potential confounders.
Results: pNfL levels were measured in 1026 healthy controls and 
3765 MS patients. Median (interquartile range) pNfL was 7.5 (4.1) 
pg/ml in healthy controls and 10.5 (8.0) pg/ml in MS (P < 0.001). 
Median duration of follow-up was 5.1 years (interquartile range: 
5.4). 2837 (75%) and 2156 (57%) of patients had age-stratified 

pNfL levels >C50 and >C75, respectively. There were no differ-
ences in the proportion of patients with levels >C50 and >C75 
between sexes (P =0.9 and P = 0.5). After controlling for sex, age 
and disease duration at sampling, conversion to progressive MS, 
and exposure to disease modifying treatments during follow-up 
time (as time varying covariate), the risk of reaching sustained 
EDSS score 3.0 was increased by 33% (95% Confidence Intervals 
(CI): 1.14-1.55) and 61% (95%CI: 1.41-1.84) for pNfL levels >C50 
and >C75, respectively. Similarly, risk of reaching sustained EDSS 
scores 4.0 and 6.0 was increased by 65% (95%CI: 1.34-2.03) and 
37% (95%CI: 1.05-1.77) for levels >C50 and by 70% (95%CI: 
1.44-2) and 54% (95%CI: 1.23-1.92) for levels >C75, respectively.
Conclusions: High pNfL levels at diagnosis are associated with 
increased risk of developing sustained disability progression. 
Hence, pNfL may serve as a prognostic tool to assess the risk of 
developing permanent disability in MS.
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Brain and spinal MRI features can distinguish MS from 
NMOSD with different serostatus at disease onset in Latin 
American patients

E. Carnero Contentti1, I. Soto de Castillo2, V. Daccach 
Marques3, V. Tkachuk4, A. Caride1, M.C. Castillo2, E. 
Cristiano5, R.W. Farias Pontes3, R. Labarca2, C. Lavigne 
Moreira3, P.A. Lopez1, J. Miguez5, O. Molina2, D. Nadur4, 
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Brondi3, J.I. Rojas5
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1Neuroimmunology Unit, Department of Neuroscience, Hospital 
Alemán, Buenos Aires, Argentina, 2Neurology Department, 
Hospital Universitario de Maracaibo, Maracaibo, Bolivarian 
Republic of Venezuela, 3Department of Neurosciences and 
Behavioral Sciences, Hospital das Clínicas, Ribeirão Preto 
Medical School, University of de São Paulo, São Paulo, 
Brazil, 4Seccion de Neuroinmunologia y Enfermedades 
Desmielinizantes, Servicio de Neurología, Hospital de Clínicas 
José de San Martin, 5Centro de Esclerosis Múltiple de Buenos 
Aires, Hospital Italiano de Buenos Aires, Buenos Aires, 
Argentina

Background: Matthews’s criteria (MC) were based on the shape 
and distribution of lesions on conventional brain magnetic reso-
nance imaging (MRI) and they were able to differentiate multiple 
sclerosis (MS) from neuromyelitis optica spectrum disorders 
(NMOSD) in clinical practice. However, only positive aquaporin 
4 antibodies (AQP4-ab) NMOSD patients were included and spi-
nal cord MRI was not evaluated in this cohort.
We aimed to evaluate the MC in positive (P-NMOSD), negative 
(N-NMOSD) and unknown (U-NMOSD) AQP4-ab serostatus as 
well as assess the added diagnostic value of the spinal cord MRI 
at disease onset.
Methods: Medical records, brain and spinal cord MRI of patients 
with MS and NMOSD ( diagnosed by current validated diagnosis) 
from Argentina, Brazil and Venezuela were reviewed by a blind 
rater and scored according to the Matthews criteria (lesions adja-
cent to the body of the lateral ventricle, lesions in inferior tempo-
ral lobe, S-shaped/curved U-fiber lesions and Dawson’s fingers) 
adding short-segment transverse myelitis (STM, < 3 segment 
lesions) as a new criteria for the analysis. Sensitivity, specificity, 
positive predictive value (PPV) and negative predictive value 
(NPV) on MC adding STM were determined stratifying by AQP4 
serostatus in NMOSD patients.
Results: Two hundred and eighty two patients were included (MS 
= 188 and NMOSD = 94, ratio 2:1). The Sensitivity, specificity, 
PPV and NPV of both the MC and MC adding STM for MS vs. 
P-NMOSD (n = 55) were 97.8%, 70.9%, 92.0% and 90.6%; and 
100%, 58.1%, 89.0% and 100%, respectively. For MS vs. 
N-NMOSD (n = 28) were 97.8%, 82.1%, 97.3% and 95.1%; and 
100%, 82.1%, 97.4% and 100%, respectively. For MS vs. 
U-NMOSD (n = 21) were 97.8%, 85.7%, 98.3% and 81.8%; and 
100%, 76.1%, 97.4% and 100%, respectively.
Conclusion: This study showed that the MC are sensitive and 
specific for distinguish MS from all serostatus of NMOSD at dis-
ease onset. STM added to the MC did not raise the sensitivity and 
specificity for distinguishing MS from all serostatus of NMOSD.

Disclosure
None of the authors has any potential financial conflict of interest 
related to this poster
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Periodic limb movements in people with multiple sclerosis 
who report fatigue: polysomnography study in a large 
cohort

J. Srinivasan, A. Giannuzzi, A. Cascone, K. Wissemann, 
M. Taddeo, L. Fafard, B. Bumstead, M. Zarif, M. 
Gudesblatt
South Shore Neurologic Association PC, Patchogue, NY, United 
States

Background: People with Multiple Sclerosis (PwMS) frequently 
report fatigue. PwMS Fatigue can be severe/disabling. Sleep 
Apnea is a common cause of fatigue in PwMS. Periodic limb 
movements during sleep (PLMS), not commonly reported in 
PwMS. PLMS are characterized by leg movements or jerks which 
typically occur every 20 to 40 seconds during sleep. PLMS 
adversely impacts sleep by both causing sleep fragmentation and 
increasing energy cost during sleep as well as causing daytime 
somnolence. PwMS reported fatigue is typically subjective or 
quantified by patient reported outcomes. People affected by 
PLMS may be distinctly unaware and not self-report symptoms 
suggestive of PLMS unless specifically questioned. PLMS can be 
treated pharmacologically which can then improve sleep and 
reduce daytime fatigue PLMS can be easily investigated with 
Polysomnography (PSG), however, prior studies investigating 
PLMS in PwMS have been limited by small sample size.
Objective: To investigate the incidence/degree of PLMS during 
sleep in PwMS who report fatigue.
Methods: Retrospective analysis of PwMS who reported fatigue, 
and were not previously diagnosed as having Sleep Apnea or 
PLMS, and agreed to overnight PSG study.
Results: 292 PwMS (average age 47.3 ± 10.7 years, 81.4% 
female). No PwMS had a diagnosis of PLMS prior to undergoing 
PSG. PwMS reporting fatigue: 41% (n=121) had PLMS index 
(PLMS per hour, PLMS-I) >0. Of those PwMS with PSG identi-
fied PLMS: 10% had PLM-I 5-10 per hour, 5% had 11-21 PLMS-I, 
12% had >21 PLMS-I. 38% (112/292) of PwMS experienced 
arousal due to PLMS (PLMS-AI). 34% (n=38) had 0< PLMS-AI< 
5, 31% (n=35) had PLMS-AI 5-20, 14% (n=16) had PLMS-AI 
20-50, and 21% (n=23) had PLMS-AI >50.
Conclusions: PLMS commonly occurs in PwMS who report 
fatigue. A group of PwMS who report fatigue have both signifi-
cant >5 PLMS/hour and PLMS related arousals/hour. These fac-
tors increase the “work” of sleeping. PLMS may contribute to 
daytime sleepiness and should be recognized and potentially 
treated. The etiology of fatigue related to sleep problems in PwMS 
is multifactorial and is not just due to Obstructive Sleep Apnea.
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(This study was supported by Teva):
MG- Research support (Biogen, EMD Serono, Novartis, Sanofi, 
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P381
Baseline cognitive evaluation predicts one year disability 
progression in MS

R. Milo1,2, J. Reznik-Zoref1, O. Hegedish3, S. 
Kertzman4,5,6

1Neurology, Barzilai University Medical Center, Ashkelon, 
2Faculty of Health Sciences, Ben-Gurion University, Beer 
Sheva, 3Psychology, Haifa University, Haifa, 4Psychiatry, 
Beer Yaakov Mental Hospital, Beer Yaakov, 5Psychiatry, Tel 
Aviv University, Tel Aviv, 6Research Unit, AnimaScan Ltd, 
Ashdod, Israel

Background: Cognitive impairment affects 40-70% of multiple 
sclerosis (MS) patients and has a dramatic impact on their quality 
of life, performance at work and social life. Several early epide-
miologic, clinical, para-clinical and imaging factors may predict 
future disability and disease progression, however, cognitive pre-
dictors are still lacking.
Objective: To assess the ability of specific computerized real-
time cognitive tests to predict disability progression at 1 year after 
initiating immunomodulatory treatment for MS in comparison 
with the predictive value of the Expanded Disability Status Scale 
(EDSS).
Patients and methods: Fifty three relapsing-remitting (RR) MS 
patients (F=42, mean age 36.02±9.25, mean EDSS 2.18±1.27) 
underwent cognitive evaluation using a computerized real-time 
battery of basic neuropsychological tests (“CogScan”; Anima 
Scan LTD) before starting immunomodulatory treatment with 
glatiramer acetate or interferon beta preparations. Tests included 
Finger Tapping Test (FTT), Simple Reaction Time (SRT), Choice 
Reaction Time (CRT), Immediate and Delayed Memory for 
Pictures, Words and Faces and Digit Running Task (DRT or 
Speed-Accuracy Tradeoff, a test that assesses shift from speed of 
mental processing to working memory related error checking). 
EDSS was performed every 3 months. Univariate logistic regres-
sion analysis was conducted for each predictor and the most 
robust predictor was analyzed by receiver operating characteristic 
(ROC).
Results: At 1 year, 9 patients (17%) had 3-months sustained dis-
ability progression. Baseline EDSS did not predict disability pro-
gression. Real time computerized assessment of simple cognitive 
functions yielded four statistically significant predictors: Accuracy 
and latency in the DRT, and standard deviation (SD) in both FTT 
and DRT. The Digit Running-I SD showed the best predictive 
value for disability progression.
Conclusions: Baseline cognitive impairment, especially slow and 
highly variable performance on the Digit Running Task that meas-
ures the quality of complex information processing in time-lim-
ited situations, but not baseline EDSS, can predict the one-year 
progression of neurological disability in MS patients treated with 
immunomodulatory drugs.

Disclosure
Ron Milo has served as an advisor, consultant and/or speaker for: 
Actelion, Aventis, Bayer Healthcare, Biogen, Medison, Merck-
Serono, Neopharm, Novartis, Roche, Sanofi-Genzyme, Teva and 
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Jenia Reznik-Zoref and Omer Hegedish have nothing to disclose.

Semion Kertzman is an employee and head of the Research Unit 
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Variability in scoring the functional system scores of the 
expanded disability status scale at clinics from different 
countries

S. Hum1, R. Brown1, Y. Lapierre2, L. Fellows3, N. 
Mayo4, E.K. Havrdova5, D. Horakova5, G. Izquierdo6, 
A. Lugaresi7, M. Onofrj7, A. Prat8, M. Girard8, C. Boz9, 
R. Alroughani10, H. Butzkueven11, T. Kalincik12, V. van 
Pesch13, T. Petersen14, B. Singhal15, H. Advani15, J.I. 
Rojas16, E. Cristiano16, P. Duquette8, MSBase Study 
Group
1Montreal Neurological Institute, McGill University, 2Multiple 
Sclerosis Clinic, Montreal Neurological Hospital, 3Department 
of Neurology and Neurosurgery, McGill University, Montreal 
Neurological Institute, 4McGill University, McGill University 
Health Center Research Institute, Montreal, QC, Canada, 
5Department of Neurology and Center of Clinical Neuroscience, 
First Faculty of Medicine, Charles University and General 
University Hospital, Prague, Czech Republic, 6Hospital 
Universitario Virgen Macarena, Sevilla, Spain, 7Department of 
Biomedical and Neuromotor Science, University of Bologna, 
IRCCS Istituto delle Scienze Neurologiche di Bologna, Bologna, 
Italy, 8Université de Montréal, Centre hospitalier de l’Université 
de Montréal,Hôpital Notre-Dame, Montreal, QC, Canada, 9KTU 
Medical Faculty, Farabi Hospital, Trabzon, Turkey, 10Division 
of Neurology, Department of Medicine, Amiri Hospital, Kuwait 
City, Kuwait, 11MS and Neuroimmunology Unit, Central Clinical 
School, Monash University and Alfred and Box Hill Hospitals, 
12CORe Unit, Department of Medicine and Department of 
Neurology, University of Melbourne and Melbourne Hospital, 
Melbourne, VIC, Australia, 13Cliniques Universitaires Saint-
Luc, Université Catholique de Louvain, Brussels, Belgium, 
14Kommunehospitalet, Aarhus C, Denmark, 15Bombay Hospital 
Institute of Medical Sciences, Mumbai, India, 16Hospital 
Italiano, Buenos Aires, Argentina

The purpose of this study was to estimate the extent to which 
Expanded Disability Status Scale (EDSS) data from different MS 
clinics are inferentially equivalent and thus, can be pooled for 
research purposes. Data harmonization using Rasch analysis was 
performed on EDSS data from 12 clinics, each from a different 
country, obtained from the MSBase registry. Patients’ most recent 
visit was used to estimate whether clinics scored the Functional 
System Scores (FSSs) items without bias such that the FSSs/EDSS 
are inferentially equivalent (have the same meaning). Bias factors 
are sex, onset age, age, disease duration, and country. A logit dif-
ference ≥0.5 and p< 0.05 on the Mantel-Haenzel test indicates item 
bias (differential item functioning (DIF)) between factors. The 
Expected Test Score Standardized Difference (ETSSD) estimates 
total score bias (differential test functioning (DTF)) among the 
clinics and is interpreted the same as Cohen’s d effect size.
Total N=14536 (women = 69%, onset age = 31 years, age = 44 
years, disease duration = 13 years). Clinic samples ranged from 
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236-3392. MS types were relapsing MS =78%, secondary progres-
sive MS=12%, primary progressive MS=7%, and unknown=3%. 
Median EDSS was 2.5. All items fit the Rasch model after rescor-
ing, with INFIT/OUTFIT mean square fit statistics within the 
acceptable range (0.5≥ and ≤1.7). Principal component analysis of 
residuals explaining 55% of variance, but no second component 
was identified and low response dependency (r< ~0.3) supporting 
unidimensionality of the FSS items.
FSS items were well distributed along a measurement continuum 
but were not a good match to the sample; the sample had low dis-
ability but there were few items in that measurement range, result-
ing in an 8.5% ceiling effect. Reliability (α=0.82) was good. All 
items had DIF (item bias) by clinic. Sensory FSS had the most 
DIF (7/12 clinics). Vision FSS had the greatest DIF range (> 2 
logits). Despite item bias, there was minimal total score bias sug-
gesting biases cancelled. The Rasch transformed FSS total score 
(EDSSrasch) correlated highly with the EDSS (0.92). Correlation 
plot shows EDSSrasch was more sensitive to change at the low 
disability end of the measure.
EDSSrasch, a modification of the familiar EDSS based on a 
strong statistical model, can better detect change at lower disabil-
ity. Data harmonization results show that the EDSSrasch from dif-
ferent clinics are inferentially equivalent and can be pooled.
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Importance of patient reported outcomes: correlation of 
clinician-evaluated versus patient self-reported disability 
in multiple sclerosis patients

A. Ahmad1, T. Livingston2, C. Gough1, S. Powell1, S. 
Stuart1, Q. Hou, PhD2, M. Patel2, N. Hu1, C. Tornatore1

1Medstar Georgetown University Hospital | Neurology, Medstar 
Georgetown University Hospital, Washington, DC, DC, 2Biogen, 
Weston, MA, United States

Background: Multiple Sclerosis (MS) results in disability over 
time and is commonly measured by the Expanded Disability 
Status Scale (EDSS) in clinical trials. Scores range from 0 (no 
disability) to 10 (Death due to MS) in 0.5 increments representing 
higher levels of disability. EDSS has limited use in the clinic set-
ting due to time constraints and need for a trained physician due to 
complex scoring guidelines. EDSS is heavily focused on ambula-
tion with limited assessment on MS global impairment. Results 
from the MS-ADVANCE study may be used to assess the validity 
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of other measures of disability in MS patients and more accurately 
capture outcomes important to patients.
Objectives: To examine correlation between disability-related 
Patient-Reported Outcomes (PROs), SDMT and EDSS scores of 
patients in the MS-ADVANCE study.
Methods: MS-ADVANCE prospectively captures multiple PROs 
via web-based surveys and journals. Responses to the following 
PROs and assessments were analyzed for correlations vs. EDSS: 
Patient Determined Disease Steps (PDDS), Symbol Digit 
Modalities Test (SDMT), Modified Fatigue Impact Scale (MFIS), 
Activities of Daily Living (ADL), Mobility, and Sleep. Pearson’s 
r and Fisher’s exact test were performed to assess correlation.
Results: Baseline demographics of patients with an EDSS 
(n=293) were 81% female, mean age of 52 years, race (0.6% 
Asian, 25.4% African-American, 3.3% Middle Eastern, 1.7% 
native American, 68.5% white), 90.3% RRMS. As of March 
2018, the following number of PROs or assessments were 
reported: PDDS (n=183), SDMT (n=507), MFIS (n=224), ADL 
(n=57), Mobility (n=44), Sleep (n=48). Significant correlations 
(p< .0001) were found between EDSS scores and PDDS 
(r=0.836, z=1.207), SDMT (r= -0.568, z= -0.644), MFIS 
(r=0.365, z=0.383), ADL (r=0.499, z=0.548), Mobility (r=0.602, 
z=0.697). Sleep was not significant (r=0.357, z=0.373). EDSS 
scores ranged from 0 to 8.5.
Conclusion: Proper assessment and treatment of disability is crit-
ical in MS care. Incorporating PROs in MS care can address limi-
tations of the EDSS. The strong correlation between PDDS and 
EDSS in this study suggests use of PDDS as an alternative meas-
ure of disability in MS patients in the clinic setting. Global MS 
impairment may be more accurately measured by a battery of 
assessments including PDDS, SDMT, MFIS, ADL, and Mobility, 
which take less time to capture, but may also provide valuable 
insight to outcomes that matter to patients.
Study is sponsored by Biogen.
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Upper limb function assessed by an engineered glove 
correlates with motor and cognitive disability in 
progressive MS

L. Carmisciano, A. Signori, L. Nesi, C. Lapucci, M. 
Cellerino, A. Laroni, M. Pardini, E. Gallo, E. Sbragia, L. 
Filippi, R. Meli, G. Bommarito, N. Piaggio, M. Inglese, 
G.L. Mancardi, A. Uccelli, M.P. Sormani
University of Genoa, Genova, Italy

Introduction: The underrepresentation of upper limb function 
and cognition in EDSS results in its inadequacy in monitoring 
clinical disease status, particularly in patients with progressive 
MS. An engineered glove (Hand Test System, HTS) has been pre-
viously used to quantitatively measure impairment in finger 
movements in a cohort of relapsing remitting MS patients.
Aims: To assess the correlation of finger motor function assessed 
by the HTS system with clinical outcomes in a cohort of progres-
sive patients.
Methods: We evaluated the finger motor function in 19 subjects 
with progressive MS enrolled in the European ERACoSysMed 
study (13 PPMS, 6 SPMS; F/M ratio 13/6; mean age 49 years 
(SD=8); median EDSS 5 (range 1.5-6.5); mean disease duration 
13 years (SD=11). All the subjects performed 30-sec repetitive 
fingers-to-thumb opposition sequences with their dominant hand 
at maximal velocity and bimanually paced by a metronome. The 
HTS glove was used to calculate motor performance parameters 
such as the maximum movement rate (RATE) and the inter-hand 
interval (IHI), index of bimanual coordination. All the patients 
underwent a clinical assessment by EDSS, Timed 25-Foot Walk 
(T25FW), 9-Hole Peg Test (9HPT) and Symbol Digit Modalities 
Test (SDMT). Correlations between finger motor impairment and 
clinical parameters were evaluated by the Spearman´s rank cor-
relation coefficient.
Results: In this cohort of progressive patients, EDSS and SDMT 
were not significantly correlated (r=-0.21, p=0.37); the 9HPT was 
significantly correlated with EDSS (r=0.45, p=0.048) but not with 
SDMT (r=0.22, p=0.34). The RATE was found to be correlated 
with EDSS (r=-0.59, p< 0.001) but not with SDMT (r=0.24, 
p=0.32). The IHI was strongly associated with SDMT (r=0.73, 
p=0.003) but not with EDSS (r=0.19, p=0.51). In multivariate 
models including all the demographic and clinical variables, the 
RATE and the IHI were the parameters with the highest correla-
tion with EDSS and SDMT respectively.
Conclusions: Tools to objectively assess disability in progressive 
MS patients are urgently needed. The sensor-engineered glove is a 
simple and quantitative device to assess upper limb function. 
RATE-EDSS and IHI-SDMT correlation may reflect glove param-
eters specificity in the detection of motor and cognitive networks 
impairment. Thus, the glove may represent a promising method to 
assess the different features of disability in progressive MS.
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Evoked potentials and white matter lesion volume to 
explain disability in early MS

A. Wuschek1, V. Pongratz1, M. Bussas1, S. Grahl1, 
C. Gasperi1, M. Hoshi1, A. Berthele1, J. Kirschke2, C. 
Zimmer2, B. Hemmer1, M. Mühlau1

1Department of Neurology, Klinikum rechts der Isar, Technische 
Universität München, 2Department of Neuroradiology, Klinikum 
rechts der Isar, Technische Universität München, Munich, 
Germany

Introduction: Evoked potentials (EPs) have been part of the rou-
tine diagnostic workup in suspected MS for decades. However, 
with the broad availability of brain MRI, the role of EPs in clinical 
practice is under debate. We related EP and brain MRI results to 
disability (Expanded Disability Status Scale, EDSS) at the time of 
diagnosis to elucidate the differential contribution of both meth-
ods to objectify disease severity.
Methods: We studied 543 newly diagnosed MS and CIS 
patients (EDSS 1.6 ± 1.5) with both EP data and brain MRI 
available. Brain MRI followed a standardized protocol (3D 
FLAIR, 3D T1w, 3 Tesla). EPs comprised visually evoked 
potentials (VEPs) and somatosensory EPs (SSEPs) of the 
median and tibial nerve. Tibial nerve SSEP latencies were cor-
rected for body height. Latencies of all VEPs and SSEPs were 
combined with amplitudes to one score. White matter lesion 
volume (WMLV) was derived from brain MRI by an automated 
tool (Lesion Segmentation Tool). EP results and WMLV were 
correlated with EDSS at the time of diagnosis by linear regres-
sion models.
Results: EDSS correlated with tibial nerve SSEPs (R=0.495, p< 
0.001) and, to a lesser extent, with median nerve SSEPs (R=0.356, 
p< 0.001) and VEPs (R=0.169, p< 0.001). EDSS also correlated 
with WMLV (R=0.345, p< 0.001). Of 268 cases with normal tibial 
nerve SSEPs, only two showed abnormalities of median nerve 
SSEPs. Including all three EP measures and WMLV in a multiple 
linear regression model with EDSS as response variable, tibial 
nerve SSEPs and WMLV were the only significant explanatory 
variables.
Conclusions: With regard to EDSS, only tibial nerve SSEPs add 
information to brain MRI. Compared to tibial nerve SSEP, the 
value of median nerve SSEP seems to be low, if not negligible.
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Validation of the assessment of self-reported MS symptom 
severity using single-item 0-10 numeric rating scales

Y. Zhang1, S. Simpson2, B. Taylor1, I. van der Mei1

1Menzies Institute for Medical Research, University of Tasmania, 
Hobart, TAS, 2Melbourne School of Population & Global 
Health, University of Melbourne, Melbourne, VIC, Australia

Background: The assessment and tracking of symptoms is 
important for multiple sclerosis (MS) management. Current vali-
dated measurements of a single symptom often require multiple 
items, creating a significant high burden for patients when multi-
ple symptoms are being assessed.
Objective: We developed a tool where patients rated the severity 
of 13 common symptoms on a numeric rating scale from 0-10. 
The aim was to validate six of the symptoms against commonly 
used scales (including walking difficulties, fatigue, pain, feelings 
of anxiety, depression and vision problems).
Method: Data were collected through the Australian MS 
Longitudinal Study (2015 Medical Survey: n=1,985; 2016 
Baseline Economic Impact Survey, n=1,577). Validation meas-
ures included Patient Determined Disease Steps Scale (PDDS), 
Fatigue Severity Scale (FSS), Hospital Anxiety and Depression 
Scale (HADS), Assessment of Quality of Life (AQoL) (with sub-
scores for mobility, fatigue, pain, anxiety, depression and vision 
problems), and European Quality of Life (EQ-5D) (with sub-
scores for mobility, pain, anxiety/depression). Concurrent validity 
was assessed using Spearman rank correlations. Predictive valid-
ity was assessed by comparing the R-squared or pseudo R-squared 
from regression models.
Results: We observed a high correlation between walking diffi-
culties and PDDS (r=0.82), a good correlation between fatigue 
and FSS (r=0.72), pain and AQoL-pain (r=0.77), feelings of anxi-
ety with HADS-Anxiety (r=0.68), and feelings of depression with 
HADS-Depression (r=0.63), and a fair agreement between vision 
problems and AQoL-vision (r=0.43). In terms of predictive 
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validity, the R-squared (or pseudo R-squared) of associations with 
quality of life or work productivity were generally similar for our 
symptom severity assessment compared to the comparison meas-
ures. For example, the PDDS explained 23% of the variability of 
AQol, and our walking difficulties assessment explained 24% of 
the variability.
Conclusions: The assessment of self-reported MS symptom 
severity using single-item 0-10 numeric rating scales seems to 
have adequate concurrent and predictive validity.
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Validation of bipedal hop test to detect subtle but 
meaningful impairment among people with mild multiple 
sclerosis

M.C. Kirkland, R. Cole, A. Chen, M. Ploughman
Recovery & Performance Laboratory, Faculty of Medicine, 
Memorial University of Newfoundland, St. John’s, NL, Canada

Introduction: People with mild multiple sclerosis (MS) report 
difficulties with muscle strength, imbalance, and incoordination, 
but these impairments are often undetected by current clinical 
measurement tools. A recently developed bipedal hopping test 
was able to distinguish motor impairment in people with MS 
(PwMS), without gait disturbances, from controls.
Objectives: In order to consider using the hopping test in clinical 
research, construct validity should be assured.
Aims: We aimed to compare metrics on a bipedal hopping test 
with current gold-standard measurements to determine conver-
gent and divergent validity.
Methods: Participants (n=56) with low disability MS (Expanded 
Disability Status Scale (EDSS) £3.5) completed tests of cognition 
(Montreal Cognitive Assessment; MoCA) and grip strength, as 
well as walking at self-selected walking speed and hopping on an 
instrumented walkway. Walking and hopping variables (e.g. 
velocity, length, variability) were extracted from the walkway 
software.
Results: As expected, hopping variables showed convergent 
validity with physical impairments and divergent validity with 
cognition. Longer hop lengths were strongly and significantly 
associated with decreasing EDSS (r=-0.36) and increasing grip 
strength (r=0.46). Walking variables used in clinical setting (such 
as stride length and velocity) were associated with hop length 
(r=0.44) and hop speed (r=0.34). There was no association 
between hopping variables and MoCA score. Lastly, hopping var-
iables provided granularity within equivocal EDSS scores. For 
instance, hop length ranged from 29.28cm to 128.99cm in partici-
pants with an EDSS of 0.
Conclusions: Hopping, which is a more difficult task than walk-
ing, may be more sensitive when measuring balance and muscle 
strength among people in the low disability range. It showed good 

convergent and divergent validity with physical and cognitive 
measures and provided greater granularity among performance of 
patients who scored identically on the lowest range of EDSS. 
Bipedal hopping has the potential to be an important clinical meas-
urement tool in tracking motor ability in the early stages of MS.
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Real-life smartphone accelerometery is closer correlated 
with disability and mobility in MS than a commonly used 
wrist-worn activity and mobility tracker
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Hamburg, Germany

Introduction: Mobility in persons with multiple sclerosis 
(pwMS) can be assessed with clinical tests and surveys which 
have restricted ecological validity. Research-grade accelerometers 
(i.e. ActiGraph) are considered to measure real-life mobility. 
Smartphone accelerometery might be an easily accessible 
alternative.
Objectives: To explore the validity of smartphone accelerometery 
in comparison to clinical tests, surveys and the ActiGraph in free-
living context of pwMS and controls.
Methods: 68 pwMS (EDSS: mean 3.3, median 3, range: 1.0-6.0, 
RRMS n= 33) and 70 matched controls (mean age: 42y, women: 
65%) absolved 5-repetition sit-to-stand test (FTSTS test), timed 
25 feet walk(T25FW), timed tandem walk (TTW) and 6-minute 
walk time (6MWT), Godin Leisure-Time (GLTEQ), Frenchay 
Activity Index (FAI) and the international physical activity ques-
tionnaire (IPAQ). pwMS underwent an examination for Expanded 
Disability Status Scale (EDSS) score and answered the 12 Item 
MS Walking Scale (MSWS-12). Real-life data were collected 
with a smartphone recording accelerometer and an ActiGraph 
over 7 days. Corrected for wear time, we computed correlation 
tests between ActiGraph (steps per minute), smartphone acceler-
ometery (variance of vector magnitude/varVM), clinical tests and 
surveys. Moreover, we used t-tests to determine the ability to 
separate between patients and controls as well as between differ-
ent disability groups.
Results: ActiGraph data correlated moderately (r = 0.43, p< 0.05) 
with smartphone outputs, low to moderately with clinical tests 
(TTW, T25FW, 6MWT, r=-.23, -.20,.31, p< .05) and some ques-
tionnaires (FAI, IPAQ and MSWS-12, r=.27, .30, -.33, p< .05). 
Smartphone showed overall higher correlations with age and 
waist (r=-.48, -.23, p< .05), clinical tests (TTW, F25WT, FTSTS, 
6MWT, r= -.51, -.44, -.45, .49, p< .05) and most of the question-
naires (GLETQ, FAI and MSWS-12, r=.36, .25, -.51, p< .05). 
ActiGraph data only differed between pwMS and controls (p< 
.001) but could not differentiate disability groups. Smartphone 
could not only differentiate pwMS and controls (p< 3*10-7) but 
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also RRMS and PP-/SPMS (p< 2*10-11) and between participants 
with/without ambulatory impairment(p< .001).
Conclusions: Smartphone accelerometery seems to provide bet-
ter estimates of mobility and disability than a wrist-worn 
ActiGraph in free-living context for both controls and pwMS. It 
might thus be the first-choice measurement tool for real-life 
mobility.
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Categorising the multiple sclerosis impact score 29: 
performance over 7 years of follow-up in the UK MS 
Register

R. Nicholas1, J. Rogers2, R. Middleton2, D. Ford2, UK MS 
Register Study Group
1Imperial College, London, 2Swansea University Medical School, 
Swansea, United Kingdom

Introduction: Registries are increasingly being used to answer 
some of the more complex questions in MS that randomised con-
trolled trials (RCTs) are not able to address. Registries use larger 
numbers of subjects often less precisely characterised than those 
in RCTs. Registries have variable follow-up length and data cap-
ture events but can run for prolonged periods. To maximise the 
opportunities that registries provide we need to understand more 
about their performance.
Aims: UK MS Register subjects are asked to complete the MSIS-
29 every 3 months. Here we determine how frequently the ques-
tionnaire was completed over 7 years; categorise the multiple 
sclerosis impact scale (MSIS)-29 physical sub-score and study 
category change as a measure of disease progression over 7 years.
Methods: the MSIS-29 physical sub-score was stratified into five 
equal categories based on a differing risk of death over the next 10 
years (Raffel, 2017). Basic demographics in each category were 
determined and survival curves determined its performance over 7 
years.
Results: The UK MS register has >6000 people with MS who 
regularly interact with the platform. The MSIS-29 was answered 
on average 0.7x every 3 months per person (range 0.072- 4.74 
every 3 months). 3300 subjects had longitudinal data of over 3 
years with 500 subjects with 7 years of data. Increasing MSIS-29 
physical category from 1 to 5 was associated with increasing age 
(44.1 to 51.9 years), reducing %relapsing (79.8% to 48.6%) and 
increasing %progressive (5.1% to 36.7%) subjects but also with 
increasing unemployment (25% to 85%). Survival curves utilising 
category change demonstrated that there was a significant differ-
ence between the curves with the lowest (1) and highest (5) 

categories being associated with the slowest rate of change. Whilst 
categories 2-4 progressed at a similar rate.
Discussion: A significant subgroup of the MS Register engage 
regularly for a prolonged period and using the MSIS-29 physical 
category change registries can generate outcome measures that 
can be used over the longer term.
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Spinal cord atrophy but not brain atrophy measures, 
correlates with the Multiple Sclerosis Severity Score
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Perotín3, L. Cubas1, J. Castillo1, F. Perez-Miralles3, B. 
Casanova Estruch3
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Background: Multiple sclerosis is an heterogenous disease, in 
which disability depends on the evolution time. Brain and spinal 
cord atrophy have been found to be predictors of the forthcoming 
disability.
Objective: To explore the relationship between brain and spinal 
cord atrophy with the disability, measured as the Expanded 
Disability Status Scale (EDSS) and as the time-related disability 
measured by the Multiple Sclerosis Severity Score (MSSS).
Method: The brain and cervical spinal cord atrophy were meas-
ured in 63 consecutive MS patients with 3T magnetic resonance 
imaging (MRI). Brain volume measures were calculated with 
FreeSurfer and spinal cord volumes were segmented manually. 
Clinical forms, the EDSS, and the MSSS were recorded at the 
time of the MRI scans and the correlation between brain atro-
phy measures, spinal cord atrophy, and clinical measures were 
obtained.
Results: Sixty-three MS patients were studied (73% females). 
Fifty-two relapsing-remitting MS and 11 secondary progressive 
patients. Mean age 40.1 (SD 10.6), evolution 12.1 years (SD 8.5), 
EDSS 2.6 (SD 1.4), MSSS 3.1 (SD 3.1). Brain parenchymal frac-
tion, the cortical grey matter, cerebellum, brain stem, and cervical 
cord volumes correlated with the EDSS, but only the cervical spi-
nal cord volume correlated negatively with the MSSS (Spermann 
Rank correlation -0.359, p=0.008). Similar results were found 
when excluding SPMS patients from the analyses (Spearmann 
Rank correlation -0.336, p=0.014).
Conclusions: Although several brain volume measurements cor-
relate with the concurrent EDSS, only the spinal cord atrophy 
seems to encompass the disability adjusted by the time of evolu-
tion, reflected by the MSSS scale. Our results appoint to the 
necessity of measuring the spinal cord atrophy as a marker of con-
tinuous degeneration in MS.
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Cerebellar grey matter damage associates with cognitive 
impairment, but not with fatigue and emotional changes 
in early relapse onset multiple sclerosis

A. Lazzarotto1, A. Favaretto1, S. Franciotta1, S. Zywicki1, 
A. Riccardi1, M. Ermani2, D. Poggiali3, M. Anglani4, F. 
Causin4, P. Gallo1

1Multiple Sclerosis Centre - Veneto Region; Department 
of Neuroscience, University Hospital, 2Department of 
Neuroscience, University Hospital, 3Department of Mathematics, 
University of Padova, 4Neuroradiology Unit, Department of 
Neuroscience, University Hospital, Padova, Italy

Background: Cerebellum has a main role in various sensory-
motor networks and in cognitive-behavioural processes in patients 
with Multiple Sclerosis (MS), with a wide-range negative impact 
on their lives.
Aim: To investigate the association between cerebellar white 
(WM) and grey matter (GM) lesion burden and cognitive dysfunc-
tions, fatigue and depression at MS diagnosis.
Methods: Fourty-five consecutive patients (F/M: 2.4; age 
33.91±9.9 years; disease duration -DD- < 5 years) with relapsing 
remitting MS were enrolled. Clinical evaluation included: EDSS, 
Brief Repeatable Battery of Neuropsychological Tests (BRB-NT), 
Delis-Kaplan Executive Function System Sorting Test (D-KEFS 
ST), MS Neuropsychological Questionnaire (MSNQ), Fatigue 
Severity Scale (FSS), Beck Depression Inventory (BDI-II) and 
Brain 3T MRI, which included 3D T1, 3D FLAIR, 3D DIR and 
2D PSIR. MRI analysis was achieved on 3DT1 using SUIT atlas, 
calculating lesion number and volume by manual segmentation 
(ITK-SNAP).
Results: Evidence of cognitive dysfunction was documented by 
BRB-NT and/or D-KEFS SR in 26.6% patients. Cognitively 
impaired (CI) patients showed a significant decrease in mental 
performance in almost all items of BRB-T (p< 0.02) and in 
D-KEFS SR (p< 0.004). No difference between CI and cognitive 
normal (CN) patients was observed regarding age, sex, DD and 
EDSS. CI patients had significantly more cerebellar GM lesions 
than CN (p=0.04). Cognitive dysfunctions observed by BRB-NT 
were associated with cerebellar GM lesion number (r=0.42, p< 
0.05) and volume (r=0.33, p< 0,05). The more frequently com-
promised tests were SDMT and SRT-D. No correlation was found 
between cerebellar and supratentorial GM lesion load both on 
DIR (r=0.08 p>0.5) and PSIR (r=0.29, p>0.05). Moderate inverse 
correlations were observed between cerebellar pathology and 
MSNQ (r= -0.44, p< 0.05), FSS score (r=-0.66, p< 0.05), and 
BDI-II score (r=-0.67, p< 0.05). While only weak correlations 
were found between supratentorial WM and GM lesions number 
and volume and MSNQ (< -0.33, p< 0.05) and FSS (< -0.33, p< 
0.05), no correlation was found between BDI-II and supratento-
rial lesions.
Conclusions: Our findings suggest that cerebellar pathology 
has an early and significant negative impact on cognitive func-
tions in MS. The negative association with fatigue and emo-
tional changes seems to indicate that these functions are not 
significantly influenced by cerebellar pathology in the early 
disease phases
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Assessment of the addition of an activities of daily living 
measure to the UK MS Register

R. Middleton1, R. Nicholas2, W.J. Rodgers1, K. Tuite-
Dalton1, D. Ford1, UK MS Register Study Group
1Medicine, Swansea University, Swansea, 2Medicine, Division 
of Brain Sciences, Department of Medicine, Imperial College 
London, London, United Kingdom

Background: The UK MS Register is one of the largest reposito-
ries of ´real world´ data from People with MS (PwMS) in the UK. 
Data are captured clinically and by Patient Reported Outcome 
Measures (PROMs) via the internet. Longitudinal data collection 
has been ongoing for 7 years. Amongst the ´core´ instruments is 
the Multiple Sclerosis Impact Scale 29v2 (MSIS29), and the 
EuroQol 5D (EQ5D). In 2017 the Extended Barthel Independence 
(EBI) instrument was added to assess participant dependence.
Objective: To examine the appropriateness of the EBI against the 
existing measures on the MS Register
Methods: Participants was ascertained by searching the UK MS 
Register datasets: Required complete demographics - date of 
birth, gender, age at diagnosis, MS type at diagnosis and current 
MS Type. The EBI, MSIS29v2 and the EQ5D had to be completed 
within a similar time point. MSIS and Barthel are calculated, the 
EQ5D allows for self assessment via a 0 -100 scale.
Results: 2649 participants satisfied all criteria, 72% were female. 
Mean age at diagnosis was 40.7(±10.7), mean age at response = 
52.4(±11.4).
Mean response to the instruments with current MS Type:
PPMS RRMS SPMS Benign Unknown
MSIS 43.0. 55.5. 61.6 24.2 42.9
EQ5D 58.4 61.2 51.9 70.6 61.4
EBI 78.1 91.6 70.0 94.9 85.4
Conclusion: Previous work has shown that MSIS29 alone has 
been an excellent proxy for disability, fitting well across disease 
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types. The addition of self assessed quality of life on the Register 
illustrates that most participants rate their quality of life in the 
middle of scale suggesting a certain amount of self adjustment to 
their disability. EBI however shows despite disease status that 
most participants have a high degree of independence in most 
aspects of daily living.
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Multiple sclerosis: brain atrophy and multi-domain 
computerized cognitive testing - a longitudinal 
investigation of changes in disease impact relating 
structure to function

E. Grief1, G. Doniger2, K. Wissemann3, J. Srinivasan3, 
B. Bumstead3, M. Buhse3, L. Fafard3, M. Zarif3, M. 
Gudesblatt3

1Neuroradiology, Northwell Health, Westbury, NY, United 
States, 2Neurotrax Corporation, Modiin, Israel, 3South Shore 
Neurologic Association PC, Patchogue, NY, United States

Background: Cognition is frequently impacted in people with 
Multiple Sclerosis (PwMS). Traditional evaluation of disease 
impact in PwMS by EDSS and MRI findings does not adequately 
identify/quantify cognitive impairment. MRI abnormalities in 
PwMS include demyelination, neuronal/axonal injury and atro-
phy. Quantitative analysis of MRI changes in PwMS is not com-
monly done in routine care. Investigating the relationship between 
regional atrophy measurements and multi-domain cognitive 
impairment might provide an important step to improved under-
standing of MS progression.
Objective: Explore the relationship between multiple individual 
cognitive domain scores, the number of impaired cognitive 
domains (#CDI), and the change in these individual approaches to 
analysis of cognitive function to specific regional brain atrophy 
measures as they both change over time in PwMS.
Methods: Retrospective review of PwMS who underwent both 
computerized cognitive screening battery (CAB-NT) at two dif-
ferent dates >1 year apart, and MRI performed < 3 months from 
each CAB-NT. A repeated measures analysis looked at correla-
tions between 7 CAB-NT domains (global cognitive score, mem-
ory, executive function, visual-spatial (Vis), verbal function, 
attention, information processing speed, motor function, #CDI) 
with regional atrophy measurements [inter-caudate width -C, third 
ventricular width -TV, right thalamic width -RT, left thalamic 
width -LT right thalamic/cerebral peduncle width ratio -RTC, and 
left thalamic/cerebral peduncle ratio -LTC]. Significance was 
defined at p< 0.05.
Results: PwMS N=59, 81.4% female, average age = 47.3±10.7. 
VIS with RT p=0.02 and LT p=0.028; #CDI change correlated 
with change in RT volume p=0.009. Multiple individual cognitive 

domain scores as well as the change in these same cognitive 
domain scores individually over time did not correlate with a 
change in measured brain atrophy.
Conclusions: Change in #CDI is strongly correlated with the longi-
tudinal change in degree of thalamic atrophy in PwMS. VIS is also 
significantly correlated with thalamic width bilaterally. GCS 
changes did not significantly correlate with any changes in regional 
atrophy measurements, supporting the notion that cognition is not a 
homogenous function and should not be solely measured with a sin-
gle scale cognitive test. #CDI correlated with changes in thalamic 
volume, suggesting that change in cognitive network ability reflects 
both important structural changes and functional milestones.
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Quality of life among patients with multiple sclerosis at a 
specialized center in Colombia

C. Orozco-González, B. Vagner-Ramírez, N. Duque-
Zapata, M. Vasquez-Jaramillo, J.H. Donado -Gómez
Research Unit, Medicarte, Medellin, Colombia

Background: Multiple sclerosis (MS) is an inflammatory and 
neurodegenerative disease which produces multiple symptoms 
affecting quality of life (QOL). In Colombia, its effect on quality 
of life at the personal, family and social levels has not been 
explored extensively.
Objective: To describe the QOL of MS patients based on the 
domains of the generic instrument created by the World Health 
Organization (WHO).
Methods: An observational, descriptive study with a group of 
patients participating in an integral healthcare program from a 
specialized center between December, 2016 and February 2017. 
The WHOQOL-BREF instrument was applied, and each domain 
was scored from 0 to 100. The higher the score, the better the 
QOL. Likewise, a descriptive analysis of the instrument´s domains 
and the socio-demographic and clinical features was conducted. 
Categorical variables appeared as absolute and relative frequen-
cies; continuous variables, in turn, appeared as the median and the 
interquartile range (IQR). The researchers adhered to the 
Declaration of Helsinki. Consequently, informed consent was 
obtained from the participants.
Results: A total of 173 patients were assessed, 80.3% (139) of 
which were women, with a median age of 43 years (IQR 35-51). 
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In addition, 39% (68) were single, 35.8% (62) were employed and 
30% (52) reported a decrease in their job performance caused by 
the disease. Relapsing-remitting MS was the most prevalent phe-
notype (82.1%). The median for the disease´s duration was 7 
years (IQR 3.6-14). Similarly, 73.4% of the patients experienced 
no relapse during the last year, and 88.2% received disease modi-
fying treatment. The most frequent clinical manifestations were 
fatigue (71.7%), sensory symptoms (54.3%) and risk of depres-
sion for 90.8% (Zung test). Moreover, 66.5% had an EDSS 
between 0 and 2, which is indicative of minimal disability. The 
Physical, Psychological, Social Relationships and Environment 
domains had median values of 44 (IQR 34.5-56), 69 (IQR 50-81), 
56 (IQR 44-94) and 69 (IQR 56-88), respectively. Additionally, 
the median was 4 (IQR 3-4) for overall QOL, and 3 (IQR 3-4) for 
satisfaction with health.
Conclusion: as previously reported, physical health domain QOL 
is the most affected in patients with MS even with low EDSS and 
no relapses in the previous year; despite having a chronic and 
potential disabling disease, most patients are satisfied with their 
overall QOL.

Disclosure
The researchers declared no conflicts of interests

P395
Manual dexterity and computerized cognitive testing 
in people with multiple sclerosis: motor domain reflects 
more than just what is in the hand

D. Golan1, J. Wilken2,3, N. Jawrower4, J. Srinivasan4, A. 
Giannuzzi4, I. Topalli4, C. Sullivan2,3, B. Bumstead4, M. 
Buhse4, M. Zarif4, L. Fafard4, M. Gudesblatt4

1Neurology, Carmel Medical Center, Haifa, Israel, 2Neurology 
and Washington Research Group, Georgetown University 
Hospital, Washington D.C, DC, 3Neuropsychological Associates, 
Fairfax, VA, 4South Shore Neurologic Association PC, 
Patchogue, NY, United States

Introduction: Cognitive impairment is common in people with 
multiple sclerosis (PwMS). The Neurotrax computerized multi-
domain cognitive assessment battery (CAB-NT) motor domain 
includes both time to plan and carry out movement as well as 
motor dexterity, inter tap interval/variance. EDSS is traditionally 
utilized as a measure of disease impact but relies on visible aspects 
of hand function and does not include cognitive impact as it relates 
to dexterity. Due lesion load/location variability, visible disability 
of hand function might be independent of cognitive impairment. 
Improved analysis of disease impact in PwMS can provide better 
understanding of perceived/reported. Better measurements that 
define the role of each aspect of disease impact separately are 
needed to objectify the trajectory of disability and treatment effi-
cacy in PwMS.
Objectives: Explore the relationship of 9-hole Peg Testing (9hPT) 
as a measure of manual dexterity to the information obtained by a 
standardized CAB-NT in PwMS.
Methods: PwMS prospectively underwent standardized CAB-NT, 
MACFIMS and 9hPT. Correlations between CAB-NT motor 

scores of a Global Cognitive Summary (GCS) without the motor 
score (e.g. average of the other 6 domains) and the 9HPT of the 
dominant hand (DH) as well as individual cognitive domain 
scores were explored.
Results: 63 PwMS, average age 45+/8.1, 71% female. The NT 
motor domain significantly predicted cognitive impairment as 
determined by MACFIMS [using oral SDMT] with Area Under 
Curve AUC of 0.76 and P< 0.0001. Scores of 9hPT DH tracked 
with CABNT individual domains: GCS p=00096, executive func-
tion p=.00065, attention p=.00034, information processing speed 
p=.0046, motor p=.00071, GoNoGo response time normal 
p=.00012, Catch Game Time to make 1st move p=.0467.
Conclusions: Global cognitive summary score (excluding motor 
score) and 9hPT are significantly correlated with CAB-NT motor 
score. Even after controlling for 9HPT, GCS without motor is still 
associated with CAB-NT motor score implying that this score is 
associated with cognition as measured by other domains. For 
PwMS CAB-NT motor domain is not completely explained by 
primary motor modalities. Manual dexterity measurements must 
include understanding of cognitive impact on dexterity as well as 
non-cognitive aspects to better understand PwMS disability per-
ceptions and impact on ability. Improved analysis of disease 
impact/progression can provide a path to more informed treatment 
decisions/timing of change.

Disclosure
This study was not supported by outside funds
NJ: Nothing to disclose
MG- Research support (Biogen, EMD Serono, Novartis, Sanofi, 
Teva); speaker fees/consultant (Acorda, Amgen, Biogen, EMD 
Serono, Medtronic, Novartis, Sanofi, Saol Therapeutics, Teva).
JS- Nothing to disclose
AG- Nothing to disclose
MZ- Speaker fees (Acorda, Biogen, Genzyme and Teva)
BB- Speaker fees (Biogen, Genotech, Genzyme and Teva).
MB: Nothing to disclose
LF- Nothing to disclose
DG- Nothing to disclose
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Ilir Topalli- Nothing to disclose

Economic burden

P396
New diagnostic criteria and the costs for treating multiple 
sclerosis

M. Petruzzo1, R. Palladino2,3, A. Nardone3, A. Nozzolillo1, 
G. Servillo4, A. Roggeri5, D. Roggeri5, M. De Angelis1, R. 
Lanzillo1, M. Triassi3, V. Brescia Morra1, M. Moccia1,6

1Multiple Sclerosis Clinical Care and Research Centre, 
Department of Neuroscience, Reproductive Science and 
Odontostomatology, Federico II University, Naples, Italy, 
2Department of Primary Care and Public Health, Imperial 
College London, London, United Kingdom, 3Department of 
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5Procure Solutions, Nembro, Italy, 6Queen Square Multiple 
Sclerosis Centre, University College of London, London, United 
Kingdom

Introduction: National healthcare systems are confronted by 
soaring costs for disease-modifying treatments (DMTs) in multi-
ple sclerosis (MS). We aim to assess whether the introduction of 
new diagnostic criteria is associated with higher costs for treating 
MS, as a consequence of early diagnosis and increased number of 
people with MS eligible to DMTs.
Methods: The present cohort study retrospectively included 2229 
RRMS patients (42.1±11.2 years; female 63.3%), followed up 
from 1997 to 2017 (mean follow-up 8.5±4.7 years). Costs for 
DMT administration and management were calculated, and 
referred to each year of observation (annual costs). An interrupted 
time-series analysis was employed to assess whether the introduc-
tion of new diagnostic criteria (2001, 2006, and 2011) had an 
impact in modifying the average annual patient cost for treatment. 
The DMT cost variable was log-transformed to reduce data skew-
ness. To account for repeated measurements within each patient 
over the study period, a mixed-effect log-linear regression model 
was employed, with the covariates age, gender, disease duration, 
DMT type, year of treatment start and baseline EDSS included as 
fixed effects in the model. Interaction terms between time and 
inclusion of new diagnostic criteria were also included.
Results: Average annual cost per patient was 12356.50±6198.45 
euros. We observed a 0.6% increase in the average annual cost per 
patient after the introduction of 2001 criteria (Coeff=0.006; 
95%CI=0.003/0.009; p>0.001), no significant variations after 
2006 criteria, and a 0.3% decrease after 2010 criteria (Coeff=-
0.003; 95%CI=-0.006/-0.001; p=0.045). When we did not adjust 
for DMT type, average annual cost per patient increased by 7.9% 
after 2010 criteria (Coeff=0.079; 95%CI=0.059-0.099; p< 0.001).
Discussion: In RRMS, average annual costs per patient are mainly 
driven by the introduction of more effective and expensive DMTs 
in recent years. Costs have otherwise remained stable over time 
independently from the introduction of new criteria. Profiling 
RRMS patients towards the most appropriate treatment is needed 
to control DMT-related costs.
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P397
Cost progression regarding healthcare, sickness absence, 
and disability pension among people newly diagnosed 
with MS: a register-based longitudinal study in Sweden 
estimating cost trajectories in four cohorts of incident MS 
cases over time

K. Karampampa, H. Gyllensten, F. Yang, C. Murley, E. 
Friberg, J. Hillert, K. Alexanderson
Division of Insurance Medicine | Department of Clinical 
Neuroscience, Karolinska Institutet, Stockholm, Sweden

Background: A chronic disease like multiple sclerosis (MS) 
involves not only suffering but also different healthcare and social 
security costs. Sweden has the 2nd highest MS prevalence in 
Europe, 189 cases/100,000 individuals. Still, most current studies 
on MS’ cost of illness (COI) are based on small, highly selected, 
survey data. Larger, population-based studies are warranted, 
focusing on people with MS (PwMS) diagnosed after the intro-
duction of new treatments. In addition, information on trajectories 
of healthcare, sickness absence (SA) and disability pension (DP) 
costs, over time, is scarce.
Aim: To explore the healthcare, SA, and DP cost trajectories 
among PwMS in Sweden over time, among newly diagnosed 
PwMS, linking the progression of costs with years since MS 
diagnosis.
Methods: All people living in Sweden, aged 25-60 years at MS 
diagnosis according to the National Patient Register, were 
included. Four different cohorts, based on year of MS diagnosis 
(2006-2009) were followed in nationwide registers prospectively 
for 5 years, up until 2013, determining 1) direct costs: healthcare 
utilization and out-of-pocket expenditure (in- and outpatient care), 
prescribed drugs, and 2) indirect costs: SA and DP. Average per 
patient costs were calculated in 2017 Swedish Krona (SEK). 
Descriptive statistics and group-based COI trajectories, stratified 
by year of MS diagnosis, were computed.
Results: 3272 new PwMS were identified. In all four cohorts, the 
majority had at least one inpatient stay and one outpatient visit 
during the follow-up (71% and 99%, respectively). Direct costs 
increased the 1st year after MS diagnosis; drug costs declined from 
2 years after diagnosis and onwards (e.g. for the 2006 cohort, from 
SEK 35,191 to 60,737 one year after, to SEK 48,861 4 years 
after). Inpatient and outpatient costs increased again 2 years after 
diagnosis. While SA costs decreased over time (e.g. from SEK 
14,970 to 4036, in the 2006 cohort), DP costs increased, indicating 
a shift, as disease progressed, from short-term to long-term social 
security benefits. Overall, direct costs were higher with each 1st 
year of MS diagnosis, while indirect costs were lower. Results 
were similar for both women and men in all four cohorts.
Conclusions: A decrease in total costs was observed 5 years after 
diagnosis; among other explanations, early MS diagnosis, allow-
ing for early treatment, as well as new MS therapies, could lead to 
slowing disease progression, reducing costs over time.

Disclosure
All authors (KK, HG, FY, CM, EF, JH, and KA) are employees, or 
are affiliated, with the Department of Clinical Neuroscience, 
Karolinska Institutet, Stockholm, Sweden, and have received 
funding from an unrestricted grant from Biogen to conduct this 
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Analysis of the satisfaction of needs in multiple sclerosis

M. Ponzio1, A. Tacchino1, G. Brichetto1,2, C. Vaccaro3, 
M.A. Battaglia4, M. Messmer Uccelli1

1Scientific Research Area, Italian Multiple Sclerosis Foundation, 
2AISM Rehabilitation Centre Liguria, Italian Multiple 
Sclerosis Society (AISM), Genoa, 3Fondazione CENSIS, Rome, 
4Department of Life science, University of Siena, Siena, Italy

Introduction: Measuring the satisfaction of needs is important 
for understanding the level of service coverage by public or pri-
vate resources and is useful for service planning and for guiding 
optimization of care, especially considering an increase in multi-
ple sclerosis (MS) prevalence.
Aim: To examine the satisfaction of health and social care-related 
needs, in relation to potential associated factors.
Methods: A total of 1,014 people with MS attending neurology 
outpatient clinics, rehabilitation units and MS Society branches 
participated in a cross-sectional study carried out in Italy during 
2017. A questionnaire was specifically developed by a multi-dis-
ciplinary team. Separate logistic regression models (for health and 
social needs) were performed to determine the association 
between potential predictors and needs satisfaction.
Results: The study demonstrated significant gaps between per-
ceived needs and service provision. The satisfaction of rehabilita-
tion needs was more likely in subjects with the highest level of 
education (university degree vs. primary school) (OR=1.73, 
p=0.015). The geographic area of residence negatively influenced 
the satisfaction of needs related to psychological support 
(OR=0.55, p=0.043), technical aids (OR=0.15, p< 0.001), medi-
cations (OR=0.41, p=0.050) and psychological support (OR=0.55, 
p=0.043) (central and southern vs. northern Italy). Satisfying a 
need for technical aids was less probable for subjects currently 
employed vs. unemployed (OR=0.24, p=0.017). Transportation 
needs were less likely to be satisfied in subjects who were married 
(OR=0.43, p< 0.001). Satisfaction of financial support was less 
frequent for subjects with a higher level of disability (OR=2.56, 
p=0.031). Personal assistance was less likely to be satisfied in 
older subjects and those with a longer disease duration (OR=1.02, 
p=0.041 and OR=1.02, p=0.028, respectively). Career guidance 
was more frequently a met need for subjects who were currently 
employed (OR=3.34, p=0.013). Workplace adaptation was sig-
nificantly less likely to be satisfied for subjects living in central 
vs. northern Italy (OR=0.15, p=0.018).
Conclusion: The type and relevance of health and social-related 
needs emphasize the necessity for an interdisciplinary approach to 
MS, essential for patient-centered care. The results of this study 
also provide the basis for advocacy priorities related to the rights 
of people with MS.
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Ponzio M, Tacchino A, Brichetto G, Vaccaro C, Battaglia MA, 
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Neuro-ophthalmology
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Is there a relationship between oculomotor fatigability 
and perceived fatigue in multiple sclerosis?

J. Nij Bijvank1,2, M. Kamminga2, L.J. Balk1, H.S. Tan2, 
B.M.J. Uitdehaag1, L.J. van Rijn2, A. Petzold1,2,3

1Neurology, 2Ophthalmology, VU University Medical Center, 
Amsterdam, The Netherlands, 3Ophthalmology, Moorfields Eye 
Hospital, London, United Kingdom

Introduction: In patients suffering from multiple sclerosis (MS), 
fatigue is one of the most common and disabling symptoms of dis-
ease. The exact pathophysiological mechanisms are not clear and 
objective measures to quantify and monitor fatigue and fatigability 
in MS are lacking, which makes targeted treatment difficult.
Objectives: This prospective study investigated if repeated sac-
cadic eye movements enable measurement of oculomotor fatiga-
bility and can reflect perceived fatigue in MS.
Methods: A validated standardized infrared oculography protocol 
was used for quantifying saccades in MS patients and healthy con-
trols (HC), which included a first pro-saccadic task (FPT) and a 
repeated pro-saccadic task (RPT). The protocol was designed to 
induce oculomotor fatigability between FPT and RPT. Saccadic 
peak velocity, latency and gain were calculated in both tasks. 
Fatigability was assessed by subtracting the parameters of RPT by 
those of FPT. The neurological fatigue index (NFI) sum score was 
used to assess perceived fatigue. The relationship between saccadic 
parameters and NFI sum score in MS patients was analysed using a 
linear regression model, adjusted for sex and disease duration.
Results: This cross-sectional study included 181 MS patients and 
58 HC. The MS patients had a mean disease duration of 18.5 
(±10.2) years. From FPT to RPT, there was a significant increase 
in latency and decrease in peak velocity and gain observed in both 
the HC and MS group, but changes were most prominent in the 
MS group (differences between tasks in MS group: latency 9.6 
±20.7 ms, peak velocity -18.4 ±21.6 deg/s, gain -0.06 ±0.20, p< 
0.001). Latency in both FPT and RPT was related to NFI sum 
scores (β 0.03, p=0.05 and β 0.04, p=0.01, respectively). There 
was no relationship between peak velocity and gain of both tasks 
and the fatigability parameters with the NFI sum scores.
Conclusions: This study demonstrates significant oculomotor fati-
gability in patients with MS. There was however no simple relation-
ship between objective oculomotor fatigability and subjective 
fatigue perception. This suggest that fatigability and fatigue in MS 
should be considered as different concepts which should be taken 
into account in patient care and MS treatment trials.
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Quantification of pupillary light reflex abnormalities in 
patients with neuromyelitis optica spectrum disorder and 
multiple sclerosis using automated infrared pupillometry
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Morcinek1, P. Rieckmann4

1Department of Neurology, Academic Hospital Sozialstiftung 
Bamberg, Bamberg, Germany, 2Department of Neurology, 
Amiralam Hospital, Tehran University of Medical Sciences, 
3Mechanical Engineering Department, Amirkabir University 
of Technology, Tehran, Islamic Republic of Iran, 4Specialist 
Hospital for Neurology, Medical Park LOIPL, University of 
Erlangen, Bischofswiesen, Germany

Introduction: Both neuromyelitis optica spectrum disorder 
(NMOSD) and multiple sclerosis (MS) patients experience optic 
neuritis (ON) attacks and also a degree of pupillary light reflex 
abnormalities. NMOSD are characterized by devastating optic 
neuritis attacks causing more structural damage and visual impair-
ment than in MS.
Objective: To differentiate pupillary response variation in RRMS 
from NMOSD and to evaluate the potential usefulness of manual 
quantitative pupillometry for assessing the magnitude of pupillary 
response alteration.
Methods: In this cross-sectional study, we investigated pupillom-
etry parameters including neurological pupil index (NPi), pupil 
size (PS), minimum size of pupil (MinPS), percentage change of 
pupil size (CH), Constriction Velocity (CV), Maximum of 
Constriction Velocity (MCV), Dilation Velocity (DV) and latency 
(LAT) from 315 subjects( 182 RRMS, 23 NMOSD, 110 Healthy 
Control). Regarding the observed association of age with disease 
progression in the sample population and pupillary responses, par-
tial correlations for each group while holding effect of age con-
stant were run. As optic neuritis may play a significant role in 
pupillary response, subclassification according to ON state of 
eyes was also applied. Finally, linear regression was run to model 
the relation between EDSS and pupillary parameters.
Results: EDSS was partially correlated with almost all pupil-
lary variables. Different groups indicated a statistically signifi-
cant increase in Latency with r=0.0.468, p< 0.005 for NMOSD 
and r=0.171, p< 0.005 for RRMS group, and further indicated 
a decrease for almost all other variables such as CH (r=-0.69, 

p< 0.001, NMOSD; r=-0.16, p< 0.005, RRMS), NPI (r=-0.49, 
p< 0.001, NMOSD; r=-0.21, p< 0.001 RRMS) and MCV  
(r=-0.59, p< 0.005, NMOSD; r=-0.31, p=0.56, RRMS). The 
linear regression also revealed that age might play the role of 
suppressor mediator in NPI-EDSS relation.
Conclusions: The results revealed that NMOSD and RRMS exac-
erbate the pupillary response in line with and similar to the aging 
process. The degree of this exacerbation might associate to the 
particular pathophysiologic process of diseases as indicated by 
results. Furthermore, pupillary light response are affected even in 
the absence of ON, and the alteration of pupillary response may be 
expressed in terms of EDSS. These observations may set the stage 
for applying very simple and available methods of pupillometry in 
MS or NMOSD, as a routine assessment.
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Dr. Rieckmann has received personal compensation for consult-
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Critical flicker fusion threshold test in MS population - is 
it a viable way of effective and quick monitoring of visual 
function?

K. Zarei1, S. David2, C.C. Pfleger2, D. Berman2, J. 
Ledolter3, P. Poolman3, O. Gramlich3, J. Bailey4, R.H. 
Kardon1

1University of Iowa; Center for the Prevention and Treatment 
of Visual Loss, VA Health Care System, Iowa City, IA, United 
States, 2Aalborg University Hospital, Aalborg, Denmark, 3Center 
for the Prevention and Treatment of Visual Loss, VA Health 
Care System, 4University of Iowa, Iowa City, IA, United States

Introduction: Opticus neuritis (ON) is a frequent manifestation 
of multiple sclerosis (MS). Determining threshold frequency of a 
flickering light (critical flicker fusion, CFF) allows early detection 
of visual impairment due to demyelination, and thus might play a 
role in substantiating the suspicion of an incipient ON, enabling 
early treatment-modification.
Aim and objectives: The aim of this study is to correlate CFF 
thresholds with visual acuity/contrast sensitivity in a population 
of MS patients with and without ON. Furthermore, CFF will be 
correlated to loss of retinal neurons, as quantified by inner retinal 
layer thickness using optical coherence tomography (OCT).
Methods: In this pilot study, 114 patients with MS and with prior 
optic neuritis (MS+ON; n=40) or without prior optic neuritis 
(MS-ON; n=74) and 89 controls (N) were tested in the Multilple 
Sclerosis Clinic of Aalborg University Hospital, Denmark, using 
several smartphone visual function tests (Landolt C acuity, 
Landolt C contrast sensitivity, and CFF). Testing was performed 
with the patient wearing their glasses at a distance of 0.4 meters. 



Poster Session 1, 24(S2) 167

journals.sagepub.com/home/msj Multiple Sclerosis Journal 2018; 24: (S2) 121–327

The results were analyzed utilising Kruskal Wallis test with pair-
wise multiple comparisons using Dunn’s method.
Results: Each smartphone test took approximately 15 seconds to 
complete and was intuitive enough that patients were able to 
immediately perform the task. Findings showed that CFF thresh-
old values were significantly reduced in MS patients with or 
without previous ON compared to controls. As the only visual 
test, CFF showed no significant difference between MS-ON and 
MS+ON.
Statistical Comparison of Smartphone Visual Function Tests in 
MS Patients and Normals
Contrast Sensitivity
N vs. MS-ON P = 0,0006*
N vs. MS+ON P< 0,0001*
MS-ON vs. MS+ON P< 0,0066*
Visual Acuity
N vs. MS-ON P = 0,016*
N vs. MS+ON P < 0,0001*
MS-ON vs. MS+ON P = 0,0005*
CFF 15 Hz
N vs. MS-ON P = 0,0011*
N vs. MS+ON P = 0,0017*
MS-ON vs. MS+ON P = 0,0331
CFF 30 Hz
N vs. MS-ON P = 0,0001*
N vs. MS+ON P < 0,0001*
MS-ON vs. MS+ON P = 0,1213
Conclusion: Critical flicker fusion, a test of visual speed of con-
duction, provided some of the greatest discrimination between 
eyes of MS patients with or without a previous diagnosis of ON 
compared to normal eyes. This finding motivates the importance 
of using a behavioral visual test of visual conduction speed, such 
as critical flicker fusion, which is resistant to optical blur, to moni-
tor various causes of visual dysfunction including MS.
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Visual evoked potential in EAE and toxic demyelination: 
a pre-clinical model for remyelination efficacy that is 
predictive of human clinical trials
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Devereux1, C. Guglielmetti1, J.H. Sin1, L. Schirmer1, A. 
Cruz-Herranz1, D. Rowitch1,3, B. Stearns2, D. Lorrain2, 
J.R. Chan1, A.J. Green1

1UCSF, San Francisco, 2Pipeline Therapeutics, San Diego, CA, 
United States, 3University of Cambridge, Cambridge, United 
Kingdom

Background: Therapies with potential to remyelinate the central 
nervous system constitute one of the most promising therapeutic 
developments in the pipeline to treat multiple sclerosis. We com-
pleted the first positive double-blind placebo-controlled human 
trial for a remyelinating therapy in MS using visual evoked 
potentials(VEP) as an outcome. We unequivocally demonstrated 
improvement in longstanding latency delay on VEP for patients 
during the period on treatment despite the chronicity of injury. A 
full understanding of visual system injury in animals could 
enhance the ready and robust adaptation of these techniques for 
additional human clinical trials - and the appropriate interpreta-
tion of trial results.
Methods: We obtained VEP from C57BL/6J mice using an 
Espion Diagnosys system (Diagnosys LLC, Littleton,MA). We 
induced EAE with myelin oligodendrocyte glycoprotein 35-55 in 
female 8-week-old mice using adjuvant-injected mice as controls. 
Toxic demyelination was induced with 5 weeks of cuprizone diet. 
IHC for CASPR was performed on optic nerve sections. Electron 
microscopy of mice optic nerves was performed using a 
JEOL1200EXII transmission electron microscope.
Results: We found that prolongation of VEP latency precedes 
clinical onset of disease in EAE. VEP latency is delayed from the 
5th day after immunization. N1 delay increase till day 18, with a 
consequent conduction improvement. Quantification of optic 
nerve IHC for CASPR in EAE mice mirrors the VEP delay, show-
ing the histopathologic substrate of N1 delay. Clemastine is effec-
tive in improving VEP in EAE 7days post immunization(p=0.0002), 
maintaining its effect at day 21(p=0.018)and day 28(p=0.03). 
Cuprizone diet also provokes N1 latency delay(p=0.003). 
Clemastine is effective in enhancing remyelination, more quickly 
than expected after suspending the toxic demyelinating 
diet(p=0.03). Optic nerve EM showed reduced unmyelinated 
axons and increased remyelinating axons in mice treated with 
Clemastine. CASPR staining of optic nerves shows a higher num-
ber of paranodes in treated mice.
Conclusions: Here, we show that VEP latency correlates with 
quantitative measures of myelin from histopathology in mouse 
models of both inflammatory and chemical visual pathway demy-
elination. Furthermore, VEP latency delay improves after treat-
ment with a tool remyelinating compound in both models, 
mirroring quantitative/qualitative myelin assessment and provid-
ing support for use of this approach for screening other molecules
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P404
New, diagnostic flicker test for optic neuritis shows 
changes in response following disease onset

G. Pihl-Jensen1, I. Ivanov2, S. Trauzettel-Klosinski2, J.L. 
Frederiksen3

1Clinic of Neurology, University of Copenhagen, Glostrup, 
Denmark, 2Insitute for Ophthalmic Research, University of 
Tübingen, Tübingen, Germany, 3Clinic of Optic Neuritis, Clinic 
of Neurology, University of Copenhagen, Glostrup, Denmark

Introduction: Optic neuritis (ON) is primarily diagnosed clini-
cally, but diagnosis may be complicated especially in the case of 
recurrent disease.
Objectives/aims: We present here the results of a new, digital 
flicker test. Our aim was to examine the diagnostic potential in 
ON and the pattern of the flicker test response during the course of 
ON and how this compared to that of other, commonly used diag-
nostic tests for ON.
Methods: The flicker test is a psychophysical test of the subjec-
tive brightness of a flickering field (0-60 Hz), the pathological 
response is a darkness enhancement(DE) at medial frequencies. 
DE was expressed a quantitative covariate. Standard visual 
evoked potentials (VEP) were recorded using 9 mm checkers. 
Optic coherence tomography (OCT) was performed on Cirrhus 
HD-OCT providing thickness measurements of both retinal nerve 
fibre layer (RNFL) and ganglion cell layer/ inner plexiform layer 
(GCL/IPL). 122 consecutively referred, untreated ON patients 
and 27 age-matched, healthy controls were examined. Patients 
were examined within 31 days. Follow up measurements were 
done at 3 and 6 months following ON onset.
Results: In acute ON 113 of 122 patients showed abnormal DFT 
(sensitivity 93%). The flicker test was performed 17.0 days 
(SD:10.5) following ON onset. During follow up the mean flicker 

test variable had improved by 43 % at 3 months and by 60 % at 6 
months following ON onset. An abnormal flicker test response 
was shown in 67 % at 3 months and in 55 % at 6 months. VEP 
showed abnormal latency prolongation in 91% at first visit, 82% 
by 3 months and 78 % by 6 months. GCL/IPL thinning was shown 
in 29 % of ON patients at first visit (within 31 days), in 63 % at 3 
months and 69 % at 6 months. RNFL thinning was apparent in 46 
% by 3 months and 66 % by 6 months. Temporal RNFL thinning 
was shown 55% at 3 months and 70 % at 6 months.
Conclusion: We present a sensitive and easy-to-use new test for 
acute ON. Due to a more pronounced dynamic response than VEP 
following ON onset, and a higher sensitivity in the acute phase 
than OCT measurements, the flicker test may be of diagnostic 
value including in the case of recurrent ON.
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This study was funded by the Danish Multiple Sclerosis Society. 
and the Jacha-foundation.
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Aventis, Teva, Novartis and Almirall. She has received speaker 
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P405
Looking for new markers of therapeutic response: a 
functional structural study of the retina in multiple 
sclerosis

I. Pulido-Valdeolivas1, S. Alba-Arbalat1, N. Vidal-
Fernández2, M. Andorra1, A. Camos-Carreras1, I. 
Zubizarreta1, N. Sola-Vals1, A. Guerrero-Zamora1, S. 
Llufriu1, Y. Blanco1, M. Sepulveda1, A. Saiz1, B. Sanchez-
Dalmau1, L. Querol2, E.H. Martinez-Lapiscina1

1Hospital Clinic of Barcelona-IDIBAPS, 2Hospital de la Santa 
Creu i Sant Pau, Barcelona, Spain

Background: Development of markers for therapy response is a 
priority for therapeutic optimization in multiple sclerosis (MS). 
The retina represents an ideal model to investigate effects of 
DMTs using non-invasive technologies as multifocal electroreti-
nography (mfERG) and optical coherence tomography (OCT), 
since it may mirror the inflammatory and neurodegenerative pro-
cesses of MS. After DMT administration, functional changes may 
precede structural ones so neurophysiological retinal response 
deserves further evaluation.
Aim: To evaluate repeatability of first-kernel mfERG response 
and relationships between functional and structural retinal meas-
ures in relapsing remitting MS (RRMS).
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Methods: RRMS patients who agreed to two visits before and 12 
months after starting teriflunomide were evaluated using monocu-
lar 2.5% low contrast letter acuity (LCLA), OCT, mfERG, and 
EDSS. We performed baseline intra-session test-retest for mfERG. 
Analyses were done using a mixed linear effect models, with prior 
history of optic neuritis (ON) and age as covariates.
Results: 18 subjects (78% women; median 45 years), mildly disa-
bled (median EDSS=2) were available for baseline analyses. 
Median (P25-P75) for average first-kernel responses: 5.8 (4.3-
8.5) nV/deg2 for N1 amplitude; 25.6 (24.6-26.6) ms for N1 peak 
time; 15.9 (13.1-21.3) nV/deg2 for P1 amplitude; 45.2 (44.3-46.2) 
ms for P1 peak time. Intra-session changes were higher for ampli-
tudes (N1: 34.7%; P1: 23.7%) than for peak times (N1: 2.3%; 
P1:3.8%). We did not find any association between ganglion cell 
plus inner plexiform layer (GCIPL) and thicknesses or first-kernel 
responses for bipolar cells (BP) and photoreceptors (PRL). We 
found a linear association between outer plexiform layer (OPL) 
thickness (synapsis between BP and PRL) and N1 amplitude 
(beta=0.846; p-value=0.004) but not N1 peak time (beta=-0.196 
p-value=0.195). We did not find other associations between struc-
tural and mfERG markers of BP and PRL. GCIPL thickness 
(beta=0.828) was the only significant predictor for 2.5% LCLA.
Conclusion: Analysis of peak times, rather than amplitudes, is 
more reliable for mfERG longitudinal assessments. Absence of 
association between inner and outer retinal structures suggest that 
there is either an absence or a negligible retrograde trans-synaptic 
degeneration after ON. The significant structural-functional rela-
tionship between synapsis of bipolar cells and photoreceptors and 
N1 deserves further evaluation.
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P406
Corticotropin treatment of acute optic neuritis improves 
low contrast visual acuity in some asymptomatic eyes: 
repair of subclinical MS lesions

R. Sergott1, M. Scannell Bryan2, M. Moster1, A. deBusk1

1Annesely EyeBrain Center Farber Neuroscience Institute 
Thomas Jefferson University, Wills Eye Neuro-Ophthalmology, 
Philadelphia, PA, 2Biostatistics, University of Illinois at 
Chicago, Chicago, IL, United States

Corticotropin is an approved treatment for acute optic neuritis as 
a presenting symptom of remitting-relapsing multiple sclerosis 
[RRMS] and during the course of RRMS. While the majority of 
patients recover high contrast visual acuity [HCVA] either sponta-
neously or with treatment, symptomatic deficits in low contrast 
visual acuity [LCVA] may persist.
25 patients with a clinically isolated syndrome of acute unilateral 
demyelinating optic neuritis were enrolled in an open label study 
within 14 days of symptom onset.
All participants were treated with subcutaneous corticotropin: 5 
days of 80 IU; 10 days at 40 IU.
Participants underwent neuro-ophthalmologic exams seven 
times during the study: baseline, 4-7 days after the initiation of 
treatment, 6-10 days after completion of treatment, and then 
one month, three months, six months, and one year after 
treatment.
HCVA, 1.25% LCVA and optical coherence tomography [OCT] 
were evaluated at each visit using strict clinical trial protocols.
Significant improvement in LCVA in the clinically unaffected eye 
for seven subjects was the most unexpected, intriguing result.
LCVA improved in both the study eye and the non-study eye. 
Improvement in the non-study eye occurred over the 400 days of 
observation, while the study eye appears to improve rapidly in the 
first 50 days, and then continues to improve at a slower pace for 
the rest of the study.
This difference between the baseline and last observation for 
LCVA at 7 letters exceeds the threshold of a clinically significant 
change for clinical trials with wet age related macular degenera-
tion, diabetic retinopathy, and retinal venous occlusive disease 
and the baseline variability in this study. All 7 eyes had normal 
HCVA in the “non-study” eye. In this small series, the retinal fiber 
layer and macular OCTs remained stable.
While it is has been known for years that clinically unaffected 
eyes may demonstrate increased latencies with evoked potentials, 
this study is the first to address longitudinal LCVA following cor-
ticotropin treatment.
The sustained improvement in the asymptomatic “non-study” eye 
suggests that corticotropin exerts an anti-inflammatory effect 
upon visual function. Larger randomized masked studies will be 
necessary to confirm these results.
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P407
Comparative effect of tobacco versus non-tobacco use 
on disease outcomes and discontinuation of oral disease 
modifying therapies in clinical practice

C. Hersh1, H. Harris1, M. Ayers2, R. Bermel2, R. Fox2, J. 
Cohen2, D. Ontaneda2, D. Conway2

1Lou Ruvo Center for Brain Health, Cleveland Clinic, Las Vegas, 
NV, 2Mellen Center for MS Treatment and Research, Cleveland 
Clinic, Cleveland, OH, United States

Objective: To compare disease outcomes in tobacco versus non-
tobacco users treated with oral disease modifying therapies 
(DMT) in clinical practice at 24-month follow-up.
Background: Numerous studies demonstrated that tobacco expo-
sure is a risk factor for early disability. However, studies evaluat-
ing the relationship between tobacco and multiple sclerosis (MS) 
disease activity and DMT persistence have yielded conflicting 
results. We sought to address this issue from routine clinical 
practice.
Methods: 659 MS patients using either dimethyl fumarate (DMF) 
or fingolimod (FTY) were followed for 24 months in a large aca-
demic MS center and were stratified by tobacco use. DMT discon-
tinuation and measures of disease activity were assessed using 
propensity score (PS) weighting. Covariates used in the PS model 
included demographics and baseline clinical and MRI characteris-
tics within 12 months of DMT initiation. Outcome measures 
included annualized relapse rate (ARR), and the proportions with 
discontinuation, new brain MRI lesions, absence of disease activ-
ity (defined as freedom from clinical relapses and MRI activity), 
and depression (PHQ-9 score ≥10) by 24 months on-treatment. 
After PS adjustment, odds ratio estimates were calculated as 
tobacco vs non-tobacco use. Based on clinical experience, we 
hypothesized DMF tobacco users would be more at risk of break-
through disease.
Results: 164 tobacco users (DMF n=101; FTY n=63) and 495 
non-tobacco users (DMF n=294; FTY n=201) were identified. PS 
weighting showed excellent covariate balance. By 24 months, 
tobacco (39.4%) and non-tobacco (34.4%) users were equally 
likely to discontinue their respective DMT [OR=1.17, 95% CI 
(0.79, 1.75)]. Tobacco users had decreased odds of absence of dis-
ease activity [OR=0.61, 95% CI (0.44, 0.83)]. Similarly, tobacco 
users trended towards a higher ARR [OR=1.38, 95% CI (0.97, 
1.96)] and proportion with new gadolinium-enhancing lesions 
[OR=1.39, 95% CI (0.80, 2.60)], new T2 lesions [OR=1.62, 95% 
CI (0.94, 2.79)], and depression [OR=1.38, 95% CI (0.84, 2.27)], 
but did not reach statistical significance. Disease activity end-
points were not driven by either DMT alone.

Conclusions: In our study, tobacco users were less likely to 
achieve absence of disease activity compared to non-tobacco 
users in a population of patients treated with oral DMTs. This 
finding suggests that tobacco is a negative risk factor for inflam-
matory disease activity and warrants further exploration with 
larger studies.
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P408
Multiple sclerosis is associated with an increased risk of 
acute myocardial infarction

R.A. Marrie1, A. Garland1, A. Schaffer1, R. Fransoo1, S. 
Leung1, M. Yogendran1, E. Kingwell2, H. Tremlett2

1University of Manitoba, Winnipeg, MB, 2University of British 
Columbia, Vancouver, BC, Canada

Background: Cardiovascular diseases, including ischemic heart 
disease, are the leading cause of death in the general North 
American population. In some chronic immune-mediated dis-
eases, including psoriasis and rheumatoid arthritis, there is an 
increased risk of ischemic heart disease as compared to the gen-
eral population which is not fully explained by major cardiovas-
cular risk factors, possibly reflecting a role of inflammation.
Objective: To examine the risk of incident acute myocardial 
infarction (AMI) in the multiple sclerosis (MS) population as 
compared to a matched population without MS, controlling for 
traditional vascular risk factors.
Methods: We conducted a retrospective matched cohort study 
using population-based administrative (health claims) data in 
British Columbia and Manitoba, Canada over the period 1984-
2016. We applied a validated case definition to identify incident 
cases of MS in each province. For each case we identified up to 5 
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controls without MS matched on age, sex and region. We com-
pared the incidence of AMI between the MS cases and matched 
controls using incidence rate ratios (IRR). We used Cox propor-
tional hazards regression to compare the risk of AMI between 
cases and controls, stratifying on birth year, using age as the time 
scale, and adjusting for sex, socioeconomic status, diabetes, 
hypertension, and hyperlipidemia. We report hazard ratios (HR) 
and 95% confidence intervals (95%CI). We pooled findings 
across provinces using meta-analysis, and assessed the sensitivity 
of our findings to unmeasured confounding such as smoking sta-
tus using the E-value.
Results: In total we identified 14,565 persons with MS and 
72,825 matched controls. Women comprised 73% of the cohorts. 
The crude incidence of AMI per 100,000 population was 146.2 
(95%CI: 129.0-163.5) in the MS population and 128.8 (95%CI: 
121.8-135.8) in the matched population. After age-standardiza-
tion, the incidence of AMI was higher in the MS population 
than in the matched population (IRR 1.18; 95%CI: 1.03-1.36). 
After adjustment, the hazard (risk) of AMI was 60% higher in 
the MS population than in the matched population (HR 1.62; 
95%CI: 1.39-1.90). The observed HR of 1.62 could only be 
explained away by an unmeasured confounder that was associ-
ated with both MS and AMI by a risk ratio of 2.62-fold, which 
is unlikely.
Conclusion: The risk of AMI is elevated in MS, and this is not 
fully accounted for by traditional vascular risk factors.
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P409
Abdominal obesity is associated with more severe 
disability in a large population of people with multiple 
sclerosis

K. Fitzgerald1, A. Salter2, T. Tyry3, R. Fox4, G. Cutter5, 
R.A. Marrie6
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Center, Phoenix, AZ, 4Mellen Center for MS, Cleveland, 
OH, 5Biostatistics, University of Alabama at Birmingham, 
Birmingham, AL, United States, 6Departments of Internal 
Medicine and Community Health Sciences, Max Rady College of 
Medicine, University of Manitoba, Winnipeg, MB, Canada

Background: Metabolic syndrome and related vascular disorders 
such as diabetes and hyperlipidemia are overrepresented in people 
with multiple sclerosis (MS) and are associated with adverse MS 
outcomes. Excess visceral adiposity, approximated using waist 
circumference (WC),is a strong risk factor for metabolic comor-
bidity in the general population and is associated with poorer out-
comes in other neurologic diseases. Whether abdominal obesity is 
associated with disability and symptom severity in people with 
MS is unknown.
Objective: To evaluate the association between abdominal obe-
sity as measured by WC and disease characteristics in a large 
population of people with MS.
Methods: As a part of the Fall 2017 semi-annual survey, North 
American Research Committee on MS (NARCOMS) registry par-
ticipants reported height and weight (used to calculate body mass 
index [BMI] as kg/m2) and were mailed a tape measure with 
detailed instructions on how to measure WC. We considered WC 
as a continuous variable and used WC cut-points derived from the 
abdominal obesity criteria for the metabolic syndrome (men: 
WC≥102 cm; women: WC≥89 cm). We assessed the association 
between WC and disability status, as measured using Patient-
determined Disease Steps (PDDS), and symptom severity (using 
Performance Scales© and NARCOMS depression and pain scales) 
using multinomial models (comparing moderate vs. mild and 
severe vs. mild disability or symptom severity), adjusting for age, 
sex, income, smoking status, disease-modifying therapy, and 
symptom duration.
Results: Of the 6231 responders with MS, 4309 (69%) reported 
WC in addition to BMI. Of these, 52% meet criteria for the 
abdominal obesity component of metabolic syndrome (men: 
WC≥102 cm; women: WC≥89 cm). In multivariable models 
adjusting for BMI, WC meeting this criterion was independently 
associated with a 61% increased odds of severe vs. mild disability 
(OR: 1.61; 95% CI: 1.30-2.01). In stratified models among nor-
mal weight individuals (BMI: 18.5-25), a 5 cm increase in WC 
was associated with 24% increased odds of severe vs. mild disa-
bility (OR: 1.24; 95%CI: 1.15-1.35). WC was not independently 
associated with depression, fatigue or pain severity in models 
adjusted for BMI.
Conclusions: Increased WC is associated with more prevalent 
severe disability, even after adjusting for overall obesity level. 
Longitudinal studies should evaluate whether excess abdominal 
obesity is a predictor of future changes in disability and symptom 
severity.
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Impact of quality-driven interventions on screening for 
cognitive impairment and depression in multiple sclerosis 
(MS) patients

G. Buckle1, D. Robertson2, N. Moreo2, A. Aungst2, J. 
Carter3, T. Sapir3

1Andrew C. Carlos MS Institute at Shepherd Center, Atlanta, 
GA, 2University of South Florida Morsani College of Medicine, 
Tampa, 3PRIME Education, LLC, Fort Lauderdale, FL, United 
States

Background: Through baseline assessments in a quality improve-
ment (QI) initiative conducted in 2 large specialty MS clinics, we 
identified needs for improving approaches to screening for cogni-
tive impairment (CI) and depression, and for making referrals to 
specialists.
Objective: Assess the impact of targeted quality-driven interven-
tions on rates of CI and depression screening and referrals among 
MS patients.
Methods: The cohort comprised neurologists and clinical teams 
in 2 diverse, large specialty MS clinics in the Southeastern U.S. At 
baseline, we retrospectively reviewed consecutive charts of MS 
patients in each clinic. In a grand rounds format, the neurology 
teams then received feedback on their baseline rates of CI and 
depression screening, use of validated screening tools, and refer-
rals to specialists. The teams developed action plans to improve 
screening and referral processes. Six months after the interven-
tions and implementation of action plans, we retrospectively 
reviewed MS patient charts for the follow-up period. Chi-square 
tests assessed the significance of baseline and post-intervention 
differences in the study measures.
Results: The baseline (n = 300) and post-intervention (n= 300) 
patient samples were similar in median age (52 years), age at MS 
diagnosis (38 years), gender (77% female), and presence of ≥ 1 
new or enhancing lesions in the previous 24 months (15%). From 
the baseline to post-intervention period, rates of chart documenta-
tion increased for CI screening (52% to 67%, p < .001); use of a 

validated CI screening tools (2% to 23%, p < .0001); and patient 
referral to specialists (28% to 55%, p < .0001). Post-intervention 
rates were also higher for depression screening (63% to 73%, p < 
.01); use of validated depression screening tools (4% to 10%, p < 
.01); patient referral to specialists (25% to 59%, p < .0001); and 
detection of clinical depression (42% to 54%, p < .01).
Conclusion: In 2 large specialty MS clinics in the U.S., targeted 
quality-driven interventions were associated with increased rates 
of CI and depression screening and referrals to specialists. These 
findings may inform the design and implementation of scalable 
QI initiatives to overcome common barriers in screening and 
referrals for CI and depression, and to thereby reduce the negative 
effects of these comorbidities on quality of life and function in 
patients with MS.
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Impact of comorbidity and DMT use by DMT group on 
quality of life in participants in the Pacific Northwest MS 
Registry

T. Stuchiner1, E. Baraban1, L. Lucas1, C. Chen1, L. 
Hashemi2, A. Ranno2, A. Smith2, S.L. Cohan1

1Providence Health and Services, Portland, OR, 2Sanofi, 
Cambridge, MA, United States

Introduction: Among people with MS, comorbid conditions can 
diminish quality of life (QoL). Disease modifying therapy (DMT) 
for MS may moderate this effect.The relationship between DMT 
type and comorbidities, and its impact on QoL, has not been stud-
ied to date.
Aims: Determine the impact of DMT types and comorbidities on 
QoL in participants in the Pacific Northwest Multiple Sclerosis 
Registry in the USA.
Methods: The study used self-reported data from participants 
registering between 2011 and 2016. Comorbidities included car-
diovascular disease (CVD), diabetes, cancer, depression, smok-
ing, and respiratory, thyroid, and gastrointestinal disease. QoL 
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was assessed using physical and psychological scores from the 
Multiple Sclerosis Impact Scale. DMT users were grouped by 
self- injectable therapy (beta interferons, glatiramer acetate), oral 
therapy (teriflunomide, dimethyl fumarate, and fingolimod), and 
infusion (IV) therapy (alemtuzumab, rituximab, natalizumab, and 
ocrelizumab). Those not on a DMT were excluded. Multiple lin-
ear regression was used to analyse the impact of comorbidity and 
DMT type on physical and psychological QoL, adjusting for par-
ticipant characteristics. Interactions between DMT type and each 
comorbidity were tested and post-hoc comparisons between DMT 
types for participants with the comorbidity were analysed.
Results: Of 908 participants included, 55.3% (n=502) were on 
self-injectable 34.1% (n=310) on oral, and 10.6% (n=96) on IV 
therapy. Physical QoL scores were significantly worse for those 
with CVD (regression coefficient [B]=1.86, P=0.006) and depres-
sion (B=2.94, P≤0.001), and suggestive for respiratory disease 
(B=1.67, P=0.051). Psychological QoL scores were significantly 
worse for depression (B=4.40, P< 0.001) and suggestive for dia-
betes (B=1.32, P=0.078). There was a trend toward significance 
for interactions between DMT type and diabetes (P=0.069) for 
physical score, and DMT type and CVD (P=0.061), cancer 
(P=0.079), and diabetes (P=0.061) for psychological score. 
Among participants with comorbidities, post-hoc analyses showed 
no differences by DMT type for QoL scores.
Conclusion: There was suggestive evidence for moderating 
effects of DMT type on the impact of comorbidities on QoL, but 
scores did not differ significantly by DMT type for those with 
comorbidities. Cohort sizes may have impacted results. These 
results emphasise the need for clinicians to maintain awareness of 
the overriding impact of comorbidities on QoL of MS patients.
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Vascular disease risk factors and MS progression: a study 
of brain metabolism

V. Yadav1,2, M. Lane1,2, A. Fryman1,2, F. Bittner1,2, C. 
Murchison1, D. Bourdette1, M. Sammi1, W. Rooney1

1Oregon Health & Science University | Neurology, Oregon 
Health & Science University, 2VA Portland Health Care System, 
Portland, OR, United States

Introduction: There is growing evidence that vascular disease 
risk factors (VDRF), such as hyperlipidemia, hypertension, obe-
sity, diabetes, and heart disease, can significantly increase the risk 
of disability progression in MS. Recent research has shown MS 
subjects with one or more VDRF at diagnosis required unilateral 
assistance to walk at earlier times than those without any VDRF. 
There also appeared to be a dose-response relationship between 
VDRF and MS disability with presence of a single VDRF 

increasing the risk of early gait disability by 51% and presence of 
2 of these conditions increasing the risk by 228%.
Objectives: To study how VDRF affect cerebral blood flow and 
brain metabolism measured by DCE MRI and 31P magnetic reso-
nance spectroscopy and imaging (MRSI) in people with MS.
Methods: This is a 3-year long observational study with a single-
site, mixed design (cross sectional and longitudinal) with two 
arms. The study includes prospective brain MRI and clinical dis-
ease progression outcome measurements. MRI data is collected at 
baseline, 12, 24 and 36 months. We enrolled a total of 60 MS 
subjects consisting of 35 subjects with VDRF (VDRFP) and 25 
subjects without VDRF (VDRFN).
Aims: The outcome measures include changes in the VDRFP and 
VDRFN groups in the following: 1) cerebral blood flow and blood 
volume detected by 7T MRI and high energy phosphate metabo-
lites in cerebral gray matter (GM) assessed by 31P 7T magnetic 
resonance spectroscopic imaging (MRSI), 2) brain atrophy, 3) 
clinical impairment, disability, and quality of life.
Results: We preformed cross-sectional analyses of baseline data. 
Average age of the 50 subjects, whose MR data were analyzed, 
was 54.5 years (SD:7.5); 72% female). 28 subjects have VDRFP 
(average age 56.4years (SD:6.9); 82% female) and 22 subjects 
were VDRFN (average age 52.2 years (SD:7.8); 59% female). A 
volume of interest in parietal brain region was analyzed for 
changes in phosphate metabolites. Adenosine triphosphate (ATP) 
to total phosphate signal ratio is decreased in VDRFP subjects by 
4.5% (P< 0.05). Brain parenchymal volume (normalized for head 
size) was assessed using SIENAX [1]. VDRFP female subjects 
showed a 3.9% decrease in normalized brain tissue (P=0.02, 
N1=13,N2=23,one-tailed Student’s t-test).
Conclusions: Our preliminary results support the view of an 
impaired metabolic state in VDRFP MS subjects that may poten-
tially increase risk of neurodegeneration.
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Arterial hypertension in patients with multiple sclerosis as 
a significant risk factor of disability progression

N. Neofidov1,2, N. Totolyan2, M. Shumilina1,2, A. 
Skoromets1,2, E. Evdoshenko1,2

1SPb Centre of Multiple Sclerosis and AID (1SBIH City Clinical 
Hospital No 31), 2Neurology Department, FSBEI HE I.P. Pavlov 
SPbSMU MOH Russia, Saint-Petersburg, Russian Federation

Background: Recent studies have demonstrated the negative 
effect of vascular disease on disability progression in multiple 
sclerosis (MS). We analyzed the effect of arterial hypertension 
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(AH) on the rate of disability progression in relapsing-remitting 
MS (RRMS).
Materials: 595 subjects with RRMS entered the study. 
Retrospective data from the database of St. Petersburg City center 
for MS (CCMS) included the patients evaluated every 3 months 
for 2 to 6 years. Confirmed AH data included i) in-patient ques-
tioning, ii) BP and physical examination monitoring data and iii) 
health care services medical records.
EDSS was calculated by neurologists qualified to evaluate EDSS. 
Statistical analysis is performed with the program SAS 9.4 con-
sidering sex and age data as co-factors.
Results: AH was confirmed in 16.3% (97/595) RRMS patients. 
In AH(+) patients and AH(-) the period of time of EDSS pro-
gression to 3.0, 4.0 and 6.0 was documented. Using the Kaplan-
Meier analysis, AH (+) patients revealed significantly more 
short time to reach established levels of disability compared to 
those AH(-), i.e. EDSS 3.0 (p 0.002), 4.0 (p 0.02) and 6.0 (p 
0.103). These results are confirmed by Cox regression analysis. 
The risk of progression to score 3.0, 4.0 and 6.0 was higher in 
AH(+) vs AH(-) patients: RR 1.4, (p 0.016, CI 95% 1.06-1.88), 
RR 1.74 (p 0.013, CI 95% 1, 12-2.69), and RR 3.4 (p 0.03, CI 
95% 1.12-10.48), respectively.
EDSS score progression at 5 and 10 years since the time MS diag-
nosis was confirmed, using the Wilcoxon and Mann-Whitney test 
revealed the disability in the AH(+) group increased more signifi-
cantly than in the group AH(-).
Conclusions: AH appeared to be an independent factor in accel-
erating the disability progression in patients with RRMS. AH is 
associated with a higher risk of disability and reaching higher dis-
ability score in a shorter time.
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RLS is an important and frequent cause of depression 
and anxiety in patients with MS: striking results of the 
‘RELOMS-T’

