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evaluated in our study, we achieved a higher level of validity. These
tests include a neuropsychological assessment that has not been
considered in previous studies

P510

Longitudinal cognitive changes and disease progression in
multiple sclerosis

B. Duque, ]. Sepulcre, ]J. Gdllego, ]. Goiii, P. Villoslada; University of
Navarra (Pamplona, E)

Background: Cognitive impairment is a well know phenomenon in
multiple sclerosis (MS) and could be found in approximately half of
the patients. However, little and controversial information exist about
its longitudinal changes and relations with disease progression.
Aims: To assess the longitudinal changes of cognitive impairment
in MS, and its relations with disease progression. Methods: We study
a cohort of 46 MS patients (15M/31F, age: 36.3 +£9.7 years; education:
15+5.3 years; EDSS: 2.0 (0 — 7.0); MSFC: 0.64 +1.68; 15 CIS; 23 RRMS;
4 SPMS; 4 PPMS). Patients were clinically followed every 3 months for
2 years and a neuropsychological assessment was done at baseline and
at endpoint of the study. We used the Brief Repeatable Battery-
Neuropsychology for neuropsychological assessment. To assess dis-
ease progression, we analyse the relapse-free condition, number of
relapses, the onset of immunomodulatory therapy, CIS conversion to
RRMS and the change of disability (measured with EDSS and MSFC
and confirmed at six months). Statistical analyses were performed
using parametric test or non-parametric test when appropriated (level
of significance was set at p <0.05; SPSS 13.0 software). Results: Six
patients were lost in the follow-up. Relapse rate during the follow-up
was 1.15, and 21 patients were relapse-free. The increase in the EDSS
by the end of the study was 0.43 +0.8 and 11 patients had confirmed
progression (one point increase in the EDSS confirmed at six months).
Nine CIS patients converted to RRMS. Twenty nine patients had
cognitive impairment at baseline defined as <2SD in at least one test.
We found significant differences between baseline and two-year
endpoint in the three subtest of verbal memory (storage, retrieval
and delayed recall) (p <0.05 in all cases). These longitudinal changes
remain significant in relapse-free and non relapse-free, progressive
and non-progressive, cognitive and non-cognitive impaired groups.
CIS converted patients presented a trend to decrease of verbal memory
scores compared to non-converted. Symbol digit modality test (SDMT)
was the only one that changed overtime in patients with confirmed
progression (p=0.04) and correlated with the EDSS change (r=
—0.459; p=0.003). Conclusions: Verbal memory is the cognitive
function more sensitive to be impaired overtime, independently of
relapses or physical disability progression. SDMT is a sensitive test that
correlates with disease progression.

P511

Computer-based working memory training in patients with
multiple sclerosis - Design of a randomised study

A. Vogt, L. Kappos, K. Opwis, E.W. Radii, LK. Penner; University of Basel
(Basel, CH); University Hospital Basel (Basel, CH)

Background: The prevalence of cognitive impairment in patients
with multiple sclerosis (MS) is estimated at 45% to 65%. In particular
working memory is already affected at early stages. According to
Baddeley (2000), working memory refers to the ability to store,
actively maintain and retrieve information. Although there is evi-
dence that dysfunction of the working memory system has a high
impact on patients’ everyday lives, little has been done until now to
improve this function in MS patients. Objective: The aim of the
present study, for which patient recruitment is currently ongoing, is
to evaluate the efficacy of a newly developed working memory
training tool for MS patients (BrainStim, Penner et al., 2006). As there
is currently no consensus with regard to the optimal dosage of
cognitive intervention, the present study compares a short, high
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intensity training to a longer and distributed training procedure.
Methods: 30 outpatients with MS and 30 age-matched healthy
controls will be randomised to two subgroups for the training
procedures and one control subgroup without training. Participants
in the high intensity training program will receive a 45-minute
training session 4 times per week for four weeks. Participants in the
distributed training program will receive a 45-minute training
session 2 times per week for 8 weeks. All participants will be
instructed to complete 12 of the 16 training sessions at home and
will receive 4 additional training sessions for survey reasons under
controlled conditions at the Institute of Psychology. Participants
will receive a personal training booklet to coordinate the training
procedure and log files will be checked once a week. Baseline testing
for all groups consists of a neuropsychological test battery and
self-report measures. The neuropsychological test battery will be
performed twice to control for possible learning effects. The retest
will be done directly after the final training session. It will consist of
the same neuropsychological tests and self-report measures as at
baseline and will provide primary outcome measures. Perspective:
The newly developed training tool used in this study aims to train
specific aspects of working memory such as visual-spatial, verbal
and cognitive load features. By providing data on the effect of
intensity and duration of training on treatment efficacy, this study
will help to develop more precise guidelines for cognitive rehabilita-
tion in MS.

P512

Cognitive impairment in patients with relapsing-remitting
multiple sclerosis
M.F. Mendes, S. Balsimelli, C.P. Tilbery; Santa Casa de Misericordia de Sdo
Paulo (Sdo Paulo, BR)

Background: Cognitive dysfunction is considered a common symp-
tom in multiple sclerosis; although there are inconsistent reports
on the prevalence of cognitive dysfunction for the relapsing-remitting
multiple sclerosis (RRMS). Objective: The purpose of this study was
to investigate their impairment in different cognitive domains.
Methods: A hundred and fifteen RRMS patients and 50 matched
healthy controls (HC) were submitted to a brief neuropsychological
battery, including digit span, cancellation test, trail making test,
Stroop test, FAS, word list, logical memory and Raven test. They also
underwent the Hospital Anxiety and Depression Scale (HAD) and the
Expanded Disability Status Scale (EDSS). A comparison was done
between HC and MS patients with regard to neuropsychological
performance. The patients were considered cognitively impaired if
their performance on any measure was below 1.0 or more standard
deviation (SD) compared to norms. Results: Most of patients were
females (67%), mean age 34.7 +8.7 years, mean education 12.8 +3.3.
There were no statistic differences with the HC group. Mean disease
duration was 64.7 +61.2 and mean EDSS score 2.6+ 1.3. Significant
differences were found in both immediate and delayed recall in logical
memory (p=0.011, p=0.014) and in delayed recall of the word list
(p=0.009). RRMS patients also demonstrated deficits in tests of
sustained attention, executive function and speed processing (Can-
cellation test; Stroop test; Trail making test A and B p <0.001).
Approximately 25-32% of the RRMS were impaired on measures of
immediate and delayed recall, although logical memory was slightly
more sensitive. The most sensitive measure of executive function was
the Trail Making test—part B (49.5%), followed by the Stroop test and
verbal fluency (32.2%) and span digit backward (19.1%). At the
cancellation test, we observed that 58.3% were impaired. The digit
span forward (28.7%) and the trail making A (30.7%) were less
sensitive. 20% of the RRMS patients performed impaired at the Raven
test. There were a correlation only between Logical Memory delayed
recall (p=0.037), Trial Making test-part A (p=0.01) and EDSS.
Conclusion: Cognitive impairment appears to be common in RRMS
patients, mainly affecting information processing speed, followed by
memory and attention. We suggest that Trial Making test could be
used as a screening test in patients with RRMS.
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Predictive value of MR parameters on cognitive function
at early stages of relapsing-remitting multiple sclerosis:
a 3-year study

E. Salort-Campana, M. Bonnet, M. Deloire, K.G. Petry, V. Dousset,
B. Brochet; University V. Segalen (Bordeaux, F)

Background: Cognitive performances may be altered at early stages
of MS. Little is known about the predictive value of MR abnormalities
on change of cognitive performances at early stages of relapsing-
remitting MS (RRMS). Objective: To determine MRI predictors
on short-term cognitive outcome in a 3-year longitudinal study.
Methods: 57 RRMS patients, diagnosed in the previous six months,
entered a longitudinal 3-year study of clinical, cognitive and magnetic
resonance imaging (MRI) parameters. Each patient underwent yearly
cognitive assessment using the Brief Repeatable Battery (BRB) and
Boston naming test (BNT), Ruff Figural test (RFF), Wais-R similarities
subtest, Go no go and Stroop test. 43 patients were individually paired
with 43 healthy controls for age, sex and education. 22 controls were
assessed twice one year apart to study practice effect. MR parameters
included lesion load (LL), brain parenchyma fraction (BPF), ventri-
cular fraction (VF), mean magnetisation transfer ratio (MTR) on lesion
and normal appearing brain tissue (NABT) masks. Correlation
between MR and cognitive metrics were assessed using Spearman’s
test. Results: Patients performed worse than controls at baseline for
short term verbal memory and recall (Selective Reminding Test, SRT),
recall for visuospatial learning (Spatial Recall Test), attention (Symbol
Digit Modalities Test (SDMT), PASAT 3s and 2s), inhibition (Stroop)
and conceptualisation (similarities) and at follow-up for SDMT, PASAT
2s, similarities and Stroop. Some baseline MR parameters correlated
with some cognitive score changes throughout follow-up: LL with SRT
(r=—0.31; p=0.03) and Stroop (r =0.32; p =0.04), BPF with SDMT
(r=0.43; p=0.002). Conclusion: Baseline LL correlated mildly with
verbal memory and inhibition changes during follow-up while
atrophy was more strongly associated with a test of information
processing speed and attention. This work was supported by grants of
ARSEP and Schering France SA.

P514

Compensatory cortical activations and cognitive load in
early relapsing-remitting mutliple sclerosis patients

M. Bonnet, M. Deloire, B. Dilharreguy, V. Dousset, M. Allard, K.G. Petry,
B. Brochet; University V. Segalen (Bordeaux, F)

Background: Extended cognitive deficiencies have been reported in
early MS, affecting attention, information processing speed and
inhibition capacities. Cognitive compensatory mechanisms have been
suggested by using functional MRI (fMRI). Objective: To explore
cognitive compensatory phenomena during an attentional and
inhibition task with increasing difficulty in early relapsing-remitting
(RR) MS. Methods: Patients with early RRMS (mean age: 36.0 years,
disease duration <4 years) and healthy controls (mean age: 32.4 years)
entered an fMRI study for which they completed four successive
conditions of the go-no-go test with increasing difficulty: tonic
alertness (one target), initial condition and its reversal condition
(one target and one distractor) and complex go-no-go (two targets and
five distractors). Subjects were instructed to respond to target
presentation. Response times were recorded in scanner. Mann-Whit-
ney analysis and two-sample t-test were used for comparisons of
response times and cerebral activations between patients and controls,
respectively. Results: For both patients and controls, response times
increased significantly during the four conditions. Patients presented
response times significantly longer than controls only for the fourth
condition. Whatever the condition, patients always exhibited supple-
mentary activated areas. For the first three conditions, these new
additional areas included bilateral cingular, dorsolateral prefrontal,
insular, inferior parietal, middle occipital gyrus and cerebellum. In
opposite, during the fourth condition, only insular and superior
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temporal gyrus were recruited. Conclusion: With this increasingly
complicated four conditions go-no-go paradigm, it is possible to
explore, by using fMRI, cerebral activations among controls and MS
patients during a task requiring variable attentional and inhibition
resources. For the first three conditions, performances of patients and
controls were not different but patients required broader cerebral
activation. In contrast, MS patients failed to reach the same level of
performance than controls for the most complex condition whereas
fMRI suggests that recruitment failed in this case. High cognitive
requirement seems to cause failure of compensatory cerebral recruit-
ment, leading to a cognitive breakdown. This process should be
considered in compensatory phenomena studies and in therapeutic
attempts in MS. This work is supported by fellowships of LFSEP and
ARSEP.

P515

A longitudinal cognitive study at early stages of relapsing-
remitting multiple sclerosis
M. Bonnet, E. Salort-Campana, M. Deloire, K.G Petry, B. Brochet;
University V. Segalen (Bordeaux, F)

Background: 40-60% of MS patients exhibited cognitive deficits.
Few studies examined longitudinal evolution of cognitive function in
early relapsing-remitting multiple sclerosis (RRMS) patients. Practice
effect may be a methodological limitation for serial cognitive assess-
ment. Objective: To study the evolution of cognitive performance
during three years at early stages of RRMS accounting for practice
effect. Methods: 57 RRMS patients, diagnosed in the previous six
months, entered a longitudinal 3-year study of clinical, cognitive and
magnetic resonance imaging (MRI) parameters. Each patient under-
went yearly cognitive assessment using the Brief Repeatable Battery
(BRB) and Boston naming test (BNT), Ruff Figural test (RFF), Wais-R
similarities subtest, Go no go and Stroop test. 43 patients were
individually paired with 43 healthy controls for age, sex and educa-
tion. 22 controls were assessed twice one year apart to study practice
effect. Results: At baseline, patients performed worse than controls
for short term verbal memory and recall (Selective Reminding Test,
SRT), recall for visuospatial learning (Spatial Recall Test, SPART),
attention (Symbol Digit Modalities Test (SDMT), PASAT 3s and 2s),
inhibition (Stroop) and conceptualisation (similarities). After 3 years,
cognitive performances of RRMS patients improved for all tests except
for verbal fluency (Word List Generation). However patients per-
formed worse than controls for several tests: SDMT, PASAT 2s,
similarities and Stroop at follow-up. Practice effect was observed in
healthy subjects at one year for SRT, SPART, RFF and Stroop.
Conclusion: Despite of some cognitive performances improvement
observed in MS patients, possibly related to test-retest practice effect,
attention and information processing speed deficits remained detect-
able 3 years later. This suggests a consistent cognitive impairment
since the beginning of the disease. This work is supported by grants of
ARSEP and Schering France SA.

P516

Ecological assessment in multiple sclerosis: comparison
between Wisconsin cards sorting test and behavioural as-
sessment of the disexecutive syndrome

L. Pierfederici, L. Bacci, C. Morici, L. Catena, B. Viti, M. Silvestrini,
A. Morgantini; Villa Adria Santo Stefano (Ancona, I)

Background: Executive functioning is frequently investigated in
people with Multiple Sclerosis (MS). Although using the WCST we
can examine problem solving abilities, mental flexibility, executive
control and abstract reasoning,we haven’t information regard
predicting everyday problems arising from executive dysfunction
in MS patients. Some studies demonstrated that a test ecolo-
gical battery,BADS and most of its subtests, correlate with the stan-
dard executive tests administered to traumatic brain injury patients.
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Goals of the Study: The aim of this study is to investigate the
ecological utility of the BADS in patients with MS.We also analyse a
self-report of executive ability (DEX) that supplements the primary
BADS, versus performances examined (WCST and BADS).In addi-
tion,we intend to explore the relationship between self-awareness and
executive abilities. Methods: Thirty patients who met the criteria for
clinically definite MS were recruited at an out- and in-patients
rehabilitation centre. Subjects were tested on WCST,BADS. DEX was
completed by family members and the patient to evaluate the
discrepancy score to indicate self-awareness of their executive func-
tions. Variables such as age, education,sex,disease duration,degree of
disability and different subtypes of MS were analysed. Results:
Correlations were calculated using Pearson Test. Significant correla-
tion was found between the WCST(perseverative errors)and BADS (r =
—0.412; p <0.05). A significant relationship was also noted between
the DEX family and patient forms (r =0.590; p <0.001). In contrast
the DEX self-reporting didn’t correlate with WCST and BADS (respec-
tively r= —0.03, p>0.05; r= —0.24,p >0.05).Results showed that
self-awareness was significantly correlated with BADS (r =0.394; p <
0.05). Conclusions: The results of current study supports the clinical
utility of the BADS and suggests that it is a good tool for measuring
subjects’ executive abilities that might occur in everyday life and it is
appropriate as an outcome measure after cognitive rehabilitation.
Concordance between patients and family, reported on DEX,indicates
the same subjective level of executive problems, even if it doesn’t
correspond with the real patient’s executive abilities. Moreover, exe-
cutive abilities tested on ecological instrument is related to the level of
self-awareness. Thus,a clinician who have to create a neuropsycholo-
gical evaluation and treatment plan,should consider the patient’s
awareness predicting his ecological executive performances.

P517

Cognitive disorders and disturbances of interhemispheric
transfer in multiple sclerosis

B. Lenne, ]. Nandrino, A. Mackowiak, L. Pezard, G. Forzy, P. Hautecoeur, P.
Gallois; Hopital St Philibert (Lomme, F); University Charles de Gaulles
(Villeneuve d’Ascq, F); Hopital de la Salpétriére (Paris, F)

Background: The physiopathology of the cognitive disturbances in
the multiple sclerosis (MS) remains mysterious, in spite of their
frequency and their precocity. The assumption of a bond between
these disorders and the presence of callous lesions are discussed
(Pelletier and al., 2004). Aim and Method: This study tries to
support the assumption of the participation of a deficit of the transfer
interhemispheric in the genesis and/or the importance of the
cognitive deficit in the remittent forms of MS. A methodology based
on the analysis of neurophysiological indices resulting from the no-
linear analysis of the electroencephalogram (index of coherence (IC)
(Kraskov and al., 2005) and indices of Shannon (Sh and Delta of Sh.)
(Ekmann and al., 1987) was developed in order to appreciate the
complexity of cerebral dynamic and the interhemispheric transfer
near 54 patients with MS of remittent form. These indices were
correlated with a neuropsychological evaluation specific (BCcogSEP
(Dujardin et al., 2004)), according to the duration of evolution of the
disease and the degree of handicap. Results: The cognitive evalua-
tion found a deterioration at nearly 20% of the patients with mainly a
memory and attentional disorders and an effect of the dura-
tion of evolution and degree of handicap. Anomalies of the neuro-
physiological indices were observed at more than 20% of the patients,
with an increase in some interhemispheric connections (C3-4; T3-4)
correlated positively with the progression of the handicap and nega-
tively with the cognitive performances. Discussion/Conclusion:
This study underlines the relevance of the no-linear analysis of the
EEG in the exploration of the physiopathology of the cognitive
disorders in MS. It highlights the possibility of a participation of a
deficit of electrophysiological plasticity and transfer interhemispheric
in the constitution or aggravation of these disorders (in particular
memory, attentionals and executives). The results of this preliminary
study seem to indicate the relevance of the index resulting from the
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analysis no-linaire from signal EEG and its complementarity of the
morphological imagery in the interhemispheric study of the distur-
bances of the transfer and the cognitive disorders in MS.

P518

One-year cognitive follow-up in patients with multiple
sclerosis

M. Lopez-Gongora, C. Garcia-Sdanchez, A. Campolongo, A. Escartin;
Hospital de la Santa Creu i Sant Pau (Barcelona, E)

Background: Although several studies have been carried out regard-
ing cognition in multiple sclerosis (MS), few deal with cognitive
changes over time, and conclusive data are lacking. Objective: The
aim of this study was to evaluate cognitive changes in patients with
MS at one-year follow-up. Method: The study included 90 patients
(59 females and 31 males); their mean age was 36.3 years (SD =10.3).
Eighty of these patients were relapsing remitting (RR) and 10 had a
progressive form of MS. Mean Expanded Disability Status Scale (EDSS)
measure was 2.71 SD=2.03, and the mean time from onset of
symptoms until the present was 112 months (SD =96). All patients
underwent a complete neuropsychological evaluation that included
measures of memory, abstract reasoning, speed processing, and
visuospatial and frontal functions. The same evaluation with parallel
forms of the tests was performed one year later. Neurological
evaluation was also performed at the same time of both neuropsycho-
logical evaluations in order to obtain the EDSS score. Results: A two-
way anova was used to evaluate changes in cognitive performance
after one year. Verbal memory showed a significant worsening, with a
P value of 0.005 for short- term verbal memory and 0.021 for long-
term verbal memory. Verbal fluency also showed a significant change
p <0.001. No significant changes were observed in the other cognitive
functions evaluated. Conclusions: The results from the present study
sustain the hypothesis regarding deterioration in cognition over time
in MS patients. Two cognitive domains (verbal memory and verbal
fluency) showed a significant change at one year. No differences were
observed between the two evaluations for the other variables. A longer
follow-up would be useful to assess the progression of the changes
observed and the possible decline of other mental functions.

P519

Predictors of longitudinal cognitive decline in paediatric
multiple sclerosis

W. MacAllister, M. Milazzo, C. Christodoulou, N. McLinskey, A. Belman,
L. Krupp; SUNY Stony Brook (Stony Brook, USA)

Background and Goals: Children and adolescents with multiple
sclerosis (MS) may be particularly susceptible to cognitive dysfunction
as the pathological processes of MS co-occur with brain development.
Though prior work has documented that these children may have
cognitive deficits, there is little information on factors that predict
decline. The goal of this study is to assess predictors of cognitive
decline in children with MS. Methods: 12 clinically definite MS
patients, age 16 years or younger, were recruited and evaluated on two
separate occasions, roughly one year apart. Data collected included
number of relapses, age of onset, disease duration, and Expanded
Disability Status Scale (EDSS). The participants received a neuropsy-
chological evaluation assessing attention, memory, visual spatial
skills, and language at both visits; a composite z-score was generated
to summarize overall cognition. Correlational analyses assessed rela-
tions between clinical variables and changes in cognition. Results:
Overall, five patients demonstrated cognitive decline using a criterion
of more tests impaired at reevaluation than at baseline; 7 demon-
strated z-score composite score declines. A significant association
between baseline EDSS and the number of tests impaired (baseline —
reevaluation) was found (r = —0.58). Though the correlation between
baseline EDSS and z-score difference failed to reach statistical signi-
ficance, the association (r=0.49) would be considered a medium-
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to-large effect size. Likewise, the correlations between number of
interim relapses and change scores were not statistically significant,
but would be considered medium effect sizes (r = —0.43 and 0.36 for
interim relapses and change in number of tests impaired and z-scores,
respectively). A medium effect was observed between age of onset and
z-score difference as well (r = —0.31), suggesting a somewhat greater
decline for younger patients. Other clinical variables, such as number
of relapses at baseline and total disease length were not associated
with cognitive decline. Conclusions: The current study indicates
that cognitive impairment can occur in pediatric MS and that
cognitive decline can be seen over a relatively short period. Neurolo-
gical impairment early in the course of the disease is predictive of
cognitive decline over time. Likewise, continued relapses may also
predict decline. It is suggested that cognitive assessment be included
in the clinical care of children and adolescents with MS.

P520

Learning and memory measures in multiple sclerosis: relia-
bility of parallel forms for serial assessment

T. Olivares, ]. Barroso, A. Nieto, G. Ramirez, M. Herndndez; University of
La Laguna (La Laguna, E); Hosp Univ NS Candelaria (La Laguna, E)

Background: The Brief Repeatable Battery of Neuropsychological
Tests (BRB-N) for Multiple Sclerosis (MS) was designed as a screening
for evaluating short-term changes in cognitive function in patients
with MS. As it is a sensitive measure and easy to administer, it is a very
useful tool in clinical trials. In order to reduce training effects with
serial assessment, two parallel versions were constructed for all
subtests. However, divergent data about equivalence and stability of
the tests for repeated assessment are reported. Objectives: Two
parallel versions of learning and memory tests adapted from the
original battery were studied to evaluate interform equivalence and
temporal stability for serial assessment. Method: 56 healthy subjects
(22 male, 34 female) were evaluated in two sessions (T1-T2) with a six
months interval. Two versions of the Selective Reminding Test (SRT)
(Campo et al., 2000): verbal learning/memory; 10/36 Spatial Recall
Test (SPART): visuoespatial learning/memory; were administered. The
order of test presentation was counterbalanced such that 29 partici-
pants (11 male, 18 female) with a mean age of 21,9 (sd: 5,22) were
administered Version A first, and 27 participants (11 male, 16 female)
with a mean age of 22,8 (sd: 4,43) received Version B first. Results:
There were no significant differences between the two versions of the
learning and memory tests. Form effect: Total SRT (F(1,52) =2,14; p=
0.14); Long-term SRT (F(1,52) =0,06; p =0,80); Total SPART (F(1,52) =
0,05; p=0.83); Long-term SPART (F(1,52) =1,13; p =0,29); A signifi-
cant effect of the moment of assessment was found with a better
performance for the second evaluation (T2); Total SRT (F(1,52) =
35,07; p=0.0001); Long-term SRT (F(1,52) =10,34; p =0,002); Total
SPART (F(1,52) =4,11; p =0.04); Long-term SPART (F(1,52) = 6,82; p =
0,01); Version by Order interactions in all measures were not
statistically significant; Total SRT (F(1,52) =1,88; p =0.17); Long-term
SRT (F(1,52) =0,31; p=0,58); Total SPART (F(1,52) =1,94; p=0.17);
Long-term SPART (F(1,52) =0,70; p =0,40). Conclusions: Our results
indicate the equivalence between the two forms but a significant
practice effect in the use of alternate versions. This should be taken
into account when used in longitudinal testing in clinical trials.

P521

Preserved subliminal processing and impaired conscious
access in patients with early relapsing-remitting multiple
sclerosis

B. Audoin, F. Reuter, A. Delcul, I. Malikova, M. Au duong, P. Cozzone, S.
Dehaene, ]. Pelletier, ]. Ranjeva; Timone hospital (Marseilles, F); CRMBM
UMR CNRS 6612 (Marseilles, F); inserm U562 (Paris, F)

Objectives: In visual backward masking, the visibility of a briefly
presented stimulus is reduced by a mask presented very shortly after
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the stimulus. In a first stage corresponding to non-conscious visual
processing, the visual stimulus is processed by a series of brain areas
activated in a bottom-up manner. In a second stage, top-down
feedback from higher areas to lower-level sensory regions establishes
a self-amplified reverberant neuronal assembly which connects
together distant brain areas, and is associated with conscious report-
ability. During masking, a stimulus can fail to reach consciousness if
the mask replaces the stimulus before this recurrent activity has
become stable. In patients with early multiple sclerosis, breakdown of
large-scale cortical integrative processes, occurring as a consequence
of diffuse white matter damage, may induce backward masking deficit
that corresponds to a deficit in the late stages of conscious perception,
whereas early bottom-up subliminal processing of masked stimuli is
preserved. Method: To test this hypothesis we performed a backward
masking study in 22 patients with early MS and 22 normal matched
healthy controls. We used Arabic digits as stimuli and varied quasi-
continuously the interval with a subsequent mask, thus allowing us to
progressively “unmask” the stimuli. This manipulation allowed us to
study the subliminal priming effect caused by these variably masked
numbers. We also quantified their degree of visibility using both
objective and subjective measures to evaluate the threshold duration
for access to consciousness. Results: The threshold delay between
digit and mask necessary for the conscious perception of the masked
stimulus was longer in patients compared to control subjects (ANOVA
p <0.009). This higher consciousness threshold in patients was
confirmed by an objective and a subjective measure, and both
measures were highly correlated for patients (corrected Rho =0.8,
p =0.0018) as well as for controls (corrected Rho =0.93, p <0.001).
However, subliminal priming of masked numbers was effective
(ANOVA p <0.001) and identical in patients compared to controls
(ANOVA p =0.135). Interpretation: Breakdown of large-scale cor-
tical integrative processes related to diffuse demyelinating processes
may constitute the anatomical substrate of the elevated threshold for
access to consciousness in patients with early MS.

P522

Cognitive functioning in 6 cases with childhood/juvenile
multiple sclerosis

B. Goretti, S. Lori, V. Zipoli, E. Portaccio, S. Centorrino, M.P. Amato;
University of Florence (Florence, I); Meyer Hospital (Florence, I)

Background: Prevalence of cognitive dysfunction in multiple
sclerosis (MS) patients is estimated between 40 and 65%. Approxi-
mately 5% of patients with MS present childhood or adolescent onset.
The literature on neuropsychological functioning in this age range is
however limited. Only two studies so far have been published on this
topic, providing preliminary evidence that MS can have a dramatic
impact on school and everyday activities. Objective: To describe the
impact of MS on cognitive and daily living functioning in 6 patients
with childhood/juvenile MS. Material and Methods: Six MS
subjects aged between 9 and 17 years were assessed through an
extensive neuropsychological test battery. Their performance was
compared with that of 21 demographically matched healthy controls
(HC).The neuropsychological battery included global measures of
cognitive function (IQ), as well as tests of verbal and visuo-spatial
memory, attention, language and executive functions. Performance
was considered impaired when scores felt 2 SD or more below the
mean of HC performance. Finally an interview on daily living and
school activities was administered to patients’ parents. Results: We
evaluated 6 MS patients (4 females; mean age 14.59 +0.42 years; mean
disease duration 8.82+9.01 years; mean EDSS 1.05 +2.12) and 21 HC.
Two patients presented a mild mental retardation (IQ 59; 69) and one
patient had a moderate retardation (IQ 41). Only 2 out of 6 patients
had a cognitive performance comparable to that of HC, whereas the
remaining 4 patients failed from 3 to 15 tests. Immediate and recall
verbal memory was impaired in 2 patients; immediate and recall
visual memory in 1 patient, and attention in 4 patients. Moreover, 4
patients failed linguistic tasks. Cognitive impairment was associated
with high functional impact on daily living and school activities.
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Conclusions: Cognitive deficits occur in childhood/juvenile MS and
have a high functional impact. The pattern of cognitive dysfunctio-
n,in comparison with that reported in adult-onset MS, seems to be
characterized by a more frequent involvement of linguistic abilities.
Cognitive difficulties should be taken into account for comprehensive
treatment planning in childhood and juvenile MS.

P523

A short version of the Rao’s Brief Repeatable Battery can
detect mild cognitive impairment in multiple sclerosis

E. Portaccio, B. Goretti, V. Zipoli, G. Siracusa, M.P. Amato; University of
Florence (Florence, 1)

Background: cognitive impairment is a core feature of multiple
sclerosis (MS), affecting 40-65% of patients in all stages of the disease.
To date the Rao’s Brief Repeatable Battery (BRB) is the most widely
used instrument for cognitive evaluation in MS patients. It requires on
average 30 minutes for administration, whereas no quicker well
validated screening tool is currently available. Objective: to assess a
short version of the BRB for its ability to detect mild cognitive
impairment in MS patients. Methods: the BRB version A and the
Stroop Test (ST) were administered to 116 relapsing-remitting (RR) sub-
jects (81 females, mean age 43.149.1 years, mean education 11.8 +3.7
years, mean disease duration 15.9+49.3 years, mean disability on the
Expanded Disability Status Scale 1.7+1.2). Failure of a test was
assessed applying the available normative data with age, gender and
education corrections for the Italian population (Amato et al., 2006 in
press). Mild cognitive impairment was defined as the failure of at least
2 tests. In the study sample we selected those tests which best
predicted the presence of cognitive impairment. Sensitivity, specifi-
city, positive (PPV) and negative predictive values (NPV) for these
selected tests were calculated. Results: in our sample the parallel
administration of 2 tests, the Selective Reminding Test (SRT) and the
Paced Auditory Serial Addition Test-3 seconds (PASAT-3) was able to
detect mild cognitive impairment with a sensitivity of 83%, specificity
of 92%, PPV of 90% and NPV of 87%. Adding the results of a third test,
the Symbol Digit Modalities Test (SDMT), sensitivity increased to 94%
with an 84% specificity, 83% PPV and 95% NPV. Conclusions: the
administration of a short version of the BRB consisting in 3 out of the
10 original tests of the battery, requiring approximately 15 minutes,
may represent a highly sensitive and rapid tool to detect MS-
associated cognitive impairment in everyday clinical practice.

P524

Cognitive deficits within 2 years after multiple sclerosis
diagnosis

T.AM. Siepman, A.C.J.W. Janssens, I. de Koning, ].B. Boringa, R.Q.
Hintzen; MS Centre ErasMS (Rotterdam, NL); Erasmus MC (Rotterdam,
NL); Meander MC (Amersfoort, NL)

Objectives: 1) Whether cognitive deficits are detectable shortly after
MS diagnosis. 2) The influence of depression, anxiety and disability
status on early cognitive deficits. Methods: 101 patients within 2
years of MS diagnosis were included (70% females, mean age 37.5,
mean time since diagnosis 7.8 months (range 0.7-23.6 months),
median EDSS 2.5 (range 0.0-7.0)), as well as 117 healthy controls
(54% females, mean age 41.8). Neuropsychological and clinical
assessment included Rao’s Brief Repeatable Battery (BRB): Selective
Reminding Test (SRT), 10/36 Spatial Recall Test (SPART), Symbol Digit
Modalities Test (SDMT), Paced Auditory Serial Addition Test (PASAT)
and Word List Generation Test (WLGT); EDSS, Hospital Anxiety and
Depression scale (HADS). Regression analysis was used, adjusted for
age, sex and education level. Next, influence of anxiety, depression,
EDSS and time since diagnosis was explored. Results: Lower scores
compared to healthy controls were found on PASAT3 (p=0.04),
PASAT2 (p=0.001) and WLGT (p=0.04) after adjustment for age,
sex and education level. The subgroup with MS diagnosis less than 6
months ago (n=57) scored lower on PASAT2 (p=0.01) and WLGT
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(p=0.05). Of all patients clinically relevant levels of anxiety were
noted in 34% and depression in 10%. Depressive patients scored
relatively lower on SDMT (p =0.05) and PASAT3 (p =0.03). However,
after adjustment for time since disease onset and EDSS, neither
depression nor anxiety had a significant influence on cognitive
functions. Scores on SDMT (p <0.001), PASAT3 (p=0.005) and
PASAT2 (p <0.001) all showed an association with EDSS; patients
with EDSS >3.0 (n =37) had significant lower scores, persisting after
correction for depression. Only SRT scores were related to time since
diagnosis. Patients with a diagnosis of MS >6 months (n =41) had
significantly more difficulties with SRT, than patients with a diagnosis
< =6 months. Conclusions: Cognitive deficits were observed with-
in 2 years after diagnosis of MS. These deficits were not significantly
related to depression or anxiety.

P525

Demographic and psychopathological data of patients with
multiple sclerosis that attended the mental health center of
north-western district of Thessaloniki

A. Adamopoulou, M. Paschalidou, I. Drenos, K. Katsigiannopoulos, P.
Pazarlis, M. Gelagoti, T. Afrantou, A. Angelou, M. Krommyda, G.
Garifallos, 1. Milonas; Mental Health Care Center (Thessaloniki, GR);
Aristotelian University of Thessaloniki (Thessaloniki, GR)

Introduction: Multiple Sclerosis (MS) is the most well-known
demyelinating disease, of unknown origin. The hypothesis of a
predisposing stress factor preceding a relapse of MS remains quite
attractive. MS patients develop very often various mental disorders.
The objective of the present study is the determination of the
demographic and psychopathological data of the MS patients that
attended the mental health center of north-western district of
Thessaloniki. Method: 40 patients that attended the specific mental
health center were included in the study. Record of their demographic
data was kept and after a psychiatric interview a diagnosis was made
according to the DSM-IV criteria. Results: From the total number of
40 patients, 29 (72.5%) were female and 11 (27.5%) were male, with a
mean age of 36 yrs. Their majority was married (57.5%), while most of
them (52.5%) had received an education of 7—12 yrs. 31 (77.5%) were
diagnosed on axis I, especially with depressive disorders (40%) and
basically major depression (35%), while the anxiety disorders ap-
peared at a smaller percentage (20%). 55% received a diagnosis on axis
IT (personality disorder), as dramatic (30%), borderline (20%), narcis-
sistic (12.5%) and dependent (12.5). In a significant percentage of
patients a stress factor had preceded the relapse. In 10 patients (25%)
this stress factor was the death of a close relative or friend. Reversely in
the percentage of 22.5% MS was the stress factor for the development
of psychological problems. The functionality level of the patients
according to the GAF scale was satisfactory (66.4). Conclusions: The
average background of the MS patient that attends a mental health
center is about 35-years old, married and of higher education. As far as
the psychopathological elements are concerned, depression and
personality disorder of cluster B, mainly dramatic, are most com-
monly observed. Stress factors play an important role in the develop-
ment of relapses, while the disease itself is a stress factor for the
appearance of mental disorders. When dealing with these psycholo-
gical problems, the quality of life of these patients can significantly
improve on all aspects.

P526

Influence of depression on cognitive impairment in patients
with early-onset relapsing-remitting multiple sclerosis: re-
sults of an Italian multicentre study (COGIMUS)

F. Patti, M.P. Amato, M.R. Tola, M. Trojano, P. Ferrazza, O. Picconi,
S. Bastianello on behalf of the COGIMUS study group

Objective: To assess the association between depression, cognitive
impairment and structural brain anormalities in patients with early-
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onset relapsing-remitting multiple sclerosis patients. Methods: A
cohort of 430 Italian patients (282 women and 148 men) with early
onset RRMS were analyzed with the Hamilton scale for depression to
distiguish depressed from non depressed RRMS patients, and the
Italian validated version of the Rao’s neuropsychological battery for
the cognitive profile. All patients underwent brain MRI investigastion;
T1, T2, gadolinium enhancing lesions load were considered for the
analysis. Results: We found 134 RRMS patients (86 women and 48
men) who resulted depressed and cognitively impaired (group A); 188
patients were only depressed (group B); 44 patients were only
cognitively impaired (group C); and the remaining 64 patients were
neither depressed nor cognitively impaired (group D). Patients of the
group A showed significantly higher T2 (p =0.008) than patients in
group D. Group A patients have also higher, but not statistically
significantly values of T2 lesion load than patients in group C (p =
0.095). Furthermore patients in group A showed significantly higher
values of T1 lesion load than patients in group C (p=0.04) and
patients in group D (p =0.003). Conclusion: These results show that
depression and cognitive impairment in MS may be associated and
may recognize a common pathological substrate.

P527

Alternatives to the PASAT for measuring speed of informa-
tion processing in multiple sclerosis patients: the Adjusting-
PASAT and the computerised tests of information processing
T.N. Tombaugh, L.I. Reicker, L. Walker, M.S. Freedman; Carleton
University (Ottawa, CAN); The Ottawa Hospital, General Campus (Ottawa,
CAN

Background: The most common measure used to clinically assess
information processing speed (IPS) in patients with Multiple
Sclerosis (MS) is the Paced Auditory Serial Addition Test (PASAT).
However, the PASAT is prone to several shortcomings such as the
elicitation of undue anxiety and frustration and susceptibility to
the effects of practice, age, education and math ability. Objective:
To assess and compare the utility of two newly developed tests as
alternatives to the PASAT for detecting IPS deficits in patients
with MS. Methods: The Adjusting-PASAT (A-PASAT) is a compu-
terized modification of the original PASAT in which the duration
of time between digits depends on the correctness of a response.
This systematic variation of the interval between numbers permits
the calculation of a temporal threshold representing the fastest
speed of digit presentation at which an individual is able to
respond correctly. The temporal threshold measure offers a more
precise way of determining when information processing breaks
down than is achieved with the standard PASAT, which records
only the number of correct responses. The second test, the
Computerized Tests of Information Processing (CTIP), uses a
completely different paradigm based on research showing the
ability of reaction time (RT) procedures to detect deficits in IPS
is related to the complexity of the task. Consequently, the CTIP
consists of three RT tests (simple, choice, and semantic search)
which progressively increase in task complexity. Both the A-PASAT
and the CTIP were administered to 35 patients with relapsing-
remitting MS and 35 healthy controls (HC). Results: There were
no statistically significant differences in threshold scores between
MS and HC groups on the A-PASAT. The mean threshold achieved
by the MS group was 1.8-seconds, which is substantially shorter
than the 3.0-second interval commonly used in the standard
PASAT when assessing IPS in MS patients. Analyses of the CTIP
data revealed the MS group obtained significantly longer RT
scores on each test. The difference between groups progressively
increased as a function of task complexity with the smallest
difference occurring for simple RT and the largest for semantic
search RT. Conclusion: Overall, the current results suggest that,
although the A-PASAT does offer advantages over the standard
version, the CTIP is better able to detect deficits in IPS and
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offers a viable alternative for the assessment of IPS in patients
with MS.

P528

Reaction time: a viable alternative for assessing processing
speed in multiple sclerosis

L.I. Reicker, T.N. Tombaugh, M.S. Freedman, L. Walker; Carleton
University (Ottawa, CAN); The Ottawa Hospital, General Campus (Ottawa,
CAN)

Background: Cognitive dysfunction is a major problem complicat-
ing the evolution of Multiple Sclerosis (MS), particularly affecting the
speed at which information is processed. Most neuropsychological
tests are lengthy and, although a few have been used clinically to
assess information processing speed (IPS), practice effects have been
observed and patients often find the experience stressful. Therefore, a
need exists for alternative tests of IPS. Objective: To introduce a
newly developed series of reaction time (RT) tests called the Compu-
terized Tests of Information Processing (CTIP) and to assess the
clinical utility of this measure in assessing IPS in patients with MS.
Method: The CTIP is composed of three RT tests (simple, choice, and
semantic search) which progressively increase in task complexity.
Participants respond as quickly as possible to stimuli presented on a
computer screen. In the simple task a key is pressed every time an ‘X’
appears, for choice one of two words appears and the appropriate key
is pressed, and for semantic search one of two keys is pressed
indicating whether a word (e.g., “chair” or “duck”) represents a
member of a semantic category (e.g., “furniture”). Shown to be
sensitive to IPS deficits in traumatic brain injury, the CTIP is not
susceptible to practice effects, making it ideal for serial administra-
tions. 60 MS patients and 60 age-matched healthy controls were
assessed using the CTIP. Results: Significantly longer RTs on all tests
(p <0.001) were observed for MS patients compared with controls,
with a progressive separation between the two groups occurring as the
cognitive load increased. To control for generalized effects of motor
dysfunction, percent-change (%-change) scores for the choice and
semantic search tasks were calculated using simple RT scores as the
baseline measure. Analyses based on these %-changes yielded similar
results. The clinical utility of the CTIP was evaluated by comparing
the performances of MS patients to indexed age-appropriate scores
from a normative sample consisting of 330 individuals. 40— 50% of MS
patients scored at the 10th percentile while 25-40% scored at the 5th
percentile. The ability of the CTIP to detect IPS deficits increased as a
function of task complexity. Conclusions: These data suggest that
the CTIP is an effective technique for assessing IPS in patients with MS
and offers a viable alternative possessing several advantages to the
more traditional neuropsychological tests.

P529

Psychiatric illness in long-term multiple sclerosis cohort
J. Tham, A. Traboulsee, ]. Oger; University of British Columbia (Vancouver,
CAN)

Background: Psychiatric illness has been documented over the years
in patients with MS. Although reasons for development of such
illnesses are poorly understood, previous studies have suggested
central nervous system pathology as a major contributor. Futhermore,
psychiatric illnesses are a treatable major contributor to patient-
described measures of quality of life. Objective: An observational
study to describe the psychiatric profile of a longterm follow-up
cohort of MS patients. Method: Patients were recruited from a single
center (University of British Columbia) participating in the 16 year
longterm follow-up study of beta interferon 1b (Betaseron) in
relapsing-remitting MS. Patients underwent detailed clinical inter-
views, Structured Clinical Interview for DSM-IV TR (SCID-I) diagnostic
interview along with the Geriatric Depression Scale Long Form
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(GDS-L) and Centre For Epidemiologic Studies Depression Scale
(CES-D). Patients were assessed for historical and ongoing psychiatric
illnesses excluding dementia and cognitive impairment. The useful-
ness of brief depression screens was assessed in this population.
The evaluator was blinded to use of disease modifying therapy.
Results: 16/33 eligible patients participated. The mean age was 53
years, 20.5 years since first diagnosis of MS, 3:1 female-male ratio.
Psychiatric illness prevalence was found to be very high. Lifetime
prevalence of any psychiatric illness was 75% (12/16). Point preva-
lence at time of study was 37.5% (6/16). The most common
psychiatric illnesses were: depression (69%, 11/16), steroid-induced
mood states (19%, 3/16, hypomania and psychosis), anxiety disorders
(12.5%, 2/16, phobias, panic attacks), and polysubstance abuse
(12.5%, 2/16, cannabis, benzodiazepines). Both the CES-D and GDS-
L were able to capture 75% (3/4) of patients with current depressive
illnesses. Conclusion: This longterm follow-up cohort demonstrates
the high prevalence of psychiatric illness in the MS population. Mood
disturbance, specifically depressive illnesses affected a majority of this
cohort tested. Brief depression screens such as the commonly avail-
able GDS-L and CES-D appear useful to detect a majority of these
depressed patients. Of interest, none of the patients complained of
psychiatric disorder specifically correlated with interferon use though
corticosteroids were correlated with hypomania and psychosis. This
data suggests continued vigilance in monitoring MS patients for
psychiatric illnesses.

P530

Nystagmus, dysarthria, and speeded information processing
in multiple sclerosis

A. Bodling, D. Denney, S. Lynch; University of Kansas (Lawrence, USA);
University of Kansas Medical Center (Kansas City, USA)

Objective: To examine speeded information processing (SIP) in MS
patients using a measure that distinguishes this cognitive ability from
motor deficits involving nystagmus and dysarthria. Background:
Previous studies using measures that require rapid processing of a
series of stimuli (e.g., the Stroop Test) have led us to conclude that
the core cognitive problem in MS patients is likely an impairment
in SIP. These results have been challenged because the measures used
to assess this impairment could be affected by ancillary motor
problems such as nystagmus and dysarthria. To address these
concerns, we devised a measure, the Picture Naming Test (PNT),
that allowed us to vary the challenge posed by the task with respect
to nystagmus and dysarthria. Design/Methods: 63 MS patients and
59 healthy controls completed the three trials typically composing
the Stroop Test (word reading, color naming, and color-word
naming) and the four trials devised for the PNT. In the PNT, subjects
named simple line drawings of common objects presented sequen-
tially on a computer screen, a new picture appearing each time the
subject responded. The trials varied with respect to the location and
novelty of the pictures. Each picture was presented either in the
center (fixed) or in one of nine locations (distributed) on the screen,
the latter condition augmenting the difficulty of the trial with
respect to nystagmus. Novelty was varied by using only four different
pictures with each picture repeated many times throughout the trial
(low novelty) or by showing unique pictures with no repetitions
(high novelty), the latter condition augmenting the difficulty of the
trial with respect to dysarthria. The number of stimuli completed
during each of the three 60-sec trials of the Stroop and the four
60-sec trials of the PNT was recorded. Results: Relative to controls,
patients had significantly lower scores on all trials of the Stroop and
all trials of the PNT. A Brinley plot of the mean scores for the
controls and the patients on each of the seven trials indicated that
the common factor differentiating patients’ performance from that of
controls is a decline in SIP and that neither nystagmus nor dysarthria
played a substantial role in this outcome. Conclusion: A decline in
speeded information processing is a central feature of the cognitive
impairment seen in conjunction with MS and can be demonstrated
independent of ancillary motor problems involving nystagmus or
dysarthria.
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A predictive multi-parametric magnetic resonance study of
cognitive impairment in clinically isolated syndromes

M. Summers, ]. Swanton, K.T.M. Fernando, C. Dalton, L. Cipolotti,
M.A. Ron; Institute of Neurology (London, UK)

Objectives: Associations between MRI lesions and cognitive impair-
ments (CI) are reported in cross-sectional studies of patients with
clinically isolated syndromes (CIS) (Ron et al., 1991). However the
validity of MR indices, acquired soon after a CIS, in predicting the
later development of CI has not been studied. Identifying those at risk
of CI may provide a rationale for administering disease-modifying
therapy or cognitive rehabilitation. Moreover, a multi-parametric
study allows direct comparison of the predictive validity of several
MR indices for CI. Methods: The following MR data were obtained
from 63 CIS patients:

Baseline: PD, T1-weighted, T2-weighted lesion numbers and
Gadolinium-enhancing lesion numbers and volumes.

Three months: T2-weighted lesion numbers. Proton MR spectro-
scopic concentrations of brain metabolites. Mean magnetisation
transfer ratio in the normal appearing white matter and normal
appearing grey matter.

One year: Change in whole brain volume (atrophy) from base-
line to one-year follow-up.

At 7-year follow-up, the cognitive domains of IQ, IQ decline, memory,
speed of information processing and executive function were assessed.
1Q decrease of 15 points or more from premorbid levels denoted I1Q
decline. Otherwise, performance at or below the 5th percentile of age-
standardised normative data was considered ‘impaired’. Impaired
performance in 4 or more tests denoted general CI. Results: Patients
were impaired significantly more often than would be expected from a
healthy population in the PASAT 3, PASAT 2, SDMT (Binomial single
proportion exact tests all p <0.001) and Brixton Spatial Anticipation
Test (p <0.01). Low premorbid IQ, high anxiety and high atrophy
over the first year from baseline predicted patients failing PASAT 3
(logistic regression, Omnibus Test p =0.008) and PASAT 2 (p <0.001).
High anxiety, high atrophy and increasing numbers of T1-weighted
lesions predicted Brixton Test failure (p =0.018). Premorbid IQ, self-
reported anxiety and increasing numbers of T2-weighted lesions
predicted general CI (p =0.003). Conclusions: The data suggest that
those patients with CIS most at risk of developing CI are those with
high atrophy, T1- and T2-weighted lesions, lower premorbid IQ and
higher anxiety. In particular, early rapid atrophy predicts the later
presence of a slowed speed of information processing and poor spatial
reasoning in CIS patients.

P532

Persons with multiple sclerosis accurately perceive their
cognitive abilities when asked about specific performances
during testing

C. Christodoulou, P. Melville, W. Scherl, W. MacAllister, R. Abensur,
J. James, N. McLinskey, L. Krupp; SUNY Stony Brook (Stony Brook, USA)

Background and Goals: Approximately half of persons with MS
experience cognitive impairment that can negatively impact occupa-
tional and social functioning. It not clear how well patients are able
judge their cognitive abilities. We evaluated MS patients’ self-reported
perceptions of their cognitive abilities as compared to their actual
performance on neuropsychological testing. Our goal was to deter-
mine what types of self-report measures best correlated with actual
cognitive performance. Methods: We evaluated 48 persons with
clinically definite MS (mean age =43.8 years, SD =10.2) and relatively
low levels of depressive symptoms (Montgomery Asberg Depression
Rating Scale). Neuropsychological performance was assessed with tests
from the Brief Repeatable Battery (BRB), which includes measures of
new learning/memory, information processing speed and efficiency,
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and verbal fluency. Perceived cognitive abilities were assessed with
two types of measures: 1) general self-report measures of cognitive
abilities (i.e., Perceived Deficits Questionnaire, the Multiple Sclerosis
Neuropsychological Questionnaire, the Brief Assessment of Memory
and Attention), 2) specific self-report measures of perceived perfor-
mance on individual cognitive tasks from the BRB. The neuropsycho-
logical performance of the MS subjects was compared to an age
matched group (n =22) of healthy persons. Results: The MS sample
displayed a range of overall cognitive abilities on neuropsychological
testing (Z score mean on the BRB = —0.82 Z, SD =0.85, ranging from
—2.66 Z to +0.58 Z). There were moderate to strong correlations
between patients’ performances on specific tasks and their self-report
on how they had done on those specific tasks, for example, the
Selective Reminding Test (r =0.548, p <0.001) and the Paced Auditory
Serial Addition Test (r=0.546, p <0.001). The general self-report
measures did not correlate significantly with any of the neuropsycho-
logical measures. Conclusions: MS subjects without depression were
able to gauge their level of cognitive function when the cognitive
activity in question was specific and well-defined. General self-report
measures performed less well. Possible explanations for this pattern of
results will be discussed.

P533

Cognition in the early stage of multiple sclerosis
I. Fedotova; Kharkov Medical University (Kharkov, UKR)

Objective: Cognitive dysfunctions may contribute to limitation of
everyday activities of patients with multiple sclerosis (MS). Recent
studies have demonstrated that 45 to 65% of MS-patients are
cognitively impaired. The profile of MS-related cognitive dysfunctions
varies greatly. It includes memory and learning deficits, attention
deficits, executive dysfunctions and visual-spatial deficits. Most
studies of cognition in MS examined patients in later stages, often
including MS-patients with marked physical disabilities. Studies of
cognitive dysfunctions in the early stage of the disease are rare. This
study specifically aimed at evaluating and characterizing cognitive
impairments in the early stage of MS, and determining specific
patterns of cognitive dysfunction. Methods: 42 MS patients, experi-
encing their first neurological symptoms not more than two years
previously, and 40 healthy controls were compared. A comprehensive
neuropsychological test-battery was used to evaluate MS-related
cognition. The battery consisted of memory and learning tests,
executive functioning tests and a visual spatial functioning test. A
computerized attention test-battery was also included, which assess
accuracy and speed of test responses. In addition depression and
intellectual capabilities were assessed. Results: Compared with
healthy controls, MS-patients in the early stage of the disease
performed significantly lower on each neuropsychological assess-
ment, except for verbal short-term memory. In particular, MS-patients
showed a lengthened reaction time for simple and focused attention
(17-37%), impaired non-verbal memory function and a planning
deficit (28%). Associations between information processing speed and
disease course and the employment situation were additionally found.
However, patients did not have clinically relevant depression rates on
the ADS-L and visuo spatial abilities remain preserved. Conclusion:
Our findings revealed discrete cognitive dysfunction in MS-patients
within the early stage of the disease.

P534

Neuropsychological impairment in multiple sclerosis
L. Bolokadze; Kharkov Medical University (Kharkov, UKR)

Background: The relationship of gray and white matter atrophy in
multiple sclerosis (MS) to neuropsychological and neuropsychiatric
impairment has not been examined. Methods: In 87 patients with
MS and 19,2 age-/sex-matched normal controls, we used SPM99 to
obtain whole brain normalized volumes of gray and white matter, as
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well as measured conventional lesion burden (total T1 hypointense
and FLAIR hyperintense lesion volume). The whole brain segmenta-
tion was corrected for misclassification related to MS brain lesions.
To compare the effects of gray matter, white matter, and lesion
volumes with respect to brain-behavior relationships, the MS group
(disease duration =13.1+7.6 years; EDSS score =4.2 +2.7) underwent
neuropsychological assessment, and was compared to a separate,
larger group of age-/sex-matched normal controls (n =70). Results:
The MS group had smaller gray (p =0.007) and white matter volume
(p =0.008), impaired cognitive performance (verbal memory, visual
memory, processing speed, and working memory) (all p <0.0001),
and greater neuropsychiatric symptoms (depression, p <0.0001;
dysphoria, p <0.0001; irritability, p <0.0001; anxiety, p <0.0001;
euphoria, p=0.004; agitation, p =0.03; apathy, p=0.04; and disin-
hibition, p=0.12) vs. controls. Hierarchical stepwise regression
analysis revealed that whole gray and white matter volumes ac-
counted for greater variance than lesion burden in explaining
cognitive performance and neuropsychiatric symptoms. White matter
volume was the best predictor of mental processing speed and
working memory, whereas gray matter volume predicted verbal
memory, euphoria, and disinhibition. Conclusion: Both gray and
white brain matter atrophy contribute to neuropsychological deficits
in multiple sclerosis.

P535

An interhemispheric cooperation and clinical function in
multiple sclerosis

K. Rasova, ]. Krasensky, ]. Tintera, H. Kalistova, M. Zalisova, P.
Martinkova, E. Havrdova, K. Rasova, P. Zemanova, |]. Zeman; Charles
University (Prague, CZ)

Background: In our previous project, we have noticed the stronger
dependence of amplitude’s signal (fMRI) between left and right
hemispheres in healthy than in MS patients, and hypothesised that
it could be caused by a dysfunction of the interhemispheric
cooperation. Purpose: The aim of the study was to find out whether
a dysfunction of interhemisferic cooperation could play role in the
limitation of clinical functions in multiple sclerosis. Method: 28
clinically stabilized outpatients with multiple sclerosis were studied.
Upper and lower extremities and cognitive functions were evaluated
using Multiple Sclerosis Functional Composite (The Timed 25-Foot
Walk-T25FW, The 9-hole peg test-9HPT, Paced Auditory Serial
Addition Test-PASAT3). Interhemispheric cooperation was assessed
by the dependence between the right and left hemisphere of the
amplitude of signal in four anatomical areas on functional magnetic
resonance imaging. Results: The patients with better values of some
clinical functions achieve higher dependency of amplitude’s signal
between the right and left hemisphere in some brain areas. The
function of right upper extremity (9HPTright) correlates (p <0.001)
with the dependency of amplitude’s signal between right and left
hemispheres in both cerebellums. The function of left upper
extremity (9HPTIeft) correlates with the dependency of amplitude’s
signal between right and left hemispheres in primary sensory-motor
cortex during performance of the paradigm by right hand (p <0.001)
and cerebellum during performance of the paradigm by right hand
(p <0.001). The function of lower extremities (T25FW) correlates
(p <0.001) with the dependency of amplitude’s signal between right
and left hemispheres in putamen during performance of the para-
digm by left hand. Cognitive functions (PASAT3) correlate (p <0.001)
with the dependency of amplitude’s signal between right and left
hemispheres in supplementary motor cortex during performance of
the paradigm by right hand and putamen during performance of the
paradigm by left hand. Conclusions: Interhemisferic cooperation
could play an important role in the manifestation of clinical
functions in multiple sclerosis, but requires verification in an
additional study. Ministry of Health, Czech Republic (1A/8628-5)
supported the clinical part of the study. The statistical part of the
study was supported by the Institutional Research Plan
AV0Z10300504.
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P536

Functional implications of multiple sclerosis: profile
analysis with the repeatable battery for the assessment of
neuropsychological status

A. Davis, A. Gupta, R. Williams ; Ball State University (Muncie, USA); Fort
Wayne Neurological Center (Fort Wayne, USA)

Objective: Multiple Sclerosis (MS) is a dehabilitating demyelinating
disorder which has been linked to a wide variety of functional cortical
and subcortical neurobehavioral deficits. Although MS is principally
linked with white matter degradation, many patients with MS
experience impairment in higher-order cortical processes such as
executive functions and attentional control, which are primarily
associated with anterior cortical functioning. The purpose of the
current study was to evaluate the neurofunctional profile of patients
with MS on the composite indexes of the Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS, Randolph, 1998) a
widely used neuropsychology measure that assesses a wide range of
abilities with a brief administration time. Participants: This sample
consisted of individuals diagnosed with Multiple Sclerosis (mean age
45.70 years, standard deviation =9.17 years). The average time since
diagnosis was 9.57 years with a standard deviation of 8.95 years). Each
participant received the RBANS as part of a comprehensive neuropsy-
chological battery. Results: Paired Sample t-tests were conducted on
the five composite indices of the RBANS by comparing the mean
scores for the group of patients with MS to the normative mean (100).
All five of the composites were statistically significantly different
from the normative mean at the 0.01 level. However, the Attention
(mean difference =17.92), Immediate Memory (mean difference =
14.33), and the Delayed Memory (mean difference =14.12) compo-
sites all were above or approached a full standard deviation from the
normative mean. The Visual/Spatial Construction (mean difference =
7.16) and the Language (mean difference = 7.47) composites were also
significantly different from the normative mean, but the group means
still fell in the average range of functioning. Conclusion: In this
study, patients with MS demonstrated a significant level of impair-
ment in a wide variety of neurobehavioral functions. Broad-based
measures of left hemisphere and right hemisphere functioning were
statistically different from the normative mean but still fell in the
average range. The findings in this study are consistent with other
recent findings in the literature which demonstrates that white matter
anomalies are associated with deficits in long term memory as well as
anterior cortical deficits. The implications will be discussed in regards
to practitioners and researchers.

P537

Neuropsychological investigations of brain atrophy with
cognitive dysfunction in multiple sclerosis

Reyhaneh Akbarzadeh, Reza Akbarzadeh, M. Akbarzadeh; Russian
University of Economics & Culture (Moscow, RUS); Mashhad University of
Medical Sciences (Mashhad, IR)

Introduction: Multiple sclerosis (MS) is a relatively common,
chronic progressive neurological illnessaffecting individuals primarily
in the third and fourth decades of life. Cognitive impairment (CI) may
develop at any time during the course of the disease in the presence or
absence of neurological disability. Aims and Method: In this review
we summarize distinctive features of cognitive and psychopathologi-
cal impairments of multiple sclerosis. Results: Neuropsychological
impairment is a common feature of multiple sclerosis. Affected
patients often have deficits in information-processing speed and
memory and exhibit psychopathological states such as depression.
Cognitive disorders are observed in 40 to 65% of the cases at any
period of the disease. It is a major contributing factor to unemploy-
ment, accidents, impairment of daily functioning, and loss of social
activity in those affected by MS. Structural brain imaging studies show
a positive correlation between the extent of brain atrophy and
cognitive dysfunction. However, measures of tissue atrophy including
whole-brain and central atrophy are especially well correlated with
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and predictive of cognitive impairment. The degree and pattern of
cognitive dysfunction is highly correlated with the amount and
location of white-matter disease within the cerebral hemispheres.
Conclusion: Recent studies have shown that conventional measures
of brain atrophy explain more variance in neuropsychological
dysfunction than do measures of lesion burden. In particular,
neuropsychological outcomes correspond highly with linear measures
of sub cortical atrophy such as ventricle enlargement. Continuing
research focuses on the possible relationship between measures of
regional brain atrophy and cognitive and emotional impairment.

P538

Attentional impairment in the benign and relapsing-remit-
ting forms of multiple sclerosis evaluated with psychophy-
siological techniques

J.J. Gonzalez-Rosa, M. Vazquez-Marrufo, P. Duque, E. Vaquero, M.A.
Gamero, M. Borges, C.M. Gomez, G. Izquierdo ; University of Seville (Seville,
E); Neuroinvest Association Virgen Macarena Hospital (Seville, E)

Psychophysiological techniques such as event-related potentials
(ERPs) can help in evaluating cognitive impairment, a common
feature in multiple sclerosis (MS). The main aim of the study was to
observe the differences in the performance (behavioural variables) and
EEG signals of the ERP components among these groups, and to check
if the benign form is so benign in the evolution of the cognitive
impairment of the subject. Three experimental groups were included
in the study: 1) a relapsing-remitting group (RRMS), 2) a benign
multiple sclerosis group (BMS) and 3) a Control group. The paradigm
employed was a visuo-spatial attention task with cues (Posner
experiment). Behavioural measures were reactions times (RTs), per-
centage of correct responses (CRs), and errors. EEG signal was recorded
during the experiment and latency and amplitude of diverse compo-
nents from ERPs were obtained for all stimuli presented in the Posner
paradigm (ERPs to the cue, ERPs to the readiness period, and ERPs to
the standard and target stimuli). The Control group obtained faster
reaction times than both MS groups (p <0.001), a better percentage of
hits than both MS groups (p <0.003). In the latency analysis for ERPs
there was a statistical difference between control and MS groups.
Control group obtained a shorter latency for the P2 component in the
cue stimuli (p <0.001), for the P3 component in the standard stimuli
(p<0.001), and for the P2 (p<0.001), N2 (p<0.001) and P3
components in the target stimuli (p <0.000). The highest delay of
P3 latency was presented by the BMS group for the standard stimuli.
The latency of the posterior N1 component for the standard stimuli
was statistically different between Control and BMS group (p <0.017)
but failed between RRMS group and control subjects. On the other
hand, the measure of the amplitude showed a higher individual
variability and was statistical significant between Control and MS
groups in the posterior N1 component for the standard stimuli (p <
0.003), and between Control and BMS group in the early negativity of
the CNV component (p <0.031). Our data indicate that both groups
of MS showed poorer development in the atentional task. Moreover,
the deficit in the BMS group, indexed by behavioural and pyscho-
physiological variables, was more pronounced compared to the RRMS
group. These results suggest a silent deterioration of cognitive skills for
the BMS that is not usually treated with pharmacological or neurop-
sychological therapy.

P539

An interim analysis of fatigue and cognition in relapsing-
remitting multiple sclerosis patients receiving interferon-
beta-1a (Rebif®)

M. Namaka, C. Gramlich, M. Doupe, L. Wong, K. Bergen, M. Melanson;
University of Manitoba (Winnipeg, CAN); Manitoba Centre for Health
Policy (Winnipeg, CAN); Health Sciences Centre (Winnipeg, CAN)

Purpose: Fatigue and cognitive dysfunction are the most frequently
encountered disease-induced symptoms suffered by multiple sclerosis
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(MS) patients. Although interferon-beta (IFNb) slows disease pro-
gression, the extent by which it influences fatigue and cognition is
not well known. Aim: To investigate the effect of IFNb treatment
on fatigue & cognition. Methods: 108 RRMS patients are scheduled
to complete a 15 month, single centre, open-label fatigue/cognition
study. Sample size was based on a 1% type I error and 20% type II
error. The current interim analysis was conducted in 17 of the 108
patients that completed the study. Disease progression, fatigue and
cognition were measured at each of the 4 scheduled visits (months
0, 3, 9 & 15). Baseline values obtained at 0 & 3 months were
comparatively assessed to post-IFNb treatment values obtained at
9 & 15 months. The primary study outcome was the change in
fatigue/cognitive scores from pre to post-IFNb treatment. Fatigue
was assessed by a Modified Fatigue Impact Scale (MFIS). Cognition
was assessed using a Brief Repeatable Battery (BRB) of neuropsycho-
logical tests which include: Buschke Selective Reminding Test
(BRST), the 10/36 Spatial Recall Test (SPART), the Symbol Digit
Modalities Test (SDMT), Paced Auditory Serial Addition Task
(PASAT) and Word List Generation Test (WLG). The treating
neurologist was blinded to all fatigue/cognitive assessments. Treat-
ment allocation to Rebif, Avonex, or Betaseron was decided by the
neurologist and patient based on factors such as tolerability, disease
severity and clinical diversity of disease. Results: Treatment
distribution for the 17 patients were as follows: Rebif (n=12);
Avonex (n=2); Betaseron (n=3). The interim analysis was only
conducted in the Rebif group due to limited enrollment in the other
2 treatment arms (Avonex, Betaseron). Rebif therapy was associated
with an overall improvement in cognition as reported in all BRB
cognitive domains, with the achievement of statistical significance
in two sub-categories: SPART delayed and PASAT. A statistically
significant improvement in the Kurtzke Expanded Disability Status
Scale (EDSS) (t=1,NS) and MFIS (t=3.6, p<0.004) was also
identified. Conclusion: The interim results support the secondary
benefits of Rebif treatment for MS-induced fatigue and cognitive
deficits. Comparative analysis amongst IFNb treatments at study
closure may contribute to initial drug selection in accordance to the
patient’s fatigue/cognitive status.

P540

Lower amplitude of the auditory amplitude modulation-
following responses in multiple sclerosis patients with
fatigue

B. Dugque, ]. Sepulcre, M. Alegre, M. Valencia, ]. Iriarte, ]. Artieda, P.
Villoslada; University of Navarra (Pamplona, E)

Background: Steady-state potentials are oscillatory responses due
to the rhythmic stimulation of a neural pathway. In the auditory
pathway, these responses can be obtained with clicks or amplitude-
modulated tones (AM-following responses, AMFR), and are maximal
at stimulation rates around 40 Hz and between 80 and 120 Hz.
Recent studies have shown that phase synchronization mechanisms
contribute substantially to the generation of AMFR. Phase synchro-
nization implies a stable transmission of the sensory inputs together
with a synchronous processing of the information. Axonal damage
and widespread demyelization in multiple sclerosis (MS) might
impair phase synchronization. Aim: The aim of our work was to
study the AMFR in a wide frequency range in a group of patients
with MS, in order to investigate the origin of these responses and to
advance in our knowledge on the pathophysiology of the disease.
Methods: Twenty three MS patients were included in the study
(8M/15F, age: 43.5+10.8 years; EDSS: 4.5 (1.5-8.0); MSFC: —0.79 +
1.02; 11RR/7SP/5PP). AMFR were studied by means of 2000 Hz
tones modulated in amplitude at increasing rates between 1 and
120 Hz (chirp-modulated tones). By this way, a wide range of
stimulation rates was explored in a single test. Peak energy levels
and maximal frequencies of response around 40 Hz and in the 80—
120 Hz range were measured by means of time-frequency trans-
forms. We analyzed different clinical variables, such as lesional
topography at disease onset, physical disability, cognitive impair-
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ment, fatigue and main lesional topography at time of the study.
All patients were assessed using EDSS, MSFC and MFIS-5. Statistical
analyses were performed using U Mann-Whitney and Spearman
correlation tests (level of significance was set at p <0.05; SPSS 13.0
software). Results: A smaller 80-120 Hz response was found in
patients with cognitive impairment (p=0.002), but the energy
values did not correlate with the PASAT score. Smaller 40 Hz and
80-120 Hz responses were found in patients with fatigue (only
statistically significant in the 80-120 Hz range (p=0.023)). In
addition, the energy of the 80-120 Hz response, which is more
dependent on phase synchronization than the 40 Hz response,
correlated negatively with the fatigue score MFIS-5 (r= —0.481; p =
0.03). Conclusions: Our results suggest that phase synchronization
impairment at 80—-120 Hz is associated with fatigue in MS patients.
In addition, the auditory AMFR technique might be useful to
monitor fatigue.

P541

Central fatigue in patients affected by multiple sclerosis:
an electrophysiological study by means of transcranial
magnetic stimulation

V. Rizzo, V. Dattola, D. Crupi, M. Russo, F. Morgante, C. Mastroeni, P.
Girlanda, C. Messina, A. Quartarone; University of Messina (Messina, I)

Objective: Fatigue is a common and disabling symptom of multiple
sclerosis (MS). Aim of the present study was to ascertain, by means
of TMS, if central fatigue in MS relies on corticospinal pathway
abnormalities or on a dysfunction in cortical areas upstream
pyramidal tracts. Methods: Fifteen patients with multiple sclerosis
with and without fatigue and fifteen age-matched controls were
included in the present study. Fatigue was assessed and scored using
the Fatigue Severity Scale (FSS). Central conduction time, intracor-
tical inhibition and facilitation, the first peak of I wave summation,
a r'TMS protocol (5 Hz, 10 stimuli at suprathreshold intensity) and
the pre-movement facilitation associated at a reaction time para-
digm were evaluated. Results: The main finding of the present
study was that in MS patients with fatigue there was a lack of pre-
movement facilitation in a reaction time paradigm in comparison
with MS patients without fatigue. rTMS did not induce an increase
in MEP size in both groups of MS patients. Conclusions: The lack
of pre-movement facilitation in MS patients with fatigue suggests
that central fatigue is probably due to a dysfunction of cortical
motor areas upstream corticospinal tracts.

P542

The FSMC (Fatigue Scale for Motor and Cognitive functions):
first results from a multicentre validation study on a new
patient reported outcome measure for cognitive and motor
fatigue in multiple sclerosis

LK. Penner, C. Raselli, M. Stocklin, K. Opwis, L. Kappos and the FSMC
Study Group; University and University Hospital, Basel, CH

Background: The high impact of fatigue on social and occupa-
tional functioning of MS patients requires reliable and early
diagnosis. Instruments available today do not differentiate suffi-
ciently between cognitive and physical aspects of fatigue and show
methodological limitations regarding scale construction and valida-
tion. Objective: To develop a new patient reported outcome
measure for clinical routine that provides reliable diagnosis for
patients and relatives. Methods: The FSMC is a 20-item scale that
can be administered in S5 minutes. It consists of a cognitive
(FSMCc) and a motor subscale (FSMCm), each comprising 10
items. In a multi-centre design including centres from Switzerland
and Germany, the scale is tested against several external criteria
such as rating by neurologist, two common fatigue scales (FSS,
MEFIS), cognitive testing (BRB-N, FST, MSNQ), depression (BDI),
physical functionality (MSFC), personality traits (NEO-FFI), motiva-
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tion (HAKEMP-90) and quality of life (SF-36, FAMS). Data collec-
tion is currently ongoing. The following analyses included 107 MS
patients and 81 controls. Results: An independent sample t-test
revealed a maximal differentiation for all 20 items between
controls and patients (p <0.01). In patients, the internal consis-
tency was Alpha >0.90 and in controls Alpha >0.85, for both
subscales. The FSMCc was significantly correlated with MFIS, the
FSMCm with FSS, and both showed the weakest correlation with
the rating by neurologist. Depression correlated much stronger
with the FSMCc than with the FSMCm. Interestingly, these
correlations were weaker than those obtained between BDI and
the MFIS cognitive subscale, and BDI and FSS. Further, the MFIS
overall score showed the highest correlation with depression.
Correlations of cognitive measures were significant between the
FSMCc and the MSNQ patient report, the PASAT and the SDMT.
The FSMCm was significantly correlated with the 9HPT. FSMC
correlated significantly with neuroticism and extraversion as well
as with motivational aspects. Discussion: These first analyses
indicate that especially cognitive fatigue is more related to
personality and motivational aspects than to cognitive functioning
per se. PASAT and SDMT, however, seem to be the most sensitive
cognitive outcome measures for cognitive fatigue. Depression was
less correlated with both FSMC subscales than with MFIS and FSS,
indicating that the new scale is less susceptible to confounding by
depression.

P543

Disorders of excessive daytime sleepiness in MS patients with
abnormal fatigue

B. Stankoff, 1. Arnulf, F. Viala, S. Tezenas du Montcel, R. Assouad,
L. Mallet, M. Tiberge, C. Papeix, B. Fontaine, A. Tourbah, O. Lyon Caen,
C. Lubetzki, M. Clanet; AP-HP (Paris, F); CHU de Toulouse (Toulouse, F);
INSERM (Paris, F)

Fatigue is a frequent and disabling symptom in multiple sclerosis
(MS). For many patients this symptom occurs independently of
motor weakness, cognitive or mood disorders and therefore
represents a specific symptom. Among several hypothesizes that
have been raised to explain fatigue, it has recently been suggested
that an impaired interaction between functionally-related cortical
and sub cortical areas may be involved. However, a subset of
patients also complains of excessive daytime sleepiness, and the
wake promoting agent modafinil remains useful in some cases.
Here we have investigated whether fatigue could be associated or
related to disorders of excessive daytime sleepiness. We have
conducted a two-centers (Paris and Toulouse) study on fatigue in
MS, with polysomnographic recordings. Fifty patients have been
enrolled, who were divided in three groups: patients with MS and
no complaint of fatigue; patients with MS and chronic fatigue with
excessive daytime sleepiness (defined by a score of 11 or more on
the Epworth Sleepiness Scale, ESS); patients with MS and chronic
fatigue without excessive daytime sleepiness (ESS <11). Patients
with depression, cognitive trouble, or patients taking medications
interfering with sleep were excluded. All participants have passed
self-evaluations of fatigue and sleep, a neurological and a psychia-
tric evaluation, cognitive tests, MHC determination and a poly-
somnographic recording. This latter lasted for 48 hours, and
contained a first night of polysomnography which was an
habituation night, multiple sleep latency study (MSLT) during the
first day, a second night and a second day of polysomnography. A
high proportion of patients with fatigue complained of excessive
daytime sleepiness and/or had abnormalities on polysomnographic
recordings. Two main profiles were identified (sometimes asso-
ciated): patients with night sleep fragmentation and patients with
a pseudo-narcoleptic profile, (characterized by SOREMS, sleep onset
in rapid eye movement sleep periods, and/or short sleep latencies).
The final statistical analysis is ongoing, and will be presented. This
study will allow to better define the role of sleep disorder in MS
fatigue.
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P544

Relationship between fatigue and physical disability with
depression in multiple sclerosis

A Nourian, H. Madayeni awal, H. Koshyar, M. Shakeri, M. Saeedian;; Isla-
mic Azad Medical University (Mashad, IR); College of Nursing (Mashad, IR)

Introduction: Multiple sclerosis (MS) is a neurological illness char-
acterized by various somatic and emotional symptoms, such as
physical disability, fatigue, and depression. Depression is a particularly
common form of psychopathology in MS patients. Objective: The aim
of the present study was to investigate the effect of fatigue and physical
disability on depression in patients with multiple sclerosis. Methods:
We studied 105 out-patients that they completed the following
measures: The Beck Depression Inventory scale (BDI), The fatigue
Severity Scale (FSS) and The Krutzke Expanded Disability Status Scale
(EDSS). Results: 105 MS patients (73 women and 32 men, mean age
31.03 years, SD 8.19) with clinically definite with multiple sclerosis
(Relapsing — remitting 86.7%, Primary progressive 2.9% and Second-
ary progressive 10.5%). Mean FSS score of the subjects was 4.78, SD 1.5,
mean of the beck depression Inventory was 16.83, SD 7 and mean of
the expanded disability status scale was 2.54, SD 1.31 There was
significant correlation between fatigue (FSS) and depression (BDI) (r =
0.617, p<0.01) and noted lower correlation between Physical Dis-
ability (EDSS) and depression (BDI) (r =0.499, p <0.01). Conclusions:
The present study sought to examine and clarify the relationship
between fatigue, and physical disability with depression in a sample
of MS patients. We conclude that depression is very high correlated to
fatigue and its correlation to Physical Disability was less than fatigue.

P545

The relation between fatigue and other clinical features of
multiple sclerosis

R.J. Mills, C.A. Young; Walton Centre for Neurology and Neurosurgery
(Liverpool, UK)

Background: Fatigue may be defined as reversible, motor and
cognitive impairment with reduced motivation and desire to rest,
brought on separately by either mental or physical activity, humidity,
acute infection, relapse, food ingestion or it may occur spontaneously.
It is relieved by sleep or rest without sleep and while it may occur at
any time it is usually worse in the afternoon. On the basis of this
clinical description, a self report measurement scale has been devised.
Objective To observe the levels of fatigue and other symptoms in a
cross section of an MS population. Method: A questionnaire pack,
containing the fatigue scale, multiple sclerosis impact scale (MSIS), an
MS self efficacy (SE) scale, the Hospital anxiety and depression scale
and the Epworth Sleepiness scale, was mailed to a large sample of an
MS population based in Liverpool, UK. Data on age, disease type,
disease duration, EDSS, and average length of sleep (night and day)
were also collected. Results: Analysis was based on 630 respondents
(n =220 for MSIS and SE data). All raw scale scores were converted to
interval level data using the Rasch measurement model. Fatigue
correlated strongly with the MSIS motor measure (Pearson rho
0.763) and this relation was linear (linear regression R square 0.58).
It also correlated with the MSIS psych measure (rho 0.748, linear
regression R square 0.56) and SE, in a negative direction (tho —0.598,
linear regression R square 0.36). There was moderate correlation with
sleepiness (rho 0.435) and anxiety and depression (rho 0.524). There
was borderline correlation with hours of daytime sleep (rho 0.36).
Fatigue did not correlate with hours of nocturnal sleep, duration of MS
or patient age. Fatigue worsened with increasing EDSS with a clear step
in the mean score from fully ambulatory patients (EDSS 0—-4) to those
with EDSS 4.5 or greater (mean difference 1.47 logits, p <0.001), there
was no significant difference in fatigue between higher EDSS groups.
Females had more fatigue than males (mean difference 0.39 logits, p =
0.008, eta square 0.11). Those with progressive disease had more
fatigue than relapsing remitting (mean difference 0.48 logits, p =
0.004, eta square 0.21) Conclusion: Fatigue plays a large part in
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determining the impact of MS. Fatigue is worse in those with
progressive disease and clearly worsens once ambulation is affected,
however, it is not simply related to neurological deficit. Fatigue is not
related to disease duration or patient age.

MS variants
P546

Marburg type of multiple sclerosis in an eighteen-year-old
woman: therapy with ultra-high dose methylprednisolone
and cyclophosphamide

M. Harzheim, ]. Feucht, D. Pauleit, U. Kallweit, D. Péhlau ; Kamillus-Klinik
(Asbach, D); Radiologische Gemeinschaftspraxis (Bad Honnef, D)

The Marburg type is a malignant variant of Multiple Sclerosis (MS)
often leading to death only weeks or months after the onset of
neurological symptoms. Treatment options rarely reported in the
literature include plasma exchange, immunosuppressive therapy with
mitoxantrone or cyclophosphamide, and administration of corticos-
teroids. Here we report about an 18-year-old women who developed
severe multifocal neurological symptoms including somnolence,
tetraparesis, ataxia of the trunc and extremities as well as bladder and
bowel incontinence within a few weeks. Clinical features, investigation
of the cerebrospinal fluid yielding positive oligoclonal bands by
isoelectric focussing, and cranial magnetic resonance tomography
(cMRI) findings led to the diagnosis of Marburg’s type of MS and
intravenous treatment with ultra-high dose methylprednisolone (2000
mg per day for 5 days, tapered) and cyclophosphamide was immedi-
ately initiated. The patient clinically improved paralleled by a marked
reduction of inflammmatory lesions in cMRI. The follow up four weeks
later revealed only mild neurological signs without any functional
impairment. This good clinical condition was contrasted by a large
amount of new, partly gadolineum enhancing inflammatory lesions as
detected by cMRI suggesting a high subclinical activity of this fulminat
variant of MS. Therefore administration of high dose methylpredniso-
lone and cycclophosphamide was repeated. In the further clinical
course she presented with a first generalised epileptic seizure whereas
cMRI performed 10 weeks after the last control did not reveal any new
or gadolineum-encancing lesions. In addition we provide the data of a
follow up 44 weeks after the onset of the disease showing some new
lesions in T2-weighted cMRI but no neurological impairment.

