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Figure 3.

 

 Confocal Microscopical Images of Axonal Changes in Multiple-Sclerosis Lesions.
Nonphosphorylated neurofilaments are green in all panels. Red indicates myelin in Panels B and C and macrophages or microglia
in Panels D and E. Panels A and D show the centers of active lesions. Panels B, C, and E show the edges of active lesions. Panel A
shows “stacked images” of terminal axonal ovoids with single axonal connections (arrows), an axonal ovoid with dual axonal con-
nections (arrowhead), and many normal-appearing axons. Panel B shows three large, nonphosphorylated-neurofilament–positive
axons undergoing active demyelination (arrowheads). One axon ends in a large terminal ovoid (arrow). Panel C shows some axons
(green) terminating at the ends of normal-appearing myelin internodes (arrow), and many axons that express nonphosphorylated
neurofilaments surrounded by normal-appearing myelin (arrowheads). In Panels D and E, macrophages (red in Panel D) and mi-
croglia (red in Panel E) surround and engulf terminal axonal swellings (large arrows) but have no consistent association with nor-
mal-appearing axons (arrowheads) or swellings in nontransected axons (Panel E, small arrow). The scale bar in Panel A represents
64 

 

m

 

m; the scale bars in Panels B, C, D, and E represent 45 
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mitoxantrone groups (p=0·0004, log-rank test). The
median time to first treated relapse was 14·2 months for
the placebo group but was not reached within 24 months
by either mitoxantrone group. Therefore, the 25th
percentile was used as a descriptive measure (6·7 vs 20·4;
difference 13·7 months; figure 2).

The 5 mg/m2 mitoxantrone treatment group was
included only for exploratory purposes. There was a
significant difference between this group and the placebo
group for the multivariate efficacy analysis (p=0·005).
However, in the ordered analyses of the five components
of the composite outcome, there was a significant
difference from placebo for the mean change in the EDSS
(p=0·01) but not for the ambulation index. Thus, serial
analyses of the other three components of the composite
outcome were not completed.

Treatment effects in patients with secondary
progressive multiple sclerosis as measured by the EDSS
can depend on the presence of superimposed relapses.6,7

We therefore undertook a post-hoc analysis to examine
the effects of relapses on change in EDSS, ambulation
index, and number of severe relapses. 48 (26%) of the 188
patients had had no relapses before enrolment. The mean
change in EDSS among these patients was 0·67 (SD 0·89)
in those assigned placebo and 0·13 (0·72) in those
assigned 12 mg/m2 mitoxantrone. Among the 140 patients
who had experienced relapses before enrolment, the mean
changes in EDSS were 0·05 (1·01) and –0·22 (0·94),
respectively. For ambulation index, the mean changes
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Results
194 patients were enrolled between June, 1993, and July,
1997, at 17 centres in Belgium, Germany, Hungary, and
Poland. 63 were assigned treatment with 12 mg/m2

mitoxantrone, 66 were assigned 5 mg/m2, and 65 were
assigned placebo. 191 patients received at least one dose
of study treatment and 188 underwent at least one clinical
assessment and were available for efficacy analyses 
(figure 1). Baseline clinical and MRI characteristics were
similar for evaluable patients across treatment groups
(table 1).

The number of patients who discontinued therapy and
the reasons for doing so were similar across the treatment
groups (figure 1). Dose adjustments according to the
protocol were made for 27 of 60 (45%) patients in the 
12 mg/m2 mitoxantrone group and six of 64 (9%) in the
5 mg/m2 mitoxantrone group. Mean cumulative doses for
the 12 mg/m2 and 5 mg/m2 groups over 24 months were 
82·6 mg/m2 (SD 23·1 ) and 37·2 mg/m2(7·7).

A significant treatment effect (p<0·0001) was detected
for the primary outcome, a multivariate comparison of the
12 mg/m2 and placebo groups (table 2). The preplanned
ordered analyses of each of the five components of the
composite outcome showed significant treatment effects
for change in EDSS, change in ambulation index, number
of relapses treated with glucocorticosteroids, time to first
relapse, and change in standardised neurological status
(table 2). The time to first treated relapse differed
significantly between the placebo and 12 mg/m2

Placebo Mitoxantrone 5 mg/m2 Mitoxantrone 12 mg/m2

(n=64) (n=64) (n=60)

Characteristic
Sex, male 33 (52%) 25 (39%) 32 (53%)
Age (years)* 40·02 (7·88) 39·92 (8·06) 39·94 (6·85)

Type of multiple sclerosis†
Worsening relapsing-remitting 29 (45%) 37 (58%) 28 (47%)
Secondary progressive 35 (55%) 27 (42%) 32 (53%)

Clinical*
Number of relapses in preceding 12 months 1·31(1·14) 1·42 (1·26) 1·27 (1·12)
Duration of multiple sclerosis (years) 10·27 (6·86) 9·03 (6·18) 9·63 (6·94)
EDSS deterioration during preceding 18 months 1·58 (0·85) 1·62 (0·71) 1·50 (0·77)
EDSS 4·69 (0·97) 4·64 (1·01) 4·45 (1·05)
Ambulation index 2·63 (1·02) 2·52 (0·98) 2·52 (1·14)
SNS 20·9 (7·67) 18·9 (6·66) 19·3 (8·46)

SNS=standardised neurological status. *Mean (SD). †Number of patients. 

