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An international multicentre validation experiment for
MOG antibodies
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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), Liibeck, 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
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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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Migraine and clinically isolated syndrome: the role of
periventricular lesions.
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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.
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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% CI1=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.

Disclosure

Charles D. Tyshkov: Clinical MS Fellowship supported and
funded by Biogen. Ilya Kister: Served on scientific advisory board
for Biogen Idec and Genentech and received research support
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and has received research support from Biogen. Michael J.
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Learning in Neurology. Tanuja Chitnis: Has served on scientific
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Genzyme. She has received research grants for her institution
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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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Subclinical disease progression in NMO spectrum
disorders suggested by full-field visual evoked potentials
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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.

Muttiple Sclerosis Journal 2018; 24: (S2) 121-327

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
amedian 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 -2.149uV/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 -1.238uV/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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and its impact on treatment decisions: a Swiss multiple
sclerosis Registry study
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University Hospital Bern and University of Bern, Bern,
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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
(4.911.1-20.7]), 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. Zhou!, X. Jia!, C. Chen!, L. Peng!, A.G. Kermode?, W.
Qiu!

!The Third Affiliated Hospital of Sun Yat-Sen University,
Guangzhou, China, *University 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
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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.

journals.sagepub.com/home/msj

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.
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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. Maltéte, 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. Bennett!, J. Zhang?, A. Ritchie’, G. Owens?
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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 naive to B cell-depleting therapy. We determined the
relative fractions of naive, 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 naive, 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*CxCRS5-) 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, FcRLS5, and the transcription factor T-bet.
Conclusions: Our studies have identified an expanded population of
memory and DN memory B cells (CD11¢"CxCRS5-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.
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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.1.
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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-1gG+
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) inl 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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INeurology and Neurorehabilitation, >Neurology, San Raffaele
Hospital - Vita-Salute San Raffaele University, Milano,
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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 1.184+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
Aleman, 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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The central vein sign in paediatric-onset multiple sclerosis
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Center AG, 3Child and Youth Health Service, Medical
Services, Health Department of Basel City, Basel, Switzerland,
‘Department of Pediatrics and Adolescent Medicine, Division
of Pediatric Neurology, University Medical Center Gottingen,
Georg August University Géttingen, Gottingen, >NeuroCure
Clinical Research Center, Charité Universitdtsmedizin Berlin,
Berlin, Germany, Sqbig, 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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Tim Sinnecker has received travel support from Actelion and
Roche, and speaker fees from Biogen. He is employee of the
Medical Image Analysis Center AG in Basel. Eva Wuerfel and
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support, and/or served on Advisory Boards or Steering
Committees of Novartis Pharma, Merck, Biogen, Teva, Bayer-
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ported by grants of the EU (Horizon2020), German Federal
Ministeries of Education and Research (BMBF) and of Economic
Affairs and Energy (BMWI).
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Macular changes in pediatric multiple sclerosis

H. Hummel!, S. Specovius?, A. Kowallick?, P. Huppke',
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Universitdt zu Berlin and Berlin Institute of Health, Berlin,
3Department of Ophthalmology, Section for Strabismus,
Neuroophthalmology and Oculoplastic Surgery, University
Medical Center Géttingen, Georg August University Gottingen,
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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 Gottingen. 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 (nRNFL), 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 165435 months, 41
female). In controls mRNFL, GCIP and INL were not signifi-
cantly associated with age or sex.

‘When comparing all MSS patients with controls and correcting for age
and sex, MS patients had an on average —2.4 mm? lower mRNFL
volume (29.66+5.31 mm?, SE=0.621, p=1.215x10+) than controls
(31.79+£2.57 mm?). Similarly, MS patients had an on average —6.5
mm? lower GCIP volume (78.07+10.39 mm?, SE=1.245, p=5.215x 10
7) than controls (84.14+5.01 mm?3). In contrast, ORL volume did not
differ between MS patients and controls (125.25+13.40 mm? vs.
125.9948.75 mm?, B=—0.507 mm?, 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 mm?, SE=0.827, p=0) and eyes from MS patients
without prior ON (B=-9.074 mm3, SE=1.983, p=4.753x10°).
GCIP volume was also reduced in MS eyes without prior ON
compared to control eyes (B=—3.087 mm?, 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).
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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
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Goyal?, J. Graves’, M. Gorman?, Y. Harris®, S. Mar*,
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INew York University Langone Medical Center, Multiple
Sclerosis Comprehensive Care Center, New York, NY,
’Massachusetts General Hospital, Boston, MA, 3University
of Utah, Salt Lake City, UT, *Washington University in St.
Louis, St. Louis, MO, SUCSF Neurology, San Francisco, CA,
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"University of Colorado-Denver, Denver, CO, 8University of
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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 1Q (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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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
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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 Frangais 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, MFISS5), 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 (MFISS > 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
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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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Georg August University Géttingen, Gottingen, Germany

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 Gottingen 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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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< 107) and of disability
worsening events (HR=1.37, P< 10-1).

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
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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.
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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 a) 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 1% of January 2014 to 31t 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
a distribution of inpatient and outpatient care events,
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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 2747
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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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 NFI, 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
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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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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
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course but not quality of life
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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

D. Rotstein!, C. Maxwell2, K. Tu!, S. Schultz3, S. Gandhi3,

K. Fung?, R.A. Marrie*

!University of Toronto, Toronto, *University of Waterloo,
Waterloo, 3Institute for Clinical Evaluative Sciences, Toronto,
ON, ?University of Manitoba, Winnipeg, MB, Canada

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

L.C. George!, R. Brandstadter?, P. Agarwal3, M.

Dhamoon?, C.-S. Kwon?, N. Jette23, M. Mazumdar3, A K.
Yeshokumar?

Icahn School of Medicine at Mount Sinai, >Neurology,
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
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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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Ilena C. George is funded by a grant from the National MS Society
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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. Romanelli!, Q. Huang!, J. Lacy', A. Wong?, L.
Hashemi?, A. Smith?2

!Neurology Department, Palo Alto Medical Foundation
Research Institute of Sutter Health, Palo Alto, CA, *Sanofi,
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.

Disclosure

RJR: Research funding (Janssen, Regeneron, and Sanofi); QH:
Nothing to disclose; JL: Speaker (EMD Serono, and Sanofi); AW,
LH, and AS: Employees of Sanofi. STUDY SUPPORT: Sanofi.
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Factors associated with therapeutic inertia in multiple
sclerosis care: results from a cross-sectional study in
Argentina

G. Saposnik!-23, M. Terzaghi*, C. Ruff?, P. Tobler?, M.L.
Saladino’, B. Silva*®, F. Caceres®

!Division 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,
‘Decision Neuroscience Unit, Li Ka Shing Institute, University
of Toronto, Toronto, ON, Canada, MS Clinic, INEBA -
Neurociencies Institute of Buenos Aires, *Demyelinating
Diseases Working Group, Argentine Neurological Society,
Buenos Aires, Argentina

Introduction: Therapeutic inertia (TI) is a common phenomenon
in multiple sclerosis (MS) care defined as the lack of treatment
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escalation despiteevidence of disease progression. TI may lead to
poor patient’s outcomes. However, we have limited information
on factors associated with T1

Objectives: To evaluate factors associated with Tlamong 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 R 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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GS: is supported by the HSF Career Scientist Award following an
open peer reviewed competition.

MT: nothing to disclose

CR: nothing to disclose

PT: nothing to disclose

LS: Received honoraria for attendance at Congresses from Biogen
Idec. and Novartis. He also received honoraria as a speaker from
Roche

BS: received economic retribution for the development of educa-
tional, scientific activities and travel grants to Congresses of the
following pharmaceutical companies: Biogen, Novartis, Merck,
Genzyme and Ivax

FC: He received fees for consultancy and Advisory Board mem-
bership and fees for travel, academic conferences and research
projects from Genzyme, Novartis ; Merck, Ivax, Roche and
Biogen Idec.

P363
Observatoire Frangais de la Sclérose en Plaques (OFSEP):
an update
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Eugene Devic EDMUS Foundation against Multiple Sclerosis;
Univ Lyon, Université Claude Bernard Lyon 1; Hospices Civils
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OFSEP ; Université Claude Bernard Lyon I ; Hospices Civils de
Lyon, Lyon, 3CHU de Bordeaux, Bordeaux, *CHU de Toulouse,
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8CIC 1433 Epidémiologie Clinique, CHRU-Nancy, Inserm,
Université de Lorraine, Nancy, °CHU de Nantes, Nantes, '’CHU
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Fort-de-France, 'CHU de Saint-Etienne, Saint-Etienne, '’"CH de
Saint-Denis, Saint-Denis, 1SCHU de Grenoble, Grenoble, YCHU
de Clermont-Ferrand, Clermont-Ferrand, *’Assistance Publique-
Hopitaux de Paris, Créteil, 2’ CHU de Nancy, Nancy, 2?CHU de
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35CH de Pontoise, Pontoise, 3CHU de Nimes, Nimes, 3’"CHU de
Reims, Reims, 33CHU de Lille, Lille, **Hospices Civils de Lyon;
Centre des Neurosciences de Lyon, INSERM 1028 et CNRS
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OFSEP; Université de Lyon, Lyon, France

Introduction: The Observatoire Frangais 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
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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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Diet quality is associated with mobility and cognitive
function in people with multiple sclerosis

K. Fitzgerald!, L. Mische!, M. Beier?, P. Calabresi!, E.
Mowry!

INeurology, Physical 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 MedIlmmune, Annexon, and Genzyme; Dr. Mowry reports

journals.sagepub.com/home/ms;j



Poster Session 1, 24(52)

145

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
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University of Melbourne, Carlton, VIC, ?National Centre for
Epidemiology and Population Health, Australian National
University, Canberra, ACT, SCentre for Ophthalmology and
Visual Science, University of Western Australia, 5School
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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
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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. Ericksson!2, V. Carvalho Neri3#, M.P.