P547

A case of Balo sclerosis with autonomic dysfunction

G. Vorobeychik, A. Krassioukov, ]. Spring, ]. Nelson, N. Beauregard,
C. Bozek; Fraser Health MS Clinic (Burnaby, CAN); University of British
Columbia (Vancouver, CAN)

Background: Balo sclerosis is a rare demyelinating disease. Little
information is published on the autonomic dysfunction of patients
with Balo sclerosis. Method: Case presentation included a formal
autonomic function assessment including medical history, neurolo-
gical assessment, baseline blood pressure (BP) and heart rate (HR),
orthostatic challenge test, Holter monitoring for 24 hours and
recurrent MRI and MR spectroscopy. Results: We present the case
of a 32 y.o. right handed Caucasian female with a two week history of
dizziness, progressive right sided moderate motor and mild sensory
deficit. MRI and MR spectroscopy demonstrated a single concentric
lesion in left parietal lobe adjacent to corpus colosum and confirmed
Balo sclerosis. Her dizziness was related to postural hypotension.
The patient was given a 3-day course of intravenous steroids with
some improvement. A month later she deteriorated and required a
second course of intravenous steroids. This resulted in an improve-
ment of postural hypotension as well as motor and sensory function.
Conclusion: This is the first reported case of patient with Bali
sclerosis who has autonomic function assessment. The mechanism of
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autonomic dysfunction during relapse in patients with Bali sclerosis is
poorly understood and rarely assessed in spite of possible significant
impact on a patient’s quality of life. Routine inclusion of these tests
should be considered in the management of these patients.

P548

Concentric sclerosis: clinical and radiological features of
seven Chinese cases
X. Wu, K. Zhang, C. Wang, G. Huang; Jiangxi Provincial Hospital
(Nanchang-Jiangxi, RC)

Balo’s Concentric Sclerosis (BCS) is a rare demyelinating disorder
characterized pathologically by alternating lamellae of demyelinated
and myelinated white matter frequently organized into concentric
configurations. The pathogenesis of the disease remains unclear. In
this report we summarize the clinical and radiological features of 7
Chinese cases recently admitted to our hospital, attempting to
understand its relation to multiple sclerosis. The diagnosis of BCS
was reached according to the clinical course, CSF and characteristic
MR imaging findings. The onset of symptoms was subacute or chronic
and the age ranged from 20 to 50 years (mean 43 years) old. In
contrast to the domination of manifestations of cognitive and
behavioral dysfunction in the reported cases, 6 out of 7 cases in the
present group displayed hemiparesis and 1 aphasia and apathy. In
addition, 1 patient complained headache and 2 experienced vomit-
ing. In all cases, MR imaging revealed multifocal lesions in a pattern of
typical concentric rings or whorled appearance surrounded by long
T1, long T2-weighted adema. Ring-enhancement in the peripheral of
the lesion was detected in 2 cases by contrast-enhanced MRI. Follow-
up MRI after treatment with steroid in one case showed a consistent
focal but vanished perifocal adema. Contrasting the fulminant and
fatal course of the most reported cases, these cases displayed effective
responses to treatment and a relatively benign process. Clinical
improvement was observed to some degree in all the cases after the
administration of corticosteroid. During the follow-up, only 1 case has
experienced relapse while the 6 others have not. Interestingly, one
patient manifested initially in the form of multiple sclerosis and
relapsed as concentric sclerosis, while another patient displayed
symptoms of concentric sclerosis and followed by a relapse in the
form of multiple sclerosis. Combined, these observations suggest that
there are differences of the clinical and radiological features between
the Oriental and Western concentric sclerosis patients. We propose
that concentric sclerosis may represent a subtype of multiple sclerosis.
Concentric sclerosis and multiple sclerosis may be different manifes-
tations of the same disease range and, therefore, be convertible to each
other under certain conditions.

P549

Relapsing neuromyelitis optica is a prevalent disease in
Cuba. A clinical and epidemiological study

J.A. Cabrera-Gomez, S. Lima, Yanely Real-Gonzalez, K. Romero-Garcia, M.
Cristoforo Corominas, R. Lara-Rodriguez, L. Quevedo-Sotolongo, C. Ugarte-
Sanchez, .E. Gonzalez de la Nuez, ]. Garcia-Lahera, ]. Jordan, A. Gonzalexz-
Quevedo, S. Luis-Gonzalez, R. Santiesteban-Freixas, N. Echazabal-Santana,
A.Y. Cabrera-Nufiez, O. Herrera-Lorenzo, 1. Perez-Chongo, V. Rivas, 1. Nufiez,
B. Colina, A. Batista, M. Oduard, A.O. Gomez, A. Padilla-Rubio, ]. Luna,
G. Penton-Rol, M. Cervantes, P. Porrero ; International Neurological Restora-
tion Center (Havana, CUB); Latin-American Medical School (Havana, CUB);
Calixto Garcia General Hospital (Havana, CUB); Cira Garcia Clinic (Havana,
CUB); CIMEQ (Havana, CUB); Institute of Neurology and Neurosurgery
(Havana, CUB); Gustavo Aldereguia Hospital (Cienfuegos, CUB); Medical
School (Cienfuegos, CUB); Manuel Ascunce Hospital (Camaguey, CUB);
Division Clinical Trials (Camaguey, CUB); Guantanamo University Hospital
(Guantanamo, CUB); Saturnino Lora University Hospital (Santiago de Cuba,
CUB); Bayamo University Hospital (Bayamo, CUB); Sancti Spiritus Children
Hospital (Sancti Spiritus, CUB); Faustino Perez Rehabilitation Hospital
(Sancti Spiritus, CUB); CIGB (Havana, CUB)
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Background: Cases of NMO have been reported worldwide but the
prevalence is still unknown. Objective: To estimate the prevalence of
R-NMO in the Cuban population (11. 122, 308). Design-methods:
The island was surveyed from October 2003- November 2004.
Neurologists of the Cuban National Cooperative Study on NMO
reported 93 cases with possible NMO. Neurologists trained to diagnose
NMO, reviewed each patient and strictly selected the cases with
Wingerchuck et al . criteria (absolute criteria and one major supportive
and two of three minor criteria). Cases were considered to be prevalent
if alive and resident in Cuba on November 30th, 2004. Results: Fifty-
four patients were identified and prevalence, in November 30th 2004,
was 0.49/105 (95% CI 0.4; 0.6 Classic and Bayesian). Females (94.4%)
with an onset age 32.35+8.96, Caucasians 62.9% and mulattoes-
negroes 37%, triggering factors were observed in 77.5% of cases. Index
events were isolated in 82% with transverse myelitis 23 (46%) and
optic neuritis 18 (36%). The duration was 10.95 +7.68 years, number
of relapses 4.24+2.2 and EDSS 5.21+2.86. The most abnormal tests
were spinal cord MRI (81.4%), somatosensory (SSEP) (77.4%) and
visual evoked potentials (VEP) (74.2%). Brain MRI showed abnormal-
ities, non compatible with MS in 65% of cases and neuropsychological
tests in 78.5%. The clinical form was relapsing-remitting 1b and a
benign form was observed in 12 (22.2%). Conclusion: R-NMO is a
prevalent disease in Cuban middle-aged women, with a frequency of
ethnicity depending on the predominant population, triggering
factors at onset, isolated index events, presence of benign forms and
moderate-severe disability. The value of VEP and SSEP, in the
diagnosis of NMO with isolated index events and brain MRI abnorm-
alities deserve further studies.

P550

Benign relapsing neuromyelitis optica

J.A. Cabrera-Gomez, A. Gonzalez-Quevedo, Yanely Real-Gonzalez, A.Y.
Cabrera-Nuniez, Yiselle Real-Gonzalez; CIREN (Havana, CUB); INN
(Havana, CUB); School of Medicine (Cienfuegos, CUB); School of Medicine
(Santa Clara, CUB)

Background: The epidemiological study of relapsing-NMO (R-NMO)
in Cuba showed a prevalence of 0.49/105 (95% CI 0.4; 0.6). Evaluation
of patients showed cases with R-NMO of long duration and slight to
moderate physical and visual disability. Objective: To present cases
considered as benign forms of R-NMO. Methods: Data were obtained
from 26 patients with R-NMO (Wingerchuck et al.) with 5 or more
years of evolution and physical disability according to the EDSS of 4.5
or less and a degree of impairment 3 or less in the Visual Functions.
These patients were considered as having a benign form of R-NMO.
The demographic, clinical and laboratory data were compared with
patients having the same physical disability (EDSS 4.5 or less), but
with a Visual FS of 4 or more, and it was considered as a clinical form
with predominant visual impairment. Demographic, clinical and
laboratory data were compared between groups. Statistical analysis
was carried out employing the Mann-Whitney nonparametric test and
the Chi square test. Results: No significant differences between the
benign form (B-RNMO) and that with predominant visual impairment
(V-RNMO) was demonstrated according to: age of onset (34.1+6.8
years in B-RNMO and 29.7 +8.9 years in V-RNMO (p- 0.193); number
of relapses (B-NMO 4.0 +2.8 and VNMO 3.4 +1.6),(p- 0.117); duration
of disease, (9.6 +4.3 B-NMO versus 13.8 +7.2 years,(p- 0.117). Never-
theless, when time between the first and second relapse was analyzed,
it was shorter in B-NMO than in the V-NMO (1.4+1.3 and 3.8+4.4
years respectively) with a trend toward significance (p =0.06). With
respect to the first sentinel event, in B-NMO the transverse myelitis
(TM) clinical form predominated with 9 cases (60%) as compared to
only 2 cases in the V-NMO form (18.2%). However, the opposite
occurred regarding optic neuritis (ON) as the initial event, predomi-
nating ON in 7 of the cases of the V-NMO form (63.5%), while in the
benign form it was only observed in 4 (26.7%). These differences were
statistically significant (p =0.03). There were no differences between
groups with respect to the simultaneous appearance of TM + ON as the
initial neurological symptom. Conclusions: The possibility of a
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benign form of R-NMO after 5 or more years after onset, considering
a low physical and visual disability is associated with the presence of
TM as the initial neurological event and with a shorter time for the
second relapse.

P551

Clinical course of optic neuritis in patients with recurrent
neuromyelitis optica: ethnic comparison

R.M. Alvarenga, S. Carellos, L.C. Santos Thuler; UNI-RIO (Rio de Janeiro,
BR)

Objective: To describe the clinical characteristics, course and
prognosis of optic neuritis in patients with neuromyelitis optica.
Methods: Sixty unselected cases of optic neuristis occurring in
patients with recurrent neuromyelitis optica (Mayo Clinics criteria,
1999) were evaluated. All patients were seen at Hospital da Lagoa-Rio
de Janeiro — Brasil, between 1985 and 2004. Descriptive statistics and
life-table analyses were performed using SPSS for Windows. Results:
Optic neuritis was the presenting feature in 51.6% of patients; visual
impairment was unilateral in 33.0% of cases, being severe in 61.7% of
patients; a high remission rate was achieved and 18% of patients
experienced severe visual impairment. The time between the index
events ranged from 1 day to 20 years (median =6 months). In a nine
months median period, 30% of patients developed loss of visual acuity
and 45% were blind in at least one eye. In a median disease duration
of 8 years (6 months to 30 years) we registered 152 visual and 228
medular events. After 9 months (median time), 30% of patients had
severe visual impairment and 45% were blind in at least one eye. At
last follow up, 53% of patients had bilateral visual impairment and
63% were blind in at least one eye. The high mortality rate (23%) was
due to cervical myelitis causing tetraplegia and respiratory failure.
Mortality rate were significantly higher in the Afro-Brazilian patients,
who represents the majority of the subjects studied (55%). Conclu-
sion: Optic Neuritis in Recurrent Neuromyelitis Optica had a severe
and acute onset, with predominant unilateral lesion and spontaneous
remission. Disease has severe and bilateral visual impairment in a
long-term course. Mortality rate were higher mainly in the Afro-
Brazilian patients.

P552

Benign neuromyelitis optica over 18 years; relapsing para-
proteinemic central demyelination

L. Costelloe, M. Hutchinson; St. Vincents’s University Hospital (Dublin,
IRL)

Background: Neuromyelitis optica (NMO) is a disabling demyelinat-
ing disease associated with antibodies to aquaporin-4 in 70% of
patients. We describe a patient with a benign NMO for 18 years
associated with an IgM kappa paraproteinaemia; disabling relapses
responded well to steroids. Case History: A 42- year old man
developed a left retrobulbar neuritis in 1988; acuity has remained
reduced to counting fingers despite steroid treatment. MRI brain was
normal. Over the next 18 years he had six further neurological
episodes consistent with NMO; four of these were in the spinal cord
with typical longtitudinal central cord swelling extending up to five
segments responding well to steroid therapy. In addition he had two
episodes of extensive, steroid responsive brain stem demyelination,
one in the pons and the other in the midbrain. Repeated MRI brain
has revealed no cerebral hemisphere involvement. His present deficit
consists of a blind left eye, mild gait ataxia, a neurogenic bladder, and
erectile dysfunction. He can play 18 holes of golf. In 2000, a
monoclonal IgM kappa band was detected in the serum. Urine
immunofixation, b2-microglobulin, and skeletal survey were normal.
Bone marrow aspirate showed 7% plasma cells. Serum NMO IgG was
negative on two occasions. CSF examination between relapses showed
no white cells with normal protein and glucose. Oligoclonal bands
were negative and IgG index was normal. Discussion: Our patient
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fits the clinical phenotype of antibody-negative NMO. Unusually, he
has had a very benign course with minimal residual deficit. He has
demonstrated exquisite steroid responsiveness even to severe relapses.
Interestingly, there is a persistent concomitant monoclonal gammo-
pathy of undetermined significance in the serum. We postulate that
this monoclonal band may be producing an antibody to the aqua-
porin-4 water channel. This may in fact be an example of central
demyelination analogous to peripheral paraproteinemic CIDP which
is well described

P553

The rate of conversion to a secondary progressive course is
lower in neuromyelitis optica than multiple sclerosis

D. Wingerchuk, S. Pittock, V. Lennon, C.F. Lucchinetti, B. Weinshenker ;
Mayo Clinic College of Medicine (Scottsdale, USA); Mayo Clinic College of
Medicine (Rochester, USA

Objective: To compare the probabilities of secondary progressive
disease in neuromyelitis optica (NMO) and multiple sclerosis (MS).
Background: Whereas relapsing-remitting MS patients accrue most
of their disability during the secondary progressive (SP) phase of
the disease, NMO patients are disabled early in the disease course
by severe attack residua. We have observed that a SP disease course
is uncommon in NMO. Methods: We evaluated the clinical course
of 96 NMO patients. We included patients with evaluable function
in at least 2 limbs and 1 eye. We defined a SP course as continuous,
objective deterioration without remission over >12 months
and preceded by one or more attacks. We used actuarial life table
analysis and the Mantel-Cox chi-squared test to evaluate the
probability of SP conversion, compare the results with those derived
from published population-based MS natural history data (London,
Canada), and derive an overall relative risk for SP conversion.
Results: Ninety-five per cent (91 of 96) patients met inclusion
criteria. Median values were: age of onset =38.3 y (IQR =26.0-48.3);
follow-up =5.3 y (3.0-9.5); relapses=5 (3-8); EDSS=6 (4-8). We
expected that 20 NMO patients would convert to an SP course but
observed only two cases (2.1%; p =0.00003; overall relative risk =
0.095). In both cases, the SP course manifested as a progressive
myelopathy; latency from NMO onset to SP onset was 3 y (after one
attack) and 13 y (10 attacks). Conclusions: NMO patients were
older at disease onset and experienced a high rate of early, severe
attacks. Despite the presence of these characteristics, which are
associated with greater risk of SPMS, the risk of SP conversion was
low in NMO patients. NMO-related disability is almost exclusively
attack-related. These data contribute to mounting evidence that
illustrates the dissociation between relapses and progression in CNS
demyelinating diseases.

P554

The pathology of brain involvement in neuromyelitis optica
spectrum disorder

D. Jacobs, S. Roemer, B. Weinshenker, S. Pittock, D. Wingerchuk,
V. Lennon, C.F. Lucchinetti; University of Pennsylvania (Philadelphia,
USA); Mayo Clinic College of Medicine (Rochester, USA); Mayo Clinic
College of Medicine (Scottsdale, USA)

Introduction: The serum autoantibody NMO-IgG is both a
sensitive and specific marker for an emerging “NMO spectrum” of
CNS demyelinating disorders that include recurrent longitudinally
extensive myelitis ({LETM). These disorders are clinically, radiologi-
cally and pathologically distinct from classical MS. Contrary to the
traditional concept of brain sparing, recent MRI studies demonstrate
brain lesions in 60% of NMO patients. The pathological substrate of
these brain lesions is unknown. We report an NMO-IgG seropositive
patient whose initial manifestations of NMO were restricted to the
brain but who subsequently developed a typical NMO spectrum
disorder characterized by rLETM. Case report: A 48-year-old
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woman presented with tongue numbness, hiccups, vomiting,
diplopia, and diffuse numbness. MRI revealed lesions in the dorsal
medulla, basal ganglia, and a necrotic, enhancing lesion in the right
temporal lobe. Cervical MRI was normal. Symptoms resolved
spontaneously. Two years later she presented with a LETM which
improved after corticosteroid therapy, but recurred and enlarged
to involve the entire cervical cord, from the cervicomedullary
junction to T1, with a new lesion at T3. There was extensive
edema and enhancement in the cord parenchyma and along
the pial surface. The patient received plasmapheresis and cyclo-
phosphamide. One year later, she developed a recurrent episode
of LETM with acute quadriplegia. MRI revealed recurrent enhance-
ment of the right temporal lobe lesion and several new enhancing
lesions in the brain. A biopsy of the temporal lobe lesion revealed a
dense inflammatory infiltrate of lymphocytes and macrophages.
Eosinophilia and perivascular C9 neoantigen deposition were
marked with profound destruction of both myelin and axons.
The lesion was similar to pathology of spinal cord lesions of
NMO. NMO IgG was detected in the serum. There was improve-
ment after rituximab therapy; the patient regained some arm and
leg function enabling her to operate a motorized wheelchair.
Conclusion: This case demonstrates that lesions pathologically
typical of NMO do occur within the brain in patients with NMO
spectrum disorders. Whether this pathology is representative of the
more typical brain lesions in periventricular or diencephalic regions
in NMO is unknown. Further revision of NMO diagnostic criteria
allowing for the existence of symptomatic brain lesions, and
incorporating the novel serum autoantibody marker NMO-IgG, is
warranted.

P555

Anti-aquaporin 4 antibody in Japanese opticospinal multi-
ple sclerosis

K. Tanaka, T. Tani, M. Tanaka, T. Saida, ]. Idezuka, K. Sakimura,
M. Nishizawa; Brain Research Institute, Niigata University (Niigata, JP);
Utano National Hospital (Kyoto, JP); Ojiya Sakura Hospital (Ojiya, JP)

Neuromyelitica optica (NMO)-IgG, whose target molecule is probably
an aquaporin 4 (AQP4), is reported to be a specific marker for NMO
and will be a good tool to distinguish NMO from multiple sclerosis
(MS). Opticospinal form of MS (OSMS) which has been categorized
in a subtype of MS are prevalent in Asian countries. The differences
between OSMS and NMO have long been under discussion. To
clarify this argument, we established the immunofluorescence
detection system of AQP4 antibody (AQP4-Ab) using AQP4-trans-
fected HEK 293 cells. We examined this antibody in the sera of
OSMS with long spinal cord lesions (LSCL) with or without cerebral
lesions, OSMS without LSCL, conventional form of MS (CMS) and
healthy controls. AQP4 was positive in 62% of OSMS with LSCL but
was negative in any other forms of MS. Among OSMS with LSCL, the
AQP4-positive group was all women with severe visual disturbance,
however other features such as patients of mean age, severity of limb
and truncal disabilities, existence of cerebral lesions were not
different from AQP4-negaitve OSMS with LSCL. It is not yet clear
that AQP4-AD is directly related to the lesion development, however,
there accumulated many data to support that OSMS with LSCL is
antibody-mediated.

P556

Neuromyelitis optica autoantibody (NMO-IgG) in patients
with suspected NMO or limited forms of NMO

L. Zuliani, Y. Blanco, B. Tavolato, B. Giometto, F. Graus, A. Saiz; Hospital
Clinic (Barcelona, E); S. Antonio Hospital (Padua, I); Ca’ Foncello Hospital
(Treviso, 1)

Background: NMO-IgG is considered a specific marker autoantibody
of NMO, although it is also found in limited forms of NMO as
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recurrent transverse myelitis (RTM) and recurrent optic neuritis
(RON). Objective: To analyze the frequency of NMO-IgG in serum
samples sent to our laboratory because of suspected NMO, RTM and
RON. Methods: The presence of NMO-IgG in the serum from 26
patients was analyzed, by immunohistochemistry (dilution 1/500)
using an avidin-biotin technique on paraformaldehyde-fixed frozen
sections of cerebellum and hippocampus of rat and indirect immuno-
fluorescence (Zuliani L, et al. Neurologia 2006; 5), blinded to the
clinical diagnosis. Patients were classified based on accepted criteria
(Lennon VA, et al. Lancet 2004; 364: 2106) by referring physicians,
and the diagnosis reviewed without knowledge of the serological
results. Results: Seven samples were positive. Both immunohisto-
chemistry methods yielded the same results. Five out of 10 (50%)
NMO, 2/2 (100%) RTM, 0/4 RON, 0/8 multiple sclerosis, and 0/2
other neurological diseases. One seropositive NMO patient had a
primary Sjogren’s syndrome and one seronegative a systemic lupus
erythematosus. No other relevant differences were found between
seropositive or seronegative patients. Conclusions: Our study con-
firms NMO-IgG as a highly specific marker of NMO and related
limited forms. The avidin-biotin technique is as sensible as the
indirect immunofluorescence in this unselected series of suspected
NMO patients. Acknowledgement: We thank all neurologists who
referred the samples and the clinical information.

P557

An audit of the diagnostic usefulness of the NMO-IgG assay
for neuromyelitis optica

E.T. Littleton, A. Jacob, M. Boggild, ]. Palace; Radcliffe Infirmary (Oxford,
UK); The Walton Centre for Neurology and Neurosurgery (Liverpool, UK)

Background: The ability to reliably distinguish neuromyelitis
optica (NMO) or Devic’s disease from multiple sclerosis (MS) with
predominant optico-spinal involvement has important treatment
implications. Recently a diagnostic assay for NMO has become
available from the Mayo Medical Laboratories and has started to be
used in clinical practice. The test is currently expensive (500 US
dollars) and our ability to request this test has been limited by our
hospital. We therefore audited the results of this assay performed
upon all patient sera sent from Oxford to assess the potential
usefulness of the test in confirming or excluding a diagnosis of
NMO. Methods: All sera which had been sent for NMO-IgG
diagnostic testing from Oxford were included. Clinical details were
retrospectively collected on these patients and were assessed to see
which of the patients would meet the 1999 and the 2006 Mayo
clinic diagnostic criteria for NMO. Results: Assays were requested
on 25 patients. 0% of typical MS patients had positive results
(0/10). 50% NMO patients had positive results (4/8 using the 1999
NMO diagnostic criteria and 5/10 using the updated 2006 criteria).
Of the remaining 3 NMO-like “high risk” patients, the two who
had myelitis but no optic nerve involvement both tested positive,
whereas the one who had repeated alternating optic neuritis
without spinal cord disease tested negative. 2 further patients,
one who had Sjogren’s Syndrome with both myelitis and optic
neuritis and one who had an inflammatory encephalitis, both
tested negative. 8 of the 13 NMO or NMO-like “high risk” patients
had been followed up and treated in Oxford, and all 8 (5 NMO, 3
NMO-like) had responded to chronic immunosuppressive treatment
(corticosteroids with or without azathioprine) and had relapsed
upon its withdrawal. These 8 treatment-responsive patients in-
cluded 5 who had tested positive for NMO-IgG and 3 who had
tested negative. Conclusions: Whilst a positive result makes MS
unlikely, a negative result is common in clinically definite NMO.
Thus the test appears to have high specificity in excluding MS but
not great diagnostic sensitivity for NMO. Both NMO-IgG positive
and NMO-IgG negative patients who meet the clinical criteria for
NMO or NMO-like “high risk” conditions were responsive to long-
term immunosupression. This small and independent audit is in
accord with previously published data on the diagnostic usefulness
of this new assay.
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Early relapse of Devic’s disease after rituximab B-cell deple-
tion

M. Capobianco, S. Malucchi, R. Bottero, A. di Sapio, F. Gilli, F. Marnetto,
M. Caldano, P. Valentino, A. Sala, C. Doriguzzi Bozzo, A. Bertolotto;
Regional Multiple Sclerosis Centre (Orbassano, I); Neurological Unit
(Pinerolo, I)

Neuromyelitis optica (Devic’s disease) is an aggressive inflammatory
disease involving optical nerves and spinal cord with a large rate of
immunosuppressive treatment non-responders. The pathogenesis is
probably due to inflammation caused by the presence of anti-
aquaporin-4 antibodies. In order to achieve treatment response,
rituximab (a monoclonal antibody anti-B cell directed to CD-20)
was use in two patients who did not respond to traditional immuno-
modulant/immunosuppressive therapy. Clinical case 1: a 20-year-
old girl was diagnosed in September 2005 after she experienced 2
optical relapses in June 2004 and September 2005. She was early
treated with Rebif-44 but without any response as defined by the
presence of 2 subsequent spinal cord relapses (November 2005 and
January 2006) with EDSS progression to 3.0. After high dose intrave-
nous methylprednisolone for 10 days, rituximab was administered at
the dose of 375 mg/m 2 every week for 4 weeks with a complete
recovery of the neurological examination. The dosage of B-cell
precursors (CD19+ cells) showed B-cell depletion and an MRI
performed 1 months later showed no new or enhancing lesions.
Clinical case 2: a 30-year-old woman was diagnosed after 2 spinal
cord relapses in November 2005 with EDSS score of 6.0. She was
treated with intravenous high dose methylprednisolone and then
with 5 courses of plasmaexchange with little recovery. Then she was
treated with 2 monthly bolus of intravenous cyclophosphamide, but
she experienced new relapses in January and March 2006 reaching
EDSS score of 7.5. She was re-treated with 5 courses of plasmaex-
change and soon after with rituximab at 375 mg/m? every week for 4
weeks with reduction of EDSS score to 6.0. Even if CD19+ cells were
undetectable, after 1 month she experienced a new spinal cord relapse
(EDSS 7.5) with a new concomitant enhancing lesion in the dorsal
medulla. Even if prompt plasmaexchange was done, she has not yet
recovered. Even if rituximab seems to be the best pathogenetic
treatment for Devic’s disease, there is the possibility of early
unresponsiveness. To better evaluate the impact of rituximab treat-
ment, a large randomised trial is needed in patients unresponsive to
traditional immunomodulant/immunosuppressive agents.

P559

Devic’s syndrome as a slow-evolving paraneoplastic condi-
tion: a case report

R. Tanasescu, M. Ticmeanu, C. Mitu, E. Moraru, M. Botezat, C. Burcin,
A. Nicolau; Colentina Hospital (Bucharest, RO)

Neuromyelitis optica (NMO) (Devic’s syndrome) is an association of
optic neuritis with myelitis. NMO can have a more diffuse brain
involvement and relapsing course. The neuropathological features
and the clinical evolution of NMO suggest that this is a distinct
disease. As the result of the difficult distinction between NMO
and other diseases sharing the same clinical features some diag-
nostic criteria have been proposed, including no evidence of clinical
disease outside the optic nerve or spinal cord. We report the case
of a 38-year old female patient with NMO of relapsing type, with a
two-years evolution, and who was diagnosed finally with lung
adenocarcinoma. The disease begin in March 2004 with left optic
neuritis, and had 8 relapses in May 2004 (left crural paresis), July 2004
(paraparesis), September 2004 (lower limb ataxia), February 2005
(relapse of paraparesis), may 2005 (right optic neuritis), October
2005 (tetraparesis), january 2006 (total strength loss in right lower
limb), March 2006 (paraplegia). Despite a good neurological recovery
after corticoids following each attack, pasmapheresis (14 exchanges),
immunosupressor treatment with Ciclophosphamide 1 g/m® monthly
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(March-October 2005) and mitoxantrone 12 mg/rn2 (December 2005 —
April 2006), the patient became paraplegic. The thoracic radiological
examination showed a pulmonary mass that was not seen at the
beginning of the disease. There were no other radiological or
biological abnormalities, except CSF pleocytosis of >50 WBC/mm?>.
The particularities of the case are the long period of evolution, the
clinical and radiological characteristics fulfilling diagnostic criteria for
NMO, who appears in this state as a paraneoplastic condition. We
suggest that patients with NMO should have a long-term follow-up,
with regularly check-up for underlying neoplasia.

P560

NMO-IgG and opticospinal multiple sclerosis and idiopathic
recurrent myelitis
K.K. Kim; Asan Medical Center (Seoul, KOR)

To find the sensitivity and specificity of NMO-IgG in Opticospinal
form multiple sclerosis (OSMS) and idiopathic recurrent transverse
myelitis (IRTM) in Korea and to review the clinical and MRI findings
in patients of serum NMO-IgG (+) MS. Indirect immunofluorescence
with a composite substrate of mouse tissues identified a characteristic
NMO-IgG staining pattern of Lennon’s report. We tested masked
serum samples from 27 Korean patients with OSMS and 39 patients of
IRTM. Fifty-three control patients had conventional form of MS
(CMS), acute myelitis of unknown etiology, or optic neuritis. The
clinical and MRI findings were analyzed in reference to NMO-IgG.
Sensitivity and specificity were 19% (95% CI 10-24%) and 96% (95%
CI 92-99%) for OSMS and 3% (95% CI 1-6%) and 96% (95% CI 95—
99%) for IRTM. NMO-IgG was detected in 9 patients, 5 with OSMS, all
of those positive patients also fulfilled diagnostic criteria of Neuro-
myelitis Optica (NMO), and one with IRTM (3%) and 2 with CMS
(8%). In the 9 NMO-IgG-positive patients, longitudinally extensive
(>3 vertebral segments) spinal cord lesions (78% vs. 46%) and
permanent, complete blindness (no light perception) of at least one
eye (67% vz. 35%) were the significant features as compared with
NMO-IgG-negative OSMS. One case of CMS with NMO-IgG had
unusual brain lesions, but in other respects had features suggesting
OSMS. One positive NMO-IgG patient of recurrent myelitis had
bilateral prolonged latency of P100 in visual evoked potentials. The
low sensitivity of NMO-IgG in Korean OSMS and IRTM patients
suggest that the novel NMO-IgG antibody may not be a specific
marker of OSMS and IRTM. But high incidence of NMO-IgG positivity
is significantly associated with severe optic nerves and spinal cord
lesions of OSMS or atypical fulminant white matter lesion in MS.
These findings suggest that NMO-IgG may be an autoantibody
produced in repeated optic-spinal common specific antigen stimula-
tion in severe optico-spinal or rarely white matter lesions, not cause
the OSMS lesions.

P561

Probable NMO IgG in Turkish patients with Devic’s disease,
and multiple sclerosis

G. Akman-Demir, M. Mutlu, S. Icoz, M. Kurtuncu, N. Yesilot, M. Eraksoy;
Istanbul University (Istanbul, TR)

Neuromyelitis optica (NMO), or Devic’s disease is a disorder of the
demyelinating disease spectrum which involves mainly the optic
nerves and the spinal cord within the central nervous system (CNS).
Recently, abnormalities of the humoral immune system have been
shown in cases with NMO, with an antibody against aquaporin-4.
Here we aimed to look for NMO IgG in Turkish cases with Devic’s
disease in comparison to cases with classical multiple sclerosis (MS)
and healthy controls (HC). Serum samples from 14 patients with
Devic’s disease, 14 cases with MS and 15 HC were assessed using an
indirect immunofluorescence kit containing monkey cerebrum, cer-
ebellum, intestinum and HEP2 cells. The sections were assessed
blinded to the clinical diagnosis. Eight patients with Devic’s disease
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showed staining around the vessels and pial surfaces in cerebrum and
cerebellum sections. On the other hand none of the MS cases or HC
showed such a staining. Among the 8 patients with Devic’s disease
that were positive, 5 showed strong binding, and among these 4 had
severe clinical involvement. On the other hand, among the cases with
Devic’s disease that were negative, 2 had severe disease while 4 had
milder forms of the disease. However this difference did not reach
statistical siginificance. This relatively small cohort of patients suggest
that the presence of NMO IgG might have an association with the
disease course and severity. Such a relationship should be further
assessed in larger series.

P562

Optic neuromyelitis syndrome in Argentinean patients
D. Gonzalez Moron, G. Seifer, G. Sandoval, S. Vanotti, O. Garcea, A. Villa;
Ramos Mejia Hospital (Buenos Aires, RA)

Objective: Neuromyelitis optica (Devic’s syndrome) is a severe
idiopathic inflammatory demyelinating disease that selectively affects
optic nerves and spinal cord, typically spares the brain, and generally
follows a relapsing course. The objective of our study is to describe a
cohort of Argentinean patients with optic neuromyelitis syndrome
(ONM). Patients and Methods: We reviewed all patients diagnosed
with NMO who fulfilled the criteria proposed by Wingerchuk et al.
(Neurology 1999; 53: 1107 - 1114) treated at the Ramos Mejia Hospital,
Buenos Aires, Argentina, between 1996 and 2006. We analysed the
following data: Demographic information, clinical course, magnetic
resonance imaging (MRI), and cerebrospinal fluid (CSF). Results:
Twenty three patients with ONM were enrolled. Nineteen (82%) were
white women and four (18%) white men. Two patients were American
natives, 16 had European origin (Caucasian) and other five had an
unknown origin. In all cases the clinical course was recurrent except
one patient. Age of onset was between 15-35 years in 80% of patients.
The initial manifestations of ONM syndrome were optic neuritis (ON)
in 13 patients (63%) (9 unilateral, 4 bilateral), transverse myelitis (TM)
in 9 (35%) and ON+TM in one (4%). After a mean duration of disease
of 6.88 years the number of bouts per year was 0,62. Only one patient
had acute respiratory failure due to cervical myelitis. Thoracic myelitis
(T) was more frequent than cervical (C) or lumbar (L) myelitis (T:56%,
C:33% and L:11%). Cranial MRI revealed normal brain in 19 patients
(83%), 2 patients had non-specific abnormalities and two patients had
increased T2 signal lesions compatible with demyelinization, that did
not fulfil radiological criteria for Multiple Sclerosis. Spinal cord MRI
showed in 14 (60%) patients longitudinal, confluent lesions extended
across 3 or more vertebral segments. 17 of 23 patients had at least one
CSF examination. In two patients oligoclonal bands (OCB) were
present in CSF during a relapse. Conclusion: Neuromyelitis is a
heterogeneous syndrome with variable course. As described pre-
viously, brain MRI is often normal, spine MRI shows long, confluent,
extended lesions and OCB in CSF tend to be absent. The incidence and
prevalence of NMO in Argentina is unknown, mainly because this
condition is under-recognized

P563

Neuromyelitis optica: brain abnormalities in a Brazilian
cohort

D.B. Bichuetti, D.M. Oliveira, N.A. Souza, R.L.M. Rivero, N. Abdala, E.M.L.
Oliveira, A.A. Gabbai; Federal University of Sdo Paulo (Sdo Paulo, BR)

Background: Neuromyelitis optica (NMO) was once considered a
multiple sclerosis subtype consisting of relapsing-remitting optic
neuritis and myelitis. Since 2001 we have learned that NMO should
be considered a different demyelinating disease in which brain lesions
were absent. However, there have been recent reports of patients with
NMO brain abnormalities on magnetic resonance imaging (MRI). We
report on six patients with NMO and abnormal brain MRI and discuss
their clinical and radiological features. Objectives: To describe the
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clinical outcome in Brazilian NMO patients with abnormal brain MRI.
Methods: We retrospectively reviewed the records of six patients
followed at the Neuroimmunology Clinic of the Federal University of
Sao Paulo between 2000 and 2006. Results: The mean age of onset
was 24.2 (17 -43) years, there were 4 Caucasians patients, one African-
Brazilian and one Asian. The mean EDSS score on first evaluation was
4.7 (4.0-6.0), 2 of them developed severe disability with EDSS of 9.5
and one died during follow-up. The mean relapse rate and progression
index were 1.45 (1-2.5) and 1.6 (1-3.2) respectively. Four of our
patients had symptoms other than ON and myelitis: dysphonia,
vomiting, ocular deviation, headache and nystagmus. All the patients
were treated with disease modifying drugs, such as: betainterferons,
cyclophosphamide, azathioprine, immunoglobulin and corticoster-
oids. During their follow up brain MRI disclosed brainstem, dience-
phalic and calosal abnormalities, and 3 of them had unusual
encephalic lesions similar to other NMO patients recently reported.
None of them had a brain MRI with typical MS lesions. Conclusion:
Recently, a normal brain MRI has been considered a distinctive feature
of NMO. However, some patients may have brain MRI lesions which
are not typical of MS. In our series of NMO patients with brain
abnormalities all seemed to have a more aggressive disease with a
progression index higher than one; if the evidence of brain abnorm-
alities in NMO patients has clinical and therapeutic implications is yet
unknown and demand further studies.

P564

Brain involvement is a frequent feature in 79 Japanese
multiple sclerosis patients with extensively long spinal cord
lesion

M. Komori, M. Tanaka, T. Okamoto, K. Ozawa, Q. Hao, Y. Murata,
N. Kitagawa, T. Oheda, N. Murase, T. Saida; Utano National Hospital
(Kyoto, JP)

Introduction: The McDonald criteria (2001, 2005) based mostly on
the features of Caucasian patients, describes the spinal lesion should
not be longer than two vertebral length, despite the fact that such
lesions were seen in 2-3% of MS. Long spinal cord lesion(LCL)
extending more than three vertebral segments is described to be the
most important characteristic of neuromyelitis optica(NMO).
Although the absence of brain symptoms is the core finding of
NMO, brain involvement has been documented as an exception. We
report here the clinical features of Japanese MS patients with LCL
(LCL-MS) often accompanied by brain involvement. Methods: We
found a total of 79 consecutive patients with LCL among MS patients
examined at Utano National Hospital MS Center after 2000 and
analyzed their clinical and laboratory features. Results: The site of
lesions at disease onset was optic nerve 23%, spinal cord 49%, or both
7.5%. LCL appeared at a very early stage, in 84% within 1.5 years and
on average 1.6 years after the onset. At the time of the first myelitis
episode, 64% already developed LCL. Although cerebral symptoms are
rare (2.5%) at clinical onset, 44% of LCL-MS later (on average 5.4
years) developed clinically manifest cerebral lesions. Brainstem lesions
were seen in 57% of LCL-MS patients, 15% of whom required artificial
ventilator. Conclusions: Although LCL-MS shares many features
common with NMO, brain involvement is frequent and not excep-
tional, at least in Japanese population. Since the absence of brain
symptoms is implied by the name NMO, we propose LCL-MS as a
more adequate term for this MS variant.

P565

Multiphasic disseminated encephalomyelitis: report of 3 cases
B.C. Suh, S.M. Kim, H.D. Kim, H.Y. Shin, D.S. Shim, ].H. Cho, LN.
Sunwoo; Yonsei University College of Medicine (Seoul, KOR); National

Health Insurance Corporation Ilsan Hospital (Ilsan, KOR)

Multiple sclerosis (MS) and acute disseminated encephalomyelitis
(ADEM) are the most important acquired inflammatory demyelinat-

Multiple Sclerosis 2006; 12: S1-5228

ing diseases of central nervous system. Classically, ADEM is mono-
phasic and this feature is frequently used to differentiate ADEM from
MS. Recently, a few case reports are published about recurrence of
ADEM. Here, we present 3 cases of recurrent ADEM known as
multiphasic disseminated encephalomyelitis (MDEM). The age of
onset was 4 to 13 years old and they presented with fever, headache,
neck stiffness, abdominal pain, seizure and decreased mentality as
well as focal neurologic deficits. Number of attacks in each patient was
3 or more and the interval of the 1st episode to the 2nd one was 4 to
10 months. Brain magnetic resonance image (MRI) revealed variable
sized, multifocal, subcortical white matter lesions with gray matter
involvement and each lesion had obscure boundary. Locations of
these lesions which showed relapsing and remitting features, were
different at each attack. The cerebrospinal fluid (CSF) study showed
mild pleocytosis and normal IgG index with negative oligoclonal
band. All of these cases showed relatively good responses to steroid
treatment and sometimes even dramatic, but the response to beta
interferon which tried to one patient was poor. Recovery from each
attack was good considering severe symptoms and abnormality of
brain MRIs and the long-term prognosis was thought to be relatively
good. We diagnosed these 3 cases as MDEM instead of MS on the basis
of following reasons; young age of onset, prominent meningeal
irritation sign with fever which is not usual sympoms of MS, normal
IgG index with negative CSF oligoclonal band and brain MRI findings
which favored ADEM. And considering good steroid response but poor
beta interferon response to these cases, the therapeutic approach may
be differentiated from MDEM to MS although further study needed.

P566

Atypical recurrent demyelinating diseases: clinical features
with MRI correlation in a series of patients

C.J. da Silva, A.]. da Rocha, M.F. Mendes, A.C.M Maia Jr., F.T. Braga,
N.L. Cabral, C.P. Tilbery; Santa Casa de Misericordia de Sdo Paulo (Sdo
Paulo, BR); Laboratorio Fleury (Sdo Paulo, BR); Hospital Sdo José Joinville
(Joinville, BR)

Background: There are clinical, laboratory and imaging criteria to
distinguish multiple sclerosis (MS) from neuromyelitis optica (NMO)
and acute disseminated encephalomyelitis (ADEM). However, these
criteria are still controversial. While MS has an unknown aetiology,
NMO is frequently associated with vasculitis and ADEM is supposed to
be parainfectious in origin and usually has a characteristic mono-
phasic course. Parainfectious acute transverse myelitis (ATM) is now
recognized as a localized form of ADEM, with possible postinfective
autoimmune aetiology. The rare cases of atypical recurrent demyeli-
nating diseases may present such a difficulty in definition and are
much less well-documented entities. Objective: To report 4 patients
with atypical recurrent demyelination at our institutions, based on
clinical, imaging, and laboratory criteria. Methods: We consecuti-
velly enrolled 4 patients with clinically atypical recurrent demyelina-
tion at our institutions, with further imaging and laroratory
evaluation. Magnetic resonance imaging (MRI) scans were performed
at 1.0 and 1.5 T. Results: Four patients (all female) presented atypical
recurrent demyelination. Patient 1 presented 5 recurrent episodes of
ATM and 4 simultaneous recurrent bilateral optic neuritis. Patients 2,
3, and 4 presented 3, 4, and 3 recurrent episodes of ATM, respectively.
All patients presented long vertical spinal cord involvement varying
from 5 to 10 vertebral segments with expansion and heterogeneous
gadolinium-enhancement on MRI. The recurrences occurred at the
same sites in all patients. There was no dissemination in space on
brain MRI. Cerebrospinal fluid examination showed mild lymphocy-
tic pleocytosis, a slight increase in protein content and absent
oligoclonal bands in all. Patients 1 and 4 showed positive antinuclear
antibodies but did not fullfil diagnostic criteria for rheumatologic
diseases. The remaining laboratory screening were normal in all of
them. They presented excellent recovery after corticosteroid therapy.
We made a presumptive diagnosis of recurrent ADEM in all of them
(recurrent NMO in patient 1 and recurrent ATM in the remaining
ones). Comnclusions: Recurrent ADEM tends to affect the same
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territory and is a potential cause for recurrent NMO and recurrent
ATM (localized form of the disease). MRI proved to be a valuable tool
to demonstrate these lesions with tumorlike appearance.

P567

Course and prognosis of paediatric multiple sclerosis are
different according to age at diagnosis: a regional study in
Basse-Normandie (France)

R. Giurca, C. Creveuil, K. Droulon, G. Defer; Neurology Clinic (Cluj
Napoca, RO); CHU (Caen, F); Reseau Bas-Normand pour la SEP (RBN-SEP)
(Caen, F)

Background: The early onset forms of multiple sclerosis (Pediatric
MS, P-MS) have a low frequency, occurring in 3% to 10% of all MS
cases. Age at diagnosis is a key feature for progression and
prognosis in adult MS. Objective: Evaluate the clinical features
and course of MS in patients having the disease onset before age of
18 years according to age at diagnosis. Methods: All patients with
MS onset before age of 18 (n =41) identified from Basse-Normandie
MS regional registry between 1961 and june 2005 were included in
the study. The clinical and course data were verified and validated
by two independent examiners with systematic access to the
medical records. Patients were divided in two groups depending
on age at MS diagnosis (MS diagnosis established according to
Poser or McDonald criteria depending on the date of diagnosis):
group A (n=20) including all patients having MS diagnosis set
before age of 18 years and group B (n=21) including all patients
older than 18 years at MS diagnosis. Data related to clinical features
and disease course were evaluated and compared between the two
groups and also with some clinical data of 605 adult MS patients
included in the same regional database. Results: We found
significant differences between the two study groups. Patients from
group A had a more rapid progression to mild handicap (EDSS 3.0)
than patients from group B (time to reach EDSS 3.0 being 6.34 vs.
14.36 years; p =0.02) and they reached this level of disability at a
younger age (21.17 vs. 29.79 years; p =0.002). The duration of first
remission was significantly shorter in group A (1.44 vs. 5.14 years;
p <0.001) and the evolution to secondary-progressive (SP) form was
faster in these patients when compared to group B (14.97 vs.
27.57 years; p=0.01). Patients from group A had a greater risk
(Kaplan-Meier survival curves) to reach EDSS 3.0 (p=0.01) or
EDSS 6.0 (p=0.007) as well as a greater probability to reach SP
form (p <0.001) than patients from group B. Progression index (PI)
was not significantly different between the two groups (group A-
PI=0.37 and group B-PI=0.21) but mean PI for the entire
paediatric group was significantly lower than mean PI in the adult
group (n=605) (0.29 vs. 0.45; p=0.003). Conclusion: P-MS forms
show clinical peculiarities especially those with the age of diagnosis
less than 18 years. This raises the question of early use of disease-
modifying treatment owing to the particular clinical course in these
patients.

P568

Encephalopathy as an associated manifestation during the
first event of CNS inflammatory demyelination in a paedia-
tric population

E.A. Yeh, P.K. Duffner, B. Weinstock-Guttman; SUNY (Buffalo, USA)

Objective: To evaluate the clinical utility of recent operational
definitions of pediatric ADEM, with attention to the presence or
absence of encephalopathy in the clinical presentation of the disease.
Background/Methods: ADEM is usually a monophasic illness of
presumed post-infectious and auto-immune etiology. Recent opera-
tional definitions of ADEM require the presence of a polysymptomatic
encephalopathy. This definition may aid the clinician in distinguish-
ing monophasic illness from multiple sclerosis. We reviewed the
clinical presentation of 22 children who were found to have white
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matter lesions on MRI suggestive of inflammatory/post-infectious
changes. Results: Age of presentation was 19 months to 17 years,
with a mean age of 9.25 years. The presentation included seizure in 6/
22, ataxia in 4/22, speech difficulties in 3/22, optic neuritis in 4/22,
headache in 2/22, INO in 2/22, urinary retention in 4/22, rigidity and
apnea in 1/22 and sensory level in 5/22. Encephalopathy was seen in
only 5/22 patients (23%). All of these patients were under 7 years of
age. The presence of encephalopathy did not predict recurrence.
Demyelination recurred in 8/22 (36%) patients, two of whom
presented initially with encephalopathy. Conclusions: This study
reinforces the view that although younger children with presumed
ADEM may present with frank encephalopathy, older children who
have a monophasic illness compatible with ADEM are less likely to
present with encephalopathy, despite the presence of diffuse grey and
white matter lesions on MRI. Better and more sensitive tools to
evaluate the subtle neurocognitive/behavioral changes that may occur
in this population are required.

P569

Familial autoimmune disorders increase the risk for
recurrent events in paediatric patients with acquired de-
myelination

E.A. Yeh, B. Weinstock-Guttman ; SUNY (Buffalo, USA)

Objective/Methods: We evaluated a cohort of 28 children with
first onset of demyelinating disease for risk factors for recurrence or
persistence of white matter lesions, with special attention to family
history of autoimmune disease. Results: Twenty eight children
were included in the analysis. The age at onset of first episode of
demyelination was 1.5 years to 17 years. Average age at onset was
9.13, with two peaks, <7 and >11 years of age. Of these children,
12, or 43%, had recurrence or persistence of white matter lesions.
Twelve children had a positive family history of autoimmune
disease. Of these 12 children, 8, or 67%, had recurrent disease.
Of the sixteen children with no family history of autoimmune
disease, only 4, or 25%, had recurrent or persistent disease.
Children with residual deficits were numerous. Nineteen of 28
children (68%) had residual problems, including residual MRI
changes, seizures, and/or cognitive and motor deficits. Ten of 12
children (83%) with family histories of autoimmune disease had
residual problems, whereas nine of 16 children (56%) without
family histories had residual deficits. Conclusions: Little informa-
tion on risk of recurrence in children with demyelinating disease is
available. Our study suggests that recurrence of white matter
lesions or persistence of lesions is far more common in children
with family histories of autoimmune disease than in those without
such family histories. Family history may be predictive of poor
outcome. This suggests that disease in these children may represent
a specific subgroup of autoimmune mediated white matter disease
with an earlier onset and, possibly, a more aggressive course.
Further prospective studies of risk factors for early onset demyeli-
nating disease are needed.

P570

Rigorous definitions for “benign’”’ and “mild” multiple
sclerosis
J. Herbert; NYU Hospital for Joint Diseases (New York, USA)

Background: The term ‘benign multiple sclerosis’” (BMS) implies
long-term predictability; however, follow-up of “benign” cohorts
reveals significant disease progression, suggesting definitions of BMS
may be too permissive. Objective: To establish uniform, quantitative
definitions for BMS and mild MS (MMS), with predictive power.
Method: The following disability/duration (D/D) coordinates were
chosen as endpoints: (1) For BMS, Expanded Disability Status Scale
(EDSS) <2 at 30 years disease duration (yrs dd); this specifies
abnormal signs in Kurtzke functional systems (KFS) but no minimal
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disability; (2) For MMS, EDSS <4 at 30 yrs dd; this specifies mild to
moderate disability on KFS but no limitation of mobility. These
coordinates were applied to the Multiple Sclerosis Severity Score
(MSSS) published by Roxburgh et al. (Neurology, 2005). This algo-
rithm ranks patient cross-sectional EDSS scores on a decile scale
compared to the distribution of disability in a large reference cohort
with comparable dd. MSSS scores assigned after one year’s dd, based
on a single cross-sectional EDSS assessment, are representative of
overall disease severity over time. Multiplying MSSS scores by ten
yields the predicted prevalence of that subpopulation within the
entire cohort. Results: (1) For BMS, D/D coordinates proposed here
yielded an MSSS score <0.45, which predicts a prevalence of 4.5%
within the reference population. MSSS .45 corresponds to an EDSS of 1
at 15 yrs, which is consistent with the International Consensus
definition of “fully functional in all neurological systems 15 years
after disease onset” (Lublin and Reingold, Neurology, 1996). (2) For
MMS, D/D coordinates proposed here yielded an MSSS score <1.7,
which predicts a prevalence of 17% within the reference population.
MSSS 1.7 corresponded to approximate milestones: EDSS 1 at 3 yrs dd,
EDSS 1.5/9 yrs, EDSS 2/14 yrs, EDSS 2.5/17 yrs, EDSS 3/20 yrs, and
EDSS 3.5/30 yrs. The proposed definition for MMS of MSSS 1.7
coincided most closely with previous definitions for “benign MS” by
Kurtzke (Ann NY Acad Sci, 1984) and Pittock et al. (Ann Neurol,
2004), after correcting their stated dd for mean delay to diagnosis of
5 yrs. (EDSS <2 at 15 yrs dd, yielding MSSS <1.65). Conclusion:
BMS may be defined as MSSS <0.045 and MMS may be defined as
MSSS <1.7. These definitions present the advantage of predictive
value, since MSSS may be assigned based on a single-point EDSS
assessment after only one year’s disease duration.

P571

Benign multiple sclerosis: possible clinical predictors of
outcome

N. Yuceyar, Z. Tanriverdi, B. Cetin, O. Ekmekci, A. Kocaman; Ege
University Medical School (Izmir, TR)

A small fraction of multiple sclerosis (MS) patients can have a
benign course of disease and can live many years without restriction
of daily living and work. In considering immunmodulatory treat-
ment, early identification of these patients is important. Therefore
many studies have been dealt with factors influencing clinical
course and survival. In this study, 20 MS patients (diagnosed either
by Poser or Mc Donald criteria) having at least 10 years of disease
duration and EDSS of <2 were evaluated. Demographic and clinical
features such as gender, age at onset, initial course, symptoms at
onset, interval between attacks, attack frequency have been exten-
sively evaluated to define the possible predictors of outcome. The
mean age at onset was 28.5 years with female predominancy (% 83
of all patients). Ninety five percentage of patients presented with
monoregional and monosymptomatic symptoms and signs. The
mean time between the first attacks was 3.8 years. The cumulative
number of attacks at the end of 5 years was 2.38. These clinical
features were compared with the ones of 72 MS patients having at
least 10 years of disease duration before immunmodulating therapy
and having EDSS of >3. Female gender, sensory symptom at onset,
monoregional and monosymptomatic onset, less frequent cumula-
tive attacks at first and fifth years of disease and having no signs
and symptoms related to spinal and cerebellar system have been
significantly related with a more favorable outcome. In contrast to
other studies, younger onset, optic neuritis at onset and long
interval between the first attacks have not significantly associated
with benign MS in our study. Benign MS is a retrospective diagnosis
and seems to be a temporary condition. Although some possible
clinical predictors have been suggested, may be due to differences in
study design, the conclusions from these studies have somewhat
varied. These patients, who are fully ambulatory, may still be
disabled by other symptoms such as fatigue, depression and
cognitive dysfunction. We also aimed to evaluate our benign MS
patients from this point of view.
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Early-onset multiple sclerosis in the sanitary departments of
the city of Valencia, Spain

A. Brocalero, A. Cervello, 1. Boscd, F. Coret, B. Casanova, A. Pascual-
Lozano, L. Landete for the GITEM Study Group

Introduction and objective: The early-onset multiple sclerosis
(EOMS) supposes less than 5% in different series. For this reason the
different studies collect few patients. We have retrospectively re-
viewed the cases of four hospitals of Valencia. Patients and
methods: We review the data base that share all four departments
and analyze, of all the patients, those with presentation of symptoms
before the 16 years. In our study we describe their main character-
istics: age, sex, form of onset and clinical course, analysis of the
cerebrospinal fluid (CSF), neurophysiological/ visual evoked poten-
tials (VEP) and neuroimaging/magnetic resonance (RM) tests, diag-
nostic category according to the criteria of Poser and the evaluation
across the scale of disability of Kurtzke, Expanded Disability Status
Scale (EDSS). Results: We reviewed the clinical protocols of 38
patients between 9,82 and 16,89 years at the onset of the disorder,
63,2% women. The median time to diagnosis was 7,85+ 9,97 years,
with a median of 3,77. The most frequent form of onset was
monosymptomatic; optic neuritis 18,4%, followed by hemiparesis at
13,2%; close to polirregional, sensorimotor also in 13,2%; and thirdly
brainstem disorders with 10,5%. The clinical course was relapsing-
remitting in 79% and secondary progressive in 10,5%. There were
oligoclonal bands in the CSF in 23,7%. The VEP were abnormal in
34,2%. The RM was compatible in 65,8%. The current EDSS score is
2,19+1,85, after a mean disease duration of 12,83+11,06 years.
Conclusions: These results are similar to previous studies, the EOMS
was more frequent in women, the clinical course was predominantly
relapsing-remitting whereas no patient had the primary progressive
course in our series. The patients who reached secondary progressive
course were associated with growth disability after long-term disease
(more than 18 years in this serie).

P573

The presymptomatic phase of multiple sclerosis: prelimin-
ary results of a nationwide survey

C. Bensa, C. Giannesini, O. Heinzlef, E. Roullet on behalf of the French
PreMS Study Group

Background: Up to 70% of patients with first symptoms suggestive
of MS have an abnormal cranial MRI, frequently suggesting long
lasting previous pathological activity. To our knowledge this pre-
symptomatic phase of MS has not been evaluated systematically.
However, a better characterization of this phase would help to explain
differences in prognosis and treatment response in early MS.
Patients and Methods: The French PreMS study is a nationwide
retro- and prospective study aiming to characterize the unknown time
period which precedes the so-called “clinical onset” of MS. Informa-
tion is collected upon patients who have a cranial MRI suggestive of
MS, but no symptoms typical of MS (group A), and from MS patients
who had MRI performed before their first symptoms, for any reason
(group B). The content of this phase is explored via structured
interviews in different MS and preMS patients and controls. MRI are
analyzed blindly according to established diagnostic criteria and to a
specially designed ‘‘back-time” scale. Results: During early 2006, 530
French neurologists (including 13 MS centres) who had joined a
previous study (Heinzlef O et al ., Criteria for non response to IFN b in
RR MS patients, ECTRIMS 2005) were asked to participate. A region-
based, Paris area, panel of 190 neurologists was also assessed. At the
time of submission, the responses from one MS centre (6 neurologists)
have been analyzed. In the preceding 5 years, 10 patients had been
recruited (group A: 8, group B: 2, male: 1, age: 18-41, mean 33).
Reasons for performing MRI were headache (n =6) and hyperprolac-
tinemia, viral meningitis, nasal polyposis or trauma (1 each). Bar-
khof’s criteria for dissemination in space were fulfilled in 4 patients.
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During follow-up (8 pts, range 6—36 months), 3 patients had a first
event suggestive of MS; MRI was unchanged in 4 and worse in 4. At
unblinded interview, neurological symptoms before the first MRI were
found in 3 patients, defining an earlier onset of MS according to Mc
Donald’s criteria in one patient. Discussion and conclusion:
A literature search found only three case-reports of pre-symptomatic
MS patients. Our results indicate that a large number of such patients
may have been diagnosed and managed by neurologists, and that the
attitudes towards diagnosis and follow-up are variable. Some of these
patients record neurological symptoms before the “official” clinical
onset of MS. Updated results will be presented.

P574

Is a 10-year follow-up enough to predict to subsequent
disability rate in multiple sclerosis?

M. Mutlu, H. Ceylan, G. Akman-Demir, M. Kurtuncu, M. Eraksoy ; Istanbul
University (Istanbul, TR)

Long term disability in patients with multiple sclerosis (MS) is widely
variable. Patients with slow disability rates are defined as having
“benign MS”’. However, the concept of “benign MS” is still contra-
versial. Up to now there is no consensus on which patients should be
called to have “benign MS”. In this study our aim was to assess
whether the disability score at 10 years can be predictive of
subsequent disability. We evaluated patients who had been examined
at our MS unit between January 2005 and April 2006. We compared
the disability scores (EDSS score) at thelOth year and 15th year, and
evaluated the time to reach an EDSS of 6.0. Within this period 328
patients with clinically definite MS were seen. Among these 97 (%29)
had a disease duration of 10 years or more. Mean age at last visit was
43.11+9.08 years, mean disease duration was 17.12+6.70 years. The
mean EDSS score was 3.40+1.65 at the 10th year (range 0.0-7.0).
Patients were divided into four groups according to the 10 th year
EDSS score: 0—2.0 (group A), 2.5-3.0 (group B), 3.5 (group C) and >4
(group D). Disease duration was 17.33 +8.49 years in group A, 15.21 +
6.53 years in group B, 20.63 +7.23 years in group C, and 17.45+4.91
years in group D (not significant). 15th year EDSS score was 2.58 +
1.10 in group A, 3.60+1.13 in group B, 4.42+1.16 in group C, and
5.96+0.76 in group D. (p =0.000). The mean time to reach EDSS 6
was 28.67 +7.57 years in group A, 20.75+5.44 years in group B,
16.75+5.50 years in group C, and 10.93+3.47 years in group D
(p =0.000). There was no significant difference between groups in
terms of the attack number within first 5 years, and duration of the
first attack interval. In conclusion, 10th year disability score seems to
be a useful parameter predictive of at least 15th year disability score.
Early course, first five year attack number and first attack interval, do
not seem to be useful predictors of subsequent disability.

P575

Active inflammation is common in very late onset multiple
sclerosis: characteristics of 111 patients
R.A. Bermel, R.]. Fox; Cleveland Clinic Foundation (Cleveland, USA)

Background: MS presenting after the sixth decade is a recognized
phenomenon, although atypical and poorly characterized. These
patients are frequently excluded from accurate diagnosis and treat-
ment on the basis of age alone. Design/Methods: Using an electronic
medical record search, patients were identified who were diagnosed
with MS at or after age 60 and evaluated at a tertiary referral center
over the last five years. Each chart was reviewed to confirm the
diagnosis of MS and extract clinical, laboratory, and imaging char-
acteristics. Results: 111 cases were identified, with a mean age at
diagnosis of 64 yrs (range 60—76; 15 were over 70 yrs), mean duration
of symptoms prior to diagnosis was 9.8 yrs (age at symptom onset 8-
71; 47 developed initial symptoms at or over 60 yrs). 67% were female;
90% were Caucasian. The most common disease course at diagnosis
was relapsing-remitting (RRMS, n =37), followed by primary progres-
sive (PPMS, n =35), secondary progressive (SPMS, n =26), clinically
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isolated syndrome (CIS, n=9), and progressive relapsing (PRMS,
n=4). Two patients with RRMS had biopsy-proven MS. Where
imaging was reviewed by an MS specialist, 86% of brain MRIs showed
typical changes of MS, as did 80% of spine MRIs. Where gadolinium
was given, 46% of patients with RRMS or CIS demonstrated gadoli-
nium enhancement, and 75% of all patients had oligoclonal bands or
elevated IgG index. At the time of diagnosis, 39% were mildly disabled
(EDSS < 3), and 34% needed an assistive device for walking or were
non-ambulatory (EDSS >6.0). Conclusions: MS in older adults may
be under-recognized and accurate diagnosis is often delayed by many
years. Some patients have symptom onset at more typical ages, but a
sizable proportion have onset after age 60. Nearly half of relapsing
patients (RRMS and CIS) presented with inflammation on MRI, which
suggests that the disease course is dependent upon the inflammatory
component of MS and not just age.

P576

Risk factors for secondary progressive multiple sclerosis
E. Gruszka, A. Pokryszko-Dragan, M. Dubik-Jezierzanska, M. Bilinska;
Wroclaw Medical University (Wroclaw, PL)

The aim of study was to define parameters of clinical course of
secondary progressive multiple sclerosis (SPMS), with a special regard
to early phase of the disease and its potential prognostic value. The
study comprised 71 patients (39 women, 32 men, aged 34-71, mean
52,1) diagnosed with SPMS, followed-up in an outpatient MS clinic at
Neurological Department of Wroclaw Medical University. On the basis
of their medical documentation, the following data were defined: age
at beginning of the disease, first clinical symptoms, duration of initial
relapsing-remitting phase and annual exacerbation rate (AER) within
this period, annual progression of disability (APD) - estimated by
means of Expanded Disability Status Scale (EDSS) — during relapsing-
remitting and progressive phase. Relationships between these data
were statistically analysed. Mean age at the beginning of the disease
was 31,7 years. First clinical symptoms in 40 patients were motor
deficits, in 20 — retrobulbar optic neuritis, in 8 — symptoms of
brainstem involvement, in 6 — cerebellar symptoms, in 1 —sensory
deficits (in 4 — multi-system involvement was noted). Mean AER was
0,53. Progressive phase started after 1-29 years (mean:10,7). Mean
APD in relapsing-remitting phase was 0,7 and in progressive phase —
0,28, which was significantly lower(p <0,05). No other significant
differences or correlations were found. In patients with SPMS most
frequent first clinical symptoms are motor deficits. Other parameters
of early phase of MS do not show significant relationships with further
progressive course of the disease. Increase in disability is significantly
slower during progressive than relapsing-remitting phase.

P577

Descriptive study of a primary-progressive multiple sclerosis
population
L. Landete Pascual; Hospital Dr. Peset (Valencia, E)

Introduction: Primary-progressive multiple sclerosis (PPMS) is a type
of multiple sclerosis (MS) caracterized by lack of clinical relapses, not
much inflamatory activity in MRI, progressive myelopathy with
clinical of piramidal and cerebelous damage and more males and
older than in other forms of MS. That type of MS is perhaps the worst
known from a clinical ang pathogenic point of view. Objective: To
describe patiens with diagnosis of PPMS of our clinical serie, from a
clinical point of view. Patients and Methods: A database com-
pound of 839 consecutive patients from 3 hospitals in Valencia
(SPAIN). We selected patients with diagnosis of PPMS according to
Schumacher criteria. We calculated male/female proportion, actual
mean age, evolution time, age at onset, annual progression index
measured at 5 years, and mean time to different values of EDSS,
comparatively with another forms or MS (relapsing-remitting ans
secondary-progressive). Results: PPMS patients are 6,5% of the whole
database (55 patients). 24/31 male/female proportion. Mean age
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actually of 54 years. Mean time of evolution =S5,1 years. Mean age at
onset =49 yrs. Annual progression index =0,26 points of EDSS. Time
to EDSS 3 was 7,5 years; EDSS 4, 8,51 years; EDSS 6,5, 10,5 years. That
“speed” of progression is similar to inflamatory forms of MS when
reach the secondary-progressive phase. Conclusion: We need a better
knowledge of this type of MS to know the porportion of inflamation/
degeneration to identify and selected patients to treatments.

Clinical aspects: diagnosis and differential
diagnosis — Part Il

P578

Proteasome autoantibodies to human proteasomes predict
multiple sclerosis in monosymptomatic optic neuritis

J. Milthers, N.H. Beyer, G. Houen, ].L. Frederiksen ; University Hospital of
Copenhagen (Glostrup, DK); Statens Serum Institute (Copenhagen, DK)

Introduction: Mayo et al . [1] suggested the human proteasomes as a
major autoantigen in MS. We have previously shown that proteasome
autoantibodies (PAB) in serum to human purified proteasomes were
present in 28% of optic neuritis (ON) patients and 47% of multiple
sclerosis (MS) patients and 8% of a control group using population
based data. Objective: We wanted to confirm that our ELISA method
of PAB detection is valid. Additionally, we wanted to investigate
whether the presence of serum PAB in acute monosymptomatic ON
(AMON) is predictive to MS. Method: All patient samples were
collected at the time of ON and samples were taken and 79 patient
samples (33 AMON and 46 MS patients) were included. ON was
diagnosed using Celesia [2] criteria and MS was diagnosed using Poser
[3] criteria’s and information on MS development after AMON was
sought in all available patient files. A quantitative immunoassay,
ELISA, was used for the detection of autoantibodies against human
proteasome in all patient sera using a pool of purified human
proteasome for patient sample investigation. Results: 6 out of 33
(18.2%) AMON patients were PAB positive and all 6 patient developed
MS, confirmed by patient files. From the 26 PAB negative AMON
patients, 11 developed MS and 13 did not. No information was
available on the remaining 3 patients. The distribution is significant
using chi-square testing (p <0.05). These findings corroborate with
our previous results using ELISA for the determination of proteasome
autoantibodies in MS-patients. Discussion: We have used popula-
tion based data prospectively and patient material from a well
described cohort of ON and MS. We can confirm that serum PABs
are predictive in AMON for development of MS. Our ELISA method for
serum PAB detection was reproducible and validated. Our numbers of
PAB positive AMON patients may be too small and more detailed
prospective sample studies are necessary.

P579

Relationship of pupillary dynamics to retinal nerve fibre
layer thickness in multiple sclerosis

E. Frohman, A. Conger, A. Salter, A. Shah, O. Stuve, T. Frohman;
University of Texas Southwestern (Dallas, USA)

Objective: To characterize the relationship between pupillary mea-
sures, low contrast letter acuity, and axonal degeneration within the
retinal nerve fiber layer (RNFL) of MS patients. Background: The
retinal nerve fiber layer contains ganglion cell axons in the absence of
myelin, and transmits information within the optic nerve to the brain
for visual processing, sleep wake cycles (via the retinohypothalamic
tract), and pupillary light reflexes. Previous work has demonstrated a
predictable relationship between low contrast letter acuity and RNFL
thickness, as measured by optical coherence tomography (OCT). We
utilized quantitative infrared pupillometry to study the relationship
between vision, RNFL, and the dynamics of pupillary light reflexes.

Multiple Sclerosis 2006; 12: S1-5228

Methods: We recorded direct and consensual pupillary light reflexes
utilizing an infrared pupillometry device (NeuroOptics, Irvine, Cali-
fornia). Stimuli consisted of consecutive light flashes of 10 microwatt
intensity and 0.026 sec duration. Eight flashes were utilized for both
direct and consensual responses to generate average values for reflex
latency, percent change in pupillary diameter, and maximum con-
striction velocity. MS patients with and without a history of optic
neuritis were compared to normal subjects with respect to RNFL
thickness, low contrast letter acuity (Sloan Chart 1.25%), and pupil-
lary dynamics. Results: Our investigations demonstrated a direct
relationship between low contrast letter acuity, RNFL thickness, and
parameters of pupillary dynamics. MS patients with a history of optic
neuritis that exhibited reductions in letter acuity and RNFL thickness,
also showed reductions in the percent change in pupillary diameter,
prolongation in response latency, and a reduction in maximum
constriction velocity. Patients with a history of unilateral optic
neuritis revealed the most compelling left-right differences in these
measures. Conclusions: The unique structural architecture of the
retina (containing no myelin) makes it an ideal tissue for modeling
the processes of neurodegeneration, neuroprotection, and potentially
even neurorestoration. We provide confirmatory evidence to support
the close relationship between vision, RNFL thickness, and objective
measures of the pupillary light reflex. Our observations suggest that
both structural and physiologic measures of the anterior visual system
can be utilized as a biomarker for neuroprotection clinical trials.

P580

Clinical significance of the 30 days cut-off for demonstrat-
ing dissemination in time with magnetic resonance imaging
C. Tur, C. Nos, M. Tintoré, A. Rovira, R. Pelayo, ]. Rio, N. Tellez, H. Perkal,
J. Sastre-Garriga, X. Montalban; Vall d’Hebron University Hospital
(Barcelona, E)

Background: In the recent revisions to diagnostic criteria for multi-
ple sclerosis (MS), a new T2 lesion appeared at least 30 days after a
clinically isolated syndrome (CIS) qualifies for dissemination in time
(DIT). Therefore, scans performed earlier than 30 days after symptoms
onset cannot be used as reference for this purpose. Objectives: To
compare the increase in risk of relapse conferred by new T2 lesions
between patients first scanned at least 30 days after a CIS and patients
scanned earlier. Methods: Consecutive CIS patients examined within
three months of symptoms onset and followed for at least three years
were included. The presence of new T2 lesions was assessed on a MRI
scan performed one year after the CIS. We analyzed the interaction
between the timing when first scan was performed (less than 30 days
vs. at least 30 days after symptoms onset) and the effect of the
presence of new T2 lesions in time to first relapse. Results: The study
group comprised 218 patients, 152 women and 66 men, with a mean
age (95% Confidence Interval) of 29.2 (28.1-30.4) years who were
followed by a mean of 77.7 (74.8-80.6) months. Eighty-six (39.4%)
patients had optic neuritis, 55 (25.2%) brainstem syndromes, 59
(27.1%) myelitis, and 18 (8.3%) other syndromes. At least one T2
lesion was seen on baseline MRI in 152 (70%) patients and 104
(47.7%) had new lesions on follow-up scan. Ninety-seven (44.5%)
patients had a relapse. The median time to relapse was 101 (78-124)
months. There were no statistical differences in any of these variables
between the 159 (73%) patients whose first scan was performed earlier
than 30 days (mean [95% CI] 13.7 [12.5-15] days) and those 59 (27%)
who were scanned afterwards (49.4 [45.2—53.6] days). Timing of first
scan did not modify the effect of the presence of new T2 lesions in
time to first relapse (Hazard Ratio to relapse when there is a new T2
lesion [95%CI] 5.86 [3.62—9.47], regardless the time to first scan; HR if
this scan is performed before vs. after than 30 days: 5.29 [2.88-9.71]
vs. 5.88 [3.64-9.51]). Conclusions: It is common practice in patients
with CIS to obtain a brain MRI before 30 days after symptoms onset.
According to this yearly scanning protocol and based on the similar
clinical significance of new lesions regardless of time to first scan,
there is no reason for discarding these scans as reference for
demonstrating DIT.
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Importance of oligoclonal banding in multiple sclerosis:
relation with demographic, clinical features and genetic
background

E. Idiman, S. Ozakbas, Y. Dogan, G. Kdsehasanogullari; Dokuz Eylul
University (Izmir, TR)

Intrathecally produced IgG is found in more than 95% of clinically
definite Multiple Sclerosis (MS) patients in western countries. The aim
of the present study was to compare the clinical and demographic
features and Human Leucocyt Antigen (HLA) profile in Oligoclonal
Band (OB)-positive and OB-negative MS patients. We investigated the
serum and Cerebrospinal Fluid (CSF) from 210 clinically definite MS
patients. Demographic and clinical features were recorded. HLA
profiles were also recorded in 79 patients. OBs were detected with
isoelectric focusing. 178 healthy people were disposed as the control
group when comparing HLA profiles. OB was positive in 149 patients
(70.9%) in the first testing. In 34 out of 61 patients OB determination
was repeated, and 21 (61.7%) were found to have positive OB. Total
percentage of OB-positive patients was 80.9 after second lumbar
puncture OB testing was repeated in 11 of OB-negative patients, and
3 of them (27.3%) were found to have OB. Total OB-positive patients
was 82.3% after the third testing. Attack severity was higher in
OB-negative patients. HLA DR-15 antigen was more frequent in
OB-positive group than both OB-negative and control group. The
data obtained from this study ascertained that the second OB testing
is sufficient, when it was negative in the first determination, and our
MS population was closer to western populations in terms of OB
existence. Our findings also showed that OB existence might be a
good prognostic factor in patients with clinically definite MS.

P582

Active TTV infection in serum and cerebrospinal fluid
samples of multiple sclerosis patients

M. Bartolome, R. Alvarez-Lafuente, M. Garcia-Montojo, V. De las Heras,
R. Arroyo; Hospital Clinco San Carlos (Madrid, E)

Background: The TT virus (TTV) is a newly discovered pathogen that
may belong to the Circoviridae family; latest studies describe TTV
prevalences of up to 90%, and it is suspected to be associated with
several diseases, although no definitive evidences have been found.
Recently, it has been proposed that TTV could be involved in the
pathogenesis of multiple sclerosis (MS) as a potential trigger of the
immune system through the mechanism of molecular mimicry.
Objectives: The aim of the present study was to determine the
frequencies of TTV infection in serum and cerebrospinal fluid (CSF)
samples of MS patients in comparison with patients with other
neurological diseases and healthy blood donors (HBD), to evaluate
the possible involvement of this virus in the pathogenesis of MS.
Methods: Serum samples of 46 MS patients and 22 HBD, and CSF
samples from 48 MS patients, 18 patients with other inflammatory
neurological diseases (OIND), and 18 patients with other non-
inflammatory neurological diseases (ONIND) were analyzed. Total
DNA was extracted from 200 microlitres of centrifuged serum and CSF
samples; blank reactions were interspersed in order to evaluate a
possible cross-reaction. Finally, a sensitive and specific quantitative
real-time polymerase chain reaction (PCR) was carried out for the
detection of TTV genomes from extracted DNA. Negative controls
were amplified to exclude the possibility of contamination during the
PCR. Results: The results were as follows: 1) In serum samples: we
found a DNA prevalence of 50% (23/46) among MS patients (viral
load, 80.4 copies/ml of serum) vs. 45.5% (10/22) among HBD (viral
load, 70.8 copies/ml of serum); any statistical significant difference
was found. 2) In CSF samples: 15/48 (31.3%) MS patients were positive
for TTV genomes (viral load, 16.6 copies/ml of CSF), and among
controls, 5/18 (27.8%) OIND patients (17.2 copies/ml of CSF), and
3/18 (16.7%) ONIND patients (12.2 copies/ml of CSF) were positive
too; we did not find any statistical significant difference, although
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seems to be a trend, when DNA prevalences of TTV were compared
between patients with inflammatory diseases (MS and OIND) and
patients with ONIND. Conclusions: TTV is a highly prevalent virus
in human population, and blood and serum samples appears to be
worthless in the study of MS. Regarding CSF, TTV infection seems to
be widespread in patients with inflammatory diseases; this virus
should be studied deeper to analyze its possible role.

P583

Detection of human herpesvirus 6 genomes, and human
endogenous retroviral H and W sequences in cerebrospinal
fluid

R. Alvarez-Lafuente, M. Garcia-Montojo, V. De las heras, M. Bartolome,
R. Arroyo; Hospital Clinco San Carlos (Madrid, E)

Background: Human herpesvirus 6 (HHV-6), a member of the
Herpesviridae family, and human endogenous retroviral sequences
(HERV) H and W, have been recently associated with Multiple
Sclerosis (MS), and different mechanisms have been proposed for
them in the pathogenesis of the disease. HERVs consist of up to 8% of
the genome, and recently, it has been described that combinations of
the endogenous retrovirus HERV-H and HHV-6 antigens result in
highly increased cellular immune responses among MS patients.
Objectives: 1) To analyze the prevalence and viral loads of HHV-6,
HERV-H and HERV-W in cerebrospinal fluid (CSF) of MS patients
and controls. 2) To establish the prevalence of possible co-infections.
3) To evaluate the role of the HHV-6 infection as a possible trans-
activator of the HERV sequences. Methods: A total of 92 CSF samples
were analyzed: 48 from MS patients, 23 from patients with other
inflammatory neurological diseases (OIND: 3 systemic lupus erythe-
matosus with CNS involvement, 4 meningitis, 7 myelitis, 5 optic
neuritis, 2 encephalitis, and 2 Guillain-Barre syndrome), and 21 from
patients with other non-inflammatory neurological diseases (ONIND:
6 headaches, 7 normal pressure hydrocephalia, and 8 benign intra-
cranial hydrocephalia). All the CSF samples were obtained by sterile
lumbar puncture and they were immediately aliquoted and stored at
—80°C. Total DNA and RNA were extracted from 200 microlitres of
centrifuged CSF, respectively. A reverse transcription (RT) was carried
out, and then, HHV-6 genomes from extracted DNA, and HERV-H,
and HERV-W sequences from cDNA were searched by a sensitive
quantitative real-time polymerase chain reaction (PCR) assay with
specific sets of primers and dual-labelled probes. Each specimen was
measured in duplicate. Results: The results were as follows: i) For
HHV-6: 5/48 (10.4%) MS patients had HHV-6 genomes in their CSF
(128.1 copies/ml of CSF), but no positives were found among OIND
and ONIND patients. ii) Regarding HERVs prevalences, any positive
sample was found among MS, OIND, and ONIND patients for none of
both, HERV-H and HERV-W. Ceonclusions: HHV-6 was found in a
subset of MS patients, but not in patients with other neurological
diseases, suggesting a possible involvement in the disease, in spite of
the low rate of infection. We did not find any sequence of the HERVs
included in the study, even though five MS patients suffered from
active HHV-6 infection.

P584

Immunocompetent cells in blood of non-exacerbated pae-
diatric patients with remitting-relapsing multiple sclerosis
L.M. Vysotskaya, V.M. Studenikin, N.A. Torubarova, O.V. Bykova;
Scientific Center of Child Health (Moscow, RUS)

Multiple sclerosis (MS) with onset under 18 yr constitutes 7—-10%.
Autoimmune considerations of MS pathogenesis imply a complex
of immunological factors involved (HLA, various interleukins, T- and
B-lineage cells etc). Cerebrospinal fluid is the traditional object for
MS neuroimmunological studies, in childhood lumbal punction
it as excessively invasive. Goal: Evaluation of immunocompetent
subsets percentage in blood of non-exacerbated children with RRMS.
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Methods: 43 non-exacerbated children, aged 6—17 yr, with RRMS
were observed; 26 of them receiving DMT, 17 cases investigated
before DMT, maximum EDSS score was 2,5. MS diagnosis was
verified according to McDonald criteria. Identification of immuno-
competent subsets in blood was performed via computerized
immunoflowcytometry (FACStrak, Becton Dickinson, USA) with
monoclonal antibody panel of the same manufacturer: CD3, CD4,
CD8, CD19, HLA-DR, CD16/56, CD3/DR, CD3/CD16/ND56, CD8/
DR, CD57/CD8, ND25, CD122, ND95. Results: The percentage of
basic T-cell subsets was not abnormal, while immunocompetent
cells with membrane expression of some markers, rare in normal
children, was encountered. CD16/56 natural Killers were determined
in 26 MS patients, reaching 11-41%. Normally this index rarely
exceeds 7%. Activation antigens, reflecting presence of active
immune process, were also revealed (2 molecules of IL-2 receptor
expression: CD25, CD122). CD122 had been revealed more fre-
quently (18 cases—41,8%). Special attention should be attributed to
CD95 receptor, susceptible to action of pro-apoptotic factors,
initiating cell death. Percentage of CD95+ cells varied from 4% to
34%. This marker is not encountered on blood lymphocytes in
normal individuals. Supposedly, apoptosis activation results in
reactive T-cell elimination, which limits demyelination. There is
no way to elaborate, if this expression is a feature of cell death in
spontaneous MS course, or the result of DMT. Conclusion: Non-
exacerbated RRMS pediatric patients demonstrate the basic features
of immunocompetent cells’ activation: CD25 and CD122 expres-
sion, high percentage of CD16/56, CD57/8 and CD95. Latter antigen
is the main marker for lymphocytes, entering apoptosis. Increased
CD95 expression seems characteristic for RRMS patients and should
be viewed as prognostically favorable.