S. Sevim1, M. Demirkıran2, M. Terzi3, A.N. Yüceyar4, B. 
Taşdelen5, E. İdiman6, M. Kürtüncü7, C. Boz8, D. Tuncel9, 
R. Karabudak10, A. Siva11, C. Özcan12, M. Neyal13, B. 
Karakurum Göksel14, M. Balal2, S. Şen3, Ö. Ekmekçi4, N. 
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1Mersin University, Neurology, Mersin, 2Çukurova University, 
Adana, 319 Mayıs University, Samsun, 4Ege University, İzmir, 
5Biostatistics, Mersin University, Mersin, 69 Eylül University, 
İzmir, 7Istanbul University, Faculty of Medicine, Istanbul, 
8Karadeniz Technical University, Trabzon, 9Kahramanmaraş 
Sütçü İmam University, Kahramanmaraş, 10Hacettepe 
University, Ankara, 11Istanbul University, Cerrahpasa Faculty 
of Medicine, Istanbul, 12Inönü University, Malatya, 13Sanko 
University, Gaziantep, 14Başkent University, Adana, Adana, 
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Introduction: Anxiety and depression are common psycholog-
ical comorbidities that impact the quality of life of patients with 
multiple sclerosis(PWMS). Similarly, significantly greater anx-
iety and depression symptoms were observed among patients 
with restless legs syndrome(RLS) than in the control subjects. 
Many studies have assessed the relationship of depression and 
anxiety with MS, as well as with RLS. Nonetheless, there has 
not been an effort to show how the prevalence of RLS affects 
both depression and anxiety in PwMS. Furthermore, consider-
ing the comorbidities that accompany MS, RLS is one of the 
most common.
Objectives: We aimed to investigate the interaction between anxi-
ety/depression and RLS in PwMS in a nation-wide, multicentre, 
prospective and cross-sectional survey.
Methods: Data were drawn from the Restless Legs of Multiple 
Sclerosis-Turkey project (RELOMS-T) which is designed to rep-
resent all of the PwMS throughout the country. All of the partici-
pants were assessed by using demographic and clinical parameters 
along with the Hamilton Anxiety and Hamilton Depression Scales 
(HAM-A and HAM-D) to explore the psychiatric burden of MS 
and RLS coexistence.
Results: Of the 1068 participants 173 (16,2%) experienced RLS 
[RLS(+)] and 895(83,8%) did not [RLS(-)]. The mean (SD) anx-
iety score of RLS(+) and RLS(-) patients were 12,7 (SD:4,5) and 
7,9 (SD:3,5) respectively; and depression 22,4 (SD:6,8) and 19,6 
(SD:5,8). The mean scores on HAM-A and HAM-D and the two 
subscales of HAM-A assessing the psychic and somatic func-
tioning were found to be significantly higher in RLS (+) subjects 
than those of the RLS (-) (p< 0.001 for all variables). Our data 
also seem to provide initial evidence of a correlation between the 
severity of RLS and of anxiety and depression symptoms among 
PwMS.
Conclusions: This study is the first to examine the effects of 
the combination of the two neurological conditions with 
depression and anxiety as well as comparing their prevalence 
and severity to each other. According to our data the presence 
of RLS in PwMS may increase the occurrence of both anxiety 
and depression symptoms and this increase correlates with the 
severity of RLS. Treatment of RLS in PwMS could possibly 
reduce symptoms of psychiatric comorbidities originating 
from RLS. Thus, awareness of MS specialists about the psychi-
atric burden of this coexistence is important to improve the 
quality of life in PwMS.
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P415
Neuroinflammation causes changes to the nodes of 
Ranvier in multiple sclerosis normal appearing white 
matter

P. Gallego Delgado1, A. Faisal2, R. James1, E. Browne1, J. 
Meng1, R. Reynolds1

1Division of Brain Sciences, 2Bioengineering, Imperial College 
London, London, United Kingdom

Introduction: In addition to the focal demyelinating lesions that 
are characteristic of multiple sclerosis (MS), both imaging and 
neuropathological analyses have demonstrated the presence of 
diffuse pathology in both white and grey matter, including changes 
to the structure of nodes of Ranvier in the normal appearing white 
matter (NAWM). The presence of axo-glial glial junctions of the 
myelin end loops and the proper clustering of sodium channels 
(Nav) at the node and potassium channels (Kv1.2) at the juxta-
paranode are crucial for fast action potential conduction.
Aims: Study the structural and functional consequences of nodal 
pathology and the role of inflammation in them.
Methods: We have examined the spatial expression of Caspr1, 
NF155, Nav, Kv1.2 and SMI32 in NAWM areas from post-mor-
tem progressive MS brains (n=20 cases comprising 34 blocks) 
compared to non-neurological controls (n=10 cases comprising 16 
blocks). To determine axo-glial abnormalities, intensity profiles 
were measured for each nodal parameter. This axo-geometrical 
data was then integrated into an axon computational model, which 
was developed with NEURON incorporating published electron-
microscopy data from human and macaque brains. To test our 
hypothesis, rats were injected into the cerebral subarachnoid 
space with lentiviral vectors for lymphotoxin-α and interferon-γ 
and nodal changes examined 3 months later.
Results: The paranodes in the MS NAWM tissue were 21.7% 
longer on average than in the control, and associated with stressed 
axons and microglia. In addition, we found a higher proportion of 
axons in MS NAWM with Kv 1.2 channels dislocated towards the 
paranode, which correlated with paranodal elongation. When 
these changes were inserted into the computational model, assum-
ing that the observed increment of paranodal length corresponded 
to an increment in the peri-axonal space, we observed an expo-
nential decrease in conduction velocity and an increase in meta-
bolic cost as the peri-axonal space increases. Furthermore, we 
predicted a potential conduction failure when the peri-axonal is 
increased up to a certain threshold in axons less than 1µm of diam-
eter. The same changes in paranodal length and Kv channel dislo-
cation were observed in the corpus callosum of rats with meningeal 
inflammation and chronic microglial activation.
Conclusions: These results point to microglia/astrocyte secretion 
of cytokines, glutamate and ROS as possible factors that could 
trigger these nodal changes.
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Differential expression of microglial TMEM119 and 
P2RY12 in white- versus grey-matter multiple sclerosis 
lesions; does the presence of leukocytes determine 
microglial responsivity?
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1Anatomy & Neurosciences, VU University Medical Center, 
VUmc MS Center Amsterdam, 2Anatomy & Neurosciences, VU 
University Medical Center, Amsterdam, The Netherlands

White-matter demyelination in Multiple Sclerosis (MS) is accom-
panied by a dysfunctional blood-brain-barrier leading to infiltra-
tion of leukocytes into the central nervous system (CNS). In 
post-mortem material of MS patients, these leukocytes and addi-
tional amoeboid-shaped, activated, microglia are present in white-
matter lesions (WMLs). However, grey-matter lesions (GMLs) 
are almost devoid of infiltrating leukocytes and show only a mod-
est microglial reaction. This clear difference in microglial reaction 
between WMLs and GMLs has raised questions about the respon-
sivity of WM and GM-derived microglia in MS pathology.
In the present study, primary human microglia cultured from post-
mortem MS patient-derived subcortical white- and cortical grey-
matter were used to investigate the expression of microglia 
specific proteins TMEM119 and P2RY12 upon treatment of the 
cells with the pro-inflammatory stimuli IFN-γ+LPS, or with the 
anti-inflammatory cytokine IL-4. In addition, we studied 
TMEM119, P2RY12, IFN-γ and IL-4 immunoreactivity in human 
post-mortem MS WMLs and subpial GMLs.
TMEM119 and P2RY12 mRNA levels in human primary micro-
glia were down-regulated when cells were treated with IFN-
γ+LPS. In addition, P2RY12 mRNA level was enhanced when 
stimulated with IL-4, whereas TMEM119 mRNA level was equal 
to control. These responses were similar in white matter derived 
microglia and in grey matter derived microglia. In addition, this 
pattern of mRNA regulation was reflected in TMEM119 and 
P2RY12 immunoreactivity in WMLs where, if CD3 and CD20 
positive lymphocytes, and IFN-γ positive cells were present, less 
TMEM119 and P2RY12 immunoreactivity was present. When 
lymphocytes and IL-4 immuno-positive cells were present, 
P2RY12 immunoreactivity could be observed, but not TMEM119. 
In subpial GMLs, where infiltration of leukocytes, including lym-
phocytes, and IL-4 and IFN-γ immune-positive cells were absent, 
TMEM119 and P2RY12 immunoreactivity was similar to normal 
appearing white and grey matter.
These results suggest that the difference in microglial response in 
demyelinating WMLs and GMLs could be driven by the presence 
or absence of leukocytes, respectively. Further studies to deter-
mine the microglial subtypes present in WMLs and GMLs, are 
warranted.
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Cortical neuronal loss and white matter demyelination in 
multiple sclerosis: a retrospective study
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Ontaneda7, S. Jones8, R. Fox7, J. Chen1, K. Nakamura3, R. 
Rudick7

1Neuroscience, Cleveland Clinic Foundation Lerner Research 
Institute, Cleveland, 2Kent State University, Kent, 3Biomedical 
Engineering, Cleveland Clinic Foundation Lerner Research 
Institute, 4Pathology, Cleveland Clinic Pathology and Labratory 
Medicine Institute, 5Renovo Neural, Cleveland, OH, United 
States, 6Pathology, Haukeland University Hospital, Bergen, 
Norway, 7Cleveland Clinic Foundation, Neurological Institute, 
8Imaging institute, Cleveland Clinic, Cleveland, OH, United 
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Introduction/Objectives: MS was traditionally considered to be 
a disease primarily affecting the white matter (WM), although the 
importance of grey matter (GM) demyelination has now been 
firmly established. Demyelination of cerebral WM is thought to 
drive neuronal degeneration and permanent neurological disabil-
ity in individuals with MS. Brain magnetic resonance imaging 
(MRI) studies, however, support the possibility that demyelina-
tion and neuronal degeneration can occur independently. This 
study investigated postmortem MS brains for pathological evi-
dence of cortical neuronal loss that is independent of cerebral WM 
demyelination.
Methods: In our post-mortem MS cohort of 100 brains, we identi-
fied 12 brains that lacked cerebral WM demyelination. We 
matched these 12 brains with 12 typical MS (TMS) cases that 
included cerebral WM lesions. Cases were matched based on age, 
sex, disease duration, post-mortem interval, postmortem MRI 
protocol, and disability. Demyelination was quantified histologi-
cally in cerebral WM, cerebral cortex, and spinal cord and com-
pared between the two groups. Neuronal densities in 5 cortical 
regions not directly connected to spinal cord were compared 
between the two groups and with aged-matched postmortem con-
trol brains. Cerebral MRI metrics were compared between the two 
groups and with controls. Pathological correlates of brain WM 
MRI abnormalities were investigated in the group lacking cere-
bral WM lesions.
Results: Cases without cerebral WM demyelination exhibited 
demyelination in spinal cord and cortex. Despite the lack of cer-
ebral WM demyelination, cortical neuronal densities and cortical 
thickness were significantly decreased compared to control 
brains and similar to TMS brains. Surprisingly, cerebral WM 
MRI abnormalities were similar to those found in TMS. Swollen 
myelinated axons were the pathological correlate of cerebral WM 
MRI abnormalities found in the MS brains without cerebral WM 
demyelination.
Conclusions: A subtype of MS, which we call myelocortical mul-
tiple sclerosis (MCMS), is characterized by demyelination of the 
spinal cord and cerebral cortex, but not of the cerebral WM. 
Cortical neuronal loss occurs independent of cerebral WM demy-
elination in MCMS. Future studies should investigate mecha-
nisms of primary neuronal degeneration in MS.
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Persistent TNF and IFNγ production induced in the cerebral 
meninges in a rat model of MS gives rise to neuronal loss
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Introduction: The progressive phase of multiple sclerosis (MS) 
is characterised by accumulating grey matter (GM) pathology. 
The presence of immune cell infiltrates in the meninges is associ-
ated with lymphoid tissue development, greater cortical demyeli-
nation, shorter disease duration and significant neuronal loss. 
Analysis of isolated meninges of MS cases has shown increased 
gene expression for the pro-inflammatory cytokines: tumour 
necrosis factor (TNF) and interferon-γ (IFNγ).
Aims: We aimed to test the hypothesis that chronic production of 
these cytokines in the meningeal compartment and diffusion into 
underlying GM can drive MS GM pathology.
Methods: To do this we stereotactically injected HIV-1 based 
VSV-g pseudotyped lentiviral transfer vectors into the sagittal 
sulcus (SS) of DA rats to deliver continuous transgene expression 
(TNF + IFNγ) in the meninges. Rats were either immunised with 
MOG peptide or IFA as a control. A neuropathological analysis 
was conducted at chronic time points up to 2 months.
Results: Injection of these vectors induced the formation of 
lymphoid follicle-like structures in the meninges by 28 dpi, 
which remained at 2 months, containing CD4+ and CD8+ 
T-cells, CD79a+ B-cells and Iba1+ macrophages, and MadCAM+ 
channels. Subpial demyelination underlying these aggregates 
was accompanied by widespread microglial activation and was 
partly dependant on MOG immunisation. Quantification of 
NeuN/HuCD co-staining showed a 23-48% decrease in neuronal 
numbers in cortical layers II-IV at 2 months post injection. 
Neuronal loss occurred in both MOG and IFA immunised ani-
mals and in the absence of demyelination. TNF/TNFR1 interac-
tions can initiate cell death by activating pathways involved in 
necroptosis. Immunostaining showed TNFR1 expression by 
neurons. RT-PCR on cortical RNA at 28 dpi and 2 months 
showed an increase in expression of TNFR1 and downstream 
necroptotic genes, RIP3, MLKL, cIAP2 and Nox2 compared to 
eGFP vector control animals. RIP3+ and MLKL+ immunoposi-
tive cells with the morphology of neurons were present in TNF 
+ IFNγ vector injected animals. Membrane staining for phos-
phorylated MLKL in neurons was suggestive of the final stages 
of necroptosis.
Conclusions: Our results suggest that TNF in the presence of 
IFNγ is a potent inducer of meningeal inflammation and can acti-
vate TNF signalling pathways in cortical cells leading to neuronal 
death and subpial demyelination and thus may contribute to clini-
cal progression in MS.
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P419
Synaptic pathology and plasticity in grey matter 
inflammation in multiple sclerosis

M. Vercellino1, S. Grifoni2, A. Favole2, C. Trebini1, C. 
Bosa1, G. Costantini1, E. Cuffini1, C. Casalone2, M.T. 
Giordana1, C. Corona2, P. Cavalla1

1Department of Neuroscience, University Hospital AOU 
Città della Salute e della Scienza di Torino, 2Laboratorio 
di Neurobiologia Sperimentale, Istituto Zooprofilattico del 
Piemonte, Liguria e Valle d’Aosta, Torino, Italy

Introduction: Synaptic pathology is emerging as an important 
feature of MS. Alterations of synaptic transmission have been 
described in detail in active demyelinating lesions in animal mod-
els of MS, and some evidence of diffuse synaptic loss in MS brain 
tissue has been provided by postmortem studies.
Aim of this study was to further investigate the hypothesis of an 
inflammatory synaptopathy in MS grey matter.
Methods: This study was performed on postmortem samples of 
MS and control brains (9 MS and 10 controls), supplied by the 
MS Society Tissue Bank. MS brain samples were selected for 
presence of active inflammatory demyelinating grey matter 
lesions (GML). Synapses were identified in confocal microscopy 
with immunofluorescence for synaptophysin, and further charac-
terized as glutamatergic or GABAergic using immunofluores-
cence for presynaptic vescicular transporters of glutamate 
(VGLUT1, VGLUT2) and GABA (VGAT). Markers of inflam-
mation, M1/M2 microglia phenotype, oxidative damage, neu-
ronal pathology, axonal pathology and synaptic plasticity were 
assessed using immunohistochemistry.
Results: An important reduction of synaptic density was 
observed in active demyelinating GML if compared to the nor-
mal appearing grey matter (NAGM) (-64.04%, p< 0.0001), with 
recovery of synaptic density in chronic inactive GML. The den-
sity of glutamatergic presynaptic terminals was reduced 
(-17.7%; p=0.0013) in active demyelinating GML, and 
increased (+27.21%; p< 0.0001) in chronic inactive GML, if 
compared to the NAGM. The density of GABAergic presynap-
tic terminals was approximately unchanged in active demyeli-
nating GML if compared to the NAGM, and reduced in chronic 
inactive GML (-15.8%; p=0.008).
Conclusion: This study provides direct evidence, in MS brain tis-
sue, of synaptic damage/loss during active grey matter inflamma-
tory demyelination and of synaptic reorganization/remodelling in 
chronically demyelinated grey matter.
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Experimental models

P420
In vivo confocal imaging and single-cell transcriptomic 
analyses reveal early activation of retinal microglia during 
experimental autoimmune encephalomyelitis

A. Cruz-Herranz, K. Kim, E. Cantó, C. Cordano, G. 
Timmons, J.H. Sin, M. Devereux, N. Baker, B. Michel, R. 
Schubert, L. Rani, S. Baranzini, A.J. Green
Division of Neuroinflammation and Glial Biology. Department 
of Neurology, UC San Francisco, San Francisco, CA, United 
States

Background: In MS, chronic activation of innate immune cells of 
the central nervous system (CNS) is thought to be a significant 
contributor to neuronal loss and disease progression. However it 
is unclear if innate immune activation drives or is a consequence 
of neuronal dysfunction and death. Furthermore, even if innate 
immune cells do contribute to injury, the relative importance of 
resident vs. infiltrating cells is uncertain. The retina exhibits neu-
ronal injury and shows innate immune activation, and is devoid of 
myelin. This may permit to study an anatomically separate “gray 
matter” structure, capable of disentangling the effects of innate 
immune activation from directly proximate damage to myelin as 
is seen in the cortex. It also provides a means to study the direct 
localized effect of innate immune activation on neuronal function 
and health.
Objective: To characterize the timing of innate immune activa-
tion in the retina during EAE.
Methods: We used confocal scanning laser ophthalmoscopy 
(CSLO) to monitor changes in the density and morphology of 
retinal innate immune cells in 6 adult CX3CR1 +/- GFP mice 
during two months after direct immunization against MOG35-55. 
We scored EAE severity daily. Mice were then sacrificed and 
surviving ganglion cells (GC) were counted through Brn3a 
staining of retinal flat-mounts. In a separate study, we per-
formed single-cell RNAseq of retinal CD11b+ cells sorted by 
flow cytometry 6 days after immunization (n=25 immunized vs. 
25 healthy controls), using canonical markers to distinguish 
between microglia, macrophages, NK cells and circulating 
monocytes.
Results: Density of retinal CX3CR1+ cells increased progres-
sively during the first weeks after immunization, reaching a two-
fold change compared to baseline levels around day 30, slowly 
decreasing thereafter. Morphology changes were consistent with 
immune activation. Mice with more severe EAE had a higher 
peak of retinal CX3CR1+ cell density (r2 = 0.48; P=0.003), which 
was also associated with worse GC loss (r2= 0.29; P=0.031). 
Transcriptomic profiling revealed activation of retinal microglia 
and macrophages at day 6 after immunization, before any clinical 
signs were observed.
Conclusions: Retinal innate immune activation is local to the site 
of neuronal loss, and precedes clinical onset in EAE. Flow cytom-
etry and single-cell RNAseq can be used to distinguish cell sub-
sets and identify pathways that are activated during EAE and that 
contribute to neuronal loss.

Disclosure
Cruz-Herranz A: Research support from the National Multiple 
Sclerosis Society (Postdoctoral Fellowship), UCSF Program for 
Breakthrough Biomedical Research (Postdoctoral Independent 
Research Award), and the Conrad N. Hilton Foundation (Pilot 
Innovator Award).
Kim K: nothing to disclose
Cantó E: nothing to disclose
Cordano C: Research support from the Fondazione Italiana 
Sclerosi Multipla (Research Fellowship).
Timmons G: nothing to disclose
Sin JH: nothing to disclose
Devereux M: nothing to disclose
Baker N: nothing to disclose
Michel B: nothing to disclose
Schubert R: Research support from the American Academy of 
Neurology-National Multiple Sclerosis Society (Clinician 
Scientist Development Award)
Rani L: nothing to disclose
Baranzini S: Research support from the National Institutes of 
Health (R01 NS088155)
Green AJ: Research support from the National Multiple Sclerosis 
Society (Harry Weaver Neurosciences Scholar Award), Novartis, 
UCSF CTSI, That Man May See, and the Conrad N. Hilton 
Foundation (Pilot Innovator Award); personal fees from Inception 
Sciences and Mylan Pharmaceuticals; philanthropic support from 
the Rachleff Family and the Robert Dale Family. He also reports 
serving on an end point adjudication committee for Biogen and 
Medimmune. He serves on trial steering committees for Novartis 
and Scientific Advisory Board for Bionure

P421
Multicolor 19F-MRI for in vivo imaging of immune cells 
activity in a model of multiple sclerosis

C. Chirizzi1, D. De Battista1, R. Furlan1, A. Finardi1, 
P. Metrangolo2, G. Comi1, F. Baldelli Bombelli2, L. 
Chaabane1

1Institute of Experimental Neurology (INSPE), San Raffaele 
Hospital, 2Laboratory of Nanostructured Fluorinated Materials 
(NFMLab), Department of Chemistry, Materials, and Chemical 
Engineering “Giulio Natta”, Milan, Italy

An non invasive imaging modality capable of quantifying inflam-
mation, axon injury and myelin loss is highly required to monitor 
multiple sclerosis (MS) progression and to support disease modify-
ing interventions. In this context, MRI is a suitable imaging tool 
for in vivo investigation and with the use of fluorine probes, active 
inflammation could be detected. We extended MRI towards multi-
color imaging using two formulations of fluorine nanoparticles 
(19F-NPs) with two different fluorocarbons (FCs) having distinct 
resonance frequencies. 19F-NPs were produced by direct sonica-
tion of FCs with a surfactant including also a fluorescent dye for 
cytometric analysis (FCM). Both 19F-NPs were clearly differenti-
ated in vivo allowing multicolor 19F-MRI without overlaps or 
artefacts. Thus we exploited multicolor 19F-MRI to monitor in 
vivo the dynamics of immune-cells infiltration in the experimental 
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autoimmune encephalomyelitis (EAE), a mouse model of MS. All 
in vivo experiments were performed on a 7T-MRI scanner, in 
healthy (n=6) and in EAE (n=14) in C57BL/6 mice immunized 
with a MOG peptide and received two dose of pertussis toxin at 0 
and 2 days post immunization (dpi). Pathological mice showed dif-
ferent levels of motor impairments from weakness to complete 
paralysis of hind limbs. Longitudinal MRI was performed at differ-
ent dpi and after a first dose of 19F-NP given at the onset of EAE 
(16dpi) and a second dose at disease peak (20dpi). Interestingly, 
with the 19F-NP given at the onset of EAE, a low fluorine signal 
was found in the CNS. While with the second FC given at the peak 
of motor disability, a strong signal was observed all over the spinal 
cord and in the brain. At the last MRI (26dpi), animals were sacri-
ficed and several organs were collected and processed for FCM to 
identify 19F-labeled cells. Importantly, our results showed that 
19F-NP uptake was proportional to the level of EAE severity. 
Furthermore, 19F signal was associated with the increase of leuko-
cytes infiltration in the CNS as measured by FCM. In particular, 
monocytes and neutrophils were the main cells positive to 19F-
NPs that were also increased in EAE mice with a severe motor 
disability.
In conclusion the present work demonstrates the potentiality of 
multicolor 19F-MRI with gain in sensitivity to track immune cells 
activity in vivo during neuroinflammation. In the future, the pro-
posed multicolor imaging method could also be used to monitor 
the efficacy of new anti-inflammatory molecules.

Disclosure
All listed authors are in agreement and have no conflict of interest 
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P422
Are B cells attracted by T follicular helper cells in the 
EAE animal model of MS?

M. Hartlehnert1, D. Schafflick1, T. Lautwein1, J.-K. 
Strecker1, T. Kuhlmann2, H. Wiendl1, G. Meyer zu 
Hörste1

1Department of Neurology with Institute of Translational 
Neurology, 2Institute of Neuropathology, University Hospital 
Münster, Münster, Germany

T follicular helper (TFH) cells are a subset of CD4+ T cells homing 
to germinal centres (GCs) of secondary lymphoid organs. They 
are crucial for B cell maturation into plasma cells and thus anti-
body production during physiological immune responses. 
Pathological structures, morphologically similar to GCs called 
ectopic lymphoid tissue, can develop in the meninges of multiple 
sclerosis (MS) patients. We here speculated that TFH cells interact 
with B cells in a ‘pathological GC reaction’ locally in the menin-
ges and may promote MS pathology.
We induced the experimental autoimmune encephalomyelitis 
(EAE) animal model of MS in TFH cell-deficient (CD4CreBcl6flox/

flox) mice and found the severity of MOG35-55 peptide induced EAE 
decreased compared to controls. This correlated with a signifi-
cantly reduced amount of pathogenic T cells and total B cells infil-
trating in the central nervous system (CNS) of TFH cell-deficient 

mice. To further characterize these B cells in the CNS, we per-
formed transcriptomic profiling. We also performed an adoptive 
transfer (AT) EAE using MOG-specific T cells derived from TFH 
cell-deficient mice transgenically expressing a MOG-specific T 
cell receptor and their wildtype littermates. In fact, we found abun-
dant GC-like ectopic lymphoid tissue in the spinal cord in these 
mice and CD4CreBcl6flox/flox myelin-reactive T cells induced less 
severe AT-EAE than wildtype-derived T cells. We are further char-
acterizing ectopic lymphoid tissue to understand local T/B-cell 
interaction in this model. Taken together, our data suggest that TFH 
cells contribute to CNS autoimmunity by promoting B cell infiltra-
tion in the CNS.
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P423
Modeling neuroinflammation in human neural stem cell 
niches with induced pluripotent stem cell-derived cerebral 
organoid reveals altered migration and neurogenetic 
programs: implications for neurogenesis in multiple 
sclerosis

E. Hollingsworth1, K. Julian1, D. Julian1, F. Watanabe1, 
M. Hester2, J. Imitola1

1Neurology and Neuroscience, The Ohio State University, 
2Center for Perinatal Research, Nationwide Children’s Hospital, 
Columbus, OH, United States

Despite a past study describing adult neurogenesis in individuals 
with multiple sclerosis (MS), mounting evidence from mouse mod-
els of MS and human postmortem MS tissue indicates otherwise. 
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Above settling this debate, understanding the mechanisms by which 
human neural progenitors respond to neuroinflammation remains a 
critical issue in MS and may shed light on these conflicting data. 
Pursuit of these questions, however, has been experimentally inac-
cessible until the recent development of human cerebral organoids, 
3D cultures that model the spatiotemporal dynamics underlying 
human corticogenesis. By implementing cerebral organoids derived 
from healthy induced pluripotent stem cells (iPSCs), we investi-
gated the effect of a single inflammatory cytokine, IFN-g, on the 
developmental dynamics of the human stem cell niche, which 
largely reflects the requisite events activated during repair. 
Continuous exposure of organoids to IFN-g for 42 days at 5, 10 and 
100 ng/mL led to significantly less growth in organoid size starting 
at day 21. We observed increased apoptosis only in organoids 
exposed to IFN-g at 100 ng/mL while lower IFN-g doses showed 
similar levels of apoptosis and proliferation. Immunostaining 
revealed a premature displacement of stem cells from the subven-
tricular-like zone, resulting in a smaller central progenitor pool and 
a reduction in mitotic outer radial glia, the cell type responsible for 
the dramatic expansion of the human cortex. In spite of a reduced 
progenitor pool, organoids exposed to IFN-g maintained the proper 
emergence of early born neurons. qPCR analyses suggest aberrant 
migration of progenitors, as indicated by increased DAB1 and 
CDH2 expression in IFN-g organoids. Our work provides insights 
into how neuroinflammation in MS disrupts the developmental pro-
cesses enacted during repair and paves the way, as a novel para-
digm, for future studies to interrogate human neurogenesis in the 
presence of inflammation from MS patient-derived cells.
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Automatic segmentation of white matter and detection of 
active lesions in multiple sclerosis
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Introduction: Disability can be prevented by early detection of 
multiple sclerosis lesions. Computer aided MS lesion detection 
via brain MRI segmentation is more efficient than time consum-
ing manual methods. Yet, automatic segmentation is considered a 
challenging task due to the complexity in structures and similarity 
of normal tissues and lesions.
Methods: This paper proposes an automatic method of segmenta-
tion and active lesion detection for MS MRI images. The main 
method consists of three steps which includes image normaliza-
tion and enhancement, region growing segmentation with gauss-
ian contour enhancement and Hough transform. First, 
normalization of intensity is performed which is essential for the 

quantitative texture analysis of images. Then histogram normali-
zation is implemented, which has better results compared to other 
methods. Later, region growing segmentation with gaussian con-
tour enhancement is applied to segment white matter. It is a pro-
cess which makes clusters of image regions according to image 
intensity of seed points. After selecting the initial seed, a statistical 
approach is used to grow the region. After this step, edges are 
detected by using the canny edge detector which helps us to apply 
Hough transformation. Edge points are taken as centre with a 
radius and then a circle is drawn across the lesion. The proposed 
method was evaluated on Gd-enhanced MRI data, taken from 
John Hunter Hospital of four patients with active MS. A total of 
1973 MRI slices were used with each patient’s scan yielding 665 
to 800 slices. The auto-detection of lesions were compared to 
manual results from an expert radiologist.
Results: For evaluation, our algorithm consisted of four classes 
which are true negative, false negative, false positive and true 
positive, then overlap metric, structure similarity index (SSI) and 
precision were measured quantitatively. Overlap metric, SSI and 
precision were quantified as 0.91, 0.96 and 0.94, respectively. 
After auto-segmentation, active lesions were detected with an 
accuracy of 0.99 for examined images.
Conclusion: The proposed locally developed algorithm was able 
to and efficiently perform segmentation of white matter and accu-
rately detect active MS lesion with high accuracy. This robust 
method will help radiologist to segment and detect active lesions 
automatically.
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Visual evoked potentials and optical coherence 
tomography to detect optic neuritis in C57BL/6

S. Marenna1, S.-C. Huang1, V. Castoldi1, R. d’Isa2, G. 
Comi2, L. Leocani2

1INSPE- Institute of Experimental Neurology, San Raffaele 
Hospital - Vita-Salute San Raffaele University, 2San Raffaele 
Hospital, Milano, Italy

Experimental autoimmune encephalomyelitis (EAE) is induced 
through myelin oligodendrocyte glycoprotein (MOG) injection. 
C57BL/6 mice develop chronic EAE, a common disease model of 
multiple sclerosis (MS). This animal model permits to study optic 
neuritis, an acute inflammatory disorder that causes demyelina-
tion of the optic nerve, thinning of the retinal nerve fiber layer 
(RNFL), and death of retinal ganglion cells (RGCs). We aimed at 
testing the usefulness of non-invasive visual evoked potential 
(VEP) and optical coherence tomography (OCT) in detecting 
optic nerve involvement in this model. Ten C57BL/6 were immu-
nized, and VEPs were recorded before the day of immunization 
and at different time points until 37 dpi. Clinical score was meas-
ured daily and healthy control group (n=5) was monitored at the 
same time points.
In EAE, VEP latency was significantly increased at 11 dpi 
(p=0.026) until 37 dpi (p< 0.0001), with partial recovery at 23 dpi 
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(p=0.195). Amplitude was significantly decreased only at 31 dpi 
(p=0.006). In EAE, NGCC (neuronal ganglion cell complex) 
decreased significantly at the last time point compared to healthy 
(p=0.008). VEP latency was significantly correlated with NGCC 
thickness (Pearsons’ r=-0.661; p=0.007). VEP delay preceded 
clinical EAE motor symptoms (16dpi) and neuroaxonal retinal 
thinning at OCT. These findings suggests that VEPs can be used 
as an early biomarker of demyelination in EAE to test new remy-
elinating treatments, while OCT is suitable for monitoring subse-
quent neuroaxonal loss for testing neuroprotective strategies.
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P426
Fusiogenic property of virus determines the mechanistic 
aspects of axonal loss concurrent with demyelination

M. Singh1, D. Pal2, J. Das Sarma1
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Mouse hepatitis virus (MHV) infection in mice causes menin-
goencephalitis and myelitis with subsequent axonal loss and 
demyelination which mimics certain pathological feature of 
human neurological disease multiple sclerosis. MHV induced 
neuroinflammation can follow “inside-out” mechanism, where 
pathology initiates within axons and leads to damage to its outer 
myelin covering. Previous study demonstrated spike protein (S) 
(host attachment protein) is one of the major genomic determi-
nants of pathogenic properties and viral spread from brain to the 
spinal cord as well as from grey to white matter and causes white 
matter myelin loss and axonal degeneration. Fusion peptides (FP) 
in S are key players that mediate intercellular viral spread. A cen-
tral proline residue of FP has been alluded to have a distinctive 
role in spread from one cell to another. The MHV S from strain 
RSA59 (PP) contains two central consecutive proline(s) in the FP. 
When one proline is deleted, RSA59 (P) produces significant dif-
ferences in neural cell syncytia formation and viral titer post 
infection in vitro. NMR studies of 16-mer FP fragment from 
RSA59 (PP) shows a more ordered cis isomeric helix-turn-helix 
structure in methanol than its trans counterpart in water. 
Comparative molecular dynamics studies on the trimeric spike 
fusion domain and the FP reveal a dual role for the central proline, 
wherein in aqueous environment it imparts conformational rigid-
ity to the fusion apparatus and facilitates the same by promoting a 
more ordered structure in the membranotropic environment 
through ready isomerization to a cis peptide form. RSA59 (PP) 
and RSA59 (P) infection studies with C57Bl/6 mice by transcra-
nial inoculation produces distinct patterns of injury at day 3 

post-infection. Both cause similar degrees of necrotizing hepatitis 
and meningitis, but only RSA59 (PP) produces widespread 
encephalitis that extends deeply into the brain parenchyma with 
extensive apoptosis of neurons and glia. In contrast, RSA59 (P) 
infection is limited with minimal extension of viral antigen from 
the meninges and the inoculating needle tract. By day 6 post-
infection, both viruses are mostly cleared from the brain despite 
considerable residual microglial activation. Interestingly, RSA59 
(P) produces significantly reduced demyelination at chronic stage 
of the disease compared to RSA59 (PP). Our work provides a 
premise for understanding the mechanism of virus induced demy-
elination and axonal loss.
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Age and chronicity of demyelination determine motor 
impairment in a model of multiple sclerosis
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Kapodistrian University of Athens, Athens, Greece

Background: Epidemiological studies have identified age as a 
risk factor for transition from the relapsing to the secondary pro-
gressive phase of multiple sclerosis (MS) and evidence suggests 
that age-related neurodegenerative processes drive disability pro-
gression in the progressive forms of MS.
Objective: To test the hypothesis that age and chronic demyelina-
tion determine neurological impairment in a model of toxic 
demyelination.
Design/methods: The cuprizone model was used to induce demy-
elination in young (9 week-old) and aged (48 week-old) mice. 
CNPase, Iba-1, GFAP and APP immunohistochemistry were used 
to quantify demyelination, microglial/macrophage activation, 
astrogliosis and axonal damage in the corpus callosum, in a 
blinded manner using image analysis software. The rotarod test 
was used for weekly functional assessments. Multiple linear 
regression analysis was performed with latency to fall off the 
rotarod as the dependent variable and demyelination, time from 
onset of feeding with cuprizone and mouse age (young vs. aged) 
as independent variables.
Results: Histological examination showed that all young and 
aged mice fed with cuprizone had developed demyelination by 
week 4. Quantification of demyelination revealed significantly 
less extensive myelin loss in the aged cuprizone-treated, com-
pared to the young cuprizone-treated mice (P= 0.008) after 4 
weeks of cuprizone feeding, but no differences after 8 or 16 weeks 
of treatment, indicating that ageing may be associated with 
delayed onset of demyelination. Univariate logistic regression 
revealed that age (P< 0.0001), demyelination (P< 0.014) and time 
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from onset of cuprizone feeding (P< 000.1) all correlated signifi-
cantly with latency to fall off the rotarod. A multivariate regres-
sion analysis model with these factors as covariates could explain 
52% of the variance in latency to fall of the rotarod (R2= 0.521, P< 
0.0001). There was a significant Interaction between age, demy-
elination and time from onset of feeding in the model (P=0.036).
Conclusions: Our study provides evidence of an effect of age and 
chronicity of demyelination on neurological impairment in an ani-
mal model of MS.
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Genetics/Epigenetics

P428
Evaluating the distribution and haplotype structure of 
multiple sclerosis risk loci across populations
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Differences in multiple sclerosis (MS) prevalence and clinical 
presentation across populations provide some evidence that allele 
and locus heterogeneity may exist. Currently, 200 non-MHC auto-
somal risk variants in 153 loci have been identified as conferring 
risk for MS in >100,000 ancestral Europeans. To evaluate the dis-
tribution of risk alleles across populations, we computed a genetic 
risk score of the 200 variants in 1000 Genomes populations of 
Europe (N=441), Africa (N=323), Asia (N=166), and the Americas 
(N=258). European populations include CEU: Utah, IBS: Spain, 
GBR: Britain, FIN: Finland, TSI: Italy; African include ACB: 
Barbados, ASW: SW US, LWK: Luhya, YRI: Yoruba; Asian 
include CHB/CHD: China, JPT: Japan; and the Americas include 
CLM: Colombia, MXL: Mexico, PEL: Peru, PUR: Puerto Rico. 
The mean risk score ranges from 18.8 in Asians to 19.8 in Africans 
(~13 more risk alleles in Africans), with Europeans and people of 
the Americas demonstrating intermediate scores of 19.4 and 19.3 
respectively. When comparing the mean risk score across the four 

populations, differences (p≤0.05) were observed for each of the 
pairwise combinations except Europeans and people of the 
Americas; indicating differences in the distribution of MS risk 
variants across ancestral groups. We further evaluated the genetic 
risk score in admixed (3 or 2-way European, African, and Native 
American ancestry) Hispanics (1398 cases; 1386 controls) and 
African Americans (1305 cases; 1155 controls). The mean risk 
score was 19.4, 20.0 (p=8.12E-58) and 19.7, 20.03 (p=3.51E-23) 
in Hispanic and African American controls, cases. The increase in 
cases indicates the utility of the risk score in characterizing risk 
among diverse populations. In each data set, we compared risk 
scores in the top 5th percentile of the distribution to those in the 
interquartile range and found that being in the top 5th percentile 
indicates greater odds of disease in Hispanics than in African 
Americans (3.16 vs. 2.39) despite higher mean risk scores 
observed in African Americans. Utilizing local ancestry analyses 
to compute of the odds of MS for those with 0, 1, and 2 alleles of 
European, African, and Native American ancestry (derived from 
Karitiana, Maya, Pima, and Surui peoples of HGDP) for each risk 
variant; we find evidence that for some risk loci, haplotype struc-
tures differ across populations and the identified risk variant may 
not be the best tag for the true causal variant in all populations.
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P429
Molecular signature of brain lesion evolution and fate in 
progressive MS

M.L. Elkjaer1, T. Frisch2, M. Burton3, R. Reynolds4, T. 
Kruse3, M. Thomassen3, J. Baumbach5, Z. Illes1

1Neurology, 2Mathematics and Computer Science, 3Clinical 
genetics, University of Southern Denmark, Odense C, Denmark, 
4Imperial College London, London, United Kingdom, 5Technical 
University of Munich, Munich, Germany

Hypothesis: We hypothesized that the different lesion types in the 
brain of progressive multiple sclerosis (SPMS) patients can be 
characterized by specific transcriptome signatures. These could 
unmask complex mechanisms that drive the evolution and fate of 
lesions, and lead to discovery of biomarkers and potential drug 
targets that can halt progression.
Methods: With immunohistochemistry, we classified 98 brain 
areas: NAWM and active lesions representing lesion evolution, 
and inactive, chronic active and repairing lesions representing the 
fate of lesions, and also control white matter tissue from 10 MS 
and 5 non-neurological control brains. We carefully dissected the 
lesion types out and created the transcriptome profile of each 
lesion type by next generation RNA sequencing, and normalized 
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the expression against the control tissue. We produced clusters 
and networks of significant genes using KeyPathwayMiner and 
TiCoNE. We also extracted key molecules that could influence 
either the maintenance or halt of active inflammation.
Results: Out of the detected 18000 genes, over 4000 were dif-
ferentially expressed between MS and controls (FDR< 0.05). 
Here we found CD26 in NAWM as a potential early marker of 
lesion evolution. By unsupervised clustering, we observed a gene 
cluster (n=580) representing the evolution of active lesion from 
NAWM. The co-enriched network was related to cellular traf-
ficking and immune activation as ICAM, VCAM, HLA-DRs, 
CD4, CD11c. As for fate of active lesions, we retrieved genes 
uniquely expressed in each lesion type and mapped them to pro-
tein-networks to reveal stage-specific mechanisms. The repair-
specific network was related to genes participating in tissue 
recovery/remodeling and cytotoxic immune response, the inac-
tive-specific network was related to coagulation and homeostatic 
control, and the chronic active-specific network was related pri-
marily to metabolic changes with ENO1 as a major hub in chronic 
active subnetworks.
Discussion: Our data support lesion type specific transcriptome 
signatures. We observed high transcriptional changes across 
lesion evolution and fate emphasizing the importance to study 
each lesion type separately not to misinterpret temporal differ-
ences. With an unsupervised approach, we created de novo bio-
logical pathways containing major hubs and molecules that may 
control the mechanisms of active lesion evolution, and its fate into 
inactive, chronic active, or repairing lesion.
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ZI has served on scientific advisory boards, served as a consultant, 
received support for congress participation, received speaker hon-
oraria, and received research support from Biogen, Merck-Serono, 
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entific advisory boards, received research support and speaker 
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P430
Multiple sclerosis-associated microRNA-548ac targets 
immunologically relevant genes including SDC4, SEL1L 
and TNFAIP3

N. Boxberger1, M. Hecker1,2, B. Fitzner2, D. Koczan2,3, 
U.K. Zettl1

1Department of Neurology, University of Rostock, 2Steinbeis 
Transfer Center for Proteome Analysis, 3Department of 
Immunology, University of Rostock, Rostock, Germany

MicroRNAs (miRs) play an important role in regulating gene 
expression by degrading transcripts and/or repressing translation. 
The miR-548ac-encoding sequence is located in the CD58 gene 
locus. Genetic variants in this locus have been linked to an 
increased risk of multiple sclerosis (MS) and also to different 
expression levels of miR-548ac. This molecule may play a causal 
role in MS pathogenesis.
The specific function of miR-548ac has not been investigated 
before. We aimed at identifying the target genes of this miR to 

enhance the understanding of the contribution of this molecule to 
the development of MS.
HeLa cells were transfected with mir-548ac precursor-encoding 
plasmids to overexpress mature miR-548ac. With real-time PCR 
assays, the levels of mature miR-548ac were measured 24 h and 
48 h post transfection. Transcriptome profiling analysis was used 
to identify significantly downregulated transcripts. The most 
likely direct targets of miR-548ac were verified bioinformatically 
and experimentally validated with luciferase reporter assays.
In response to overexpression of miR-548ac, 257 (24 h) and 99 
(48 h) transcripts were found to be significantly downregulated. 
Bioinformatically, ten were determined to be the most likely 
direct targets of miR-548ac, including the transcripts of SDC4, 
SEL1L and TNFAIP3. Luciferase assays confirmed a direct inter-
action of miR-548ac with the 3’ends of these molecules, which 
have been associated with immunomodulatory processes before.
To conclude, our findings imply that miR-548ac modulates immu-
nological mechanisms. Other miRs map to genetic MS suscepti-
bility loci as well. Investigating their functional roles will provide 
further insights into the molecular mechanisms underlying MS. 
Such efforts might also be of relevance for the identification of 
novel biomarkers for the disease.
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NB received travel funds from Novartis. MH received speaking 
fees and travel funds from Bayer HealthCare, Biogen, Novartis 
and Teva. UKZ received speaking fees and financial support for 
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P431
Parent-of-origin genetic effects in multiple sclerosis

N. Isobe1,2, A. Tsai3, S.J. Caillier2, A. Santaniello2, J.-I. 
Kira4, S.L. Hauser2, J.R. Oksenberg2

1Neurological Therapeutics, Kyushu University, Fukuoka, 
Japan, 2Neurology, University of California San Francisco, San 
Francisco, CA, 3Computational Biology and Computer Science, 
Massachusetts Institute of Technology, Cambridge, MA, United 
States, 4Neurology, Kyushu University, Fukuoka, Japan

Introduction: Parent-of-origin effect describes a phenotype that 
depends on whether a causative allele was inherited from the 
mother or the father.
Objectives: We aimed to investigate whether any parent-of-origin 
effects are observed in multiple sclerosis (MS) susceptibility.
Methods: We utilized a genome-wide single nucleotide polymor-
phism (SNP) dataset of 931 family trios (consisting of an affected 
child and both parents) of European origin. After strand phasing 
and SNP imputation, parent-of-origin effects were analyzed with 
the PREMIM/EMIM software. For each SNP, p values for mater-
nal and paternal inheritance effects were assessed and those with 
p < 0.05 were evaluated.
Results: Out of 198 MS risk-associated non-MHC SNPs availa-
ble on the chip, 24 had nominal statistically significant maternal 
parent-of-origin effects, whereas 21 had nominal paternal 
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parent-of-origin effects. None of them passed the genome-wide 
significance threshold. However, in the EVI5 region in chromo-
some 1 where multiple independent MS risk-variants were identi-
fied, a SNP closest to GFI1 previously shown to be paternally 
expressed, displays paternal parent-of-origin effect for MS risk 
(rs58394161, p = 0.0099).
Conclusions: We analyzed parent-of-origin effects in MS and 
identified MS-associated variants with potential parent-of-origin 
effects on disease susceptibility. Parent-of-origin effects in regions 
with multiple independent MS variants may provide important 
clues on the functional mechanisms that contribute to MS risk and 
could partially explain the missing heritability in MS.
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Increased microRNA-146a circulating levels in 
Portuguese multiple sclerosis patients

A. Bettencourt1, B. Leal1, R. Samões2, A.P. Sousa2, E. 
Santos1,2, A. Aires3, J. Guimarães3, M.J. Sá3,4, F.J. Ros 
Forteza5,6, I. Correia7, L. Sousa7, J. Ferreira8, J. Sá8, P. 
Pinho e Costa1,9, B. Silva1, A. Martins da Silva1,2
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- Hospital de Santo António, 3Neurology Department, Centro 
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Fernando Pessoa, Porto, 5Service of Neurology, Local Health 
Unit of the Guarda, E.P.E., Guarda, 6Department of Medical 
Sciences, University of Beira Interior/Faculty of Health 
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e Universitário de Coimbra, Coimbra, 8Neurology Department, 
Centro Hospitalar Lisboa Norte (CHLN), 9Departamento de 
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Introduction: Multiple sclerosis (MS) is an autoimmune disease of 
the CNS characterized by a multifocal inflammatory immune response 
mediated by lymphocytes and macrophages. Its pathogenesis is condi-
tioned by the interaction of multiple genetic and environmental fac-
tors.Recent reports highlight the role of microRNAs in the control of 

various immunological processes, including the development and 
maturation of T and B lymphocytes, the presentation of antigens, and 
cytokine production. In this context, the differential expression of 
some miRNAs, and their role in various autoimmune diseases, includ-
ing MS, have been investigated. The role of microRNA-146a 
(miRNA-146a) as a negative regulator of immune activation is well 
established. This molecule is involved in a negative feedback loop: it 
is induced by NF-kB, but also inhibits its activation.
Objectives: To evaluate the expression of circulating miRNA-
146a in the serum of Portuguese MS patients.
Methods: The study included 76 MS patients (Mean age: 45±12 
years; 59.2% female; Mean disease duration: 13±8 years; 59 Relapse 
Remitting MS; 17 Progressive MS) and 78 matched healthy controls 
(HC) (Mean age: 44±10 years; 60.3% female). RNA extraction from 
serum was performed using the miRNeasy Serum/Plasma Kit. 
Relative expression values were calculated using the 2-ΔΔCt method. 
Differences in ΔCt were evaluated using a two-tailed Student’s t-test.
Results: Significantly increased expression of miRNA-146a was 
found in the serum of MS patients compared with HC (fold change 
5.86; p< 0.0001). The RRMS group had higher serum levels of 
miRNA-146a compared with the Progressive MS group (26.8 vs. 
25.4, p=0.036).
Conclusions: Circulating miRNAs have emerged as potential 
biomarkers for several human diseases including MS. One of the 
miRNAs that seems to be differentially regulated in MS, in differ-
ent tissues and cells, is miR-146a: it has been found to be increased 
in brain lesions, serum and blood-derived immune cells. In this 
study we also found higher serum levels of miRNA-146a in MS 
patients. Relapse remitting patients presented the highest values, 
which agrees with the notion that inflammatory mechanisms are 
predominant in this stage of the disease.
These are preliminary results of a country-wide multicentric pro-
ject that will study several immunologically relevant microRNAs 
in a large cohort of MS patients.
This work was supported by BIEM.
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Innate signaling in central nervous system recruits 
myeloid suppressor cells

J. Marczynska1, R.M. Khorooshi1, R. Storgaard Dieu1, C. 
Rønn Hansen2,3, S. Kavan4, M. Thomassen4, M. Burton4, 
T. Kruse4, G.A. Webster5, T. Owens1
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Clinical Research, 4Unit of Human Genetics, Department of 
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Introduction: Regulation of neuroinflammation is necessary to 
maintain central nervous system (CNS) homeostasis and has ther-
apeutic potential in diseases such as multiple sclerosis. The CNS 
contains parenchymal and extraparenchymal myeloid cells that 
can play a regulatory role. We have examined the capacity of 
innate-signaled myeloid cells to regulate experimental autoim-
mune encephalomyelitis (EAE) in mice.
Methods: Mice received a fluorescent-conjugated bispecific 
NOD2- and TLR9-agonist microparticle MIS416 either intra-
venously or by intrathecal injection to extraparenchymal lep-
tomeningeal, ventricular and subarachnoid space. MIS416 
has previously been shown to suppress EAE when given 
peripherally.
Results: Intravenous MIS416 induced significant extraparen-
chymal infiltration from blood of monocytic myeloid cells 
(CD45high, Ly6C+, F4/80+, CD11b+, CD11c+) that had phagocy-
tosed MIS416. Intrathecal MIS416 induced infiltration of simi-
lar magnitude but in contrast to peripheral injection, over 30% 
of the MIS416-phagocytosing cells were granulocytic 
(Ly6Ghigh, Ly-6Clow, Gr1high, CD11b+, CD11c-). Both popula-
tions were also PDL1+. mRNA for the neutrophil-recruiting 
chemokines CXCL1 and CXCL2 were upregulated in CNS. 
When given to mice showing first symptoms of EAE, intrathe-
cal MIS416 suppressed disease - this did not occur in mice 
lacking the Type I IFN receptor. Extraparenchymal MIS416-
phagocytosing cells, including polymorphonuclear neutro-
phils, were shown to produce IFNβ in reporter mice, and sorted 
monocytic and granulocytic cells expressed IRF7, indicating 
IFN response.
Conclusions: CNS-innate signaling uniquely recruits granulo-
cytic myeloid-derived phagocytes from blood. These and co-infil-
trating phagocytic monocytic myeloid cells produce IFNβ and 
suppress EAE by a Type I IFN-dependent mechanism. This 
endogenously-triggered pathway likely contributes to CNS home-
ostasis and may have therapeutic potential.
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Defining the cellular and molecular mechanisms 
mediating the migration of human CD4+effector T-cell 
subsets across the human BBB in vitro: the role of 
PECAM-1 and CD99

H. Nishihara1, A. Mossu1, W.A. Muller2, F. Sallusto3, F. 
Gosselet4, B. Engelhardt1

1Theodor Kocher Institute, University of Bern, Bern, 
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Introduction: The blood-brain barrier (BBB) strictly controls lym-
phocyte entry into the central nervous system (CNS). The BBB 
breakdown, with a subsequent infiltration of inflammatory cells 
into the CNS, is an early key step in the pathogenesis of multiple 
sclerosis (MS). Although recent MS drugs targeting immune cell 
trafficking (e.g. Natalizumab and fingolimod) are highly effective, 
these treatments are associated with rare but severe side effects like 
progressive multifocal leukoencephalopathy (PML), suggesting 
that the current therapies also target immune cells mediating immu-
nosurveillance of the CNS. It is thus essential to differentiate dis-
ease relevant pathogenic T cell subsets from non-pathogenic subsets 
and to explore differences in the molecular mechanisms for enter-
ing the CNS. To this end molecular mechanisms has largely been 
studied in experimental autoimmune encephalomyelitis (EAE), but 
EAE does not mimic the full picture of MS neuropathology. This 
underscores the need of meaningful studies with human tissues and 
cells. We have recently established a novel in vitrohuman BBB 
model by co-culturing human CD34+cord blood cells derived 
endothelial cells with bovine pericytes. Here we have adapted this 
model for use in T-cell migration research.
Objective and Aims: To study if human CD4+effector T cells 
cross the BBB through the endothelial junction (paracellular) or 
through a pore in the endothelial cells (transcellular) we have 
started to investigate the role of the junctional adhesion molecules 
PECAM-1 and CD99 in this process. PECAM-1 and CD99 have 
been shown mediate diapedesis of neutrophils across peripheral 
vascular beds. Their role in mediating the migration of CD4+T cell 
subsets across the BBB remains to be explored.
Methods and Results: Applying blocking antibodies, we 
observed anti-CD99 blocking antibodies reduce CD4+T cell 
migration across the BBB in vitro, while anti-PECAM-1 blocking 
antibodies did not interfere with this process.
Conclusions: These data shows that human effector CD4+T cell 
have different molecular mechanisms employed for crossing the 
BBB compare to innate immune cells.
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Characterisation of pro- and antiinflammatory 
mechanisms in the gut mucosa of patients with multiple 
sclerosis
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Introduction: The gut microbiota and their effects on the intesti-
nal immune system are thought to play a fundamental role in ini-
tiating autoimmune diseases such as multiple sclerosis (MS) by 
inducing inflammatory cascades in the intestinal mucosa and driv-
ing T cell differentiation toward proinflammatory phenotypes.
Objective: Little is known about T cell differentiation and the 
transforming growth factor-beta (TGF-ß) signalling pathway in 
the intestinal mucosa of MS patients.
Aims: To elucidate if the TGF-ß signalling pathway, its inhibitor 
Smad7 and pro- and anti-inflammatory T cell differentiation 
markers are altered in the intestinal mucosa of MS patients.
Methods: We retrospectively analysed 103 intestinal samples of 
27 MS and 27 control patients by immunohistochemistry for 
Smad7, the downstream signalling molecule pSmad2/3 and the T 
cell differentiation markers IFN-γ, FoxP3 and IL-17. Positive 
cells were counted per 0.1 mm2 in the lamina propria of colonic 
tissue and compared by student´s t test or Mann-Whitney U test. 
Using binomial logistic regression, we tested the predictive capac-
ity of different stainings for the diagnosis of MS.
Results: We found an increased expression of Smad7 (p=0.0966) 
and IFN-γ (p=0.0108) in the lamina propria of intestinal specimens 
from MS patients, consistent with a significant decrease in the 
expression of pSmad2/3 (p=0.0131), FoxP3 (p=0.0389), and IL-17 
(p=0.0155). No differences in expression of these markers in our MS 
cohort were found when samples were subdivided according to 
blood supply (superior mesenteric and inferior mesenteric artery/
internal iliac artery). Disease-related clinical characteristics (age at 
onset, subtype, EDSS, occurrence of relapses, MS medication) were 
not correlated with the expression of Smad7 and T cell differentia-
tion markers, except for a trend toward decreased CD4 expression 
(p=0.0755, r=-0.3477) in the lamina propria of MS patients with 
duration of disease. In a binomial logistic regression model the 
expression levels of Smad7 and IL-17 had a significant predictive 
capacity on the presence of disease (Chi-square(2)=9.700, p=0.008).
Conclusions: The TGF-ß signalling pathway was suppressed and 
an imbalance of pro- and anti-inflammatory T cell subsets found 
in the intestinal mucosa of MS patients. Further research is 
required to determine if an altered intestinal microenvironment in 
MS patients affects T cell differentiation and if its modulation has 
an impact on MS disease activity.

Disclosure
TL has nothing to disclose.
SH has nothing to disclose.
AT has nothing to disclose
RG has nothing to disclose
IK has received travel expenses and speaker honoraria from Bayer 
Health Care, Biogen Idec, Chugai, Merck, Novartis, Shire, and 
Roche and grant support from Chugai and Diamed.

P437
Mesenchymal stem cells from patients with MS in 
interaction with autologous immune cells have defective 
immunomodulatory activity and enhance production of 
inflammatory cytokines
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Introduction: Mesenchymal Stem Cells (MSCs) have dual 
effects: immunomodulatory and tissue protective and possible 
regenerative. Thus they have potential for cell-based therapies in 
MS. Previous studies show a differential ability of MSC to regu-
late Th17 and Th1 cells, but few studies have compared directly 
the immunomodulatory effects of MSC from MS patients and 
healthy volunteers towards autologous immune cells such as 
peripheral blood mononuclear cells (PBMC). In addition, MSC 
effects on T cells expressing GM-CSF are not known. In this 
study, we compared the immunomodulatory activity of MSC from 
patients with MS and those from healthy volunteers against autol-
ogous immune cells.
Objective: To compare the immunomodulatory activity of mes-
enchymal stem cells from patients with MS and healthy volun-
teers against autologous immune cells.
Aims: To gain insight into MSC in MS.
Methods: PBMC from 5 SPMS patients and 6 healthy controls 
(HC) were stimulated with anti-CD3/CD28 in monoculture or 
coculture with autologous bone marrow MSC (>95% MSC pheno-
type panel positive, passage 5 or 6) for 72h and 5h restimulation 
with PMA/ionomycin, followed by intracellular staining for IL-17, 
IFN-γ and GM-CSF. Cytokine expression was then quantified 
using flow cytometry. Supernatants of unstimulated MSC prior to 
co-culture were tested for a panel of cytokines and chemokines 
using a multiplex array and individual cytokine ELISA for some 
cytokines. Gene expression profiling was performed to explore dif-
ferences between the MSC from MS and controls. For this, 
Lexogen QuantSeq library prep, which produces mostly 3’ end 
near poly-A reads from mRNAs, was employed.
Results: Unstimulated MSC from MS patients produced less 
IL-10 (p=0.03) and more osteopontin (OPN) (p=0.002) than those 
from HC. MSC from HC reduced the proportion of autologous T 
cells expressing IL-17 (Th17), IFN-g (Th1), and GM-CSF by 
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~40%, whereas those from MS patients had the opposite effect by 
increasing autologous Th17 cells, GM-CSF-expressing T cells by 
~100%, and did not suppress Th1 cells. Gene expression profiling 
shows down-regulation of pathways and regulators of TGF-β1.
MSC from SPMS patients have deficient immunomodulatory 
ability towards immune cells from the same patients, compared to 
MSC from HC in interaction with autologous immune cells. MSC 
trials are feasible but immunological monitoring is necessary. 
Restoration of immunomodulatory function (e.g. transplanting 
MSC with exogenous IL-10) may be helpful.
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Cytotoxic and regulatory roles of mucosal invariant T 
(MAIT) cells in multiple sclerosis (MS)
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Dr. Raul Carrea, 3Neuroimmunology Unit, Department of 
Neuroscience, Hospital Alemán, Buenos Aires, Argentina

Background: MAIT cells are a subset of innate T lymphocytes 
characterized by the expression of an invariant TCR α-chain 
(Vα7.2-Jα33) paired with a limited number of Vβ chains. These 
cells recognize Riboflavin metabolites from a range of microbes 
presented by MHC Class-I MR1. We recently demonstrated that 
MAIT cell clones isolated from both peripheral blood and CSF 
presented similar oligoclonality, suggesting that peripheral blood 
may reflect CNS inflammatory events. Furthermore, MAIT cells 
correlated with disease activity. In this study we characterized the 
cytotoxic activity of MAIT cells and investigated possible ways of 
inhibiting their activity
Methods: Thirty-four MAIT cell clones (TCCs) isolated from 
peripheral blood and 23 TCCs isolated from CSF in 7 relapsing 
remitting MS patients were studied. TCRα and -β chains were 
characterized using high -throughput deep RNA sequencing. 
TCCs were stimulated with the Riboflavin derivatives 5-OE-RU 
and 5-OP-RU. Cytotoxicity was measured by FATAL assay, using 
EBV transformed B cell lines (BCLs) as target. Granzyme (Grz) 
B and perforin were assessed by ELISA. Activation markers 
CD25 and CD69 and the degranulation marker CD107a were 
measured by flow cytometry.
Results: MAIT TCCs from both blood and CSF in response to 
5-OE-RU and 5-OP-RU showed marked activation demonstrated 

by increased expression of CD25 and CD69. They also induce 
lysis of BCLs, associated with cellular degranulation measured by 
the expression of CD107a, and elevation of GrzB and perforin 
levels. These effects were inhibited by anti-MR1 blocking anti-
body. Pre-activation of MAIT cells with E.Coli infected HeLa 
cells or IL-7 enhanced significantly their cytotoxic capacity. 
MAIT cells activity was inhibited by the folic acid derivatives 
6-formylpterin (6-FP) and acetyl-6 formylpterin.
Conclusions: MAIT cells play potential roles in autoimmune dis-
eases including MS. Given that MAIT cells have shown important 
correlation with the course of the disease, understand their mecha-
nisms of action and evaluate their inhibitors might open new ther-
apeutic strategies.

Disclosure
Jorge Correale has received reimbursement to develop educa-
tional presentations for Merck-Serono, Biogen-Idec, Roche, and 
Genzyme. Research support from Genzyme, Novartis, Roche and 
Merck-Serono, as well as professional travel/accommodations sti-
pends from Merck Serono and Biogen-Idec.
Edgar Carnero Contentti has received reimbursement for develop-
ing educational presentations, educational and research grants, 
consultations fees and travel stipends from Biogen-Idec,Genzyme, 
Merck-Serono, Novartis, Teva and Bayer.
Mauricio F. Farez has received professional travel/accommoda-
tions stipends from Merck-Serono Argentina, TEVA Argentina 
and Novartis Argentina. He has received research support from 
Biogen-Idec.

P439
Impaired neutrophil death in AQP4-IgG-seropositive 
NMO patients

M. Schroeder-Castagno1, C. Alvarez-Gonzalez1,2, A. 
Papadopoulou2, I. Hinz2, N. Borisow2, K. Ruprecht3, J. 
Bellmann-Strobl2,4, M. Scheel2,5, F. Paul2,4, C. Infante-
Duarte1

1Institute for Medical Immunology, Experimental 
Neuroimmunology, Charité - Universitatsmedizin 
Berlin, 2NeuroCure Clinical Research Center, Charité - 
Universitätsmedizin Berlin, 3Department of Neurology, Charité - 
Universitätsmedizin Berlin, 4Experimental and Clinical Research 
Center, Max Delbrueck Center for Molecular Medicine, Charité 
- Universitätsmedizin Berlin, 5Department of Neuroradiology, 
Charité - Universitätsmedizin, Berlin, Germany

Introduction: In contrast to multiple sclerosis (MS), neutrophils 
accumulate in neuromyelitis optica (NMO) lesions. Our group has 
recently shown that whilst peripheral blood neutrophils of patients 
with NMO and MS display an activated phenotype compared to 
healthy controls (HC), NMO neutrophils have deficient function-
alities in comparison to MS. Thus, we hypothesised that an 
impaired cell death of NMO neutrophils might support their accu-
mulation in inflammatory lesions.
Our aim was to evaluate susceptibility to Phorbol Myristate 
Acetate (PMA) induced cell death in circulating neutrophils of 
AQP4-IgG-seropositive NMO patients.
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Patients and methods: Fresh blood from nine AQP4-IgG-
seropositive patients (eight female, mean age 48.7 years, SD=13.2) 
diagnosed with NMOSD according to the 2015 IPND criteria was 
collected; median EDSS was 4.0 (1.5-6.5), mean disease duration 
5.4 years (SD=4.1). Six patients were treated with rituximab, two 
with azathioprine, and one with tocilizumab. Matched age/gender 
healthy donors were used as controls. Neutrophilic apoptosis was 
induced by incubating granulocytes with PMA for 30 min at 37 
°C. The mean percentage of NMO neutrophils after PMA treat-
ment was 82.85% (SD=21.9; N=9). Afterwards cell death was 
analysed by flow cytometry in CD16b+ neutrophils, using 7- AAD 
and Annexin V staining.
Preliminary Results: The percentage of dying neutrophils 
(CD16b+, Annexin V+, and 7-AAD+) was higher within the HC 
samples, 52.56% (SD=15.02; N=9), than NMO samples, 44.03% 
(SD=18.26; N=9, p=0.0128). Neutrophil death in NMO patients 
show reduced susceptibility compared to HC in our in vitro 
set-up.
Conclusions: Defective neutrophil death accompanied by neutro-
phil accumulation promoting a pro-inflammatory environment 
has been already shown for other chronic inflammatory diseases. 
Thus, the observed impaired cell death of neutrophils from NMO 
patients may contribute to neutrophil accumulation and to main-
tain chronic inflammation in NMO lesions. However, since the 
NMO patients included in this study were under immunomodula-
tory treatments, further evidence from untreated patients is needed 
to support this conclusion.
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AP consulted for Teva, received speaker-fee from Sanofi-
Genzyme, travel support from Bayer AG, Teva, UCB-Pharma 
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research support from Federal Ministry of Economics and 
Technology.
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and received research support from Bayer, Novartis, Biogen Idec, 
Teva, Sanofi-Aventis/Genzyme, Alexion, Merck Serono, German 
Research Council, Werth Stiftung of the City of Cologne, German 
Ministry of Education and Research, Arthur Arnstein Stiftung 
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Chitinase-3-like protein 1 could be a predictor of 
disability progression in patients with primary 
progressive multiple sclerosis

F. Pérez-Miralles1, D. Prefasi2, A. García-Merino3, F. 
Gascón4, N. Medrano2, J. Castillo5, L. Cubas5, C. Alcalá-
Vicente1, S. Gil-Perotín5, B. Casanova1

1Unit of Neuroimmunology, Department of Neurology, Hospital 
Universitari i Politècnic La Fe, Valencia, 2Medical Department, 
Roche Farma, 3Department of Neurology, Hospital Universitario 
Puerta de Hierro, Madrid, 4Department of Neurology, Hospital 
Clínico Universitario, 5Mixed Research Unit of Investigation 
in Multiple Sclerosis and Neuroregeneration, Health Research 
Institute Hospital La Fe, Valencia, Spain

Introduction: Potential cerebrospinal fluid (CSF) and serum can-
didate biomarkers, reflecting the inflammatory and/or the neuro-
degenerative processes associated with multiple sclerosis (MS) 
have been identified, but have not been well characterized in 
patients with primary progressive multiple sclerosis (PPMS)
Objective: To assess the correlation between CSF biomarkers and 
disease activity (physical and cognitive) in PPMS.
Methods: A multicentre, cross-sectional study was conducted in a 
sample of adult patients with PPMS (McDonald 2010 criteria). 
Chitinase-3-like protein 1 and 2 (CHI3L1 and CHI3L2) and neu-
rofilament light chain (NfL) were analysed in stored CSF samples 
obtained at the time of diagnosis and correlated to disability pro-
gression measured by Expanded Disability Status Scale (EDSS), 
9-Hole-peg test (9HPT) and timed 25-foot walk test (T25-FW) 
and cognitive evaluation measured by brief repeatable neurophy-
scological battery (BRNB.)
Results: Twenty-five out of 55 subjects had availability of CSF 
samples for study (mean age 57 ± 9.4 years, 52% female). The 
median time from diagnosis to baseline EDSS was 3.5 years (IQR 
1.2-6.4), and the median Expanded Disability Status Scale (EDSS) 
score at diagnosis was 3.5 (interquartile range 2.5-4.5). CHI3L1 
levels were associated to a greater EDSS at baseline (correlation 
coefficient 0.490, p=0.013). Furthermore, a trend to a negative 
correlation was observed with CHI3L2 and EDSS (correlation 
coefficient -0.366, P= 0.086). No other correlations, including 
NfL, were observed.
Conclusion: CHI3L1 in CSF could be a good biomarker for dis-
ability progression in PPMS patients. NfL levels in CSF were not 
related with the evolution of disability in our series of PPMS 
patients.

Disclosure
This study was funded by the Medical Department of Roche Farma 
Spain. D.P. and N.M. are employees of Roche Farma Spain. The 
rest of the authors declare no potential conflict of interest.
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P441
Preferential usage of the G1m1 allotype in intrathecal 
virus-specific antibodies in multiple sclerosis

A. Tomescu-Baciu1, F. Vartdal2, T. Holmøy3, C.A. 
Vedeler4, A. Lossius5

1Oslo University Hospital | Immunology, University of Oslo, 
Dept. of Immunology, 2Department of Immunology and 
Transfusion Medicine, University of Oslo, 3Department of 
Neurology, Akershus University Hospital, Oslo, 4Department of 
Clinical Medicine, University of Bergen, Bergen, 5Department 
of Immunology and Transfusion Medicine, Oslo University 
Hospital Rikshospitalet, Oslo, Norway

Introduction: Intrathecal synthesis of immunoglobulin G (IgG) 
is a hallmark of multiple sclerosis (MS), with IgG1 being the 
dominant isotype. However, the mechanisms driving the IgG pro-
duction remain enigmatic. We have recently shown that IgG1-
secreting B cells of the G1m1 allotype are exclusively recruited to 
the cerebrospinal fluid (CSF) in G1m1/G1m3 heterozygous MS 
patients, whereas B cells of the G1m1 and G1m3 allotypes of 
IgG1 are evenly distributed in blood, as expected from random 
allelic exclusion.
Objectives: The selection of G1m1 positive B cells to the CSF 
could be driven by the target antigen of the B cells. To explore this 
possibility, we set out to determine the IgG1 allotypes of intrathe-
cally synthesized antibodies against measles, rubella, and vari-
cella zoster virus (VZV), which are believed to be the result of 
non-specific bystander activation of B cells in MS.
Methods: Paired CSF and serum samples from oligoclonal band 
(OCB) positive relapsing-remitting MS patients (n = 30) were 
screened for intrathecal IgG1 production against measles, rubella 
and VZV through isoelectric focusing and affinity blotting against 
nitrocellulose membranes coated with viral antigens. The G1m1 
and G1m3 allotypes of the virus-specific antibodies were deter-
mined using affinity blotting and ELISA.
Results: We found intrathecal IgG1 synthesis against measles in 
16/30 (53%), rubella in 16/30 (53%), and VZV in 15/30 (50%) 
patients. Collectively, we observed antibody production against 
either virus in 25/30 (83%) cases. The G1m1 skewing was main-
tained for all viral antigens, with 12/15 (80%; p = 0.013) cases of 
IgG1 against measles being exclusively of the G1m1 allotype, and 
similarly 14/16 (87.5%; p = 0.001) in the case of rubella and 14/14 
(100%; p < 0.001) in the case of VZV. Similarly, ELISA results 
showed increased CSF/serum ratios for G1m1 as opposed to 
G1m3 directed against measles (2.05 vs. 1.46; p = 0.041), rubella 
(2.00 vs. 1.15; p < 0.001), and VZV (2.28 vs. 1.00; p < 0.001).
Conclusion: There is a strong G1m1 predominance of intrathe-
cally synthesized antibodies against measles, rubella and VZV in 
G1m1/G1m3 heterozygous MS patients. This suggests that the 
selection of IgG1-secreting G1m1 B cells to the CSF of MS 
patients, and the perpetual intrathecal immunoglobulin synthesis, 
is driven by antigen-independent mechanisms.

Disclosure
Lossius A: reports grants from Sanofi Genzyme, during the con-
duct of the study; personal fees from Merck Serono, personal fees 
from Roche, outside the submitted work.
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advisory board, and/or received unrestricted research grants from 
Biogen, Roche, Merck, Novartis, and Genzyme
Tomescu-Baciu A,Vartdal F, Vedeler CA: nothing to disclose.
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Personalizing health care in multiple sclerosis using 
systems medicine tools: presentation of the cytomics data 
from the Sys4MS project

M. Cellerino1, M. Pardini1, C. Campi2, F. Ivaldi1, G. Vila3, 
T. Berge4,5, P. Koduah6, G. Rotta7, F. Paul6, H. Harbo5, 
P. Villoslada3, N. Kerlero de Rosbo1, A. Uccelli1, The 
SYS4MS consortium
1Department of Neuroscience, Rehabilitation, Ophthalmology, 
Genetics, Maternal and Child Health, University of Genova, 
IRCCS AOU San Martino-IST, 2Deptartment of Mathematics, 
University of Genova, Genova, Italy, 3Neurosciences, IDIBAPS, 
Barcelona, Spain, 4Department of Mechanical, Electronics and 
Chemical Engineering, Oslo Metropolitan University, Olso, 
5Department of Neurology, Oslo University Hospital, Oslo, 
Norway, 6Charite University, Berlin, Germany, 7BDBiosciences, 
Becton Dickinson, Milano, Italy

Background: Development of personalized health care for multi-
ple sclerosis (MS) is hindered by a poor understanding of the bio-
logical processes underlying the disease, their interactions, and 
the heterogeneity between patients. Further progresses in the 
development of MS disease modifying treatments (DMT) largely 
depend on a greater knowledge of the immunological asset. 
Analysis of circulating immune cells by flow cytometry has 
revealed MS-associated alterations in the composition and func-
tion of T and B cell subsets, including temporal changes associ-
ated with disease activity and response to treatment.
Aim: By combining integrative omics, imaging and clinical data, 
we aim at developing algorithms that can be used in clinical prac-
tice to define the prognosis and select the best therapeutic approach.
Methods: We present cytomics data obtained in four European 
centers by flow cytometry of immune cell subsets in PBMC sam-
ples from 246 MS patients (age 42.5 ± 10 years; sex: 67.5% 
female; disease duration: 10.6 ± 8 years; subtype: 73.5% RRMS; 
20% PMS; 6.5% CIS; mean EDSS: 2.4 ± 1.7) and 77 healthy con-
trols (HC). Assays were strictly standardized using specifically 
prepared antibody-cocktail lyotubes. Differences between groups 
were assessed by analysis of covariance (ANCOVA) adjusting for 
sex and age.
Results: Comparison with HC indicated that the global MS popu-
lation had significantly lower frequencies of naïve-Treg (p=0.007) 
and Th1/17 (p=0.04) and higher total Treg (p=0.004) and Breg 
(p=0.02). No differences in the same cell populations were found 
when focusing on untreated MS patients versus HC. Regarding 
the use of DMT, we found that patients receiving high-efficacy 
drugs had less naïve-Treg compared with the other groups sepa-
rately (HC, untreated patients and patients receiving low efficacy 
drugs; p< 0.0001) and more total Treg and Breg compared to 
untreated patients (Treg p=0.02; Breg p=0.01) and HC (Treg 
p=0.0002; Breg p=0.007); such difference did not reach the 
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statistical significance comparing patients receiving high-efficacy 
to those receiving low-efficacy drugs.
Conclusion: Our results show significant differences in specific 
immune cells populations between patients and controls. An 
increase in Treg and Breg frequencies was evident in treated 
patients, in particular in those receiving high-efficacy drugs. Such 
cytomics markers will be used in the development of clinical deci-
sion support systems for improving disease management.

Disclosure
This work was supported by the European Commission, 
ERACOSYSMED program (Sys4MS project). PV is currently an 
employe of Genentech. All other co-authors have not disclosures 
related with this study
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Soluble CD40 ligand contributes to blood-brain barrier 
breakdown in patients with multiple sclerosis and mice 
with experimental autoimmune encephalomyelitis

H. Masuda, M. Mori, T. Uchida, A. Uzawa, R. Ohtani, S. 
Kuwabara
Department of Neurology, Graduate School of Medicine, Chiba 
University, Chiba, Japan

Objective: To elucidate the potential role of soluble CD40 ligand 
(sCD40L) in blood-brain barrier (BBB) disruption in patients with 
multiple sclerosis (MS) and experimental autoimmune encephalo-
myelitis (EAE) mice.
Methods: Serum and cerebrospinal fluid (CSF) sCD40L levels in 
29 patients with MS and 27 disease controls (DCs) were measured 
using multiplex immunoassay. Samples from patients with MS 
were obtained within 50 days after the onset of an attack. Clinical 
and laboratory profiles including CSF/serum albumin ratio (Qalb), 
a marker of BBB breakdown, were also investigated. In addition, 
recombinant mouse sCD40L was used in mice with EAE in vivo 
and the human brain microvascular endothelial cell (HBMEC)-
based BBB in vitro model. Permeability coefficient (Pe, cm/min) 
was calculated by the sodium fluorescein permeability assay in 
the HBMEC/ci18-based in vitro BBB method.
Results: Serum sCD40L levels, which was higher in patients with 
MS than in DCs [median, 2480 versus 786 pg/mL; interquartile 
range (IQR), 2590 vs 1379; P = 0.046], was positively correlated 
with Qalb (Kendall’s tau-b = 0.29, P = 0.044). Although CSF 
sCD40L levels were higher in patients with MS than in DCs 
(median 38.5 vs 4.8 pg/mL, IQR 45.7 vs 23.6, P = 0.002), no cor-
relation was found between CSF sCD40L and Qalb. EAE scores 
of mice receiving high-dose sCD40L were worse than those 
receiving low-dose sCD40L and controls. Pe was increased by 
sCD40L treatment in the HBMEC-based BBB model (median, 
2.43 vs 1.78 10−3 cm/min; IQR, 0.85 vs 0.64; P = 0.032).
Conclusions: Soluble CD40L may facilitate inflammation in MS 
and EAE by BBB disruption.

Disclosure
Hiroki Masuda: This study was supported by JSPS KAKENHI 
(Grant Number 17K16109).

Masahiro Mori: nothing to disclose.
Tomohiko Uchida: nothing to disclose.
Akiyuki Uzawa: nothing to disclose.
Ryohei Ohtani: nothing to disclose.
Satoshi Kuwabara: nothing to disclose.
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Dissecting the antigen specificity of cerebrospinal fluid-
infiltrating CD4+ T cells in multiple sclerosis

C. Cruciani
University Hospital Zurich, Zurich, Switzerland

Extensive effort has been made to identify the target antigen/s in 
multiple sclerosis (MS), and the greatest attention has been 
directed to myelin proteins. The identification of CD4+ T cells 
reactive to epitopes of several myelin proteins has been a consist-
ent finding. Among the myelin proteins, myelin basic protein 
(MBP) is the best studied. Interestingly, reactivity of autoimmune 
T cells against post-translational modifications of autoantigens, 
specifically against citrullinated peptides, has been observed in 
MS. It has been shown in this laboratory that T cell reactivity 
against citrullinated MBP is elevated in peripheral blood of MS 
patients, suggesting that T cells specific for citrullinated epitopes 
escape central immune tolerance.
It is suggested that citrullination/deimination of MBP induces the 
generation of new epitopes triggering as a consequence autoreac-
tivity. We aimed to investigate the specificity of cerebrospinal 
fluid(CSF)-infiltrating CD4+ T cells against immunodominant 
myelin- and citrullinated versus non-citrullinated peptides.
Snap frozen brain tissue from MS and control brains was used in 
a bottom-up proteomics study using pressure cycling technology. 
The newly identified citrullinated peptides together with myelin 
peptides will be used to address the recognition of brain- and 
CSF-infiltrating CD4+ T cells from MS patients, measuring pro-
liferation (3H-thymidine incorporation), cytokine production and 
functional phenotype.
The proteomics study identified 8 new sites of citrullination in the 
MBP molecule that were expressed at high levels in the white 
matter of MS cases compared to healthy controls. Also, citrullina-
tion of glial fibrillary acidic protein (GFAP) is found more abun-
dantly in the white matter of MS brains. Current experiments are 
assessing the CSF T cell reactivity against myelin, newly defined 
citrullinated and the corresponding unmodified brain epitopes. 
Preliminary results indicate that specific citrullinated epitopes are 
recognized.
Further investigation is needed to support the idea that citrullina-
tion is linked with autoimmunity in MS and that T cells specific 
for citrullinated epitopes escape central tolerance. Knowledge 
about the target antigens of CSF-infiltrating T cells is not only 
important for understanding the disease pathogenesis, but also for 
improving treatment.

Disclosure
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The role of lipid-regulated LXR-mediated networks in 
driving pathogenic T-cells in people with multiple sclerosis
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R. Farrell4, I. Pineda-Torra5, E. Jury2

1Centre for Clinical Pharmacology/Rheumatology, 2Centre 
for Rheumatology Research, University College London, 
London, United Kingdom, 3Department of Neurology and 
Center of Clinical Neuroscience, Charles University in Prague, 
Prague, Czech Republic, 4Department of Neuroinflammation, 
Institute of Neurology and National Hospital of Neurology and 
Neurosurgery, 5Centre for Clinical Pharmacology, University 
College London, London, United Kingdom

Autoreactive CD4+ T-cells, abnormal regulatory T-cells (Tregs) 
and defects in lipid metabolism that influence T-cell responses are 
crucial in the pathogenesis of multiple sclerosis (MS). Liver-X-
receptors (LXRs) are key transcriptional regulators of cholesterol 
metabolism with anti-inflammatory effects in immune cells. We 
hypothesise that LXR activation influences immune cell behavior 
by altering the lipid content of plasma membrane (PM) microdo-
mains, enriched for cholesterol and glycosphingolipids (GSLs) 
that regulate immune-cell signaling and that this transcriptional 
regulatory network is defective in patients with MS.T-cell subsets 
from healthy donors had distinct PM lipid profiles with Tregs hav-
ing increased GSL (p=< 0.001) and reduced cholesterol compared 
to Tresp resulting in reduced Treg membrane fluidity. These 
changes were mirrored by increased Treg expression of GSL bio-
synthesis enzyme (UDP-Glucose Ceramide Glucosyltransferase, 
UGCG, p=0.0001), the cholesterol metabolism regulator LXRβ, 
and LXR-target genes (ATP binding cassette sterol transporter, 
ABCG1 (p=0.001); the fatty acid regulator, fatty acid synthase, 
FASN; and lipid trafficking enzyme, Niemann Pick type 
C1-NPC1, (p=0.0001)) thus supporting a role for lipid metabo-
lism in maintaining Treg/Tresp homeostasis and function. 
Stimulation of LXR by LXR-ligands (both endogenous, 
24,25-epoxycholesterol and synthetic, GW3965) modulated PM 
cholesterol and GSL levels by regulating the expression of GSL 
biosynthesis enzyme (UGCG) and sterol transporter (ABCG1). 
This resulted in reduced membrane fluidity and was associated 

with reduced Tresp proliferation and increased production of 
interleukin-2.Interestingly, PM-lipids and lipid metabolism genes 
were dysregulated in ex vivo Tresp and Tregs from people with 
MS. PM cholesterol and GSL were increased in Tregs and Tresp 
(p=< 0.05) compared to healthy donors. Furthermore, CD4+ 
T-cells isolated from people with MS had reduced LXRβ expres-
sion and significantly reduced expression of LXR target genes 
including ABCG1 (regulating cholesterol efflux), FASN (regulat-
ing fatty acid biosynthesis) and NPC1 (cholesterol trafficking) 
compared to healthy donors (p=< 0.001) suggesting lipid metabo-
lism is altered in MS CD4+ T cells. Initial genome-wide gene 
expression analysis identified that some of these pathways were 
significantly modulated by 12 month interferon-β therapy in 
T-cells from people with MS.Thus altered lipid metabolism could 
influence MS pathogenesis.
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Intestinal colonization by epsilon toxin-producing 
Clostridium perfringens strains is associated with multiple 
sclerosis

S. Haigh1, K. Telesford1, J. Linden1, S. Shetty1, P. 
Winokur2, Y. Ma1, R. Rumah2, V. Fischetti2, D. Butler1, 
C. Mason1, T. Vartanian1

1Brain and Mind Research Institute, Weill Cornell Medicine, 
2Rockefeller University, New York, NY, United States

Introduction: The microbiome and metagenome are essential to 
human health and homeostasis. While alterations in the microbi-
ome have been described in MS, there is no demonstrated link 
between the gut microbiome and MS lesion formation. Clostridium 
perfringens epsilon toxin is an attractive candidate for new lesion 
formation as it selectively targets both CNS endothelial cells and 
oligodendrocytes/myelin.
Objectives: To determine whether MS patients are more likely 
than healthy controls to be colonized by epsilon toxin-producing 
strains of C. perfringens.
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Aims: 1. Screen for epsilon toxin production in fecal samples 
from people with MS and healthy controls. 2. Determine the C. 
perfringens toxinotype in fecal cultures by PCR-based genotyp-
ing. 3. Isolation of a pure epsilon toxin-producing strain from MS 
subjects. 4. Verify that epsilon toxin-producing C. perfringens 
strains isolated from MS subjects are not laboratory strain con-
taminants. 5. Preliminary analysis of the genetic composition of 
the MS-related epsilon toxin plasmid.
Methods: We developed a highly sensitive ELISA for detection 
of epsilon toxin from clinical samples. Fecal samples from con-
sented subjects were placed in Rapid Perfringens Media for 
anaerobic culture in a microtitre plate. Supernatants from the 
microtiter plate were probed by ELISA. Wells corresponding to 
positive hits by ELISA were then used for PCR based genotyping 
and multiple rounds of subculture.
Results: 21% of tested MS subjects are colonized by C. perfrin-
gens type B in their gut compared to 0% of healthy controls. 
Sequence analysis confirmed that patient derived type B strains 
were not due to contamination by the laboratory strain.
Conclusions: Colonization of the gut by C. perfringens type B 
is statistically associated with MS. While two epsilon toxin-
producing C. perfringens strains (type B and type D) exist in 
nature, thus far we have identified only type B strains from MS 
subjects.

Disclosure
Research was generously supported by the National Multiple 
Sclerosis Society and the National Institutes of Health. Funding 
was provided by U.S. patent No. 9,758,573, ´Methods to Protect 
Against and Treat Multiple Sclerosis.´

P447
Clostridium perfringens induced blood-brain barrier 
permeability: specificity and temporal dynamics in a 
humanized zebrafish model

D. Adler1,2, J. Linden3, Y. Ma3, S. Shetty3, M. Bokori-
Brown4, R. Titball4, J. Fetcho2, T. Vartanian3

1Brain and Mind Research Institute, Weill Cornell Medical 
College, New York, 2Neurobiology & Behavior, Cornell 
University, Ithaca, 3Brain and Mind Research Institute, Weill 
Cornell Medical College, NEW YORK, NY, United States, 
4Biosciences, University of Exeter, Exeter, United Kingdom

Background: Clostridium perfringens Epsilon toxin (ETX) is 
widely known as the causative agent of multifocal CNS white 
matter disease in ruminants. Recently, ETX has been implicated 
as a potential actor in Multiple Sclerosis (MS) pathogenesis. The 
toxin appears to enter the CNS by targeting the blood-brain barrier 
(BBB), reducing its integrity, before entering into brain paren-
chyma and targeting oligodendrocytes. However, the mechanism 
by which the toxin opens the BBB, the kinetics of its action, and 
its effects in a live organism are still unknown.
Objective: To generate a humanized zebrafish BBB model 
expressing the Myelin and Lymphocyte Receptor Protein (hMAL) 
in order to: 1) establish the kinetics of real-time, in vivo ETX-
MAL binding, 2) determine if ETX requires MAL to induce 

neurovascular pathology, 3) assess whether ETX can be neutral-
ized using an antibody.
Methods: Zebrafish cerebellar sections were examined for ETX 
vascular binding via immunohistochemistry and were compared 
to mouse WT controls. Zebrafish zygotes were injected with 
hMAL-GFP or tetraspanin receptor control, hBENE-GFP, under 
an endothelial promoter. GFP Positive fish were injected intrave-
nously 3-4 days post fertilization (DPF) with Alexa-tagged pro-
ETX (pETX). GFP vessels were live imaged and evaluated for 
toxin-receptor colocalization using confocal microscopy. At 6-7 
DPF other hMAL or hBENE fish were co-injected with active 
ETX or H149A mutant ETX plus dextran dye to look for BBB 
disruption and vascular pathology using confocal full-brain 
z-stacks. Experiments were repeated after ETX neutralization 
with JL008 antibody. Images were quantified using Imaris.
Results: WT zebrafish showed no affinity for ETX, but fish which 
expressed hMAL exhibited pETX binding in a time dependent 
manner. Activated toxin in hMAL endothelial-expressing fish ini-
tiated dramatic BBB disruption demonstrated by causal leakage of 
a 2,000 kDa dextran, hMAL receptor recycling, vessel narrowing, 
and focal perivascular edema when compared to receptor or toxin 
controls. Incubation of active ETX with JL008 antibody abro-
gated all assessed vascular pathology.
Conclusion: ETX requires endothelial expressed MAL protein to 
elicit BBB pathology and can be blocked by neutralizing anti-
body. This finding adds to the body of evidence implicating the 
ETX paradigm in MS by providing the first visualization of the 
toxin’s action in a live organism and strengthens the proposal that 
MAL is the ETX receptor with a new BBB model.

Disclosure
Drew Adler: nothing to disclose, Jennifer Linden: nothing to dis-
close, Samantha Shetty: nothing to disclose, Richard Titball: noth-
ing to disclose, Monika Bokori-Brown: nothing to disclose, 
Yinghua Ma: nothing to disclose, Joseph Fetcho: nothing to dis-
close, Tim Vartanian: consulting for Biogen, Novartis, Genzyme, 
and speaking for Acorda

Environmental factors

P448
Investigating the gene-environment interaction in 
multiple sclerosis through a “candidate-interactome” 
approach

G. Pellicciari1, R. Umeton2, S. Srinivasan3, R. Magliozzi4, 
F. Cinthia3, C. Romano1, R. Reniè1, E. Morena1, R. 
Reynolds5, G. Ristori1, M. Salvetti1,6, R. Mechelli1,7, 
The International Multiple Sclerosis Consortium & the 
Wellcome Trust Case Control Consortium 2
1Centre for Experimental Neurological Therapies (CENTERS), 
Department of Neurosciences, Mental Health and Sensory 
Organs, Sapienza University, Rome, Italy, 2Clinical & 
Translational Informatics Department, Dana-Farber Cancer 
Institute, Boston, MA, United States, 3Institute of Experimental 
Neurology (INSpe) and Division of Neuroscience, San Raffaele 
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Scientific Institute, Milan, 4Neurology B, Department of 
Neurosciences, Biomedicine and Movement, University of 
Verona, Verona, Italy, 5UK Multiple Sclerosis Tissue Bank, 
Wolfson Neuroscience Laboratories, Imperial College London 
Faculty of Medicine, Hammersmith Hospital Campus, London, 
United Kingdom, 6IRCCS Istituto Neurologico Mediterraneo 
(INM) Neuromed, Pozzilli, 7University San Raffaele, Rome, Italy

Introduction: We evaluated genetic information to assess the 
causative role of environmental factors in multifactorial diseases. 
In our previous work on MS, Epstein Barr virus (EBV) had 
emerged as potentially relevant for disease etiology
Methods: We analyzed nominal statistical evidence of associa-
tion, at thegenome-wide level, in multiple sclerosis (MS) and in 
other diseases, looking for statistical enrichment of associations 
among “candidate interactomes” (groups of genes whose products 
are known to physically interact with environmental factors that 
may be relevant for disease pathogenesis).
We obtained 20 candidate interactomes from the literature: 9 
viruses, 1 bacterium, 10 cellular factors (9 proteins and 1 noncoding 
RNAs target repository). We obtained the MS GWAS (GWAS 2011 
and Immunochip), type 1 and type 2 diabetes, rheumatoid arthritis, 
inflammatory bowel disease, bipolar disorder, hypertension, coro-
nary artery disease and related healthy controls from Wellcome 
Trust Case Control Consortium,2 (WTCCC2). To evaluate globally 
the contribution of all the SNPs analyzed in both the datasets of MS 
GWAS, we constructed METACHIP1: a combination of the former 
two where GWAS 2011 data was given preference in case of over-
lap (e.g., if both chips had a SNP in the same position, the GWAS-
2011 p-value was preferred) and METACHIP2 where Immunochip 
data was given preference. We used Association LIst Go AnnoTatOR 
(ALIGATOR) program to search for statistical enrichment of asso-
ciations between interactomes and genome-wide association data 
(considering all the SNPs with a p-value< 0.05).
Results: We show that the contribution to disease etiology of 
EBV, and possibly other herpesviruses, is specific for MS and not 
for other EBV- related conditions such as rheumatoid arthritis. To 
assess the functional correlates of this finding, we analyzed gene 
expression lists from the peripheral blood of persons with MS and 
from cortical areas of post-mortem MS brains. In these datasets, 
we found that the frequency of MS-associated genes, that are part 
of the EBV interactome, was higher in the dysregulated gene lists 
than expected by chance.
Conclusions: This study shows that the interaction between 
viruses and disease predisposing genes is relevant and, to some 
extent, specific for the etiology of MS.
This work was supported by Italian Foundation of Multiple 
Sclerosis, project number 2014/R/12 to R. Mechelli

Disclosure
Mechelli R and Ristori G. receive research support from the 
Italian Multiple Sclerosis Foundation (FISM).
Umeton R ,Srinivasan S, Magliozzi R, Farina C, Reynolds R : 
nothing to disclose
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Salvetti M, receives research support and has received fees as 
speaker from Sanofi Aventis, Biogen, Bayer Schering, Merck 

Serono. He also receives research support from the Italian 
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P449
Altered EBV transcriptional profile in the peripheral 
blood of CIS and MS patients

C. Veroni1, F. Marnetto2, A. Bertolotto2, J. Frau3, E. 
Cocco3, A. Repice4, C. Ballerini5, F. Aloisi1

1Department of Neuroscience, Istituto Superiore di Sanità, 
Rome, 2CRESM (Multiple Sclerosis Regional Reference Center), 
Neuroscience Institute Cavalieri Ottolenghi (NICO) and AOU 
San Luigi Gonzaga, Orbassano, TO, 3Department of Medical 
science and public health, University of Cagliari, MS Centre, 
Binaghi Hospital, Cagliari, 4Department of Neuroscience, 
Drug and Child Health (NEUROFARBA), 5Department of 
Experimental and Clinical Medicine (DMSC), University of 
Florence, Florence, Italy

EBV infection is strongly associated with MS and increasing evi-
dence indicates that EBV deregulation might be implicated in the 
dysimmune process that targets the brain and spinal cord. Some 
studies reported that EBV DNA load is higher in peripheral blood 
mononuclear cells (PBMC) of patients with MS compared to con-
trol subjects. To investigate this issue further, droplet digital PCR 
and pre-amplification real time RT-PCR were used to quantify 
EBV DNA and RNA, respectively, in PBMC from healthy donors 
(HD; n = 28), therapy-free patients with relapsing-remitting MS 
(RRMS; n = 61), and CIS patients (n = 25). Patients included in 
the study were enrolled at the MS centers of San Luigi Gonzaga 
Hospital/Orbassano, Florence University and Cagliari University; 
PBMC samples from HD were obtained from CRESM/San Luigi 
Gonzaga Hospital.
EBV DNA was detected in PBMC from 46% of therapy-free 
RRMS patients, 36% of CIS patients and 39% of HD, without 
significant differences in EBV DNA frequency or amount between 
patients and controls. EBV transcripts were detected in PBMC 
from 22/61 RRMS patients (36%), 6/25 CIS patients (24%), and 
7/28 (25%) HD. However, the EBV transcriptional profile mark-
edly differed between patients and HD. Six out of 7 EBV+ sam-
ples from the 28 HD contained only EBER1 (latency 0) and only 
one sample displayed very low amounts of both EBER1 and 
LMP1 (latency II program). Interestingly, EBV transcripts associ-
ated with EBV latency activation (EBNA3A, EBNA1, LMP1, 
LMP2A: latency III and latency II programs) and lytic cycle 
(BZLF1, gp350/220) were detected in 18/22 (82%) and in 3/6 
(50%) EBV+ RNA PBMC samples from RRMS and CIS patients, 
respectively. EBV transcripts were also quantified in CSF cell 
samples (n=76) matched to PBMC from CIS and RRMS patients. 
Despite the percentage of patient CSF samples with detectable 
EBV RNA was very low (7%, 5/76 samples), transcripts associ-
ated with EBV latency disruption and/or entry into the lytic cycle 
were present in all 5 EBV RNA+ CSF cell samples.
This is the first study to show EBV RNA alterations in peripheral 
blood of CIS/MS patients compared to HD, strengthening the idea 
that altered control of EBV infection is associated with the disease. 
These data also suggest that RNA markers of EBV deregulation 
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can be monitored in the peripheral blood during therapy and could 
provide useful information on the relationship between drug effi-
cacy and changes in EBV-immune system interaction.
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This study is funded by Italian Multiple Sclerosis Foundation 
(grant FISM GRANT 2014/R/1 to F. Aloisi)
C. Veroni has nothing to disclose
F. Marnetto received financial support from Euroimmun, Biogen 
Idec.
A. Bertolotto declares the following: Advisory boards and/or 
speaker honoraria (Biogen, Novartis, Sanofi, and Teva); grant 
support (Almirall, Associazione San Luigi Gonzaga ONLUS, 
Bayer, Biogen, Fondazione per la Ricerca Biomedica ONLUS, 
Merck, Novartis, Sanofi, Teva, and Italian Multiple Sclerosis 
Foundation).
J. Frau serves on scientific advisory boards for Biogen and 
Genzyme, has received honoraria for speaking from Merck 
Serono, Genzyme, Biogen and Teva.
E. Cocco has served on advisory boards and/or has received travel 
grants and/or speaker honoraria from Bayer, Merck, Roche, Teva, 
Biogen, Almirall, Novartis, Genzyme.
A. Repice has nothing to disclose
C. Ballerini declares the following grant support: FISM, 
Fondazione Careggi, Serono, Fondazione San Michele all’Adige, 
Angelini, Lundbeck.
F. Aloisi declares the following grant support: Italian Ministry of 
Health, Italian Multiple Sclerosis Foundation/FISM, Biogen.