Alvarenga?#4, C.C. Vasconcelos#, P.O. Barros*, C.A.M.
Bento*, R.M.p. Alvarenga?

!Neurologia, Universidade Federal do Estado do Rio de
Janeiro, ’Neurologia, Hospital Universitario Gaffree e Guinle,
3Universidade Federal do Estado do Rio de Janeiro, *Hospital
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,
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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
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Disease-modifying therapies for multiple sclerosis in
association with pregnancy: a Swedish nation-wide cohort
study

A. Gorczycal2, P. Alping!, T. Frisell!, F. Piehl!, A.
Langer-Gould?, K. Fink!?

!Department 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 15t 2011 - Dec 315t 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. Baroncini!, P. Annovazzi!, N. De Rossi2, G. Mallucci?,

V. Torri Clerici4, S. Tonietti, V. Mantero®, M.T.

Ferro’, M.J. Messina®, V. Barcella®, L. La Mantia!'®, M.
Ronzoni!!, C. Barrila'2, R. Clerici'2, E. Susani!3, M.L.

Fusco'4, L. Chiveri'>, L. Abate!¢, O. Ferraro!’, R. Capra?,

E. Colombo3, P. Confalonieri*, M. Zaffaroni!, on behalf of

rete SM Lombardia (network of MS centres in Lombardy)
!Multiple Sclerosis Centre, ASST Valle Olona, Gallarate
Hospital, Gallarate (VA), *“Multiple Sclerosis Centre, Spedali
Civili di Brescia, Montichiari (BS), 3Inter-Department Multiple
Sclerosis Research Centre, IRCCS Mondino Foundation, Pavia,
‘Department of Neuroimmunology and Neuromuscular Diseases,
Neurological Institute C. Besta IRCCS Foundation, >ASST Santi
Paolo e Carlo - PO San Carlo Borromeo, Milan, SNeurological
department, ASST Lecco, Lecco, "Neuroimmunology, Center
for Multiple Sclerosis, Cerebrovascular Department, ASST
Crema, Crema, $Neurology department, IRCCS Policlinico San
Donato, San Donato Milanese (MI), *USS Malattie Autoimmuni,
ASST Papa Giovanni XXIII, Bergamo, '"Riabilitazione
Neuromotoria - Centro Sclerosi Multipla, IRCCS Santa Maria
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Nascente, Fondazione Don Carlo Gnocchi, Milan, 1'ASST
Rhodense, Ospedale “G. Salvini”, Garbagnate Milanese

(M1), 2Department of Neurology, Valduce Hospital, Como,
IB3Neurology, Neuroscience Department, ASST Grande ospedale
metropolitano Niguarda, ?ASST Monza, Ospedale San Gerardo,
Clinica Neurologica, Milan, '>Dipartimento di Neuroscienze,
ASST Ovest Milanese, Ospedale di Legnano, Legnano (M),
16Neurological Unit, ASST Valtellina e Altolario, Sondrio,
7Department 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)!:
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
natalizamab (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 literature?. 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 Jos¢ 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 Barrila, Luca
Chiveri, Loredana La Mantia, Maria Teresa Ferro, Raffaella
Clerici, Ottavia Ferraro, Elena Colombo and Lucia Abate have
nothing to disclose.

P370
Pregnancy and obstetrical outcomes in women with RRMS

C. Oreja-Guevara!, M. Alonso-Sepulvedal, M.
Kawiorski!, M. Luque Alarcon!, P. Lafuente-Gonzalez?
!Neurology, Hospital Clinico San Carlos, 2Hospital
Universitario la Paz, Madrid, Spain

Muttiple Sclerosis Journal 2018; 24: (S2) 121-327

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-Gonzalez: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. Ferraro!, P. Annovazzi2, M. Moccia3, G. De Luca*, V.
Nociti*®, R. Fantozzi’, D. Paolicelli®, P. Ragonese®, A.
Gajofatto!?, L. Boffa!!, P. Cavalla'2, S. Lo Fermo!3, M.C.
Buscarinu!4, L. Lorefice'?, C. Cordioli'¢, M. Calabrese!?,
A. Gallo!”, F. Pinardi'8, C. Tortorella!®, M. Di Filippo?,

journals.sagepub.com/home/ms;j



Poster Session 1, 24(52)

149

V. Camera!, G.T. Maniscalco?!, M. Radaelli?2, F. Buttari’,

V. Tomassini?, E. Cocco'?, C. Gasperini'®, C. Solaro?*,
RIREMS (Rising Researchers in MS)

!Department of Biomedical, Metabolic and Neurosciences,
University of Modena and Reggio Emilia, Modena, °MS
Center, ASST Valle Olona, Gallarate Hospital, Varese,
3Department of Neuroscience, Federico II University of
Naples, Naples, ?Neurology Unit, Policlinico SS. Annunziata,
Chieti, ’Fondazione Policlinico Universitario ‘A. Gemelli’,
Catholic University, Rome, SFondazione Don Gnocchi Carlo
Onlus, Milano, "Neurology Unit, IRCCS Neuromed, Pozzilli,
$Department of Basic Medical Sciences, Neuroscience and
Sense Organs, University of Bari, Bari, °Department of
Experimental Biomedicine and Neurosciences, University of
Palermo, Palermo, '°Department of Neuroscience, Biomedicine
and Movement, University Hospital of Verona, Verona,

" Neurology Unit, Tor Vergata Hospital, Rome, '’Department
of Neurosciences and Mental Health, AOU City of Health

& Science University Hospital, Turin, 3MS Center, A.0.U
Policlinico-Vittorio Emanuele, Catania, *Department of
Neurosciences, Mental Health and Sensory Organs, Sapienza
University, Rome, 1 Department of Medical Sciences and Public
Health, University of Cagliari, Cagliari, 'MS Center, Brescia
Spedali Civili, Montichiari Hospital, Brescia, '’Department of
Medical, Surgical, Neurological, Metabolic and Aging Sciences,
Campania University “L. Vanvitelli, Naples, 'UOSI Multiple
Sclerosis Rehabilitation, IRCSS Bologna, Bologna, *Department
of Neurosciences, San Camillo Hospital, Rome, *’Medicine
Department, University of Perugia, Perugia, ' Neurology Unit,
Cardarelli Hospital, Naples, ?’Department of Neurosciences,
San Raffaele Hospital, Milan, Italy, 3Universirt Hospital of
Wales, Cardiff, United Kingdom, **Rehabilitation 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/
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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.

Disclosure

DF has served on advisory boards for Biogen, Roche and Novartis
and has received travel grants and/or speaker honoraria from
MerckSerono, Teva, Biogen, Sanofi-Genzyme and Novartis.PA
has served on advisory boards and/or has received travel grants
and/or speaker honoraria from MerckSerono, Roche, Teva Italia,
Biogen, Mylan, Almirall, Sanofi-Genzyme and Novartis.MM has
received research grants from MAGNIMS-ECTRIMS and
MerckMC: honoraria for research or speaking from Sanofi-
Genzyme, Merck-Serono, Biogen Idec, Bayer, Novartis Pharma
and funds for travel from Sanofi-Genzyme, Merck-Serono,
Biogen Idec, Teva, Novartis Pharma, Roche and Bayer.RF has
nothing to discloseCC: advisory board and/or speaker honoraria
from Novartis, TEVA, Biogen, Merck Serono, Genzyme.GDL has
served on advisory boards and/or has received travel grants and/or
speaker honoraria from MerckSerono, Roche, Teva Italia, Biogen,
Almirall, Sanofi-Genzyme and NovartisDP has received hono-
raria for consultancy and/or speaking from Biogen Idec, Merck-
Serono, Sanofi-Aventis, TEVA, Bayer-Schering, Novartis and
GenzymePR has served on advisory boards for Biogen, Roche,
TEVA, Sanophy-Genzyme, Merck, and Novartis and has received
travel grants and/or speaker honoraria from Merck Serono, Teva,
Biogen, Sanofi, Genzyme and Novartis.AlG has served on advi-
sory boards for Merck. He has received travel support from
Biogen and Merck. He has received research support from Merck,
Novartis, and TevaLB has nothing to disclose.SLF attended advi-
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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 S-item MFIS questionnaire
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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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Spain. The rest of the authors declared no potential conflict of
interest.
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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.

Disclosure

Mark Jensen: Nothing to disclose.
Arielle Silverman: Nothing to disclose.
Kevin Alschuler: Nothing to disclose.
Ivan Molton: Nothing to disclose.