P585

Correlation of IgG index and oligoclonal bands in CSF of
patients with multiple sclerosis and other neurology dis-
eases

J. Mares, R. Herzig, K. Urbanek, V. Sladkova, P. Hlustik, ]. Sklenarova,
V. Bekarek, P. Schneiderka, . Zapletalova, P. Kanovsky ; University Hospital
(Olomouc, CZ)

Objective: The aim of this study is to compare the correlation
between IgG index values and the number of oligoclonal IgG bands
in the CSF of patients with multiple sclerosis (MS) and patients
with other neurology diseases (ND). Material and Methods: We
compared both of groups of MS patients (N=150) consisted 41
males and 109 females (aged 18-68, mean 36,6+ 10.1 years) and
group of ND patients (N=417) consisted 197 males and 220
females (aged 2-82, mean 42,8+14,71 years). The CSF collected
by a lumbar puncture was examined evaluating intrathecal synth-
esis using the IgG index and determining oligoclonal immunoglo-
bulins. The number of alkaline OCB in the CSF was assessed by the
method of isoelectric focusing. Pearson’s correlation analysis and
chi-square test of homogeneity were used to evaluate the statistical
significance of the results. Paired-sample t-test (parametric) and
Wilcoxon signed-ranks test (nonparametric) were applied when
assessing statistical significance. Results: We didt find any
positive correlation between the IgG index and the number of
oligoclonal IgG bands by MS patient group. The Mann-Whitney
test didn’t demonstrate significantly (p =0.939) differences between
IgG index values by patient with the number of oligoclonal IgG
bands >2 and patients with number of oligoclonal IgG bands <2.
In the ND patient group we find significantly increased values of
IgG index (p=0.001) by patients with the number of oligoclonal
IgG bands <2. Conclusion: We can’t confirme the hypothesis of
positive correlation between both of parameters of intrathecal
synthesis but we can confirm the tendency to the higher IgG
index values by ND patients with the low number of OCB. This
result can support the significancy of OCB assessment for the
diagnosis of MS, because the higher IgG index is not regulatory
finding in MS patients.
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Visualising the effectiveness of brain compensatory pro-
cesses in early multiple sclerosis during a working memory
task. A one-year fMRI follow-up study

M. Au Duong, B. Audoin, F. Reuter, 1. Malikova, S. Confort-Gouny,
P. Cozzone, ]. Pelletier, ]. Ranjeva; CRMBM UMR CNRS 6612 (Marseilles,
F); Timone Hospital (Marseilles, F)

Objectives: Cortical reorganization involving mainly the prefrontal
cortices (PFC) has been widely demonstrated in multiple sclerosis (MS)
patients performing working memory (WM) tasks. However, the
effectiveness of these compensatory processes are not well under-
stood. In order to investigate brain activation profiles susceptible to be
the most effective to compensate for MS related brain injury, the
relative changes in cortical activations have been studied in two
groups of early MS patients showing or not showing maintenance of
WM capacity over a one-year period of time. Methods: Thirteen early
MS patients underwent two fMRI explorations (baseline and M12)
using paced auditory serial addition test (PASAT) as paradigm. Twenty
one controls matched for age, sex and educational level were also
evaluated at a single time point. Relative to baseline, PASAT scores
recorded during fMRI at M12 were decreased in 5 and increased in 8
patients. fMRI data were analysed using the SPM2 software. Random
effect analyses have been performed to compare activations of each
group of patients relative to controls, at baseline and at M12.
Results: The group of patients with increased PASAT scores (between
MO and M12) has shown at M12 larger brain activation inside the
prefrontal cortex relative to controls (p <0.001, corrected for extent
threshold). In this group, activation inside the PFC was not different
at M12 relative to baseline (p <0.001, corrected for extent threshold).
In contrast, MS patients with reduced PASAT scores between MO and
M12 did not show at M12 larger activation inside the PFC, but an
increase in activation inside the temporal and the occipital regions
relative to controls (p <0.001, corrected for extent threshold). More-
over, relative to baseline, the PFC was less activated at M12 (p <0.001,
corrected for extent threshold). Imterpretation: Various studies in
healthy subjects have suggested that working memory score is strictly
related to activation inside the PFC that mediate executive processes.
In patients with maintenance of WM capacity, the role of the PFC has
appeared predominant and could be related to the efficiency of the
compensatory processes. In contrast, in patients with decreased WM
capacity, less specialized regions have appeared to be highly recruited
at the expense of the PFC recruitment, that could potentially explain
the degradation of effectiveness in adaptive cerebral plasticity.

P587

Clinical validation of MSdiag™ test for predicting multiple
sclerosis activity

P. Villoslada, ]. Sepulcre, B. Duque, ]. Gorii, B. Fernandez, C. Lyonnais,
M. Geffard; University of Navarra (Pamplona, E); Gemacbio SA (Cenon, F)

Background: The MSdiag™ test assess a set of 34 circulating
antibodies directed against fatty acids, acetylcholine-like, azelaic acid,
malondialdehyde residue, NO-modified amino-acids and enterobac-
terial antigens by ELISA (M Geffard. ] Neuroimmunol 1996). These set
of antibodies have been described to be differentially expressed in
different MS disease course. Objective: To assess the association
between MSdiag™ test and disease activity in a cohort of MS patients.
Methods: We study a cohort of 61 MS patients with early to medium
disease duration (22 CIS, 28 RRMS, 5 SPMS, 6 PPMS), low-medium
disability (EDSS: 2.0 (0—7.0); MSSS: 4.6; MSFC: 0.64+1.68) and a
relapse rate in the 2 previous years of 1.43. Patients were followed
every 3 months for 2 years. The MSdiag test was performed every 3
months in a blind manner. A 3D MRI with gadolinium study was
performed at baseline. Results: Two patients were lost for follow-up.
Relapse rate during the follow-up was 1.23, and 26 patients were
relapse-free. The increase in the EDSS by the end of the study was
0.41+40.7 and 12 patients had confirmed progression (1 point increase
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in the EDSS confirmed at 6 months). Twelve CIS patients converted to
RRMS and 5 RRMS patients developed SPMS. We found moderate
correlation between MSdiag™ subtest directed against enterobaterial
antigens and disability (EDSS and MSFC) at the end of the study:
1) the rise of antibodies 5M, 16M, 12M, 19M and 5A was associated
with disease progression; 2) we found a moderate correlation between
16M and SM antibody titers and EDSS change (confirmed at 6
months). The rise of antibody 16M was associated with the conversion
from CIS to RRMS; and the increase of antibody 17A titers was
associated with being non relapse-free by the end of the study. None
of the tests correlated with the number of relapses in the follow-up,
disease subtype at baseline, response to immunomodulatory therapy
or gadolinium enhancing lesions. Conclusions: The assessment of
several antibodies in the MSdiag™ test might be useful to identify
patients with active disease.

P588

MRI in Leber’s optic neuropathy with multiple sclerosis
(Harding’s disease)

W. Kuker, A.P. Weir, G. Quaghebeur, ]. Palace; Radcliffe Infirmary
(Oxford, UK); University Department of Clinical Neurology (Oxford, UK)

Leber’s hereditary optic neuropathy (LHON) is caused by a number of
mutations of mitochondrial DNA. In addition to bilateral loss of
central vision, multi-focal neurological symptoms indistinguishable
from multiple sclerosis may occur (LHON-MS). In such cases MRI
changes similar to those found in MS are often seen. We report two
patients with mitochondrial gene mutations typical of LHON (11778
and 3460 mutations) who otherwise fulfill criteria for multiple
sclerosis. The imaging appearances in both cases consisted of mainly
periventricular T2-lesions which were however distinct from typical
MS plaques in size, morphology and signal intensity. Absence of T1
hypodensities, juxta-cortical lesions, gadolinium enhancement and
corpus callosum involvement may be further distinguishing features.
Further work with larger numbers of patients may establish imaging
features suggestive of LHON-MS.

P589

Using Virtual Reality to assess memory abilities of patients
with multiple sclerosis

A. Miller, A. Dinerman, P.L.T Weiss, R. Kizony, A. Rizzo, N. Josman;
Carmel Medical Center (Haifa, IL); University of Haifa (Haifa, IL);
University of Southern California (California, USA)

Among the cognitive disabilities recently described in patients with
Multiple Sclerosis (MS) are decline in memory, attention and visual
spatial abilities, which may appear separately or together. Virtual
Reality (VR) has been used as an assessment and intervention tool in
cognitive rehabilitation with patients who have traumatic brain
injury and who have left lateral spatial neglect due to stroke. The
objectives of this study were (1) to investigate the potential of using a
virtual environment, the Virtual Office (VO), to characterize short and
long memory test in participants who have different types of MS and
(2) to demonstrate the flexibility of using the VO to test conditions
such as relevant versus non-relevant stimuli. Twenty-six patients with
MS (21 females and 5 males) with a mean age of 42.6 years (SD =13.6)
were tested. The mean time since disease onset was 9.4 years (SD =
6.5). Twenty-six healthy participants (8 females and 18 males), with a
mean age of 26.6 years (SD = 3.24) were also tested. The Virtual Office,
developed by A.A. Rizzo (University of Southern California), was used
to assess memory. It consists of a simulated office environment
wherein eight objects belonging in an office (e.g., computer) and
eight objects not typically found in an office (e.g., dog) are displayed.
The participants wore a Head-Mounted Display (HMD) through which
they observed objects within a virtual office from a first-person point-
of-view for a period of 90 seconds. The HMD was then removed and
the participants were asked to list the items they saw in the office
(Short Term Memory). A demographic questionnaire was adminis-
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tered, and after 20 minutes, participants were again asked to recall the
observed items (Long Term Memory). Significant differences were
found between memory performance of MS (M =9.76) and healthy
(M =14.44) participants in the Virtual Office test (t=5.96). Partici-
pants significantly remembered more items which are not relevant to
the office than those that are typically found in an office, both for
STM (t =6.29) and for LTM (t =6.97). This study revealed differences
in memory abilities between MS patients and healthy people when
tested via the VO. The flexibility of including a variety of different
stimuli and in administering the VO under different test conditions
points to the potential of this technology for evaluation of cognitive
function of people with MS.

P590

Functional handwriting abilities and Activity of Daily
Living performance among multiple sclerosis patients

S. Rosenblum, A. Miller, P.L.T. Weiss; University of Haifa (Haifa, IL);
Carmel Medical Center (Haifa, IL)

Background: This study addresses the ongoing challenge of deve-
loping sensitive and objective performance-based measures for people
with Multiple Sclerosis (MS). Most tools used for this purpose are
questionnaires, based on individuals’ reports of their own abilities.
One of the most common activities for daily living (ADL) performed
by adults in a variety of settings is handwriting. Objectives: To
evaluate functional handwriting performance through the use of
integrated spatial, temporal and pressure measures, and to identify the
relationships between measures of handwriting and ADL perfor-
mance. Method: Forty outpatients with clinically defined and
laboratory supported MS, according to the Poser criteria, aged 18—
65 years, and 20 age and gender matched healthy subjects participated
in the study. For the MS group, inclusion criteria included a disability
score ranging from 0-5 on the Expanded Disability Status Scale
(EDSS). Participants completed the 72-item Daily Living (DL) and the
Fatigue Severity Scale (FSS) Questionnaires. They then performed four
functional writing tasks and copied the Rey complex figure on a
WACOM Intuos II digitizer, which was a part of a computerized
system (Penmanship Objective Evaluation Tool (POET)). Spatial,
temporal and pressure measures were sampled during each task and
then analyzed offline. Results: Significant differences were found
between the two groups for temporal measures when participants
wrote their own names, as well as for the DL questionnaire scores.
More than 30% of the MS participants had difficulty in various
cognitive tasks as well as in tasks require organization in space and
time. Significant correlations were found between the temporal
measures of handwriting performance and the total DL questionnaire
score. The highest correlation was found between the total copying
time of the Rey complex figure and the total DL questionnaire score
(r=0.70, p <0.01). Moreover, significant moderate corelations were
found between the total score of the DL questionaire and both the FSS
(r=0.42, p<0.01), and EDSS (r =0.41, p <0.05) scores. Conclusion:
These results are the first step toward demonstrating the added value
of using both objective handwriting analysis techniques and the DL
questionnaire in order to evaluate everyday functional performance
among MS out-patients. The presentation will focus on a comparison
of the relative attributes of both measurements for the evaluation of
disability level among patients with MS.

P591

Co-occurrence of herpes simplex virus-1 and human herpes
virus-6 DNA in the cerebrospinal fluid of a CIS patient

M.T. Ferro’, D. Franciotta, E. D’Adda, T. Riccardi, S. Sala, P. Cinque;
Center of Multiple Sclerosis, "Ospedale Maggiore" (Crema, I); Neurological
Institute C. Mondino (Pavia, I); San Raffaele Scientific Institute (Milan, I)

Background and Objective: Herpes viruses have been suggested to
be implicated in the pathogenesis of multiple sclerosis (MS). Herpes
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simplex virus-1 (HSV-1) can possibly trigger MS relapses, as it has been
detected in peripheral blood mononuclear cells of patients with acute
disease. Human herpesvirus-6 (HHV-6) DNA has been recently
amplified from brain tissue and cerebrospinal fluid (CSF) of MS
patients and an immune response to HHV-6 has been demonstrated
in the early MS. We describe a patient with clinically isolated
syndrome (CIS), in whom high doses of HSV-1 and HHV-6 DNA have
been detected in the CSF. Case report: A 22-year-old male developed
acute diplopia with paraparesis two weeks after an episode of
hyperpyrexia and cutaneous herpes of right hemi-thorax (C8-T1).
No cephalalgia or urinary disturbances were reported. Medical history
of patient was unremarkable, except an asymptomatic Wolf-Parkin-
son-White syndrome. Brain and spinal-cord MRI showed multiple T2-
hyperintense lesions involving periventricular white-matter, corpus
callosum, cervical (C1-C3) and dorsal (D5-D6) cord regions. Some of
brain and both spinal cord lesions enhanced following iv gadolinium.
CSF examination revealed 4 lymphocytes/mm?®, numerous oligoclonal
IgG bands (OCBs) by IEF, and elevated copy numbers of HSV-1 DNA
(26790 ¢/mL) and HHV-6 DNA (58500 ¢/mL) by real-time PCR. EEG
and bilateral BAER were both normal. VEP showed high latency of the
left P100. High-dose iv methylprednisolone and acyclovir (10 mg/Kg
tid) were administered, followed by progressive clinical improvement.
After three months, MRI showed lack of enhancement of brain and
spinal cord lesions, and disappearance of DS5-D6 alterations. Six
months after the onset, the patient was completely asymptomatic,
with the exception of a post-herpetic hemi-thorax neuralgia; CSF
examination revealed persistence of OCBs, absence of HSV-1 DNA,
and decreased levels of HHV-6 DNA (676 c¢/mL). Conclusions: The
association of cutaneous herpes manifestations with neurological
symptoms in our patient led us to search for herpes viruses in the
CSF. Although the finding of HSV-1 in the CSF is usually associated
with herpetic encephalitis, clinical and radiological picture was
atypical in our patient and consistent with MS-related CIS. Further
studies by updated bio-molecular techniques are warranted to ascer-
tain whether detection of CSF HSV-1, with or without HHV-6, is an
exceptional finding, or an MS, although rare, feature.

P592

High-resolution proton magnetic resonance spectroscopy
of cerebrospinal fluid in multiple sclerosis: results of 25
patients

F. Reis, 1. Figueiredo, F. Cendes, A. Marsaioli, M. Ferreira, V. Zanardi,
A. Faria, C. Brandao; Unicamp-Universidade Estadual de Campina
(Campinas, BR)

The application of 1 H magnetic resonance spectroscopy in cere-
brospinal fluid (CSF) analysis may detect metabolites in normal and
pathological conditions. The purpose of this work was to evaluate
what biochemical changes were related to multiple sclerosis (MS) and
establish whether the CSF composition in MS patients reflects
metabolic changes occuring in demyelinating plaques. Methods:
CSF samples obtained by lumbar puncture in 25 MS patients
(clinically definite), 8 male and 17 female, with mean age of 36 years;
patients with idiopathic polyneuropathy and meningitis, were used as
controls (12 patients). The study was approved by our Ethics Comitee
and all individuals gave informed consent. A portion of each CSF
sample was stored until NMR analysis, at which time 0,5 ml CSF were
added to 0,1 ml of 0,75 mM sodim 3-trimethyl-silylpropionate-
2,2,3,3-d (TSP), chemical shift reference (0,0 ppm), in D20. A Varian
INOVA-500 (11,7 T) spectrometer, operating at 499,886 MHz, was
used. All spectra were treated prior to the multivariate statistics and
pattern recognition by adjusting the TPS peak to the same height and
by correcting the spectra shift and base line. Metabolite concentra-
tions in CSF from the patients with MS and controls were determined
by integration of isolated peaks measured relative to TSP, correcting
for the relative number of protons. Results: We found increased
levels of acetoacetate; glutamine/glutamate and beta-hydroxybutirate
in MS patients, compared to controls. Conclusions: Alanine,
threonine, valine, leucine and isoleucine account for 40% of the
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myelin proteolipid protein and for 20% of the myelin basic protein.
Acetoacetate and beta-hydroxybutirate result from the degradation of
these aminoacids, which besides being related to the breakdown of
myelin, may result of oligodendrocyte pathology. During inflamma-
tion, lymphocytes, microglia and macrophages release excessive
amounts of glutamate; Astrocytes impairment of glutamate uptake
may contribute to excitotoxic damage of oligodendrocytes.

P593

Pattern pulse vs. frequency doubling illusion. Sensitivities
and specificities in optic neuritis patients

R. Ruseckaite, T. Maddess, A.C. James; Centre for Visual Sciences
(Canberra, AUS)

The goal of our study was to compare the diagnostic capabilities of
Pattern Pulse (PPVEPs) and Frequency Doubling (FD) Illusion
(FDVEPs) based multifocal visual evoked potentials in Normal sub-
jects, Multiple Sclerosis (MS) and Optic Neuritis patients. 27 Normal
subjects and 50 MS patients, 26 of whom had experienced Optic
Neuritis (ON+) participated in our study. The patient groups were
matched for length of disease and number of clinical attacks. All
subjects had refraction corrected to 6/9 or better. The recordings were
obtained dichoptically stimulating 8 regions/eye. Contrast threshold
testing was performed using a FD technology perimeter, consisting of
low spatial frequency (0.25 cpd) sinusoidal gratings that underwent
rapid (25 Hz) counterphase flicker. The FDVEPs stimulus was pre-
sented at 95% contrast to each location. PPVEPs were recorded to the
pattern pulses (the small chequerboards being presented transiently
but infrequently against a neutral grey background) of one video
frame at 1.3 presentations/s. Compared to the responses of Normal
subjects those of MS patients had significantly smaller response
amplitudes, lower signal to noise ratios, more complex response
waveforms and longer response delays. To estimate sensitivities and
specificities for the different stimulus types we used the receiver
operator characteristic plots (ROCs). Bootstrap estimates of the
accuracies of the ROCs for the PPVEPs template delays indicated
92% sensitivity at a false positive rate of 0% in ON+ patients. The
results were similar for patients with no history of ON. The accuracy of
the classification model based upon the FDVEPs was poor in ON+
patients: the model performed at a specificity of 62% for a sensitivity
of 63%. This finding suggests that PPVEPs has better diagnostic
capabilities than FDVEPs.

P594

Monocular and binocular multifocal visual evoked poten-
tials in normal and multiple sclerosis subjects

R. Ruseckaite, T. Maddess, A.C. James; Centre for Visual Sciences
(Canberra, AUS)

Purpose: To compare monocular and binocular Pattern Pulse multi-
focal visual evoked potentials (mfVEPs) in Normal subjects and
Multiple Sclerosis (MS) patients. Methods: Monocular and binocular
multifocal VEPs were concurrently recorded from 19 normal subjects
and 50 MS patients: 26 of whom had optic euritis (MSON) and 24 of
whom had no visual symptoms (MSNON). We employed multiple
regression to examine the differences between monocular and
binocular viewing. We examined the first response negativities (C1),
positivities (C2) their implicit times C1T and C2T and fitted delays.
Results: Binocular mfVEP waveforms predictably had larger ampli-
tudes than monocular ones, but they were also smaller in MSNON and
MSON patients. Monocular and binocular responses were both
delayed in the patients, but there was no significant difference
between monocular and binocular latencies. We also found, that the
binocular delays were intermediate between the best and the worst
eye. Comments: MfVEDPs recorded to the Pattern Pulse stimulus in
binocular viewing condition have larger amplitudes, but their laten-
cies do not differ from the latencies in monocular responses.
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A panel of anti-glycan IgM antibodies for predicting the
development of relapsing-remitting multiple sclerosis after
the first neurological event

M.S. Freedman, A. Miller, M. Schwarz, O. Weisshaus, R.T. Altstock,
A. Dukler, N. Dotan, C. Sindic; University of Ottawa (Ottawa, CAN);
Carmel Medical Center (Haifa, IL); Glycominds Ltd. (Lod, IL); Cliniques
Universitaires (Brussels, B)

Background: There is an unmet need to develop specific serum
based biomarkers for the diagnosis and prognosis of Relapsing
Remitting MS (RRMS). We have reported that elevated levels of
serum anti-Glc(alphal,4)Glc(alpha) (GAGA4) IgM antibodies (Ab)
exist in RRMS patients in comparison to patients with other
neurological diseases (OND) enabling to discern which post-CIS
patients convert to RRMS vs. OND. We have further investigate
whether other anti glucose based IgM Ab may improve on the RRMS
prediction for CIS patients. Aim: To evaluate the predictive value of
IgM Ab against Glc(alphal,6)Glc(alpha) (GAGAG6), alpha-GlcNAc
(GNa), and GAGA4, for identifying patients with CIS that will
evolve to RRMS or will have a more active disease. Methods:
Retrospective analysis on of 88 frozen sera from CIS patients
presenting for diagnostic work-up and were followed for a minimum
of 4 years, Forty four patients were subsequently confirmed to have
RRMS, whereas the other 44 developed OND (other inflammatory
(OIND), n =23, or non-inflammatory neurological disease (ONIND),
n =21). The groups were matched for gender composition, age and
total IgM. Sera were diluted 1:1200 and levels of GAGA6, GAGA4
and GNa IgM Ab measured by enzyme immunoassay normalized to
1gM levels. Results: Significantly higher levels of anti-GAGA6 IgM
(p=0.01) and anti-GAGA4 IgM (p =0.005) Ab were observed in CIS
patients who converted to RRMS as opposed to OND. Using the
OND sample set and a cut-off of mean+2SD for anti GAGA6 and
GAGA4, we have found that 17/44 (39%) converting CIS patients
were positive, whereas 42/44 (95%) OND patients were negative for
both Ab, corresponding to a sensitivity of 39%, a specificity of 95%,
PPV of 89%, and NPV of 61%. In addition, higher levels of anti-
GAGA4 and anti-GNa Ab (>median) predicted a greater number
of future attacks. RRMS patients with levels >median vs. patients
with lower levels (<median) of anti-GAGA4 and anti-GNa IgM
antibodies went on significantly (16/20 (80%) vs. 10/21 (47%), and
17/20 (85%) vs. 9/21 (43%), (fO2 test, p =0.025) odds ratio 4.4 (CI
95% 1.6-11.8), and odds ratio 7.5 (CI 95% 2.4-23.8), respectively to
have further attacks within 2 years. Conclusion: Measuring Anti-
GAGA4 together with Anti-GAGA6 IgM yields higher sensitivity
(39%), specificity (95%) and PPV (89%) of CIS patients evolving to
RRMS. In Addition higher levels of IgM antibodies to the GAGA4
and GNa epitopes predicts at CIS which patients will have imminent
attacks.

P596

The application of transcranial magnetic stimulation in
multiple sclerosis, evaluation of the relation of EDSS and
motor-evoked potentials

J. Agaoglu, N. Kale, G. Onder, C. Emir, O. Tanik; Okmeydani Training
Hospital (Istanbul, TR)

Background: The technique of transcranial magnetic stimulation
(TMS) allows the investigator to stimulate the cortex of the brain
magnetically through the skull, resulting in an induced electrical
discharge in the cortex.Axonal loss and damage are responsible for the
persistent functional deficits found in multiple sclerosis (MS).An
axonal hypothesis of disability can be tested by defining the relation-
ship between axonal pathology and persistent neurologic dysfunctio-
n.In this study, we tried to assess the relation of EDSS and motor
evoked potentials in patients with MS using TMS. Method: In this
study, 50 patients,(37 females, 13 males) and 51 controls(35 females,
16 males) were entered the study. As for the inclusion criteria, patients
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who had not suffered from an attack for the last 6 months or received
pulse therapy were included. The mean age of the patient group was
32, females were aged between 14-47 years, and males were aged
between 24-52 years. The control group and the patient group
matched in terms of age. The patient group was evaluated by routine
neurological examination. Overall disability was assessed using the
expanded disability status scale (EDSS).The patients were assesed for
their motor evoked potentials with the aplication of TMS. The
patients were positioned and the circular shaped coil was targeted to
the coordinates of the patient’s hand area of the motor cortex.The
recordings were performed from nervous medianus, Erb point, 7th
cervical process and the hand area of the motor cortex.Latency and
amplitudes of the evoked potentials were assessed. Results: EDSS
evaluation of the patient group was between 1-35.5 points. The mean
EDSS was 3. When latency and amplitudes were evaluated, decrease in
amplitudes and prolongation in latency was evaluated in SPMS
patients which seemed to be in correlation with high EDSS scores.This
study is still underway.

P597

Differentiating clinical and paraclinical features of the
earliest multiple sclerosis

U. Rot, A. Mesec, A.l. Horvat Ledinek, S. §ega Jazbec; Medical Centre
(Ljubljana, SVN)

Efffective therapy in the earliest stages of multiple sclerosis (MS)
demands early correct diagnosis. The aim of our study was to find
the clinical and paraclinical profile of the earliest MS by comparison
of clinical, MRI, CSF and electrophysiological characteristics of
patients with clinically isolated syndrome (CIS) suggestive of MS
and patients with relapsing-remitting (RR) MS. Retrospective analy-
sis included 194 patients (139 women) with a median age 36 years,
median duration of the disease 2 years and median EDSS score 3.
Among them 47 patients had CIS (30 isolated spinal cord syn-
drome, 8 isolated brainstem syndrome, 3 isolated hemispheric
syndrome, 2 optic neuritis, 4 polysymptomatic presentation) and
89 RR MS at the diagnosis. The diagnosis of MS was established
according to the McDonald criteria, patients with CIS had either
brain MS-like MRI lesions or positive CSF oligoclonal bands.
Patients with CIS were younger (p <0.0001), had shorter duration
of the disease (p <0.0001) and lower EDSS score (p=0.02) than
patients with RR MS. They were more likely to have predominant
sensory symptoms (p =0.0045) but less likely to have predominant
cerebellar (p=0.01) and motor symptoms (p=0.07) than patients
with RR MS. Brain MRI MS-like lesions were found in 84% of CIS
patients compared to 99% of RR MS patients (p =0.002). Modified
Barkhof MRI criteria fulfilled 56% of CIS patients and 85% of RR
MS patients (p=0.0003). Patients with CIS had higher CSF cell
counts than patients with RR MS (p =0.04). Oligoclonal bands were
present in 79% of CIS patients and 95% of RR MS patients (p =
0.01). Prolonged latencies of visual evoked potentials (VEP) were
found in 30% of CIS patients compared to 68% of RR MS patients
(p =0.0008). Patients with the earliest MS often present with less
specific sensory symptoms. Brain MRI can be inconclusive in more
than 40% of them and VEP are usually normal but elevated CSF cell
count and positive CSF oligoclonal bands are helpful in establishing
the correct diagnosis.

P598

Conversion to definite multiple sclerosis in Turkish patients
with clinically isolated syndromes

M. Mutlu, G. Akman-Demir, M. Kurtuncu, M. Eraksoy ; Istanbul University
(Istanbul, TR)

Clinically isolated syndromes (CIS) suggestive of multiple sclerosis

(MS) mainly consist of isolated optic neuritis, incomplete trans-
verse myelitis, and isolated brainstem syndrome. Recently, patients
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presenting with a CIS have come into focus due to the concerns
about starting long term treatment at the first attack suggestive of
MS. The aim of this study is to assess the conversion to definite MS
in Turkish patients presenting with a CIS. We included all
consecutive patients presenting with a CIS since 2002. Within 4
years a total of 129 patients with a CIS were evaluated. Mean follow
up duration was 23 months. Of these, 44 patients presented with a
brainstem syndrome, 35 with optic neuritis, 30 with a spinal attack,
and 24 with hemisensory or motor syndrome. Dissemination in
space was evident radiologically in 54 patients according to Barkhof
criteria, and in 6 patients, >2T2 lesions and additional CSF
evidence was present, while 10 patients had additional spinal lesions
fulfilling the criteria for dissemination in space (Group I, 70
patients). On the other hand, in 46 patients there were abnormal
findings in cranial and/or spinal MRI not fulfilling the criteria for
dissemination in space (Group II). Finally in 13 patients MRI was
normal (Group III). In Group I 25 of 70 patients had a second
attack, whereas in Group II 8 of 46 patients, and in group III 1 of 13
patients had a second attack. 124 patients had a follow-up MRI
examination; 47 patients had a new lesion on their second MRI.
Among these, 24 had a second attack. On the other hand, among 77
patients who did not have a new lesion their second MRI. 6 had a
second attack. Sensitivity of MRI positivity was 80%, specificity was
75.5%, positive predictive value was 51.1%, negative predictive
value was 92.2%, accuracy was 76.6%. The mean time to the second
attack was 15 months, and the mean time for fulfilling radiological
criteria (McDMS) was 11 months. 63 patients had CSF analysis: 45
had oligoclonal bands. Among the patients with positive CSF 16 had
a second attack, whereas among those that were negative 3 had a
second attack. Sensitivity of CSF positivity was 84.2%, specificity
was 34.1%, positive predictive value was 35.6%, negative predictive
value was 83.3%, accuracy was 49.2%. Our results suggest that
although MRI positivity is highly predictive for developing definite
MS, CSF findings could also be supportive, and should not be
completely left out of the diagnostic procedure.

P599

Serum uric acid levels are decreased in patients with relap-
sing-remitting multiple sclerosis, in particular during
relapses

A. Tsakiri, ].L. Frederiksen; University of Copenhagen Glostrup Hospital
(Glostrup, DK)

Background: A few studies indicate that patients with Relapsing
Remitting Multiple Sclerosis (RRMS) have low serum levels of the
endogenous antioxidant uric acid (UA). The object of this study was
to examine if patients with RRMS have decreased serum levels of
uric acid and if the value of UA changed during relapses. We
correlated the value of UA to the results of CSF examinations and
MRI of the brain performed at the time of diagnosis of RRMS.
Design/Methods: In a population-based study we included 300
consecutively examined patients (190 f, 110 m) with RRMS with a
mean age of 35 years. The patients were treated with interferon-beta
(260 patients) and copaxone (40 patients) and had blood examina-
tions routinely every 6 months during treatment. In addition we
measured serum UA when they presented with a relapse. The serum
reference value from our laboratory was 15-35 for women and
0.20-0.45 Mm for men. Conventional methods were used for CSF
and MRI examinations. Results: Sixty patients (20%) (45 f, 15 m)
had decreased a serum level of UA below normal values. The mean
serum UA was lower in patients than in healthy controls. During
relapses, (relapse rate 0.3 relapses per year) the values tended to be
lower than outside relapses. Conclusions: The results of this large
population based study of patients with RRMS support the hypoth-
esis that serum levels of UA are decreased in this group of patients.
The serum level of UA tender to be lower during relapses, indicating
that serum UA may be a marker of disease activity in RRMS. The
serum levels of UA are being related to the results of CSF and MRI
examination.
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Thrombophilia screening in patients with multiple sclerosis
T. Afrantou, A. Angelou, R. Lagoudaki, E. Stavridou, M. Gelagoti, A. Halati,
K. Dimitrakopoulos, A. Kazepidou, M. Paschalidou, I. Milonas; Aristotle
University of Thessaloniki (Thessaloniki, GR); 1st General Hospital Ag.
Pavlos (Thessaloniki, GR)

Introduction: Multiple sclerosis is a chronic autoimmune inflam-
matory disease with unpredictable course of unknown aetiology.
Various studies have evaluated the role of coagulation indices in
multiple sclerosis. There is an aspect that components of haemostasis
are impaired in patients with MS but it is not clear in which way. The
patients are immobilized at later stage of disease and may be at higher
risk for impairment of coagulation system with predisposition to
hypercoagulated state. Therapies which usually are used in immune
mediated neurological diseases like corticosteroids and immunoglo-
bulins seem to be safe, having minor adverse effects. However, vein
thrombosis may occur either during corticotherapy after lumbar
puncture involving the cerebral veins or receiving immunoglobulins
as adverse effect with deep vein thrombosis manifestation. Objective:
The aim of this study is to establish the prevalence of thrombophilia
using a screen in patients with MS. Patients and Methods: 44
patients with MS diagnosis according to McDonald’s criteria were
examined, 6 males and 38 females, with mean EDSS 3.7. 29 patients
suffered from relapsing-remitting MS and 15 patients suffered from
secondary progressive MS. In our study we evaluated Protein C,
Protein S, antithrombin III, Activated protein C resistance, Fibrinogen
and Lupus anticoagulant. Results: Increased levels of Fibrinogen
were detected in 12 patients (27.3%). The Lupus anticoagulant was
negative in all patients. We detected protein S deficiency in 2 patients
(4.5%) whereas no protein C deficiency was detected. Antithrombin
III levels were decreased in 4 patients (9%). The testing for Activated
protein C resistance showed normal levels for all patients. Conclu-
sion: The 12 patients that had high levels of fibrinogen were either in
a relapse state or at the onset of the disease, suggesting that the
fibrinogen levels might serve as an inflammatory factor. Although
fibrinogen has important haemostatic properties and it is a well
known marker of hypercoagulation, none of our patients experienced
a thrombotic event. Low levels of protein S and antithrombin IIT were
detected in a few patients which experienced a relapse with mean
EDSS 4. This deficiency could not be attributed to a common cause,
such as liver diseases or peripheral vein thrombosis. On the other
hand these values could be explained by the inflammatory process
present during the relapse and the early stages of the disease.

P601

Oxidised low density lipoprotein in serum of relapsing-
remitting multiple sclerosis patients

A. Sena, R. Pedrosa, R. Roque, M.A. Tavares, M.]. Cascais, V. Ferret-Sena,
C. Araijo, M.G. Morais, R. Couderc; Faculdade de Ciéncias Medicas
(Lisbon, P); Hospital dos Capuchos (Lisbon, P); Instituto Superior de
Ciéncias da Savide Egas Moniz (Lisbon, P); Hopital Trousseau (Paris, F)

Background: Oxidative stress is thought to play a major role in the
pathogenesis of multiple sclerosis (MS). Plasma oxidized low density
lipoprotein (oxLDL) is found in activated microglia and macrophages
in very early lesions of MS. Increasing evidence suggests a potential
role of oxLDL in mediating inflammatory and neuronal toxicity
processes underlying MS pathogenesis. Goals: To analyse serum
oxLDL levels in relapsing-remitting (RR) MS patients and its eventual
associations with clinical disease activity and immunomodulatory
treatments. Methods: 25 patients (23 females and 2 males) with
definite RR-MS (32.44 +8.52 years) and 15 normal controls matched
for age and sex were studied. In 17 patients, serum oxLDL was
determined before and 6 months after the beginning of interferon
beta 1b (Betaferon) or glaterimer acetate (Copaxone) therapy. In 8
patients, oxLDL was analysed in a remission condition and during a
clinical relapse. Serum oxLDL was determined by ELISA (Mercodia)
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and for statistical analysis ANOVA and Student’s test were used.
Results: Untreated MS patients had higher serum oxLDL levels
(69.41+17.75 U/L) in comparison to normal controls (39.60+9.07
U/L) (p =0.018). Serum oxLDL decreased about 20% after 6 months of
therapy (p =0.007, test for paired values). Serum oxLDL levels during
relapses (61.25+12.01 U/L) were higher than in remissions (46.13 +
10.02 U/L) (p =0.005). A trend to higher oxLDL levels in smokers was
observed (p=0.06). Conclusions: This study supports a role of
oxidative stress in MS pathogenesis. Our results suggest an association
between serum oxLDL and disease activity that could be favourably
influenced by immunomodulatory treatments. These data should be
confirmed in a larger sample of patients and prospective studies.
Supported by Schering Lusitana and Sanofi-Aventis.

P602

Correlation between urinary levels of 6-sulfatoximelatonin
and clinical aspects of multiple sclerosis

C. Tilbery, G. Kelian, M. Peres, R. Thomaz ; Santa Casa de Misericordia de
Sdo Paulo (Sdo Paulo, BR); Albert Einstein Hospital (Sdo Paulo, BR)

Introduction: Multiple sclerosis (MS) is more common in Cauca-
sians individuals of the north of the Europe than in African blacks.
The solar incidence in these regions is well distinct and the melatonin
secretion could be involved in the physiopathology of MS. The
melatonin is a hormone with function to transform information
about circadian cycle to biochemical signals which modulate the
organization time-dependent of anatomical functions, neuroendo-
crine and behavioral. It is only produced during the absence of light
and exerts effect on the immunological system. Constantinescu, in
1995, showed the possible influence of melatonin secretion in MS on
autoimmunity and its influence in adaptation of external factors
within internal environment. The light is a strong suppressor of
melatonin secretion, and also its actions in immunological system.
Until now the real influence of melatonin in MS was not established.
Objective: Study the nocturnal urinary levels of melatonin in MS
patients and controls. Method: 43 patients with diagnosis of Multiple
Sclerosis according to McDonald criteria (2001), age varying between
18 to 59 years old, and 43 controls, matched by gender and age. A
nocturnal urinary sample (12 hours period) was collected and we
analyzed 6-Sulfatoximelatonin (6-SM) dosage, by ELISA. Results:
The urinary levels of 6-SM in MS patients were 40.16 +29.21 ng/mL,
and in controls 27.17+ —21.43 ng/ML (p =0.026). We detected an
increase in melatonin levels during relapses (Wilcox on Signed Rank
Test), varying from 10,76 to 56,8 ng/mL (median =17,23) before
relapses, and from 20,6 to 105,6 ng/mL (median =63,1) after relapses
(p =0.036). Although any correlation was found between melatonin
levels and gender, age, MS type or disability. Conclusion: We
concluded that MS patients have higher urinary melatonin (6-SM)
levels than controls and these levels increase during relapses.

P603

Chitotriosidase cerebrospinal fluid index correlates with
actual disability and disability after 3 years in secondary
progressive multiple sclerosis

P.J.H. Jongen, E.A. Notting, B. Faas, R. Claessens-Linskens, M.M. Verbeek;
Multiple Sclerosis Centre Nijmegen (Nijmegen, NL); Radboud University
Nijmegen Medical Centre (Nijmegen, NL)

Introduction: Chitotriosidase (CTTS) is produced by chronically
stimulated macrophages and microglia. In multiple sclerosis (MS)
these cells play a major role in pathogenesis. We performed an
exploratory analysis of CTTS activity in serum and cerebrospinal fluid
(CSF) in various types of MS. Patients and methods: 196 patients
were studied: Relapsing-Remitting MS (RRMS)(n =80), Secondary
Progressive MS (SPMS)(n =24), Primary Progressive MS (PPMS) (n =
20), Possible MS (n =43) and’'no MS’ (n=29). Expanded Disability
Status Scale (EDSS) score was determined at time of lumbar puncture
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(LP) and at follow up. CTTS activity was assessed by a conventional
enzyme assay. CTTS index was 1) compared between groups and with
controls (non-inflammatory neurological disorders, NIND), 2) per
group between patients with and without CSF signs of inflammation/
immune activation (mononuclear cell count [MNC], immunoglobulin
G [IgG] production, and oligoclonal IgG bands [OCB]) and 3) per
group correlated with EDSS scores at LP and at follow up. Results: For
RRMS, SPMS and PPMS mean age at LP was 38.7, 42.3 and 48.3 years
(yrs), mean disease duration at LP 5.6, 12.7 and 10.5 yrs, and follow up
period 2.4, 3.1 and 2.4 yrs, respectively. Mean EDSS scores at LP for
these groups were 3.0, 4.7 and 4.9 yrs, at follow up 3.2, 5.2 and 5.5 yrs,
respectively. CSF CTTS activity was significantly higher in patients
with MS, whereas serum CTTS activity did not differ between patient
with MS, possible MS, non-MS and NIND. Both in RRMS and SPMS
patients the CTSD index was increased compared to controls: 0.10 vs.
0.10 vs. 0.02. In RRMS-not in the SP/PPMS group-the CTTS index was
significantly higher in patients with increased CSF MNC or IgG index.
In SPMS-not in RRMS or PPMS-the CTSD index was positively
correlated to the EDSS score, both at time of LP (r=0.62) and at
follow up (r =0.62). Conclusion: The CTTS index is elevated in MS.
RRMS patients with CSF signs of inflammation/immune activation
have a higher CTTS index than those without. In SPMS patients the
CTTS index shows a marked positive correlation to EDSS score, both at
time of LP and at 3 yrs follow, a finding suggesting that the CTTS
index is a potential marker for disease activity and prognosis in SPMS.

P604

Levels of urinary cortisol in multiple sclerosis patients:
circadian profile and response to an emotional task

S. Fuso, R. Ribeiro, D. Suchecki, B. Palma, D. Callegaro, O. Bueno; Federal
University of Sdo Paulo (Sdo Paulo, BR); School Hospital of the University of
Sdo Paulo (Sdo Paulo, BR)

Background: A number of conflicting findings on the alterations of
cortisol and hypothalamic-pituitary-adrenal (HPA) axis function in
multiple sclerosis (MS) have been reported. Many studies report high
basal plasma cortisol levels and enlargement of adrenals glands
although it is suggested that HPA hyporesponsiveness might have a
role in inflammatory and autoimmune disease susceptibility. Our goal
is to study the circadian profile of cortisol secretion and the response
to an emotional perception and memory task in MS patients.
Methods: For basal measurements, 21 MS patients and 20 healthy
controls collected urine in one day exactly when they awake (morning
sample), after eight hours (afternoon sample) and immediately before
going to sleep (night sample). For test day measurements 23 patients
and 22 controls collected urine before and 20 minutes after the end of
the emotional task. This task consisted of a presentation of 40 pictures
— neutral or unpleasant content — selected from the International
Affective Picture System and the groups performed a subjective
perception evaluation during the presentation, an immediate memory
test and late recognition test. All patients were free of corticosteroids
for at least one month and were at remission. Urinary cortisol levels
were determined by radioimmuneassay. The cortisol data were
corrected by the sample creatinine excretion and log transformed
for statistical analyses. Data were analysed by ANOVA and the
significance level was set at p <0.05. Results: A main effect of group
[F(1,39) =4.06; p=0.05] and of time [F(2,78) =28.5; p <0.001] was
revealed. MS patients had significantly higher urinary cortisol levels
than controls and both groups showed a preserved cortisol circadian
profile, with higher secretion in the morning, diminished secretion in
the afternoon and lower levels at night. Analysis of test day showed a
group effect [F(1,41) =4.46; p=0.04] and emotional test effect
[F(1,41) =35.99; p <0.001]. MS patients exhibited higher cortisol
levels before and after the task than control subjects and both groups
had lower levels after the test compared to the prior collection. The
valence of the stimuli presented had no effect on cortisol levels
[F(1,41) =2.00; p =0.16]. Conclusion: MS patients had higher levels
of urinary cortisol baseline and after an emotional perception and
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memory test than controls but they showed preserved circadian
profile secretion and response to a cognitive task.

Imaging — Part Il
P605

MRI predictors of short-term disability in early multiple
sclerosis patients

M. Deloire, E. Salort-Campana, M. Bonnet, K.G. Petry, JC. Ouallet,
V. Dousset, B. Brochet; University V. Segalen (Bordeaux, F)

Background: Lesion load (LL) on MRI is moderately correlated with
disability outcome in MS. Predictive value of other MR parameters has
still to be established. Objectives: To assess the predictive value of
various MR parameters on short term disability at early stages of MS.
Methods: A population based sample of 69 consecutive patients have
been recruited by the AQUISEP network less than six months after a
diagnosis of MS. 68 participated to this study, 57 with RRMS and 11
with progressive MS. They had 4 yearly clinical evaluations (EDSS and
MSFC). MR parameters measured at baseline, year one and two,
included LL, brain parenchyma fraction (BPF), ventricular fraction
(VF), mean magnetisation transfer ratio (MTR) on lesion and normal
appearing brain tissue (NABT) masks. Results: In RRMS patients:
EDSS and MSFC remained stable over 3 years. On 3-year follow-up,
MRI lesion parameters either deteriorated significantly (T2 LL, p <
0.001) or remained stable (mean lesion MTR). However, all MR
parameters reflecting diffuse brain involvement deteriorated during
the first year: BPF (p <0.001), VF (p =0.002), mean NABT MTR (p <
0.001) but remained stable during the second year. Mean lesion MTR
at baseline correlated with EDSS change over 3 years (r= —0.31, p=
0.03) and baseline BPF with MSFC change over 3 years (r =0.36, p =
0.01). In progressive MS:EDSS deteriorated significantly (p <0.01). BPF
(p <0.05) and mean NABT MTR (p <0.01) deteriorated significantly
during the second year. Mean baseline NABT MTR correlated strongly
with EDSS (r = —0.81, p=0.007) and MSFC change over 3 years (r =
0.95, p <0.001). LL at baseline correlated with EDSS change through-
out 3 years (r=0.7, p=0.03). Conclusion: In early progressive MS,
diffuse brain abnormalities may be useful predictors of short-term
disability outcome. In mostly clinically stable RRMS patients, lesions
severity and atrophy were modestly predictive of disease progression.
This work is supported by grants of ARSEP and Schering France SA.

P606

Ring-enhancing lesions in relapsing-remitting multiple
sclerosis: insight into tissue injury and repair mechanisms
O. Khan, A. Boster, M. Mackenzie, ]. Perumal, C. Caon, F. Bao, Z. Latif,
A. Tselis; Wayne State University School of Medicine (Detroit, USA)

Objective: To investigate the mechanisms leading to disappearance
of gadolinium enhancement by studying ring-enhancing lesions (REL)
in relapsing-remitting MS. Background: Gadolinium enhancement
(GdE) visualized on brain MRI scans represents disruption of the blood
brain barrier (BBB). It has been suggested that GdE lesions in MS may
represent tissue inflammation and is a commonly studied outcome in
exploratory phase II studies. GdE lesions are usually homogenous
(HEL) and occasionally ring-enhancing (REL) in appearance, the later
more likely to represent irreversible axonal injury. However, histo-
pathologic data of REL has shown significant remyelinating potential
and large REL have been shown less likely to be associated with tissue
destruction than small REL. We investigated the behavior of REL in
RRMS patients by employing MTR and also proton MRS when
possible. Methods: We studied 37 RRMS on no treatment with
monthly brain MRI scans. Patients elected to remain untreated
because of needle phobia or unable to tolerate available disease
modifying therapies. All patients had monthly brain MRI scans for 6
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months with additional scans at months 12 and 18 when ever
possible. Results: A total of 261 lesions were identified in the first
6 months of which 47 were REL and 214 HEL. 14 of 47 REL were > 10
mm in diameter. 11 of 14 large REL resolved spontaneously without
any residual hypointensities on TIW images. 8 of 11 large REL that
resolved were examined with MTR at initial presentation and follow
up scans. All 8 large REL showed MTR values similar to NAWM and
improved on follow up scans. In contrast, 18 of 33 small REL showed
MTR values significantly decreased compared to surrounding NAWM
and 16 of these lesions remained hypointense on follow up scans.
Additional analyses with single VOI MRS examining NAA/Cr were also
performed. Conclusions: In contrast to small REL, Large REL appear
to have a greater potential for remyelination and repair. This
observation sheds light on potential histopathologic differences based
on patterns and volume of GdE depicted with in-vivo imaging
employing MTR and MRS. This may also provide further insight into
substrates of disability and potential of repair in MS.

P607

MRI changes predict response to IFN-beta in relapsing-
remitting multiple sclerosis patients

J. Rio, A. Rovira, M. Tintore, E. Huerga, C. Nos, N. Tellez, R. Pelayo,
M. Comabella, X. Montalban ; Hospital Vall d’Hebron (Barcelona, E)

Background and objective: To evaluate wheather MRI performed
at IFN beta onset and after twelve months allow us to identify RRMS
patients with a disability increase in the first two years of therapy.
Methods: This is a prospective and longitudinal study of patients
with RRMS treated with IFN beta. All patients included underwent
brain MRI before the onset of therapy with IFN and 12 months after.
Number and volume of T2 and contrast-enhaced T1 lesions and brain
parenchymal fraction (BPF) at baseline and follow-up scans, and
number of new T2 lesions at follow-up scans were measured. EDSS was
scored every 3 months. We defined increase of disability as the
increase of at least 1 EDSS point confirmed and sustained during the
first two years of therapy with IFN beta. Regresion analysis was
performed in order to identifty MR variables of response. Results: We
included 178 RRMS patients with baseline and 12 months MRI exami-
nations. One hundred and fifty-two patients were followed-up for at
least two years. After two years of therapy, 24 patients (16%) had an
increase of disability. Patients with a disabilty increase were compar-
able in clinical and demographical variables (age, sex, disease dura-
tion, EDSS and relapse rate) at baseline. Nevertheless a different MRI
pattern at the onset of IFN beta was found. Patients with a disability
increase after two years of therapy had a higher T2 and contrast-
enhanced T1 lesion volumes at baseline (p <0.05). BPF was not
different among patients. Number of new T2 lesions after 12 months
of therapy was the variable with the best value for predicting an
increase of disability after 24 months of treatment. Conclusions: In
RRMS patients treated with IFN beta the MRI changes occurred during
the first year may have a prognostic value for identifiyng patients with
a confirmed increase of disability after two years of therapy.

P608

The evaluation of black hole volume evolution as it relates
to lesion load, extent of enhancement, and treatment with
intramuscular interferon-beta-la in two relapsing-remit-
ting multiple sclerosis studies

EW. Radue, M. Saharain, A. Pace, R. Hyde; University Hospital Basel
(Basel, CH); Biogen Idec (Cambridge, MA, USA); Biogen Idec International
GmbH (Zug, CH)

Background: Damage to the CNS and loss of function in relapsing
MS patients are triggered by inflammatory attacks. Pathological
progression is followed on MRI but the relation to disability is not
one to one. The “eloquence” of lesions and plasticity of the CNS may
explain this. Chronic T1 hypointense lesions (T1 black holes) are areas
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of severe damage to myelin and axons. They have been proposed as a
closer correlate of impending disability. Objective: The aim of this
evaluation is to understand the precursor characteristics for the
formation of T1 black holes in MS patients and to further examine
the effects of IM interferon beta-1a (IFNB-1a) on this specific measure.
Methods: A retrospective analysis of MRI data from the MS Colla-
borative Research Group (MSCRG) trial and the dose comparison trial
(DCT) were used to evaluate the influence of baseline MRI character-
istics on the evolution of black-hole volume. Data were assessed for
normality, and correlations were determined based on the Spearman
rank statistic. A non-parametric, rank-based regression model was
used to identify characteristics that were predictive of change in T1
black holes and to determine the treatment effect of IFNB-la.
Results: Correlations between baseline T1 volume and both baseline
T2 volume and enhancing lesion volume revealed a closer cross-
sectional relationship with T2 volume (r=0.80 for MSCRG and r =
0.84 for DCT) than Gd lesion volume (r =0.25 for MSCRG and r =0.21
for DCT); however, all were highly significant. In the MSCRG trial, the
baseline number of enhancing lesions was shown to be associated
with the change in T1 black holes in placebo-treated patients. There
was a significant association whether parametric or non-parametric
analyses were employed (p <0.001). The treatment effect of IFNB-1a
was previously evaluated without considering enhancing lesions as a
covariate. In patients in the placebo group of the MSCRG study,
median T1 hypointense lesions increased by 124.5 mm? over 2 years
compared with a median 40 mm?® in the IFNB-1a-treated patients.
This 68% decrease was statistically significant after adjustment for
baseline Gd + activity (p =0.045). Conclusion: The development of
T1 black hole volume is strongly influenced by the number of
enhancing lesions. Methodology used to evaluate black holes should
always consider this covariate in the analysis.

P609

Effect of mitoxantrone therapy on T1 lesion load and
atrophy in multiple sclerosis patients

A. Walczak, T. Berkowicz, K. Wartolowska, M. Siger, K. Zaleski, K. Selmaj ;
Medical University (Lodz, PL)

Background: Mitoxantrone (MTX) is an antineoplastic agent with
potent immunosuppressive activity that has been approved to slow
progression of neurologic disability and reduce the relapse rate in
patients with agresssive multiple sclerosis (MS). Despite of positive
results of clinical trials the MRI data showed that MTX does not clearly
reduce the number of Gd-enhanced lesions. In this study we have
evaluated the effect of MTX on T1 lesions load and atrophy in MS
patients treated with 10 mg/m? of MTX. Goals of the study: To
investigate development and evolution of T1-weighted lesions, PD-
weighted lesions and brain atrophy in MS patients treated with MTX
for 18 months. Methods: Twenty three patients with worsening
relapsing-remitting or primary or secondary progressive MS were
assigned for mitoxantrone treatment in the dose of 10 mg/m? every
3 months, to the cumulative dose of 120140 mg and fifteen control,
non-treated with any immunomodulating or immunosuppressive
drug, MS patients were analyzed. MRI was performed at the study
entry and at the end of the treatment period. MRI parameters used
for analysis included: total brain T1-weighted lesion volume (T1V),
total PD-weighted lesion volume (PDV) and brain parenchymal
fraction (BPF). Results: T1V increased by 66,6% in control group
whereas in the MTX treated group increased by 43,5%. PDV increased
by 34,9% in controls and by 29,9% in the MTX group. BPF values were
decreased by 0,581% in controls and 0,538% in the MTX group. MTX
(10 mg/m?) was generally well tolerated, the short-term side effects
observed in this study were mild. No patient experienced symptoms of
congestive heart failure or other clinically significant cardiac dysfunc-
tion. Conclusions: MTX therapy in MS patients decreased the rate of
new lesion development observed on TI1-weighted images, and
decreased development of brain atrophy. The MTX effect on PD-
weighted images was moderate and showed positive trend to decrease
accumulation of PD-weighted lesion volume.
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P610

Whole-brain magnetisation transfer imaging changes in
relapsing-remitting multiple sclerosis receiving interferon-
beta and glatiramer acetate

M. Mackenzie, Z. Latif, C. Caon, O. Khan; Wayne State University School
of Medicin (Detroit, USA)

Objective: To determine whole brain tissue (WBT) MTR changes in
RRMS patients receiving either IFN beta or glatiramer acetate (GA).
Background: Previous studies have shown no significant effect of
IFN beta on WBTMTR in patients with SPMS and RRMS. However, one
study reported an increase in mean WBT MTR after one year of
therapy with glatiramer acetate and IFN beta-1b in RRMS patients
which was significant only with GA. We performed a similar pilot
study to examine the effect of IFN beta and GA in previously
treatment naive RRMS after one year of therapy. Results: Previously
treatment naive 10 RRMS started treatment with GA and 12 with IFN
beta (250 mcg SC qod or 44 mcg SC TIW). Patients underwent MRI
and MT imaging using a standard protocol on a 1.5T scanner. Both
groups were well matched at baseline with respect to clinical
demographics and MRI lesion load. Imaging was performed at base-
line and one year of therapy. After one year of therapy, compared to
baseline treatment with GA significantly increased mean WBT MTR by
1.54% while IFN beta treated group showed a non-significant
improvement in mean WBT MTR by 0.94%. Conclusions: This study
provides evidence that disease modifying therapies may positively
influence WBT MTR. Furthermore, it also indicates that the effect of
disease modifying therapies on WBT MTR may be independent of
effect at the blood brain barrier level. Finally, it also indicates that
WBT MTR may be a useful outcome to monitor underlying tissue
damage and response to therapy. Larger studies with longer follow up
are warranted to validate this MT imaging-based surveillance strategy.

P611

The relative contributions of white and grey matter damage
to spinal cord injury in patients with relapsing-remitting
MS: a preliminary magnetisation transfer MRI study

F. Agosta, P. Valsasina, M.A. Rocca, D. Caputo, M. Filippi; Scientific Insti-
tute San Raffaele (Milan, I); Scientific Institute Fondazione Don Gnocchi
(Milan, I)

Background: In multiple sclerosis (MS), a growing body of evidence
suggests that tissue damage in the brain is not restricted to white
matter (WM) but also involves gray matter (GM). To date, no studies
have been performed to assess the extent of WM and GM injury,
separately, in the spinal cord of MS patients. Using magnetization
transfer (MT) magnetic resonance imaging (MRI), previous studies
showed marked damage to the whole cervical cord in patients with
the progressive phenotypes of the disease. Goals: To assess the
relative contributions of cervical cord WM and GM MT MRI-detect-
able damage to spinal cord injury in patients with RR MS and to
evaluate their correlations with clinical disability. Methods: Cervical
cord axial MT MRI was acquired from 11 patients with RRMS (three
men and eight women; mean age =38.7, range =28 52 years; mean
disease duration =14.1 years, range =422 years; median Expanded
Disability Status Scale score=3.5, range=1.0-5.5) and seven
matched healthy controls. Cord cross-sectional area was measured.
Cervical cord MT ratio (MTR) maps were produced. Cervical cord WM
and GM outlines were manually drawn on images without off
resonance radiofrequency saturation pulse. These outlines were then
reported on the MTR maps and WM and GM MTR maps were created.
Finally, cervical cord WM and GM MTR histograms were produced. A
t-test for not paired data was used to compare cord MRI parameters
between RRMS patients and controls. Univariate correlations were
assessed using the Spearman rank correlation coefficient. Results:
Compared to healthy controls, patients with RRMS showed signifi-
cantly lower cord cross-sectional area (p =0.02) and GM average MTR
(p =0.05), whereas no cord WM MTR changes were detected. In RRMS
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patients, GM average MTR was significantly associated with disability
(r=—0.63, p=0.03). No correlation was found between cord cross-
sectional area and GM average MTR. Conclusions: This preliminary
MT MRI study suggests that, similarly to what is observed for the
brain, cervical cord GM is also not spared by MS pathology. The
quantification of cord GM damage might yet be another factor
contributing to the locomotor disability associated to this condition.

P612

Evaluation of cortical lesions in patients with multiple
sclerosis by multimodal MRI sequences

S. Nollet, Y. Chevalier, F. Cattin, E. Berger, ].P. Armspach, ].F. Bonneville,
L. Rumbach; University Hospital (Besangon, F); INSERM (Strasbourg, F)

Background: A neurodegenerative component and the presence of
cortical lesions have been showed for over a century from post-
mortem studies. More recently advanced MRI techniques demon-
strated grey matter involvement in Multiple Sclerosis (MS). Detection
of cortical lesions in vivo by using MRI is challenging. Their
identification would be of great importance and might provide more
insight in explaining some clinical signs. Objective: To identify
cortical lesions by morphological multimodal MRI sequences in
patients with Multiple Sclerosis (MS). Methods: A study has been
carried out in 25 patients with relapsing remitting, secondary
progressive and primary progressive at different stage of the disease.
MS Brain MRI was performed at 3.0 T; protocol included: Fast SE T2-
weighted images, FLAIR T2-weighted images, 3D FLAIR T2 sequence
and a T1 weighted 3 D spoiled gradient (FSPGR). MRI examinations
were analyzed (topography and number of lesions) by 2 neuroradiol-
ogists and 2 neurologists, to determine the best sequence. These
results were matched to the disease duration in one hand and to the
clinical impairment in the other hand. Results: Cortical lesions were
best demonstrated on 3D FSPGR images. The lesions appeared as small
hypointense areas or dark spots in the cortex. 3D FLAIR T2 was less
effective: in some cases lesions demonstrated on 3D FSPGR images
were not detected on FLAIR T2-weighted images. Lesions are present
from the onset of the disease whatever the disability is. Topography of
MRI lesions is in accordance with the classification of B6 et al.(2003).
Conclusion: T1 — SPGR is a short duration sequence that allows
better in vivo identification of cortical lesions in clinical routine.
Further analyses are on going to better quantify the lesions and to
evaluate modifications in longitudinal studies and correlation with
atrophy and clinical impairment.

P613

Multiple sclerosis patients with high number of cortical
lesions are at risk of seizures

M. Calabrese, M. Atzori, V. Bernardi, L. Rinaldi, A. Morra, L. Barachino,
P. Perini, P. Gallo; Multiple Sclerosis Center (Padua, 1); Euganea Medica,
Neuroradiology Unit (Padua, I)

Introduction: Epilepsy is three to six times more frequent in
Multiple Sclerosis (MS) than in the reference adult population.
Cortical and juxtacortical inflammatory lesions probably constitute
the pathological substrate of seizures. However, cortical pathology is
not depicted by conventional MR techniques that allow the identifi-
cation of only 5 to 9% of demyelinated CLs that are visible in post-
mortem tissue. The application of a Double Inversion Recovery
sequence (DIR) has significantly increased the detection of CLs in
MS brain. We applied these methodology to investigate the occur-
rence of CLs in MS patients suffering from epilepsy. Methods: 20
Relapsing Remitting (RR)MS patients who had seizures during the
course of the disease and 50 RRMS without history of seizures were
included in the study. The two groups were matched for age, disease
duration, EDSS and T2 Lesion Volume (T2LV). They underwent MR
examination (1.5 Tesla) including DIR sequence, electroencephalo-
gram (EEG), accurate neurological examination and cerebrospinal
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fluid (CSF) analysis. Pure intracortical lesions, brain parenchyma
fraction (BPF), grey matter fraction (GMF), white matter fraction
(WMF), T2LV, and global and regional cortical thickness (CTh) were
analyzed. Results: Patients with seizures showed four times more CLs
(6.9 +£8.6) than patients without history of seizures (1.5+1.9), and
this was significant (p =0.025). CLs were observed in 17/20 (85%) of
patients with seizures and in only 30/50 (60%) patients without
history of seizures (Fischer Test, p=0.05). The BPF and GMF were
significantly reduced in the group of MS with seizures (p =0.04 and
p =0.05, respectively). Interestingly, the female/male ratio in the MS
group with seizures was 0.7 (9/11). Discussion: Our findings suggest
that MS patients with more severe cortical pathology,in particular
high number of CLs, are at high risk for seizures. This in vivo study
confirms the hypotesis that demyelinating lesions in cortex is the
cause of seizures in MS. Although a MS relapse is defined as
symptom(s) lasting more than 24 hours, seizures — as expression of
a demyelinating event- should be regarded as a clinical relapse, and
therefore included among the diagnostic criteria for MS.

P614

Benign multiple sclerosis and relapsing-remitting MS differ
in cortical pathology

M. Calabrese, V. Bernardi, M. Atzori, L. Rinaldi, L. Barachino, A. Morra,
P. Grossi, P. Perini, P. Gallo; Multiple Sclerosis Center (Padua, I); Euganea
medica, Neuroradiology Unit (Padua, I)

Introduction: Although histological and MRI studies have disclosed
neocortical and neuronal pathology in Multiple Sclerosis (MS) and
suggested a relationship with disability, only a few studies have
considered cortical pathology in the benign form of MS (bMS). Our
study evaluated cortical thickness (CTh) and the number of cortical
lesions (CLs) in bMS. Methods: 30 patients with bMS (i.e., disease
duration > 15 years, and Expanded Disability Status Scale (EDSS) score
<3.0, normal neuropsychological evaluation) and 50 RRMS were
included in the study. The two groups were matched with regard to
gender, EDSS and T2 lesion volume (T2LV). They underwent a
MRI examination (1.5 Tesla), including Double Inversion Recovery
sequence, accurate neurological examination, and cerebrospinal fluid
(CSF) analysis for demonstration of intrathecally synthesized IgG.
Pure intracortical lesions, brain parenchyma fraction (BPF), grey
matter fraction (GMF), white matter fraction (WMF), T2LV, and
global and regional cortical thickness (CTh) were analyzed. Results:
Mean age and mean disease duration were significantly higher in bMS
group (43.9+7.4 and 18.1+4.3 years (range 15-30), respectively)
than in RRMS group (35.2+10.0 and 4.9+3.4) (p <0.0001 for both
parameters). The number of CLs was significantly lower in bMS group
(1.3+1.1) than in RRMS group (4.7+6.5; p <0.001). No significant
differences in BPF, GMF, WMF, and mean CTh were observed.
Discussion: We demonstrate that bMS are characterized by a
significantly lower number of CLs than RRMS patients. Moreover,
the lack of difference in brain atrophy (i.e., BPF, GMF and CTh)
between bMS and RRMS, in front of a significant difference in disease
duration, suggest that bMS is characterized by a less severe neuro-
pathological process.

P615

Cortical atrophy is relevant in multiple sclerosis at clinical
onset

M. Calabrese, A. Morra, C. Romualdi, V. Bernardi, M. Atzori, L. Rinaldi,
M. McAuliffe, R. Reynolds, L. Barachino, P. Perini, B. Fischl, P. Gallo;
Multiple Sclerosis Center (Padua, I); Euganea Medica (Padua, I); CRIBI
(Padua, 1); Biomedical Imaging Research Services Section NIH (Bethesda,
USA); National Institute of Mental Health NIH (Bethesda, USA); Artificial
Intelligence Laboratory MIT (Cambridge, USA)

Introduction: Although recent studies have shown a cortical
grey matter pathology in patients with Multiple Sclerosis (MS), it
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is not yet clear how early this phenomenon begins, its impact on
clinical disability or which cortical areas are primarily affected.
Methods: 100 consecutive patients (10 Clinically Isolated Syndrome
(CIS), 32 possible MS (p-MS), 42 Relapsing Remitting MS (RR-MS), 16
Secondary Progressive MS (SP-MS)), and 40 age/gender-matched
healthy volunteers (HV) underwent a neurological examination
(Expanded disability status scale, EDSS) and a 1.5T MRI scan. Global
and regional Cortical Thickness (CTh) measurements, brain parench-
yma fraction and T2 lesion load were analysed. Results: We found a
significant global cortical thinning in p-MS (2.22+0.09 mm), RR-MS
(2.164+0.10 mm) and SP-MS (2.11+0.12 mm) compared to CIS
(2.51+0.11 mm) and HV (2.48+0.08 mm). The correlations between
mean CTh and white matter (WM) lesion load was only moderate in
MS (r= —0.393, p=0.03) and absent in p-MS (r = —0.147, p =0.422).
Analysis of regional CTh revealed that the majority of cortical areas
were involved not only in MS, but also in p-MS. Cortical pathology of
the primary motor and visual area strongly correlated with motor and
visual disability as evaluated by means of the corresponding Neuro-
status Functional Systems. Discussion: Cortical thinning is a diffuse
and very early phenomenon in MS, correlates with clinical disability,
and is largely independent from WM inflammatory pathology.

P616

Effects of mid sagittal plane selection on corpus callosal area
O. Ishaq, G. Hamarneh, R. Tam, A. Traboulsee, D. Li; Simon Fraser
University (Vancouver, CAN); UBC MS/MRI Research Group (Vancouver,
CAN)

Background: Atrophy of the corpus callosum (CC) can occur in
multiple sclerosis (MS) patients at a faster rate (—4.5% versus
—1%) than loss in whole brain volume. It could be useful as
another measure of neuro-degeneration. However, reliable identifi-
cation of the mid sagittal plane (MSP) is difficult due to interhemi-
spheric asymmetry, lack of landmarks and imprecise repositioning.
These sources of error may confound the interpretation of changes
in CC area. Objectives: To determine the effects of shifting
(perturbation) the MSP selection on CC cross sectional area for
MS patients. Methods: MR brain volumes of 5 MS patients with 3
scans each were acquired using a 3-D inversion-prepared spoiled
gradient echo (SPGR) MRI sequence. Each sagittal slice was a
256 x 256 matrix, re-sampled to an isotropic pixel resolution of
0.97 mm x0.97 mm x0.97 mm. 10 sagittal slices containing the
CC were segmented semi-automatically and used to generate a 3D
volume of the CC. The centre of each volume was selected as
reference MSP. The position of a plane embedded in a volume is
dependent on its elevation and azimuth angles and its translation
from the centre of the volume. 6615 perturbed MSP were generated
for each volume by varying the orientation and translation
parameters. The range of elevation and azimuth angles was from
—2.0 to 2.0 degrees and the translation range was 0.97 mm on
both sides of the reference MSP. Interpolation was used to correct
for image intensities at points in the perturbed planes which did
not lie on the discrete position grid of the volume. The cross
sectional CC areas in the altered planes were measured and
compared against the CC area in the reference MSP. Results:
The mean CC area was 569 mm? (SD 38 mm?). The mean CC
area change due to shifting (any perturbation) the MSP was
2.67%, (Median 1.98%, SD 2.47%). A translation shift of one slice
(0.97 mm) changed CC area by mean 2.55% (SD 2.22%). 2 degrees
shift of elevation changed CC area by mean 3.59% (SD 3.06%).
2 degrees shift of azimuth changed CC area by mean 3.26%
(SD 2.36%). The maximum change in CC area was 17.14%.
Conclusions: Imprecise selection of the MSP on follow-up MRI
scans can occur because of patient repositioning and cerebral
asymmetry. Shifts in the MSP between serial MRI studies may
falsely increase or decrease the cross sectional CC area. This
potential source of error should be taken into consideration when
using CC area to monitor disease progression or treatment effects
in multiple sclerosis.
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P617

Biplanar whole cord MRI using parallel imaging in multiple
sclerosis: a 1-year follow-up study

K. Weier, Y. Naegelin, A. Thoeni, ]. Hirsch, L. Kappos, D. Leppert,
E.W. Radue, A. Gass; University Hospital Basel (Basel, CH)

Introduction: Despite its functional importance and its common
involvement in MS few studies have evaluated the spinal cord (SC) in
MS patients serially. In a combined brain and whole SC MRI protocol
we were following MS patients. The SC protocol part included
assessment in the sagittal and transverse plane of the whole SC by
using multi-array coils and parallel imaging. We were interested in the
evolution of SC pathology as it may occur in MS, which has also been
considered an additional measure of treatment trials. Methods:
A cohort of 256 MS patients from the outpatients clinic (178 women,
78 men, 2474 years old, EDSS 0-7.0) with different MS subtypes
(CIS, RRMS, SPMS and PPMS) treated with best individual selected
standard treatments were investigated. Examinations were performed
on a SIEMENS 1.5T Avanto MRI system which offers multi-array-coils
and parallel imaging techniques. SC pathology was assessed on both
sagittal and transverse images. Results: Abnormal SC MRI was noted
in 75% MS patients, in more than half of them only focal lesions were
identified. Focal lesions were primarily located in the cervical SC
(59%) and about 2/3 showed more than 2 lesions. Diffuse cord
abnormalities were found in 21% and in almost one third of these
diffuse abnormalities in all levels. On f/u, new brain lesions were
demonstrated in 16% of patients, while SC changes were noted in 8%
of patients. In half of these patients this was easy to interpret new
pathology, while more subtle changes were seen in the other half.
New pathology consisted of focal lesions and/or new or increasing
diffuse abnormality and confluent lesions. Transverse MRI was useful
to confirm or suspect changes compared to the previous examination,
particularly as exact repositioning and identical slice positioning
on sagittal images is extremely difficult. Conclusion/Discussion:
Follow-up examinations of the SC to assess disease activity in MS are
still challenging. Exact repositioning and identical slice positioning
on sagittal images is very demanding. Unless high contrast new
lesions are visible the assessment of disease activity on cord MRI
suffers from the lack of strong contrast. Our cohort included a
relatively low percentage of patients with inflammatory disease
activity and the rate of SC abnormality may therefore be lower than
that of untreated cohorts.

P618

High-resolution MRI of the hypothalamus in multiple
sclerosis

R.J. Mills, C.A. Young, T. Smith; Walton Centre for Neurology and
Neurosurgery (Liverpool, UK)

Background: Autonomic dysfunction in MS is common yet overt
involvement of the hypothalamus in MS is not often seen on
magnetic resonance imaging (MRI). Indeed, by routine, diagnostic
MRI at 1.5T, only 4% of patients have plaques in the hypothalamic
region, however by light microscopy at post mortem, 94% of patients
have evidence of hypothalamic disease. One reason for this appar-
ently wide discrepancy is the suboptimal scan geometry of routine
MRI which often uses slice thickness of 5 mm with or without
intersclice gap. The use of thin, contiguous slices and higher field
strength, which improves signal to noise ratio (SNR), may yield greater
detection of abnormalities. Objective: To determine the prevalence
of disease in the hypothalamus using high resolution MRI at 3T.
Method: 50 patients with clinically definite MS, chosen at random
from an MS database, and 10 healthy controls underwent MRI on
a Siemens 3T Trio machine. Three, 3D sequences of T2 TSE (turbo
spin echo), T2 FLAIR (fluid attenuated inversion recovery) and T1
IR (inversion recovery) were acquired in the coronal plane. The
sequences were of contiguous 1 mm slices with in-plane resolution
of up to 0.5 by 0.5 mm. Images were read by both a neurologist and a
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neuroradiologist. Results: Initial analysis suggested that abnormal
signal can be detected in approximately 20% of patients. The
architecture of the diencephalon appeared to be abnormal in nearly
all patients especially regarding the shape of the third ventricle.
Segmental volume analysis was undertaken to determine whether this
was due to differential atrophy in either hypothalamic or surrounding
structures. Conclusion: High resolution MRI at 3T improves detec-
tion of hypothalamic abnormality in MS.

P619

MR imaging of hippocampal lesions in multiple sclerosis
S.D. Roosendaal, ].J.G. Geurts, B. Moraal, H. Vrenken, P.].W. Pouwels,
J.A. Castelijns, F. Barkhof; VU University Medical Center (Amsterdam, NL)

Introduction: Neuropsychological impairment, especially memory
dysfunction, is prevalent in Multiple Sclerosis (MS). Hippocampal
pathology can therefore be reasonably expected. Little is currently
known concerning hippocampal lesions in MS, since conventional
Magnetic Resonance Imaging (MRI) notoriously underestimates grey
matter (GM) lesion numbers. Cortical GM lesion conspicuity can be
improved using 3D-Double Inversion Recovery (3D DIR). In this
study, we evaluated whether 3D-DIR also enables hippocampal lesion
detection in MS. Patients and Methods: Imaging was performed
using a 1.5T scanner (Siemens Sonata, Erlangen, Germany). Sagittal
3D-DIR images (TR/TE/TI1/T12: 6500/349/2350/350 ms; voxel dimen-
sions: 1.2 x1.2x1.3 mm?® and 3D-T2-weighted turbo spin-echo
images (3D-T2; TR/TE: 4300/349 ms; voxel dimensions: 1.2 x 1.2 x
1.3 mm?®) of 16 patients (9 females; mean age: 39.5 years, range:
24-56) and 9 control subjects (3 females; mean age: 32.0 years, range:
22-53) were acquired cross-sectionally. Lesions were anatomically
classified on 3D DIR as being: white matter (WM; i.e. total of
periventricular and deep WM), cortical (total of intracortical, juxta-
cortical and mixed WM-GM lesions), or hippocampal lesions. For
optimal anatomical viewing, hippocampal lesions were assessed on
orthogonally reformatted coronal 3D-DIR images. Other lesion cate-
gories were assessed on reconstructed oblique axial images. Hippo-
campal and cortical lesions were scored in consensus and defined as
hyperintense with respect to surrounding normal GM, though less
hyperintense than WM lesions. A retrospective scoring for hippocam-
pal lesions on coronal 3D-T2 was also performed. Pearson’s correlation
coefficient was used to evaluate associations between hippocampal
and cortical and between hippocampal and WM lesion numbers.
Results: The mean number (+SD) of 3D-DIR hippocampal lesions
was 2.6 + 1.8 in MS patients, with 14 out of 16 patients having at least
1 hippocampal lesion. No hippocampal lesions were detected in
control subjects. Hippocampal lesion count correlated with total
cortical lesion number (r: 0.58, p=0.02), but not with total WM
lesion count (r: 0.22, p =0.4). Retrospectively, 55% of hippocampal
lesions could also be detected using 3D-T2. Conclusion: Hippocam-
pal lesions can be detected in MS using 3D-DIR and are related to the
number of cortical lesions. Further research is indicated to study
clinical and cognitive effects of MR-visible hippocampal pathology.

P620

A voxel-based morphometry study of grey and white matter
density changes in MS patients with different clinical
phenotypes

A. Ceccarelli, M.A. Rocca, E. Pagani, F. Agosta, B. Benedetti, B. Colombo,
G. Comi, M. Filippi; Scientific Institute San Raffaele (Milan, I)

Background: Diffuse brain atrophy, as well as grey matter (GM) and
white matter (WM) volume reductions, have been demonstrated in
multiple sclerosis (MS) patients with different disease phenotypes.
Objectives: To assess regional atrophy changes in GM and WM in a
large cohort of MS patients with different clinical phenotypes, using
statistical parametric mapping (SPM) and voxel-based morphometry
(VBM). Design/Methods: Dual-echo and magnetization-prepared
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rapid acquisition gradient echo (MP-RAGE) scans were obtained from
31 patients with clinically isolated syndromes (CIS) suggestive of MS,
37 relapsing-remitting (RR) MS patients, 23 primary progressive (PP)
MS, 43 secondary progressive (SP) MS patients, and 29 control
subjects. Using SPM2, customized GM and WM templates from MP-
RAGE scans of both healthy controls and MS patients were produced.
Regional differences in GM and WM densities were assessed using an
optimized version of VBM analysis and SPM2. Between-group com-
parisons were assessed using an ANCOVA model, where age, disease
duration and intracranial volume were included as covariates. The
following a-priori contrasts were tested: controls vs. CIS, CIS vs. RRMS,
RRMS vs. SPMS, SPMS vs. PPMS. Correlation of GM and WM changes
with expanded disability status scale (EDSS) and lesion load (LL) was
performed using basic models and linear regression analysis. SPM
maps were thresholded at p <0.001. Results: Compared with con-
trols, CIS patients had WM density reduction around the left (L)
lateral ventricle, the splenium of corpus callosum, L middle frontal
gyrus (MFG), right (R) middle and inferior temporal gyrus, while no
GM density changes were found. Compared with CIS patients, RRMS
patients had GM density reduction of the R postcentral gyrus and
L MFG. Compared with RRMS, SPMS patients had GM density
reduction of the R MFG, caudate nuclei, bilaterally, L insula and
L anterior cerebellar lobe. Compared with SPMS, PPMS had GM
density reduction of the bilateral orbital frontal cortex and WM
reduction of the dorsal mesencephalon, while compared with PPMS,
SPMS had GM density reduction of the L parietal cortex and L insula.
No correlations were found between GM and WM changes and EDSS
and LL. Conclusions: Different MS phenotypes show different
patterns of regional distribution of brain tissue volume decrease.
While WM damage seems to be predominant in the early phases of the
disease, GM atrophy seems to be more evident in the progressive
forms of the disease.

P621

Dirty-appearing white matter in multiple sclerosis: relation-
ship to T2 disease burden increase and brain volume
decrease with 8-year long-term follow-up

V. Miropolsky, T. Vertinsky, G.]. Zhao, Y.S. Zhao, A. Traboulsee, D.K.B. Li;
University of British Columbia (Vancouver, CAN)

Background: Dirty-appearing white matter (DWM) has been
described in patients with multiple sclerosis (MS) as diffuse areas of
slightly increased signal intensity in white matter distinct from the
typical focal high signal intensity MS lesion. Objective: To determine
the relationship of DWM to changes in T2 lesion volume (burden of
disease, BOD) and brain volume (whole brain ratio, WBR) in a group
of MS patients followed for up to 8 years. Methods: 348 relapsing-
remitting MS patients originally enrolled in a randomized 2-year
placebo-controlled treatment trial of subcutaneous interferon beta-1a
(PRISMS) were studied at baseline and at long-term follow-up (LTFU)8
years later. Five mm thick transverse proton density and T2-weighted
conventional spin echo scans were obtained according to a protocol
with strict repositioning criteria. Presence of DWM and the change
over time (reduced/same/increased) was determined qualitatively by
two radiologists who reviewed the scans initially independently and
then together (by consensus, with disagreements settled by a third
radiologist). T2 BOD and WBR were determined quantitatively using a
semi-automated algorithm by trained technicians. Results: DWM
was seen in 88 of 348 (25.3%) patients at baseline. At LTFU, only 3
additional patients (0.9%) developed DWM. For those with DWM at
baseline, DWM was the same in 69.3%, reduced in 28.4% and
increased in 2.2% at LTFU. Patients with DWM had lower T2 BOD
at baseline (p =0.0014). While BOD change at LTFU was not different
as a group between those with and without DWM, larger T2 BOD
increase was seen in the subgroups (p =0.03) who had increased or
new DWM and those with reduced DWM. Patients with DWM had
larger WBR at baseline (p <0.001) but greater reduction in WBR at
LTFU (p=0.038, adjusted for baseline WBR), compared to those
without DWM. Reduced DWM patients had the greatest reduction
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in WBR (p =0.008). Conclusion: The 25.3% prevalence of DWM
increased minimally over 8 years. At LTFU, the extent of DWM was
more likely to be the same or reduced than increased. DWM patients
showed greater decrease in WBR at LTFU than those without DWM.
The largest BOD increase occurred in those with DWM increase,
followed by those with reduced DWM. The finding that patients with
reduced DWM also had the greatest WBR decrease supports the
observation that DWM decrease was due to ventricular enlargement
and replacement of DWM by typical T2 hyperintense lesions.