P450
Link between intake of monounsaturated fatty acids and 
cerebral gray matter atrophy in early MS

I. Katz Sand1, Y. Gu2, M. Fabian1, C. Riley2, V. Leavitt2, 
J. Sumowski1

1Icahn School of Medicine at Mount Sinai | Neurology | Corinne 
Goldsmith Dickinson Center for MS, Mount Sinai, 2Columbia 
University Medical Center, New York, NY, United States

Introduction: Important associations between fatty acid (FA) 
intake and disease-related outcomes have been suggested by lim-
ited pre-clinical and clinical studies in MS. Relevant to the con-
cept of MS as a neurodegenerative disease, this line of research is 
already well developed in the aging literature, where FA intake 
and adherence to Mediterranean-style diet are associated with 
imaging and clinical outcomes of cognition. In particular, it has 
been suggested that intake of monounsaturated fatty acids 
(MUFAs), found in foods such as olive oil, avocados, and nuts, 
may be a driving factor behind links observed in aging, possibly 
due to reduction in oxidative stress. We therefore evaluated the 
relationship between the FA (monounsaturated, polyunsaturated, 
saturated) intake and cerebral gray matter in our early MS cohort.
Objective: Evaluate associations between FA intake and cerebral 
gray matter in early MS
Methods: We utilized baseline data from the NYC RESERVE 
cohort, an ongoing prospective longitudinal study evaluating risk 
and protective factors for disability in early MS (< 5 years 

diagnosed). Here we report on the first 140 participants (age 
34.1±7.6; 90 women, 2.2±1.5 years since diagnosis). Participants 
were placed into tertiles of FA intake (low, medium, high, based 
on food frequency questionnaire). Cortical thickness (CT) and 
normalized grey matter (nGM) were derived from 3D T1 3T MRIs 
(FreeSurfer).
Results: CT was lower among patients with low MUFA intake 
(2.45, 95CI: 2.42-2.48) than patients with medium (2.48, 95CI: 
2.46-2.51, p=.059) or high (2.50, 95CI:2.47-2.52, p=.017) intake, 
after adjusting for age, sex, socioeconomic status (patient/mater-
nal education) and T2 lesion volume (T2LV). Suggesting a dis-
ease-specific association, MUFA intake attenuated the expected 
negative relationship between T2LV and CT in our cohort (p for 
interaction=0.046). Results were similar for nGM. We did not 
note significant links between saturated or polyunsaturated FA 
intake and CT or nGM.
Conclusions: In our cohort of patients with early MS, we detect a 
link between MUFA intake and measures of cerebral gray matter 
atrophy highly associated with disability in MS (CT and nGM). 
Further, MUFA intake’s attenuation of the negative relationship 
between T2LV and CT and nGM suggests that MUFA intake may 
serve a protective role in MS patients, limiting the impact of 
MS-related lesions on cerebral gray matter, which may have 
important implications later in the disease.

Disclosure
Ilana Katz Sand: nothing to disclose
Yian Gu: nothing to disclose
Michelle Fabian: nothing to disclose
Claire Riley: Consulting and advisory work for Celgene, 
Genentech, Genzyme, Teva Neuroscience, TG Therapeutics.
Victoria Leavitt: nothing to disclose
James Sumowski: Consulting for Genzyme
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The bio-psycho-social associations of smoking in multiple 
sclerosis

R. Mills, C. Young, TONiC Study Group
Neurology, Walton Centre NHS Foundation Trust, Liverpool, 
United Kingdom

Background: Smoking is thought to be a risk factor for develop-
ing multiple sclerosis (MS) as well as converting from clinically 
isolated syndrome to definite MS. In addition, smokers have a 
higher relapse rate, greater brain atrophy and higher disability 
than non-smokers though a recent meta analysis of 11 studies on 
disability and smoking had found methodological inconsitencies. 
There has been little examination of the effects of smoking on MS 
symptomatology and quality of life (QoL).
Objective: To determine differences across a wide range of MS 
symptoms, disability measures and QoL, by smoking history.
Method: Multiple self-report instruments describing a bio-psy-
cho-social model of MS, and detailed smoking history, were 
administered concurrently to patients with definite MS as part of 
the TONiC study, a multicentre, UK study of factors affecting 
QoL in MS. Subject characteristics including disease type and 
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EDSS band were determined by a physician at study enrolment. 
Summed raw scale scores were converted to interval level data by 
application of the Rasch measurement model. Differences in 
mean scale measurements were determined by one-way ANOVA 
(alpha 0.05).
Results: 2397 records were available for analysis. There were 
49% who had never smoked, 37% ex-smokers, 14% current 
smokers. 74% were female, 65% had relapsing, 12% primary pro-
gressive and 23% secondary progressive disease. 50% were fully 
ambulatory (EDSS 0-4), 38% EDSS 4.5-6.5, 7% EDSS 7.0-7.5, 
5% 8.0-9.5. There were significant differences in nearly all 
domains measured; in general there was a gradient from never-
smokers to ex-smokers to current smokers (never-smokers con-
sistently the best). This was seen for QoL (WHOQOL, LMSQOL, 
EQ-5D), disability/impact (WHODAS2, London Handicap, 
MSIS-29), fatigue, spasticity, pain, sleep, vision, sexual function-
ing, self-efficacy & depression (all p< 0.001). Anxiety was equally 
greater in both ex-smokers and current smokers. No differences 
were seen in worry, multidimensional health locus of control, cop-
ing or bladder function. There was no difference in age at disease 
onset. Subgroup analysis revealed that many of the differences 
were less or lost in primary progressive disease.
Conclusion: A history of smoking is associated with poorer out-
comes across nearly all aspects of relapsing MS but these associa-
tions are weaker in primary progressive disease. Association does 
not imply causation and a dedicated smoking cessation study is 
required.

Disclosure
Mills RJ and Young CA declare no conflicts of interest for this 
work. The TONiC study was supported by unrestricted grant sup-
port from NIHR, MNDA, Walton Neuroscience Charity, Biogen, 
Novartis, Roche, Teva.
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The association between smoking status and comorbidities 
and other symptoms in patients with multiple sclerosis

M.V. Castro Sánchez1, V. Reyes Garrido2, G. Pons Pons2, 
M.D.l.P. Moreno Arjona2, P. Urbaneja Romero2, M. 
Villagrán García2, T. Muñoz Ruiz2, N.L. Ciano Petersen2, 
M. Guerrero Fernández2, A. Leon Martin2, A. Alonso 
Torres2, P. Serrano Castro2

1Unidad de Neurología, Hospital Regional Universitario de 
Málaga-IBIMA, Málaga, 2Hospital Regional Universitario de 
Málaga-IBIMA, Malaga, Spain

Introduction: Smoking is a risk factor for multiple sclerosis (MS) 
development and it could be related with a faster disability pro-
gression rate measured by Expanded Disability Status Scale 
(EDSS).
Objectives: Our objective is to evaluate if smoking increases 
symptoms and comorbidites associated with multiple sclerosis 
and therefore is related with a low quality of life.
Methods: We randomly recruited a sample of 177 adults with 
definite MS who accepted to complete a self-administered ques-
tionnaire (98%) about their exposure to tobacco. We then divide 

them into three groups: smokers, former smokers or unexposed. 
We also collected clinical and demographic variables from our 
database such as the presence of vascular risk factors and autoim-
mune diseases and the prevalence of symptoms related to MS like 
depression, anxiety, cognitive decline, visual problems, sphincters 
disorders, fatigue, spasticity, pain and headache in our sample. We 
describe the associations between smoking and these clinical 
variables.
Results: There were 177 patients, 119 women and 58 men with a 
mean age of 42 years (20-82). The mean duration of disease was 12 
years (1-42). 31% were smokers, 41% never smoked and 28% were 
former smokers. Depression, anxiety, cognitive decline, visual 
problems and spasticity were more prevalent in patients exposed 
(smokers and former smokers) than in unexposed patients with sig-
nificant differences (p< 0.05) in depression and spasticity. A posi-
tive correlation (p< 0,05) was found between the number of years of 
smoking exposure, pack-year index and accumulated EDSS at the 
moment of the study and depression, cognitive decline complaints, 
sphincters dysfunction and spasticity. The prevalence of other vas-
cular risk factors such as high blood pressure, hyperlipidemia and 
diabetes, and other autoimmune diseases was low in our sample and 
we did not find significant differences between groups.
Conclusions: Depression, visual problems and spasticity were 
more common in patients exposed and were also significantly cor-
related with time and dose of tobacco exposure. Smokers and for-
mer smokers had a higher EDSS score, perhaps this may interfere 
with these results.
Our conclusions provide additional reasons to incentive smokers 
to quit.

Disclosure
M.V.Castro Sánchez: nothing to disclose
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P453
Identification of oligodendroglial secreted factors 
inducing nodal protein clustering in the central nervous 
system

A.-L. Dubessy1,2, E. Mazuir1, L. Richevaux3, Q. 
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Pitié-Salpêtrière, Assistance Publique-Hôpitaux de Paris, 
3Centre de Neurophysique, Physiologie, Pathologies, CNRS 
UMR 8119 Université Paris Descartes, Paris, France, 4Sanford 
Burnham Prebys Medical Discovery Institute, La Jolla,, CA, 
United States

The fast and reliable propagation of action potentials along myeli-
nated fibers relies on the clustering of voltage-gated sodium chan-
nels (Nav) at the nodes of Ranvier. Our recent study uncovered the 
influence of oligodendroglial secreted factors for nodal protein 
clustering before myelination (i.e. prenodes) on hippocampal 
interneurons and extended to electrophysiological characteriza-
tion and in vivo relevance (Freeman et al., 2015). We further char-
acterized the oligodendrocyte-conditioned medium (OCM) 
activity and found that addition of a combination of recombinant 
cell adhesion molecule and extracellular matrix proteins on puri-
fied neuron culture is sufficient to induce Nav clustering in the 
absence of oligodendrocytes. Furthermore, inhibition of the pro-
tein activity in the OCM, using an immunodepletion approach and 
knock out models, reduces its clustering activity. Altogether this 
suggests that early events of nodal protein clustering result in a 
complex interplay of cell adhesion molecules and extracellular 
matrix proteins. Moreover, to further characterize the intrinsic 
neuronal properties within the cells that develops nodes prior to 
myelination, we analyzed their electrophysiological properties. 
We also use a gene expression analysis approach to compare gene 
expression in hippocampal neurons with and without prenodes. 
This could allow for identification of specific roles for oligoden-
drocytes or their precursors in the developing nervous system and 
interactions that mediate myelination of interneurons.

Disclosure
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Elisa Mazuir : nothing to disclose
Louis Richevaux : nothing to disclose
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Molecular mechanisms underlying T cell-oligodendrocytes 
interactions in neuroinflammation
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A. Daigneault2, Q.-L. Cui5, S. Bittner6, F. Zipp6, J. Antel5, 
C. Larochelle2

1Department of Neuroscience, University of Montreal, 
CRCHUM, Montréal, 2Department of Neuroscience, University 
of Montreal, CRCHUM, Montreal, QC, Canada, 3Faculty of 
Medicine, Vrije Universiteit, Amsterdam, The Netherlands, 
4Department of Immunology-Virology-Microbiology, University 
of Montreal, CRCHUM, Montréal, 5Montreal Neurosciences 
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6Universitätsmedizin der Universität Mainz, Mainz, Germany

Background: The mechanisms driving oligodendrocyte (OL)/
myelin sheath injury in MS are poorly understood and no neuro-
protective therapeutic strategy is available. Pro-inflammatory 
CD4 T cells are pivotal immune mediators in MS and its animal 
model experimental autoimmune encephalomyelitis (EAE). 
Activated CD4 T cells can exert cytotoxicity towards OLs in vitro 
and their presence worsens OLs injury and impairs remyelination 
in vivo. Using two-photon live imaging in EAE, we observed 
direct interactions between activated CD4 T cells and OLs in vivo. 
As OLs do not express MHCII, the molecular mechanisms under-
lying these interactions are unknown. CD4 T cells found in MS 
brains express high levels of specific cell adhesion molecules 
(CAMs) and CAM ligands (CAMLs). We hypothesize that OLs 
express the cognate ligands of these CAMs/CAMLs in inflamma-
tory conditions such as MS and EAE.
Aim: To characterize CAMs expression by human and mouse 
OLs in resting vs. inflamed conditions.
Methods: CAMs expression was measured by flow cytometry 
(FACS) on human (MS vs control) and mouse (EAE vs control) 
OLs ex vivo. Adult human and murine OLs in primary culture 
were exposed to anti- or pro-inflammatory cytokines or activated 
T cells before assessment of CAMs expression in vitro by FACS 
and qRT-PCR. Immunofluorescence (IF) on MS vs control human 
brain frozen sections and on EAE vs control CNS slices was used 
to determine expression of CAMs in situ.
Results: Adult human and murine OLs express MCAM, ALCAM 
and ICAM-1. Expression of CAMs, especially ICAM-1, increases 
on human and murine OLs in inflammatory conditions ex vivo 
(MS lesion vs. control, EAE vs. controls). Exposure to TNF and 
IFN-gamma or co-culture with activated T cells increases CAMs 
expression by human OLs in vitro. Co-expression of CAMs by 
OLs (Nogo-A) is observed in MS, EAE and control CNS sections 
in situ.
Conclusions: OLs express higher CAMs levels in inflammatory 
conditions, suggesting that CAMs/CAMLs interactions could 
play a role in CD4 T cell-mediated OLs injury in MS and EAE. 
Functional studies will evaluate the impact of blocking/depleting 
CAMs on OLs in neuroinflammation.
This work was funded by the CRCHUM, the Banting Fondation, 
and the MS Society of Canada. H.J. received a scholarship from 
the Department of Neurosciences of the Université de Montréal. 
O.O received a scholarship from the Programme Canadien des 
Bourses de la Francophonie. C.L. holds a FRQ-S junior 1 award.
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P455
Comparison of glia cell damage in exemplary hereditary 
leukodystrophies

C. Bergner1, A. Winkler2, F. van der Meer2, S. 
Pfeifenbring2, C. Stadelmann2

1Neurology, 2Neuropathology, University Medical Center 
Göttingen, Göttingen, Germany

X-linked adrenoleukodystrophy (X-ALD), metachromatic leukodys-
trophy (MLD) and globoid cell leukodystrophy or Krabbe’s disease 
(GLD) are three relatively common examples of hereditary demyeli-
nating diseases caused by a dysfunction of peroxisomal or lysosomal 
lipid degradation. In all three conditions, accumulation of non-
degraded lipids leads to the destruction of cerebral white matter. 
Because of their relatively high lipid content, oligodendrocytes are 
generally considered key to the pathophysiology of leukodystrophies. 
However, the variable response to allogeneic stem cell transplanta-
tion points to the importance of cells related to the hematopoietic lin-
eage in the pathogenesis of these diseases. In the present study, we 
aimed to better characterize the pathogenetic role of microglia in the 
above mentioned leukodystrophies. We applied recently established 
microglia markers to human autopsy cases of X-ALD, MLD and 
GLD, an approach that enabled the delineation of distinct lesion areas 
in acutely evolving demyelinating lesions. Comparing different glia 
cell types, we found that microglia were affected early and severely. 
In all three diseases, we saw signs of microglia cell death in different 
lesion stages. However, the morphology and dynamics of microglia 
decay were distinct in the diseases examined here. In summary, the 
use of new microglia markers showed early and severe damage to 
microglia in the pathogenesis of the here examined leukodystrophies. 
This hints at a more sophisticated role of microglia in these diseases 
than the mere removal of cell and myelin debris, and provides a fur-
ther example of the complex interplay of different glia cell types in 
central nervous system diseases.
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P456
Retinal ganglion cell layer and cervical spinal cord gray 
matter atrophy are present and underlie pathway specific 
disability in very early stage multiple sclerosis

R. Schlaeger1, C. Cordano2, N. Papinutto2, E. Caverzasi2, 
G. Kirkish2, N. Baker2, C. Bevan2, A. Bischof2, R. Bove2, 
E. Datta2, M. Devereux2, J.M. Gelfand2, J.S. Graves2, 
K.M. Jordan2, A. Keshavan2, W.A. Stern2, M. Wilson2, 
E. Waubant2, A. Zhu2, D. Goodin2, B.A.C. Cree2, S. 
Hauser2,3, A. Green2,4, R.G. Henry2,5,6

1Unispital Basel, University Hospital Basel, Department 
of Neurology, Basel, Switzerland, 2UCSF Department 
of Neurology, 3UCSF Weill Institute for Neurosciences, 
Department of Neurology, University of California San 
Francisco, 4UCSF Department of Ophthalmology, 5UCSF 
Department of Radiology and Biomedical Engineering, 
6Bioengineering Graduate Group, UC San Francisco and 
Berkeley, San Francisco, CA, United States

Introduction: Cortical and subcortical brain gray matter (GM) 
atrophy occur early in the course of MS, but whether this under-
lies any early clinical dysfunction is unclear. Cervical spinal cord 
(SC) GM area and retinal ganglion cell layer (GCL) thickness are 
relatively easy to obtain, easy to quantitate and are promising 
means for assessing GM injury in MS. However, detailed assess-
ments of these metrics and associations with disability metrics at 
the earliest disease stages have not been performed.
Objectives / aims: To investigate whether in early MS, GM atro-
phy can be detected in the retina and cervical SC, and whether it 
is associated with prior relapse and pathway specific or total dis-
ease related disability.
Methods: Sixty-four patients with median disease duration of 6 
months (mean age 36.9 years, 20 men, median EDSS 2.0) and 42 
matched healthy controls (HC) (mean age 36.9 years, 12 men) 
were investigated. SC GM and WM areas at C2/C3 (by PSIR 
imaging), GCL and retinal fiber nerve layer (RFNL) thickness (by 
SD-optic coherence tomography) were measured. Area and thick-
ness differences betw. groups, and the associations between GM 
metrics and both focal (9-Hole Peg Test (9-HPT), 2.5% low con-
trast letter acuity (LCLA)) and global (Expanded Disability Status 
Score (EDSS), Symbol Digit Modalities Test (SDMT)) disability 
metrics were assessed using multivariable regression.
Results: SC GM areas and GCL were both sig. reduced in relaps-
ing (p=0.0252, p=0.0030) and progressive patients (both p< 
0.0001) compared to HC in the absence of sig. SC WM and RFNL 
reductions. SC GM and GCL atrophy were each also detected in 
subgroups of patients without prior SC relapse (p=0.0086) or 
optic neuritis (p=0.0095), respectively. Adjusting for age and sex, 
both SC and retinal GM metrics showed sig. associations with 
their corresponding focal disability metric (9-HPT: adj. R2=0.29, 
LCLA: adj. R2=0.30); associations with global disability metrics 
(EDSS: adj. R2=0.12, SDMT: adj. R2=0.07) were weak/non-sig.
Conclusions: At an early stage of MS, GM atrophy can be 
detected in the SC and retina in the absence of WM atrophy, even 
in patients without prior relapses in the corresponding functional 
system. Retinal and cervical SC GM atrophy correlate with focal 
disability metrics. This suggests that although GM is widespread 
at the earliest disease stages, it is not evenly distributed and pro-
vides evidence that GM injury underlies disability even very early 
in the disease.
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P457
Effect of delayed-release dimethyl fumarate on cognition 
in Italian patients with relapsing remitting multiple 
sclerosis: the phase 4 StarTec study

V. Zipoli1, P. Tortorella2, B. Goretti3, V. Brescia Morra4, 
P. Gallo5, M. Zaffaroni6, M. Onofrj7, E. Cocco8, C. 
Pozzilli9, M. Trojano10, M.P. Amato11, Startec Study 
Group:( Bergamaschi R, Caniatti L.M., Comi G, Cottone 
S, Gasperini C, Grimaldi L, Maimone D, Malucchi S, 
Marfia A.G, Millefiorini E, Montanari E, Rovaris M, 
Tedeschi G, Totaro R, Uccelli A)

1Biogen, 2Medical Dept. - MM, Biogen, Milano, 3Dipartimento 
di Meuroscienze, AOU Careggi, Largo Brambilla 3, Firenze, 
4University Federico II Napoli, Napoli, 5Azienda Ospedaliera 
di Padova, Padova, 6Centro Sclerosi Multipla, ASST della 
Valle Olona, Gallarate, 7Ospedale Policlinico S.S.Annunziata 
di Chieti, Località Colle dell’Ara, Chieti, 8Ospedale Binaghi, 
Cagliari, 9Neurological Centre of Latium, Rome, 10Policlinico di 
Bari, Bari, Italy, Bari, 11Dipartimento di Neuroscienze, Area del 
Farmaco e Salute del Bambino, Università Degli Studi, Firenze, 
Italy

Introduction: Delayed-release dimethyl fumarate (DMF) has 
demonstrated good efficacy and a favourable benefit-risk profile 
in patients with relapsing-remitting multiple sclerosis (RRMS) in 
Phase 3 studies (DEFINE/ CONFIRM).
Objectives: To evaluate the effectiveness of DMF in RRMS 
patients treated in real-world clinical practice over 2 years, with 
a focus on cognition, as well as other functional outcomes 
function.
Methods: This multicentre (24 Italian sites), single arm, open-
label study, enrolled 232 patients. Of the 232 patients, 217 were 
eligible for analysis; 156 patients completed the study. All patients 
were assessed at baseline and every 12 months thereafter using the 
Rao’s Brief Repeatable Battery (BRB), Stroop test and Brief 
International Cognitive Assessment for Multiple Sclerosis 
(BICAMS). Cognitive impairment (CI) was defined as failure in 
≥2 out of 10 batteries among the BRB and Stroop test.
Results: Of 167 patients with cognitive data over 2 years, 83 
(49.7%) did not develop CI. However, 29% (49/167) patients in 
the intent-to-treat population exhibited CI at baseline. Of these, 34 
patients had cognitive data available at Year 2: among these, 19 
(55.9%) did not experience deteriorating CI over 2 years com-
pared to baseline. The unadjusted ARR at Year 1 and Year 2 was 
0.265 and 0.19, respectively. The majority of patients were 
relapse-free (n=175; 80.6%) and had no evidence of disability 
progression (n=177, 94.1%), as per 6-month sustained EDSS at 2 
years Overall, there were significant decreases in total scores on 
the Modified Fatigue Impact scale, Montgomery and Asberg 
Depression Rating Scale and Environmental Status Scale over 2 
years. There was a significant increase in EQ-5D Health Survey 
VAS from baseline to each post-baseline visit and over the study 
period (P< 0.0001). One-hundred-fifty-five (71.4%) out of 217 
patients experienced mostly mild to moderate treatment-emergent 
adverse events, most commonly flushing (41.9%).
Conclusions: These findings suggest that DMF can delay cogni-
tive worsening in RRMS patients. A positive effect on patient 
reported outcomes, including fatigue, depression, activities of 
daily living and quality of life was reported.
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P458
Serum Neurofilament light chain concentration correlates 
with cognitive impairment and brain atrophy in relapsing 
remitting MS

F. Mattioli1, C. Stampatori1, F. Bellomi1, S. Mariotto2, S. 
Ferrari2, S. Monaco2, C. Mancinelli3, C. Scarpazza3, R. 
Capra3

1Neuropsychology Unit, ASST Spedali Civili, Brescia, 
2Department of Neuroscience, Biomedicine and Movement 
Sciences, Verona University, Verona, 3MS Center, ASST Spedali 
Civili, Brescia, Italy

Background: Neurofilaments are structural proteins of neurons, 
axons and dendrites and increased levels of neurofilament light 
chain (NfL) have been reported in serum of Multiple Sclerosis 
patients, correlating with CSF levels, disease severity, worse clini-
cal outcome and MRI lesions. Current NfL observations do not 
include correlations with cognitive deficits and brain atrophy, 
which mostly have axonal loss as pathological substrate.
Objective: to evaluate in a sample of homogeneous MS patients 
with relapsing remitting course and same therapy, the correlation 
between serum NfL levels and cognitive impairment as well as 
brain atrophy.
Methods: 18 right handed relapsing remitting MS patients (mean 
age 45 years, mean EDSS 2), prescribed with interferon beta 1a 
from no more than a semester, were submitted to neuropsycho-
logical evaluation with Brief Repeatable Battery (BRB) and Delis 
Kaplan Executive Function Sorting (DKEFS) tests, MRI to assess 

gray matter volume and density and NfL serum concentration by 
using SR-X immunoassay analyzed, Simoa TM, which runs ultra-
sensitive paramagnetic bead-based enzyme-linked immunosorb-
ent assays (Quanterix Corp, Boston, MA).
Results: a significantly increased serum NfL level was found in MS 
cases compared to age matched controls (p=.03). Serum NfL cor-
related with age (Pearson r=.58; p=.001). A positive correlation was 
found between serum NfL and Cognitive Impairment Index (CII, 
calculated by summing -z scores in each cognitive test, Spearman 
p=.04), memory (Selective reminding test, Spearman p< .05) and 
executive function (DKEFS Sorting test description p=.03) tests. 
More severely impaired patients in cognition (CII>8) had signifi-
cantly higher serum NfL (9.04 pg/ml) than less severely impaired 
ones (6,31 pg/ml; Mann Whitney p=.003). A significant correlation 
was found between NfL and GM density in the right parahippocam-
pus and between CII and GM density in the right prefrontal region.
Conclusions: serum NfL values are related to cognitive deficits and 
to measures of brain atrophy. These data, though obtained in a small 
sample, support the future use of serum NfL as a surrogate marker of 
disability in MS patients, with particular regard to axonal injury.
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Leptomeningeal contrast enhancement correlates with 
neurodegeneration in multiple sclerosis

I. Kalinin1, G. Makshakov1,2, E. Magonov3, T. 
Trofimova3, N. Totolyan2, M. Shumilina1,2, A. 
Skoromets2, E. Evdoshenko1

1SBIH City Clinical Hospital #31, City Center of MS and other 
Autoimmune Diseases, 2Neurology Department, FSBEI HE I.P. 
Pavlov SPbSMU MOH Russia, 3’NMC-Tomography’ LLC, Saint-
Petersburg, Russian Federation

Background: Leptomeningeal contrast enhancement (LMCE) on 
magnetic resonance imaging (MRI) is associated with disease 
progression and neurodegeneration in multiple sclerosis (MS). 
Studies show that both cortical grey matter (GM) and white matter 
(WM) lesions correlate with neurodegeneration. It is unknown if 
LMCE correlate with WM or GM lesions.
Aim: The aim of this study was to assess the relationship between 
LMCE and lesion burden of the brain white and grey matter in 
patients with MS.
Objectives: To measure the volume of white and grey matter 
lesions in patients with and without LMCE and to assess the cor-
relation of lesion load and volumes of brain structures.
Materials and methods: LMCE were detected on 3 Tesla MRI 
with post-contrast fluid attenuated inversion-recovery (FLAIR) 
sequence, 10-12 minutes after gadolinium administration. WM 
and intracortical GM lesion load on FLAIR/T2 and double inver-
sion-recovery (DIR) sequences respectively was manually 
counted using 3D Slicer. Normalized brain volume (NBV), WM 
and GM volume were counted using SIENAX software. Cortical 
thickness, total ventricles, thalamus and hippocampal volumes 
were assessed with FreeSurfer.
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Results: 54 MS patients (20 male and 34 female) were included. 
LMCE was detected in 23/54 (43%) patients. The median (IQR) 
age was 36 (25) years in LMCE(-) patients and 43 (22) years in 
LMCE(+) patients, p=0.0613. The disease duration was signifi-
cantly lower in LMCE(-) vs LMCE(+) patients - 64 (104) months 
and 121 (142) months respectively, p=0.0094. LMCE(+) patients 
revealed some higher WM and GM lesions load, but the differ-
ence was not statistically significant. In LMCE(+) patients, vol-
ume of WM lesions, but not GM lesions, revealed significant 
negative correlation with NBV (r=-0.4792, p=0.0207), whole 
WM volume (r=-0.5158, p=0.0118), cortical WM volume  
(r=-0.5632, p=0.0051) and significant positive correlation with 
total ventricles volume (r=0.6423, p=0.001). In LMCE(-) patients, 
volume of WM and GM lesions showed significant positive cor-
relation only with total ventricles volume (FLAIR: r=0.723, p< 
0.0001; DIR: r=0.5458, p=0.0015). WM and GM lesion load 
didn’t correlate with disease duration or age in both groups. In 
LMCE(-) group GM lesions volume correlated with WM lesions 
volume (r=0.5543, p=0.0012), but not in LMCE(+) group.
Conclusion: WM lesions in LMCE(+) MS patients are associated 
with more profound neurodegeneration that is independent from 
age, disease duration and GM lesions.
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Unilateral motor progression in multiple sclerosis: the 
impact of single critical corticospinal tract lesions

E. Sechi1, B.M. Keegan1, T.J. Kaufmann2, O.H. Kantarci1, 
B.G. Weinshenker1, E.P. Flanagan1,3

1Department of Neurology, 2Department of Radiology, 
3Department of Laboratory Medicine and Pathology, Mayo 
Clinic, Rochester, MN, United States

Introduction: Progressive motor impairment anatomically attrib-
utable to a single demyelinating lesion is seen in patients with 
“progressive solitary sclerosis”. These “critical lesions” are gener-
ally prominent lesions located in the spinal cord along corticospi-
nal tracts and associated with focal atrophy. Rare multiple sclerosis 
(MS) patients with exclusively unilateral motor progression may 
offer insight into the role of such critical lesions in the develop-
ment of progression.
Objective: To determine if progressive exclusively unilateral motor 
impairment in MS can be attributable to a single critical lesion.

Methods: We included Mayo Clinic patients (1996-2017) who 
had: (1) ≥1 year of unilateral motor progression; (2) no contralat-
eral pyramidal symptoms/signs; (3) >5 central nervous system 
demyelinating lesions; (4) fulfilled 2017 McDonald MS criteria. 
A blinded neuroradiologist evaluated MRI’s and determined 
whether a single potential critical lesion could be identified based 
on MRI characteristics .
Results: Thirty-eight patients were included: primary progressive 
MS, 20 (53%); secondary progressive MS, 18 (47%). Median age 
at progression onset was 55 years (range, 39-73). Median EDSS 
was 5 (range, 2.5-7.5) at last follow-up (median, 119.5 months 
from symptom onset; range, 22-418). Progressive unilateral motor 
impairment was characterized by (face-sparing) hemiparesis or 
monoparesis. The likelihood of detecting at least one demyelinat-
ing lesion along the corticospinal tract to which the deficit could 
be attributed was higher (100%) than on the contralateral side 
(39%) (p< 0.0001). The neuroradiologist identified a single poten-
tial critical lesion in 26 cases (68%): cervical cord, 20; thoracic 
cord, 6. In all 26 the progressive motor deficits were attributable 
to the identified critical lesion. Of the remaining 12 patients, eight 
had two potential critical lesions along the same corticospinal 
tract to which the deficit localized.
Conclusion: In MS patients with unilateral motor progression, a 
single, recognizable critical lesion along corticospinal tracts may 
be responsible.
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Deletion of the activity-dependent transcription factor 
neuronal PAS domain protein 4 protects against clinical 
disease in models of multiple sclerosis

P. Becquart, J. Johnston, J. Quandt
Pathology & Laboratory Medicine, University of British 
Columbia, Vancouver, BC, Canada

Introduction: Several processes involving inflammatory cells and 
their mediators contribute to neurodegeneration in MS. Neuronal 
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PAS Domain Protein 4 (Npas4) is a basic-helix-loop-helix tran-
scription factor implicated in neuronal health, plasticity, and protec-
tion. Npas4 regulates genes that control inhibitory synapse 
development, a “master switch” to calm over-excited cells that also 
binds aryl-hydrocarbon receptor nuclear translocator 2 (ARNT2) to 
regulate brain-derived neurotrophic factor (BDNF) transcription.
Objectives/Aims: In experimental autoimmune encephalomyeli-
tis (EAE), we showed that Npas4 message rises pre-clinically in 
the CNS yet Npas4, ARNT2 and BDNF all drop at onset and are 
lowest at peak disability. We hypothesized Npas4 is required for 
neuronal survival in inflammatory settings and would be protec-
tive in EAE.
Methods: Npas4 expression was examined in enriched neuronal 
cultures in response to immune cells, oxidative stress, glutamate 
and KCl. The functional relevance of Npas4 was examined fol-
lowing knockdown (KD) with siRNA and chronic-progressive 
EAE induced in Npas4-deficient (KO) mice.
Results: Npas4 expression is negligible compared to constitutive 
ARNT2 in cortical neurons in vitro. Oxidative stress, co-culture 
with activated immune cells and glutamate each drive de novo 
Npas4 expression accompanied by enhanced BDNF expression. 
Npas4 induction is Ca2+ dependent and secondary to de novo RNA 
and protein synthesis. Notably the cytotoxicity following H2O2 

exposure is significantly reduced by Ca2+ chelation with EGTA. In 
vitro, Npas4 KD limits increases in BDNF with minimal effects on 
viability. Notably, ARNT2 KD has no influence on neuron viabil-
ity or BDNF expression; we attributed this to an uncoupling of 
Npas4 and ARNT2 to BDNF expression. In contrast, sustained 
increases in Npas4 after H2O2 or glutamate exposure are associated 
with morphological changes and losses in viability. Npas4 KO 
mice are protected against severe disability in EAE, where cumula-
tive and peak disease scores are reduced by 50-60% in KO mice.
Conclusions: Our findings of Npas4 expression in response to 
inflammatory stressors lead us to question a neuroprotective role 
for Npas4 in chronic inflammatory settings. Instead, we propose 
that Npas4 signaling in response to Ca2+ increases the susceptibil-
ity of neurons to damage, and warrants further investigation as a 
potential target to limit neurodegeneration during processes 
involved in MS onset and progression.
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Repairing mechanisms

P462
miR-27a inhibits oligodendrocyte precursor cells 
maturation to oligodendrocytes in during remyelination

A. Tripathi, C.V. Volsko, B. Trapp, R. Dutta
Neuroscience, Cleveland Clinic Foundation Lerner Research 
Institute, Cleveland, OH, United States

Introduction: Micro RNAs (miRNAs) are single stranded, 19-23 
nucleotide long, non-coding RNAs that regulate gene expression 
at posttranscriptional level by complementary binding to 3’ 
untranslated region (UTR) regions of target genes. Modulation of 
gene expression by miRNAs plays central role in several neurode-
generative diseases including multiple sclerosis (MS), a chronic 
inflammatory demyelinating disease. Failure in remyelination is 
considered one of the main reasons for MS disease progression. 
This failure in remyelination is however commonly associated 
with presence of immature oligodendrocytes (OLs) within lesions 
of MS brains.
Objective: To evaluate functional role of miR-27a during oligo-
dendrocyte lineage development.
Methods: Global genome expression analysis and RT-qPCR was 
applied to analyze and validate miRNA expression level in chronic 
demyelinated postmortem human brain. Further, role of miR-27a 
in myelination was investigate using in vitro primary oligoden-
drocyte progenitor cell (OPCs) culture system.
Results: miR-27a expression was significantly downregulated in 
demyelinated MS lesion. Our in vitro functional assay showed 
that transient transfection of chemically synthesized miR-27a 
(mimic) in OPCs inhibited differentiation of OPCs into mature 
OLs. We also found that miR-27a overexpression cause signifi-
cant increase in levels of Chondroitin sulfate proteoglycan 4 
(Cspg4/Ng2) protein without increase in proliferation of the 
OPCs. At mRNA transcripts and protein level, expression of miR-
27a showed dysregulation of genes involved in Wnt-β-catenin 
signaling pathways which have been reported to negatively regu-
late OLs differentiation.
Conclusions: Taken together, our results indicate that miR-27a 
may play a major role in arresting OPCs in the immature state 
leading to remyelination failure in MS.
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P463
Oncostatin M-induced astrocytic TIMP-1 enables 
remyelination

E. Houben1, K. Janssens1, I. Lambrichts1, V. Baekelandt2, 
M. Schepers1, T. Vanmierlo1, H. Slaets1, B. Broux1, N. 
Hellings1

1Biomedical Research Institute, Hasselt University, Diepenbeek, 
2KULeuven, Leuven, Belgium

Introduction: Multiple sclerosis (MS) is a chronic disabling 
disease of the central nervous system (CNS), characterized by 
focal areas of inflammation in which myelin, oligodendrocytes 
(OLGs) and neurons are damaged. Oncostatin M (OSM), a 
member of the interleukin (IL)-6 cytokine family, is produced 
in lesions of MS patients and we demonstrated in previous 
research that OSM protects against demyelination in the cupri-
zone mouse model and enhances neurite outgrowth during spi-
nal cord injury.
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Objectives: In this study, we investigate the role of OSM in remy-
elination in the cuprizone model, and its underlying mechanism.
Methods: Using cuprizone-induced demyelination in mice, we 
investigated the effect of OSM receptor deficiency in OSMR KO 
mice on one hand and the effect of local OSM overexpression 
(using stereotactical injection of lentiviral vectors) on the other 
hand. Tissue analysis by means of qPCR and immunohistochem-
istry was done to reveal differences in genotypes or treatment 
groups. In vitro cell cultures were used to determine mechanistic 
processes.
Results: Here, we show that OSMR-deficient mice have an 
impaired remyelinative capacity after cuprizone-induced demy-
elination. In parallel, local OSM overexpression enhanced remy-
elination. Interestingly, we found that local OSM overexpression 
induced activation of astrocytes, and that these astrocytes pro-
duced TIMP-1, a matrix metalloproteinase inhibitor. To assess 
whether TIMP-1 is the downstream mediator of OSM in enhanc-
ing remyelination, TIMP-1 KO mice were fed a cuprizone diet. 
TIMP-1 KO mice phenocopied OSMR KO mice and showed 
reduced remyelination. Currently, the mechanism of TIMP-1 
mediated remyelination is being investigated.
Conclusions: Local expression of OSM in demyelinated lesions 
activates astrocytes to produce TIMP-1, which enables remyelina-
tion. Exploring this further will result in important fundamental 
and therapeutically applicable knowledge for MS patients.
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P464
Chondroitin sulfate proteoglycans impede 
oligodendrocyte differentiation through rho-kinase and 
myosin II

S. Cummings, S. Kornfeld, R. Kothary
Ottawa Hospital Research Institute, Ottawa, ON, Canada

Introduction: Oligodendrocyte precursor cells migrate to lesion 
sites to repair myelin. Throughout MS progression, this ability to 
repair diminishes considerably and is thought to be a consequence 
of lesion-associated inhibitory factors, including chondroitin sul-
fate proteoglycans (CSPGs), which perturb OPC maturation into 
myelinating oligodendrocytes. These factors are known to inhibit 
the differentiation process, yet the mechanism driving this signal 
remains unclear.
Objectives: The current study aims to characterize the oligoden-
drocyte response to CSPGs, as well as explore the molecular path-
ways involved in CSPG-mediated inhibition of oligodendrocyte 
differentiation.
Aims: We hope to investigate signaling proteins in oligodendro-
cytes that have been previously implicated in CSPG-mediated 
inhibition of neuronal morphology. We will first explore the 

involvement of GSK3ß, followed by rho kinase and non-muscle 
myosin II (NMII).
Methods: A primary oligodendrocyte cell culture system was 
used. Characterization of morphological and molecular differen-
tiation was performed following manipulation of the signaling 
pathways of interest.
Results: We have validated the negative impact of CSPGs on oli-
godendrocyte morphology in our system. Interestingly, CSPG-
mediated inhibition of neuron development depends greatly on 
both GSK-3ß and RhoA activity. Here we show that GSK-3ß sign-
aling is likely not crucial in mediating the effects of CSPGs in 
oligodendrocytes. Contrastingly, inhibition of Rho kinase 
improved the morphological perturbations of oligodendrocyte dif-
ferentiation in the presence of CSPGs, as did inhibition of down-
steam NMII. It has become clear that oligodendrocytes are 
mechanosensitive, and that differentiation relies on a permissive 
mechanical substrate. Interestingly, the transmission of mechani-
cal cues relies on rho kinase/NMII signaling. Ongoing studies will 
explore the possibility that CSPG-mediated inhibition of oligo-
dendrocyte differentiation occurs as a result of an altered mechan-
ical environment.
Conclusion: This study reveals specific targets involved in 
CSPG-mediated inhibition of oligodendrocyte growth. It also 
highlights previously unappreciated differences between oligo-
dendrocyte and neuronal responses to the same inhibitory cue. 
Further investigation of these mechanisms will provide a better 
understanding of the lesion microenvironment contribution to 
pathophysiology in multiple sclerosis.
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P465
Impact of cerebrospinal fluid on human Wharton jelly 
mesenchymal stem cells in vitro - therapeutic implications 
to multiple sclerosis

K. Salwierak-Glosna, M. Domowicz, P. Piatek, M. 
Swiderek-Matysiak
Department of Neurology, Medical University of Lodz, Lodz, 
Poland

Objective: Wharton´s jelly (WJ-MSC) mesenchymal stem cells 
are attractive therapeutic option in multiple sclerosis (MS), 
related to their proliferation, capacity in culture and prospective 
immunoregulatory and regenerative potential. Clinical trials 
with mesenchymal stem cells in patients with multiple sclerosis 
(MS) are currently conducted, one of proposed and tested route 
of cell delivery is intrathecal. WJ-MSC and cerebrospinal fluid 
(CSF) interactions are interesting question and require further 
explanation.
Methods: WJ-MSC obtained from The Polish Stem Cells Bank 
were cultured with condition of proinflammatory cytokine inter-
feron gamma (IFNg), 5% CSF from multiple sclerosis patients 
(n=5) and control CSF (n=5). After 24 hours incubation the next 
step was 24 hours culturing free of serum, at the end supernatants 
were collected. Quantitative analysis of the 27 cytokines and 
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growth factors in the WJ-MSCs culture supernatants were per-
formed using Bio-Plex Multiplex Immunoassays (Biorad) in two 
independent experiments.
Results: Addition of proinflammatory cytokine INF-gamma to 
WJ-MSC culture showed increased expression of Il-4, Il-6, Il-9, 
Il-15, Il-17, IP-10, RANTES and VEGF, FGF, PDGF. Whereas 
incubation with control CSF resulted in increased level of Il-1, 
Il-5, Il-6, IP-10, RANTES, FGF, G-CSF, GM-CSF, VEGF com-
pare to medium condition. In WJ-MSC treated in culture with 5% 
MS CSF we observed significant higher level of Il-5, Il-6, 
RANTES, FGF, GM-CSF, VEGF compare to control CSF (p< 
0.05). Both control and MS CSF culture conditioning resulted in 
significant reduction of eotaxin compare to medium condition 
culture.
Conclusions: WJ-MSC are promising therapeutic strategy for 
patients with multiple sclerosis. WJ-MSC immunosuppressive 
and regenerative potential depends on the surrounding environ-
ment, those dependencies require further research in cell therapy 
for MS.
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Infratentorial and spinal cord lesions, cumulative 
predictors of disability?

I. Dekker1,2, M.H. Sombekke2, L.J. Balk2, J.J.G. Geurts3, 
F. Barkhof1,4, B.M.J. Uitdehaag2, J. Killestein2, M.P. 
Wattjes1,5

1Department of Radiology & Nuclear Medicine, Neuroscience 
Amsterdam, VUmc MS Center Amsterdam, 2Department of 
Neurology, Neuroscience Amsterdam, VUmc MS Center 
Amsterdam, 3Department of Anatomy and Neurosciences, VU 
University Medical Center, Amsterdam, The Netherlands, 
4Institute of Neurology and Healthcare Engineering, UCL, 
London, United Kingdom, 5Department of Diagnostic and 
Interventional Neuroradiology, Hannover Medical School, 
Hannover, Germany

Introduction: Infratentorial and spinal cord lesions are fre-
quently present in multiple sclerosis. Their location suggests an 
important role in motor function and consequently lesions in 
these areas often contribute to disability. The aim of this study 
was to determine whether infratentorial and spinal cord lesions 
cumulatively predict disability progression better than these loca-
tions separately.
Methods: We included 156 patients from the Amsterdam MS 
cohort shortly after their first clinical event. Patients were fol-
lowed for 6 (n=156) and a subset for 11 years (n=95). Baseline 
(BL) brain and spinal cord MRI were performed and lesions 
were counted per region (supratentorial, infratentorial and spi-
nal cord). Expanded Disability Status Scale (EDSS) was 
obtained, and in order to determine EDSS-plus progression also 

the 25-foot walk test and 9-hole peg test were measured at BL 
and after 6 and 11 years. Patients were divided into 4 groups 
according to MRI lesion location at BL: 1. Patients with both 
spinal cord and infratentorial lesions (n=54, 34.6%); 2. Patients 
with spinal cord lesions but no infratentorial lesions (n=58, 
37.2%); 3. Patients with infratentorial but no spinal cord lesions 
(n=15, 9.6%); 4. Patients without spinal cord and infratentorial 
lesions (n=29, 18.6%). Logistic regression was performed to 
determine the risk for EDSS- and EDSS-plus progression after 
6 and 11 years.
Results: Median EDSS was 2.0 (IQR 1.5-3.0) at BL, 2.5 (IQR 
1.5-3.5) after 6 years and 3.0 (IQR 2.0-4.0) after 11 years. Fifty-
one patients (32.7%) showed EDSS-progression after 6 years 
and 48 (50.5%) after 11 years. EDSS-plus progression after 6 
years was seen in 66 patients (50.0%) and in 55 patients (66.3%) 
after 11 years. Odds ratios showed trends towards spinal cord 
lesions alone having more impact than infratentorial and spinal 
cord lesions together. Sub-analyses comparing patients with 
and without spinal cord lesions showed a higher risk for EDSS 
progression after 6 years (OR 2.8; p=0.027) and after 11 years 
(OR 4.1; p=0.009). For patients with infratentorial lesions ver-
sus patients without infratentorial lesions no difference was 
found.
Conclusions: Our results suggest that the presence of spinal cord 
lesions tends to be more important for predicting EDSS progres-
sion than infratentorial lesions. Adding up both spinal cord lesions 
and infratentorial lesions did not result in a better prediction of 
disability.
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P467
Rapid and reliable, fully-automated brainstem 
segmentation for application in multiple sclerosis

L. Sander1, S. Andermatt2, S. Pezold2, M. Amann3, D. 
Meier3, T. Sinnecker1, M.J. Wendebourg1, Y. Naegelin1, 
C. Granziera1, L. Kappos1, J. Wuerfel3, P. Cattin2, R. 
Schlaeger1

1Neurologie, Universitätsspital Basel, 2Center for Medical Image 
Analysis & Navigation (CIAN), 3Medical Image Analysis Center 
(MIAC AG) and qbig, University Basel, Basel, Switzerland

Introduction: Atrophy is a hallmark of neurodegeneration in 
Multiple Sclerosis (MS) that can be quantified by MRI. Brainstem 
(BS) atrophy is under-investigated in MS.
Objective and aims: To assess accuracy and reproducibility of a 
fully-automated deep learning-based segmentation method for BS 
volumetry in 3D high-resolution T1w MRI data of healthy con-
trols (HC) and MS patients.
Methods: Segmentation was done using multi-dimensional gated 
recurrent units (MD-GRU; Andermatt et al., 2016 (DOI 
10.1007/978-3-319-46976-8_15), Andermatt et al., 2017 (DOI 
10.1007/978-3-319-75238-9_3)) a deep learning-based, fully-
automated semantic segmentation approach employing a convo-
lutional adaptation of gated recurrent units (GRU; Cho et al., 2014 
(http://arxiv.org/abs/1409.1259)). In brief, MD-GRU traverses an 
image forward and backward along each of its spatial dimensions 
to infer the current segmentation class label from the local appear-
ance and its surrounding context. The respective neural network 
was trained for 100’000 iterations on 67 scans (17 HC, 50 
patients). Mean Dice score wrt. an expert-labeled manual ground 
truth was used to select the final training state for evaluation:the 
state producing the highest score on the 3 labeled sub-regions of 
the BS (midbrain (M), pons (P) and medulla oblongata (MO)) in a 
separate set of 20 patients’ scans was chosen for further analyses.
Expert-labeled manual BS segmentations were then used to vali-
date the accuracy of the automated segmentation in another inde-
pendent set of 20 patients’ scans using Dice scores. The 
reproducibility of the segmentations was assessed in 11 HC that 
underwent a MR test-retest experiment with repositioning in-
between. The mean %-change betw. test and retest and the respec-
tive intra-class correlation coefficients (ICC) were calculated.
Results: Accuracy: In the validation set, the mean Dice scores 
comparing automated to the manual segmentations were (mean/
SD):0.97/0.006 (total BS); 0.95/0.015 (M);0.97/0.008 (P); 
0.96/0.014 (MO). Reproducibility: The mean %-change/SD 
between test-retest scans was 0.47%/0.004 for the automated and 
0.82%/0.005 for the manual segmentation of the total BS. The 
ICC of the automated test-retest segmentations of the total BS, M 
and P were all >0.99, of MO 0.97.
Conclusions: This fully-automated BS segmentation provides 
accurate, reproducible segmentations in HC and MS patients in 
200sec/scan on a Nvidia GeForce GTX 1080 GPU and has poten-
tial for use in longitudinal studies.
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P468
Presence of CSF oligoclonal bands is associated with 
periventricular NAWM damage gradient severity in 
clinically isolated syndrome

M. Pardini1, L. Gualco1, G. Bommarito1, L. 
Roccatagliata1, A. Laroni1, C. Solaro2, A. Uccelli1, E. 
Capello1, M. Inglese1,3

1University of Genoa and Policlinic Hospital S. Martino, Genoa, 
2Rehabilitation Department Mons. L. Novarese, Moncrivello, 
Italy, 3Icahn School of Medicine at Mount Sinai, New York, NY, 
United States

Introduction: Normal appearing white matter (NAWM) damage 
is not randomly distributed though the brain in multiple sclerosis 
(MS), but it is more severe around the lateral ventricles. Indeed, 
an outside-in gradient in NAWM damage from periventricular 
NAWM toward deep grey matter has been observed across all the 
MS spectrum, possibly due to a proximity effect to CSF.
Objectives: To evaluate if in subjects with clinically isolated syn-
drome (CIS) the periventricular distribution of NAWM damage 
was associated with the presence of cerebrospinal fluid (CSF) oli-
goclonal bands (OCB).
Methods: Thirty subjects with a diagnosis of CIS (18 females, 12 
males; mean age, 39 ± 11.8 years; EDSS range 0-2) were included 
in this study and underwent a brain MRI scan and CSF examina-
tion within 75 days from their first clinical event. The presence of 
CSF and serum oligoclonal bands was assessed for all CIS sub-
jects. Twenty-four healthy volunteers (11 females, 13 males; 
mean age, 37.71 ± 19.5 years) were also recruited as MRI con-
trols. Diffusion weighted MR was acquired for all subjects and 
used to compute skeletonized mean diffusivity (MD) NAWM 
maps. The supra-tentorial voxels between 2 and 6 mm of distance 
from the lateral ventricles were included in the periventricular 
NAWM mask while the voxels between 6 and 10 mm from the 
lateral ventricles were included in the deep NAWM mask; mean 
MD values were then computed separately for these two masks. 
Using healthy controls data to convert NAWM MD values in z 
scores, the NAWM damage gradient was calculated as (periven-
tricular NAWM z score - deep NAWM z score) / (periventricular 
NAWM z score) and then compared between subjects with and 
without CSF OCB.
Results: Twenty CIS subjects presented with CSF-only OCB 
(CSF-OCB+), nine CIS with no OCB in CSF (CSF-OCB-) or 
serum and one with OCB in both serum and CSF. There was a 
significant steeper gradient of periventricular NAWM damage in 
with CSF-OCB+ CIS than in CSF-OCB- CIS subjects (0.35 ±0.05 
vs. 0.26±0.05, t=4.45, p< 0.001). This difference in the NAMW 
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periventricular gradient remained significant correcting for total 
WM lesion load and for brain parenchymal fraction (p=0.008). 
There was no difference in the two groups in total skeletonized 
MD (p=0.35).
Discussion: The association between presence of CSF-OCB and 
of a steeper outside-in gradient in NAWM periventricular damage 
supports a role for CSF soluble factors in mediating the distribu-
tion of NAWM damage in MS.
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Lesion patterns topology is associated with regional 
cortical atrophy and predicts disease-related disability

M. Muthuraman1, J. Kroth1, D. Ciolac1,2, N. Koirala1, 
G. Gonzalez-Escamilla1, V. Fleischer1, A. Radetz1, S.G. 
Meuth3, F. Zipp1, S. Groppa1

1Department of Neurology, Johannes Gutenberg University, 
Mainz, Germany, 2State University of Medicine and Pharmacy  
“Nicolae Testemițanu”, Chisinau,, Republic of Moldova, 
3Department of Neurology, University of Munster, Munster, 
Germany

Background: Grey (GM) and whiter matter (WM) microstruc-
tural alterations are important hallmarks of neuroinflammation in 
multiple sclerosis (MS). Both processes contribute differently to 
disease progression and disability. It is however, not clear how the 
distribution of WM lesions influences GM atrophy and long-term 
clinical outcome. In this study, we investigated the interrelation of 
lesion topology and GM atrophy and its impact on emerging func-
tional disability.
Methods: We included 119 patients (mean age ± standard devia-
tion: 34.6 ± 9.8 years, 38 males) with early (disease duration: 37.2 
± 1.5 months) relapsing-remitting MS (RRMS) and performed 3T 
magnetic resonance imaging (MRI) at baseline and one year later. 
We applied independent component analyses (ICA) on MRI data 

to discover distinct patterns from two inputs, first: WM lesion dis-
tribution derived from the T2-images and delineation with Lesion 
Segmentation Tool (LST under VBM8 and SPM12) and second: 
the rate of cortical atrophy (as derived from Freesurfer) from each 
voxel of the brain of the same patient. We then calculated the 
eigenvalue association of WM lesion patterns and the spatial 
extent of cortical atrophy. The predictive value of patient-specific 
lesion burden for each pattern has been used to predict emerging 
clinical disability (EDSS worsening) at the second time point by 
receiver operating characteristic analysis.
Results: We identified three significant associated patterns 
(bilateral, lateralized and cerebellar) of white matter lesions and 
corresponding cortical atrophy. The cerebellar lesion pattern 
was associated with the largest extent of cortical atrophy, mainly 
in the temporal and frontal regions. Each of the patterns dis-
criminated progression of disability over one year as quantified 
by EDSS worsening. However, the lesion burden as determined 
by the cerebellar pattern was associated with the worst clinical 
outcome.
Conclusions: Our findings indicate that a distinct spatial distribu-
tion of focal WM lesions is associated with cortical atrophy, and is 
able to precisely predict the individual functional outcome over 
time together with disease progression. Thus, early identification 
of clinical phenotypes associated with a specific lesion distribu-
tion allows patient stratification for disease progression and clini-
cal impairment.
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Decreased tract integrity in normal appearing white 
matter correlates to increased microglial activation and 
disability in multiple sclerosis in vivo
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1Åbo Akademi University, 2Turku PET Centre, 3Division 
of Clinical Neurosciences, Turku University Hospital and 
University of Turku, 4Turku University, 5Department of Medical 
physics, Turku University Hospital, 6Medical Imaging Centre of 
Southwest Finland, 7Department of Radiology, Turku University 
Hospital and University of Turku, Turku, Finland

Background: Neuroinflammation and microglial activation are 
hallmarks in the pathology of multiple sclerosis (MS). Diffusion 
tensor imaging (DTI) is a sensitive marker for assessment of 
pathology related structural alterations in the brain. Quantification 
of microglial activation with translocator protein (TSPO) binding 
radioligand [11C]PK11195 positron emission tomography (PET) 
allows the measurement of neuroinflammation.
Objective: To evaluate structural and molecular brain changes 
and their correlation to clinical disability using combined in vivo 
magnetic resonance (MR) and PET imaging in MS patients 
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compared to healthy controls (HC), with correlational analyses of 
DTI parameters to TSPO radioligand binding.
Methods: A cohort of 55 MS patients (40 RRMS, 15 SPMS, age 
28-64 years, EDSS 1-6.5) and 15 HC (age 21-58 years) were 
imaged with 3T MRI and [11C]PK11195 PET. Mean fractional 
anisotropy (FA) and mean (MD), axial (AD) and radial (RD) dif-
fusivities were calculated with ExploreDTI within whole normal 
appearing white matter (NAWM) and segmented NAWM regions 
(deep WM, cingulate, frontal, temporal, occipital, parietal) 
derived with Freesurfer. T2 hyperintense lesions were excluded 
from the WM by segmentation with Lesion Segmentation Tool. 
Microglial activation was evaluated as the distribution volume 
ratio (DVR) of [11C]PK11195 from dynamic PET images. 
Spearman correlations of DTI, PET and clinical data were consid-
ered significant at the level of p < 0.05.
Results: Mean FA was significantly decreased in NAWM 
(p=0.06), occipital (p=0.009) and cingulate WM(p=0.004) of the 
MS patients compared to HC. MD and RD were significantly 
increased (p=0.005 and p=0.004, respectively) in cingulate WM 
of MS patients vs. HC. White matter structural abnormalities 
(decreased FA and increased MD/AD/RD) correlated with 
increased TSPO binding in the whole NAWM (p< 0.05 for all cor-
relations), in temporal WM (p< 0.01 for all correlations), and deep 
WM (p=0.02 for FA). Decreased white matter integrity and 
increased TSPO binding in NAWM also correlated significantly 
with higher EDSS disability (with strongest correlation with 
NAWM FA and RD, p< 0.0001, and with NAWM DVR, p< 
0.001).
Conclusion: Microglial activation is strongly linked to wide-
spread disruption of white matter in the NAWM and both associ-
ated strongly with clinical disability. Combination of both PET 
and DTI imaging modalities may enable a better understanding of 
hidden MS pathology not visible using conventional MRI.
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Large-scale normative volumes of brain structures as 
assessed by SIENAX
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Introduction: A number of MS studies have used MRI-derived 
methods to estimate brain volumes (BV), demonstrating clinically 
relevant atrophy in numerous brain structures. Despite the grow-
ing clinical interest, the lack of normative reference data has 
greatly limited the clinical implementation of BV measures.
Objective: To provide, in a large population of healthy subjects 
(HS) covering the whole adulthood, MRI-derived normative vol-
umes of different brain structures to be used as reference in clini-
cal studies.
Methods: A multi-centre MRI dataset of 1950 HS was collected 
from 10 research groups worldwide and from 5 open-source data-
sets (i.e., ADNI; IXI; MMRR; NKI and OASIS). Normalized (for 
head size) volumes of the whole brain (NBV), neocortical grey 
matter (NCV), white matter (NWMV) and brain structures such as 
hippocampus, thalamus and other subcortical structures were 
assessed by using an updated version of the SIENAX method 
(SIENAX2.0). The new implementations in SIENAX are: i) a new 
brain extraction; ii) FSL-FIRST for assessment of hippocampus 
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and subcortical structures; and iii) a new scaling factor for a more 
accurate head size normalization. Models predicting BV were 
produced including age, sex, scanner vendor, magnetic field 
strength (i.e., 1.5T and 3T) and interactions as predictors. For each 
selected final model, the fitting was assessed using R2.
Results: All the assessed structures showed age, sex and their inter-
action as significant predictors and, with increasing age, signifi-
cantly smaller volumes in men than in women. With increasing age, 
volume decrease was nearly linear for NBV (R2=0.49, p< 0.0001) 
and NCV (R2=0.57, p< 0.0001) and quadratic for NWMV (R2=0.1, 
p< 0.0001) and thalamus (R2=0.29, p< 0.0001). Generally, these 
measures were independent of the scanner vendor and magnetic 
field strength. Interestingly, in both women and men hippocampal 
volumes increased between 20 and 40 years of age (on average, 
0.42 and 0.23 cm3), but showed a rapid reduction between 40 and 
80 years of age (1.15 cm3 and 1.53 cm3, respectively).
Conclusions: This work provides large-scale, age-related physi-
ological BV of different brain structures as assessed by an 
improved version of SIENAX. These data can allow a better dis-
crimination between physiological and pathological volumes of 
brain structures both at group and individual level.
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Gadolinium-induced changes in T1 relaxation time 
on 7-Tesla MRI in non-enhancing MS lesions may 
reveal chronic inflammation linked with disability and 
progressive phenotypes

S. Choi1, S. Bojedla2, M. Spini2, J. Hua3,4, D. Harrison1,5

1Neurology, University of Maryland, School of Medicine, 
2University of Maryland, 3Radiology and Radiological Science, 
Johns Hopkins University School of Medicine, 4F.M. Kirby 
Research Center for Functional Brain Imaging, Kennedy 
Krieger Institute, 5Johns Hopkins University School of Medicine, 
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Introduction: Gadolinium contrast reveals blood brain bar-
rier (BBB) breakdown in newly developed multiple sclerosis 
(MS) white matter lesions (WMLs), resulting in visually 
apparent T1 shortening. Previous attempts at quantification of 
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gadolinium-induced T1 shortening in non-enhancing WMLs, 
suggestive of sub-visual BBB breakdown, have had mixed 
results.
Objectives: Our goals were to find associations of contrast-
induced T1 shortening in non-enhancing WMLs at 7-Tesla (7T) 
with clinical measures and demonstrate its potential as a bio-
marker of MS disease progression.
Aims: We aimed to evaluate the ability of quantitative T1 maps 
acquired at 7T to reveal subtle inflammatory changes in non-
enhancing WMLs in MS.
Methods: Forty-seven participants with MS underwent brain 
MRI on a 7T MRI scanner (Philips, Achieva) with a volume 
transmit/32-channel receive coil. Magnetization prepared 2 rapid 
gradient echo (MP2RAGE) images were acquired before and after 
contrast and processed for T1-weighted images and T1 maps. T1 
difference (delta T1) maps were generated by subtracting post-
contrast T1 maps from pre-contrast T1 maps. WML masks were 
delineated manually on the pre-contrast T1 maps for all WMLs 
and enhancing WMLs separately and a non-enhanced WML mask 
was created by subtraction. T1 values in these masks were then 
compared to clinical and demographic data. Group differences 
were assessed by Mann-Whitney U-test and correlations were 
assessed by Spearman or Pearson correlations, as appropriate.
Results: Only 5(10.6%) participants had enhancing lesions. Delta 
T1 in non-enhanced WMLs correlated with Expanded Disability 
Status Scale (EDSS; rho=0.314, p=0.032) scores. Delta T1 was 
greater (p=0.022) in participants with EDSS ≥5.0 (median: 0.192, 
range: -0.003 to 0.386) than those with EDSS< 5.0 (median: 
0.127, range: -0.079 to 0.574). Delta T1 in non-enhanced WMLs 
was greater (p=0.001) in participants with progressive MS pheno-
types (median: 0.198, range: 0.132 to 0.386) than those with 
relapsing-remitting MS (median: 0.121, range: -0.079 to 0.574).
Conclusions: Greater changes in T1 relaxation time due to gado-
linium in non-enhancing WMLs were seen in participants with 
higher levels of disability and progressive phenotypes. This sug-
gests that clinically-significant, sub-visual BBB breakdown, 
potentially due to chronically inflamed WMLs, can be measured 
by T1 mapping on 7T MRI. This data supports further exploration 
of this technique as a novel treatment outcome measure in MS.
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Four-week in-patient multidisciplinary rehabilitation 
program in multiple sclerosis: behavioural and fMRI 
results
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Kesselring6, L. Kappos3, T. Sprenger7, S. Magon1,3

1Medical Image Analysis Center (MIAC), 2Faculty of 
Psychology, University of Basel, 3Neurologic Clinic and 
Policlinic, University Hospital Basel, University of Basel, Basel, 
4qbig, Department of Biomedical Engineering, University of 
Basel, Allschwil, 5Reha Rheinfelden, Rheinfelden, 6Department 
of Neurology and Neurorehabilitation, Clinics of Valens, Valens, 
Switzerland, 7Department of Neurology, DKD Helios Klinik 
Wiesbaden, Wiesbaden, Germany

Background: Although there is evidence supporting the effi-
cacy of multidisciplinary rehabilitation in improving daily 
activities in people with multiple sclerosis (MS), the brain 
mechanisms underpinning this improvement are still poorly 
understood.
Aims: We aimed at investigating the efficacy of a multidiscipli-
nary in-patient rehabilitation program and at studying brain mech-
anisms underpinning the potential improvement induced by it.
Methods: We included 24 patients with relapse-onset MS (16 
female; mean age: 47.7±10.1 years; median EDSS: 5, range 1-6.5; 
mean disease duration: 17.4±8.9 years) and 24 healthy controls (HC, 
16 female, mean age: 45.0±10.1 years). The MS group underwent a 
pre- and post-rehabilitation session including clinical, cognitive and 
motor assessments and magnetic resonance imaging (MRI). HC had 
two sessions four weeks apart, including MRI and cognitive assess-
ments. MS patients underwent an in-patient rehabilitation program 
(mean duration 16.6±3.2 days, mean: 46.1±15.3 hours of training). 
The patient-specific program included physical (mean: 32.8±8.6 
hours), cognitive (mean: 1±1.7 hours), psychological (mean: 5.3±4.3 
hours) and social rehabilitation (mean: 4.5±4.6 hours). Performances 
were compared between sessions using t-tests. Task-related func-
tional MRI data were acquired by multi-band echo planar imaging 
(voxel size=2mm isotropic, TR=768ms) on a 3 Tesla scanner 
(Siemens Prisma). A motor sequence learning (MSL) task with a 
training and random condition was presented during the fMRI. fMRI 
data were analysed using FSL.
Results: Patients showed improved walking speed (T25-FW; 
t(18)=3.13, p< 0.05), reduced perceived fatigue (FSMC; t(19)=2.3, 
p< 0.05) and a trend towards improved right hand dexterity (9-HPT; 
t(22)=1.8, p=0.08) after the rehabilitation. At baseline, patients per-
formed less accurately (t(27)=2.8, p< 0.01) in the training condition 
of the MSL task compared to HC. However, no differences between 
groups in the number of mistakes were found post rehabilitation. 
Improved accuracy went along with a decreased activity in the left 
cerebellum and right frontal lobe post-rehabilitation. No changes 
between sessions were observed in HC.
Conclusion: Our results show that rehabilitation can improve 
walking ability, reduce perceived fatigue and lead to a higher 
accuracy in performing a motor tasks. The reduction of task-
related brain activity after the rehabilitation program may reflect a 
more efficient recruitment of brain regions.
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Precision of manual vs. automated corpus callosum 
atrophy measurements in multiple sclerosis
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1Karolinska Institutet, 2Royal Institute of Technology, Stockholm, 
Sweden

Introduction: The corpus callosum connects the two hemispheres 
and is resistant to age-related change. In multiple sclerosis (MS), how-
ever, it is affected by both focal lesions and Wallerian degeneration, 
making it a strategic biomarker for neurodegeneration in MS. While 
manual delineation is the gold standard for corpus callosum measure-
ments, there are now promising automated methods, but their robust-
ness compared to manual measurements remains to be studied.
Aim: To compare the precision of FreeSurfer’s automated volu-
metric corpus callosum measurements, both cross-sectional and 
longitudinal, against manual measurements.
Methods: A cohort of 9 MS patients (6 females, age 38±13 years, 
disease duration 7.3±5.2 years, 6 RR, 2 SP, 1 PP) was scanned 
twice with repositioning using 3D T1-weighted MRI on 3 scanners 
(Siemens Aera 1.5 T, Avanto 1.5 T, Trio 3.0 T), a total of 6 scans 
per patient, on the same day. For every scan, the normalized cor-
pus callosum area was measured independently by two raters, a 
medical student and a neuroradiologist, in a randomized order. 
FreeSurfer’s cross-sectional and longitudinal processing streams 
were used to measure the corpus callosum volume.
Results: For the manual measurements, there was high intra-
rater (medical student 0.96, neuroradiologist 0.99) and inter-rater 
agreement (0.91), as measured by the intra-class correlation coef-
ficient (all P< 0.001). The coefficient of variation of the neurora-
diologist was 2.3% within scanners and 2.4% between scanners, 
as compared to FreeSurfer’s cross-sectional method (3.7%, 
P=0.20; 3.8%, P=0.27) and FreeSurfer longitudinal (0.96%, 
P=0.025; 2.0%, P=0.48), by paired t-test. Expanded disability 
status scale scores were correlated with measurements from both 
the neuroradiologist (-0.36, P< 0.01) and longitudinal FreeSurfer 
(-0.36, P< 0.01) by Spearman rank. Age/sex-normalized single 
digit modality test scores showed similar results (neuroradiolo-
gist 0.60, P< 0.001, longitudinal FreeSurfer 0.65, P< 0.001) by 
Pearson correlation. Cross-sectional FreeSurfer only provided 
spurious or non-significant clinical correlations.
Conclusions: The manual method performs well, but 
FreeSurfer’s longitudinal stream is significantly more precise 
than the manual method for within-scanner measurements. 
These initial results indicate that, even in a small cohort, 
FreeSurfer’s longitudinal method outperforms manual gold 
standard measurements and could thus be suitable to study cor-
pus callosum atrophy in MS.
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Brain complexity and damage in patients with multiple 
sclerosis using fractal analysis: a new imaging outcome 
for monitoring MS severity
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Background: Quantitative brain Magnetic Resonance Imaging (MRI) 
is nowadays the gold standard for monitoring Multiple Sclerosis (MS). 
Lesion load is used as a surrogate endpoint of disease activity and brain 
volume change is being pursuit as a marker of neuro-axonal injury. 
Nevertheless, there is a significant unmet need of better surrogate end-
points for monitoring the disease. As such, we have previously 
described that the analysis of the Fractal Dimension (FD) of the brain is 
significantly altered in MS patients and its subtypes.
Aim: To assess the accuracy of Fractal Analysis of the grey matter 
(GM) and white matter (WM) for classifying patients with high 
disease severity.
Material and methods: We analysed a prospective cohort of MS 
patients (n=126) and matched healthy volunteers (HV) (n=36) 
with yearly clinical (EDSS) and brain MRI assessment for 3 years 
(4 assessments). The population of analysis was the Per Protocol 
population (n=72, age: 43±9, disease duration: 9±7.5, 67% 
women). MS lesion masks were manually created and tissue seg-
mentation was performed using SIENAX and FIRST. FD and 
Lacunarity were computed for GM and WM segmentation images 
in the standard space. We developed a classifier of EDSS=4 mile-
stone using a Random Forest with 10-fold cross-validation and 
data augmentation, using the software WEKA.
Results: A random forest classifier was trained for discriminating 
between i) the condition of MS vs HV, and ii) for disability sever-
ity using the milestone of EDSS 4.0. First, we observed that the 
classifier using the Fractal Analysis of the GM and WM obtained 
an area under the ROC curve (AUC) of 0.83 for classifying sub-
jects as MS or HV. The random forest classifier for predicting 
EDSS > 4.0 (n=34) or < 4.0 using Fractal Analysis achieved an 
AUC of 0.90 (precision (P): 0.86, recall (R): 0.85), which was 
higher than the classifiers using volumetric analysis (AUC: 0.80, 
P: 0.78, R: 0.77). The combination of Fractal Analysis and volu-
metric analysis did not achieve higher accuracy than the one with 
the Fractal Analysis alone (AUC: 0.91, P: 0.83, R: 0.82).
Conclusion: Fractal Analysis of the brain is able to capture dis-
ease damage and may become a prognostic biomarker.
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Abnormal individual finger movement control in MS: a 
neurophysiological and neuroimaging study
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Introduction: Motor surround inhibition (mSI) is a neural mech-
anism that allows neural activity to focus during voluntary move-
ment, thus facilitating selective motor execution and favoring 
hand dexterity.
Objectives: Aim of the present study was to evaluate whether 
mSI is altered in MS and to investigate whether damage to spe-
cific brain structures correlates with mSI reduction.
Methods: Thirty-three patients with relapsing-remitting MS 
(mean age 40,2±7,2 years) and a median Expanded Disability 
Status Scale of 1.5 (range 0-3.5) and 24 age-matched healthy 
subjects (HC) were recruited. Transcranial magnetic stimula-
tion was used to assess mSI. By delivering single magnetic 
pulses we recorded motor evoked potentials (MEPs) from 
abductor digiti minimi (ADM; surround muscle) during the vol-
untary activation of the first dorsal interosseous (FDI; active 
muscle). MEPs from ADM and FDI were recorded at rest and at 
FDI activation onset. All participants underwent a 3T MRI pro-
tocol including 3D-T1 and T2-FLAIR images (Siemens, Verio); 
we used the semi-automated software Jim (v5.0) for white mat-
ter (WM) lesions detection and FSL-FIRST and SPM12-CAT12 
for subcortical and primary sensorimotor cortices (M1 and S1) 
volumes calculation.
Results: mSI (expressed as the ratio between ADM MEP 
amplitudes during movement and at rest) was significantly 
reduced in patients compared to HS (p< 0.002), while the 
expected facilitation of FDI muscle during movement was sim-
ilar in the two groups (p>0.05). In patients, abnormal mSI cor-
related with left putaminal volume, i.e. the worse the mSI the 
more severe the putamen atrophy (r=-0.578, p=0.02). Lastly, 
mSI did not correlate either with WM lesion load or with left 
M1 and S1 volumes.
Conclusions: Altered mSI in MS does not depend on WM 
damage or on sensorimotor cortices involvement. The rela-
tionship between abnormal mSI and putaminal volume sug-
gests a key role of basal ganglia in mSI. Our findings may 
represent the background for new rehabilitation approaches in 
MS.
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Spinal cord volume in multiple sclerosis patients with 
dissociation of disability and intracranial white matter 
lesion load

M. Andelova1, J. Krasensky2, T. Uher1, E. Kusova2, B. 
Benova1, K. Kucerova1, L. Kadrnozkova1, J. Motyl1, E. 
Kubala Havrdova1, M. Vaneckova2, D. Horakova1

1Department of Neurology and Center of Clinical Neuroscience, 
Charles University in Prague, 1st Faculty of Medicine and 
General University Hospital, 2Department of Radiology, Charles 
University in Prague, 1st Faculty of Medicine and General 
University Hospital, Prague, Czech Republic

Background: The number and volume of white mater intracranial 
lesions explain only a fraction of the diversity of clinical out-
comes in multiple sclerosis (MS). Little is known about brain and 
spinal cord volume in MS patients with pronounced dissociation 
between intracranial lesion load (LL) and disability.
Objective: To explore regional brain volumes and spinal cord 
volume in MS patients with dissociation between LL and 
disability.
Methods: Similarly to Healy et al., we assigned 1245 relapsing-
remitting MS patients into three groups based on the clinical dis-
ability and cerebral white matter LL (estimated by FreeSurfer). 
The first group consisted of patients with low LL, but high disabil-
ity (LL < 3 ml, EDSS ≥ 3.5). The second group represented 
patients low disability despite high LL (LL > 6 ml, EDSS ≤ 1.5). 
The remaining MS patients were considered “nonparadox”. We 
compared global and regional brain volumes (gray and white mat-
ter, lateral ventricles, cortex, thalamus, cerebellum and corpus cal-
losum normalized by total intracranial volume) estimated 
automatically by MorphoBox prototype and raw mean upper cer-
vical cord area (MUCCA) measured semiautomatically by 
ScanView software between the three groups (overall and sepa-
rately for men and women) by using ANOVA or Kruskal-Wallis 
test respectively.
Results: Patients with low LL, but high disability (n= 53; 46 
female, mean age 43.33±10.62 years, mean disease duration 
11.25±7.0 years, median EDSS 4.0) demonstrated significantly 
higher total brain volume, thalamus and corpus callosum volume 
and smaller lateral ventricles volume than those with low disabil-
ity despite high LL (n=71; 42 female, mean age 38.26±9.61 years, 
disease duration 11.18±8.13 years, median EDSS 1.5). Thalamus 
volume was higher and lateral ventricles volume was lower in 
patients with low LL, but high disability than in nonparadox 
patients (n= 1121; 801 female, mean age 40.40±9.55 years, dis-
ease duration 11.06±7.66 years, median EDSS 2.0). Besides this, 
we found no other difference in brain volumes between these two 
groups. Importantly, patients with low LL, but high disability had 

significantly lower MUCCA (80.39±8.44 mm2) than both remain-
ing groups (low disability despite high LL 85.75 mm2±7.58 mm2 
and nonparadox 84.02±9.82 mm2).
Conclusion: Reduced spinal cord volume may explain part of the 
clinical-radiological paradox in patients who have high disability 
despite low intracranial lesion load.
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Imaging correlates of thalamic volume in a large multiple 
sclerosis cohort

K. Nakamura, M. McGinley, H. Li, N. Thompson, G. 
Macaron, M. Weber, R. Bermel, J. Cohen, D. Ontaneda
Cleveland Clinic, Cleveland, OH, United States

Background: Thalamic volume loss develops early in multiple 
sclerosis (MS) and is a potential marker of disease worsening. 
Because of functional and structural connectivity, it is likely that 
thalamic volume reflects overall injury in the brain and spinal 
cord.
Goal: To estimate the extent to which imaging measures of brain 
and spinal cord describe thalamic volumes in a large MS cohort.
Methods: We used standardized clinical MRIs of MS patients at 
Cleveland Clinic (n=2727) and publicly-available MRI datasets of 
healthy individuals (n=1952). Healthy datasets were from IXI, 
ICBM, NKI, and OASIS-1. Normalized thalamic volume (NTV) 
was measured to establish the normal thalamic volume trajectory 
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over a large age span (18-96 years). For MS, clinical data (age, 
sex, disease duration [DD]) were extracted from our comprehen-
sive clinical database, and clinical MRIs were pulled from 
Cleveland Clinic picture archiving and communication system. 
From 3D T1-weighted MPRAGE, 3D SPACE FLAIR, and 2D 
T2-weighted spin echo, we measured NTV, normalized T2 lesion 
volume (T2LV), normalized whole brain volume (WBF), gray 
matter fraction (GMF), white matter fraction (WMF), and upper 
spinal cord area (CA) automatically using in-house (NTV, T2LV, 
WBF, and CA) and publicly available (SPM and FSL) software. 
Extreme values were inspected and removed (n=56). Linear mod-
els with NTV as dependent variable were modeled with demo-
graphic and imaging measures for healthy and MS datasets.
Results: Age/sex-adjusted mean NTVs were 18.3 ml for healthy 
controls (mean age = 44 ± 20 years, 55% women) and 16.3ml for 
MS (mean age 48 ± 12 years, mean DD 11 ± 8 years, 72% women). 
The univariate coefficient for age was -42mm3/year in healthy, 
and -45mm3/year for MS (p< 0.0001). The coefficient of DD was 
-104mm3/year (p< 0.0001). The standardized coefficient, repre-
sent relative contributions, for age and sex were -0.62 and 0.23, 
accounting for 39% of healthy NTV variability. In model with all 
image and demographics in MS, the standardized coefficients 
were 0.47 (WBF), -0.25 (T2LV), 0.12 (WMF), -0.12 (DD), 0.11 
(age), 0.08 (CA), and 0.01 (GMF); the model R2 was 0.63. All 
coefficients were significant (p< 0.0001) except for GMF.
Conclusion: Thalamic volume is smaller in MS and reflects pathol-
ogy within brain but also from spinal cord. The reduction was cor-
related with several other MRI markers. Thalamic volume may be a 
useful marker of global health of the central nervous system.
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Effect of different doses of gadolinium contrast agent on 
clinical outcomes in multiple sclerosis

N. Ackermans1, A. Traboulsee1, D. Li1, M. Freedman2, R. 
Carruthers1, R. Tam1, S. Kolind1, H. Kang1, C. Taylor1

1University of British Columbia, Vancouver, BC, 2University of 
Ottawa, Ottawa, ON, Canada

Introduction: Gadolinium-based contrast agents (GBCA) com-
monly used in routine neuroimaging can accumulate in the brain’s 
deep gray matter structures despite chelation. A clinical trial of 
secondary progressive multiple sclerosis (SPMS) patients 
included an infrequent (IFR) and a frequent (FR) MRI cohort who 
received 1-4 or 5-11 GBCA injections over 104 weeks. By evalu-
ating the clinical outcomes of these two cohorts, this retrospective 
study was performed to assess the potential dose-dependent effect 
of GBCA on MS progression.
Objective: To evaluate the potential dose-dependent effect of 
GBCA on MS progression
Materials and methods: Clinical outcomes from a cohort of 612 
SPMS patients, enrolled in a 2-year placebo-controlled (negative) 
trial assessing the efficacy of MBP8298, were acquired. Patients 
received 1-4 (infrequent cohort; IFR) or 5-11 (frequent cohort; 
FR) GBCA injections between screening (week -4) and week 104. 
The primary clinical outcome was the change in Expanded 
Disability Status Scale (EDSS) and time to confirmed EDSS pro-
gression and secondary outcomes included the changes of 
Multiple Sclerosis Functional Composite (MSFC), Timed 25-Foot 
Walk (T25FW), the 9-Hole-Peg Test (9HPT), the Paced Auditory 
Serial Addition Test (PASAT) from baseline to week 104.
Results: The 512 IFR and 100 FR participants showed no differ-
ences in baseline demographics or disease history. The mean 
change from baseline to week 104 in EDSS was +0.21(IFR) and 
+0.13(FR); MSFC -0.38(IFR) and -0.14(FR); T25FW +1.28(IFR) 
and +0.55(FR); 9HPT -0.06(IFR) and -0.08(FR); PASAT 
+0.22(IFR) and +0.20(FR). The FR to IFR progression hazard 
ratio was at 0.68 (p=0.09) favouring the FR cohort. There were no 
significant differences in any of the outcomes between the FR and 
the IFR cohorts.
Conclusion: There were no differences in the clinical outcome 
measures of disability progression between the two groups for dif-
ferent GBCA exposure indicating that gadolinium does not result 
in greater clinical worsening in SPMS in the short term, after two 
years of follow up.
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Inter-scanner variability may lead to differences in 
detection rate of leptomeningeal enhancement on 
3D-FLAIR MRI in multiple sclerosis

D. Titelbaum1, R. Engisch2, E. Schwartz1, S. Napoli3, J. 
Sloane4, J. Katz5, E. Lathi5

1Neuroradiology, Shields Health Care, Brockton, MA, 
United States, 2Radiology and Nuclear Medicine, Luzerner 
Kantonsspital, Lucerne, Switzerland, 3Neurology, Neurology 
Center of New England, Foxboro, 4Neurology, Beth Israel 
Deaconess Medical Center, Boston, 5Neurology, The Elliot 
Lewis Center for MS Care, Wellesley, MA, United States

Introduction: B-cell lymphoid aggregates have been implicated 
in meningeal inflammation, cortical grey matter demyelination, 
and disability progression in multiple sclerosis (MS) (1). 
Gadolinium-enhanced 3D-FLAIR (Gd-3D-FLAIR) MRI has been 
shown to identify foci of leptomeningeal enhancement (LME) in 
MS (2), thought to be an imaging biomarker for leptomeningeal 
inflammation. However, there has been considerable variability in 
the rate of LME detection by different investigators.
Objectives: To determine if MRI scanner variability can cause 
different rates of LME detection by different investigators.
Aims: To add to the knowledge base of LME as a biomarker of 
meningeal inflammation in MS, in the hope of identifying disease 
modifying therapies that can attenuate meningeal inflammation.

Methods: A phantom was made containing vials of increasing 
concentrations of Gd from 0.01 to 3.0 mmol, as previously 
described by Mathews et al, 1999 (3). The phantom was placed 
over the forehead of one volunteer, and scanned using 3D-FLAIR 
on all imaging platforms available. Signal intensity was normal-
ized by dividing by thalamic signal, and concentration-intensity 
curves were generated and compared by scanner type, including 
type of FLAIR and field strength. The effects of various surface 
coil intensity correction algorithms and fat suppression were also 
assessed.
Results: Scanners using CUBE FLAIR showed notably higher 
signal intensity compared to scanners using SPACE FLAIR. 
When using CUBE, 3T produced a moderate increase in signal 
intensity over 1.5T, whereas there was no difference between 1.5T 
and 3T when using SPACE.
Conclusions: There appears to be different sensitivity in signal 
detection by 3D-FLAIR between different scanners. Controlling 
for scanner variability will be essential in future studies of LME.
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Leptomeningeal gadolinium enhancement lesions in 
multiple sclerosis are not related to different brain volume 
measures

F. Garcia1, S. Carratala1, J. Carreres2, C. Alcala1, J. 
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Background: Leptomeningeal gadolinium enhancement lesions 
(LGEL) are the expression of the chronic meningeal inflammation 
of several inflammatory diseases of the central nervous system. 
LGEL have been described in multiple sclerosis, mainly in the 
progressive MS forms, but there are contradictory results on the 
impact of LGEL in brain atrophy phenomena.
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Objective: To explore the relationship between LGEL and global 
and regional (grey/white matter atrophy, thalami, amygdalae, cer-
ebellum) brain volume.
Methods: This is a transversal study over a consecutive series of 
MS patients studied with the following 3.0T MR images 
sequences: 3D T1-weighted images were acquired 5 minutes 
before and immediately after a single dose of intravenous bolus of 
0.1 mmol/kg gadolinium injection, 3D-FLAIR for enhanced 
lesion detection (3D-FLAIRED) sequence was acquired 10 min 
post-contrast. Additional pre-contrast sequences included 2D T2/
PD-WI and 3D high-resolution T1-WI. This latter sequence was 
used for measuring the brain volume measures with FreeSurfer. 
LGEL were defined as the presence of enhancement on the sur-
face of the cortex only in the 3D-FLAIRED when comparing with 
the post-contrast T1 weighted images.
Results: One hundred and forty-six MS patients (67.1% females) 
were analysed. Demographic characteristics included: mean age 
44.1 (SD 10.3); 13.5 (SD 9.5) years of evolution; mean EDSS 2.8 
(SD 1.); mean MSSS 3.3 (2.3). Patients were divided into relaps-
ing-remitting (101 patients, 69.2%) and progressive (36 second-
ary progressive MS, 24.7%; 9 primary progressive MS, 6.2%). 
LGEL presence was observed in 38 patients (26%); 15 of them in 
the SPMS form (p=0.038). We calculated the normalized brain 
volume (mean 1437.7, SD 153.0) and brain parenchymal fraction 
(mean 69.1 SD 4.5), the cortex volume (mean 420.5, SD 47.7), the 
total grey matter volume (mean 567.9, SD 60.5), the total white 
matter volume (mean 405..8, SD 62.1) and the volume of thalami 
(mean 12.3, SD 1.9), amygdalae (mean 3.0, SD .4) and cerebel-
lum (mean 123.2, SD 15.7). No differences in all these brain vol-
ume measurements between patients with and without LGEL 
were found.
Conclusions: LGEL presence was more frequent in SPMS, but no 
relation with clinical or brain volume measurements was observed. 
Despite this, the presence of LGEL could be a radiological sign 
for detecting a secondary progressive course.
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Baseline cerebellar volume as predictor of clinical 
disability in multiple sclerosis: MRI Findings from the 
CombiRx trial
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Objective: To investigate whether cerebellar volume is a predic-
tor of disability in patients with relapsing-remitting multiple scle-
rosis (RRMS).

Background: The cerebellum is a predilection site of demyelina-
tion in MS and cerebellar atrophy is a strong contributor of clini-
cal impairment. Cerebellar volume loss over one-year has been 
reported as predictor of disease worsening in progressive MS 
patients. However, the role of baseline cerebellar volume as pre-
dictor of disability has never been tested in a large group of RRMS 
patients.
Methods: MRI data from 838 of 1,008 RRMS patients who par-
ticipated in the multi-center, randomized, phase III CombiRx Trial 
were analyzed. All patients were under immuno-modulatory treat-
ment with either glatiramer acetate (n=210), interferon β-1a 
(n=213) or glatiramer acetate+interferon β-1a (n=415). On the 
baseline MRI scans, whole brain and cerebellar T2 and 
Gd-enhancing lesion number where obtained using MRIAP, while 
grey matter fraction (GMF) and cerebellar volume were measured 
using SPM12. Clinical measures included EDSS, Multiple 
Sclerosis Functional Composite (MSFC) and its subcomponents, 
evaluated at baseline and 36 months follow-up. Changes in clini-
cal scores were assessed via repeated measure ANOVA. Ordinal 
and hierarchical multiple linear regression analysis were per-
formed to assess the relationship between MR metrics and clinical 
disability at baseline and follow-up.
Results: The regression model including T2 and Gd-enhancing 
lesion number, GMF and cerebellar GM volume, explained about 
15% of the variance in EDSS and MSFC scores at baseline (p< 
0.0001 for both models), with cerebellar volume being significant 
predictor of MSFC (Beta=0.188, p< 0.0001). The only clinical 
score showing significant worsening over the follow-up period 
was the 25-foot walk test (25-FWT) (p=0.013). Although only 8% 
variance in 25-FWT at month 36 was explained by the regression 
model (p< 0.0001), baseline cerebellar volume was the only MRI 
metric to significantly predict 25-FWT scores at follow-up (Beta 
=-0.172, p< 0.0001).
Conclusions: These results suggest that cerebellar volume is an 
independent predictor of clinical disability in MS patients as 
measured by 25-FWT.
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Alterations of individual cortical networks in clinically 
isolated syndrome: a multi-centre MAGNIMS study
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University College of London (UCL), 2Centre for Medical Image 
Computing, Department of Medical Physics and Biomedical 
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Amsterdam, 5Alzheimer Center and Department of Neurology, 
VU University Medical Center, Amsterdam, The Netherlands, 
6London School of Hygiene & Tropical Medicine, 7NIHR UCLH/
UCL Biomedical Research Centre, 8Institutes of Neurology & 
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Introduction: Coordinated patterns of cortical morphology in 
structural MRI scans can be described as a cortical networks 
(CNs). Alterations of CNs have been found in multiple sclerosis 
(MS), but only one study has included clinically isolated syn-
drome (CIS) patients, for which the CNs were constructed at 
group level. Here, we compared CNs between CIS patients and 
healthy controls (HCs) at the individual level.
Objectives: (i) to compare global and regional CNs’ parameters 
determined at the individual level between CIS and HCs;(ii) to 
determine the association between CNs’ metrics and clinical 
parameters.