P375
Fatigue and motor disability in African Americans with
multiple sclerosis
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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.
Woodson is a speaker for Genentech and Biogen. Dr. Serra is a
consultant for Biogen.

Clinical assessment tools

P377
Spinal cord area as a cross-sectional predictor of gait
related disability in multiple sclerosis
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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 (p= 0.69, p <
0.001). WST correlated with all PROs (strongest correlation were
Neuro QoL lower extremity p=-0.70, p <0.001). WST correlated
with all MRI metrics (strongest correlations were T2LV (p=0.26),
CA (p=-0.26), and BV (p=-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
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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 (Simoa™) 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
0f3.0, 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

journals.sagepub.com/home/msj

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
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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

Muttiple Sclerosis Journal 2018; 24: (S2) 121-327

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 PwWMS 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. Milo!?2, J. Reznik-Zoref!, O. Hegedish?, S.

Kertzman*3-

!Neurology, Barzilai University Medical Center, Ashkelon,
2Faculty of Health Sciences, Ben-Gurion University, Beer
Sheva, 3Psychology, Haifa University, Haifa, *Psychiatry,
Beer Yaakov Mental Hospital, Beer Yaakov, >Psychiatry, Tel
Aviv University, Tel Aviv, °Research 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
(ROOC).

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-
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Variability in scoring the functional system scores of the
expanded disability status scale at clinics from different
countries

S. Hum!, R. Brown!, Y. Lapierre?, L. Fellows3, N.

Mayo*, E.K. Havrdova’, D. Horakova’®, G. Izquierdo®,
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Universitario Virgen Macarena, Sevilla, Spain, "Department of
Biomedical and Neuromotor Science, University of Bologna,
IRCCS Istituto delle Scienze Neurologiche di Bologna, Bologna,
Italy, $Université de Montréal, Centre hospitalier de I’Université
de Montréal,Hopital Notre-Dame, Montreal, QC, Canada, °’KTU
Medical Faculty, Farabi Hospital, Trabzon, Turkey, °Division
of Neurology, Department of Medicine, Amiri Hospital, Kuwait
City, Kuwait, ""MS 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,
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Luc, Université Catholique de Louvain, Brussels, Belgium,

4 Kommunehospitalet, Aarhus C, Denmark, > Bombay Hospital
Institute of Medical Sciences, Mumbai, India, SHospital
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 (0=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. Ahmad!, T. Livingston?, C. Gough', S. Powelll, S.

Stuart!, Q. Hou, PhD?, M. Patel?, N. Hu!, C. Tornatore!
!Medstar Georgetown University Hospital | Neurology, Medstar
Georgetown University Hospital, Washington, DC, DC, *Biogen,
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,
7z=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
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G.L. Mancardi, A. Uccelli, M.P. Sormani

University of Genoa, Genova, Italy
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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 (1=0.45, p=0.048) but not with
SDMT (1=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. Wuschek!, V. Pongratz!, M. Bussas!, S. Grahl!,

C. Gasperi!, M. Hoshi', A. Berthele!, J. Kirschke?, C.

Zimmer2, B. Hemmer!, M. Miihlau!

!Department of Neurology, Klinikum rechts der Isar, Technische
Universitdit Miinchen, 2Department of Neuroradiology, Klinikum
rechts der Isar, Technische Universitat Miinchen, 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 Tlw, 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. Zhang!, S. Simpson?, B. Taylor!, I. van der Mei!

!Menzies Institute for Medical Research, University of Tasmania,
Hobart, TAS, ’Melbourne 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 (1=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 (1=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 (1=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 (1=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
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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.

Disclosure
M.C. Kirkland: nothing to disclose; R. Cole: nothing to disclose;
A. Chen: nothing to disclose; M. Ploughman: nothing to disclose
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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

Y. Zhai!, N.N. Nasseri!, C. Heesen!2, J.-P. Stellmann!-2

Unstitut  fiir ~ Neuroimmunologie —und Multiple  Sklerose,
Universitdtsklinikum Hamburg-Eppendorf, *Klinik und Poliklinik
fiir  Neurologie, Universitdtsklinikum Hamburg-Eppendorf,
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 (FAL, [PAQ and MSWS-12, =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-") 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.

Disclosure

Y. Zhai: nothing to declare

NN. Nasseri: nothing to declare

JP. Stellmann receives research funding from Deutsche
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C. Heesen receives research funding from The German Innovation
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Categorising the multiple sclerosis impact score 29:
performance over 7 years of follow-up in the UK MS
Register

R. Nicholas!, J. Rogers?, R. Middleton?, D. Ford?, UK MS
Register Study Group

Imperial College, London, *Swansea 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 %oprogressive (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)
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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.

Disclosure

R Nicholas: consulting fees Biogen and Roche, WJ Rogers: noth-
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Spinal cord atrophy but not brain atrophy measures,
correlates with the Multiple Sclerosis Severity Score

S. Carratala!, J. Carreres?, F. Garcia3, C. Alcala?, S. Gil-
Perotin?, L. Cubas!, J. Castillo!, F. Perez-Miralles3, B._
Casanova Estruch?

!Unitat Mixta de Investigacio en Esclerosi Multiple i
Neurregeneracio, Radiology, 3Neurology, Hospital Universitari
i Politécnic La Fe, Valencia, Spain

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.

Disclosure
The authors have not disclosures to declare
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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. Lazzarotto!, A. Favaretto!, S. Franciottal, S. Zywicki!,

A. Riccardi!, M. Ermani?, D. Poggiali3, M. Anglani4, F.

Causin®, P. Gallo!

!Multiple Sclerosis Centre - Veneto Region; Department

of Neuroscience, University Hospital, 2Department of
Neuroscience, University Hospital, 3Department of Mathematics,
University of Padova, *Neuroradiology 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
33.9149.9 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

journals.sagepub.com/home/msj
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Assessment of the addition of an activities of daily living
measure to the UK MS Register

R. Middleton!, R. Nicholas?, W.J. Rodgers', K. Tuite-
Dalton!, D. Ford!, UK MS Register Study Group

!Medicine, Swansea University, Swansea, °‘Medicine, 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
EQS5D 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 24.242.9

EQ5D 58.461.251.970.6 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.

Disclosure
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Ford DV: Nothing to Disclose

Tuite-Dalton KA : Nothing to Disclose
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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. Grief!, G. Doniger?, K. Wissemann?, J. Srinivasan?,

B. Bumstead?, M. Buhse3, L. Fafard3, M. Zarif3, M.
Gudesblatt3

!Neuroradiology, 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 PwWMS 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
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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-Gonzalez, B. Vagner-Ramirez, N. Duque-
Zapata, M. Vasquez-Jaramillo, J.H. Donado -Gémez
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 O 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
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Manual dexterity and computerized cognitive testing
in people with multiple sclerosis: motor domain reflects
more than just what is in the hand

D. Golan!, J. Wilken23, N. Jawrower?, J. Srinivasan?, A.
Giannuzzi*, I. Topalli4, C. Sullivan?3, B. Bumstead*, M.

Buhse*, M. Zarif*, L. Fafard*, M. Gudesblatt*

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

Introduction: Cognitive impairment is common in people with
multiple sclerosis (PWwMS). 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
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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 15t 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.
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Economic burden

P396
New diagnostic criteria and the costs for treating multiple
sclerosis
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Public Health, ?Department of Neuroscience, Reproductive
Science and Odontostomatology, Federico Il University, Naples,
SProcure Solutions, Nembro, Italy, *Queen 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%CI1=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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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 2 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 1%t 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.
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Analysis of the satisfaction of needs in multiple sclerosis

M. Ponzio!, A. Tacchino!, G. Brichetto!2, C. Vaccaro?,
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IScientific Research Area, Italian Multiple Sclerosis Foundation,
2AISM Rehabilitation Centre Liguria, Italian Multiple

Sclerosis Society (AISM), Genoa, 3Fondazione CENSIS, Rome,
“Department 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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Is there a relationship between oculomotor fatigability
and perceived fatigue in multiple sclerosis?

J. Nij Bijvank'?, M. Kamminga?, L.J. Balk!, H.S. Tan?,

B.M.J. Uitdehaag!, L.J. van Rijn?, A. Petzold'??3

!Neurology, ?*Ophthalmology, 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 (B 0.03, p=0.05 and B 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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!Department of Neurology, Academic Hospital Sozialstifiung
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, *Specialist
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,
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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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activities with Merck, Biogen Idec, Bayer Schering Pharma,
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Pharmaceutical Industries, and Serono Symposia International
Foundation.
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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. Zarei!, S. David?, C.C. Pfleger?, D. Berman?, J.

Ledolter3, P. Poolman3, O. Gramlich?, J. Bailey*, R.H.