P622

Evidence for grey matter atrophy in patients with clinically
isolated syndrome suggestive of multiple sclerosis: a voxel-
based morphometry study

J.L. Cox, V. Yella, R. Zivadinov; Buffalo Neuroimaging Analysis Center
(Buffalo, USA)

Background: Gray matter (GM) atrophy has been shown to occur in
patients early in the disease course of multiple sclerosis (MS), and in
individuals with clinically isolated syndromes (CIS) suggestive of MS.
Previous studies have shown reduced thalamic volume in patients
with MS compared to control subjects. Voxel based morphometry
(VBM) is a whole-brain, unbiased method which can be used to detect
atrophy differences between individual groups. Objective: To inves-
tigate regional GM differences between CIS patients and healthy
control subjects using VBM. Methods: High resolution T1-weighted
3D SPGR images from 41 patients with CIS (mean age 39.9; mean
disease duration 2.7 years; 8 male, 33 female) and 22 healthy control
subjects (mean age 36.5; 11 male, 11 female) were collected with a
1.5T MRI. Expanded Disability Status Scale score was 3.5 or lower for
all CIS patients (mean 1.6, SD 0.87). VBM analysis was performed
using Statistical Parametric Mapping (SPM2; Wellcome Department of
Cognitive Neurology, London, UK). Optimized VBM methods were
used following the methods of Good et al., (Neuroimage; 2001;14:
21-36) and Gasser (http://dbm.neuro.uni-jena.de/vbm.html). A
study-specific template was created to provide prior information for
segmentation. The MR images were smoothed with a 8 mm full-width
at half maximum kernel. Whole brain GM and white matter (WM)
volumes were also calculated. The SPM analysis of covariance tool was
used to assess group differences after controlling for age and gender.
Results: VBM analyses revealed that patients with CIS had reduced
GM volume compared to control subjects in the right thalamus and
left inferior frontal gyrus (p <0.001, uncorrected). Whole brain GM or
WM volumes were not significantly different in MS patients compared
to controls (GM: t(62) =0.714, p =0.48; WM: t(62) =0.33, p=0.74).
Conclusions: Few studies have used VBM analyses in MS research.
This study provides further evidence that deep GM structures are
affected in patients with early RR MS. Further studies are needed to
determine whether the regional GM volume reductions found in this
study are correlated with higher risk of development of clinically
definite MS. Furthermore, it suggests that regional atrophy measures
may be more sensitive in revealing early changes in CIS patients than
those based on whole brain tissue compartments.

P623

Evidence for cortical atrophy in patients with clinically
isolated syndrome
R. Zivadinov, V. Yella, M.G. Dwyer, S. Hussein, J.L. Cox; University of
Buffalo (Buffalo, USA)

Background: There is increasing evidence that gray matter damage
in patients with multiple sclerosis (MS) is present from the earliest
stages of the disease. Objective: To investigate the severity of cortical
volume loss in patients with clinically isolated syndrome (CIS) and in
normal controls (NC). To investigate whether the number, volume
and regional distribution of hyperintense T2 lesions determines the
extent of cortical pathology at clinical onset. Methods: Thirty six
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consecutive CIS patients (mean age 39.9 SD 9.6 years, mean disease
duration 3.7 SD 6, mean EDSS 1.6 SD 0.9) and 28 age- and sex-
matched NC underwent MRI scan on 1.5T unit. Cortical atrophy was
obtained by measuring normalized cortical volume (NCV) on 3D-
SPGR-T1-WI (2.5 mm slice thickness) using SIENAX software. Num-
ber, volume and regional distribution of T2 lesions was assessed
according to the McDonald criteria. Patients were sub-classified
according to the onset of symptoms in those with supratentorial (5),
infratentorial (7), optic nerve (14) and spinal cord (10) onset.
Results: Patients with CIS showed lower NCV than NC (593.2 ml
vs. 606.4 ml, p=0.053). CIS patients who fulfilled McDonald criteria
for dissemination in space (10) demonstrated significantly lower NCV
than NC (572.2 ml vs. 606.4 ml, p =0.03). There was a trend for lower
NCV in patients who presented >9 hyperintense T2 lesions when
compared to those with <9 T2 lesions (580.6 ml vs. 596.3 ml, p=
0.074). Patients with infratentorial onset of symptoms showed
significantly lower NCV than patients with optic nerve onset (p =
0.037) and a trend for lower NCV when compared to supratentorial
(p=0.085) and spinal onset (p=0.094). Partial correlation and
regression analyses co-adjusted for age differences revealed a signifi-
cant relationship between higher number and volume of periventri-
cular T2 lesions and lower NCV (r= —0.37, p=0.03 and R2 =0.18,
p =0.01, respectively). Conclusions: This study suggests that pa-
tients with CIS exhibit mild-to-modest cortical atrophy when com-
pared to age- and sex-matched NC. Those patients with high risk for
developing clinically definite MS are more likely to show more
advanced cortical pathology. Infratentorial onset of symptoms related
significantly to development of cortical atrophy in CIS patients.
Macroscopic inflammatory white matter pathology may explain only
partially the extent of cortical pathology in patients with CIS.

P624

Evidence for cortical atrophy in a large sample of patients
with multiple sclerosis

R. Zivadinov, N. Bergsland, ].L. Cox, F.E. Munschauer, N. Abdelrahman,
N. Garg, M. Meyer, S. Hussein, B. Weinstock-Guttman; University of
Buffalo (Buffalo, USA)

Background: There is increasing evidence that cortical damage in
patients with multiple sclerosis (MS) is more severe than previously
thought. Histopathological studies using new immunohistochemical
methods show that cortical subpial lesions can be detected more
frequently. The severity of cortical atrophy according to disease course
has not been investigated in patients with MS. Objective: To
investigate the severity of cortical volume loss in a large sample of
MS subtypes and age- and sex-matched normal controls (NC).
Methods: We studied 532 consecutive MS patients (mean age
46.1+9.6 years) and 28 normal controls (NC) using 1.5 T brain MRI.
Clinical disease subtypes were as follows: 351 relapsing-remitting (RR),
142 secondary-progressive (SP), 21 primary-progressive (PP) and 18
with clinically isolated syndrome (CIS). Mean disease duration was
12.8 +8.7 yrs. Mean Expanded Disability Status Scale (EDSS) was 3.3 +
2.1. Cortical atrophy was calculated by measuring normalized cortical
volume (NCV) on 3D-SPGR-T1-WI (2.5 mm slice thickness) using
SIENAX software. Gadolinium (Gd), T2- and T1-lesion volumes (LVs)
and EDSS were also assessed for all patients. General linear model
analysis adjusted for age and gender differences was performed.
Results: We found MS patients differed significantly from NC in
NCV (553.2 ml vs. 611.6 ml, p <0.0001). All disease subtypes ditfered
significantly in their NCV from NC (p <0.0001), with the size of the
largest effect being for SP MS (d =2.3). SP patients showed signifi-
cantly lower NCV when compared to all other disease subtypes
(p <0.001), with the size of the largest effect being for PP MS (d =
1.26). There was no significant difference between RR, PP and CIS
patients regarding mean and median NCV. Conclusions: This study
demonstrates that all MS disease subtypes have significantly lower
NCV than NC. The severity of cortical atrophy is the most evident in
patients with SP MS. This may suggest that Wallerian degeneration
from white matter lesions may be an important contributor to

Multiple Sclerosis 2006; 12: S1-5228

Downloaded from msj.sagepub.com by Shula Edelkind on October 1, 2010


http://msj.sagepub.com/

S176  Abstracts

development of cortical atrophy in the long-term. There was
no difference for NCV between RR, PP and CIS patients, although
PP and CIS patients showed significantly lower Gd-, T2- and T1-LVs
(p <0.0005) when compared to RR patients. This may suggest that
other mechanisms of neurodegeneration in the gray matter may
contribute to cortical atrophy in CIS and PP MS, including develop-
ment of cortical subpial lesions and independent axonal transection.

P625

Increasing cord atrophy in clinical isolated syndrome group:
a 5-year study

S. Drapier, ]. Swanton, D. Altmann, K.T.M. Fernando, C. Dalton, A.]
Thompson, G. Plant, D.H. Miller; NMR Reseach Unit (London, UK);
London School of Hygiene and Tropical Medicine (London, UK); National
Hospital of Neurology and Neurosurgery (London, UK); Department of
Neuro-ophthalmology (London, UK)

Objective: To report a 5 years serial MRI study of upper cervical cord
area (UCCA) measures in clinically isolated syndrome (CIS) patients
and healthy volunteers. Background: Involvement of the spinal
cord in multiple sclerosis (MS) is extremely common and very
important in the development of disability but little investigation of
atrophy has been undertaken in patients in the earliest stage of the
disease. Methods: For this prospective MRI study, 142 patients and
37 controls were investigated at baseline. After 1 year, 124 patients
and 25 controls were imaged. After 3 years, 97 patients and 19
controls were imaged and at 5 years, 46 patients and 13 controls were
studied. The EDSS and MS Functional Composite Measure (MSFC)
were assessed in each patient. All subjects had a volume acquired
inversion prepared fast spoiled gradient echo (FSPGR) of the spinal
cord. A single observer (SD), blinded to both to the subjects details and
the scan acquisition order, calculated the mean area of the slices using
a technique previously described by Losseff et al. Statistical models
adjusted for covariates including gender. Results: At baseline, the
presenting symptom was optic neuritis (ON) in 117 patients (82.4%), a
brainstem syndrome (BS) in 16 patients (11.3%) and a spinal cord
syndrome (SC) in 8 patients (5.6%). In cross sectional study no
significant difference was found in UCCA between patients and
controls at any time but the SC subgroup had significant difference
at 3 years compared to both controls (—5.88 mm?; p =0.08) and ON
subgroup (—6.27 mm? p =0.03) and at 5 years (respectively —12.7
mm? p=0.04 and —11.1 mm?% p=0.07). Longitudinal analysis
showed a greater decrease of UCCA in patients than controls at 3
years (—1.08 mm? p=0.08) and 5 years (—2.26 mm? p=0.03). In
subgroup of patients with lesions in spinal cord at baseline, we
observed a greater decrease over 1 year than in patients without such
lesions (—0.94 mm?; p =0.04), confirmed at 3 years (—1.87 mm? p =
0.001). In subgroup of patients with a SC CIS, the changes in UCCA
were greater than both controls and ON subgroups at 3 years
(respectively —4.5 mm? p=0.001 and —3.5 mm? p =0.001) and 5
years (respectively —7.25 mm? p =0.005 and —4.9 mm?; p =0.05).
No significant correlation was found between UCCA and EDSS or
MSFC. Conclusion: In summary, serial UCCA measurement over 5
years detects the development of spinal cord atrophy in CIS group,
especially for patients with SC syndrome or spinal cord lesions at
baseline.

P626

Grey matter atrophy in the visual pathway of multiple
sclerosis patients

J. Sepulcre, ]. Gdllego, ]. Gorii, N. Vélez de Mendizdbal, P. Villoslada;
University of Navarra (Pamplona, E)

Background: Visual impairment is frequent in multiple sclerosis
(MS). Indeed, grey matter (GM) atrophy could represent a critical stage
of irreversible impairment. Thus, the study of the GM atrophy in the
visual pathway could provide useful clinical information and also
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clarify the different mechanism involved in visual disability. Aims:
The aim of our work was to study the GM atrophy in the visual
pathway in order to investigate its relationship with MS condition,
previous optic neuritis (ON) and/or specific white matter (WM)
lesions topography. Methods: We study a cohort of 61 MS patients
(McDonald criteria)(22M/39F; age: 36.3 +9 years; EDSS: 2.5 (0-7.0);
50RR/5S8P/6PP) and 20 matched controls. A 3D T1 weighted scan
(2-mm thick contiguous axial slices; 256 x 256 matrix, in-plane voxel
size 0.98 x 0.98 mm?). We used the MRIcro and SPM2 software for the
image analysis. The lesion burden and the whole GM and WM volume
were obtained for each patient. The WM lesions topography was
analyzed using 3D lesion probability maps, and the GM atrophy using
optimized voxel-based morphometry method. A parcellation method
using Marsbar toolbox was used to assess GM regions of interest of the
visual pathway. To perform all the statistical analysis with used the
framework of the general linear model in the SPM2 and SPSS software
(p <0.05 corrected by multiple comparisons). Results: Twenty one
patients had a previous ON (13 right; 5 left; 3 bilateral). We found a
volume decrease in the main components of the visual pathway
(chiasm, optic tract, lateral geniculate nucleus (LGN), calcarine cortex
and superior, inferior and middle occipital cortex) in patients
compared with controls (p <0.05 in all cases). Patients with previous
ON have a statistically significant volume decrease in LGN and whole
WM (p=0.022 and p=0.04 respectively), independently of their
visual impairment. Finally, lesions in a specific WM topography of
optic radiations correlate with LGN volume decrease (no voxels: 8592;
p-FDRcorr: 0.03; f: 22.49; max. coord: 39, —36, 15). Conclusion: We
described GM atrophy in the visual pathway in MS patients that was
mainly associated with disease condition. LGN could play a central
role in visual disability because is related with previous ON and with a
specific WM lesions topography.

P627

The relationship between focal cortical thinning and white
matter degeneration in patients with multiple sclerosis

C. Mainero, F. Caramia, D. Salat, V. Calistri, T. Benner, L. Prosperini,
B. Rosen, C. Pozzilli; A.A. Martinos Center, MGH (Charlestown, USA);
University "La Sapienza" (Rome, I)

Objective: To what extent cortical pathology described in multiple
sclerosis (MS) is secondary to white matter (WM) damage, or may
represent an independent neurodegenerative process is still an open
question. Imaging studies have found weak correlations between
lesion burden on conventional magnetic resonance imaging (MRI)
and cortical atrophy. Using diffusion tensor imaging (DTI) that
provides more sensitive indices of the underlying WM tissue micro-
structure than conventional MRI and quantitative morphometric
MRI, we assessed the relation between WM degeneration and cortical
thickness in MS. Methods: We acquired T1-weighted MPRAGE scans
for cortical thickness analysis and high-resolution diffusion tensor
images in 23 patients with MS (mean age=39.3 years, mean
Expanded Disability Status Scale, EDSS, score =3.63) and 11 matched
healthy controls (HC, mean age =39.1 years) on a 1.5 Tesla Philips
scanner. In patients, we also collected conventional T2- and post-
gadolinium T1-weighted scans. Cortical thickness difference maps
were obtained using FreeSurfer. Areas showing significant thinning
were defined as regions of interest (ROIs). ROIs’ thickness values were
used for further analyses. Maps of fractional anisotropy (FA) were
calculated from each participant’s DTI scan. Analyses were performed
by voxel-based statistical comparisons. In patients we quantified T2
and T1 lesion load using Alice (Hayden Solutions). Results: We
focused our preliminary investigation on two ROIs that showed
significantly thinning in patients with MS versus HC (p <0.05, t-test).
These ROIs included the primary motor cortex (M1) of the right
hemisphere (mean thickness: patients 2.04 mm, HC 2.33 mm), and
the primary visual cortex (V1) of the left hemisphere (mean thickness:
patients 1.27 mm, HC 1.44 mm) In patients right M1 thinning
significantly correlated with decreased FA in the right corticospinal
tract, bilateral thalamus, and corpus callosum; thinning of the left V1
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correlated with decreased FA in WM regions of the visual pathway of
the ipsilateral hemisphere including the thalamus/lateral geniculate
nucleus, part of the optic radiation, but also with reduced FA in the
bilateral putamen/thalamus (p <0.001). We did not find any relation
between either M1 or V1 thickness and T2 or T1 lesion load.
Conclusions: The combined use of high resolution DTI and
morphometric MRI can disclose a specific relation between focal
cortical thinning and biophysical changes in selective WM regions.

P628

Inter-site agreement of brain atrophy measurement in MS
using SIENAX and SIENA

B. Jasperse, H. Vrenken, P. Valsasina, N. De Stefano, S. Smith, C. Enzinger,
V.M. Anderson, S. Ropele, A. Giorgio, D.L. Knol, C. Polman, D.H. Miller,
M. Rovaris, F. Barkhof on behalf of the MAGNIMS study group

Background: Brain atrophy is an important feature of multiple
sclerosis (MS), thought to reflect the neurodegenerative component of
the disease. To further elucidate the role of brain atrophy in MS, large
multi-centre cohorts need to be studied. SIENAX and SIENA [1] are
accurate and robust methods to quantify brain volume and brain
atrophy rate respectively. Although these are automated methods,
errors may arise in the classification of brain and non-brain tissue,
which is frequently corrected by manual adjustment. Assessment of
inter-site agreement is needed to justify exchange of manually edited
brain atrophy data between sites. Goal: To investigate the inter-site
agreement of brain volume measurement using SIENAX and SIENA
with and without manual editing. Methods: 20 MS patients from
2 different sites underwent MR examination at baseline and follow-
up. Standard spin-echo T1-weighted image sets were dispatched to
5 sites participating in the MAGNIMS study group. All sites had
the latest version of SIENAX and SIENA installed, and performed
all analyses with identical parameter settings. Each site performed
fully automated and manually edited analyses for both SIENAX
and SIENA, yielding Normalised Brain Volume (NBV) and Percentage
Brain volume Change (PBVC) for each subject. Variation between sites
was analysed using variance component analysis. The extent of
absolute agreement between sites was expressed as the Concordance
Correlation Coefficient (CCC), which was calculated from the var-
iance components [2]. Results: As expected, excellent agree-
ment between sites was observed for both fully automated NBV and
PBVC (both CCC =1.0). Manual editing decreased agreement between
sites (CCC =0.94 for NBV, 0.95 for PBVC). Mean NBV values for each
site decreased after manual editing, while PBVC values remained
similar on average. Interestingly, the total variance for PBVC
decreased after manual editing (total variance for fully automated
SIENA =2.8, and for manually edited SIENA =1.5), suggesting that the
manual removal of non-brain tissue may improve statistical power for
SIENA. Conclusions: NBV and PBVC values from different sites show
good agreement, even after manual editing. For SIENA, manual
adjustment appears to increase statistical power.
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P629

Regional brain atrophy rate is related to disability progres-
sion in early relapse onset multiple sclerosis

B. Jasperse, H. Vrenken, V. de Groot, E. Sanz-Arigita, C.H. Polman,
F. Barkhof; VU Medical Centre (Amsterdam, NL)

Background: Brain atrophy is a well-known feature of MS, and is
thought to reflect irreversible tissue damage. Previous studies have
demonstrated a relation between global brain atrophy rate and
disability progression. Little is known on how disability progression
in MS relates to the rate of atrophy in specific brain regions. Goal: To
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evaluate the association between disability progression and the
regional distribution of brain atrophy rate in early relapse onset MS.
Methods: 80 relapse onset patients underwent clinical examination
(Kurtzke’s Extended Disability Status Scale (EDSS) score and Multiple
Sclerosis Functional Composite (MSFC) score) and MRI examination
at the time of diagnosis and two year follow-up. SIENA [1] was used on
T1 weighted images to produce an image that reflects the displace-
ment of the brain edge between two scans, referred to as the
displacement map. Voxelwise non-parametric statistics were per-
formed on the displacement maps [2] to identify regions in which
atrophy rate was significantly related to changes in EDSS and MSFC.
P-values were uncorrected for multiple comparisons and considered
statistically significant at the 0.01 level. Results: Baseline EDSS
ranged from 0.0 to 4.0, indicating that our patient group was mildly
disabled. Our results suggest that clinical progression as measured by
change in EDSS and MSFC scores was significantly correlated with
atrophy rate in several specific regions. Both EDSS and MSFC
progression were significantly related with atrophy rate of the
brainstem. MSFC progression was significantly related to widespread
atrophy around the ventricular system, whereas EDSS progression
appeared to be related more specifically to the atrophy rate of the
corpus callosum. Atrophy rates in several cortical regions were
significantly related to EDSS and MSFC progression. Conclusion: In
recently diagnosed, mildly disabled, relapse onset MS patients,
atrophy of specific brain regions is significantly related to clinical
progression. Progression on EDSS and MSFC are correlated with
atrophy rate of brainstem and several cortical regions. MSFC progres-
sion correlated with widespread ventricular widening.
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P630

Does an anatomical gradient of cortical disease exist in
patients with relapsing-remitting multiple sclerosis?

A.W. Chiu, S. Auh, M. Calabrese, M. Cao, ]. Ohayon, F. Tovar-Moll, ].
Ostuni, F. Cantor, H. McFarland, F. Bagnato; NINDS-NIH (Bethesda, USA)

Cortical disease is known to affect patients with Multiple Sclerosis
(MS) at any stage of the disease. However, questions remain as to
whether cortical pathology follows an anatomical gradient in MS
patients. Eighty-five consecutive patients with relapsing remitting
(RR) MS ([mean + standard deviation] Expanded Disability Status Scale
(EDSS) score 2.1+1.2; years of MS 6.0+7.0) and 31 age/gender-
matched healthy volunteers (HV) underwent three monthly 1.5T
magnetic resonance images (MRI). Spoiled gradient recalled (SPGR)
3D images as well as conventional MRI were obtained at each session.
Global and regional cortical thickness (CTh) measurements were
performed using FreeSurfer on three averaged 3D SPGRs. A Bonferroni
multiple corrections (p-value <0.0006) was applied on p-values
calculated by a two-sample t-test used on each of the 81 cortical
regions to examine differences between patients and HV. To address
the question as to whether specific regions were more diseased (i.e.
atrophied) than others, Z-scores were obtained for each measurement
taken at each region as the difference between each patient’s raw CTh
and the mean CTh from the corresponding region in HV divided by
standard deviation from HV. Hierarchical clustering based on 81
regional averages of Z-scores was employed to explore the presence of
patterned atrophy. Mean CTh of the whole cortical ribbon was lower
in patients (2.4+0.13 mm) than in HV (2.54+0.11 mm, p <0.0001).
However, regional analyses showed that only 37/81 (46%) cortical
regions in the right hemisphere (RH) and 27/81 (33%) in the left
hemisphere (LH) were found to be significantly reduced in patients
compared to HV. Certain areas were commonly affected in both
hemispheres. Those included the primary somatosensory, motor, and
visual areas as well as numerous regions of the middle and superior
frontal gyri. However, though hierarchical clustering revealed a
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tendency of some LH frontal regions and some occipital regions of
both lobes to be similarly atrophied compared to relatively normal
regions (Z-score), no clear anatomical pattern of thinning could be
delineated. Cortical atrophy in RR MS spares up to 55% (37/81) of
cortical regions, involving primary areas and cortical frontal regions,
as expected by clinical and cognitive dysfunctions observed in MS
patients. However, for those areas that are affected, a path-specific
anatomical gradient does not seem to be present in the disease.

P631

Progressive cervical cord damage in patients with multiple
sclerosis: a longitudinal study using diffusion tensor MRI
M. Absinta, F. Agosta, B. Benedetti, M.A. Rocca, A. Ghezzi, E. Montanari,
A. Bertolotto, G. Comi, M. Filippi; Scientific Institute San Raffaele (Milan,
1); Ospedale di Gallarate (Gallarate, 1); Ospedale di Fidenza (Fidenza, 1);
Ospedale di Orbassano (Orbassano, I)

Background: Cord damage is an important contributor to irrever-
sible disability in multiple sclerosis (MS). Recently, a diffusion tensor
magnetic resonance imaging (DT-MRI) sequence tailored for cervical
cord imaging has been developed and has proved to be able to grade
the extent of cervical cord damage associated to demyelinating
conditions. Goals: To define the nature and the temporal evolution
of the DT-MRI detectable cervical cord injury in MS patients with
different disease phenotypes. Methods: Forty-two MS patients (13
relapsing-remitting [RR], 14 secondary progressive [SP], and 15
primary progressive [PP]) and eight matched healthy controls were
studied at baseline and after a median follow-up of 2.4 years. At the
two time-points, the following cervical cord sequences were acquired:
fast-short-tau inversion recovery (fast-STIR); diffusion-weighted sensi-
tivity-encoded echo planar; T1-weighted 3D magnetization-prepared
rapid acquisition gradient echo. Brain dual-echo scans were also
performed and brain T2-visible lesion volume (LV) calculated. Cord
lesions were identified on the fast-STIR images. Cord cross-sectional
area as well as mean diffusivity (MD) and fractional anisotropy (FA)
histograms were calculated. An analysis of variance model, adjusted
for patients’ age, was used to compare cord DT-MRI parameters
between baseline and follow up. Univariate correlations were assessed
using the Spearman rank correlation coefficient. Results: During the
study period, all MRI metrics from healthy controls remained stable.
At follow up, eight MS patients showed an increase of the number of
cord lesions. No change was detected in cord cross-sectional area in
the entire MS cohort. In MS patients, a significant increase of average
cervical cord MD (p <0.001), independent from patients’ age, was
found. In addition, a significant decrease of average cervical cord FA
(p =0.009), significantly associated to patients’ age (p=0.02) and
disease phenotype, was detected. FA decrease was more pronounced
in PPMS patients (19.0%) than in patients with SPMS (9.8%) and
RRMS (4.4%). No significant correlation was found between brain and
cord MR derived metrics changes. Conclusions: DT-MRI reveals
progressive microstructural changes in the cervical cord tissue of MS
patients, at least partially independent from the concomitant accrual
of brain damage. Such diffusivity changes show different rates of
temporal evolution in according to disease phenotypes.

P632

Grey matter magnetisation transfer changes and atrophy in
early primary progressive multiple sclerosis: a voxel-based
study

Z. Khaleeli, M. Cercignani, B. Audoin, O. Ciccarelli, D.H. Miller, A.].
Thompson; Institute of Neurology (London, UK)

Background: Magnetisation transfer ratio(MTR) decrease and atro-
phy are present in the grey matter(GM) in early primary progressive
MS(PPMS), and correlate with disability. The measures are inter-
related, and brain atrophy may contribute to MTR changes. Voxel-
based (VB)analysis allows localisation of abnormal areas across the
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whole brain, without a priori knowledge of their position. This study
aims (1) to identify sites of GM MTR change and atrophy in early
PPMS (2) to establish whether the MTR in these areas correlates with
disability, independently from atrophy. Methods: Forty-six patients
with PPMS (27 male, 19 female, mean age 43.5 range 19-65) within 5
years of symptom onset and 23 controls(11 male, 12 female,mean age
35.1 range 23-56) underwent MTI and high resolution T1 scans.
Patients were scored on the Expanded Disability Status Scale (EDSS)
and Multiple Sclerosis Functional Composite (MSFC), including the
Paced Auditory Serial addition Test (PASAT). Visual evoked potentials
(VEPs) results were obtained from records. Optimised VB grey matter
probability and MTR maps were calculated using SPM2. Analysis of
covariance adjusting for age was performed to compare differences in
patients and controls, and family-wise error correction was applied.
Mean MTR for significant regions was correlated post hoc with clinical
scores using linear regression analyses, correcting for age, gender and
atrophy. Results: Patients demonstrated significantly lower MTR and
significant atrophy compared to controls (p <0.01) in the pre and post
central gyri and thalami bilaterally, the right middle frontal gyrus and
left insula. Isolated lower MTR was found in the occipital cortex and
temporal gyri bilaterally, and the left frontal gyri. MTR in the pre and
post central gyri, right thalamus and right temporal gyri correlated
with EDSS (p <0.05) and MTR in the left frontal gyri correlated with
PASAT score (p <0.001). MTR in the occipital cortex was significantly
lower in patients with delayed VEPs (p <0.05). Conclusion: VB
analysis localizes areas of GM MTR abnormality in early PPMS to
specific, highly connected areas of the brain. MTR change in areas
without significant atrophy suggests that it is genuine, and correlation
with clinical scores implies detection of pathology contributing to
disability. Areas of lower MTR in the occipital cortex of patients with
abnormal VEPs suggest mechanisms of axonal degeneration second-
ary to optic nerve injury.

P633

Normalised upper cervical spinal cord cross sectional area in
relapsing-remitting multiple sclerosis

R.S. Mann, C.S. Constantinescu, C.R. Tench; University of Nottingham
(Nottingham, UK)

The upper cervical cord is often affected in multiple sclerosis (MS)
patients, and its cross sectional area (CSA) has been shown to correlate
with disability. Accurate and reproducible image analysis techniques,
applied to magnetic resonance imaging (MRI) acquisitions, have been
developed to measure CSA. While reduced CSA has been detected in
progressive MS, it has not been observed in relapsing remitting (RR)
MS despite significant reduction in CSA being reported longitudinally
in this patient group; in our previous study we have shown a 5%
reduction in CSA over 48 months in RR MS patients. We hypothesised
that this paradoxical result may be due both to a lack of measurement
sensitivity and to small subject numbers in previous cross sectional
studies. We used a previously published method that corrects for
major sources of error in the CSA measured using MRI: partial volume
averaging and cord orientation. Using this technique we measured
CSA in a relatively large, compared to other studies, number of
subjects: 35 RR MS patients (21 female, 14 male), and 35 normal
controls (21 female, 14 male). The patients and controls were matched
for age and gender. We also measured total intracranial volume
(TICV) and used it to normalize the CSA to reduce the normal
population variance. Power studies were performed to verify the
usefulness of the normalization. Median disease duration in patients
was 9(interquartile range 5-13) years. Mean TICV in patients (1897 +
34 ml) was not different from that in controls (1886 +34 ml). The
mean CSA, before normalisation, was 77.97+1.20 mm? in the
controls, and 80.13 +1.36 mm? in the patients. The mean normalised
CSA was 77.97 +0.95 mm? in the controls, and 80.38 +1.32 mm? in
the patients. Statistical power analysis indicated that an assumed 5%
reduction in CSA in the patient group could be detected with
estimated power 0.74 before normalization and 0.9 after. The mean
CSA in the patient group was not reduced compared to controls after
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(p=0.928), or before (p=0.881), normalization. Patients had the
largest mean normalized CSA, but not significantly so. Normalizing
the upper cervical cord CSA to TICV can improve the statistical power
of cross sectional spinal cord atrophy studies. However, even with
apparently appropriate power, the upper cervical cord CSA was not
reduced in the RR MS patients in our study. We speculate this may be
due to inflammation in the RR phase of the disease; further work is
required to test this.

P634

Non-conventional MRI measures of brain tissue integrity fail
to explain the preservation of function in some MS patients
with an extensive lesion load but a benign course of the
disease

M. Wallner, C. Enzinger, S. Ropele, S. Strasser-Fuchs, F. Fazekas; Medical
University Graz (Graz, A)

Background: T2-weighted MRI has greatly advanced our ability to
detect MS lesions in the brain, but the correlation between lesion load
and clinical disability is modest at most. Non-conventional quantita-
tive MRI metrics like the loss of brain volume, the magnetisation
transfer ratio (MTR) and levels of N-acetylaspartate (NAA) have been
suggested to partly dissolve what has been termed “‘a clinicoradiolo-
gical paradox”. Goals: We hypothesised that less pronounced
abnormality on non-conventional MRI might explain preserved
clinical functioning of some patients despite a large T2-lesion load.
To test this assumption, we obtained quantitative MRI metrics in MS
patients with a benign relapsing-remitting MS (B-MS) despite a large
lesion load and a secondary-progressive disease course (SP-MS) with
similar disease duration. Methods: We studied 13 patients with B-MS
[median EDSS 2.0 (range 0-3.0); mean disease duration 18.2+7.9 yrs]
and 15 patients with SP-MS [median EDSS 6.0 (range 4.0—-8.5); mean
disease duration 18.1+8.2 yrs], by means of conventional MRI,
magnetization transfer imaging and chemical shift imaging at 1.5T.
Global MTR metrics were calculated for brain parenchyma. The brain
parenchymal fraction (BPF) was determined using SIENAX. Thirteen
subjects received immunomodulatory/-suppressant therapy (B-MS:
4/13 vs. SP-MS 9/15). Results: The mean volume of hyperintense
lesions was non-significantly higher in B-MS compared to SP-MS
patients (41.2+27.1 cm? vs. 27.9 +24.8 cm?; p =0.19). The mean BPF
in both groups was almost identical (B-MS and SP-MS: 0.71+0.03).
Also, there were no significant differences between both groups
regarding the mean MTR of NABT (40.8+1.1 vs. 40.7+3.1, p=
0.85). NAA levels relative to creatine (1.52+0.20 vs. 1.55+0.15, p=
0.62), and ratios of choline and myoinositol were also comparable.
Conclusion: In this selected group of patients with a clinically
benign course of MS despite a large T2-lesion load, preservation of
function could not be explained by less brain atrophy, a higher
integrity of NABT as measured by the MTR or the absence of metabolic
changes in comparison to patients that had developed SP-MS with a
similar lesion load over the same time period. This finding supports
the eminent role of brain plasticity in the compensation of MS related
brain damage while morphologic changes appear tightly linked
independent of the clinical phenotype.

P635

Measurement of cerebral atrophy has added value in pre-
dicting development of disability in early multiple sclerosis
A. Minneboo, B. Jasperse, F. Barkhof, B.M.]. Uitdehaag, D.L. Knol, V. de
Groot, C.H. Polman, ].A. Castelijns; VU University Medical Center
(Amsterdam, NL)

Context: MRI parameters and clinical parameters are associated with
disease progression, the added value of MRI is unknown. Objective:
examine which brain- and spinal cord-based MRI parameters and
clinical parameters are associated with disease progression. We were
particularly interested whether adding MRI parameters to a only
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clinical model could improve these associations. Methods: 89
patients (55 women) with recently diagnosed MS had clinical and
MRI evaluation at baseline (time of diagnosis) and at follow-up (FU)
after 2.2 years (Inter Quartile Range (IQR): 2.0-2.4). Detailed
clinical data were available including disease type (relapse-onset or
progressive-onset) and disability (EDSS). MRI parameters: Normal-
ized Brain Volume (NBV) at baseline, percentage brain volume
change (PBVC), baseline and FU T2 lesion loads (T2LL, T2LLfu), T1
lesion loads (BHLL, BHLLfu), baseline volume of gadolinium
enhancing lesions (GADLL), ratio of BHLL and T2LL (Black Holes
Ratio (BHR, BHRfu)). Furthermore, number and size of focal/diffuse
spinal cord abnormalities were scored. Patients were dichotomized
according to progression of disability: progression was defined as
change in EDSS =>1. To find parameters with the strongest
associations with progression, several models were composed using
stepwise logistic regression. Firstly a model containing only MRI (1)
or clinical (2) parameters was composed. Secondly, for a model
containing only clinical parameters, the added value of MRI
parameters was tested. Results: At FU but not at baseline, T2LL,
BHLL and BHR were significantly higher in the group with
progression. Of the changes in MRI parameters during FU, only
rate of atrophy (PBVC/year) was significantly higher in the group
with progression (—1.3 (IQR —1.7-—0.5) compared to —0.8
(—1.3- —0.3), p=0.0011). Rate of atrophy was the only indepen-
dent explanatory MRI parameter in model 1 (Odds ratio (OR) 0.41,
95% CI 0.21-0.78, p=0.007). Type of disease (OR 9.8, 95% CI
2.17-44.27, p=0.003), age (OR 1.06, 95% CI 1.00- 1.12, p =0.066)
and EDSS at baseline (0.41, 95% CI 0.21-0.80, p=0.009) were
included in model 2. Adding PBVC/year to model 2 strenghtened
the model, indicating that MRI parameters added independent
information (p <0.001, area under receiver operating characteristics
curve increasing from 0.72 to 0.82). Conclusions: rate of atrophy
(PBVC/year) is the MRI parameter best associated with progression
of disability. Combining clinical and MRI parameters results in
stronger models.

P636

Relationship between inflammatory lesions and cerebral
atrophy in multiple sclerosis
L. Fedotova, 1. Feklina; Kharkov Medical University (Kharkov, UKR)

Objective: To investigate the temporal relationship between inflam-
mation and cerebral atrophy in a longitudinal study of 32 patients
with relapsing-remitting multiple sclerosis (RRMS) using serial
monthly contrast enhanced Magnetic Resonant Imaging (MRI) ex-
aminations and monthly measurements of brain fractional volume
(BFV) for an average of 5 (range 2.5 to 10) years. Methods: In this
retrospective study, all patients had an active MRI scan at entry with a
minimum of two new contrast enhancing lesions (CEL) on baseline
MRI examinations. Patients were followed for a minimum of 6
months during a baseline (pretreatment) phase and subsequently
followed during treatment with recombinant interferon beta (IFN)
and various other immunomodulatory agents. Pre- and post contrast
axial images were obtained using 3-mm slice thickness and a
gadolinium contrast dose of 0.1 mmol/kg. Monthly CEL were
sequentially numbered on hardcopy films and monthly BFV was
determined on precontrast TIW images using a semiautomated
program. For BFV measurements, all TIW scans were registered to
the entry examination, which served as a mask image. Cerebral
atrophy was measured as percent brain fractional volume change
(PBVC) compared to the entry baseline scan. Results: The results
demonstrate that cerebral atrophy paralleled that of contrast enhan-
cing lesion accumulation. The correlation between cumulative CEL
and PBVC ranged from R2 =0.56 to 0.71. Inmunomodulatory agents
that effectively reduced CEL accumulation also slowed the rate of
atrophy. Conclusions: The correlation between contrast enhancing
lesions (CEL) and atrophy suggests that patients who are not
responding to therapy with a decrease in CEL may also be at risk for
developing increased atrophy.
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Application of single-slab 3D-FLAIR, 3D-DIR and 3D-T2

B. Moraal, P.].W. Pouwels, H. Vrenken, C.R.G Guttmann, D.S. Meier, R.A.
van Schijndel, ].J.G. Geurts, F. Barkhof; VUMC Amsterdam (Amsterdam,
NL); Harvard Medical School (Boston, USA)

Introduction: The clinico-radiological correlation between MRI
indices and clinical disability is moderate at best [1]. It might
improve with high-resolution, multi-contrast, MR imaging that
better depicts abnormalities in both white matter (WM) and gray
matter (GM) structures. A single-slab 3D method for multiple
contrasts has been developed [2] including a DIR contrast [3] since
a previous study showed increased detection of intracortical lesions
using this technique(4). The goal of the current study was to
perform a cross-sectional analysis, comparing the 3D sequences to
the routinely used 2D-T2SE. Patients and methods: Sixteen
patients (nine females) with clinically definite MS were examined
using a 1.5T whole body scanner (Siemens Sonata, Erlangen,
Germany), using a standard circularly polarized head coil. Per
subject 4 sequences were acquired in random order, 2D-T2SE, 3D-
T2, 3D-FLAIR and 3D-DIR. The 3D images were co-registered to the
oblique axial 2D images and all images were analysed in random
order by a single observer. Lesions were scored and characterized
according to their anatomical localizations (mixed WM-GM, in-
tracortical, juxtacortical, deep GM, periventricular WM, deep WM,
infratentorial). Results: The total number of lesions identified on
the axially resliced single-slab 3D images were 945 (DIR), 1031
(FLAIR) and 825 (T2), compared to 959 for the 2D sequences. Mean
lesion counts per topographic region (data not shown) show an
increased detection of intracortical and mixed WM-GM lesions
using 3D-DIR images. The highest number of lesions was identified
on the 3D-FLAIR images, especially in the deep WM. By compar-
ison, the 3D-T2 performed relatively poorly, especially in detecting
cortical and mixed WM-GM lesions. Discussion: The single-slab,
multi-contrast 3D dataset allows for a better differentiation of MS
lesions according to location, which may improve the clinico-
radiological correlation. Furthermore, scanning times and artefacts
are reduced compared to multi-slab 3D techniques [4], facilitating
future clinical applications. Finally the high, near isotropic, resolu-
tion is advantageous for post-processing methods such as registra-
tion, subtraction and segmentation.
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P638

Registration and subtraction of 2D-T2SE images in a routine
multi-centre multiple sclerosis trial setting

B. Moraal, D.S. Meier, H. Vrenken, P.A. Poppe, R.A van Schijndel, P.].W.
Pouwels, C.R.G. Guttmann, F. Barkhof; VUMC Amsterdam (Amsterdam,
NL); Harvard Medical School (Boston, USA)

Introduction: Detection of disease activity using serial conven-
tional MRI is a labour intensive process, complicated by reposi-
tioning errors and a background of unaltered non-active lesions
[1]. This leads to a high level of inter-observer variance that is not
significantly improved by consensus rules [2]. Subtraction images
were deemed reliable, time efficient and informative in an earlier
study [3] but have not yet been tested in a multi-centre trial.
This study explored the feasibility and sensitivity of subtraction
images in detecting active lesions in the setting of a multi-centre
trial. Patients and Methods: Images were selected from a
clinical trial. 46 scan pairs were randomly selected from 41
patients, originating from 8 different sites. This sample was
stratified for lesion number and enhancement status at baseline.
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MRI protocol included 3 mm interleaved dual-echo T2-weighted
scans obtained at a 3-monthly interval. Images were registered to a
halfway position and intra-scan [4] and inter-scan [5] intensity
normalization was applied. Original and subtraction images were
analyzed by a single observer for active T2 lesions, these were
characterized as new or enlarging (positive activity) or resolved or
shrunken (negative activity). A change of 50% or more defined a
change in size (for enlarging and shrinking lesions). Artefacts on
subtraction images were identified by simultaneously viewing
registered images. Results: On the subtracted images 77% more
active lesions (positive change) were detected in about two-third of
the time (ca. 2 hours). The biggest sensitivity gain for change
detection was observed for juxtacortical lesions, especially near the
vertex. Sensitivity of negative change was decreased by 56%.
Discussion: Subtraction of registered images is a faster and more
sensitive technique for detecting positive disease activity (new or
enlarging lesions) in MS. The detection of negative disease activity
might improve by adopting a two-way colour scheme that raises
the contrast between lesions and background. These results
strengthen our belief that subtraction images provide a method
for MS disease activity assessment that is fast, reliable and feasible
in a multi-centre trial.
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P639

Improved visualisation of intracortical lesions in multiple
sclerosis by phase-sensitive inversion recovery in combina-
tion with fast double inversion recovery MR imaging

F. Nelson, A. Poonawalla, P. Hou, P. Narayana, ]. Wolinsky ; University of
Texas (Houston, USA)

Background: Detection of purely intracortical lesions with con-
ventional MR imaging remains a challenge. While double inversion
recovery (DIR) techniques have been shown to improve the
detection sensitivity of intracortical lesions, this sequence is prone
to image artifacts and poor lesion border delineation. We demon-
strate that intracortical lesions can be identified with greater confi-
dence by combining DIR with phase sensitive inversion recovery
(PSIR) images. Methods: 16 subjects with MS by McDonald criteria
(1 PPMS, 3 SPMS and 12 RRMS) were included in this study. FLAIR,
DIR and PSIR, images acquired were inspected visually by three
experts, with identification and classification of cortical lesions by
consensus. Percentage difference in number of lesions detected per
category was compared between techniques. The PSIR and DIR
images were jointly used to conservatively classify lesions into
intracortical, mixed grey/white matter, and juxtacortical categories.
Lesions not seen in both PSIR and DIR were excluded from the
study. Results: Combined PSIR+DIR showed a 337% improvement
in total number of lesions detected (306) compared with FLAIR
(70). Intracortical lesion detection (124) was improved by 417%
compared with FLAIR (24). Detection of mixed grey/white matter
and juxtacortical lesions (144 and 39) were improved by 396%
and 130% respectively compared to detection on FLAIR (29 and
17). PSIR consistently confirmed the intracortical location of the
lesions visualized on fast DIR, allowing a much clearer delineation
of lesion borders and more confident classification between purely
intracortical, mixed grey/white matter and juxtacortical lesions.
Conclusion: Reliability in visualization of intracortical lesions
in multiple sclerosis can be greatly improved by combined use of
PSIR and DIR techniques. Accurate detection and classification of
these lesions is important in understanding their behavior, role in
disease progression and impact in the clinical manifestations of the
disease.
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Detection of subpial demyelination in vivo: methodology
and evaluation in normal subjects and patients with multi-
ple sclerosis

J.T. Chen, D.L. Collins, M.S. Freedman, H.L. Atkins, D.L. Arnold ; Montreal
Neurological Institute (Montreal, CAN); The Ottawa Hospital-General
Campus (Montreal, CAN)

Background: Patients with MS often have a substantial burden of
subpial demyelinating lesions in their cortical grey-matter on post-
mortem histopathology. The vast majority of these lesions are
undetected on conventional MRI. Goals: To develop and validate
an image-processing method to detect subpial demyelination using
co-registered T1-weighted (T1w) and magnetization transfer ratio
(MTR) MRIs. Methods: We acquired proton-density, T2-weighted,
T1lw, and MTR images on a 1.5 T MR scanner with 1 mm in-plane
resolution and 3 mm slice thickness. For each neocortical surface
voxel, the boundary between the extra-cerebral cerebrospinal fluid
and the cortical grey-matter was defined as the maximum of the
derivative of the T1w intensity profile along the unit surface normal.
Along the same surface normal, a boundary reflecting the gradient in
cortical myelination was defined as the maximum of the derivative of
the MTR intensity profile. By cross-correlating the derivatives of the
corresponding T1w and MTR intensity profiles followed by quadratic
interpolation at the peak, and thresholding at >1 mm (to account for
the normally hypo-myelinated outer layer of the cortex), the percen-
tage of the brain surface with increased thickness of sparsely
myelinated subpial cortex could be quantified. To evaluate the
method, we analyzed 2 normal subjects who had been scanned twice
with a 2-month interval and 15 MS patients with variable follow-up.
Results: In normal subjects, the measurement noise was found to
affect 4.3 to 5.6% of the cortical surface and there was very little
variation over time. In the MS patients, 5 to 26% (median 10%) of the
brain surface analyzed had characteristics consistent with subpial
cortical demyelination. Some patients showed a 2-fold increase over 2
to 3 years in the area of the cortical surface affected. Conclusions:
We describe an image-processing method to detect cortical regions on
T1w and MTR images with characteristics consistent with subpial de-
myelination. In MS patients, 5 to 26% of the cortical surface area was
affected, and some patients showed significant increases over time.

P641

Myelin content is similar in isointense and hypointense T1
lesions

1. Vavasour, C. Laule, A. MacKay, A. Traboulsee, D. Li; University of
British Columbia (Vancouver, CAN); UBC MS/MRI Research Group
(Vancouver, CAN)

Background: MS lesions are readily seen by conventional MRI and
are pathologically heterogenous. Lesions can undergo many changes
including inflammation, edema, demyelination, axonal loss, and
gliosis. Hypointense lesions, or “black holes” (BH) on T1-weighted
(T1) scans histopathologically represent areas of increased extracel-
lular edema with matrix destruction and axonal loss and correlate
better with clinical disability than total lesion load. Objective: To
compare total water content (WC), myelin water content (MWC),
magnetization transfer ratio (MTR), T1 relaxation time (T1) and T2
relaxation time (T2) in hypointense and isointense T1 lesions.
Methods: Six MS patients (4 female, 2 male) were scanned on a GE
Signa 1.5T scanner at months 0, 2, 4, 6 and 12. Sequences included
single slice 32-echo T2 relaxation, an inversion recovery T1 sequence
with 15 inversion times, and 3D gradient echo MT (2000 Hz off
resonance saturation pulse). Water standards were placed within the
slice. 52 lesions were identified (35 isointense and 17 hypointense)
and corresponding regions of interests were selected from contral-
ateral normal appearing white matter (NAWM). T2 relaxation
distributions were calculated using a regularised non-negative least-
squares algorithm and normalized to water standards to determine
water content (WC) and myelin water content (MWC). T1 relaxation
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data was fit to a single exponential. Geometric mean T2 (GMT2) was
calculated on a log scale between 40200 ms. MTR was calculated by
MTR = (MToff-MTon)/MToff x 100%. Results: Hypointense lesions
had higher WC (86% vs. 76%, p <0.05), longer T1 (1 vs. 0.8 seconds,
p <0.05) and GMT2 (122 vs. 86 msec, p <0.05), lower MTR (24% vs.
30.4%, p <0.05) and MWC (3.6% vs. 4.5%) compared to NAWM.
Isointense lesions had intermediate values for WC (80%), T1 (0.87
sec), GMT2 (99 msec) and MTR (27.1%) and these were significantly
different from NAWM and hypointense lesions (p <0.05). However,
MWC did not differ between hypointense and isointense lesions
(3.6% vs. 3.7%). Conclusion: Hypointense T1 lesions have similar
myelin water content to isointense lesions despite having higher
water content and lower MTR values. Axonal loss may be partially
independent of the degree of demyelination.

P642

MRI scanners differ in their ability to demonstrate multiple
sclerosis T1 black holes

G. Zhao, D. Li, Y. Cheung, L. Costley, K. Smith, A. Riddehough, A.
MacKay, A. Traboulsee; UBC MS/MRI Research Group (Vancouver, CAN);
UBC Physics (Vancouver, CAN)

Background and Objective: Hypointense lesions, or ‘“black holes”
(BH) on T1-weighted (T1) scans of patients with multiple sclerosis
histopathologically represent areas of increased extracellular fluid
with matrix destruction and axonal loss. They correlate better with
clinical disability than the typical hyperintense lesions seen on proton
density (PD) T2-weighted (T2) scans. The present study compared the
ability of different MRI scanners to demonstrate T1 BH. Material
and Method: Non contrast enhanced 3-mm thick transverse PD and
T2 and pre- and post-gadolinium enhanced T1 scans were obtained
according to a protocol with strict repositioning criteria for a double-
blind placebo-controlled multiple sclerosis treatment trial involving
34 different centres. Using a qualitative scale (1-5, very poor to
excellent), the ability to visualize T1 BH was assessed by a single
radiologist blinded to site and MRI vendor. T1 BH were defined as MS
lesions (evident on the corresponding PD T2 scans) with signal
intensity similar to or decreased compared to that of gray matter on
T1 scans. Results: Of the 34 MRI scanners, 11 were from Vendor A, 7
from Vendor B and 16 from Vendor C. All scans obtained employed a
conventional spin echo sequence. Basic scan parameters were similar:
for Vendor A, repetition time (TR) 600660 and echo time (TE) 9 msec
were used; for Vendor B, TR 550 -616 and TE 9 — 11 msec were used;
and for Vendor C, TR 550 — 680 and TE 12-17 msec were used. The
visualization of T1 BH was judged to be very poor/poor (scales 1 and 2)
for 8 of 34 scanners (6 for Vendor A, 2 for Vendor C), good (scale 3) for
12 of 34 scanners (3 for Vendor A, 4 for Vendor B, 5 for Vendor C) and
very good/excellent (scales 4 and 5) for 14 of 34 scanners (2 for Vendor
A, 3 for Vendor B, 9 for Vendor C). Preliminary assessment of diff-
erences between the quality of scans from the same vendor suggests
one possible factor that may reduce the visualization of T1BH was the
inadvertent magnetization transfer like effect produced by the use of
additional radio frequency pulses such as a flow saturation pulse to
reduce flow artifacts. Conclusions: This study has found that the
visibility of T1 hypointense lesions differs not only between scanners
from different vendors but also with scanners from the same vendor.
The possible magnetization transfer effect of flow saturation pulses
should be controlled in the design of MRI studies monitoring T1 BH.

P643

The contribution of the white matter lesions to verbal
memory: a voxel-by-voxel magnetic resonance analysis in
multiple sclerosis

J. Sepulcre, ]. Gorii, B. Duque, N. Vélez de Mendizdbal, B. Bejarano, ].
Masdeu, P. Villoslada; University of Navarra (Pamplona, E)

Background: Cognitive impairment is a well know phenomenon in
multiple sclerosis (MS), and several studies had analyzed its relations
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with white matter (WM) lesions. However, there is no direct
evidence (voxel-by-voxel) about specify of WM lesions topography
and memory performance in MS patients. Aim: The goal of our
study was to determine how the topography of WM lesions was
related to memory impairment in MS using a voxel-by-voxel
analysis and an unbiased approach about their target locations. In
addition, we study the relations between memory-specific WM
lesions and grey matter (GM) atrophy. Methods: Forty-six patients
with MS (McDonald criteria) (38RR/4SP/4PP; EDSS 2.5 (0 to 7.0);
disease duration 3.7 years (0.75 to 36)) were assessed with the
Buschke’s Selective Reminding test and the 10/36 Spatial Recall test.
A 3D T1-weighted magnetic resonance image (axial 2-mm slices;
256 x 256 matrix, TE 4.6, voxel size 0.98 x0.98 mm?) was also
obtained from each of them. The WM lesions topography was
analyzed using 3D lesion probability maps, and the GM atrophy
using a modified protocol of the optimized voxel-based morpho-
metry method to avoid the influence of MS lesions in the normal-
ization and segmentation procedures. We used voxel-by-voxel
multiple linear regressions for the statistical analysis (p <0.05
corrected by multiple comparison). Results: We identified five
significant WM lesion locations that were negatively correlated with
verbal memory storage. These were located in each temporal lobe, in
the left thalamus, in the anterior limb of the left internal capsule
and in the left parietal centrum semiovale. We also identified
another five negatively correlated with verbal memory retrieval in
the left temporal lobe, the left fronto-parietal and right parietal
centrum semiovale, the left thalamus and the right anterior limb
of the internal capsule. Finally, the verbal memory-specific WM
lesion topography was associated with the atrophy in certain
memory-related GM regions, particularly in the thalamus (anterior,
midline and dorsomedial nuclei) and prefrontal cortex (inferior
frontal gyrus, pars triangularis). Conclusions: We identified the
WM lesions topography related to memory impairment in MS.
Our study highlights the importance of the selective damage of
short WM tracts for memory storage, and of short and long
WM tracts for memory retrieval. Finally, we described the contribu-
tion of the memory-specific WM topography in the atrophy of GM
regions.

P644

Longitudinal study of diffusion weighted MRI in relapsing-
remitting multiple sclerosis

S. Latourte, E. Salort-Campana, M. Deloire, M. Bonnet, K.G. Petry,
V. Dousset, B. Brochet; University V. Segalen (Bordeaux, F)

Background: Diffusion weighted MRI (DWi) provides quantitative
measurements of different aspects of tissue microstructure obtained
by using the properties of water diffusion in the brain. It may reflect
the extent of tissue damage with increased specificity over conven-
tional MRI. Several studies showed diffusion abnormalities in brain
of MS patients. Objective: To evaluate change of normal appearing
brain tissue (NABT) apparent diffusion coefficient (ADC) over time
at early stages of MS. To assess if baseline NABT ADC is correlated
with disability change during 3 years. Methods: A population based
sample of 69 consecutive patients have been recruited by the
AQUISEP network less than six months after a diagnosis of MS. 68
participated to this study, 57 with relapsing-remitting MS (RRMS)
and 11 with progressive MS. A standardised neurological examina-
tion was performed to establish EDSS and MSFC. Patients were
reassessed after one, two and three years. Each patient underwent
DWi at baseline, and after one and two year of the study. 6 regions
of interest were determined in NABT. ADC histograms were
obtained in normal appearing white matter (NAWM) and in normal
appearing grey matter (NAGM). Mean ADC was calculated. Results:
EDSS remained stable in RRMS but worsened significantly in
progressive MS during the three years. In the whole group, mean
NABT ADC decreased significantly (p <0.001) during the first year
and remained stable the second year. In progressive MS but not
RRMS, we observed correlation between mean NAWM ADC at
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baseline and EDSS change during 3 years (r1=0.33, p=0.02).
Conclusion: NAWM ADC measure close to MS diagnosis is
correlated with progression of disability. This work is supported by
grants of ARSEP and Schering France SA.

P645

Fibre tracking detects corticospinal tract changes due to
inflammatory lesions

K. Boelmans, J. Kaufimann, N. Bodammer, H. Heinze, W. Briick, M. Sailer;
Otto-von-Guericke University (Magdeburg, D); Georg-August University
(Gottingen, D)

The present study was designed to analyze the time course of fibre
tracking results in corticospinal tracts (CST) affected by prominent
inflammatory lesions. Based on conventional magnetic resonance
imaging (MRI) two patients with large paraventricular lesions of
comparable size including CST fibres were selected. T1-weighted
imaging after administration of Gd-DTPA showed hyperintense
signal in both lesions. Both patients reported a sudden onset of
clinical symptoms including hemiparesis and Babinski sign. Over a
period of 16 months, we sequently performed tractography of CST
fibres based on diffusion tensor MR imaging (DTI), which was
carried out on a 1.5 T GE tomograph. A self-written Monte-Carlo-
based fibertracking algorithm allows for counting tracks that are
outgoing from start regions at the level of the medulla oblongata.
In case of 16-year old patient A, a partial regeneration of CST
fibers was detected compared to the initial examination shortly
after the onset of symptoms. This finding might indicate a tissue
repair process and corresponds to an improvement of the patient’s
clinical outcome. In contrast, the 28-year old patient B showed a
conspicuous continued reduction of the number of CST tracks
during the whole examining period at the level of the cerebral
peduncle and the posterior limb of the internal capsule. Addition-
ally, for patient B the quantitative diffusion parameters within the
CST caudal of the large lesion showed an increase of the apparent
diffusion coefficient (ADC) and a decrease of the fractional
anisotropy (FA). These changes were observable clearly before any
evidence for Wallerian degeneration was given by TI1-weighted
images. Brain biopsy revealed an inflammatory process consistent
with a multiple sclerosis in both patients. Immunohistopathologi-
cal examination showed an immunosubtype I for patient A and an
immunosubtype III for patient B, corresponding to the classifica-
tion scheme by Lucchinetti et al. (Ann Neurol, 2000). This finding,
suggesting a higher chance for neuronal regeneration in patient A,
is in accord with the fibre tracking results. To summarize, fibre
tracking based on DTI is a potential technique to detect changes in
CST fibres outside of the lesion and might be useful to differentiate
heterogeneous pathologic substrates of individual lesions. Accord-
ing to the patients’ clinical outcome it may serve as a predictor
before CST fibre changes are detectable in conventional MR
imaging.

P646

Development of optic nerve diffusion weighted magnetic
resonance imaging for translational research

T. Kilpatrick, H. Butzkueven, P. Mitchell, Q. Wang, S Kolbe, C. Kokkinos,
G. Egan; University of Melbourne (Melbourne, AUS); Howard Florey
Institute (Melbourne, AUS); Royal Melbourne Hospital (Melbourne, AUS)

Axonal degeneration probably drives disability in multiple sclerosis,
leading to interest in regenerative therapies but methods to test
efficacy are lacking. Phenotypic analysis in animal models is an
imperfect measure of response but histological analysis is time
consuming, indicating need for non-invasive surrogates, in particular
of axonal pathology. Ideally, the same surrogates could be used in
early phase clinical trials. Optic neuritis is a good focus for
translational research. The optic nerve is affected in experimental
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allergic encephalomyelitis (EAE) and in humans, optic neuritis can
be rigorously phenotyped but whereas clinical recovery is often
complete, residual axonal degeneration is common. Surrogates, such
as magnetic resonance imaging (MRI), and in particular diffusion
imaging which can identify axonal structure, could increase sensi-
tivity to identify a therapeutic response. Methods: Healthy and EAE
animals were studied via a Bruker 4.7 Tesla MR system with apparent
diffusion coefficient (ADC) mapping via spin echo diffusion tensor
imaging (DTI). Histology was assessed by toluidine blue staining.
Healthy humans had a three orthogonal direction diffusion weighted
MRI scan on a GE 1.5 Tesla MR system. Diffusion perpendicular to
the nerve was directly measured. Due to variable ngulation in the y
axis, parallel diffusion was calculated as ADCy/cos? Results: Mean
ADC for healthy animals (n =10) parallel to the nerve was 1.64 x
1073 mm? s~ (SD=0.18) and in EAE (n =12), 1.24 x 10> mm?s~!
(SD=0.14; p=1.4 x 10~%). In EAE, there was a correlation between
disease grade and parallel DTI reduction (R2=0.63). No change
was identified in ADC perpendicular (healthy 0.83 x 10~ mm? s !
(SD =0.14); EAE 0.72 x10~* mm? s~ ' (SD =0.11; p =0.32). Histol-
ogy revealed axonal degeneration, without demyelination. In
the humans, mean ADC values parallel and perpendicular to
the nerve (n =6) were 1.38 x 102 mm? s~ ! (SD =0.31) and 0.85 x
1073 mm? s~! (SD=0.17; p=0.004). Conclusion: We have
identified similar patterns of diffusion in healthy murine and human
optic nerves and changes in ADC parallel in EAE, consistent with
axonal degeneration. Values of diffusion using a standard clinical
scanner available for multicentre studies were similar to those
previously generated using diffusion tensor sequences on research
scanners. We will now assess putative regenerative therapies by MRI
in EAE and assess correlations between diffusion imaging and clinical
indices in human optic neuritis.

P647

Diffusion tensor imaging in multiple sclerosis is more
sensitive in the detection of active lesion pathology than in
normal appearing white matter

D. Jeffery, Y Feng; Wake Forest University School of Medicine (Winston-
Salem, USA)

Objective: To determine whether diffusion tensor imaging (DTI)
metrics are able to distinguish between homogeneoulsy and ring
enhancing lesions and to determine whether there is a difference in
fractional anisotropy (FA) and apparent diffusion coefficient (ADC) in
normal appearing white matter (NAWM) and lesions in relapsing-
remitting and secondarily progressive (SP) MS. Background: Con-
ventional MRI has been informative in MS but lacks pathological
specificty. Diffusion tensor imaging measures the diffusion of water
molecules along fiber tracts and may provide a more sensitive measure
of tissue integrity. It is unclear whether DTI is a more sensitive
measure of degenerative NAWM pathology or inflammatory change.
Design: This cross sectional study enrolled 29 patients and 6 healthy
controls at the time of this abstract submission. Patients were scanned
on a 3T GE magnet. Sequences included a T1 FLAIR, T2 FLAIR, post
contrast SPGR, and DTI. FA and ADC were measured in enhancing
lesions, nonenhancing T2 lesions, and in NAWM. Results: Twenty-
nine patients were studied (24 RR and 5 SP) and compared to six
controls. Disease duration was significantly longer in SP MS than in
RRMS (14.5+4.9 vs. 7.2+ 5.3). NAWM FA was significantly decreased
and ADC increased in RR and SP MS compared to controls but neither
ADC or FA in NAWM differed between RR and SP MS patients. In
contrast, ADC values were significantly increased in ring enhancing
lesions versus homogeneously enhancing lesions (1.08+0.18 vs.
0.88+0.1 p=0.05, respectively). Nonenhancing T2 lesion FA and
ADC did not differ between RR and SP MS. Conclusions: Diffusion
tensor imaging is more sensitive in the detection of inflammatory
changes in lesions than to degenerative changes in NAWM. Ring
enhancing lesions showed a greater increase in ADC than homo-
geneously enhancing lesions but neither ADC nor FA was able to
differentiate between NAWM in RR versus SP MS.
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A longitudinal study of T1 relaxation time in normal
appearing white matter and grey matter in early primary
progressive multiple sclerosis

F. Manfredonia, Z. Khaleeli, O. Ciccarelli, ]. Sastre-Garriga, D.]. Tozer,
D.H. Miller, A.]. Thompson; Institute of Neurology, UCL (London, UK)

Introduction: Increased T1 relaxation time (T1-RT) has been related
to inflammation and axonal loss. Longitudinal changes in T1-RT have
not been studied in patients with primary progressive MS (PPMS).
Aims: To detect T1-RT changes in normal appearing white (NAWM)
and gray matter (NAGM) in early PPMS over 2 years; to analyze
whether T1-RT changes correlate with clinical changes; to investigate
whether T1-RT at baseline predicts clinical outcomes. Methods:
Twenty-five patients (11 male, 14 female, mean age 47.8, range 26—
60) with early PPMS (within 5 years of symptom onset) and 12
controls (6 male, 6 female, mean age 34.0, range 27 —52) were studied
at baseline and 2 years. EDSS and MSFC (including time walk test)
scores were assessed at baseline and two years. All subjects underwent
2D dual echo FSE, 2D T1 and 2D PD-weighted gradient echo scans,
from which T1-RT maps were generated, on a 1.5 T scanner. T1-RT
histograms of NAWM and NAGM, normalized for brain volume, were
obtained at each time point. Mean T1-RT, peak heights (PH) and peak
locations (PL) of the histograms were measured. Paired t-tests were
used to compare baseline and 2 year histogram values in patients and
controls. Spearman’s correlation coefficient was used to assess the
relationship between T1-RT and clinical changes. To investigate
whether T1-RT predicts clinical changes multiple linear regression
analyses were applied. Age and sex were kept as covariate in the
statistical model. Results: There were no changes in T1 parameters in
controls. In the MS cohort there were increases in NAWM and NAGM
mean T1-RT (p=0.002 and p =0.009 respectively) and PL (p =0.009
and p=0.047 respectively). Moreover, NAWM and NAGM PH
decreased significantly (p =0.015 and p =0.026 respectively). NAWM
and NAGM mean TI1-RT changes over two years correlated with
changes in the EDSS (p=0.001; p=0.003) and time walk test (p =
0.016, p =0.027). Lower MSFC scores at two years were predicted by
higher baseline mean NAWM T1 values and lower baseline NAWM
histogram peak heights. Conclusion: T1 relaxometry detects sub-
stantial changes in NAWM and NAGM over two years in early PPMS
and these changes correlate with increased disability. T1-RT para-
meters at baseline predict clinical outcome at 2 years. These results
suggest that T1 relaxometry is a good marker of disease progression
and has prognostic potential in PPMS.

P649

Optic nerve head topography in optic neuritis

S.A. Trip, P. Schlottmann, S. Jones, D.F. Garway-Heath, A. Thompson,
G. Plant, D.H. Miller; Institute of Neurology (London, UK); Moorfields Eye
Hospital (London, UK); National Hospital for Neurology and Neurosurgery
(London, UK)

Background: Optic neuritis is a useful model for studying the relapse
in MS as non-invasive imaging can be combined with electrophysio-
logical and clinical measures of anterior visual pathway function to
provide insights into the pathophysiological mechanisms associated
with relapse and recovery. Scanning laser tomography performed
with the Heidelberg Retina Tomograph II (HRT-II) can be used
clinically to produce three dimensional images of the optic nerve
head including measures of axonal loss from the optic nerve
neuroretinal rim and retinal nerve fibre layer (RNFL). Although the
main current clinical application for the HRT-II is to monitor
progression of glaucomatous changes over time, it could potentially
be used to study optic nerve head topography in other optic
neuropathies. Objective: To investigate optic nerve head topography
in patients with optic neuritis compared to controls using the HRT-II
and determine if detected changes are related to visual function and
electrophysiology. Subjects/Methods: 25 patients with a previous
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single episode of unilateral optic neuritis and 15 controls were studied
with HRT-II, visual evoked potentials and pattern electroretinogram.
Patients also had testing of visual acuity, visual field and colour vision.
Results: In affected eyes compared to fellow eyes, there was
reduction of both the mean RNFL thickness at the disc edge (p=
0.009) and the neuroretinal rim volume (p =0.04). In affected eyes
compared to control eyes, the three dimensional optic cup shape
measure was increased (p=0.01), indicative of an abnormal cup
shape. There were no other significant differences in HRT-II measures.
Within-patient interocular difference correlation was used to investi-
gate the functional relevance of these changes and demonstrated
associations between RNFL thickness change and changes in visual
acuity, visual field and colour vision. Colour vision change was also
associated with change in neuroretinal rim volume. Conclusions:
HRT detects functionally relevant changes in RNFL thickness and
neuroretinal rim volume between eyes affected by optic neuritis and
unaffected fellow eyes.

P650

In vivo detection and monitoring of inflammatory lesions in
experimental autoimmune encephalomyelitis using SPIO-
enhanced MRI

A. Oweida, E. Dunn, P. Foster; Robarts Research Institute (London, CAN)

Multiple sclerosis (MS) is characterized by breakdown of the blood
brain barrier (BBB) and the formation of focal areas of inflammation
and demyelination in the brain and the spinal cord. Currently,
gadolinium-enhanced (Gd-Enh) MRI is the most common tool for
diagnosis and monitoring of MS lesions and assessing brain inflam-
mation. However, the simple movement of Gd across a transiently
broken BBB does not provide insight on the cellular components of
inflammation. Disease severity in experimental autoimmune ence-
phalomyelitis (EAE) has been shown to correlate with the absolute
number of macrophages invading the brain parenchyma. Various
studies have shown that superparamagnetic iron oxide (SPIO) can be
used to label macrophages in vivo during active inflammation and to
detect the label in the CNS using MRI. In the present study our goal
was to analyze lesion number and size longitudinally in EAE animals
by giving multiple SPIO injections. SPIO was systemically injected
into the circulation of EAE-induced mice on day 11 post-immuniza-
tion and at multiple time-points thereafter (days 13,15,17,19,21).
Imaging was performed 24 hours after each SPIO injection. On the
final scanning session (day 22), animals were sacrificed and brains
were excised for histopathology. Staining was comprised of Perl’s
Prussian blue stain for iron and hematoxylin and eosin to detect
cellular infiltrates. Our results show that regions of signal loss can be
observed even prior to initiation of clinical symptoms. Multiple SPIO
injections revealed increasing number of lesions over the course of
EAE. The average number of lesions detected at disease onset (11
lesions, day 14) was much less than that detected during later stages of
EAE (28 lesions, day 18). Lesion number and size was variable at
different time-points during the disease course and even within the
same clinical score. In some cases, the maximum size of lesions
occurred 1-2 days after the animals reached their peak clinical score.
Histological analysis showed excellent correspondence between re-
gions of signal loss on MR images and Perl’s-positive cellular infiltrates
on histology. Our results demonstrate that SPIO is a reliable marker
for assessing the degree of inflammation in the CNS. Future studies
will involve cross-sectional histopathological analysis for validation
with MR results.

P651

USPIO-enhanced cellular MR imaging of lesion activity in
multiple sclerosis

M.M. Vellinga, ].].G. Geurts, S.M.A. van der Pol, C. Pering, C.H. Polman,
H.E. de Vries, F. Barkhof; VU University Medical Center (Amsterdam, NL);
Schering AG (Berlin, D)

Multiple Sclerosis 2006; 12: S1-5228

Background: New therapies in multiple sclerosis (MS) aim at
preventing cellular infiltration. In evaluating their therapeutic effi-
cacy ultrasmall superparamagnetic particles of iron oxide (USPIO),
taken up by macrophages and transported into inflammatory MS
lesions, may be a more specific MRI marker than Gadolinium-DTPA
(Gd), which only visualizes breakdown of the blood-brain-barrier.
Objective: Visualizing cellular infiltration in MS inflammatory
lesions using USPIO, and comparing it to Gd enhancement in a phase
II setting. Patients and Methods: Relapsing-remitting MS patients
are currently screened monthly using T1-weighted spin-echo, dual-
echo T2-weighted spin-echo, and T2 gradient-echo. In case of a
Gd-enhancing lesion (GEL), USPIO (SH U 555 C, Schering AG, Berlin
(Germany), diameter: 25 nm, T1/2 6-8 h) are administered (single
intravenous bolus injection of 40 micromol Fe/kg BW) within 2448
hours. Twenty-four hours after injection, MRI is performed (same
protocol) and blood is withdrawn to evaluate monocyte activation
level and USPIO-uptake. Follow-up of lesion progression consists of
3 monthly scans. EDSS and relapses are registered. Results: So far,
12 patients have been included, 4 of which have received SH U 555 C.
More patients will be included. In our preliminary dataset, USPIO-
enhancement (hyperintense on T1) occurred in 4 different patterns:
1) ring-like, surrounding a GEL; 2) as small clusters around original
GEL; 3) as an isointense signal in originally hypointense lesions (pre
contrast T1); 4) as enhancement not visible as GEL on prior images,
some Gd enhancing at 1 month follow-up. Not all GEL showed USPIO
enhancement. No signal changes were observed on the gradient-echo
T2. Results on evaluation of monocyte activation level and USPIO-
uptake are pending. In vitro labelling of human monocytes from
healthy controls did not result in cell death or monocyte activation.
Conclusion: USPIO-enhancement is based on infiltration of labelled
macrophages into inflammatory lesions, and shows patterns that are
distinct from Gd enhancement in MS. SH U 555 C may be used to
increase specificity when evaluating efficacy of future MS therapies
such as cellular infiltration prevention.

P652

A diffusion-tensor MRI study of brain and cervical cord in
benign multiple sclerosis patients

E. Judica, M. Rovaris, E. Perego, B. Benedetti, P. Valsasina, V. Martinelli,
R. Capra, A. Ghezzi, A. Pulizzi, G. Comi, M. Filippi; Scientific Institute San
Raffaele (Milan, 1); Spedali Civili di Brescia (Brescia, I); Ospedale di
Gallarate (Gallarate, I)

Background: Diffusion tensor (DT) MRI is able to quantify the
severity of brain and spinal cord damage in multiple sclerosis (MS),
thus providing us in vivo with information about the extent of tissue
damage that can be undetected by conventional MRI. Goals: To
investigate the DT MRI patterns of brain and cervical cord structural
damage in benign (BMS) versus secondary progressive MS (SPMS)
patients, to achieve a better understanding of the nature of disability
in MS. Methods: Conventional and DT MRI scans of the brain and
the cervical cord were acquired from 55 patients with BMS, 36 with
SPMS and 15 healthy controls. After the creation of mean diffusivity
(MD) and fractional anisotropy (FA) maps, histograms of MD and FA
values were produced for the brain normal-appearing white matter
(NAWM) and gray matter (GM), as well as for the cervical cord tissue
as a whole. T2-hyperintense brain lesion volume (LV) and normalized
brain volume (NBV) were also computed. Results: Median expanded
disability status scale (EDSS) score was 2.0 (range: 0.0—3.0) for BMS
and 6.0 (range: 4.0-8.0) for SPMS patients. Compared to healthy
controls, BMS patients had lower average NAWM FA (p <0.001),
higher average GM MD (p <0.001) and lower NAWM and GM MD
peak height (p <0.001). When compared to BMS patients, SPMS
patients had higher T2 LV (p =0.004), lower NBV (p =0.002), higher
average GM MD and lower GM MD peak height (p =0.0019 and
0.007). In comparison with healthy subjects, BMS patients also had
higher average cord MD (p <0.001) and lower cord MD peak height
(p =0.005). SPMS patients had lower cord average FA (p =0.009) when
compared to those with BMS. Conclusions: The severity of brain
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atrophy and GM damage is much less pronounced in BMS than in
SPMS patients, whereas the between-group differences in cervical cord
damage are less striking, despite the different levels of locomotor
disability. This suggests the role of cortical functional reorganization
in limiting the consequences of tissue injury in BMS patients, possibly
related to the sparing of their GM compartment.

P653

Validating diffusion tensor imaging as a measure of physio-
logic disruption

R.J. Fox, R. McColl, ].C. Lee, T. Frohman, E. Frohman; Cleveland Clinic
Foundation (Cleveland, USA); University of Texas Southwestern (Dallas,
USA)

Background: Diffusion tensor imaging characterizes MS tissue
injury, although it has remained unproven whether DTI changes in
disease have functional consequences. The median longitudinal
fasciculus (MLF) is a key brainstem pathway for ocular adduction.
Injury to the MLF causes internuclear ophthalmoplegia, which
is common in MS. We evaluated the relationship between MLF
pathology and oculomotor dysfunction using DTI and oculography.
Methods: The MLF was identified in 6 MS patients with ophthalmo-
plegia and 10 healthy controls (HC) through a brainstem atlas overlay.
Average mean diffusivity (MD) and lattice index (LI, a measure of
anisotropy) was measured within the pontine MLF. Ocular dysmoti-
lity was characterized by the versional dysconjugacy index (VDI),
which is the ratio of abduction/adduction eye movement parameters,
measured using quantitative infrared oculography. Group differences
between MS and HC were evaluated using repeated measures mixed
model, while Pearson correlation coefficients evaluated the relation-
ship between VDI and DT measures in the combined MS and HC
groups. Results: The MD within the pontine MLF was increased
compared to HCs (p <0.003), while the pontine LI was decreased
(p <0.03). As expected from patient selection, VDI was significantly
increased in MS patients with INO compared to HC (p <0.0001).
Correlations were observed between the VDI and MD (left: r=0.65,
p <0.01; right: r=0.46, p=0.07). Similar correlations were found
between VDI and LI (left: r= —0.43, p=0.09; right: r= —0.65,
p =0<0.01). Discussion: We identified DTI evidence of pathological
disruption of a small brainstem fiber pathway which is crucial for
accurate lateral eye movements. Measures of both overall diffusion
(MD) and anisotropy (LI) were altered in the pontine MLF, where T2
prolongation was also observed. More importantly, we observed
correlations between DTI changes and oculomotor dysfunction. To
our knowledge, this study is the first to correlate pathology measured
by DTI with electrophysiologic evidence of impaired CNS function.
Our observations support the hypothesis that the structural measures
of DTI represent pathologic disruption with significant physiologic
consequences. These cross-sectional studies provide validation that
DTI may be a useful outcome measure in therapeutic studies.

Immunomodulation-Part Il
P654

Long-term favourable response to immunomodulatory
treatment in Hungarian patients suffering from multiple
sclerosis

T. Cseépdany, Z. Mezei, D. Bereczki, S. Sipka, L. Csiba; University of
Debrecen (Debrecen, HUN)

Background: Interferon beta and glatiramer acetate reduce the
frequency and severity of clinical relapses in relapsing-remitting
(RR) multiple sclerosis (MS). The basis of these beneficial effects has
been extensively studied both in vivo and in vitro. The interferon beta
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1b (Betaferon) and glatiramer acetate (Copaxone) since 1996, intra-
muscularly administered interferon beta 1a (Avonex) since 1999 and
subcutaneously administered interferon beta 1a (Rebif) since 2001 are
available for treating RRMS patients in Hungary. Goal: The primary
endpoint of our study was to evaluate the response of the long-term
immunomodulatory treatment on relapse number and different
immunological laboratory data of peripheral blood (cells counts,
levels of different immunoglobulins, antinuclear antibodies, T, NK
cells and cytokine levels). We evaluated the safety of long term
therapy also. Patients and methods: 79 relapsing-remitting multi-
ple sclerosis (mean age 35.4 4+ 10.6 years, duration of the disease 3.8 +
5.7 years) patients were treated with immunomodulatory drugs
between 1996 2005 for 53.9 4+ 35.4 months at the Dept of Neurology,
Debrecen University (group A: n =20, Betaferon subcutaneously (s.c.)
injected 8 MIU every other day, group B: n =25, Copaxone s.c.
injected 20 mg every day, group C: n =27 Avonex intramuscularly
(i.m.) injected 30 ug once a week, group D: n =7 Rebif subcutaneously
(s.c.) injected 44 ug three times a week). The duration of the treatment
7+4.2, 52+2.1, 3.1+£0.7 and 3.4+0 years were in the groups,
respectively. The clinical status (expanded disability status score-EDSS,
relapse), side effects were controlled every 3 months and laboratory
control was performed every 6 months. Results: The relapse number
was reduced in every group. The relapse rate was changed from 2.8 to
1.4 in group A, from 1.8 to 0.2 in group B, from 2.4 to 0.9 in group C
and 2.1 to 0.3 in group D comparing the pretreatment and treatment
2 years period of disorder. The EDSS increased from 3.4+1.8 to 4.8+
1.1 after 81.9+ 6.4 months in group A and from 3.0+0.7 to 3.8+0.4
after 524 7.1 months and 7-7 patients changed the course of disorder
to secondary progressive. The EDSS was not changed in the other 2
groups, but the duration of those patients treatment was shorter than
in group A and B. Decreased white cells counts was more frequents in
the group A than the other groups. Discussion: Our results support
the long-term favorable effect of immunomodulatory treatment in MS
patients. The possible relation of laboratory changes (the percentage
of CD4+, CD8+ cells, TNF alfa, interferon gamma, interleukin 10
and TGF beta levels in the peripheral bloods) to clinical status will be
discussed in the presentation.