Methods: We used a multi-centre MAGNIMS dataset: 60 CIS 
patients (recruited within 3 months from the onset) and 38 HCs. 
All subjects underwent a 3T brain MRI, including 3D FLAIR, 
3D T1 and post gadolinium T1 (patients only) scans. Patients 
were assessed with Expanded Disability Status Scale (EDSS) 
and with Symbol Digit Modality Test (SDMT). Cortical grey 
matter (GM) was automatically segmented and parcellated into 
98 defined regions with GIF. We then constructed CNs at the 
individual level. We used linear regression to compare global 
and regional CNs’ metrics adjusting for age, gender, cortical 
GM volume and study centre. P values for the regional CNs’ 
metrics were computed with permutation tests and false discov-
ery rate.
Results: Patients had median lesion volume of 0.8 mL (range 
0-19.4), median EDSS of 1.5 (range 0-3) and mean SDMT of 
54.91±14.45. 5 patients fulfilled the McDonald 2010 criteria for 
MS. Patients and controls showed significant differences in small-
world coefficient (s-w) (1.36±0.02 vs 1.35±0.02, p=0.02). An 
higher s-w was correlated with higher lesion volume (p=0.02). It 
was also correlated with worse cognitive performance (SDMT, 
p=0.03), independently of the lesion volume. Patients diagnosed 
with MS had higher s-w (1.38±0.02) than the other patients 
(p=0.015). At the regional level, patients showed lower between-
ness centrality in the right postcentral gyrus (p< 0.0001) and 
higher clustering coefficient in the right superior frontal gyrus (p< 
0.0001) as well as in the right medial orbital gyrus (p< 0.0001) in 
comparison to HCs.
Conclusions: Our findings suggest network alterations in line 
with previous CNs’ studies showing a more regular network in 
MS/CIS. In our study a high s-w was correlated with a worse dis-
ease burden (high WM lesion load, diagnosis of MS and worse 
cognitive performance).
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P484
Amyloid PET as a marker of normal-appearing white 
matter early damage in multiple sclerosis: correlation 
with CSF β-amyloid levels and brain volumes

T. Carandini1, A.M. Pietroboni1, A. Colombi1, L. Ghezzi1, 
M.A. De Riz1, E.A. Scarpini1, G. Marotta2, D. Galimberti1

1Neurodegenerative Disease Unit, Department of 
Pathophysiology and Transplantation, University of Milan, 
Centro Dino Ferrari, Fondazione IRCCS Ca’ Granda, 
Ospedale Maggiore Policlinico, 2Nuclear Medicine Department, 
Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico, 
Milan, Italy

Background: Demyelination is the pathological hallmark of mul-
tiple sclerosis (MS). Positron emission tomography (PET) with 
amyloid tracers (AβT) is a promising tool to evaluate white matter 
(WM) damage and repair since AT bind to WM and the uptake 
decreases with demyelination. Reduced CSF β-Amyloid1-42 (Aβ) 
levels have been suggested as prognostic biomarker in MS.
Objectives: To investigate AβT uptake in damaged WM (DWM) 
and in normal-appearing WM (NAWM) of MS patients and to 
evaluate possible correlations between AβT uptake and other clin-
ical and radiological markers of disease progression.
Methods: Twelve patients with MS were recruited and divided 
according to their disease activity into active and non-active. All par-
ticipants underwent neurological examination, neuropsychological 
testing, lumbar puncture, brain magnetic resonance imaging (MRI), 
and 18F-florbetapir-PET. Aβ levels were determined in CSF samples. 
MRI and PET images were co-registered and mean standardized 
uptake values (SUV) were calculated for each patient in the NAWM 
and in the DWM. WM lesion load was derived using the Lesion 
Segmentation Tool for Statistical Parametric Mapping (SPM12). To 
calculate brain volumes, brain segmentation with SPM12 was per-
formed. Non-parametric statistical analyses for between-group com-
parisons and regression analyses were conducted.
Results: DWM-SUV was lower compared to NAWM-SUV in 
each patient (p< 0.001). Dividing patients according to their dis-
ease activity, we found a reduced NAWM-SUV in active patients 
compared to non-active (p< 0.05). Considering only active 
patients, NAWM-SUV correlated with NAWM volume (r=0.82, 
p=0.01) and NAWM volume resulted the best predictor of 
NAWM-SUV (r=0.87, p< 0.01). Interestingly, CSF Aβ concentra-
tion was a predictor of both NAWM-SUV (r=0.79; p< 0.01) and 
NAWM volume (r=0.81, p< 0.01). CSF Aβ levels correlated with 
Expanded Disability Status Scale score (r=-0.72; p< 0.05), Paced 
Auditory Serial Addition Test (PASAT)-2 (r=0.85; p< 0.01) and 
PASAT-3 (r=0.71; p< 0.05).
Conclusions: The AβT uptake in the largest lesion of each patient 
is reduced compared to their NAWM and is lower in active 
patients compared to non-active, suggesting a link between early 
WM damage and disease activity. MS patients with a smaller 
NAWM volume display a lower AβT uptake in the NAWM and 
lower CSF Aβ levels. These findings suggest a predictive role of 
CSF Aβ levels in MS disease progression that may be linked to 
myelin (microscopic) damage.
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All authors report no disclosure
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Microstructural damage in cortico-subcortical white 
matter tracts in patients with clinically isolated syndrome: 
prediction of cognitive functioning and follow-up of its 
change for 1 year

I. Koubiyr1,2, M. Palotai3, M. Deloire4, J. Charre-Morin4, 
A. Saubusse4, T. Tourdias1,2,4, C.R.G. Guttmann3, B. 
Brochet1,2,4, A. Ruet1,2,4

1Université de Bordeaux, 2Inserm U1215 - Neurocentre 
Magendie, Bordeaux, France, 3Center for Neurological Imaging, 
Department of Radiology, Brigham and Women’s Hospital, 
Harvard Medical School, Boston, MA, United States, 4CHU de 
Bordeaux, Bordeaux, France

Background: Damage to select limbic and associative cerebral 
cortical areas and deep grey matter (DGM) structures have 
been associated with cognitive impairment in multiple sclero-
sis (MS). However, structural integrity of white matter (WM) 
tracts connecting these brain regions and their association with 
cognition have not been investigated at the earliest stage of the 
disease.
Objectives: (1) To investigate longitudinal diffusion changes in 
WM tracts connecting limbic and associative parts of the cerebral 
cortex with DGM over one year in patients with clinically isolated 
syndrome (CIS). (2) To investigate the association of microstruc-
tural changes to these tracts with cognition.
Methods: 41 patients recruited less than 6 months after a CIS and 
55 matched healthy controls (HC) underwent neuropsychological 
assessments, including episodic memory (EMem) and informa-
tion processing speed (IPS). All patients and a subgroup of 19 HC 
were scanned using 3T T1-weighted and diffusion tensor (DT) 
brain MRI. Freesurfer was used to segment the brain in cortical 
(associative, limbic and sensori-motor) and subcortical (thalamus, 
hippocampus and striatum) regions. Two-tensor unscented 
Kalman filter tractography was used to trace tracts connecting 
limbic/associative cortex with DGM and both fractional anisot-
ropy and mean diffusivity (MD) were used to assess the micro-
structural integrity in CIS and HC at each time-point. Linear 
regression models were used to assess cognitive impairment by 
altered tracts.
Results: Baseline: IPS and visual EMem were worse in CIS vs. 
HC. MD was significantly higher in right hippocampal-associa-
tive and right striatal-associative tracts in CIS compared to HC. 
MD of the striatal-associative tract could explain 27% of the IPS 
impairment (beta=-0.39).
After one year of follow-up, cognitive impairment was no longer 
detected in CIS. However, the cortico-subcortical tracts showed 
more widespread damage (increased MD) in the bilateral hip-
pocampal-associative, the right hippocampal-limbic, the bilateral 
thalamo-associative, the right thalamo-limbic and the right stri-
atal-associative tracts.
Conclusion: Damage to the tracts connecting DGM and associa-
tive/limbic cortex appears early in the evolution of MS and is 
associated with early cognitive impairment. However, normal 
cognitive performances at follow-up in spite of widespread micro-
structural damage suggests that compensatory mechanisms are 
deployed at this early stage of the disease.
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Association between abnormal functional connectivity 
of thalamic sub-regions and clinical disability in CIS 
patients: a longitudinal study
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Dackovic3, I. Dujmovic-Basuroski3, J. Drulovic3, M. 
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Background: Several studies have characterized thalamic struc-
tural damage in patients at the early stages of MS, while no study 
has explored thalamic resting state (RS) functional connectivity 
(FC) abnormalities. We investigated subregional thalamic RS FC 
abnormalities in patients with clinically isolated syndrome (CIS) 
suggestive of MS and their correlation with disability.
Methods: Structural and RS fMRI data were acquired from 59 
CIS patients and 13 healthy controls (HC) at baseline (< 3 months 
from first attack) and after 2 years. Five thalamic sub-regions 
(SR) (frontal, motor, postcentral, occipital, temporal) were parcel-
lated according to their cortico-thalamic structural connectivity 
and used for seed-based RS FC analyses. Baseline thalamic RS 
FC abnormalities and their changes over time were assessed and 
correlated with EDSS and its changes.

Results: Forty-nine (83%) patients developed MS at year 2. At base-
line, compared to HC, CIS patients showed reduced thalamic RS FC 
with frontal cortices for the frontal and occipital SR, the temporal 
cortices for the temporal SR, and the cerebellum for the whole thala-
mus and all SR. At year 2, compared to baseline, CIS patients had 
increased subregional thalamic RS FC with frontal, temporal and 
cerebellar cortices for all SR, whereas no changes were detected in 
HC. Despite such connectivity increasing in patients, at year 2, CIS 
patients vs HC, still showed reduced thalamic RS FC with frontal 
cortices for the occipital SR, the temporal cortices for temporal SR, 
and the cerebellum for the motor SR. Increased temporal thalamic 
RS FC was observed with the cerebellum.
In CIS, significant correlations were found between: 1) higher 
EDSS at baseline and reduced baseline thalamic RS FC with tem-
poral cortices for the frontal and temporal SR, and with the cere-
bellum for the temporal SR; 2) EDSS worsening at follow-up with 
concurrent increasing of thalamic RS FC with frontal and tempo-
ral cortices for the frontal and temporal SR; and 3) EDSS worsen-
ing at follow-up with reduced baseline thalamic RS FC with 
temporal cortices for the frontal and temporal SR.
Conclusions: Dynamic alterations of subregional thalamic RS FC 
with frontal, temporal and cerebellar regions occur in CIS patients 
and correlate with disability and its worsening, evidencing the 
contribution of thalamic dysfunction from the first stages of MS in 
explaining disability.
Funding: Partially supported by the Ministry of Science, Republic 
of Serbia (# 175031).
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INSPIRATION: An approach to quantitative MRI 
assessment of MS patients in daily clinical practice
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Background: Qualitative and Quantitative standards of MRI 
scans for multiple sclerosis have mainly been in use in clinical 
trials. In daily clinical practice standards in MRI acquisition are in 
discussion but largely not applied yet. Tools for quantitative data 
analysis do exist but are not available for daily clinical practice. 
INSPIRATION is a non-interventional study conducted in 
Germany, to validate the feasibility and explore the potential ben-
efit of standardized MRI acquisition and centralized quantitative 
MRI reading including brain volume in clinical practice for 
RRMS patients.
Objectives: To implement standardized protocols and investigate 
qualitatively and quantitatively the results of standardized MRI 
scans obtained from multiple centers.
Methods: INSPIRATION included 253 patients in 15 centers 
until July 2015. MRI and clinical data were documented over 3 
years. Sites underwent expert training and standardized sequence 
implementation. A centralized quantitative MRI data analysis was 
performed. The results were visualized and reported to the neu-
rologist and radiologist.
Results: 99.7% of the obtained data sets passed the quality analy-
sis. < 0.3% of cases led to site inquiries or data exclusion. The 
mean number (±SD)/mm3 volume (±SD) of T2 lesions at baseline 
was 30.1 (±2.8)/11033.1 (±1578.9) and black holes 4.0 
(±0.9)/490.3 (±136.6). Over 36 months the mean number (±SD)/
mm3 volume (±SD) of T2 lesions increased to 34.2 (±7.5)/11490.5 
(±3300.3) while black holes remained rather stable at 4.1 
(±2.1)/494.8 (±329.2). Whole brain volume at baseline was 
1,142,125 ± 16,043 mm3. Brain volume loss after 12 and 36 
months was 2,757 ± 923 mm3 (0.28 ± 0.1%), 7,600 ± 1,705 mm3 
(0.67 ± 0.2 %) respectively.Patients with high (≥10mL; n=33) 
and low (< 10ml; n=44) T2/Flair hyperintense lesion load at 
baseline were separated and brain volume loss was assessed over 
3 years. Patients with high lesion load lost significantly more 
brain volume vs. patients with a low lesion load at baseline (0.30 
± 0.11% vs. 0.16 ± 0.10%; p=0.0067).
Conclusions: A centralized quantitative MRI-analysis is provided 
in a real-world situation and might improve the comparability of 
MRI scans in daily clinical routine. The quantification of lesion 
volumes and visualization of MRI abnormalities may facilitate 
MRI data integration by the responsible neurologist to support 
patient management.
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The contribution of microglial activation to cortical 
demyelination in multiple sclerosis: a multimodal 
11C-PBR28 MR-PET and quantitative 7 Tesla imaging 
study
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Introduction: Neuropathology shows that cortical demyelination 
in multiple sclerosis (MS) is often accompanied by microglia acti-
vation. The role of microglia activation, however, is still 
uncertain.
Aim: To assess, using 3T magnetic resonance-positron emission 
tomography (MR-PET) with 11C-PBR28, a tracer for activated 
microglia, and quantitative 7T T2*, a marker of myelin and iron 
content, whether 1) neuroinflammation in MS colocalizes with cor-
tical demyelination, 2) the relation between the two processes.
Methods: Ten cases with secondary-progressive, 9 with relaps-
ing-remitting MS (SPMS, RRMS), and 14 matched controls (HC) 
underwent 90’ 11C-PBR28 MR-PET to obtain 60’-90’ normalized 
standardized uptake value maps (SUVR, 1.25 mm resolution) for 
sampling SUVR at mid-cortical depth. MS and HC also under-
went multi-echo 7T T2* imaging (0.33 mm resolution) for esti-
mating T2* at 25%, 50% and 75% depth from the pial surface, and 
for cortical lesion (CL) segmentation. Cortical demyelination in 
MS was defined as CL and clusters with significantly increased 
T2* at all depths in RRMS and SPMS vs HC at general linear 
model (GLM, p< 0.05). In these areas mean SUVR were extracted 
and compared to i) mean SUVR in the normal appearing cortical 
grey matter (NACGM) within patients (by paired t-test), and ii) 
mean SUVR in HC cortex (by linear regression). A vertexwise 
GLM (p< 0.05) was run to assess the relation in MS between lami-
nar T2* and SUVR. Age and binding affinity were included as 
nuisance factors.
Results: RRMS and SPMS showed, relative to HC, clusters of 
increased, but not decreased, T2* (myelin/iron loss) at all 3 depths. 
In RRMS mean SUVR in CL and clusters with increased T2* were 
higher than mean SUVR in NACGM (p< 0.02) and HC cortex (p< 
0.05); there were no differences in patient NACGM SUVR vs HC 
cortex. In SPMS, mean SUVR in CL and clusters of increased T2* 
were higher than NACGM SUVR (p< 0.05) and HC cortex (p< 
0.003). SUVR in NACGM in SPMS were also higher than HC 
cortex SUVR (p=0.01). Cortical SUVR and laminar T2* were 
positively correlated in many cortical areas, and inversely associ-
ated in fewer regions.
Conclusions: Cortical microglia activation predominantly affects 
cortical lesion areas in RRMS, while it extends to the NACGM in 
SPMS. In most regions, microglia activation seems to contribute 
detrimentally to cortical demyelination. The inverse relation 
between SUVR and T2* found in fewer cortical areas could reflect 
protective effects of microglia.
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Investigating the relationship between meningeal 
enhancement on 7T MRI and cortical gray matter lesions 
in multiple sclerosis
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Background: Post-contrast FLAIR MRI has emerged as a poten-
tial biomarker of meningeal inflammation in multiple sclerosis 
(MS). Autopsy studies suggest a link between cortical lesions 
(CLs) and meningeal inflammation.
Objective: To determine if meningeal inflammation and cortical 
demyelination have a true, in vivo relationship in MS.
Aim: We aimed to utilize the greater sensitivity at 7-Tesla (7T) for 
visualization of both leptomeningeal enhancement (LME) and 
CLs to explore this relationship.
Methods: Thirty-five participants with MS underwent brain 
MRI on a 7T scanner. Magnetization prepared 2 rapid acquisi-
tion gradient echo (MP2RAGE) and magnetization prepared 
fluid attenuated inversion recovery (MPFLAIR) images were 
acquired pre- and post-contrast. CLs were identified as hypoin-
tensities on MP2RAGE. Hyperintensities on post-contrast 
MPFLAIR located in the subarachnoid space, which were not 
present on pre-contrast images were notated as foci of LME. 
These were characterized as “nodular” (small spherical pial 
foci), “spread/fill - gyral” (contrast in the subarachnoid space 
from a gyrus out to dura), and “spread/fill - sulcal” (contrast fill-
ing a sulcus). Relationships were explored with Spearman cor-
relation and Wilcoxon rank-sum analyses.
Results: Twenty-eight (80%) participants had at least one focus of 
LME. Only 9 (26%) participants had nodular LME, whereas 21 
(60%) had spread/fill - gyral LME and 20 (57%) had spread/fill - 
sulcal LME. All were found to have CLs, with a median of 24 
(range 9 - 79) lesions per subject. A non-significant trend was seen 
for a higher number of CLs in those with spread/fill - sulcal LME 
compared (median 27.5 (9 - 79) vs. 22 (10 - 54), p = 0.08). The 
number of spread/fill - sulcal foci trended towards a correlation 
with the number of CLs (rho = 0.26, p = 0.13). No differences 
were seen in the number of CLs for those with or without nodular 
or spread/fill - gyral LME.

Conclusions: Of the 3 patterns of LME visualized by 7T MRI in 
this cohort, only spread/fill - sulcal LME appeared to have any 
relationship with CLs. This relationship was weak; therefore, this 
study does not strongly support a causative relationship between 
meningeal inflammation and CL development. MRI identification 
of CLs is heavily weighted towards leukocortical CLs, which 
likely have a similar perivascular etiology to white matter lesions, 
explaining this result. Further work will be necessary to evaluate 
the relationship between LME and subpial demyelination.
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Early predictors of brain atrophy among MS patients
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Introduction: Brain atrophy occurs from the early phase of 
relapsing remitting (RR) MS and it is an important determinant of 
disease progression. We set out to explore factors affecting the 
rate of cortical thinning in the long-term.
Methods: Among 219 RRMS patients, followed from onset for 
7.9 mean years, we used regression analysis to assess early factors 
affecting the rate of global cortical thickness (Cth) loss/year and 
predicting the most severe global cortical damage (worst 25Th per-
centile loss) over time.
Results: Within the observation period, 27% (59 of 219) of patients 
converted to secondary progressive (SP) MS, in 6.1 mean years; 
this subgroup had, at disease onset, significantly lower mean 
global Cth (SP=2.51 mm, RR=2.58 mm p=0.004) and higher num-
ber of cortical lesions (CLs) (SP=6.5, RR=1.8 mean lesions; p< 
0.001), and displayed faster cortical thinning over time (SP=-
1.31%/year, RR=-0.96%/year mean loss; p< 0.001). In the total 
population, at disease onset, a higher number of CLs was associ-
ated with a significantly lower mean global CTh (r = -0.188, p = 
0.005). Factors associated with a larger proportion of grey matter 
loss/year were gender (male=-0.74%, female=-0.60%; p=0.03), 
number of CLs at onset (0 CLs=-0.56%, 1-3 lesions=-0.63%, 4-6 
lesions=-0.73%, ≥7 lesions=-0.78%, p< 0.001) and number of 
relapses during the first two years (1 relapse=-0.47%, 2 
relapses=-0.79%, ≥3 relapses=-0.94%; p< 0.001). The white mat-
ter lesions number at onset did not affect the rate of brain atrophy 
(lesions: ≤ 4=-0.68%, 5-8=-0.60%, 9-11=-0.67%, ≥12=-0.72%; 
p=0.13). In the multivariate model, a larger accumulation of CLs 
volume (OR=3.47; p=0.01), a more rapid cortical thinning during 
the first two years (OR=1.43; p=0.001), and ≥3 early relapses 
(OR=8.41; p< 0.001) independently predicted a higher risk of 
more severe global Cth loss at the end of the follow up.
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Conclusions: Patients at higher risk of converting to SPMS have 
more severe global and focal cortical pathology at onset but also 
demonstrate a faster rate of cortical thinning. The extent of the 
early focal cortical damage affects the severity of grey matter loss 
in the long term, suggesting common mechanisms driving CLs 
and brain atrophy. Early relapse frequency and the extent of early 
focal cortical damage can be used for selecting groups at high risk 
of developing severe cortical atrophy, who may potentially benefit 
from early aggressive treatment.

Disclosure
Antonio Scalfari: nothing to disclose
Anna Isabella Pisani: nothing to disclose
Chiara Romualdi: nothing to disclose
Paolo Muraro: nothing to disclose
Richard Nicholas: nothing to disclose
Massimiliano Calabrese: nothing to disclose

P491
Normal appearing white matter damage detected by 
standardized T1w/T2w ratio
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Introduction: In patients with early multiple sclerosis (MS), the 
ratio of T1 weighted/T2 weighted image signal intensities (T1/T2) 
has been demonstrated to reflect MS-related changes in normal 
appearing white matter (NAWM). A standardised version of this 
T1/T2 ratio (sT1/T2) has been validated in the healthy population 
(Misaki et al., 2015). It was demonstrated that sT1/T2 reduces 
cohort variability in white matter values in healthy control (HC) 
subjects. The reduced cohort variability has the potential to lead to 
more sensitivity to detect pathological changes in NAWM in MS. 
However, the sT1/T2 ratio has not yet been evaluated in MS.
Objectives: To assess the advantages of sT1/T2 over the classic 
T1/T2 ratio in a comparison of MS patients and HC.
Aims:
1)  To evaluate cohort variability of sT1/T2 values and classic 

T1/T2 values in NAWM by comparing their coefficient of 
variation (CoV).

2)  To evaluate whether sT1/T2 and classic T1/T2 is more sensi-
tive to MS-related pathology in NAWM by comparing MS 
and HC.

Methods: 3D T1w- and 3D T2w- MRI scans (1 mm isotropic 
resolution) from 45 patients with relapsing-remitting MS (median 
EDSS = 2.5 (0-6)) and 45 HC were included in the study. sT1/T2 
was calculated as described by Misaki et al. (2015). MS lesions 
were segmented semi-automatically (LST toolbox with manual 
corrections) and median NAWM values were calculated. CoV in 
NAWM was calculated for T1/T2 and sT1/T2 and compared using 
the Feltz & Miller test. A linear model was used to assess group 
differences in NAWM with age as a covariate.
Results: CoV in NAWM for sT1/T2 was significantly lower com-
pared to the classic T1/T2 ratio (sT1/T2 = 11.52, T1/T2 = 19.04, p 
< .001). Both ratios were significantly lower in MS compared to 
HC, with a larger effect size in sT1/T2 (sT1/T2 r2 = .234, p < .001; 
T1/T2 r2 = .071, p = .013).
Conclusions: Standardization of T1/T2 ratio increases tissue dis-
criminability of NAWM in MS and HC. Moreover, sT1/T2 
emphasises MS-related changes in NAWM compared to the clas-
sic T1/T2 ratio.
Misaki, M., Savitz, J., Zotev, V., Phillip, R., Yuan, H., Young, K. 
D., … Bodurka, J. (2015). Contrast enhancement by combining 
T1- and T2-weighted structural brain MR Images. Magnetic 
Resonance in Medicine, 74(6), 1609-1620.
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Investigating the potential of high angular resolution 
diffusion imaging metrics and texture angular entropy for 
monitoring de- and remyelination in a cuprizone model of 
multiple sclerosis
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Background: The lack of established in vivo methods for moni-
toring de- and remyelination is well recognized in multiple sclero-
sis (MS). High angular resolution diffusion imaging (HARDI) and 
texture alignment measures have shown promise in probing subtle 
structural changes following brain white matter injury.
Aim: To investigate the sensitivity and power of high-resolution 
diffusion MRI and texture analysis methods for tracking de- and 
remyelination induced in mouse brain.
Methods: Sequential brain MRI was acquired using a 9.4T scan-
ner from 5 C57BL/6 male mice before and after being fed with 
0.2% cuprizone (Cu). Imaging protocols included 2-shell HARDI 
(b1/b2=1000/2000; 15 and 30 directions) and T2-weighted MRI 
(TR/TE=4000/48 ms; pixel size=0.05×0.05 mm2; and slice thick-
ness=0.5 mm), at 4 and 6 weeks on Cu (demyelinating), and at 1 
and 3 weeks of normal diet after stopping Cu (remyelinating). A 
control mouse was also scanned at 2,7, and 12 weeks for compari-
son. The diffusion MRI was first analyzed to obtain the orienta-
tion dispersion index (ODI), and neurite density index (NDI) 
using a software (NODDI toolbox, UCL, UK) and then processed 
to get the fractional anisotropy (FA). Image analysis focused on 
the corpus callosum at select slices of genu, body, and splenium. 
The T2 MRI was used to evaluate texture alignment complexity 
using an in-house program (genu only). Diffusion images were 
co-registered to the T2 MRI within a time point, and then between 
T2s over time to ensure position alignment. All metrics were nor-
malized using intra-slice values of 3rd ventricle. Data analysis 
used two-way ANOVA; p≤.05 as significance.
Results: All normalized diffusion and texture metrics showed sig-
nificant changes over time (p≤.05). There was a 29% increase in 
ODI (p≤.0001) and 49% in angular entropy from 4 to 6 weeks on 
Cu diet, and a 17% recovery in FA (p=0.03), and 6% in NDI 
(p≤.0005) from 1 to 3 weeks of normal diet. Control mice week 2 
FA (10.6±2.4), ODI (-.89±.05), and NDI (-.39±.03) compared to the 
average of all mice week 6 on Cu FA (3.74±.19), ODI (-.29±.18), 
and NDI (-.59±.04) also showed significant changes (p≤.0001).
Conclusion: The Cu mouse model is well understood featuring a 
progressive de- and remyelination course before and after ceasing 
the toxic diet. Corresponding changes in MRI suggest that high 
angular resolution diffusion and texture alignment analyses may 
be promising methods for monitoring de- and remyelination that 
occurs frequently in MS patients.
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anisotropy as white matter integrity markers: correlations 
with cognitive function
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Introduction: Fractional anisotropy (FA) from diffusion tensor 
MRI (DTI) is used as a white matter (WM) integrity marker. 
Similarly, Pittsburg compound-B (PiB) uptake on PET has been 
proposed as a WM integrity marker, particularly in demyelinating 
diseases. We have shown that PiB uptake in WM hyperintensities 
(WMH) and normal appearing WM (NAWM) correlate with cog-
nitive function in patients with MS (Zeydan et al. MSJ-2017).
Objectives: To compare WM PiB binding and FA as WM integ-
rity markers.
Aims: To evaluate the association of PiB-PET and DTI-FA in 
WMH and NAWM with cognitive function.
Methods: Healthy adults (n=537) from the population-based 
Mayo Clinic Study of Aging were included. MRI-FLAIR images 
were segmented into WMH and NAWM via a semi-automated 
algorithm. After registration of DTI, FLAIR and PET images to 
the T1-weighted image, FA values and PiB standard uptake value 
ratios (SUVr; referenced to cerebellar crus) were calculated for 
regions within the WMH and NAWM masks. Global cognitive 
z-scores were calculated in each participant from nine cognitive 
tests. Paired t-test was used for comparisons within subjects. 
Linear regressions and correlations were adjusted for age and 
global cortical PiB-SUVr.
Results: The WMH PiB-SUVr (mean±SD=1.88±0.20) was lower 
compared to NAWM PiB-SUVr (mean±SD=2.08±0.20; p< 
0.001). The WMH FA (mean±SD=0.37±0.05) was lower com-
pared to NAWM FA (mean±SD=0.45±0.02; p< 0.001). In the 
WMH, there was a correlation between PiB-SUVr and FA (r=0.22; 
p≤0.001), with a trend in the NAWM (r=0.08; p=0.052). In the 
WMH, both the PiB-SUVr (r=0.14; p=0.002) and FA (r=0.11; 
p=0.018) correlated with global cognitive z-scores without a sig-
nificant difference in slopes (p=0.17). In the NAWM, PiB-SUVr 
correlated with global cognitive z-scores (r=0.1; p=0.022), while 
a trend was observed with FA (r=0.09; p=0.058).
Conclusion: As a potential WM integrity marker, PiB-PET 
appears to be as informative as DTI-FA when utilized for associa-
tions with global cognitive function in adults.
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Manual delineation of only one image in unseen databases 
is sufficient for accurate performance in automated 
multiple sclerosis lesion segmentation
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Background: Convolutional Neural Network (CNN) methods are 
being proposed for automated white matter lesion segmentation 
increasing the performance of typical state-of-the-art methods. 
However, their accuracy decreases significantly when using them 
on other image domains that those used for training, showing lack 
of adaptability to unseen imaging data and limiting its applicabil-
ity in non-specialized hospitals.
Aim: To analyze the effect of domain adaptation on multiple scle-
rosis (MS) lesion segmentation, investigating how transferable a 
CNN model is when applied to other unseen image domains.
Methods: An automated lesion segmentation method based on a 
11-layer CNN classifier was firstly fully-trained using 35 T1-w 
and FLAIR scans from the MS lesion segmentation challenges 
(MICCAI 2008 and 2016). Then, domain adaptation was indepen-
dently evaluated on two different datasets composed of 60 and 61 
T1w and FLAIR images from a clinical hospital and from the pub-
lic ISBI2015 challenge, respectively. For each unseen dataset, the 
same source model was fine-tuned re-training only the last layers 
but using a single image (we tested the use of images with differ-
ent lesion load). The Dice overlap (DSC) coefficient between the 
resulting segmentations and manual lesion annotations was com-
pared with respect to the same model when was fully trained on 
the target domain and with respect to other methods such as LST.
Results: On the clinical dataset, the performance of the model 
fully-trained with data from the target domain was DSC=0.53. 
When using the source model without readaptation, the perfor-
mance dropped to DSC=0.25, while when adapting the source 
model using a single image the performance ranged between 
DSC=[0.30-0.48] depending on the lesion load of the image used. 
In all cases, showed a significant increase in the accuracy with 
respect to LST (DSC=0.29). On the ISBI2015 challenge, our 
fully-trained CNN method was ranked 3rd among 59 methods, 
showing human like segmentation performance. Interestingly, 
adapted models trained with only one image still yielded a remark-
ably higher performance than other state-of-the-art methods like 
LST or lesionToads, showing also a very similar performance to 
other CNN models trained on larger number of images.
Conclusions: Domain adaptation allows to use pre-trained CNNs 
on unseen clinical settings. A manual delineation of the lesions in 
only one image is sufficient to obtain accurate automated lesion 
segmentation performances.
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Background: Global and regional brain atrophy assessment is 
fundamental in multiple sclerosis (MS) patient monitoring and 
research. However, the validation of segmentation algorithms still 
remains an open issue due to the lack of a ground truth.
Aim: Validating the quantification of white matter (WM), grey 
matter (GM), and total brain volumes of two commonly used 
automatic algorithms using a ground truth derived from a multi-
modal physical brain phantom.
Methods: The anthropomorphic phantom was built with two agar 
gels that resembled the WM and GM compartments of a real brain 
tissue, both in terms of signal intensity characteristics and shape. The 
ground truth volumes of WM, GM and total brain were derived from 
high-resolution computed tomography (CT) images. T1-weighted 
magnetic resonance (MR) images acquired at 3T were used as input 
for automatic segmentation carried out using FMRIB Software 
Library (FSL v5.0; FMRIB´s Automated Segmentation Tool, FAST) 
and Statistical Parametric Mapping (SPM v12; ‘Segment’). 
Accuracy of the two algorithms was assessed by computing the per-
centage volume difference (VD) between the segmentation output 
and the ground truth for each compartment. Two additional 
T1-weighted MR images were acquired (without/with reposition-
ing) to assess the scan-rescan reliability by comparing the computed 
volumes of those two scans to the ones calculated for the first scan.
Results: The ground truth volumes derived from the CT scan 
were: 237.60 mL for the WM, 737.92 mL for GM, and 975.52 mL 
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for the total brain. FSL and SPM performed comparably in terms 
of accuracy and reliability. For the accuracy, FSL slightly pre-
vailed in computing the volumes of WM, GM, and whole brain, 
yielding lower absolute values of VD than SPM (VDFSL-WM = 
3.4%, VDFSL-GM = 2.3%, VDFSL-Brain = 2.6%; VDSPM-WM = -4.4%; 
VDSPM-GM = -2.6%; VDSPM-Brain = -3.0%). Regarding the reliabil-
ity, instead, SPM provided slightly less variable results compared 
to FSL (VDSPM ≤ 0.5% without repositioning, VDSPM ≤ 1.0 with 
repositioning; VDFSL ≤ 0.2% without repositioning; VDFSL ≤ 2.0 
with repositioning).
Discussion and conclusions: The brain phantom, with its struc-
tural and intensity properties, allowed the validation of two popu-
lar automatic segmentation algorithms. Since the variability in 
computed volumes between the two software packages is compa-
rable to the atrophy rates observed in MS, our study underlines the 
huge impact of software choices for quantifying brain volumes.
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Alteration of visual cortical microstructure is associated 
with pathology along the optic radiation in patient with 
MS: an asymmetry analysis of posterior visual pathway
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Introduction: Brain tissue loss, particularly in grey matter, has 
been recognized as the primary cause of irreversible neurological 
disability in multiple sclerosis (MS). While cortical inflammatory 
demyelinating lesions are common, damage in connected white 
matter tracts and/or other mechanisms may contribute to grey 
matter atrophy. The visual pathway is frequently affected by MS 
and constitutes an ideal model for probing these patho-mecha-
nisms, primarily due to retinotopic organization and advances in 
magnetic resonance imaging (MRI) that facilitate the simultane-
ous assessment of optic radiation (OR) and primary visual cortex 
(V1) damage.
Objective: To elucidate the relationship between OR and V1 
structural integrity in RRMS patients.
Methods: diffusion MRI, 3D T1, and FLAIR sequences were 
acquired on a 3T GE MRI scanner from patients with relapsing 
MS, recruited at a single centre. The OR was constructed indi-
vidually using probabilistic tractography. OR diffusion metrics 
(AD, RD, MD, FA) and OR lesion volume were assessed. V1 
structure was parcellated using FREESURFER; and both cortical 
thickness and MD assessed. Asymmetry analysis was conducted 
between left and right hemisphere to minimise inter-subject vari-
ation. Patients without OR gadolinium-enhancing lesions and 
with OR lesion length differences > 1mm were included in the 
analysis. Pearson’s correlation was used to assess the relationships 
between the imaging metrics.

Results: Twenty relapsing MS patients with asymmetrical OR T2 
lesions were included in the study; 75% female; mean age 
37.3(10.5) years; mean disease duration 4.8(5.2) years and mean 
EDSS 2.0 (1.5) were evaluated. OR lesion volume was associated 
with V1-ΔMD (r=.60, p=.005), but not with V1-ΔFA (r=-.26, 
p=.27) nor V1-Δthickness (r=.09, p=.7). OR-ΔMD/ΔAD/ΔRD 
were also correlated with V1-ΔMD, however, the relationships 
were no longer significant after correction for OR lesion volume.
Conclusion: By asymmetry analysis, a higher visual cortex MD 
was identified in the hemisphere with the higher OR lesion vol-
ume. This relationship may reflect the consequences of both 
Wallerian degeneration along the OR and subsequent trans-synap-
tic degeneration within the V1. The absence of correlation 
between OR lesion volume and V1 thickness suggests that MD 
may be a sensitive biomarker for early stage cortical tissue loss, 
indicative of microstructural injury that occurs prior to overt tis-
sue collapse and measurable cortical thinning.
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physical and cognitive changes over the course of 8 years 
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Introduction: Limited data are available on the ability of mag-
netic resonance imaging (MRI) parameters to predict cognitive 
changes or improvements in physical ability in multiple sclerosis 
(MS).
Objectives: Assess the predictive value of MRI parameters for 
physical and cognitive outcomes in MS at ≤8 years.
Methods: Post hoc analyses of data from patients with relapsing 
MS on fingolimod in the placebo-controlled, phase 3 FREEDOMS 
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and FREEDOMS II trials and their extensions. Baseline (BL) 
MRI predictors analysed included T1 hypointense lesion volume 
(T1LV), T2 lesion volume (T2LV), presence of gadolinium-
enhancing (Gd+) lesions and normalized brain volume (NBV). 
Other predictors included new T2 lesions, change in T2LV and 
annualized rate of brain atrophy (ARBA), all from BL to months 
12 (M12) or 24 (M24), and change in T1LV from BL to M24. 
Outcomes were transition to secondary progressive MS (SPMS), 
confirmed disability improvement (CDI; a decrease in Expanded 
Disability Status Scale score of 1.0 or 0.5 points, if baseline score 
≤5.5 or ≥6.0, respectively, confirmed at 6 months), CDI+ (CDI or 
improvement of ≥20% in 9-hole peg or timed 25-foot walk tests, 
confirmed at 6 months) and cognitive worsening (a decrease of 
≥20% in the paced auditory serial addition test confirmed at 6 
months). Predictors were categorized by quartile, except for Gd+ 
and new T2 lesions, which were dichotomized by presence/
absence. Baseline-adjusted Cox proportional hazards model com-
pared risk of worst vs best category; log-rank test determined pre-
dictive value of MRI parameters.
Results: For CDI and CDI+, the only significant predictors were 
baseline NBV and T1LV: low NBV (hazard ratio [HR]: 0.59 and 
0.63; p< 0.01) and high T1LV (HR: 0.56 and 0.73; p< 0.05) pre-
dicted less CDI and CDI+, respectively. High baseline T1LV and 
T2LV predicted increased SPMS risk (HR: 2.88 and 2.83; p< 0.01), 
as did greater change in T1LV at M24 (HR: 2.32; p< 0.05). Risk of 
cognitive worsening correlated with high baseline T1LV and T2LV 
(HR: 3.00 and 2.51, respectively; p< 0.01), low NBV (HR: 3.51; p< 
0.001), high ARBA at M12 (HR: 1.87; p< 0.05) and high Gd+ 
lesions (HR: 1.9; p< 0.01). By log-rank test, NBV was significantly 
predictive of all parameters tested (p< 0.001); T1LV was the second 
most robust parameter (p< 0.01 for all except CDI+).
Conclusions: Overall, disease burden measures, particularly 
NBV, are more robust prognostic parameters of long-term disease 
progression than MRI lesion activity.
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Association between baseline brain volumes and future 
change in EDSS in a cohort of early MS patients

R. Opfer1,2, A.-C. Ostwaldt1, C. Walker-Egger2, C.A. 
Wicki2, P. Manogaran2, R. Martin3, S. Schippling2

1Research, jung diagnostics GmbH, Hamburg, Germany, 
2Neuroimmunology and Multiple Sclerosis Research, Department 
of Neurology, 3Department of Neurology, University of Zurich, 
University Hospital Zurich, Zurich, Switzerland

Background: Brain volume loss measurements over a period of 
several years determined by structural magnetic resonance imag-
ing (MRI) are increasingly used for patient monitoring and 

treatment optimization in multiple sclerosis (MS). However, often 
brain volume measurements at a single time point are available 
only.
Methods: 71 early relapsing MS patients (median age at baseline: 
33.0 years, interquartile range (IQR) [28.9, 40.0], median disease 
duration at baseline: 0.6 years, IQR [0.2, 3.2]) from the 
Neuroimmunology and MS Research Section at the University 
Hospital Zurich and 14 healthy controls received standardized 
MRI examinations including a high resolution gradient echo T1 
sequence at baseline. EDSS scores were assessed by an experi-
enced neurologist at baseline and approximately every 6 months. 
Median follow-up time was 2.5 years (IQR [1.6, 3.3]). Baseline 
brain parenchymal volume (BPV), thalamus volume, total T2 
lesion load, and total lesion number were computed using an auto-
mated processing pipeline. BPV and thalamus volumes were 
transformed into z-scores using a publicly available cohort of 
healthy controls. Data from the 14 controls recruited locally were 
used to correct z-scores for inter scanner effects. For each patient, 
EDSS change over time was computed as the slope of the regres-
sion line fitting the age-EDSS measurements. As a second meas-
ure, the area under the curve (AUC) of the EDSS was divided by 
the length of the individual observation period for each patient. 
MRI measures were tested for correlation (Pearson’s) with EDSS 
change and EDSS AUC.
Results: Mean EDSS AUC and EDSS change in the entire cohort 
was 1.1 (1.0 SD) and 0.0 (0.7 SD), respectively. Mean z-scores for 
thalamic volumes were significantly lower than z-scores for the 
BPV (-0.92 vs -0.34, p=0.01). The EDSS AUC correlated with 
thalamus z-scores (r=-0.25, p=0.01), the lesion load (r=0.35, p< 
0.001), as well as with total lesion number (r=0.42, p< 0.001) but 
not with BPV z-scores. EDSS change showed a correlation with 
the thalamus z-scores only (r=-0.32, p=0.006).
Conclusions: In newly diagnosed MS patients, z-scores for thala-
mus volumes were significantly lower than z-scores for BPV indi-
cating early involvement of the thalamus in neurodegenerative 
processes in MS. Our results suggest that lower thalamus volumes 
at baseline are associated with a higher risk of EDSS worsening 
over on average 2.5 years in early MS.
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Multi-shell diffusion imaging reveals progressive axonal 
pathology in early multiple sclerosis

S. De Santis1, N. Toschi2,3, T. Granberg3,4, R. Ouellette3,4, 
C.A. Treaba3, E. Herranz3, J.A. Sloane5, C. Mainero3

1Instituto de Neurociencias de Alicante, San Juan de Alicante, 
Spain, 2Department of Biomedicine and Prevention, University of 
Rome Tor Vergata, Roma, Italy, 3Athinoula A. Martinos Center 
for Biomedical Imaging and Harvard Medical School, Boston, 
MA, United States, 4Department of Clinical Neuroscience, 
Karolinska Institutet, Stockholm, Sweden, 5Department of 
Neurology, Beth Israel Deaconess Medical Center, Boston, MA, 
United States

Background: Axonal loss is a main determinant of long-term 
disability and disease progression in multiple sclerosis (MS), 
however its non-invasive in vivo detection is challenging. The 
Composite Hindered and Restricted Model of Diffusion 
(CHARMED) is an advanced multi-shell diffusion-weighted 
magnetic resonance imaging (MRI) method that estimates a 
restricted diffusion fraction (FR) - a surrogate marker for axonal 
density. We previously provided cross-sectional evidence for the 
presence of widespread low axonal density in the normal appear-
ing white matter (NAWM) of early MS cases that is, at least in 
part, unrelated to focal demyelinating lesions. The longitudinal 
application of CHARMED axonal density estimates, however, 
remains to be evaluated.
Objective: We aimed to investigate the longitudinal potential of 
FR axonal density estimates in tracking MS disease progression 
after 1 year.
Methods: A prospective cohort of 12 early MS subjects (disease 
duration ≤5 years) were scanned on an ultra-high gradient strength 
Siemens 3 T Connectom MRI scanner (300 mT/m maximum gra-
dient strength) at baseline and at 1-year follow-up with multi-shell 
diffusion imaging (b=1k, 5k, 10k s/mm2, 64, 64, 128 directions; 
1.5 mm isotropic resolution). Additional imaging included a 3D 
multi-echo MPRAGE for anatomical segmentations in FreeSurfer 
and a 3D T2-SPACE-FLAIR (both 1 mm isotropic resolution). 
Diffusion-weighted data was pre-processed with FreeSurfer and 
FSL. FR maps were obtained with CHARMED using in-house 
developed scripts. Lesion masks were drawn by a radiologist 
using the FLAIR images from both time points independently, and 
lesions smaller than 12 voxels in diffusion space were discarded. 
The longitudinal change in FR values was assessed in the NAWM 
using voxel-wise tract-based spatial statistics (TBSS) while con-
trolling for age, gender and multiple comparisons across clusters. 
Additionally, the change of FR within lesions was evaluated using 
one-sample t-tests.
Results: At 1-year follow-up, TBSS analysis revealed decreases 
in FR in widespread NAWM regions compared with the baseline 
(p< 0.01). There was also a reduction of the FR within lesions at 
follow-up (p=0.02).
Conclusion: Our findings show in vivo evidence of progressive 
axonal loss in both lesions and NAWM of early MS cases. The 
CHARMED axonal density estimate FR is a sensitive marker for 
longitudinal change in MS pathology and holds promise as a 
novel biomarker for early diagnosis and disease-monitoring 
purposes.
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Spatial distribution of white matter lesions in 
neuromyelitis optica spectrum disorder and multiple 
sclerosis

S.-H. Kim1, K. Kwak2, J.-W. Hyun1, N.Y. Park1, H.J. 
Kim1

1Research Institute and Hospital of National Cancer Center, 
Goyang, Republic of Korea, 2Montreal Neurological Institute, 
McGill University, Montreal, QC, Canada

Introduction: The characteristic brain abnormalities on MRI play 
an increasingly important role in differentiating neuromyelitis 
optica spectrum disorder (NMOSD) from multiple sclerosis (MS).
Objectives: The aim of this study was to compare brain lesion 
distribution and frequency on MRI in patients with NMOSD and 
MS using voxel-wise comparison procedures.
Methods: We collected MRI and clinical data of 91 patients with 
NMOSD and 54 patients with MS attending at the institutional 
referral center, Korea. Automated lesion segmentation was per-
formed using T1 and FLAIR image modalities on publicly avail-
able lesion segmentation toolbox (LST) implemented for the SPM 
(http://www.fil.ion.ucl.ac.kr/spm). Blinded to clinical informa-
tion, white matter (WM) lesions were manually modified by two 
independent raters. Voxel-wise statistics were examined for 
group-level comparison of lesion distribution using permutation-
based cluster analysis (p < 0.05, cluster-corrected).
Results: Of 91 patients with NMOSD, 90% of patients were posi-
tive for anti-AQP4 antibody and 61 (65%) patients had brain MRI 
abnormalities. Patients with NMOSD had a longer disease duration 
(mean 8±5 vs. 7±4 years, p=0.041) and a higher EDSS score (median 
2.5 [0-7.0] vs. 2.0 [0-6.5], p=0.011) compared with MS patients. In 
patients with MS, WM lesions tended to have a more widespread 
distribution than in NMOSD patients. The maximum local probabil-
ity for lesions was higher in MS patients (39% peak probability in 
the posterior thalamic radiation) than in NMOSD patients (20% 
peak probability in the posterior corona radiata). The voxel-wise 
analysis showed that lesion frequency was higher in MS patients 
than in NMOSD patients with significant bilateral clusters in the 
posterior thalamic radiation, anterior and posterior corona radiata, 
sagittal stratum (including inferior longitudinal fasciculus and infe-
rior fronto-occipital fasciculus) and cingulum (p< 0.05, corrected).
Conclusion: Lesion probability mapping supports more frequent 
association of specific lesion locations with MS than NMOSD.
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Transient enlargement of brain ventricles in the course of 
neuroinflammatory disease

J. Millward1,2, L. Bohmert1, J. Bellmann-Strobl3, F. 
Paul3,4, C. Infante-Duarte2, T. Niendorf1,4, A. Pohlmann1, 
S. Waiczies1

1Berlin Ultrahigh Field Facility, Max Delbrueck Center for 
Molecular Medicine, 2Institute for Medical Immunology, Charité 
- Universitätsmedizin, 3NeuroCure Clinical Research Center, 
Charite - Universitatsmedizin Berlin, 4Experimental and Clinical 
Research Center, Max Delbrueck Center for Molecular Medicine 
and Charité - Universitätsmedizin Berlin, Berlin, Germany

We previously reported an increase in cerebral ventricle volume 
(VV) prior to onset of clinical signs in the experimental autoim-
mune encephalomyelitis (EAE) model of MS. Here we extended 
these findings in EAE and investigated VV in MS patients.
We performed serial MRI scans in EAE mice to monitor longitu-
dinal changes in VV during remission and relapse. SJL EAE mice 
were imaged every 2-3 days from d0 to d64 post-immunization, 
on a 9.4T animal MRI scanner. In MS patients, we investigated 
VV changes by analyzing MRI data that was acquired in a previ-
ous clinical study. Patients with definite MS (n=33) and at least 
one contrast-enhancing lesion (CEL) had each undergone a total 
of 13 MRI examinations over 1 year. A reference cohort of n=8 
healthy individuals who had undergone multiple serial MRI scans 
over a period of several months served as controls. Absolute VV 
for mouse and human was quantified using FSL5.0 and corrected 
manually.
In mice we observed a robust increase in VV during the first dis-
ease peak, accompanied by CEL. Upon remission of clinical 
signs, VV of all mice returned to normal. Subsequent VV enlarge-
ments occurred in parallel to clinical exacerbations. We also 
observed fluctuations in the VV of MS patients, with substantial 
heterogeneity in the volatility of changes. The coefficient of vari-
ation in MS VV was significantly greater than that of controls. 
The range of VV changes in the control group was ±6% relative to 
baseline; 21/33 MS patients showed VV changes exceeding this 
threshold, and a majority of these showed VV contraction follow-
ing expansion. Sequential VV measurements were analyzed as a 
time series and compared with CEL, T2- and black hole lesion 
volumes and counts. Half of the patients showed significant tem-
poral relationships between VV fluctuations and changes in 
lesions (cross correlations between time series). Additional sig-
nificant cross correlations with VV were seen for cognitive and 
motoric tests.

These results show that the dynamic VV changes during the 
course of disease in EAE may also occur in some MS patients. 
The fact that VV often contracted following expansion argues that 
these variations are not merely the result of brain atrophy due to 
neurodegeneration, but rather reflect some process related to the 
inflammatory status. The mechanisms underlying this phenome-
non, and the potential prognostic and diagnostic value of VV as a 
contrast-free MRI parameter for MS patients, remain topics for 
further investigation.
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Coordinate based network meta-analysis: localised 
regions of consistent GM atrophy form networks

C. Tench, S. Singh, R. Tanasescu, C. Constantinescu
QMC | Clinical Neurology, University of Nottingham, 
Nottingham, United Kingdom

Background: Coordinate based meta-analysis of voxel-based 
morphometry (VBM) studies of grey matter (GM) density shows 
consistent regional atrophy in MS; where the coordinates reported 
by the studies form dense clusters. Between regions the effect size 
(reported Z scores normalised by the number of subjects), which 
quantifies relative degree of atrophy, is correlated. These regions 
may form networks of GM atrophy.
Objective: use novel Coordinate Based Network Meta-Analysis 
(CBNMA) to look for GM atrophy networks.
Methods: Search for VBM studies comparing MS or CIS to 
healthy controls. Use CBNMA to locate regions (clusters of 
reported coordinates, which form the network nodes) where atro-
phy is reported consistently across the studies, then estimate a cor-
relation (of effect size to form the network edges) matrix between 
the regions; computed by fitting (pairwise) bivariate normal dis-
tributions to the effect sizes. The likelihood ratio test provides 
asymptotic p-values for each edge, and thresholding the p-values 
by false discovery rate (FDR) produces an adjacency matrix that 
defines network connections. Research into the thresholds needed 
to create brain networks is ongoing. Here FDR was chosen to cre-
ate, as far as possible, symmetric networks.
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Results: 43 studies met the inclusion criteria and reported 523 
foci in total. Two separate networks were identified. An FDR of 
0.1 was chosen as it produced symmetric networks. Other FDR 
levels resulted in the same nodes (regions of consistent GM atro-
phy), but some edges were missing at lower FDR and extra edges 
added at higher FDR. Network 1 involved (bilaterally) the thala-
mus, Postcentral Gyrus (Brodmann area 3), and the Claustrum. In 
this network the most connected nodes were the postcentral gyri, 
where atrophy was correlated with atrophy in every other node. 
The second network involved bilateral insula.
Conclusions: Multiple GM regions are reported as atrophied con-
sistently by VBM studies comparing CIS and MS to healthy con-
trols. These regions form independent networks of atrophy, where 
knowing the degree of atrophy in one region can indicate atrophy 
in others from the same network. Clinical trials using GM atrophy 
as an outcome might then test for significant networks, rather than 
significant voxels or regions of atrophy. The single statistical test 
of a network would require no correction for multiple compari-
sons, and thus be more powerful necessitating smaller sample 
sizes.
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11C-PBR28 imaging in multiple sclerosis is reproducible 
and able to disclose progression of neuroinflammation

E. Herranz1,2, V. Barletta1,2, C.A. Treaba1,2, N. Zurcher1,2, 
R. Ouellette1, A. Mehndiratta1, J.A. Sloane2,3, J.M. 
Hooker1,2, C. Mainero1,2

1Athinoula A. Martinos Center for Biomedical Imaging, 
Massachusetts General Hospital, 2Harvard Medical School, 
3Beth Israel Deaconess Medical Center, Boston, MA, United 
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Background: Microglia activation plays a main role in multiple 
sclerosis (MS) pathogenesis. Activated microglia upregulate 
expression of the 18kDa translocator protein (TSPO), which can 
be imaged in vivo with 11C-PBR28, a second-generation TSPO 
positron emission tomography (PET) radioligand. Cross-sectional 
11C-PBR28 PET studies in MS have disclosed microglial pathol-
ogy in the white matter (WM) and grey matter (GM) of the brain 
at different disease stages. The ability of 11C-PBR28 imaging to 
detect progressive TSPO expression in MS is still unknown.
Aim: To assess test-retest and longitudinal changes in TSPO 
expression in the brain of 10 healthy controls (HC) and 4 MS sub-
jects using integrated 3 T 11C-PBR28 magnetic resonance-PET 
(MR-PET).
Methods: Ten HC (mean±SD age=28±6 years) underwent two 
90-minutes 11C-PBR28 MR-PET sessions, 3 months apart, to 
evaluate the test-retest variability in tracer uptake. Four MS sub-
jects (mean±SD age=54±4 years) underwent 90-minutes 11C-
PBR28 MR-PET at baseline and 1-year follow up. During each 

session, anatomical MR scans were simultaneously acquired for: 
a) FreeSurfer cortical surface reconstruction, b) FIRST-FSL for 
deep GM segmentation (thalamus, hippocampus and basal gan-
glia) c) MR-PET image registration. Normalized standardized 
uptake value (SUVR) maps were created for 60-90-minute PET 
frame (1.25 mm isotropic voxels). In patients, WM and cortical 
lesions (CL) were segmented on 7T T2* images (0.33x0.33x1 
mm3) from a separate scan. Lesional, cortex, deep GM and nor-
mal appearing WM (NAWM) masks were co-registered to 11C-
PBR28 maps. In these areas mean SUVR were extracted and 
compared at baseline and follow up (by paired t-test). In HC, the 
within-subject coefficient of variations (CV) was estimated 
across brain regions as the ratio between the standard deviation 
and the mean of each couple (Scan 1, Scan 2) of measurements 
(SUVR).
Results: In HC, CV were 8% in cortex, 7% in WM, 9% in thala-
mus, 8% in hippocampus and 9 % in basal ganglia. Relative to 
baseline, MS had increased 11C-PBR28 SUVR at follow up in the 
cortex (~15%, p=0.006), CL (~10%), thalamus (~10%), hip-
pocampus (~16%) and basal ganglia (~10%). Increased SUVRs 
were also detected at follow up in NAWM (~12% p=0.03) and 
WM lesions (14%, p=0.009). In HC, mean % SUVR change 
across brain regions was < 3%.
Conclusions: 11C-PBR28 MR-PET shows good test-retest repro-
ducibility and proves to be a sensitive tool for assessing neuroin-
flammation and its progression in MS.
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Characterizing grey-matter multiple sclerosis lesions 
using double inversion recovery, diffusion and contrast-
enhanced MRI
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P.K. Coyle2, O. Syritsyna2, T.Q. Duong1

1Department of Radiology, 2Department of Neurology, Stony 
Brook University Hospital, Stony Brook, NY, United States

Background: While white-matter (WM) lesions have been well-
characterized in multiple sclerosis, cortical grey-matter (GM) 
lesions remain largely unexplored because they are usually non-
conspicuous on conventional MRI (FLAIR). The aim of our study 
is to use double-inversion recovery (DIR) MRI to better identify 
MS lesions in cortical GM, determine their prevalence, and char-
acterize their contrast-enhancement and diffusion. Comparisons 
were made with WM lesions and correlated with atrophy.
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Methods: Relapsing remitting multiple sclerosis (RRMS) patients 
(N=44) with DIR data were identified. 3T MRI pre- and post-con-
trast, fluid-attenuated inversion recovery (FLAIR), diffusion 
weighted imaging (DWI) and DIR were acquired. Lesion segmen-
tation was based on DIR into cortical GM, subcortical WM and 
periventricular WM, and whether they were enhancing and not, and 
hyper- or hypo-intense on apparent diffusion coefficient (ADC).
Results: Most (86%) RRMS patients had cortical GM lesions. 
Compared to WM lesions, GM lesions were fewer in count (328 ver-
sus 1604) and volume (32,831 versus 511,125). Of the 328 GM 
lesions, 97% were not enhanced of which 89% had high ADC. Of the 
1095 subcortical WM lesions, 98% were not enhanced, of which only 
40% had high ADC. Of the 509 periventricular lesions, 97% were not 
enhanced, of which 82% showed high ADC. These findings indicate 
that GM and WM have similar prevalence of enhancement. GM 
lesions showed similar susceptibility to cytotoxicity as periventricu-
lar WM lesions but differed from subcortical WM lesions.
GM lesion count was correlated with GM atrophy (p=0.004) and 
total brain atrophy (p=0.005), but not with WM atrophy. GM 
lesion-volume correlated with GM, WM and total brain atrophy 
(p=0.01, 0.04, 0.006, respectively).
Conclusion: This study identified the prevalence of GM lesions 
based on DIR, described diffusion changes and contrast-enhance-
ment and compared them with WM lesions. GM and WM had 
similar percentage of contrast-enhanced lesions. Most enhanced 
lesions showed higher ADC, suggesting more oedema and/or 
atrophy. GM lesion count and GM lesion volume, correlated with 
total brain, WM and GM atrophy. Improved understanding of 
grey-matter multiple sclerosis pathology is important because it 
could be better correlated with cognitive and physical disability.
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Can MR spectroscopy predict multiple sclerosis and its 
clinical symptoms?
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Objective: Advanced MR technologies, such as 1D magnetic 
resonance spectroscopy (MRS) have been applied to multiple 
sclerosis previously to investigate metabolic changes in the brain 
of multiple sclerosis (MS) patients and to offer potential biomark-
ers for disease monitoring. For the first time, we have applied in-
vivo two-dimensional (2D) Localized COrrelation SpectroscopY 

(2D L-COSY), an innovative MRS technique in relapsing and 
remitting multiple sclerosis (RRMS) in order to identify the opti-
mal MR biomarker to monitor disease activity.
Methods: 2D L-COSY MRS spectra was prospectively acquired 
from a 3x3x3cm3 voxel located in the posterior cingulate gyrus 
(PCG) from 45 stable RRMS patients undergoing treatment with 
Fingolimod and 40 age and gender-matched healthy control partici-
pants (HC). Mean metabolites and clinical correlates including cog-
nitive, fatigue and mental health parameters were calculated and 
compared using parametric and non-parametric tests. Whole brain 
volume and voxel morphology were evaluated using SIENAX and 
SPM LST toolbox.
Results: Mean lesion volume was 6.8mls. Out of all metabolites 
measured, the NAA metabolic fingerprints most accurately distin-
guish MS from healthy controls using the Wald test for logistic 
regression (12.9; p < 0.001 after adjusting for age and sex). NAA 
peaks are closely correlated with most atrophy measures (r=0.487; 
p< 0.01). In a cohort with only minimal cognitive impairment, 
only visuospatial function and attention were correlated with 
metabolites in the brain (NAA_1 Pearson’s correlation -0.42; p< 
0.01; GABA and NAA_3 -0.36; p< 0.05; Glx -0.37 p< 0.01). Out 
of all brain volume measurements grey matter volume (GMV) and 
total lesion volume (TLV) are most closely associated with cogni-
tive function (GMV: 0.39; TLV: -0.401; p< 0.01) and disease 
severity (GMV: -0.495; TLV 0.463; p< 0.01). None of the param-
eters tested predicted fatigue, depression, anxiety or stress.
Conclusions: 2D L-COSY has the potential to detect metabolites 
that distinguish healthy from MS brain even if the lesion load is 
minimal. Despite only examining a localized region, we could 
detect metabolic variability associated with symptoms. In future, 
whole brain MRS might offer additional essential information to 
monitor MS.
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Neuroinflammation in progressive multiple sclerosis: in 
vivo assessment using [18F]DPA714

M.H.J. Hagens1,2, S.V. Golla3, M.T. Wijburg1,2, M. 
Yaqub3, D. Heijtel3,4, M.D. Steenwijk1,5, P. Schober6, 
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A.-M. Van Dam1,5, A.D. Windhorst3, J. Killestein1,2, F. 
Barkhof1,3,8, B.N.M. Van Berckel3, A.A. Lammertsma3

1VU University Medical Center, VUmc MS Center Amsterdam, 
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Introduction: Over the past decades positron emission tomogra-
phy (PET) imaging has progressed in the field of MS research, as 
PET can visualise molecular processes, such as neuroinflamma-
tion, in vivo. The second generation PET radioligand [18F]DPA714 
binds with high affinity to the 18-kDa translocator-protein 
(TSPO), which is expressed on activated microglia.
Objectives: The aim of this study was to evaluate this in vivo 
marker of neuroinflammation in primary and secondary progres-
sive MS.
Methods: All subjects were genotyped for the rs6971 polymor-
phism within the TSPO gene and low affinity binders were 
excluded from participation in this study. Eight progressive MS 
patients and seven age and genetic binding status matched healthy 
controls underwent a 60 minutes dynamic PET scan using [18F]
DPA714, including both continuous on-line and manual arterial 
blood sampling to obtain metabolite-corrected arterial plasma 
input functions.
Results: The optimal model for quantification of [18F]DPA714 
kinetics was a reversible two tissue compartment model with 
additional blood volume parameter. For genetic high affinity bind-
ers, a clear increase in binding potential (BPND) was observed in 
MS patients compared with age matched controls. For both high 
and medium affinity binders, a further increase in BPND was 
observed in T2 white matter lesions compared with non-lesional 
white matter. Volume of distribution, however, did not differenti-
ate patients from healthy controls, as the large non-displaceable 
compartment of [18F]DPA714 masks its relatively small specific 
signal.
Conclusions: The TSPO radioligand [18F]DPA714 can reliably 
identify increased focal and diffuse neuroinflammation in pro-
gressive MS when using plasma input derived BPND, but observed 
differences were predominantly visible in high affinity binders.

Disclosure
D. Heijtel is employed by Philips Healthcare. J. Killestein has 
accepted speaker and consultancy fees from Merck-Serono, 
Teva, Biogen, Genzyme, Roche and Novartis. F. Barkhof is sup-
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BV and Jansen Research. All other authors declare that they have 
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Estimation of brain cerebrospinal fluid components in 
CIS patients

D. Pareto1, R. Alyafeai2, J. Sastre-Garriga2, M. Alberich1, 
C. Auger1, M. Tintoré2, X. Montalban2, À. Rovira1

1Section of Neuroradiology, Department of Radiology, 2Multiple 
Sclerosis Centre of Catalonia (Cemcat), Department of 
Neurology-Neuroimmunology, Vall d’Hebron Research Institute, 
Barcelona, Spain

Background: Brain atrophy is usually quantified through 
global and regional brain volume fractions such as the grey and 
white matter fraction (GMF, WMF) and the brain parenchymal 
fraction (BPF). The differential role of the ventricular (V) and 
sulcal (S) cerebrospinal fluid (CSF) components has not been 
studied so far.
Objective: The aim of this study was to obtain an estimation of 
VCSF and SCSF, and to assess their relationship with GMF, WMF 
and BPF as well as with disease burden.
Material and methods: A convenience sample of 114 patients 
with a clinically isolated syndrome was included in this study. 
Images were acquired with a 3.0T system (Siemens, Trio, 
Erlangen, Germany) and included: 3D-T1-weighted (MPRAGE) 
and 2D-T2-FLAIR images. Brain lesion volume (LV) was esti-
mated with the Lesion Segmentation Toolbox, global brain vol-
ume measures were obtained with Statistical Parametric Mapping 
(v12), and the estimation of VCSF, with the ALVIN tool (v1). 
Estimation of SCSF was done after subtracting VCSF from total 
CSF volume. The corresponding brain fractions (grey matter frac-
tion -GMF-, white matter fraction -WMF- and brain parenchymal 
fraction -BPF-) were obtained after dividing tissue volume esti-
mations by the total intracranial volume (GM+WM+CSF). 
Associations were tested with partial correlations, controlling for 
age and gender.
Results: VCSF and SCSF fractions were poorly correlated 
(r=0.21, p=0.03). VCSF correlated moderately with BPF (r=-0.50, 
p< 0.001) and WMF (r=-0.49, p< 0.001); while SCSF showed 
only a poor correlation with BPF (r=-0.27, p=0.005). LV corre-
lated with VCSF (r=0.40, p=0.001), BPF (r=-0.50, p< 0.001) and 
WMF (r=-0.44, p< 0.001).
Conclusions: Regional components of CSF do not seem to be 
strongly associated with brain volume global measures. Further 
studies are needed to assess their value as additional biomarkers in 
atrophy dynamics.
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QUANTUM - Standardized MRI acquisition with 
centralized quantitative MRI reading in daily clinical 
routine of MS patients

S. Schippling1,2, R. Opfer3, L. Spies3, K. Schuh4

1Neuroimmunology and Multiple Sclerosis Research, University 
Hospital and University Zurich, 2Neuroscience Centre Zurich, 
ETH Zurich, Zurich, Switzerland, 3jung diagnostics GmbH, 
Hamburg, 4Clinical Reseach Neuroscience, Novartis Pharma 
GmbH, Nuremberg, Germany

Background:In Multiple Sclerosis (MS) clinical trials quantita-
tive MRI analyses are carried out based on highly standardized 
protocols, while such levels of standardization are not yet availa-
ble in clinical routine. Tools for quantitative data analysis includ-
ing brain volumetry do exist, but are not yet available for daily 
routine practice.
Objective: To validate the feasibility and explore the potential 
benefit of standardized MRI acquisition and centralized quantita-
tive MRI reading including brain volumetry and lesion segmenta-
tion in day-to-day MS patient management.
Methods: Within the QUANTUM project approximately 9.000 
MRI analyses will be performed in 300 centres in Germany. The 
standardized MRI data (3D T1 gradient-echo sequence and 2D/3D 
FLAIR) are analysed by means of a centralised automatic process-
ing pipeline (Biometrica MS®, jung diagnostics GmbH). The 
analysis comprises a volumetric quantification of brain volume, as 
well as T2 lesion load and number. Percentage brain volume 
change is computed (using optimized SIENA pipeline) when fol-
low-up scans are available. The results are visualised and pro-
vided to the participating physicians as a report. The value and 
feasibility are evaluated using a questionnaire.
Results:Since July 2016 130 radiological centres across Germany 
have been qualified and 1600 quantitative MRI analyses been 
accomplished in 190 neurological centres.A preliminary analysis 
of the first 276 questionnaires revealed good acceptance and usa-
bility of the QUANTUM reports among neurologists: 73% of the 
neurologists report a strong or very strong correlation between the 
quantitative MRI parameters in the QUANTUM report and the 
clinical presentation of the patients. 87% of the neurologists state 
that the report was very helpful to classify the disease activity. 
89% of the neurologists rate the additional benefit of quantitative 
MRI parameters in the context of assessing all four NEDA-criteria 
as high or very high. The data included into the preliminary analy-
sis were acquired between July 2016 and May 2018. Until mid-
2018 approx. 2200 questionnaires will be available for analysis.
Conclusion: In QUANTUM, standardized MRI acquisition and 
centralized MRI evaluation are broadly being made available in a 
real-world setting. Brain volume change and quantification of 
lesion load can be assessed in routine clinical practice based on 
validated protocols. This could provide new opportunities for 
individual MS patient monitoring in daily care.

Disclosure
Sven Schippling received research grants from Biogen Idec and 
Bayer Schering Pharma and consulting / speaker fees from Bayer 
Schering Pharma, Biogen Idec, Merck Serono, Novartis, and 
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P509
Annualized inner retinal layer atrophy rates show a 
flooring effect in longstanding MS; a limitation for 
longitudinal OCT studies?

D. Coric1, B. Uitdehaag1, A. Petzold1,2,3, L. Balk1

1Department of Neurology, VU University Medical Center, 
Amsterdam, The Netherlands, 2Moorfields Eye Hospital, 
3National Hospital for Neurology and Neurosurgery, London, 
United Kingdom

Introduction: Atrophy of the inner retinal layers (peripapillary 
retinal nerve fibre layer [pRNFL], ganglion cell-inner plexiform 
layer [GCIPL]) is common in multiple sclerosis (MS), but data on 
annual atrophy rates are inconsistent and seem to be dependent on 
disease stage.
Objective: To define the annualized atrophy rates of the pRNFL 
and GCIPL in a cohort of patients with longstanding MS and to 
investigate the effect of disease duration on these rates.
Methods: In this longitudinal observational study, spectral-
domain optical coherence tomography (OCT) and clinical data 
(EDSS score and MS-associated optic neuritis [MSON] during 
the study) were collected in 114 patients with relapsing-remitting, 
secondary progressive and primary progressive MS (64.9% 
female, age 53.6±9.6 years) and 30 healthy control subjects (HCs, 
50.0% female, age 51.2±5.9 years). Mean follow-up duration was 
4.4 years (range 2.1 to 6.1). Following OCT quality control, auto-
mated segmentation of the pRNFL (µm) and GCIPL (µm) was 
performed. Annualized atrophy rates were calculated for each eye. 
Disease duration was categorized into quartiles. Generalized esti-
mation equations were used to analyze atrophy rates and associa-
tions with disease duration and clinical measures.
Results: Patients had a mean disease duration of 20.5±6.4 
years (range 9.2-38.4) at baseline. In this patient group, the 
annualized atrophy rate for the GCIPL was -0.31 µm (p< 
0.001), which was only slightly higher than in HCs (-0.25 µm, 
p< 0.001). For the pRNFL, there was significant annualized 
atrophy in MS patients ( -0.30 µm, p< 0.001), but not in HCs 
(0.12 µm, p=0.41). Eyes with an episode of MSON during the 
study (25/228 MS eyes) demonstrated a higher GCIPL atrophy 
rate compared to eyes without MSON (-0.78 µm and -0.25 µm 
respectively, p=0.06). Annualized pRNFL and GCIPL atrophy 
rates were significantly more pronounced in patients with the 
shortest disease duration (1st quartile) compared to longer dis-
ease duration (3rd and 4th quartile, p< 0.05, adjusted for base-
line OCT value and MSON).
Conclusion: This study showed that in longstanding MS, the 
annualized atrophy rates of the pRNFL and GCIPL are lower than 
previously reported values. Atrophy rates were highest in patients 
with a relatively short disease duration, suggesting a flooring 
effect in longstanding MS, potentially limiting the use of OCT in 
longstanding progressive MS.
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3D fovea morphometry reveals distinct foveal changes in 
neuromyelitis optica spectrum disorders
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Universität Berlin, Humboldt-Universität zu Berlin, and Berlin 
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Introduction: Neuromyelitis optica spectrum disorders 
(NMOSD) are chronic autoimmune conditions associated with 
optic neuritis (ON) and myelitis, and characterised by pathogenic 
serum autoantibodies against aquaporin-4 (AQP4-IgG) in the 
majority of cases. We and others recently reported foveal thinning 
as detected by optical coherence tomography (OCT) in AQP4-IgG 
positive NMOSD independent of ON.
Objectives: To further investigate the fovea in AQP4-IgG pos. 
NMOSD in comparison to healthy controls (HC) and the most 
common differential diagnosis multiple sclerosis (MS) by apply-
ing a novel 3D fovea morphometry analysis.
Aims: To establish a biomarker based on 3D fovea morphometry 
for supporting the diagnosis of NMOSD.
Methods: OCT scans from 150 subjects (28 AQP4-IgG pos. 
NMOSD, 60 MS, 62 HC) were included. We applied our recently 
developed model-driven 3D macula shape analysis based on cubic 
Bézier parametric modelling on standard macular OCT volume 
scans. This morphometry describes the fovea in 19 parameters 
and allows evaluation of depth, pit shape, diameter, slope, area, 
and volume of different regions of the fovea. Combined ganglion 
cell and inner plexiform layer (GCIPL) and peripapillary retinal 

nerve fiber layer (pRNFL) thicknesses were measured to deter-
mine neuro-axonal damage.
Results: Slope disk area (NMOSD: 0.46±0.17, HC: 0.34±0.12, 
MS: 0.34±0.17 mm2), major axis slope disk (NMOSD: 
0.080±0.028, HC: 0.059±0.022, MS: 0.058±0.030 mm), minor 
axis slope disk (NMOSD: 0.068±0.026, HC: 0.050±0.018, MS: 
0.049±0.025 mm), and average slope disk diameter (NMOSD: 
0.74±0.14, HC: 0.64±0.11, MS: 0.63±0.15 mm) were signifi-
cantly higher in NMOSD in comparison to both HC (p=0.002, 
p=0.004, p< 0.001, p=0.001) and MS patients (p=0.012, p=0.017, 
p=0.005, p=0.004), independent of history of ON. Six further 
fovea parameters were different in NMOSD but also dependent of 
ON. Two additional fovea parameters were mainly dependent on 
a history of ON and independent of the disease type.
Conclusions: The fovea shape differs in AQP4-IgG pos. NMOSD 
in contrast to HC and MS. The cause, functional relevance, and 
potential diagnostic value of these changes, considering ON 
dependency, need to be further investigated. Fovea shape analysis 
might provide important additional information for AQP4-IgG 
pos. NMOSD diagnosis and monitoring.
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Reductions in retinal vascular plexus densities in multiple 
sclerosis are associated with visual dysfunction and global 
disability
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1Department of Neurology, Johns Hopkins Hospital, 2Wilmer 
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Background: Central nervous system inflammation may lead to 
alterations in vascular function. Studies of the cerebral microvas-
culature in multiple sclerosis (MS) reveal hypoperfusion in gray 
and white matter. MS lesions also exhibit elevated hypoxia induc-
ible factors. Retinal vasculature may be altered in MS, and can be 
evaluated with optical coherence tomography angiography 
(OCT-A).
Goals: To (1) compare retinal vascular plexus densities in relaps-
ing remitting MS (RRMS) and healthy controls (HCs), and (2) 
examine the relationships of these measurements with retinal 
layer thicknesses, visual function and global disability.
Methods: In this cross-sectional study, 116 people with RRMS 
[225 eyes; 98 eyes with a history of optic neuritis (ON)] and 50 
HCs (97 eyes) underwent Heidelberg Spectralis OCT-A and spec-
tral-domain OCT (with automated segmentation of retinal layer 
thicknesses). Superficial vascular plexus (SVP) and deep vascular 
plexus (DVP) densities were quantified using ImageJ software, 
and poor quality OCT-A images were excluded. People with 
RRMS also underwent assessment of visual function and 
expanded disability status scale (EDSS) scores. Multivariate lin-
ear regression models were adjusted for age, sex and ON history. 
Mixed-effects models were additionally adjusted for within-sub-
ject inter-eye correlations.
Results: Mean SVP density was 24.4% (SD 5.5%) in RRMS eyes 
[26.2% (SD 4.7%) in non-ON eyes vs. 22.4% (SD 5.6%) in ON 
eyes, p< 0.001], as compared to 29.2% (SD 3.3%) in HC eyes (all 
RRMS, non-ON, and ON eyes vs. HC eyes; p< 0.001 for all). 

DVP density did not differ significantly between groups. In indi-
vidual RRMS eyes, lower SVP density was associated with lower 
peripapillary retinal nerve fiber layer (pRNFL) thickness 
(R2=0.53, p< 0.001), lower ganglion cell + inner plexiform layer 
(GCIP) thickness (R2=0.75, p< 0.001) and lower letter acuity 
(R2=0.22 for 100%-contrast, R2=0.36 for 2.5%-contrast, R2=0.26 
for 1.25%-contrast; p< 0.001 for all). Using mixed-effects regres-
sion, lower SVP density, pRNFL and GCIP thickness were inde-
pendently associated with longer disease duration (p=0.02, p=0.03 
and p=0.008, respectively) and higher EDSS (p=0.04, p=0.05 and 
p=0.04, respectively).
Conclusions: RRMS eyes, both with and without a history of ON, 
demonstrate reduced retinal SVP density as compared to HCs. 
Furthermore, lower SVP density in RRMS correlates with lower 
retinal layer thicknesses, poorer visual function and higher levels 
of global disability.
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OCT intra-retinal layer segmentation unveils grey and 
white matter pathology in primary progressive MS
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Italy, 2Department of Neurology and Neuroscience, Icahn School 
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Background: It’s critical to develop new biomarkers of disease 
progression in primary progressive (PP) MS. There is evidence 
that deep grey matter (DGM) atrophy drives disability worsening 
in MS representing an early biomarker of neurodegeneration. 
Optical coherence tomography (OCT) has also emerged as a pos-
sible surrogate of disease progression and brain atrophy, but its 
relation with regional brain atrophy outside the visual system has 
not been investigated yet. Moreover, very little is known about the 
association between OCT-derived metrics and diffuse inflamma-
tory white matter pathology, which is predominant in PPMS.
Objective: To assess whether OCT-derived intra-retinal layer 
thickness correlates with DGM atrophy and white matter pathol-
ogy in PPMS.
Methods: We collected data from 41 PPMS patients (age 51±9 y, 
median EDSS 4, mean disease duration 9 y) and 26 matched 
healthy controls (HC) from 2 MS centres. All subjects underwent 
brain MRI (including 3D-T1/T2-weighted and DTI sequences) 
using a 3T Philips scanner and spectral-domain OCT (Heidelber 
Spectralis). Brain volumes were estimated with SIENAX and FSL 
FIRST on lesion-filled 3D-T1 images. 4 OCT exams were 
excluded from the analysis due to poor quality. Statistical analyses 
were performed with SPSS 23.0.
Results: Compared to controls, thickness of the ganglion cell 
layer (GCL) and inner plexiform level (IPL) was significantly 
lower in patients (p=0,003 and p=0,007 respectively) as well as 
normalized brain volume (NBV) and DGM volumes (p< 0,05 for 
all the comparisons). In PPMS patients, correlations (after cor-
recting for age, sex and center) were found between GCL and 
NBV (r=0,37: p=0,03), thalamus (r=0,58:p< 0,001), caudate 
(r=0,4:p=0,02), putamen (r=0,5:p=0,003) and globus pallidus 
(r=0,37:p=0.03) volumes and between IPL and white matter vol-
ume (r=0,325:p=0,04), NBV (r=0,41:p=0,017), thalamus 
(r=0,53:p< 0,001), caudate (r=0,36:p=0,003) and putamen 
(r=0,46:p=0,006) volumes. Correlations were found between 
GCL and mean diffusivity (MD), axial diffusivity (AD) and 
radial diffusivity (RD) of the whole normal appearing white mat-
ter and between both GCL and IPL and MD, AD and RD of the 
grey matter (r ranging from -0,25 to 0,59:p< 0,05 for all the 
comparisons).
Conclusion: Thickness of GCL and IPL strongly correlates with 
DGM volumes and with diffuse white matter pathology, repre-
senting a sensible and reproducible marker to monitor early neu-
rodegeneration and widespread neuroinflammation in PPMS.
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Piaggio, and G.Bommaritohave nothing to disclose.
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The effect of tobacco use on retinal structures in vitamin 
d deficient patients with relapsing remitting multiple 
sclerosis

M. Gilroy, R. Darling, S. Lichtman-Mikol, S. Razmjou, E. 
Probst-Simmons, C. Santiago-Martinez, E. Bernitsas
Neurology, Wayne State University - School of Medicine, 
Detroit, MI, United States

Objective: To assess the correlation between tobacco use and reti-
nal layer thickness in patients with relapsing remitting multiple 
sclerosis (RRMS) who are vitamin D deficient.
Background: It has been shown that retinal layer thickness 
decreases over time in MS patients. Previous studies have indi-
cated that MS patients with vitamin D deficiency experience a 
higher relapse rate than MS patients with normal vitamin D serum 
levels. Other studies have noted that both tobacco use and insuf-
ficient vitamin D serum levels were correlated with higher disease 
disability. In this study, we are trying to determine whether there 
is a synergistic effect of vitamin D deficiency and tobacco use on 
the retinal layers and volumes.
Design/Methods: Twenty-two patients with RRMS (17 women, 5 
men, mean age 43.7: range 24-65 y) were included in this single-
center, retrospective study. Optical coherence tomography (OCT) 
was performed by an experienced technician to quantify the papil-
lomacular bundle (PMB) and the peripapillary retinal nerve fiber 
layer (pRNFL) quadrant thicknesses: superior, inferior, temporal, 
nasal. Intra-retinal segmentation was performed to obtain total 
macular volume (TMV), retinal nerve fiber (RNFL), ganglion cell 
(GCL), inner plexiform (IPL), inner nuclear (INL), outer plexi-
form (OPL), outer nuclear (ONL) and photoreceptor (PR) layer 
thickness. Tobacco use was self-reported in three out of the 
twenty-two MS patients who had an OCT scan within 6 months of 
vitamin D serum levels being measured. General linear multivari-
ate analysis was used to establish a possible relationship between 
retinal volumes, and tobacco use in RRMS patients with vitamin 
D deficiency. Age, disease duration, sex, and ethnicity were 
included as covariates.
Results: A significant direct correlation was found between reti-
nal nerve fiber layer (RNFL) and vitamin D deficiency in RRMS 
patients who use tobacco (p=0.036). Similarly, there was a direct 
correlation between the thickness of the PR layer, vitamin D defi-
ciency and tobacco use (p=0.024). There were no significant rela-
tionships between GCL, IPL, INL, ONL, RPE, TMV, pRNFL, 
serum vitamin D deficiency and RRMS patients who smoke 
tobacco and non-smoking RRMS patients.
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Conclusions: Our data suggests that there is a significant direct 
correlation between PR, RNFL thickness and vitamin D defi-
ciency in RRMS patients who smoke tobacco. Further longitudi-
nal studies should be conducted to confirm these findings.
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Evanthia Bernitsas: DMC Foundation, Roche/Genetech, Sanofi/
Genzyme, Biogen, Novartis, Chugai, Medimmune, EMD Serono. 
Melody Gilroy, Rachel Darling, Sara Razmjou, Samuel Lichtman-
Mikol, Ellyse Probst-Simmons and Carla Santiago-Martinez: All 
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Has the prevalence of uveitis in patients with multiple 
sclerosis been overestimated?

D. Coric1, G. Ometto2, G. Montesanto2, A. Denniston3,4,5, 
P. Keane5, L. Balk1, B. Uitdehaag1, A. Petzold1,6,7, D. 
Crabb2

1Department of Neurology, VU University Medical Center, 
Amsterdam, The Netherlands, 2Optometry and Visual Sciences, 
City, University of London, London, 3Academic Unit of 
Ophthalmology, Institute of Inflammation and Ageing, University 
of Birmingham, 4Department of Ophthalmology, University 
Hospitals Birmingham NHS Foundation Trust, Birmingham, 
5NIHR Biomedical Research Centre at Moorfields Eye Hospital 
and UCL Institute of Ophthalmology, 6Moorfields Eye Hospital, 
7National Hospital for Neurology and Neurosurgery, London, 
United Kingdom

Introduction: The occurrence of intermediate uveitis in patients 
with multiple sclerosis (MS) may be a sign of coexistent inflam-
matory central nervous system (CNS) disease activity. 
Intermediate uveitis is characterized by the presence of vitreous 
inflammation resulting in vitreous haze (VH). Studies on uveitis 
in MS patients have reported varying prevalences (ranging from 
0.4 to 44%) which is partly due to the subjective manner of assess-
ment by slit lamp examination. Recently, a new algorithm has 
been developed for the quantification of VH on optical coherence 
tomography (OCT) scans, making it possible to objectively assess 
the presence and activity of uveitis.
Objective: To investigate whether there is evidence of VH in 
patients with MS and whether this VH is associated with inflam-
matory CNS disease activity.
Methods: This cross-sectional study included 315 MS patients 
and 87 healthy controls (HCs) from the Amsterdam MS Cohort 
who had previously undergone an OCT scan. Macular volume 
scans were analysed for the presence of VH using an automated 
algorithm. All VH scores were log transformed before analysis. 
The relationship between VH and clinical, retinal OCT and MRI 
parameters of inflammatory disease activity was investigated 
using generalized estimating equations.
Results: The mean VH scores were low in both MS patients and 
HCs (respectively -0.96 and -0.93) and did not differ between 
these two groups (mean difference 0.03, p=0.419). There was no 
difference in VH score between relapsing remitting and primary 
progressive patients (mean difference 0.14, p=0.471) nor between 

relapsing remitting and secondary progressive patients (mean dif-
ference 0.12, p=0.251) after correcting for age. A history of optic 
neuritis (n= 171 eyes) did not affect the amount of VH (mean dif-
ference 0.05, p=0.132). In addition, VH was not associated with 
inner nuclear layer volume on OCT (β=-0.00009, p=0.990) or cer-
ebral T2 lesion load on MRI (β=-0.089, p=0.219).
Conclusion: Using an objective measure to detect the presence of 
uveitis in a large cohort of MS patients, this study could not find 
evidence of increased vitreous inflammation in MS patients com-
pared to HCs nor was there any association between VH and 
measures of inflammatory disease activity. The results might indi-
cate that uveitis in MS is less prevalent than previously thought.
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Obesity and retinal integrity in relapsing remitting 
multiple sclerosis

E. Probst-Simmons, M. Gilroy, R. Darling, S. Lichtman-
Mikol, S. Razmjou, C. Santiago-Martinez, E. Bernitsas
Neurology, Wayne State Univ School of Medicine, Detroit, MI, 
United States

Objective: To assess the effect of obesity on retinal structures in 
patients with Relapsing Remitting Multiple Sclerosis (RRMS).
Background: It has been previously shown that obesity may be a 
risk factor for MS and has a negative effect on disease severity. In 
MS patients, it has been well established that retinal layers thin 
over time. Optical coherence tomography (OCT) is utilized to 
quantify retinal thickness. In this study, we are further exploring 
the direct effect of obesity on retinal structures in RRMS patients.
Desgin/Methods: Ninety- two patients with RRMS (66 women, 
26 men, mean age±SD: 44.5±9.7) were included in this single-
center retrospective study. Fifty-six RRMS patients were classi-
fied as obese (BMI ≥30, 42 women, 14 men, mean BMI±SD: 
35.6±4.6, mean disease duration±SD: 8.1±7.0). Thirty- six RRMS 
patients were classified as non-obese (BMI<30, 24 women, 12 
men, mean BMI±SD: 24.6±3.2, mean disease duration±SD: 
10.4±7.1).OCT was performed on each patient by an experienced 
technician to quantify the peripapillary retinal nerve fiber layer 
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(pRNFL) thickness and volumetric macular scans. Peripapillary 
retinal nerve fiber layer (p RNFL) within superior, inferior, tem-
poral, nasal along with TMV and papillomacular bundle (PMB) 
were measured. Intra-retinal segmentation was performed to 
obtain retinal nerve fiber (RNFL), ganglion cell (GCL), inner 
plexiform (IPL), inner nuclear (INL), outer plexiform (OPL) and 
outer nuclear (ONL) layer thickness.  The BMI for each patient 
was calculated and they were classified as either obese or non-
obese. A generalized linear model with OCT parameters as 
dependent variables and BMI groups as independent variable was 
used to analyze our data. Age and disease duration were included 
as covariates.
Results: In obese RRMS patients, there was a significant direct 
correlation between BMI and INL thickness (p= 0.029). The mean 
global pRNFL thickness was 90.5±16.4 and 93.0±12.9 in obese 
RRMS patients and non-obese RRMS patients, respectively 
(p=0.30). There were no significant correlations between BMI 
and PMB, TMV, GCL, IPL, ONL, OPL, PR and RPE.
Conclusions: Our data suggests that obesity can adversely affect 
retinal integrity, specifically the INL. Follow-up OCT measure-
ments may be beneficial in combination with BMI calculations to 
monitor the course of MS disease in RRMS patients.

Disclosure
Evanthia Bernitsas: DMC Foundation, Roche/Genentech, Sanofi/
Genzyme, Biogen, Novartis, Chugai, Medimmune, EMD Serono. 
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Neurodegeneration of macular ganglion cells and maculo-
papillary bundle is present early in radiologically isolated 
syndrome and reflects brain atrophy

A. Vural1,2, S. Okar1, M.A. Tuncer1, N.P. Acar1, G. Sayat1, 
S. Kadayıfçılar3, R. Karabudak1

1Neurology, Hacettepe University Faculty of Medicine, Ankara, 
2Neurology, Koç University School of Medicine, İstanbul, 
3Ophthalmology, Hacettepe University Faculty of Medicine, 
Ankara, Turkey

Objective: To study peripapillary retinal nerve fiber layer 
(pRNFL), macular RNFL (mRNFL) and ganglion cell and inner 
plexiform layer (GCIPL) thickness within their association to 
volumetric brain magnetic resonance imaging (MRI) measure-
ments in individuals with radiologically isolated syndrome (RIS).
Methods: 15 RIS individuals and 15 age and sex matched 
healthy controls (HC), total 60 eyes, underwent spectral-domain 
optical coherence tomography (OCT) (Spectralis, Heidelberg 
Engineering), and MRI (1.5 Tesla Magnetom scanner, Siemens) 
scans. Peripapillary and macular scans and macular retinal seg-
mentation was performed for both eyes of each participant. 
Voxel based morphometric measurements were done by using 
Statistical Parametric Mapping (SPM) 12 and brain volumetric 
measurements were normalized to intracranial volume before 
analysis. Generalized estimation equation models accounting for 

within-subject inter-eye effects and corrected for age and sex 
were used to compare OCT results between the study cohorts 
and for the analysis of association between OCT measures and 
brain parenchymal volumes.
Results: GCIPL (78.5 (71-80.5) vs 80 (76.75-85), p=0.032) and 
mRNFL (28 (26.75-30) vs 30 (28-32), p=0.012) thickness, as well 
as normalized total brain volume (nTBV) (0.817±0.056 vs 
0.854±0.025, p=0.028) and normalized thalamic volume (nTV) 
(0.0047±0.0006 vs 0.0053±0.0004, p=0.007) was reduced in the 
RIS group compared to HC. Moreover, GCIPL and mRNFL meas-
urements were correlated with nTBV (SB=0.73, p>0.001 and 
standardized beta (SB)=0.52, p>0.001), nTV (SB=0.78, p=0.005, 
only GCIPL), normalized gray (SB=0.84, p=0.019 and SB=0.59, 
p=0.044) and white matter (SB=0.51, p=0.018 and SB=0.36, 
p=0.005) volumes in the RIS group, but not in HC. Although 
pRNFL thickness was not different between RIS and HC, there 
was an association between pRNFL, nTBV and nWMV in the RIS 
group. Further analysis showed that retinal nerve fiber layer atro-
phy is more pronounced in temporal pRNFL and nasal mRNFL, 
showing that selective involvement of the maculo-papillary bun-
dle occurs in RIS.
Conclusion: GCIPL, mRNFL and temporal pRNFL, but not 
global pRNFL thickness is reduced in RIS in parellel to brain 
volumetric measurements, indicating that common inflammatory 
and neurodegenerative processes affect brain and maculo-papil-
lary region of the retina, even before the onset of clinical relapses. 
Assessment of these layers by OCT may have a potential to pre-
dict prognosis in RIS.
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Neuropsychology

P517
Prevalence of isolated cognitive decline in a large, 
heterogeneous multiple sclerosis population

J.R. Williams1, L.B. Krupp2, D. Conway3, C. de Moor1, E. 
Fisher1, S.M. Rao3

1Biogen, Cambridge, MA, 2New York University School of 
Medicine, New York City, NY, 3Mellen Center for Multiple 
Sclerosis, Cleveland Clinic Foundation, Cleveland, OH, United 
States

Introduction: Performance on the symbol digit modalities test 
(SDMT) is associated with employment status and activities of 
daily living. However, most constructs of MS disease progression 
do not take into account cognitive changes; potentially underesti-
mating disease progression in MS.
Objectives: Describe the prevalence of cognitive decline in mul-
tiple sclerosis (MS) in the absence of motor function decline.
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Methods: Patients with MS and clinically isolated syndrome 
were enrolled in MS PATHS, a network of 10 healthcare institu-
tions in the US (7) and EU (3). During routine visits, patients used 
the Multiple Sclerosis Performance Test (MSPT) to complete the 
Processing Speed Test (PST), Manual Dexterity Test (MDT) and 
Walking Speed Test (WST), which are electronic adaptations of 
the SDMT, Nine-hole Peg Test and Timed 25 Foot Walk. Patients 
also completed the Patient Derived Disease Steps (PDDS). This 
analysis included all patients enrolled in MS PATHS with two or 
more completed MSPT assessments. Decline between timepoints 
was defined as a 4 point change on the PST, 20% change on the 
MDT or WST, or a 1 point change on the PDDS.
Results: 2289 patients had 2 or more complete MSPT assess-
ments. At baseline, the average age was 44.9 yrs (SD: 11.2 yrs) 
and the average disease duration was 10.7 yrs (SD: 8.1 yrs). The 
average duration of follow-up was 7.5 mos (SD: 4.5 mos) and the 
average number of MSPT assessments was 2.5 (SD: 0.93). When 
comparing a patient’s first and last MSPT assessment, 33.7% of 
patients had a decline on either the PST, MDT, or WST. 15.2% of 
patients had a decline on the PST only, 13.6% had a decline on the 
WST or MDT only (i.e. motor tests), and 4.9% of patients had 
decline on both the PST and a motor test. There were no meaning-
ful differences in the distribution of baseline demographics, socio-
economics, or MS sub-types between patients who did or did not 
experience any decline and within decline sub-groups. PDDS pro-
gression was observed in 16.9% of patients with PST decline only, 
22.5% of patients with motor decline only, and 30.4% of patients 
with both PST and motor decline. Further results will be reported 
at conference.
Conclusions: The prevalence of cognitive decline was as com-
mon as motor decline. 75.7% of patients with cognitive decline 
did not have concurrent motor decline. These results highlight the 
importance of cognitive monitoring in routine clinical care and 
the need for effective treatment strategies for cognitive decline in 
MS.
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Evaluation of the cognitive-affective syndrome in subjects 
with RRMS

M. Pardini1, R. Meli1, L. Roccatagliata1, M. Inglese1,2, A. 
Uccelli1, G. Mancardi1

1University of Genoa and Policlinic Hospital S. Martino, Genoa, 
Italy, 2Icahn School of Medicine at Mount Sinai, New York, NY, 
United States

Background: The cerebellum is frequently involved in patients 
with multiple sclerosis (MS), and indeed the presence of cere-
bellar symptoms is one of the leading causes of motor disability 
in MS. Recent years have seen an increase in the awareness of 
the contribution of the cerebellar system to cognitive perfor-
mances in healthy subjects and in patients with neurodegenera-
tive conditions (i.e. the so called cerebellar affective-cognitive 
syndrome), however the possible contribution of the cerebellar 
system to cognitive performance in MS remains to date poorly 
characterized.
Objective: To evaluate the presence of the cerebellar affective-
cognitive syndrome in MS using the recently validated cerebellar 
cognitive affective scale (CCAS).
Methods: A convenience sample of 50 subjects with a diagnosis 
of relapsing remitting MS (RRMS) were included in this study. 
Patients were selected from those followed in our center based on 
the following characteristics: (i) age between 18 and 50 years, (ii) 
no other comorbid neuropsychiatric conditions, (iii) an EDSS 
score between 2 and 6. Based on the cerebellar functional system 
score (FSS), patients were divided into cerebellar-impaired (cer-
ebellar FSS => 2) or cerebellar-not-impaired (cerebellar FSS < 2). 
All patients were asked to complete the CCAS and the BiCAMS. 
Moreover, we asked an informant to complete the MS neuropsy-
chological screening questionnaire (MSNSQ). The CCAS is a 
10-item scale with a maximum score of 120, with higher scores 
representing a better performance.
Results: The “cerebellar-impaired” group included 20 RRMS 
patients (age 35.4±6.5; EDSS range 3-5) and “the cerebellar-not-
impaired” group included 30 RRMS patients (age 36.6±7.8; 
EDSS range 3-5.5). Patients with a more severe motor cerebellar 
impairment also presented with more pathological scores at the 
CCAS (79±10.2, vs. 87±6.2; p=0.002). This difference remained 
significant correcting for EDSS and total BiCAMS score (p=0.01). 
We observed a significant correlation between CCAS and MSNSQ 
scores (r= -0.45, p=0.008) that remained significant correcting for 
BiCAMS score (p=0.01).
Discussion: Our data provide preliminary evidence of a contri-
bution of the cerebellar system to cognitive deficits in subjects 
with MS. Indeed the CCAS was able to capture some facets of 
cognitive decline not completely assessed by the BICAMS. 
More studies are warrented to better characterize the cerebellar 
cognitive-affective syndrome in MS.
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Physical exercise and cognitive training improve self-
perceived cognitive deficits and information processing 
speed in multiple sclerosis

M. Filser1, J. Graf2, S.J. Baetge1, M. Gasis2, N. Goebels2, 
A. Renner1, N. Stute1, H.-P. Hartung2, P. Albrecht2, O. 
Aktas2, I.-K. Penner1,2

1COGITO Center for Applied Neurocognition and 
Neuropsychological Research, 2Department of Neurology, 
Medical Faculty, Heinrich Heine University, Düsseldorf, 
Germany

Background: A recent European survey impressively showed 
that 71% of patients with multiple sclerosis (MS) report cognitive 
deficits which have tremendous effects on working ability (Kobelt 
et al., 2017). Due to a lack of effective pharmacological therapies 
for patients suffering from cognitive impairment, non-pharmaco-
logical treatment approaches are warranted.
Objectives: To evaluate the effectiveness of physical exercise and 
cognitive training as single and combined treatment options on 
subjectively perceived cognitive deficits and objective informa-
tion processing speed as primary outcomes.
Methods: Included patients received one of the following inter-
ventions for 3 months: physical exercise training twice a week for 
45 min. each (treadmill walking), computer-based training twice a 
week for 45 min. each (using the software BrainStim) or a combi-
nation of both. Before and after the training period a comprehen-
sive neuropsychological assessment was administered. To 
determine self-reported deficits, the perceived cognitive deficits 
questionnaire (PDQ-20) was applied including the following cog-
nitive subscales: attention and concentration; retrospective mem-
ory; prospective memory; planning and organization. To measure 
information processing speed the symbol digit modalities test 
(SDMT) was used. The Wilcoxon signed-rank test was applied to 
evaluate treatment effects.
Results: In total, 44 MS patients (39 relapsing-remitting MS and 
5 secondary-progressive MS, 33 female; mean age 43.70, SD = 
10.35; mean EDSS 2.44) were included so far. First analyses 
indicate a significant improvement in both primary outcomes 
over all three training groups: PDQ-20: z= -3.093, p= .002; 
SDMT: z= 1.961, p= .05. Cohen’s d supports these findings by 
strong effect sizes for both measures: PDQ-20 (d= -1.63) and 
SDMT (d= 0.87), with no differences between the different 

training groups. The analysis of the PDQ subscales showed sig-
nificant improvement on the following cognitive domains: atten-
tion and concentration (z = -2.890, p= .004); retrospective 
memory (z= -2.589, p= .010); prospective memory (z= -2.894, 
p= .004). Planning and organization showed no significant 
improvement (z= -.969, p= .333).
Conclusions: Physical exercise and cognitive training improve 
patients’ self-perceived cognitive deficits and the ability to quickly 
process information (objective measure). Thus, physical exercise 
and computer-based cognitive training can be recommended to 
treat cognitive problems in MS patients.
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Background and objective: Cognitive impairment is common in 
multiple sclerosis (MS) and it has shown to have important impli-
cations on patient’s quality of life (QOL). Our objective is to 
assess the correlation between the symbol digit modalities test 
(SDMT) and QOL in a 5-year follow-up study.
Method: A group of MS patients underwent a neuropsychological 
evaluation with the Brief Repeatable Battery of Neuropsychological 
Tests (BRB-N) that includes the SDMT. They also answered the 
Functional Assessment of Multiple Sclerosis (FAMS) scale, used 
to assess QOL. A second and a third evaluation were performed 
one year and 5 years later respectively.
Results: A total of 358 patients were included, 87,7% had relaps-
ing remitting MS. There were 242 females, with a mean age of 
39,83 years (SD=11) and a mean of 96,85 months of evolution of 
the disease (SD=97,62).The second evaluation included 284 
patients and the third one 94. This last evaluation was performed 
7,85 years (SD=2,02) after the first one. In the first and second 
assessments, from all the BRB-N’s subtests, the higher significant 
correlation was observed between the SDMT and the total score 
of the FAMS (FAMST) (r=0,415, p< 0,001 and r=0,410, p< 
0,001). In the third evaluation, most of the BRB-N subtests had no 
significant correlations with the FAMST score, except for the 
immediate and delayed spatial recall test (r=0,298, p=0,004 and 
r=0,278, p=0,007) and the SDMT (r=0,248, p=0,017). Significant 
differences were observed between the first and the third evalua-
tion with lower results in the last one for the SDMT (p=0,032) and 
the FAMST score of (p=0,004). Other tests as the immediate vis-
ual recall test, the PASAT 3 seconds and the semantic fluency test, 
showed significant better scores in the second assessment when 
compared to the first one (p=0,002, p=0,047 and p=0,005).
Conclusions: The SDMT showed a significant positive correla-
tion with the QOL score in a follow-up period of approximately 5 
years. It was the only test from the BRB-N that showed significant 
lower scores in the last evaluation when compared to the first one, 
which supports previous findings regarding its sensitivity to detect 
cognitive impairment in MS patients. The significant higher 
scores of some tests in the second assessment may be explained 
because of the previous described practice effects of some of the 
tests. These findings support the SDMT as a unique tool to assess 
MS patients when a comprehensive assessment is not possible.
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Premorbid physical activity, cognitive reserve and trait 
personality modulate rehabilitation effect in multiple 
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Background: Although factors associated with improved func-
tional recovery through rehabilitation in multiple sclerosis (MS) are 
largely unknown, premorbid physically and intellectually enriching 
lifestyles have increasingly been recognized as able to mitigate the 

risk of disease-related disability. Our work hypothesis is that pre-
morbid physical activity, cognitive reserve and trait personality may 
also contribute to rehabilitation outcome in people with MS.
Methods: We sought to identify each of the 36 patients from the 
24-week, randomized, crossover pilot trial investigating the effect 
of home-based video game training on balance impairment due to 
MS (Prosperini L et al. Neurorehabil Neural Repair 2013). We 
achieved 94% ascertainment (34/36). In early 2018, identified 
patients underwent the following assessments: premorbid 
Historical Leisure Activity Questionnaire (HLAQ), Cognitive 
Reserve Index (CRI) and Temperament and Character Inventory 
(TCI). Non-parametric correlations and ordinal regression analy-
sis were estimated to test association of premorbid HLAQ, CRI 
and TCI with training effect, expressed as percentage improve-
ment in balance control (static posturography).
Results: No association between baseline patients’ characteristics 
(sex, age, disease duration, disability level) and premorbid HLAQ 
and CRI and TCI was found. Larger training effect was associated 
with higher HLAQ values (rho=0.386, p=0.029), but not with CRI 
or TCI. This finding remained unaltered even after controlling for 
the aforementioned baseline variables (rho=0.456, p=0.018).
Ordinal regression model confirmed larger training effect as asso-
ciated with higher HLAQ values (odds ratio [OR]=2.26, p=0.006), 
and also showed greater benefit in patients with higher score in 
persistence temperament (OR=3.30, p=0.034) and in those with 
lower score in self-transcendence character (OR=0.60, p=0.015). 
The model was significant (Chi-squared=37.85, p=0.001) and 
explained 45% of the variance in training effect (McFadden 
pseudo R-squared=0.448).
Discussion: Our study suggests that the rehabilitation outcome in 
MS is modulated by premorbid level of physical activity, as well 
as by specific temperament and character. These findings have a 
two-fold implication: (i) physical activity should be promoted in 
children by health authorities, in order to strengthen motor 
reserve; (ii) assessment of patients’ character traits and tempera-
ments may help neurologists to tailor rehabilitation strategies.
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Background: there is some evidences that Cognitive Behavioural 
Therapy (CBT) can be an effective treatment for mood disorders 
in Multiple Sclerosis (MS). Several studies suggest that some 
methods of the third wave of CBT could improve cognitive per-
formance in others populations. Taking this into account, we 
designed and evaluated the efficacy of a CBT program to reduce 
mood disorders and cognitive impairments in MS.