Kardon'

1University of lowa,; Center for the Prevention and Treatment

of Visual Loss, VA Health Care System, lowa City, IA, United
States, 2Aalborg University Hospital, Aalborg, Denmark, 3Center
for the Prevention and Treatment of Visual Loss, VA Health
Care System, YUniversity of lowa, 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.
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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

CFF30Hz

N vs. MS-ON P = 0,0001*

N vs. MS+ON P < 0,0001*

MS-ON vs. MS+ON P=10,1213

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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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
Sth 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-
tiveinimproving VEPin EAE 7days postimmunization(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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New, diagnostic flicker test for optic neuritis shows
changes in response following disease onset
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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
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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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Looking for new markers of therapeutic response: a
functional structural study of the retina in multiple
sclerosis
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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/deg? for N1 amplitude; 25.6 (24.6-26.6) ms for N1 peak
time; 15.9 (13.1-21.3) nV/deg? 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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Corticotropin treatment of acute optic neuritis improves
low contrast visual acuity in some asymptomatic eyes:
repair of subclinical MS lesions

R. Sergott!, M. Scannell Bryan?, M. Moster!, A. deBusk!
!Annesely EyeBrain Center Farber Neuroscience Institute
Thomas Jefferson University, Wills Eye Neuro-Ophthalmology,
Philadelphia, PA, *Biostatistics, 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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Comparative effect of tobacco versus non-tobacco use
on disease outcomes and discontinuation of oral disease
modifying therapies in clinical practice

C. Hersh!, H. Harris!, M. Ayers?, R. Bermel?, R. Fox?, J.

Cohen?, D. Ontaneda?, D. Conway?

!Lou 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.
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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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Novartis.

Dr. Jeffrey Cohen has received consulting fees from Adamas and
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Dr. Ontaneda has received consulting fees from Acorda, Alkermes,
Biogen Idec, Genentech, Genzyme, Mallinckrodt, Novartis, and
Synthon; Grants-Genzyme, Novartis, Genentech, NMSS, and
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Multiple sclerosis is associated with an increased risk of
acute myocardial infarction

R.A. Marrie!, A. Garland', A. Schaffer!, R. Fransoo!, S.
Leung!, M. Yogendran!, E. Kingwell?, H. Tremlett?
!University of Manitoba, Winnipeg, MB, >University 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.

Disclosure

Ruth Ann Marrie receives research support from the MS Society
of Canada, the MS Scientific and Research Foundation, the
National Multiple Sclerosis Society, the Canadian Institutes of
Health Research, CMSC, Research Manitoba and the Waugh
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and Multiple Sclerosis and in the last 3 years has received research
support from: the MS Society of Canada, the MS Scientific and
Research Foundation, the National Multiple Sclerosis Society; the
Canadian Institutes of Health Research, the Canada Foundation for
Innovation and the UK MS Trust.
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Abdominal obesity is associated with more severe
disability in a large population of people with multiple
sclerosis
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MD, ?Biostatistics, Washington University in St. Louis, St.
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OH, *Biostatistics, University of Alabama at Birmingham,
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Medicine and Community Health Sciences, Max Rady College of
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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/m?) 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.

Disclosure

NARCOMS is supported in part by the Consortium of Multiple
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Therapeutics, UT Houston. Dr. Cutter is employed by the
University of Alabama at Birmingham and President of Pythagoras,
Inc. a private consulting company located in Birmingham AL; Dr.
Marrie has conducted clinical trials for Sanofi-Aventis and receives
research funding from CIHR, the National MS Society, the MS
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Impact of quality-driven interventions on screening for
cognitive impairment and depression in multiple sclerosis
(MS) patients

G. Buckle!, D. Robertson?, N. Moreo?, A. Aungst?, J.

Carter?, T. Sapir3

IAndrew C. Carlos MS Institute at Shepherd Center, Atlanta,
GA, ?University 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
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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.

Disclosure

The study reported in this abstract was funded through a research
grant from Genentech.

Guy Buckle has been a consultant for Biogen, EMD Serono,
Genentech, Genzyme, Mallinckrodt, Novartis, and Teva; has
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Serono, Genentech, Genzyme, Mallinckrodt, Novartis, Teva; and
has received research grant support from Biogen.

Derrick Robertson has been a consultant for Biogen, EMD Serono,
Genentech, Genzyme, Novartis, and Teva; has received honoraria
or speaker’s fees from Acorda, Biogen, EMD Serono, Genentech,
Genzyme, Mallinckrodt, Novartis, and Teva; and has received
research grant support from Actelion, Biogen, EMD Serono,
Genentech, Genzyme, Mallinckrodt, Medlmmune, Novartis,
Parexel, Sun Pharma, and TG Therapeutics.
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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. Stuchiner!, E. Baraban!, L. Lucas!, C. Chen!, L.
Hashemi?, A. Ranno?, A. Smith?, S.L. Cohan!
!Providence 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.

Disclosure

EB, TS, LL, and CC: Nothing to disclose. LH, AR and AS:
Employees of Sanofi. SLC: Advisory boards or steering commit-
tees (Biogen, Mallinckrodt, Novartis, and Sanofi); research sup-
port and/or speaker honoraria (Acorda, Biogen, Genentech, IMS
Health, Mallinckrodt, Novartis, Roche, and Sanofi). STUDY
SUPPORT: Sanofi.
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Vascular disease risk factors and MS progression: a study
of brain metabolism

V. Yadav!?, M. Lane!?, A. Fryman!?, F. Bittner!2, C.
Murchison!, D. Bourdette!, M. Sammi!, W. Rooney'

!Oregon Health & Science University | Neurology, Oregon
Health & Science University, VA 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

journals.sagepub.com/home/msj

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 3'P 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 *'P 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.

Disclosure

Vijayshree Yadav: nothing to disclose
Michael Lane: nothing to disclose
Frank Bittner: nothing to disclose
Allison Fryman: nothing to disclose
Manoj Sammi: nothing to disclose
William Rooney: nothing to disclose
Charles Murchison: nothing to disclose
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Arterial hypertension in patients with multiple sclerosis as
a significant risk factor of disability progression

N. Neofidov!2, N. Totolyan?, M. Shumilina!2, A.

Skoromets!2, E. Evdoshenko!

ISPb Centre of Multiple Sclerosis and AID (1SBIH City Clinical
Hospital No 31), ?Neurology Department, FSBEI HE I.P. Paviov
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.

Disclosure

Neofidov N.A.: nothing to disclose. Totolyan N.A.: nothing to
disclose. Shumilina M.V.: fees for consulting services in the
field of scientific and pedagogical activity (educational services,
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in research, etc.) from the following companies: Roche, Johnson
& Johnson/Janssen, Genzyme/Sanofi, Novartis, Generium,
Biocad. Skoromets A.A: nothing to disclose. Evdoshenko E.P.:
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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’
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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 PwWMS 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 PwWMS.
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Neuroinflammation causes changes to the nodes of
Ranvier in multiple sclerosis normal appearing white
matter

P. Gallego Delgado!, A. Faisal?, R. James!, E. Browne!, J.
Meng!, R. Reynolds!

Division of Brain Sciences, *Bioengineering, 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 Casprl,
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-a and interferon-y
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 1pm 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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A.-M. van Dam!

1Anatomy & Neurosciences, VU University Medical Center,
VUmc MS Center Amsterdam, Anatomy & 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-y+LPS, or with the
anti-inflammatory cytokine IL-4. In addition, we studied
TMEMI119, P2RY 12, IFN-y and IL-4 immunoreactivity in human
post-mortem MS WMLs and subpial GMLs.

TMEM119 and P2RY 12 mRNA levels in human primary micro-
glia were down-regulated when cells were treated with IFN-
y+LPS. In addition, P2RY 12 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
P2RY 12 immunoreactivity in WMLs where, if CD3 and CD20
positive lymphocytes, and IFN-y positive cells were present, less
TMEM119 and P2RY12 immunoreactivity was present. When
lymphocytes and IL-4 immuno-positive cells were present,
P2RY 12 immunoreactivity could be observed, but not TMEM119.
In subpial GMLs, where infiltration of leukocytes, including lym-
phocytes, and IL-4 and IFN-y immune-positive cells were absent,
TMEM119 and P2RY 12 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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States, SPathology, Haukeland University Hospital, Bergen,
Norway, "Cleveland Clinic Foundation, Neurological Institute,
8Imaging institute, Cleveland Clinic, Cleveland, OH, United
States

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 (MCMYS), 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 IFNy 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-y (IFNy).

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 + IFNy) 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 Ibal+ 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 TNFRI1 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
+ IFNy 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
IFNy 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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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
(VGLUTI1, 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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In vivo confocal imaging and single-cell transcriptomic
analyses reveal early activation of retinal microglia during
experimental autoimmune encephalomyelitis
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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 MOGgs ss.
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 (12 = 0.48; P=0.003), which
was also associated with worse GC loss (r>= 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.
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activity in a model of multiple sclerosis
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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

journals.sagepub.com/home/ms;j



Poster Session 1, 24(52)

179

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.
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T follicular helper (Tgy) 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 Ty 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 Ty cell-deficient (CD4CBcl6flox/
flox) mice and found the severity of MOG;; 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 Ty cell-deficient
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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 Tgy
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 CD4CBcl6flox/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 Ty
cells contribute to CNS autoimmunity by promoting B cell infiltra-
tion in the CNS.
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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. Hollingsworth!, K. Julian!, D. Julian!, F. Watanabe!,

M. Hester?, J. Imitola!

INeurology 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.