P655

Raised urinary neopterin excretion is associated with a
better clinical outcome in PP-MS patients treated with
interferon beta-1a

K. Rejdak, S.M. Leary, A. Petzold, Z. Stelmasiak, A.]. Thompson, D.H.
Miller, G. Giovannoni; Medical University of Lublin (Lublin, PL); Institute
of Neurology, UCL (London, UK)

Background: Primary progressive multiple sclerosis (PP-MS) has
clinical characteristics distinct from other MS subtypes and the
immunomodulatory treatment does not affect the course of the
disease. However, the biomarkers of a therapeutic effect are needed
to assess therapeutic efficacy even without apparent clinical effects.
The aim of this study was to assess the utility of monitoring the
urinary excretion of neopterin and nitric oxide (NO) metabolites in
subjects with PP-MS treated with interferon beta-la (INFbeta-1a).
Methods: Fifty subjects with PP-MS enrolled in a phase II trial of
IFNbeta-1a (Placebo n =20; Avonex® 1 x 30 pg/week (INF-30), n =15;
Avonex® 1 x 60 pg/week (INF-60) n = 15), were studied. Study parti-
cipants were assessed using the EDSS and with MRI. Urine samples
were collected every 3 months for two years. Nitrite/nitrate (NOx) was
measured by vanadium based colorimetric assay, and neopterin and
creatinine (Cr) using an HPLC technique. NOx/Cr (mmol/mol)
(NOxCR) and neopterin/Cr (umol/mol) (UNCR) quotients were
calculated. Results: There was no significant difference between
pre-treatment baseline levels of UNCR or NOxCR between the three
study groups. For the longitudinal analysis, only subjects who
completed the study on their assigned dose of IFNbeta-la were
analysed (placebo, n =20; INF-30, n =12; INF-60, n =6). There was a
significant overall difference in UNCR levels between the placebo-
treated group (278.2+32.7; mean +SD) and the INF-30 (431.0+63.5)
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(p=0.03) and INF-60 (555.1+92.1) (p=0.002) treated groups.
The mean UNCR of the INF-30 and INF-60 treated groups did not
differ. In INFbeta-la treated subjects, mean UNCR values were
significantly higher in those who remained stable in the study (no
change in EDSS) (480.3 [329.0-818.0]; median, 95%tile range)
compared to subjects who progressed during the study (339.9
[324.0-417.9]) (p =0.04). INFbeta-1a treatment had no effect on the
excretion of NOx. Conclusions: Urinary neopterin may be a
candidate marker to monitor one of the in vivo effects of INFbeta-1a
and has a potential of identifying subgroups of MS patients respond-
ing to the therapy.

P656

10 year follow-up of the European Study of interferon-beta-
1b (EUSPMS) in secondary progressive multiple sclerosis —
Interim report

J. Kuhle, K. Gugleta, M. Hardmeier, M. Ecsedi, M. Laaksonen, M.
D‘Hooghe, H. Wiendl, C.H. Polman, M. Fdrkkild, J. De Keyser, M. Frontoni,
K. Beckmann, L. Kappos for the EUSPMS Long-Term Follow-Up (LTFU)
study group

Objective: The European study of Interferon beta-1b (IFNb-1b) in
secondary progressive MS (EU-SPMS) provided evidence that IFNb-1b
delays neurologic deterioration in patients in this phase of the
disease. Data on long-term effects and adherence to IFNb-1b
treatment in SPMS are scarce. We present an interim report of the
ongoing 10 year follow-up (LTFU) of the EUSPMS Study. Methods:
After the double-blind phase of this trial (DB) which lasted up to a
maximum of 36 months, patients were offered participation in an
open-label treatment study (OL) that lasted another 18 months.
Since then patients are followed in 6 or 12 monthly intervals in the
participating centres. From the initial total of 718 patients in 35
centres, until May 1st 2006 we have collected 10 year data including
EDSS, relapses and treatment history of 239 patients (73.5% of 325
originally randomised in these centres) from 15 centres. Results:
120/239 received placebo and 119 IFNb-1b during the DB phase. At
10 years, 123 (51.5%) were still on treatment, 85/123 (69.1%) with
IFNb-1b. Mean (SD) EDSS change from baseline to month 36 in
the group receiving placebo during the DB phase (A) was 0.83 +
1.28, in IFNb-1b (B) 0.53 +1.16. Mean EDSS change from baseline to
month 120 in A was 2.21+1.53 and in B 1.87+1.78. Data on the
rate of progression in this LTFU-cohort in relation to baseline
variables and findings during the double-blind phase will be
presented. Conclusions: After 10 years the relative advantage
regarding EDSS progression of those patients initially randomised
to active treatment remains visible. The importance of long-term
follow-up of patients participating in MS clinical trials has repeat-
edly been stressed. The present study reflects problems long-term
follow-up studies are usually confronted with, the largest being the
cumulative attrition rate. Although indeed representing only a part
of the initial study population, ascertainment of data for a high
proportion of those patients initially randomised within the centres
participating in this LTFU may allow for meaningful conclusions,
especially regarding prognostic factors of treatment response. This
investigator initiated study is supported by an unrestricted grant by
Schering AG, Berlin

P657

Axonal damage and inflammation in early multiple sclero-
sis: effects of subcutaneously interferon-beta-1a treatment
A. Pascual-Lozano, M.C. Martinez-Bisbal, 1. Bosca, C. Valero, F. Coret, B.
Martinez-Granados, L. Marti-Bonmati, B. Celda, B. Casanova ; Hospital la
Fe (Valencia, E); Universidad de Valencia (Valencia, E); Hospital Clinico
(Valencia, E); Hospital Quiron (Valencia, E)

Background and Objective: Several multicenter, randomized,
double-blind and placebo-controled trials have demonstrated the
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effect of interferon beta in reducing inflammatory activity in multiple
sclerosis (MS), but a possible effect on accumulated neuroaxonal
damage is still unknown. This is a prospective two-year follow-up
study designed to examine the effect of interferon beta-la (IFNBla)
over relapse rates, total brain T2 lesion volume and brainstem
metabolic changes, comparing treated and untreated MS patients.
Methods: Sixteen early relapsing-remitting MS patients treated with
IFNBla, twenty RRMS patients untreated and ten age-matched
healthy subjects were studied for two years. Between treated and
untreated patients there were no basal differences in sex, age, EDSS
and evolution time. Disability was rated in each scheduled visit using
the EDSS. Relapse rate (RR) was calculated annually. T2-weighted MR
and 1H-MRS imaging were acquired at recruitment and at year two.
The brain T2-hyperintense lesion volume (T2LV) was calculated with a
semiautomatic program; NAA, Cr and Cho resonances areas were
integrated with jMRUI program and the ratios calculated for the sum
of the volume elements that represented the brainstem. Results: The
basal NAA/Cho ratio at brainstem was significantly decreased in MS
patients compared with controls. After two years, there was a decrease
in the NAA/Cho (—9%; p=0.002) and the NAA/Cr ratio (—15%;
p =0.000), meanwhile controls subjects had no significant metabolic
changes. Pre-treatment annualized RR was 1.9 in the treated group,
and it decreased to 0.98 after treatment. EDSS did not change
significantly within two years (untreated group: 1.2 vs. 1.0; treated
group 1.7 vs. 1.5). In untreated patients, T2LV increased significantly
over two years (mean 2.4 ml vs. 3.4 ml, p=0.025), whereas in treated
patients T2LV remained stable (5.1 ml vs. 5.3 ml, ns). The metabolic
study showed a decrease in the NAA/Cr ratio in both groups of
patients (untreated group: 4.9 vs. 4.0, p =0.006; treated group: 4.4 vs.
3.8, p=0.007). Conclusions: ITFNBla was successful in reducing the
annual RR and the accumulation of disease burden on T2-weighted
images but, treated and untreated MS patients suffered similar
metabolic decrements. Therefore IFNBla treatment did not be
effective in delaying neuroaxonal damage in this short-term study.
Analyses with longer periods of observations are still needed to
confirm these preliminary findings.

P658

Evaluation of topical interventions in the reduction of
injection-site reactions after interferon treatment for multi-
ple sclerosis

D. Mikol for the ASSIST Study Group

Background: Injection-site reactions (ISRs) are common in treat-
ment with injected multiple sclerosis (MS) therapies. Although ISRs
are typically mild, the risks associated with decreased adherence are
important, as it is essential to maintain continuous active treatment
to reduce inflammatory activity and ultimately slow disease progres-
sion. Based on anecdotal evidence, over-the-counter (OTC) topical
anti-inflammatory agents are often recommended to treat ISRs, but
their efficacy has not been studied in well-controlled clinical trials.
Objective: To evaluate three OTC topical medications’ abilities to
reduce ISRs in patients with relapsing-remitting MS treated with Rebif
(registered trademark [r]) (interferon-beta-la sc, tiw). Design: This
study planned to enroll 100 subjects with an interim analysis to assess
patients that completed the study. Two independent, 9-week, multi-
centre, open-label, crossover studies were designed to compare
Cortizone-10(r) (hydrocortisone) and Tucks(r) Pads (witch hazel) to
Lubriderm(r) Lotion, which served as a control. Patients with ISRs
(defined as redness at least 20 mm in diameter 4872 hours (h) post-
injection) were randomly assigned to apply a test agent or Lubri-
derm(r) immediately post-injection for 2 weeks. Participants then
switched from control to test agent or vice versa for the final 2 weeks.
ISRs were measured 48-72 h and 7 days (d) post-injection. The
primary outcome measure was the difference in the mean diameter of
redness 48-72 h post-injection. Results: At interim analysis
(03/2006), 29 of 100 expected subjects had completed the study.
Subjects were typically female (88.9%) and Caucasian (94.4%), with a
mean age of 41.4 years. In the hydrocortisone/Lubriderm(r) cross-over
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study, average baseline diameter of injection-site redness was 37.4 mm
(n=27). For the 22 evaluable patients, mean redness diameter at
48—-72 h post-injection was 34.8 mm (standard deviation, 14.8) with
hydrocortisone; 33.0 mm (10.8) with Lubriderm(r) (P =0.55). After
7 d, respective diameters were 31.7 mm (16.3) and 31.0 mm (12.7;
P =0.89). Although fewer patients in the witch hazel/Lubriderm(r)
study were evaluable at interim, results were similar, with a slight
trend toward both agents reducing redness. Conclusions: A final
analysis of data from the hydrocortisone study will be presented along
with interim data from the witch hazel study. Successful reduction of
ISRs may ultimately improve patient adherence to interferon-beta
therapy.

P659

Product enhancements decrease the incidence of injection
site reactions and pain resulting in improved adherence to
therapy in patients with multiple sclerosis

J. Scanzillo, R. Bennett, P. Biancucci, V. Divan, S. Sherman, A. AL-
SabbaghSerono, Inc. (Rockland, USA); Pfizer Inc. (New York, USA)

Background: Injection site reactions (ISRs) are a common cause
of treatment discontinuation in patients with multiple sclerosis
(MS). Support organizations such as the MS LifeLines program
(www.mslifelines.com) may help patients to manage ISRs more
effectively by providing support, education, and training on injec-
tion technique; however, simplification of the injection process
through use of autoinjectors and finer gauge needles may also help
to decrease ISRs. Objective: Evaluate the impact of product
enhancements such as a new autoinjector (Rebiject II) and finer
needles upon adherence to therapy for patients receiving subcuta-
neous (sc) Interferon-beta-1a (IFNB-1a) 44 mcg tiw. Methods: Data
were gathered by the MS LifeLines program between August 2003
and November 2004 (before product enhancements) and again
between December 2004 and March 2006 (after product enhance-
ments). Patients were contacted by nurse educators at regular
intervals and asked a series of questions to determine whether they
were adherent to therapy or had discontinued, and, if they had
discontinued, why they had done so. Reasons for discontinuation
were recorded and divided into 3 categories: ISRs, pain and/or
burning at the injection site, or other reasons. Interim data from
this ongoing analysis are presented. Results: Between August 2003
and November 2004, 11,783 total patients received subcutaneous
(sc) IFNB-1a 44 mcg tiw. Of the 2079 patients who discontinued
therapy (17.6%), 1714 (82.4%) cited reasons other than ISRs or
injection pain and burning. Of the remaining discontinuations, 190
(9.1%) were due to ISRs and 175 (8.4%) were due to pain and/or
burning at the injection site. Between December 2004 and March
2006, when Rebiject II and finer gauge needles were incorporated,
12,968 total patients received sc IFNB-1a 44 mcg tiw. Of the 1780
(13.7%) who discontinued therapy, 1648 (92.6%) cited reasons other
than ISRs or pain or burning. Of the remaining discontinuations, 99
(5.6%) were due to ISRs and 33 (1.9%) were due to pain and/or burn-
ing at the injection site. Conclusions: These results demonstrate that
product enhancements such as Rebiject I autoinjector and finer gauge
needles have dramatically decreased discontinuation of therapy due
to overall ISRs and injection pain or burning in patients administering
(sc) IFNB-1a 44 mcg tiw. The decreased discontinuation to therapy
may potentially improve long-term outcomes.

P660

Effectiveness of interferon-beta in delaying the age at
secondary progression and at assignment of irreversible
disability milestones in multiple sclerosis

M. Trojano, M.P. Amato, F. Pellegrini, D. Paolicelli, A. Fuiani, V. Zipoli, E.
Di Monte, E. Portaccio, G.B. Zimatore, P. Livrea ; University of Bari (Bari, I);
University of Florence (Florence, I); Consorzio Mario Negri Sud (Santa Maria
Imbaro, Chieti, I)
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Background: Recent studies suggest that the reaching of disability
landmarks in Multiple Sclerosis (MS) is age-related, at least in part.
Survival techniques which take account of the assessment of ages at
assignment of Secondary Progression (SP) and irreversible disability
milestones may provide accurate outcome for therapeutic trials.
Objective: To evaluate the effectiveness of IFN-beta in a cohort of
Relapsing Remitting (RR) MS patients on two milestones: age at SP and
age at EDSS 4. Methods: A sample of 1,452 RR MS patients (1046 IFN-
beta treated and 406 untreated) was prospectively followed, at the
MS Centers of Bari and Florence, for at least 1 year from first visit up to
7 years (median follow-up =4.7 years). Ages at milestones were
calculated as time from birth to each milestone and considered as
survival time. To account for baseline imbalances between treated and
untreated groups, a Cox regression model adjusted for propensity
score (PS) quintiles was used. Estimated ages at milestones were
obtained using PS adjusted survival curves. We also performed a
sensitivity analysis to account for potential residual confounding
deriving from the effect of an unmeasured binary covariate. Results:
PS adjusted Cox models for age at milestone SP showed that IFN-beta
group vs. untreated group had a highly significant 70% reduction
of incidence of SP during 7 years (HR=0.30, 95% CI 0.17-0.52,
p <0.0001). Milestone EDSS 4 also reported a significant 36%
difference in favour of IFN-beta group (HR=0.64, 95% CI 0.43—
0.97, p <0.05). PS adjusted survival curves translated HRs into the
estimated delay of age at the two milestones. Milestones SP and EDSS
4 were reached by 30% of patients with 11 years (48.6 for untreated
vs.59.8 for treated) and 4.2 years (45.7 for untreated vs. 49.9 for
treated) of difference respectively between the two groups. Sensitivity
analysis for milestone SP showed that significant effect of IFN-beta
might be altered by an unmeasured confounder with a HR of at least
4 with a prevalence imbalance between treated and untreated groups
of at least 40%. As to milestone EDSS 4, an unmeasured confounder
with HR >2 and 10% of imbalance would be sufficient to alter the
significant effect of treatment. Comclusions: The results of this
observational study in a large MS population demonstrate that IFN-
beta treatment delays the age at assignment of SP and irreversible
EDSS 4. However appropriate statistical analyses need to properly
estimate the real treatment effectiveness.

P661

Intramuscular interferon beta-1a delays conversion to clini-
cally definite multiple sclerosis in patients with a clinically
isolated syndrome: subgroup analyses based on new diag-
nostic criteria

R.P. Kinkel, P.W. O’Connor, M. Kremenchutzky ; Harvard Medical School
(Boston, USA); St. Michael’s Hospital (Toronto, CAN); University Hospital
London Health Sciences Centre (London, CAN)

In CHAMPS, treatment with intramuscular (IM) interferon (IFN) beta-
la (30 mcg once weekly) significantly delayed conversion from
clinically isolated syndrome (CIS) to clinically definite multiple
sclerosis (CDMS) (adjusted hazard ratio 0.49, 95% CI 0.33, 0.73;
p <0.001). Patients who participated in CHAMPS were characterized
as monosymptomatic on the basis of the predominant symptom of
their presenting syndrome; asymptomatic signs identified upon
neurologic examination reflecting multifocal involvement were not
taken into account. Recent changes to diagnostic criteria and inter-
pretations of presenting symptoms have been incorporated into the
description of patients participating in some early treatment trials.
The purpose of this study was to use a new standardised classification
scheme for a reanalysis of the CHAMPS study population. Patients’
presenting syndromes were assessed using an algorithm derived from
Uitdehaag and colleagues (2005), which employed a stepwise neuro-
logic evaluation. Patients were reclassified as monofocal or multifocal.
The ability of IM IFN beta-la to delay progression to CDMS in
subgroups based on disease onset (monofocal, multifocal) and base-
line magnetic resonance imaging (MRI) characteristics, including
number of T2 lesions (<9, >9) and presence of gadolinium-enhan-
cing (Gd+) lesions (0, >1) was assessed. Although all patients were
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considered monosymptomatic at CHAMPS randomisation, 30% of
patients were classified as multifocal on reanalysis. Over 3 years of IM
IFN beta-la treatment, monofocal patients experienced a greater
reduction in risk of developing CDMS than multifocal patients (52%
vs. 24%). Patients with <9 T2 lesions at baseline experienced a greater
reduction in risk of developing CDMS than those with >9 baseline T2
lesions (58% vs. 38%). Risk reductions were lower for patients lacking
Gd+ lesions at baseline than for patients with at least 1 baseline Gd +
lesion (37% vs. 66%). The treatment effect was consistent for all
different subgroups (p >0.05 for the interactions). Two-year results
will also be presented. IM IFN beta-1a was effective when initiated at
the time of a first demyelinating attack whether the disease was
clinically monofocal or more disseminated, either by clinical or MRI
criteria. IM IFN beta-1a effectively prolongs time to conversion to
CDMS in patients with early disease as defined by an updated
evaluation of presenting symptoms. This finding is consistent with
that of the original CHAMPS analysis.

P662

Comparison of the efficacy and tolerability of interferon-
beta in the treatment of relapsing-remitting multiple sclero-
sis: Spanish results from the international QUASIMS study
O. Sdnchez-Solifio, M. Guerrero-Esteo on behalf of the QUASIMS Spanish
Group

Objective: To compare the efficacy and tolerability of 4 different
preparations of interferon beta (IFNb) in the treatment of relapsing-
remitting multiple sclerosis (RR-MS). Patients and methods: Ob-
servational, multicenter, retrospective, longitudinal, open, four-arm
comparative study. Inclusion criteria: patients with RR-MS treated for
at least 2 consecutive years with IFN b-1a 30 mg IM/week (A), IFNb-1b
250 mg SC/48 h (B), IFNb-1a 22 mg (R22) or 44 mg SC (R44) three
times a week. Efficacy and tolerability variables studied were percen-
tage of progression-free and relapse-free patients in 2 years, relapse
rate, and reasons for switching therapy. Results: In total, 313
patients were included in 6 centers. Baseline characteristics: 1)
Distribution of patients by treatment arm: A =86, B=70, R22=113
and R44 =44; 2) sex: 65.5% women; 3) mean of at onset of MS: 33.8 +
9 years; 4) Mean +SD baseline EDSS: A=1.7+1.1; B=2.2+1.0; R22 =
2.1+1.4; R44=3.0+1.6. Relapse rate at 2 years: A=0.43; B=0.5;
R22 =0.53; R44 =0.79. Relapse-free patients at 2 years: 49.8% (A=
57.8%; B =50%; R22 =50.5%; R44 =32.6%). Progression-free patients
at 2 years: 85.8%, with no significant differences between the 4 groups
(A =90.6%; B =88.2%; R22 =85.7% and R44 =73.3%). In all groups,
the most common reason for changing treatment was perceived lack
of efficacy and the second most common reason was the patient’s
decision. Conclusions: IFND therapy was well tolerated. The efficacy
of IFNb treatments as measured by the percentage of relapse- and
progression-free patients at 2 years was similar for all 4 products.

P663

Multiple sclerosis treatment: interferon-beta-1b
J. Kruja, M. Rakacolli, V. Prifti, S. Mijo, I. Zekja, E. Kiku; UHC Mother
Theresa (Tirana, AL)

Objective: To evaluate the effect of Interferon Beta 1b in Multiple
Sclerosis Albanian patients. Methods: We studied the course of
disease in 148 MS patients, treated with Interferon beta 1b — Betaferon
(9.6 MIU S/C every other day) for a period 624 months (mean 18.8
months (SD 5.9). All of them had the diagnosis according McDonald
criteria. We evaluated the EDSS at the baseline, and every 6 months
(EDSS1, 2, 3, 4, 5). Results: There were 54 males (35.8%) and 94
females (64.2%). The mean age at the beginning of the treatment was
36.6 years old (18-57 SD 8.6). The age of disease varies from 1-25
years). There were 102 patients with RR form and 46 with SP form. We
had 24 relapses during Interferon treatment in 20 patients. The mean
EDSS1 was 3.68 (2.0 — 5.5 SD 0.85); EDSS2 —3.4 (1.5 — 5.5 SD 0.9);
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EDSS3 —3.29 (1.5 — 5.5 SD 0.95); EDSS4 — 3.3 (1.5 — 5.5 SD 1.02);
EDSSS5 — 3.08 (1.0 — 5.0 SD 0.89). We used the paired sample tests and
Kendal coefficient to evaluate our data. Conclusion: The use of
Interferon Beta -1b results helpful in our patients.

P664

Interferon beta-1b 16-year long-term follow-up study:
patient-reported outcomes

D. Langdon, G. Ebers, A. Traboulsee, A. Reder, D.S. Goodin, A. Konieczny,
C. Miltenburger for the Betaseron/Betaferon LTF Study Group

Background: Patient-reported outcomes (PRO) and assessment of
cognitive function are increasingly recognised as significant contribu-
tions to the understanding of the impact that multiple sclerosis (MS)
has on patients’ lives, yet very limited data exist. Insights from PRO
can improve quality of life (QoL), patient management and treatment
response. The 16-Year Long-Term Follow-up (16-Year LTF) of the
original cohort from the interferon beta-1b (IFNB-1b; Betaferon®)
pivotal trial, aims to evaluate the long-term effects of IFNB-1b
treatment on patient-reported outcomes and cognition, and relate
these to clinical and imaging parameters. Design/Methods: The 16-
Year LTF is a multicentre, open-label, observational study that uses
cross-sectional data collection from patients having participated in
the original pivotal trial. A comprehensive battery of tests was selected
to assess the health-related (HR) QoL and cognitive status of
the patients. These included MS-specific PRO questionnaires, such as
the Functional Assessment in MS (FAMS) and EuroQoL (EQ-5D). The
results have been analysed according to the length of exposure to
treatment over the 16 years, i.e. “always” =IFNB-1b >80% of the
time; “ever” =IFNB-1b >10-80% of the time; “never” =IFNB-1b
<10% of the time. Results: 328 of the original 372 patients (88.2%)
have been identified and they are almost equally distributed across the
original treatment groups. Analysis of the FAMS total score and trial
outcome index (TOI) indicated that patients from the “always” group
had an improved score compared with those from the “ever” and
“never” groups. This trend was also seen in the EQ-5D (rating scale
and visual analogue scale) total scores. Assessment of EQ-5D subscales
demonstrated that more patients from the “always” group reported
“No problem in walking about”, “No problem with self-care” and ‘“No
problem performing usual activities”. Further PRO and cognition data
(currently being analysed) will be presented. Conclusions: 88.2% of
the original patients have been located even after 16 years. Prelimin-
ary results indicate that self-reported QoL is better for the “always”
patient group compared to the “ever” and “never” groups, and this
finding is consistent across different assessments. Furthermore, the
FAMS score shows clinically meaningful differences between the
groups. These results suggest that early and long-term treatment
sustains HRQoL and self-reported functional dependence in patients
with MS.

P665

Interferon beta-1b 16-year long-term follow-up study: MRI
outcomes

D. Li, G. Ebers, A. Traboulsee, R. Tam, D.S. Goodin, A. Konieczny for the
Betaseron/Betaferon LTF Study Group and the UBC MS/MRI Research
Group

Background: The interferon beta-1b (IFNB-1b; Betaferon®) pivotal
study demonstrated efficacy, safety and tolerability of IFNB-1b in
patients with relapsing-remitting (RR) multiple sclerosis (MS),
including a persistent beneficial effect on MRI lesion burden over
5 years. The 16-year Long-term Follow-up (16-Year LTF) study is
hypothesis generating, with the aim to assess the long-term
treatment effects of IFNB-1b on clinical outcomes and relate these
to changes in MRI outcomes. Design/Methods: The 16-Year LTF is
a multicentre, open-label, observational study utilising cross-sec-
tional data collected from patients from all 11 centres who
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participated in the original pivotal trial. MRI scans were analysed at
a single centre and MRI outcome measures assessed included T2
burden of disease (BOD), normalised brain volume (NBV), gadoli-
nium-enhancing lesions, black holes and cervical cord area at C2
(CCA). The results have been analysed by stratification according to
the original treatment assignment of the pivotal trial (placebo,
50 mcg IFNB-1b subcutaneously [sc] every other day [eod], 250 mcg
IFNB-1b sc eod) and also according to the length of exposure to
treatment over the 16 years, i.e. “always” =IFNB-1b >80% of the
time; “ever’” =IFNB-1b >10-80% of the time; ‘“never”’ =IFNB-1b <
10% of the time. Results: 328 of the original 372 patients have
been identified (i.e. 88.2%). 192 patients underwent MRI studies.
Technically adequate C2 CCA data was available in 81 patients. A
trend was observed between T2 BOD and increasing disability
within the stratified groups. Furthermore, patients with a higher
EDSS score tended to have a smaller NBV and reduced CCA. When
SPMS status was used as a covariate with T2 BOD, a trend was
observed, with less T2 BOD in the “always” group than the “never”
group. Further analyses are currently being performed, and results
will be presented at the meeting. Conclusions: Although signifi-
cant differences between the groups were not observed, preliminary
results indicate that the changes in the different MRI measures over
time in the whole cohort are in line with expected clinical
progression. Moreover, covariates such as SPMS appear to be
important when analysing these findings. Measurements of the
cervical cord area at C2 provided results consistent with the brain
measurements.

P666

Final results from the interferon beta-1b 16-year long-term
follow-up study

G. Ebers, A. Traboulsee, D. Li, D. Langdon, D.S. Goodin, A. Reder, A.
Konieczny for the Betaseron/Betaferon LTF Study Group

Background: The pivotal interferon beta-1b (IFNB-1b; Betaferon®)
study demonstrated efficacy, safety and tolerability of IFNB-1b in
patients with relapsing forms of multiple sclerosis (MS) and led to
the first approved immunomodulatory therapy for MS. The 16-Year
Long-Term Follow-up (LTF) study is primarily hypothesis generating,
and aims to evaluate the long-term treatment effects of IFNB-1b on
clinical and imaging parameters, cognitive function and patient-
reported outcomes. Design/Methods: The LTF is a multicentre,
open-label, observational study that evaluates outcomes in patients
having participated in the original IFN-1b pivotal trial which began
in 1988. Survival, disease status, relapse rate, Expanded Disability
Status Scale (EDSS) score, adverse events, magnetic resonance
imaging parameters and other data have been collected. Results to
date have been divided and analysed by the original treatment
assignment in the pivotal trial (placebo, 50 mcg IFNB-1b subcuta-
neously [sc] or 250 mcg IFNB-1b sc every other day, and arbitrarily
in advance by the duration of treatment. Over the 16 years results
were divided into ‘“never” =IFNB-1b <10% of the time; “ever” =
IFNB-1b >10-80% of the time; “always” =IFNB-1b >80% of the
time. Results: Of the original 372 patients, 328 have been
identified (i.e. 88.2%); 293 of these patients are alive and 35 are
deceased. Median time from diagnosis was 19 years. Data from 260
patients indicate that 78/260 (30%) patients are currently taking
IFNB-1b, and the median length of exposure to IFNB-1b has been
almost 10 years (3345 days). Wheelchair use is required by 44.2% of
“never’” patients and 29.4% of “always” patients. Median time to
EDSS 6 was 6 years later for “always” patients than for “never”
patients. Annualised relapse rates were lower in the “always’ group,
compared with the “never” group. Adverse events were uncommon.
More detailed analyses are ongoing. Comnclusions: This is the
longest and most complete follow-up of any disease modifying drug
for MS. After 16 years, 88.2% of patients from the pivotal IFNB-1b
trial have been located. Long-term safety of IFNB-1b is excellent.
Results are consistent with the hypothesis that continuous long-
term treatment positively impacts on the disease course but
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selection bias cannot be excluded. Comparisons are being made to
natural history data from the Ontario cohort. The lack of randomi-
sation and blinding in observational studies may be offset by the
clarity of their outcomes.

P667

Withdrawal of interferon-beta treatment in 140 consecutive
relapsing-remitting multiple sclerosis patients: rate and
reasons

G. Malanda, G. Castelnovo, P. Labauge; CHU de Nimes (Nimes, F)

Objectives: To estimate the frequency and reasons of Interferon
Beta treatment withdraw in relapsing remitting (RR) MS patients.
Methods: Observationnal, retrospective and prospective study of
patients in a MS clinic. Results: 140 RR MS patients were included in
this study (female: 104, male 36). 69 (49.28%) patients were treated by
Avonex®, 37 (26.42%) by Betaferon® and 34 (24.30%) by Rebif®. The
frequency of withdraw was 47.83% in Avonex® patients, 59.49% in
Betaferon cases, and 41,18% in Rebif® patients (NS). Two periods were
mainly concerned by the withdraw: between the 6th and 2nd year
(36.23%), and between the 2nd and 4th year (34.79%). Reason of
withdraw during the two first years was general intolerance (70.3%),
most often myalgias (50% des cas) and hepatitis enzymes increase
(11.5%). Local intolerance was observed in 26.94% of the cases. Late
withdraw (after the 2nd year) was mainly related to lost of efficiency
(81.3% of the cases). Discussion and conclusions: Interferon Beta
withdraw in RR MS patients is frequent (50% of the patients). Reason
of withdraw is correlated with the length of treatment: general or local
intolerance is observed during the two years, in contrast late withdraw
is related with lost of efficiency.

P668

Immunomodulatory treatment of multiple sclerosis with
onset in childhood or adolescence
A. Ghezzi on behalf of the ITEMS Study Group

Background: Immunomodulatory drugs (IDs) are effective in MS,
but they have not been tested in early onset MS (EOMS). Some
studies have demonstrated that they are effective and well tolerated
in EOMS (Pohl et al., Banwell et al., Ghezzi et al.). A co-operative
study group was created in Italy to evaluate the safety, tolerability
and effectiveness of ID drugs in MS subjects treated before 16 years
of age. We present here the long term results of this study.
Methods: Patients were included if fulfilling the following criteria:
1) diagnosis of definite MS, 2) relapsing-remitting course, 3) disease
onset and beginning of IDs before 16 years of age. All patients were
submitted to clinical and laboratory evaluation every 3 months. A
standardised form was used to record clinical and laboratory data.
Results (in brackets the pretreatment values): 110 patients were
included in our data-base but results were analyzed in subjects with
a pre-treatment and a treatment duration >6 months, obtaining a
cohort of 84 patients: the mean age of onset was 12.1 years, the
mean disease duration was 22.9 months. Fifty-two patients were
treated with Avonex: after a mean follow up of 43 months the
relapse rate was 0.32 (1.98), the EDSS 1.3 (1.4), with clinical side
effects in 35/52 of cases and laboratory abnormalities in 11/52.
Twenty-two patients were treated with Rebif/Betaferon: after a mean
follow up of 47 months the relapse rate was 0.68 (2.25) the EDSS 1.7
(1.8), with clinical side effects in 12/22 of cases and laboratory
abnormalities in 4/22. Ten patients were treated with Copaxone:
after a mean follow up the relapse rate was 0.16 (2.5) the EDSS 1.2
(1.2), with clinical side effects in 3/10 of cases and laboratory
abnormalities in 1/10. Side effects were transient in most cases. In
the whole cohort, 23 subjects were shifted to other treatments
(immunomodulants 17, others 6), 8 subjects stopped the therapy.
Conclusions: Immunomodulatory treatment is effective, safe and
well tolerated in EOMS.
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P669

Biomarkers of beta-interferon activity and prevalence of
HHV-6 in multiple sclerosis patients

M. Garcia-Montojo, R. Alvarez-Lafuente, V. De las Heras, M. Bartolomé, R.
Arroyo Hospital Clinico San Carlos (Madrid, E)

Background: In a subset of multiple sclerosis (MS) patients, human
herpesvirus6 (HHV-6) could be involved in the development or
maintenance of the disease. The mRNA levels of the myxovirus
resistance protein A (MxA), an interferon acute response protein,
and matrix metalloproteinase 9 (MMP-9) and its endogenous tissue
inhibitor (TIMP-1) are directly related with the bioactivity and
bioavailability of beta-interferon, a cytokine with immunomodula-
tory and antiviral activities. Objectives: 1) To study the antiviral
activity of beta-interferon treatment in MS patients, by measuring
mRNA levels of MxA and its correlation with the HHV-6 DNA
prevalence in blood and serum samples along a six-months follow-
up. 2) To analyze the correlation between the mRNA levels of MxA
and the expression levels of MMP-9 and TIMP-1. Methods: Four
blood and serum samples of 54 MS patients were collected for 6
months: prior the onset of the beta-interferon treatment, (0) and 1, 3
and 6 months after the starting of beta-interferon treatment. Total
RNA of PBMCs was extracted and then analyzed by quantitative real-
time RT-PCR in order to determine mRNA levels of MxA, MMP-9 and
TIMP-1. As internal control, levels of 18SrRNA were analyzed and the
results were expressed in a relative way. DNA from blood and serum
samples was extracted, and quantitative PCR with a standard curve
was performed to detect HHV-6 genomes. Results: MxA levels
increased during the study in the 89% of MS patients (p <0.001).
MMP-9 did not show any relevant result but the expression of its
inhibitor showed an increment from O to 1 month in 70% of patients
(p <0.001) and from 1 to 3 months in 67.5% (p <0.001); the 87.5% of
patients presented a total increase in TIMP-1 from O to 6 month (p <
0.001). We found a correlation between MxA levels and expression of
MMP-9 and TIMP-1 too (p <0.001). Moreover, another correlation
seems to exist between MxA expression and HHV-6 prevalence that
decreased from 53.7% to 42.6% in blood samples and from 18.5% to
14.8% in serum samples. All patients presenting HHV-6 genomes in
PBMCs or serum at the first visit but not six months later had a
significant increase in MxA expression. Conclusions: MxA seems to
be a good marker for bioactivity of beta-interferon. Increased antiviral
activity of beta-interferon could be involved in the decrease of HHV-6
prevalence both in blood and serum samples. Further studies are
needed to find a correlation with the clinical development of the
disease.

P670

Association of CTLA-4 exon 1+ 49 gene polymorphism with
treatment response on betaferon therapy in population of
multiple sclerosis patients in Serbia and Montenegro

E. Dincic, M. Zivkovic, G. Toncev, S. Vujisic, S. Popovic, A. Stankovic,
A. Rakovic, D. Alavantic, R. Raicevic; Military Medical Academy (Belgrad,
CS); Institute of Nuclear Sciences (Belgrad, CS); Departement of Neurology,
Kragujevac (Belgrad, CS); Departement of Neurology, Podgorica (Belgrad,
CS)

Background: Betaferon (Interfereon-beta 1b) is used in the therapy
of multiple sclerosis (MS), although its mechanism of action as an
immunomodulator is not fully understood. MS patients could be
responders or non-responders to this therapy. Reason for that
heterogenic therapeutic response may be due to complex genetic
traits of MS. Certain gene polymorphisms influence susceptibility to
MS; others determine clinical course or progression of the disease.
Some of them could influence different response to the treatment of
the same therapy. Several gene polymorphisms in CTLA-4 (Citotoxic T
lymphocyte antigen-4) have been associated with T cell mediated
autoimmune disease. Expression of CTLA-4 on T cells negatively
regulates CD4 and CD8 T cells response. Defect in CTLA-4 signaling
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could contribute to the immune disregulation in MS. Objective: To
establish genotype and allele frequencies of exon 1 +49A/G poly-
morphism in CTLA-4 gene in MS patients from Serbia and Montene-
gro on Betaferon therapy. To evaluate the potential influence of
this polymorphism on response to one year Betaferon treatment.
Methods: The study included 57 patients with clinically defined
relapsing-remitting MS who were receiving Betaferon. Responders and
non-responders were determined according to number of relapse
during one year Betaferon therapy and EDSS, which evaluation were
performed before and after Betaferon treatment. Patients with one or
more relapses and increased value of EDSS for more than one were
considered as non-responders. CTLA-4 genotypes were determined
by PCR and SSCP analysis. Results: There were 22.65% of non-
responders to Betaferon treatment in investigated sample of MS
patients. The duration of the disease was not significantly different
between two subgroups, responders and non-responders, of patients
(5, 5 and 4, 9 years, respectively). There were no significant differences
in genotype and allele frequencies between responders and non-
responders to therapy. Still, the most frequent genotype in responders
was AA (46.67%), and in non responders AG (58, 33%) genotype.
None of the non-responder patients had CTLA-4 +49GG genotype.
We did not found any significant difference for CTLA-4 gene
polymorphism genotypes or alleles between responders and non-
responders to one year Betaferon therapy in our sample. Conclusion:
Our results suggest that this polymorphism does not influence the
response to Betaferon treatment.

P671

Association of polymorphism APOE with treatment response
on Betaferon®

E. Dincic, M. Zivkovic, S. Popovic, D. Obradovic, A. Stankovic, D.
Alavantic, R. Raicevic; Military Medical Academy (Belgrad, CS); Institute
of Nuclear Sciences (Belgrad, CS)

Background: Betaferon (Interfereon-beta 1b) is used in therapy of
multiple sclerosis (MS), its mechanisam of action as an immunomo-
dulator is not fully understood. Some MS patients are considered poor
or non responders to this therapy.Reason for that may be due complex
genetic traits of MS. Some gene polymorphisms influence to suscept-
ibility of MS, other deteremine clinical cours or progression of the
disease, some of them maybe can influence different treatment
response on the same therapy. Allel 4 of ApolipoproteinE (APOE)
gene polymorphism is assotiated with more progressive disease in
more different population of MS patients. Objective: To establish
genotype and allele frequencies of polymorphism of APOE gene in MS
patients of Serbia and Montenegro on Betaferopn therapy, to evaluate
the impact of this polymorphisms on the response to one year
Betaferon therapy. Methods: The study included 22 patients with
clinically defined relapsing-remmiting MS who were receiving Beta-
feron. Responders and non responders were determined according to
number of relapses and number of contrast enchancing lesions (EL) in
MRI, were performed after a year Betaferon treatment. Patients
showing EL or more than one relaps during one year were considered
as non responders. Progression of the disease was performed by
progression index (IP =EDSS/duration of the disease in years). APOE
genotypes were determined by PCR and restriction enzyme digestion.
Results: In houl studay group, there were not allel 2 of APOE gene.
There was, between MS patients who reseived Betaferon therapy, 26%
non responders on Betaferon treatment, all of them hed homosigot 33
of APOE gene polymorphism. In the other hand in group of
responders we found alel 4 of APOE gene in 23.5% of MS patients,
and one of them hed homosigot for alel 4, and other 76.5% hed
genotype 33. We did not find significant difference in IP between
responders and non responders. Patients with alel 4 for APOE gene
hed the highest mean velue of IP, but they hed good response
to Betaferon treatment. We did not find, assotiation between allele
4 for APOE gene and non responders to Betaferon therapy, and
any significant difference in genotypes and allele frequencies for
APOE gene polymorphism between responders and non responders.
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Conclusion: Our results suggest that this polymorphism does not
impact to respons on Betaferon treatment,of MS patients in Serbia and
Montenegro.

P672

Relative immunogenicity of a new formulation of interfer-
on-beta-1a in an in vivo murine model

F. Bellomi, A. Muto, G. Palmieri, C. Focaccetti, M. Mattei, A. Jaber,
G. Antonelli; University La Sapienza (Rome, 1); University "Tor Vergata"
(Rome, 1); Serono International S.A (Geneva, CH)

Background: Although there is general agreement that treatment
decisions in multiple sclerosis (MS) should be based on clinical
evidence, long-term studies indicate that development of neutralis-
ing antibodies (NAbs) to interferon (IFN) beta may attenuate clinical
efficacy in some patients. To reduce immunogenicity and improve
tolerability, a new formulation of IFN beta-la (Rebif® New For-
mulation; RNF) has been developed. Aims: To compare the
immunogenicity of the IFN formulations RNF, Rebif® (R) and
Avonex® (A) using identical dosing regimens and a single NAb
assay in an in vivo murine model. Methods: Female BALB/c mice
received RNF, R or A at 0.1 mcg/mL administered subcutaneously
three-times-weekly (tiw), or no medication (control). Serum samples
were collected 72 hours after the third weekly administration of
IFN-beta (on days 7, 21, and 35), and were assayed for NAbs with
the cytopathic effect assay; titres were quantified using Kawade’s
method and were expressed as t 1/10, namely the dilution of serum
that reduces 10 laboratory units (LU/mL) of IFN to 1 LU/mL. The
NAD titres are expressed in Log10 and represent the geometric mean
(+standard deviation) of two independent determinations. The
mean values were compared using a t test. Results: Eighteen mice
received IFN beta (RNF, n=6; R, n=6; A, n=6) and 6 mice were
included in the control group. NAbs were not detected in the
control group at any time point in the study. NAbs were not
detected in any mouse at day 7. By day 21, 1 mouse had NAbs in
the RNF group compared with 3 mice in the R group and 5 mice in
the A group. At day 35 all mice had NAbs. Throughout the study
NAD titres were lowest in the RNF group and highest in the A group.
At day 35, NAD titres were significantly lower in the RNF group
(1.91 t1/10+0.55) than the R group (2.55 t1/10+0.35; p =0.037),
which had a significantly lower NAD titres than the A group (3.10
t1/10+0.38; p=0.026). Conclusions: Time to development of
NAbs and NAbD titres indicate that RNF has a low immunogenic
potential compared with equivalent dosing of R and A. Further pre-
clinical experiments are ongoing. In addition, a full clinical study
(25632) is investigating the profile of RNF in patients with MS.

P673

Reduced immunogenicity with two new formulations of
interferon-beta-1a using ex vivo T cell assays

A. Jaber, M. Baker ; Serono International (Geneva, CH); Babraham Institute
(Cambridge, UK)

Background: The significant benefits of subcutaneous (sc) interferon
(IFN) beta-1a (Rebif®), 22 and 44 mcg three times weekly (tiw), are
well established. Neutralizing antibodies (NAbs) to IFN beta-1a have
been shown to impact on efficacy in a minority of patients, whereas
other patients continue to experience significant treatment benefits.
In order to minimize the impact of NAbs even further, IFN beta-1a sc
tiw has been reformulated to reduce its immunogenic potential.
Aims: To determine ex vivo the immunogenicity of current Rebif®
(R), and two test formulations (Rebif New Formulation [RNF1 and
RNF2]), versus IFN beta-la control. Methods: Monocytes were
isolated from peripheral blood mononuclear cells (PBMC) from
healthy donors and incubated to induce mature dendritic cells (DC).
On day 4, test antigen, IFN beta-1a control (recombinant protein in
acetate buffer) or non-antigen control (growth medium) were added
and incubated for >6 hours. DCs were washed to remove exogenous
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antigen and gamma irradiated. Autologous CD4+ T-cells, isolated
from PBMC, were co-incubated with the antigen loaded DCs for 7
days. Secretion of interleukin (IL)-2 and IFN gamma were determined
by Elispot assay. Proliferation was assessed with an 18-hour 3H
[Thymidine] pulse. Fach test antigen response was normalized to
the non-antigen control response to give the stimulation index (SI).
Results are expressed as mean SI of test antigen relative to the mean SI
of IFN beta-1a control. Results: DCs from 26 healthy donors were
isolated and incubated. The IL-2 secretory response was 78.7%, 66.2%
and 108.2% of the IFN beta-la control with RNF1, RNF2 and R,
respectively. The SI of RNF2 was significantly lower than control or R
(0.80 vs. 1.21 or 1.27 respectively, p <0.05; ANOVA). IFN gamma
secretion was highly variable between different donor cultures and
there were no statistical differences between the test substances. The
proliferation responses were 59.7%, 47.7% and 90.8% of the IFN beta-
la control with RNF1, RNF2 and R, respectively. The RNF2 response
was significantly lower than both R and control (0.7 vs. 1.4 and 1.6,
respectively, p <0.05; ANOVA), while RNF1 response was significantly
lower than control (0.9 vs. 1.6, p <0.05). Conclusions: DCs treated
with RNF2 have a reduced immunogenic potential to stimulate T-cells
to secrete IL-2, and a lower proliferative response than current R. The
reduced immunogenicity of RNF2 is now being assessed in a Phase IIIb
clinical trial (25632).

P674

Assessment of the safety and tolerability of a new formula-
tion of subcutaneously administered interferon-beta-1a

C. Brearley, A. Jaber, A. Priestley, M. Seiberling; Serono International
(Geneva, CH); LCG Bioscience (Cambridge, UK); Swiss Pharma Contract
Ltd (Allschwill, CH)

Background: Application-site disorders are common adverse events
(AEs) associated with subcutaneous (sc) injection. With high-dose
high-frequency interferon (IFN) beta-la (Rebif® R) these AEs are
generally mild but may lead to some patients discontinuing therapy.
New formulations of R, which are free from human and animal-
derived components, are thus being investigated with the aim of
reducing AEs and thereby improving compliance. Aim: To compare
the safety and tolerability of two R new formulations (RNF1 and 2),
the current R formulation and placebo in healthy volunteers.
Methods: This was a double-blind placebo-controlled parallel-group
phase I study (25394). Subjects were randomised 1:1:1:1 to receive a
single 0.5 ml sc dose of RNF1, RNF2, R, or placebo (normal saline).
Each active treatment contained 44 mcg IFN beta-1a. During the 24
hours after dosing, safety and tolerability assessments were conducted
and blood samples taken for pharmacokinetic (PK)/pharmacodynamic
(PD) analyses. Pain intensity on injection was measured using the
short-form (S-F) McGill questionnaire and a 100 mm visual analogue
scale (VAS: >5 mm =pain). Further regular assessments took place
until a post-study visit 10 > 14 days after dosing. Results: 12 subjects
were recruited to each group, all of whom completed the study. AEs
were reported by 10 subjects in each active treatment group (vs 3
subjects in the placebo group) and were consistent with the known
safety profile of R. However, the number of treatment-emergent AEs
was lower in the RNF2 group than in either the RNF1 or R groups (21
vs. 31 and 33). Local injection pain, as assessed on the S-F McGill
questionnaire, was reported by fewer subjects in the RNF2 group than
in either the RNF1, R, or placebo groups (1 vs. 4, 6 and 3). The worst
pain intensity (measured by VAS) was lower in the RNF1 and RNF2
groups than either the R or placebo groups (mean [SD]: 1.4 [2.61] mm,
1.0 [1.04] mm, 10.7 [17.08] mm, and 3.9 [8.01] mm, respectively).
Application-site redness was mostly mild and occurred in fewer
subjects in the RNF2 group than the RNF1 or R groups (3 vs. 7 and
4). The IFN beta Tmax was greater in the RNF1 group than in the R
and RNF2 groups. However, the PK/PD characteristics of RNF2 did not
differ appreciably from those of R. Conclusions: The results from this
study show that RNF2 has improved tolerability and comparable PK/
PD characteristics relative to the current R formulation. RNF2 is now
being assessed in a Phase IIIb clinical trial (25632).
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P675

Reduced immunogenicity with a new formulation of inter-
feron-beta-1a (Rebif®): 24-week results of a phase ITIb study
G. Giovannoni, O.L. Barbarash, A. Jaber, ]. King, L.M. Metz, L. Mitchell,
G. Pardo, ]. Simsarian, P.S. Serensen, B. Stubinski on behalf of the RNF
Study Group

Background: Although the significant benefits of interferon (IFN)
beta-la for MS patients are well known, the role of neutralising
antibodies (NAbs) continues to be debated. Reducing NAbs may
deliver benefits in some patients. A new formulation of IFN beta-1a
(Rebif® New Formulation; RNF) has therefore been developed with
the objective of reducing NAbs and improving tolerability. Aims:
To compare the antigenicity and tolerability of RNF with historical
data on the current formulation. Methods: This is the 24-week
analysis of a 96-week phase IIIb multicentre single-arm open-label
study (25632) in patients with relapsing forms of MS (18-60 years;
EDSS <6.0). Patients self-injected RNF (44 mcg/0.5 mL, sc, tiw) after
a standard 1-4 week dose titration period. Blood samples were
collected at baseline and weeks 12 and 24 for analysis of NAbs
using cytopathic effect assay. Patients were considered NAb+ with
titres >20 NU/mL at last assessment up to week 24. Adverse events
(AEs) were recorded up to week 24; laboratory tests were made at
each scheduled visit. Results were compared with historical cohorts
of patients who received the current formulation of IFN beta-1a
(44mcg tiw) over the first 24 weeks of the EVIDENCE (E), PRISMS
(P) and SPECTRIMS (S) studies. Results: 260 patients enrolled and
received at least one treatment dose; of these, 259 had at least one
post-baseline NADb assessment. By week 24, 242 patients were still
continuing on treatment in the study. Fewer patients on RNF were
NAb+ at 24 weeks (2.7%; 7/259; 95% CI: 1.1-5.5%) compared
with same time point historical data (E=15.1%, 95% CI: 11.4-
19.4%; P =4.9%, 95% CI: 2.3-9.2%; S =8.1%, 95% CI: 4.7-12.8%).
NAD titres for all patients were favourable vs. historical data (all
titres for RNF were <100 NU/mL). Overall RNF had a similar but
improved tolerability profile compared with historical data; the
majority of AEs were mild or moderate in severity. Serious AEs were
lower for RNF than for historical data. Conclusions: These interim
data suggest that RNF has a low immunogenic potential and is
overall better tolerated than the current formulation of Rebif®. By
limiting the occurrence and reducing the titre of NAbs and
improving tolerability, RNF may provide even greater benefits for
patients.

P676

TNF-alpha and IGF-1 variation in relapsing-remitting multi-
ple sclerosis patients before and after one year treatment
with high dose of IFN beta 1a

G. Lus, G. Di Biase, M. Fratta, G. Maniscalco, R. Cotrufo; Second University
of Naples (Naples, I)

Increased expression of both a proinflammatory citokine, tumor
necrosis factor alpha (TNF-alpha), and a survival peptide IGF-1 occurs
in multiple sclerosis (MS). Conventional roles for these two proteins
are neuroprotection by IGF-1 and neurotoxicity by TNF-alpha. To
evaluate whether frequent TNF-alpha and IGF-1 assessments may
predict clinical and MRI changes over 1 year treatment period with
IFNbeta 1a 44 mcg tiw, we enrolled twenty-five previously untreated
patients (17 females and 8 males) with relapsing-remitting (RR) MS.
Study design includes monthly MRI scan (T2-LL, Gd-LL and T1 black
holes LL, changes in brain volume from baseline to year 1) and blood
sampling (TNF-alpha and IGF-1 determinations) for 6 consecutive
months with a further combined assessment at month 12. Moreover,
for each patients, number of relapses in the preceding 2 years, EDSS
baseline, changes EDSS during the 1-year treatment period, relapses
during 1 year treatment were also collected. We will show clinical,
laboratories and MRI data of these patients during one year of
treatment.

Multiple Sclerosis 2006; 12: S1-5228

P677

Long-term clinical benefits from subcutaneous interferon-
beta-1a: a phased analysis of the PRISMS long-term follow-
up study

A. Traboulsee, D. Li, L. Kappos on behalf of the PRISMS LTFU Study Group
and the UBC MS/MRI Research Group

Background: The PRISMS study of subcutaneous (sc) three times
weekly (tiw) interferon (IFN) beta-la (Rebif®) has already shown
differences between early and late treatment in on EDSS, relapse rate
and burden of disease (BOD). Aims: To investigate the effect of early
and late therapy with 44 or 22 mcg IFN beta-1a sc tiw on annualised
relapse rate (RR), BOD and brain parenchymal volume (BPV) in
different study phases. Methods: Patients were initially randomised
to IFN beta-1a (44 or 22 mcg sc tiw) or placebo. After year 2, placebo
patients were re-randomised to 44 or 22 mcg IFN beta-la (‘late
treatment’ group). Patients could continue on study medication to
year 6. Between the patients’ last visit in PRISMS and LTFU any or no
therapy could be taken. Study data are presented for the group of
patients attending LTFU at year 7-8. Results: 382 (68.2%) of the 560
patients originally randomised returned for LTFU. In years 1-2, RR
was lower for the 44 (0.86) and 22 mcg groups (0.90) compared with
the late treatment group (1.27). Over years 3—-4, RR was reduced in
patients who converted from placebo to active therapy (0.63) and was
similar to the 44 and 22 mcg groups (0.54 and 0.61). RR was sustained
for all groups between year 4 and LTFU (0.40, 0.35 and 0.38 for 44,
22 mcg and late treatment). Median percent change in BOD was also
lower in years 1-2 with 44 or 22 mcg compared with late treatment
(-2.8, —0.73 and +6.5%). The late treatment group improved on
starting active treatment in years 3—4 (+1.16, +2.25 and +1.70%),
which was sustained to LTFU (+1.66, +2.32 and +1.65% for 44,
22 mcg and late treatment). Over years 1-2, median BPV decreased
more in the 44 mcg (-0.88%) than the 22 mcg (-0.56%) or late
treatment (—0.59%) groups. Over years 34, patients converting from
placebo to active therapy had a greater reduction in BPV (median
—0.85%) similar to the 44 mcg group in years 1-2. These results
indicate the potent anti-inflammatory effects of the treatment. In
years 3—4 (when pseudo-atrophy components of therapy have
stabilized), BPV decrease for 44 and 22 mcg (-0.42 and -0.49%)
was less than the natural history BPV of placebo over years 1-2. Up to
LTFU, differences in BPV stabilised between the 44, 22 mcg and late
treatment groups (-0.39, -0.65 and —0.51). Conclusions: These
results indicate that the effects of early and late IFN beta-1a sc tiw on
relapse rate and inflammatory MRI outcomes are marked on initiation
of therapy and are sustained over the long term.

P678

Greater reduction of MRI T2 burden of disease with
interferon-beta-la 44 mcg administered subcutaneously
three-times-weekly compared with 30 mcg administered
intramuscularly once-weekly: analysis of 48-week data from
the EVIDENCE study

A. Traboulsee, A. AL-Sabbagh, R. Bennett, P. Chang, R. Glanzman,
H. Russell, D. Li on behalf of the EVIDENCE Study Group and UBC MS/
MRI Research Group

Background: The EVIDENCE (EVidence of Interferon Dose-response:
European North American Comparative Efficacy) study established
the superior efficacy of subcutaneous (sc) interferon (IFN) beta-1a
44 mcg three-time-weekly (tiw) over intramuscular (im) IFN beta-1a
30 mcg once-weekly (qw) in patients with relapsing—remitting multi-
ple sclerosis (RRMS) by increasing the proportion of relapse-free
patients and reducing the number of active MRI lesions at weeks 24
and 48. (Neurology 2002; 59: 1496-1506). Aims: To compare IFN
beta-1a 44 mcg sc tiw with IFN beta-1a 30 mcg im qw over 48 weeks
on reduction of T2 burden of disease (BOD) — a measure of the total
brain MS lesion load. Methods: Patients with evaluable T2 MRI scans
before start of dosing and at Week 48 were included. Percent (primary
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analysis) and absolute change in BOD (mm?®) from baseline to
Week 48 were summarised by treatment group. Changes were
compared using ANCOVA with baseline BOD as covariate. Analysis
was also done by neutralizing antibody (NAb) status (NAb+ defined as
>20 NU/mL) in the 44 mcg sc tiw group vs. the whole 30 mcg im qw
group. Results: There were no significant baseline differences
between treatment groups (44 mcg sc tiw, n =279; 30 mcg im qw,
n =274) for age, gender, race or BOD. Median (range) percent change
in BOD from baseline to Week 48 was —6.7% (—65, 431) for the
44 mcg sc tiw group compared with —0.6% (-61, 197) for the 30 mcg
im qw group. Adjusted treatment mean difference [SE] was —4.6%
[2.6], which significantly favoured the 44 mcg sc tiw group (p=
0.002). The corresponding median (range) absolute BOD change
was —189.5 mm?® (-23454, 56869) and -19.0 mm?® (-13337,
10161). When analysed by NAb status, there was a statistically
significant adjusted mean difference [SE] in percent BOD change
in favour of NAb- 44 mcg sc tiw over 30 mcg im qw (-6.6% [2.8];
p <0.0001); treatment effects for NAb+ 44 mcg sc tiw and 30 mcg im
qw were similar (adjusted mean difference [SE] was 0.5% [3.9]; p=
0.583). Conclusions: Consistent with the other clinical and MRI
findings from the EVIDENCE study, there was a significantly greater
reduction in T2 BOD in the 44 mcg sc tiw group than in the 30 mcg im
qw group over 48 weeks. Patients receiving 44 mcg sc tiw who were
NAb+ demonstrated similar benefit on T2 BOD compared to the
overall 30 mcg im qw group.

P679

Double dose interferon-beta-1b (500 mcg) re-establishes
efficacy and lowers neutralising antibodies in patients
with breakthrough of multiple sclerosis disease on standard
high-dose interferon-beta therapy

N. Soucy, K. Cardinal, G. Theoret, H. MacLean, M.S. Freedman; The
Ottawa Hospital General Campus (Ottawa, CAN)

Breakthrough of MS disease, as determined by recurring relapses, MRI
activity or continued progression on standard interferon-beta (IFNb)
therapies is sometimes associated with the appearance of neutralizing
antibodies (NAB). It is possible that by increasing the dose of IFNb
disease control can be renewed and NAB reduced. We describe 5 cases
of relapsing-remitting (RR) MS patients experiencing disease break-
through after a relatively stable period of disease control on standard
high dose IFNb therapy, in whom high titre NAB were detected.
Patients were then treated with double dose IFNb-1b (500 mcg)
(obtained by compassion from Berlex Canada) and their clinical
status as well as NAB titres were followed. NAB were assessed whenever
possible using both the CPE assay (S. Grossberg, Milwaukee WI) and
the MX protein assay (LabCorp, San Leandro CA). All patients had
RRMS and were started on either standard dose IFNb-1b (Betaseron
250 mcg eod sc) (n=2) or IFNb-1a (Rebif 22 or 44 mcg tiw) (n =3).
Disease control (no perceived relapses, progression or MRI activity)
was observed for periods of up to 58 months before breakthrough was
noted. All patients with relapses also showed MRI worsening com-
pared to previous studies as well as an increase in their Expanded
Disability Status Scale (EDSS). At the time of disease breakthrough
serum was drawn and sent for NAB testing. We were interested to see
whether the two different NAB assays (CPE vs. MxA protein) conveyed
similar information. Initially, both laboratories confirmed high NAB
titres (range 290-5,764 NU/mL (N <20 NU/mL) in all patients.
Patients were then started on double dose IFNb-1b (500 mcg eod sc)
and their clinical status as well as NAB titres followed regularly. The
double dose IFNb-1b regimen was well tolerated by all patients, with
no significant new side effects or changes in laboratory values. All
patients experienced substantial reductions in relapses and improve-
ment in EDSS for up to 2 years. Individual patient results will be
shown. In virtually all cases, titres of NAB fell precipitously with the
start of double dose IFNb-1b using the CPE assay. There was a
significant discrepancy however, between the NAB results obtained
with the CPE assay compared with MxA protein assay in that NAB
titres were observed to decrease only with the CPE assay. Increasing
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the dose of IFNb in patients experiencing disease breakthrough
associated with NAB may be a strategy for re-establishing disease
control.

P680

d

Incr endog catecholamine production, beta2-
adrenoceptor and dopamine D5 receptor expression in cir-
culating lymphocytes from patients with multiple sclerosis
undergoing interferon-beta treatment

M. Zaffaroni, M. Cosentino, F. Marino, M. Ferrari, E. Carcano, M. Perusin,
E. Rasini, R. Bombelli, A. Rizzo, A. Ghezzi, G. Comi, S. Lecchini; S. Antonio
Hospital (Gallarate, I); University of Insubria (Varese, I); S. Raffaele
Scientific Institute (Milan, I)

Background: One of the putative mechanisms of action of IFN-beta
in multiple sclerosis (MS) is the modulation of activation-induced
apoptosis of lymphocytes by endogenous catecholamines (CA) pro-
duced in peripheral blood mononuclear cells (PBMCs), which are
involved in functional regulation of immune responses. We pre-
viously reported a dysregulated production of CA by PBMCs correlat-
ing with disease activity in MS patients and showed that in vitro
IFN-beta enhances endogenous CA production in mitogen-stimulated
human PBMCs and reverts the inhibitory effect of IFN-gamma. To
assessed the effects of in vivo IFN-beta on CA system in PBMCs, we
included 48 relapsing-remitting MS patients in a one-year long-
itudinal study as they started IFN-beta treatment. Methods: PBMCs
were cultured with 10 pg/ml PHA in standard conditions. CA levels
were assayed by HPLC. mRNA for tyrosine hydroxylase (TH-the rate-
limiting enzyme in CA synthesis), for beta2-adrenoceptors and
for dopamine DS receptors (D1-like) were determined by standard
RT-PCR and western blot techniques. Results: The preliminary data
from 44, 38, 36, 24 patients with 1, 3, 6, 12 months of follow-up
respectively are here reported. PBMC CA increased up to 139.1-
250.1% of pre-treatment levels at months 612 (p <0.01 vs. baseline).
In the same cells, mRNA levels for TH showed a trend to decrease
(—22% and —17% at months 6 and 12 respectively), whilst mRNA for
a2-adrenoceptors and D5 receptors increased to 177.0-166.7% and
150.0-169.2% of pre-treatment levels at months 6 and 12 respectively
(p <0.001 vs. baseline). With treatment progression, IFN-beta added
in vitro progressively failed to inhibit CA production by PBMCs and,
specularly, TFN-beta increased the antagonistic effect on IFN-gamma
in vitro. Conclusions: Our data show that endogenous CA produc-
tion by PBMCs is enhanced by IFN-beta treatment in MS patients and
that the sensitivity of these cells to CA is possibly increased by
therapy, as suggested by up-regulation of both beta2-adrenoceptor
and dopamine DS receptor. These effects are evident several months
after starting the immunomodulatory treatment. We confirm the role
of CA system in MS, and possibly provide a rationale for using
adrenergic/dopaminergic agents as additional therapy. Supported by
Italian Multiple Sclerosis Foundation (FISM), grant n. 2002/R/18, and
USA National Multiple Sclerosis Society, grant n. PP0791.

P681

Interferon-beta 1-b in secondary progressive multiple sclero-
sis
N.S. Oztekin, M.F. Oztekin, R. Polat; SB Diskapi Hospital (Ankara, TR)

Objective: The aim of the study is to evaluate the efficacy and safety
of Interferon beta 1-b in secondary progressive multiple sclerosis.
Method: 1t is an open controlled study including 45 secondary
progressive patients EDSS scores ranging from 4.5 to 6.5.Patients were
randomly assigned either IFNB1-b (250 mgms every other day/week)
or no treatment.The primary outcome was time to progression equals
or exeeds 1.0 EDSS point (0.5 point if EDSS score was 6.0 to 6.5 at
entry) confirmed at 6 months.Secondary outcomes are mean change
in EDSS score from baseline, relapse rate,MRI activity and standart
neurophysiological function tests.Follow up period is 24 months.
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Results: There was no significant difference in time to confirmed
progression of EDSS scores between IFNB1-b treated and untreated
patients during the 24 months. However IFNB1-b treatment resulted
improvement on secondary outcome measures involving clinical
relapses, new active MRI lesions and accumulated burden of disease
on T2 weighed MRI. Conclusion: The results of this open controlled
study revealed no tretment benefit on the time to confirmed
progression of disability between the treated and unreated groups.But
relapse and MRI related outcomes showed statistically significant
benefit (p <0.005) in the IFNB1-b treated group compared to the
untreated group and this result is consistent with the outcomes of
earlier clinical trials.Further studies with more patients will enable us
to make a more accurate deduction.

P6382

Early treatment with interferon-beta-1a (Avonex®) in pa-
tients with relapsing-remitting multiple sclerosis with mild
disability: results of 6-year open-label follow-up

N.S. Oztekin, M.F. Oztekin; SB Diskapi Hospital (Ankara, TR)

Background: Several studies revealead that initiation of disease
modifying therapies early in the course of the disease delays disease
accumulation, reduces relapse rates and MRI burden of disease in
relapsing remitting multiple sclerosis (R-R MS). Objective: The aim of
the study is to determine the clinical efficacy and effect on disease
activity of IFNB1-a once weekly administered intramuscularly (Avo-
nex) in patients with newly diagnosed R-R MS with mild disability.
Disease activity is measured by reduction in number and volume of
Gd-enhanced lesions on MRI three months apart.The efficacay on
relapse frequency is also evaluated.The primary endpoint was time to
sustained disability progression of at least 1.0 on EDSS. Method: After
a baseline scan 71 patients with definite R-R MS EDSS between 0.5—
3.5 were enrolled to the study and administered IFNB1-a (Avonex) 30
mgms once weekly.Fourty age and EDSS matched patients who did
nor receive any treatment were used as controls.The patients were
evaluated monthly in the first 24 months of treatment and 3 months
apart during 6 year follow up period.MRI was performed 3 months
apart in the first 24 months and yearly thereafter.Relapses were
treated with pulse corticosteroids. Results: IFNBl-a significantly
reduced relapse rate at the end of the 6 years (p<0.0001).The
percentage of exacerbation free patients was 51% during the first year
of treatment and 33% at the end of six years.Mean EDSS scores were
1.964/ —1.01 at baseline, 2.044/ —0.15 at the end of first year and
3.024/ —0.043 at the end year six.EDSS improved in 31.6%, remained
stable in 32.1% and worsened in 36.3% of treated patients, whereas
remained stable in 21.7%, worsened in 78.3% of patients in the
control group.Due to ethical reasons 40 patients in the control group
are randomised to receive one of the four immunomodulatory
therapies at the end of 24 months.The proportion of patients
discontinuing therapy was low (1.2%).There was a significant differ-
ence between the treatment and control groups in terms of number
and volume of Gd-enhanced lesions on MRI (p =0.002 and p =0.05).
Conclusion: The results of this open label 6 year follow up study
revealed that I[FNB1-a although considered as low dose therapy in the
new treatment concept, is efficious both in reducing exacerbation
frequency and disease activity as well as accumulation of permanent
physical disability in the treatment of newly diagnosed R-R MS
patients with lower EDSS values.

P683

An open label trial comparing the effects of IFNB-1a (Re-
bif®), (Avonex®), IFNB-1b (Betaferon®) and glatiramer acet-
ate (Copaxone®) on the relapse rate, lesion load on MRI and
disease progression in patients with relapsing-remitting
multiple sclerosis

N.S. Oztekin, M.F. Oztekin, O. Yilmaz, R. Polat; SB Diskapi Hospital
(Ankara, TR)

Multiple Sclerosis 2006; 12: S1-5228

Objective: We previously reported the results of 24 months of
treatment with 3 interferons in patients with relapsing-remitting
multiple sclerosis. We now report the results of four immunomodu-
latory therapies after 6 years of follow up, on relapse rate, progression
in disability in EDSS and disease activity measured by Gd enhanced
MRI. Method: 316 consecutive patients, with definite R-R MS and
EDSS less than 5.5 were randomly assigned to receive one of the four
immunomodulatory therapies. 40 age and EDSS matched patients
with RRMS who did not receive any treatment were used as control
group. 26 patients in the treatment group used 22 micrograms, 62
patients used 44 microgms of Rebif, 71 patients used Avonex, 102
patients received Betaferon and 52 patients used glatiramer acetate
(Copaxone). All the patients in the treatment and control groups were
evaluated before treatment and every 3 months by clinical and EDSS
assesments. MRI scans with gadolinium enhancement were obtained
at baseline and every three months both in the four arms of the
treatment group and in the control group. Results: After 6 years of
treatment 271 patients remained in their original treatment group.
Compared to the untreated group (1.02) mean annualized number of
relapses was significantly reduced in all the treatment groups: IFNB-
la, Rebif (22 microgms=0.69, p=0.001), 44 microgms 0.57(p <
0.005), Avonex (0.61p =0.005), IFNB-1b(0.574, p <0.005), Copaxone
(0.55, p<0.005). Exacerbation frequency was mean 0.472 in the
treatment groups whereas it was 0.91 in the control group
(p <0.01). There was a reduction in MRI disease activity up to 45%
reduction in the number of active lesions per petient per MRI scan
after 6 years of treatment, while the reduction was 20% in the control
group. There was no statistically significant difference in terms of
annual execerbation rate (p =0.5), exacerbation frequency (p =0.05)
and MRI disease activity in (p >0.05) between the groups receiving
Rebif, Avonex, Betaferon and Copaxone after 6 years of treatment.
Conclusion: The results of this 6 year open labeled study comparing
the immunomodulating effects of these four therapies in R-R MS
patients has shown no statistically significant difference in terms of
annual exacerbation rate, execerbation frequency and MRI disease
activity.

P684

The effect of interferon-beta-1b (Betaferon) therapy on
relapses, progression of disability and brain MRI findings
in patients with relapsing-remitting multiple sclerosis

M.R Motamed, S.M Fereshtehnejad, N. Najimi, M. Javdani ; Iran University
of Medical Sciences (Tehran, IR)

Introduction: Multiple Sclerosis (MS) is a demyelinating disease of
the central nervous system. It may present in various clinical courses
which remitting-relapsing MS (RRMS) consists about 60% of these
patients.It seems that disease-modifying treatment in RRMS may
reduce the frequency of relapses and the progression of disability.On
the other hand, as brain magnetic resonance imaging (MRI) has been
found to yield findings with some prognostic value, this study was
performed to evaluate the effect of disease-modifying treatment with
interferon beta-1b (Betaferon) on relapses, progression of disability
and brain MRI findings in patients with RRMS. Methods and
Subjects: This randomized clinical trial study was conducted on 41
patients who had RRMS determined using McDonald criteria. They
were evaluated during a 24-month study period from January 2004 to
January 2006. Patients were assigned in two groups: 21 patients under
interferon beta-1b (Betaferon) 250 ig subcutaneously every other
day(groupA) and 20 patients without disease-modifying treat-
ment(groupB). Neurological and clinical assessments were done at
baseline, 12th, 18th and 24th month of follow-up. Number of new
attacks, changes of brain MRI findings and Kurtzke Expanded
Disability Status Scale (EDSS) were reported. Independent T-test,
Repeated Measurement, Friedmann and McNemar tests were used in
analysis. Result: At the time of inclusion in the study, mean age
(£+SD) was 26.41(+6.35) years, mean EDSS (4 SD) at baseline was 2.86
(+0.58). Patients in group A represent lesser number of attack
(0.76, SD=0.70 vs. 2.05, SD=0.76; P =0.000),more reduction in
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EDSS (2.09, SD =0.77 vs. 0.12, SD =0.65; P =0.000) and number of
ventricular plaques in brain MRI (3.29, SD =1.35 vs. 0.15, SD =0.87;
P =0.000) in comparison with group B. The course of EDSS changes
was significant in both groups A and B during the study period
(PA =0.000 and PB =0.045). But,only patients in group A expressed
improvement of brain lesions in MRIs, such as juxta-cortical
(P =0.000), cerebellar (P =0.008), brain-stem (P =0.004),spinal-cord
(P =0.004) and corpus callosum (P=0.016). Discussion: Large
randomized controlled trials have been performed successfully with
interferon beta-1a, interferon beta-1b and glatiramer acetate. Our
result demonstrated that disease-modifying treatment for RRMS
patients may lead to beneficial results.And also interferon beta-1b
significantly delayed progression to disability,reduced incidence of
new relapses and improved brain lesions.

P685

Impact of beta-interferon on disability progression in clin-
ical practice: a Bayesian analysis

K.E.T. O’Rourke, C. Walsh, M. Hutchinson; St. Vincent’s University
Hospital (Dublin, IRL); Trinity College (Dublin, IRL)

Objective: Observational studies of beta-interferon (IFNb) are essen-
tial, but bias renders standard frequentist statistics unreliable. Baye-
sian analysis expresses data as a liklihood function which is integrated
with a probability distribution representing a priori belief. It thus
enables 1) evaluation of evidence from observational studies in the
context of randomised trials, 2) multiple comparisons without
correction, and 3) explicit incorporation and quantification of
uncertainty and bias. This study used Bayesian analysis to evaluate
an observational study of beta-interferon (IFNb) therapy for relapsing-
remitting MS (RRMS) in clinical practice. Methods: 175 RRMS
patients treated with IFNb were followed at 12 monthly intervals for
a median of 5 years. An EDSS measurement was performed at the start
of IFNb therapy and yearly thereafter. Progression was defined as a
one-point increase in the pre-treatment EDSS sustained for 6 months.
The odds ratio (OR) of progression after 2 and 4 years of IFNb was
calculated by comparison with the progression rate in a matched
group of 185 historical control subjects from the Sylvia Lawry Centre
for MS Research, and expressed as a likelihood function; the like-
lihood function was adjusted for a 30% point estimate and precision
bias based on published estimates of bias. Evidence-based prior
probability distributions (priors) for the OR of progression after 2
years of IFNb were derived from a published meta-analysis of
randomised trials which took into account possible outcomes in
patients lost to follow-up, and defined as enthusiastic and sceptical
priors; the PRISMS-4 trial was used to construct enthusiastic and
sceptical priors for the OR of progression after 4 years. The priors and
likelihood function were integrated to give posterior 95% credible
intervals (CI) for the OR of progression after 2 and 4 years as a
sensitivity analysis. Results: The 2-year enthusiastic and sceptical
posterior point estimates and 95% ClIs for the OR of progression were
0.29 (0.15, 0.55), and 0.43 (0.22, 0.83) respectively. The likelihood
function had a negligible effect on the 4-year priors for the OR of
progression. Conclusion: Bayesian analysis indicates that disability
progression is attenuated after 2 years of IFNb therapy for RRMS in
clinical practice, even given a sceptical evidence-based prior and
allowing for observational bias; no IFND effect is evident after 4 years.

P686

Interferon-beta in multiple sclerosis: ten years’ experience in
a multiple sclerosis specialist centre

M. Khalil, V. Zehrer, R. Egg, A. Lutterotti, R. Ehling, C. Gneiss, I
Mayringer, B. Kuenz, M. Reindl, F. Deisenhammer, T. Berger; Innsbruck
Medical University (Innsbruck, A)

Background: Randomized controlled trials have proven the effec-
tiveness of beta interferons in patients with relapsing-remitting
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(RRMS) multiple sclerosis (MS), with a clinical isolated syndrome,
and partially with secondary-progressive MS. Long-term observational
studies may provide additional information about the long-term
effectiveness, safety and tolerability of beta interferons in the post-
marketing-period. Objectives: To investigate the long-term effective-
ness, safety and tolerability of beta interferons (interferon beta 1a i.m.
Avonex®, interferon beta la s.c. Rebif®, interferon beta 1b s.c.
Betaferon®) in patients with RRMS. Methods: Ten years (1994-
2004) long-term follow-up observational study in MS patients treated
with interferon beta at the MS Clinic, Clinical Dept. of Neurology,
Innsbruck Medical University. Clinical visits were performed every
three months. At each clinical visit EDSS was assessed, and a routine
laboratory testing was performed. Documentation at clinical visits
included side effects, compliance, concomitant medication, conco-
mitant diseases, reason for changing the dose or drug or stopping the
therapy. Only patients with complete clinical documentation and/or
follow-ups were included in this study. Results: 152 (112 female, 40
male) RRMS patients were eligible for this study. 55 (36.2%) patients
received Betaferon®, 58 (38.2%) Avonex® and 39 (25.7%) Rebif®. 35
patients (23.0%) were treated more than 5 years. The proportion of
relapse free patients after 12 months (64.7% Betaferon®, 71.1% Rebif®
and 71.9% Avonex®) and 24 months (58.1% Betaferon®, 63.3%
Rebif® and 67.6% Avonex®) was not statistically different between
the treatment groups. The proportion of patients with sustained
progression in EDSS after 24 months (15.8% Betaferon®, 0.0% Rebif®
and 5.6% Avonex®) did also not significantly differ between the
treatment groups. No unexpected or severe side effects occurred
during the follow-up period. 34 (22.4%) patients withdrew from
therapy and 35 (23.0%) patients switched treatment over the follow-
up period. Most common reasons for stopping or changing the
therapy were disease progression and occurrence of side effects.
Conclusion: The data from the long-term follow-up study from the
Innsbruck MS cohort confirm the findings from another large
observational study. Interferon beta treatment is safe and well
tolerated. All three interferon beta preparations provide a comparable
efficacy in a large non-selected cohort of MS patients.

P687

Peripheral blood mononuclear cells from patients with
multiple sclerosis show decreased activation of STAT4 by
interferon-beta and reduced expression of interferon type 1
receptor

A.]. Fahey, A. Robins, C.S. Constantinescu; University of Nottingham
(Nottingham, UK)

Background: The type I interferon, IFN-beta is used in the treatment
of multiple sclerosis (MS). IFN-beta utilises IFNAR receptor and signals
via signal transducer and activator of transcription 4 (STAT4). The
type I IFN receptor is comprised of two chains, IFNAR1 and IFNAR2.
Although type I IFN-beta can modify the course of MS, the effect is
partial and the clinical response variable. Our aim is to determine the
effects of interferon (IFN)-beta on the phosphorylation (activation) of
signaling molecule STAT4 in MS patients compared to controls; to
measure the interferon type 1 receptor (IFNAR) expression in MS
patients and controls. Methods: Peripheral blood mononuclear cells
(PBMC) were isolated from 22 clinically stable untreated patients with
relapsing remitting MS and 12 healthy matched controls. PBMC were
untreated or treated with 10 ng/ml IFN-beta. STAT4 was measured by
intracellular staining with anti-phosphorylated STAT4 (pSTAT4) and
total STAT4 antibodies and flow cytometry. IFNAR was assessed by
surface staining with IFNAR antibody and flow cytometry. Whole
blood RNA was also isolated from both the MS patients and controls,
the individual receptor subunits (IFNAR 1 and IFNAR 2) mRNA
expression was measured using real time PCR. Results: IFN-beta
stimulation increased pSTAT4 when compared to unstimulated cells
for both MS and controls. No significant difference in total STAT4 was
observed. pSTAT4 induction was higher (p <0.05) for controls than
for MS patients. The level of IFNAR expression was lower (p <0.05) in
MS patients compared to controls. MS patients and controls had
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similar IFNAR2 mRNA expression, however IFNAR1 mRNA expression
was significantly lower in MS patients when compared to control
(p <0.05) A weak but still significant positive correlation (p <0.05)
was observed between IFNAR protein expression and IFN-beta induced
pSTAT4 by MS patients. Conclusions: The reduced pSTAT4 induc-
tion by IFN-beta for MS patients compared to controls indicates a
decreased ability to activate IFN-beta signalling pathway via STAT4.
This, combined with the reduction of IFNAR expression, suggests that
untreated MS patients have decreased IFN-beta responsiveness.
Whether disease modifying treatment restores IFN-beta responsive-
ness will be determined in future studies. Study supported by the MS
Society of the UK and Northern Ireland

P688

Differences in natural history and treatment effect of inter-
feron-beta-1b in CIS patients with mono- vs. multifocal
presentations: subgroup analyses of the BENEFIT study

C. Polman, L. Kappos, M. Freedman, G. Edan, H.-P. Hartung, D.H. Miller,
X. Montalbdn, F. Barkhof, L. Bauer, S. Dahms, C. Pohl, R. Sandbrink for
the BENEFIT Study Group

The BENEFIT study examined patients with a clinically isolated
syndrome (CIS) and at least two clinically silent brain MRI lesions.
The risk of placebo patients developing clinically definite MS (CDMS)
within a 2-year observation period was 45% and was significantly
reduced in patients treated with 250 mcg interferon beta-1b (IFNB-
1b). We studied the impact of key demographic, clinical and MRI
parameters on the risk of CDMS and on IFNB-1b treatment effect in
subgroups of the study population. Subgroups of the 468 patients
(IFNB-1b: n =292; placebo: n=176) were created for demographic
characteristics, clinical, laboratory and MRI findings at disease onset.
The “natural” risk of CDMS was studied in placebo patients by
Kaplan-Meier statistics and the IFNB-1b treatment effect analysed by
Cox proportional hazards regression. The risk of CDMS was higher in
younger placebo patients (<30 years: 60% vs. 33%), those with
positive CSF findings (49% vs. 36%) and in patients who had steroid
treatment of the first event (48% vs. 38%). MRI parameters implied a
higher risk in patients with monofocal disease ( >9 T2 lesions: 55% vs.
31%; presence of gadolinium (Gd) lesions: 63% vs. 36%) but not in
those with multifocal disease onset. Treatment effects were consistent
across subgroups with risk reductions of ~50%. Across the entire
population, more pronounced treatment effects were observed in
patients with less dissemination/disease activity at onset (monofocal:
55%, <9 T2 lesions: 60%, no Gd lesions: 57%). Within monofocal
patients the treatment effect was more pronounced if there were >9
T2 lesions (61%) or Gd lesions (58%). The treatment effect was robust
across subgroups including those with less dissemination/activity at
disease onset. Importantly, the data indicate that a carefully per-
formed neurological assessment of symptoms and signs is essential for
better defining the impact of baseline MRI measures on risk of
conversion to CDMS and treatment effect.