Method: 120 patients with relapsing forms of MS were randomly 

assigned to CBT therapy (n=40), psychophysiological training 

(PT) (n=40) or wait list control condition (n=40). Both treatments 

consisted of 14 weekly 1.5-hour group sessions with post-interven-

tion assessment one week after the end of training. Outcomes 

included anxiety, depression and neuropsychological impairments. 

Assessment measures: Hospital Anxiety and Depression Scale 

(HADS); Multiple Sclerosis Neuropsychological Questionnaire 

(MSNQ); Multiple Sclerosis Quality of Life-54 (MSQOL-54); 

Cognitive Triad Inventory (CTI); Brief Repeatable Battery of 

Neuropsychological Test (BRB-N).
Results: discriminant analysis over gain scores (post-intervention 
minus pre-intervention) showed a significant function [λ =0,73, 
F(2,81)=13,54; p< 0,0001]. This function clearly separates CBT 
group from PT and control groups, revealing the most important 
variables for group differences: Symbol Digit Modalities Test 
(SDMT), Paced Auditory Serial Addition Test (PASAT), MSQOL-
54, MSNQ, HADS, CTI.
Conclusions: the findings here reported allow us to conclude that 
the application of the CBT was particularly effective in improving 
emotional distress and cognitive functions in MS.
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Cognitive impairment in benign MS: a multiparametric 
structural and functional MRI study
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Background: The definition of benign MS is based on the limited 
accumulation of locomotor disability over long periods of time, 
without considering cognitive impairment. We applied a multipar-
ametric MRI approach to investigate whether cognitive impair-
ment in BMS patients is associated with specific patterns of 
structural and functional abnormalities.

Methods: Dual-echo, high-resolution 3D T1-weighted, diffusion 
tensor (DT) and resting state (RS) functional MRI sequences were 
acquired from 38 BMS patients (EDSS score < 3.0 and disease 
duration >15 years) and 50 age- and gender-matched healthy con-
trols (HC). All patients underwent neuropsychological assess-
ment, using the BRB-N, and a cognitive impairment index (CII) 
was calculated. Regional gray matter (GM) atrophy was estimated 
using a voxel-based-morphometry analysis, white matter (WM) 
fractional anisotropy (FA) and mean diffusivity (MD) abnormali-
ties were investigated with tract-based-spatial-statistical analysis, 
while RS functional connectivity (FC) was assessed using inde-
pendent component analysis. A linear regression analysis was per-
formed to investigate the correlations between CII and regional 
structural and functional MRI abnormalities.
Results: In BMS patients, the median CII was 9 (IQR:4-16). 
Compared to HC, BMS patients showed: a significant GM atrophy 
of several deep GM nuclei, fronto-temporal regions and cingulate 
cortex; decreased FA of supratentorial/infratentorial WM tracts, and 
increased MD in supratentorial WM tracts only; a widespread 
increase of RS FC in fronto-temporo-parietal regions involved in 
attention and executive function networks. At correlation analyses, 
higher CII, indicating cognitive dysfunction, was correlated with 
right (R) thalamic atrophy and more severe microstructural abnor-
malities (decreased FA and increased MD) in cognitive-relevant 
WM tracts, including bilateral posterior thalamic radiation, corona 
radiata, splenium of corpus callosum, inferior fronto-occipital fas-
ciculus, forceps major, inferior, superior longitudinal fasciculus and 
R fornix. Positive associations between higher CII and increased 
RS FC of the R precuneus in the default mode network and R mid-
dle frontal gyrus in the executive control network were also found.
Conclusions: These findings support the need for a new clinical 
definition of BMS, which should include including cognitive 
features.
Acknowledgments: Partially supported by Fondazione Italiana 
Sclerosi Multipla (FISM2018/S/3).
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Cognitive decline in MS over a period of six years: subtle 
or substantial?

M. Huiskamp1, M.D. Steenwijk1, H. de Bruin1, A.J.C. 
Eijlers1, M.J. Keijzer1, Q. van Geest1, B.A. de Jong2, 
J.J.G. Geurts1, H.E. Hulst1

1VU Medical Center Amsterdam | Anatomy and Neurosciences, 
2VU Medical Center Amsterdam | Dept. of Neurology, VU 
Medical Center Amsterdam, Amsterdam, The Netherlands

Introduction: Cognitive deficits are common in multiple sclero-
sis (MS) and occur in all stages of the disease. Longitudinal stud-
ies on the course of cognitive decline are scarce. Here, we studied 
cognitive changes in cognitively preserved (CP) and impaired 
(CI) MS patients over a period of approximately 6 years.
Methods: 37 MS patients (mean age 47.3±8.6 years, 22 females 
and mean disease duration at baseline 12.0±7.1 years; 11 CI and 
26 CP) and 20 healthy controls (HCs; 44.9±9.5 years, 15 females) 
underwent neuropsychological evaluation at baseline and follow-
up (FU; median FU duration 5.95 years). Tests for verbal memory, 
visuospatial memory, working memory (WM), information pro-
cessing speed (IPS) and verbal fluency were administered. 
Cognitive change was calculated using the modified practice 
adjusted reliable change index (RCI), corrected for FU duration, 
resulting in yearly cognitive change per test. This was averaged 
over all tests to obtain a composite cognition score. Cognitive 
decline was defined as an RCI of < -0.25/year on two or more 
cognitive tests. Group differences were calculated using inde-
pendent t-tests.
Results: At baseline, MS patients performed significantly worse 
than HCs on tests for verbal memory (p=.01), visuospatial mem-
ory (p=.001), WM (p=.013) and IPS (p< .001). This pattern was 
still present at FU. Patients’ yearly cognitive change did not differ 
significantly from that of HCs (change in composite cognition/
year MS = -0.05; HC = 0.00, n.s.) However, nine persons with MS 
(24.3%) showed cognitive decline. Most prone to deterioration 
were memory function (visuospatial and/or verbal) and IPS. Of 
the declining patients, seven were CP at baseline, while two were 
already CI. Cognitively declining MS patients did not differ on 
age, sex, education level and disease duration from the non-
declining MS patients.
Conclusion: MS patients with a mean disease duration of 12 
years did not differ significantly from HCs on yearly cognitive 
change. This has been described previously (Roy et al., 2016) 
and could suggest subtle changes after initial cognitive decline 
has set in. However, at closer inspection, almost 25% of the MS 
patients showed substantial cognitive decline, emphasizing the 
need for interventions for cognitive deficits in MS at all stages 
of the disease. MRI analyses are currently ongoing to elucidate 
the underlying neurobiological mechanisms of these cognitive 
changes in MS.
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Introduction: Together with genetic factors, a number of envi-
ronmental, potentially modifiable risk factors for MS are 
increasingly investigated; some of them may also play a role as 
prognostic factors. It is not known, however, if these risk fac-
tors and prognostic factors also apply to MS-related cognitive 
impairment (CI), a frequent and debilitating consequence of 
MS, affecting 40% to 70% of patients at any time in their dis-
ease course.
Objective: to assess risk factors for CI in MS patients, focusing 
on environmental exposures, lifestyle and comoborbidities.
Methods: We included RR, SP and PP MS patients referred to 
Florence MS Center between 2014 and 2017. Neuropsychological 
assessment was performed on the Rao’s battery and Stroop test, 
fatigue was assessed on the Fatigue Severity Scale (FSS) and 
depression on the Montgomery-Asberg Rating Scale for 
Depression (MARSD). Potential risk factors were investigated 
through a semi-structured questionnaire, administered to the 
patients at the presence of the caregiver. Stepwise multivariable 
logistic and linear regression models were employed to evaluate 
differences in exposure to hypothesized risk factors in patiens 
classified as cognitively preserved or cognitively impaired 
(impairment in one cognitive domain).
Results: 150 MS patients were included (103 women, age 44.8 
+/- 1.79, median EDSS 2.79). CI was detected in 95 (63%) sub-
jects. Cognitively impaired patients were older, had a younger 
age at MS onset (p=0.005) and exhibited higher fatigue and 
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depression levels (p< 0.005). In cognitively impaired compared 
with cognitively preserved patients, diabetes (p< 0.05) and his-
tory of brain trauma (p=0.05) were significantly more repre-
sented; thyroid disease tended to be more frequently reported. 
Daily caffeine intake and physical activity in childhood and ado-
lescence, on the contrary, were more represented in cognitively 
preserved patients (p< 0.05). In the multivariable analysis, diabe-
tes and history of brain trauma remained significantly associated 
with CI (p< 0.05); the trend of association with thyroid disease 
was confirmed (p=0.07).
Conclusions: our findings suggested a number of potential risk 
factors or protective factors for MS-related CI, related with 
comorbidities and lifestyle, potentially susceptible to preventive 
and management strategies.
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evaluation of cognitive reserve and other predictive 
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Cognitive dysfunction(CD) in multiple sclerosis(MS) is one of the 
most disabling symptoms, affecting 30-65% of patients. Most com-
monly affected cognitive domains are memory, attention and pro-
cessing speed. The protective effect of cognitive reserve(CR) has 
been demonstrated. We aim to analyze the prevalence of CD and the 
domain impairment in a Spanish MS cohort. Besides, we examine 
the effect of CR, mood disorders, fatigue, psychiatric drugs, demo-
graphic and clinical variables on cognitive performance(CP).
We enrolled health controls and MS patients over 24 years old 
diagnosed according to the McDonald-criteria 2010, matched by 
age, gender and years of education. We used Rao abbreviated 
Neuropsychological battery to analyze the prevalence of CD; edu-
cational level, years of education(YE), profession, vocabulary 
knowledge and leisure activities to evaluate CR; and validated 
questionnaires for demographic variables, clinical forms of MS, 
EDSS, fatigue, anxiety and depression.
We included 82 patients(73.2% women) with a mean age of 40.93 
years and 14.32 YE and 74 controls(68.9% women) with a mean 
age of 43.55 years and 14.57 YE. The prevalence of CD in MS 
patients was 29.27%. There was a significant difference between 
MS patients with and without CD in all cognitive domains. In MS 
patients with CD, verbal memory was affected in 50%, visuospa-
tial skills in 54.2%, verbal fluency in 70.8% and processing speed 
in 66.7%.
In univariate analyses, YE(p< 0.001), vocabulary knowledge 
(p=0.016), profession(p=0.016) and educational level(p=0.016) 
were associated with better CP. On the contrary, age(p=0.004), 
physical functioning(p=0.018), cognitive functioning (p=0.036), 
psychosocial functioning(p=0.036), fatigue (p=0.014), EDSS 
(p=0.001), male gender(p=0,012) and use of psychiatric drugs(p< 
0.001) were associated with worse CP.
Multivariate logistical regression model showed that age 
(p=0.026), EDSS(p=0.030) and male gender(p=0.006) were 
independent risk factors of CD in MS, and that YE(p=0.042) and 
vocabulary knowledge(p=0.014) were independent protective 
factors of CD in MS.
We confirm a similar prevalence of CD in our MS cohort as previ-
ously described in the literature. Verbal fluency and processing 
speed were the most affected cognitive domains. We demonstrate 
age, male gender and disability as potentials risk factors for CD in 
MS. Meanwhile, we confirm a protective value of CR(measured 
by YE and vocabulary knowledge) in the onset of CD in MS.
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Background: Cognitive and clinical symptoms can have signifi-
cative negative effects on employment status. The identification 
of these factors will allow mitigating unemployment and improve 
quality of life of Multiple Sclerosis (MS) patients.
Objectives: To examine the relationship between employment 
status (no employment, part-time employment, and full-time 
employment) and clinical and cognitive variables of people with 
MS; to analyze the relationship between work hours and clinical 
and cognitive variables and to investigate the relationship between 
employment status and Quality of life.
Methods: The sample included 61 MS patients (93.2%RR, 
1.7%SP and 5.1%PP). 59% were female; mean age: 38.89 
±10.38 years; education: 14.18 ±2.57 years; EDSS: 2.74 ±2.01; 
disease evolution 11.64 ±7.57; fatigue: 4.33 ±3.17; depression: 
12.07 ±9.16. Outcomes measures: Argentina adaptation of the 
Buffalo Vocational Monitoring Survey; clinical outcomes; 
EDSS, Beck Depression Inventory II, Fatigue Scale & MS 
International Quality of Life (MusiQol). Cognitive outcomes: 
BICAMS comprises the Symbol Digit Modalities Test (SDMT), 
the California Verbal Learning Test - Second Edition (CVLT II) 
and the Brief Visuospatial Memory Test - Revised (BVMT-R); 
7/24 Visuospatial Scale, PASAT 2”-3” and Verbal fluency. Of 
all the variables studied, two factors were obtained: Clinical 
factor (EDSS, fatigue and depression) with a Cronbach´s α 
0.400 and cognitive factor (SDMT, CVLT, BVMT-R) with a 
Cronbach´s α 0.765.
Results: 14.75% are unemployed and 65.55% employees, of 
which 36.05% are full-time employees. SDMT (p= .044), Pasat2” 
(p= .008), 7/24 Visuospatial Scale (p= .006) and the Cognitive 
Factor (p= .033), differentiate the unemployed patients from the 
employed patients. EDSS (p= .032), disease evolution (p= .033) 
and with a trend the fatigue (p= .052) difference between employ-
ees full time and part time. According to working hours, it differ-
entiates patients who work more or less than 32 hours per week, 
EDSS (p=.022), disease evolution (p=.008), SDMT (p=.027) and 
PASAT 3” (p=.009). Regarding Quality of life, only differences in 
the activities of daily life are found (p=.015)
Conclusion: Cognitive factors differentiate between employed 
and non-employed patients, while physical disability and disease 
evolution differentiate between full-time and part-time patients. 
Processing speed, together with the physical disability and disease 
evolution influence the number of hours worked.
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Putaminal and hippocampal involvement in cognitive 
performance: BICAMS and MRI assessment of multiple 
sclerosis patients without self-reported cognitive deficits
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Introduction: A high prevalence of cognitive deficit in multiple 
sclerosis (MS) patients has been widely described, however the 
mainly involved cerebral areas are still debated. The aim of our 
study was to correlate the Brief International Cognitive 
Assessment for MS (BICAMS) neuropsychological assessment 
with the MRI volume measurements in MS patients without self-
reported cognitive deficits.
Patients and methods: A cohort of 45 relapsing-remitting MS 
(RRMS) patients, without self-reported cognitive deficits, 
underwent the BICAMS. Cognitive impairment was defined as 
a failure in at least 1 test out of 3. Demographic and clinical 
data, neuroimaging data at diagnosis and last follow-up (nor-
malized volumes of total brain, gray matter, white matter, 
peripheral cortex and subcortical structures, computed by 
SIENAX and FIRST softwares from 2D T1-weighted MRI 
sequences), were compared between cognitive impaired (CI) 
and cognitive preserved (CP) patients. Pearson correlation was 
applied between neuroimaging and neuropsychological varia-
bles; finally, a multivariate model was applied to confirm the 
univariate analysis.
Results: In our cohort, 15/45 patients were CI (11/15 in Brief 
Visual Memory Test - BVMT, 3/15 in Symbol Digit Modalities 
Test - SDMT, and 1/15 in California Verbal Learning Test-II - 
CVLT-II). CI and CP patients did not differ in terms of clinical 
variables. A positive correlation between SDMT score and both 
age onset (r=0,295, p=0,05) and disease duration (r=0,307, 
p=0,04) was observed. Compared to CP patients, CI patients 
showed a significantly bilateral lower volume of putamen both at 
diagnosis (L putamen: 5158.15±550.51 vs 5851.67±1215,84, 
p=0.043; R putamen: 5003.31±892.97 vs 5829.72±1235.57, 
p=0.049) and at last follow-up (L putamen: 5184.29±913.74 vs 
5988.94±1260.43 p=0.020; R putamen: 5081.81±1102.98 vs 
5997.72±1389.59, p=0.032). Compared to baseline values, only 
CI patients showed a statistically significant reduction of hip-
pocampal volume, bilaterally (L hippocampus: p=0.019, R hip-
pocampus: p=0.042). Finally, L hippocampal volume correlated 
with SDMT score, as confirmed in a linear regression model 
including disease duration and age at onset (p=0.023).
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Biomarkers 

P529
Serum intestinal fatty acid binding protein in multiple 
sclerosis as a marker of intestinal barrier integrity

C. Camara1, J. Greenfield1, C. Silva2, L. Metz1, V.W. 
Yong2

1Clinical Neurosciences | MS Clinic, 2Hotchkiss Brain Institute, 
Cumming School of Medicine, University of Calgary, Calgary, 
AB, Canada

Background and purpose: Patients with Multiple Sclerosis (MS) 
have increased intestinal permeability.An altered intestinal barrier 
could lead to the translocation of gut commensals and associated 
molecules into the circulation that alter immunologic responses. 
Our aim was to measure the serum levels of Intestinal Fatty-Acid 
Binding Protein (IFABP), a marker of intestinal barrier integrity 
in patients with MS, and study if an altered intestinal barrier is 
associated with their clinical features.
Materials and methods: We included 112 patients with MS, 55 
patients with RRMS (mean age 39.3 [range: 21-56] years, 69% 
female, mean EDSS 2.5 [range: 0-6.5], mean disease duration 10.1 
[range: 1-37] years), and 57 patients with progressive MS (mean 
age 45.9 [range: 28-60] years, 63% female, mean EDSS 5.6 [range: 
2-8.5], mean disease duration 13 [range: 3-36] years). We used 10 
age and sex matched healthy individuals as controls. Blood-samples 
were used to measure IFABP by ELISA. Clinical, demographic and 
outcome measures were analyzed. A detectable serum IFABP was 
considered to be reflective of an altered intestinal barrier.
Results: In the progressive MS group, 57.9% of patients had 
SPMS and the rest had PPMS. In the RRMS group, 47.3% had 
recent (< 1 month) disease activity (enhancing lesion or a relapse). 
Patients with MS in either group had significantly higher concen-
trations of IFABP than controls (303±567 pg/mL in RRMS, 
272.4±548 pg/mL in progressive MS, and 7.3±23 pg/mL in con-
trols, respectively). IFABP levels were not associated with treat-
ment, age or sex. At baseline, IFABP levels were not significantly 
different between active vs. non-active RRMS patients or between 
SPMS and PPMS. An altered intestinal barrier was found in 
47.3% and 50.8% of patient with RRMS and progressive MS, 
respectively. In progressive MS patients, an altered intestinal bar-
rier was not associated with disability progression. In RRMS, an 
altered intestinal barrier was significantly associated with the 
occurrence of a relapse within 1 year, even after adjusting for 
baseline disease activity and treatment.

Conclusions: Patients with MS have an altered intestinal barrier 
more often than controls. IFABP was not associated with clinical 
features in progressive MS. In RRMS, IFABP could not distin-
guish between active and non-active patients, but could predict a 
relapse within 1 year. More studies are needed to determine the 
clinical significance of having an altered intestinal barrier in MS.

Disclosure
CRCL is supported by the Denyse Lajoie-Lake Fellowship in 
Brain Research; VWY is a Canada Research Chair (Tier 1); 
Authors acknowledge support from the CIHR, MS Society of 
Canada and the Alberta Innovates- Health solutions Crio team. 
CRLC has no conflict of interest; LM has no conflict of interest; 
CS has no conflict of interest; JG has no conflict of interest; VWY 
has no conflict of interest

P530
Relationship between serum neurofilament light chain 
levels and cognitive decline over 9-years follow-up in 
patients after first demyelinating event suggestive of MS

T. Uher1, B. Benova2, L. Kadrnozkova1, Z. Michalak3, 
J. Motyl1, K. Kucerova1, M. Andelova1, C. Barro3, E. 
Kubala Havrdova1, J. Kuhle3, D. Horakova1

1Neurology, 2Charles University in Prague and General 
University Hospital, Prague, Czech Republic, 3Neurology, 
University Hospital Basel, University of Basel, Basel, 
Switzerland

Introduction: Serum Neurofilament light chain (NfL) is a prom-
ising marker of neuronal injury and is associated with disease 
activity in multiple sclerosis (MS) patients. However, its predic-
tive value for development of cognitive decline in early stages of 
MS has not been investigated.
Aims: To investigate relationship between serum NfL levels in 
the early MS and evolution of cognitive decline over 9-years.
Methods: 57 patients after a first demyelinating event suggestive 
of MS from the study of early interferon treatment (SET) were 
included. Serum NfL levels were measured at screening, at base-
line (intramuscular interferon beta1a initiation) and at 1 year. Age-
related pathological NfL levels were defined using 90th percentile 
cut-off (Disanto et al.; 2017). Cognitive performance was assessed 
by Symbol Digit Modalities Test (SDMT), Brief Visuospatial 
Memory Test Revised (BVMTR), California Verbal Learning Test 
Second Edition (CVLT2) and Paced Auditory Serial Addition 
Test-3 seconds (PASAT-3) at baseline, at 1, 2 and 8.9 (95% confi-
dence interval 8.8-9.0) years. NfL levels were measured using a 
Single Molecule Array (Simoa) assay. We applied Spearman´s 
correlation, Odds ratio, Chi-square test, linear and logistic regres-
sion adjusted for age, sex, treatment and cognitive performance at 
baseline.
Results: Higher NfL levels at screening were associated with 
lower CVLT2 scores at baseline (rho=-0.28; p=0.032). We did not 
find other correlations between early NfL levels and cross-sec-
tional or longitudinal cognitive measures. Age-related pathologi-
cal NfL levels at 1 year were observed in 9 (15.8%) patients and 
were associated with 4.7-fold (p=0.037) greater risk of CVLT2 
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decrease between 1 and 9 years compared with patients with nor-
mal NfL levels. This relationship was confirmed in adjusted logis-
tic regression (p=0.028). There was also a trend for an association 
between pathological NfL level at 1 year and PASAT-3 decline 
over 9 years (Odds ratio 4.7; p=0.053). BVMTR and SDMT 
scores decline were not associated with early NfL levels.
Conclusions: Pathological serum NfL levels at disease onset were 
associated with verbal memory decline over long-term follow-up. 
Similarly as in imaging studies, the association between para-
clinical markers of disease activity and cognitive measures may 
be substantially stronger in more advanced disease stages. In this 
respect, future studies on larger cohorts and with higher disease 
burden are warranted.
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T. Uher received financial support for conference travel and hono-
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fees from Biogen, Novartis and Merck.
C. Barro received conference travel grant from Teva and Novartis.
E. Kubala Havrdova received speaker honoraria and consultant 
fees from Biogen Idec, Merck Serono, Novartis, Genzyme, Teva, 
Actelion and Receptos, as well as support for research activities 
from Biogen Idec and Merck Serono.
J. Kuhle received speaker fees, research support, travel support, 
and/or served on advisory boards by ECTRIMS, Swiss MS 
Society, Swiss National Research Foundation, (320030_160221), 
University of Basel, Bayer, Biogen, Genzyme, Merck, Novartis, 
Protagen AG, Roche, Teva.
D. Horakova received compensation for travel, speaker honoraria 
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Bayer Shering, and Teva, as well as support for research activities 
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This project was funded through a Biogen Sponsored Research 
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P531
Cerebrospinal fluid biomarkers dissect extreme 
phenotypes of clinically isolated syndrome and early 
multiple sclerosis

F. Luessi1, S. Engel1, F. Steffen1, M. Friedrich1, A. 
Spreer1, A. Poplawski2, S. Bittner1, F. Zipp1

1Department of Neurology, 2Institute of Medical Biostatistics, 
Epidemiology and Informatics, University Medical Center of the 
Johannes Gutenberg University Mainz, Mainz, Germany

Background: Studies of multiple sclerosis (MS) patients have 
proposed prognostic values for different magnetic resonance 
imaging (MRI) parameters and molecular biomarkers. The role of 
cerebrospinal fluid (CSF) analysis has been emphasized in par-
ticular in patients with a first episode suggestive of MS. We here 
evaluate disease activity biomarkers distinguishing benign from 
aggressive MS disease courses that should allow a stratification of 
patients aiming at best treatment strategies.
Objectives: To assess the value of CSF biomarkers including 
multiparameter flow cytometry, neurofilament light chain (NfL) 
and chitinase 3-like 1 (CHI3L1) levels along with serum NfL lev-
els as indicators of extreme manifestations of clinically isolated 
syndrome (CIS) and early MS.
Methods: From a cohort of 1024 patients, we selected 102 
patients diagnosed with either CIS or early relapsing-remitting 
(RR)MS. These were divided into three different severity groups 
defined by MRI criteria. High activity was defined as ≥ 20 T2 
lesions and ≥ 2 gadolinium-enhancing lesions or 1 tumefactive 
lesion. Low activity was defined as ≤ 3 T2 lesions and no gadolin-
ium-enhancing lesions. Intermediate activity referred to patients 
neither fulfilling the criteria for high nor low activity. Leukocyte 
subsets in the CSF were analyzed by flow cytometry. CSF NfL 
and CHI3L1 levels were measured by enzyme-linked immuno-
sorbent assay. Serum NfL levels were examined using single mol-
ecule array technology. MS patients with particularly high or low 
MRI-activity underwent up to 3 years of follow-up.
Results: Univariate analysis demonstrated that B cell/monocyte 
(CD20/CD14) ratios in CSF as well as NfL levels in CSF and 
serum were associated with the MRI-based severity grouping, 
whereas this association was not found for CSF CHI3L1 levels. 
NfL levels in CSF and serum highly correlated. Multivariate 
logistic regression with backward selection showed the best pre-
diction for a model combining B cell/monocyte ratios and CSF 
NfL levels to identify patients with particularly high or low MRI-
activity. Data will be presented about the prognostic value of these 
biomarkers for predicting future disease courses.
Conclusion: Patients with extreme manifestations of CIS and 
early MS defined by MRI parameters can be distinguished with 
regards to a combined biomarker panel of CSF NfL and B cell/
monocyte ratios. This could stratify individual treatment deci-
sions towards a more personalized immunotherapy.

Disclosure
Felix Luessi: nothing to disclose, Sinah Engel: nothing to dis-
close, Falk Steffen: nothing to disclose, Michaela Friedrich: noth-
ing to disclose, Annette Spreer: nothing to disclose, Alicia 
Poplawski: nothing to disclose, Stefan Bittner: nothing to dis-
close, Frauke Zipp: nothing to disclose
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Temporal relationship of serum neurofilament light levels 
and radiological disease activity in patients with multiple 
sclerosis

R. Fox1, B.A.C. Cree2, J. De Sèze3, R. Gold4, H.-P. 
Hartung5, D. Jeffery6, L. Kappos7, X. Montalbán8, B. 
Weinstock-Guttman9, C.M. Singh10, N. Campbell10, P.-R. 



Poster Session 1, 24(S2) 245

journals.sagepub.com/home/msj Multiple Sclerosis Journal 2018; 24: (S2) 121–327
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E. Fisher10, B.C. Kieseier10, R.A. Rudick10, T. Plavina10

1Mellen Center for Multiple Sclerosis Treatment and 
Research, Cleveland, OH, 2University of California San 
Francisco Multiple Sclerosis Center, San Francisco, CA, 
United States, 3Hopital Civil, Strasbourg, France, 4St. 
Josef Hospital, Ruhr University, Bochum, 5Department of 
Neurology, Heinrich-Heine-University, Düsseldorf, Germany, 
6The MS Center at Advance Neurology at Cornerstone 
Health Care, Advance, NC, United States, 7Neurologic 
Clinic and Policlinic, Departments of Medicine, Biomedicine 
and Clinical Research, University Hospital Basel, Basel, 
Switzerland, 8Vall d’Hebron University Hospital, Barcelona, 
Spain, 9Jacobs MS Center and Pediatric MS Center of 
Excellence, University of Buffalo, Buffalo, NY, 10Biogen, 
Cambridge, MA, United States

Introduction: Serum neurofilament light (sNfL) is a promising 
biomarker that correlates with disease activity and predicts out-
comes in patients with multiple sclerosis (MS). However, the tem-
poral relationship between radiological disease activity and sNfL 
levels is not well characterised.
Objectives: To evaluate the relationship between sNfL dynamics 
and radiologic disease activity using a dataset with frequent sam-
ple collection and MRIs.
Methods: A retrospective analysis was performed on a subset of 
65 MS patients from the RESTORE study. In RESTORE, natali-
zumab-treated patients who were relapse-free in the prior year and 
had no contrast enhancing (Gd+) lesions at screening, were ran-
domised (1:1:2) to continue natalizumab or switch to placebo or to 
other treatment (intramuscular interferon-β-1a, glatiramer acetate, 
methylprednisolone) for 24 weeks and then switched back to 
natalizumab for weeks 28-52. Patients who restarted natalizumab 
prior to week 28 per rescue criteria, entered the follow up period 
right away. Serum collection and MRI were performed at baseline 
(BL), every 4 weeks to week 28 (or rescue) and at week 52. sNfL 
levels were measured with a Single Molecule Array (SIMOA, 
Quanterix) assay.
Results: In patients continuing natalizumab (n=13) and in those 
who discontinued natalizumab and had no Gd+ lesions (n=21), 
sNfL levels remained low and stable. In patients with Gd+ lesions 
(n=31), sNfL increased significantly compared to those without 
Gd+ lesions (median change from BL to maximum sNfL 72% vs 
11 %, p< 0.0001, Wilcoxon test). A higher number of Gd+ lesions 
was associated with higher sNfL levels, with median sNfL change 
of 29%, 135% and 503% in patients with 1-4 (n=17), 5-10 (n=8) 
and ≥11 (n=6) Gd+ lesions, respectively. Variability in sNfL levels 
among patients with similar number of Gd+ lesions was observed, 
consistent with varying degree of tissue damage between patients. 
Increase in sNfL levels coincided with or lagged behind the 
appearance of Gd+ lesions, reaching a maximum at about 7 weeks 
post Gd+ lesion detection, and in some patients remained elevated 
after resolution of enhancement.
Conclusions: These findings add to our understanding of the tem-
poral relationship between Gd+ lesions and sNfL levels in MS 
patients, and suggest a complementary role of this biomarker and 
MRI in characterising and monitoring the differential evolution of 
tissue injury across individuals in MS.
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P533
Spatial distribution of MS lesions: new insights into white 
matter damage

C. Tur1, F. Grussu1,2, B. Kanber1,2, R. Cortese1, D.R. 
Altmann1,3, D.T. Chard1, A.J. Thompson1, C.A.M.G. 
Wheeler-Kingshott1,4,5, O. Ciccarelli1

1UCL Institute of Neurology | Queen Square MS Centre 
| University College London, 2Centre for Medical Image 
Computing (CMIC), University College London, 3London School 
of Hygiene & Tropical Medicine, London, United Kingdom, 
4University of Pavia, 5IRCCS Mondino Foundation, Pavia, Italy

Introduction: White matter (WM) lesion volume has been used 
to predict both disease course and disability progression in multi-
ple sclerosis (MS). However, current analysis methods provide 
metrics averaged over the whole brain, thereby failing to capture 
the complexity of brain damage. Although there is evidence that 
the spatial distribution of brain damage is important for disability 
accumulation in MS, the impact of different spatial patterns of 
damage has never been formally quantified. In this study we have 
exploited the concept of spatial covariance, which indicates how 
changes of lesion load along a spatial direction relate to changes 
along different directions, to assess how WM lesions spread in 
space. Specifically, we aimed to identify spatial patterns of brain 
WM lesions through spatial covariance analysis and assess the 
ability of spatial covariance-derived metrics to distinguish 
between MS phenotypes.
Methods: Ninety-four relapse-onset MS (ROMS, age 47+/-11 
yrs.) and 28 primary progressive MS (PPMS, 52+/-9 yrs.) consecu-
tive patients underwent conventional brain MRI scans at 3T. We 
extracted WM T2 lesion masks and followed these steps: 1) 
Calculation of 3D (x,y,z) positions of lesional voxels for each 
patient; 2) calculation of the spatial covariance matrix of lesional 
voxels; 3) calculation of spatial covariance-derived metrics 
through Principal Component Analysis, performed with Python in-
house code. These metrics describe the shape of the whole-brain 
lesion mask for each patient and are called anisotropy (ranging 
from 1=stick-like to 0=non-stick-like lesion mask shape) and pla-
narity (ranging from 1=plate-like to 0=non-plate-like lesion mask 
shape). Linear regression assessed differences between groups.
Results: There were no differences in lesion load or disease dura-
tion between ROMS and PPMS (14mL vs. 17mL, and 16 yrs. vs. 
14 yrs., respectively). Lesion anisotropy was similar for ROMS 
and PPMS (0.54 vs. 0.58, respectively, p=0.097), whereas lesion 
planarity was significantly higher in ROMS than PPMS (0.51 vs. 
0.40, respectively, p=0.012), even after adjusting for lesion load 
and disease duration.
Conclusions: The finding of higher planarity in ROMS than 
PPMS with similarly low anisotropy suggests that in ROMS 
lesions spread more on a level whereas in PPMS lesions spread in 
a more spherical way, suggesting different disease mechanisms. 
This occurred even adjusting for total lesion load indicating its 
independence from the total burden of the disease.
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Relationship between pathogenesis of spasticity in 
patients with secondary-progressive multiple sclerosis and 
neuromediators level: double-blind placebo-control study

I. Korzhova1, I. Bakulin2, M. Zakharova2, A. Poydasheva3, 
N. Suponeva3, I. Krotenkova3, M. Piradov3

1Neurology, Russian Research Center of Neurology, 2Research 
Center of Neurology, 3Russian Research Center of Neurology, 
Moscow, Russian Federation

Backgrounds: The spasticity syndrome is a significant factor in 
the development of disability. However pathogenesis of spasticity 
is complex and not not fully understood.
Introduction. Our aim was to assess neuromediators level in 
motor cortex during effective treatment of spasticity in patients 
with secondary-progressive multiple sclerosis (SPMS).
Methods: Thirty four patients (14 males, mean age 47±11) with 
SPMS and lower spastic paraparesis were enrolled in double-blind 
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placebo-control study. To explore neuromediators level we used 
single voxel proton magnetic resonance spectroscopy (H-MRS). 
Voxel was placed in the senso-motorial region. Patients were 
divided into 3 groups: two of them received real repetitive tran-
scranial magnetic stimulation (rTMS) (20 Hz or iTBS) of motor 
cortex and one - sham stimulation. For assessment spasticity level 
we used Modified Ashworth Scale (MAS), Subjective Evaluation 
Spasticity Scale (SESS) before and at the end of 10 rTMS sessions, 
SESS 2 weeks and 12 weeks after of 10 rTMS sessions.
Results: In contrast with sham group, in both treatment groups 
were statistically significant reduction of spasticity level on MAS 
and SESS. But in iTBS group the effect was stronger and persisted 
for 12 weeks, instead of 2 weeks in 20 Hz group. With this corre-
lation we noticed significant increase N-acetilaspartat/creatin 
level only in iTBS group after treatment. This findings could indi-
cate the relationship between the level of spasticity and neurome-
diators level in senso-motorial region of motor cortex.
Conclusions: Our results indicate that spasticity associated with 
neuromediators level. Future trials will provide us more evident 
information.

Disclosure
Nothing to disclose.

P535
Kappa free light chains Index: a diagnostic tool to assess 
intrathecal immunoglobulin synthesis in multiple sclerosis

C. Bosa1, M. Vercellino1, P. Caropreso2, V. Schillaci1, F. 
Lombardo2, S. Limoncelli2, G. Mecozzi2, G. Vaula1, M.T. 
Giordana1, P. Cavalla1

1Department of Neuroscience, 2Clinical Biochemistry 
Laboratory, University Hospital AOU Città della Salute e della 
Scienza di Torino, Torino, Italy

Introduction: The presence of CSF oligoclonal bands (OBs) is an 
important diagnostic and prognostic factor for Multiple Sclerosis 
(MS), expressing intrathecal inflammation and immunoglobulin 
synthesis. The measurement of the K free light chains index 
(KFLC index) has been recently proposed as a faster, cheaper and 
easier alternative test for the detection of intrathecal immunoglob-
ulin synthesis.
Aim of our study was to assess the diagnostic accuracy of the 
KFLC index in MS and its relationship with other measures of 
intrathecal immunoglobulin synthesis.
Methods: KFLC index, IgG index and presence of OBs were 
assessed in 247 consecutive patients who underwent diagnostic 
lumbar puncture in a large university hospital (University Hospital 
AOU Città della Salute e della Scienza di Torino).
Results: KFLC index correlated strongly with the presence and 
number of OBs and with the IgG index (KFLC index-IgG index 
0.559; p < 0.0001; KFLC index-OBs number 0.784; p < 0.0001). 
KFLC index was significantly higher in patients with MS com-
pared to other patients (MS 94.45 ± 147.04; NMOSD 17.86 ± 
16.32; other immune-mediated CNS disorders 32.06 ± 67.73; 
other non immune-mediated CNS disorders 4.79 ± 9.07; p < 
0.0001). An inverse correlation was observed betweeen age and 

KFLC index, both in MS patients and in the whole population 
(KFLC index-age: - 0.169; p = 0.008). KFLC index showed a 
diagnostic accuracy for MS comparable to CSF OBs and higher 
than the IgG index (AUC 0.929, 95% CI 0.889 - 0.970; sensibility 
88.5%, specificity 88%). Diagnostic accuracy was even higher in 
patients with age ≤ 40 years (AUC 0.970, 95% CI 0.928 - 1.000; 
sensibility 94.9% specificity 91.4%).
Conclusion: KFLC index is a reliable measure of intrathecal 
immunoglobulin synthesis and can accurately discriminate MS 
patients, with a sensibility and specificity comparable to the 
detection of CSF OBs.
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CSF neurofilament light concentration reflects cognitive 
impairment in multiple sclerosis
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Calabresi1,2, K. Blennow3,4, L. Parnetti1, H. Zetterberg3,4,5, 
M. Di Filippo1

1Department of Medicine, Section of Neurology, University 
of Perugia, Perugia, 2IRCCS Fondazione Santa Lucia, Rome, 
Italy, 3Institute of Neuroscience and Physiology, Department 
of Psychiatry and Neurochemistry, The Sahlgrenska Academy, 
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Introduction and aim: Cognitive impairment (CI) is a common 
and disabling symptom of multiple sclerosis (MS), but its patho-
genesis is controversial and there is no effective treatment. White 
and grey matter damage has been proposed as one of the possible 
causes of MS-related CI and the disruption of white matter neu-
ronal pathways may contribute to the impairment of specific cog-
nitive domains, such as information processing speed. Since 
cerebrospinal fluid (CSF) neurofilament light chain (NfL) is a 
reliable marker of neuroaxonal damage, the aim of our work was 
to examine the relationship between CSF NfL and cognitive per-
formance in MS patients.
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Patients and methods: We enrolled 28 consecutive newly diag-
nosed MS patients (mean age 39.1 ± 11.3 years, F/M =2.5). All of 
them underwent CSF analysis as part of the usual diagnostic 
work-up. CSF NfL was measured by means of a newly developed 
in-house ELISA. Neuropsychological evaluation with the Rao’s 
Brief Repeatable Battery (BRB) was performed at the time of CSF 
collection (mean time between lumbar puncture and BRB execu-
tion: 25.5 ± 19.2 days). Normative values adjusted according to 
gender and education for Italian population were used. The pres-
ence of specific cognitive domains impairment was defined by the 
failure of ≥1 test exploring that domain.
Results: CSF NfL was higher in patients with global CI as defined 
by the presence of impairment in ≥2 cognitive domains explored 
by the BRB (947.8±400.7 vs 518.4±424.7 pg/mL, p< 0.01). 
Specifically, CSF NfL was higher in patients with impairment in 
the information processing speed (820.8±413.6 vs 513.6±461.4 
pg/mL, p< 0.05) and verbal fluency (1292±511 vs 582.8±395.4 
pg/mL, p< 0.05) tests. Finally, CSF NfL concentration was 
inversely correlated with the scores of the following BRB tests: 
SRT-LTS (r=-0.45, p< 0.05), SRT-DR (r=-0.52, p< 0.01) for ver-
bal memory, SPART-IR (r=-0.49, p< 0.01) for visuospatial mem-
ory, SDMT (r=-0.45, p< 0.05), PASAT-3 (r=-0.57, p< 0.01) and 
PASAT-2 (r=-0.54, p< 0.01) for information processing speed.
Conclusions: CSF NfL concentration may reflect CI in MS 
patients and has a stronger negative association with information 
processing speed tests scores. However, CSF NfL seems to 
reflect also the performance in other cognitive domains during 
MS, such as verbal memory, visuospatial memory and verbal 
fluency. Degeneration of larger myelinated axons, as reflected 
by CSF NfL, may therefore be an important determinant of CI in 
MS patients.
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Ganglion cell layer volume and serum neurofilaments are 
associated with disability in multiple sclerosis
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Psychology, University of Basel, Behavioral Neurology and 
Neuropsychology, Basel, Switzerland, 4Neuro Cure Clinical 
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Introduction: Both retinal integrity in optical coherence tomog-
raphy (OCT) and neurofilament light chain levels in serum (sNfL) 
are promising markers of neuroaxonal loss in multiple sclerosis 
(MS).
Aim: To assess the relationship between serum NfL and retinal 
neuroaxonal integrity in patients with MS and their associations 
with disability. We hypothesized that sNfL levels are related to the 
integrity of the ganglion cell- and the peripapillary retinal nerve 
fiber layer (pRNFL) in OCT. Moreover, we hypothesized that 
sNfL together with the OCT measures are associated with 
disability.
Methods: Hundred MS patients (mean age: 50.4±11.6y, 61% 
women, mean disease duration 18.7±9.8y, median EDSS: 3, 80% 
RRMS, 20% progressive MS, 74% on disease modifying treat-
ment) underwent: i) spectral-domain OCT, to assess the volume of 
the ganglion cell-inner plexiform layer (GCIPL) and mean pRNFL 
thickness, ii) measurement of sNfL concentration by single mol-
ecule array assay and iii) clinical assessment, including the 
expanded disability status scale (EDSS) and the symbol digit 
modalities test (SDMT). For GCIPL and pRNFL, the mean of 
both eyes was used, except for patients with optic neuritis, where 
only the non-affected eye was included. The Spearman method 
was used for correlation analyses and linear regression models for 
multivariate analyses.
Results: Serum NfL levels negatively correlated with GCIPL vol-
ume (Spearman´s rho=-0.23, p=0.03) and by trend with pRNFL 
thickness (rho=-0.19, p=0.06), although both relationships were 
not significant after adjusting for age.
GCIPL volume (rho=-0.54, p< 0.0001) and sNfL (rho=0.53, p< 
0.0001) showed significant and similarly strong correlations with 
the EDSS, while the correlation was weaker for pRNFL (rho=-0.4, 
p< 0.0001). A multivariate regression analysis with GCIPL, sNfL 
and age as independent variables revealed both GCIPL (beta=-
3.42, p< 0.0001) and NfL (beta=0.05, p=0.002) as significant pre-
dictors of the EDSS (adjusted R2=0.47).
GCIPL volume (rho=0.35, p=0.0005), sNfL (rho=-0.31, p=0.002) 
and pRNFL (rho=0.27, p=0.006) were also correlated with the 
SDMT. In a multivariate analysis including age, only GCIPL 
remained a significant predictor of the SDMT (beta=15.5, 
p=0.007; adjusted R2=0.26).
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Conclusions: GCIPL volume and sNfL levels together explained 
approximately 50% of the EDSS-variance in our cohort. The 
results stress the complementary role of both measures as markers 
of neuroaxonal damage and disability in MS.
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Age immune related changes in multiple sclerosis 
according with their oligoclonal IgM band status
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Background: Intrathecal synthesis of lipid specific oligoclonal 
IgM Bands (LS-OCMB) predict an aggressive Multiple Sclerosis 
(MS) course. Our aim was to elucidate the immune mechanisms 
associated with the presence of these antibodies in MS patients 
and their changes with age.
Methods: CSF and serum samples were consecutively collected 
from 121 MS patients. Oligoclonal bands were detected by isoe-
lectrofocusing and immunoblotting. Immune cell subsets and pro-
tein levels in the CSF were analyzed by flow cytometry and 
ELISA respectively. Neuropathological analysis of the presence 
IgM+ cells was performed in 10 secondary progressive MS 
(SPMS) cases and 5 controls.
Results: Of the 121 patients included in this study, 78 patients had 
LS-OCMB+ remaining were LS-OCMB-. LS-OCMB- ones 
showed a dramatic age associated decline of the adaptive immune 
response in the CSF. The total number of CD4 and CD8 T cells, B 
cells, dendritic cells decreased significantly with age. We also 
investigated specific subsets of T cells and we found that the num-
ber of CD4 T cells producing TNF-a, IL-22 and CD8 producing 
perforin significantly diminished with age. In contrast, this group 
showed a significant increase in the levels of chitinase-3 like 1 in 
the CSF and in the titers of antibodies against cytomegalovirus 
(CMV). In the OCBM+ we only observed an increase in the levels 
of superoxide dismutase (SOD). In general, both groups showed a 
significant increase in the levels of Activin A in the CSF. 
Remarkably, this decline in the immune response started to be 
observed after the 40 years in OCBM patients. Finally, we found 
the presence of IgM+ cells only in SPMS cases with high menin-
geal inflammation verifying its association with the chronic 
immune infiltration.
Conclusions: Our data suggest that patients lacking IgM antibod-
ies in the CSF suffer a premature immunosenescence in contrast 
LSMCB+ maintain a chronic inflammatory response throughout 
the disease.
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NF-light assay in human serum samples from multiple 
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Introduction and Objective: Neurofilament light chain (NfL) is 
an exclusively neuronal protein showing increased levels in blood 
upon neuroaxonal injury in various neurological diseases. For the 
first time highly sensitive NfL measurements in blood open the 
option for a sensitive assessment of the consequences of brain tis-
sue damage. Measurement of peripheral blood NfL levels in MS 
is emerging as a biomarker of disease activity, treatment response 
and short and longer-term prognosis. Establishing a normative 
multi-centre applicable database for NfL, including potential con-
founding by metabolic illnesses, other CNS diseases and age, is a 
key development step for a potential application in clinical trials 
and individual therapeutic decision making. As a prerequisite, we 
aimed at analytically validating the Simoa NF-light assay from 
Quanterix within the MSNfL Working group.
Methods: The single molecule array (Simoa) assay technology is 
significantly more sensitive compared to conventional detection 
systems like ELISA or electrochemiluminescence immunoassays. 
Simoa allows reliable detection of NfL in individual serum 
samples.
Results: As of May 2018, 11 centres have confirmed participation 
in the multisite analytical validation of the Simoa NF-light assay. 
All centres have agreed to perform 6 kit runs on individual days 
according to a standardized protocol and common materials. We 
will report data on assay sensitivity, parallelism (between calibra-
tors and samples) and within- and across site comparability. We will 
also present results on centrally blinded serum samples from well-
characterized MS patients in various different concentration ranges 
for analyzing consistency of NfL concentrations across sites.

Conclusions: Coordinated multicentre research activities are 
under way to develop NfL as a body fluid marker that may accu-
rately reflect brain tissue damage and allows monitoring disease 
activity and drug effects in clinical practice. To date, the main 
limitations towards an application in individual disease monitor-
ing is the lack of normative data for NfL across a broad range of 
age groups and understanding how comorbidities affect blood 
NfL concentrations. The goal of this assay validation is to estab-
lish standardized and accurate NfL measurements across sites. 
Our results will inform about the precision and robustness of the 
NfL assay in a multi-centre setting and will facilitate future estab-
lishment of broadly applicable NfL reference ranges.
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Association between multimodal evoked potentials, lesion 
burden and brain volumes in multiple sclerosis: searching 
for early axonal damage markers

V. Reyes Garrido1, V.E. Fernández Sánchez2, M.V. Castro 
Sánchez1, A.M. Alonso Torres1, M.J. Postigo Pozo2, M. 
Villagrán García1, N.L. Ciano Petersen1, G. Pons Pons1, 
M.M. Guerrero Fernández1, A. León Martín1, T. Muñoz 
Ruiz1, P. Urbaneja Romero1, P.J. Serrano Castro1, Ó. 
Fernández Fernández3

1Neurology, 2Neurophysiology, Hospital Regional de Málaga, 
3Senior investigator, Málaga, Spain

Introduction: Evoked potentials (EP) are useful for the diagnosis 
of multiple sclerosis (MS), but they are not mandatory. Previous 
studies suggest that they could be more useful in long-term prog-
nosis. On the other hand, brain volume has a better association 
with disability than T2 lesion burden.
Objetives: In this study, we asses for the first time whether there 
is an association between EP results and magnetic resonance 
imaging (MRI) measures and if both tools used together would 
improve the prognostic value.
Methods: MS patients were randomly recruited along three 
months. We collected their EP results at diagnosis: visual 
evoked potentials, brain stem auditory evoked potentials, soma-
tosensory evoked potentials and motor evoked potentials (MEP) 
and combined results: the evoked potential abnormality score 
(EPAS). In addition, we quantified number and volume of T2 
lesions, black holes, number of enhancing lesions and number 
of spinal lesions with JIM software and whole brain (WB), 
white matter and gray matter (GM) volume with SIENAX. We 
collected the evolution of the disability measured by Expanded 
Disability Status Scale (EDSS) too. Correlations between MRI 
measures, EP results and EDSS were evaluated using correla-
tion coefficients.
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Results: We included 60 MS patients (39 were women). Among 
all variables tested, MEP results had the highest correlation coef-
ficient with the disability (for average central conduction times 
with EDDS in the fifth year: R= 0.516, p< 0,01). The correlations 
with the disability improved when we used combined scale 
(EPAS) (in the fifth year: R=0,514, p< 0,01). We found the best 
correlations among all MRI and EP variables for MEP of lower 
limbs: average central conduction times with volume of T2 lesions 
(R=0,301, p< 0,05), WB volume (R=-0,306, p< 0,05), GM vol-
ume (R=-0,319, p< 0,05) and average of amplitudes with volume 
of T1 lesions (R=-0,499, p< 0,05), WB volume (R=0,726, p< 
0,01) and GM volume (R=0,597, p< 0,01). We found significant 
positive correlations (p< 0,05) between EPAS results and T2 
lesions, black holes and spinal lesions.
Conclusions: Early alterations in EP have a long-term predictive 
value. MEP data and EPAS score showed the best correlations 
with disability, better even than WB and GM volume. EP could be 
useful as predictors of neurodegeneration given the correlations 
with MRI parameters. The combination of both tools might be 
useful to determinate the risk of individual progression.
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mRNA-sequencing of blood platelets as a novel biomarker 
in multiple sclerosis

C.E. Leurs1, S.G.J.G. In ‘t Veld2,3, N. Sol1,3, E.M.M. 
Strijbis1, A. Vancura2,3, M. Schweiger2,3, F.J. Mateen4, 
B.A. Tannous4, M.G. Best2,3,5, C.E. Teunissen6, J. 
Killestein1

1Neurology, 2Neurosurgery, 3Brain Tumor Center Amsterdam, 
VU University Medical Center, Amsterdam, The Netherlands, 
4Neurology, Massachusetts General Hospital, Harvard Medical 
School and Neuroscience Program, Boston, MA, United 
States, 5Pathology, 6Neurochemistry Laboratory and Biobank, 
Department of Clinical Chemistry, VU University Medical 
Center, Amsterdam, The Netherlands

Background: In Multiple Sclerosis (MS), clinical assessment 
and MRI play an important role in the diagnostic process. 
Cerebrospinal fluid assessment is often part of the diagnostic 
workup for MS and its value is supported by the latest 2017 

revisions of the McDonalds criteria. So far, however, no blood 
biomarker has been convincingly confirmed as a useful tool in 
the diagnostic work-up of MS. Blood-based approaches harbor 
obvious advantages and recently, the long-neglected blood 
platelets, being the second most abundant cell type in peripheral 
blood, have shown emerging potential as a new source for bio-
marker discovery. Blood platelets contain a rich messenger RNA 
(mRNA) repertoire that can change during megakaryocyte 
development but also during platelet formation and circulation. 
In addition, platelets have the ability to bind and interact with 
numerous other cells, such as leukocytes and vascular cells. 
Platelets are also able to participate in the inflammatory response 
and could have an active role in MS.
Objective: To evaluate the diagnostic potential of blood platelets 
that contain a disease-specific mRNA signature profile.
Methods: We isolated and sequenced platelet mRNA of blood 
samples obtained from 58 relapsing-remitting multiple sclerosis 
(RRMS) patients and 67 healthy controls (HC) (age gender 
matched). Subsequently, 60% of the samples was used to train 
and evaluate a Support Vector Machine (SVM) learning algo-
ritm, using differentially expressed genes identified by ANOVA 
analyses. Finallly, the remaining 40 % of the samples was vali-
dated in order to show the potential of a predictive diagnostic 
algoritm.
Preliminary results: The SVM algoritm based on differentially 
expressed platelet mRNAs correctly distinguished between HC 
and RRMS patients with minor overlap (p < 0.0001) and high 
accuracy (training accuracy 84%, evaluation accuracy 89%, vali-
dation accuracy 78%).
Interpretation: Processes involved in RRMS patients lead to sig-
nificant changes in the platelet RNA profiles. The results further 
indicate that sequencing mRNA derived from blood platelets is a 
promising approach for the development of a novel blood-based 
biomarker for MS.
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P542
New TRIDENT proteomic approach of CSF analysis 
at MS diagnosis: identification of complement and 
coagulation pathway associated to cortical damage

R. Magliozzi1,2, S. Rossi1,3, V. Mazziotti1, D. Marastoni1, 
C. Senatore3, S. Monaco1, F. Facchiano3, M. Calabrese1

1Dept. of Neurosciences, Biomedicine and Movement Sciences, 
University of Verona, Verona, Italy, 2Wolfson Neuroscience 
Laboratories, Imperial College Faculty of Medicine, London, 
United Kingdom, 3Dept. of Oncology and Molecular Medicine, 
Istituto Superiore di Sanità, Rome, Italy

Introduction: Cerebrospinal fluid (CSF) analysis is a powerful 
tool to identify specific biomarkers of multiple sclerosis (MS) 
diagnosis and prognosis. In addition to the study of inflammatory 
mediators involved in MS, a specific proteomic characterization 
of the presence and levels of proteins related to intrathecal inflam-
mation and MS pathogenesis has been not fully examined.
Aims: In order to increase the diagnostic and prognostic role of 
CSF analysis in MS, we developed a new proteomic approach that 
allows deep examination of complex mixtures of proteins like 
CSF by identifying pathways probably involved in inflammation 
and tissue damage.
Methods: This study was performed on the CSF obtained by two 
MS populations stratified at time of diagnosis according to high 
(MSHigh) or low (MSLow) level of cortical lesion load detected 
by double inversion recovery 3T-MRI sequence and of CSF 
inflammation. CSFs from 3 MSHigh vs 3 MSLow patients were 
prepared by TRIDENT methodology by applying three-denatura-
tion protocols, gradient SDS-PAGE separation and LC-MS/MS 
technologies. Bioinformatics analysis using Database for 
Annotation, Visualization and Integrated Discovery (DAVID) and 
search tools for the retrieval of interacting genes (STRING) soft-
ware, were carried out analysis of total number of proteins identi-
fied and related pathways.
Results: A total number of 227 proteins have been identified as 
expressed onto CSFs of the two examined groups of patients. 
Eleven main pathways have been identified as key mechanisms 
discriminating the MSHigh and MSlow patients.Among them, 
complement and coagulation cascade (29% of the total identified 
227 proteins) was identified as the most modified pathway across 
the two groups of patients. ELISA methodology was then used for 
validation analyses, indicating that sCD163 (p< 0.0001), free 
hemoglobin (p< 0.05), haptoglobin (p< 0.0001) and fibrinogen 
(p< 0.01) were significantly higher in the CSF of MSHigh com-
pared to MSLow patients. The protein expression of these mole-
cules positively correlated with both number and volume of 
cortical lesions. On the contrary, the CSF levels of sCD14 were 
found significantly (p< 0.05) higher in MSLow compared to 
MSHigh and inversely correlated with cortical lesion load.
Conclusions: New proteomic CSF analysis approaches, including 
TRIDENT analysis, in combination with clinical and imaging 
assessment, may strongly contribute to shed light on molecular 
mechanisms of MS pathogenesis and severity/progression.
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Cerebrospinal fluid biomarkers of inflammation and 
neurodegeneration in acute optic neuritis
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and Biochemistry, Vejle Hospital, Vejle, 3Department of 
Neurology, Slagelse Hospital, Slagelse, 4Department of 
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(OPEN) and Department of Ophthalmology, 6Department of 
Clinical Immunology, Odense University Hospital, Odense, 
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Lillebaelt Hospital Vejle, Vejle, 9Department of Regional Health 
Research, University of Southern Denmark, 10Department of 
Ophthalmology, Odense University Hospital, 11Department of 
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Denmark, 12Department of Ophthalmology and Visual Sciences, 
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Background: Optic neuritis (ON) is an inflammatory optic neu-
ropathy causing demyelination and axonal injury. The relation 
between intrathecal markers of inflammation and markers of neu-
rodegeneration in acute ON is incompletely understood.
Objective: To investigate neurofilament light-chain (NF-L) and 
inflammatory biomarkers in the cerebrospinal fluid (CSF) in 
patients with acute ON and their potential to predict a diagnosis of 
multiple sclerosis (MS).
Methods and patients: We recruited 40 patients with acute iso-
lated ON (ION) in a population-based prospective cohort with a 
one-year follow-up. Paired serum and CSF samples were taken 
prior to glucocorticoid treatment with a median interval from 
onset of symptoms of 14 days (range 2-38). Overall, 12/40 patients 
were diagnosed with MS at onset of ON and additionally 4 were 
diagnosed at follow-up; 24 patients remained as ION. IL-1β, IL-6, 
IL-10, IL-17A, TNF-α (serum and CSF) and NF-L (CSF only) 
were measured by digital ELISA on the Simoa™ platform; 
CXCL13 in CSF was measured by ELISA (Euroimmun). 
Comparisons were made using Kruskal-Wallis test followed by 
the Benjamini-Hochberg FDR method.
Results: TNF-α, IL-10 and CXCL13 levels in CSF were signifi-
cantly increased in MS-ON compared to ION patients (p-values: 
0.006, 0.010 and 0.03, respectively). MS-ON patients had more 
CSF leukocytes than ION (p=0.0018) as well as more CSF-
restricted oligoclonal bands (p=0.015). Levels of IL-10, TNF-α, 
IL-17A and CXCL13 in CSF were all significantly correlated with 
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leukocyte counts (r>0.69 and p< 0.002 for all). In MS-ON, but not 
in ION patients, a time-dependent increase in CSF NF-L levels 
was observed in the period between 7 to 14 days after disease 
onset (r=0.73, p< 0.0065). We detected no significant correlation 
between NF-L and markers of inflammation.
Conclusions: CSF levels of NF-L and inflammatory markers 
were associated with the development of MS at an early time 
point in acute ON, suggesting that the inflammatory and neurode-
generativeprocesses of MS occur already at the first demyelinat-
ing event.
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A wide cytokine analysis in cerebrospinal fluid at 
diagnosis identified MIP-1α as possible prognostic factor 
for multiple sclerosis
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Bovis2, L. Federle3, C. Cazzola1, S. Miante1, D. Poggiali4, 
F. Rinaldi1, P. Perini1, M.P. Sormani2, P. Gallo1

1Multiple Sclerosis Centre | Department of Neuroscience 
DNS, Università degli Studi di Padova, Padova, 2Department 
of Health Sciences (DISSAL), University of Genoa, Genoa, 
3Ospedale San Bortolo ULSS 8 Berica, Vicenza, 4Department of 
Mathematics, Università degli Studi di Padova, Padua, Italy

Introduction: No specific marker of inflammation or neurode-
generation that can be used for prognostic purposes are currently 
available in Multiple Sclerosis (MS). Early and specific markers 
of local pathology should be identified in the cerebrospinal fluid 
(CSF).
Aim: To identify, among a wide spectrum of soluble molecules, 
CSF biomarkers associated with MRI parameters of white and 
grey matter damage at MS diagnosis and verify whether these bio-
markers were predictive of clinical and radiological disease activ-
ity in the following 2 years.
Methods: At diagnosis, CSF examination, brain and spinal cord 
MRI (including 3D-T1, 3D-FLAIR and 3-DIR) and EDSS evalu-
ation were performed. Multiplex technology (Bio-Plex Pro 
Human Cytokine, GF and Diabetes 27-Plex Panel, Bio-Plex Pro 
Human Chemokines 40-Plex Panel, Bio-Plex Pro Human 
Inflammation Assays 37-Plex Panel) was applied to analyse 87 
cytokines in the CSF. Thereafter, clinical evaluation and MRI 
were performed biannually and annually, respectively, and EDSS 
changes, clinical relapses, evidence of new/enlarging white and 
grey matter lesions were scored.
Results: 51 Relapsing Remitting MS (RRMS) and 11 matched 
healthy controls (HC) were included the study. 11/87 molecules, 
namely CXCL13, CCL22, MIP-1α, CCL1, IL-16, CXCL11, 
CXCL10, CXCL6, CXCL9, CCL19, and CCL23, were 
increased in RRMS CSF compared to HC (p< 0.05 for all com-
parisons). Multivariate analysis disclosed that only MIP-1α 
(macrophage inflammatory chemokine) was associated with 
MS diagnosis (O.R.: 95.4, CI95% 1.9-4846.6, p=0.02). At base-
line, grey matter lesion volume mildly correlated with IL-16 
(r:0.41, p< 0.01) and global cortical thickness was inversely 
associated with both IL-26 (r:-0.34, p< 0.05) and CCL20 (r:-
0.33, p< 0.05). No significant correlation was observed between 
white matter lesion volume and any cytokine. Based on the 
CI95% in HC (cut-off value: 0.707 pg/mL), MS patients were 
divided in RRMS-MIP1αhigh and RRMS-MIP1αlow. Survival 
analysis revealed that RRMS-MIP1αhigh had more frequently 
and earlier disease reactivation in the following two years com-
pared to RRMS-MIP1αlow (OR 3.8, IC95% 1.3-11.0, p< 0.05). 
Finally, intrathecal IgG synthesis was inversely associated with 
CSF BAFF (p< 0.001) and directly associated with CCL23 
(p=0.005) concentrations.
Conclusions: Our study points out a possible role of MIP1α,  
a chemokine intrathecally produced by astrocytes and acting  
as microglia activator, as candidate prognostic biomarkers  
for MS.
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The effect of disease modifying therapies on CD62L 
expression in multiple sclerosis
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Background: An increasing number of disease-modifying thera-
pies (DMTs) is available for treating multiple sclerosis (MS); 
however, some immunomodulatory agents are associated with 
potentially severe side effects. The cell-adhesion molecule 
CD62L, which facilitates leukocyte extravasation, has been pro-
posed as predictive marker for treatment tolerability. Nevertheless, 
pre-analytical procedures might increase the variability of the 
assay and limit its clinical usability. If the immediate analysis of 
CD62L expression of peripheral blood mononuclear cells 
(PBMCs) can aid in treatment decision-making is yet unclear.
Objective: We aimed to investigate the effect of various DMTs in 
MS on CD62L expression of CD3+CD4+ PBMCs in freshly col-
lected blood samples.
Methods: We collected peripheral blood samples of patients with 
clinically isolated syndrome (CIS) and definite MS (n = 48/186; 
62.4 % female; age median 35.7, IQR 29.9-45.2 years; disease 
duration median 7.16 IQR 3.38-13.43 years; Expanded Disability 
Status Scale (EDSS) score median 1.5, IQR 0.0-2.5), and healthy 
controls (n = 51; 39.2 % female; age median 49.1, IQR 34.1-60.9 
years). In 98 CIS/MS patients one or more samples were collected 
during follow-up (median 113, IQR 78-163 days). CD3, CD4 and 
CD62L were analysed by means of FACS flow cytometry within 
one hour after blood sampling.
Results: CD62L expression of CD3+CD4+ PBMCs was signifi-
cantly decreased in patients receiving natalizumab (n = 26) and 
fingolimod (n = 20), and slightly increased in patients who were 
treated with dimethyl fumarate (n = 15) compared to patients who 

received interferon (n = 90), glatiramer acetate (n = 30) or no 
DMT (n = 53) and controls (p < 0.001). CD62L expression showed 
temporal stability in patients who did not change DMT usage, but 
increased after natlizumab withdrawal and decreased upon fin-
golimod introduction. CD62L expression did not correlate with 
demographic and clinical data (i.e., age, gender, age at disease 
onset, disease duration, therapy duration, EDSS at time of sam-
pling and during follow-up, and annualised relapse rate).
Conclusion: CD62L expression of CD3+CD4+ PBMCs is altered 
in patients treated with different DMTs when measured in freshly 
isolated samples. The clinical implication of CD62L changes 
under various DMTs warrants further investigation.
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Multicenter sensory and motor evoked potentials: sample 
size estimation for differences in group change
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Background: Sensory and motor evoked potentials (SEP; MEP) 
quantitatively measure signal conduction in multiple sclerosis (MS). 
They may serve as outcomes in clinical trials. Here we estimate sam-
ple sizes to detect differences in longitudinal group changes.
Methods: 21 patients with MS (mean age: 47.3 years, median EDSS: 
3.0, 74% relapsing, 26% progressive) were evaluated at 2 time points 
(tp) within a 30 day window with median and tibial SEP and upper 
(UL) and lower limb (LL) MEP in 3 centers1-3. Five neurophysiolo-
gists independently marked all curves using a custom server-based 
software, EPMark. N20, P40, cortico-muscular-latencies (CxM) and 
two quantitative EP-scores (qEPS=sum of z-transformed results/
number of tests; unit=mean standard deviation) were analyzed. 
Modified qEPS (mqEPS) comprised all 8 tests, qMEP all 4 CxM.
From mixed effects linear models (outcome: tp 1 and 2 combined) 
total variance (V) and its components were estimated assuming 2 
central readers. Subject related V (Vsub), intra-individual test-
retest V (VTRT), standard deviation of assumed longitudinal 
change (SDlong) and effect size e=SDlong were used to estimate 
sample sizes necessary to detect differences in mean group change 
(a=5%, b=90%) using: n=(1.96+1.28)^2*(2*VTRT+SDlong^2)/e^2. 
SDlong was calculated from the assumed change of Vsub over time 
(proportion of Vsub not explained by its inter-correlation over 
time: SDlong=sqrt[4*Vsub*(1-r)] with r=0.85 for correlation 
between true underlying baseline and follow-up values). High 
effect size is justified as it relates to SDlong and not to the larger 
observed longitudinal variance SDlong+VTRT.
Results: For single EP tests, estimated sample sizes range between 
50 and 60 subjects per arm to detect group differences in longitu-
dinal change d ranging from 0.7 to 4.2ms (MEP-UL: n=59, 
d=2.4ms; MEP-LL: n=52, d=4.2ms; N20: n=59, d=0.7ms; P40: 
n=55, d=3.7ms). For qEPS, sample sizes and d are smaller 
(mqEPS: n=54, d=1.2; qMEP: n=45, d=1.7).
Conclusion: Our results corroborate the approach of using multi-
modal EP to assess therapeutic effects of remyelinating sub-
stances: the estimated sample sizes allow conducting efficient 
trials, the differences in mean group change are reasonable pro-
vided that an efficient drug shortens latencies. Multimodal EP 
optimizes sensitivity to change and has high construct validity.
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Background: In OPERA I and II ocrelizumab (OCR) reduced the 
risk of 12- and 24-week confirmed disability progression (CDP) 
vs interferon (IFN) β1a. CDP may result either from relapse-asso-
ciated worsening (RAW) or progression independent of relapse 
activity (PIRA).
Objective: To report the risk of RAW and PIRA events in a pooled 
analysis of the OPERA I and OPERA II studies.
Methods: Patients with relapsing multiple sclerosis (RMS) from 
the OPERA I and OPERA II studies (NCT01247324; 
NCT01412333) were randomised 1:1 to receive intravenous OCR 
600mg every 24 weeks (N=827) or subcutaneous IFN β1a 44µg 
three times weekly (N=829) for 96 weeks. RAW events were 
defined as a disability change occurring ≤90 days after onset of a 
protocol-defined relapse. RAW in Expanded Disability Status 
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Scale (EDSS) was defined as increase in EDSS score of ≥1.0 if 
baseline EDSS score ≤5.5 or ≥0.5 if baseline EDSS score >5.5; 
composite RAW was defined as RAW in EDSS or ≥20% increase 
in Timed 25-Foot Walk or 9-Hole Peg Test. Composite CDP and 
composite PIRA were previously defined and reported. Analyses 
were performed on the pooled intent-to-treat population of 
OPERA I and II. Hazard ratios were calculated by Cox regression 
and p-values by log-rank test, stratified by study, region and base-
line EDSS score.
Results: OCR vs IFNβ1a reduced the relative risk of 12/24-week 
confirmed RAW in EDSS by 59% (IFNβ1a/OCR events, n [%], 
34 [4.1]/16 [1.9]; p=0.003) and 66% (IFNβ1a/OCR events, n [%], 
30 [3.6]/11 [1.3]; p=0.002]), respectively; reductions in 12/24-
week confirmed composite RAW were 55% (IFNβ1a/OCR events, 
n [%], 37 [4.5]/19 [2.3]; p=0.004) and 58% (IFNβ1a/OCR events, 
n [%], 27 [3.3]/12 [1.5]; p=0.009), respectively. A large majority 
of overall disability accumulation corresponded to PIRA events 
(82.3/84.5% of 12/24-week confirmed composite CDP events). 
Defined events of RAW and PIRA appeared to be mostly non-
overlapping (only 1.5/1.3% of patients with 12/24-week con-
firmed composite CDP events experienced both RAW and PIRA).
Conclusions: Ocrelizumab was superior to IFNβ1a in preventing 
confirmed accumulation of disability. Our results indicate that a 
considerable proportion of overall accumulation in disability in a 
typical RMS population might be related to an underlying pro-
gressive course, thus challenging the current phenotypical distinc-
tion of relapsing and progressive forms of the disease.
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Introduction: Delaying treatment with interferon beta (IFNb) for 
two years in clinically isolated syndrome was associated with an 
increased relapse rate after eleven years (Kappos L et al.; 2016) 
suggesting that an early commencement of disease modifying 
treatment (DMT) might modify the immune response in the long 
run. Thus, a delayed initiation of dimethyl fumarate (DMF) or fin-
golimod (FTY) might also be associated with a higher disease 
activity compared with an early start, even when the delayed 
group is not treatment-naïve but has been exposed to a less effec-
tive DMT.
Objective: To compare the relapse rate of early vs. delayed initia-
tion of DMF/FTY in relapsing-remitting multiple sclerosis 
(RRMS) when the delayed group is treated with IFNb or glati-
ramer acetate (GA) in the interval.
Methods: Data were derived from the Swiss MS treatment regis-
try including 14726 patients initiating DMT between February 
1995 and September 2017. Data were provided annually by board-
certified neurologists and recorded prospectively using a specific 
case-report form. We included treatment-naïve RRMS patients 
commencing DMF/FTY as first-line treatment (early starters) and 
compared them with patients who commenced IFNb/GA, stayed 
on IFNb/GA for ≥2 years and then switched to DMF/FTY (late 
starters). To avoid including merely IFNb/GA non-responders, 
patients were required to be relapse-free in the year prior to 
switch. Propensity score-matching was used to select subpopula-
tions with comparable baseline characteristics. Relapse rates were 
compared with negative binomial models in paired, pairwise-cen-
sored analyses.
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Results: In total, 808 patients were included. The matching proce-
dure retained 151 early and 151 late DMF/FTY starters. Median 
follow-up after pairwise censoring was 1.2 years (interquartile 
range 1.0-1.9). Late DMF/FTY starters had a higher risk of expe-
riencing relapses compared with early starters (incident rate ratio 
2.1; 95% confidence interval 1.2-3.8; p=0.01). The fractions of 
patients with relapses in the first four years of follow-up were 
20/151, 11/62, 3/17 and 1/6 in the late, and 10/151, 5/62, 1/17 and 
2/6 in the early group, respectively. Sensitivity analyses with vari-
ous matching strategies and different inclusion criteria confirmed 
these results.
Conclusion: Early commencement with DMF/FTY seems to be 
associated with a better control of relapses relative to a late start 
even when late starters were treated with IFNb/GA beforehand.
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Introduction: In the CLARITY study, treatment with Cladribine 
Tablets 3.5 mg/kg (CT3.5) showed strong efficacy vs placebo (PBO) 
over 2 years in patients with relapsing multiple sclerosis (MS).
Objective: The effect of CT3.5 on the rate and severity of 
relapses (using hospitalisation and steroid use as proxy indica-
tors), and the effect of adjusting for covariates was evaluated in 
post hoc analyses.
Methods: Qualifying relapse was defined by Kurtzke Functional 
Score status and specified clinical parameters. Qualifying relapse 
relative risk (RR) was estimated for patients treated with CT3.5 
(N=433) and PBO (N=437) at Weeks 24, 48 and 96 by Poisson 
regression with treatment and various alternating covariates (gen-
der, age, age at time of diagnosis, disease duration, and pre-treat-
ment) as main effects and by adding treatment by covariate 
interaction effects. All relapses were also analysed; analyses were 
post hoc and exploratory.
Results: Risk of qualifying relapse was significantly lower for 
CT3.5 vs PBO at Weeks 24, 48 (both p< 0.001) and Week 96 
(Week 96: RR 0.42 [95% confidence interval (CI) 0.34, 0.53]; p< 
.0001). RR of all relapses (Week 96; CT3.5 vs PBO) was 0.43 
[95%CI 0.37, 0.51]; p< .0001. Annualised relapse rates for PBO 
and CT3.5 were 0.35 and 0.15, (qualifying) and 0.63 and 0.27 (all 
relapses), respectively. Compared to PBO, the CT3.5 group had a 
significantly reduced risk of qualifying relapses leading to hospi-
talisation at all timepoints (Week 96 RR 0.41 [95%CI 0.29, 0.57]; 
p< .0001) and qualifying relapses leading to steroid treatment 
(Week 96 RR 0.41 [95%CI 0.32, 0.53]; p< .0001). Risk reduction 
of all relapses for hospitalisation and steroid use were 63% and 
62%, respectively (Week 96). Both age at time of diagnosis 
(p=0.0011) and prior use of disease modifying drugs (p=0.0002) 
had a significant effect on qualifying relapse rate by Week 96 
when added separately to the model. Gender had a marginal effect 
(p=0.0783) while disease duration had no effect (p=0.8770). None 
of the covariates influenced the RR of qualifying relapse for 
CT3.5 vs PBO at Week 96.
Conclusions: The RR of qualifying relapse (and all relapses) was 
consistently and significantly lower in the CT3.5 group, vs. PBO, 
for every timepoint (Weeks 24, 48 and 96), including severe 
relapses requiring hospitalisation or steroid treatment. After 
adjusting for covariates, the treatment benefit of CT3.5 vs PBO 
was not diminished by any of these model adjustments.
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Objective: Natalizumab blocks α4-integrin-mediate leukocyte 
migration into the central nervous system (CNS). It diminishes 
disease activity in multiple sclerosis (MS), carries a high risk of 
progressive multifocal encephalopathy (PML), an opportunistic 
infection with JV virus that may be prompted by diminished CNS 
immune surveillance. The initial host response to viral infections 
entails the synthesis of type I interferons (IFN) upon engagement 
of TLR3 receptors. We hypothesized that TLR3 agonism re-estab-
lishes CNS immune competence in the setting of α4-integrin 
deficiency.
Method: We generated the conditional knock out mouse strain 
Mx1.Cre+α4-integrinfl/fl, in which the α4-integrin gene is ablated 
upon treatment with the TLR3 agonist poly I:C. Adoptive transfer 
of purified lymphocytes from poly I:C-treated Mx1.Cre+α4-
integrinfl/fl donors into naive recipients recapitulates immunosup-
pression under natalizumab. Active experimental autoimmune 
encephalomyelitis (EAE) in Mx1.Cre+α4-integrinfl/fl mice treated 
with poly I:C represents immune-reconstitution.
Results: Adoptive transfer of T cells from poly I:C treated Mx1.
Cre+α4-integrinfl/fl mice causes minimal EAE. The in vitro migra-
tory capability of CD45+ splenocytes from these mice is reduced. 
In contrast, actively-induced EAE after poly I:C treatment results 

in full disease susceptibility of Mx1.Cre+ α4-integrinfl/fl mice, and 
the number and composition of CNS leukocytes is similar to con-
trols. Extravasation of Evans Blue indicates a compromised 
blood-brain barrier. Poly I:C treatment results in a 2-fold increase 
in IFNβ transcription in the spinal cord.
Interpretation: Our data indicate that TLR3 agonism in the set-
ting of relative α4-integrin deficiency can re-establish CNS 
immune surveillance and may present a feasible treatment strat-
egy to treat and prevent PML under natalizumab therapy.
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Background: Evobrutinib (M2951) is a highly selective, irrevers-
ible Bruton’s tyrosine kinase (BTK) inhibitor that demonstrated 
efficacy in preclinical models of autoimmune disease. This first-
in-human study investigated the safety, tolerability, and pharma-
cokinetics (PK) of evobrutinib in healthy subjects, and examined 
the relationship between evobrutinib exposure and changes in QT 
interval.
Methods: This was a single-centre, Phase I, double-blind, placebo-
controlled trial. In Part 1, 48 healthy participants in six successive 
dose cohorts (20-fold difference between highest and lowest doses) 
were randomised to a single oral dose of evobrutinib or placebo 
(6:2). In Part 2, 36 participants in three ascending dose cohorts were 
randomised to evobrutinib or placebo (9:3) once daily for 14 days. 
Safety and tolerability were assessed following single and multiple 
dosing and PK parameters determined by non-compartmental 
methods. Change from baseline in QT interval, corrected for heart 
rate by Fridericia’s method (QTcF), in the 24 hours following the 
first dose was determined by electrocardiography.
Results: Treatment-emergent adverse events (TEAEs) with evo-
brutinib were mostly mild, occurring in 25% of participants after 
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single, and 48.1% after multiple dosing. Nature and incidence of 
TEAEs were similar among evobrutinib and placebo groups, with 
no apparent dose relationship regarding frequency or type of 
TEAEs among evobrutinib-treated subjects. Absorption of evo-
brutinib was rapid (tmax ~0.5 h), half-life was short (~2 h), and PK 
were dose-proportional following single and multiple dosing, 
with no accumulation or time dependency on repeat dosing. 
Concentration-QTcF analyses revealed no significant exposure-
effect relationship. Based on a linear mixed-effects model for 
change from baseline in QTcF (ΔQTcF), the slope of the relation-
ship between mean placebo-adjusted ΔQTcF (ΔΔQTcF) and con-
centration was negative and close to zero (-0.00027 ms/ng per 
mL; p=0.86). The predicted ΔΔQTcF effect at geometric mean 
Cmax for the highest dose (1512 ng/mL) was -1.16 ms with an 
upper limit of 3.26 ms for the 90% two-sided bootstrapped confi-
dence interval, which is well below the 10 ms threshold of regula-
tory concern (ICH-E14 guidance).
Conclusions: Evobrutinib was well tolerated, with predictable 
PK and no prolongation of QT interval (ΔΔQTcF) in healthy vol-
unteers, and is suitable for further investigation in patients with 
autoimmune disease.
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Background: Multiple sclerosis (MS) is a chronic autoimmune 
disease of the central nervous system (CNS) characterized by 

demyelination and neurodegeneration. A number of proinflamma-
tory molecules released by activated T and B lymphocytes and 
local immune cells negatively influence MS disease course. 
Lymphocytes are very sensitive to impaired nucleotide metabo-
lism. The activity of the enzyme adenosine deaminase (ADA) is 
critically involved in the regulation of the immune response 
homeostasis, as shown in ADA genetically deficient patients and 
in response to cladribine treatment.
Objective: To explore in a large cohort of MS patients the asso-
ciation between single nucleotide polymorphisms (SNP) of ADA 
gene, and both CSF inflammation and disease characteristics.
Methods: A number of ADA SNPs (rs244072, rs452159, 
rs181828191, rs73598374, rs244076, rs1799880) were deter-
mined in a group of 590 MS patients. CSF proinflammatory and 
anti-inflammatory molecules were measured at the time of diag-
nosis in a subgroup of 234 MS patients. Clinical and radiological 
disease characteristics were assessed at baseline, and during 
median follow-up period of 44 months.
Results: A significant association emerged between ADA 
rs244072 SNP and the levels of central inflammation. In particu-
lar, in patients presenting the C allele, significantly higher CSF 
levels of TNFα (TT patients median =0.68, IQR = 0 - 1.15; CT/CC 
median = 1.42, IQR = 0.31 - 3.45; p = 0.023), IL-5 (TT patients 
median = 0, IQR = 0 - 0.63; CT/CC median = 0.39, IQR = 0 - 17.8; 
p = 0.0274) and RANTES (TT patients median = 4.49, IQR = 0 - 
99.9; CT/CC median = 157.3, IQR = 0.99 - 1129.5; p = 0.0403) 
have been observed. In addition, patients with the C allele showed 
lower CSF levels of IL-10 (TT patients median = 2.64, IQR = 
1.14-4.07; CT/CC median = 1.91, IQR = 0 - 2.94; p = 0.044). 
Finally, a significant association emerged between the presence of 
the C allele and higher expanded disability status score (EDSS) at 
the time of diagnosis (TT patients median = 2, IQR = 1 - 3; CT/CC 
median = 2.5, IQR = 2 - 3.5; p = 0.0158).
Discussion: ADA SNP rs244072 influences central inflammation 
and disease characteristics in MS patients. These results suggest 
that pharmacological modulation of ADA pathway with cladrib-
ine could be effective in MS by targeting a pathogenetically rele-
vant biological mechanism.
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No correlation between lymphocyte repopulation kinetics 
and MS disease activity following alemtuzumab treatment 
in patients with relapsing-remitting multiple sclerosis
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Introduction: Alemtuzumab 12 mg showed significantly 
improved clinical and MRI outcomes versus SC IFNB-1a over 2 

years in patients with active RRMS in two phase 3 clinical trials 
(CARE-MS I and II; NCT00530348; NCT00548405). 
Alemtuzumab remained efficacious in a 4-year extension 
(NCT00930553), wherein patients could receive as-needed alem-
tuzumab retreatment or other disease-modifying therapy (DMT); 
56% of patients received no additional alemtuzumab or other 
DMT. The selective depletion and distinct pattern of repopulation 
of circulating CD52-expressing T and B lymphocytes that occur 
after alemtuzumab treatment may account for its effect in MS.
Aims: To examine the association between lymphocyte repopula-
tion patterns during the CARE-MS studies and clinical/MRI dis-
ease activity through 6 years.
Methods: Blood cell counts in the CARE-MS studies were car-
ried out monthly. Lymphocytes were phenotyped by flow cytom-
etry quarterly and at Months 1 and 13 (ie, 1 month after receiving 
Courses 1 and 2 of alemtuzumab, respectively), and lymphocyte 
counts from the CARE-MS I and II studies were pooled for analy-
sis. Pharmacodynamic assessments included total cell counts for 
the following cell types: lymphocytes, CD3+/CD4+/CD8+ T cells, 
and CD19+ B cells, as well as subset analyses for CD4+/CD8+ T 
cells (naïve/memory/regulatory [Treg]) and CD19+ B cells (imma-
ture/mature/memory). Further analyses examined ratios of CD19+ 
(total/immature/memory) to Treg (CD4+/CD8+) cells. The relation-
ship between lymphocyte repopulation patterns over the 2-year 
core studies and efficacy over 6 years (core and extension studies 
combined) was assessed in patients who did or did not experience 
relapses, 6-month confirmed disability worsening (CDW; ≥1.0-
point EDSS score increase [≥1.5 points if baseline EDSS=0]), or 
MRI disease activity (new gadolinium-enhancing lesions or new/
enlarging T2 lesions).
Results: Lymphocyte subset repopulation kinetics over 2 years 
did not differ in patients with or without relapses, 6-month CDW, 
or MRI disease activity through 6 years. No correlation was 
observed between any CD19+/Treg cell count ratio and relapse, 
CDW, or MRI disease activity.
Conclusions: Based on these analyses, lymphocyte repopula-
tion kinetics were not associated with return of disease activity 
and likely cannot be used to predict need for treatment beyond 
Course 2.
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Impact of rituximab on Treg lymphocytes in MS patients
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Introduction: Rituximab (RTX), a chimeric anti-CD20 monoclo-
nal antibody (Ab), shares similar mechanism of action with ocre-
lizumab, a humanized anti-CD20 monoclonal Ab, recently 
approved by the EMA and FDA for the treatment of multiple scle-
rosis (MS). RTX is sometimes used off-label in MS. RTX treat-
ment results in circulating B cell, but also T cell depletion. 
Regulatory T cells (Treg) play an immune-regulatory role and 
were recently identified to promote oligodendrocyte differentia-
tion and remyelination. Specific impact of RTX on Treg in MS 
remains unknown.
Objectives: To define the impact of RTX on T and B lymphocytes 
in MS patients.
Methods: RTX-treated MS patients from the Pitié-Salpêtrière 
center were consecutively included in a prospective observational 
study during RTX treatment: 1000 mg IV, followed by a mainte-
nance dose of 1000 mg every 6 months. Main outcome was circu-
lating lymphocytes kinetics (B CD19/B CD20/B CD27/T CD4/T 
CD8/Treg/NK cells) before the first infusion and 6 months later. 
Secondary outcomes were the annualized relapse rate (ARR), 
Expanded Disability Status Scale (EDSS) and MRI activity.

Results: 43 patients (55.8% women, 19 relapsing-remitting 
(RR) MS, 24 progressive MS) were analyzed after 6 months 
(M6) of follow-up. Mean (SD) EDSS at baseline was 5.2 (1.4) 
and 5.3 (1.5) at M6 respectively. ARR significantly decreased at 
M6 from a mean 1.18 (1.2) to 0.18 (0.6) (p=0.00094). MRI 
activity was reported in 11% of patients compared with 56% at 
baseline. Levels of CD19+ and CD27+ memory B cell lympho-
cytes were significantly depleted at M6 (both p< 0.0001). While 
CD8+ lymphocytes percentage remained unchanged, we found 
a significant increase in CD4+ lymphocytes levels at M6 (M0: 
44,7% (10.8) to M6 52.6% (8.8); p=0.0008). Among CD4+ T 
cells, activated Treg percentage remained unchanged (M0: 
2.24% (1.65) to M6: 1.9% (1.2); p=0.36), but quiescent Treg 
significantly increased (M0: 1.56% (1.36) to M6: 2.3% (2.2); 
p=0.036). No change in NK ant NKT cell populations was 
observed.
Conclusion: Our findings highlight that RTX treatment is associ-
ated with an unexpected up-regulation of circulating CD4+ lym-
phocytes and quiescent Treg levels in MS patients. We postulate 
that quiescent Treg increase could reflect their reduced conversion 
into activated Treg, in RTX responders. A larger cohort and a 
longer follow-up are requested in order to establish a potential 
link between RTX clinical efficacy and T cell parameters at the 
individual level.
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Comparison of high-dose intravenous corticosteroids and 
therapeutic plasma exchange in acute relapsing multiple 
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Objective: Relapses and incomplete remission thereof signifi-
cantly contribute to disability in relapsing-remitting multiple scle-
rosis (RRMS). Thus, optimal relapse therapy is essential for 
long-term outcomes besides immunomodulatory treatment.
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Standard treatment for acute relapses is high-dose intravenous 
(methyl-) prednisolone (IVMPS). Usually, up to 1000mg per day 
is given for 3-5 days. Unfortunately, one quarter of patients shows 
unsatisfactory resolution and requires escalation treatment.
Single studies have demonstrated further dose-dependency of 
IVMPS and international guidelines include a second course with 
up to 2000mg per day for further 3-5 days. Therapeutic plasma 
exchange (TPE) is also an accepted alternative since it was first 
evaluated 20 years ago. Unfortunately, data on comparison of both 
regimens are still missing.
Methods: We set up a retrospective analysis including patients 
being treated between January, 2013 and December, 2016. 
In-depth medical chart review was performed regarding neuro-
logical status at discharge and after three months.
Results: 99 Patients were identified. 69 received a second course 
of IVMPS as first escalation treatment and 30 directly were sub-
jected to five courses of TPE. 40 Patients received TPE after their 
second course of IVMPS.
Baseline characteristics between different treatment groups were 
evenly balanced (sex, age, number of previous relapses, baseline 
EDSS, relapse EDSS, proportion on DMT, proportion with first 
event). Overall, patients were young and early in their disease 
(median age: 32 years; median disease duration: 1 year).
Primary analysis included patients having received only a single 
course of escalation treatment. After second course of IVMPS, 
10/29 (34.5%) experienced marked or even full response com-
pared to 27/30 (90.0%) patients after TPE (p< 0.001). Contrasting, 
rescue therapy with TPE after two courses of IVMPS resulted in 
weaker response compared to early TPE. Remarkably, differences 
remained significant at follow-up.
Conclusion: Our findings indicate that early TPE has particular 
advantages compared to a second course of IVMPS. However, 
data from prospective, randomized trial in a well-defined cohort 
are desirable.
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Introduction: Slowed processing speed, common in MS, is asso-
ciated with impaired quality of life. Ozanimod, an oral, once-daily 
immunomodulator selectively targeting sphingosine 1-phosphate 
1 and 5 receptors, is in clinical development for RMS. In the phase 
3 SUNBEAM study, ozanimod demonstrated significant reduc-
tions in clinical and MRI disease activity vs interferon β-1a (IFN), 
with no clinically significant bradycardia or second-degree or 
higher atrioventricular block following first dose or serious infec-
tions. We report on the effect of ozanimod on Symbol Digit 
Modalities Test (SDMT) performance in SUNBEAM.
Methods: In total, 1346 patients with RMS were randomized to 
≥12 months of once-daily oral ozanimod HCl 1 or 0.5 mg (equiva-
lent to ozanimod 0.92 and 0.46 mg, respectively) or once-weekly 
intramuscular IFN. SDMT (Smith 1982) was a secondary end-
point in SUNBEAM. In post-hoc analyses, least-squares mean 
(LSM) changes from baseline to month 12 in SDMT score were 
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determined using a mixed model for repeated measures adjusted 
for baseline SDMT score and stratification factors, with the inter-
action between treatment and time point as fixed effects. For lon-
gitudinal binary data, an adjusted generalized estimating equation 
model was used (interaction between treatment and time point 
assumed an unstructured within-subject covariate structure). For 
simple binary data, an adjusted generalized model with log trans-
formation was used.
Results: LSM changes in SDMT score demonstrated improve-
ments for ozanimod HCl 1 mg (difference: 1.6, p=0.0013) and 0.5 
mg (1.2, p=0.0188) vs IFN. Rate ratios (RR) for ozanimod HCl 1 
and 0.5 mg vs IFN on the proportions of patients with clinically 
meaningful improvements in processing speed (≥4-point increase 
in SDMT score) at month 12 were 1.3 (95% confidence interval 
[CI]: 1.05, 1.55; p=0.0156) and 1.2 (0.94, 1.40; p=0.1689), respec-
tively. More patients had ≥4-point increase in SDMT score at 
months 6 and 12 with ozanimod HCl 1 mg (RR, 1.7; 95% CI: 1.25, 
2.32; p=0.0007) and 0.5 mg (1.5; 1.09, 2.05; p=0.0130) vs IFN.
Conclusion: Significantly greater mean increases in SDMT score at 
month 12 were seen in the ozanimod vs IFN group. Significantly 
more ozanimod HCl 1 mg-treated vs IFN-treated patients exhibited 
clinically meaningful (≥4 points) improvements in processing speed.
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BTK inhibition prevents inflammatory macrophage 
differentiation: a potential role in MS

Y. Alankus1, R. Grenningloh2, P. Haselmayer1, A. 
Bender2, J. Bruttger1

1Merck KGaA, Darmstadt, Germany, 2EMD Serono Research & 
Development Institute, Billerica, MA, United States

Bruton’s tyrosine kinase (BTK) mediates B cell receptor (BCR) 
and Fc receptor (FcR) signaling. BTK inhibitors thus silence B 
cells and prevent innate immune activation via FcR, suggesting 
they may be beneficial for treating autoimmune diseases with B 
cell involvement. Furthermore, BTK has been implicated in medi-
ating signaling of certain chemokine and cytokine receptors. The 
highly selective and irreversible BTK inhibitor evobrutinib inhib-
its disease development in an experimental autoimmune encepha-
lomyelitis (EAE) model that is not amenable to B cell inhibition 
by anti-CD20 antibody, indicating that efficacy is mediated by 
effects beyond BCR. We therefore investigated the effect of BTK 
inhibition on the differentiation and activation of monocytes and 
macrophages, which may contribute to MS disease activity and 
progression.
GM-CSF has been shown to drive neuroinflammation in preclini-
cal models for MS, and is crucial for the differentiation of pro-
inflammatory M1 macrophages. In the studies reported herein we 
found that BTK is activated downstream of the GM-CSF receptor. 
In line with this finding, the in vitro GM-CSF differentiated M1 
cells undergo apoptosis upon BTK inhibition. Monocytes treated 
with GM-CSF in the presence of BTK inhibitor secrete less 
TNF-α and express less IL-1ß, in addition to upregulating the 
expression of anti-inflammatory genes, such as IL-10. 
Furthermore, BTKi treatment increases the rate of phagocytosis 
by anti-inflammatory M2 Macrophages in vitro.
Our findings show that BTK inhibition hinders M1 macrophage dif-
ferentiation and skews monocytes towards an anti-inflammatory M2 
phenotype, while enhancing apoptotic cell uptake by the M2 cells. 
We therefore conclude that inhibiting BTK could have additional 
benefit in the treatment of MS and other autoimmune diseases, by 
targeting both B cells and myeloid cells simultaneously.