Multiple Sclerosis Journal 2018; 24: (S2) 121-327



180

Poster Session 1, 24(S2)

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 DABI and
CDH? 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

H.M.R. Afzal'2, S. Luo!, S. Ramadan2-3, J. Lechner-
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!Electrical Engineering and Computing, University of Newcastle,
2Hunter Medical Research Institute, Hunter Medical Research
Institute, University of Newcastle, Faculty of Health and
Medicine, *School of Medicine and Public Health, University of
Newcastle, Neurology, John Hunter Hospital, Newcastle, NSW,
Australia

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

Muttiple Sclerosis Journal 2018; 24: (S2) 121-327

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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nothing to disclose
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Visual evoked potentials and optical coherence
tomography to detect optic neuritis in C57BL/6

S. Marenna!, S.-C. Huang!, V. Castoldi!, R. d’Isa, G.
Comi?, L. Leocani?

!INSPE- Institute of Experimental Neurology, San Raffaele
Hospital - Vita-Salute San Raffaele University, >San 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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Fusiogenic property of virus determines the mechanistic
aspects of axonal loss concurrent with demyelination

M. Singh!, D. Pal?, J. Das Sarma!

!Department of Biological Sciences, Indian Institute of Science
Education And Research Kolkata, Mohanpur, ?Department of
Computational & Data Sciences, Indian Institute of Science,
Bangaluru, India

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
RSAS59 (PP) contains two central consecutive proline(s) in the FP.
When one proline is deleted, RSAS59 (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
RSAS9 (PP) shows a more ordered cis isomeric helix-turn-helix
structure in methanol than its frams 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
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post-infection. Both cause similar degrees of necrotizing hepatitis
and meningitis, but only RSAS59 (PP) produces widespread
encephalitis that extends deeply into the brain parenchyma with
extensive apoptosis of neurons and glia. In contrast, RSAS59 (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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Molecular Genetics, Hellenic Pasteur Institute, *National and
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 (R?>=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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Evaluating the distribution and haplotype structure of
multiple sclerosis risk loci across populations
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Preventive Medicine, Keck School of Medicine, University of
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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
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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 5% percentile of the distribution to those in the
interquartile range and found that being in the top 5™ 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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Molecular signature of brain lesion evolution and fate in
progressive MS
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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, CDllc. 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 ENO! 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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Multiple sclerosis-associated microRNA-548ac targets
immunologically relevant genes including SDC4, SEL1L
and TNFAIP3
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Transfer Center for Proteome Analysis, 3Department of
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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
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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,
SELI1L 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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Massachusetts Institute of Technology, Cambridge, MA, United
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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 GFII 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
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Introduction: Multiple sclerosis (MS) is an autoimmune disease of
the CNSS 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
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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 2-2A¢t method.
Differences in ACt 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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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
NOD?2- 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
(CD45hieh Ty6C*, 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-6Clov, Grlhigh, CD11b*, CDl1l1c"). 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 IFNP 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 IFNf 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
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Gosselet, B. Engelhardt!
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Bellinzona, Switzerland, *Laboratoire de la Barriere Hémato-
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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
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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-B) signalling pathway in
the intestinal mucosa of MS patients.

Aims: To elucidate if the TGF-8 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-y, FoxP3 and IL-17. Positive
cells were counted per 0.1 mm? 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-y (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-8 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.
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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 Thl 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-y 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 (Thl), 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-f1.
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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Background: MAIT cells are a subset of innate T lymphocytes
characterized by the expression of an invariant TCR a-chain
(Va7.2-Jo33) paired with a limited number of VP 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. TCRa and -f 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
EBYV 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
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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.
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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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Chitinase-3-like protein 1 could be a predictor of
disability progression in patients with primary
progressive multiple sclerosis
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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.
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Preferential usage of the G1m1 allotype in intrathecal
virus-specific antibodies in multiple sclerosis
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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 Glml and Glm3 allotypes of
IgG1 are evenly distributed in blood, as expected from random
allelic exclusion.

Objectives: The selection of Glm1 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 Glm1
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 G1lm1 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 Glml 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 Glm1 predominance of intrathe-
cally synthesized antibodies against measles, rubella and VZV in
G1m1/G1m3 heterozygous MS patients. This suggests that the
selection of IgGl-secreting Glm1 B cells to the CSF of MS
patients, and the perpetual intrathecal immunoglobulin synthesis,
is driven by antigen-independent mechanisms.
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Personalizing health care in multiple sclerosis using
systems medicine tools: presentation of the cytomics data
from the Sys4MS project

M. Cellerino!, M. Pardini!, C. Campi2, F. Ivaldi!, G. Vila3,

T. Berge*?, P. Koduah®, G. Rotta’, F. Paul®, H. Harbo’,

P. Villoslada3, N. Kerlero de Rosbo!, A. Uccelli!, The
SYS4MS consortium

!Department 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, *Department of Mechanical, Electronics and
Chemical Engineering, Oslo Metropolitan University, Olso,
SDepartment of Neurology, Oslo University Hospital, Oslo,
Norway, 5Charite University, Berlin, Germany, ’BDBiosciences,
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 naive-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 naive-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

Multiple Sclerosis Journal 2018; 24: (S2) 121-327



190

Poster Session 1, 24(S2)

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 clucidate 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 1073 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).
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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

K. Waddington!, M. Adriani?, P. Nytrova3, E. Havrdova’,

R. Farrell4, 1. Pineda-Torra’, E. Jury?

!Centre for Clinical Pharmacology/Rheumatology, >’Centre
for Rheumatology Research, University College London,
London, United Kingdom, *Department of Neurology and
Center of Clinical Neuroscience, Charles University in Prague,
Prague, Czech Republic, ?Department of Neuroinflammation,
Institute of Neurology and National Hospital of Neurology and
Neurosurgery, Centre 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 LXR},
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-NPCl1, (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
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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 LXRf expres-
sion and significantly reduced expression of LXR target genes
including ABCGI (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-f3 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. Haigh!, K. Telesford!, J. Linden!, S. Shetty!, P.
Winokur?, Y. Mal, R. Rumah?, V. Fischetti2, D. Butler!,

C. Mason!, T. Vartanian!

!Brain and Mind Research Institute, Weill Cornell Medicine,
?Rockefeller 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 Perfiingens 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.”
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Clostridium perfringens induced blood-brain barrier
permeability: specificity and temporal dynamics in a
humanized zebrafish model

D. Adler'?, J. Linden?, Y. Ma3, S. Shetty?, M. Bokori-
Brown?, R. Titball4, J. Fetcho?, T. Vartanian3

!Brain and Mind Research Institute, Weill Cornell Medical
College, New York, ?Neurobiology & 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 (hnMAL)
in order to: 1) establish the kinetics of real-time, in vivo ETX-
MAL binding, 2) determine if ETX requires MAL to induce
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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 JLOO8 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, h(MAL receptor recycling, vessel narrowing,
and focal perivascular edema when compared to receptor or toxin
controls. Incubation of active ETX with JLOOS 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
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Investigating the gene-environment interaction in
multiple sclerosis through a “candidate-interactome”
approach
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Scientific Institute, Milan, *Neurology B, Department of
Neurosciences, Biomedicine and Movement, University of
Verona, Verona, Italy, UK Multiple Sclerosis Tissue Bank,
Wolfson Neuroscience Laboratories, Imperial College London
Faculty of Medicine, Hammersmith Hospital Campus, London,
United Kingdom, °IRCCS Istituto Neurologico Mediterraneo
(INM) Neuromed, Pozzilli, "University 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 (WTCCC?2). 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
EBYV, 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

G. Pellicciari G., Reni¢ R., Romano C.,Morena E.: report no
disclosures

Salvetti M, receives research support and has received fees as
speaker from Sanofi Aventis, Biogen, Bayer Schering, Merck

journals.sagepub.com/home/msj

Serono. He also receives research support from the Italian
Multiple Sclerosis Foundation (FISM).

P449
Altered EBYV transcriptional profile in the peripheral
blood of CIS and MS patients
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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 EBERI1 (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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Link between intake of monounsaturated fatty acids and
cerebral gray matter atrophy in early MS
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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
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diagnosed). Here we report on the first 140 participants (age
34.147.6; 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
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Yian Gu: nothing to disclose

Michelle Fabian: nothing to disclose

Claire Riley: Consulting and advisory work for Celgene,
Genentech, Genzyme, Teva Neuroscience, TG Therapeutics.
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James Sumowski: Consulting for Genzyme

P451
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 TONiIC 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 Sanchez!, V. Reyes Garrido?, G. Pons Pons?,
M.D.L.P. Moreno Arjona2, P. Urbaneja Romero?, M.
Villagran Garcia2, T. Mufoz Ruiz2, N.L. Ciano Petersen?,

M. Guerrero Fernandez?, A. Leon Martin2, A. Alonso
Torres?, P. Serrano Castro?

!Unidad de Neurologia, Hospital Regional Universitario de
Malaga-IBIMA, Mdlaga, >Hospital Regional Universitario de
Malaga-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
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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 Sanchez: nothing to disclose
V. Reyes Garrido: nothing to disclose

G. Pons Pons: nothing to disclose

MDIP Moreno Arjona: nothing to disclose
P. Urbaneja Romero: nothing to disclose
M. Villagran Garcia: nothing to disclose
T. Mufoz Ruiz: nothing to disclose

N.L. Ciano Petersen: nothing to disclose
M. Guerrero Fernandez: nothing to disclose
A. Le6n martin: nothing to disclose