P689

Extensive fat necrosis following subcutaneous interferon-
beta injection to a patient with multiple sclerosis

P. Vermersch, F. Lamarche, D. Testard, H. Zéphir; University of Lille IT
(Lille, F); Rue Sainte Catherine (Abbeville, F); Centre Hospitalier de
Boulogne (Boulogne, F)

Objective: We present a case of severe fat necrosis secondary to
interferon beta-1b treatment. Background: most of the cutaneous
reactions associated with interferon beta treatment have been
reported to occur at injection sites, with lesions varying from sclerotic
dermal plaques to erythematous plaques to cutaneous ulcers. We
report a case of a 40-year-old woman treated with interferon beta-1b
who developed a fat necrosis presenting as a large mass. Methods:
The patient‘s medical record was reviewed. Results: The patient was

Multiple Sclerosis 2006; 12: S1-5228

followed for a secondary progressive multiple sclerosis with super-
imposed relapses. Her expanded disability status score was 6.0. She
was treated with subcutaneous injections of interferon beta-1b every
other day. The patient said that the injections were slightly painful
and she preferred to inject the drug mainly at the abdominal level.
Several months after treatment onset, the patient first noticed a small,
asymptomatic and subcutaneous mass in the right paraombilical
region. The lesion grew slowly over several weeks in size and extended
to her right iliac fossa. She progressively complained of abdominal
pain which became severe. The treatment was discontinued and the
patient was referred to an emergency unit. Clinical examination,
ultrasonography and CT-scan revealed a large mass measuring
approximately 10 x5 cm localized in the subcutaneous tissues
extended to the deep fascia. She underwent a surgical debridement.
Microscopic examination of the excised abdominal tissue showed
degenerated and necrotic fatty tissue, non-specific inflammatory
changes and calcifications. The patient recovered rapidly after surgery.
Conclusion: Therapy with recombinant interferon beta-1b is asso-
ciated with a large spectrum of cutaneous and subcutaneous reactions.
To our knowledge, this is the first report of fat necrosis associated with
subcutaneous interferon beta 1b injection. This reaction may be
related to the repeated injections at the same site.

P690

Reduction of injection site reactions in multiple sclerosis
patients starting interferon beta-1b therapy: Comparison of
two different autoinjector devices: The EPICURE study, final
results

B. Brochet, G. Lemaire, A. Beddiaf and the EPICURE Study Group

Objectives: To compare occurrence of injection site reactions (ISRs)
using 3 delivery methods in patients with relapsing remitting multiple
sclerosis (RRMS) starting interferon beta-1b (IFNB-1b; Betaferon®/
Betaseron®). Study design: A randomised, multicentre, phase 1V,
open label, cross-over study was performed at 82 sites in France. A
total of 294 patients with RRMS beginning treatment with IFNB-1b
were included. For the first month all patients used a standard
injection technique. Patients then used an autoinjector, Betaject® or
Betaject Light®, for 1 month each, according to the cross-over design.
The primary outcome was the percentage of injections sites with ISRs
as evaluated by the investigator. Secondary endpoints included
grading of ISRs by both investigators and patients using a five-point
scale, injection-related pain assessed by patients, percentage of
patients without ISRs, and a global evaluation of the autoinjection
devices by patients. Results: The occurrence of ISRs was significantly
reduced when using either Betaject® or Betaject Light® (ISR 24.1%
with both autoinjectors) compared to the standard technique (35.9%;
p <0.0001 for both). No significant difference was observed between
the two autoinjectors. Mean ISR intensity (assessed by physicians and
patients) was significantly lower with the autoinjectors compared to
the standard injection technique (both p <0.0001). In addition, the
percentage of ISR-free patients was significantly higher with the use of
either autoinjector (68.1% 9 and 66.7% respectively; both p <0.0001)
than with the standard injection technique (52.4%). A higher percen-
tage of patients subjectively preferred Betaject® (53.7%) to Betaject
Light® (46.3%), but this difference was not statistically significant.
Conclusion: The results of this study show that autoinjector use
reduces the occurrence of ISR during IFNB-1b therapy in RRMS.

P691

Hepatic reactions during treatment with interferon-beta in
patients with multiple sclerosis in Belgrade, Serbia

S. Mesaros, D. Stojiljkovic, N. Stojsavljevic, T. Pekmezovic, ]. Drulovic;

Institute of Neurology (Belgrade, CS)

Background: Hepatic dysfunction, manifested as liver enzymes
elevations, occurs frequently in patients with multiple sclerosis (MS)
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treated with interferon-beta (IFN-b). The aim of the study was to assess
the safety profile of IFN-b therapy with respect to liver function.
Patients and Methods: We report a retrospective review of 105
patients with relapsing-remitting MS treated with INF-b in Belgrade
region. 52 of them were treated with IFN-b-1b, (sc. 250 microg,
alternate days) and 53 with IFN-b-1a (sc, 22 or 44 microg, 3 times
weekly). Mean duration of IFN-b therapy was 19 months (range,
2-65). The mean duration of IFN-b-1b therapy was 16 months (range,
2-65) and for IFN-b-1a 22 months (range 4-53). Mean duration of
the disease at the onset of IFN-b therapy was 6.4 years (range 0.5-25),
mean age at the onset of IFN-b therapy was 34 years (range 19-50).
Biochemical liver test were performed at baseline, months 1, 3, 6, 12
and yearly thereafter. Liver test results were recorded as a fraction of
the upper limit of normal (ULN). Alanine and aspartate aminostras-
ferases (ALT, AST) were graded according the WHO criteria as grades
0-4. Results: Of 105 MS patients, 46 (44%) developed de novo
elevated both ALT and AST of whom 56% received IFN-b-1b and 44%
IFN-b-1a. ALT was elevated in 42% (44 patients) while AST was
elevated in 24% patients. Eighty five percent had elevation of ALT and
AST level during the first year, while 15% had elevation during the
second year of IFN-b treatment. Out of 46 MS patients, 36 (78%) had
grade 1 (55% patients treated with IFN-b-1b), 6 patients (13%) had
grade 2 (50% for IFN-b-1b and IFN-b-1a respectively), 4 patients (9%)
had grade 3 (3 of them received IFN-b-1b and 1 IFN-b-1a) and none
had grade 4. 61% of patients with grade 1 returned to normal values,
while 39% are still in grade 1. 33% with grade 2 returned to normal
values or to grade I, respectively, and 33% are still in grade 2. From
grade 3, 75% of the patients returned to normal values while 25%
returned to grade I. In two patients with grade 3 aminotransferases
levels, the drug was stopped and they returned to normal values
in four months. Two patients with grade 3 continued to receive the
same dose of IFN-b-1b: one of them returned to normal value in
four months, while the other one returned to grade I in 6 months.
In conclusion: asymptomatic hepatic dysfunction is common in
patients with MS treated with IFN-b, especially in the first year of
therapy.

P692

Needle-size and injection site pain: results from a subgroup
analysis of the BRIGHT (Betaferon® versus Rebif® Investi-
gatinG Higher Tolerability) study

K. Baum; Klinik Hennigsdorf (Hennigsdorf, D)

Background: Injection site pain (ISP) is a common adverse event
associated with interferon beta (IFNB) treatment in patients with
multiple sclerosis, although this often diminishes in intensity with
time. With subcutaneous injections, needle size has been postulated
as one factor which may influence the frequency and severity of
injection-related events. This abstract reports results from a BRIGHT
(Betaferon® versus Rebif® InvestigatinG Higher Tolerability) sub-
group analysis evaluating ISP in patients administering Betaferon®
using the Betaject Light® Autoinjector and either a 27-gauge or 30-
gauge needle. Design/Methods: BRIGHT was a multicentre, interna-
tional, non-randomised, prospective, observational study comparing
Betaferon® 250 mcg with Rebif® 44 mcg. Patients had started
treatment within 3 months prior to recruitment and completed the
titration phase. A subgroup of patients using the Betaject Light®
Autoinjector to administer Betaferon® was identified, and these
patients had used either a 27-gauge or a 30-gauge needle. Patients
self-injected IFNB and self-assessed ISP for 15 consecutive injections
using a 0-100 mm visual analogue scale diary immediately after
injection, and at 30 minutes and 60 minutes post-injection. Results:
Subgroup data are available for 226 patients. All patients used the
Betaject Light® autoinjector: 186 with a 27-gauge needle and 40 with
a 30-gauge needle. The baseline characteristics were similar between
the two groups, although the 30-gauge needle group did have a higher
proportion of male patients and slightly more relapses. A significant
difference in the proportion of pain-free patients was observed at
the 60-minute post-injection time point, with more patients using the
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30-gauge needle being pain-free over 15 injections than those patients
using the 27-gauge needle (75.0% versus 52.2%, P =0.0086). The
mean proportion of pain-free injections was also significantly greater
at 60 minutes with the 30-gauge needle (95.0% versus 85.0%,
P =0.0266). Conclusions: The results in this subgroup of patients
from the BRIGHT study demonstrate that administering Betaferon®
using the Betaject Light® autoinjector with a 30-gauge needle causes
less ISP than if a 27-gauge needle is used. Therefore, use of a 30-gauge
needle may lead to further improvements in treatment adherence.

P693

Evaluation of injection site pain and reactions during inter-
feron-beta treatment: results from the BRIGHT (Betaferon®
versus Rebif® InvestigatinG Higher Tolerability) study

K. Baum, C. O’Leary, F.C. Ferrer, E. Klimova, L. Prochazkova; Klinik
Hennigsdorf (Hennigsdorf, D); Southern General Hospital NHS Trust
(Glasgow, UK); Hospital Clinico Universitario de Valencia (Valencia, E);
L Pasteur Teaching Hospital (Kosice, SVK); University Hospital ak Derera
(Bratislava, SVK)

Background: Injection site reactions (ISRs) can occur with interferon
beta (IFNB) therapy, their frequency tending to decrease with time.
Evidence suggests ISRs and injection site pain (ISP) are more frequent
and severe with Rebif® 44 mcg than Betaferon® 250 mcg. The
BRIGHT (Betaferon versus Rebif InvestigatinG Higher Tolerability)
study observed the frequency and severity of ISRs and ISP in patients
with relapsing-remitting (RR) MS treated with Betaferon® or Rebif®.
Design/Methods: BRIGHT was a multicentre, international, non-
randomised, prospective, observational study comparing Betaferon®
with Rebif®. Patients had started treatment within 3 months prior to
recruitment and completed titration. Autoinjector use was recom-
mended. Patients self-injected IFNB and self-assessed ISP for 15
consecutive injections using a 0-100 mm visual analogue scale
(VAS) diary immediately after injection, and 30 min and 60 min
post-injection. ISRs were checked by study nurses and confirmed by
physicians. Patients were asked if ISP had influenced their treatment
satisfaction. Results: Evaluable data were available for 445 RRMS
patients (303 Betaferon®, 142 Rebif®). Baseline characteristics were
comparable. Over the 15 injections, significantly more patients were
pain-free immediately after, and 30 min and 60 min post-injection
with Betaferon® compared with Rebif® (eg, 30 min: 42.6% vs. 19.7%;
p <0.0001). The mean proportion of pain-free injections was greater
with Betaferon® at all three timepoints (eg 30 min: 79.0%) than with
Rebif® (53.3%; p <0.0001). This was regardless of the needle size used
(25-27G or 29-30G). Autoinjectors were used by more than 92% of
patients. With the most commonly used autoinjectors (Betaject
Light® and Rebiject II®), Betaferon® had significantly more pain free
patients at all three timepoints post injection (eg 30 min: 40.2% vs.
16.2%, p <0.0001). The proportion of patients without ISRs was
greater with Betaferon® (eg second visit 51.8% vs. 33.8%; p<
0.0001). Mean VAS scores immediately and after 30 min were lower
with Betaferon® (0.9 vs. 2.1 and 0.2 vs. 0.8; p <0.0001). More patients
treated with Betaferon® had either no pain or were satisfied with
their treatment compared with Rebif® (76.9% vs. 64.1% P =0.006).
Conclusions: The results of the BRIGHT study demonstrate that
Betaferon® causes less ISP and ISRs compared with Rebif®. Patient
satisfaction with Betaferon® therapy was also greater than with
Rebif®.

P694

Betaferon® in Early relapsing-remitting multiple sclerosis
Surveillance Trial (BEST): interim 2- and 3-year data

L. Kappos, L. Achtnichts, S. Wu for the BEST Study Steering Committee
Background: Interferon beta-1b (IFNB-1b; Betaferon®) was approved

as treatment for relapsing forms of multiple sclerosis (MS) based on
the results of controlled clinical trials. The long-term outcomes of
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early treatment on disease progression in a clinical setting, however,
warrant further investigation in a prospective study. Study design:
BEST is a prospective, 5-year, observational, international study of
patients with early relapsing-remitting (RR) MS treated with IFNB-1b
250 mcg subcutaneously every other day. Data collected every 6
months include Expanded Disability Status Scale (EDSS) scores and
relapse assessments, together with health-related quality of life
(HRQoL) and resource use information. Results: More than 3500
patients from 32 countries worldwide were included by the end of
December 2005. We report on all patients recruited before Jan 2004
and completely documented by March 2006 (2-year cohort: N = 1324)
and a subgroup recruited before Jan 2003 (3-year cohort: N =554). Of
these patients, 27.4% (363/1324) had dropped out in the 2-year cohort
and 46.4% (257/554) in the 3-year cohort. After 2 years in the group of
patients who remained in the study 794/961 (82.6%) were progres-
sion-free (progression defined as >1 increase in EDSS score), while
504/961 (52.4%) were relapse-free, and 447/961 (46.5%) were progres-
sion- and relapse-free. After 3 years (3-year cohort) 77.8% were
progression-free, 44.8% relapse-free and 39.7% progression- and
relapse-free). A relapse rate reduction of 53.7% compared to pre-
baseline (0.44 versus 0.95) was seen in the 2-year cohort (38.9%
reduction in 3-year cohort). In the 3-year cohort the median change
from baseline for the Functional Assessment of MS (FAMS) total score
was 0 for patients with stable EDSS. No new or unexpected adverse
events were observed. Conclusion: The data confirm the safety and,
to some extent, efficacy results of the pivotal study in an every day
clinical practice setting. Drop out rates at 2 and 3 years are higher than
those reported from clinical studies or centres specialised in MS care.
This should motivate improved patient selection and better indivi-
dualised care. HRQoL was correlated with clinical status as assessed by
the treating neurologists and remained stable in progression-free
patients.

P695

BEST PGx: Baseline data of a pharmacogenomic and phar-
macogenetic study to identify predictors of treatment
response to interferon-beta-1b

L. Kappos, L. Achtnichts, E. Radue, S. Wu for the BEST PGx Study Group

Background: Markers allowing for the assessment of disease activity,
prognosis and response to treatment are still urgently needed in
multiple sclerosis (MS). The goal of the BEST PGx (Betaferon® in Early
Relapsing-remitting Multiple Sclerosis Surveillance Trial-Pharmacoge-
nomics and Pharmacogenetics) study is to search for and identify
differences in the genetic and gene expression profile of patients with
different treatment responses to interferon beta-1b (IFNB-1b). Study
design: Patients diagnosed with definite relapsing-remitting (RR) MS
according to the Poser or McDonald criteria in the early phase of the
disease course were included. After the decision to start IFNB-1b
therapy, patients were invited to participate in this study. Patients are
followed for 2 years with evaluations every 6 months, including both
clinical and MRI measures. Gene expression profiling using oligonu-
cleotide microarray analysis will be performed on RNA from whole
blood samples obtained at baseline, after 6-8 weeks and 10-14
months of treatment. Blood samples are only collected from patients
while they are receiving treatment as prescribed. The microarray data
will be analysed to identify gene expression profiles indicative for a
beneficial treatment response. Expression data of a limited number of
genes of interest, identified from the microarray analysis, will be
confirmed by real-time polymerase chain reaction (RT-PCR). Results:
147 patients had been enrolled in the study by the end of the
recruitment phase on March 31, 2006 from 21 European centres. At
baseline the mean age was 34.6 years (+9.5 SD). 62.5% of the patients
were female and 6.8% had a positive family history of MS. Mean time
since the first neurological event was 3.4 years (+4.3 SD, 1.0 median).
Mean baseline EDSS step was 1.90 (+£1.36 SD, 1.5 median) and the
mean number of relapses within the last 2 years prior to treatment was
1.6 (£0.8, 1.0). Conclusion: The BEST PGx study is expected to
provide important genomic and genetic information in patients who
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respond differently to immunomodulatory therapy, as well as insights
into the mechanism of action of IFNB-1b. BEST-PGx Investigators:
Germany: H. Petereit, N. Sommer, H. Tumani, P. Vogel; Italy: R.
Bergamaschi, R. Capra, L. Durelli, M. Leone; Netherlands: P.J.H.
Jongen, B. van Oosten; Portugal: J. de Sa; Spain: O. Fernandez;
Switzerland: N. Goebels, L. Kappos, H. Mattle; Turkey: M. Eraksoy,
E. Idiman, C. Irkec, R. Karabudak, A. Siva, O. Faruk Turan

P696

Expression of CD25, NK and CD4+ 45RO+ cells in multiple
sclerosis patients before and after 9 months INF beta 1a and
INF beta 1b treatment

E. Belniak, A. Bojarska-Junak, K. Mitosek-Szewczyk, H. Bartosik-Psujek, Z.
Stelmasiak, J. Rolinski; Medical University (Lublin, PL)

Introduction: Multiple sclerosis is a chronic, inflammatory, auto-
immune, demyelinating disease of central nervous system. The
pathological process underlying MS involve dysregulation of the
immune system and it is predominantly T cell-mediated immune
disorder. Aim of the study: The aim of our study was evaluation of
some select T-cells subpopulations: CD4+45RO+ (memory cells),
CD25 and CD3-16+ 56+ (NK cells) in patients with MS treated with
INF betala (Avonex) and INF betalb (Betaferon). Material and
Methods: We investigated 21 patients (7 men and 14 women in
mean age 32.3 +8.4) with RRMS — 6 was treated with INF betalb, and
14 with INF betala. Peripheral blood samples were collected before
therapy and after 9 months after therapy initiation. Comparisons were
made with 20 control patients matched in age. Results: Compared
to the controls the MS patients showed statistically significant (p <
0.001) lower expression of NK cells (22.3 +8.4%% vs. 13.4+4.8%).
This results doesn’t change significant during and after 9 months of
INFbetalb and INFbeta la treatment. Compared to the controls the
MS patients showed statistically significant (p <0,01) higher expres-
sion of CD25 cells (5.3+2.7%% vs. 12.0+11.7%) and higher expres-
sion (p <0.001) of CD4+45RO+ cells (1.53+2.6% vs. 26.7 +7.4%).
Expression of CD25 increased after 9 months of INFbeta 1 a therapy
and decreased in INF beta 1b treated group, but it was not statistically
significant. Expression of CD4+45RO+ cells statistically significantly
increased after 9 months of INFbeta 1a therapy, and does’'n change in
INFbetalb treated group. Comclusions: Our findings suggest that
after 24 months of INFbetalb therapy there are no significant
normalisation in disturbances in NK, CD4+ 45RO+ and CD25 cells
expression in MS patients

P697

Interferon-beta dose increase in daily practice for the treat-
ment of patients with relapsing multiple sclerosis: improve-
ment on relapse rate and good tolerance (the ADER study)
W. Camu, T. Moreau, A. Al Kheder, B. Carlander, A. Danielli, A. Monjour;
Centre Gui de Chauliac (Montpellier, F); Hopital General (Dijon, F); Hopital
Nord (Amiens, F); Centre Hospitalier de Montauban (Montauban, F);
Hopital Louis Pasteur (Colmar, F)

Background: Following previous positive results of interferon (IFN)
beta-1a dose increase on relapse rate and disease activity in patients
with relapsing—remitting multiple sclerosis (RRMS), this study evalu-
ates the efficacy and tolerance of an IFN beta dose increase in a clinical
practice setting over a 12-month period. Methods: 260 patients
(mean age 39 years; 74% female) with RRMS (143 centres), treated
with IFN and for whom the physician had decided upon an IFN dose
increase (from low dose IFN beta-1a to 44 mcg subcutaneous [sc] three
times weekly [tiw]), were included in this study. Relapse rate,
tolerance and quality of life (QoL) were assessed at baseline, 6 (M6)
and 12 months (M12). Follow-up data from 260, 214 and 171 patients
are available for study entry, M6 and M12, respectively. Results: At
inclusion, the mean duration of MS was 7.8 years; 42% of patients
had received IFN beta-1a 30 mcg intramuscularly once weekly, 47%
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22 mcg sc tiw and 11% 22 mcg sc once every other day. The mean
duration of this treatment was 2.4 years. The percentage of relapse-
free patients rose from 24% at baseline to 80% at M6 and 77% at M12.
Mean relapse rates were 1.16 at baseline, and 0.23 and 0.25 at M6 and
M12, respectively, with a 70% relative reduction at M12 post-
conversion. Expanded disability status scale scores over the 6 months
prior to baseline worsened for 43% of patients but remained un-
changed between M6 and M12 for the majority. There was no impact
of the dose increase on tolerance: at baseline 68% of patients treated
with low-dose IFN had a good/excellent general tolerance profile;
corresponding figures after conversion to 44 mcg were 77% at M6 and
78% at M12. The Short-Form 36 QoL scale showed poor values for
both physical and mental scores at baseline, but scores improved for
59% and 62% of patients at M6 and for 56% and 60% at M12,
respectively. At M12, treatment compliance ( >90% of the injections)
was high (95%), independent from the relapse rate. Only 5% of
patients withdrew from treatment during the observation period.
Conclusions: These results from a ‘real life’ clinical setting confirm
that the clinical activity of disease following an IFN beta dose increase
is reduced in patients with RRMS. Relapse rate was reduced (70% at
M12) and both local and general tolerance profiles were good. These
data strongly support that high-dose, high-frequency IFN treatment
provides a better outcome for patients with RRMS.

P698

Early treatment with interferon-beta 1-a in children with
multiple sclerosis

M.R. Bardini, S. Lori, M. Mortilla, M.P. Amato; A. Meyer Children
Hospital (Florence, 1); Careggi Dept. of Neurological & Psychiatric Sciences
(Florence, 1)

Background: multiple sclerosis (MS) is rare below 15 years of age
(2.7-5% of total) and even rarer below 10 years (0.2-0.7% of
total).Studies have demonstrated the efficacy and safety of Inter-
feron Beta 1-a in adult relapsing-remitting MS, but a few data are
available in children. Objective: To study the efficacy and toler-
ability of early treatment with Interferon Beta 1-a (Avonex) in
subjects below 10 years with MS. Methods: We describe 3 white
children (2 females and 1 male) with MS, diagnosed according to
Poser’s critera. At first observation the girls were 7 years (casel) and
6 years old (case2); the boy was 8 years old (case3). Case 1 follow up
is of 19 years; Case2 of 3 years; Case3 of 4 years. We studied clinical,
liquoral, MRI (T2 lesions and enhancing) and Evoked Potentials
parameters at baseline in all. Brain MRI was repeated at any clinical
relapse or every 3, 6, 12 months in the first year and every 12
months during follow up. Casel had 14 clinical and 16 MRI relapses
(6 in the first three years of illness). Case2 had 2 clinical and MRI
attacks in the first 6 months. Case3 had 4 clinical and MRI attacks
in the first year.All acute attacks were treated with Methylpredniso-
lone (15 mg/Kg for 5 days). Interferon Beta 1-a (1 vial/week i.m.)
was started in case 1 when 16 years old (EDSS 5.5). Case2 began
therapy with Interferon Beta 1-a (1/2 vial/week i.m.) 7 months after
her first attack and Case3 (1 vial/week i.m.) 2 years after.Drug
tolerability was studied monitoring blood levels of glucose, alanine
aminotransferase, aspartate aminotransferase, alkaline phosphatase,
bilirubin, creatinine, protein electrophoresis, and blood erythrocyte,
leukocyte and platelet count. Results: In Casel immunomodulat-
ing therapy induced a clinical improvement.In Case2 and in
Case3 it stopped the illness progression. Tolerance was good:
patients only suffered from light flu-like symptoms in the 6-8
hours after the injection, with no alteration of hematologic para-
meters. Conclusions: In these patients we obtained an arrest of
illness progression after the introduction of Interferon Beta 1-a, with
very good tolerance. Casel had a worse outcome that seems in
cases2 and 3. The latter, earlier treated, might face a better outcome.
Follow-up is still short, however. Further multicentric studies and
longer follow-up are necessary to verify the role of the Immuno-
modulating therapy in stopping or reducing the progression of the
disability in early oncet MS, and its tolerance in children.
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P699

SWABIMS: SWiss Atorvastatin and Interferon-Beta 1b Trial
In Multiple Sclerosis: efficacy, safety and tolerability of
Atorvastatin® 40 mg in patients with relapsing-remitting
multiple sclerosis treated with interferon-beta-1b
C. Kamm, 1. Greeve, A. Mugglin, R. Biihler, C. Lienert, F. von Bredow,
G. Schroth, H. Mattle on behalf of the SWABIMS study group

Backround: Interferon-beta-1b (IFNB-1b) subcutaneously (sc) every
other day (ead) is an effective and well tolerated therapy for relapsing-
remitting multiple sclerosis (RRMS). It reduces relapse rate, relapse
severity and disease activity assessed by magnetic resonance imaging
(MRI). Statins are lipid-lowering drugs that inhibit the 3-hydroxy-
3-methylglutaryl-coenzyme A (HMG-CoA-) reductase. In addition,
statins have anti-inflammatory and immunomodulatory properties.
Therefore, the purpose of SWABIMS is to investigate the efficacy,
safety and tolerability of atorvastatin 40 mg in addition to IFNB-1b in
patients with RRMS. Methods: Multi-center, randomized, rater-
blinded, parallel-group-study in Switzerland (started 05/2005). 80
patients (1855 years) with RRMS according to McDonalds criteria,
EDSS between 0-3.5 and one or more relapses in the preceding two
years will be enrolled. Three months after initiation of treatment with
IFNB-1b, patients will be randomized into two equal-size parallel
arms. Half of the patients will receive atorvastatin 40 mg/d in addition
to IFNB-1b for 12 months. MRI, clinical and laboratory assessments
will be rater-blinded. Results: Primary endpoint will be the pro-
portion of patients with new T2 lesions. Secondary endpoints include
Gd-enhancing lesion, change of total T2 hyperintense lesion
volume, cortical atrophy, EDSS, MSFC, relapse rate and others. Sieric
antibodies against myelin oligodendrocyte glycoprotein (anti-MOG)
and myelin basic protein (anti-MBP), neutralizing antibodies (NAb),
matrix-metalloproteinases (MMP-9) and tissue inhibitors of matrix-
metalloproteinases (TIMP-1) will be determined. Peripheral blood
mononuclear cells are prepared to investigate their migratory poten-
tial in dependence of treatment. Conclusion: SWABIMS will give
information about the efficacy, safety and tolerability of the combina-
tion of IFNB-1b and atorvastatin in the treatment of relapsing-
remitting multiple sclerosis and whether it is superior to IFNB-1b
monotherapy. Furthermore important safety and tolerability data will
be generated.

P700

Effect of interferon beta-1a on changes of non-conventional
MRI measures in patients with multiple sclerosis

R. Zivadinov, D.L. Cookfair, F.E. Munschauer, M.G. Dwyer, ].L. Cox,
S. Hussein, N. Abdelrahman, B. Weinstock-Guttman ; University of Buffalo
(Buffalo, USA)

Background: 1t is not clear whether interferon beta-1a (Avonex®)
monotherapy (6.0 MIU administered i.m. each week) may exert a
treatment effect on lesion recovery and occult changes ongoing in
normal appearing (NA) brain tissue (BT) in patients with relapsing-
remitting (RR) and secondary-progressive (SP) multiple sclerosis (MS).
Objective: To evaluate the effect of Avonex® on global and focal
disease as measured by a variety of non-conventional and conven-
tional MRI indices in a large sample of MS patients. Methods: This
was an open label, single-blind, post-marketing, MRI observational
study. Inclusion criteria were: age 18-65, RR or SP disease course,
EDSS score <6.5, disease duration 1-20 years and presence of
Avonex® monotherapy for a minimum of 6 months prior to study
entry (mean exposure 5.4 years). 147 consecutive MS patients (RR =
131, SP =16, with mean disease duration 11.1 yrs, mean age 42.8 yrs
and mean EDSS 2.4) were included in the study and followed for a
mean follow-up of 13.7 months. Patients received 1.5T MRI scan and
clinical examination at baseline and at the end of follow-up. Changes
were determined in a number of non-conventional and conventional
MRI measures. Results: Out of 147 patients, 144 completed clinical
and MRI follow-up. 13.6% progressed in their disability status and
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25.2% of the patients presented >1 relapse during the follow-up
period. Treatment with Avonex® decreased accumulation of T1-lesion
volume (LV) (—12.7%, p <0.0001) and promoted recovery of magne-
tization transfer ratio (MTR) in T1-LV (+21.2%, p <0.0001). No
significant within-patient deterioration was observed in MTR mea-
sures of whole brain (—1.4%), NABT (—1.3%), and NA white matter
(WM) (—1.1%), except for the NA gray matter (GM) (—1.1%, p=
0.018). Measures of central atrophy showed significant improvement
or stabilization. A significant decrease of Gd-enhancement (p =0.008)
activity was observed. Subclinical disease activity, as evaluated by
presence of Gd lesions at baseline, determined more advanced
progression on normalized GM volume (—4% vs. —1.6%, p =0.008)
and cortical volume (—3.3% vs. —1.3%, p=0.005) measures. The
improvement-stabilization on a variety of MRI measures was related to
the length of pre-study drug exposure to Avonex® (p=0.014).
Conclusions: Avonex® slowed down accumulation and promoted
lesion recovery of T1 hypointense lesions, and stabilized progression
on a number of other MRI measures. This study was funded by a grant
from Biogen Idec.

P701

MRI results from a randomised, double-blind, placebo-
controlled study of intramuscular interferon beta-1a,
azathioprine, and corticosteroid combination therapy in
patients with relapsing-remitting multiple sclerosis

R. Zivadinov, D. Horakova, M.G. Dwyer, A. Dolezal, ]. Krasensky,
N. Bergsland, J.L. Cox, 1. Novakova, V. Ticha, S. Balachandran, A.
Svobodnik, Z. Seidl, M. Vaneckova, E. Havrdova; University of Buffalo
(Buffalo, USA); Charles University (Prague, CZ); Masaryk University
(Brno, CZ)

Background: To date, the efficacy of agents such as azathioprine
(AZA) and corticosteroids in combination with IFN-beta has only been
examined as treatment for breakthrough multiple sclerosis (MS) in
small, uncontrolled trials. Objective: To determine the efficacy of IM
IFNb-1a combined with AZA, or AZA plus low-dose corticosteroids
compared with that of IM IFN beta-la alone as initial therapy.
Methods: The Avonex-Steroids-Azathioprine (ASA) combination
study was a randomised, double-blind, placebo-controlled trial. A
total of 181 patients with clinically definite MS, and EDSS score <3.5
at screening, and either 2 relapses in the previous 12 months or
3 relapses in the previous 24 months were equally randomised to 1 of
3 treatment groups. Group 1 received interferon beta (IFN beta)-1la
30 pg IM once weekly, Group 2 received IFN beta-1a 30 pg IM once
weekly plus AZA 50 mg by mouth (PO) once daily (QD), and Group 3
received IFN beta-1a 30 pug IM once weekly plus AZA 50 mg PO QD
plus prednisone 10 mg PO every other day; placebo was administered
in place of AZA and prednisone in Group 1 and in place of prednisone
in Group 2. MRIs were obtained every 2 months for the first 2 years
and once yearly thereafter for up to 5 years. Percent brain volume
change (PBVC), normalised grey matter volume (NGMV), normalised
white matter volume (NWMYV), and normalised cortical volume
(NCV) were measured bi-monthly for the first 2 years and once yearly
thereafter for up to S5 years using SIENA and SIENAX software.
In addition, T2-hyperintense lesion volume (LV), lateral ventricle
volume (LVV), and third ventricle width (3VW) were assessed every
6 months for the first 2 years and once yearly thereafter for up to
5 years. Results: Over 2 years, the addition of AZA alone, or in
combination with prednisone, to IM IFN beta-1a did not improve any
MRI outcome in patients with MS. The combination therapy favored
the lower accumulation in T2-LV at 2 years in group 3, when
compared with group 1 (p=0.01). At 2 years the overall percent
change in atrophy measures in all study participants was: PBVC
—1.5, NGMV —3, NCV —2.7, NWMV —0.1, 3VW +24.1 and LVV
+22.8. At 5 years the figures were: PBVC —4.7, NGMV —7.9, NCV
—7.8, NWMV —1.8, 3VW +30.9 and +LVV 87.1. Conclusions:
Combination treatment did not improve any of the MRI outcomes
when compared with monotherapy. This study provides important
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information on longitudinal evolution of various atrophy measures in
the long-term.

P702

Comparison of Betaferon®, Avonex® and Rebif® in treat-
ment of relapsing-remitting multiple sclerosis

V. Shaygannejad, M. Etemadifar, A. Fereshteh ; Isfahan University (Isfahan,
IR)

Objectives: To compare the relative efficacy of Betaferon, Avonex
and Rebif in the treatment of relapsing-remitting multiple sclerosis
(RRMS). Methods: 90 patients with RRMS were randomly allocated to
the three treatment groups. The first group received Betaferon, the
second group received Avonex and the third group received Rebif for
24 months. Response to treatment was assessed at 6, 12 and 24
months after start of therapy. Results: Of the 30 patients treated with
Betaferon, the mean (SD) of relapse rate decreased from 2.2 (0.7) to 0.7
(0.7) episode. Correspondingly, in the 30 patients treated with
Avonex, the mean (SD) of relapse rate decreased from 2.0 (1.2) to
1.2 (0.9) (p <0.001). In the 30 patients treated with Rebif, the mean
(SD) of relapse rate decreased from 2.4 (1.0) to 0.6 (0.9) (p <0. 01).
After 2 years, 43.3% of patients receiving Betaferon and 56.7% of
patients receiving Rebif remained relapse free compared with 20% of
those given Avonex. EDSS decreased by 0.7 units in Betaferon-treated
patients (p <0.001), 0.3 in Rebif-treated patients (p <0.05) and
remain stable in Avonex arm. Conclusion: Treatment with Betafer-
on, Avenox and Rebif significantly reduce relapse rate and EDSS score
in patients ith RRMS.

P703

Efect of interferon-beta-1b therapy on nitric oxide (nitrite/
nitrate) serum level in patients with relapsing-remitting
multiple sclerosis

A. Ilic, S. Vojinovic, I. Stojanovic, L. Zvezdanovic, V. Djordjevic, M.
Zivkovic; Clinical Center (Nis, CS)

Background: Interferon-beta (IFNbeta) reduces exacerbations of the
relapsing-remitting (RR) form of multiple sclerosis (MS), but the
exact mechanisms by which it exerts its beneficial effects are
unknown. The therapeutic effect of IFNbeta in MS may be partly
due to suppression of pathogenic nitric oxid (NO) production,
molecules that have one of the most important roles in the
pathogenesis of MS. Purpose: The aim of this study was to
investigate the effect of IFNbeta on nitrite/nitrate serum levels in
patients with RRMS. Method: We have evaluated 26 RRMS patients,
diagnosed by McDonald’s criteria, subdevided in two groups: I
group-11 RRMS patients on IFNbeta therapy, during last 18 months,
8 million units on alternate day by subcutaneous injection and
without relapses, aged 38.63+8.15 (rang 22-52); eight females
(72.72%) and two male (18.18%); EDSS 2.7 +1.01; and K group —
15 RRMS patients that have never had any IFNbeta therapy,without
relapses in last 18 months, aged 37,06+8,87 (rang 22-51); 11
females (73.33%) and four male (26.66%); EDSS 2.03 +/0.80. Dissease
course was clinically assessed by the means of the Expended
Disability Status Scale (EDSS) score. NO (nitrite/nitrate) levels were
analysed in the peripheral blood serum as well as biochemical profile
to observe general state of patients and to exclude other ongoing
inflamation. NO (nitrite/nitrate) levels were determined acording to
the method of Navaro-Gonzalvez, based on nitrate + nitrite determi-
nation using Griess reaction. Results: Nitrite and nitrate concentra-
tions in peripheral blood serum in I group was 73.65+11.93
micromol/l while in K group, without therapy, was 87.98+20.41
micromol/l which was statisticaly significant difference, p =0.03,
among groups. Conclusion: IFNbeta therapy significantly influence
on NO (nitrite/nitrate) levels in patienst with RRMS. Disease control
achieved by IFN beta could be explained by immunomodulation of
NO (nitrite/nitrate) synthesis in patients with RRMS.
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P704

Neutralising antibodies to interferon-beta in multiple
sclerosis: technical report and validation of a cytopathic
effect assay

C. Massart, ]. Oger, S.E. Grossberg, ]. Gibassier, E. Le Page, G. Edan; CHU
Pontchaillou (Rennes, F); University of British Colombia (Vancouver, CAN);
Medical College of Wisconsin (Milwaukee, USA)

Introduction: Neutralising antibodies (NAB) to interferon beta (IFN-
beta) reduce treatment efficacy in patients with multiple sclerosis
(MS). Objective: In an attempt to validate a NAB assay, we report the
analytical clinical performances of this bioassay based on antiviral
cytopathic effect (CPE) according to the guidelines recently reported
by the European Federation of Neurological Societies (EFNS).
Patients/Methods: The study included 63 sera from MS patients
treated with IFN-beta 1a (Rebif®) or IFN-beta 1b (Betaferon®). Binding
antibodies (BABs) were measured using a capture ELISA as a screening
test for NABs. NABs were measured in all the sera using the WISH
cell line infected by the stomatitis vesicular virus. NAB titres expressed
in ten-fold reduction (TRU)/ml were then compared with those
obtained with the validated CPE gold standard method, using A549
cells and the encephalomyocarditis virus. The National Institute of
Health reference anti-IFN-beta antiserum (GO38-501 572) was in-
cluded for NAB inter-assay precision. Results: No false-negative BAB
result was obtained with the capture ELISA. The sensitivity of the NAB
assay was 20 TRU/ml. The between-run coefficients of variation (CVs)
determined with log10 NAB titres yielded good results (< 10.4%).
Within-run variability was excellent with CV <2%. The 1log10 NAB
titres were highly correlated with those obtained with the CPE
reference method (r=0.963, p <0.0001 and r =0.870, p <0.0001 for
anti-IFN-beta 1a and anti-IFN-beta 1b, respectively). The same NAB-
positive patients with high titres >100 TRU/ml which was the cut-off
value for EFNS to stop IFN-beta treatment were found with both CPE
methods. Conclusion: Our CPE assay for NAB measurement showed
high sensitivity, good precision, and strong correlation with the
reference gold-standard CPE assay. Further studies in larger numbers
of TFN-beta-treated MS patients are planned to confirm our prelimin-
ary results.

P705

Incidence and effects of neutralising antibodies in patients
with multiple sclerosis treated with Avonex® or Rebif® in
PROOF

T.]J. Murray, A. Minagar for the PROOF Study Investigators

Sustained benefits from interferon beta (IFNB) products used to treat
relapsing multiple sclerosis (RMS) require adherence (affected by
tolerability and convenience) and clinical efficacy, which can be
reduced when neutralizing antibodies (NAbs) are present. PROOF, a
phase IV, retrospective and prospective, open-label study was con-
ducted to evaluate the efficacy and tolerability of intramuscular (IM)
IFNB-1a 30 mcg once weekly compared with subcutaneous (SC) IFNB-
la 44 mcg three times weekly in RMS patients. The goal of this pre-
specified endpoint was to determine the incidence of NAb formation
and their effects on clinical and MRI endpoints. Prior to enrollment,
subjects received IM or SC IFNB-1a for 12 to 24 months without
switch or interruption and had an EDSS of 0.0-5.5. NAbs were
evaluated at study enrollment and month 6. 123 patients (n =359,
IM; n =64, SC) were evaluated for NAbs. At study enrollment, 0% and
21% of patients treated with IM IFNB-1a and SC IFNB-1a were NAb +.
Persistent NAbs (positive at month 0 and 6) were present in 19% of
patients, all treated with SC IFNB-1a. Compared with NAb- patients,
NAb+ patients had significantly more new or enlarging T2 lesions
(36.4% vs. 59.3% with 0 lesions; p=0.003), total number of Gd+
lesions (54.5% vs. 75.6% with O lesions; p=0.04), and trended
towards a higher Gd + lesion volume (0.31 vs. 0.05, p =0.02 at month
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0; 0.21 vs. 0.04, p =0.06 at month 6). Disease progression (EDSS) from
study enrollment to month 6 increased significantly more in NAb+
patients compared with NAb- patients (p=0.02). Compared with
patients treated with IM IFNB-1a, patients treated with SC IFNB-1a
were more likely to have persistent NAb+ titers. NAb+ patients had
significantly more signs of disease as shown by new or enlarging T2
lesions, total Gd+ lesions, and increased EDSS after 18 to 30 months
on therapy.

P706

MxA protein assay for optimal monitoring of IFN-beta
bioefficacy in the treatment of multiple sclerosis patients
A.-M. Vallittu, J-P. Erdlinna, A. Salmi, M. Waris; University of Turku
(Turku, FIN)

Background: Myxovirus resistance protein A (MxA) seems to be one
of the most appropriate markers of the biological activity of IFN-beta
therapy. Because of neutralizing antibodies (NAbs). 5% to 45% of MS
patients fail to respond to IFN-beta therapy leading to attenuation of
MxA protein induction. Recently published guidelines on use of anti-
IFN-beta antibody measurements in MS recommend that tests for the
presence of NAbs should be performed in all patients at 12 and
24 months of therapy. Objectives: The aim of the study was to
evaluate a simple MxA ELISA assay by comparing it with flow
cytometric analysis of MxA and measurements of NAbs. Methods. A
total of 53 relapsing-remitting MS (RRMS) patients were included in
this study. Fourteen of them participated also in the RECOVER trial, a
multi-centre (Finland, Denmark, Norway, Sverige), open label, non-
comparative trial investigating the recovering of IFN-beta efficacy in
relapsing-remitting MS patients with neutralizing IFN-beta antibodies.
These patients had been tested to be NAb positive in a cytopathic
effect (CPE) assay. All 53 patients were tested for MxA protein
induction by using both MxA ELISA assay and flow cytometric
analysis. Results: There was a positive but weak correlation between
ELISA and flow cytometry. The range of measured responses was
higher in the ELISA. The presence of NAbs associated with low MxA
levels in both assays, but the number of patients was too small to
quantitatively correlate MxA levels and NAbs. Conclusions: Since
MxA protein is produced for at least 12-36 hours after IFN-beta
injection, whereas MxA messenger RNA is induced only for 9-12
hours, MxA protein seems to be the preferable measure for the
bioefficacy of IFN-beta therapy. It has lower risk of false negative
results and more practical timing of collection of blood samples. In
addition, the simplified MxA ELISA assay seems to be a reliable
method to measure MxA protein induction and the bioavailability of
IFN-beta treatment in MS patients.

P707

A longitudinal 36 monthly imaging study on the effect of
NAD in patients with multiple sclerosis

A.W. Chiu, M. Ehrmantraut, N. Richert, ]. Ohayon, F. Cantor, ]. Frank,
H. McFarland, F. Bagnato; NINDS-NIH (Bethesda, USA)

The clinical impact of neutralizing antibodies (NAb) in Multiple
Sclerosis (MS) patients undergoing therapy with interferon beta (IFNB)
remains controversial. To address this issue, both cross-sectional and
longitudinal studies should be performed in the same cohort of
patients. To our knowledge, monthly longitudinal assessment of NAb
and its effect in MS patients has yet to be examined. Fifteen
consecutive relapsing remitting MS patients were treated with IFNB-
1b (250 micro g, subcutaneous, every other day) for 3 years. Patients
were followed with monthly (6-month pretherapy phase [PTP] and
36-month therapy phase [TP]) magnetic resonance imaging (MRI)
and clinical exams as well as bimonthly NAb evaluations. MRIs were
performed on a 1.5 Tesla magnet. T2-weighted spin echo (SE) and
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T1-W images SE before and within 15 minutes of a 0.1 mmol/kg
injection of gadopentate dimeglumine were obtained at each session.
NAb evaluation was performed using the Myxovirus-A protein
inhibition assay. Patients with NADb titres >1:20 in at least 2
consecutive samples were considered NAb+. The relationship be-
tween NAb and contrast-enhancing lesion (CEL) activity is presently
analyzed. Of the 15 patients enrolled, 5 developed NAb. Of those
5 NAb+ patients, 2 developed NAD activity at low (e.g. <1:47) and
transient titres, present only for no more than 6 measurements.
However, both patients had consistent CEL activity throughout the
entire TP. One of these patients progressed into secondary progres-
sive MS. The remaining 3 patients exhibited NADb titres between
1:24-1:2703 during the first 2 years of therapy that was coincident
with the presence of CELs. Although all 3 patients showed waxing
and waning of NAb activity throughout TP, the NAb activity of
1 patient waned completely by month 19 while the NAb titre of
the remaining 2 patients only began to decrease at month 20. CEL
levels were concomitant with NAb titres in the former patient
whereas CEL activity remained high in the latter 2 individuals.
Notably, CEL activity was high in all three patients prior to the
occurrence of NAb. While our cohort is small, the length of the
longitudinal follow-up offers a unique dataset worthy of description.
While reduction in therapeutic efficacy is observed in patients with
high NAb titres, those patients seem to exhibit a predisposition to
poor IFNB-1b response prior to NAb occurrence. Further analyses in
larger sample populations are warranted to confirm our preliminary
investigation.

P708

Acute and steady state effects of interferon-beta in multiple
sclerosis evaluated by gene expression profiling

F. Sellebjerg, ]. Larsen, P. Datta, K. Rieneck, 1. Alsing, A. Oturai, A.
Svejgaard, P.S. Serensen, L.P. Ryder; Copenhagen University Hospital
Rigshospitalet (Copenhagen, DK)

Treatment of multiple sclerosis (MS) with interferon (IFN)-beta results
in substantial changes in in vivo mRNA expression in blood mono-
nuclear cells. The expression of mRNA encoding the antiviral
molecule myxovirus resistance protein (MxA, encoded by the Mx1
gene) has been used as a marker of the in vivo activity of IFN-beta in
studies showing that this molecule is not induced in patients with
high titers of neutralizing anti-IFN-beta antibodies. MxA mRNA
expression after administration of IFN-beta is, however, transient
with maximum levels seen within the first twelve hours. We
hypothesized that it might be possible to identify mRNAs which are
more stably induced by treatment with IFN-beta, and used the
Affymetrix GeneChip Focus array with more than 8,500 different
genes displayed to study changes in gene expression in 10 patients
treated with IFN-betala (30 pg intramuscularly once weekly). Blood
samples for the study of mRNA expression in purified mononuclear
cells (MNC) were drawn before the first injection of IFN-betala and
14-20 hours after the first injection of IFN-betala (T1). After three
months of treatment new blood samples were obtained before the
injection of IFN-beta (T2) and after the injection of IFN-beta (T3).
After the first injection of IFN-beta (T1) the expression of 283 genes
differed significantly from baseline values (TO; p <0.05 with Bonfer-
roni correction). Among 135 up-regulated genes, 57 were induced at
least two-fold. MxA mRNA was among the most induced genes, being
8-fold induced after the first injection of IFN-beta (p =0.00000001).
Among 148 down-regulated genes, 11 were at least 50% reduced.
Gene expression at baseline and T2 did not differ significantly. After
three months of treatment with IFN-beta, the injection of IFN-beta
resulted in slightly less pronounced changes in gene expression, but
there was no significant difference in the gene expression profile at T1
and T3. We conclude that treatment with IFN-beta results in acute
changes but no major, persisting changes in blood MNC mRNA
expression. As MxA/Mx1 is one of the most robustly induced
molecules, we also conclude that this molecule is well suited as a
marker of the acute in vivo effect of IFN-beta in MS.
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IFN-beta 1A expands CD4+ and CD8+ regulatory T-lympho-
cytes in vivo. A longitudinal 1-year study
C. Aristimurio, C. de Andrés, V. de las Heras, M. Martinez-Gines,
M. Bartolome, R. Arroyo, ]. Navarro, S. Giménez-Rolddn, E. Ferndndez-
Cruz, S. Sanchez-Ramon; General Universitary Hospital (Madrid, E);
University Hospital Clinico San Carlos (Madrid, E)

Introduction: Interferon beta-la (IFNb) has demonstrated clinical
efficacy in multiple sclerosis (MS). However, the immunological
effects at the cellular level remains only partially understood. CD8 +
T-cells may contribute to lesion formation and axonal dysfunction
in MS. Dendritic cells (DCs) may have a role in the local activation
and expansion of presumably pathogenic T cells. Regulatory T-cells
(TReg; CD4+4CD25+ and CD4+ CD25hi), play an important role in
preventing autoimmune diseases such as MS. Recently, a new subset
of CD8+ suppressor T-lymphocytes has been described. Patients
and methods: We studied 23 patients with relapsing remitting MS
subsequently treated with IFNb-1a (Rebiff 44 mcg tiw) therapy. We
analysed by multiparametric flow-cytometry the ex-vivo changes on
TReg and on the different subsets of CD8+ T-lymphocytes before
IFNb-1a therapy and at 3, 6 and 12-mo; and in 18 healthy controls
(HC). We also compared data of those patients that suffered relapses
during follow-up versus asymptomatic patients (10 vs. 13). Results:
IFNb-1a significantly increased the proportions of TReg (CD4+
CD25+ and CD4+CD25hi+) after 12-mo of treatment in MS
patients with respect to baseline (p=0.004 and p=0.000 respec-
tively). Furthermore, IFNb-la increased proportions of regulatory
CD8+CD25+ T-cells (p=0.01) and CD8+CD25+CD28- T-cells
(0.24 to 1.03). By contrast, a trend to decreased proportions of
CD8+TCRgd+ T-cells was observed at 12-mo. We purified CD8+
CD25+CD28- T-cells and confirmed their suppressive function
in vitro. Absolute numbers of CD8+CD25+ T-cells and CD8+
CD25+CD28- T-cells correlated with CD4+ TReg (r=0.6, p=
0.01); CD8+CD25+ T-cells inversely correlated with plasmacytoid
dendritic cells (pDCs CD123+) (r=—0.7, p=0.01). A repeated
measures analysis variance showed higher CD8+ CD25+ and both
subsets of CD4+ TReg levels while lower activated CD8+T-cells in
patients who suffered relapses with respect to asymptomatic
patients. Conclusions: 1FNb-1a significantly increases the propor-
tions of CD4+ and CD8+ regulatory T cells in MS patients after
1-year of treatment and decreases pathogenic CD8+ T-cells, such as
CD8+TCRgd+ T-cells.

P710

Differential changes of circulating plasmacytoid dendritic
cells and regulatory CD4+ T-cells on interferon-beta-la
therapy. An ex vivo 1-year observational longitudinal study
in relapsing-remitting multiple sclerosis

C. de Andrés, C. Aristimurio, V. de las Heras, M. Martinez-Ginés,
M. Bartolomé, R. Arroyo, ]. Navarro, S. Giménez-Rolddn, E. Ferndndez-
Cruz, S. Sanchez-Ramon ; Hospital General Universitario Gregorio Mararion
(Madrid, E); Hospital Clinico San Carlos (Madrid, E)

Background: Dendritic cells (DCs) have the unique ability to initiate
and regulate immune responses, and thus play a pivotal role in
multiple sclerosis (MS). CD4+CD25+ and CD4+ CD25high regula-
tory T cells (Treg) actively control the activation, and effector function
of both self-antigen-reactive CD4+ and CD8+T cells. DCs and TReg
have been reported to be involved in MS pathophysiology. Interferon
beta (IFND) is effective in reducing clinical relapses rate and brain
disease activity measured by MRI, but its cellular effects are to be
defined. Objectives: Our main goal was to assess numbers and
phenotypes of circulating myeloid DCs (mDC) and plasmacytoid
DCs (pDCs) and CD4+CD25 + and CD4 + CD25high TReg cells in MS
patients before the initiation of INFb-1a therapy and after 3—-6 and 12
mo of treatment. Methods: Clinical and haematological data were
subsequently studied before initiation of IFNb-1a (Rebiff 44 mcg tiw)
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therapy and at 3, 6 and 12 mo; and in 18 healthy controls (HC). We
analysed lymphocyte subsets by multiparametric flow-cytometry.
Functional suppression of TReg was measured by allogeneic and
TCR-stimulation on mixed lymphocyte reaction. Results: Twenty-
three patients with definite RR MS, 13 female and 10 men, with
mean age 36.77 years, mean MS duration 3.97 years, mean EDSS
score 2.17, were given IFNb-1a therapy. There was a sustained trend
to decrease in the %CD123+ pDCs after IFNb-1a therapy at 3, 6 and
12-mo (p=0.07, p=0.04 and p=0.08, respectively) respect to
baseline. By contrast, significant increase in the %CD4+ CD25+,
CD4+CD25high+ TReg cells were observed at 12-mo respect to
baseline (p=0.004 and p=0.000, respectively). Inverse correlation
between %CD123+ pDCs and CD4+CD25+, %CD123+ pDCs and
CD4+CD25 high+ TReg (r= —0.45 p=0.06 and r= —0.5 p =0.03)
was observed. At 12-mo IFNb-1a, suppressive TReg function was
partially restored and both Treg subsets were higher in patients than
in HC (p=0.000 and p =0.000). Longitudinal CD123+ pDCs and
both subsets of TReg patterns were different in patients who suffered
relapses with respect to asymptomatic patients. Comnclusions:
During the 1-year follow-up of IFNb-la therapy, we observed a
decrease in the proportion of CD123+pDCs while increase in
numbers and function of TReg. Such changes may be relevant in
the activity of MS. This study suggests that the differential changes
of Treg and DCs on INFB-la therapy may be involved in its
immunomodulatory and therapeutic effects

P711

Interferon receptor expression in multiple sclerosis patients
during the first year of treatment with IFN-beta

B. Oliver, C. Mayorga, V.E. Fernandez, L. Leyva, G. Luque, ]. Tamayo, M.].
Pinto-Medel, F. Diez de Baldeon, R. Bustamante, A. Alonso, O. Fernandez;
Clinical Neurosciences Institute. Carlos Haya Hospital (Malaga, E)

Background: TFN-beta has shown to be an effective treatment for
multiple sclerosis (MS), however, some patients fail to respond fully.
The biological activity of IFN-beta is exerted through the IFN
receptor (IFNAR), composed of two subunits, IFNAR1 and IFNAR2.
In a previous work we have demonstrated that IFNAR expression
decrease in MS patients treated with IFN-beta, especially in those
patients considered as good responders to this treatment. Objective:
To assess if the differences in IFNAR1 and IFNAR2 expression in MS
patients treated with different IFN-beta molecules are maintained
during all the treatment period in the same way in responder and
non-responder patients. Methods: Sequential samples from MS
patients were obtained: Before treatment and 1, 6 and 12 months
after the starting of the IFN-beta treatment. The quantification of
IFNAR1, IFNAR2 and MxA mRNA expression was carried out by real-
time RT-PCR in peripheral blood mononuclear cells from MS
patients. Patients treated with IFN-beta were classified as responders
or non-responders according to annual relapse rate and EDSS.
Results: A total of 25 MS patients were followed during 12 months
after the onset of the treatment with IFN-beta. Sequential samples
obtained before, one, six and twelve months after the beginning of
the IFN-beta treatment showed that there was a strong decrease in
both IFNAR1 and IFNAR2 mRNA production right from the first
month of treatment which were kept for the following months of
the study. On the contrary, the MxA inducible protein was increased
also from the first month of treatment. When we classified the
patients as responders (17 MS patients) or non-responders (8 MS
patients) the decrease on IFNAR expression and the increase in the
MxA expression were only observed in those patients who had a
good response to IFN-beta. The changes were equally detected from
the first month of treatment. Conclusions: The influences pro-
duced by IFN-beta in the expression of its receptor determined by a
down-regulation of IFNAR1 and IFNAR2 and an increase in MxA
protein is observed just from the first month of treatment and
maintained at least during the following twelve months. These
changes are more important in patients who responded to IFN-beta
treatment.
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P712

Random MxA mRNA levels in circulating mononuclear cells
serve as excellent surrogate marker of neutralising antibo-
dies to interferon in patients with multiple sclerosis on
interferon therapy

K. Rammohan, D. Cettomai, M. Cataldi, D. Lynn; Ohio State University
(Columbus, USA)

Objective: We examined the utility of a random MxA mRNA levels
from circulating peripheral blood mononuclear cells (PBMC) obtained
at the time of their routine office visits in detection of neutraliz-
ing antibodies in MS patients on interferon (la and 1b) therapy.
Background: Measurement of NABs is expensive and time consum-
ing and has not found a place in the day-to day management of
patients with MS on interferon therapy. Identification of rapid and
inexpensive methods to detect NAB may improve the utility of NABs
in the day-to-day management of MS patients receiving interferon
therapy. Design/Methods: Fifty-five consenting patients on any
interferon therapy(la or 1b)for over a year provided blood samples
for MxA mRNA measurement at the time of their routine clinic visits.
The time of last injection of interferon was noted. Patients with levels
of mRNA for MxA within 3SD of normal subjects (Normalization
Ratio =3.2) returned for a second blood draw 4 to 12 hours after the
interferon injection. MXA mRNA levels were measured using multi-
plex real-time PCR. NAB titers were performed by Athena Neurodiag-
nostics (Worcester, Massachusetts). Results: Twenty eight subjects
were identified as possible interferon non-responders on the basis of
the random blood draw. MxA mRNA levels were clearly a function of
time from injection to blood-draw. Ten subjects with low levels of
MxA mRNA who were beyond 72 hours of their injection all
responded to the timed blood draw. Of the remaining eighteen within
the first 72 hours of injection, six subjects remained non-responsive to
interferon with persistent low mRNA levels in the random as well as
the timed samples. All six subjects were strongly positive for NAB in
titers of 1:160 to >1:640. The remaining 12 subjects with low MxA
mRNA within 72 hours of their injection responded in the timed
blood draw with a modest response or robust response indicating low
levels of NAbs or possible non-compliance to therapy. Conclusions/
Relevance: Low MxA mRNA levels (3 SD below normal)within 12
hours of interferon injection were predictive of NAb to interferon in
100% of instances. NAb appears to be the sole basis of loss of
interferon bioactivity. Measurement of MXA mRNA is an excellent
surrogate marker for detection of interferon NAbs in patients treated
with human interferon 1a and 1b.

P713

Developing strategies to manage neutralising antibodies
— preliminary results from the RENeu study

S. Hodgkinson, L. Sedal, M. Paine, S. Siejka, D. Gorai, H. Butzkueven,
E. Willoughby, K. Boundy, D. Booth, F. Mackay, A. Tabensky, L. Sartori,
K. Curnow, M. Paine; University of NSW (Liverpool, AUS); St Vincents
Hospital (Melbourne, AUS); Launceston General Hospital (Launceston,
AUS); Box Hill Hospital (Melbourne, AUS); Auckland City Hospital (Auck-
land, NZ); Queen Elizabeth Hospital (Adelaide, AUS); Westmead Millenium
Institute (Sydney, AUS); Biogen Idec Australia Pty Ltd (Sydney, AUS)

There are currently no clinical guidelines for management of inter-
feron-beta (IFN) treated patients who develop neutralising antibodies
(NADs) to their IFN therapy. The RENeu study (Recovery of IFN-beta
Efficacy in RRMS with Neutralising IFN-beta Antibodies and Reduced
Bioactivity) tests the hypothesis that patients who develop persistent
NAbs and are unresponsive to IFN as measured by MxA mRNA can
(a) become NAD- if their IFN therapy is ceased and their MS is
managed by monthly pulsed methylprednisolone treatment (500 mg/
day for 3 days) for up to 12 months, and (b) become responsive to IFN
if they are reinitiated on the least immunogenic IFN i.e. AVONEX. The
RENeu study will also assess the clinical efficacy and safety of this
treatment regimen over 2 years. We report on preliminary results for
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the first patients enrolled in RENeu. Thirteen patients (of 20 planned
for RENeu) have now commenced treatment with monthly-pulsed
prednisolone. Their NAD titres at study entry (CPE) ranged from 40 to
>4000 (upper limit of assay). Of these, six patients have received
methylprednisolone for up to 12 months, all starting with NAD titres
>200. NAD titres have decreased significantly in 4 of these 6 patients,
reaching <20 in one patient and 30 in three. The patient eligible for
bioactivity testing (CPE <20) was found to be responsive to injected
IFN by the MxA mRNA test and has remained NAb- following
subsequent treatment with AVONEX once weekly for 6 months. Most
importantly, this patient continues to respond biologically to AVO-
NEX. A recent report by Petersen et al in 2006 has demonstrated that
in 18 patients with NADb titres >200 by CPE, NAD titres remained high
for extended periods after discontinuing IFN therapy. The NAD titre
only decreased below 100 in one patient, and this did not occur until
more than 3 years after ceasing therapy. In contrast, the initial results
of the RENeu study show that monthly-pulsed methylprednisolone
may be effective in reducing NAD titres. Bioactivity testing is useful for
clarifying whether low titre NAbs do impact on patient responsiveness
to IFN.

P714

Neutralising antibodies against interferon in 379 patients
with multiple sclerosis
J.L. Frederiksen, N.H. Beyer; Glostrup University Hospital (Glostrup, DK)

Background: The development of neutralizing antibodies (NAB)
against interferon-gamma (IFNg) has recently been shown to decrease
the effect of IFNg in relapsing remitting multiple sclerosis (RRMS).
Materials: At the MS clinic at Glostrup University Hospital serving
Copenhagen County 379 patients were treated with IFNg during the
period from July 1996 to December 2004. They were divided into 2
groups: one group with minimum one value of NAB >80% (77
patients), and one group (control group) (302 patients) with no NABs
or values of NAB always below 80%. The population based consecu-
tively examined group of patients were followed prospectively.
Methods: Each patient course was registered systematically every
sixth month with gender, age at onset of MS, age and date of onset of
treatment with IFN, change of treatment, duration of treatment and
actual treatment, number of relapses since last visit, EDSS-score,
development of SPMS and development of NAB 80%. Results and
Conclusion: Neither gender, age at onset of MS nor at onset of
treatment, nor EDSS at onset of treatment was found to influence the
development of NAB >80%. In the group of patients with NAB
>80% patients treated with Betaferon and Rebif had a higher yearly
attack rate than patients treated with Avonex. The time from onset of
MS to development of NAB >80% was also influenced by the choice
of treatment. Rebif as first used treatment resulted in a little higher
freqency of NAB >80% than Betaferon and much higher than
Avonex. The development of NAB >80% happened nearly only
within 2 years from onset of treatment with Betaferon. Rebif resulted
in a more smooth distribution with duration of treatment. Only 4
patients treated with Avonex developed NAB >80%. Fewer patients in
the NAB >80%-group continued the first treatment choice, and
generally changed treatment more frequently than the controls,
mainly due to NAB. Patients with Rebif as first choice treatment were
overrepresented in this group. The NAB-values were not stable. A
single NAB positiv value was not predictive of NAB being present at
continuous treatment with IFNg.

P715
Suggested limits for high and low neutralising antibody
levels in interferon-beta treated multiple sclerosis patients

E. Gibbs, ]. Oger; University of British Columbia (Vancouver, CAN)

Objectives: To assess the incidence of NAbs in a population of
Interferon beta (IFNb)- treated (Multiple Sclerosis) MS patients for
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whom antibody testing was requested by neurogists.To determine
objectively cut-off points for High, Medium and Low levels of
Neutralizing antibodies (NAbs) in MS patients treated with Inter-
ferons. Background: The IFNbs have become integral in the
clinical management of MS patients. Associated with IFNb therapy,
is the development of antibodies, binding (BAb) and neutralizing
(NADb), the latter are linked to decreased bioavailabilty and efficacy
of TFN. In our large experience of treating MS patients with
Interferons and measuring neutralizing antibodies in an autologous
system, we suspected that there are differences in the patterns of
results according to the IFN the patient has received. Methods:
Since the introduction of routine clinical testing for NABs, 1218
serum samples have been screened for BAbs by ELISA. Among those
675 were BAb+ and have been forwarded for NAb testing by the
CPE method (Dr.S.Grossberg). All samples were blinded, except for
the type of IFNb received, as this is needed for autologous assaying
of anti-IFNbeta antibodies. Results: Babs were positive by ELISA in
675 patients (55.4%); 238 of those were NAb positive. NAb positivity
was 25% in Beta-1b-treated patients compared to 19% in Rebif®-
treated patients.The NAb titres (mean+SEM)in Beta-la-treated pa-
tients (8105TRU/mL +2048), were significantly higher than in Beta-
1b-treated patients (951+151).When segregated into 3 groups equal
in number of samples, the upper limits of low NAbs, and the lower
limit of high NAbs were respectively 110TRU/mL and 492 for Beta-
1b. For Beta-las they were 352 and 2733 TRU/mL. Conclusion:
NAD titres generally end up being higher in Beta-1a treated patients
compared to Beta-1b treated patients. Consequently cutoff levels for
high positivity should differ among the different IFNb preparations
used. This can probably be explained because Beta-1b has a lower
specific activity and NAbs are measured using bio-assays. BAbs
measures do not have this problem.

P716

The cross-reactivity of different interferon-beta is not 100%
M. Hosseina, E. Gibbs, T. Aziz, ]. Oger; University of British Columbia
(Vancouver, CAN)

Objective: To determine cross-reactivity of serum binding antibo-
dies (BAbs) in patients receiving each interferon-beta with the three
commercially available interferon-beta. Background: An increasing
number of MS patients are being treated with one IFN-beta, and
then switched to an alternate IFN-beta. In such cases knowledge of
cross-reactivity is of importance in deciding therapeutic strategies.
Previous studies have found that BAbs to Betaseron (IFN-beta 1b)
and Avonex or Rebif (IFN-beta 1a) are cross-reactive. Methods: Sera
from six MS patients, two each treated with one of the three
commercially available IFN-beta: Avonex®, Rebif®, or Betaseron®,
who had previously tested positive for BAbs were assessed for cross-
reactivity in direct and sandwich ELISA. Percent cross-reactivity for
each sample was calculated as [Mean OD of hetorologous antigen]/
[Mean OD of homologous antigen]*100. Results: Direct ELISA:
BAbs in sera of patients treated with Beta-1b cross reacted with Rebif
and Avonex antigens in direct ELISA with only 34.2% and 42.3%
cross reactivities respectively. BAbs in patients treated with any of
the Beta-1a cross reacted with Beta-1b with 105.6% to 129.9% cross-
reactivity while it reacted with the othe Beta-1a with 95.3 to 105.6%
cross reactivity. Sandwich ELISA: BAbs in sera of patients treated
with Betaseron cross reacted with Rebif and Avonex antigens in
sandwich ELISA with 46.0% and 45.9% cross reactivities respec-
tively. BAbs in sera of patients treated with Rebif cross reacted with
Betaseron and Avonex antigens in sandwich ELISA with 91.5%
and 100.9% cross reactivities respectively. BAbs in sera of patients
treated with Avonex cross reacted with Betaseron and Rebif anti-
gens in sandwich ELISA with 93.5% and 99.0% cross reactivities.
Conclusion: Different cross-reactivity was found when sandwich
ELISA and direct ELISA were used. Sandwich ELISA is thought to be
closer to the in vivo situation (Brickelmaier et al.). Anti-Betaseron
antibodies in sera of BAbs positive patients acted in a more specific
manner and exhibited significantly higher cross-reactivity with
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Betaseron than to Rebif and Avonex antigens. In contrast, anti-Rebif
and anti-Avonex antibodies in sera of BAbs positive patients had
similar cross reactivaties with Betaseron, Rebif and Avonex antigens.
In switching antibodies positive patients from one IFN-beta treat-
ment to another, cross-reactivity as defined here should be taken in
consideration.

P717

Persistent neutralising antibodies to interferon-beta and
clinical outcomes in multiple sclerosis patients

L. Costelloe, K. O’Rourke, N. Tubridy, M. Hutchinson; St. Vincents’s
University Hospital (Dublin, IRL)

Background: Neutralising antibody (Nab) positive patients have a
relapse rate similar to placebo treated patients. The long-term effects
of persistent NAbs on disease progression and the clinical outcomes
of those with persistent NAbs remain unknown. Aims: To investi-
gate the effects of persistent NAbs and NAb titre on disability as
measured by the Expanded Disability Status Scale (EDSS) over a
3-year period. To examine the treatment outcomes of patients with
persistent NAbs. Methods and Patients 53 NAb positive patients
with a disability range of EDSS 0-6.5 were followed for up to three
years with yearly EDSS assessment. 9 patients had one positive test,
18 had 2 positive tests, and 26 had 3 positive tests. 40 were on
Betaferon and 13 were on Rebif. Serum: Serum was tested for NAbs
using a cytopathic effect assay. High titre NAbs were >295 NU, low
titre NAbs were <295 NU and >10 NU. Results: 21 patients had
unchanged EDSS scores during follow-up. 32 patients experienced a
significant change during the 3- year period. The median Nab titre
decreased during the follow-up period in both patients with stable
and changed EDSS scores. Influence of NAB titre: We divided
patients into 2 groups, those who had high titres at first testing, and
those who had high titres at any time during follow up. Of the
patients who had high titre NAbs initially, the mean change in
EDSS during follow-up was higher than in those who initially had
low titre NAbs (0.96 points Vs 0.71 points). Similarly, of patients
who had high titre NAbs at any stage during follow-up, mean
change in EDSS was higher than in those who never had high titre
NAbs (0.94 points Vs 0.74 points). 16 low titre, Nab positive patients
converted to Nab negative status during follow up. Change of IMT:
13/53 patients had a change of treatment during follow up. Of these
5 were switched to Copaxone, 3 to Mitoxantrone, 1 to an
alternative interferonb preparation, and 4 were taken off all
immunomodulators. Conclusion: In patients with persistent NAbs
the median NAD titre decreases over time. However, high titre NAbs
at any stage during treatment is associated with a worsening of
disability as measured by the EDSS over time. Persistent NAb
positivity often necessitates treatment change. Patients with high
titre Nabs never converted to Nab negative status whereas those
with low titre Nabs often did. Therefore, interferon-beta treatment
may have a continued efficacy in this subgroup of Nab positive
patients.

P718

Measuring anti-interferon beta neutralising antibodies - A
novel cell-based assay

R.A. Farrell, G. Giovannoni; Institute of Neurology-University College
London (London, UK)

Background: Interferon-beta is well established as first line therapy
in Relapsing Multiple Sclerosis. Neutralising (Nabs) and binding
(Babs) antibodies to IFN-beta have been widely reported. Subjects
with Nabs have reduced response to treatment with IFN-beta, higher
relapse rates, increased MRI activity and risk of disease progression.
Measurement of Neutralising Antibodies is technically difficult.
Existing assays utilise either the anti-viral effect of IFN-beta (the
cytopathic effect assay) or measure the IFN-beta induced gene
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products (Myxovirus resistance protein or its mRNA). These assays
are time consuming and expensive. Objectives: To develop and
validate a bioassay which is easy to perform and reliable and utilises
commercially available products. Methods: A Human fibrosarcoma
cell line was stably transfected with the firefly luciferase gene.
Transcription of the gene is controlled by the Interferon Stimulated
Response Element (ISRE). When interferon binds to its receptor,
transcription is activated by the JAK/STAT intracellular signalling
mechanism and Luciferase is expressed within a few hours. Serum
samples from subjects treated with IFN-beta are pre-incubated with a
known amount of IFN-beta. This was added in serial dilutions to the
cells and incubated for 5 hours. Luciferase expression was quantified
by measuring luminescence in a Wallac Luminometer. Nab titre is
calculated by the Kawade technique. Results: Luciferase expression
was linear in response to stimulation with 0-50 U/mlIFN-beta.
The percentage inhibition of luciferase expression, in response to
stimulation by 10 U/ml of commercial IFN-beta, by subjects’ serum
was calculated. The assay was shown to be robust in relation to
cell density and incubation time. The intra-assay variability ranged
from O to 20% depending on titre. Titres were comparable to those
obtained with the Biogen Idec MxA assay with inter-assay variability
of 0-10% and correlation coefficients 1S =0.98. Results were also
comparable when tested in two other European laboratories. Further
validation of this assay is ongoing. Conclusion: This new assay has
significant advantages over existing assays. It is simple, time
efficient and cost effective and could be used in the clinical setting
to monitor patients on IFN-beta therapy for the presence of Nabs.
Acknowledgements: Collaborators, Dr. A Bertolotto, Orbassano,
Italy. Dr. F. Deisenhammer, Innsbruck, Austria. Dr. S. Goelz —
Biogen Idec. Dr. Gilles Uze-Cern.

P719

Neutralising antibodies to interferon-beta-1b have no
impact on clinical response in multiple sclerosis

D.S. Goodin, A. Noronha, B.]. Hurwitz; University of California (San
Francisco, USA); University of Chicago (Chicago, USA); Duke University
Medical Centre (Durham, USA)

Background: The impact of neutralising antibodies (NAbs) to
interferon beta (IFNB) treatment in multiple sclerosis (MS) remains
controversial, partly because most studies investigating the effects of
NAbs in MS have involved small sample sizes. The rates of NAb-
positive titres were investigated in three large cohorts of patients
with MS, two of which largely comprised patients with a poor
clinical response to IFNB-1b therapy, and one of patients unselected
for response to therapy. Methods: This study included 6698
patients receiving IFNB-1b (Betaferon®/Betaseron®) in three geogra-
phical regions (North America, Europe, and Australia). In North
America and Europe, patients were largely selected for NADb testing
because of a poor clinical response to IFNB-1b according to
the treating physician. In contrast, NAb testing was mandatory
in Australia and undertaken irrespective of therapeutic response.
For the purpose of this study, NAb-positivity was based on a
single positive titre of >20 NU/ml. Results: Of the 6697 patients
tested, 28.9% (1936) had at least one NAb-titre >20 NU/ml.
14.4% of patients (967) had NAb-titres >100 NU/ml and 7.7%
(517) had NAb-titres >400 NU/ml. However, the NAb-positive
rate in the Australian (unselected) cohort was significantly greater
at 37.0% (840/2271) than the 21.3% (429/2010) in the North
American and the 27.6% (667/2416) in the European largely
worsening cohorts (p <1 x10-11 for both comparisons). Moreover,
lower NAb-positive rates in the European and North American
groups were observed at every NAb-titre studied. Comnclusion: In
two large independent cohorts of patients with MS, largely selected
because of a poor clinical response to IFNB-1b, the prevalence of
NAbs was significantly lower than in an unselected cohort. This
observation seems incompatible with the notion that NAbs are
responsible, even partially, for the poor clinical response to IFNB in
these patients.
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P720

Binding properties of antibodies against interferon-beta
mutants

C. Gneiss, M. Reindl, T. Berger, F. Deisenhammer; Innsbruck Medical
University (Innsbruck, A)

Background: Interferon-beta (IFN-b) therapy in multiple is asso-
ciated with the occurrence of anti-IFN-beta antibodies. There is some
evidence that the N-terminus of the IFN-b molecule is a specific
domain for the binding of neutralizing antibodies (NAB). Substitu-
tions or deletion of amino acids on the N-terminus of IFN-beta might
reduce the immunogenicity of IFN-b. In this study we evaluated the
binding behaviour of interferon antibodies to commercially available
IEN-b preparations and two different IFN-b mutants with substitutions
on the N-terminus. Methods: Six different IFN-b antigens were used
in the test-systems: three commercially available IFN-b preparations,
an unformulated IFN-bla wildtyp and two mutants of IFN-b. Mutant
Al had 5 substitutions to alanine in residues 1 to 11 and mutant A2
had 6 substitutions to alanine in residues 15-23 of the molecule. The
same protein weight of antigens was used. NAB titers were determined
by an MxA-bioassay. BAB titers were determined by a direct binding
ELISA. Results: BAB titers to the 6 antigens (30 samples) differed
significantly, with higher titers against the commercially available
IFN-b preparations compared to the IFN-b mutants and the unformu-
lated wildtyp. In a subset of 6 samples, NAB titers were higher when
tested against mutants and the unformulated wildtyp as compared to
the commercial IFN-b preparations. Conclusion: This preliminary
study shows a higher binding capacity of the commercial IFN-b
preparations compared to the mutants and unformulated IFN-b
indicating that the formulation of IFN-b might influence antibody
binding strength. The elevated NAB titers support this observation
because-owing to the properties of Kawade‘s NAB titer calculation —
low binding capacity result in high titers.

P721

Contribution of NAbs status to the interferon beta clinical
response in multiple sclerosis

E. Sbardella, V. Tomassini, F. Bellomi, C. Scagnolari, C. Gasperini, V. Brescia
Morra, G.L. Lenzi, G. Antonelli, C. Pozzilli; University La Sapienza (Rome, I);
San Camillo Hospital (Rome, I); University "Federico II" (Naples, I)

Background: Several studies suggested that the presence of neutra-
lizing antibodies (NAbs) against Interferon beta (IFN-beta) hampers
the IFN-beta efficacy in Multiple Sclerosis (MS) patients. However, it’s
not yet clear whether NAbs play a major role in determining a lack of
treatment efficacy or they are just contributing factors with a marginal
role in the response to IFN-beta. Objective: Aim of the study was to
define the contribution of NAbs to IFN-beta clinical response in MS
treated patients. Methods: In MS patients treated with one of the
available IFN-beta formulations for at least one year the presence of
NAbs was tested by using a cytopathic effect (CPE) assay against IFN
beta 1a. NAbs+ was defined as a titre >20 TRU; high NAbDs titres were
arbitrarily defined as >100. Patients were divided into three groups
on the basis of the clinical response over the treatment period: group
A (n=45), patients developing >1 relapse after the first 6 months
of therapy; group B (n=46), patients having a confirmed disabi-
lity progression with or without superimposed relapses during the
study period; group C (n =44), patients with a stable disease course.
Results: We recruited 135 patients [86 women, mean age 39 years,
mean disease duration 11 years, median EDSS score 2.0 (range 0-6)]
receiving IFN-beta treatment [Rebif 22, n =47, Rebif 44, n =42,
Betaferon, n =34, Avonex, n =12]. The median treatment period was
4 years (range 1-10). On the basis of the clinical response, patients
were grouped as follows: 45 patients in group A, 46 in group B, 44 in
group C. Seventeen out of 135 (12.6%) patients were NAbs+; 14 of
them presented relatively high NAbs titres. The prevalence of NAbs+
was 8.3% (n=1) in the group of patients receiving Avonex, 14.7%
(n =95) in the Betaferon group, 12.8% (n = 6) in the Rebif 22 and 11.9%
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(n=35) in the Rebif 44 group. When considering the relationship
between the response to treatment and NAbs prevalence, 8 (17.8%)
patients in group A, 8 patients (17.4%) in group B and 1 patient (2.3%)
in group C (p=0.042 by Anova) had NAbs+. Conclusion: Treated
patients differing for clinical response to therapy show different
prevalence of NAbs+. However, NAbs+ seems to account for a small
percentage of non-responders (group A and B), whereas the majority of
non-responders were antibody negative. Therefore, this study suggests
that NAbs contribute to the lack of IFN-beta efficacy, but they only
partially explain the poor clinical response to IFN-beta treatment.

P722

Use of MxA mRNA and neutralising antibodies detection as
predictive factors of Interferon beta clinical efficacy in
multiple sclerosis patients

S. Malucchi, A. Sala, M. Capobianco, A. di Sapio, F. Marnetto, M. Caldano,
P. Valentino, F. Gilli, A. Bertolotto; Regional Multiple Sclerosis Centre
(Orbassano, I)

Objective: to analyse the prognostic value of MxA mRNA and
neutralising antibodies (NAbs) on the risk of having a new relapse
in interferon beta (IFNDb) treated patients. Introduction: MxA is a
marker of IFNb biological activity; NAbs have been demonstrated to
abolish IFND efficacy and biological activity and to have a prognostic
meaning. Correlation between MxA and clinical efficacy of IFNb has
never been investigated. Patients and Methods: 391 multiple
sclerosis (MS) patients treated with the four different IFNb prepara-
tions underwent planned serum samples every 3 months for NAbs
detection and random serum samples 12 hours after IFNb injection for
MxA mRNA quantification in peripheral blood mononuclear cells.
Patients were classified in two ways: 1) according to MxA mRNA level
and 2) according to NAbs status. MXA mRNA expression >99 fg/
pgGAPDH means biological activity is present; NAbs titer <20 LU
means patient is NAbs negative. Time between serum sample and the
following relapse was calculated and the risk of a new relapse
according to MxA expression and NAbs status was analysed. In order
to avoid bias, analysis were performed in 150 out of 391 patients, in
whom serum for MxA mRNA quantification was taken between 9 and
15 months after IFNb treatment start. Results: 109 out of 150
patients had IFNb biological activity, while 41 out 150 had not
(MxA expression <99); 124 out of 146 patients were NAbs negative,
while 22 were NAbs positive (NAbs test missing in 4 out of 150
patients). According to MxA, median time to a new relapse was
statistically longer in patients with IFNb biological activity than
in patients without it: 50 vs. 21 months (p 0.046; HR 1.8); according
to NAbs, the difference was greater, as median time to a new
relapse was 50 and 9 months in NAbs negative and NAbs positive
patients respectively (p 0.0005, HR 3.2). Classifying patients as MxA
positive/NAbs negative (n=104) and MxA negative/NAbs positive
(n=18), a stronger difference between the two groups was found:
median time to relapse was 50 and 8 months respectively (p 0.0006,
HR 3.5). Discussion: one single test for MxA or NAbs predicts the
risk of a new relapse; NAbs have a stronger prognostic value than
MxA; the two parameters together further increase the prognostic
value. Conclusion: NAbs and MxA test should be performed in each
treated patient after one year of treatment, in order to discover IFNb
non responders as soon as possible.