Disclosure
Yasemin Beguem Alankus: Employee of Merck KGaA; Roland 
Grenningloh: Employee of EMD Serono (a business of Merck 
KGaA); Philipp Haselmayer: Employee of Merck KGaA; Andrew 
Bender: Employee of EMD Serono (a business of Merck KGaA); 
Julia Bruttger: Employee of Merck KGaA
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Effects of natalizumab on work ability in patients with 
relapsing-remitting multiple sclerosis: results from the 
WANT observational study

R. Capra1, N. De Rossi1, S. Masera2, V. Zipoli2, V. 
Brescia Morra3, M. Mirabella4, F. Patti5, on behalf of the 
WANT investigators
1Multiple Sclerosis Centre, Spedali Civili of Brescia, 
Montichiari, Italy, 2Biogen, Cambridge, MA, United States, 
3Department of Neurosciences and Reproductive and 
Odontostomatological Sciences, University ‘Federico II’, 
Naples, 4Multiple Sclerosis Center, Fondazione Policlinico 
Universitario A. Gemelli, Catholic University of Rome, Rome, 
5DANA Department, ‘GF Ingrassia’, Neuroscience Section-
Multiple Sclerosis Center, University of Catania, Catania, Italy
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Background: Multiple sclerosis (MS) is a chronic, progressive 
neurologic disease that impairs daily activities and ability to work. 
Although previous research has shown that natalizumab (NTZ) 
treatment may improve work ability (WA), further data are needed 
to fully characterize this impact.
Objectives: The Work Ability in Natalizumab-Treated MS 
Patients (WANT) study assessed the association of NTZ with WA 
improvement and evaluated its effects on disease activity, quality 
of life, and cognitive function.
Methods: WANT was a 1-year, prospective, multicentre observa-
tional study conducted in Italy. Inclusion criteria included relaps-
ing-remitting MS, NTZ treatment, full-time worker status, and 
loss of working hours due to MS as measured by the Work 
Productivity and Activity Impairment Questionnaire for MS 
(WPAI:MS). The primary endpoint was change in WPAI:MS 
domain scores (absenteeism, presenteeism, work productivity 
loss, and activity impairment) after 1 year on NTZ. Secondary 
endpoints included change in annualised relapse rate (ARR), MRI 
lesion load, and Expanded Disability Status Scale (EDSS), 
Multiple Sclerosis Impact Scale (MSIS-29), and Symbol Digit 
Modalities Test (SDMT) scores.
Results: At baseline, the 91 patients enrolled had a mean age 
of 38.3 (standard deviation [SD], 9.0) years, mean ARR of 1.5 
(SD, 0.8), and mean EDSS score of 2.8 (SD, 1.5). After 1 year, 
improvements in all domains of WPAI:MS were observed, 
though only reductions in absenteeism and work productivity 
loss domains reached significance (−4.2 [SD, 26.0] and −7.2 
[SD, 28.6], respectively; P< 0.05). These changes were 
accompanied by reduction in disease activity: ARR decreased 
by 1.3 (SD, 0.8; P< 0.0001) and 87.9% of patients were relapse 
free; mean EDSS score decreased by 0.2 (SD, 0.6; P=0.0068); 
and the gadolinium-enhanced lesion count decreased by 0.7 
(SD, 2.0; P=0.0078). Significant improvement was also 
observed in MSIS-29 physical and psychological domains 
(reductions of 2.8 [SD, 11.6] and 6.3 [SD, 15.6], respectively; 
P< 0.05) and the SDMT (increase of 2.4 [SD, 7.9]; P=0.0006). 
Finally, an association between decrease in absenteeism and 
improvement in EDSS and ARR after 1 year was observed (P< 
0.05).
Conclusions: NTZ was associated with significant reductions in 
absenteeism and work productivity loss, as well as improved 
physical and psychological functioning. The results extend our 
understanding of the effects of NTZ on important patient-centric 
and health economics outcomes.
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RC: has received lecture fees and/or travel grants from Biogen, 
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Genzyme, Teva, and Roche
SM, VZ: employees of and may hold stock and/or stock options in 
Biogen
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Mechanism of action of teriflunomide in multiple sclerosis

S. Medina1, S. Sainz de la Maza2, N. Villarrubia1, R. 
Álvarez- Lafuente3, J.C. Álvarez-Cermeño2, R. Arroyo4, 
E. Monreal2, A. Tejeda-Velarde1, E. Rodríguez-Martín1, 
E. Roldán1, L. Costa-Frossard2, L.M. Villar1

1Department of Immunology, 2Department of Neurology, Ramón 
y Cajal Hospital, 3Department of Neurology, Clínico San Carlos 
Hospital, 4Department of Neurology, Quirónsalud Madrid 
Hospital, Madrid, Spain

Introduction: Teriflunomide is a disease modifying treatment 
approved for multiple sclerosis (MS). It inhibits reversibly dihy-
dro-orotate dehydrogenase, a mitochondrial enzyme involved in 
de-novo pyrimidine biosynthesis, and down-regulates prolifera-
tion of activated lymphocytes.
Objectives: We further studied the impact of this drug on the lym-
phocyte profile of MS patients.
Methods: 55 patients with relapsing-remitting MS who initiated 
teriflunomide treatment were included in the study. We studied 
peripheral blood mononuclear cells obtained before and six 
months after treatment initiation and explored effector, memory 
and regulatory cells by flow cytometry. Wilcoxon matched pair 
tests were used to assess differences. p values below 0.05 after 
correction by Bonferroni test were considered as significant.
Results: When explored effector T and B cell subsets, we 
observed a decrease in the percentages of terminally differentiated 
CD4+ T cells (p=0.001) and plasmablasts (p< 0.0001) after 6 
months of treatment. These results were confirmed with the total 
cell numbers (p< 0.0001 in both cases). When studied regulatory 
cells, we observed a clear increase of monocytes expressing pro-
grammed death-ligand 1 (PDL-1) (p=0.005), that was also con-
firmed with total cell numbers (p=0.01). It correlated negatively 
with all effector CD8+ T cell subsets. We also observed an 
increase in the percentage of CD8+ T cells (p=0.028) and mono-
cytes (p=0.04) producing IL-10.
Conclusions: Teriflunomide induces a change in the abnormal 
immune response taking place in MS, with a specific reduction in 
effector T and B cells and an increase in regulatory cells. 
Particularly, this drug can produce a switch in the innate immune 
response to a tolerogenic profile.

Disclosure
S. Medina: Nothing to disclose. S. Sainz de la Maza: received 
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Comparative effectiveness and discontinuation of 
dimethyl fumarate and fingolimod in clinical practice at 
36-month follow-up

C. Hersh1, H. Harris1, S. Cohn2, A. Bandyopadhyay3, R. 
Bermel4, R. Fox4, J. Cohen4, D. Ontaneda4

1Lou Ruvo Center for Brain Health, Cleveland Clinic, Las Vegas, 
NV, 2Neurology, Cleveland Clinic, Cleveland, OH, 3Emory 
University, Atlanta, GA, 4Mellen Center for MS Treatment and 
Research, Cleveland Clinic, Cleveland, OH, United States

Objective: To assess real-world comparative effectiveness and 
discontinuation of dimethyl fumarate (DMF) and fingolimod 
(FTY) over 36 months in patients with multiple sclerosis (MS).
Background: DMF and FTY are approved oral disease modify-
ing therapies (DMT) for relapsing MS. Previous randomized con-
trolled trials (RCTs) and large observational studies, including our 
12- and 24-month investigations, showed comparable effective-
ness, but the rate of early discontinuation of DMF exceeded that 
of FTY.
Methods: From 659 patients in a large academic MS Center in the 
original 24-month cohort, 238 patients prescribed DMF and 177 
prescribed FTY were identified with 36-month follow-up. 
Discontinuation and disease activity were assessed using propen-
sity score (PS) weighting. Covariates used in the PS model 
included demographics and baseline disease characteristics. 
Outcomes of interest included proportion of patients discontinu-
ing DMT, annualized relapse rate (ARR), proportions with MRI 
disease activity [gadolinium-enhancing (GdE) and new T2 
lesions] and absence of disease activity (freedom from clinical 
relapses and GdE/new T2 lesions), and time to discontinuation 
and first relapse. After PS adjustment odds and hazards ratio esti-
mates were calculated as DMF versus FTY.
Results: PS weighting demonstrated excellent covariate bal-
ance. We found that a similar proportion discontinued DMF 
(50.9%) and FTY (43.9%) over 36 months due to any reason 
[OR=1.36, 95% CI (0.88, 2.10)]. The leading cause for discon-
tinuation was intolerability for both DMF (32.4%) and FTY 
(22.0%), with increased likelihood in DMF [OR=1.46, 95% CI 
(1.15, 2.74)]. Of patients who discontinued DMT, a small pro-
portion discontinued therapy between 24 and 36 months (DMF, 
11.1%; FTY 11.0%; p=0.76). Proportion with relapses was low 

in both groups (DMF, 16.7%; FTY, 15.5%; p=0.77). There was 
no difference in ARR [OR=1.08, 95% CI (0.75, 1.54)], GdE 
lesions [OR=1.44, 95% CI (0.80, 2.60)], or new T2 lesions 
[OR=1.00, 95% CI (0.56, 1.79)]. Proportion with absence of dis-
ease activity was also comparable [OR = 1.03, 95% CI (0.62, 
1.07)]. Time to discontinuation [HR=1.19, 95% CI (0.96, 1.46)] 
and first relapse [HR=1.43, 95% CI (0.98, 2.09)] were similar 
across both DMTs by 36 months.
Conclusions: This analysis suggests similar effectiveness for 
DMF and FTY over 36 months. Discontinuation of both DMTs 
due to intolerability was common and more frequent with 
DMF, though persistence rates improved with longer DMT 
treatment.
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Dr. Carrie Hersh has received speaking and consulting fees from 
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Biogen, Novartis, Genzyme, and Genentech; Grants- Biogen and 
Genentech.
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Novartis.
Dr. Jeffrey Cohen has received consulting fees from Adamas and 
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Cardiac safety profile of ozanimod in pooled phase 3 
studies in relapsing multiple sclerosis (SUNBEAM and 
RADIANCE)

B.A.C. Cree1, G. Comi2, B. Mendzelevski3, B.E. 
Skolnick4, N. Agafonova4, N. Ding4, N. Minton4, 
J.K. Sheffield4, R. Kleiman5, The SUNBEAM and 
RADIANCE Study Groups
1Department of Neurology, Weill Institute for Neurosciences, 
University of California, San Francisco, CA, United States, 
2Department of Neurology, San Raffaele Scientific Institute, 
Vita-Salute San Raffaele University, Milan, Italy, 3Cardiac 
Safety Consultants, London, United Kingdom, 4Celgene 
Corporation, San Diego, CA, 5ERT Clinical, Philadelphia, PA, 
United States

Introduction: Ozanimod, an orally-active, selective sphingosine 
1-phosphate (S1P) receptor subtype 1 (S1P1) and 5 (S1P5) immu-
nomodulator, has shown therapeutic benefit in clinical trials of 
relapsing multiple sclerosis (RMS). Ozanimod HCl is initiated 



Poster Session 1, 24(S2) 267

journals.sagepub.com/home/msj Multiple Sclerosis Journal 2018; 24: (S2) 121–327

with a low dose of 0.25 mg on days 1 to 4, followed by 0.5 mg on 
days 5 to 7 and 1 mg from day 8, if assigned to 1 mg (doses are 
equivalent to ozanimod 0.23 mg, 0.46 mg, and 0.92 mg, respec-
tively). The S1P receptor selectivity of ozanimod, pharmaceutical 
properties, and initial dosing regimen may help to decrease the 
risk of clinically meaningful heart rate (HR) reduction and atrio-
ventricular (AV) conduction effects. The results of the pooled car-
diac safety data from two phase 3 pivotal studies in RMS are 
presented below.
Methods: In the phase 3 studies (n=1774 ozanimod-treated 
patients [Pts]), day 1 cardiac monitoring included collection of 
vital signs (VS) prior to dosing and hourly for the first 6 hours 
after dosing with ozanimod HCl 0.25 mg (supine and standing 
HR) and electrocardiogram (ECG) prior to dosing and at hour 6. 
ECGs also were collected at week 2, and annually thereafter. VS 
were collected at each visit.
Results: Six-hour post-dose monitoring on day 1 demonstrated 
that the nadir supine HR (mean change from baseline -1.2 bpm) 
with ozanimod occurred at hour 5, with values returning towards 
baseline at hour 6 (mean reduction -0.2 bpm). Asymptomatic, 
transient supine HR reduction below 45 bpm (but not lower than 
40 bpm) was observed in 4 Pts, was not associated with AV block, 
and did not require treatment, with resolution toward >45 bpm 
within 1‒2 hours and all Pts continuing on study drug unevent-
fully. Asymptomatic bradycardia adverse events (AEs) were 
reported in 0.6% of Pts on ozanimod versus 0% on interferon β-1a 
(IFN) on the day of treatment initiation. After day 1, asympto-
matic bradycardia was reported for 0.8% of Pts on ozanimod HCl 
(0.5 mg and 1 mg) versus 0.7% on IFN. Incidence of serious AEs 
in the cardiac system organ class was low and similar across the 
treatment groups. There were no reported occurrences of second-
degree or higher AV block.
Conclusions: Ozanimod is a novel oral S1P agent with a favour-
able cardiac safety profile for RMS Pts. There were no cases of 
ozanimod-related symptomatic reduction in HR and no occur-
rences of second-degree or higher AV block observed at the time 
of first dose, during dose escalation, or reported during dose esca-
lation and during chronic dosing.
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Comparison of rituximab vs fingolimod, dimethyl 
fumarate and natalizumab in the treatment of multiple 
sclerosis: two year experience

B. Vollmer1, K. Nair2, S. Sillau1, J. Corboy1, T. Vollmer1, 
E. Alvarez1

1Department of Neurology, Rocky Mountain Multiple Sclerosis 
Center at the University of Colorado, 2Skagg’s School of 
Pharmacy and Pharmaceutical Sciences, University of Colorado, 
Aurora, CO, United States

Introduction: Rituximab (RTX) has been used for the off-label 
treatment of multiple sclerosis (MS). Limited comparative effec-
tiveness data exists comparing RTX to other highly effective ther-
apies. Objective: Compare discontinuation rates and efficacy of 
rituximab (RTX) to fingolimod (FTY), dimethyl fumarate (DMF), 
natalizumab (NTZ) over two years in MS patients.
Methods: Patients prescribed FTY, DMF, NTZ or RTX at the 
Rocky Mountain MS Center at the University of Colorado 
between January, 2010 and October, 2013 were identified. 
Clinician-reported data including relapse history, adverse events, 
MRI outcomes, disease history and patient characteristics were 
retrospectively collected. Primary outcome was the probability of 
discontinuing drug by the end of year two. Simple and adjusted 
logistic regression were used for pairwise data analysis control-
ling for age, disease duration, type of MS, gender, and enhancing 
lesion at baseline.
Results: A total of 182, 271, 342, and 451 patients initiated RTX, 
FTY, DMF and NTZ and were included in this study. Patients had 
a mean age of 43.9(RTX), 42.5(FTY), 45.8(DMF) and 39.8(NTZ) 
years at the index date; were predominantly female (65.9% RTX; 
72.0% FTY; 69.6% DMF; 76.7% NTZ); and were largely relaps-
ing-remitting MS (62.1% RTX; 90.0% FTY; 77.5% DMF; 84.7% 
NTZ). At ≤24 months, 46(25.3%), 93(34.3%), 161(47.1%) and 
147(32.6%) discontinued RTX, FTY, DMF, and NTZ, respec-
tively. FTY versus RTX had an adjusted odds ratio(aOR) of 1.96 
(95%CI:1.23-3.13,p=0.005) for discontinuation at ≤24 months. 
DMF versus RTX had an aOR of 3.32 (95%CI:2.15-5.13,p< 
0.001). NTZ versus RTX had an aOR of 1.50 (95%CI:0.99-
2.28,p=0.109). The leading cause of discontinuation RTX and 
NTZ were issues with insurance (9.9%) and being JCV positive 
(12.6%), respectively. Adverse events were the leading cause for 
discontinuation for FTY (17%) and DMF (24.0%). Fewer RTX 
patients (14.8%) experienced disease activity including a contrast 
enhancing lesion, a new T2 lesion and/or a clinical relapse during 
follow up compared to FTY (34.7%, p=< 0.001), DMF (33.6%, 
p=< 0.001) and NTZ (22.2%, p=0.037).
Conclusions: The odds of discontinuing ≤24 months was lower 
for RTX versus FTY and DMF. RTX demonstrated the lowest 
unadjusted disease activity outcomes. Given the differences in 
baseline characteristics, additional methods of adjustment will be 
presented.
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Influences upon healthcare professionals’ prescribing of 
disease modifying treatments for multiple sclerosis in the 
United Kingdom: a National Survey
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McDonnell5, D. French2

1Greater Manchester Neurosciences Centre, Salford Royal NHS 
Foundation Trust, Salford, 2Division of Psychology and Mental 
Health, University of Manchester, Manchester, 3Neurology, 
Morriston & Neath Port Talbot Hospitals, Swansea, 4Glasgow 
MS Clinical Research Centre, Queen Elizabeth University 
Hospital, Glasgow, 5MS Clinic, Belfast City Hospital, Belfast, 
United Kingdom

Introduction: Prescribing rates of Disease Modifying Treatments 
(DMTs) for MS in the UK are lower than many European coun-
tries, with wide variation between home nations. A qualitative 
interview study of 36 MS Neurologists and MS Specialist Nurses 
from 15 UK sites, was presented previously (ECTRIMS 2017 
EP1797) and identified 5 themes that influence prescribing.
Objectives: To quantify the proportion of UK prescribers experi-
encing factors identified in the interview study on their choice of 
MS DMTs. To explore differences between UK nations and types 
of DMT prescribers.
Methods: Based upon the survey themes, we designed an online 
questionnaire, for independent UK DMT prescribers, identified 
through snowball sampling of the authors’clinical networks, pre-
vious interviewees and by invitation of the Association of British 
Neurologists (ABN).
Results: 46 consultant neurologists (35 from England, 5 Wales, 2 
Northern Ireland (NI) and 4 Scotland) completed the online ques-
tionnaire between June and August 2017, 36 MS specialists, 9 
with an MS interest and 1 general neurologist (35% of known UK 
DMT prescribing population); 26 had >10 years of DMT prescrib-
ing experience, 3 were single-handed DMT prescribers. 61% sug-
gested that MRI scans contributed to DMT decisions >50% of the 
time, 63% held dedicated relapse assessment clinics. Commonest 
factors for determining DMT eligibility were; time since previous 

relapse (33%), MRI disease activity (26%) and impact on patient’s 
daily functioning (22%). For “borderline” DMT patients ie 2 sen-
sory relapses 23 months apart, rapid and full recovery and no new 
MRI lesions in preceeding 2 years, 69% of England-based neu-
rologists were “Somewhat” or “Extremely likely” to recommend 
a DMT, 25% in Scotland, 40% in Wales and 1 of 2 in NI. England 
based neurologists viewed National Institute for Health and Care 
Excellence (NICE) as being most impactful upon treatment deci-
sions, in Wales ABN guidelines and in Scotland the Scottish 
Medicines Consortium’s were most impactful. Multidisciplinary 
team meetings to discuss DMTs occur weekly in 30% to “rarely or 
never” in 17% >90% of respondents discuss DMTs with patients 
within 12 weeks of diagnosis, with 57% offering a guided choice. 
Country or UK-wide prescribing peer networks were practice 
benchmarks in > 2/3 of cases.
Conclusions: Variation in UK DMT prescribing is accounted for 
by national factors, eg guidelines, as well as individual variation 
in use of MRI and relapse assessment.
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DF - Supported by Grant from UK MS Society for this work

P564
Sustained efficacy in relapsing remitting multiple sclerosis 
following switch to placebo treatment from cladribine 
tablets in patients with high disease activity at baseline

P. Vermersch1, G. Giovannoni2, P. Soelberg-Sorensen3, B. 
Keller4, D. Jack5

1University de Lille, CHU Lille, LIRIC-INSERM U995, FHU 
Imminent, Lille, France, 2Queen Mary University of London, 
Blizard Institute, Barts and The London School of Medicine 
and Dentistry, London, United Kingdom, 3Danish MS Center, 
Department of Neurology, University of Copenhagen, 
Rigshospitalet, Copenhagen, Denmark, 4Merck KGaA, 
Darmstadt, Germany, 5Merck Serono Ltd., Middlesex, United 
Kingdom

Introduction: In CLARITY, Cladribine Tablets 3.5 mg/kg 
(CT3.5) showed strong efficacy vs placebo (PBO) over 2 years in 
patients with relapsing multiple sclerosis (RMS); efficacy was 
sustained in Years 3 and 4 without further treatment (CLARITY 
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Ext). In CLARITY, patients with high disease activity (HDA) 
showed clinical and magnetic resonance imaging (MRI) responses 
to CT3.5 that were better than, or comparable to, those seen in the 
overall CLARITY population.
Objectives: Post hoc analysis to determine if the efficacy in 
patients with HDA treated with CT3.5 in CLARITY (Years 1 and 
2) was sustained for the long term in patients receiving PBO in 
CLARITY Ext (Years 3 and 4).
Methods: This analysis used 2 sets of HDA criteria based on 
relapse history, prior treatment, and MRI characteristics: 1. High 
relapse activity (HRA), defined as ≥2 relapses during the year 
before study entry whether on disease modifying drug (DMD) 
treatment or not; 2. HRA plus disease activity on treatment (DAT), 
defined as ≥1 relapse during the year before study entry while on 
therapy with other DMDs AND ≥1 T1 gadoliniumenhancing 
(Gd+) or ≥9 T2 lesions. Clinical and MRI outcomes were ana-
lysed for patients (N=806) randomised to CLARITY Ext who ful-
filled HRA and HRA+DAT criteria at CLARITY baseline and 
who received CT3.5 in CLARITY and PBO in CLARITY Ext.
Results: The annualised relapse rate (ARR) for qualifying 
relapses in CLARITY Ext for the population who switched to pla-
cebo in Ext from CT3.5 in CLARITY (N=98) was 0.15 (95% con-
fidence interval [CI]; 0.11, 0.21). ARRs for HRA (N=29) and 
non-HRA (N=69) were 0.15 (95%CI; 0.08, 0.28) and 0.15 
(95%CI; 0.10, 0.22), respectively. For HRA+DAT (N=31) and 
non-HRA+DAT (N=67), ARRs were 0.14 (95%CI; 0.08, 0.26) 
and 0.15 (95%CI; 0.10, 0.22). The ARRs in this analysis were 
similar to those seen for the HDA subgroups in CLARITY. In this 
study, fewer patients in the HDA subgroups had confirmed 
3-month Expanded Disability Status Scale (EDSS) progression 
relative to non-HDA and overall groups (overall population: 18%; 
HRA and non-HRA: 14% and 20%, respectively; HRA+DAT and 
non-HRA+DAT: 13% and 21%, respectively). The proportion of 
patients with confirmed 3- and 6-month EDSS progression was 
lower in HDA subgroups in CLARITY Ext compared to corre-
sponding subgroups in CLARITY.
Conclusions: In CLARITY Ext, long-term sustainability of the 
clinical effect was observed in HDA patients who were treated 
with CT3.5 in CLARITY.

Disclosure
CLARITY: NCT00213135; CLARITY Extension: NCT00641537 
Disclosures: This study was sponsored by EMD Serono Inc, a 
business of Merck KGaA, Darmstadt, Germany (in the USA), and 
Merck Serono SA, Geneva, an affiliate of Merck KGaA Darmstadt, 
Germany (ROW). Author disclosures: PV has received honoraria 
or consulting fees from Biogen, Sanofi-Genzyme, Bayer, Novartis, 
Merck, GSK, Roche and Almirall; and research support from 
Biogen, Sanofi-Genzyme, Bayer, and Merck. GG has received 
speaker honoraria and consulting fees from Abbvie, Atara Bio, 
Bayer Schering Pharma, Biogen Idec FivePrime, GlaxoSmithKline, 
GW Pharma, Merck, Pfizer Inc, Protein Discovery Laboratories, 
Teva Pharmaceutical Industries Ltd, Sanofi-Genzyme, UCB, 
Vertex Pharmaceuticals, Ironwood, and Novartis; and has received 
research support unrelated to this study from Biogen Idec, Merck, 
Novartis, and Ironwood. PSS has served on advisory boards for 
Biogen, Merck, Novartis, Teva, MedDay Pharmaceuticals, and 
GSK; on steering committees or independent data monitoring 

boards in trials sponsored by Merck, Teva, GSK, and Novartis; 
has received speaker honoraria from Biogen Idec, Merck Serono, 
Teva, Sanofi-Aventis, Genzyme, and Novartis. His department 
has received research support from Biogen, Merck, Teva, 
Novartis, Roche, and Genzyme. BK is an employee of Merck 
KGaA, Darmstadt, Germany. DJ is an employee of Merck Serono 
Ltd., a division of Merck KGaA, Darmstadt, Germany.

P565
Double-blind controlled randomised trial of plasma 
exchanges compared to sham-plasma exchanges in 
moderate to severe relapses of multiple sclerosis

B. Brochet1, M. Deloire2, J.-C. Ouallet2, C. Dulau2, 
C. Germain3, P. Perez3, J. Dé Sèze4, H. Zéphir5, P. 
Vermersch5, S. Pittion6, M. Debouverie6, D.-A. Laplaud7, 
P. Clavelou8, A. Ruet9

1CHU Bordeaux | Université de Bordeaux, 2Neurology, CHU de 
Bordeaux, 3USMR, Université de Bordeaux, Bordeaux, 4service 
de Neurologie, CHU de Strasbourg, Strasbourg, 5LIRIC-
INSERM U995, FHU Imminent, Univ Lille, CHU Lille, Lille, 
6Service de Neurologie, CHU de Nancy, Nancy, 7Service de 
Neurologie, CHU de Nantes, Nantes, 8Service de Neurologie, 
CHU de Clermont-Ferrand, Clermont-Ferrand, 9CHU Bordeaux 
| Université de Bordeaux | None, Chu & Universite de Bordeaux, 
Bordeaux, France

Introduction: Plasma exchanges have been proposed for treating 
severe relapses in inflammatory diseases of the central nervous 
system. No randomised controlled clinical trial has been per-
formed so far in moderate to severe relapses in multiple sclerosis 
(MS)
Objective: To compare plasma exchanges (PE) to sham plasma 
exchanges (Sham-PE) in patients with a recent steroid resistant 
moderate to severe MS relapse.
Methods: Patients with relapsing-remitting MS presenting with a 
relapse since less than 2 months, without improvement 30 days 
after a course of at least 3 days of 1g methylprednisolone were 
randomized. Relapse type included optic neuritis, motor deficits, 
ataxia or oculomotor deficits. Specific criteria were used for each 
relapse type for defining moderate to severe disability. The pri-
mary endpoint was an assessment by investigators of improve-
ment from 0 to 3 established after one month based on different 
objective criteria according to relapse type.
Results: 38 patients were randomised but 7 patients were not 
included in the analysis (6 no peripheral venous access, one 
patient in which the relapse was not confirmed). The ITT analysis 
included 14 patients in the PE group and 17 in the Sham-EP group. 
The relapse type was optic neuritis in 45.2% and motor deficit in 
lower limbs in 25.8%. Seven patients had a polysymptomatic 
relapse. 57.1% of patients in the PE group had moderate (level 2) 
to complete (level 3) improvement versus 47.1% in the Sham-PE 
group (p=0.57). Changes in objective assessments were described: 
in patients with optic neuritis, 83.3% of patients in the PE group 
had moderate (level 2) to complete (level 3) improvement versus 
77.8% in the Sham-PE group (NS). No major side effect was 
observed.



270 Poster Session 1, 24(S2)

Multiple Sclerosis Journal 2018; 24: (S2) 121–327 journals.sagepub.com/home/msj

Conclusions: No significant difference was observed between PE 
and Sham-PE in patients with moderate to severe relapses. An 
unexpected rate of improvement in the sham group may contrib-
ute to these results.

Disclosure
The study was sponsored by CHU de Bordeaux. It was made pos-
sible by a grant from Terumo.
Pr Brochet or its institution received honoraria for consulting, 
speaking at scientific symposia, serving in advisory board or 
research support from Actelion, Biogen Idec, Merck Serono, 
Sanofi-Genzyme, Bayer, Medday, Roche, Teva, Novartis (all with 
approval by general director CHU de Bordeaux).
Dr A Ruet or her institution received honoraria for consulting, 
speaking at scientific symposia, serving in advisory board or 
research support from Biogen Idec, Medday, Merck Serono, 
Novartis, Roche, Sanofi-Genzyme, Teva (all with approval by 
general director of the Hospital of Bordeaux and the University of 
Bordeaux).
Dr. Ouallet reports personal fees from Biogen, Roche, Genzyme; 
grants, personal fees and non-financial support from Novartis and 
Merck.
Dr Dulau reports speakers fees from Biogen, Genzyme, Novartis, 
Teva
Pr Vermersch reports honoraria and consulting fees from Biogen, 
Sanofi-Genzyme, Novartis, Teva, Merck, Roche, Servier, Celgene, 
Medday and Almirall and research supports from Biogen, 
Novartis, Sanofi-Genzyme, Roche and Merck.
Pr Zéphir received fees for consulting or lectures, and invitations 
for national and international congresses from BIOGEN, MERCK, 
TEVA, SANOFI-GENZYME, NOVARTIS and BAYER, as well 
as research support from TEVA and ROCHE
Pr Clavelou reports consultancy fees, speaker fees, research grants 
(non-personal), or honoraria from Novartis, Biogen, Merck, 
Roche, Medday, Actelion, Teva and Genzyme Sanofi. 
Pr De Seze reports honoraria for speaking: Terumo.
Pr Laplaud reports honoraria and consulting fees from Biogen, 
Sanofi-Genzyme, Novartis, Teva, Merck-Serono, Roche and 
Medday. Research supports from Biogen, Novartis, Sanofi-
Genzyme, Roche and Medday
Dr Deloire, Pr Debouverie, Dr Pittion, Ms Germain, Dr Perez, 
report nothing to disclose

P566
Fingolimod therapy increases serum interleukin 7 levels 
without altering peripheral homeostatic proliferation in 
multiple sclerosis patients

F. Largey1, I. Jelcic1, A. Czaplinski2, M. Sospedra1, R. 
Martin1, I. Jelcic1

1Neurology Clinic, Neuroimmunology and Multiple Sclerosis 
Research Section, 2Neurozentrum Bellevue, Zurich, Switzerland

Introduction: The sphingosine-1-phosphate (S1P) receptor mod-
ulator fingolimod (FTY) induces a steady peripheral lymphopenia 
by sequestering lymphocytes, particularly T cells, into secondary 
lymphoid organs.

Objectives: The influence of FTY-induced lymphopenia on 
peripheral T cell homeostatic regulations is largely unknown.
Aims: We aimed to analyze the influence of FTY and FTY-
induced lymphopenia in the regulation of the homeostatic cytokine 
interleukin 7 (IL-7) and its effects on homeostatic proliferation of 
peripheral T cells.
Methods: Therefore, we assessed recent thymic emigrants (RTE), 
serum levels of IL-7 and its receptor CD127 (IL-7Rα) and homeo-
static T cell proliferation ex vivo in peripheral blood of multiple 
sclerosis (MS) patients before and during FTY therapy.
Results: We observed a decrease in the proportion and number of 
RTE as well as of surface expression of CD127 (IL-7Rα) on T 
cells and an increase in serum IL-7 levels in FTY-treated MS 
patients. Serum IL-7 levels inversely correlated with the degree of 
lymphopenia and T cell surface CD127 (IL-7Rα) expression, 
whereas unexpectedly no change in homeostatic proliferation of T 
cells was observed during FTY therapy.
Conclusions: In consequence, FTY-treated T cell compartments 
might be less responsive to IL-7 stimulation and FTY might there-
fore interfere with regulation of homeostatic proliferation and 
homeostatic replenishment of T cell numbers, thereby fostering a 
steady peripheral lymphopenia in FTY-treated MS patients.

Disclosure
Source of funding: This study was supported by an unrestricted 
grant of Novartis. Neuroimmunology and Multiple Sclerosis 
Research (nims) is supported by the Clinical Research Priority 
Program (CRPPMS) of the University of Zurich.
Fabienne Largey: Nothing to disclose.
Ivan Jelcic: Nothing to disclose.
Adam Czaplinski received compensations for lectures and advi-
sory functions from: Biogen, Merck, Sanofi, Novartis, Celgene, 
Roche, Bayer and Teva.
Mireia Sospedra: Nothing to disclose.
Roland Martin: Received unrestricted grants from Biogen and 
Novartis. Received financial compensation for lectures and advi-
sory tasks from Biogen, Merck, Novartis, Roche, Teva, Genzyme, 
Neuway and CellProtect. R. Martin is a co-founder/-owner of 
Cellerys. R. Martin has received royalties for an NIH-held patent 
on the use of daclizumab in MS.
Ilijas Jelcic: Received unrestricted grants from Biogen and 
Novartis. Received financial compensation and/or travel support 
for lectures and advice from Biogen, Merck, Novartis and Bayer.
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Autologous stem cell transplantation in multiple sclerosis: 
the London experience

E. Rhone1, R. Nicholas2, E. Olavarria3, I. Gabriel3, M. 
Kazmi4, E. Silber1, P. Muraro5, Pan-London AHSCT 
Group
1Department of Neurosciences, King’s College Hospital, 
2Imperial College Healthcare NHS Trust, Department of 
Neurosciences, 3Department of Haematology, Imperial College 
Healthcare NHS Trust, 4Department of Haematology, King’s 
College Hospital, 5Division of Brain Sciences, Department of 
Medicine, Imperial College London, London, United Kingdom
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Introduction: There is accumulating evidence for the efficacy of 
autologous haematopoietic stem cell transplantation (AHSCT) in 
multiple sclerosis (MS). Here we describe findings from the Pan-
London AHSCT group audit.
Methods: Retrospective audit of AHSCT performed as treatment 
for MS in 3 London centres during 2012-2017 of all cases with >6 
months follow-up. Patient selection has evolved but eligibility cri-
teria emphasised evidence of recent MRI inflammatory lesion 
activity and, in patients with relapsing MS (RMS), prior failure of 
treatment with a high-efficacy disease modifying treatment 
(HEDMT).
Results: Of 54 patients, 55.6% had RMS, 33.3% had secondary 
progressive MS and 11.1% primary progressive MS. Median age 
at AHSCT was 41.4 (22-58). 75% of the RMS group had failed a 
HEDMT. Median number of previous DMTs was 2 (0-5). Median 
baseline EDSS was 6 (2.0-8.0); median time from diagnosis to 
AHSCT was 8 years (1-19). Median inpatient stay for transplant 
was 22 days (17-81). Common complications were bacterial 
infection (53.8%), fluid overload (61.5%) and EBV reactivation 
(65.4%). 12 patients (22.2%) required re-admission following the 
procedure with a median length of stay of 9 days (3-119). 88% of 
patients were free from disability worsening 36 months post-
transplant. 5 patients (9.3%) developed MRI lesions post AHSCT 
with a median time to development of 21 months (6-78). Of the 
RMS patients, 5 (16.7%) experienced symptoms consistent with a 
clinical relapse post AHSCT at a median time of 11 months (6-12); 
however only one of these patients demonstrated concomitant 
new lesions on MRI. There was no treatment-related mortality in 
this cohort.
Conclusion: In this non-trial setting with a varied patient popula-
tion the results are consistent with previously reported cohorts. 
AHSCT requires further investigation as treatment in highly 
active/progressive MS.

Disclosure
The audit of the pan-London AHSCT service has received funding 
support from the MS trust.
Elijah Rhone: Nothing to disclose
Richard Nicholas: Nothing to disclose
Eduardo Olavarria: Nothing to disclose
Ian Gabriel: Nothing to disclose
Majid Kazmi: Nothing to disclose
Eli Silber: Nothing to disclose
Paolo Muraro: Nothing to disclose

P568
The POINT study: a randomized, double-blind, parallel-
group, add-on, superiority phase 3 study to compare the 
efficacy and safety of ponesimod to placebo in subjects 
with active relapsing multiple sclerosis who are treated 
with dimethyl fumarate

L. Kappos1, E. Lindenstrøm2, M. Freedman3, R. Fox4, E. 
Havrdova5, B. Hennessy2, R. Hohlfeld6, A. Lemle2, F. 
Lublin7, X. Montalban8,9, T. Sprenger10, C. Pozzilli11
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Ottawa, ON, Canada, 4Cleveland Clinic, Cleveland, OH, United 
States, 5Department of Neurology, Charles University, Prague, 
Czech Republic, 6Institute of Clinical Neuroimmunology, 
Ludwig Maximilians University Munich, Munich, Germany, 
7Icahn School of Medicine at Mount Sinai, New York, NY, 
United States, 8Vall d’Hebron University Hospital, Barcelona, 
Spain, 9St Michael’s Hospital, University of Toronto, Toronto, 
ON, Canada, 10DKD HELIOS Klinik Wiesbaden, Wiesbaden, 
Germany, 11S. Andrea MS Centre, Sapienza University of Rome, 
Rome, Italy

Objectives: The POINT study aims to evaluate the safety and 
efficacy of ponesimod as add-on treatment to dimethyl fumarate 
(DMF) in patients with relapsing multiple sclerosis (RMS).
Introduction: Despite recent advances in the treatment of RMS, 
an unmet medical need remains to improve long-term disease con-
trol without compromising patient safety. Targeting RMS treat-
ment with a combination of compounds that have different 
mechanisms of action may reduce disease activity to a level not 
achieved by any agent alone. Ponesimod, a novel, selective and 
rapidly reversible sphingosine-1-phosphate receptor modulator, 
has shown beneficial effects in a Phase 2 study and is currently in 
Phase 3 clinical development for RMS. Ponesimod acts by seques-
tering lymphocytes in lymphoid organs, thus reducing their circu-
lation to the brain. DMF exhibits anti-inflammatory and potentially 
neuroprotective, anti-oxidative effects via inhibition of NF-κB 
and activation of Nrf-2. In preclinical studies, the combination of 
ponesimod with DMF showed improved efficacy versus each 
agent alone without increased toxicity. POINT is the first ever 
Phase 3 study in RMS where an oral investigational compound is 
added to oral background therapy approved for RMS.
Methods: Approximately 600 subjects with RMS who have signs 
of disease activity under ongoing treatment with DMF will be ran-
domized 1:1 to ponesimod 20 mg or placebo as add-on treatment 
to DMF. Double-blind treatment will continue until the last sub-
ject enrolled has been treated for 60 weeks. Key eligibility criteria 
include a diagnosis of RMS, at least 6 months of ongoing treat-
ment with DMF, stable lymphocyte counts above 800 cells/mm3, 
and documented clinical and/or MRI disease activity within 12-15 
months of screening. The primary efficacy endpoint is the annual-
ized relapse rate, defined as the number of confirmed relapses 
from randomization to the end of study. Other outcome measures 
include clinical and MRI disease activity, fatigue, as well as safety 
and tolerability. Details of the study design and study status will 
be presented.
Results: Enrolment began in February 2017 and is ongoing.
Conclusion: POINT, as the first Phase 3 study investigating the 
combination of two oral compounds with different modes of 
action addressing relevant targets in the pathogenesis of MS, will 
provide valuable information about possible additive or even syn-
ergistic efficacy and the safety of this new treatment concept for 
RMS.

Disclosure
LK’s Institution (University Hospital Basel) received in the last 3 
years and used exclusively for research support at the Department: 
steering committee, advisory board and consultancy fees from 
Actelion, Alkermes, Almirall, Bayer, Biogen, Celgene/Receptos, 
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Idec, Novartis, Teva, and research support from Biogen and 
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RH has received honoraria from Actelion, Biogen, Genzyme-
Sanofi, Novartis, Roche, and research support from Biogen, 
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Apitope, Atara Biotherapeutics, Bayer HealthCare Pharmaceuticals, 
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Immunotherapeutics, Mapi Pharma, Medday, MedImmune, 
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research support from Biogen Idec, Celgene; Genzyme, NIH, 
NMSS, Novartis Pharmaceuticals Corp, Sanofi, Teva Neuroscience, 
Inc., Transparency Life Sciences.
XM has been a clinical trial steering committee member or par-
ticipated in advisory boards with Actelion, Bayer, Biogen, 
Celgene, Genzyme, Merck, Novartis, Oryzon, Roche, Sanofi-
Genzyme and Teva.
TS has received honoraria from Actelion, Novartis, Sanofi 
Genzyme, Electrocore, Merck and Teva.
CP has served on scientific advisory boards for Novartis, Merck, 
Biogen, Sanofi, Genzyme, Teva, Actelion and funding for travel 
and speaker honoraria from Biogen, Teva, Sanofi Genzyme, 
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P569
Hypothesis: chronic progression of MS results from 
activity of LLPCs even after aggressive B-cell depletion 
therapy

A. Londoño1, C. Mora2

1Neuroimagen, Instituto Neurologico de Colombia, Medellin, 
Colombia, 2Neurology, Medstar Georgetown University 
Hospital, Washington, DC, United States

Evidence suggests LLPCs in the CNS of patients with MS con-
tribute to the propagation and perpetuation of disease.
The plasmablasts that origínate in the secondary lymphoid nod-
ules have the ability to migrate to the bone marrow or to inflamed 

tissue, where they compete for niches that provide a suitable envi-
ronment for subsequent survival as long lived plasma cells 
(LLPCs). LLPCs are not cycling cells and they are responsible for 
antibody secretion. LLPCs identified in the niches of the bone 
marrow are CD19-CD38 highCD138+CD28+HLA-DRlowCD56+/-

CD95low ↑BCL2 ↓Ki67. Non-proliferating CD 138+ (Ki67-) 
plasma cells have been found in the cerebral parenchyma, menin-
ges and perivascular spaces of patients with MS, suggestive of 
LLPCs. Survival of LLPCs depend on the presence of APRIL, 
IL-6 and CXCL12 in specialized niches.
Reviewed medical literature related to the role of LLPCs in oligo-
clonal bands production and to the different outcomes of determi-
nation of oligoclonal bands in CSF from patients with MS after 
exposure to different immunotherapy.
Remarkable findings were reported in 1) a patient with RRMS 
with a clinical course refractory to therapy with beta interferon, 
subsequently found to be responsive to rituximab but ultimately 
developing SPMS with significant lesion load in the spinal cord. 
Oligoclonal bands were positive in CSF during the whole course 
of disease. 2) Negative oligoclonal bands in CSF among 55% of 
24 MS patients who were treated with natalizumab for 24 months. 
3) The persistence of CSF oligoclonal bands among 88% of SPMS 
patients treated with autologous stem cell transplant that included 
immunoablative conditioning regime with antithymocyte globulin 
(ATG), cyclophosphamide and total body irradiation.
LLPCs in the CNS compartment have the ability to produce anti-
bodies for very long periods of time, resulting in perpetuation of 
oligoclonal bands production, and they are resistant to the any 
therapeutic attempt (systemic or intrathecal) with B-cell deplet-
ing therapy. Potential therapeutic strategies to ameliorate pres-
ence and effect of LLPCs in MS could include lenanidomide, a 
potent anti-inflammatory thalidomide analog that has been able 
to inhibit LLPCs in vitro. Additional therapeutic alternatives may 
include the use of ATG, proteasome inhibitors, targeting survival 
factors, targeting plasma cell homing, and targeting cell surface 
molecules.

Disclosure
Dr. Mora is a member of the Data & Safety Monitoring Board for 
the NINDS/NIH study NS003055-08/NS003056-08. He received 
no compensation for his participation in that study. ACL does not 
report any competing interests.
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Effects of real life use of oral disease modifying treatments 
for relapsing-remitting multiple sclerosis in Austria over 
one year
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of Vienna, Vienna, 4Department of Laboratory Medicine, 
Paracelsus Medical University and Salzburger Landeskliniken, 
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Poster Session 1, 24(S2) 273

journals.sagepub.com/home/msj Multiple Sclerosis Journal 2018; 24: (S2) 121–327

Data Management, 7Hermesoft, Statistics, Graz, 8Clinical 
Department of Neurology, Medical University of Innsbruck, 
Innsbruck, Austria

Objectives: To compare the efficacy, frequencies and reasons for 
treatment interruption of fingolimod (FTY), dimethyl fumarate 
(DMF) or teriflunomide (TERI) in a nationwide observational 
cohort using prospectively collected data.
Materials and methods: Two cohorts of patients with relapsing-
remitting multiple sclerosis (RRMS) starting treatment with fin-
golimod, dimethyl fumarate or teriflunomide documented in the 
Austrian MS Treatment Registry (AMSTR) since 2014 and either 
staying on therapy for at least 12 months (12m cohort) or having 
at least one follow-up visit (total cohort). The 12m cohort included 
664 RRMS patients: 315 in the fingolimod, 232 in the DMF and 
117 in the teriflunomide group. Multinomial propensity scores 
were used for inverse probability weighting to correct for the bias 
of this non-randomised registry study.
Results: Estimated mean annualized relapse rates (ARR) over 12 
months were 0.21 for fingolimod, 0.20 for DMF and 0.19 for teri-
flunomide treatment, causing an Incidence Rate Ratio (IRR) of 
1.01 for fingolimod versus DMF (p=0.96) and 0.92 for terifluno-
mide versus DMF (p=0.84). No differences were found regarding 
the probability for experiencing a relapse, EDSS change, EDSS 
progression and EDSS regression, except regarding less sustained 
EDSS progression for 12 weeks concerning DMF versus fingoli-
mod (p=0.02). The hazard ratio for treatment interruption compar-
ing fingolimod versus DMF was 1.03 (p=0.86) and 1.07 comparing 
teriflunomide versus DMF (p=0.77).
Conclusions: In the AMSTR, there was no difference concerning 
ARR, probability for a relapse, EDSS change, treatment interrup-
tion, EDSS progression or regression between oral DMTs, except 
regarding less sustained EDSS progression for 12 weeks concern-
ing DMF versus fingolimod.

Disclosure
Michael Guger received support and honoraria for research, con-
sultation, lectures and education from Almirall, Bayer, Biogen, 
Celgene, Genzyme, MedDay, Merck, Novartis, Octapharma, 
Roche, Sanofi Aventis, Shire and TEVA ratiopharm.
Christian Enzinger received funding for travel and speaker honoraria 
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P571
Clinical trials of disease-modifying agents in pediatric 
MS: opportunities, challenges and recommendations from 
the International Pediatric MS Study Group (IPMSSG)

E. Waubant1, B. Banwell2, E. Wassmer3, M.P. Sormani4, 
M.P. Amato5, R. Hintzen6, L. Krupp7, K. Rostasy8, S. 
Tenembaum9, T. Chitnis10

1Regional Pediatric MS Clinic at UCSF, San Francisco, CA, 
2Children’s Hospital of Philadelphia, Philadelphia, PA, United 
States, 3Birmingham Children’s Hospital, Birmingham, United 
Kingdom, 4University of Genoa, Genoa, 5University of Florence, 
Florence, Italy, 6Erasmus MC, Rotterdam, The Netherlands, 
7NYU Langone Medical Center, New York, NY, United States, 
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Argentina, 10Partners Pediatric MS Center, Massachusetts 
General Hospital, Boston, MA, United States

Background: Biological processes involved in MS are largely 
shared across the age span. Despite a high relapse frequency in 
pediatric MS, very few drugs have been tested in that age group 
limiting the availability of safety and efficacy data. A randomized 
controlled phase 3 trial was completed in 2017 and 2 other phase 
3 trials are ongoing. However, phase 3 trials for every newly 
approved DMT for adult MS are simply not feasible in children. 
Consideration should be given as to the best means to confirm 
efficacy and optimize safety for pediatric use.
Objective: To develop consensus recommendations for clinical 
trial designs that can deliver high quality data in pediatric MS 
patients.
Methods: The IPMSSG Steering Committee convened a meet-
ing of experts in January 2018 to review the advances over the 
past six years in the understanding of pediatric-onset MS and 
issues faced in completed or ongoing clinical trials in that 
population.
Results: Challenges with recruitment, retention, study visits and 
choice of a control arm were identified that were specific to clini-
cal trials in pediatric MS. The group considered how to improve 
study design and conduct based on specificities in this age group. 
Appropriate trial options for various categories of drug to be stud-
ied in pediatric MS were identified to address recruitment issues 
and avoid “ghost trials”. The group agreed that clinical trials in 
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children with MS must consider pediatric-specific safety concerns 
both during the trial and in longer term open-label observation. 
IPMSSG Steering Committee recommendations will be presented 
regarding strategies for achieving these objectives, as well as 
endorsement of these recommendations by the IPMSSG 
membership.
Conclusions: These recommendations aim to ensure high quality 
evidence-based treatment for children and adolescents with MS to 
reduce reliance on off-label use, increase safety data and remove 
regulatory or insurance-based limitations in access to treatment.
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P572
Treatment with alemtuzumab after fingolimod in 
relapsing-remitting multiple sclerosis is effective and safe

C. Alcalá1, F. Gascón2, F. Pérez-Miralles3, J.A. 
Dominguez2, S. García Gil-Perotín3, B. Casanova3

1Neurology, Hospital Universitari i Politècnic La Fe, 2Hospital 
Clinico Universitario, 3Hospital Universitari i Politècnic La Fe, 
Valencia, Spain

Background: It has been described that treating relapsing-
remitting multiple sclerosis (RRMS) patients with alemtu-
zumab following fingolimod could be less effective due to the 
different dynamics of lymphocyte repopulation. Effectiveness 
and safety of alemtuzumab compared to a cohort of RRMS 
patients treated with rituximab after fingolimod withdrawal 
were analysed.
Patients and methods: A prospective follow-up of a cohort of 
RRMS patients of two MS Units in Valencia (Spain) treated with 
alemtuzumab or rituximab after fingolimod withdrawal was 
accomplished. Effectiveness, measured by the percentage of 
patients with no evidence of disease activity (NEDA), and the 
presence of side effects were registered.
Results: A total of 55 patients, 28 with alemtuzumab and 27 with 
rituximab were analysed. No differences in the washout period 
(median (interquantile range); alemtuzumab: 42 days (21.3-59.5); 
rituximab: 34 days (17.3-61.3); p=0,49) or in the number or lym-
phocytes before starting the new treatment (median (interquantile 
range); alemtuzumab: 1310 (815-1670); rituximab: 1100 (665-
1580); p=0,44) were observed. After a mean follow-up period of 
28.8 months (SD: 18), the annualized relapsing rate was signifi-
cantly reduced in the alemtuzumab group from 1.29 to 0.004 (p< 
0.001) and in the rituximab group from 1.24 to 0.02 (p< 0.001), 
without differences between groups. After one year of follow-up, a 
significant reduction of the median EDSS (interquartile range) from 
2.8 (2-3) to 2.0 (1.5-2.5) (p=0.03) in the alemtuzumab group and 
from 3.5 (2-4) to 2.5 (2-4) (p< 0.01) in the rituximab group were 
observed; these reductions remained stable after the second year, 
without statistical differences between both groups. Eighty-two per 
cent (n=28) of patients in alemtuzumab group and 70% (n=27) in 
rituximab group achieved NEDA criteria, without differences 
(p=0.3). Symptoms related to the infusion were the most frequent 
side effect in both groups. No serious side effects were registered in 
any group.
Conclusion: Treating RRMS patients with alemtuzumab or ritux-
imab after fingolimod withdrawal is effective and safe, without 
significantly differences between both groups. Previous treatment 
with fingolimod did not negatively influence response to alemtu-
zumab in our series.

Disclosure
We declare not conflict of interest
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P573
Patient initiation of fingolimod treatment in clinics and in 
the Gilenya@Home Program: baseline heart rate data for 
the first-dose adverse cardiac effects subgroup

J. Osborne1, B. Brown2, X. Meng2, N. Jaitly2, W. Su2, J. Weiss2

1State of the Heart Cardiology, Grapevine, TX, 2Novartis 
Pharmaceuticals Corporation, East Hanover, NJ, United States

Introduction: Largely asymptomatic, decreased transient heart 
rate (HR) is an expected pharmacodynamic effect of fingolimod 
(Gilenya®) initiation; heart block may also rarely occur. US pre-
scribing information requires first-dose observation (FDO) of 
HR and blood pressure for ≥6 hours in patients initiating fingoli-
mod. FDO can be conducted in clinics; with the Gilenya@Home 
program, most US patients initiate fingolimod at home.
Objectives: Assess if low baseline HR before initiating fingoli-
mod was an indicator of adverse events (AEs), such as second-
degree atrioventricular (2°AV) block, emergency room (ER) 
monitoring or documented bradycardia.
Methods: Retrospective, anonymized patient FDO data were col-
lated from Gilenya@Home (Oct 2014-Jul 2017) and Gilenya assess-
ment network clinics (Jul 2010-Dec 2016). Extended monitoring 
was conducted per product label or if HR was ≤45 beats per minute 
(bpm) at 6 hours. Patients attended the ER for overnight monitoring, 
if required. Pre-dose baseline HR was assessed retrospectively for 
patients initiating fingolimod in-home or in-clinic who had new-
onset 2°AV block, ER monitoring or documented bradycardia.
Results: Data were collated for 5572 in-home visits and 15,025 
in-clinic FDO procedures. Baseline HR (mean±standard devia-
tion) was similar for the overall groups of patients initiating fin-
golimod in-home and in-clinic (74.8±12.2 bpm vs 74.2±11.4 
bpm). Baseline HRs for in-home patients with 2°AV block 
(74.3±13.7 bpm; n=4 [0.1%]) or who attended the ER (70.4±13.4 
bpm; n=15 [0.3%]) were similar to the HR for the overall in-home 
group. Baseline HRs for in-clinic patients with 2°AV block 
(76.8±8.4 bpm; n=9 [0.1%]) or who attended the ER (73.4±12.8 
bpm; n=129 [0.9%]) were similar to the HR for the overall in-
clinic group. Baseline HRs for in-home and in-clinic patients with 
documented bradycardia (64.4±8.1 bpm; n=20 [0.4%] and 
65.3±12.4 bpm; n=10 [0.1%], respectively) were lower than the 
HRs for the respective overall groups.
Conclusions: Pre-first dose baseline HR for patients who had 
2°AV block or attended the ER fell within the overall population 
range, but were lower for those with bradycardia, whether in-
home or in-clinic. These data provide further evidence that first-
dose AEs with fingolimod occur in a low percentage of patients, 
regardless of clinical setting. Analysis of individual-level data 
may determine whether there is a pre-dose HR threshold below 
which first-dose adverse cardiac effects are more likely.

Disclosure
John Osborne, medical director of the Gilenya@Home program, 
has received honoraria for educational programs that he has pro-
vided on behalf of Novartis as well as consultation fees for 
Gilenya@Home. Brandon Brown, Xiangyi Meng, Nina Jaitly, 
Wendy Su and Jamie Weiss are employees of Novartis 
Pharmaceuticals Corporation.

P574
Establish tolerence in MS with myelin-peptide coupled 
red blood cells - ETIMSredtrial

A. Lutterotti1, T.H. Ludersdorer2, M. Docampo2, M. 
Hohmann2, C. Selles Moreno2, H. Hayward-Koennecke1, 
N. Pfender1, K. Schauer1, I. Jelcic1, M. Foege1, R. 
Stenger2, M. Kayser2, U. Schanz1, M. Sospedra1, R. 
Martin1

1University Hospital and University Zurich, 2University of 
Zurich, Zurich, Switzerland

Background: Induction of antigen-specific tolerance can be 
viewed as the most direct and specific means of correcting an 
altered and pathogenic immune response, which underlies many 
organ-specific autoimmune diseases. Compared to unspecific 
immunomodulatory or immunosuppressive interventions, which 
are currently used in all autoimmune diseases, antigen-specific 
therapies have the advantage to solely affect the aspects of the 
immune system responsible for the pathologic effects, without 
altering physiological immune responsiveness. We have devel-
oped a therapeutic regimen employing autologous blood cells 
chemically coupled with myelin peptides to induce antigen-spe-
cific tolerance in MS. The myelin peptides from three different 
myelin proteins myelin basic protein (MBP), myelin oligoden-
drocyte glycoprotein (MOG) and proteolipid protein (PLP) were 
previously identified as important target antigens in MS. 
Following a successful first-in-man trial with myelin peptide 
coupled PBMC in MS patients (1) we have optimized the 
approach further using red blood cells (RBCs) as tolerogenic 
carrier cells.
Objective: We test the safety and tolerability of autologous RBCs 
coupled with 7 myelin peptides (MBP83-99, MBP13-32, MBP111-129, 
MBP146-170, PLP139-154, MOG1-20 and MOG35-55) in a phase Ib clinical 
trial in MS patients.
Result: Overall, ten relapsing-remitting and secondary-progres-
sive MS patients will be treated in a dose escalation study to 
receive up to 3x1011autologous myelin-peptide coupled RBCs. All 
patients have shown T cell reactivity against one or several of 
these peptides prior to the treatment. The trial is accompanied by 
mechanistic studies to assess in-vivoimmunological effects of the 
therapy.
Conclusion: In summary we report the safety and tolerability of a 
novel therapeutic approach in MS aiming at antigen specific 
immune tolerance.
Bielekova et al. J Immunol 2004, Lutterotti et al. Sci Transl Med 
2013

Disclosure
Acknowledgements: The ETIMSred project is supported by the 
Wyss Zurich Center. Further support has been given by the 
Clinical Research Priority Project-MS of the University Zurich 
and by ERC Advanced Grant 349733 to R. Martin
Disclosures
A. Lutterotti
Received financial compensation and/or travel support for lec-
tures and advice from Biogen, Merck, Novartis, Teva, Genzyme, 
Bayer, Celgene. A Lutterotti is a co-founder of Cellerys and 



276 Poster Session 1, 24(S2)

Multiple Sclerosis Journal 2018; 24: (S2) 121–327 journals.sagepub.com/home/msj

Co-inventor on a patent held by the University of Zurich on the 
use of peptide-coupled cells for treatment of MS.
R. Martin
Received unrestricted grants from Biogen and Novartis. Received 
financial compensation for lectures and advisory tasks from 
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Inhibition of Bruton’s tyrosine kinase selectively prevents 
antigen-activation of B cells and ameliorates B cell-
mediated experimental autoimmune encephalomyelitis

S. Torke1, R. Greeningloh2, U. Boschert2, M. Weber3,4

1Editorial, Institute of Neruopathology, Gottingen, Germany, 
2EMD Serono Research & Development Institute, Billerica, MA, 
United States, 3Institute of Neuropathology, University Medical 
Center, 4Department of Neurology, University Medical Center 
Göttingen, Gottingen, Germany

Background: The role of B cells as key mediators of inflamma-
tory processes in multiple sclerosis (MS) has been increasingly 
recognized in the recent years. This notion was substantiated by 
the recent success of pan B cell depletion by anti-CD20 monoclo-
nal antibodies. This however, not only targets pathogenic B cells 
but can also affect regulatory B cell properties. An alternative 
strategy may be the therapeutic abrogation of pro-inflammatory B 
cell functions by Bruton´s tyrosine kinase (BTK) inhibition. BTK 
is centrally involved in B cell receptor signaling and subsequent 
activation and differentiation of B cells. BTK inhibition (BTKi) 
could thereby be a promising strategy to control pathogenic func-
tion, such as antigen presentation and release of pro-inflammatory 
cytokines, while leaving regulatory B cell properties unaffected.
Methods: Daily oral treatment in C57Bl/6 mice with the BTK 
inhibitor evobrutinib (M2951) at three doses or vehicle control 
started 7 days prior to immunization. Mice were immunized with 
conformational MOG 1-117 protein, a model of experimental 
autoimmune encephalomyelitis (EAE) in which B cells can 
directly recognize the immunogen. EAE severity was assessed 
daily using a standard scale (0-5). Histopathology was performed 
at day 60 after immunization. Flow cytometry of activation mark-
ers on B cells, T cells and myeloid cells as well as analysis of the 
B cell phenotype was performed at day 12 after immunization. 
Intra-cellular calcium flux analysis was performed in vitro or 
after 3 days of BTKi treatment ex vivo using Fluo-3 and Fura Red 
calcium-sensitive dyes and anti-IgM B cell receptor (BCR) 
stimulation.
Results: The intermediate and highest dose of BTKi showed an 
amelioration of EAE severity throughout the 60-day observation 
period. Supporting these findings, BTKi reduced CNS inflamma-
tion and demyelination. BTKi treatment led to an accumulation of 
naïve B cells with a corresponding reduction of antigen-activated 
B cells. The expression of activation markers CD80, CD86, CD69 
and MHCII was significantly reduced on B cells treated with 

evobrutinib. B cell receptor stimulation lead to reduced calcium 
influx in BTKi treated B cells in vitro and ex vivo.
Conclusion: BTKi reduces the influx of excitatory calcium in B 
cells upon BCR stimulation preventing their activation and con-
version from naïve to antigen-activated B cells. This translates 
into reduced CNS inflammation and clinical amelioration in a B 
cell-mediated EAE model.
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Sebastian Torke: Nothing to disclose; Roland Grenningloh: 
Employee of EMD Serono; Ursula Boschert: Employee of EMD 
Serono; Martin S. Weber: Editor for PLoS One. Received travel 
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Real-world experience of the effectiveness, safety and 
tolerability of dimethyl fumarate in Barts Health MS 
cohort

K. Allen-Philbey1, Q.M. Lee1, M. Francis1, G. 
Giovannoni1,2, K. Schmierer1,2, B. Turner1,2

1The Royal London Hospital, Clinical Board Medicine 
(Neuroscience), 2Barts and The London School of Medicine & 
Dentistry, Queen Mary University of London, Blizard Institute 
(Neuroscience), London, United Kingdom

Introduction: Dimethyl fumarate (DMF) is a licensed oral dis-
ease modifying therapy (DMT) approved by the National Institute 
for Health and Care Excellence (NICE) for relapsing multiple 
sclerosis (RMS), with a favourable efficacy and safety profile 
established in phase III clinical trials.
Objectives: To evaluate real-world data and prevalence of lym-
phopenia in people with multiple sclerosis (pwMS) treated with 
DMF in a specialist London multiple sclerosis centre.
Methods: Retrospective analysis of 280 pwRMS treated with 
DMF at the Royal London Hospital with a minimum of three 
month follow-up data. Demographic, laboratory and clinical 
information, regarding MS history and follow-up, was extracted 
from the BartsMS database and patient’s medical records.
Results: 280 pwMS were included (67% female; mean age: 
39.8+10.2 years). Mean disease duration was 8.9+6.2 years. 55% 
pwMS were treatment naïve. 42% and 3% switched from first 
and second line DMTs respectively. The mean duration of DMF 
exposure was 21.5±11.5 months. The discontinuation rate was 
36%. 38 pwMS (14%) discontinued due to adverse events. Most 
frequent adverse events were lymphopenia (n = 18), mild gastro-
intestinal side-effects and flushing (n = 8), proteinuria (n = 2) and 
alopecia (n = 2). 31 pwMS (11%) discontinued due to disease 
activity and 30 (11%) due to patient’s own wish. In 192 pwMS 
(69%), absolute lymphocyte counts (ALC) were within normal 
limits at all post-baseline visits (CTCAE/ Common Terminology 
Criteria for Adverse Events grade 0). 88 pwMS (31%) 
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experienced lymphopenia, which was sustained for ≥3 months in 
47 pwMS (53%). Mean duration of lymphopenia was 281.4±185.2 
days. The incidence of grade I and II post-baseline CTCAE grade 
I and II lymphopenia was 41 (15%) and 40 (14%) respectively. 7 
pwMS (2.5%) had CTCAE grade 3 lymphopenia. CTCAE grade 
4 lymphopenia was not experienced by any pwMS. Persistent 
(>3months) lymphopenia (post-cessation of DMF) was experi-
enced by 15 pwMS (5%). ALCs recovered over time following 
discontinuation of DMF. Mean baseline EDSS was 2.3±1.5 
(range = 0 - 6.5 in 118 pwMS). At one year of follow-up, 86% of 
pwMS were relapse free and 9 pwMS (3%) had MRI activity. No 
new safety signals were identified.
Conclusions: Our real world observational data confirms the low 
discontinuation rate due to adverse events from the pivotal clini-
cal trials, however lymphopenia was more frequent than in these 
original studies.

Disclosure
Kimberley Allen-Philbey: nothing to disclose. Qao Minn Lee: 
nothing to disclose.
Michaela Francis: nothing to disclose. Gavin Giovannoni has 
received research support from Takeda and compensation for par-
ticipating on Advisory Boards from Abbvie, Almirall, Atara Bio, 
Biogen, Sanofi-Genzyme, Genentech, GSK, Merck, Novartis, 
Roche and Teva.
Klaus Schmierer has been a PI of trials sponsored by Medday, 
Roche and Teva and involved in trials sponsored by Biogen, 
Sanofi-Genzyme, Novartis and Canbex.
Ben Turner has received travel bursaries, grants and advisory 
boards fees from Biogen, Roche, Sanofi-Aventis, Novartis and 
Merck.
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Evidence-based patient information handbooks on 
immunotherapies - a nationwide German project

A. Rahn1, I. Schiffmann1, K. Stürner2, U. Zettl3, C. 
Heesen1, on behalf of the German MS Society
1Institute of Neuroimmunology and Multiple Sclerosis, 
University Medical Center Hamburg-Eppendorf, Hamburg, 
2Department of Neurology, Christian-Albrechts-University of 
Kiel, Kiel, 3Department of Neurology, University of Rostock, 
Rostock, Germany

Background: With an availability of 17 different treatment 
options, people with multiple sclerosis (PwMS) face complex 
decisions on immunotherapies. Their right on evidence-based 
patient information as a decisional base is legally and ethically 
justified and PwMS prefer an active role in the decision-making 
process. The objective of this joint project of the German compe-
tence network MS (KKNMS) and the MS society (DMSG) is to 
develop handbooks on all immune-therapeutic treatment options 
for PwMS.
Methods: The development follows the criteria of evidence-based 
health information and the first handbook on Tecfidera® serves as 
a blueprint respective structure, layout, content and graphics. 

Every handbook consists of an introduction to the drug, informa-
tion on risk reduction of relapses and progression, MRI, side-
effects and monitoring, Information is summarized by a drug fact 
box and there is an overview on all treatment options. The develop-
ment goes along in close collaboration with consumer representa-
tives, authors of the corresponding physician handbook, the 
management boards of the KKNMS and DMSG, the national 
board of PwMS and the respective pharmaceutical company. 
Previously developed figures on absolute risk reduction (ARR) 
were modified and tested with PwMS as well as newly developed 
figures on relative risk reduction (RRR) and side effects. Two 
focus groups, one with neurologists and one with PwMS were con-
ducted to explore the handbooks’ feasibility. Currently, 4 hand-
books are in print (each run 10,000) and will be handed out together 
with an evaluation sheet to PwMS in June 2018.
Results: Patient (n=29) feedback led to a change in colour of the 
ARR-figure and figures on RRR and side-effects were revised 
multiple times. Feedback of the boards was generally positive. 
Members of the neurologist focus group (n=5) were rather critical, 
as they expressed, that it was too much and too complex informa-
tion. On the other hand, participants of the PwMS-focus group 
(n=3) found it comprehensive and considered it a viable decision 
making-aid. The ongoing quantitative survey evaluation of the 
first 4 Germanwide disseminated handbooks will provide data on 
the acceptability and understandability.
Conclusions: The handbook might support PwMS in making 
informed decisions in accordance with personal preferences. 
Further evaluation data will be presented at the conference.

Disclosure
Christoph Heesen received speaker honoraries and grants from 
Biogen, Genyzme, Merck, Novartis, Roche
Uwe Zettl received speaker honoraries and/ or grants from 
Almirall, Bayer, Biogen, Merck, Novartis, Roche, Sanofi 
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Anne Rahn has nothing to disclose.
Insa Schiffmann has nothing to disclose.
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Neuroprotection and Repair

P578
An increase in chemokine, CXCL1 with ERβ ligand 
treatment potentially stimulates axon myelination in a 
mouse model of multiple sclerosis

H. Karim1, S.H. Kim2, A. Lapato1, N. Yasui2, J. 
Katzenellenbogen2, S. Tiwari-Woodruff1

1University of California Riverside, Riverside, CA, 2University of 
Illinois, Urbana, IL, United States

Current therapeutics reduce relapse rates in multiple sclerosis 
(MS) patients but fail to reverse or prevent neurodegeneration or 
initiate repair/remyelination. Different ERβ ligands diarylpropi-
onitrile (DPN), WAY 202041 (WAY), chloroindazole (IndCl) all 
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demonstrate remyelination but with differential immune effects 
on experimental autoimmune encephalomyelitis (EAE). The 
superior role of IndCl as an immunomodulatory, pro-myelinating, 
and neuroprotective agent in MS models prompted the develop-
ment and screening of several novel IndCl analogues. Two ana-
logues, STW-1 and STW-2 displayed similar efficacy to IndCl 
and were selected for their impact on clinical disease course, and 
disease pathology. These compounds ameliorated disease sever-
ity, increased oligodendrocyte (OL) numbers and enhanced mye-
lination in the corpus callosum. To investigate a potential common 
immune mechanism for ERβ ligand-mediated remyelination, leu-
kocyte populations and secreted cytokines/chemokines were ana-
lyzed from mice treated with one of several ERβ ligands from 
EAE onset to peak disease. Nearly all ERβ ligands tested, reduced 
peripheral levels of OL toxic IFNγ and C-X-C motif ligand 10 
(CXCL10) and enhanced chemokine CXCL1 intensity on astro-
cytes in spinal cord of EAE mice. CXCL1 has been shown to 
stimulate OL progenitor cell (OPC) migration, proliferation, and 
differentiation, and has been shown to be upregulated during pro-
inflammatory conditions by IL-1β and TNFα. CXCR2 receptor, 
the primary receptor for CXCL1, is critical for developmental 
OPC positioning and differentiation in the CNS. Supernatant col-
lected from primary astrocyte cultures stimulated with IL-1β con-
tained increased levels of CXCL1. The same supernatant was 
added to OL cultures and induced an accelerated cell differentia-
tion. OL primary cultures, in the presence of CXCR2 antagonist, 
SB 225002 and IL-1β astrocyte conditioned media, showed 
decreased OL differentiation and enhanced OL apoptosis. The 
present study indicates an interplay between the peripheral and 
central immune systems that involves ERβ ligands modulation of 
the cytokine and chemokine milieu to promote repair/remyelina-
tion. The results presented here offer new possibilities for promis-
ing and selective MS treatment options to achieve functional 
recovery from MS disease.

Disclosure
This work was generously supported by National Institutes of 
Health Grants NMSS RG 4853A3/2 and NIH R01 NS081141-
01A1 to STW, and NIH R01 DK015556 to JAK.
Hawra Karim: Nothing to disclose
Sung Hoon Kim: Nothing to disclose
Andrew Lapato: Nothing to disclose
Norio Yasui: Nothing to disclose
John A Katzenellenbogen: Nothing to disclose
Seema Kaushalya Tiwari-Woodruff: Nothing to disclose

P579
Clean-surfaced, faceted gold nanocrystals stimulate the 
differentiation of oligodendrocyte precursor cells by up-
regulating genes involved in oligodendrocyte myelination

D. Fantini1, A.P. Robinson2, H.E. Titus2, M.T. Hotchkin3, 
M.G. Mortenson3, G.S. Frick3, K.S. Ho3,4, S.D. Miller2

1Department of Urology, Northwestern University Feinberg 
School of Medicine, Salt Lake City, UT, 2Department of 
Microbiology-Immunology, Northwestern University Feinberg 
School of Medicine, Chicago, IL, 3Clene Nanomedicine, 

4Division of Medical Genetics, University of Utah School of 
Medicine, Salt Lake City, UT, United States

Chronic multiple sclerosis (MS) lesions contain significant num-
bers of quiescent oligodendrocyte precursors cells (OPCs). The 
failure of these OPCs to differentiate into mature oligodendro-
cytes and subsequently remyelinate neurons within MS lesions is 
believed to contribute to the progression of the disease. Therefore, 
one therapeutic strategy to address demyelination, and ultimately 
axonal loss, in multiple sclerosis is to stimulate OPC differentia-
tion into mature OLs to enable remyelination.
We have developed a novel electro-crystallization method that 
produces clean-surfaced, faceted gold nanocrystals in aqueous 
suspension. Our previous work demonstrated the therapeutic 
value of oral administration of these gold nanocrystals 
(CNM-Au8) in the in vivo cuprizone and lysolecithin demyelina-
tion animal models. To further characterize the effect of 
CNM-Au8 on OPC differentiation, we conducted an in vitro 
RNAseq expression study using isolated, purified OPC cultures, 
with each treatment condition performed in triplicate. Here we 
show that 1 µg/mL and 10 µg/mL CNM-Au8 treatment of mouse 
OPCs in primary culture for 72 hours results in differential 
expression (DE) of genes involved in myelination. Markers of 
oligodendrocyte (OL) maturation such as MAG, MBP, GJC2, 
NKX6.2, and SOX10 mRNAs were elevated at least 2-fold over 
untreated vehicle controls. We conducted Multidimensional 
Scaling Analyses to examine distances between samples accord-
ing to their gene expression profiles. These analyses demon-
strated that CNM-Au8-treated OPC expression profiles were 
more similar to the expression profile of differentiated OLs 
treated with a promoter of OPC differentiation, triiodothyronine 
(T3), than to the profile of proliferating OPCs treated with plate-
let derived growth factor (PDGF). Furthermore, there was an 
enrichment of mRNA transcripts with gene ontology terms 
related to lipid metabolism uniquely present in the DE gene pro-
file for CNM-Au8-treated OPCs. These included a panel of genes 
encoding proteins involved in long chain fatty acid synthesis, 
which is essential to the generation of lipids that comprise ~70% 
of myelin. In contrast, the DE gene profiles for the T3 and PDGF 
controls did not demonstrate enrichment in long chain fatty acid 
synthesis mRNAs. Taken together, these data demonstrate that 
treatment with CNM-Au8 promotes OPC differentiation and OL 
maturation. CNM-Au8 represents a promising potential remyeli-
nating treatment for demyelinating disorders such as MS.

Disclosure
D.F., H.E.T., A.P.R., and S.D.M. have nothing to disclose. M.T.H., 
G.S.F., K.S.H., and M.G.M are full time employees of Clene 
Nanomedicine and as such receive salary and stock options. 
M.T.H. and M.G.M own stock in Clene.

P580
Efficacy of dimethyl-fumarate in preventing grey matter 
pathology in multiple sclerosis

C. Zuco1, D. Marastoni1, F.B. Pizzini2, M. Pitteri1, A.I. 
Pisani1, F. Crescenzo1, M. Castellaro3, M. Guandalini1, S. 
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Ziccardi1, S. Montemezzi4, A. Scalfari5, S. Monaco1, R. 
Magliozzi1,6, M. Calabrese1

1Dept. of Neurosciences, Biomedicine and Movement 
Sciences, 2Radiology Units, Department of Diagnostics and 
Pathology, University of Verona, Verona, 3Department of 
Information Engineering, University of Padua, Padova, 
4Dept. of Radiology, Azienda Ospedaliera Universitaria 
Integrata, Verona, Italy, 5Department of Medicine, Division 
of Neurodegeneration and Neuroinflammation, 6Division 
of Brain Sciences, Faculty of Medicine, Imperial College 
London, London, United Kingdom

Introduction: Despite the evidence of the efficacy of dimethyl-
fumarate (DMF) as disease modifying drug in multiple sclerosis 
(MS), no data are so far available about its effect on focal and 
diffuse gret matter (GM) pathology.
Objective: In this study we evaluate in a large population of 
relapsing remitting MS (RRMS) patients, the safety and efficacy 
of DMF having particular attention to GM parameters
Methods: We conducted a longitudinal 2-year, prospective, 
single blind study including 199 patients with relapsing-remit-
ting MS treated with DMF. Each subject underwent a neuro-
logical examination with EDSS evaluation every 6 months and 
a 3T-MRI at baseline and after 12 and 24 months. The images 
were processed by MIPAV-software to detect the cortical lesion 
load and by FreeSurfer-software to establish the regional corti-
cal thickness. We also evaluated the percentage brain volume 
change (PBVC) by means of SIENAX. The annualized relapse 
rate, the appearance of new white matter and new Gad+ lesions, 
the occurrence of severe adverse events including severe lym-
phopenia and the quality of life were also recorded. In addition, 
40 untreated patients were enrolled in the study as reference 
population.
Results: Number of relapses and new T2 lesions observed in the 
treated patients were in line with literature data. New or enlarged 
CLs were observed in 22.0% treated and 48.7% untreated patients 
(p=0.009). The number of new CLs was lower (p< 0.001) in the 
treated group (0.2±0.3; 0.0-2.0) compared to untreated group 
(2.9±1.8; 2.3-3.5). At T24 the PBVC was significantly (p< 0.001) 
lower in the DMF treated group (0.36±0.08%,). The regional anal-
ysis revealed, in the untreated group, a more pronounced cortical 
thinning in several regions including hippocampus, cingulate, 
insula and superior frontal gyrus. The EDSS change was signifi-
cantly higher (one tail p< 0.01) in the untreated (mean= 1.4±0.7; 
0.0-2.5) compared to the treated group (mean= 0.2±0.3; 0.0-1.0). 
Eleven treated patients dropped out for disease activity (new or 
enlarging lesions, relapses or disability progression), 3 patients 
for persisting severe side effects, 4 patients for persisting severe 
lymphopenia and finally 4 dropped out wishing a pregnancy. No 
severe adverse events were observed.
Conclusion: Aside the high safety and tolerance, these results 
suggest a robust effect of DMF on both WM and GM pathology, 
possibly by delaying and/or halt progression of focal and diffuse 
GM damage.

Disclosure
Zuco Carmela: nothing to disclose

P581
Circulating T cells of fingolimod treated patients with MS 
secrete an increased BDNF levels

K. Mausner-Fainberg1, M. Golan1, B. Ibrahim2, M. Ben 
Hamou3, A. Karni1,2,3

1Neuroimmunology Laboratory, Department of Neurology, Tel 
Aviv Sourasky Medical Center, 2Segol School of Neuroscience, 
Tel Aviv University, 3Sackler School of Medicine, Tel Aviv 
University, Tel Aviv, Israel

Background: Albeit the detrimental effect of CNS infiltrating 
immune cells in MS, they may also possess a neuroprotective activ-
ity through secretion of neurotrophins such as brainderived neuro-
trophic factor (BDNF). The human cellular source of the BDNF 
include immune cells, such as T cells, B cells and monocytes, beside 
the CNS cells. Fingolimod is an immunomodulator of the sphingo-
sine 1-phosphate receptor, approved in RR-MS and able to slow dis-
ability progression and brain volume loss. We explored whether the 
selective effect of fingolimod on T cells egress from the lymph 
nodes, creates a favorable neuroprotective immune activity.
Methods: A longitudinal one-year follow up of 25 RR-MS patients 
initiating treatment with fingolimod was performed. EDSS=1.0-
3.5. Disease duration= 1-9 years. Blood samples were collected at 
baseline (prior to fingolimod initiation), at 6 months and at 1 year. 
Due to the lymphopenic effect of fingolimod, PBMCs were sepa-
rated into T cells and monocytes using MACS system (purity > 
95%), in order to ensure that the same number of cells were cultured 
at all time-points. The levels of BDNF in the 24 hrs-supernatants 
were measured by ELISA and presented by mean±SEM. The differ-
ences between groups were tested by student´s t-test.
Results: BDNF levels were increased during treatment with 
fingolimod (average of 6 and 12 months) vs. baseline, both for 
the total PBMC (990.4± 160.4 pg/ml vs. 659.0±87.2 pg/ml, 
respectively, p=0.048) and the separated T cells (46.2 ±15.6 pg/
ml vs. 6.3±3.8 pg/ml, respectively, p=0.008). No significant dif-
ferences were found in the supernatant´s BDNF levels of mono-
cytes between those that were taken during treatment vs. 
baseline 68.9±23.7 pg/ml vs. 96.8±49.1 pg/ml. At baseline 
monocyte secreted higher BDNF levels than T cells (p=0.049). 
This difference disappeared during therapy (p=0.44). No differ-
ences were found in BDNF levels between unstimulated cells 
and stimulation with antiCD3/CD28 for T cells and LPS for 
monocytes and between levels at 6 and 12 months after fingoli-
mod installation.
Discussion: Treatment with fingolimod significantly increases 
BDNF secretion from immune cells and especially from T cells. 
This effect was independent of the signal I and II stimulation of T 
cells. This effect may contribute for the neuroprotective effect of 
this therapy as manifested by slowing down brain atrophy. Our 
results discover an unreported aspect of the mechanism of fingoli-
mod in RR-MS.

Disclosure
The study was funded by Novartis Pharma Services AG.
Mausner-Fainberg K: noting to disclose , Golan M: noting to dis-
close, Bassima Ibrahim: noting to disclose, Ben Hamou M: noting 
to disclose, Karni A: noting to disclose
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P582
Sigma 1 receptor and melanocortin receptor agonists 
protect oligodendroglia from death induced by products 
of B cells from multiple sclerosis patients

R. Lisak1, L. Nedeelkoska1, H. Touil2, A. Bar-Or2, J. 
Benjamins1

1Neurology, Wayne State University School of Medicine, Detroit, 
MI, 2Neurology, University of Pennsylvania, Philadlephia, PA, 
United States

Objective: Determine if melanocortin receptor (MCR) and 
sigma-1 receptor (s-1R) agonists protect oligodendrocytes (OL) 
from cytotoxic factors released by B cells from patients with mul-
tiple sclerosis (MS).
Background: No disease modifying therapy for relapsing MS has 
been shown to directly protect OL/myelin. OL express MCRs in 
vitro that mediate the ability of adrenal cortical stimulating hor-
mone (ACTH 1-39), a melanocortin, to protect OL and OL precur-
sors (OPC) from mechanisms likely important in MS: excitotoxicity, 
reactive oxygen species, inflammation and apoptosis. 
Dextromethorphan (DM) and Anavex®2-73, s-1R agonists and 
weak NMDAR antagonists, protect OL and OPC from these same 
toxic stimuli. B cells from blood of MS patients, but not normals, 
release toxic factors/s that kill OL in vitro involving apoptosis. We 
sought to determine if ACTH, DM and Anavex2®-73 also inhibit 
OL death induced by products of MS B cells.
Methods: B cells were isolated by positive selection with anti-
CD19 MACS beads. B cells were cultured without any in vitro 
stimulation, supernatants (Sup) harvested and frozen until testing. 
Glial cell cultures prepared from brains of neonatal rats contained 
OL, OPC, astrocytes and microglia. ACTH, DM, Anavex®2-73 
or additional medium was added to glial cultures prior to adding B 
cell Sup. OL death was determined by trypan blue uptake.
Results: Sup from MS B cells were toxic to OL, those from nor-
mals were not. ACTH, DM and Anavex®2-73 all markedly inhibit 
OL death induced by MS B cell Sup. Antagonists of MCR or s-1R 
added prior to Anavex®2-73 reverse the ability to block B cell 
Sup mediated cytotoxicity.
Conclusions: ACTH, DM and Anavex®2-73 are able to inhibit B 
cell Sup mediated death of OL in vitro. Since there is progression 
and degeneration in many treated MS patients, development of 
agonists for MCR and s-1R are potential protective treatments for 
patients with MS.

Disclosure
Funding: National Multiple Sclerosis Society (RL, JB, AB-O), 
Research Foundation of the MS Society of Canada, Parker Webber 
Chair of Neurology Endowment (DMC Foundation/Wayne State 
University)., NIH and Melissa and Paul Anderson Chair in 
Neuroinflammatioin (Univeristy of Pennsylvania) RL has 
received funding for research from Mallinckrodt, Novartis, Teva, 
Sanofi-Genzyme, Genentech/Roche, Medimmune and Alexion; 
has consulted for Alexion, Celegene, Syntimmune, GLG 
Consulting, Insights Consulting and Alpha Sites Consulting and 
served as a speaker for non-branded talks for Teva. LN has noth-
ing to declare. HT has nothing to declare. AB-O has participated 
as a speaker in meetings sponsored by and received consulting 
fees and/or grant support from: Atara Biotherapeutics, Biogen 

Idec, Celgene,/Receptos, Genentech/Roche, GlaxoSmith Kline, 
MAPI, Medimmune, Merck/EMD Serono, Novartis, Sanofi-
Genzyme. JB has nothing to declare.

P583
Mir-219 enriched exosomes decrease experimental 
autoimmune encephalomyelitis symptoms after intranasal 
administration

I. Osorio-Querejeta1, A. Egimendia2, A. Alberro1, L. 
Moles1, L. Iparraguirre1, S. Carregal-Romero2, I. Llarena2, 
L. Nash3, L. Sepulveda1, C. San José1, M. Wood4, I. 
Mäger4, P. Ramos-Cabrer2, M. Muñoz-Culla1, D. Otaegui1

1Biodonostia Health Research Institute, 2CICbiomagune,  
San Sebastián, Spain, 3Ottawa Hospital Research Institute, 
Ottawa, ON, Canada, 4University of Oxford, Oxford,  
United Kingdom

Introduction: Multiple sclerosis (MS) is a central nervous system 
(CNS) disease in which myelin is damage by an autoimmune attack. 
Although there are several treatments to modulate the immune sys-
tem, remyelination promotors are not available. The use of microR-
NAs and more concretely hsa-miR-219, has been proposed as 
oligodendrocyte precursor cell differentiation mediator and there-
fore as a remyelination inductor. Nevertheless, the administration of 
the microRNA to the CNS is a tricky question and delivery systems, 
such as the use of exosomes are under study. Exosomes are 100 nm 
particles released by cells and implicated in the intercellular com-
munication which carry proteins and genetic material.
Aims: The goal of this work is to address the ability of miR-219 
enriched exosomes (Ex-219) to promote OPC differentiation in 
vitro and to induce remyelination in an animal model of MS, the 
experimental autoimmune encephalomyelitis (EAE).
Methods: Exosomes were isolated from HEK 293T cells which 
were previously infected with the pLKO1-miR219 plasmid. 
Exosomes were isolated with tangential flow filtration system 
and sequential centrifugation steps. Exosomes were character-
ized by Nanotrack Particle Analysis and Cryo-TEM. Droplet 
Digital PCR was used to quantify the cargo of miR-219 in the 
exosomes. Uptake and differentiation studies were performed in 
OPC primary cultures obtained from P2 C57BL/6 mice and ana-
lysed by confocal microscopy and qPCR respectively. MOG35-55 
EAE induced model was used to determine the ability of 
exosomes to decrease clinical symptoms after intranasal admin-
istration of Ex-219. T11 Nuclear Magnetic Resonance was per-
formed to characterize the EAE lesions. Animal procedures were 
approved by the pertinent ethical committee.
Results: Ex-219 overexpressed miR-219 with a FC=108 when 
compared to non-enriched exosomes (NE-Ex). OPC were able to 
up-take exosomes with a 63% of efficiency. Ex-219 increased the 
expression of myelin related genes in OPCs (MBP, PLP1, MOG 
and CNPase; FC>2) and decrease the EAE score after intranasal 
administration (AUC p< 0.05) when compared to NE-Ex and non-
treated animals.
Conclusions: To conclude, Ex-219 are able to induce OPC dif-
ferentiation in vitro and to decrease EAE score after intranasal 
administration. In addition, exosomes have shown to be a proper 
microRNA delivery system for CNS diseases. These results open 
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a promising and feasible remyelination therapy for MS and other 
neurodegenerative diseases.
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David Otaegui: nothing to disclosure
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P584
Early treatment with Natalizumab prevents cortical gray 
matter atrophy: a two-year prospective study in relapsing-
remitting multiple sclerosis patients

L. Orbach1,2, S. Miron2, S. Menascu2, D. Magalshvili2, M. 
Dolev2, Y. Stern2, A. Achiron2

1Sackler Faculty of Medicine, Tel Aviv University, Tel-Aviv, 
2Multiple Sclerosis Center, Sheba Medical Center, Tel-
Hashomer, Israel

Background: Natalizumab (Tysabri), a humanized monoclonal 
antibody directed against a4-b1 integrin, is a leading immu-
nomodulatory drug for the treatment of relapsing-remitting multi-
ple sclerosis (RRMS) and is currently evaluated in in patients with 
secondary-progressive disease course.
Objectives: To assess longitudinal effects of Natalizumab, a 
humanized monoclonal antibody directed against a4-b1 integrin, 
on cortical gray matter thickness and cognitive performance in 
relapsing-remitting multiple sclerosis (RRMS) patients.
Methods: A longitudinal prospective study. RRMS patients 
underwent 3.0T 3D high resolution brain MRI (Signa, GE) exami-
nation and comprehensive computerized cognitive assessment 
before initiation of Natalizumab and at 2 years of treatment, along 
with neurological assessments once every 3 months. FreeSurfer 
5.3 was applied to obtain brain morphometrics and to perform 
paired, longitudinal, cortical thickness analyses.
Results: Sixty RRMS patients, 44 Females, 16 Males, age 36.3 ± 
9.3 years, disease duration 8.4 ± 6.0 years, expanded disability 
status scale (EDSS) score 2.6 ± 1.5, were included. Following 2 
years of Natalizumab treatment, cortical thickness of the left hem-
isphere was stable (-0.7%, p=0.15), while the right hemisphere 
cortical thickness significantly decreased (-1.3% p=0.006). 

Surface based analysis demonstrated focal clusters of cortical 
gray matter atrophy (CGMA) at the parietal and frontal regions 
bilaterally with cluster wise probability p< 0.01. Patients who 
started Natalizumab treatment early (≤7.5 years from onset) 
exhibited no CGMA while those who initiated the treatment late 
(>7.5 years from onset) exhibited significant CGMA in five focal 
clusters on the right hemisphere and in one cluster in the left hemi-
sphere, p< 0.02. Under 2 years of Natalizumab treatment cogni-
tive performance was stable with significant improvement in 
information processing speed score (+3.7%, p=0.011).
Conclusions: We identified an early therapeutic window that is 
important to prevent CGMA in Natalizumab treated RRMS patients.

Disclosure
Lior Orbach - reports no disclosures.
Shmuel Miron - reports no disclosures.
Shay Menascu - Consulting fees (Genzyme), contracted research 
(Bayer, Biogen Idec, EMD Serono, Genzyme, Roche).
David Magalshvili - Consulting fees (Genzyme), contracted 
research (Bayer, Biogen Idec, EMD Serono, Genzyme, Roche).
Mark Dolev - Consulting fees (Genzyme), contracted research 
(Bayer, Biogen Idec, EMD Serono, Genzyme, Roche).
Yael Stern - reports no disclosures.
Anat Achiron - Consulting fees (EMD Serono, Genzyme, Roche), 
contracted research (Bayer, Biogen Idec, EMD Serono, Genzyme, 
Roche).
Funding - No targeted funding was received to support this study.

P585
Real-world effectiveness of MD1003 (high dose 
pharmaceutical grade biotin) in patients with progressive 
MS

J. Faure1, J. Jauffret1, C. Carreau2, P. Legrain2, C. Castex3, 
A. Tourbah1

1Neurology, 2CHU de Reims & Université Reims Champagne 
Ardenne, 3CHU de Reims, Reims, France

Background: The efficacy and safety of MD1003 (high dose 
Pharmaceutical grade Biotin) for the treatment of progressive MS 
(PMS) was recently examined in the MS-SPI study (Tourbah et 
al., 2016). MD1003 led to a reversal of disability in 12.6% of 
patients (pts) with PMS (vs. 0% of pts receiving placebo) and was 
well tolerated. MD1003 is available in France through an 
expanded access programme.
Objective: To evaluate the effectiveness and safety of MD1003 
for the treatment of PMS in real-world clinical practice.
Methods: This is a prospective, observational, single-centre (CHU 
de Reims, France) study of MD1003. Pts with primary or secondary 
PMS (PPMS; SPMS), any baseline Expanded Disability Status 
Score (EDSS), and without clinical or radiological evidence of 
inflammatory activity within the previous year (“not active”) were 
treated with MD1003 300 mg/day. Disease progression was 
assessed using EDSS, timed 25-foot walk (TW25), walking dis-
tance, and Clinical Global Impression (CGI). Safety outcomes, 
including the occurrence of relapses, were also recorded.
Results: As of May 2018, 71 pts have been treated with MD1003, 
of which 36 were followed up to 1 year. Of these 36 pts, 53% were 
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female, 53% were diagnosed with SPMS, mean age was 54 years 
(SD=9.4), and mean disease duration since diagnosis was 17.3 
years (SD=8.4). At month (M) 12, 25 (69.5%) pts improved in at 
least one of the 3 parameters measuring disease progression 
(EDSS, TW25 ≤20%, or walking distance ≥20%). Conversely, 3 
(8.3%) pts worsened at M12. Prior to initiating MD1003 treat-
ment, mean EDSS change from baseline showed worsening of the 
disease (-0.22); this worsening was reversed from M0 to M12 (0 
to -0.22) under MD1003 treatment. In addition, between M0 and 
M12, mean TW25 and mean walking distance improved with a 
decrease in TW25 (-14.1%) and an increase in mean walking dis-
tance of 167.4 meters. CGI confirmed the effectiveness of 
MD1003 in PMS, with 25 (69.4%) pts demonstrating improve-
ment. Adverse events were in line with results from previous stud-
ies. Additional data at M12 in a larger cohort of pts and 
complementary sub-group analysis will be presented.
Conclusions: MD1003 was effective in a real-world clinical set-
ting in France, with > 2/3 of pts with PMS experiencing improve-
ment in at least one of 3 commonly used disease activity measures 
(EDSS, TW25, and walking distance) at M12. MD1003 was also 
well-tolerated, with safety outcomes in line with previous studies.