A. Alonso Torres: nothing to disclose

P. Serrano Castro: nothing to disclose

Neurobiology

P453

Identification of oligodendroglial secreted factors
inducing nodal protein clustering in the central nervous
system
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Pitie-Salpétriere, Assistance Publique-Hopitaux de Paris,
3Centre de Neurophysique, Physiologie, Pathologies, CNRS
UMR 8119 Université Paris Descartes, Paris, France, ‘Sanford
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 (Na,) 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 Na, 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.
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Molecular mechanisms underlying T cell-oligodendrocytes
interactions in neuroinflammation
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Background: The mechanisms driving oligodendrocyte (OL)/
myelin sheath injury in MS are poorly understood and no neuro-
protective therapeutic strategy is available. Pro-inflammatory
CDA4 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.
0.0 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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Comparison of glia cell damage in exemplary hereditary
leukodystrophies

C. Bergner!, A. Winkler?, F. van der Meer?, S.
Pfeifenbring?, C. Stadelmann?

INeurology, ?Neuropathology, University Medical Center
Gottingen, Gottingen, 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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Retinal ganglion cell layer and cervical spinal cord gray
matter atrophy are present and underlie pathway specific
disability in very early stage multiple sclerosis
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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-
case 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. R?>=0.29,
LCLA: adj. R?>=0.30); associations with global disability metrics
(EDSS: adj. R*=0.12, SDMT: adj. R*=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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Effect of delayed-release dimethyl fumarate on cognition
in Italian patients with relapsing remitting multiple
sclerosis: the phase 4 StarTec study
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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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Serum Neurofilament light chain concentration correlates
with cognitive impairment and brain atrophy in relapsing
remitting MS
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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
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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.

Disclosure
The authors have no disclosures.

P459
Leptomeningeal contrast enhancement correlates with
neurodegeneration in multiple sclerosis

L. Kalinin!, G. Makshakov!?2, E. Magonov?, T.

Trofimova3, N. Totolyan?, M. Shumilina'-2, A.

Skoromets?, E. Evdoshenko!

ISBIH City Clinical Hospital #31, City Center of MS and other
Autoimmune Diseases, 2Neurology Department, FSBEI HE I.P.
Paviov 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.

Disclosure

Ivan Kalinin: nothing to declare; Gleb Makshakov has received
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Genzyme and Roche; Evgeniy Magonov has received honoraria
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Trofimova has received honoraria for lectures in the last 3 years
from GE Healthcare, Philips Healthcare, Bayer, Toshiba (Canon
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speaking from Genzyme, Janssen, Merck and Roche; Maria
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declare; Evgeniy Evdoshenko has received grants and honoraria
for lectures and speaking in the past 3 years from Biogen,
Generium, Genzyme, Johnson, Merck, Novartis, Pharmstandard,
Pharmsynthez, Roche, Sanofi, SIA-API.
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Unilateral motor progression in multiple sclerosis: the
impact of single critical corticospinal tract lesions

E. Sechi!, B.M. Keegan!, T.J. Kaufmann?, O.H. Kantarci!,
B.G. Weinshenker', E.P. Flanagan'?

!Department of Neurology, *Department 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.

Muttiple Sclerosis Journal 2018; 24: (S2) 121-327

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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Dr. Keegan has research funded by Biogen, and receives publish-
ing royalties for Common Pitfalls in Multiple Sclerosis and CNS
Demyelinating Diseases. He is an Editorial Board member of
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Caladrius Biosciences, Brainstorm Therapeutics, Roivant Sciences
and Chugai Pharma regarding potential clinical trials for NMO. He
serves as a member of a data safety monitoring committee for clin-
ical trials conducted by Novartis. O.H. Kantarci received speaker
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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 KCI. 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
ARNT?2 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 Ca?* dependent and secondary to de novo RNA
and protein synthesis. Notably the cytotoxicity following H,O,
exposure is significantly reduced by Ca?* 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 H,O, 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 Ca?" 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.

Disclosure

Jake Johnston: nothing to disclose.
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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
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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
(Cspgd/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-f-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.

Disclosure

Conlflict of Interest: None

Funding: National Multiple Sclerosis Society USA, (5298) and
National Institiute of Health USA, RO1 NS096148
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Oncostatin M-induced astrocytic TIMP-1 enables
remyelination

E. Houben!, K. Janssens!, I. Lambrichts!, V. Baekelandt?,

M. Schepers!, T. Vanmierlo!, H. Slaets!, B. Broux!, N.
Hellings!

!Biomedical 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 gPCR 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.

Disclosure

Evelien Houben: nothing to disclose. Kris Janssens: nothing to
disclose. Ivo Lambrichts: nothing to disclose. Veerle Baekelandt:
nothing to disclose. Melissa Schepers: nothing to disclose. Tim
Vanmierlo: nothing to disclose. Helena Slaets: nothing to dis-
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Chondroitin sulfate proteoglycans impede
oligodendrocyte differentiation through rho-kinase and
myosin 11

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
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involvement of GSK38, followed by rho kinase and non-muscle
myosin [T (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-38 and RhoA activity. Here we show that GSK-30 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.

Disclosure
Sarah Cummings: nothing to disclose
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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
WI-MSC culture showed increased expression of 11-4, 11-6, 11-9,
II-15, 11-17, IP-10, RANTES and VEGF, FGF, PDGF. Whereas
incubation with control CSF resulted in increased level of II-1,
11-5, 11-6, 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 II-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.

Disclosure
nothing to disclose
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Infratentorial and spinal cord lesions, cumulative
predictors of disability?
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F. Barkhof'#4, B.M.J. Uitdehaag?, J. Killestein?, M.P.
Wattjes!»

!Department of Radiology & Nuclear Medicine, Neuroscience
Amsterdam, VUmc MS Center Amsterdam, >Department of
Neurology, Neuroscience Amsterdam, VUmc MS Center
Amsterdam, 3Department of Anatomy and Neurosciences, VU
University Medical Center, Amsterdam, The Netherlands,
“Institute of Neurology and Healthcare Engineering, UCL,
London, United Kingdom, Department 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
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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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Rapid and reliable, fully-automated brainstem
segmentation for application in multiple sclerosis

L. Sander!, S. Andermatt?, S. Pezold?, M. Amann?, D.

Meier3, T. Sinnecker!, M.J. Wendebourg!, Y. Naegelin!,

C. Granziera!, L. Kappos!, J. Wuerfel?, P. Cattin?, R.

Schlaeger!

INeurologie, Universitdtsspital Basel, ?Center for Medical Image
Analysis & Navigation (CIAN), ’Medical Image Analysis Center
(MIAC AG) and gbig, 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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Sander L, Andermatt S, Pezold S, Amann M, Meier D, Wendebourg
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Presence of CSF oligoclonal bands is associated with
periventricular NAWM damage gradient severity in
clinically isolated syndrome
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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. Muthuraman!, J. Kroth!, D. Ciolac!2, N. Koirala!,

G. Gonzalez-Escamilla!, V. Fleischer!, A. Radetz!, S.G.
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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
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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 VBMS8 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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University of Turku, *Turku University, >Department of Medical
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Southwest Finland, "Department of Radiology, Turku University
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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 [''"C]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 [''C]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 [UC]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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Camillo Forlanini Hospital, Rome, Italy

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 NWMYV) 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 (R?=0.49, p< 0.0001)
and NCV (R?=0.57, p< 0.0001) and quadratic for NWMV (R>=0.1,
p< 0.0001) and thalamus (R?=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 cm?), but showed a rapid reduction between 40 and
80 years of age (1.15 cm? and 1.53 cm?, 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
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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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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: 5.34+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

M. Platten!2, J. Martola!, K. Fink!, T. Granberg!
!Karolinska Institutet, °Royal 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 T,-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 coefticient 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

E. Roura!, G. Maclair!, E. H Martinez-Lapiscina?, M.
Andorra?, P. Villoslada?

!Health Engineering SL, Getxo (Bilbao), °Center of
Neuroimmunology and Department of Neurology, Institut
d’Investigacions Biomediques August Pi Sunyer (IDIBAPS),
Hospital Clinic of Barcelona, Barcelona, Spain

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 1) 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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C. Gianni!, D. Belvisi2, A. Conte!-2, N. Petsas?, A.

Cortese!, P. Cimino!, M. Tartaglia!, E. Millefiorini!, A.
Berardelli!-2, P. Pantano!-2

ISapienza University, Rome | Department of Human
Neurosciences, Universita Sapienza, Roma, 2IRCCS Neuromed,
Pozzilli (IS), Italy

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. Andelova!, J. Krasensky?, T. Uher!, E. Kusova?, B.

Benova!, K. Kucerova!, L. Kadrnozkoval, J. Motyl!, E.

Kubala Havrdova!, M. Vaneckova?, D. Horakova!