P723

Three ranges of titres of neutralising antibodies present
different risk of loss of interferon-beta biological activity in
vivo in multiple sclerosis patients

A. Sala, M. Capobianco, S. Malucchi, A. di Sapio, M. Caldano, F. Marnetto,
P. Valentino, F. Gilli, A. Bertolotto; Regional Multiple Sclerosis Centre
(Orbassano, I)

Objective: To establish the most useful neutralising antibodies
(NADs) positivity treshold in interferon-beta (IFNb) treated patients
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according to the evaluation of IFNb biological activity in vivo.
Background: The threshold for positivity and the best method to
measure NABs have not been established yet. Methods: NABs were
measured in 93 serum samples, using both the Cytopatic Effect
Assay (CPE) and MxA-ELISA methods. Expression of MxA mRNA
from Peripheral Blood Mononuclear Cells (PBMCs) of matched
blood samples was quantified by RT-PCR. Results: considering a
threshold of 20 TRU the concordance between 1) CPE and MxA
ELISA was 79%; 2) CPE and MxA mRNA was 78%; and 3) Mxa
ELISA and MxA mRNA was 69%. However, by increasing the
threshold for positivity at 100 TRU, ROC analysis showed 95%
sensitivity for both CPE and MxA-ELISA. There were 22 out of 40
samples tested by CPE, in which NABs titres were between 2 and
100 TRU and biological activity was preserved. Likewise, 25 out of
41 samples tested by MxA ELISA showed both NABs titres between
2 and 100 TRU and MxA mRNA expression; increased MxA mRNA
levels were shown in 15 out of 20 and 12 out of 17 NABs negative
samples tested by CPE and MxA ELISA, respectively. Conclusion:
a) both CPE and MxA-ELISA are reliable methods. b) the traditional
threshold of 20 TRU is not satisfactory; c) three ranges of titres
might be considered: titres higher than 100 TRU abolish IFNb
biological activity; titres between 2 and 100 TRU, can express
variable levels of biological activity; finally, negative titres show a
normal level of biological activity in vivo in 80% of patients; d)
other factors (Babs, diminished expression of IFNb receptor,
compliance) could influence biological activity in vivo; e) PBMCs
mRNA MxA quantification should be the first test (screening test)
in IFND treated patients.

P724

Are neutralising antibodies against IFN-beta always harmful
in MS?

P.S. Sorensen, N. Koch-Henriksen, K. Bendtzen on behalf of the Danish
Multiple Sclerosis Group

Background: Neutralizing antibodies (NAbs) against interferon
(IFN)-beta is generally believed to reduce the treatment effect in
multiple sclerosis (MS). However, data from pivotal trials of IFN-
beta in MS have suggested that patients, who were tested NAb-
positive with an in vitro assay, had an even reduced relapse rate
during the first 6 to 12 months of therapy. Patients and
methods: We collected clinical data and plasma samples for in
vitro  NAb measurements prospectively every 6 months in 453
patients who after start of IFN-beta therapy were treated with IFN-
beta for at least 24 months. NAbs were measured blindly with a
cytopathic effect assay (CPE). Results: During treatment months
0-6, patients who during the first 24 months of therapy became
NAb-positive (neutralizing capacity of 20% or more) in a cyto-
pathic effect assay (CPE) of medium sensitivity had significantly
fewer relapses (annualized relapse rate 0.60) compared to patients
who maintained the NAb-negative status (annualized relapse rate
0.93; p=0.006), whereas the opposite was observed in every 6
month period after month 6. The annualized relapse rate for
months 6-48 was 0.57 in the NAb-positive patients versus 0.46 in
NAb-negative patients (p =0.009). Interestingly, measurements of
NAbs with a more sensitive CPE assay disclosed that the majority
of the patients who became NAb-positive already had measurable
neutralizing activity in the blood at month 6. Conclusion: There
is concordant evidence from the present Danish study and the
pivotal studies of the three different IFN-beta preparations that
patients who become NAb-positive have lower relapse rates during
the first 6-12 months of therapy. We hypothesize that low affinity
NAbs are present early after start of IFN-beta therapy. These low-
affinity antibodies are neutralizing in vitro, but may increase the
half-life of IFN-beta in vivo and, thereby, enhance the therapeutic
effect. With affinity maturation, NAbs prevent IFN-beta to bind to
its receptor and abolish the treatment effect reflected by increased
relapse rate.
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P725

Therapeutic response to interferon-beta in multiple sclero-
sis: relating MxA transcription to neutralising antibody
levels

L.A. Hoffmann, M. Krumbholz, H. Faber, M. Starck, W. Pollmann,
E. Meinl, R. Hohlfeld; Institute of Clinical Neuroimmunology (Munich, D)

Background: Interferon-beta (IFN-beta) treatment is known to
induce neutralizing antibodies (NAB) in about 10-30% of patients.
NAB are associated with a reduction of bioactivity of IFN-beta, and
have a negative impact on the therapeutic response. Analysis of IFN-
beta-inducible genes is a more direct and practical approach to
monitor therapy. We evaluated the relationship between expression
of the biomarker Myxovirus resistance protein (MxA) and NAB
activity. Methods: We prospectively collected blood samples from
67 relapsing-remitting Multiple Sclerosis (RRMS) patients (46 female,
21 male, mean age 37) before and 12-24 hours after injection of IFN-
beta (Avonex® n =11, Rebif® 3 x 22 ug n =9, Rebif® 3 x44 pgn =32,
Betaferon® n =15), and from 18 untreated control RRMS patients (13
female, 5 male, mean age 34). We analyzed transcription of MxA and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as housekeep-
ing gene by TagMan PCR. NAB analysis was performed at BioMonitor,
Kopenhagen, using a cytopathic effect assay. Results: We detected
high levels of NAB ( >80% neutralizing capacity) in 7, moderate NAB
(20-80%) in 6, low NAB ( <20%) in 25, and no NAB activity in 29
patients. In this cohort, high NAB were distributed as follows: Avonex
0/11, Betaferon 2/14, Rebif 6/40. High levels of NAB were associated
with very low MxA expression, similar to untreated controls. Patients
with negative, low, and moderate NAB activity had about 15-fold
higher median MxA levels than untreated controls. In these patients
MxA levels were clearly above the MxA levels of untreated controls,
even when measured 2448 hours after the last injection of IFN-beta.
In patients who did not develop high NAB activity, different IFN-beta
preparations induced similar MxA transcription levels. Conclusion:
Measuring MxA transcription in whole blood offers a robust and
practical method method for monitoring the bioactivity of all
available IFN-beta preparations. The method allows reliable identifica-
tion of patients who have high NAB activity. Partly supported by
Biogen-Idec and “Therapieforschung fiir Multiple Sklerose e.V.”.

P726

Interferon-beta neutralising antibodies in Canadian multi-
ple sclerosis patients treated with different interferon-beta
products

S.E. Grossberg, A. Gehshan, C. Long, S. L. Chuppa, K. Nicholson, L.D.
GrossbergMedical College of Wisconsin (Milwaukee, USA); Biogen Idec
(Toronto, CAN); Calea Healthcare (Toronto, CAN)

Approved therapy for multiple sclerosis (MS) includes 3 recombinant
interferon-beta (IFN-B) products: Avonex® (IFN-Bla; Biogen Idec,
Cambridge, MA, USA) 30 mcg intramuscularly once weekly; Rebif®
(IFN-B1a; Serono, Geneva, Switzerland) 22 or 44 mcg subcutaneously
3 x weekly; and Betaseron® (IFN-B1b; Berlex, Emeryville, CA, USA)
250 mcg subcutaneously every other day. Such recombinant products
can induce antibodies in patients. To determine the distribution and
frequency of IFN-B neutralising antibody (NAb) levels in a large
population of unselected, treated MS patients, the coded sera of MS
patients distributed across all the provinces of Canada were tested
over a 3-year period, involving 73 neurologists in 19 clinical sites. NAb
levels were determined in 3124 sera from 2720 patients in a single
independent laboratory, utilizing an objective, viral cytopathic,
quantitative dye-uptake bioassay, from which dye absorbance data
were processed by a customised software program that provides
analyses of the dose-response curves and calculation of titres as
Ten-fold Reduction Units (TRU)/ml, as recommended. NAbs were
measured against the same IFN-B product each patient was cur-
rently receiving. 740 patients of the 2720 tested had detectable NAbs
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(>20 TRU/ml), with the following distribution per IFN-B product
administered: Avonex 38/389 or 9.8%; Rebif 435/1287 or 34%; and
Betaseron 262/1035 or 25%. The percent differences of NAb-positive
patients between Avonex and Rebif, Avonex and Betaseron, Rebif and
Betaseron were all statistically significant (p <0.0001); these percen-
tages differ somewhat from previously published ranges of NAbs
reported in clinical trials with a single IFN-B product: Avonex 2-6%,
Rebif 12-28%, and Betaseron 28-47%. The differences from pre-
viously reported immunogenicity may reflect antecedent therapy
with another IFN-B product. The difference between Rebif doses 22
mcg (106/391 or 27%) and 44 mcg (313/851 or 37%) was significant
(p <0.0001). Unusually high NAb titres of 10,000 to >100,000,
mostly with Rebif, were found in 102 sera. This long-term, cross-
sectional analysis in a large, unselected, national population of treated
MS patients confirms earlier, single-agent, clinical studies of IFN-B
NAb formation that Avonex is the least immunogenic of the 3 IFN-B
products and describes the previously unreported occurrence of
extremely high NAD titres as well as current IFN-B product usage.

Pr727

Occurrence of autoimmune events during treatment with
two different dosages of subcutaneous interferon beta-la
(Rebif®) in multiple sclerosis: the AUtoimmunity PRofile in
INterferon beta (AUPRIN) study

L. Giordano, P. Barbero, M. Clerico, A. Pipieri, E. Versino, B. Ferrero,
G. Contessa, L. Delfico, L. Durelli on behalf of the AUPRIN Study Group

Background and objective: Some studies reported that the fre-
quency of autoimmune diseases is increased during interferon (IFN)
beta treatment of MS patients; while others reported random, not
statistically significant changes during the follow-up. The AUPRIN
Study evaluated autoimmune events occurrence and autoantibody
production in patients treated with 22 or 44 mcg IFN beta-1a
subcutaneously, three times per week (TIW), in relapsing-remitting
(RR) MS patients. Designs and methods: AUPRIN is a multicenter
prospective observational study involving 30 MS italian centres.
Patients with clinically definite RRMS, with an EDSS score between
1.0 and 5.0; and two clinically documented exacerbations during the
preceding 2 years were included. All the patients were followed up for
12 months with clinical and laboratory assessments every 3 months.
Autoantibody against the following antigens were studied: liver
kidney microsomal, nuclear, smooth muscle, mitochondrial, gastric
parietal cell, human thyroglobulin, and thyroid microsomal antigens.
cross sectional and longitudinal analyses have been done. Results:
184 consecutive patients who started IFN beta-1a treatment between
December 2000 and September 2003, were included in the study; 104
were treated with 22 TFN beta-1a mcg, and 80 with 44 IFN beta-1a
mcg. Baseline demographics were similar in the two groups. Side
effects occurrence showed no statistical differences in the two groups.
The haematological parameters and the autoantibody production
showed no statistical significant alterations of levels during the
follow-up in the two groups. No autoimmune diseases occurred in
both groups. Relapse rate showed statistical significant reduction if
compared with the year before starting treatment. Conclusion: 22
mcg and 44 mcg IFN beta-1a were well tolerated. The autoantibody
production was not significantly different in the patients treated with
22 or 44 mcg IFN beta-la. Data from longitudinal analysis of the
autoantibody occurrence during treatment compared to baseline will
be presented.

P728

Blastoferon™ vs. Rebif™: whole genome pharmacodynamic
similarity between two recombinant human interferon-beta
1a preparations
A. Sterin Prync, P. Barrero, P. Yankilevich, R. Bello, L. Marangunich, A.
Vidal, M. Criscuolo, L. Benasayag, M. Kauffman, R. Diez; BIO SIDUS S.A.
(Buenos Aires, RA)

Multiple Sclerosis 2006; 12: S1-5228

Background and aims: Recombinant human interferon-beta (IFN-
beta) is a well-established treatment for Multiple Sclerosis (MS). The
regulatory marketing authorisation process for “biosimilars” is cur-
rently on debate. Recent guidelines from the European Medicine
Agency have addressed this issue, stating that the use of genomic
microarray deserves consideration for the assessment of pharmacody-
namic actions of biological products because of its capacity to detect
minor changes in biological response to active substances. The aims of
study were to compare the pharmacodynamic genomic effects of two
IFN-beta 1a preparations manufactured by two pharmaceutical com-
panies, in order to assess the biosimilarity between them and to
characterise the genomic effects of IFN-beta in the treatment of MS
using an ex vivo whole genome microarray assay. Methods: We
performed an ex vivo whole genome expression profiling of the effect
of two IFN-beta 1a preparations on non-adherent mononuclears from
5 Relapsing-Remitting MS patients analysing microarrays (CodeLink
Human Whole Genome). Patients blood was drawn, PBMCs isolated,
non-adherent cells (mostly lymphocytes) were cultured 24 hs in 3
different conditions: IFN-beta vehicle (control), 1000 U/ml of IFN-beta
1 a (BLASTOFERON™, Bio Sidus S.A.) and 1000 U/ml of IFN-beta 1 a
(REBIF™, SERONO S.A.). Raw Data was generated by array proprietary
software. Data normalisation, quality control and analysis of differ-
ential gene expression between treatments were done using LIMMA
(www.bioconductor.org). Functional annotation analysis of treatment
transcriptome was done using DAVID (www.david.abcc.ncifcrf.gov)
Results: We did not find differences in the genomic effects of both
IFN-beta preparations. There were not any gene of about 35000
examined differentially regulated between both treatments. (BLAS-
TOFERON and REBIF) (p >0.999) The IFN-beta effect differentially
expressed about 1000 genes, including standard markers such as
Neopterin, MxA, OASA and OASB. The functional analysis of the
pharmacodynamic transcriptome showed an over-representation of
particular biological process GO terms such as Interferon response,
stress response, inflammatory response, signal transduction, chemo-
taxis and cellular communication. Conclusion: Under these condi-
tions, the genomic pharmacodynamic action of both IFN-beta 1a
biotechnological preparations (BLASTOFERON and REBIF) was simi-
lar. The IFN-beta 1 a MS treatment transcriptome was characterised.

P729

Baseline demographics of a randomised study comparing
interferon beta-1a with glatiramer acetate in treating relap-
sing-remitting multiple sclerosis, using McDonald criteria
for inclusion: the REGARD study

D. Mikol, F. Barkhof, P. Coyle, D. Jeffery, B. Uitdehaag, R. Kim, S.
Rodriguez, S. Schwid on behalf of REGARD Study Group

Objective: To evaluate baseline characteristics in a randomized,
phase IV study (REGARD; REDbif vs. Glatiramer Acetate in Relapsing
MS Disease) comparing the therapeutic effect of subcutaneous (sc)
interferon (IFN) beta-1a (44 mcg tiw) versus sc glatiramer acetate (GA,
20 mg qd) for relapsing—-remitting multiple sclerosis (RRMS), using
McDonald criteria for enrollment, compared with previous studies
using Poser criteria. Background: IFN-beta-1a and GA are commonly
prescribed therapies for treatment of RRMS. Previously, clinical trials
with IFN-beta-1a and GA utilized Poser criteria to select MS patients.
In this head-to-head study, McDonald criteria were employed.
Method: The primary endpoint for this multinational, open-label,
randomized clinical trial is time to first relapse during a 96-week (2-
year) treatment period. Additional clinical, radiographic, and safety
endpoints will also be analyzed. Baseline characteristics of enrolled
patients were compared with patients in the EVIDENCE (Neurology
2002; 59: 1496-1506) and PRISMS (Lancet 1998; 352: 1498-504)
trials and a phase III GA study (Neurology 1995; 45: 1268-276),
which relied on Poser criteria for patient inclusion. Results: A total of
765 patients were enrolled; 764 were randomized 1:1 to IFN-beta-1a or
GA. Study participants’ mean age was 36.7 years, with 29.3% males
and 70.7% females. At baseline, the average time since MS diagnosis
was 6.2 years and a mean of 5 months had elapsed since patients’ most
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recent exacerbation. A total of 66% of patients had at least 2
exacerbations within 24 months of enrollment. At baseline, patients
had a mean EDSS score of 2.4, and 1.6 T1 gadolinium-enhancing
(Gd+) lesions. 41.4% of patients had both T1 Gd+ and T2 lesions at
baseline, 57.9% of patients had T2 lesions but no T1 Gd + lesions, and
the remaining 0.7% of patients had neither T1 Gd+ nor T2 lesions on
baseline scanning. These data appear similar to patients’ baseline
characteristics from studies using Poser criteria. Conclusion: This is
the first large, well-controlled, clinical trial comparing IFN-beta-1a
and GA. Although McDonald instead of Poser criteria were used, the
patients enrolled had similar baseline characteristics compared with
previous studies. The eventual study outcome will provide insight into
the comparative therapeutic effectiveness of these agents and may
allow for better comparisons between studies using either McDonald
or Poser criteria. Study supported by Serono, Inc. and Pfizer, Inc.

P730

Menstrual disorders in multiple sclerosis patients receiving
interferon-beta

J. Lotfi, P. Zohrevand, A. Heshmat, M. Sahraian, H. Parsi, M. Bagheri;
Tehran University of Medical Sciences (Tehran, IR); Iranian Multiple
Sclerosis Society (Tehran, IR)

Introduction: Multiple Sclerosis (MS) is an immuno-mediated
demyelinating disease of the CNS. Interferons-beta (IFN-beta) (avo-
nex, Betaferon, Rebif) are used as disease modifying drug for Multiple
Sclerosis. Menstrual disorders of mild-to-moderate severity have
been reported during clinical trials with IFNs-beta. Materials and
Methods: Among the MS patients who visited the Iranian MS Society,
57 female patients receiving different types of IFN-beta (avonex,
Betaferon, Rebif) were selected. Seven of them were excluded from the
study because their menses before initiating IFN-beta treatment were
not regular. They were asked about the kind of their IFN-beta
treatment and the characteristics of their menses before and after
receiving IFNs-beta. Result: Menstrual disorders were seen in 12
(23.5%) patients after using IFNs-beta and the mean interval from
starting the treatment to initiating the menstrual irregularity was
2.2+ 1.7 month. Five of 25 patients receiving IFN-beta 1a (Avonex), 4
of 15 patients receiving IFN-beta 1a (Rebif) and 3 of 10 patients
receiving IFN-beta 1b (Betaferon) had menstrual irregularity. There
was no significant difference in menstrual irregularity prevalence in
three groups of patients (Phi, Cramer’s V; p=0.78). The most
common forms of menstrual irregularity were hypermenorrhea
(33.3%) and oligomenorrhea (33.3%). Conclusion: Menstrual dis-
orders associated with recombinant IFNs-beta are seen in some
patients who are receiving the drugs and clinicians should be aware
that this complication can occur. Other studies with large samples
should be conducted to compare the prevalence of menstrual
disorders in patients who are receiving different INFs-beta.

P731

The influence of interferon beta therapy on emotional state,
fatigue and quality of life in patients with multiple sclerosis
R. Kizlaitiene, G. Kaubrys, R. Parnarauskiene, L. Aleknaite, B. Viesulaite,
V. Budrys; Vilnius University (Vilnius, LT)

Background: Multiple sclerosis (MS) is an immune-mediated neu-
rologic disease. Studies have indicated that interferons beta (IFN beta)
are effective in preventing loss of axons and decline in neurologic and
cognitive functions. However, the influence on emotional state,
fatigue and quality of life has not been widely investigated yet. The
aim of this research was to assess the influence of IFN beta on
emotional state,fatigue and quality of life in patients with MS.
Methods: 60 patients with relapsing remitting MS (RRMS) were
included. One RRMS group (29 patients) were treated with IFN
beta(IFN+ group),and the other RRMS group (31 patient) had not
been treated with IFN beta (IFN- group). The third group of 30 healthy
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controls (control group) was questionnaired. Participants were inter-
viewed and fulfilled Hospital Anxiety and Depression scale (HAD),
Fatique Descriptive Scale (FDS), 36-item Short-Form Health Survey
(SE-36) in order to assess their emotional state, fatigue and quality
of life. Expanded Disability Status Scale (EDSS) was evaluated in MS
patients. Patients with EDSS- 6.0 and more were excluded from the
futher research. Results: The average scores of Anxiety subscale (HAD
scale) were 8.3 (IFN —), 6.1 (IFN+) and 5.6 (controls) with significant
difference (p <0.05) between IFN- group and IFN+ group, IFN —
group and control group. The average scores of Depression subscale
(HAD scale) were 5.1 (IFN —), 3.7(IFN+)and 3.1 (controls) and the
difference between IFN- group and controls was significant. The
average FDS scores were 6.7 (IFN —) and 3.7 (IFN+) with better rates
in patiens treated with IFN. The average scores of SF-36 Physical
Health scale (PCS) were 39.7 (IFN —), 45.6(IFN+) and 51.0 (controls)
and these scores differed among groups. The average scores of SF-36
Mental Health scale (MCS) were 40.5 (IFN-), 47.6 (IFN+) and 47.9
(controls). The diference was significant comparing IFN — and IFN+
groups,as well as IFN — and controls. Conclusion: Anxiety, fatigue
and mental health related quality of life in RRMS patients recieving
IFN beta become similar to whole population. IFN beta has a positive
effect on physical health quality, which however does not revert to
the normal level. The influence of IFN beta to the level of depression
in treated RRMS patients was not found to be significant, suggesting
an idea, that special pscychological scales are more sensitive to reveal
emotional state of MS patients and argues, that IFN beta can cause
depression itself.

P732

Integration of whole genome SNP and gene expression
profiling studies in multiple sclerosis patients responders
and non-responders to treatment with interferon-beta

M. Comabella, D. Craig, ]. Rio, M. Camiria, A. Sdanchez, M. Tintoré, N.
Tellez, C. Lopez, X. Montalban, R. Martin; Vall d’Hebron University
Hospital (Barcelona, E); TGen (Phoenix, USA); Universitat de Barcelona
(Barcelona, E)

Background: Treatment with interferon-beta (IFN-b) in patients
with RR-MS has been shown to decrease clinical relapses, reduce brain
MRI activity, and possibly slow progression of disability. Although
several studies have described the effects of IFN-b on gene expression,
no definite treatment-response profile has been identified in MS. In
addition, the cost of IFN-b is significant, the drug is associated with a
number of adverse reactions, and there is a relatively large proportion
of patients that do not respond to therapy. Objective: To identify
biomarkers (single nucleotide polymorphisms, SNPs; differentially
expressed genes) associated with the responder and non-responder
status in relapsing-remitting MS (RR-MS) patients. Methods: Two
independent cohorts of RR-MS patients were classified by stringent
clinical criteria as IFN-b responders or non-responders after 2 years
follow-up. DNA and RNA samples were isolated from peripheral blood
mononuclear cells before and after treatment. SNP polymorphism
mapping was performed on pooled DNA samples using high-density
SNP arrays (Affymetrix GeneChip Mapping 500 K). Differential gene
expression was examined from individual RNA samples using oligo-
nucleotide microarray (Affymetrix Human Genome U133 Plus 2.0). In
the first round of analysis 53 non-responders and 53 responders were
compared, and in a second confirmatory experiment 25 responders
with 25 non-responders. Several biostatistical methods were applied
to compare data between groups at the level of SNP mapping and gene
expression profiling, and subsequently the two data sets were cross-
related. Results and Conclusions: Broad screening for biomarkers
associated with the clinical response to IFN-b lead to a number of SNPs
and differentially expressed genes that are related to and predictive of
the responder status. The use of genomics and gene expression
platforms at the level of the entire genome offers unique opportu-
nities for biomarker research. Cross-validation of genomic data by
information from gene expression profiling strengthens the search for
candidate biomarkers.
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P733

Effect of early interferon-betal-a therapy on conversion to
clinically definite multiple sclerosis in Iranian patients with
a first demyelinating event

H. Pakdaman, A. Fallah, R. Pakdaman, A. Shirani, M. Sahraian; Shahid
Beheshti University of Medical Science (Tehran, IR); Tehran University of
Medical science (Tehran, IR)

Background: Interferon beta has been shown to reduce clinically
assessed and MRI- measured disease activity in multiple sclerosis (MS).
Two recent studies have demonstrated a delay in conversion of
patients to MS using interferon beta-1a. The goal of this study was
to assess the effect of early treatment with interferon beta-1a (Avonex)
on the risk of conversion to clinically definite MS in Iranian patients.
Methods: This was a multi-centre double-blind placebo-controlled
randomized trial. Eligible patients had presented with a first episode of
neurological dysfunction suggesting MS within the previous 3 months
and had positive brain MRI Scan. Patients were randomly assigned
interferon beta-la (Avonex) 30 pg or placebo intramuscularly once
weekly for 3 years. Neurological and clinical assessment and brain MRI
scan was done on a regular basis. The primary outcome measure was
conversion to clinically definite MS. Results: 200 completed the
study. Fewer patients converted to clinically definite MS in the
Avonex group than in the placebo group during the 3-year study
(36% vs. 57%, p<0.003). The number of new or enlarging T2-
weighted MRI lesions and T1-weighted enhancing lesions were
significantly lower in Avonex group. Conclusion: Avonex treatment
at an early stage of MS delays conversion to clinically definite MS and
is recommended in Iranian patients as well. It has also positive effects
on clinical and MRI outcomes.

P734

Idiopathic thrombocytopenic purpura in patients with
multiple sclerosis

E. Munteis, N. Segura, ]. Martinez, E. Cuadrado, A. Galvez, ]. Roquer;
Hospital del Mar (Barcelona, E)

Background and objectives: Multiple sclerosis (MS) is a chronic
multifocal demyelinating disease of the central nervous system with a
probable autoimmune etiology. MS has been associated with others
autoimmune disorders, such as rheumatoid arthritis, psoriasis, thyroid
autoimmune disorders and myasthenia gravis. Although idiopathic
thrombocytopenic purpura (ITP) is another autoimmune disease that
has been scarcely reported in MS patients, its association to beta-
interferon treatment is not described. We report the clinical and
laboratory characteristics of four patients with MS who developed ITP
in the setting of beta-interferon treatment. Patients and results:
We retrospectively reviewed 4 patients that developed ITP during the
clinical course of the MS from a total of 289 patients with definite MS
based on Mc Donald criteria. They were four women with an age
ranging from 27 to 59 years, 2 patients had relapsing-remitting MS
and 2 secondary progressive MS. The EDSS in 3 patients was 6, and 1
patient had EDSS of 0. ITP appeared 17 years after MS onset. Patients
had been treated with beta interferon for more than one year (range
1-5 years) before the development of ITP. All patients showed a
platelet level <50000, 3 patients presented ecchymosis in legs, and in
1 patient the diagnosis was made by routine blood test. Serum
antiplatelet antibodies were detected in three cases. Serologic and
immunologic tests excluded other secondary causes of thrombocyto-
penia. Patients had neither clinical nor laboratory findings of other
autoimmune disorders. The immunomodulatory treatment with beta-
interferon was stopped in all cases, ITP was controlled with steroids in
one patient, immunoglobulin endovenous in two, and splenectomy
and rituximab in one patient that was refractory to high doses of
corticoids and immunoglobulin endovenous. Conclusion: We found
in our serie the prevalence of ITP of 1.3% and all patients that
devoloped ITP have been treated with beta-interferon. However
although beta-interferon treatment has been related with exacerba-
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tions of some autoimmune disorders such as myasthenia gravis,
demyelinating polyneuropathy and lupus erythematous, the devel-
opment of ITP in our patients can not be considered as an adverse
effect of beta-interferon treatment, since it did not occurred in the
next six months after beta-interferon treatment onset.

Immunosuppression
P735

Mitoxantrone in the treatment of progressive multiple
sclerosis
J. Scott, T. Lynch; Mater Misericordiae University Hospital (Dublin, IRL)

Mitoxantrone is a cytotoxic antineoplastic agent, which was approved
for the treatment of progressive forms of Multiple Sclerosis (MS).
However the drug should be used with caution due to it’s immuno-
suppressive nature and side effect profile. With this in mind we set up
a Neurological protocol in order to improve the quality of service and
reduce the incidence of neutropenia and consequences of this
amongst this patient group. Granocyte (GCSF) is given to reduce the
duration of neutropenia and hence reduce the increased risk of sepsis.
Furthermore the aspect of possible induced infertility and/or induced
secondary ovarian failure was addressed and Decapepthyl 3 mgs IM is
given monthly to induce ovarian suppression. Mitoxantrone is
administered as a pulsed intravenous infusion over six months
12 mgs/mz. We examined the effectiveness, side effects, tolerability
of the drug in forty patients. We reviewed all patients who were
treated between 2001—-2005. 10 patients had relapsing MS (RRMS), 18
has secondary MS (SPMS), 8 had primary progressive MS (PPMS), and 4
had relapsing progressive MS (RPMS). Duration of diagnosis ranged
between 2-17 years, aged from 23-64. Disability was assessed at
commencement of treatment using the Expanded Disability Status
Scale (EDSS) (7.5-4.0). All patients are required to have an Echocar-
diogram at commencement of therapy,at three months and on
completion of therapy. Full blood counts, renal and liver profiles
prior to each treatment and 7—-10 days post infusion. Relapses were
recorded during the treatment and in the follow up period. Adverse
effects were reported and recorded. There was no observed benefit in
the PPMS group, although one patient reported subjective improve-
ment. A reduction in disability was seen in almost all of the SPMS,
RRMS and RPMS groups specifically in relation to ambulation. One
person fulfilled the criteria for relapse during the treament and there
was an observed reduction in relapse rates and prolonged the time to
first relapse following treatment. Two patients failed to complete
therapy. We suggest that Mitoxantrone within our protocol is well
tolerated and useful in the treatment of progressive relapsing MS’s.

P736

Azathioprine effect in patients with multiple sclerosis
L. Bolokadze; Kharkov Medical University (Kharkov, UKR)

Objective: Azathioprine is an immunosuppressive agent that reduces
relapse rates in patients with multiple sclerosis (MS), but its efficacy in
suppressing new brain lesions has never been evaluated. To evaluate
the efficacy of azathioprine therapy on new brain lesion suppression
in. Methods: 51 patients with relapsing-remitting MS of short
duration and at least 3 gadolinium-enhancing (Gd+) brain lesions
observed within 12 months before treatment. Azathioprine, up to 3
mg/kg daily, individually adjusted according to blood lymphocyte
number and the occurrence of adverse events. Brain Gd+ lesions
evaluated by monthly magnetic resonance imaging for 6 months
before and 6 months during treatment and new T2 lesions evaluated
during the same periods and after an additional 12 months. Results:
The treatment reduced to O the median Gd+ lesion number and
volume per magnetic resonance image (p <0.002 for both), resulting
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in a Gd + lesion number reduction of 52% or more in 48 of 51 patients
(p <0.001). An equivalent reduction in the new T2 lesion number was
observed (p <0.01); this activity also persisted during the additional
treatment period evaluated using this outcome measure (p <0.01).
The median azathioprine dose administered (2.6-2.8 mg/kg daily)
reduced the mean blood lymphocyte count to 59% of the baseline
value. Adverse events were transient or reversible with dose adjust-
ment. Conclusion: This study indicates that azathioprine, adminis-
tered at lymphocyte-suppressing doses, is effective in reducing MS
new brain inflammatory lesions and is well tolerated.

P737

Clinical effect of mitoxantrone in patients with multiple
sclerosis

E. Kkolou, ]. Toufexis, E. Gaglia, M. Pantzaris; The Cyprus Institute of
Neurology (Nicosia, CY)

Purpose: To assess the efficacy of Mitoxantrone (MITO) in progres-
sive Multiple Sclerosis (MS). Methods: 75 patients with progressive
MS were included. 34 patients (45.3%) had worsening relapsing
remitting (RR) MS, 24 patients (32%) secondary progressive (SP) MS
and 17 patients (22.7%) primary progressive (PP) MS. Mean age of
onset of the disease was 34 years. Mean duration of the disease was 13
years. The mean annual relapse rate was 2.17 and the mean worsening
of the EDSS score was 0.76 for the worsening RR group for the 12
months before introducing MITO. The mean worsening of the EDSS
score was 0.71 for the SP group and 0.78 for the PP group for the 12
months before introducing MITO. All patients received 12 mg/m?
MITO intravenously every 3 months for a total of 12 months. All
patients were evaluated by cardiac echo at baseline and every 6
months. Results: 43 patients (57.3%) discontinued the study. Main
causes of discontinuation were: patient’s decision/no drug effect
(17.3%), worsening (10.7%), cardiovascular side effects (8%),psycho-
logical side-effects (6.75), infections ((4%), white blood cell dyscrasias
(4%), urogenital side-effects (2.7%), and liver dysfunction (2.7%).
Worsening relapsing remitting patients concluding study period
(N =20): The mean annual relapse rate was 1.12, a 48.4% reduction
from baseline. 6 patients (30%) were relapse-free. 5 patients (25%) had
a relapse reduction of 50% or greater. 9 patients (45%) did not show
any significant change from baseline or had an increase in the number
of relapses. Two patients (10%) showed improvement on the EDSS by
0.5 point. Nine patients (45%) remained stable. The EDSS score of
seven patients (35%) worsened by 0.5 points, and in another two
patients (10%) worsened by 1 point. Secondary progressive patients
concluding study period (N=7): The EDSS score of four patients
(57.1%) worsened by 0.5 points, and in another three patients (42.
9%) worsened by 1 point. Primary progressive patients concluding
study period (N =5): One patient (20%) showed improvement on the
EDSS by 1.5 point. One patient (20%) remained stable. The EDSS score
of two patients (40%) worsened by 0.5 points, and in one patient (20)
worsened by 1.5 point. Conclusion: Mitoxantrone is beneficial in
reducing the number of relapses as well as improving or stabilizing the
EDSS score in some patients with worsening RR and PP multiple
sclerosis. Mitoxantrone is also beneficial to patients with SP Multiple
Sclerosis delaying the progression of the disease.

P738

Long-term safety profile of mitoxantrone in a French cohort
of 802 multiple sclerosis patients: final report

E. Le Page, E. Leray, B. Brochet, M. Clanet, P. Clavelou, C. Confavreux,
M. Debouverie, C. Lebrun, C. Lubetzki, M. Madigand, ]. Pelletier, E. Roullet,
L. Rumbach, D. Brassat, G. Edan; CHU Pontchaillou (Rennes, F); CHU
(Bordeaux, F); CHU (Toulouse, F); CHU (Clermont-ferrand, F); CHU (Lyon,
F); CHU (Nancy, F); CHU (Nice, F); CHU La Piti¢ Salpétricre (Paris, F);
CHU (Saint Brieuc, F); CHU (Marseille, F); CHU Thenon (Paris, F); CHU
(Besangon, F)

Objective: To determine the long term incidence of drug related
adverse events in a cohort of multiple sclerosis (MS) patients treated
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with Mitoxantrone (MITOX). Background: MITOX is approved for
the treatment of MS in the US and several European countries. In
2001, a French multicenter study was set up to determine the long-
term safety profile of MITOX in a large cohort of MS patients. Since
then, data were up-dated yearly. Every patient has currently a minimal
follow-up duration of 5 years after MITOX start. Design/Patients/
Methods: 802 MS patients (308 Relapsing-Remitting MS, 352 Sec-
ondary Progressive MS, and 142 Primary Progressive MS) were treated
with MITOX in 12 French MS centers. MITOX was administered either
monthly over six months in 87% or every 3 months in 13% of the
cohort. Patients underwent clinical and hematological evaluations
before every MITOX infusion and every 6 months after MITOX
treatment end, up to 5 years. Echocardiograms were performed at
MITOX treatment start and end and thereafter every year up to 5
years. Results: The cohort had a follow-up duration of 5361 patient-
years. 1/802 patients presented with acute congestive heart failure
(0.1%). 39/794 patients (4.9%) experienced at least once an asympto-
matic LVEF reduction under 50%: persisting in 10 patients, transitory
in 26 patients and to be followed in 3 patients. There were also 2 cases
of therapy-related leukemia (0.25%), detected 20 and 22 months after
initiating MITOX treatment (1 death and 1 remission). 17.3% of 317
women treated before 45 years old developed a persistent amenorrhea
(5.4% treated before and 30.7% treated after age of 35 years). Final
updates concerning cardiac and hematological tolerance, reproduc-
tive function will be presented. Conclusion: This large cohort with at
least 5 years of follow-up gave good insights into the long-term safety
profile of Mitoxantrone in MS.

P739

Running a mitoxantrone service for multiple sclerosis
M.J. Craner, A.P Weir, A.K. Cavey, ].P. Palace; The Radcliffe Infirmary
(Oxford, UK)

Mitoxantrone has been shown to reduce relapse rate and disability in
patients with relapsing remitting and secondary progressive MS.
However, the drug regimes used in studies have varied in dosage,
interval between the treatment pulses and the number of treatments
given in total. In clinical practice many centres have reduced the
dosage further with or without follow on therapy in the hope of
reducing the side effect profile. Subsequent long-term monitoring has
revealed additional adverse events that require updated patient
counselling and monitoring protocols. In Oxford we have set up a
strict mitoxantrone protocol which has been adapted over the last 5
years. At present we give mitoxantrone 12 mg/m? monthly x 3, and
then a reduced dose of 6 mg/m? 3 monthly x2, with Copaxone
follow on. We have continuously updated our treatment and
monitoring forms and information sheets. In response to a) a recent
audit of our mitoxantrone service b) updated information on the
long-term cardiotoxicity and leukaemia risks ¢) FDA guidance, we
have made further revisions. We hope by demonstrating the care
pathways we have developed along with our protocol, monitoring,
and information sheets we may provide a useful tool for other centres
setting up similar mitoxantrone services.

P740

Mitoxantrone leads to a persistent selective decrease of the B
cell count in patients with multiple sclerosis

N. Putzki, M. Kumar, E. Kreuzfelder, V. Limmroth; University Clinic Essen
(Essen, D)

Background: Most studies in multiple sclerosis focused on the role
of T cells mediating CNS damage, but an expansion of B lymphocytes
in the CNS could recently be demonstrated. The immunosupressive
agent mitoxantrone has a potent effect on relapses and disease
progression in worsening relapsing remitting (RR) and secondary
progressive (SP) MS. Its long term immunological effects are not
fully understood. Objective: To investigate the course of the
lymphocyte cell counts by flow cytometry before treatment initiation
with mitoxantrone (10 mg/m? i.v.) and 3 monthly up to one year.
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Results: Preliminary analyses were performed for 18 patients with RR
or SP MS at baseline, and every 3 months before re-treatment with
mitoxantrone up to 1 year. The relative as well as the absolute B cell
count decreased from 14.1+2.1% (mean + standard error of the mean)
to 7.5+1.8% and 14154394 cells/uL to 819+ 348 cells/uL, respec-
tively at 3 months. This effect was sustained and enhanced at later
time points. The total white blood cell count, the frequency of B cells,
T cells, granulocytes, monocytes and natural Killer Cells were neither
different at baseline (compared to age and gender matched healthy
controls) nor were these parameters significantly changed at months
3,9 or 12. Conclusion: Mitoxantrone has a selective long-term effect
on B lymphocyte subsets while the frequency of T lymphocytes is not
persistently reduced. The current data extends previous findings of
short term effects of mitoxantrone. We propose that the persistent
suppression of B lymphocytes and B lymphocyte function is the most
important aspect as to the mode of action of mitoxantrone. Further
studies should correlate the effect on B cells with clinical data to
elucidate if B cell suppression is a suitable immunological response
marker.

P741

Effects of mitoxantrone on the suppressive function of
regulatory T cells in multiple sclerosis patients

M. Kumar, N. Putzki, E. Kreuzfelder, V. Limmroth; University Clinic Essen
(Essen, D)

Background: Multiple sclerosis (MS) is regarded as an inflammatory
demyelinating disorder including autoimmune responses to self-
antigens in a genetically susceptible host. CD4+CD25+ regulatory
T cells (Tregs) play an important role in the control of autoimmunity
by suppressing autoreactive T cells. We recently demonstrated that
the suppressive function of Treg is lost in MS patients. The cytotoxic
immunosuppressant mitoxantrone is recommended as treatment for
patients with progressing MS and ongoing disease activity. The mode
of action of mitoxantrone is not fully understood. Objective: To
examine if mitoxantrone restores the loss of suppressive of regulatory
T cells in MS. Results: Stimulation with Myelin Basic Protein (MBP)
and PWM led to significant proliferation of CD4+ CD25- in patients
and controls. Co-culturing of Tregs with CD4-+CD25- cells signifi-
cantly (p <0.05) reduced the MBP and PWM induced cell proliferation
in controls (MBP: 37% suppression; PMW: 41% suppression). In MS
patients, co-culturing lead to no suppression in MBP, in PWM
suppression is significantly less pronounced (19% suppression in MS
vs. 41% in controls). When experiments were repeated after initiation
of continuous mitoxantrone treatment (10 mg/m2 every 3 months),
we found similar results in follow up examinations (up to 12 months).
Conclusion: The suppressive function of Tregs is impaired in MS
patients. This suggests that a failure to maintain peripheral immune
tolerance may be one of the critical factors for the development of
CNS autoimmunity against myelin components. Mitoxantrone does
not have an impact on the impaired function of Tregs. Instead, our
own investigations and those of others indicate that the predominant
target of mitoxantrone are antigen presenting cells (i.e. B lympho-
cytes) inducing apoptosis.

P742

Clinical follow-up of 304 patients with multiple sclerosis
three years after mitoxantrone treatment

M. Sauvee, S. Pittion-Vouyovitch, M. Debouverie, L. Taillandier on behalf of
the Lorsep Group

Objective: To assess the benefits of (1) mitoxantrone after three years
of follow-up and (2) disease-modifying treatment (DMT) after stop-
ping mitoxantrone. Methods: A retrospective analysis was performed
on 304 patients with active relapsing remitting, or progressive MS who
were treated with one of two different regimens of mitoxantrone:
either a monthly intravenous infusion of mitoxantrone (20 mg) for
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6 months (relapsing-remitting MS-RRMS), or an intravenous bolus
(12 mg/m?) every 3 months for 2 years (progressive MS-PMS). After
mitoxantrone therapy, some patients received DMT (interferon-beta
or glatiramer acetate) while others did not. The disease course of the
two groups was evaluated by the Expanded Disability Status Scale
(EDSS) before and after mitoxantrone and then every year for three
years. Results: The mean EDSS at starting mitoxantrone and three
years after stopping mitoxantrone respectively, were: 3.3 (1.3) and 3.2
(1.7) for the RRMS patients and 5.9 (1.2) and 6.4 (1.4) for the PMS
patients. At one, two and three years after the end of the mitoxan-
trone therapy, disability was no significant difference between
patients who were treated with DMT and those who were not. Before
starting mitoxantrone, demographic and clinical parameters of pre-
dictive disability were not significantly different between patients
who received DMT or not. The variation of EDSS between time of
stopping mitoxantrone and three years later was significantly differ-
ent (+0.9 vs. +0.3; p=0.03) for patients with RRMS. Conclusion:
We found a clinical benefit of mitoxantrone for RRMS patients 3 years
after stopping treatment. Overall, there was no significant difference
between the group of patients treated with DMT and those who were
not. A moderate benefit of DMT was found for patients with RRMS
during the 3rd year after the end of mitoxantrone therapy.

P743

Exacerbation of a chronic pancreatitis in a multiple sclerosis
patient treated with mitoxantrone
U. Kallweit, M. Harzheim, D. Péhlau; Kamillus-Klinik (Asbach/ Ww., D)

Mitoxantrone (Mx), an immunosuppressive agent with anti-inflam-
matory activity has been shown to be an effective and relatively safe
treatment in relapsing-remitting (RR), progressive relapsing (PR) and
secondary progressive (SP) multiple sclerosis (MS) patients. Cardio-
toxity and an elevated risk to develop leukaemia are well known side
effects of this treatment. Here we describe the first case of an acute
pancreatitis in a SPMS patient treated with mitoxantrone. A 48-year-
old female with a 20-year history of MS received Mx treatment
(9 mg/m?). She was also suffering from a chronic biliary pancreatitis.
Prior to the immunosuppressive treatment clinical and laboratory
findings including amylase and lipase were normal. One day after
administration of Mx she complained about diffuse abdominal pain.
Clinical, laboratory, and sonographic findings lead to the diagnosis of
an acute pancreatitis. After conservative treatment clinical and
laboratory findings were normalised. Initially we interpreted this for
probably only coincident. The clinical condition of the patient
deteriorated due to MS. We discussed the risk of a second induction
of pancreatitis if Mx would be given again but the patient gave her
informed consent to continue Mx treatment. Three month later
clinical, laboratory, and sonographic examinations prior to treatment
showed normal results and the patient received 9 mg/m? Mx
intravenously again. About 12 hours after the infusion she started to
have abdominal pain once more. Laboratory findings again indicated
an acute pancreatitis. After fast and complete remission of the acute
pancreatitis we stopped Mx treatment. 6 months later, amylase and
lipase were still normal and there were no clinical signs of pancreatitis.
The pathogenesis of the repetitive acute exacerbation of a chronic
pancreatitis is unknown. Due to potential fatal outcome of a
pancreatitis, Mx should not be given in these patients.

Pr744

Mitoxantrone as efficient therapy in relapsing Devic’s dis-
ease

R. Tanasescu, M. Ticmeanu, E. Moraru, C. Mitu, C. Burcin; Colentina
Hospital (Bucharest, RO)

Neuromyelitis optica (NMO; Devic’s disease) is an inflammatory

disorder with a striking predilection for the optic nerves and spinal
cord. The clinical features of NMO and tendency to recurrence led to
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its classification as a subtype of multiple sclerosis (MS), but it has
several unique features. 70% of patients or more develop a relapsing
course. There are few studies addressing NMO treatment. Interferons
and immunosuppressive drugs efficacy have not yet been proved to be
effective in preventing new attacks. We report four cases of NMO —
relapsing type, who were treated with mitoxantrone, 12 mg/m?, one
perfusion monthly, 6 months. The patients were evaluated clinically
each month, and with MRI before, at 3, 6 and 9 months after the
beginning of treatment. Treatment was well tolerated. Three of four
patients were relapse free, the fourth had one relapse in the third
month of therapy. Three patients experienced a degree of recovery of
neurological function and one patient was stable at 9 months of
follow-up. The pretreatment median Expanded Disability Status Scale
score was 7, and at follow-up examination was 5.5. The MRI activity of
the spinal cord lesions decreased in average after the first three
perfusions, the remaining deficits being in relation with the necrotic
lesions. The best recovery rate was obtained for the two patients with
newer active lesions of the spinal cord, hyperintense in T2 and
isointense on T1 weighted sections. Mitoxantrone appears to be an
efficient therapy in patients with relapsing NMO, although further
studies are needed.

P745

Safety and tolerability of interferon-beta-1b in combination
with tacrolimus in the treatment of relapsing-remitting and
secondary progressive multiple sclerosis

F. Jacques, S. Christie, F. Grand’Maison, I. Gaboury, D. Halle, M.].
Carignan; CSSG-Hull (Gatineau, CAN); Ottawa Hospital-General (Ottawa,
CAN); Charlemoyne (Montreal, CAN); CHEO (Ottawa, CAN)

Background: Tacrolimus is a calcineurin inhibitor. It binds to
calcineurin via the FK binding protein (FKBP) thus preventing
further cytokine transcription and lymphocyte activation. Combin-
ing the immunomodulator interferon Beta-1b (Betaseron) with the
immunosuppressant tacrolimus (Prograf) has the potential of greater
therapeutic effect than with either used alone. In this randomized,
open label, multicenter, two arm, phase II study the authors
examined the safety, tolerability and efficacy of the combination
of interferon Beta-1b and tacrolimus in relapsing remitting (RRMS)
and secondary progressive multiple sclerosis (SPMS) patients who
have failed one or more immunomodulatory therapies. Methods:
Patients (n=25) with RRMS (n=19) and SPMS (n =9) received a
combination of interferon Beta-1b (8 MUI) subcutaneously every
other day and oral tacrolimus for a period of 38 weeks. Patients were
randomized into two groups; low (1-5 ng/ml) or high (5-10 ng/ml)
tacrolimus blood levels. The primary endpoint was safety and
tolerability as measured by the incidence of adverse events and
laboratory abnormalities. Secondary endpoints included efficacy
paramaters such as Multiple Sclerosis Functional Composite Scale
(MSECS), relapse frequency,disability progression, MRI defined dis-
ease burden and quality of life using the visual analogue scale
(VAS). Results: 20/25 patients as of abstract submission have
completed the study. There has not been any unexpected adverse
event or therapy related serious adverse event. The most common
adverse event was headache. No evidence of neurotoxicity was
seen. 3 patients discontinued the study because of tacrolimus related
adverse events (hyperglycemia,tremor and headache) and 2 because
of interferon Beta-1b related injection site reactions. Four of the
five were in the tacrolimus high blood level treatment arm. No
other significant difference in tolerability or efficacy was found
between the two study arms. Using an intention to treat analysis all
clinical and MRI parameters have improved or remained unchanged.
Final results will be presented at the meeting. Conclusion: As of
abstract submission the combination of interferon Beta-1b and
tacrolimus is safe. Though the tolerability was significantly reduced
in the high tacrolimus blood level arm the combination therapy
appeared to stabilize the clinical and MRI evolution of RRMS and
SPMS patients who had previously failed one or more disease
modifying therapies.
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P746

Effects of mitoxantrone on CD4+ CD25 high regulatory T
cells

C. Pullankavumkal, Z. Mangal, V.S. Manda, H.P. Hartung, O. Neuhaus;
Heinrich Heine University (Dusseldorf, D)

Objective: To investigate the effects of mitoxantrone on the expres-
sion and function of CD4" CD25M8" regulatory T lymphocytes.
Background: Regulatory T cells are suggested to be key players in
immunomodulation. Their depletion leads to exacerbation of experi-
mental autoimmune encephalomyelitis (EAE), an animal model of
multiple sclerosis (MS). Mitoxantrone is an immunosuppressive drug
approved for treatment of active forms of MS. Further immunomo-
dulatory properties of mitoxantrone have been suggested. Methods:
For in vitro analyses, mitogen-activated peripheral blood lymphocytes
(PBL) obtained from untreated MS patients or from healthy donors
were treated with mitoxantrone. The presence of CD4* CD25"sh
regulatory T cells was assessed by flow cytometry. The expression of
FoxP3 was assessed by intracellular flow cytometry. Results: Mitox-
antrone induced expression of CD4* CD25 M8" T lymphocytes among
activated PBL at concentrations between 0.02 and 0.2 ng/ml, whereas
at higher concentrations the percentage of CD4 " CD25"8" cells was
reduced as compared to mitoxantrone-untreated activated PBL. The
CD4" CD25M8" cells expressed FoxP3. The transcription of FoxP3 is
currently being investigated. In addition, the functional properties of
mitoxantrone-treated regulatory T cells as well as the presence of
CD4" CD25 Migh cells in mitoxantrone-treated MS patients (ex vivo
analyses) are being assessed. Comclusion: Our results support the
hypothesis that mitoxantrone may exhibit immunomodulatory prop-
erties by inducing regulatory T cells at lower doses.

Pr747

Cladribine in aggressive forms of multiple sclerosis
J.E. Martinez-Rodriguez, D. Cadavid, L. Wolansky, S.D. Cook; University of
Medicine and Dentistry of New Jersey (Newark, USA)

Background: Aggressive or malignant forms of multiple sclerosis
(MS) represent a small group of patients with a severe and rapid
accumulation of disability with or without frequent relapses. Intense
immunosuppresion, plasmapheresis and autologous stem cell trans-
plantation are the most common treatments applied to MS patients
with aggressive forms, although with limited efficacy and consider-
able risk of severe side effects. Cladribine (2-chlorodeoxyadenosine) is
a lymphocytotoxic drug that has been previously evaluated in
relapsing-remitting and progressive forms of MS. We report a small
series of patients with aggressive MS who despite failure to respond to
other therapies had a favorable clinical evolution after cladribine.
Patients and Results: We retrospectively evaluated a series of six
patients (4 women and 2 men) with aggressive relapsing-remitting MS
and active MRIs who were treated with cladribine due to a rapid
increase in the number and severity of relapses in the previous 618
months leading to a progressive accumulation of disability. At the
time of cladribine onset, mean age was 28.2 years (SD: 8.45, range 15—
38) and EDSS ranged from 5.5 to 7.0. The mean disease duration prior
to cladribine treatment was 54.83 months (SD: 43.65, range 15-133),
with a mean relapse rate per year in the previous 2 years of 2.67 (SD:
0.75). The EDSS range in the previous year and 6 months respectively
was 1.0-5.5 and 4.0-5.5. Cladribine was given at 0.07 mg/kg/day for
5 days monthly in 24 courses. After 6 months from first dose, EDSS
was reduced from 5.5-7.0 to 1.5-5.5, and after 12 month (5 patients)
to 1.5-5.0. The mean relapse rate per year after cladribine was reduced
to 0.71 (SD: 0.55). MRIs showed decreased or suppression of the
number of gadolinium enhancement lesions when compared with
previous MRI. The mean period from first cladribine dose until last
evaluation was 49.33 months (SD: 39.66, range 6-102). After 1 year,
cladribine was again given in 4 patients due to new severe relapses. No
significant side effects were found after the treatment. Conclusion:
We found a favorable clinical evolution when cladribine was used for
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patients with aggressive clinical courses characterized by rapid
accumulation of disability in the setting of relapses. Further clinical
studies assessing the efficacy of this drug in aggressive forms should be
performed.

P748

Acute hepatitis after high-dose intravenous methylpredni-
solone pulse therapy in a female relapsing-remitting multi-
ple sclerosis patient

R. Reufs, K. Retzlaff, S. Vogel, P. Oschmann; University Hospital Giessen
and Marburg (Giessen, D)

Introduction: A 42-year-old female patient suffering from relapsing-
remitting multiple sclerosis (RR-MS) presented with a slight increase
in leukocytes and lactat-dehydrogenase, alkaline phosphatase, amy-
lase and c-reactive protein and a profound elevation of liver transa-
minases (GOT 485 U/, GPT 1082 U/l, glutamyl transpeptidase
170 U/l). Eight months ago, the second relapse with paresis of the
right leg in combination with typical results in MRI and oligoclonal
bands in CSF led to the diagnosis of MS according to McDonald
(2001). Laboratory values were normal. Ten weeks ago, an intravenous
methylprednisolone therapy (MPT) brought about only a marginal
recovery and three weeks ago, a second high-dose MPT produced a
distinct remission (cumulative five grams, respectively). Methods
and Results: Clinical examination revealed a mild depression,
bilaterally reduced visual acuity, accentuated (right) reflexes, ataxia
in right leg and gait ataxia. Expanded disability status scale (EDSS) was
2.0. Virology for hepatitis A, B and C, HSV and CMV was negative.
There was no acute EBV infection. One week later, abdominal
sonography was normal except for confirmation of an intrauterine
pregnancy with fetal length of 1.9 cm. Thyroid gland and abdominal
MRI were normal. Pregnancy was terminated within five weeks after
outpatient department visit. Symptomatic measures were taken. Ten
weeks later, a liver biopsy revealed a profound, still active hepatitis
with portal lymphocytic infiltration and fibrosis. During these ten
weeks, GOT and GPT decreased to 100 or 140 U/l, while cholestasis
parameters (alkaline phosphatase, glutamyl transpeptidase and bilir-
ubin) increased. Conclusion: Comprehensive diagnostic investiga-
tion didn’t yield another definite reason. Most likely, existing acute
hepatitis was of autoimmune origin: autoimmune hepatitis might
occur in patients with multiple autoimmunity as an immune rebound
phenomenon after immunosuppressive therapy regimens as shown in
two cases of patients with Hashimoto’s thyreoditis or Graves’
ophthalmopathy receiving MPT. Administration of corticosteroids
could restore immunosuppression. Hitherto, there is only one single
report on acute hepatitis related to high-dose methylprednisolone
therapy in a 46-year-old female RR-MS patient that presented with
repeated episodes of elevated liver enzymes. As for our patient, due to
clinical situation and clear subclinical lesion load immunomodulatory
therapy with glatiramer acetate was initiated.

P749

Comparison of multiple sclerosis patients with different
progression course under mitoxantron treatment

S. Vogel, K. Retzlaff, R. ReufS, P. Oschmann; Universitdtsklinikum Giessen
(Giessen, D)

Introduction: Mitoxantron treatment is of well established value in
the escalation therapy of multiple sclerosis (ms) patients with
relapsing remitting (RRMS) and secondary progressive (SPMS) course
who suffer a progress of disease (high relapse rate, increase in EDSS
score) under immunomodulatory therapy. In addition to this we
established the indication for a mitoxantron treatment in patients
with primary progressive (PPMS) course, in whom an immunosup-
pressive treatment with methotrexat could not prevent a marked
increase of disability over time. Methods: Data was collected retro-
spectively basing on clinical charts (1999 — 2006). We evaluated the
course of ms of 161 patients (EDSS two years before, at onset of, at the
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end of and two years after the end of treatment), mitoxantron dosing
schemes, side effects and the drop-out quota. Results: At onset of
treatment average age of the patients was 43.6 years. 69% of the
patients were female. Mean EDSS-score was 5.7. After the end of
treatment it was 5.5. At onset of treatment 135 patients (85% of the
study group) had a SPMS with a mean EDSS of 5.8. After the end of
treatment it was 5.9 (n =59). Two years preceding treatment it was
4.6. The drop-out quota was 24.1% (n =33). 13 patients suffered from
a PPMS. Mean EDSS two years preceding treatment was 3.8 and 5.7 at
baseline. It worsened to 6.6 (n=11) after the end of treatment.
The course of disease came to a halt in one patient. 38.5% aborted the
treatment. 9 patients with relapsing remitting MS (RRMS) were
treated. Mean EDSS scores improved from 3.9 at baseline to 3.7 after
the end of treatment (n =7). Two years before treatment it levelled at
2.6. One patient aborted the treatment (11.1%). Conclusion: Taking
into account only the mean EDSS-score to measure therapeutical
success of an immunosuppressive treatment with mitoxantron there
was a good therapeutical effect in the RRMS and SPMS subgroups with
stabilization or even improvement of the EDSS-score over time. In
PPMS patients however the EDSS worsened indicating a poor ther-
apeutical effect. The relatively high EDSS-scores in the PPMS subgroup
at onset of therapy could account for the different outcome as could
the underlying differences in this type of disease course (e.g. no
relapse-activity, pathogenetical differences) compared to both other
course types. Furthermore there was a relatively high drop-out quota.
This might be partly due to an insufficient therapeutical effect of the
mitoxantron treatment.

P750

Intravenous cyclophosphamide and mitoxantrone therapy
in multiple sclerosis: a comparative study of efficacy and
safety

V. Zipoli, E. Portaccio, B. Hakiki, G. Siracusa, S. Sorbi, M.P. Amato;
University of Florence (Florence, I)

Background: Among immunosuppressive therapies considered to be
efficacy in very active and rapidly progressive multiple sclerosis (MS),
mitoxantrone (MTX) has been approved; however, its long-term use is
limited due to its cardiotoxicity. Although intravenous (iv) cyclopho-
sphamide (CTX) therapy may represent an alternative option, to date
published studies have provided conflicting evidences on its efficacy
and there are few studies comparing the two drugs. Objective: To
compare the clinical efficacy and safety of CTX and MTX in a cohort
of patients with very active relapsing-remitting (RR) or secondary
progressive (SP) MS. Methods: The study sample consisted of patients
with very active RRMS (> 2 relapses in the last year) or SPMS ( >0.5 or
1.0 point deterioration on the EDSS over the last year). MTX was
administered iv at a dosage of 8 mg/m? monthly for 3 months, then
every 3 months, until a cumulative dosage of 100 mg/m? was reached.
CTX was administered iv at the dosage of 700 mg/m? monthly for 12
months, then bimonthly for another 12 months. We evaluated the
treatment efficacy in terms of time to the first relapse in RR and
relapsing SP patients, and of time to disease progression on the EDSS
in the subgroup of patients with purely SPMS, using the Kaplan-Meier
curves. Moreover, we assessed the frequency of side effects and the
overall tolerability by the patient perspective using a visual analogue
scale (VAS). Results: 75 patients received MTX (49 female; 31 RR, 44
SP) and 78 CTX (50 female;15 RR, 63 SP). The two groups did not
significantly differ in terms of main demographic and clinical
characteristics. The Kaplan-Meier curves did not demonstrate signifi-
cant differences in terms of time to the first relapse (MTX 3.0+0.4,
versus CTX 3.040.6 years; p=0.50), and in terms of disease progres-
sion MTX 2.9+0.3, CTX 2.5+0.4 years; p=0.17). On the whole, the
safety profile of both therapy was acceptable. However, a significantly
higher proportion of patients discontinued therapy due to side effects
in the CTX group (22% versus 5%; p <0.01). On the other hand,
amenorrhea was significantly more frequent in the MTX group than
in the CTX one (37% versus 12%; p <0.01). Finally, the overall
tolerability assessed through the VAS score resulted to be comparable
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in the 2 groups. Conclusion: In our sample, MTX and CTX therapy
showed a comparable clinical efficacy. Both the drugs showed
acceptable safety and tolerability profiles.

P751

Blood and X-ray survey on multiple sclerosis patients treated
with mitoxantrone in an Italian multiple sclerosis centre
I. Pesci, L. Manneschi, F. Ghisoni, E. Montanari; Civil Hospital (Fidenza, I)

Introduction: Mitoxantrone(MX), is an antineoplastic, immu-
nosoppressant agent used for improving disability and delaying
progression in Multiple Sclerosis (MS) patients with worsening
relapsing-remitting (RR) or secondary progressive (SP) disease. Severe
infections (especially pulmonary), cardiac toxicity and leukaemias are
more serious adverse events. A review of 1378 MX recipients in three
MS studies showed that one only patient had acute leukaemia (AL),
but on the other hand, by 20035, three cases of AL have been described.
Objective: Examining the leukaemic and infection potential of MX
in MS patients traeted with 5 or 10 mg/m? every three months in a MS
Centre of Fidenza (Parma-Italy) by a clinical survey based on RX chest
and peripheral blood smear test(PBST)performed every 6 months.
Materials and Methods: By october 2005 until now we have been
studying 42 patients (26 females,16 males;mean EDSS =4.5, mean age
of 44 years old, mean cumulative MX dose of 65 mg/m2) with
worsening RR or SPMS, treated with 5 or 10 mg/m? every three
months, using a blood test (performed before and after 5, 10, 15 days
each infusion), RX chest examination and PBST every 6 months. PBST
has been sent to our Haematic Centre and analysed under the
microscope, after having done a slide. The blood semple used for
microscopic analysis was obtained before each infusion, at the same
day. Results: According to literature data, total white blood cell
count is reduced at 10 days post-MX infusion but returned to normal
levels by day 21. There is no pulmonary infections evaluated at RX
chest examination. We have found 4 PBST alterations, in 4 females,
two of them at mean cumulative MX dose (MCMD) of 45 mg/m? and
two at MCMD of 75. Each alteration was no post-infusion correlated
because found on a blood sample performed before the drug infusion;
in all cases, alterations were represented by incomplete maturation
(IM) of neutrophic cells, with or without neutrophic cell count
reduction and with or without lymphocyte count cell reduction. A
new PBST done after 2 months on these 4 females found one only
alteration, with IM: this patient stopped therapy. Conclusion:
Although these observations provide preliminary reassurance, ex-
tended follow-up of patiens is required to define the long-term risk
of therapy-elated AL. In particular blood cell count must be closely
monitored and already done at the beginning of MX cycle; never-
theless, as papers have shown, we must be careful even after three
years by the last MX infusion.

P752

ABC-transporter gene-polymorphisms as potential predic-
tors of therapeutic efficacy of mitoxantrone in multiple
sclerosis

N. Kruse, N. von Ahsen, S. Cotte, R. Gold, A. Chan; Institute for MS
Research (Gottingen, D); Universitdtsklinikum Gottingen (Gottingen, D)

Objectives: To investigate the role of multi-drug resistance transpor-
ters of the ABC-gene family as potential predictors of therapeutic
efficacy/side effects of mitoxantrone (MX) in MS. Background:
Escalation therapy with MX in highly-active MS-patients is limited
by its cardiotoxicity, typically correlating with cumulative dosage.
Predictors of therapeutic efficacy/side effects may result in individual
titration of MX-dosages applied, thus potentially leading to longer
therapeutic time windows. ABC-transporters (ABCG2, ABCB1) are
involved in the transport of MX in a variety of cells and organs.
Patients and Methods: RNA/DNA probes were obtained from 134
MS-patients after informed consent and with approval of the local
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ethics committee. Myocardial RNA-probes were obtained from heart
transplants. Five functionally relevant single nucleotide polymorph-
isms (SNPs) in the ABCG2-gene as well as the C3435 T-mutation in the
ABCB1-gene were examined by allele-specific polymerase-chain reac-
tion. Relative quantification of ABCG2 mRNA expression was done
using pre-developed quantitative assays. For MX-efflux assays, intra-
cellular MX was analyzed in peripheral blood leukocytes (PBL) by
flow-cytometry. Retrospective clinical correlations were done in 20
genotyped, MX-treated patients using EDSS, MSFC or magnetic
evoked potentials as outcome parameters defining MX-response.
Results: 9% of the analyzed MS-patients were wild type for both
ABCG2 and ABCB1, 22.4% carried mutations in both genes. Homo-
zygous mutations were found in 2.2% of the cases in the ABCG2-gene
and 29.8% in the ABCB1-gene. Heterozygous mutations were identi-
fied in 30.6% (ABCG2) and 50.7% (ABCBI), respectively. ABCG2
mRNA-expression was higher in human myocard than in PBL. In in
vitro efflux-assays, intracellular PBL MX-concentration was higher in
individuals with combined ABCG2/ABCB1-mutations as compared to
wildtype. 15 of 20 patients were MX-responders on clinical criteria. 3
of 4 patients carrying mutations in both genes were responders, as
well as all 4 ABCB1 homozygous mutation carriers. In contrast, 2 of 3
patients wildtype for ABCG2 and ABCB1 were non-responders.
Conclusion: Gene-polymorphisms of ABC-transporters involved in
MX-metabolism may serve as surrogate parameters associated with
response to MX-therapy.

P753

Mitoxantrone-related acute myeloid leukaemia, induced one
year after the discontinuation of mitoxantrone therapy

M. Capobianco, S. Malucchi, M. Bosa, C. Fava, L. Avonto, A. Bertolotto;
Regional Multiple Sclerosis Centre (Orbassano, I); Haematological Unit
(Orbassano, 1); Cardiological Unit (Orbassano, 1)

Mitoxantrone is effective in aggressive relapsing-remitting and sec-
ondary progressive patients, but it has severe side effects. Acute
leukaemia may be induced by mitoxantrone treatment in multiple
sclerosis patients, but the exact risk is not yet known. A 35 years old
woman who was affected by relapsing-remitting multiple sclerosis
since 2000 was treated with intravenous mitoxantrone from July 2003
to September 2004 for the presence of a very aggressive course of the
disease (at least 4 documented relapses under Betaferon treatment in
the previous 7 months) with a total load of 130 mg (95 mg/m?).
During mitoxantrone treatment she experienced only 1 relapse in July
2004. The brain magnetic resonance imaging (MRI) follow-up showed
disease activity (as new T2 and enhancing lesions) in July 2004 but not
in May 2005. In August 20035, eleven months after the discontinuation
of mithoxantrone therapy, she was admitted for the presence of deep
asthenia and she was diagnosed for the presence of treatment-related
myeloid acute leukaemia (t-LAM) of the M4 type according to the FAB
classification. A new brain MRI showed 1 new T2 lesion. She was
treated with two courses of polychemiotherapy with oncological
disease remission, and then she was treated with autologous stem
cells transplantation complicated only by severe mucositis that
required parenteral feeding. No further clinical or magnetic resonance
signs of MS disease activity were noted. As acute leukaemia may occur
late after mitoxantrone therapy, periodic evaluation of blood cells
count is mandatory also after the interruption of the treatment.

P754

Twelve months after suspension of natalizumab: experience
at our multiple sclerosis centre

E. Moral, O. Carmona, V. Casado, L. Romero-Pinel, L. Gubieras, ]. Niubo,
C. Polo, S. Martinez-Yélamos, T. Arbizu; Bellvitge University Hospital
(Hospitalet de Llobregat, E)

Background: In spite of promising results, clinical trials with
natalizumab were suspended at the beginning of 2005 because 3
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patients treated with natalizumab and other immunosuppressants/
immunomodulators developed progressive multifocal leukoencepha-
lopathy (PML). Goals: To describe the 12-month clinical and
analytical follow-up of 14 patients at our MS centre included in
¢-1802 double-blind and c-1808 open-label extension trials after drug
suspension, with emphasis on relapse rate. Methods: Eight patients

were initially treated with natalizumab (32 doses) plus Avonex and 6

with Avonex plus placebo (at least 4 natalizumab doses in c-1808).

Avonex was continued in all patients after suspension of natalizu-

mab, except 1 treated initially with placebo, switched to Rebif44.

After suspension, we initiated a diagnostic protocol lasting 12 months

with scheduled visits every 3 months and unscheduled visits when-

ever an adverse event or relapse occurred to detect possible signs
of PML. Tests included physical and neurological exam, brain MRI
and quantification of blood lymphocyte subpopulations. Qualitative

PCR were used to test JC virus in urine and CSF of all patients

who accepted lumbar puncture. Results: No patient showed any

change suggestive of PML in neurological exam or brain MRI. No
abnormalities were detected in blood lymphocyte subpopulations. All

10 CSF samples were negative for JC virus whereas 3/14 urine samples

were positive. No adverse effects were reported during follow-up.

During initial treatment with natalizumab, 3/7 patients had remained

relapse free and the rest had a 50% reduction in their previous

annualised relapse rate (ARR medians, from 1.0 to 0.5). After sus-
pension, 6/7 presented new relapses and ARR was higher (1.71) than
pre-natalizumab relapse rate. One natalizumab-treated patient was
excluded from this analysis because of persistent high titres of anti-
natalizumab antibodies and a poor clinical outcome. Half the patients
initially on placebo remained relapse free after drug suspension.

Conclusion:

—No patients in our centre presented signs suggestive of PML despite
treatment.

—An increase in the annualised relapse rate was observed during the
follow up period, when they did not received natalizumab, com-
pared with treatment period. This indicates that the biological
affects of natalizumab wane after stopping therapy.

—The presence of anti-natalizumab antibodies neutralised the effect of
natalizumab, in line with results for the full cohort.

P755

Measurement of plasma CD31+ endothelial micro particles
during mitoxantrone treatment of progressive multiple
sclerosis

W. Sheremata, W. Jy, S. Delgado, Y. Ahn; Miller School of Medicine
(Miami, USA)

Background: Plasma CD31+ Endothelial Micro Particles (CD31+
EMP) are elevated in untreated relapsing-remitting MS (RR MS). This is
hypothesized to result from activated mononuclear cell adhesion to
cerebral endothelium and transmigration into the central nervous
system (CNS). We have found that levels of CD31+EMP decrease with
interferon-beta (IFN) treatment but progressive MS has not been
studied. Objectives: To measure plasma CD31+EMP in a pilot study
of patients with progressive MS prior to and during treatment with the
anthracenedione compound mitoxantrone (MTX) and compare the
findings with results from RRMS and controls. The drug is highly
effective in MS and impacts both T-cell and B-cell function. Methods:
Patients received an average of 8 treatments of MTX, 12 mg/M?
intravenously, every 12 weeks. We measured CD31+EMP by flow
cytometry at different times over one year in 25 MS patients with
progressive (20 secondary progressive (SPMS), 3 relapsing progressive
(RPMS), and 2 worsening relapsing-remitting (WRRMS). These results
were contrasted with the findings in 30 RRMS and 67 controls.
Results: Prior to MTX a mean +SD of 1253 +2497/mL was obtained
in 12; compared with 585 +366/mL in15 at 12 weeks; 327 +204/mL in
12 at 24 weeks; and 623+810/mL in 11, 52 weeks after their first
infusion. These findings contrast with 3866 + 1900 for 30 untreated
RRMS and 3192 +2154; 2841 +1845; and 2491 + 1391 at weeks 12, 24,
and 52 of IFN treatment and values of 697 +403/mL in 67 normals.
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RRMS are statistically higher than controls but our cohort of
progressive MS does not differ from normal. Pretreatment values in
all but 2 patients may be lower, in part, because they continued IFN
treatment until and through MTX treatment, but values in untreated
patients were similar. Two SPMS patients with frequent severe relapses
and accumulating disability had high pretreatment values that
dropped to normal after MTX. Conclusion: Findings suggest there
are differences in the pathogenesis of progressive MS, who progress
despite IFN as compared with RRMS. The finding of lower CD31 + EMP
values may indicate that T-cells and macrophages are less important
in progressive illness but B-cell activation and antibody to myelin
components may be more relevant factors. Further study is warranted.

P756

Accelerated axonal degeneration after bonemarrow trans-
plantation for aggressive multiple sclerosis?

A. Petzold, T. Mondira, G. Keir, E. Lim, P. te Boekhorst, G. Giovannoni,
R.Q. Hintzen; Institute of Neurology (London, UK); MS Centre ErasErasmus
MC (Rotterdam, NL)

Background: A recent treatment trial using a severe immunosup-
pressive regimen (including high dose cyclophosphamide and CNS
irradiation) followed by bone marrow transplant (BMT) was not
effective in preventing clinical disease progression in severely disabled
MS patients and was associated with serious side effect JNNP 2006;
77: 46-50). Here we investigated whether axonal degeneration was,
at least transiently halted by this treatment trial. Methods: Serum
neurofilament heavy chain (NfH) levels were measured serially in all
14 MS patients participating in this trial and 14 healthy control
subjects. Serum samples were taken at baseline and following BMT at
months 1, 2, 3, 6,9, 12. The clinical assessment included the EDSS and
an ambulation index (Al) at baseline and following BMT at month 6,
12, 24, 36. Results: At baseline serum NfH levels were comparable in
control (median 0 ng/mL, range 0-0.01 ng/mL) and MS patients
(median 0 ng/mL, range 2.97 ng/mL, p=0.49, not significant).
Following BMT a significant increase of serum NfH levels was observed
(F(88,94) =3.43, p <0.01). Median serum NfH levels were highest at
one month following BMT (0.88 ng/mL) and decreased subsequently
to 0.34 ng/mL (month 2), 0.12 ng/mL (month 3), 0.07 ng/mL (month
6), 0.01 ng/mL (month 9), with a small increase at month 12 to 0.03
ng/mL. Serum NfH levels at month two correlated with the EDSS at
month 6 (R=0.76, p=0.002), month 12 (R=0.79, p =0.001), month
24 (R=0.69, p=0.009) and month 36 (R=0.64, p=0.017). Serum
NfH levels also correlated with the followup AI (R =0.66, p=0.014).
Conclusion: These results, based on serum NfH levels as a biomarker
for axonal degeneration suggest that axonal degeneration may be
have been an unwanted complication of this treatment trial.

P757

Glatiramer acetate after mitoxatrone in non-responders to
interferon-beta

N. Téllez, J. Rio, M. Tintoré, A. Rovira, C. Nos, I Galdn, R. Pelayo,
H. Perkal, X. Montalban; Vall d’Hebron University Hospital (Barcelona, E)

Introduction: Mitoxantrone has been aproved to treat MS patients
not respondering to interferon beta. Nonetheless, the recommended
maximum cumulative dose limits the duration of treatment up to two
years. After this period, no new strategies have been established.
Objective: We aimed to analyse the clinical and radiological response
to glatiramer acetate (GA) after one year of mitoxantrone in MS
patients refractory to interferon beta. Methods: Since 2000 eighty
relapsing remitting or secondary progressive patients non responders
to interferon beta started mitoxantrone. Sixty of these completed six
boluses of 12 mg/m? given over one year of treatment. After this
period, patients with a final EDSS lower than or equal to 7.0 were
invited to start GA therapy. Patients have been followed as early as
two years before mitoxantrone, seen every three to six months, and
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serial MRI scans were performed. Results: Forty-three patients started
GA after mitoxantrone, 30 of these have reached one year of
treatment. Relapses: considering the whole follow-up period, mean
relapse rate was 1.4 (range O0-7) during the two years before
mitoxantrone, 0.1 (range 0—1) during mitoxantrone and 0.4 (range
0-4) during GA. Disability: Patients included in this protocol
experienced a mean increase of 1.1 (SD 1.1) EDSS points during the
year before mitoxantrone. During immunosuppressive treatment, a
mean decrease of 0.2 (SD 0.8) points was observed and after one year
on GA patients had an increase of 0.4 (SD 0.8) EDSS points.
Comparisons between these patients and those that did not receive
GA after mitoxantrone was not possible since there were baseline
differences between groups in terms of disability. Thus, patients who
did not start GA had higher EDSS at the end of mitoxantrone and
experienced a higher increase of disability during the immunosup-
pressive drug infusion (p =0.015 and p =0.014, respectively). MRI: A
significant decrease of gadolinium enhancing lesions was observed
from the baseline MRI before mitoxantrone (mean number of active
lesions 3.6, range 0—24) to the end of mitoxantrone (0.3, range 0-3),
that persisted after one year on GA (mean number of active lesions
0.3, range 0-3) (p <0.0001). Conclusion: Clinical and MRI activity
seems to be stable after one year of mitoxantrone in patients under
glatiramer acetate.

P758

Prevention of persistent ovarian failure after mitoxantrone
in women with MS. Design of a treatment protocol with
triptorelin

N. Téllez, ]. Gris, M. Tintoré, J. Rio, C. Nos, I. Galdn, R. Pelayo, X.
Montalban; Vall d’Hebron University Hospital (Barcelona, E)

Introduction: Mitoxantrone is an immunosuppressive agent cur-
rently used in MS patients non responders to immunomodulation.
Many adverse events have been attributed to the drug. Leukaemia and
cardiopathy are the most serious although the less frequent. Other
such as nausea and vomiting, hair loss and amenorrhoea are more
common. The known odds ratio to develop persistent amenorrhoea
after mitoxantrone is about 8.5 and consequences are double:
infertility and early menopause. Proposed options to protect the
ovarian tissue in women at risk are cryopreservation of mature
oocytes, embryos or ovarian tissue, although these options are not
fully accepted yet. Alternatives such as gonadotropin-releasing hor-
mone analogue (GnRH-a) have been used in oncohematological
disorders showing a capacity to prevent gonadal damage after
chemotherapy with no major side effects. Objective: Our aim was
to study the ovarian function after a GnRH-a treatment, the triptor-
elin, in MS women on mitoxantrone. Protocol design: A protocol
has been designed with the following inclusion criteria: women with
relapsing remitting or secondary progressive MS, non responders to
interferon beta, with an age between 18-45 that are invited to start
mitoxantrone. Patients are then planned to be on treatment with a
monthly intramuscular injection of triptorelin for12 months. Serial
gynaecological evaluations are performed at baseline visit, day 15,
month 2, 12, 13 (end of study) and 14 (follow-up visit). Before starting
mitoxantrone the baseline visit include: 1. Plasma levels of luteinising
and follicle-stimulating hormone, estradiol, prolactine, thyroid pro-
file and inhibine, 2. Echography to assess the ovarian size, number
of follicles >5 mm and endometrium characteristics, 3. Doppler of
the uterin and ovarian arteries and 4. Bone densitometry. At each
visit time the hormonal analysis, the echography and the Doppler
are repeated. Densitometry is repeated at the end of the study.
Mitoxantrone is started after the first dose of triptorelin, and its
efficacy and side effects are assessed every three months by the
by neurologist. Current status: Since 2004 we have started mitox-
antrone in 10 women. Six of them were younger than 45 and
were referred to gynaecology to start triptorelin. No dropouts
or relevant side effects have been identified since then. At present
only two women have finished the protocol. New results will be
presented.
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P759

Ongoing evaluation of the safety and tolerability of
Novantrone® (mitoxantrone) worsening multiple sclerosis:
the RENEW study

E. Fox, A. Al-Sabbagh, R. Bennett, P. Coyle, D. Mikol, H. Panitch,
V. Rivera, L. Rolak, W. Sheremata, S.B. Elias on behalf of the RENEW
Study Group

Background: Novantrone® (mitoxantrone) therapy is currently
being evaluated for long-term safety and tolerability in patients with
worsening relapsing-remitting MS (WRRMS), progressive relapsing MS
(PRMS) and secondary progressive MS (SPMS) as part of the ongoing
multicenter, open-label RENEW (Registry to Evaluate Novantrone
Effects in Worsening MS) study. Objectives: To evaluate the con-
tinuing safety and tolerability of mitoxantrone in MS patients using
the dosing and monitoring guidelines specified in the Novantrone
package insert. Methods: 509 patients with WRRMS, PRMS, or SPMS
who initiated Novantrone(12 mg/mz) were included. Patients were
excluded for: primary progressive MS (PPMS); history of congestive
heart failure (CHF); left ventricular ejection fraction (LVEF) < 50%;
and previous treatment with mitoxantrone, other anthracenediones
or anthracyclines. Patients were assessed every 3 months during
treatment (3 years) and are being followed for an additional 2 years
for safety evaluation (total:5 years). Results: Data presented include
data collected from April 2001 to Jan 2006 for 509 patients. Mean
cumulative dose is 67.5 mg/m? (8.0-148.6 mg/m? and mean
treatment duration is 1.4 years (0.0-4.0). 16 patients have reached
the recommended maximum cumulative dose (140 mg/m?). 355
(70.0%) patients have received concomitant medications for MS.
Treatment discontinuation occurred in 404/508 (80%) subjects with
validated data. Follow-up data are being collected for 361 patients
regardless of treatment status (those receiving mitoxantrone [104]
plus patients who discontinued mitoxantrone [257 of the 404]). 301
relapses were reported during treatment in 221 patients. Median time
to first relapse was 155 days (range: 3—1215). 95 patients experienced
158 AEs. The most frequently reported SAEs were infectious (54/158
[34%]) and cardiac events (36/158 [23%]). CHF was reported in 8
patients, and LVEF <350% was observed in 24/340 (4.7%) patients
with post-baseline LVEF tests. 9/46 patients with serious infections
were severely neutropenic (ANC < 500). There have been 7 deaths: 5
unrelated and 2 possibly related to treatment. One therapy-related leu-
kemia case has been reported. Conclusion: These results, reflecting
patient treatment at higher cumulative mitoxantrone doses (mean:
67.5 mg/m?), appear consistent with the known safety profile.
Continued patient observation will provide important longer-term
safety and tolerability data for mitoxantrone use in clinical practice.