Disclosure
Justine Faure, Joelle Jauffret, Christophe Carreau, Pauline 
Legrain, Cedric Castexhave nothing to disclose
Ayman Tourbah has received consulting and lecturing fees, travel 
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P586
Effect of teriflunomide on oxidative stress-mediated 
alterations of CNS mitochondria

B. Malla1, R. Ulshöfer1, H. Bros1, A. Hauser2,3, R. 
Niesner2, C. Infante-Duarte1

1Institute for Medical Immunology, Charité - 
Universitätsmedizin, 2Deutsches Rheuma-Forschungszentrum, 
a Leibniz Institute, 3Department of Rheumatology and Clinical 
Immunology, Charité - Universitätsmedizin Berlin, Berlin, 
Germany

In Multiple sclerosis (MS), immune cell- derived reactive oxygen 
and nitrogen species are involved in both neuronal and mitochon-
drial damage. Mitochondrial alterations resulting from oxidative 
stress are hypothesized to contribute to neuroaxonal damage in 
inflammatory neurodegenerative diseases including MS.
The immunomodulatory drug teriflunomide (TFN) is approved 
for the treatment of relapsing-remitting multiple sclerosis 
(RRMS). TFN acts by inhibiting cell proliferation through revers-
ible inhibition of the mitochondria associated enzyme, dihy-
droorotate dehydrogenase (DHODH), which is required in the 
rate-limiting step of de novo synthesis of pyrimidine. However, 
how medication may affect mitochondrial function during neuro-
inflammation and concomitant oxidative stress is unclear.
Here, we have investigated the consequences of DHODH inhibi-
tion on oxidative stress-mediated mitochondrial alterations inside 
the CNS. For that, we established an ex vivo model to investigate 

motility, morphology and bioenergetics of neuronal mitochondria 
in acute hippocampal slices. We demonstrated that TFN treatment 
(50µM) prevents morphological alterations of H2O2-treated mito-
chondria, but has no effect on motility. During oxidative stress, 
TFN seems to reduce the production of reactive oxygen species 
(ROS) and prevents partial depletion of ATP.
Since dihydroorotate oxidation by DHODH is coupled to the 
proximal electron acceptor ubiquinone/coenzyme Q, inhibition of 
DHODH attenuates mitochondrial respiratory chain at complex 
III. Thus, apart from its anti-proliferative effects, TFN treatment 
has an effect on mitochondrial bioenergetics affecting mitochon-
drial dynamics.

Disclosure
This study is being supported by Sanofi Genzyme

Long-term treatment monitoring

P587
Extended interval dosing of natalizumab: is efficacy 
preserved?
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Introduction: Some clinicians in Italy extended the dose of natal-
izumab infusions after 24 doses,with the hypothesis of reducing 
PML risk; this idea was supported by recent reports.
Objective:To make this strategy feasible, it is necessary to ascer-
tain the therapeutic durability of the extended dosing strategy.
Aim: To evaluate the non-inferiority in controlling disease activ-
ity of an extended interval dosing (EID) of natalizumab.
Methods: Patients who received natalizumab for at least 24 
weeks in 14 Italian centers were included in the analysis. Patients 
were grouped in 2 categories according to the mean number of 
weeks between doses (< =5.5 weeks, standard interval dosing 
(SID);>5.5 weeks, EID). Only the dose intervals before the first 
relapse was used to estimate the mean intervals between doses, 
to minimize the bias associated to a possible return to SID in 
patients under EID after they experienced a relapse. The non-
inferiority of EID vs SID was a priori defined as satisfied if the 
upper limit of the 95%CI of the annualized relapse rate (ARR) in 
the EID group did not exceed the mean ARR of the SID group by 
0.02 relapse/year. Baseline characteristics were comparedbe-
tween groups by aMann Whitney U test. ARR during follow up 
was estimated and compared between groups by a multivariate 
Poisson regression model.
Results: 341 patientswere included in this analysis. The median 
interval between doses was 4.9 weeks (range 3.7-8.4), with a clear 
bimodal distribution (modes at 4 and 6 weeks) associated with 
individual centers strategies (the median was 4.5 weeks in 220 
patients from 12 centers and 6.2 in 121 patients from 2 centers). 
221 patients were in the SID (median dose interval=4.5 weeks) 
and 120 in the EID group (median dose interval=6.3 weeks). The 
ARRduring follow up adjusting for all the baseline variables (age, 
disease duration, relapses in 2 years pre-natalizumab start, EDSS, 
number of previous treatments) was 0.042 (95%CI=0.026-0.067) 
in the SID group, and it was 0.007 (95%CI=0.002-0.028) in the 
EID group. The non-inferiority of EID vs SID was satisfied.
Conclusions: In this cohort there is no evidence of a reduced effi-
cacy of natalizumab by extending the intervals between doses 
from a median of 4.5 to a median of 6.3 weeks. This observation 
confirms previous results and together with the emerging evi-
dence of a reduced risk of PML associated to an EID supports the 
need of a randomized study to change the standard of the natali-
zumab dosing schedule.
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Long-term reduction in brain MRI disease activity and 
atrophy after 5 years of ocrelizumab treatment in patients 
with relapsing multiple sclerosis

D.L. Arnold1,2, L. Kappos3, S.L. Hauser4, X. Montalban5,6, 
A. Traboulsee7, J.S. Wolinsky8, M. Manfrini9, V. 
Levesque10, P. Villoslada10, S. Belachew9, F. Model9, S. 
Hubeaux9, A. Bar-Or11

1McGill University, 2NeuroRx Research, Montreal, QC, 
Canada, 3University Hospital Basel, University of Basel, Basel, 
Switzerland, 4University of California, San Francisco, CA, 
United States, 5Division of Neurology, University of Toronto, 
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Background: The efficacy and safety of ocrelizumab (OCR) in 
relapsing multiple sclerosis (RMS) were demonstrated in the 
96-week double-blind control period (DBP) of OPERA I and 
OPERA II (NCT01247324; NCT01412333). Long-term brain tis-
sue preservation is a critical objective in the treatment of multiple 
sclerosis (MS).
Objective: To assess brain MRI measures of disease activity and 
atrophy after earlier vs delayed initiation of OCR at 5 years from 
core study baseline in Phase III trials in RMS.
Methods: At end of DBP (Year 2), patients entered the open-label 
extension (OLE) and continued OCR (OCR-OCR) or were 
switched from interferon (IFN) β1a to OCR (IFN-OCR) and were 
analysed until Year 5. Brain MRI lesion activity (T1 gadolinium-
enhancing [T1Gd+] lesions, new/enlarging T2 [N/ET2] lesions) 
and percentage change in whole brain volume (WBV), cortical 
grey matter volume (cGMV) and white matter volume (WMV) 
were analysed.
Results: Among IFN-OCR patients, the adjusted number of 
T1Gd+ lesions was 0.48 lesions/scan at Week 96 (DBP Year 2), 
and decreased to an unadjusted rate of 0.007, 0.004 and 0.004 at 
Week 144 (Year 3/OCR Year 1), Week 192 (Year 4/OCR Year 2) 
and Week 240 (Year 5/OCR Year 3), respectively. Similarly, the 
number of N/ET2 lesions decreased from an adjusted rate of 2.16 
lesions/scan in Year 2 pre-switch to 0.33 in Year 3 (OCR Year 1) 
and decreased further to unadjusted rates of 0.063 and 0.038 in 
Years 4 and 5 (OCR Years 2 and 3). OCR-OCR continuers main-
tained low numbers of T1Gd+ and N/ET2 lesions at Years 3, 4 and 
5 of OCR treatment. Earlier OCR-treated patients (5 years of 
OCR) vs delayed IFN-OCR switchers (3 years of OCR) had lower 
brain atrophy from core study baseline to the end of Years 3, 4 and 
5 measured by WBV change (-1.31%/-1.51%, -1.58%/-1.87% and 
-1.87%/-2.15%; p< 0.01 for all); cGMV change (-1.47%/-1.56%, 
-1.73%/-1.91% and -2.02%/-2.25%; p=0.16, p< 0.01 and p< 0.01) 
and WMV change (-0.94%/-1.23%, -1.11%/-1.45% and -1.33%/-
1.62%; p< 0.01 for all).
Conclusions: Patients with RMS switching at Year 2 from IFN to 
OCR had an almost complete and sustained suppression of MRI 
disease activity as measured by T1Gd+ lesions and N/ET2 lesions 

from Year 2 to 5. At 5 years from core study baseline, patients with 
5-years’ continuous OCR treatment from randomisation experi-
enced a lower brain atrophy as measured by change from baseline 
in whole brain, white matter and cortical grey matter volume com-
pared with patients with a 2-year delayed OCR treatment start.
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Twenty-five years of continuous treatment of multiple 
sclerosis with glatiramer acetate: long-term clinical 
results of the US open-label extension study
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Introduction: Glatiramer acetate (GA) is the only treatment for 
relapsing forms of multiple sclerosis (RMS) to be prospectively 
studied for more than a decade in a continuously monitored, long-
term study. Beginning in 1991, 251 relapsing MS (RMS) patients 
enrolled in the multi-center, placebo-controlled, double-blind US 
pivotal trial of GA. At the end of the pivotal study, placebo patients 
were crossed over to GA and the prospective open-label study was 
begun. The clinical effectiveness and safety of GA in this study 
have been reported at 2 and 3 years compared to placebo and at 6, 
8, 10, 15, and 20 years in the open-label study. We now report the 
final 25-year results of the long-term extension of the original US 
pivotal trial.
Objectives: To assess the long-term neurological disease course, 
and the safety and effectiveness of GA 20 mg daily and later, 40 
mg three times weekly, in patients with RMS.
Methods: Patients participating in the original 36-month, rand-
omized, placebo-controlled US Glatiramer Acetate Trial were eli-
gible to proceed to an open-label extension phase, now in its 25th 
year, in which patients receiving GA continued treatment, while 
those receiving placebo switched to GA.
Results: This study is now complete. Database lock was March 
29, 2018. Analyses of this final data set are underway and will be 
presented.
Conclusions: We will report clinical results for patients remaining 
on continuous long-term GA. These findings should be consid-
ered within the context of the disease course of these patients, now 
approaching 35 years with their illnesses.
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Long-term reduction of relapse rate and confirmed 
disability progression after 5 years of ocrelizumab 
treatment in patients with relapsing multiple sclerosis
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Background: The efficacy and safety of ocrelizumab (OCR) in 
relapsing multiple sclerosis (RMS) were demonstrated in the 
96-week double-blind control period of OPERA I and OPERA II 
(NCT01247324; NCT01412333), and results for the 2-year fol-
low-up of the pooled OPERA I and OPERA II open-label exten-
sion (OLE) period have previously been reported (Hauser SL, et 
al. AAN 2018; Abstract P1.366).
Objective: To assess the efficacy of switching to or maintaining 
OCR therapy on clinical measures of disease activity and progres-
sion after 3 years of follow-up in the OLE period of the OPERA I 
and OPERA II Phase III trials in RMS.
Methods: At the start of the OLE period, patients continued OCR 
(OCR-OCR) or were switched from interferon (IFN) β-1a to OCR 
(IFN-OCR). Adjusted annualised relapse rate (ARR), time to 
onset of 24-week confirmed disability progression (CDP24) and 
change in adjusted mean Expanded Disability Status Scale 
(EDSS) score from baseline were analysed.
Results: Overall, 88.6% of patients who entered the OLE com-
pleted OLE Year 3. Among IFN-OCR patients, ARR decreased 
from 0.20 in the year pre-switch to 0.10, 0.08 and 0.07 at Years 1, 
2 and 3 post-switch (p< 0.001, Year 1 vs pre-switch; p=0.31, Year 
1 vs Year 2; p=0.56, Year 2 vs Year 3). OCR-OCR continuers 
maintained the low ARR through the year pre-OLE and the 3 
years of the OLE period (0.13, 0.11, 0.08 and 0.07). OCR-OCR 
continuers versus IFN-OCR switchers had lower proportions of 
patients with CDP24 in the year pre-switch and Years 1, 2 and 3 of 
the OLE period (7.7%/12.0%, 10.1%/15.6%, 13.9%/18.1% and 
16.1%/21.3%; p< 0.05, all difference comparisons). Changes in 
mean EDSS scores from baseline in OCR-OCR continuers versus 
IFN-OCR switchers will also be presented.
Conclusions: Switching from IFN to ocrelizumab after 2 years at 
the start of the OLE period was associated with a rapid reduction 
in ARR. Both OCR-OCR as well as IFN-OCR patients maintained 
their robust reduction in ARR through the 3-year follow-up of the 
OLE period. After 5 years of follow-up, the proportion of patients 
with disability progression was lower in patients who initiated 
ocrelizumab treatment earlier (OCR-OCR), compared to patients 
who received initial IFN treatment (IFN-OCR switchers), show-
ing that patients who initiated ocrelizumab 2 years earlier accrued 
significant and sustained reductions in disability progression com-
pared to patients switching from IFN.
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Treatment effectiveness in relapsing remitting multiple 
sclerosis patients treated for 5 years with fingolimod in 
clinical practice: interim results from the observational 
study PANGAEA
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Background: Once-daily fingolimod (Gilenya®, Novartis 
Pharma AG) is a sphingosine 1-phosphate receptor modulator 
approved for the treatment of relapsing remitting multiple sclero-
sis (RRMS). As of February 2018 more than 231.000 patients 
have been treated with fingolimod; total patient exposure exceeds 
536.000 patient-years. PANGAEA is a non-interventional study 
(NIS), conducted in Germany, to investigate long-term safety, 
effectiveness and patient reported outcomes in daily clinical 
practice.
Objective: Here we present interim results on the effectiveness of 
fingolimod in RRMS patients treated for 5 years in daily clinical 
practice.
Methods: Recruitment into the study finished in December 2013. 
4229 patients from 374 centers were enrolled. By Jan 2018, 726 
patients finished the 5 years documentation period of fingolimod 
treatment, of which 433 (59.6%) were treated for the first time 
with fingolimod.
Results: Within the analyzed subgroup of 5 years completers, the 
mean age at baseline was 40.6 (±9.0 SD) years and the proportion 
of female patients was 69.0%. With an annual relapse rate of 1.2 
(±0.08 95%CI) at baseline, the annualized relapse rate over the 
entire 5 years observational period improved by approximately 
84.2% to 0.19 (±0.02 95%CI). The mean baseline EDSS was 3.1 
(±1.7 SD) and remained stable over 5 years. In the fifth year of 
treatment, 82.0% of the patients showed a stable EDSS or experi-
enced a 6 months confirmed improvement. The documentation 
period of 5 years allows calculating a 6 months confirmed disabil-
ity progression up to year 4 of treatment. The proportion of 
patients free of relapses and 6 months confirmed disability pro-
gression increased from 60.4% in year 1 to 70.3% in year 4 of 
treatment. 46.9% of the patients neither had a relapse nor a 6 
months confirmed disability progression over the observational 
period. After 5 years, 94.8% of physicians and 95.7% of patients 
rated treatment effectiveness under fingolimod as “good” or “very 
good”. After 5 years, total score of the symbol digital modalities 
test (SDMT; baseline 45.7 (±3.49 95%CI)) as a measure of cogni-
tive processing speed improved by 10.0 points (±3.48).
Conclusion: The results of the 5 year interim analysis of 
PANGAEA support the positive efficacy profile of fingolimod 
demonstrated in phase III clinical trials with long-term real world 
evidence data.
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This study is funded by Novartis Pharma GmbH.
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Effect of MD1003 (high dose pharmaceutical grade biotin) 
for the treatment of progressive MS: 48-month follow-up 
data

J. De Seze1, G. Edan2, T. Moreau3, B. Brochet4, F. Sedel5, 
A. Tourbah6

1INSERM 1434, Department of Neurology and the Clinical 
Investigation Centre, CHU de Strasbourg, Strasbourg, 2Service 
de Neurologie, CHU de Rennes, Rennes, 3Department of 
Neurology, Dijon University Hospital, Dijon, 4Department 
of Neurology, CHU Pellegrin, Bordeaux, 5MedDay 
Pharmaceuticals, Paris, 6Department of Neurology, CHU de 
Reims, Reims, France

Background: MS-SPI was a 12-month (M) double-blind study 
where 154 patients (pts) with nonactive progressive multiple scle-
rosis (PMS) were randomised to MD1003 (n=103) or placebo 
(n=51). As reported previously, expanded disability status scale 
(EDSS) or timed 25-foot walk (TW25) improvement, mean EDSS 
(mEDSS) score, and clinical global impression (CGI) score were 
all significantly (P< 0.05) in favour of MD1003 relative to pla-
cebo (Tourbah et al., 2016). In the open-label extension phase, all 
pts received MD1003 after M12. Here, we present the 48M results 
(shown as MD1003>MD1003 [MM] vs placebo>MD1003 [PM]).
Objective: To evaluate the effects of MD1003 in pts with PMS 
during the open-label extension phase of the pivotal MS-SPI 
study.
Methods: A total of 133 pts (MM: 91; PM: 42) entered the exten-
sion phase. At M18, M24, M30, M36, M42 and M48 we assessed 
EDSS or TW25 improvement, mEDSS change from baseline, 
CGI, and adverse events (AEs).
Results: In the extension phase, where both groups received 
MD1003, EDSS or TW25 improvement remained higher for MM 
vs PM pts at M18 (13% vs 7%), M24 (8% vs 5%), M30 (10% vs 
2%), M36 (13% vs 0%), and M42 (13% vs 3%) (each confirmed 
after 6M). The difference in mEDSS score between the MM and 
PM groups was significant at M30 (0.10 vs 0.23, P=0.041) but not 
at M24 (0.04 vs 0.15, P=0.13), M36 (0.09 vs 0.18, P=0.35), and 
M48 (0.16 vs 0.4, P=0.17). The 2 mEDSS evolution curves 
remained parallel, suggesting that earlier treatment leads to a 
lower disability at M48. CGI scores remained stable for MM pts 
and improved for PM pts upon switching to MD1003; the CGI 
scores were no longer significantly different at M24 (4.17 vs 4.24, 
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P=0.75), M36 (4.11 vs 4.09, P=0.88), or M48 (4.40 vs 4.35, 
P=0.80). Between M42 and M48, AEs were experienced by 38% 
vs 34% of pts in MM and PM groups, respectively. The main rea-
sons for treatment withdrawal throughout the study (n=86 pts) 
were consent withdrawal (30 pts), lack of efficacy (30 pts), and 
AEs (14 pts).
Conclusions: Results from the long-term extension phase of 
MS-SPI at 4 years of follow-up indicate that 1) the effects of 
MD1003 observed in the 12-month double-blind phase are sus-
tained over time, 2) pts show improvement when switching from 
placebo to MD1003, 3) delayed treatment in PM pts results in 
higher disability over time, and 4) MD1003 is well tolerated over 
48M. These data confirm previous observations made after 3 
years of follow up.

Disclosure
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Utilization, safety and tolerability of ocrelizumab: year 1 
data from the Providence Ocrelizumab Registry

K. Smoot, C. Chen, E. Lucassen, T. Stuchiner, L. Grote, 
S. Cohan
Providence MS Center, Portland, OR, United States

Background: Ocrelizumab (OCR), a CD20 antibody, was 
approved in the US in March 2017 for the treatment of relapsing 
MS (RMS) and primary progressive MS (PPMS). Given the 
favorable efficacy and safety results from OPERA I and II in RMS 
and ORATORIO in PPMS, we anticipated a strong interest in 
OCR among our MS patients.
Objective: To establish a registry to monitor utilization, safety 
and treatment outcomes of OCR.
Methods: Adult MS patients who have been prescribed OCR 
were eligible. A trained RN collects clinical data from medical 
records at the time of starting OCR and then every 6 months. 
Expanded Disability Status Scale (EDSS) scores are determined 
by the treating provider at baseline and then yearly.
Results: Of the 223 patients enrolled from March 2017 to April 
2018 (76% are female; mean [SD] age, 51[11.6] years), 73.4% 
RMS, 17% SPMS, and 9.6% PPMS. Forty percent of the patients 

are older than 55. Mean EDSS at the time of the first dose of OCR 
was 3.59 (±1.8), 6.27 (±1.5), and 5.93 (±1.6) respectively. In the 
RMS cohort, annualized relapse rate prior to starting OCR was 
0.349 (±0.50). Six (2.7%) patients were previously treated with 
interferon beta, 13 (5.9%) with glatiramer acetate, 33 (15.1%) 
with dimethyl fumarate, 40 (18.3%) with fingolimod, 12 (5.5%) 
with teriflunomide, 39 (17.8%) with natalizumab, 23 (10.5%) 
with other agents, and 53 (24.2%) were treatment naïve. Infusion 
reactions occurred in 65 (29.3%) patients during the first dose but 
reduced to 5.8% (5/84) after the second dose. 45 patients (20.2%) 
have had at least one infection, with upper respiratory infections 
(URIs) and urinary tract infections (UTIs) being the most com-
mon. Four patients have been hospitalized secondary to possible 
adverse events; sepsis, urinary tract infection, bilateral leg edema, 
and urosepsis. One patient died secondary to suicide. Seven 
patients have had a relapse since starting OCR which occurred on 
average 69 days after starting OCR (26 to 124 days), and two 
patients have stopped OCR; secondary to a relapse and dermato-
logic changes respectively.
Conclusion: Despite an older patient cohort, the tolerability and 
safety outcomes observed at our center appear to be consistent 
with the earlier Phase III clinical trials.
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KS has received research support from Biogen, Genentech, 
MedDay, and IMS Health and consulting fees from Acorda, 
Biogen, EMDSerono, Genentech, Genzyme, Novartis, and Teva.
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for Biogen, Novartis, Sanofi Genzyme, and Mallinckrodt; has 
received research support from Biogen, Novartis, Sanofi 
Genzyme, Mallinckrodt, Genentech, IMS Health, and Roche; has 
received speaker honoraria from Genentech, Biogen, Novartis, 
Sanofi Genzyme and Acorda.
EL has received speaking honoraria from EMD Serono, Novartis, 
Biogen, Genzyme., Genentech and Teva.
TS, CC, LG have no disclosures.
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Radiological findings suggest long-term treatment with 
delayed-release dimethyl fumarate is associated with 
tissue and axonal preservation

D.L. Arnold1,2, L. Kappos3, R. Gold4, C. Chen5, L. Yang5, 
C. Miller5

1NeuroRx Research, 2Montreal Neurological Institute, McGill 
University, Montreal, QC, Canada, 3Department of Neurology, 
University Hospital Basel, Basel, Switzerland, 4Department 
of Neurology, St. Josef Hospital, Ruhr University Bochum, 
Bochum, Germany, 5Biogen, Cambridge, MA, United States

Introduction: Delayed-release dimethyl fumarate (DMF) has 
demonstrated a favourable benefit-risk profile in clinical trials and 
real-world analyses. Radiological measures such as T1 black hole 
conversion and annual changes in brain atrophy may be used as a 
marker for improved clinical outcomes for patients. ENDORSE, 
an ongoing extension study of the original pivotal trials, allows 
assessment of the impact of long-term DMF treatment.
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Objectives: Report radiological outcomes in patients with relaps-
ing remitting multiple sclerosis (RRMS) treated long-term with 
DMF in ENDORSE.
Methods: Patients from the MRI cohort of DEFINE/CONFIRM 
who continued DMF treatment in ENDORSE were included 
(BID-BID, PBO-DMF, GA-DMF). MRI scans were obtained 
yearly. The first ENDORSE MRI was performed at the end of 
year 1; therefore, only data from year 1 forward were analysed. 
For analysis of new hypointense T1 and hyperintense T2 lesions, 
only patients with a yearly scan for 5 years were included (com-
pleter analysis); data are reported by year of exposure to DMF. 
For the percent brain volume change (PBVC) analysis, all patients 
regardless of number of scans were included due to sample size 
restrictions; data are reported by year of ENDORSE.
Results: Of the 530 ENDORSE MRI cohort patients, 209 were 
included in the completer analysis; 116 patients newly initiated 
treatment with DMF in ENDORSE and 93 were previously treated 
with DMF. When analysed annually, most patients revealed no 
new hypointense lesions on T1: Year 1-2: 83/116 (72%); Year 2-3: 
79/116 (68%); Year 3-4: 145/209 (69%); Year 4-5: 146/209 (70%); 
Year 5-6: 65/93 (70%); Year 6-7: 67/93 (72%). The annual rate of 
new/newly enlarging T2 lesions was also positively affected by 
DMF treatment. For the PBVC analysis, 134 BID-BID patients 
were included. After 2 prior years of DMF treatment, the adjusted 
mean yearly PBVC at end of ENDORSE year 2 was -0.22 
(n=134); year 3: -0.28 (n=116); year 4: -0.37 (n=114); year 5: 
-0.22 (n=108); year 6: -0.19 (n=89).
Conclusions: The data suggest that long-term DMF treatment 
translates into meaningful benefits of tissue protection on MRI: a 
low frequency of new T1 hypointense lesions, suggesting axonal 
preservation; annual changes in brain volume approaching that of 
healthy individuals; and, a low annual rate of new/newly enlarg-
ing T2 lesions consistent with maintained anti-inflammatory 
effects. These findings indicate that DMF provides long-term effi-
cacy for RRMS patients.
Supported by: Biogen
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Real-world efficacy of delayed-release dimethyl fumarate 
in early multiple sclerosis: interim results from ESTEEM
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Introduction: Delayed-release dimethyl fumarate (DMF) dem-
onstrated strong efficacy and a favourable benefit-risk profile in 
patients with relapsing-remitting multiple sclerosis (RRMS) in 
clinical studies. ESTEEM (NCT02047097) is an ongoing, 5-year, 
observational study to characterise the long-term safety and effec-
tiveness of DMF in patients treated in clinical practice.
Objectives: To evaluate the real-world effectiveness of DMF in 
patients who are treatment naïve, or have been treated within 3 
years of diagnosis, or treated with only one prior interferon-beta 
(IFN)/glatiramer acetate (GA).
Methods: This post-hoc interim analysis of ESTEEM includes 
patients newly prescribed DMF in routine practice at ~380 sites 
globally. Annualised relapse rate (ARR) was evaluated in the 
overall population, as well as newly diagnosed (no prior disease-
modifying therapy [DMT] and initiated DMF ≤1 year of diagno-
sis), early MS (≤1 prior DMT and initiated DMF ≤3 years of 
diagnosis), and IFN/GA switch (received prior IFN/GA at any 
time from diagnosis) patients. ARRs were obtained via a repeated-
measure negative binomial model.
Results: Enrolled in ESTEEM were 3075 patients; 73% were on-
treatment at the time of the interim analysis; median (min-max) 
follow-up was 13 (0-40) months. The unadjusted ARRs for the 12 
months before DMF vs. the 24 months post DMF initiation were 
as follows: overall population (n=3075), 0.80 (95% confidence 
interval [CI]: 0.78-0.83) vs. 0.15 (95% CI: 0.14-0.16), represent-
ing a 81% lower ARR (P< 0.0001); newly diagnosed patients 
(n=770), 1.12 (95% CI: 1.07-1.17) vs. 0.17 (95% CI: 0.14-0.21), 
representing an 85% lower ARR (P< 0.0001); early MS patients 
(n=1291), 1.03 (95% CI: 0.99-1.08) vs. 0.17 (95% CI: 0.14-0.19), 
representing an 84% lower ARR (P< 0.0001); and IFN/GA switch 
patients (n=1915), 0.69 (95% CI: 0.65-0.73) vs. 0.16 (95% CI: 
0.14-0.17), representing a 77% lower ARR (P< 0.0001). For refer-
ence, in pooled data from the DEFINE/CONFIRM trials, the ARR 
after 2 years among patients who received placebo (n=771) was 
0.37 (95% CI: 0.33-0.42).
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Conclusions: After treatment with DMF, ARR at 2 years was sig-
nificantly reduced compared to the year prior to DMF initiation in 
patients who were treated with DMF in the real-world setting. 
These data provide further evidence of real-world effectiveness of 
DMF in patients who are early in their MS disease course.
Supported by: Biogen
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German real-world data from over 10 years in the 
TYSABRI® Observational Program: long-term 
effectiveness of natalizumab treatment in German 
patients with relapsing-remitting MS
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Introduction: The TYSABRI Observational Program (TOP) is an 
ongoing, global, open-label study in patients with relapsing-remit-
ting multiple sclerosis (RRMS) treated with natalizumab in the 
real world. Country-specific data from TOP can provide informa-
tion on the effectiveness of natalizumab in local clinical practice. 
The German cohort is the largest country-specific population in 
TOP.
Objectives: To evaluate the effectiveness of natalizumab in 
patients with RRMS in the German cohort in TOP.
Methods: Data from study initiation in July 2007 to November 
2017 were included in this analysis. Annualized relapse rates 
(ARRs) before and on natalizumab were compared using a 
repeated Poisson model. The cumulative probabilities of 24-week-
confirmed Expanded Disability Status Scale (EDSS) worsening 
(increase of ≥1.5 from a score of 0.0, ≥1.0 from a score of 1.0-5.5, 
or ≥0.5 from a score ≥6.0) and 24-week-confirmed EDSS 
improvement (decrease of ≥1.0 from a score ≥2.0) were estimated 
using the Kaplan-Meier method.

Results: As of November 2017, 6149 patients were enrolled in 
TOP globally; 1707 TOP patients (27.8%) were German. At base-
line, German TOP patients had a median (range) disease duration 
of 6.7 (0-37.2) years and mean (standard deviation) EDSS scores 
of 3.2 (1.65). Most patients (92.1%) had used a disease-modifying 
therapy prior to natalizumab initiation. On study, German patients 
received a median (range) of 35 (1-135) doses of natalizumab. 
ARR decreased from 2.21 pre-natalizumab to 0.25 on treatment 
(an 88.7% decrease; P< 0.0001). At 10 years, the cumulative 
probability of confirmed EDSS worsening was 37.5%, and the 
cumulative probability of confirmed EDSS improvement was 
37.7%.
Conclusions: Over 10 years of treatment with natalizumab, ARRs 
remained low in German patients with RRMS. The probabilities 
of EDSS worsening and improvement were similar. Overall, these 
results are consistent with outcomes observed in the global TOP 
population and support the long-term effectiveness of natalizumab 
in real-world settings.
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Natalizumab is associated with a reduction in relapse-
related hospitalisations and steroid treatment in 
relapsing-remitting multiple sclerosis patients enrolled in 
the TYSABRI® Observational Program
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Introduction: Relapsing-remitting multiple sclerosis (RRMS) 
patients who experience relapses may require hospitalisation and/
or treatment with steroids; such relapses contribute to both disa-
bility accumulation and overall disease management costs. 
Natalizumab (NTZ) has reduced relapse rates and severity in the 
clinical trial setting; published data have confirmed this in the real 
world. In the phase 3 AFFIRM trial, annualised relapse rates 
(ARRs) for relapses resulting in hospitalisations or steroid use 
were 0.04 and 0.15, respectively. Here, we evaluate relapses 
resulting in hospitalisations or steroid use in the TYSABRI 
Observational Program (TOP), an ongoing, global, open-label 
study of NTZ-treated RRMS patients in clinical practice.
Objectives: Examine the impact of NTZ on relapses resulting in 
hospitalisations or steroid use in RRMS patients in TOP.
Methods: In TOP, data on relapses (overall, requiring hospitalisa-
tion, or requiring steroid use) were collected at enrolment (for the 
previous year) and at clinical visits. ARRs for the year prior to 
starting NTZ and on NTZ were compared using a repeated Poisson 
model.
Results: As of November 2017, 6149 patients were enrolled in 
TOP. Median exposure was 38 (range, 1-135) doses; 3210 patients 
(52.2%) discontinued NTZ and 2118 patients (34.4%) withdrew 
from the study. Overall ARR was reduced by 89.4% (from 1.99 
pre-NTZ to 0.21 post NTZ initiation; P< .0001). ARR was reduced 
by 91.1% (from 0.56 to 0.05; P< .0001) and by 89.2% (from 1.67 
to 0.18; P< .0001) for relapses resulting in hospitalisations or ster-
oid use, respectively. During NTZ treatment, the proportion of 
patients with any relapse-related hospitalisation or steroid use 
decreased from baseline (36.6% [2221 of 6073] to 11.1% [681 of 
6149] and 89.1% [5438 of 6104] to 33.0% [2031 of 6149], respec-
tively), despite longer follow-up in the on-NTZ than the pre-NTZ 
period (22,103 vs 6073 person-years). Overall, 88.9% and 67.0% 
of NTZ-treated patients remained free of relapses resulting in hos-
pitalisation and steroid use, respectively, after NTZ initiation.
Conclusions: In TOP, NTZ initiation was associated with a sig-
nificant decrease in relapses resulting in hospitalisation or steroid 
treatment, and ARRs for both are consistent with those observed 
in AFFIRM. These results support the long-term, real-world 
effectiveness of NTZ and may reflect reductions in healthcare 
resource utilisation associated with NTZ treatment.
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Providence Dimethyl Fumarate Registry: year five results 
on discontinuation and treatment outcomes
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Lucassen1, M. Romba1, L. Grote1, S. Cohan1
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Objective: To report our experience of dimethyl fumarate (DMF) 
since the medication’s approval in March 2013.
Background: This registry was established in 2013 to monitor 
long-term utilization of DMF and the treatment outcomes. Three 
years after the approval of DMF our results indicated a large por-
tion of patients stopped DMF, 38%, with the vast majority stop-
ping secondary to side effects
Methods: This is a chart review study of patients who were pre-
scribed DMF 240mg twice a day for relapsing MS between March 
2013 and April 2018 at the Providence MS Center.
Results: Of the 419 adult patients (77.1% female; mean (SD) age, 
51.6 (12.1) years) with a diagnosis of relapsing MS, 385 (91.9%) 
were enrolled from March 2013 to December 2014. Median disease 
duration was 11.0 years [interquartile range (IQR): 6.9, 15.9], and 
median duration of DMF treatment was 1.78 years [IQR: 0.6, 3.5]. 
Sixty-five (15.5%) of the 419 patients were not on therapy prior to 
starting DMF and 141 (33.7%) were previously treated with inter-
feron beta. Within five years of follow up, 216 (51.6%) patients 
discontinued DMF and of those, 85 (39.4%) stopped within the first 
6 months of starting DMF. Median time to DMF discontinuation 
was 311 days [IQR: 64, 729]. The main reason for discontinuing 
was due to side effects (n=146, 60.6%). Clinical relapse occurred in 
84 (20.1%) patients. The annualized relapse rate (ARR) was 0.123. 
Patients transitioning from glatiramer acetate had the lowest ARR 
of 0.068, and patients from fingolimod had the highest ARR of 
0.182. Of the 311 (74.2%) patients who had an MRI, 246 (79.1%) 
were stable. To date, 83 (34.5%) patients have stopped DMF sec-
ondary to clinical or radiographic progression. Grade III lymphope-
nia developed in 44 (12.2%) patients. Mean age was 60.5 (11.3) 
years compared to 50.2 (11.6) years.
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Discussion: Five years after the approval of DMF, a little over 
half of the patients have discontinued DMF. Tolerability of DMF 
has been the main reason for discontinuing the medication. Our 
rate of discontinuation is higher compared to other reported data 
possibly due to the majority of our patients starting shortly after 
DMF’s approval. In addition, the incidence of grade III lymphope-
nia is higher due to likely an older patient cohort.
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Initiation of the first disease-modifying treatment for 
multiple sclerosis patients in the Czech Republic - data 
from the national registry ReMuS
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Background: The Czech national registry ReMuS has been col-
lecting data on more than 13,000 multiple sclerosis (MS) patients 
since 2013. Among others, the data indicates the influence of 
reimbursement criteria on the accessibility and utilization of vari-
ous first disease-modifying drugs (DMD).
Objective: To describe the temporal evolution of treatment com-
mencement in the Czech Republic and estimate factors influenc-
ing treatment effect.
Methods: The study included patients starting with first-line 
therapy (glatiramer acetate, interferon beta, teriflunomide) or 
starting directly with more effective but costlier escalation ther-
apy (alemtuzumab, dimethyl fumarate, fingolimod, natali-
zumab). MS patients initiating DMD between 2013-2016 were 
identified from the respective DMD start date. We explored the 
relationship between the type of DMD treatment and the sever-
ity of MS before and shortly after DMD start. Probability of 
having relapse within 1 year after DMD initiation was modelled 
using logistic regression to access the effect of Expanded 
Disability Status Scale (EDSS) one year before DMD and the 
effect of number of previous relapses with regards to other char-
acteristics (age, sex, disease duration). Differences in covari-
ates between patients starting therapy in years 2013-2016 were 
explored using ANOVA.
Results: Out of 3,328 patients, 3,203 started on first-line therapy 
and 125 started directly on escalation therapy. The proportion of 
patients starting on escalation therapy increased in time (1.8% in 
2013 and 4.7% in 2016). The occurrence of a relapse one year 
after DMD initiation is significantly connected with the EDSS 
one year before DMD (p< 0.001, higher EDSS is associated with 
higher probability of a relapse) and the number of previous 
relapses (p< 0.001, patients with ≥2 prior relapses were more 
likely to have further relapse). Both the average EDSS and the 
number of relapses prior to DMD are significantly lower (p=0.002 
and 0.018) in patients starting the first DMD in later years of the 
explored interval.
Conclusions: The data from the national registry ReMuS show-
ing decreasing EDSS and number of relapses prior to the first 
DMD treatment over time evidences the improving management 
of MS in the Czech Republic. Despite these trends, the rate of 
patients starting directly on escalation drugs is still low and does 
not correspond to the estimated number of patients with highly-
active disease nor treatment trends in countries with no economic 
restrictions.
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Pregnancy outcomes in patients with multiple sclerosis 
and other autoimmune diseases treated with ocrelizumab 
in clinical trials and post-marketing studies
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Background: Ocrelizumab (OCR), a humanised monoclonal 
antibody that selectively targets CD20+ B cells, is approved for 
the treatment of relapsing and primary progressive forms of mul-
tiple sclerosis (MS), and has also been studied in clinical trials for 
rheumatoid arthritis (RA) and systemic lupus erythematosus 
(SLE). As a large proportion of patients with MS are women of 
reproductive age, pregnancy outcomes in patients exposed to 
OCR is of importance. B-cell levels in neonates following mater-
nal exposure to OCR have not been studied in clinical trials and 
the effect of OCR on the immune system of the newborn is 
unknown.
Objective: To provide an update of pregnancy outcomes in 
women treated with OCR during clinical trials and post 
marketing.
Methods: This analysis includes pregnancies in women with MS, 
RA and SLE in OCR clinical trials and from post-marketing 
sources (dose range 20 to 2000 mg) up to 31/03/2018. In the EU, 
women of childbearing potential are recommended to use contra-
ception while receiving and for 12 months after last OCR infu-
sion, while across trials, women of childbearing potential were 
required to use two methods of contraception and continue contra-
ception for 48 weeks after the last OCR infusion or until B cells 
repleted, whichever was longer. An embryo/foetus was considered 
exposed to OCR in utero if the last infusion occurred within 3 
months of conception or during pregnancy or if the date was 
unknown.
Results: As previously reported, between 2008 and 31/01/2017, 
56 women randomised to OCR in clinical trials reported 58 preg-
nancies (25 MS, 11 SLE, 22 RA). This cumulative update pro-
vides approximately 14 months’ additional data on pregnancies 
reported in clinical trials and from post-marketing sources up to 
31/03/2018, and will review 108 pregnancies reported in 106 

women (68 patients with MS, 7 patients in whom the OCR indica-
tion was not reported, and 31 patients with RA or SLE). Among 
the 68 pregnancies in patients with MS, 38 were considered to 
have foetal OCR exposure, 17 had no foetal OCR exposure, and 
13 were not assessable for foetal OCR exposure. Preliminary out-
comes of the 68 pregnancies include 20 ongoing at cutoff and 14 
electively terminated or ended in spontaneous abortion or 
stillbirth.
Conclusions: The current update on pregnancy outcomes remains 
in line with previous reports. As the number of pregnancies is too 
small to draw firm conclusions on the effect of OCR on pregnancy 
outcomes, data will continue to be collected and assessed.
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Effect of age on clinical outcomes in patients treated with 
fingolimod: pooled analysis of real-world phase iv studies
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Introduction: Young patients with relapsing MS (RMS) have 
higher disease activity compared with the adult RMS population. 
In clinical settings, fingolimod (FTY) 0.5mg significantly 
improved clinical and radiological outcomes in young patients 
compared with placebo and interferon β-1a. However, real-world 
evidence of FTY in young patients with RMS is limited.
Objectives: To describe baseline (BL) characteristics and evalu-
ate the effect of FTY 0.5mg on disease activity in young versus 
older patients with RMS from pooled global Phase IV studies: 
TRANSITION, PASSAGE US, PASSAGE Europe & Rest of the 
World, and Cardiac sub-study PASSAGE EU.
Methods: Patients with RMS from Phase IV studies treated with 
FTY 0.5mg were included in the analysis, stratified by age: 18−25 
years (youngest), 26−30 years (younger) and >30 years (older). 
EDSS change from BL to Month (M) 12 and M24 was analysed. 
On study annualised relapse rate (ARR) reduction compared to 
estimated ARR in 2 years prior and time to 6-month confirmed 
disability progression (6m-CDP− defined as 6 months of con-
firmed EDSS worsening by ≥1.5/≥1/≥0.5 if BL EDSS=0/1−5/>5, 
respectively) were retrospectively analysed up to M36. Negative 
binomial (ARR) and Cox (6m-CDP) regression models were used 
and p-values derived using the Wilcoxon rank sum test.
Results: Of the 5240 patients included, 7.6% were youngest, 
11.0% younger, and 81.3% older with a mean (±SD) age of 22.6 
(±2.06), 28.1 (±1.41) and 43.8 (±8.49) years, respectively. At BL, 
youngest and younger patients (vs older patients) had signifi-
cantly lower mean disease duration (4.1 and 5.7 years vs 11.5 
years, p< 0.0001 for both), higher number of relapses in the previ-
ous 2 years (2.0 and 2.0 vs 1.7, p< 0.0001 for both) and lower 
median EDSS scores (1.5 and 2.0 vs 3.0, p< 0.0001 for both). The 
effect of FTY 0.5mg on ARR was observed across the age groups 
with 67%, 75% and 76% reductions in youngest, younger and 
older patients, respectively. Change in EDSS from BL to M24 was 
similar in the youngest (p=0.1785) but improved in the younger 
(p< 0.0001) patients versus older patients. No significant differ-
ence was observed in the proportion of patients with time to 
6m-CDP in youngest and younger patients versus older patients.
Conclusions: At BL, young patients had shorter disease duration, 
a higher number of relapses in the previous 2 years and lower 
EDSS scores versus older patients. The beneficial effect of FTY 
on clinical outcomes was observed across the age groups.
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Safety of fingolimod in RRMS patients treated for up 
to 5 years in real world: interim results from the non-
interventional PANGAEA study
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Background: The sphingosine-1-phosphate receptor modulator 
fingolimod (Gilenya®, Novartis Pharma AG) is an once-daily 
capsule approved for the treatment of relapsing remitting multiple 
sclerosis (RRMS). As of February 2018, more than 231.000 
patients have been treated with fingolimod; total patient exposure 
exceeds 536.000 patient-years.
Objective: Here we present interim results on the safety of fin-
golimod and persistency of patients treated with fingolimod for up 
to 5 years in daily clinical practice in Germany.
Methods: PANGAEA is a non-interventional study, conducted in 
Germany, to investigate long-term safety, effectiveness and 
patient reported outcomes in daily clinical practice. Recruitment 
into the study finished in December 2013. In total, 4229 patients 
were enrolled, of which 726 patients completed the 5 year docu-
mentation period by January 2018. The current mean observa-
tional period in PANGAEA is 3.02 (±1.83 SD) years representing 
approximately 12,771 patient years.
Results: Yearly study discontinuation ranged between 10.4% and 
15.0% over the 5 years of observation. The rate of treatment dis-
continuation was between 12.3% (1st year) and 8.1% (4th year). 
61.7% of patients who started fingolimod treatment between 2011 
and 2013 in PANGAEA are still on drug. The most frequent rea-
son for premature study discontinuation (multiple answers possi-
ble, 1st vs. 4th year of treatment) was adverse events (AEs; 34.1% 
vs. 12.9%) followed by patient’s decision (23.4% vs. 25.9%) and 
disease progression (21.3% vs. 32.0%). 87.5% of the patients had 
no therapy interruption in the documentation period, while 10.6% 
interrupted treatment with fingolimod once (1.9% more than 
once). Over the 5 years of observation, the safety profile of fin-
golimod was comparable to that observed in phase III clinical tri-
als. Commonly reported adverse events were lymphopenia 
(11.3%), increased liver enzyme levels (5.33%), upper respiratory 
tract infections (e.g. nasopharyngitis (9.9%)), and potentially MS 
related adverse events such as fatigue (3.4%) and depression 



Poster Session 1, 24(S2) 295

journals.sagepub.com/home/msj Multiple Sclerosis Journal 2018; 24: (S2) 121–327

(2.6%). 5.0% of all adverse events were rated serious. 28.3% of 
the patients experienced no AEs so far.
Conclusions: This 5 year interim analysis of PANGAEA provides 
real world data supportive for the good safety profile of fingoli-
mod demonstrated in phase III clinical trials. The nature of 
reported adverse events is consistent with previous findings from 
clinical trials.
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Risk management for disease modifying 
treatments
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Pregnancy outcomes from an international registry of 
patients treated with delayed-release dimethyl fumarate
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Introduction: Available data from clinical trials and post-market-
ing reports show no safety signals with delayed-release dimethyl 
fumarate (DMF) exposure during pregnancy; however, the prod-
uct label recommends use during pregnancy only if the potential 
benefit justifies the potential risk to the foetus.
Objective: To assess pregnancy outcomes in an ongoing interna-
tional registry (NCT01911767) of women with multiple sclerosis 
(MS) exposed to DMF since the first day of their last menstrual 
period prior to conception or at any time during pregnancy.

Methods: In this interim analysis, DMF-exposed women were 
prospectively evaluated for live births and pregnancy loss. Ectopic 
and molar pregnancies, birth defects, congenital anomalies or 
infant death occurring at ≤52 weeks of age, and maternal death at 
≤12 weeks postdelivery, were reported. Data were collected at 
baseline (enrollment), 6-7 months of gestation, 4 weeks after the 
estimated delivery date, and 4, 12, and 52 weeks after birth. 
Potential birth defects were adjudicated by an external expert. 
Gestational size was classified as small (< 10th percentile), appro-
priate (10th-90th), or large (>90th) based on WHO or country-spe-
cific growth charts.
Results: As of 15 December 2017, 199 patients were enrolled 
in the registry; mean (SD) age was 32 (4) years. Earliest DMF 
exposure occurred in the first (99%, 186/187), second (< 1%, 
1/187), and third (0%) trimester in the 187 patients with a 
known exposure date. To date, 132 pregnancy outcomes have 
been reported, including 126 (95%) live births and 6 (5%) 
spontaneous abortions (< 22 weeks). Of the 126 live births, 115 
(91%) were full term (delivered ≥37 weeks) and 8 (6%) prema-
ture. Four (3%) infants had adjudicator-confirmed birth 
defects: 1 with pyloric stenosis; 1 with transposition of the 
great vessels; and 2 infants had ventricular septal defect. No 
ectopic or molar pregnancies were reported. No maternal, neo-
natal, perinatal, infant deaths or still births were reported. Of 
the 105 infants with gestational size data, 9 (9%) were classi-
fied as small, 87 (83%) as appropriate, and 9 (9%) as large and 
median (min, max) gestational weight was 3300 (1450, 4660) 
grams.
Conclusions: Consistent with previous reports, there was no 
safety signal for DMF exposure on pregnancy outcomes based on 
data from this ongoing registry. This registry continues to provide 
essential information concerning exposure to DMF during 
pregnancy.
Supported by: Biogen
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P604
Incidence of natalizumab-associated progressive 
multifocal leucoencephalopathy and its relationship with 
the pattern of natalizumab exposure over time

G. Giovannoni1, L. Kappos2, J. Berger3, G. Cutter4, R.J. 
Fox5, H. Wiendl6, I. Chang7, R. Kasliwal7, L. Lee7, S. 
Licata7, P.-R. Ho7

1Blizard Institute, Barts and The London School of Medicine 
and Dentistry, Queen Mary University London, London, 
United Kingdom, 2Neurologic Clinic and Policlinic, University 
Hospital and University of Basel, Basel, Switzerland, 
3Hospital of the University of Pennsylvania, Philadelphia, PA, 
4University of Alabama School of Public Health, Birmingham, 
AL, 5Mellen Center for Multiple Sclerosis, Cleveland Clinic, 
Cleveland, OH, United States, 6Department of Neurology, 
University Hospital Münster, Münster, Germany, 7Biogen, 
Cambridge, MA, United States

Introduction: Since the 2012 identification of 3 risk factors for 
natalizumab-associated progressive multifocal leucoencephalopa-
thy (PML)—presence of anti-JC virus (JCV) antibodies, prior 
immunosuppressant (IS) use, and longer treatment duration—
changes in the PML incidence rate have been of interest.
Objective: Determine the natalizumab-associated PML incidence 
over time in the global postmarketing setting since introduction of 
the anti-JCV antibody assay and evaluate the relationship of PML 
incidence with natalizumab exposure over time.
Methods: The incidence of confirmed PML cases in Biogen’s 
global safety database from November 2009 to November 2017 
was evaluated retrospectively. Overall incidence in all exposed 
patients was determined by the estimated total number of patients 
ever exposed to natalizumab and the number of confirmed PML 
cases. Changes in natalizumab exposure patterns over time were 
evaluated by 12-infusion epochs. As individual-level data for anti-
JCV antibody status and history of prior IS use are often not avail-
able in the postmarketing setting, this evaluation focused on overall 
PML incidence and exposure (based on postmarketing data).
Results: As of 30 November 2017, 180,656 patients worldwide had 
received ≥1 natalizumab dose (total exposure: 625,451 patient-
years); overall natalizumab-associated PML incidence was 
4.19/1000 patients. The increase in overall monthly incidence 
reported from 2012 onward appears to level off in mid-2016; overall 
incidence remained between 4.18-4.24/1000 over the last 21 months. 
PML incidence was greatest in the later, higher risk infusion epochs 
(37-48, 49-60, and 61-72); however, the number of patients in these 
higher risk epochs increased over time, with the most dramatic per-
centage increase between 2011 and 2013. This may have been a key 
factor in the increased overall PML incidence during that period. 
Increases in the proportion of patients in later exposure epochs (>24 
infusions) declined from 2013-2015 and further from 2015-2017, 
coinciding with a slower increase in overall PML incidence from 
2013 onward and the flattening observed since mid-2016.
Conclusions: Overall PML incidence has been stable since mid-
2016. This stabilisation coincides with the introduction and publi-
cation of a new risk algorithm, suggesting that risk stratification 
factors are being incorporated into clinical practice and may con-
tinue to impact future PML incidence.
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P605
Diffuse necrotising leuko-encephalopathy after treatment 
with alemtuzumab and imiquimod

T.J. Suslak1, S.J. Martin2, P. Gallagher2, K. Chaplow2, N. 
Fullerton2, J.R. Overell2, N.J.J. MacDougall2, Multiple 
Sclerosis Research Group
1Undergraduate Medical School, University of Glasgow, 2Queen 
Elizabeth Hospital | Neurology, Institute of Neurological 
Sciences, Glasgow, United Kingdom

Alemtuzumab is a highly effective treatment for relapsing-
remitting multiple sclerosis (RRMS) used in>20000 people 
with multiple sclerosis (pwMS) worldwide. Clinical use is 
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complicated by infections and antibody mediated secondary 
autoimmune disease. CNS autoimmunity leading to severe neu-
rological deterioration has been recently described. This may be 
a B-cell-mediated process causing either diffuse necrotizing 
leukencephalopathy (DNL) or acute disseminated encephalo-
myelitis (ADEM).
A 27 year old lady with aggressive RRMS for 8 years, initially 
treated with interferon and natalizumab, but untreated since 2014, 
had a 1st course of alemtuzumab in February 2017 without com-
plication. In September 2017 she reported reactivation of genital 
warts and was treated with imiquimod.
In November 2017 she developed a significant deterioration in 
motor function, progressing to needing a wheelchair by 8/1/18, 
and became bedbound by 15/1/18. MRI showed >30 contrast 
enhancing tumefactive lesions across her brain and spinal cord. 
CSF protein was 1.48g/L, WCC 11/Cu.mm. CD19+B cell count 
was 152cells/cmm (within normal range (NR)) comprising 41% 
of total lymphocytes. CD3+T cell count was relatively low at 
174cells/cmm (NR>700) comprising 46% of total lymphocytes. 
Infectious causes, including toxoplasmosis were excluded. She 
was treated with methylprednisolone (7g) and 5 sessions of 
plasma exchange (PLEX) providing transient stability. 6 days 
after PLEX she deteriorated, becoming anarthric and quadripa-
retic. A tracheostomy was needed due to impaired bulbar func-
tion. MRI appearances worsened, with even more enhancing 
lesions and widespread leukoencephalopathic changes. She was 
given rituximab (2.4g) and 5 more PLEX sessions. Repeat lym-
phocyte subsets after rituximab showed a CD19 B cell count of 1 
and CD3+T cell count of 252 comprising 87% of total lympho-
cytes. She is recovering and can now talk, swallow and use her 
right arm.
B-cell mediated severe neurological deterioration (BCMND) is 
thought to occur as a result of rapid reproliferation of B cells with-
out T cell regulation. Eight cases of BCMND after alemtuzumab 
have been reported and we think that similar mechanisms led to 
this presentation suggesting an overall risk of approximately 
1/2000. The use of the immune stimulating treatment imiquimod 
may be relevant in this case, and doctors should avoid its use after 
alemtuzumab. Severe neurological disability and death from DNL 
is a risk without aggressive treatment
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P606
Influence of natalizumab extended interval dosing on the 
PML risk biomarker L-Selectin

N. Schwab1, T. Schneider-Hohendorf2, I. Meinl3, 
S. Windhagen4, L. Klotz2, C. Gross2, S. Meuth2, F. 
Deisenhammer5, H. Wiendl2

1Neurology, 2University of Muenster, Muenster, 3LMU, Munich, 
4Clinics Osnabrueck, Osnabrueck, Germany, 5Innsbruck Medical 
University, Innsbruck, Austria

Low levels of L-selectin (CD62L) on CD4+ T cells have been 
introduced in 2013 as a risk biomarker for development of progres-
sive multifocal leukoencephalopathy (PML) during natalizumab 
treatment or HIV infection. The biomarker has been reproduced 
internationally, but also been discussed with controversy concern-
ing applicability/stability. In the current study, 1218 samples of 
509 MS patients were collected alongside their natalizumab ther-
apy in a prospective, observational study. Data were analyzed 
using a generalized linear mixed model (GLMM) with CD62L as 
the dependent, with sex, age, time point, season of blood draw, 
JCV serostatus, natalizumab treatment, treatment duration, devel-
opment of PML, and fingolimod pre-exposure as covariates. 
Significant independent influences on CD62L were age 
(p=0.000264; effect size (ES)= -0.159%CD62L/year), treatment 
with natalizumab (p=0.00000012; ES= -10.285%CD62L in treated 
patients), season of blood draw (p=0.000654; ES= -1.938%CD62L 
in winter), pre-exposure to fingolimod (0.0202156; ES= 
-3.32%CD62L in patients with exposure), and development of 
PML (p=0.000091216; ES= -13.585%CD62L in (later) PML 
patients). The dataset, therefore, validated the reduced CD62L val-
ues by natalizumab treatment and by the condition of (later) PML. 
Subsequently, 779 samples of 247 patients were subjected to a sub-
group analysis with available information for treatment intervals. 
The underlying hypothesis behind extended interval dosing (EID) 
is that patients with lower amounts of plasma are over-saturated by 
the standard monthly natalizumab infusion and, therefore, their 
immune-surveillance might be compromised. EID studies showed 
comparable clinical efficacy of the drug with suggested reduction 
of PML risk. In line with this hypothesis, the model showed that 
CD62L was influenced by the average days between infusions 
(p=0.000083). PML risk could not be evaluated in this subgroup 
analysis due to the low number of PML patients in the group, but 
the fact that EID was associated with higher CD62L values would 
be consistent with the working hypothesis: extended infusion inter-
vals of natalizumab would lead to decrease of serum levels and 
receptor saturation and, subsequently, diminished natalizumab 
influence on CD62L. Taken together, the biomarker L-Selectin 
reflects validated PML risk factors: CD62L is lowered by natali-
zumab treatment, age, standard interval dosing, and in patients, 
who later develop PML or currently suffer from the disorder.
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Pancytopenia, evening fever and hepatosplenomegaly in a 
Fingolimod treated-woman

M. Gomez-Moreno1, C.C. Muñoz-Novas2, B. Sánchez-Artola3

1Neurología, 2Hematología, 3M. Interna, Hospital Universitario 
Infanta Leonor, Madrid, Spain

Introduction: Fingolimod,the first oral immunomodulatory treat-
ment for relapsing multiple sclerosis(MS),acts by blocking 
lymph-node egress of T cells expressing the CCR7-
receptor,resulting lymphopenia by selective lymphocyte redistri-
bution with preservation of immunological memory.
Objectives: To report a visceral Leishmaniasis in a patient treated 
with fingolimod for 62 months.
Case report: This 55-year-old Caucasian, Spanish woman pre-
sented with an evening fever of 37-39°C,night sweats,fatigue and 
mild pain in the left hypochondriac region for 2 weeks.Physical 

examination revealed hepatosplenomegaly.During fingolimod 
treatment regular blood tests had showed acceptable lymphopenia 
(over 500 /µl).Blood tests revealed normocytic,normochromic 
anaemia, leukocytopenia (1.980/µl), neutropenia, lymphocytope-
nia (200/µL), thrombocytopenia, elevated CRP(212.73mg/dl) 
and ESR(91 mm), increased GGT, liver function tests and serum 
gammaglobulins.Abdominal ultrasound and computerized 
tomography revealed marked hepatosplenomegaly.Bone mar-
row biopsy revealed no evidence of haematologic disease and 
scattered infiltration by Leishmania between cells and some 
within macrophages,later confirmed by serum PCR(Leishmania 
infantum).The patient was treated with intravenous liposomal 
amphotericin B and made full recovery with normalization of 
blood tests.
Discussion: Visceral leishmaniasis,a disseminated disease, caused 
by Leishmania spp., transmitted between vertebrate hosts by the bite 
of phlebotomine sandflies.In Spain there are about 110 annual cases 
of human leishmaniasis(18 declared in the Madrid community).In 
individuals with impaired cellular immunity, visceral leishmaniasis 
is characterized by increased humoral immune responses. More 
importantly,there is evidence that both CD4+ and CD8+ T central 
memory(CM) cells provide immunity to Leishmania spp acting as a 
reservoir of effector memory T-cells(TEM cells)upon secondary 
infection.In extended periods of antigen presentation the TEM cells 
decline and the integrity of TCM cells is a prerequisite for the replen-
ishment of the TEM cells reservoir and the successful immune 
response.Th1 cells and TCM,mainly affected by fingolimod,are 
integral parts of an effective immune response to leishmaniasis 
infection.In patients with MS living in regions where leishmaniasis 
is endemic the administration of fingolimod should be done with 
caution,and in a patient with pancytopenia,fever,hepatosplenomeg
aly we should suspect visceral leishmaniasis.
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P608
The results of a 24-month controlled, prospective study of 
relapsing MS patients at risk for PML who switched from 
long term natalizumab to teriflunomide

K. Edwards1, J.T. O’Connor1, J. Siuta1, S. Cohan2, K. 
Smoot2, K. Kresa-Reahl2, C. Chen2, T. Gervasi2

1Multiple Sclerosis Center of Northeastern NY, Latham, NY, 
2Providence Multiple Sclerosis Center, Portland, OR, United 
States

Introduction: Natalizumab (NTZ) is a highly effective disease 
modifying treatment (DMT) for relapsing forms of MS but 
NTZ use carries the risk of progressive multifocal encepha-
lopathy (PML) with prolonged use and detectable anti-JCV 
antibodies.
Objective: There is a need for a DMT that would be safe and 
effective to prevent recurrence of MS exacerbation upon discon-
tinuation of NTZ without the risk of PML.
Aims: To explore the safety and efficacy of teriflunomide in 
patients switching from NTZ to teriflunomide.
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Methods: Patients with MS who received 12 or more NTZ treat-
ments and be anti-JCV-ab positive without prior immunosuppres-
sion. Patients had to be free of clinical relapses during prior 12 
months of NTZ treatment. MS patients ages 21 to 65 began terif-
lunomide at 14mg daily, within 4 weeks after last dose of NTZ. 
Relapse assessment, EDSS, 3T brain MRI, laboratory tests were 
performed at baseline and monthly for 6 months. Assessments 
were done at 12, 18 and 24 months.
Results: There were 58 patients screened and 51 enrolled. Mean 
age was 48.. Seventy five percent were female. The mean EDSS 
at baseline was 2.94.; 47 patients completed 12 months with mean 
EDSS of 2.98. Twenty eight patients completed month 24, with 
mean EDSS of 2.86. The mean number of NTZ treatments prior to 
treatment with teriflunomide was 41.
MRI results showed 15 patients (29%) stable in all parameters 
from baseline to month 24. Of the 28 patients having completed 
month 24, 15 patients had new MRI activity . There were 15 
patients with Gd+ enhancing lesions, 11 patients with new T2 
hyperintensities and 4 patients with enlarging lesions. Most of the 
patients with new MRI lesions had no symptoms. Only six patients 
required change of DMT due to MRI progression. Fourteen 
patients dropped out of the study due to adverse events or lack of 
efficacy.
Conclusions: These results show that, in the majority of patients, 
teriflunomide may be a rational choice for long term safety and 
efficacy for patients at risk for PML. Early switch, in fewer than 4 
weeks, from NTZ to teriflunomide, may be important to suppress 
ongoing ´rebound´ and recurrent MS activity after stopping NTZ.
There were no cases of severe MS exacerbation and no cases of 
PML.
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Reduction of the risk of PML in natalizumab treated MS 
patients in Sweden: an effect of JCV ab index surveillance

S. Kågström1, A. Fält1, A. Berglund1, A. Manouchehrinia1, 
F. Piehl1, T. Olsson1, J. Lycke2

1Department of Clinical Neuroscience, Karolinska Institutet, 
Stockholm, 2Department of Clinical Neuroscience and 
Rehabilitation, University of Gothenburg, Göteborg, Sweden

Background: Natalizumab (NTZ) was approved in 2006 for 
treatment of active relapsing-remitting MS (RRMS). Because of 
progressive multifocal leukoencephalopathy (PML) during NTZ 

treatment, a global risk management plan was introduced. 
Increased risk of PML is found in patients with previous immuno-
suppressive therapy, NTZ treatment >24 months and in patients 
with high titre JC virus (JCV) serology.
Aim: To investigate influence of the national PML risk manage-
ment of NTZ for treatment of RRMS in Sweden.
Methods: Swedish MS registry data was retrospectively collected 
on NTZ treatment, other disease modifying treatments, and JCV 
serology from 2006 to March 2018. The risk management plan 
included JCV serology and index (introduced in late 2011). The 
data from Sweden was compared to the global number of PML 
cases diagnosed during NTZ treatment reported by Biogen.
Results: Since the introduction of NTZ 763 cases have been diag-
nosed with PML globally (March 2018). Eight of these PML cases 
have been diagnosed in Sweden between June 2008 and December 
2012. Mean NTZ treatment duration at the time of PML diagnosis 
was 36 months (range 17-50 months) in Sweden compared with 
50 months (range 8-144 months) globally. In February 2018, the 
incidence of PML in Sweden and globally was 0.7 and 4.2 per 
1000 patient years, respectively. The number and proportion of 
RRMS treated patients in Sweden with an ongoing NTZ treatment 
increased from 113 (4%) in 2006 to 1139 (23%) in 2011. Although 
the number of NTZ treated patients was similar thereafter (n=1116, 
year 2018), the proportion of JCV + NTZ treated patients 
decreased to 13%. The main reasons for NTZ discontinuation 
were JCV+ (41%) and pregnancy/planning pregnancy (15%). 
Patients who discontinued NTZ treatment mainly switched to 
rituximab (33%) and fingolimod (19%). In 2011, available JCV 
serology showed that 55% were JCV+ and the corresponding 
value in 2018 was 13%. However, of the JCV+ patients 34% had 
an index >0.9, i.e. approximately 4.5% had increased PML risk 
according to JCV index, and 66% of these had been treated >24 
months, indicating that the number of patients at risk was < 3%.
Conclusion: Since 2012, no new PML cases have been diagnosed 
during NTZ treatment in Sweden. This is probably due to 
improved nation-wide PML risk management. The proportion of 
JCV+ has been markedly reduced and second-line treatment alter-
natives to NTZ have been used more frequently. Similar develop-
ment has not been seen globally.
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Determinants of MS re-activation after discontinuing 
therapies
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Introduction: A decision to discontinue MS immunotherapies is 
common in clinical practice - whether in order to switch to another 
therapy or at an advanced stage of progressive MS without 
relapses. The evidence regarding individual risk of MS re-activa-
tion after treatment discontinuation is limited.
Aims: To evaluate associations of demographic and clinical 
patient characteristics with the risk of relapses after discontinuing 
treatment. Both overall and treatment-specific associations are 
explored.
Methods: Using the global MSBase registry, we identified all 
patients who discontinued MS immunotherapy after ≥3 months on 
treatment, with the recorded disability score (EDSS) at the time of 
discontinuing treatment, and prospectively recorded follow-up of 
≥6 months. The probability of experiencing a relapse after discon-
tinuing treatment, conditional on patient characteristics, was ana-
lysed with Cox proportional hazards model. Differences in these 
associations among different therapies were studied with interac-
tion terms.
Results: 24,989 episodes of treatment discontinuation were 
recorded from 17,871 patients (74% female, mean age at discon-
tinuation 39 years, 88% relapsing-remitting MS, mean MS dura-
tion 10 years, median EDSS 2.5). The patient characteristics 
associated with a lower hazard of MS re-activation were male sex 
(b=0.87, p< 0.001), older age (b=0.98, p< 0.001), MS duration 
(b=1.01, p< 0.001), secondary progressive MS (b=0.73, p< 0.001), 
longer treatment duration (0.95, p< 0.001), greater number of 
prior treatments (1: b=0.62, p< 0.001; ≥2: b=0.39, p< 0.001) and 
greater number of relapses during the previous year (1: b=1.30, p< 
0.001; ≥2: b=1.62, p< 0.001). The characteristics associated with 
a greater risk of MS re-activation were clinically isolated syn-
drome (b=1.87, p< 0.001) and greater EDSS (4-5.5: b=1.41, p< 
0.001; ≥6: b=1.17, p=0.001). Therapies used more recently (dime-
thyl fumarate, fingolimod, natalizumab) tended to be associated 
with a lower hazard of MS re-activation compared to interferon β. 
These associations differed among therapies for MS and treatment 
duration and number of prior therapies.
Conclusions: Patient demographic and clinical characteristics 
help determine the risk of clinical MS re-activation after treatment 
discontinuation. These associations differ between immunothera-
pies. We will further characterise these associations in detail and 
will estimate time frames for disease re-activation specific to the 
individual therapies.
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Minimal impact of anti-alemtuzumab antibodies on the 
pharmacodynamics and efficacy of alemtuzumab in 
RRMS patients from the CARE-MS studies

A. Jacobs, L. Chung, Q. Yu, I. Firmino
Sanofi, Cambridge, MA, United States

Introduction: MS patients (pts) on biologic therapies develop 
anti-drug antibodies (ADA) that may affect the treatment pharma-
codynamic (PD) profile and/or efficacy. Alemtuzumab, a human-
ized, anti-CD52 monoclonal antibody approved for RRMS pts, is 
administered as 2 initial courses (12 mg/day; baseline: 5 consecu-
tive days; 12 months later: 3 consecutive days) with up to 2 addi-
tional courses (3 consecutive days; ≥12 months apart) as needed 
for disease control. In the CARE-MS studies (NCT00530348, 
NCT00548405), 2 courses of alemtuzumab significantly improved 
clinical/MRI outcomes vs SC IFNB-1a; efficacy was maintained 
in a 4-year extension (NCT00930553), wherein pts could receive 
additional courses as needed.
Aims: To determine the effect of alemtuzumab ADA on PD and 
efficacy in CARE-MS pts.
Methods: Alemtuzumab-binding ADA status (ever positive or 
always negative) was evaluated in pts receiving Course 2 (C2; all 
pts) and Course 3 (at any time point; median interval from C2, 2.2 
years). Other assessments for correlation: lymphocyte counts 
(total, CD4+ T cells), annualised relapse rates (ARR), and new 
Gd-enhancing lesions.

Results: Of 811 pts from the pooled CARE-MS studies, 87.8% 
were positive for binding ADA at any time point during the 2-year 
alemtuzumab treatment period; 292 (90.4%) pts who received C3 
were ADA positive. Median ADA titres peaked 1 month after C2 
and C3, and decreased 100-fold 12 months later (defined treat-
ment interval); titres were higher post-C3 vs post-C2. No discern-
ible difference was detected in total or CD4+ lymphocyte 
depletion and repopulation patterns or efficacy measures after C2 
between pts who were ADA positive or negative. The mean total 
lymphocyte count nadir was lower post-C2 vs post-C3. The ADA 
effect was minimal on CD4+ T cell depletion after C3, with lim-
ited non-significant changes in pts in the highest titre quartile. 
ADA had no effect a year after C3 on ARR (ADA negative: 0.19; 
titre quartiles 1-4: 0.16, 0.15, 0.26, and 0.15) or the percentage of 
pts free of Gd-enhancing lesions (ADA negative: 89%; titre quar-
tiles 1-4: 87%, 90%, 90%, and 82%). There was no consistent 
trend for an ADA impact on efficacy through Year 5 post-C3.
Conclusion: Although the incidence of ADA was high at mid-
course determinations with marked reduction prior to each course, 
it had minimal impact on long-term alemtuzumab PD/efficacy in 
CARE-MS pts. Peak ADA titres dropped precipitously by 12 
months, the required treatment interval post-alemtuzumab.
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Background: Patients with multiple sclerosis (MS) treated by 
fingolimod (FTY) show lymphocytopenia. To prevent severe lym-
phocytopenia, we proposed intermittent drug holidays. However, 
we did not have a useful biomarker for monitoring FTY dosage to 
avoid an increase of MS disease activity or progressive multifocal 
leukoencephalopathy.
Methods: Twenty-nine Japanese MS patients (M/F: 11/18) treated 
by FTY (MS-FTY) were studied. The duration of FTY treatment 
was 47.2 ±18.2 months, in that, period of daily administration of 
FTY was 27.8 ± 21.0 months (median, 22 months).Fifteen 
Japanese MS patients (M/F: 9/20) treated by interferon beta or 
glatiramer acetate and untreated 14 patients were also included as 
control. We examined CD4+CD62L+cells (CD4/62L cells) in their 
peripheral blood by FACS (fluorescence activated cell sorting).
Results: The numbers of total lymphocytes and CD4/62L cells in 
control were 1680 ±587 (810 to 3257, median, 1500) and 396 
±148 (150 to 764, 378)/mm3, respectively. On the other hand, 
MS-FTY patients (daily administration 14%, 5-6 times 52%, 3-4 
times 29%, twice a week 5%)showed that 472 ±137 (250 to 710, 
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median, 489), and 12 ±13 (2 to 67, 8) /mm3, respectively. After 8 
months (gradually decreased todaily administration 4%, 5-6 times 
30%,2-4 times per a week 26%, every 5 days 40%), the same 
MS-FTY patients showed total lymphocyte number 490 ±103 
(290 to 690, median, 491), and CD4/62L cells 28 ±19 (6 to 80, 
22)/mm3, respectively. Lymphocyte counts were not changed (p= 
0.485) but CD4/62L cells were increased significantly (p= 0.001) 
after further decrement dosage of intermittent drug holidays 
including every 5 days administration. We found no change of 
R-R intervals of ECG in 10 MS patients during every 5 days 
administration just before and 6 hours after FTY administration 
(p= 0.137), although they showed prolonged R-R intervals at the 
initiation (p< 0.00001). We found no relapses or no brain MRI 
(examined every 3-6 months) activity in the cases with less than 
80/mm3of CD4/62L cells, however, we found an exceptional 
female patient with a relapse of mild left leg weakness at 360/
mm3lymphocytes and 17/mm3CD4/62L cells.
Conclusions: We found that number of CD4/62L cells are more 
suitable marker for monitoring FTY dosage than total lymphocyte 
count. And gradual decrement of FTY dosage to every 5 days 
administration may not influence on a cardiac conduction.
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Evolution of anti-JCV index with natalizumab treatment 
for multiple sclerosis: a retrospective, longitudinal study
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Introduction: Among patients treated with natalizumab for mul-
tiple sclerosis, the presence of serum anti-JCV antibodies predicts 
development of progressive multifocal leukoencephalopathy 
(PML). However, the association between prolonged natalizumab 
therapy, rising antibody titres and their relevance to increased 
PML risk is poorly understood.
Objectives: A retrospective, longitudinal audit was undertaken to 
investigate effects of natalizumab on serum anti-JCV antibody 
titres over time.
Aims: To determine whether natalizumab treatment length 
increases risks of seroconversion.
Methods: Among 154 patients treated with natalizumab for MS, 
we evaluated sequential changes in anti-JCV antibody titres from 
baseline using the STRATIFY JCVTM DxSelectTM assay.

Results: No baseline differences in mean antibody titres were 
identified between patients seroconverting or remaining seroneg-
ative (0.178±0.0161 vs. 0.208±0.0157, p=0.417 respectively). 
However, seroconverting patients showed rising antibody titres 
early in the follow-up period, with mean antibody titres that were 
consistently and significantly higher than those remaining seron-
egative (p< 0.01). Antibody titres remained stable over time with 
prolonged natalizumab use among all baseline-seronegative 
patients and those that seroconverted. However, seroconverting 
patients were treated for significantly longer with natalizumab 
compared to those remaining seronegative (44.9±3.61 vs. 
32.1±2.05 months, p=0.005). There were no gender differences in 
anti-JCV titres at baseline (0.503±0.0855 male vs. 0.555±0.214 
female, p=0.97) or over time. No significant differences were 
observed in baseline antibody titres between age groups, with no 
age group more likely to seroconvert (p=0.445).
Conclusions: Contrary to previous publications, anti-JCV anti-
body titres remained stable among baseline-seronegative patients 
treated with natalizumab despite established associations between 
high antibody titres, treatment length, and PML development. Our 
results suggest certain patients demonstrate early changes in anti-
JCV titres with natalizumab leading to seroconversion, indicating 
variability in the immune predisposition to seroconvert. This war-
rants further investigation to better understand the complex inter-
play which exists between viral, host and environmental factors 
that link seroconversion to PML development.
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Two cases of atypical psychiatric presentations after 
ocrelizumab induction with near complete resolution
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Introduction: Ocrelizumab is a novel humanized CD-20 mono-
clonal antibody that has been deemed safe and effective for treat-
ment in Multiple Sclerosis. Primary adverse events were 
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comparable to placebo, and less frequent than other non-human-
ized antibody infusions.
Objectives: We present two patients with unique psychiatric pres-
entations occurring approximately two weeks after the second 
induction infusion. Both patients had a similar weakness, para-
noid and somatic delusions, memory deficits, and delirium and 
both followed a similar natural time course.
Aims: We aim to describe a novel and ultimately benign clinical 
phenomenon associated with ocrelizumab infusions in two 
patients.
Methods: Patients self presented to local emergency departments 
at the urging of family who noticed an atypical confusion. They 
were monitored and evaluated for other causes of encephalopathy, 
and they were seen in follow up in a rehab setting, and then fol-
lowed clinically by their neurologists. When the atypical nature of 
their syndrome became present, data was gathered retrospectively 
from documentation during their hospitalizations and follow up to 
determine similarities and differences in their clinical course and 
recovery.
Results: Case 1: 48 year old woman with a 20 year history of 
treatment for relapsing remitting multiple sclerosis (RRMS), 
anxiety, hypothyroidism, insomnia, and post-menopausal symp-
toms. She presented to a regional medical center in January of 
2018 for weakness, fatigue, and confusion. She described three 
weeks of new episodic anterograde memory deficits, paranoia, 
and somatic delusions of her bones changing. Case 2: 54 year old 
woman with 6 year history of treatment for RRMS who presented 
in December of 2017 for falls, weakness, paranoia, anterograde 
memory loss, and a belief that her teeth were melting. For both 
patients, symptoms had begun two weeks after receiving her sec-
ond induction dose of ocrelizumab. Workup was negative and 
both patients improved to near baseline within 2 months with 
minimal intervention.
Conclusions: Two separate cases of a unique psychiatric syn-
drome within six months of regular use of a monoclonal antibody 
is not enough to suggest causation. However, because patients 
with neuroinflammation and degeneration may have unique psy-
chiatric reactions to immune modulating infusions, better and 
more focused analysis of the progression and phenomenology of 
post infusion syndromes should be monitored and analyzed.
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Shared decision making; is it truly ‘shared’ in multiple 
sclerosis? The neurologist, nurse, & patient perspective

M. Osborne1, A. Montague2
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QLD, Australia, 2Multiple Sclerosis Association of America, 
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Background: Navigating Multiple Sclerosis (MS) is a global ini-
tiative which aims to improve outcomes for people with MS 
through the global adoption of strategies that optimize therapeutic 
decision-making and improve the way that healthcare profession-
als, patients and care partners communicate around benefit and 
risk in the management and treatment of their disease. In order to 
better understand the potential barriers to effective communica-
tions and shared-decision making (SDM), the Navigating MS 
Steering Committee developed and disseminated a survey to MS 
healthcare professionals and people living with MS (PLwMS) to 
identify potential and perceived barriers to successful SDM in MS 
practice.
Method: Three barrier surveys were conducted to clarify percep-
tions of neurologists, nurses and patients with regard to SDM and 
treatment discussions. These surveys were disseminated amongst 
clinical networks and MS patient advocacy organisations. A total 
of 73 neurologists,104 nurses, and 1184 (PLwMS) have responded 
to date.
Findings: Discord in the perception of neurologists, nurses 
and PLwMS regarding the adequacy of resources required for 
successful SDM was demonstrated in the data received. Four 
main areas of contention were identified; lack of education, 
resources, time, and variable involvement of the interdiscipli-
nary team.
Nurse respondents indicate a perceived proficiency with SDM 
and adequacy of education and training to fulfil this role. However, 
73% of PLwMS respondents indicated a strong preference for 
engagement with the neurologist in discussing the benefits and 
risks of treatment options. There was no clear consensus regard-
ing the degree to which decision-making is accurately a collabora-
tive process within the interdisciplinary team. 50% of nurses 
stated the decisions were shared, although PLwMS reported a lot 
of ambiguity and variation in how actively involved they were in 
the decision-making process. Despite neurologists stating the 
main barrier to SDM was lack of time, 49% of PLwMS strongly 
disagreed that time was a barrier to SDM, with 60% of nurses 
reporting clinic timeframes as adequate.
Conclusion: The incongruency of perceptions amongst clinicians 
and PLwMS regarding the success of current models of care to 
deliver optimal outcomes demonstrates an ongoing need to edu-
cate both healthcare professionals and patients on best practices in 
adopting a SDM approach to discussions around treatment 
decisions.

Disclosure
The Navigation MS initiative has received funding from; Biogen, 
Celgene, EMD Serono, Genentech, Novartis and Sanofi Genzyme.
Meaghan Osborne has received travel assistance and honorarium 
from Biogen, Merck, Novartis, Sanofi Genzyme and Roche.
Amanda Montague: Nothing to disclose

P616
A modified premedication protocol significantly reduces 
ocrelizumab-induced infusion reactions

W. Conte, N. Arndt, V. Cipriani, A. Dellaria, A. Javed
Dept of Neurology, The University of Chicago, Chicago, IL, 
United States
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Introduction: Ocrelizumab is a monoclonal antibody directed 
against CD20+ B cells that is approved for RRMS and PPMS. 
One of the known side effects is infusion reactions, which was 
reported to be 34-40% in the clinical trials.
In an attempt to decrease the occurrence of infusion reactions, a 
modified premedication protocol was implemented at The 
University of Chicago MS Center in addition to what is recom-
mended in the PI. The night and morning prior to infusion, patients 
were instructed to take cetirizine 10mg and ranitidine 75mg, as well 
as adequate hydration. Immediately prior to the infusion, they 
received diphenhydramine 50mg, methylprednisolone 125mg, and 
acetaminophen 650mg.
Objectives: The primary objective was to compare whether addition 
of cetirizine, ranitidine, and hydration to standard of care further 
decreases chances of ocrelizumab-related infusion reactions. The sec-
ondary objective was to examine predictors of infusion reactions.
Methods: A retrospective chart review was undertaken to record 
age, race, smoking status, body mass index (BMI), and whether an 
individual was instructed to take the modified premedications for 
patients who received ocrelizumab at The University of Chicago. 
Presence of infusion reactions were ascertained by examining 
documentation by infusion nurses.
Results: 207 patients received ocrelizumab from the time the drug 
entered the market through April 2018. 110 patients were 
instructed to take the modified premedication protocol. There was 
a significant decrease in odds of infusion reactions with our modi-
fied premedication protocol (OR 0.40, p=0.02).
Among the patient characteristics, we found that age and male sex 
decreased odds (OR 0.94, p=0.001; OR 0.34, p=0.034), and BMI 
increased odds (OR 1.07, p=0.029) for infusion reactions. Race and 
smoking status did not have a statistically significant odds ratio.
Conclusion: A modification in the premedication protocol for 
ocrelizumab showed significant reductions in infusion-related 
reactions. We suggest that this should be more widely imple-
mented. Our study also found that male sex and increasing age 
were protective against infusion reactions whereas increasing 
BMI was a risk factor for infusion reactions.

Disclosure
William L. Conte: Honorarium from Sanofi Genzyme
Nancy Arndt: Honoraria from Sanofi Genzyme, Bayer, Biogen, 
and Teva.
Veronica P. Cipriani: Honorarium from Genentech.
Andrea Dellaria: nothing to disclose.
Adil Javed: Honoraria from EMD-Serono, Sanofi-Genzyme, 
Novartis, Biogen, and Genentech.
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A real-world comparison of infection rate and lymphocyte 
counts among relapsing-remitting multiple sclerosis 
patients 50 years or older treated with subcutaneous 
interferon beta-1a or dimethyl fumarate

B. Hayward1, S. Cardoso2, M. Grosso1, S. Ansari3, S. 
Napoli2

1EMD Serono, Inc., Rockland, 2Neurology Center of New 
England, Foxboro, 3Prometrika LLC, Cambridge, MA, United 
States

Background: In clinical trials of disease-modifying therapies 
(DMTs) in patients with relapsing-remitting multiple sclerosis 
(RRMS), therapies such as dimethyl fumarate (DMF) and interferon 
beta-1a (IFN-b1a) have decreased total lymphocyte count (TLC) 
levels which, in real-world settings, are potentially associated with 
increased risk of infections. Data on these outcomes in older patients 
are lacking. This study compared infection rates and lymphocyte 
counts in RRMS patients ≥50 years old receiving subcutaneous (sc) 
IFN-b1a 44 mcg 3 times a week or DMF 240 mg twice daily.
Methods: A total of 36 RRMS patients ≥50 years old treated with 
IFNβ-1a sc (n=15) or DMF (n=21) were identified as having labo-
ratory and clinical follow-up over 1 year with index date (base-
line) between 1 January and 31 December 2015, by retrospective 
chart review at The Neurology Center of New England.
Results: Patients treated with IFNβ-1a sc and DMF had similar base-
line characteristics (mean [SD]) including: duration of disease (14.7 
[8.07] and 14.0 [12.52] years, respectively), number of prior DMTs 
(1.5 [0.99] and 2.0 [1.79], respectively) and number of relapses in 
prior 2 years (0.9 [1.03] and 1.0 [1.36], respectively). Only 1 patient 
in each group had a prior history of infection; 1 patient in each group 
had lymphopenia grade II at baseline, all others had normal TLC. The 
proportion of patients with ≥1 infection over 1 year was significantly 
lower for patients receiving IFNβ-1a sc than for those receiving DMF 
(33% vs. 71%, respectively; p=0.0409 by Fisher’s exact test). 
Infection reports were also significantly fewer for patients receiving 
IFNβ-1a sc: 5 of 15 IFNβ-1a sc-treated patients had 7 total infections 
compared with 15 of 21 DMF treated patients, who had 43 infections 
over 1 year (rate ratio for IFNβ-1a sc vs. DMF=0.23; 95% confidence 
internal: 0.09-0.59; p=0.0023 by negative binomial regression). TLC 
from baseline to 1 year in DMF-treated patients decreased signifi-
cantly compared with IFNβ-1a sc-treated patients (mean [SD] 
change: -686.4 [577.64] vs. 336.9 [1179.89] cells/µL, respectively; 
p=0.0459 by t-test). Further results on changes in CD4 and CD8 
counts and CD4:CD8 ratio will be presented.
Conclusions: Significantly higher infection rates and more severe 
TLC reductions were seen in older RRMS patients receiving 
DMF compared with those receiving IFNβ-1a sc. Further evalua-
tion of the effect of DMTs on lymphocyte levels and infection 
rates is warranted in a larger study.

Disclosure
BH and MG are employees of EMD Serono, Inc., Rockland, MA, 
USA (a business of Merck KGaA, Darmstadt, Germany). SC and 
SN are employees of the Neurology Center of New England and 
received grant support from EMD Serono, Inc. SA is an employee 
of Prometrika, LLC, which received funding from EMD Serono, 
Inc. to run the analysis.
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Safety liver profile of teriflunomide versus interferon 
β in multiple sclerosis: systematic review and indirect 
comparison meta-analysis

P.A. Ortiz Salas1,2, C. Olarte Parra3, C.E. Pinzon Florez4, 
L.M. Goez3, A. Velez-van-Meerbeke3, J.H. Rodriguez3

1Neurology, Fundación Cardioinfantil, 2Universidad del 
Rosario, 3Fundación Cardioinfantil, 4Universidad del Bosque, 
Bogota, Colombia



306 Poster Session 1, 24(S2)

Multiple Sclerosis Journal 2018; 24: (S2) 121–327 journals.sagepub.com/home/msj

Objectives: To compare the liver safety profile of interferon β 
(IFN β) and teriflunomide in patients with multiple sclerosis
Methods: A systematic review of literature and network meta-
analysis was carried out following the Cochrane Collaboration 
methodology. All randomised, double-blind, single-blind, or 
open-label, as well as cross-over trials, comparing all types of 
IFN β with teriflunomide, or either drug with glatiramer acetate, 
natalizumab, alemtuzumab, fingolimod, daclizumab, or placebo 
in participants with RRMS were included. Studies involving 
patients with secondary progressive multiple sclerosis (SPMS) 
were excluded. An indirect comparison network meta-analysis 
within a Bayesian framework with STATA (version 13.0) was 
done for this study. We summarised the results of network meta-
analysis with effect sizes (OR) and their confidence intervals 
(95% CI).
Results: The database searches yielded 284 titles, with 15 records 
as duplicates. One study was identified by manually searching. 
Thirteen articles were included in the systematic review. Twelve 
studies compared IFN β (4203 patients) vs another DMT. Four 
studies evaluated the effectiveness and safety of teriflunomide 
(906 patients) vs another DMT. Six studies reported drug-induced 
liver injury as per the Hy’s Law. However, only one study had a 
direct comparison and reported no cases of liver toxicity in either 
group, so it was not possible to estimate the OR. The indirect com-
parisons metanalysis shows that there was no statistically-signifi-
cant difference between teriflunomide and IFN β (OR 1.09, 95% 
CI 0.02-2.16).
Conclusions: There were no significant difference when com-
paring IFN β and teriflunomide in terms of liver failure or ele-
vation of transaminases. Even though there was evidence that 
patients of with teriflunomide, compared to IFN β, had an 
increased risk of having a liver function test alteration, it is dif-
ficult to provide a meaningful interpretation given that the liver 
tests evaluated and cut-off points used varied widely from study 
to study

Disclosure
This article was financed with resources from Sanofi Colombia Ltd, 
who had no role in the design and implementation of the project

Tools for detecting therapeutic 
response

P619
Ocrelizumab treatment effect on upper limb function in 
PPMS patients with disability: subgroup results of the 
ORATORIO study to inform the ORATORIO-HAND 
study design

G. Giovannoni1, L. Airas2, R. Bove3, A. Boyko4, G. 
Cutter5, J. Hobart6, J. Kuhle7, J. Oh8, C. Tur9, M. Garas10, 
F. Model10, M. Manfrini10, J. Wolinsky11

1Queen Mary University of London, London, United Kingdom, 
2University of Turku, Turku, Finland, 3Weill Institute for 
Neurosciences, Department of Neurology, University of 

California, San Francisco, CA, United States, 4Department 
of Neurosurgery and Medical Genetics, Pirogov Russian 
National Research Medical University, Yusupov Hospital, 
Moscow, Russian Federation, 5University of Alabama at 
Birmingham, Birmigham, AL, United States, 6University of 
Plymouth, Plymouth, United Kingdom, 7Neurologic Clinic and 
Policlinic, Departments of Medicine, Biomedicine and Clinical 
Research, University Hospital Basel, Basel, Switzerland, 
8St. Michael’s Hospital, University of Toronto, Toronto, ON, 
Canada, 9University College London, London, United Kingdom, 
10F. Hoffmann-La Roche Ltd, Basel, Switzerland, 11McGovern 
Medical School, UTHealth, Houston, TX, United States

Background: It is critically important, for independent daily liv-
ing, to preserve upper limb function in patients with primary pro-
gressive multiple sclerosis (PPMS), especially among those with 
advanced disability. In the Phase III ORATORIO study 
(NCT01194570), ocrelizumab (OCR) demonstrated efficacy vs 
placebo (PBO) in reducing upper limb dysfunction, assessed by 
9-Hole Peg Test (9HPT) in PPMS patients with Expanded 
Disability Status Scale (EDSS) ≤6.5. An important unmet need 
would be addressed if OCR benefited upper limb function in more 
disabled PPMS patients ineligible for inclusion in ORATORIO 
who are more representative of real-world clinical settings.
Objective: To assess the effect of OCR on upper limb function 
in subgroups of more disabled/older patients in ORATORIO, 
and thereby to inform the design of ORATORIO-HAND, a 
Phase IIIb, randomised, double-blind, placebo-controlled study 
in PPMS.
Methods: In ORATORIO, PPMS patients (N=732) with EDSS 
3.0-6.5, aged 18-55 years were randomised (2:1) to OCR or PBO 
for ≥120 weeks and until a pre-specified number of EDSS pro-
gression events (primary endpoint) occurred. Efficacy of OCR in 
preventing confirmed 20% worsening in 9HPT was investigated 
in pre-specified baseline (BL) subgroups of EDSS ≥6.0 and age 
>45 years, and in an additional subgroup with 9HPT times >25 
seconds (s).
Results: Subgroup analyses indicate that OCR reduces progres-
sion of upper limb disability in more disabled/older PPMS 
patients: relative risk reduction with OCR vs PBO in 12-week 
confirmed 9HPT was similar in patients with BL EDSS < 6.0 and 
≥6.0 (40% vs 38%, interaction p=0.9187). It was also similar in 
patients with BL 9HPT ≤25s and >25s (49% vs 44%, interaction 
p=0.8221); however, 9HPT progression events mainly occurred in 
patients with 9HPT >25s vs ≤25s (PBO: 34.3% vs 17.8%; OCR: 
21.5% vs 9.9%). In patients ≤45 years, OCR showed a weak trend 
for greater risk reduction for 9HPT progression than those >45 
years (52% vs 33%, interaction p=0.2854).
Conclusions: Based in part on the observed encouraging treat-
ment effect of OCR on upper limb function, the ORATORIO-
HAND study has been designed to further investigate the efficacy 
of OCR on upper limb function in a rigorous, controlled manner. 
Eligible patients will be randomised (1:1) to OCR or PBO for 
≥120 weeks and until a pre-specified number of confirmed 9HPT 
progression events (primary endpoint) occur. Key entry criteria 
include EDSS 3.0-8.0, age 18-65 years, 9HPT >25s. Screening 
will begin Q4 2018.
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J. Hobart has received consulting fees, honoraria and support to 
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Analysis of a biomarker signature (TLR2, TLR4 and 
CCR1) by flow cytometry in patients with relapsing-
remitting multiple sclerosis treated with fingolimod

D. Haegert1, L. Fitz-Gerald1, M. Ghadiri2, A. Bar-Or3, J. 
Antel4

1Pathology, McGill University, Montreal, QC, Canada, 2Brain 
and Mind Center, University of Sydney, Sydney, NSW, Australia, 
3Center for Neuroinflammation and Experimental Therapeutics 
and the Department of Neurology, Perelman School of Medicine, 
University of Pennsylvania, Philadelphia, PA, United States, 
4Neuroimmunology Unit, Department of Neurology, McGill 
University, Montreal, QC, Canada

Background and Objective: We previously identified a puta-
tive biomarker signature, consisting of toll-like receptor 2 
(TLR2), TLR4 and chemokine receptor 1 (CCR1), which had 
higher expression on naïve CD4 T-cells from patients with 
multiple sclerosis (MS) having rapid vs. slow transition to pro-
gressive MS. Here, we questioned whether differences in 
expression of this biomarker signature on naïve, central mem-
ory (CM), effector memory (EM) or terminal memory re-
expressing CD45RA (TEMRA) CD4+ T-subsets or on 
monocytes predict disease activity in patients with RRMS 
treated with fingolimod.
Methods: Patients beginning fingolimod for MS were fol-
lowed clinically and with seral MRI for up to 24 months. We 
defined patients as ‘active’ (n=10) or ‘stable’ (n=9) based on 
clinical (relapse) and radiological (new T2 hyperintense 
lesions) evidence on treatment. Using flow cytometry, we ana-
lyzed baseline and on-treatment (On-TX) cryopreserved 
peripheral blood mononuclear cells for surface expression of 
our biomarker signature: we analyzed CD3+ T-cells and naïve 
(CD45RA+CCR7+), CM (CD45RA-CCR7+), EM (CD45RA-
CCR7-), TEMRA
(CD45RA+CCR7-) CD4 T-cells plus CD14+CD3- monocytes.
Results: Absolute numbers of all CD4+ T-subsets decreased in 
both patient cohorts On-TX with proportional decreases in CCR7+ 
and increases in CCR7- T-subsets. ‘Active’ patients had higher 
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numbers of CCR1+CD3+ T-cells/µl at baseline than ‘stable’ 
patients (19.96±2.99; vs. 11.99±1.80, p=0.04). In On-TX samples, 
the frequencies of naïve and CM CD4+ T-cells expressing each 
biomarker increased in both groups. The number of TLR4+ mono-
cytes increased from baseline to On-TX only in the stable group 
(14.26±2.62 cells/ml vs. 41.27±6.54 cells/ml, p=0.002).
Conclusion: The ‘active’ vs. ‘stable’ groups showed several dif-
ferences in biomarker expression. The differences in baseline 
T-cell CCR1 expression between groups complement the results 
of our previous biomarker study on rapid MS progression, by sug-
gesting that CCR1 may predict subsequent disease activity in 
patients treated with fingolimod. The monocyte findings were 
unexpected but suggest that increasing TLR4 expression On-TX 
correlates with a positive response to treatment with fingolimod. 
In conclusion, we suggest that further flow cytometry analyses of 
immune cells may facilitate the development of clinically useful 
biomarkers that predict treatment responses.

Disclosure
Disclosure: This study was funded by a grant from Novartis 
Pharmaceuticals Canada.
Leslie Fitz-Gerald: nothing to disclose.
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sored by and received consulting fees and/or grant support from: 
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Genentech/Roche, GlaxoSmithKline, MAPI, Medimmune, 
Merck/EMD Serono, Novartis, Sanofi-Genzyme.
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by and received consulting fees and/or grant support from: Atara 
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Measuring disease activity in multiple sclerosis: the 
essential role of spinal cord MRI monitoring

S. Ruggieri1,2,3, A. Logoteta3, E. Tinelli1,4, L. De Giglio1,3, 
L. Prosperini2, C. Gasperini2, C. Pozzilli1,3

1Department of Human Neurosciences, Sapienza University of 
Rome, 2Department of Neuroscience, San Camillo-Forlanini 
Hospital, 3MS Center, Sant’Andrea Hospital, 4Radiology 
Department, Neurological Center of Latium, Rome, Italy

Background: Magnetic Resonance Imaging (MRI) of the Spinal 
Cord (SC) is recommended during diagnostic process in suspected 
Multiple Sclerosis (MS), while its role in monitoring disease evo-
lution or as a surrogate marker in clinical trials, is still controver-
sial. We hypothesize that the use of brain MRI only can reduce the 
ability to detect inflammatory activity in a proportion of MS 
patients.