!Department of Neurology and Center of Clinical Neuroscience,
Charles University in Prague, 1st Faculty of Medicine and
General University Hospital, ?Department of Radiology, Charles
University in Prague, Ist 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
11.2547.0 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
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significantly lower MUCCA (80.39+8.44 mm?) than both remain-
ing groups (low disability despite high LL 85.75 mm?+7.58 mm?
and nonparadox 84.02+9.82 mm?).
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,
WBEF, 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 -42mm?/year in healthy,
and -45mm?/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. Ackermans!, A. Traboulsee!, D. Li!, M. Freedman?, R.
Carruthers!, R. Tam!, S. Kolind!, H. Kang!, C. Taylor!
!University of British Columbia, Vancouver, BC, ?University 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. Titelbaum!, R. Engisch?, E. Schwartz!, S. Napoli3, J.
Sloane?, J. Katz5, E. Lathi®

!Neuroradiology, Shields Health Care, Brockton, MA,
United States, ?Radiology and Nuclear Medicine, Luzerner
Kantonsspital, Lucerne, Switzerland, 3Neurology, Neurology
Center of New England, Foxboro, *Neurology, Beth Israel
Deaconess Medical Center, Boston, SNeurology, 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.

journals.sagepub.com/home/msj

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
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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.

Disclosure
We declare not conflict of interest
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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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Jcahn School of Medicine at Mount Sinai, New York City, NY,
United States, 2University of Naples “Federico II”, Naples,

Italy, 3University of Texas Health Science Center at Houston,
Houston, TX, United States, *University of Padua, Padua, Italy,
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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).

Muttiple Sclerosis Journal 2018; 24: (S2) 121-327

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 B-la
(n=213) or glatiramer acetate+interferon p-la (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
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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.

journals.sagepub.com/home/msj

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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Sereno Symposia International Foundation, Bayer and meeting
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Amyloid PET as a marker of normal-appearing white
matter early damage in multiple sclerosis: correlation
with CSF B-amyloid levels and brain volumes

T. Carandini', A.M. Pietroboni’, A. Colombi!, L. Ghezzi!,

M.A. De Riz!, E.A. Scarpini!, G. Marotta?, D. Galimberti!
!Neurodegenerative Disease Unit, Department of
Pathophysiology and Transplantation, University of Milan,
Centro Dino Ferrari, Fondazione IRCCS Ca’ Granda,

Ospedale Maggiore Policlinico, ?Nuclear 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 (ABT) 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 B-Amyloid, 4, (AB)
levels have been suggested as prognostic biomarker in MS.
Objectives: To investigate ABT uptake in damaged WM (DWM)
and in normal-appearing WM (NAWM) of MS patients and to
evaluate possible correlations between ABT 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 '8F-florbetapir-PET. A 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 (1=0.87, p< 0.01). Interestingly, CSF A concentra-
tion was a predictor of both NAWM-SUV (1=0.79; p< 0.01) and
NAWM volume (r=0.81, p< 0.01). CSF AR 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 ABT 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 ABT uptake in the NAWM and
lower CSF A levels. These findings suggest a predictive role of
CSF AP levels in MS disease progression that may be linked to
myelin (microscopic) damage.

Disclosure
All authors report no disclosure
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matter tracts in patients with clinically isolated syndrome:
prediction of cognitive functioning and follow-up of its
change for 1 year
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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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of thalamic sub-regions and clinical disability in CIS
patients: a longitudinal study
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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.

journals.sagepub.com/home/msj

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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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)/mm? 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)/
mm?3 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 mm?. Brain volume loss after 12 and 36
months was 2,757 £ 923 mm? (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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1C-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 "C-PBR28, a tracer for activated
microglia, and quantitative 7T T,*, 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’ ''C-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 T,* imaging (0.33 mm resolution) for esti-
mating T,* 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
T,* 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 T,* 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, T,* (myelin/iron loss) at all 3 depths.
In RRMS mean SUVR in CL and clusters with increased T,* 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 T,*
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 T,* 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 T,* found in fewer cortical areas could reflect
protective effects of microglia.
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enhancement on 7T MRI and cortical gray matter lesions
in multiple sclerosis

D. Harrison!:2, S. Jonas3, I. Izbudak#*

!Department of Neurology, University of Maryland School of
Medicine, 2Johns Hopkins School of Medicine, 3Radiology,
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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.

journals.sagepub.com/home/msj

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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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 25™ per-
centile loss) over time.

Results: Within the observation period, 27% (59 0f219) 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
carly 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.
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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).

Muttiple Sclerosis Journal 2018; 24: (S2) 121-327

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 12 =.234, p <.001;

TU/T22=.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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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 mm?; 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 3™ 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 (10.642.4), 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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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

journals.sagepub.com/home/ms;j



Poster Session 1, 24(52)

223

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 (VDgg wy =
3.4%, VDgg om = 2-3%, VDgg1 prain = 2-6%; VDgpypwm = -4.4%;
VDgpmgm = -2-6%; VDgpriprain = -3-0%). Regarding the reliabil-
ity, instead, SPM provided slightly less variable results compared
to FSL (VDgpy < 0.5% without repositioning, VDgpy, < 1.0 with
repositioning; VDgg < 0.2% without repositioning; VDyg < 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

C. Wang!2, A. Klistorner'34, J. Barton?, H. Beadnall?, L.
Ly!, S. Liu?3, J. Garber?, S. Reddel?, M. Barnett'?

!Sydney Neuroimaging Analysis Centre, *Brain and Mind
Centre, University of Sydney, 3Ophthalmology, University of
Sydney, Save Sight Institute, ‘Australian School of Advanced
Medicine, Macquarie University, Sydney, NSW, Australia

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 > Imm were included in the
analysis. Pearson’s correlation was used to assess the relationships
between the imaging metrics.

journals.sagepub.com/home/msj

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 VI-AMD (r=.60, p=.005), but not with VI-AFA (r=-.26,
p=-27) nor V1-Athickness (r=.09, p=.7). OR-AMD/AAD/ARD
were also correlated with V1-AMD, 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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Magnetic resonance imaging parameters as predictors of
physical and cognitive changes over the course of 8 years
in patients with relapsing forms of multiple sclerosis

D. Jeffery!, D. Hiring?, D. Piani Meier?, D. Tomic?
!Piedmont Healthcare, Lake Norman Neurology, Morresville,
NC, United States, 2Novartis Pharma AG, Basel, Switzerland

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 1I 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 TILV 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 TILV (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 TILV at M24 (HR: 2.32; p< 0.05). Risk of
cognitive worsening correlated with high baseline TILV 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); TILV was the second
most robust parameter (p< 0.01 for all except CDI+).
Conclusions: Overall, disease burden measures, particularly
NBY, 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. Opfer!2, A.-C. Ostwaldt!, C. Walker-Egger?, C.A.

Wicki?, P. Manogaran?, R. Martin3, S. Schippling?

Research, 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
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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 (1=-0.25, p=0.01), the lesion load (1=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 Santis!, N. Toschi?3, T. Granberg?#, R. Ouellette3,
C.A. Treaba3, E. Herranz?, J.A. Sloane®, C. Mainero?
!Instituto de Neurociencias de Alicante, San Juan de Alicante,

Spain, ?Department 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, *{Department of Clinical Neuroscience,
Karolinska Institutet, Stockholm, Sweden, >Department 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/mm?, 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. Kim!, K. Kwak?, J.-W. Hyun!, N.Y. Park!, H.J.

Kim!

!Research Institute and Hospital of National Cancer Center,
Goyang, Republic of Korea, ?Montreal 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. 744 years, p=0.041) and a higher EDSS score (median
2.50-7.0] 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
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Research Center, Max Delbrueck Center for Molecular Medicine
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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. SIL EAE mice
were imaged every 2-3 days from dO to d64 post-immunization,
on a 94T 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-
case 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 V'V contraction follow-
ing expansion. Sequential VV measurements were analyzed as a
time series and compared with CEL, T,- 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.
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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
OMC | 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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IC-PBR28 imaging in multiple sclerosis is reproducible
and able to disclose progression of neuroinflammation

E. Herranz!'2, V. Barletta!2, C.A. Treaba!2, N. Zurcher'2,

R. Ouellette!, A. Mehndiratta', J.A. Sloane?3, J.M.
Hooker!-2, C. Mainero!-

IAthinoula A. Martinos Center for Biomedical Imaging,
Massachusetts General Hospital, 2Harvard Medical School,
3Beth Israel Deaconess Medical Center, Boston, MA, United
States

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 "C-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 ''C-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 ''C-PBR28 magnetic resonance-PET
(MR-PET).

Methods: Ten HC (mean+SD age=28+6 years) underwent two
90-minutes !'C-PBR28 MR-PET sessions, 3 months apart, to
evaluate the test-retest variability in tracer uptake. Four MS sub-
jects (meantSD age=54+4 years) underwent 90-minutes 'C-
PBR28 MR-PET at baseline and 1-year follow up. During each
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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 T,* images (0.33x0.33x1
mm?) from a separate scan. Lesional, cortex, deep GM and nor-
mal appearing WM (NAWM) masks were co-registered to ''C-
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 ''C-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: ''C-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. Coyle?, O. Syritsyna?, T.Q. Duong!

!Department of Radiology, *Department 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.

Disclosure

M. Andrea Parra: nothing to disclose. Sindhuja Tirumalai
Govindarajan: nothing to disclose. Lev Bangiyev: nothing to dis-
close. Patricia K. Coyle: nothing to disclose. Olga Syritsyna:
nothing to disclose.Tim Q. Duong: nothing to disclose
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Can MR spectroscopy predict multiple sclerosis and its
clinical symptoms?