P760

Is Campath 1-h an effective rescue treatment in patients
with aggressive relapsing-remitting multiple sclerosis?

C. Hirst, A. Pace, T. Pickersgill, R. Jones, ]. Zajicek, N Scolding, N
Robertson; University Hospital of Wales (Cardiff, UK); Derriford Hospital
(Plymouth, UK); Frenchay Hospital (Bristol, UK)

Alemtuzumab (Campath 1-H) is a humanized anti CD52 monoclonal
antibody which causes rapid and prolonged peripheral T lymphocyte
depletion and has demonstrated some efficacy in open label trials of
relapsing and secondary progressive multiple sclerosis (MS). Initial
reports of its use in small cohorts of patients has demonstrated a
reduction in relapse rates and new enhancing lesions on T2 MR and
also a possible reduction in brain atrophy in certain patient subsets. We
report 32 patients (19 female) with aggressive relapsing MS with rapidly
accumulating disability treated with Alemtuzumab as an immuomo-
dulatory rescue therapy in 3 regional MS treatment centres. All patients
were assessed and followed up according to a predetermined protocol
and routine clinical, biochemical and disability data collected pro-
spectively. Patients received either 120 mg or 60 mg of Alemtuzumab
over 5 days concurrently with 1 g of intravenous methylprednisolone
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for the first 3 days. Patients were retreated annually with an attenuated
regime of 36 or 60 mg of Alemtuzumab and methylprednisolone over 3
days where appropriate. Frequently occurring side effects included
rashes(12), opportunistic infections (5), transient worsening of pre-
existing neurological deficits (2) and thyroid disease(4). No serious side
effects were observed. Mean disease duration at time of first treatment
was 3.62 years (SD 2.86, Range 0.16-10.93), mean age 34.5 years (SD
9.23, Range 18.1- 52.3) and mean EDSS 4.0 (SD 1.76, Range 0.0-6.5).
20 patients were treated with one course of Alemtuzumab, 11 with 2
courses and 1 with three courses. Annualized relapse rates fell from
2.55 to 0.24 in the first 12 months following treatment and to 0.18
overall (p <0.001) (54.9 patient years follow up). In those patients with
stable baseline EDSS scores 4 patients had deteriorated by >1 EDSS
point twelve months following treatment, 17 remained stable and O
had improved by >1 EDSS point. Six patients with an unstable
baseline EDSS had improved by >1 EDSS point.Analysis of this group
of patients suggests that Alemtuzumab is safe and effective as a rescue
therapy in aggressive relapsing MS, reducing relapse rates both in the
short and medium term and may help to stabilize disability.

Immunology-Part Il
P761

Circadian rhythmicity of cytokines and cytokine receptors
in the serum of multiple sclerosis patients

J. Kraus, A. Kreiling, S. Mannes-Keil, K. Retzlaff, P. Oschmann; Paracelsus
Private Medical University (Salzburg, A); University Hospital of Giessen and
Marburg (Giessen, D)

Objective: To obtain changes in the circadian rhythmicity of
immunological markers in the serum of patients with multiple
sclerosis (MS). Background: Changes in the serum concentrations
of cytokines and cytokine receptors have been found in numerous
studies. However, some of the results are contradictory. One reason
for these different results might be diurnal changes. Methods: We
included 34 untreated patients with relapsing-remitting MS and 34
age- and sex-matched healthy controls. 12 MS patients showed acute
disease activity in corresponding MRI scans. Blood samples were
obtained at five time points between 7.00 a.m. and 9.30 p.m within
one day. We determined the serum concentration levels of cortisol,
tumor necrosis factor-beta (TNF-beta), TNF-Receptor-1 (TNFR-1) and -
2 as well as Interleukin-4-Receptor (IL-4-R) by ELISA. Results: The
serum concentration levels of cortisol showed almost the same course
for the MS patients and healthy donors with a significant (p <0.001)
decrease from 22 microgr/dl at 7.30 a.m. to 3.6 microgr/dl at 9.30 p.m.
However, active MS patients had significantly (p <0.05) increased
cortisol serum levels at all five time points as compared to MS patients
in remission. TNFR-1 and TNFR-2 levels followed a less marked (p <
0.05) descending course over the day in all groups. MS patients with
acute disease activity had significantly (p <0.05) elevated levels for
TNFR-1 as compared to healthy donors. In contrast, IL-4-R and TNF-
beta serum concentrations were relatively stable over the day. Both
MS groups had significantly (p <0.05) elevated TNF-beta serum levels
at any time point as compared with the control group. Conclusion:
Our data show that the diurnal rhythmicity of immunological
markers must be considered in at least some of the investigated
immunological markers. We could not observe a substantial difference
in the circadian rhythmicity between MS patients and healthy donors.

P762

The cytokine and nitric oxide levels in the sera of the
relapsing-remitting multiple sclerosis patients and its corre-
lation with clinical and MRI findings

M. Isik, M. Mirza, K. Kose, N. Kog, A. Coskun; Erciyes University (Kayseri, TR)

Objectives: The aim of this study was to evaluate the serum levels of
cytokines and nitric oxide (NO), which is considered to play a role in
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immunopathogenesis of multiple sclerosis (MS), in relapsing-remit-
ting multiple sclerosis (RRMS) patients both during relaps and
remission periods, and these measurements were correlated with
neurologic disability and MRI findings. Materials and Methods:
The study included 30 patients with definite MS according to
McDonald and Poser diagnostic criteria. Blood samples were collected
twice, in relaps period before steroid treatment and approximately
two months later after remission. These findings were compared to 30
healthy subjects, having no neurologic complaint. Several cytokines
(TNF-alpha, IL-1, IL-10, IL-12, IL-13, TGF-beta) and Vascular Cellular
Adhesion Molecule-1 (VCAM-1) levels were measured using the ELISA
method and NO levels were measured using the Colorimetric Assay
method. Expanded Disability Status Scale (EDSS) was used for clinical
evaluation. MRI were evaluated by radiologist, who does not know
patients clinically. The correlation between the cytokines and NO
levels with EDSS and MRI findings is investigated. Mann-Whitney U
test, Wilcoxon test, student t tests, Pearson and Spearman’s correla-
tion analysis were used in statistical studies. Results: NO levels in
relaps period were found to be significantly higher than those in
remission (p <0.05). There was no elevation on TNF-alpha, IL-12 and
VCAM-1 levels in relaps period. IL-12 levels were higher in MS patients
during the relaps period when compared to control subjects, but the
difference was not statistically significant (p >0.05). TNF-alpha,
VCAM-1 and NO levels were similar both in MS and control groups.
IL-1, IL-10, IL-13 and TGF-beta levels were not measurable by the
ELISA method both in MS and control groups. The 48 percent of MS
patients showed cortical atrophy on cranial MRI. There were no
correlation between the cytokine levels, EDSS and MRI findings and
also cytokine levels and EDSS. Conclusion: In this study, it is
observed that NO levels were elevated during the relaps period.
Therefore, it is concluded that the treatment options which prevent
NO releasing may be beneficial. Additionally, the cortical atrophy of
MS patients which is demonstrated by MRI may be the evidence of
axonal degeneration. However, in order to comment absolutely on
this issue, more detailed studies must be performed.

P763

Increased serum level of CXCL11 (I-TAC) in relapsing-remit-
ting multiple sclerosis patients

A. Szczucinski, A. Kalinowska, ]. Losy; University of Medical Sciences
(Poznan, PL)

Introduction: Chemokines may play an important role in the
pathogenesis of MS, facilitating the trafficking of immune cells across
the blood-brain barrier and mediating their transfer to lesion sites.
Interferon-inducible T cell alpha chemoattractant (I-TAC, CXCL11) is
a CXC chemokine, which binds with high affinity to the CXCR3
receptor. Interestingly, the increased percentage of CD4+ CXCR3+
cells in the blood of MS patients was associated with MS relapses, and
correlated with the number of Gadolinium enhancing lesions on MRI
images. The goal of this study was to estimate the level of CXCL11 in
sera of relapsing-remitting MS (RRMS) patients during relapse both
before and after methylprednisolone treatment and to compare the
results with the serum level of CXCL11 in healthy blood donors.
Methods: The studied groups consisted of thirty patients with
relapsing-remitting MS during relapse, and 20 healthy blood donors
as controls. In the group of RRMS, the blood samples were obtained
both before steroid therapy and after a five-day treatment with
methylprednisolone in a dose of 1 g i.v. once daily. The levels of
CXCL11 were measured in sera by ELISA method. Results: CXCL11
levels were significantly higher in sera of RRMS patients both before
(mean +SD, 55.4+63.1 pg/mL) and after steroid therapy (40.7 +43.2
pg/mL) in comparison with the control group (17 +18.3 pg/mL, p =
0.002). Serum levels of CXCL11 before and after methylprednisolone
treatment in RRMS patients did not differ significantly. Serum
concentrations of CXCL11 were detectable in 23 RRMS patients and
in only 6 controls. The minimum detectable dose was 12.8 pg/mL. The
Mann-Whitney and Wilcoxon tests were used for statistical analysis.
Conclusion: We found the increased level of CXCL11 in sera of
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RRMS patients during relapse in comparison with results of the
control group. Our results suggest that CXCL11 chemokine may play
an important role in the pathogenesis of MS.

P764

Expression of fractalkine in plasma of patients with relap-
sing-remitting multiple sclerosis

S. Pujari, O. Suliman, N. Woodroofe, B. Sharrack; Royal Hallamshire
Hospital (Sheffield, UK); Sheffield Hallam University (Sheffield, UK)

Fractalkine (CX3CL1), a chemokine first described in 1997, is the only
chemokine described to date with a C-X3-C motif. It is expressed
constitutively in the central nervous system by neurons, astrocytes
and endothelial cells. Its receptor (CX3CR1) is expressed mainly by
microglia. Unlike the majority of chemokines, fractalkine has a
mucin-like stalk and is expressed in a membrane anchored form as
well as in a soluble form. In the former case it acts as an adhesion
molecule whereas in the latter it acts as a chemoattractant. In vitro
studies have shown that it serves an important function in neuronal-
microglia interaction, microglia proliferation and neuroprotection. A
previous in vivo study of 15 patients with multiple sclerosis (MS)
showed increased serum levels of fractalkine in patients compared to
controls. The aim of this present longitudinal study was to assess
plasma fractalkine levels in MS patients over a 12 month period to
determine whether there were any changes in fractalkine levels
associated with relapse and whether fractalkine levels were signifi-
cantly different in MS patients when compared with healthy controls.
Thirty patients with diagnosed relapsing remitting MS and 10 healthy
volunteers were recruited into the study. After obtaining consent,
blood samples were collected in all subjects at 2 monthly intervals.
Additional samples were obtained when clinical relapses were
reported during the study period. The plasma was analysed for
fractalkine levels by Enzyme Linked Immunosorbent Assay (ELISA).
Preliminary analysis of the data from 23 MS patients and 7 controls
has shown that there were no significant fluctuations in plasma
fractalkine levels in MS patients and controls during the study period
including the relapse time points. However there was a significant
difference in the mean level of fractalkine in the plasma of MS
patients (1504.4 +538.4 pg/ml) compared to controls (412.9+71.1
pg/ml) (p=0.037 using Mann Whitney test). Over the 12 month
study period, 7 out of 24 MS patients (29.2%) had fractalkine values
higher than mean (+3 SD) of controls whereas only one MS patient
had levels of fractalkine below the detection limit of the assay. Our
results suggests that fractalkine may play a role in the pathogenesis of
MS. The absence of any significant fluctuation in fractalkine levels
measured during relapses suggests that fractalkine does not mediate
acute inflammatory events in MS.

P765

High motility of T lymphocytes in chronic neuroinflamma-
tory diseases is associated with the overexpression of CRMP2
P. Giraudon, R. Marignier, C. Vuaillat, N. Davoust, S. Cavagna, I
Sagardoy, M. Varrin-Doyer, C. Confavreux; INSERM (Lyon, F); Hopital
Neurologique (Lyon, F)

High motility of activated T lymphocytes is a hallmark of neuroin-
flammation and favor T cell recruitment in the central nervous system
(CNS). Although T cell accumulation in the CNS correlate with
neurodegeneration, little is known on the mechanisms that support
such a high T cell motility. We have identified the phosphoprotein
collapsin response mediator protein 2 (CRMP2) as a modulator of T
cell motility (Vincent et al., 2005) and observed its elevated expres-
sion in activated T lymphocytes of patients suffering multiple sclerosis
(MS). We therefore performed a series of experiments aiming to
associate CRMP2 expression and motility of MS patients’ T cells, and
to establish the signaling tranduction pathway involving CRMP2 and
implicated in elevated motility. We first examined CRMP2 expression
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in VLA-4 positive cells of MS patients. High CRMP2 expression in
these cells suggested their elevated ability of binding to endothelial
cells and transmigration into the CNS. This hypothesis was first tested
ex vivo, on activated T lymphocytes expressing high CRMP2 level
(CD69+ CRMP2 hi) isolated from MS patients, focusing on their
ability to migrate towards chemokines known to be expressed in
inflamed brain. Association between CRMP2 level and migratory rate
was observed. Secondly, study performed on experimental allergic
encephalomyelitis (EAE) showed that elevated CRMP2 expression in
CD3+ peripheral T lymphocytes correlated with accumulation of
CRMP2 positive T cells in the mice brain during the chronic phase of
neuroinflammation. These in vivo data confirmed the link between
CRMP2 level expression in peripheral T lymphocytes and CNS
infiltration during neuroinflammation. In order to define the intra-
cellular signaling pathway supporting such elevated motility, gene
expression of CD69+ CRMP2 hi cells was compared to that of CD69+
CRMP2 cells from healthy donors. CD69+ CRMP2 hi cells detected in
patients suffering another chronic neuroinflammatory disease (HAM/
TSP) were also analyzed. Oligonucleotide microarrays identified genes
that were only expressed in the highly motile activated cells CD69+
CRMP2 hi of neuroinflammatory patients and not in activated cells of
healthy donors. These genes defined a signaling pathway that
specifically functions in activated immune cells of patients suffering
neuroinflammation. Altogether, our data point out CRMP2 as a
possible biological marker of CNS infiltration and a potential
therapeutical target in neuroinflammatory situation.

P766

IL-17 producing T cells and their induction in multiple
sclerosis

J.M. Fletcher, L. Costelloe, C. O’Farrelly, N. Tubridy, K.H.G. Mills; Trinity
College Dublin (Dublin, IRL); St Vincent’s University Hospital (Dublin,
IRL); University College Dublin (Dublin, IRL)

Recent evidence has demonstrated a crucial role for interleukin (IL)-17
producing T cells in the pathogenesis of experimental autoimmune
encephalitis (EAE). IL-17 promotes tissue inflammation via stimula-
tion of pro-inflammatory cytokines and chemokines from a wide
range of cell types. Murine IL-17 producing T cells develop via a
lineage distinct from the T helper cell (Th)1 and Th2 subsets, and are
regulated by cytokines including transforming growth factor beta
(TGFbeta), IL-23 and IL-6. As yet, it has not been determined whether
IL-17 also plays a role in multiple sclerosis (MS), and little is known
about the generation and regulation of IL-17 producing T cells in
humans. To investigate the potential role of IL-17 in MS we have
measured IL-17, IFNgamma and IL-10 levels in the serum of 200 MS
patients and controls. We found elevated serum levels of IL-17 in a
subset of patients compared to controls, and the levels of IL-17
showed a strong correlation with those of [FNgamma. Using flow
cytometry and intracellular cytokine staining we have demonstrated
that IL-17 is produced by both CD4 and CD8 T cells, and that the
IL-17 producing T cells are a subset distinct from that which produces
IFNgamma. Using these techniques, we are also measuring the
antigen-specific induction of IL-17 in response to peptides corre-
sponding to sequences from myelin antigens. We have measured the
ability of different cytokines to induce IL-17 in human PBMC and
have identified a role for IL-15 and IL-1beta.

P767

FOXP3, CTLA-4 and GITR expression levels in CD254 CD4+
T-cells before and after corticosteroid treatment during
relapse in interferon-beta-treated relapsing-remitting mul-
tiple sclerosis patients

N. Grigoriadis, I. Paspaltsis, D. Tsiantoulas, G. Deretzi, A. Dimakopoulou,
V. Giantzi, T. Sklaviadis, 1. Milonas; Aristotle University of Thessaloniki
(Thessaloniki, GR); Ippokrateio Hospital of Thessaloniki (Thessaloniki, GR)

Multiple Sclerosis 2006; 12: S1-5228

Downloaded from msj.sagepub.com by Shula Edelkind on October 1, 2010


http://msj.sagepub.com/

S220  Abstracts

Introduction: CD25+ CD4+T regulatory (TR) cells play an impor-
tant role in the maintenance of immunological self-tolerance in
autoimmune diseases such as multiple sclerosis (MS) through a cell-to-
cell suppression. The master gene for the suppression phenotype is the
Forkhead box P3 (FOXP3) that is highly expressed and required for
homeostatic maintenance of natural CD25+CD4+TR cells. Cyto-
toxic T lymphocyte antigen 4 (CTLA4) and glucocorticoid induced
TNFRSF 18 (GITR) are also expressed in TR cells. Materials and
Methods: In this study the mRNA and protein levels of FOXP3,
CTLA-4 and GITR in TR cells were measured in interferon beta treated
relapsing-remitting MS patients (10) on the day when a relapse was
clinically confirmed (day 0) as well as on days 6 and 30. On day O, all
patients underwent a 5 day — long course with corticosteroid (COR)
treatment (1000 mg/day methylprednisolone, IV). Sex- and age-
matched healthy donors (10), served as controls. All patients were
clinically evaluated at the same time points with expanded disability
status score (EDSS). CD25+CD4+T cells were isolated from PBMC’s.
Total RNA was extracted. The quantification of FOXP3, CTLA-4 and
GITR mRNA level was performed by Real-time PCR. The protein level
was quantified by Western blot followed by densitometry. In addition,
all patients were tested by Mx1 gene expression assay for the detection
of anti- interferon beta neutralizing antibodies. Results: All patients
responded well to COR treatment with full recovery within a month.
The possibility of reduced interferon beta bioavailability was ruled out
since all patients were NABs— negative. Compared to pretreatment
with COR, the levels FOXP3 and CTLA-4 mRNA expression were
decreased by 37.82% and 17.54%, respectively on day 6 and increased
to the initial pre-treatment levels on day 30. On the contrary, gene
expression levels of GITR increased up to 42.96% on day 6 and
remained at high levels on day 30. Compared to healthy controls, the
expression levels of all three genes were higher at all time-points
tested. Protein level expression followed the same pattern as indicated
by western blot. Conclusion: Our results indicate a clear trend in
which COR treatment results in an upregulation of GITR molecule,
already by day 6 and remain high for a least a month, thereafter. On
the contrary, FOXP3 and CTLA-4 expression profiles were shown to be
downregulated on day six and increased at the initial, pre-treatment
levels on day 30.

P768

IL-6 induces IL-17 production by human CD4-+ CD45R0+
cells

L.A. Minns, ]. Channon, R. Dupont, L. Kasper; Dartmouth Medical School
(Lebanon, USA)

Multiple sclerosis (MS) is a central nervous system disease in which
activated autoreactive T-cells invade the blood brain barrier and
initiate an inflammatory response that leads to myelin destruction
and axonal loss. The IL-12 family of cytokines, including IL-12
(p35 p40) and IL-23 (p19 p40), are involved in T cell activation and
the induction disease in the mouse model of MS, experimental
autoimmune encephalitis (EAE). Recent studies in mice strongly
suggest that both members of this family are important for CD4+ T
cell responses; IL-12 induces IFN-gamma production by CD4+ Th1
cells, whereas, IL-23 maintains ThIL-17 cells. Further studies showed
that TGF-beta and IL-6 are essential for the differentiation of ThIL-17
cells from CD4+ T cells; blocking IL-23 with an anti-p19 antibody
reduced both IL-6 and IL-17 expression in the CNS of EAE mice. IL-6 is
a unique cytokine that acts as a lymphocyte stimulatory factor.
Previous studies demonstrated increased IL-6 in plasma, sera and
CSF, higher IL-6 mRNA expression in PBMCs, and increased sIL-6R
and its signaling cofactor, gp130, in MS patients compared to healthy
controls, suggesting a role for IL-6 in MS. The hypothesis to be tested
is that IL-6 is an essential cytokine involved in the induction of
pathogenic ThIL-17 cells in humans. Peripheral Blood Mononuclear
Cells (PBMCs) and magnetically sorted CD4+ T cells from healthy
donors were conditioned in vitro with various cytokines including
IL-6, TGF-beta, and IL-23 for 4-10 days. After in vitro conditioning,
analysis for cell surface and intracellular IFN-gamma and IL-17 as well
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as mRNA analysis of IL-17 was performed. IL-6 independent of TGF-
beta resulted in the expansion of IL-17 producing CD4+ T cells.
Negatively selected, CD25+ depleted CD4+ T cells skewed with IL-6,
IL-23, and/or TGF-beta resulted in an expansion of IL-17-producing
CD45RO + T cells distinct from IFN-gamma producing CD4+ T cells;
results were confirmed by real time quantitative PCR analysis. The
highest induction of IFN-gamma producing Th1 cells and ThIL-17
cells was observed when cells were skewed only in the presence of IL-
6; these cells were phenotypically distinct from IL-23 induced ThIL-17
cells. Similar analysis of PBMCs from patients with clinically defined
MS is underway. This data suggests that in humans, targeting IL-23 or
IL-6 could be sufficient to reduce the population of both IFN-gamma
Th1 and ThIL-17 cells in MS patients.

P769

Abnormally low surface CTLA4 expression on CD25hi CD4+
T cells correlates with Foxp3 mRNA expression and is
normalised by treatment with interferon-beta

F. Sellebjerg, M. Krakauer, M. Khademi, T. Olsson, P.S. Sorensen; Danish
MS Research Center (Copenhagen, DK); Karolinska Hospital (Stockholm, S)

Regulatory CD4+ T cells (Treg) have high expression of CD25
(CD25hi). The immunoregulatory activity of CD25hi CD4+ Treg
cells is deficient in untreated multiple sclerosis (MS). We used flow
cytometry to study CD25 —, CD25lo, and CD25hi T cells from healthy
controls and patients with MS. In healthy controls a higher percen-
tage of CD25hi CD4+ T cells than CD25lo and CD25 — CD4+ T cells
had intracellular and surface expression of CTLA4, a molecule with
inhibitory effects on T cell activation. In MS patients a higher
percentage of CD25hi CD4+ T cells expressed intracellular CTLA4
than in healthy controls (p =0.006). In contrast MS patients had a
lower percentage of CD25hi CD4+ T cells that expressed CTLA4 on
the cell surface than did healthy controls (p =0.003). These changes
in CTLA4 expression are similar to those previously reported in
autoimmune diabetes. In untreated MS patients the percentage of
CD25hi CD4+ T cells with surface expression of CTLA4 correlated
with blood mononuclear cell expression of Foxp3 (which controls the
regulatory phenotype of CD25 hi CD4+ T cells), Cbl-b (a negative
regulator of T cell activation), GATA3 (which controls Th2 differentia-
tion of T cells), IL-4, TGF-beta and brain-derived neurotrophic factor
mRNA (all p <0.05), but not with expression of T-bet (which controls
Th1 differentiation of T cells), IFN-gamma or TNF mRNA. In MS
patients treated with IFN-beta, surface expression of CTLA4 was
comparable to the expression in healthy controls, and the injection
of IFN-beta resulted in a time-dependent increase in the percentage of
CD25hi CD4+ T cells expressing surface CTLA4 (r=0.8, p =0.001).
Intracellular expression of CTLA4 was, however, not normalized by
treatment with IFN-beta. These findings indicate that surface expres-
sion of CTLA4 on CD25hi CD4+ T cells may reflect Treg activity, and
we are currently addressing this hypothesis in functional studies.

P770

Expression of chemokine receptors by peripheral blood
mononuclear cells in multiple sclerosis

O. Suliman, B. Sharrack, N. Woodroofe; Royal Hallamshire Hospital
(Sheffield, UK); Sheffield Hallam University (Sheffield, UK)

Introduction: Chemokines are chemotactic cytokines. The interac-
tion between chemokines and their receptors controls the recruitment
of inflammatory cells, including peripheral blood mononuclear
cells(PBMCs), into sites of inflammation as seen in the central nervous
system (CNS) in multiple sclerosis (MS). Within the CNS in MS,
increased expression of a number of key chemokines including
CCL2, CCL5 and CXCL10, has been demonstrated PBMCs express
the corresponding receptors for these chemokines respectively,
CCR2,CCRS5 and CXCR3. Currently, blockade of chemokines and
chemokine receptors are under investigation in clinical trials, as a
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possible therapeutic targets in inflammatory diseases including MS.
Aims: To investigate the expression of chemokine receptors CCR2,
CCRS and CXCR3 by peripheral blood T-cells (CD4 and CD8) and
monocytes (CD14) in patients with MS and healthy controls long-
itudinally over a 12 month period. To correlate the level of expression
of these receptors to MS clinical disease activity. Methods: 30
patients with relapsing remitting MS and 10 healthy controls were
recruited. Blood samples were collected every 2 months and at any
time during an acute MS relapse for a total period of 12 month. Whole
blood was stained using fluorescently labelled monoclonal antibodies.
The level of expression of these chemokine receptors on each cell type
was determined using 3 colour flow cytometry. Results: CD4 cells
expressed mainly CXCR3 (>30%) and less than 5% were CCR2+ and
CCRS+. CDS8 cells expressed mainly CXCR3 (>55%) and less than
10% were CCR2+ and CCRS+. CD14 cells highly expressed CCR2
(>80%) and less than 10% were positive for CCR2 and CXCR3. 18 of
the MS patients had at least one relapse during this study and they
were grouped as active MS (total number of relapses were 27). There
was no significant difference in the expression of the 3 receptors by
CD4,CD8 and CD14 cells between the healthy subjects, the stable MS
and the active MS patient groups. There was no significant difference
in the expression of the 3 receptors by CD4,CD8 and CD14 between
relapses and remissions. Comclusion: There is no association
between MS clinical disease activity and the mean percentage
expression of CCR2, CCR5 and CXCR3 by peripheral blood mono-
nuclear cells in this MS patient population.

P771

Alteration of chemokine receptor expression by CD4+
CD25high regulatory T cells in patients with multiple
sclerosis

L. Rinaldi, M. Calabrese, E. Del Giudice, A. Leon, P. Gallo; Multiple
Sclerosis Centre (Padua, 1); Research and Innovation (Padua, I)

Object: To characterise the expression of a number of surface
antigens associated with activation, migration and antigen presenta-
tion on human regulatory CD4+ CD25 high T cells (Tregs); to analyse
the expression of chemokine receptors on Tregs from newly diagnosed
untreated multiple sclerosis (MS) patients. Methods: Peripheral blood
from twenty MS patients and twenty healthy donors (HC) was directly
stained with the following antibodies: CD25 Fluorescein Isothiocya-
nate (FITC), CD25 Cy-Chrome, CCRS FITC, CCR7 Phycoerythrin (PE),
CXCR3 PE, HLA-DR FITC, CD4 PE, CD4 Cy-Chrome, CD161 PE, CD16
PE, CD56 PE, CD45 RO PE. Samples were analysed by flow cytometry.
The different antigen expression was determined in the whole CD4 +
T cell population, and in CD4+ CD25 —, CD4+CD25 low and CD4 +
CD25 high T cells. Percentage of specific antigen expressing cells was
compared. Moreover, the chemokine receptor expression was deter-
mined in Tregs, and compared in MS patients and healthy controls.
Results: Approximately 25% of CD4+ T cells express CD25. The
CD25 high cells represent 1-3% of the whole CD4+ T cell popula-
tion. We observed that Tregs are characterised by a different expres-
sion of CCR7 (highly reduced), CCRS (highly enriched), HLA-DR
(highly enriched), CD45 RO (highly enriched) and CD161 (reduced),
in comparison with CD44CD25 — and CD4+CD25 low T cells. We
observed a significant increase of CCR7+ Tregs in MS compared to
HC, while the percentage of Tregs was similar in MS patients and HC.
When splitting MS patients according to brain MRI activity, we
observed that MRI-active patients showed a significant reduction in
the percentage of CCR7+ and CXCR3+ Tregs compared to MRI-
inactive patients. Comnclusion: Our results show that human Tregs
are characterised by immunophenotypes which reflect heterogeneous
subsets differing in homing receptor expression. MS patients were
characterised by an increased percentage of CCR7 + Tregs compared
to HC, suggesting an altered balance among Tregs subsets, favouring
those specialised to inhibit the initiation of the immune response
within lymphoid tissues rather than those displaying the capacity to
enter inflamed sites (central nervous system) to control an established
immune reaction. In addition, the differential expression of CCR7 and
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CXCR3 by Tregs in MRI-active and MRI-inactive patients disclose the
possibility for the potential use of chemokine receptors as markers of
clinical utility in MS.

P772

CCL5-induced in vitro chemotaxis of mononuclear leuko-
cytes in multiple sclerosis
M. Jalosinski, A. Glabinski; Medical University of Lodz (Lodz, PL)

Background: Active multiple sclerosis (MS) is characterized by the
presence of perivascular inflammatory foci localized in the central
nervous system (CNS). Inflammatory cells forming those foci migrate
from the blood to the CNS. Several studies confirmed that chemokines
and their receptors play an important role in that process. Goals: The
major goal of this study was to analyze the migratory activity of
subpopulations of peripheral blood mononuclear cells (PBMC) iso-
lated from the blood of MS patients and stimulated by chemokine
CCLS5/RANTES. Moreover the impact of MS treatment with methyl-
prednisolone and mitoxantrone on CCL5-induced chemotactic activ-
ity of PBMC subpopulations was analyzed. Methods: PBMC’s were
isolated from blood of untreated MS patients, from MS patients in
relapse treated with methylprednisolone, from MS patients with
chronic progressive disease treated with mitoxantrone and from
control groups (healthy volunteers and patients with other neurolo-
gical diseases — OND). Chemotactic activity of mononuclear leuko-
cytes was measured in vitro in Neuroprobe MBA96 chemotaxis
chamber using fluorimetric reader. Chemotactic activity of nonad-
herent PBMC’s — mostly lymphocytes was measured in lower well of
chemotactic chamber. Chemotactic activity of adherent PBMC’s
(mostly monocytes) was measured on the filter separating upper and
lower well. Results: In active MS before any treatment in vitro
chemotactic activity of lymphocytes after stimulation with CCL5 was
significantly increased (p =0.023). Spontaneous migration of lympho-
cytes was similar in all studied groups. Treatment of MS with
methylprednisolone and mitoxantrone diminished this activity to
the level observed in control groups of patients with OND and healthy
controls. This effect was dose dependent. We did not observe any
significant changes in spontaneous and stimulated by CCLS5 migratory
activity of monocytes from MS patients. Conclusion: Obtained results
suggest that in active MS CCLS5-induced migratory activity of lympho-
cytes is increased and this activity may be significantly diminished
by treatment of MS with methylprednisolone and mitoxantrone.

P773

Different TRADD expression discriminates between multi-
ple sclerosis disease subtypes

B. Kallmann, E. Spech, A. Kroner, A. Petzold, K. Obojes, D.H. Miller,
A. Thompson, G. Giovannoni, P. Rieckmann; University of Wurzburg
(Wurzburg, D); University College London (London, UK)

Background: Relapsing-remitting (RR) and primary progressive (PP)
MS differ in their clinical course and possibly in their underlying
pathogenesis. Currently, no biomarker is available to distinguish
between these subtypes of MS. Objective: This study aimed to
identify biomarkers in association with subtypes of MS, initially using
gene expression array analysis of peripheral blood mononuclear cells.
Methods: cDNA array analysis was performed using pooled RNA
derived from whole blood of patients with stable RRMS or PPMS not
on immunomodulatory treatment. Using real-time RT-PCR differen-
tial expression of candidate genes was quantified in individual MS
patients of two independent patient cohorts containing both sub-
groups a) 9 RRMS/9 PPMS and b) 27 RRMS/42 PPMS. Protein
expression of selected candidate genes in PBMC was determined by
western blotting and FACS staining. Immunohistochemistry for
TRADD expression was performed on brain and spinal cord specimens
from MS patients and healthy controls. Results: Gene expression
array analysis identified 51 genes differentially upregulated in RR-MS
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and 11 in PP-MS. Out of several candidate genes re-analysed
individually by quantitative RT-PCR the death domain containing
protein TRADD involved in tumor necrosis factor receptor (TNFR)
superfamily signalling, was consistently expressed at higher levels in
PP-MS patients compared to RR-MS and healthy controls. This result
was confirmed in two independent cohorts. High expression of
TRADD protein associated with infiltrates was detected mainly in
the spinal cord of MS patients. Results of western blots and three-
coloured FACS analysis for TRADD in different PBMC populations will
be presented. Comnclusion: Array analysis is a useful screening
approach in pooled patient samples of MS to identify differentially
expressed genes. TRADD, a member of TNFR superfamily, is one of
these candidate genes and may serve as a biomarker to discriminate
PPMS from RRMS patients. This suggests, distinct pathogenic pro-
cesses in these MS subtypes.

P774

CD11c expression on peripheral blood NK cells as a biomar-
Ker reflecting disease activity of multiple sclerosis

T. Aranami, S. Miyake, T. Yamamura; National Institute of Neuroscience,
NCNP (Kodaira, JP)

Multiple sclerosis (MS) is a chronic inflammatory disease of the central
nervous system (CNS), in which autoreactive CD4+ T cells are
presumed to play a pathogenic role. Although a large majority of
the patients show relapsing-remitting course of the disease, the
clinical profile varies greatly among individuals. For better quality of
management of the disease, establishment of appropriate biomarkers
reflecting the disease activity are currently desired. Recently we have
demonstrated that peripheral blood NK cells biased towards secreting
IL-5 are associated with the remission state of MS and might function
as regulatory cells on autoreactive CD4+ T cells (J. Clin. Invest, 2001,
107(5): R23-9. Brain, 2004, 127 (Pt 9): 1917 -27.). Here we report that
MS patients in remission (MS-rem) differentially express CD11c on NK
cell surface. MS-rem can be divided into CD11chigh and CD11clow
according to NK cell phenotype. When we analyzed cytokine expres-
sions in NK cells, upregulation of IL-5 and GATA-3 was observed in
CD11clow but not in CD11chigh patients. In contrast, the CD11chigh
patients showed a higher expression of HLA-DR on NK cells. Since in
vitro studies demonstrated that NK cell stimulatory cytokines such as
IL-15 would upregulate CD11c on NK cells, we postulate that
inflammatory signals may play a role in inducing the CD11chigh
NK cell phenotype. Given regulatory function of NK cells in MS-rem
on autoreactive CD4+ T cells, we hypothesized that these alterations
of NK cells in CD11chigh MS may be correlated with exacerbation of
autoreactive CD4+ T cells. Consistent with this idea, activation
markers, such as HLA-DR and CD25, were overexpressed on CD4+
T cells in CD11chigh MS. Namely, proportions of HLA-DR+ cells or
CD25+ Foxp3- non-regulatory T cells but not CD25+ Foxp3+
regulatory T cells increased in CD11chigh compared to CD11clow
MS. Importantly, 5 out of 10 CD11chigh MS patients developed a
clinical relapse within 120 days after blood sampling, whereas only 1
out of 10 CD11lclow developed exacerbated disease. These results
suggest that CD11chigh patients may be in more unstable condition
than CD11clow. Thus, a higher expression of CD11c on NK cells may
reflect the disease activity of MS, which may allow us to use it as a
potential biomarker to monitor the immunological status of MS-rem.

P775

Study of the migratory and survival potentials of circulat-
ing myeloid and plasmacytoid dendritic cells in multiple
sclerosis patients

C. Lopez, M. Tintore, R. Martin, X. Montalban, M. Comabella; Vall
d’Hebron University Hospital (Barcelona, E)

Dendritic cells (DC) are the most potent antigen presenting cells,
capable to induce and regulate T-cell mediated immune responses.

Multiple Sclerosis 2006; 12: S1-5228

The two main peripheral blood DC populations are DC1 (CD11c+
myeloid DC) and DC2 (CD11c- plasmacytoid DC). DC1 and 2 respond
to different stimuli and may drive Thl or Th2 responses in T cells
depending on maturation state. Multiple sclerosis (MS) is a chronic
inflammatory disease of the central nervous system (CNS) supposedly
mediated by Th1 autoreactive T cells. DC are detected in inflamed MS
lesions and numbers of plasmacytoid DC are found increased in the
cerebrospinal fluid (CSF) of MS patients. Recruitment of blood DC
into the CNS relies on the expression of specific chemokine receptors
and adhesion molecules. In addition, the balance in the expression
between pro- and anti-apoptotic molecules may be critical in the
survival of DC and hence, in the perpetuation of the inflammatory
process that is taking place in the CNS of MS patients. Objectives: To
compare the migratory and survival potentials of circulating blood
DC1 and DC2 between untreated and interferon-beta (IFN-b) treated
MS patients and healthy controls. Methods: The expression of a
panel of chemokine receptors (CCR5 and CXCR3), adhesion mole-
cules [LFA-1 (CD11a) and VLA-4 (CD49d)], and apoptosis markers (Fas
and Bcl-2) by circulating DC1 and DC2 was determined by flow
cytometry on fresh whole blood samples from 31 MS patients
[8 patients with relapsing-remitting (RR) MS, 6 with secondary
progressive (SP) MS, 7 with primary progressive (PP) MS, and 12 with
RRMS treated with IFN-b] and 15 healthy controls. Results: The
expression of LFA-1 by DC1 was increased in untreated RRMS patients
when compared to healthy controls and progressive forms of MS. The
expression of Fas by DC2 was overall increased in MS patients when
compared to healthy controls, especially in SPMS patients. The
percentage of DC2 expressing CCRS5 was higher in RRMS patients
receiving IFN-b compared to untreated RRMS patients. Conclusion:
The higher expression of LFA-1 in RRMS may be associated with
increased migratory potential of DC1 to enter the CNS in this subset
of patients. The increased expression of Fas in SPMS may reflect
differences in the maturation state of DC2 in the clinical forms of MS.
Finally, one mechanism by which IFN-? exerts its beneficial effects
could be the increase in CCRS expression by DC2, thus favoring
migration into the CNS and inducing Th2 type immune responses.

P776

Cytokines and cytotoxic markers in the CD4" CD28 — T cell
subset in multiple sclerosis patients

M.J. Pinto-Medel, L. Leyva, ].C. Ldpez-Madrona, G. Luque, B. Oliver,
T. Orpez, V.E. Fernindez, E. Blanco-Alcdntara, C. Mayorga, A. Leon,
O. Ferndndez; Clinical Neurosciences Institute (Malaga, E)

Background: It has been shown that a subpopulation of CD4+ T
cells that express cell surface markers characteristic of both NK cells
and conventional T cells, and lack the expression of the costimulatory
molecule CD28, is able to exert strong immunoregulatory and
cytotoxic activity. We have previously shown that CD4+CD28 — T
cell expression was significantly increased in multiple sclerosis (MS)
patients compared to that in healthy controls, and that surface
markers typical of NK cells, activation markers and adhesion mole-
cules were preferentially expressed in this CD4+CD28 —T cell sub-
population. The aim of this study was to assess cytokines and
cytotoxic markers (perforin and granzyme B) expression in CD28 —
and CD28+ T CD4+ cell subsets in MS patients. Granzyme B is a
serine protease found primarily in NK cells and cytotoxic T lympho-
cytes and it acts by means of inducing apoptosis in target cells.
Perforin facilitates the entry of serine proteases into the target cell and
is also capable of lysing non-specifically a variety of target cells.
Methods: Sixty patients with relapsing-remitting MS were studied
and sampled during remissions. Evaluation of perforin, granzyme B,
IL-2, TFN-g, TNF-a, IL-4 and IL-5 intracellular expression was per-
formed by flow cytometry. Results: Expression of the cytotoxic
markers, perforin and granzyme B, was significantly higher in the
CD4+CD28 — T subset. Additionally, intracellular IFN-g and TNF-a
expression was also significantly increased in the T CD4 + subset that
lacks the expression of the costimulatory molecule. On the contrary,
IL-2 and IL-4 expression was significantly enhanced in the CD4+
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CD28+ T cell subset. Conclusion: The fact that cytotoxic markers as
perforin and granzyme B as well as the proinflammatory cytokines,
IFN-g and TNF-a, were preferentially produced by CD4+ CD28 — T
cell subset, in MS patients, suggest that these cells might have a
potential cytotoxic effector role in the immune responses and might
play an important part in the pathogenesis of MS. Assesment of the
CD4+CD28 — T cell subset phenotype could help us to evaluate the
clinical and immunological status of individual MS patients.

P777

The neuroprotective potential of immune cells: the role of
gender, age and multiple sclerosis

M. Caggiula, A.P. Batocchi, G. Frisullo, F. Angelucci, V. Nociti, A.K.
Patanella, C. Sancricca, P.A. Tonali, M. Mirabella; Fondazione Don Carlo
Gnocchi (Rome, 1); Catholic University (Rome, 1)

Background: Inflammatory reactions in the central nervous system
are usually considered detrimental, but recent evidence suggests that
they can also be beneficial and even have neuroprotective effects.
Those effects are, at least in part, mediated by the release of
neurotrophic factors. In multiple sclerosis (MS) the beneficial effect
of inflammation seems to be greater in younger patients and in the
ones with a shorter disease duration. Few data are, to date, available
about neurotrophin production in healthy people. Objective: The
aim of this study was to compare brain-derived neurotrophic factor
(BDNF) production by peripheral blood mononuclear cells (PBMCs) in
healthy subjects with its levels in a large group of relapsing-remitting
(RR) MS patients. Methods: We determined BDNF production by
unstimulated PBMCs derived from 43 healthy subjects (23 females
and 20 males) and 77 patients with RR MS (53 females and 24 males).
Mean age of controls was 43.9+14.8 years (43.7+14.7 as to females
and 44.15+15.4 as to males); nine females were postmenopausal.
Mean age of RRMS patients was 31.3+9.5 years; mean disease
duration was 4.84+5.9 years. All patients were in stable phase of
disease. The last relapse or steroid administration had occurred at least
3 months before blood sample. None of our patients had ever been
treated with any immunomodulatory drugs except corticosteroids.
Spontaneous BDNF production was measured in duplicate by enzyme-
linked immunoabsorbent assay (ELISA) in supernatants of PBMCs.
Results: In healthy subjects we found that PBMCs derived from
females produced higher levels of BDNF as compared with PBMCs
from males. Besides, we observed an inverse correlation between age
and BDNF production by PBMCs. Also among MS patients we detected
higher BDNF levels in females than in males. Moreover, BDNF
production seems to decline during the course of the disease. Relapse
rate in the year before and EDSS score seemed not to influence BDNF
production by PBMCs. We also found that PBMCs from healthy
subjects produced higher levels of BDNF than PBMCs from MS
patients in stable phase of disease. Conclusion: These data demon-
strate that BDNF production by immune cells is more effective in
females than in males both in MS patients and controls. It declines
with age in healthy subjects and seems to be reduced in MS where it is
inversely correlated with disease duration.

P778

Dendritic cells are abundant in non-lesional grey matter in
multiple sclerosis

C. Cudrici, E. Zafranskaia, F. Niculescu, K. Mullen, S. Judge, P.A.
Calabresi, H. Rus; University of Maryland (Baltimore, USA); Johns Hopkins
University (Baltimore, USA)

It was previously demonstrated that a population of perivascular cells
expressing dendritic cells (DC) markers are present in multiple
sclerosis (MS) plaques. We have further analyzed DC markers expres-
sion and localization in acute and chronic active lesions and
compared with expression in non-lesional white (NLWM) and gray
matter (NLGM). Frozen brain tissue specimens were obtained at
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autopsy from eight patients with a definite diagnosis of MS. Im-
munohistochemistry was performed on cryostat sections for CD209,
CD205, CD68, CD3, CCR7, CCR5, MHC class II, and Myelin/
oligodendrocyte antigen. We found CD209 labeling of some of the
perivascular cells in both acute and chronic lesions. Many, but not all,
of these cells stained positively for CCRS. Serial sections through areas
revealed an absence of CCR7 co-localization with CD209. Although
less numerous then CD209 + cells, cells expressing mature DC marker
CD205 were consistently detected in perivascular cuffs of most active
lesions. Some of the CD209+ cells were in close proximity with
CD3+ lymphocytes. Interestingly, sections of NLWM and NLGM also
had areas with perivascular CD209 positive cells. In NLGM parench-
ymal cells expressing CD209/CD205 were also found. Some of the
parenchymal CD209+ cells had morphology suggestive of microglia
and others of macrophages with ingested myelin. In double labeling
experiments some but not all of the CD209 cells also expressed CD68.
Our findings showing the expression of CD209 positive cells in NLGM
parenchymal areas are surprising relative to the previous literature
which reported the presence of CD209+ cells only in MS plaque
perivascular areas. Moreover, some of the CD209 positive cells also
express CD68 suggesting that these cells might be of macrophage/
microglial origin. These data suggest that some microglia express DC-
like markers and might play roles in the initial antigen presentation
and promotion of T-cells entry in the brain.

P779

The role of dendritic cells during the course of multiple
sclerosis relapses associated with bacterial infections
J. Correale, M. Farez; FLENI (Buenos Aires, RA)

Dendritic cells (DC) are potent antigen-presenting cells and are critical
for onset of the immune responses generates against infections.
Bacteria and viruses have been implicated in autoimmune disease
pathogenesis. Indeed, Multiple Sclerosis (MS) relapses are frequently
associated with infection, in some instances bacterial. The hypothesis
of this study was to establish whether DC from bacteria-infected MS
patients modified autoreactive T cells patterns of activation, thus
triggering disease exacerbation. CD1+, CD11c+, CD80+, CD86+,
CD14 —, HLA-DR bright DC were separated from peripheral blood
during 11 exacerbations linked to bacterial infections and 11 relapses
without infections. DC antigen-presenting capacity was assessed with
MBP, MOG, GM1, and GM3 specific autologous T cell clones (TCCs).
TCCs stimulated with DC from infected MS patients showed maximal
proliferation, and induced the secretion of IL-12, IL-17, and IFN-g at
10 to 30 times less concentration than after incubation with DC
isolated from uninfected individuals. Interestingly, CD1-restricted
GM1 and GM3 TCCs incubated with DC from infected MS patients
secreted IFN-g, and IL-12 even in the absence of exogenous antigens.
These activation patterns correlate with increased in T cell survival.
DC from infected MS patients secreted more IL-12 and IL-18, and
showed higher expression of the myeloid differentiation factor 88, as
well as molecules CD1, B7-1, B7-2, B7-DC, CD40, CD83 and CCR7,
as compared to DC from uninfected individuals. Overall, these results
are consistent with the concept that during bacterial infections, DC
play a critical role in MS relapse induction.

P780

Pathological relevance of meningeal B-cell follicles in sec-
ondary progressive multiple sclerosis

R. Magliozzi, A. Vora, B. Serafini, R. Nicholas, O. Howell, M. Puopolo,
R. Reynolds, F. Aloisi; Istituto Superiore di Sanita’ (Rome, I); Imperial
College of London (London, UK)

Multiple sclerosis (MS) is a chronic inflammatory disease of the central
nervous system in which the humoral response is believed to play an
important immunopathogenic role. We have previously shown that
ectopic B-cell follicles with germinal centers develop in the meninges
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of a subset of patients with secondary progressive (SP) MS (Serafini
etal ., Brain Pathol. 2004, 14: 164) and of mice with relapsing remitting
experimental autoimmune encephalomyelitis (EAE) (Magliozzi et al .,
J Neuroim. 2004, 148: 11). The aims of this study were: 1) to
determine the frequency of ectopic B-cell follicles in MS cases with
different progressive disease courses; and 2) to examine whether there
is an association of ectopic follicles with demographic, clinical and
neuropathological features. A detailed immunohistochemical and
morphometric analysis was performed on post-mortem cerebral tissue
from 29 SP, 4 progressive relapsing (PR) and 7 primary progressive (PP)
MS cases. Ectopic follicles were detected in the inflamed meninges of
41% of the SPMS cases, but in none of the PRMS and PPMS cases.
Compared to the SPMS group without follicles, the SPMS group with
follicles was characterized by a higher female preponderance and by a
lower age at MS onset, first use of wheel chair and death. Pathologi-
cally, there was more pronounced demyelination, microglial activa-
tion and axonal loss in the cerebral cortex of SPMS cases with follicles.
Cortical demyelination in the latter cases was also more severe than in
the PRMS and PPMS cases. These data indicate that the presence of
ectopic follicles identifies a clinically and neuropathologically distinct
subset of MS patients and imply a role for these abnormal structures in
the exacerbation of cortical pathology and rapid progression of the
disease.

P781

The thymus and regulatory T-cell function in patients with
multiple sclerosis

B. Wildemann, ]. Haas, P. Triibswetter, B. Fritzsching, P.H. Krammer,
E. Suri-Payer; University of Heidelberg (Heidelberg, D); DKFZ Heidelberg
(Heidelberg, D)

Background: CD4+ CD25+ regulatory T-cells (Treg) are defective in
patients with multiple sclerosis (MS) as they inhibit myelin-specific
and antigen-nonspecific T-cell proliferation less potently as compared
to Treg from healthy donors while their numbers and elimination are
unaltered. The mechanisms of this Treg defect are unclear. Treg
mature in the thymus and the majority of cells circulating in the
periphery rapidly adopts a memory phenotype. Since recent evidence
suggests that the thymic output of T-cells is impaired in MS patients
we hypothesized that a defective Treg generation may contribute to
the functional Treg impairment associated with MS. We therefore
determined the role of Treg which enter the circulation as recent
thymic emigrants (RTEs) and, unlike their CD45RO+ memory
counterparts, co-express CD31 as a typical surface marker. Design/
Methods: Treg as well as CD4+CD25 — effector T-cells (Teff) were
immunomagnetically isolated from peripheral blood of 10 healthy
individuals. Treg were further separated according to their CD31
expression in CD31+ RTE Treg and CD31- memory Treg. We used in
vitro proliferation assays to test the inhibitory capacity of Treg subsets
and of Treg obtained from MS patients (n =7) and healthy donors
(n=9) before and after depletion of CD31+ RTE Treg. We also
performed CDR3 spectratyping to determine the T-cell receptor V beta
(TCR Vb) repertoire in patient and donor derived Treg. Results:
CD31+ RTE Treg displayed a markedly superior suppressive ability
compared to CD31— memory Treg. Parallel assessment of both
patient and donor derived total Treg and Treg depleted of CD31+
cells revealed a less potent suppressive activity of donor CD31 —
memory Treg and neutralized the difference in inhibitory potencies
of patient and donor Treg detectable when using total Treg in the co-
culture experiments. Furthermore, MS Treg but not healthy Treg,
exhibited a significantly contracted TCR Vb repertoire. Conclusion:
The depletion of highly potent CD31+ RTE Treg downregulates the
degree of suppression mediated by total Treg in healthy individuals
and reverses the MS associated Treg defect. Since the TCR Vb
repertoire is contracted in patient derived Treg our observations
suggest that a shift in the homeostatic composition of peripheral
Treg subsets related to a reduced de novo generation of thymic-
derived Treg and compensatory expansion of less suppressive memory
Treg may contribute to the impaired Treg function in MS patients.
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P782

Using biological (MxA protein or il-10 mRNA level) or MRI
indicators for assessing treatment response to interferon-
beta

G. Contessa, M. Clerico, P. Barbero, B. Ferrero, M.A. Cucci, L. Delfico, E.
Versino, G. Giuliani, E. Montanari, L. Durelli for the OPTIMS study group

Objective: Specificity, sensitivity, and predictivity of MxXA protein
or IL-10 mRNA or MRI activity as response indicators of interferon
beta(IFNB) treatment. Background: The OPTimization of Interfer-
on for MS (OPTIMS) trial is a multicenter trial involving 20 MS
centers designed to identify suboptimal responders (SR) to IFNB-1b
and to test the efficacy of 375 mcg IFNB-1b. Design/methods: 1L-
10 mRNA level quantified by real time RT-PCR (Tagman, ABI
PRISMTM 7900 Sequence detection system) in whole blood. MxA
protein leukocyte production determined by a two-site chemilumi-
nescent sandwich assay in whole blood. SR identified during a
6-month run-in phase where all patients were treated with 250 mcg
eod IFNB-1b as patients with either a moderate increase of MxA
protein or a decrease of IL-10 mRNA levels or an active scan (with at
least a new T2 or gadolinium-enhancing lesion). Primary outcome:
persistent SR, who had, during 18 months after run-in, clinical
(either a relapse or confirmed EDSS progression) or MRI activity
signs. ROC analysis used to assess sensitivity, specificity, and
predictivity of the response indicators. Results: Subject of the
main predictivity analysis were 144 patients continuously treated
with 250 mcg IFNB-1b (36 received 375 mcg). A single active scan
during the first 6 months of treatment predicted a clinical SR with
a significant specificity and positive predictivity (p <0.05). MxA
levels were available from 78 and IL-10 mRNA levels from 38
patients. An increase of MxA above 72 ng/mL during the first 6
months of IFNB-1b treatment significantly discriminated patients
(free from MRI activity) during the same period. The increase of
MxA level above the thresholds identified by ROC analysis was not,
however, able to discriminate patients with a good clinical response
over the subsequent 18 months of IFN beta treatment. IL-10 mRNA
level decreased in SR during the first 6 months of treatment.
Conclusion: Since MxA or mRNA tests require whole blood
samples and more complex methodologies, they have been done
only in patients of a single MS center. MRI scans were available
from all 20 centers indicating that the use of MRI activity as
treatment response indicator can be easily done by any MS center.
In addition, the early changes biological indicators had no signifi-
cant predictivity on the occurrence of clinical signs of disease
activity over the 2-year follow-up of the study.

P783

Elevated levels of kappa free light chains in CSF support the
diagnosis of multiple sclerosis

S. Presslauer, D. Milosavljevic, W. Hiibl, T. Briicke, P. Bayer; Wilhelmi-
nenspital (Vienna, A)

Background: Numerous studies have demonstrated kappa free light
chains (KFLC) in cerebrospinal fluid (CSF) of multiple sclerosis (MS)
patients but so far only small cohorts have been examined and in
most studies the KFLC were simply qualitatively detected. However,
using a recently developed particle-enhanced immunoassay protocol
(FreeliteTM, The Binding Site, UK) it has become possible to make
rapid and automated quantitative measurements of KFLC using
nephelometry. Objective: To determine whether KFLC-levels in
CSF correlate with the diagnosis of MS or possible MS and compare
their diagnostic utility with measurement of IgG-index and detection
of oligoclonal banding (OCB) by isoelectric focusing. Furthermore
to establish a threshold value for pathologically elevated KFLC-levels
in CSF. Methods: Between 2001 and 2006 we collected CSF and
serum samples from 367 unselected patients including a group of 56
MS-patients (32 definite MS, 24 possible MS). The samples were
analysed using the nephelometric KFLC assay, an IgG-assay and
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isoelectric focusing. The results were then compared to the previously
established diagnoses, the diagnosis of MS was made utilising the
diagnostic criteria published by McDonald et al. (Ann. Neurol. 2001
Jul; 50 (1): 121-7) Results: Best diagnostic performance was achi-
eved by constructing a KFLC-index comparable to the IgG-index:
Concentration of KFLC in CSF was divided by the concentration of
KFLC in serum; the result was then divided by the albumin quotient.
In our study the threshold value for pathologically elevated KFLC-
index was 5,5. Out of the 56 patients with the diagnosis of MS or
possible MS, where intrathecal IgG synthesis would be expected,
54 had an elevated KFLC-index, in 50 patients OCB were detected and
42 had elevated IgG-indices (IgGI >0,6). The sensitivity of the KFLC-
index was 0.96 compared to 0,89 for OCB and 0,75 for the IgG-index.
In two of the MS-patients none of these methods could detect an
inflammatory process. Four of the 56 patients in the MS-group showed
no OCB but significantly elevated KFLC-indices, two of these patients
also had elevated IgG-indices. Most other intrathecal infections like
meningitis (n =7), neuroborreliosis (n =7) etc. were also associated
with elevated KFLC-indices. Therefore the specificity of KFLC-index
>35.5 for the MS group (0.87) is lower than that of OCB (0.91) but
still distinctly higher than the specificity of the IgG-Index (0.83).
Conclusion: In this study an elevated KFLC-index represents the
most sensitive and specific quantitative diagnostic parameter for MS,
outperforming the widely used IgG-index. As it is measured by an
automated, readily available laboratory method, the KFLC-index
could provide an important early indication of an intrathecal immu-
nological process for patients suspected of suffering from MS before
isoelectric focusing is performed. Moreover, the determination of the
KFLC-index could improve the diagnosis of MS-patients with no OCB.

Pathology
P784

Dirty-appearing white matter in multiple sclerosis: histo-
pathologic evidence of reduced myelin phospolipids

W. Moore, C. Laule, G. Zhao, A. MacKay, A. Traboulsee, D. Li; University
of British Columbia (Vancouver, CAN); UBC MS/MRI Research Group
(Vancouver, CAN)

Background: Dirty-appearing white matter (DWM) has been de-
scribed in patients with multiple sclerosis (MS) as diffuse areas of
slightly increased signal intensity in white matter with conventional
MRI distinct from the typical focal high signal intensity MS lesion. It is
evident in 25% of RRMS patients, however, the pathological basis of
these abnormalities is poorly studied. Objective: To delineate the
histopathology of DWM and correlation with MRI derived myelin
water fraction (MWF). Methods: Four formalin-fixed cerebral hemi-
spheres slices from three MS patients with DWM were scanned with a
32-echo T2 relaxation sequence on a GE 1.5T Signa scanner. T2
relaxation distributions were calculated using a regularised non-
negative least-squares algorithm. MWF was defined as the amplitude
of the short (<30 ms) T2 component (myelin water) divided by total
T2 distribution. Sections were stained for myelin using luxol fast blue
(LFB) and myelin basic protein (MBP) and for axons using Bielschows-
ky. DWM regions of interest were compared to normal appearing
white matter (NAWM) and quantified using the optical density of
staining. Results: DWM showed a mean reduction in MWF of 33%
(p <0.0001) compared to NAWM. LFB was reduced by 35% and
Bielschowsky was reduced by 15% (p <0.0001). DWM was poorly
visualized with MBP and it was decreased by 11% (p =0.008). The
correlation between LFB and MWF ranged from r2 0.53 to 0.92. LFB
also correlated with Bielschowsky from r2 0.62 to 0.85. LFB did not
correlate well with MBP. Conclusion: Since LFB stains for myelin
phospholipids, the findings are consistent with DWM being the MRI
equivalent of a region with selective reduction of myelin phospholi-
pids detected by the MWF, but with a relative preservation of myelin
proteins, as well as axons.
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P785

Cortical pathology in multiple sclerosis: expression of glu-
tamate transporter EAAT2

M. Vercellino, A. Merola, S. Masera, F. Plano, B. Votta, E. Capello, G.L.
Mancardi, M.T. Giordana, R. Mutani, P. Cavalla; University of Turin
(Turin, 1); University of Genoa (Genoa, I)

Glutamate excitotoxicity has been described as a putative pathoge-
netic factor in Multiple Sclerosis (MS). Oligodendrocytes are highly
vulnerable to excitotoxic damage, and blockade of glutamatergic
receptors has been shown to ameliorate experimental allergic en-
cephalomyelitis. A reduction of the expression of Excitatory AminoA-
cid Trasporter 2 (EAAT2) has been observed in acute MS white matter
lesions; an increase of the expression of EAAT2 has been observed in
MS optic nerves. In our study we wished to assess the pattern of
expression of EAAT2 in MS cortex, evaluating the possible relationship
with cortical demyelination and with inflammation. Sections of 6
brains of MS patients (3 secondary progressive MS, 3 relapsing
remitting MS) were selected, as well as 3 control brains. Immunohis-
tochemistry was performed with antibodies for myelin basic protein,
EAAT2, glial fibrillary acid protein, CD68, MHCII, beta amyloid
precursor protein, neurofilaments. Demyelinating lesions were ob-
served in all MS cases in the cerebral cortex, in the thalamus and in
the basal ganglia. Most lesions were limited to the outer layers of the
cerebral cortex (layer I to layer III — IV). Two cases of secondary
progressive MS displayed a pattern of generalized subpial demyelina-
tion; in the remaining cases only focal cortical lesions were observed.
A reduction of the number of EAAT2 expressing cells in the cortex was
observed in the two cases with generalized subpial demyelination; a
moderate reduction was observed also in other MS brains, if compared
to control brains. According to our results, the expression of EAAT2 is
decreased in MS cortex, particularly in cases showing diffuse cortical
demyelination. EAAT2 pattern changes observed in MS cortex may
suggest a role for alterations of glutamate homeostasis in MS cortical
pathology.

P786

Persistence of immunopathological and radiological homo-
geneity in a patient with relapsing-remitting multiple
sclerosis

F. Konig, B. Kieseier, I Metz, H.-P. Hartung, W. Briick; Universitity of
Gottingen (Gottingen, D); Universitity of Dusseldorf (Dusseldorf, D)

Multiple sclerosis (MS) is known for its clinical, radiological, genetic
and pathological heterogeneity. Pathological heterogeneity in MS is
still a matter of debate, especially whether it is a stage-dependent
process in the development of lesions within a given patient as
proposed by Barnett and Prineas (2004) or whether patient
subgroups can be distinguished according to their leading mechan-
ism of myelin destruction (Lucchinetti et al. 2000). By identifying
four different immunopathological subtypes of MS, the latter
hypothesis favors homogeneity of lesion development in a given
patient with interindividual heterogeneity among different patient
subgroups. It is still unclear, however, whether these immuno-
pathological patterns of MS lesions persist over time within a single
MS patient. We present immunopathological and radiological data
of a patient with relapsing-remitting MS who underwent two brain
biopsies within 27 months. Immunopathologically, both brain
biopsies were actively demyelinating and were classified as pattern
IT (antibody/complement-mediated) according to Lucchinetti et al.
(2000) due to the detection of the C9 neo epitope of the
complement system in areas of active demyelination in both
biopsied lesions. The patient’s history was followed retrospectively
with respect to disease course, MRI features and response to
therapy. Both biopsied lesions displayed ring enhancement in T1-
weighted MRI after gadolinium application and a hypointense rim
in T2-weighted images. Clinically, the patient responded signifi-
cantly to plasma exchange. Our results therefore indicate an
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intraindividual homogeneity of a given immunopathological MS
subtype over time in this patient. Histopathological analyses of the
two brain biopsies revealed identical immunopathological features,
thus identifying both lesions as belonging to the antibody/comple-
ment mediated pattern II. MRI characteristics additionally support
our findings by showing similar MRI features in both biopsied
lesions. Furthermore, significant improvement after therapeutic
plasma exchange was observed in this patient, a finding which is
known to be associated with subtype II pathology as reported by
Keegan et al. (2005).

P787

Regional variation in the extent and pattern of grey matter
demyelination in multiple sclerosis: a pathological compar-
ison between the cerebral cortex, cerebellar cortex, thala-
mus and spinal cord

C. Gilmore, 1. Donaldson, L. Bo, T. Owens, ]. Lowe, N. Evangelou; Queen’s
Medical Centre (Nottingham, UK); VU Medical Centre (Amsterdam, NL)

Background: Myelin protein immunohistochemistry staining tech-
niques demonstrate substantial demyelination in both the cerebral
cortex and the spinal cord in Multiple Sclerosis (MS). Grey matter
(GM) demyelination has not been studied pathologically in both
the brain and spinal cord of the same subjects. Aim: To examine
the extent and pattern of GM demyelination in the cerebral cortex,
cerebellum, thalamus and spinal cord in MS. Method: Post-mortem
material was obtained from 14 pathologically confirmed MS cases
and 3 controls. Sections were taken from 7 predetermined areas of
the CNS (motor cortex, cingulate gyrus, cerebellar cortex, thalamus
and spinal cord-cervical, thoracic and lumbar levels), irrespective of
macroscopic appearance, and stained for Proteolipid Protein. In
each region the proportion of GM that was demyelinated (PGMd)
and the proportion of white matter (WM) that was demyelinated
(PWMd) was evaluated. Results: Overall, 28.8% of the GM was
demyelinated compared with 15.6% of the WM (p <0.001). PGMd
was greater than PWMd in all of the areas examined. This
difference reached statistical significance in the motor cortex (p =
0.013), cerebellar cortex (p=0.006), cervical cord (0.046) and
thoracic cord (p=0.008), but not in the lumbar cord (p=0.069),
cingulate (p=0.119) or thalamus (p=0.389). Multiple regression
models demonstrate that PGMd was significantly higher in the
spinal cord and cerebellum than in the motor cortex, cingulate and
thalamus. PWMd was significantly higher in the spinal cord than in
the other regions, including the cerebellum. Within the cerebral
cortex PGMd was greater in the cingulate gyrus than in the motor
cortex (p=0.013). GM plaques in the cerebral cortex, spinal cord
and thalamus showed a similar morphology as those described
previously. A large number of plaques within the cerebellum show a
distinct morphology characterised by a complete loss of myelin
within the full thickness of the cerebellar cortex, with sparing of
the subcortical WM. Discussion: There is substantial variation in
the extent of both GM and WM demyelination between different
regions of the CNS. Of the areas examined, GM demyelination was
most extensive in the spinal cord and cerebellum, while WM
demyelination was most prominent in the spinal cord. Demyelina-
tion was greater in the GM than in the WM at each of the
anatomical sites.

P788

Neuronal reaction in early and late multiple sclerosis

L. Schirmer, M. Albert, A. Buss, ]. Antel, W. Briick, C. Stadelmann;
University of Gottingen (Gottingen, D); University of Tubingen (Tubingen,
D); Aachen University Medical School (Aachen, D); McGill University
(Montreal, CAN)

Background: Multiple sclerosis (MS) is a chronic inflammatory
demyelinating disease of the central nervous system. Axonal degen-
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eration is an important feature of MS lesions and is strongly associated
with permanent neurological deficits. Little is known about the
reaction of neurons to inflammatory demyelination in MS tissue.
Aim of the study: The aim of our study was to characterise the
pattern of markers indicative of neuronal stress, plasticity and damage
over the course of lesion activity. Methods: Neuron pathology was
studied by immunohistochemistry applying antibodies for c-Jun,
GAP-43, SMI-31, SMI-32 and SMI-35 in MS spinal cord autopsy tissue.
Results: Expression of c-Jun and upregulation of GAP-43 were
observed in spinal neurons in early stages of lesion activity. Further-
more, markers for phosphorylated neurofilaments as SMI-31 and SMI-
35 were detected in motoneurons in early lesions. Conversely, late MS
lesions displayed decreased numbers of unphosphorylated neurofila-
ments (SMI-32-positive) in spinal motoneurons. Conclusion: In
conclusion, neuronal markers commonly associated with stress and
plasticity were more evident in early MS lesions, while later stages of
lesion activity showed signs of cytoskeletal disturbances. Our results
indicate that differential neuronal reactions are observed according to
the demyelinating activity of MS lesions.

P789

High CSF-neurofilament heavy chain levels in neuromyelitis
optica: distinction from multiple sclerosis

K. Fujihara, I. Miyazawa, I. Nakashima, A. Petzold, S. Sato, Y. Itoyama;
Tohoku University School of Medicine (Sendai, JP); Institute of Neurology
(London, UK); Kohnan Hospital (Sendai, JP)

Introduction: The neurofilament heavy chain (NfH-SMI35) has
been used as a sensitive and prognostically valuable biomarker for
axonal damage. Neuromyelitis optica (NMO) is a clinically severe
disease with neuropathological evidence for neuronal death and
axonal degeneration in addition to demyelination. Methods: 61
Japanese patients were included into this study [NMO n =24,
relapsing-remitting multiple sclerosis (RRMS) n =21, secondary
progressive  MS (SPMS) n=2, primary progressive MS (PPMS)
n =1, relapsing myelitis n =4, motor neuron disease (MND) n=
9]. A standard ELISA was used for measurement of cerebrospinal
fluid (CSF) NfH levels with an upper reference range of 0.73 ng/
mL. Results: CSF NfH levels were pathologically elevated in 25%
of NMO and 77% of the MND patients but none of the patients
with demyelinating disease. Mean CSF NfH were higher in NMO
(0.75+1.39) and MND (1.75+.54) compared to MS (0.10+0.09,
p=0.035, p=0.0002, respectively). Two of the 6 NMO patients
with elevated NfH levels were studied during remission and 4
during the acute phase. The prognosis in all 6 patients was poor,
with a median EDSS of 6.5. There was no correlation between CSF
NfH levels and the EDSS, extension of the spinal cord lesions, or
NMO-IgG status (aquaporin 4 antibodies) in either NMO or MS.
Conclusion: These results suggest that axonal degeneration may
be more severe in patients suffering from NMO compared to those
suffering from MS. CSF NfH levels may be of prognostic value in
patients with NMO.

P790

Remyelination failure during MS associates with decreased
capability of oligodendrocytes to myelinate axons: patholo-
gical and experimental comparative study

C. Fressinaud; University Hospital (Angers, F)

Introduction: The mechanisms responsible for the failure of
remyelination during MS are poorly understood. We have analysed
whether decreased capability of oligodendrocytes (OL) to remyelinate
axons could be involved. Methods: The number of remyelinated
fibres per OL (labelled with anti-MBP antibody) has been determined
in 18 chronic MS lesions (3 blocs from 6 autopsic cases: 5 remitting-
progressive and 1 primary progressive form, mean age: 54.5 years,
mean disease duration: 18.5+ 6 years), and compared to the adjacent
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normal appearing white matter (NAWM). Similarly the number
of remyelinated fibres per OL was determined, after 15 days, in
the centre of lysophosphatidyl choline (LPC)-induced lesions in
the corpus callosum of adult rats and their littermates in which
remyelination was accelerated by stereotaxic microinjection of neu-
rotrophin-3 (NT-3). In addition pure rat OL cultures were submitted to
unique (2.10-5 M, 24 h) or repeated (0.5. 10-5 M, 4 x6 h) LPC
toxicity and the effects of NT-3 and PDGF were recorded in these
conditions. Results: In chronic MS lesions and in LPC-induced
lesions the number of myelinated fibres per OL was significantly
(p <0.05) and strongly decreased compared to the NAWM (85%)
and to animals treated with NT-3 (100%), respectively. In vitro OL
showed a greater vulnerability to LPC-repeated attacks at low
concentration than to a unique injury at high LPC concentration,
and this was improved by NT-3 and PDGF. Conclusion: Our results
suggest that the capacity of OL to remyelinate axons is impaired
during MS, and that this defect is due to successive relapses. There-
fore, limiting relapses could represent one way to improve remyelina-
tion. Experimentally growth factors like NT-3 and PDGF rescue
myelination by OL, since these growth factors are also neurotrophic
they might be considered as potentially useful for therapeutic
prospects. Acknowledgments: Supported by a grant from the
University Hospital of Angers (PHRC 21-01).

Neuroprotection
P791

Oral fingolimod maintains and restores neuronal function
in demyelinating models of multiple sclerosis, as assessed by
somatosensory and visual evoked potentials

B. Balatoni, M.K. Storch, R. Weissert, C.A. Foster; Novartis Inst for
BioMedical Research (Vienna, A); University of Graz (Graz, A); Hertie
Institute for Clinical Brain Research (Tubingen, D)

Background: Fingolimod (FTY720) is an orally-active sphingosine
1-phosphate (S1P) receptor modulator under development for the
treatment of multiple sclerosis (MS). During a phase II trial in
relapsing MS, it reduced clinical relapse rate by more than 50% and
inflammatory lesion activity on magnetic resonance imaging by up
to 80%. Phase III studies are ongoing. Aim: To elucidate how
FTY720 exerts its beneficial effects in the central nervous system
(CNS), we compared functional parameters of nerve conductance
with morphological features in the DA rat model of experimental
autoimmune encephalomyelitis (EAE) under prophylactic and
therapeutic settings. Methods: EAE was induced with myelin
oligodendrocyte glycoprotein (MOG) or syngeneic neuroantigen.
Prophylactic oral treatment with FIY720 (0.3 to 0.4 mg/kg) or
vehicle started on day O and continued for 3 weeks, while
therapeutic treatment was initiated on day 25 or 40 post-immuniza-
tion. Clinical scores were assessed daily; visual and somatosensory
evoked potentials (VEP, SEP) were recorded prior to perfusion-
fixation; histological and immunocytochemical analyses were per-
formed on the brain, optic nerves and spinal cord to assess
inflammation, demyelination, axonal loss and blood-brain-barrier
(BBB) integrity. Results: FTY720 prophylaxis completely protected
against the emergence of EAE symptoms, electrophysiological dis-
turbances and pathology in the CNS. Therapeutic treatment reversed
severe neurological deficits in established EAE induced by syngeneic
myelin proteins as well as MOG. In parallel to these clinical
benefits, FTY720 restored and normalized the functional responses
to SEP and VEP stimulation. Neuronal function and clinical efficacy
correlated with a reversal of BBB leakiness and a reduction of
inflammatory infiltrates, actively demyelinating lesions and axonal
loss. Conclusion: The effectiveness of FTY720 in reversing clinical
disease and restoring nerve conductance is likely due to several
contributing factors. Evidence thus far support its role in the
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reduction of inflammation and preservation of BBB integrity.
FTY720 may also act via S1P receptors expressed by glial cells and/
or neurons in the CNS to promote endogenous repair mechanisms
that complement its immunomodulatory action.

P792

The sphingosine-1-phosphate receptor subtype-1 stimulates
ERK phosphorylation in astrocytes
M. Osinde, K.K. Dev; Novartis AG (Basel, CH)

The five sphingosine-1-phosphate receptors (S1P1-5) are activated by
the endogenous ligand, sphingosine-1-phosphate (S1P) and are
expressed in varying degrees on neurons, oligodendrocytes, astro-
cytes and microglia. In astrocytes, activation of S1P receptors leads
to MAPK activation and subsequent phosphorylation of extracellular
receptor regulated kinase (ERK), a signaling cascade which plays
intimate roles in cell proliferation. Using selective S1P receptor
ligands, the aim of our study was to determine which receptor(s) is/
are involved in ERK phosphorylation in astrocytes. We find the pan-
receptor agonists, S1P or AML629 (a phosphorylated version of
FTY720), stimulate ERK phosphorylation in cortical cultures pre-
pared from E18 rat brains. This process can be blocked by the
ERK kinase inhibitor U0126 or by pertussis toxin treatment,
confirming the involvement of both the ERK signaling cascade
and a Gi-coupled receptor, respectively. Immunocytochemistry
revealed co-localisation of anti-phospho-ERK staining with GFAP
positive astrocytes but not NeuN stained neurons or CNPase positive
oligodendrocytes, indicating ERK phosphorylation takes place in
astrocytes. Finally, the S1P1 receptor selective agonist SEW2871
showed a U0126 and pertusis toxin sensitive stimulation of ERK
phosphorylation that was similar to S1P and AML629. Collectively,
these results demonstrate that the S1P receptor subtype-1 mediates
ERK phosphorylation in astrocytes.

P793

Interferon-beta la-induced expression of brain-derived neu-
rotrophic factor in human T lymphocytes

Z. Mangal, C. Pullankavumkal, V.S. Manda, H.P. Hartung, O. Neuhaus;
Heinrich Heine University (Dusseldorf, D)

Objective: To investigate the effects of interferon (IFN)-beta la
(Rebif) on the expression of brain-derived neurotrophic factor
(BDNF) and other neurotrophic factors in human T lymphocytes.
Background: Neurodegeneration correlates with progression of
disability in multiple sclerosis (MS). IFN-beta 1a reduces progression
of sustained disability in MS, suggesting neuroprotective properties.
BDNF and other neurotrophic factors capable of promoting neural cell
survival may contribute to “neuroprotective immunity” in MS.
Methods: For in vitro analyses, mitogen-activated peripheral blood
lymphocytes (PBL) obtained from untreated MS patients or from
healthy donors were treated with IFN-beta la. Their proliferative
activity was compared to the secretion and transcription of BDNF as
assessed by standard ELISA and by real-time PCR. Results: Prolif-
erative activity of mitogen-activated PBL was inhibited by IFN-beta 1a
in a dose-dependent manner. In contrast, IFN-beta 1a induced BDNF
expression both in activated and in non-activated PBL. Highest BDNF
levels were induced at IFN-beta la concentrations between 1,000 to
5,000 U/ml, whereas higher or lower concentrations induced lower
BDNF levels. BDNF mRNA levels, other neurotrophic factors and pro-
and anti-inflammatory cytokines are currently being investigated. In
addition, for ex vivo analyses, serum levels and mRNA levels of BDNF
are being assessed in blood obtained from untreated or Rebif-treated
MS patients. Conclusion: Our results support the hypothesis that
IFN-beta la may promote neuroprotection by induction of BDNF
expression.
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P794

A randomised controlled trial of neuroprotection with
lamotrigine in secondary progressive multiple sclerosis

J. Furby, T. Hayton, K.J. Smith, D. Altmann, R. Brenner, ]. Chataway,
N.C. Fox, R.A.C. Hughes, D.H. Miller, R. Kapoor; Institute of Neurology
(London, UK); Kings College (London, UK); School of Hygiene and Tropical
Medicine (London, UK); Royal Free Hospital (London, UK); National
Hospital for Neurology and Neurosurgery (London, UK); GKT School of
Medicine (London, UK)

Background: There is good evidence that the primary cause of
disability is neuro-axonal degeneration within the CNS. Experimental
work by members of our group has established that axons may
degenerate upon exposure to the inflammatory mediator nitric oxide.
The mechanism of the damage implies that protection might be
afforded by the novel approach of partially blocking sodium channels.
Our group and others have demonstrated that drugs including
flecainide, phenytoin and lamotrigine can reduce axonal degenera-
tion when optic nerves or spinal roots are exposed to nitric oxide, and
in experimental autoimmune encephalomyelitis. Consequently, we
have initiated a clinical trial to assess whether the sodium channel
blocker lamotrigine has a neuroprotective, disease moditying effect on
a) the rate of axonal degeneration and b) the accumulation of
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disability in patients with secondary progressive multiple sclerosis
(SPMS). Methodology: We are recruiting 120 people with SPMS, in
whom progression rather than relapse is the major cause of increasing
disability, into a double-blind, parallel group, controlled trial lasting
two years. Random allocation will be made to receive treatment with
either extended release lamotrigine (GlaxoSmithKline) or placebo.
The primary endpoint will be an effect of treatment on cerebral
atrophy, which correlates with other MR markers of axonal loss, and
which can be measured reliably and sensitively using recently
developed MR techniques. The trial is powered to detect a 60%
beneficial effect on the rate of development of cerebral atrophy.
Secondary endpoints include effects of treatment on spinal cord
atrophy and on clinical measurements of impairment/disability. MR
measures of brain volume and scores of clinical impairment/disability
will be determined at entry, and after 6, 12, 18 and 24 months.
Cervical spinal cord cross-sectional area will be measured at entry, and
after 12 and 24 months. Utilization of results: A phase II trial of
sodium channel blockade in SPMS is timely, given recent advances
arising from experimental and imaging work. Our results are likely to
help with the design of future trials of neuroprotection in MS, and a
successful outcome would demonstrate a novel, safe neuroprotective
strategy to reduce long-term disability. Supported by the MS Society of
GB&NI.
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