Objective: To study the frequency of SC activity in a large sample 
of MS patients and to investigate whether MRI activity of brain 
and SC occurs independently.
Methods: From MS registry of a single clinical center, we selected 
patients fulfilling the following criteria: 1) at least two different 
MRI scan (Brain and SC) at two time point (at least 30 days apart); 
2) minimum MRI requirements protocol [1.5 T system; Brain: a) 
Axial dual-echo PD;b) Axial contrast-enhanced T1-weighted. SC: 
a) sagittal T2-weighted; b) Post-gadolinium (Gd) sagittal 
T1-weighted]. The presence of inflammatory activity was defined 
as the detection of at least one Gd enhancing lesion (Gd+). A 
descriptive statistic was applied.
Results: From an initial cohort of 1332 patients we enrolled 828 
subjects [F: 572; medium age: 34.7 ± 9.7; median Expanded 
Disability Status Scale (EDSS): 2.0 (range: 0-8); medium disease 
duration: 5.8 ±6.3; Clinically Isolated Syndrome (CIS): 305; 
Relapsing Remitting (RR): 430; Primary Progressive (PP): 50; 
Secondary Progressive (SP): 43]. A total of 5717 scans were 
reviewed (medium scans for patient 7±2); 4537 scans (79,3%) did 
not present Gd+. Of the 1180 left, 651 scans (55,2%) showed 
brain Gd+ lesions only, 232 (19,7%) a concomitant presence of 
brain and SC Gd+ lesions, while 297 (25,2%) showed SC Gd+ 
lesions exclusively. 58% of the SC Gd+ scan were not associated 
with a clinical relapse. When considering inflammatory activity 
along follow up, 282 patients have never presented Gd+ lesions, 
546 patients presented Gd+ in at least one scan. The majority of 
them were CIS/RR=501 vs SP/PP=45. SC Gd+ alone in at least 
one scan was observed in 223 (approximately 40%) of patients.
Conclusions: MRI activity can be detected frequently in SC and 
it occurs in approximately 25% scans independently from brain 
activity. High percentage of SC GD+ can be asymptomatic. 
Limiting MRI monitoring to brain only, underestimates inflam-
matory activity in clinical trials. Including MRI of SC in clinical 
practice will allow switching treatment to more powerful drugs in 
a larger number of patients.
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Dr S Ruggieri has received fee as speaking honoraria from 
Teva,Merck Serono, Biogen; travel grant from Biogen, Merck 
Serono; fee as advisory board consultant from Merck Serono and 
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P622
Fingolimod may exert a neuroprotective role at retinal 
level in multiple sclerosis when compared to first-line 
injectable treatments

S. Guerrieri, M. Pisa, G. Di Maggio, S.C. Huang, R. 
Santangelo, L. Moiola, V. Martinelli, G. Comi, L. Leocani
Department of Neurology and INSPE, San Raffaele Hospital - 
Vita-Salute San Raffaele University, Milan, Italy

Background and aims: optical coherence tomography-OCT is 
used in multiple sclerosis-MS to measure retinal nerve fiber layer-
RNFL and ganglion cell-inner plexiform layer (GCL-IPL) thick-
ness as a marker of axonal-neuronal loss. A recent study suggested 
a protective role for Natalizumab on neuroretinal damage; we 
explored the role of Fingolimod-FTY in this field.
Methods: 90 patients with MS, 45 receiving FTY (mean treat-
ment duration 2.59±1.2years) and 45 (mean treatment duration 
4.19±3.6years) Interferon-IFN (n.24) or Glatiramer acetate-GA 
(n.21), underwent OCT with RNFL and GCL-IPL thickness meas-
urement, with 1 year follow-up.
Results: no significant differences were found comparing IFN 
vs GA subgroups, so they were combined (IFN-GA). Over one 
year, patients under FTY had significantly lower RNFL thinning 
vs IFN-GA group (0.00±0.16µm vs -0.83±0.23µm; p=0.003), 
despite significantly lower baseline values (81.6±15.2µm vs 
88.6±13.9µm; p=0.025). GCL-IPL thickness did not signifi-
cantly differ between the two groups, both at baseline (IFN-GA 
64.2±8.6µm vs FTY 61.1±9.7µm; p=0.097) and over time 
(-0.44±1.1µm for IFN-GA vs -0.09±1.3µm for FTY; p=0.303). 
Similar rates of disease activity (new relapses or new T2/Gd 
enhancing lesion at brain MRI) were found both in the year 
before baseline (24.3% for IFN-GA vs 28.8% for FTY; p=0.642) 
and during follow-up (15.3% for IFN-GA vs 13.3% for FTY; 
p=0.790).
Conclusions: these results suggest a neuroprotective role for FTY 
at the retinal level, independently from clinical and neuroradio-
logical evidence of disease activity. Although a longer follow-up 
is warranted to confirm these observations, our findings appear 
consistent with experiences reporting reduced brain volume loss 
in patients receiving FTY.
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P623
Detecting response to fampridine on motor functioning 
with activities of daily living and classical neurological 
examinations in multiple sclerosis patients
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Background: Patients’ subjective improvement of motor func-
tioning after treatment with fampridine in multiple sclerosis (MS) 
is not fully covered with objective measures of walking speed, 
such as the Timed 25-Foot Walk Test (T25FW). This results from 
the incomplete coverage of other aspects of ambulatory function, 
and omission of upper extremity function (UEF) assessment, 
including tasks of activities of daily living (ADL).
Objective: To examine changes in motor functioning in MS 
patients treated with fampridine using a wide range of clinical 
tests, including UEF and ADL.
Methods: Patients were derived from a cohort of MS patients 
treated with fampridine that also participated in the Assess MS 
study, a project to improve clinical disability assessment through 
automated quantification of motor function. Patients were 
assessed before and after a minimum of two weeks of treatment. 
Tests for ambulatory function were: the MS Walking Scale 
(MSWS), T25FW, ‘sit-to-stand’, ‘Romberg’s test’, ‘turning-on-
the-spot’, ‘tightrope walking’ and ‘25-foot walking’. Tests for 
UEF were: the Arm function in MS questionnaire (AMSQ), 9-hole 
peg test, ‘finger-to-nose test’, ‘pronator drift test’ and ‘drinking 
from a cup’. Treatment responder groups were compared, which 
were defined as ≥20% improvement on the T25FW (i.e. objective 
responder) and ≥8-point decrease on the MSWS (subjective 
responder).
Results: A total of 47 patients were included. Preliminary results 
revealed 27.0% objective and 45.9% subjective responders. There 
were no significant differences in age, sex, MS phenotype and 
disease duration among responders and non-responders. 
Compared to the non-responder group, the objective responder 
group had significantly greater MSWS change (16.5 vs 6.9 pts; p 
= 0.022) and T25FW improvement (27.6 vs 4.4%; p < 0.001). 
Assessment of treatment effects of fampridine on other motor 
tasks and further subgroups analyses (including stratification of 
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objective responders into improvement of £10%, between 10 and 
20%, and ≥20%) are pending.
Conclusion: These preliminary results confirm that a larger pro-
portion of patients improve subjectively after treatment with fam-
pridine than measured with walking speed. Therefore, assessment 
of other domains of motor function (including UEF and ADL) 
may be useful to capture the full range of treatment response to 
fampridine. These analyses are currently pending.
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P624
FLOODLIGHT: smartphone-based self-monitoring is 
accepted by patients and provides meaningful, continuous 
digital outcomes augmenting conventional in-clinic 
multiple sclerosis measures

X. Montalban1,2, P. Mulero2, L. Midaglia2, J. Graves3, 
S.L. Hauser3, L. Julian4, M. Baker5, J. Schadrack5, C. 
Gossens5, A. Scotland5, F. Lipsmeier5, C. Bernasconi5, S. 
Belachew5, M. Lindemann5,6

1Division of Neurology, University of Toronto, Toronto, ON, 
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3University of California, San Francisco, 4Genentech, Inc., South 
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Background: Sensor-based, active and passive smartphone-based 
self-monitoring (SSM) may be more sensitive and specific than 
periodic in-clinic assessments to measure progression in multiple 
sclerosis (MS).
Objective: To report an analysis of adherence, results from a 
patient satisfaction questionnaire and correlations between in-
clinic tests and FLOODLIGHT SSM measures (NCT02952911).
Methods: Patients with MS (18-55 years; Expanded Disability 
Status Scale score 0-5.5; n=76) and healthy controls (n=25) 
received a preconfigured smartphone and smartwatch that prompt 
the user to perform the FLOODLIGHT SSM, comprising ‘active 
tests’ and ‘passive monitoring’ for 24 weeks. The primary analysis 
assessed participants’ adherence (proportion of study weeks with 
at least 3 days of completed testing and at least 4 hours/day of 
passive monitoring) and patient satisfaction with the 
FLOODLIGHT SSM solution. In-clinic tests and brain MRI 
assessments were performed. Secondary analyses compared 
FLOODLIGHT SSM outcomes 1) between patients with MS and 
healthy controls and 2) with in-clinic outcomes in patients with 
MS. The correlation between FLOODLIGHT SSM outcomes and 
in-clinic tests was reported using Spearman’s correlation coeffi-
cient (SCC).
Results: As of 4 May 2018, the interim analysis of adherence of 61 
patients who completed the study showed 76.5% adherence to 
active tests and 83.2% to passive monitoring. Satisfaction amongst 
patients with MS who completed the study (n=61) was good to 
excellent (73.33 average score out of a possible 100 at termination 
visit). Correlations between FLOODLIGHT SSM and conven-
tional in-clinic assessments at baseline (Spearman’s rank correla-
tion) were as follows: Correct responses from smartphone-based 
Symbol Digit Modalities Test (SDMT) vs oral SDMT: SCC=0.635, 
p< 0.001, n=53; Time between two consecutive pinch attempts in 
the FLOODLIGHT Pinching Test vs 9-Hole Peg Test: SCC=0.508, 
p< 0.001, n=54; Turning speed measured with the FLOODLIGHT 
Five-U-Turn Test vs Timed 25-Foot Walk test: SCC=-0.524, p< 
0.001, n=55. Further comparisons between baseline FLOODLIGHT 
SSM and in-clinic testing MS outcomes will be presented.
Conclusions: Patients’ adherence and satisfaction combined with 
correlations observed between in-clinic assessments and digital 
outcomes show promising potential for the FLOODLIGHT SSM 
solution to capture meaningful and relevant outcomes augmenting 
the clinical picture in patients with MS.
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P625
Searching for predictors of response to high-efficacy 
therapies in relapsing-remitting multiple sclerosis: results 
from a single centre cohort
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Background: The use of high-efficacy therapies in patients with 
multiple sclerosis (MS) is becoming more frequent. Unlike inter-
feron treatment, the early identification of patients who do not 
respond to this second line of drugs is unknown. This is of crucial 
importance to adopt a timely therapeutic strategy change.
Objective: To investigate several criteria of clinical and radio-
logical early response to high-efficacy treatment to evaluate 
which criteria best identifies patients with a poor response.
Methods: From a prospective on-going cohort including all 
patients starting natalizumab and alemtuzumab in our centre, 
patientsthat started treatment ≥ 12 months ago at the time of data 
collection were selected. Patients are followed every 3 months, 
and presences of relapses and EDSS score were collected. Besides, 
patients underwent MRI scans at baseline and yearly thereafter. 
Following the methodology of the Rio Score, different categories 

were assigned according to the degree of clinical (EDSS, relapses) 
and radiological (new and active lesions) activity during the first 
year. In this way 8 categories were obtained: 3 categories + (MRI+ 
EDSS+ R+), 2 categories + (MRI+ EDSS+ R- /MRI+ EDSS- R+/
MRI- EDSS+ R+), 1 category + (MRI+ EDSS- R-/MRI- EDSS- 
R+/MRI- EDSS+ R-) and 0 categories + (MRI- EDSS- R-). 
Statistical association between clinical or radiological activity 
during the first 12 months and EDSS worsening after 36 months 
of follow-up was calculated.
Results: Two hundred and four patients who received natali-
zumab and 33 patients under treatment with alemtuzumab for at 
least one year were analyzed. Data failed to demonstrate any sig-
nificant association between clinical or MRI activity and EDSS 
worsening. Nonetheless, regarding natalizumab treatment, it 
seems to be an association between the relapses occurred in the 
first 12 months of treatment and the appearance of new lesions in 
MRI at the third year. The change of the EDSS at 12 months cor-
relates with that occurred at 36 months. As for alemtuzumab, the 
presence of relapses and the appearance of new lesions in the first 
year of treatment correlate with the appearance of relapses at 36 
months.
Conclusions: We have not identified predictors of response to 
high-efficacy therapies in relapsing-remitting MS in our cohort. A 
larger sample of patients is probably needed to reach conclusive 
data, taking into account the low persistence of disease activity 
with the use of these drugs.
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Brain network response upon natalizumab versus 
dimetylfumarate in multiple sclerosis
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Introduction: Efficient personalized therapy paradigms are 
needed to modify the disease course and halt grey matter (GM) 
and white matter (WM) damage in patients with multiple sclerosis 
(MS). Presently, promising new disease-modifying drugs show 
impressive efficiency, however, tailored markers of therapy 
responses are needed. In this study, we aimed to detect in a real-
world setting and at a short-term the patients with a favorable 
therapy response upon dimethyl fumarate (DMF) or natalizumab 
(NAT) treatment by analyzing disease activity, brain structural 
integrity and the individual blood immunocellular response.
Methods: We selected two equivalent patient cohorts, based on 
age, disease duration, disability status (EDSS) and lesion volume, 
receiving DMF (n = 42) or NAT (n = 36) and followed them over 
16 months. In these patients, the rate of cortical atrophy and deep 
GM volumes were quantified. GM and WM network dynamics 
were characterized by brain modularization as a marker of struc-
tural alterations. Additionally, lymphocyte subsets were analyzed 
in the DMF group by flow cytometry and related to clinical and 
MRI parameters.
Results: Two clinically equivalent DMF and NAT patient groups 
showed similar disease activity and comparable GM and WM net-
work dynamics with increased global disconnection over 16 
months. The rate of cortical atrophy was higher in the DMF group 
(2.4%) compared to NAT (2.1%) treatment. Among DMF-treated 

patients, those free of disease activity (MRI and clinical) (n = 17 
responders, DMFR) and those with disease activity (n = 21, 
DMFNR) differed in their CD8+ cell depletion rates (DMFR: 298.4 
± 190.6 /µl; DMFNR: 197.7 ± 97.1 /µl) but also in cortical atrophy 
(DMFR: 1.7%; DMFNR: 3.2%). DMFR presented reduced longitu-
dinal GM and WM disconnection, as a marker of preserved or 
even improved structural global network integrity, when com-
pared not only to DMFNR but also to NAT-treated patients.
Conclusions: In a real world data set of clinically and radiologi-
cally comparable patient cohorts, the rate of cortical atrophy over 
16 months was less upon NAT vs. DMF treatment. However, 
patients under DMF treatment with a stronger CD8+ T cell deple-
tion presented a more favorable response in terms of cortical 
integrity and GM and WM network modularization. Our findings 
support the development of personalized treatment paradigms.
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Lymphocyte dynamics are not associated with disease 
activity in patients switching to alemtuzumab from 
fingolimod and injectable treatments
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Brownlee1, J. Chataway1

1Queen Square MS Centre, 2National Hospital for Neurology 
and Neurosurgery, London, United Kingdom

Background: Previous case series have highlighted high rates of 
disease activity in patients switching from fingolimod to alemtu-
zumab, potentially due to prolonged sequestration of autoreactive 
lymphocytes in lymph nodes after fingolimod withdrawal.
Objective: To investigate the relationship between disease activ-
ity and lymphocyte dynamics in patients switching to alemtu-
zumab from fingolimod and injectable disease-modifying 
therapies (DMTs).
Methods: We retrospectively collected data on consecutive 
patients switching to alemtuzumab from fingolimod (n=20) or 
injectable DMTs (n=28). Demographic (age, sex), clinical (dis-
ease duration, previous DMTs, relapses), laboratory (lymphocyte 
counts on day 1 and 5, and monthly thereafter for year 1) and MRI 
data were collected. Disease activity in year 1 after starting alem-
tuzumab was defined as clinical relapses, new/enlarging T2 and/
or gadolinium-enhancing lesions. The two groups were compared 
using ANOVA and cross tabulation, and logistic regression was 
used to identify predictors of disease activity at 12 months
Results: The fingolimod group tended to be older (42 vs 37 years, 
p=0.116) and had a longer disease duration (158 vs 96 months, 
p=0.01) than the injectable group. The baseline lymphocyte count 
on day 1 of alemtuzumab treatment was lower in the fingolimod 
group compared with the injectable group (1.36 vs 1.88, p=0.01), 
but the lymphocyte nadir on day 5 was similar (0.048 vs 0.056, 
p=0.64). The fingolimod group had a higher lymphocyte count at 
all time points during the first 11 months after alemtuzumab. 4/20 
(20%) patients in the fingolimod group and 1/28 (4%) in the 
injectable group had disease activity in the first year after 
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switching to alemtuzumab (p=0.15). No association was seen 
between baseline lymphocyte count, lymphocyte count nadir or 
lymphocyte recovery with disease activity in the whole cohort, or 
in the subgroup of patients switching from fingolimod.
Conclusions: We observed a high rate of disease activity in 
patients switching from fingolimod to alemtuzumab that was not 
explained by lymphocyte counts at the time of starting treatment 
or the dynamics of lymphocyte recovery in year 1.
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Symptomatic treatment

P628
Additional courses of alemtuzumab improved clinical and 
MRI outcomes in pooled CARE-MS I and II patients with 
disease activity after three courses: analysis of patients 
who received ≥4 courses

S. Schippling1, A.D. Bass2, A. Boster3, R. Berkovich4, 
G. Comi5, Ó. Fernández6, H.J. Kim7, V. Limmroth8, 
J. Lycke9, R.A.L. Macdonell10, B.A. Singer11, P. 
Vermersch12, H. Wiendl13, T. Ziemssen14, L. Chung15, N. 
Daizadeh15, C.E. Rodriguez15, A. Traboulsee16, on behalf 
of the CARE-MS I, CARE-MS II, CAMMS03409, and 
TOPAZ Investigators
1Neuroimmunology and Multiple Sclerosis Research, 
University Hospital Zürich and University of Zürich, Zürich, 
Switzerland, 2Neurology Center of San Antonio, San Antonio, 
TX, 3OhioHealth Neurological Physicians, Columbus, OH, 
4University of Southern California, Keck School of Medicine, 
Los Angeles, CA, United States, 5University Vita-Salute San 
Raffaele, Milan, Italy, 6Hospital Universitario Carlos Haya, 
Fundacion IMABIS, Málaga, Spain, 7Research Institute and 
Hospital of National Cancer Center, Goyang, Republic of Korea, 
8Klinik für Neurologie und Palliativmedizin, Cologne, Germany, 
9Institution of Neuroscience and Physiology, Sahlgrenska 
Academy, University of Gothenburg, Gothenburg, Sweden, 
10Austin Health and Florey Institute of Neuroscience and Mental 

Health, Melbourne, VIC, Australia, 11MS Center for Innovations 
in Care, Missouri Baptist Medical Center, St. Louis, MO, 
United States, 12University of Lille, Lille, France, 13University 
of Münster, Münster, 14Center of Clinical Neuroscience, Carl 
Gustav Carus University Hospital, Dresden, Germany, 15Sanofi, 
Cambridge, MA, United States, 16University of British Columbia, 
Vancouver, BC, Canada

Introduction: Over 2 years (y) in the CARE-MS studies, 2 
courses of alemtuzumab (12 mg/day; baseline: 5 days; 12 months 
[M] later: 3 days) significantly improved outcomes vs SC IFNB-1a 
in treatment-naive RRMS patients (CARE-MS I; NCT00530348) 
or those who had an inadequate response to prior therapy 
(CARE-MS II; NCT00548405). Alemtuzumab remained effica-
cious in a 4-y extension (NCT00930553), wherein patients could 
receive additional courses of alemtuzumab (12 mg/day on 3 days; 
≥12M apart) as needed for disease activity, or receive another 
disease-modifying therapy (DMT; investigator discretion). After 
the 4-y extension, patients could continue in TOPAZ 
(NCT02255656), an additional 5-y extension study, in which 
patients can receive additional as-needed alemtuzumab (≥12M 
apart; no criteria), or receive another DMT (any time).
Aims: To evaluate efficacy and safety in pooled CARE-MS 
patients who received Course 4 (C4) of alemtuzumab over 7 y.
Methods: Inclusion criteria for this analysis: ≥4 courses by M72, 
to allow ≥12M follow-up post-C4; no other DMT. Data were cen-
sored at C5.
Results: 742/811 (91%) pooled CARE-MS patients entered the 
extension, with 129 (17%) receiving ≥4 courses. C4 was given in 
Y4 (6.0%), Y5 (4.6%), Y6 (3.5%), or Y7 (3.2%); mean time was 
1.9 y after C3. 103 (14%) patients met the analysis inclusion cri-
teria. Annualised relapse rate was 1.59 12M pre-study, 0.77 12M 
pre-C4, 0.24 12M post-C4 (P< 0.0001), and 0.27 36M post-C4. At 
36M post-C4, mean EDSS score change was -0.37 from the time 
of C4 administration, 95% of patients were free of 6-M confirmed 
disability worsening, and 31% of patients had 6-M confirmed dis-
ability improvement. At 12M pre-C4, 12M post-C4, and 36M 
post-C4, patients were free of MRI disease activity (50%, 65% 
[P< 0.01], and 74%, respectively), new gadolinium-enhancing 
lesions (64%, 81% [P< 0.01], 88%), new/enlarging T2 hyperin-
tense lesions (50%, 65% [P< 0.01], 74%), and new T1 hypoin-
tense lesions (66%, 75% [P< 0.05], 87%). Incidence of adverse 
events (AEs), including infections and autoimmune AEs, in 
patients receiving additional courses was similar to the overall 
CARE-MS population and those receiving 2 courses over 7 y.
Conclusion: In the small percentage of patients with disease 
activity after C3, a fourth course of alemtuzumab, given on aver-
age 1.9 years after C3, improved clinical and MRI outcomes up to 
36M. Safety was similar to the overall CARE-MS population and 
those receiving 2 courses over 7 y.

Disclosure
SS: Consulting and/or speaking fees (Biogen, Merck Serono, 
Novartis, Sanofi, and Teva); grant/research support (Novartis and 
Sanofi). ADB: Consulting fees/fees for non-CME services from 
commercial interest or their agents/grant and research support 
(Biogen, Mallinckrodt, Novartis, Roche-Genentech, Sanofi, Teva 
Neuroscience, and TG Therapeutics). AB: Consulting fees and/or 
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(Acorda, Avanir, Bayer, Biogen, Novartis, Questcor, Sanofi, and 
Teva). GC: Consulting fees (Actelion, Bayer, Merck Serono, 
Novartis, Sanofi, and Teva); lecture fees (Bayer, Biogen Dompé, 
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Foundation, and Teva). OF: Speaking and/or consulting (Allergan, 
Almirall, Bayer-Schering, Biogen, Merck Serono, Novartis, 
Sanofi, and Teva); compensation for serving as a journal editor, 
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Española de Esclerosis Múltiple); and research support (Hospital 
Foundation FIMABIS). HJK: Consulting and/or speaking fees 
(Bayer, Biogen, Celltrion, Eisai, Genzyme, HanAll BioPharma, 
MedImmune, Merck Serono, Novartis, Teva-Handok, and UCB); 
research support (Genzyme, Merck Serono, Ministry of Science 
& ICT, Teva-Handok, and UCB); steering committee member 
(MedImmune); co-editor (Multiple Sclerosis Journal - 
Experimental, Translational, and Clinical); and associate editor 
(Journal of Clinical Neurology). VL: Honoraria for consulting and 
speaking at symposia (Bayer, Biogen, Merck Serono, Novartis, 
Roche, Sanofi, and Teva, with approval by the HR Department, 
Cologne General Hospital, and University of Cologne). JL: Travel 
support and/or lecture honoraria (Biogen, Novartis, Sanofi, and 
Teva); scientific advisory boards (Almirall, Biogen, Novartis, 
Sanofi, and Teva); unconditional research grants (Biogen, 
Novartis, and Teva); and editorial board (Acta Neurologica 
Scandinavica). RALM: Compensation for advisory board and/or 
speaking fees (Bayer, Biogen, Merck, Novartis, Roche, Sanofi, 
and Teva) and research support (Biogen, Merck, Novartis, Sanofi, 
and Teva). BAS: Speaking and/or consulting (Acorda, Bayer, 
Biogen, EMD Serono, Genentech, Novartis, Sanofi, and Teva), 
and research support (Acorda, Alkermes, Biogen, MedImmune, 
Novartis, Roche, and Sanofi). PV: Consulting and/or speaking 
fees, and research support (Almirall, Bayer, Biogen, Celgene, 
Merck Serono, Novartis, Sanofi, Servier, and Teva). HW: 
Consulting and/or speaking fees (Bayer, Biogen, Behring, EMD 
Serono, Fresenius Medical Care, Merck Serono, Novartis, Roche, 
Sanofi, and Teva); license fee payments (Huber-Verlag); and 
grant/research support (Neotope Bioscience, Novartis, and PML 
Consortium). TZ: Consulting and/or speaking fees (Almirall, 
Bayer, Biogen, Merck, Novartis, Roche, Sanofi, and Teva) and 
grant/research support (Biogen, Novartis, Sanofi, and Teva). LC, 
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speaking fees and grant/research support (Biogen, Chugai, Roche, 
Sanofi, and Teva).STUDY SUPPORT: Sanofi and Bayer 
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P629
FLX-787 significantly reduces muscle cramp/spasm 
frequency and improves spasticity in a phase 2 study 
(Flex-201) in patients with multiple sclerosis

A. van der Walt1, G. Short2, D. Golod2, B. Hegarty2, D. 
Cabral-Lilly2, W. McVicar2, W. Thomas2, Flex-201 Study 
Group
1Royal Melbourne Hospital, Parkville, VIC, Australia, 2Flex 
Pharma, Boston, MA, United States

Introduction: FLX-787 is believed to dampen α-motor neuron 
and reflex hyperexcitability by chemical neurostimulation. In this 
process, TRPA1/TRPV1 coactivation in the oropharynx and 
esophagus leads to excitatory sensory input to stimulate brainstem 
nuclei and subsequently descending spinal tracts to inhibit hyper-
excitability. The Flex-201 study was initiated in patients with 
Multiple Sclerosis (MS) to evaluate the safety and efficacy of 
FLX-787 in a disease state where the symptoms of cramps, spasms 
and spasticity are prevalent.
Objectives: To assess in an exploratory Phase 2 study: 1.)the fre-
quency of cramps/spasms and associated-pain in MS patients; 2.)
the efficacy of FLX-787 in treating cramps/spasms, pain and spas-
ticity; 3.)the safety and tolerability of FLX-787.
Methods: Flex-201 was a multicenter, randomized, blinded, 
cross-over study which investigated the effects of FLX-787 in 
57 MS patients with symptoms of spasticity, spasms and cramps 
versus inactive control. A daily questionnaire capturing cramp/
spasm events, pain, stiffness and spasticity was administered 
using an interactive voice response system (IVRS). IVRS data, 
as well as in-clinic end-of-period assessments of spasticity, were 
analyzed.
Results: Analysis of the parallel portion of the study in the 
per-protocol population (n=45) showed that FLX-787 treat-
ment caused a 27.3% reduction (p=0.0010) in the total number 
of cramps/spasms relative to baseline and a 42.5% reduction 
in total pain intensity (p=0.0486). Patients experienced a 
median increase of 1.4 cramp free days over the course of 
treatment (p=0.0457). Importantly, FLX-787 treatment caused 
a 1-point decrease relative to inactive control of the CGI-C 
spasticity score rated as a total improvement being entirely 
due to drug treatment (p=0.0427). CGI-C spasticity respond-
ers comprised 25% of the population and demonstrated a 
2-point improvement on total modified Ashworth scale 
(p=0.025) and a 1-point improvement by NRS (0-10 scale) for 
spasticity (p=0.053). FLX-787 was generally well tolerated 
and resulted in infrequent GI-related adverse events (diarrhea 
and nausea).
Conclusion: This is the first report of FLX-787 being well-toler-
ated, safe and effective in treating common MS symptoms includ-
ing cramps/spasms, pain and spasticity. These findings are similar 
to FLX-787 mediated reductions in cramp frequency associated 
with ALS and nocturnal leg cramps and suggest a broad applica-
bility of FLX-787 across many neurological disorders.

Disclosure
Anneke van der Walt: nothing to disclose
Glenn F. Short III: Full-time employee and Stock holder of Flex 
Pharma
David A. Golod: Full-time employee and Stock holder of Flex 
Pharma
Brooke Hegarty: Full-time employee and Stock holder of Flex 
Pharma
Donna Cabral-Lilly: Full-time employee and Stock holder of Flex 
Pharma
William K. McVicar: Full-time employee and Stock holder of 
Flex Pharma
Thomas Wessel: Full-time employee and Stock holder of Flex 
Pharma
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P630

Efficacy of prolonged-release fampridine vs placebo 
on walking ability, dynamic and static balance and 
quality-of-life: an integrated analysis of MOBILE and 
ENHANCE

R. Hupperts1, J. Hobart2, C. Gasperini3, J. Lycke4, 
T. Ziemssen5, P. Feys6, M. McNeill7, C. Acosta8, M. 
Meergans8

1Zuyderland Medical Center, Sittard, The Netherlands, 
2Plymouth University Peninsula Schools of Medicine and 
Dentistry, Plymouth Hospitals NHS Trust, Plymouth, United 
Kingdom, 3Neurosciences, S. Camillo Forlanini Hospital, 
Roma, Italy, 4Institute of Neuroscience and Physiology, The 
Sahlgrenska Academy, Göteborg, Sweden, 5Center of Clinical 
Neuroscience, Carl Gustav Carus University Clinic, Technical 
University of Dresden, Dresden, Germany, 6BIOMED-
REVAL, Hasselt University, Diepenbeek, Belgium, 7Biogen, 
Maidenhead, United Kingdom, 8Biogen, Zug, Switzerland

Introduction: MOBILE, an exploratory study, evaluated pro-
longed-release fampridine (PR-FAM) 10mg twice daily (n=68) 
vs placebo (n=64) on self-reported walking and balance in people 
with multiple sclerosis (PwMS; Expanded Disability Status Scale 
score 4-7) over 24 weeks. MOBILE identified an 8-point change 
in the 12-item MS Walking Scale (MSWS-12) as clinically mean-
ingful. ENHANCE was similarly designed (PR-FAM [n=315] vs 
placebo [n=318]) and used MOBILE’s threshold to evaluate clin-
ically meaningful responses in self-reported walking, mobility, 
balance, and changes in self-reported physical MS impact.
Objectives: A post hoc integrated efficacy analysis of PR-FAM 
vs placebo using MOBILE and ENHANCE data.
Methods: MOBILE and ENHANCE data were pooled. The main 
analysis was the proportion of PwMS with a mean improvement 
in MSWS-12 score exceeding a predetermined threshold 
(≥8-points) from Baseline (BL) over 24 weeks. Additional end-
points were: Timed Up and Go (TUG) speed, MS Impact Scale 
physical subscale (MSIS-29 PHYS), Berg Balance Scale (BBS), 
EuroQol 5-dimensions (EQ-5D) visual analogue scale (VAS) and 
utility index score (UIS).
Results: 383 PwMS received PR-FAM and 382 PwMS received 
placebo. Significantly more PR-FAM-treated PwMS achieved a 
clinically meaningful ≥8 point mean improvement in the 
MSWS-12 over 24 weeks vs placebo (44.3% vs 33.0%; OR: 
1.68 [95%CI: 1.23, 2.29]; P< 0.001). Significantly more 
PR-FAM PwMS achieved a ≥15% mean improvement from BL 
on TUG speed (44.1% vs 34.5%; OR: 1.54 [95%CI: 1.13, 2.11]; 
P=0.007). PR-FAM PwMS had greater mean improvements 
from BL in the MSIS-29 PHYS (least square mean [LSM] dif-
ference: −3.18 [95%CI: −4.84, −1.52]; P< 0.001) and BBS 
(LSM difference: 0.62 [95%CI: 0.09, 1.14]; P=0.021) vs pla-
cebo. PR-FAM demonstrated benefits on EQ-5D VAS and UIS, 
albeit not significant.
Conclusions: This post hoc pooled analysis supports previous 
studies, strengthening evidence that PR-FAM produces clinically 
meaningful improvements in self-reported walking and benefits 
self-reported physical function, mobility, balance and quality of 
life, sustained over 24 weeks.

Disclosure
Supported by: Biogen (Cambridge, MA, USA). Writing and edito-
rial support for the preparation of this abstract was provided by 
Excel Scientific Solutions (Southport, CT, USA): funding was 
provided by Biogen.
R. Hupperts has received honoraria and research grants from and 
advisor boards for Biogen, Merck and Sanofi-Genzyme.
J. Hobart has received consulting/advisor fees, honoraria and 
research support from Acorda, Biogen, Brickell Biotec, Genzyme, 
Global Blood Therapeutics, LORA group, Merck Serono, 
Novartis, Oxford Pharmogenesis, Roche, Tigercat and Vanita.
C. Gasperini has received consulting fees from Bayer HealthCare 
and Biogen; speaker fees from Bayer HealthCare, Biogen, 
Genzyme, Merck Serono, Novartis and Teva.
J. Lycke has received consulting/speaker fees from and is on advi-
sory boards for Biogen, Genzyme, Novartis, Merck, Sanofi-
Aventis and Teva; serves on the editorial board of the Acta 
Neurologica Scandinavica; has received unconditional research 
grants from Biogen, Novartis and Teva.
T. Ziemssen has served on advisory boards, trial steering commit-
tees and data and safety monitoring committees for and has 
received speaker fees and project support from Bayer HealthCare, 
Biogen, Elan, Genzyme, Merck Serono, Novartis, Roche, Sanofi-
Aventis, Synthon and Teva.
P. Feys has served on advisory boards for Biogen and Novartis; 
has received speaker fees from Excemed and Teva.
M. McNeill, C. Acosta, and M. Meergans are employees of and 
hold stock/stock options in Biogen.

P631
The effects of default mode network functional 
connectivity modulation on cognition and quality of life of 
people with relapsing-remitting multiple sclerosis

R. Manca1, M. Mitolo1,2, A. Venneri1, B. Sharrack1

1Neuroscience, University of Sheffield, Sheffield, United 
Kingdom, 2Functional MR unit, Policlinico S. Orsola-Malpighi, 
Bologna, Italy

Background: Cognitive impairment has been increasingly recog-
nised as a common manifestation of multiple sclerosis (MS). Its 
detrimental effects, which are best observed by assessing memory 
and speed of information processing, have been reported to nega-
tively impact on patients’ quality of life (QoL). Moreover, changes 
in brain activity, particularly in the default mode network (DMN), 
appear consistently linked to cognitive impairment in patients 
with MS. However, this wealth of knowledge has been neglected 
when designing cognitive rehabilitation interventions for patients 
with MS which have mainly relied on symptomatic approaches.
Objectives: This study investigated the impact of a cognitive 
stimulation programme designed to modulate the DMN functional 
connectivity on cognitive performance, QoL and neuroplasticity 
in a cohort of people with relapsing remitting multiple sclerosis 
(RRMS).
Methods: Forty-five patients with RRMS (Expanded Disability 
Status Scale ≤ 6, age = 44.6 ± 8.8, disease duration = 9.1 ± 6.5) 
were randomised to three groups: standard cognitive stimulation 
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(CS), processing-speed-loaded cognitive stimulation (PS-CS) or 
non-intervention control group. The CS consisted of 20 sessions 
of computerised multi-domain exercises aimed at inducing co-
activation of DMN areas. The PS-CS was developed by limiting 
the amount of time for response. Participants underwent cognitive 
and magnetic resonance imaging (MRI) assessments at baseline 
and after treatment completion. Mixed repeated-measure models 
were used to investigate group-by-time effects both on clinical 
and MRI outcome measures.
Results: Significant improvements in memory and QoL were 
observed in the CS compared to the other two groups. No differen-
tial effects emerged when the PS-CS and the control group were 
compared. However, both active treatment groups induced func-
tional up-regulation of the posterior DMN. Moreover, the CS pro-
gramme was associated with greater decoupling between the DMN 
and the anterior cingulate than the PS-loaded version. No micro-
structural diffusivity changes occurred across the three groups.
Conclusions: Cognitive stimulation focussed on the DMN 
induced neuroplastic changes and parallel improvements in cogni-
tive performance. There was significant improvement in of 
patients’ perceived QoL. This hypothesis-based treatment 
approach appears to benefit significantly people with RRMS 
experiencing cognitive impairment and should be further devel-
oped for home-based settings.

Disclosure
Riccardo Manca: nothing to disclose.
Micaela Mitolo: nothing to disclose.
Basil Sharrack: nothing to disclose.
Annalena Venneri: received speaker´s fees and travel support 
from Novartis Pharma AG and educational grant support from 
Khymeia Group.

P632
Effects and mechanisms of cued and non-cued motor 
imagery in people with multiple sclerosis: a randomised 
controlled trial

B. Seebacher1,2, R. Kuisma2, A. Glynn2, T. Berger1

1Department of Neurology, Medical University of Innsbruck, 
Innsbruck, Austria, 2School of Health Sciences, University of 
Brighton, Eastbourne, United Kingdom

Background: Walking impairment and fatigue are prevalent symp-
toms in people with multiple sclerosis (pwMS), which significantly 
impact on their quality of life (QoL). In our previous study, motor 
imagery (MI) with rhythmic auditory cueing has been shown to 
improve walking, fatigue and QoL in pwMS. So far, the underlying 
mechanisms are unclear.
Objectives: To investigate the effects and mechanisms of differ-
ently cued and non-cued MI on walking, fatigue, QoL, MI ability 
and sensorimotor synchronisation (SMS) in pwMS, of gait to a fast 
and slow music beat.
Methods: Sixty pwMS with mild to moderate disability were 
recruited at the MS-Clinic, Innsbruck Medical University, Austria 
and randomised into one of three groups: music- and verbally cued 
MI (MVMI), music-cued MI (MMI) and MI. Participants were 
familiarised with (cued) MI and practised cued (MVMI/MMI) or 

non-cued MI of walking for 17 minutes, 6 times per week for 4 
weeks in their homes. Primary outcomes were walking speed 
(Timed 25-Foot Walk) and walking distance (6-Minute Walk Test). 
Secondary outcomes were fatigue (Modified Fatigue Impact 
Scale), QoL (Multiple Sclerosis Impact Scale-29), MI ability 
(Kinaesthetic and Visual Imagery Questionnaire, KVIQ-10, Time-
Dependent Motor Imagery screening test) and SMS (step length/
time variability, stepwise synchronisation and absolute accuracy).
Results: Fifty-nine participants completed the study. All interven-
tions induced significant improvements in walking speed 
(p=0.013) and distance (p=0.036) while MVMI was superior 
(p=0.024; p=0.001). After cued MI, there was a significant 
improvement in fatigue and QoL, with greatest changes in psy-
chosocial fatigue (p=0.041) and physical QoL (p=0.005) after 
MVMI. All participants showed high MI ability and improved 
their MI ability post-intervention, as evidenced by median KVIQ-
10 values of 4.1 (range 2.9-5.0) out of 5.0. Post-intervention, SMS 
was significantly more accurate in participants in the cued MI 
groups, as compared to those in the MI group (all p< 0.05). There 
were no adverse events and full compliance was observed.
Conclusions: Cued and non-cued MI improved walking although 
MVMI was the most effective intervention. Improvements in 
fatigue, QoL and SMS were induced only by cued MI whilst 
MVMI was superior. All participants were capable of imagining 
movements and improved the synchronisation of their gait with 
music only after a cued MI practice. Results suggest that MI and 
SMS were underlying mechanisms of action.

Disclosure
This study was supported by the Austrian MS Research 
SocietyBarbara Seebacher: Nothing to discloseRaija Kuisma: 
Nothing to discloseAngela Glynn: Nothing to discloseThomas 
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P633
Characteristics of MS patients treated with fampridine 
in a real-world setting based on the NeuroTransData 
network in Germany

S. Braune1, S. Grimm2, P. van Hövell2, M. Meergans3, R. 
Hyde3, A. Bergmann4, for NTD Study Group
1NeuroTransData, Prien am Chiemsee, Germany, 2PwC Digital 
Services, Zürich, 3Biogen, Zug, Switzerland, 4NeuroTransData, 
Neuburg, Germany

Introduction: During the past 7 years, real-world data (RWD) of 
fampridine (FAM) have accrued and may inform on patients char-
acteristics, drug persistence, effectiveness and PROs in the post-
approval setting. NeuroTransData (NTD) is a German network of 
office-based neurologists documenting in-depth practice based 
data for multiple sclerosis (MS) patients and constitutes the first 
multicenter RWD study for FAM.
Objectives: The objectives of this study were to characterize 
patients exposed to FAM and investigate FAM-persistence, 
including predictors. Longitudinal analyses were conducted to 
describe the clinical course, including expanded disability status 
scale (EDSS) and EQ-5D, and compare FAM responders with 
non-responders.
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Methods: Eligibility of patients was based on the availability of 
baseline data (e.g. MS subtype, background DMT, EDSS and 
FAM exposure). Baseline characteristics were described for the 
whole cohort as well as for responders (patients with ≥ 3 months 
exposure to FAM) and non-responders (< 3 months exposure). A 
univariate Cox regression was performed to assess the influence 
of potential baseline predictors on FAM discontinuation.
Results: As of 1 April 2018, 1159 patients (MS subtypes: 58.8% 
RRMS, 31.7% SPMS, 9.6% PPMS) were exposed to FAM in 63 
documenting NTD centers. In this cohort, mean (SD) time to first 
MS symptoms was 15.9 (10.0) years and median (IQR) FAM 
exposure was 17.35 (2.07, 45.83) months. At FAM initiation, 
29.2% of patients were receiving interferon treatment, 13.8% 
oral DMT, 7.6% high efficacy DMT, and 49.4% no DMT. 820 
(70.8%) patients were classified as responders. At FAM initia-
tion, mean (SD) Multiple Sclerosis Severity Score (MSSS) was 
0.67 (4.95) in responders and 1.78 (20.34) in non-responders; 
mean (SD) EDSS was 4.86 (1.41) in responders and 4.80 (1.48) 
in non-responders; and 64.0% of responders and 67.3% of non-
responders had physiotherapy. Based on 1100 patients with avail-
able data, a prediction model for FAM discontinuation due to 
adverse events or lack of effectiveness found that response to 
FAM was independent of baseline disease characteristics.
Conclusions: In this study of FAM patients in a real-world set-
ting, the observed subjective response rate, based on persistence 
on therapy beyond 3 months, was 71%. FAM discontinuation was 
not strongly associated with baseline disease characteristics, thus 
FAM has the potential to provide benefits across a broad range of 
MS populations.

Disclosure
Supported by: Biogen (Cambridge, MA, USA). Editorial support 
for the preparation of this abstract was provided by Excel 
Scientific Solutions (Southport, CT, USA): funding was provided 
by Biogen.
Dr. Braune has received honoraria from Kassenärztliche 
Vereinigung Bayern and HMOs for patient care, honoraria from 
Biogen, Lilly, Medday, Merck, NeuroTransData, Novartis, Roche, 
Thieme Verlag for consultancy, project management, clinical 
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Ms. Grimm and Mr. van Hövell are employees of 
PricewaterhouseCoopers and were contracted to perform statistical 
projects for NeuroTransData.
Dr. Meergans and Dr. Hyde are employees of and hold stock/stock 
options in Biogen.
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Modulation of cortico-subcortical functional connectivity 
occurs after symptomatic treatment of fatigue in patients 
with multiple sclerosis

M.A. Rocca1,2, P. Valsasina1, B. Colombo2, V. Martinelli2, 
A. Falini3, G. Comi2, M. Filippi1,2

1Neuroimaging Research Unit, Institute of Experimental 
Neurology, Division of Neuroscience, 2Department of Neurology, 
Institute of Experimental Neurology, Division of Neuroscience, 
3Department of Neuroradiology and CERMAC, Division of 
Neuroscience, San Raffaele Scientific Institute, Vita-Salute San 
Raffaele University, Milan, Italy

Background: Fatigue affects a large proportion of patients with 
MS and has been associated with functional abnormalities of cor-
tico-subcortical circuits, involving fronto-parietal regions and 
basal ganglia. Aim of this study was to investigate longitudinal 
changes of brain resting state (RS) functional connectivity (FC) in 
MS patients with fatigue undergoing different treatments for this 
symptom.
Methods: Forty-five fatigued MS patients were randomly, blindly 
assigned to treatment with fampridine (n=15), amantadine (n=15) 
or placebo (n=15) and underwent clinical, neuropsychological 
(including fatigue assessment) and 3T RS fMRI at baseline (T0) 
and after four weeks (W4) of treatment. Fifteen matched healthy 
controls were acquired twice. RS FC analysis of the main brain 
functional networks was performed using independent component 
analysis and statistical parametric mapping.
Results: At T0, compared with controls, MS patients showed 
increased RS FC of deep grey matter regions in the basal ganglia 
network, as well as several clusters of higher fronto-parietal RS 
FC in the sensorimotor, visual, and fronto-parietal attention net-
works. Decreased RS FC in the left postcentral gyrus was also 
detected. At W4, significantly decreased global, physical and cog-
nitive (p=0.001/0.003/0.01) modified fatigue impact scale (MFIS) 
scores were found in fampridine patients and, to a lesser extent, in 
amantadine patients (cognitive and psycho-social MFIS, p=0.04). 
Placebo patients also showed improved global, physical and psy-
cho-social MFIS (p=0.02/0.01/0.02). At W4, fampridine patients 
showed increased RS FC of the bilateral precuneus in the default 
mode and left fronto-parietal networks, as well as increased RS 
FC of the right inferior frontal gyrus in the salience and right 
fronto-parietal attention networks. At W4, small clusters of 
increased RS FC in frontal regions and decreased RS FC in tem-
poro-parietal regions were detected in placebo and amantadine 
patients. A significant decrease over time of RS FC within the 
thalamus and other deep grey matter regions was found in fampri-
dine and amantadine patients.
Conclusions: Treatment with fampridine (and, to a lesser extent, 
with amantadine) ameliorates fatigue in MS patients. Concomitant 
modifications of RS FC suggest an improved regulation of cor-
tico-subcortical functional circuits.
Support: Partially supported by Italian Ministry of Healthy (GR-
2008-1138784) and Fondazione Italiana Sclerosi Multipla (FISM 
2018/S/3).
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speaking activities for Novartis, Teva Pharmaceutical Ind. Ltd, 
Sanofi, Genzyme, Merck Serono, Bayer, Biogen, ExceMED.
M. Filippi is Editor-in-Chief of the Journal of Neurology; received 
compensation for consulting services and/or speaking activities 
from Biogen Idec, Merck-Serono, Novartis, Teva Pharmaceutical 
Industries; and receives research support from Biogen Idec, 
Merck-Serono, Novartis, Teva Pharmaceutical Industries, Roche, 
Italian Ministry of Health, Fondazione Italiana Sclerosi Multipla, 
and ARiSLA (Fondazione Italiana di Ricerca per la SLA).

Others

P635
Year one interim analysis results of the Phase IIIb 
CHORDS study evaluating ocrelizumab effectiveness 
and safety in patients with relapsing-remitting multiple 
sclerosis who had suboptimal response with prior disease-
modifying treatments

T.P. Leist1, A.T. Reder2, R. Bermel3, B. Weinstock-
Guttman4, M.S. Freedman5, G. Cutter6, J. Stankiewicz7, 
H. Zheng8, B. Musch8, C. Csoboth8, J.S. Wolinsky9, on 
behalf of the CHORDS Investigators
1Thomas Jefferson University, Philadelphia, PA, 2University of 
Chicago, Chicago, IL, 3Mellen Center for Multiple Sclerosis, 
Cleveland Clinic, Cleveland, OH, 4University at Buffalo, Buffalo, 
NY, United States, 5University of Ottawa and The Ottawa 
Hospital Research Institute, Ottawa, ON, Canada, 6University of 
Alabama at Birmingham, Birmingham, AL, 7Partners Multiple 
Sclerosis Center, Harvard Medical School, Boston, MA, 
8Genentech, Inc., South San Francisco, CA, 9McGovern Medical 
School, UTHealth, Houston, TX, United States

Introduction: Patients with relapsing-remitting multiple sclerosis 
(RRMS) can show signs of disease activity despite disease-modi-
fying treatment (DMT). Ocrelizumab (OCR) demonstrated supe-
rior efficacy to subcutaneous interferon β-1a in two Phase III trials 
(OPERA I; OPERA II) in relapsing MS.
Objective: To report Year one interim analysis (IA) results of the 
multicentre, open-label, Phase IIIb CHORDS study 
(NCT02637856) evaluating OCR effectiveness and safety in 
patients with RRMS and a suboptimal treatment response to ≥6 
months of DMT.
Methods: Eligible patients discontinued their most recent ade-
quate course of DMT (i.e. administered for ≥6 months) due to 
suboptimal response (≥1 clinically reported relapse, ≥1 T1 gado-
linium-enhancing [Gd+] lesion(s) or ≥2 new or enlarging T2 
lesions). The scheduled OCR infusion protocol included two 300-
mg intravenous (IV) infusions separated by 14 days followed by 
600-mg IV infusions every 24 weeks for up to 96 weeks. This IA 
evaluated efficacy and safety over 48 weeks in a modified 

intention-to-treat population, including patients who received ≥1 
OCR infusion and reached Week 48 by September 1, 2017, and 
excluding those who terminated treatment by September 1, 2017 
for reasons other than lack of efficacy or death, with no evidence 
of clinical disease activity at the time of discontinuation.
Results: The CHORDS study enrolled 608 patients with RRMS 
who had a recent suboptimal response to a prior DMT. Baseline 
characteristics of the IA population (n=153) were similar to those 
of the total population, and patients were relatively early in their 
disease, with a mean (SD) time since diagnosis of 3.9 (2.80) years. 
Over 48 weeks, the majority of IA patients had no protocol-
defined relapse (92.7%), no T1 Gd+ lesions (96.4%), no new or 
enlarging T2 lesions (65.3%) and no 24-week confirmed disabil-
ity progression (96.4%). Further, 58.9% of patients were free of 
any of these protocol-defined events (i.e. no evidence of disease 
activity [NEDA]). The adjusted annualised relapse rate was 0.047, 
and new MRI activity included five new T1 Gd+ lesions and 177 
new or enlarging T2 lesions over the 48 weeks of the analysis. 
Interim safety data were consistent with the overall known OCR 
safety profile.
Conclusions: Results of this IA of patients with RRMS who had 
1 year of follow-up in the CHORDS study suggest that ocreli-
zumab is effective and safe in patients with a suboptimal response 
to an adequate course of a prior DMT.

Disclosure
Sponsored by Genentech, Inc. T.P. Leist has received compensa-
tion for consulting from Bayer, Biogen, EMD Serono, Genentech, 
Inc., Novartis, Sanofi Genzyme and Teva Neuroscience; as a 
speaker from Biogen, Genentech, Inc., Novartis, Sanofi Genzyme 
and Teva Neuroscience; and for research from Alkermes, Novartis 
and Sun Pharma; A.T. Reder has, in the last year, received consult-
ing fees from Bayer, Biogen, EMD Serono, Inc., Genentech, Inc., 
Genzyme, Novartis, Mallinkrodt (formerly Questcor); R. Bermel 
has received consulting fees from Biogen, F. Hoffmann-La Roche 
Ltd and Genentech, Inc., Genzyme and Novartis; B. Weinstock-
Guttman has received honoraria for serving on advisory boards 
and educational programs from Biogen Idec, Celgene, EMD 
Serono, Genentech, Inc., Genzyme, Novartis, Sanofi and Teva 
Pharmaceuticals, and has received research support from Biogen 
Idec, EMD Serono, Novartis and Teva Neuroscience; M.S. 
Freedman has received research or educational grants from 
Genzyme Canada; has received honoraria for consultation fees 
from Actelion, BayerHealthcare, Biogen Idec, Chugai, Clene 
Nanomedicine, EMD Canada, F. Hoffmann La-Roche Ltd, 
Genzyme, Merck Serono, Novartis, Sanofi-Aventis and Teva 
Canada Innovation; has served as a member of a company advi-
sory board, board of directors or other similar group for Actelion, 
BayerHealthcare, Biogen Idec, Clene Nanomedicine, F. Hoffmann 
La-Roche Ltd, Merck Serono, MedDay, Novartis and Sanofi-
Aventis; and has participated in a company-sponsored speaker’s 
bureau for Sanofi-Genzyme; G. Cutter has served on data and 
safety monitoring boards for AMO Pharma, Apotek, Biogen-Idec, 
Gilead Pharmaceuticals, GlaxoSmithKline Pharmaceuticals, 
Horizon Pharmaceuticals, Merck Pharmaceuticals, ModigeneTech/
Prolor, the National Heart, Lung, and Blood Institute (protocol 
review committee), Neuren, OPKO, Sanofi-Aventis and Teva; has 
served on the Obstetric-Fetal Pharmaceutical Research Unit 
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oversight committee for the Eunice Kennedy Shriver National 
Institute of Child Health and Human Development; and has served 
on consulting or advisory boards for CereSpir Inc, Consortium of 
Multiple Sclerosis Centers, D3, F. Hoffmann-La Roche Ltd and 
Genentech, Inc., Genzyme, Innate Immunotherapeutics, Janssen 
Pharmaceuticals, Klein Buendel Incorporated, MedDay, 
MedImmune, Novartis, Opexa Therapeutics, Receptos, Savara 
Inc, Somahlution, Spinifex Pharmaceuticals, Teva Pharmaceuticals, 
TG Therapeutics and Transparency Life Sciences; J. Stankiewicz 
has, in the past year, received consulting fees from Bayer, Biogen 
Idec, Celgene, EMD Serono, Genzyme and Novartis; H. Zheng is 
an employee of Genentech, Inc., and a shareholder of F. 
Hoffmann-La Roche Ltd; B. Musch is an employee of Genentech, 
Inc., and a shareholder of F. Hoffmann-La Roche Ltd; C. Csoboth 
is an employee of Genentech, Inc., and a shareholder of F. 
Hoffmann-La Roche Ltd; J.S. Wolinsky has received personal 
compensation for consulting, serving on a scientific advisory 
board, speaking or other activities with AbbVie, Acetilon, 
Alkermes, Biogen, Bionest, Celgene, Clene Nanomedicine, EMD 
Serono, Forward Pharma A/S, GeNeuro, MedDay Pharmaceuticals, 
Novartis, Otsuka, PTC Therapeutics, Roche/Genentech, Sanofi 
Genzyme; royalties are received for out-licensed monoclonal anti-
bodies through UTHealth from Millipore Corporation.

P636
Plasma exchange as rescue treatment in children with 
CNS inflammatory demyelinating syndromes

S. Tenembaum1, A. Savransky1, M. Huaman Rios1, S. 
Vergel1, M. Castro1, S. Perez1, G. Marcarian2, R. Alba2, 
A. Pugliese2

1Neurology, 2Transfusion Medicine, National Paediatric 
Hospital Dr. Garrahan, Buenos Aires, Argentina

Objective: To determine safety and clinical effect of plasma 
exchange (PE) as rescue therapy in paediatric acquired inflamma-
tory CNS syndromes.
Methods: Single-center retrospective review of patient records 
over the period 2003-2017, to assess demographic/diagnostic 
data, attack characteristics, and short-term remission status after 
PE. All patients admitted to our hospital with a steroid-refractory 
acute event presumed to be inflammatory and who required PE 
were included.
Results: A total of 582 PE procedures for 87 attacks in 74 paedi-
atric patients (63.5% neuromyelitis optica spectrum disorders, 8% 
acute disseminated encephalomyelitis, 4% multiple sclerosis, 
12% clinically isolated syndromes, 12% others) were assessed. 
Mean age at PE 10.4 years (2-18), 47% girls. Serostatus in 42 
patients were 17% AQP4+, 31% MOG+, 52% double negative. 
Attack phenotypes were optic neuritis (ON) 42%, transverse mye-
litis (TM) 31%, ON + TM 15%, other combined syndromes 11%. 
Visual outcome scale, Bladder control scale, Hauser ambulation 
scale, and Expanded Disability Status Scale were assessed before 
and after PE (at discharge, 30 days, and at 6 months) in every 
patient.
Overall, moderate to marked neurological improvement was 
observed in 67% of attacks at discharge, increasing to 77% at 6 

months. No marked differences were observed in response rate 
among attack phenotypes or serostatus. No improvement was seen 
in 15% of events, mainly in children with diagnoses other than 
inflammatory CNS syndromes (enterovirus D68-related myelitis, 
chiasm glioma, LHON-related optic involvement, sarcoidosis).
Adverse events occurring during or immediately following PE 
were observed in 23/87 (26%) treatments, graded as moderate in 
20, and severe in 3, corresponding to catheter removal-related 
adverse events (pneumothorax 1, pulmonary air embolism 1, and 
pulmonary thromboembolism with death in 1).
Conclusions: PE is a highly specialized procedure available in 
few hospitals in our region. Our results show that PE is an effec-
tive treatment alternative to intravenous steroids, improving neu-
rological outcome after severe attacks of inflammatory CNS 
disorders in paediatric patients. Serious adverse events may occur 
and should be considered.

Disclosure
S. Tenembaum, MD, serves as a non-remunerated editorial board 
member of Neurology: Neuroimmunology & Neuroinflammation. 
She has received speaker honoraria from Biogen-Idec Argentina, 
Merck Serono LATAM, Genzyme, Novartis, and Teva 
Neuroscience.
A. Savransky, MD, has received speaker honoraria from Genzyme.
M. Huaman Rios, MD, has nothing to disclose
S. Vergel, MD, has nothing to disclose
M. Castro, MD, has nothing to disclose
S. Perez, MD, has nothing to disclose
G.C. Marcarian, MD, has nothing to disclose
R. Alba, MD, has nothing to disclose
A. M. Pugliese, MD, has nothing to disclose

P637
Healthcare resource use and disease progression among 
commercially insured patients with multiple sclerosis: a 
comparison of continuous users and non-users of disease 
modifying therapy over five years (2012-2016)

M. Williams1, L. Amezcua2, A. Paradis3, J. Zhou3, Q. 
Hou3, T. Livingston3

1The Multiple Sclerosis Center of Atlanta, Atlanta, GA, 2Dept. 
of Neurology, Keck School of Medicine, USC, Los Angeles, CA, 
3Biogen, Weston, MA, United States

Background: Disease modifying therapies for multiple sclerosis 
(MS) can decrease health resource utilization (HRU) and delay 
disease progression. Despite increasing treatment options, many 
MS patients with access to therapies remain untreated. It is there-
fore important to understand real-world disease modifying ther-
apy (DMT) utilization patterns among MS patients and their 
impact on patient outcomes over time.
Objective: To identify continuous DMT users and non-DMT 
users among commercially insured patients with MS and compare 
their HRU and disability progression over 5 years.
Methods: A retrospective claims analysis was conducted with the 
Truven MarketScan Databases. Among continuous enrollees from 
2011-2016, MS patients were identified for the index year of 2012 
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(>2 ICD-9 340 claims, or 1 diagnosis + DMT) and then classified 
by DMT use. Continuous users included those with >1 DMT 
claim each year from 2012-2016, while non-DMT users included 
those with no DMT claims during this period. Propensity score 
matching was used to balance the cohorts across confounders 
from the pre-index period/index date (2011-2012), including age, 
gender, pre-index relapses, comorbidities, and geographic region. 
We then compared HRU (total, by service type) and disability pro-
gression (time to cane/walker, wheelchair) across continuous and 
non-DMT users.
Results: In total, 15,543 with a diagnosis of MS were identified. 
Approximately half (51.6%) were continuous users and 22.2% 
were non-DMT users over the 5 years. 3,407 propensity score 
matched pairs were identified and included in the analyses. 
Continuous vs. non DMT users had significantly less total HRU, 
a significant reduction in inpatient and emergency room utiliza-
tion, and shorter average hospital stays (p< 0.0001 for all out-
comes). Continuous users had a trend toward reduction in time to 
cane/walker (median: 28.7 vs. 24.2 months) and a significant 
reduction in time to wheelchair use (median: 25.2 vs. 19.2 months; 
p< 0.001), in comparison to non-DMT users.
Conclusions: Only half of commercially insured patients were 
identified as continuous users and a sizeable proportion were not 
using a DMT, despite widespread availability of and access to effec-
tive therapies. Findings suggest continuous DMT use by MS 
patients reduces HRU, including high cost services (e.g., hospitali-
zations and ER visits), and slows disease progression. These results 
highlight the importance of DMT treatment in patients with MS.

Disclosure
This research was funded by Biogen. MW has served on scien-
tific advisory boards, received funding for travel, received 
speaker honoraria, been a consultant, and/or served on speakers´ 
bureaus for Biogen, Teva Neuroscience, Bayer, Questcor 
Pharmaceuticals, EMD Serono, Pfizer, Novartis, Acorda, and 
Genzyme. LA has served as a consultant to Biogen, Celgene, and 
Genzyme and receives research funding from Novartis and 
Biogen. AP, JZ, QH, and TL are employees of, and hold stock 
and/or stock options in, Biogen.

P638
The effects of an innovative combined Robot Assisted Gait 
Training and Virtual Reality on cognitive impairments 
and motor deficits in patients with multiple sclerosis: a 
pilot randomized control trial

D. Munari1, C. Fonte2, V. Varalta2, E. Battistuzzi2, M. 
Gandolfi2, A.P. Montagnoli2, N. Smania1, A. Picelli2

1Department of Neurosciences, Hospital Trust Verona, 
Neurorehabilitation Unit, 2Department of Neurosciences, 
Biomedicine and Movement Sciences, Neuromotor and 
Cognitive Rehabilitation Research Centre, University of 
Verona, Verona, Italy

Background: Cognitive impairments affect up to 70% of persons 
with Multiple Sclerosis (MS) and the potential of gait rehabilitation 
with Virtual Reality (VR) to reduce clinical symptoms and disability 

due to cognitive deficits might be very promising. The main aim of 
this pilot randomized controlled trial was to compare the effects of 
an innovative combined Robot Assisted Gait Training plus VR 
(RAGT-VR) with those of standard RAGT on cognitive impair-
ments and motor deficits in patients with Multiple Sclerosis (MS).
Methods: Subjects were enrolled and randomly allocated either 
in the RAGT- VR or in the RAGT group. The RAGT-VR group 
underwent a training on an end-effector device combine with VR 
while the RAGT group underwent a training on an end-effector 
device alone. Each patient, irrespective of group assignment, 
underwent individualized treatment 40-minute/day, two days/
week for six consecutive weeks for a total of 12 sessions. A 
blinded rater evaluated patients before, after treatment, and at one 
month follow-up. Primary outcome was the Paced Auditory Serial 
Addition Test (PASAT). Secondary outcomes were the Phonemic 
Fluency Test (PFT), Rivermead Behavioral Memory Test 
(RBMT), Digit Symbol (DSymb), Multiple Sclerosis Quality of 
Life-54 (MSQOL-54) and Two Minute Walking Test (2MWT), 10 
Meter Walking Test (10MWT) and Berg Balance Scale (BBS).
Results: Seventeen MS patients (7 males and 10 females) were ran-
domized to the RAGT-VR group (n =8) or the RAGT group (n =9). 
At baseline no significant differences were noted. Between groups 
comparisons showed significant change in 2MWT after treatment 
(p=0.012) in favor of RAGT-VR group. In the RAGT-VR group, 
within-group comparison showed significant improvements after 
treatment and at follow-up on PASAT (p=0.012; p=0.012), PFT 
(p=0.012; p=0.012) and RBMT NT-IR (p=0.012; p=0.012). 
Significant improvements after treatment were found on MSQOL-
54 PHC composite (p=0.017), MSQOL-54 MHC composite 
(p=0.018), 2MWT (p=0.012), 10MWT (p=0.012) and BBS 
(p=0.011). In the RAGT group significant improvements were 
found for MSQOL-54 MHC (p=0.018), MSQOL-54 PHC 
(p=0.017), 10MWT (p=0.018) and BBS (p=0.016) after treatment.
Conclusion: RAGT combine with VR could be consider a nov-
elty training and more effective on improving gait abilities com-
pare to RAGT alone and could ameliorated cognitive impairments 
in subjects suffering from MS. Further studies on larger patients 
samples are warranted to confirm these preliminary findings.

Disclosure
No conflicts of interest have been reported by the authors of the 
content of this study.

P639
Subgroup analysis to evaluate the efficacy of ocrelizumab 
versus interferon β-1a in African-descended patients with 
relapsing multiple sclerosis in the OPERA I and OPERA 
II studies

B.A.C. Cree1, J. Han2, A. Pradhan2, D. Masterman2, M.J. 
Williams3

1Weill Institute for Neurosciences, Department of Neurology, 
University of California San Francisco, San Francisco, 
2Genentech, Inc., South San Francisco, CA, 3Multiple Sclerosis 
Center of Atlanta, Atlanta, GA, United States

Introduction: African-descended patients with multiple sclerosis 
(MS) have more severe disease than and may not respond as well 
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to disease-modifying therapies as European-descended patients. 
Ocrelizumab (OCR) demonstrated superior efficacy vs interferon 
β-1a (IFN β-1a) in patients with relapsing MS (RMS) in two 
Phase III studies (OPERA I [NCT01412333], OPERA II 
[NCT01247324]).
Objective: To evaluate the efficacy of OCR vs IFN β-1a in 
African-descended patients enrolled in OPERA I and II.
Methods: Patients in the OPERA studies received double-blind 
treatment with OCR 600 mg or IFN β-1a 44 µg for 96 weeks. This 
post hoc analysis in African-descended patients evaluated proto-
col-defined annualised relapse rate (ARR), time to onset of 12- 
and 24-week confirmed disability progression (CDP) on the 
Expanded Disability Status Scale (EDSS), rate of T1 gadolinium-
enhancing (Gd+) and new/enlarging T2 lesions, proportion of 
patients with no evidence of disease activity (NEDA; no protocol-
defined relapses, no 12-week CDP, no T1 Gd+ or new/enlarging 
T2 lesions) and no evidence of progression or active disease 
(NEPAD; NEDA and no 12-week confirmed progression of ≥20% 
on timed 25-foot walk or 9-hole peg tests).
Results: African-descended patients in the OPERA studies who 
received OCR (40/827, 4.8%) or IFN β-1a (32/829, 3.9%) were 
mostly female (72.5% and 68.8%) with a mean (SD) age of 35.8 
(9.9) and 34.2 (9.1) years, baseline disease duration of 2.98 (4.48) 
and 2.66 (3.03) years and baseline EDSS of 2.89 (1.42) and 2.66 
(1.27), respectively. Over 96 weeks, findings with OCR vs IFN 
β-1a were as follows: ARR (0.131 vs 0.262; rate ratio [RR], 0.497; 
95% CI 0.180-1.371; p=0.2), 12-week CDP (15.0% vs 15.6%; 
hazard ratio [HR], 0.81; 95% CI 0.25-2.67; p=0.7) and 24-week 
CDP (12.5% vs 15.6%; HR, 0.67; 95% CI 0.19-2.32; p=0.7). OCR 
significantly reduced the rate vs IFN β-1a of T1 Gd+ lesions 
(0.026 vs 0.717; RR, 0.037; 95% CI 0.006-0.223; p=0.001) and 
new/enlarging T2 lesions (0.372 vs 2.650; RR, 0.140; 95% CI 
0.062-0.315; p< 0.001). A greater proportion of OCR- vs IFN 
β-1a-treated patients achieved NEDA (45.5% vs 10.0%; RR, 
4.365; 95% CI 1.443-13.204; p=0.002) and NEPAD (36.4% vs 
6.9%; relative risk, 5.56; 95% CI 1.34-23.00; p=0.005).
Conclusions: Among a small sample of African-descended RMS 
patients in the OPERA studies, ocrelizumab demonstrated a treat-
ment benefit on MRI and composite efficacy outcomes, consistent 
with that seen in the overall pooled OPERA I/II population.

Disclosure
Sponsored by F. Hoffmann-La Roche Ltd. B.A.C. Cree has 
received personal compensation for consulting from AbbVie, 
Biogen, EMD Serono, GeNeuro, Novartis and Sanofi Genzyme; 
J. Han is an employee of Genentech, Inc.; A. Pradhan is an 
employee of Genentech, Inc.; D. Masterman is an employee of 
Genentech, Inc., and a shareholder of F. Hoffmann-La Roche Ltd; 
M.J. Williams has received personal compensation for consulting 
from Biogen, EMD Serono, Genentech, Inc. and Sanofi Genzyme.

P640
Real-world treatment utilization and effectiveness of 
onabotulinumtoxinA in multiple sclerosis patients treated 
for spasticity from the ASPIRE study

D.S. Bandari1, A. Mayadev2, M. Sakel3, A. Esquenazi4, A. 
Zuzek5, J. Largent6, G.E. Francisco7

1Multiple Sclerosis Center of California & Research Group at 
the Hoag Neurosciences Institute, Newport Beach, CA, 2Multiple 
Sclerosis Center Rehabilitation Program - Swedish Neuroscience 
Institute, Seattle, WA, United States, 3Kent & Canterbury 
Hospital, East Kent Hospitals University NHS Foundation 
Trust, Caterbury, United Kingdom, 4MossRehab Gait and 
Motion Analysis Laboratory, Elkins Park, PA, 5Allergan plc, 
Irvine, CA, 6IQVIA Real-World Evidence Solutions, Cambridge, 
MA, 7University of Texas McGovern Medical School and TIRR 
Memorial Hermann, Houston, TX, United States

Background: OnabotulinumtoxinA treatment for spasticity is 
individualized and dependent on numerous factors. This analysis 
examines onabotulinumtoxinA utilization and effectiveness to 
treat spasticity in multiple sclerosis (MS) patients.
Methods: International, multicenter, prospective, observational 
registry (NCT01930786) examining adults with spasticity treated 
with onabotulinumtoxinA at the clinician’s discretion. Assessments 
include onabotulinumtoxinA utilization (each visit) and clinician 
(next visit)/patient (5±1 weeks post-treatment) satisfaction.
Results: Patients (N=731) were on average 54 years old, female 
(52%), and continuing botulinum toxins for spasticity (63%). 
Most patients had spasticity due to stroke (n=411; 56%) or MS 
(n=119; 16%). In MS patients (n=119), the most common upper 
limb presentation was flexed elbow (18%), with onabotulinum-
toxinA doses ranging from 25-550U. Muscles injected include: 
biceps brachii (100%), brachioradialis (54%), brachialis (46%), 
and other (4%); anatomical localization (60%) was most fre-
quently utilized. The most common lower limb presentation was 
equinovarus foot (61%), with onabotulinumtoxinA doses ranging 
from 15-875U. Muscles injected include: gastrocnemius (79%), 
soleus (73%), tibialis posterior (46%), flexor digitorum longus 
(15%), other (11%), and flexor hallucis longus (2%); EMG locali-
zation (57%) was most frequently utilized. Overall (N=731), 
≥72% patients and ≥91% clinicians reported extreme satisfaction/
satisfaction that onabotulinumtoxinA helped patient’s ability to 
participate in therapy/exercise, and 92% of patients and ≥98% of 
clinicians would definitely/probably continue treatment. Overall 
(N=731), 261 patients reported 831 adverse events (AEs); 23 AEs 
in 20 patients were considered treatment-related. 94 patients 
reported 195 serious AEs; 3 serious AEs in 2 patients were consid-
ered treatment-related. No new safety signals were identified.
Conclusions: ASPIRE provides valuable, real-world data on dos-
ing, injection guidance, and muscle targeting over 2 years, that 
may help guide clinical strategies. ASPIRE captured the individu-
alized nature of onabotulinumtoxinA utilization for spasticity in 
MS patients, while consistently demonstrating high satisfaction 
among patients and clinicians, with the majority indicating that 
onabotulinumtoxinA helped patients participate in therapy/exer-
cise. These results add to the body of evidence on the safety and 
effectiveness of onabotulinumtoxinA for spasticity.

Disclosure
D. Bandari - Consultant, speaker for Accorda, Biogen, Genentech, 
Genzyme, EMD-Serono, Mallinckrodt and Teva and received 
research support from Biogen, Genentech, Allergan, Genzyme 
and Med-day.
A. Mayadev - Nothing to disclose.
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M. Sakel - Received research grant from Rex Bionic Plc.
A. Esquenazi - Participated in advisory boards and consulted for 
Allergan. Received research grants from Allergan and Ipsen.
A. Zuzek - Full-time employee of Allergan plc.
J. Largent - Full-time employee of IQVIA (formerly QuintilesIMS), 
the contract research organization responsible for the manage-
ment of this study and was formerly a full-time employee of 
Allergan plc.
G. Francisco - Consulted for, and received research grants from, 
Allergan, Merz, and Ipsen.

P641
Dimethyl fumarate treatment in relapsing multiple 
sclerosis: a prospective observational postmarketing study 
of effectiveness

Y. Aladro Benito1, M. Cerezo Garcia2, S. Urtiaga2, 
V. Galán Sánchez-Seco3, I. Moreno Torres4, J. Sabin 
Muñoz4, M. Gómez5, I. Thuissard6, D. Sanz6, DMFCAM 
study group
1Neurology, Hospital Universitario de Getafe, Getafe, 
2Neurology, Hospital Universitario de Getafe, 3Hospital 
Universitario 12 de Octubre, 4Hospital Universitario Puerta de 
Hierro, 5Hospital Universitario Infanta Leonor, 6Universidad 
Europea de Madrid, Madrid, Spain

Background: Dimethyl fumarate (DMF) efficacy in relapsing 
multiple sclerosis (RMS) has been demonstrated in 2 randomized 
clinical trials (RCT), these outcomes could be influenced in clini-
cal practice by factors controlled in RCT, such as comorbidities 
and disease duration. Post-marketing studies are needed to assess 
its effectiveness in a real clinical practice.
Objective: The aim of this observational, prospective, multi-
center and post-marketing study was to evaluate DMF effective-
ness in a real-world clinical setting.
Methods: RMS patients on DMF treatment and at least one year 
of follow-up were included. Three subgroups were considered: 
naïve, switching to DMF for suboptimal response (SR) and for 
adverse effects (EA). The main efficacy endpoints were annual-
ized relapses rate (ARR) and number of gadolinium-enhancing 
lesions (T1gd). Secondary objectives included: proportion of 
patients without relapses, disability progression and new T2 
lesions. Negative binomial regression was used for evaluating 
effect on relapses and T1gd lesions.
Results: A total 456 patients (70.6% women, aged 39.6±9.7, 
baseline EDSS 2.06±1.07, duration disease 8.9±7.5) completed 
1 and 233 two years of follow-up. Twenty four percent belong to 
naïve, 46.7% to SR and 29,2% to EA subgroups. Comparing to 
prior year, at 12 months after DMF treatment, ARR was signifi-
cant lower in total population (76.3%, 0.69 to 0.16 -95% 
CI:0.12-0.21-p=.000), SR (75%) and naïve (92%,1.06 to 
0.09-95%CI:0.04-0.18-p=.000). T1gad lesions number was sig-
nificantly reduced a 79% in total population and 92% in naïve. 
These rates were maintained at 24 months. Eighty-five percent 
and 89% of patients were free-relapses by 12 and 24 months on 
DMF, respectively. The 86% and 77.6% were free of disability 
progression, 80% and 86% of new T2 lesions, after 12 and 24 
months on treatment.

Conclusions: Our results suggest that DMF may be an effective 
treatment option over the first two year in both RMS, naïve and 
those switching from other MS treatment.

Disclosure
The investigators do not have any conflict of interests to disclose
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Exit strategies for “needle fatigue” in multiple sclerosis: a 
propensity score-matched comparison study
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Haggiag1, D. Landi4, G. Mataluni4, F. Monteleone4, D. 
Centonze8, C. Gasperini1, G.A. Marfia4, E. Millefiorini2, 
M. Mirabella3, C. Pozzilli2,5, M. Salvetti6,8, C. Tortorella1, 
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Psychiatry, Sapienza University, 3Fondazione Policlinico 
Universitario Agostino Gemelli, Università Cattolica del 
Sacro Cuore, 4Tor Vergata University, 5MS Centre, S. Andrea 
Hospital, 6Center for Experimental Neurological Therapies, 
S. Andrea Hospital, Department of Neurosciences, Mental 
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Background: Patients with multiple sclerosis (MS) on long-term 
injectable therapies may suffer from the so-called “needle fatigue” 
(i.e. a waning commitment to continue with the prescribed inject-
able treatment), due to a variety of different factors, including dif-
ficulties with injections, anxiety/depression, or inaccurate beliefs 
about the MS disease process.
Objective: To directly compare switching to dimethyl fumarate 
(DMF), teriflunomide (TRF) or pegylated interferon (PEG) on 
treatment persistence and time to first relapse over a 12-month 
follow-up.
Methods: In this multicentre post-marketing study we consid-
ered 488 patients who were free of relapses and gadolinium-
enhancing lesions in the year prior to switching to DMF (n=266), 
TRF (n=121), or PEG (n=101) due to needle fatigue. Since 
patients were not randomized to treatment group, we performed 
a 1:1:1 ratio propensity score (PS)-based matching procedure 
(calliper of 0.1, no replacement). According to the common-
referent approach, we derived two separate PS using logistic 
regressions to estimate the conditional probability to receive 
DMF vs. PEG and TRF vs. PEG. Pairs of subjects with overlap-
ping PS in DMF and TRF groups were then matched. Time to 
discontinuation and time to first relapse were explored in 
matched samples by Cox regression models, adjusted for sex 
and age, and stratified by matched cases.
Results: There was significant imbalance in pre-matching base-
line characteristics across treatment groups, due to older age, 
longer time since first symptom, and higher EDSS score in TRF 
group (p-values< 0.001). The PS-based matching procedure 
retained 180 patients (60 per group). At follow-up, 7 (12%), 13 
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(22%) and 24 (40%) discontinued TRF, DMF and PEG, respec-
tively. Switching to PEG was associated with a greater risk of dis-
continuation when compared to TRF (HR=5.1, p=0.003), but not 
when compared to DMF (HR=1.9, p=0.10). There was no signifi-
cant difference between DMF and TRF (HR=2.4, p=0.12). The 
highest discontinuation rate observed in PEG recipient was mainly 
due to poor tolerability. The low number of patients who relapsed 
over the 12-month follow-up (10 out of 180 analyzed, approxi-
mately 5%) prevented any analysis on the short-term risk of 
relapse.
Discussion: This real-world study suggests that oral drugs, espe-
cially TRF, are a better switching option than low-frequency inter-
feron for promoting the short-term treatment persistence in stable 
patients who do not tolerate injectable drugs.
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GM: travel funding from Almirall, Biogen, Novartis and Sanofi-
Genzyme; honoraria for speaking from Biogen.
FM: received funding for traveling from Almirall, Biogen and 
Sanofi-Genzyme and consultation fees from Almirall.
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P643
A modified Mediterranean dietary intervention for 
multiple sclerosis: results of a pilot study and lessons 
learned for future dietary research in MS

I. Katz Sand1, E. Digga1, E. Benn1, R. Deshpande1, S. 
Gallo1, M. Fabian1, A. Miller1, L. Arab2

1Icahn School of Medicine at Mount Sinai | Neurology | Corinne 
Goldsmith Dickinson Center for MS, Mount Sinai, New York, 
NY, 2UCLA, Los Angeles, CA, United States

Introduction: Interest in the role of diet among MS patients is 
quite high. At the same time, there is increasing scientific evi-
dence for the importance of dietary factors in MS incidence and 
disease course. Major barriers to conducting large clinical trials 
include lack of data on 1) which type of diet should be studied and 
2) clinical trial feasibility. Based on available literature, we devel-
oped a rationally-designed dietary intervention (restrictive, modi-
fied Mediterranean diet) and conducted a randomized pilot study 
in women with MS for 6 months.
Objective: Main aims relate to clinical trial feasibility and adher-
ence. Additional aims relate to general health and wellness effects 
on MS symptoms and quality of life.
Methods: Participants were randomly assigned to the modified 
Mediterranean dietary intervention or control arm (educational 
seminars). The intervention group received training with the study 
nutritionist and attended monthly meetings to assess and promote 
adherence. Formal assessments were completed at baseline and 6 
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months. Monthly self-assessments were also completed by the 
intervention arm.
Results: We screened 131 patients between December 2016 and 
October 2017. Of these, 36 (27.5%) were eligible and willing to 
commit to the study. At this time,18/18 assigned to the diet group 
and 14/18 “controls” are complete; an additional 3 are expected to 
complete in the coming weeks, with only 1 anticipated dropout. 
Analyses will be updated accordingly. Self-reported adherence 
was excellent (mean at 6 months= 90.3%). Additional adherence 
data utilizing food frequency questionnaires and other measures 
will be reported. 16/18 participants reported some benefit to their 
overall health and 14/18 reported specific benefits regarding MS 
symptoms. Mean change on the Neurological Fatigue Index-MS 
was -2.5±5.4 compared to +1.5±2.9 for controls (p=0.015) and 
mean change on Multiple Sclerosis Impact Scale-29 after exclu-
sion of 1 outlier was -5.3±9.5 vs +2±9.3 (p=0.04).
Conclusions: It is feasible to enroll MS patients into a rigorous 
dietary intervention study requiring significant commitment and 
randomization and reasonable to expect high adherence to this 
type of dietary program utilizing educational methods to promote 
adherence. Preliminarily, this diet may improve fatigue and qual-
ity of life. Larger scale clinical trials to assess the role of diet for 
symptom management and even as a disease-modifier in MS are 
feasible and warranted.

Disclosure
Ilana Katz Sand: nothing to disclose
Elise Digga: nothing to disclose
Emma Benn: nothing to disclose
Richa Deshpande: nothing to disclose
Samantha Gallo: nothing to disclose
Michelle Fabian: nothing to disclose
Aaron Miller:
Lenore Arab: nothing to disclose

P644
Multiple sclerosis, fatigue and disease modifying therapy 
impact: differences in sleep architecture in patients with 
multiple sclerosis - Copaxone versus interferons

A. Cascone, J. Srinivasan, A. Giannuzzi, K. Wissemann, 
M. Taddeo, L. Fafard, B. Bumstead, M. Zarif, M. Buhse, 
M. Gudesblatt
South Shore Neurologic Association PC, Patchogue, NY, United 
States

Background: People with Multiple Sclerosis commonly report 
fatigue, which can vary in degree. Fatigue in PwMS has been 
related to physical disability, depression, medication and sleep 
disorders. Polysomnography (PSG) can identify unrecognized 
sleep disordered breathing (SDB) and quantify the degree of SDB 
in PwMS. Disease modifying therapies (DMT) are prescribed in 
an attempt to reduce disease activity/progression without adding 
to disease burden. Many factors (route, frequency, efficacy) deter-
mine choice of DMT, but the relationship of specific DMT to the 
presence/degree of fatigue potentially due to SDB is not well 
described. DMT choice should also take this factor into account.

Objective: To compare PSG documented sleep parameters in 
both Interferon and Copaxone treated PwMS who reported fatigue 
to identify if different sleep architecture is observed in groups uti-
lizing different DMT.
Methods: Retrospective cross-sectional analysis of PwMS who 
reported fatigue, were not diagnosed with SDB and agreed to 
overnight PSG study. Patients reported DMT at time of PSG 
study.
Results: 130 PwMS (46.53±9.748 years, 72% female). 
Abnormalities in sleep architecture (SA) were common in both 
Interferon (n=86) and Copaxone (n=44) treated PwMS. PwMS 
SA DMT Copaxone was significantly different from PWMS SA 
Interferon regarding two sleep parameters: sleep latency (min-
utes) (p=0.035) and REM latency (minutes) (p=0.021184). 52% 
of PwMS DMT Copaxone had normal sleep latency (< 30 min-
utes), while 44% of PwMS DMT Interferons had normal sleep 
latency. 13% (n=11) of PwMS DMT interferon did not achieve 
REM sleep; of those who did (n=72), 10% had normal REM 
latency (REM-L) (80-110 minutes), 21% were below normal, 
22% had REM-L 110-180 minutes, and 47% had REM-L >180 
minutes. 7% (n=3) of PwMS DMT Copaxone never achieved 
REM sleep; of those who did (n=38), 21% had a normal REM-L 
(80-110 minutes), 21% REM-L < 80 minutes, 32% had REM-L 
110-180 minutes, and 26% had REM-L >180.
Conclusions: Fatigue in PwMS is not only multifactorial, but 
DMT type might contribute to altered SA and fatigue reported. A 
higher percentage of PwMS DMT Copaxone had normal sleep 
latency than PwMS DMT interferons. PwMS treated with inter-
ferons were likely to have a greater prolonged REM latency com-
pared to PwMS DMT Copaxone, especially in the REM latency 
>180 range. Further investigation into the relationship of how 
DMT choice might impact sleep architecture might impact treat-
ment choice is needed.
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Usability of an educational intervention to overcome 
therapeutic inertia in multiple sclerosis care
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ON, Canada, 3Laboratory for Social and Neural Systems 



Poster Session 1, 24(S2) 325

journals.sagepub.com/home/msj Multiple Sclerosis Journal 2018; 24: (S2) 121–327

Research (SNS-Lab), Department of Economics, University of 
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Aires (INEBA), Buenos Aires, Argentina, 5Medical Department, 
Roche Farma, Madrid, Spain, 6Department of Neurology, 
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Introduction: Educational interventions are needed to overcome 
knowledge-to-action gaps in clinical care. We previously tested 
the feasibility and potential efficacy of an educational interven-
tion that facilitates treatment decisions in multiple sclerosis (MS). 
A demonstration of the usability of such an intervention is crucial 
prior to demonstration of efficacy in a large trial.
Objective: To evaluate the usability of a novel, pilot-tested inter-
vention aimed at neurologists to improve therapeutic decisions in 
MS care.
Methods: We surveyed 50 neurologists from Chile, Argentina, 
and Canada randomized to an educational intervention arm of 
a pilot feasibility study using the System Usability Score 
(SUS) to assess the usability of a traffic light system (TLS)-
based educational intervention. The TLS facilitates therapeu-
tic decisions, allowing participants to easily recognize 
high-risk scenarios requiring treatment escalation. The SUS is 
a 10-item validated questionnaire with five response options. 
The primary outcome was the average and 95% confidence 
interval (CI) of the SUS score. Values above 68 are considered 
highly usable.
Results: Of 50 neurologists invited to be part of the study, all 
completed the SUS scale and the study. For the primary outcome, 
the average usability score was 74.7 (95%CI 70.1-79.2). There 
was one outlier with a score of 35. The usability score excluding 
the outlier was 76.8 (95%CI 72.7-80.8). Multivariable analysis 
revealed no association between participants’ characteristics and 
the SUS score.
Conclusions: Our educational intervention has shown high usa-
bility among neurologists. The next step is to evaluate the effec-
tiveness of this educational intervention in facilitating treatment 
decisions in the management of multiple sclerosis in a large trial.
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Chile. GS is supported by the Heart and Stroke Foundation 
Distinguished Clinician-Scientist and Mid-Career Awards. XM 
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A patient survey on the initiation and switch of disease-
modifying drugs for multiple sclerosis in Sapporo, Japan: 
the current status and challenges regarding patient’s 
preference and shared-decision making
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University, Fukushima, Japan

Background: As of May, 2018, 6 disease modifying drugs 
(DMD) for multiple sclerosis (MS) have been marketed in Japan. 
Patient’s preference and shared-decision making are important in 
choosing DMD. We surveyed these issues in Japan.
Methods: Among 221 MS patients seen at Sapporo Neurology 
Hospital, Sapporo, Japan, 168 visited the hospital in February and 
March, 2018, and 130 (98.5%) out of 132 patients treated with 
DMD gave consent to the survey. Each patient was interviewed on 
whether she/he proactively participated in choosing DMD, the 
reasons for initiating and switching DMD, and the sources of 
information (multiple answers allowed).
Results: The profile of the 130 patients are as follows, female/
male=90/40, age (years) median 45 (range 24~67), disease dura-
tion (years) 13 (2~49), EDSS 1.5 (0~7.5), 99 with RRMS and 31 
with SPMS.
In initiating DMD, 120 treatment-naïve patients (92.3%) replied 
that they positively chose DMD, while 10 (7.7%) felt they were 
passive in the decision-making process. The two commonest rea-
sons for the choice of DMD were doctor’s advise (53.8%) and 
mode of administration (oral or injectable) (44.6%).
Seventy-eight patients (60%) switched DMD and 47% of them 
experienced multiple switches. The majority (97.3~100% in 
switches) of them responded that they positively chose DMD, and 
the frequent reasons for the switches were adverse events 
(50~62.8%), followed by launch of a new drug (44.9~87.5%) and 
lack of efficacy (12.5~23.1%). From the patient´s perspectives, 
mode of administration (oral drug or less frequent injection were 
preferred) (51.4~75%) and doctor’s advise (27.0~53.8%) were 
important. With more switches in recent years, higher proportions 
of patients (10.0%→15.4%→37.8%) cited concerns about severe 
complications, PML in particular.
Throughout the treatment course, 116 (89.2%) continued some 
DMD. Common sources of information other than treating physi-
cians were Internet (42.3%) and MS patients (9.2%).
Conclusion: Our survey in Sapporo showed that most MS patients 
were well-informed and positively participated in the treatment deci-
sion. However, we need to take ample time to inform patients, espe-
cially treatment-naïve ones, of MS and DMD. Switching DMD was 
often experienced and mode of administration was crucial in our 
patients. The details of DMD including adverse events and how to 
cope wth them must be explained clearly for shared-decision mak-
ing. Moreover, Internet information should be patient-friendly.
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Preferences of German physicians for features of 
injectable, oral, and infused disease-modifying treatments 
for relapsing-remitting multiple sclerosis

C. Poulos1, C. Wakeford2, E. Kinter3, B. Mange1, T. 
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1RTI Health Solutions, Research Triangle Park, NC, 2Biogen, 
Cambridge, MA, United States, 3Biogen, Zug, Switzerland, 
4Department of Psychology, LMU University Munich, Munich, 
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Introduction: This study quantified German physician prefer-
ences for attributes of disease-modifying treatments for multi-
ple sclerosis (MS) and examines subgroups with distinct 
preferences.
Methods: Physicians treating MS completed an online discrete-
choice-experiment survey with one series of treatment-choice 
questions for each of two hypothetical patient profiles: more 
advanced and less advanced. The order in which the hypothetical 
patient profiles were shown was randomised. Each hypothetical 
treatment had seven attributes with varying levels: years until dis-
ability progression; number of relapses in the next 10 years; mode 
of administration; dosing frequency; and risks of mild, moderate, 
and severe adverse events (AEs). Latent class analysis was used to 
estimate preferences for subgroups. Logit regression analysis 
examined physician characteristics associated with likely sub-
group membership.
Results: Three subgroups with distinct preferences were identi-
fied among 308 respondents (n = 155 neurologists; n = 153 
internists).
Subgroup 1 members (45% of sample) placed greatest importance 
(conditional on study attribute levels) on delaying disability pro-
gression, followed by minimising risks of severe AEs. Members 
of this subgroup were more likely to have considered the more 
advanced hypothetical patient profile first. They were more likely 
to be in their 40s than their 50s and less likely to be concerned 
about immunosuppressive effects of treatment.
Subgroup 2 members (33% of sample) placed the greatest impor-
tance on minimising risks of severe AEs, followed by delaying 
progression. Members of this subgroup were more likely to have 

considered the less advanced hypothetical patient profile first and 
more likely to believe that disease progression would affect other 
MS symptoms in additional to ambulation.
Subgroup 3 members (22% of sample) placed greatest impor-
tance on minimising risks of mild, moderate, and severe AEs. 
Members of this subgroup were more likely to treat more than 
10 patients with MS per week, more likely to be concerned 
about immunosuppression, more likely to be in their 50s than 
their 40s, and more likely to believe that the hypothetical treat-
ments would only affect progression of ambulation symptoms 
and no other symptoms.
Conclusion: These findings suggest that physicians’ age and 
experience may determine their treatment preferences and recom-
mendations. These data may shed light on treatment patterns and 
MS treatment outcomes.

Disclosure
Study sponsored by: This study was sponsored by Biogen 
(Cambridge, MA, USA).
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Family planning and pregnancy in multiple sclerosis

I.A. Ionescu1, O. Rujan1, A.M. Enachi1, V. Bucica1, G. 
Bododea1, C. Baetu1, G. Mihailescu1,2, I. Buraga1,2

1Colentina Clinical Hospital, 2Carol Davila University of 
Medicine and Pharmacy, Bucharest, Romania

Background and aims: many women with multiple sclerosis 
(MS) want to have children. However patients are frequently wor-
ried if the disease or treatment prescribed will affect their chances 
of getting pregnant. Also they want to know the chance that the 
newborn will inherit the disease or if the treatment has adverse 
effects on the child. This study evaluates the point of view of 
female patients with multiple sclerosis (MS) regarding pregnancy 
within the disease and the impact that the diagnosis had on family 
planning.
Methods: our prospective study was conducted on the basis of a 
questionnaire of 20 questions in the period April 2017 - March 
2018 on a sample of 250 female patients, of fertile age, diagnosed 
with MS and following immunomodulatory therapy at the 
Neurology Clinic of Colentina Hospital, Bucharest.
Results: In the 250 patients: 150 were receiving interferon ther-
apy, 70 glatiramer acetate and 30 natalizumab therapy. 80% said 
they were informed about the contraindications of therapy during 
pregnancy; 165 patients wanted children before diagnosis - of 
which most (66.66%) did not change their options after diagnosis; 
85 women did not want children before diagnosis, their option 
remaining, also, unchanged (88.23%). With regard to risks, 
women would most easily accept a pregnancy that would only be 
at risk for the mother (28%), only five women would accept to be 
pregnant if the pregnancy poses a risk to the fetus. 12 patients 
were pregnant after starting treatment, 75% taking into account 
the physician´s advice on family planning. 92% would accept 
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abortion if the fetus had malformations. Most (72%) said that the 
couple´s life did not suffer as a result of the inconveniences related 
to family planning.
Conclusions: neither multiple sclerosis nor immunomodulatory 
therapy reduces fertility, but patients are reluctant to become preg-
nant in the context of the disease. Considerations on pregnancy 
and family planning should be part of the therapeutic decision; the 
teratogenic risk of different immunomodulatory therapies should 
be carefully evaluated at the time of initiation of therapy for 
women of childbearing potential. In our study the patient´s choice 
of pregnancy has generally remained unchanged, but they take 
into account the physician´s advice for choosing the right time to 
get pregnant.
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Introduction: Multiple sclerosis (MS) is a demyelinating central 
nervous system disorder with poorly understood etiology. Recent 
studies suggest that gut microbiota can powerfully modulate 
immune-mediated demyelination. Fecal microbial transplantation 
is used already to restore healthy gut microbiome composition and 
treat Clostridium difficile colitis. We proposed that fecal microbial 
transplantation (FMT) from healthy donors to MS patients may 
have a measurable effect on disease inflammation biomarkers.
Objective: To describe a trial designed to evaluate FMT effects 
on MS patients and to describe preliminary results.
Methods: A single site, randomized, open-label, controlled, 
crossover study. Forty patients will be randomized 1:1 into two 
groups. One group (early intervention) will receive FMT by rec-
tal enema, while the other group will receive treatment as per 
standard of care only (control group) for the first 6 months of the 
study. Thereafter, the early intervention group will no longer 
receive FMT and the initial control group will receive FMT for 
the remaining 6 months. The primary outcome will be peripheral 
blood cytokines´ levels measured by Luminex assay. A group of 
10 healthy volunteers will be a reference control for cytokines. 
The secondary outcomes are blood DNA bacteria and gut perme-
ability. Head MRI scans are also done as a safety marker.
Results: Sixteen patients were enrolled in this study so far, 12 
(75%) females. The mean age of disease onset is 30 years old (16 
- 40). Mean current EDSS is 4.0 (1.5 - 7.0). Patients manifested 
their MS symptom in average 18 years ago (7-38). All, except 
five, are currently using disease-modifying therapy. Thus far, a 
total of 24 interventions were performed in 6 patients. No serious 
adverse event was reported up to now.
Conclusions: This proof of concept, first in humans, independent 
pilot study will shed light on the relationships between gut bacte-
ria and MS. We aim to explore FMT feasibility in MS and its pos-
sible impact on disease inflammation. Moreover, we hope that this 
study results can guide future large-scale researches.
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