S. Quadrelli!, K. Ribbons2, R. Lea3, J. Arm*, O. Al-

Iedani4, S. Ramadan?, J. Lechner-Scott’

!Radiology, Princess Alexandra Hospital, Woolloongabba,
OLD, ’Neurology, John Hunter Hospital, New Lambton, NSW,
3Institute of Health and Biomedical Innovation, Queensland
University of Technology, Brisbane, QLD, *Health Sciences,
University of Newcastle, Callaghan, >John Hunter Hospital |
Neurology, Department of Neurology, John Hunter Hospital,
New Lambton, NSW, Australia

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
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(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 3x3x3cm? 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.

Disclosure

Scott Quadrelli: nothing to disclose

Karen Ribbons: nothing to disclose

Rodney Lea: nothing to disclose

Jameen Arm: nothing to disclose

Oun Al-Iedani: nothing to disclose
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Jeannette Lechner-Scott: has accepted travel compensation from
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Neuroinflammation in progressive multiple sclerosis: in
vivo assessment using ['F|DPA714
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J.J.P. Brevés, R.C. Schuit?, T.A. Reekie’, M. Kassiou’,

A.-M. Van Dam'>, A.D. Windhorst3, J. Killestein!-2, F.
Barkhof!38, B.N.M. Van Berckel?, A.A. Lammertsma3

VU University Medical Center, VUmc MS Center Amsterdam,
2VU University Medical Center, Neurology, 3VU University

journals.sagepub.com/home/ms;j



Poster Session 1, 24(52)

229

Medical Center, Radiology & Nuclear Medicine, Amsterdam,
4Philips Healthcare, Best, *VU University Medical Center,
Anatomy and Neurosciences, °VU University Medical Center,
Anesthesiology, Amsterdam, The Netherlands, "University of
Sydney, School of Chemistry, Sydney, NSW, Australia, SUCL
Institute of Neurology, Institutes of Neurology & Healthcare
Engineering, London, United Kingdom

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 ['SF]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 ['$F]
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 ['8F]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 (BPy,) was observed in
MS patients compared with age matched controls. For both high
and medium affinity binders, a further increase in BPy, 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 ['*F]DPA714 masks its relatively small specific
signal.

Conclusions: The TSPO radioligand ['8F]DPA714 can reliably
identify increased focal and diffuse neuroinflammation in pro-
gressive MS when using plasma input derived BPy,, 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-
ported by the National Institute for Health Research University
College London Hospitals Biomedical Research Centre and
serves as a consultant for Bayer-Schering Pharma, Sanofi-
Aventis, Genzyme, Biogen-Idec, Teva, Novartis, Roche, Synthon
BV and Jansen Research. All other authors declare that they have
nothing to disclose.
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Estimation of brain cerebrospinal fluid components in
CIS patients

D. Pareto!, R. Alyafeai?, J. Sastre-Garriga?, M. Alberich!,
C. Auger!, M. Tintoré?, X. Montalban2, A. Rovira!
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Section of Neuroradiology, Department of Radiology, *Multiple
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.

Disclosure

DP speaking honoraria from Novartis. RA got an ECTRIMS fel-
lowship. JSG travel and accommodation grants from Merck,
Novartis, TEVA, Celgene, Roche, Sanofi & Excemed. MA spon-
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Novartis, Sanofi-Genzyme, Icometrix, and OLEA Medical, and
speaker honoraria from Bayer, Sanofi-Genzyme, Bracco, Merck-
Serono, Teva Pharmaceutical Industries Ltd, Novartis, Roche and
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QUANTUM - Standardized MRI acquisition with
centralized quantitative MRI reading in daily clinical
routine of MS patients

S. Schippling!2, R. Opfer3, L. Spies3, K. Schuh*
INeuroimmunology and Multiple Sclerosis Research, University
Hospital and University Zurich, >Neuroscience Centre Zurich,
ETH Zurich, Zurich, Switzerland, 3jung diagnostics GmbH,
Hamburg, “Clinical 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
Sanofi-Aventis. K. Schuh is employee of Novartis Pharma GmbH.
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Annualized inner retinal layer atrophy rates show a
flooring effect in longstanding MS; a limitation for
longitudinal OCT studies?

D. Coric!, B. Uitdehaag!, A. Petzold!->3, L. Balk!
!Department of Neurology, VU University Medical Center,
Amsterdam, The Netherlands, °Moorfields 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 (um) and GCIPL (um) 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 pm (p<
0.001), which was only slightly higher than in HCs (-0.25 pm,
p< 0.001). For the pRNFL, there was significant annualized
atrophy in MS patients ( -0.30 um, p< 0.001), but not in HCs
(0.12 pum, 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 um and -0.25 um
respectively, p=0.06). Annualized pRNFL and GCIPL atrophy
rates were significantly more pronounced in patients with the
shortest disease duration (15t quartile) compared to longer dis-
ease duration (3" and 4t 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 pPRNFL 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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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 AQP4-1gG
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
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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 mm?), 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:
0.0494+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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Calabresi!, S. Saidha!

!Department of Neurology, Johns Hopkins Hospital, > Wilmer
Eye Institute, Johns Hopkins University School of Medicine,
Baltimore, MD, *Department of Neurology and Ophthalmology,
University of Texas Austin Dell Medical School, Austin, TX,
“Department of Neurology, New York University Langone
Medical Center, New York, NY, United States

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).
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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
(R*=0.53, p< 0.001), lower ganglion cell + inner plexiform layer
(GCIP) thickness (R?=0.75, p< 0.001) and lower letter acuity
(R2=0.22 for 100%-contrast, R?=0.36 for 2.5%-contrast, R>=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

G. Boffa!, M. Cellerino!, M. Petracca?, S. Schiavi!, C.
Cordano'3, N. Piaggio!, G. Mancardi!, G. Bommarito!, A.
Uccelli', M. Inglese'2

journals.sagepub.com/home/ms;j



Poster Session 1, 24(52)

233

!University of Genova, IRCCS AOU San Martino-IST, Genova,
Italy, 2Department of Neurology and Neuroscience, Icahn School
of Medicine at Mount Sinai, New York City, NY, 3Department of
Neurology, Multiple Sclerosis Center, University of California,
San Francisco, CA, United States

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 5149 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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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.

Disclosure

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
have nothing to disclose.
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Has the prevalence of uveitis in patients with multiple
sclerosis been overestimated?

D. Coric!, G. Ometto?, G. Montesanto?, A. Denniston3#>,

P. Keane’, L. Balk'!, B. Uitdehaag!, A. Petzold"7, D.

Crabb?

!Department of Neurology, VU University Medical Center,
Amsterdam, The Netherlands, ?°Optometry and Visual Sciences,
City, University of London, London, 3Academic Unit of
Ophthalmology, Institute of Inflammation and Ageing, University
of Birmingham, ‘Department of Ophthalmology, University
Hospitals Birmingham NHS Foundation Trust, Birmingham,
SNIHR Biomedical Research Centre at Moorfields Eye Hospital
and UCL Institute of Ophthalmology, *Moorfields Eye Hospital,
’National 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
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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 (8=-0.00009, p=0.990) or cer-
ebral T2 lesion load on MRI (f=-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.

Disclosure
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disclose. AKD: nothing to disclose. PAK: reports speaker fees
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and the VUmc received research support. The research was sup-
ported by the National Institute for Health Research (NIHR)
Biomedical Research Centre based at Moorfields Eye Hospital
NHS Foundation Trust and UCL Institute of Ophthalmology.
DPC: has received speaker fees from Allergan and Santen.
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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).0CT 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. Vural'2, S. Okar!, M.A. Tuncer!, N.P. Acar!, G. Sayat!,

S. Kadayifgilar3, R. Karabudak!

!Neurology, Hacettepe University Faculty of Medicine, Ankara,
2Neurology, Kog University School of Medicine, Istanbul,
3Ophthalmology, Hacettepe University Faculty of Medicine,
Ankara, Turkey

Objective: To study peripapillary retinal nerve fiber layer
(pPRNFL), 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
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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)
(0.004740.0006 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.

Disclosure

This study was supported by Merck-Serono. Rana Karabudak:
nothing to disclose. Atay Vural: nothing to disclose. Serhat Okar:
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Prevalence of isolated cognitive decline in a large,
heterogeneous multiple sclerosis population

J.R. Williams!, L.B. Krupp?, D. Conway?3, C. de Moor!, E.
Fisher!, S.M. Rao?

!Biogen, Cambridge, MA, °New 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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MS PATHS is sponsored by Biogen.
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Evaluation of the cognitive-affective syndrome in subjects
with RRMS

M. Pardini', R. Meli!, L. Roccatagliata!, M. Inglese!-2, A.
Uccelli!, G. Mancardi'

!University of Genoa and Policlinic Hospital S. Martino, Genoa,
Italy, ?Icahn 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. Filser!, J. Graf?, S.J. Baetge'!, M. Gasis?, N. Goebels?,
A. Renner!, N. Stute!, H.-P. Hartung?, P. Albrecht?, O.
Aktas?, 1.-K. Penner!-2

!COGITO Center for Applied Neurocognition and
Neuropsychological Research, 2Department of Neurology,
Medical Faculty, Heinrich Heine University, Diisseldorf,
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
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