Table 1: Demographic characteristics and baseline indices of disease severity

Placebo 12 mg/m2 mitoxantrone Mann-Whitney difference p*
(95% CI)

Variable
EDSS change
(last value minus baseline)

Mean (SD) 0·23 (1·01) –0·13 (0·90) 0·24 (0·04 to 0·44) 0·0194†
Median (range) 0·5 (–3 to 2) 0 (–2·5 to 2·5)

Ambulation index change
(last value minus baseline)

Mean (SD) 0·77 (1·26) 0·30 (1·24) 0·21 (0·02 to 0·40) 0·0306†
Median (range) 0 (–1 to 5) 0 (–2 to 5)

Number of treated relapses 
Adjusted total in group 76·77 24·08 0·39 (0·18 to 0·59) 0·0002†
Median (range) per patient 1 (0 to 5) 0 (0 to 2)

Time to first treated relapse 0·44 (0·20 to 0·69) 0·0004‡
Median (months) 14·19 Not reached within 24 months
Lowest quartile (months) 6·7 20·4

Change in SNS
(last value minus baseline)

Mean (SD) 0·77 (6·79) –1·07 (8·61) 0·23 (0·03 to 0·43) 0·0268†
Median (range) 0 (–13 to 25) –1·5 (–19 to 35)

Global difference ·· ··
(Wei-Lachin test) 0·30 (0·17 to 0·44) <0·0001

SNS=standardised neurological status. *Two-sided, placebo vs mitoxantrone 12 mg/m2. †Wilcoxon-Mann-Whitney test. ‡Log-rank test. 

Table 2: Primary efficacy criterion and overview of primary efficacy variables
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Summary

Background Treatment options for patients with secondary
progressive multiple sclerosis are few. Encouraging results in
open-label studies prompted this randomised trial of
mitoxantrone in such patients.

Methods 194 patients with worsening relapsing–remitting or
secondary progressive multiple sclerosis were assigned
placebo or mitoxantrone (5 mg/m2 [exploratory group] or 
12 mg/m2 intravenously) every 3 months for 24 months.
Clinical assessments were made every 3 months for 
24 months. The primary endpoint was a multivariate analysis
of five clinical measures. Analyses of mitoxantrone 
12 mg/m2 versus placebo were based on patients who
received at least one dose and returned for at least one
assessment of efficacy.

Findings Of 194 patients enrolled, 188 were able to be
assessed at 24 months. There were no drug-related serious
adverse events or evidence of clinically significant cardiac
dysfunction. At 24 months, the mitoxantrone group
experienced benefits compared with the placebo group for
the primary outcome (difference 0·30 [95% CI 0·17–0·44];
p<0·0001) and the preplanned univariate analyses of those
measures: change in expanded disability status scale (0·24
[0·04–0·44]; p=0·0194), change in ambulation index (0·21
[0·02–0·40]; p=0·0306), adjusted total number of treated
relapses (0·38 [0·18–0·59]; p=0·0002), time to first treated
relapse (0·44 [0·20–0·69]; p=0·0004), and change in
standardised neurological status (0·23 [0·03–0·43];
p=0·0268).

Interpretation Mitoxantrone 12 mg/m2 was generally well
tolerated and reduced progression of disability and clinical
exacerbations. Further studies are needed to identify the
patients with these forms of multiple sclerosis who are most
likely to respond to therapy, the best treatment protocols,
and the frequency of long-term drug-related side-effects.

Lancet 2002; 360: 2018–25

Introduction
Multiple sclerosis, an autoimmune disease involving
predominantly the white matter of the brain and spinal
cord, is one of the most common neurological disorders of
younger adults and a substantial cause of lasting
neurological disability.1 Clinical patterns of multiple
sclerosis have been defined by international consensus.2

About 85% of patients initially experience one or more
relapses followed by complete or incomplete recovery; this
clinical pattern is referred to as the relapsing–remitting
phase. Over 10 years, roughly 50% of these patients will
experience a transition to the secondary progressive
phase,3 which is characterised by gradually worsening
disability with or without superimposed relapses. About
10% of patients experience a clinical course that is
progressive from onset, primary progressive multiple
sclerosis. The remaining 5% of patients experience
progressive disability from onset that is later accompanied
by one or more superimposed relapses; this pattern is
referred to as progressive relapsing multiple sclerosis.

Three disease-modifying therapies are approved for
patients with relapsing–remitting multiple sclerosis:
interferon beta-1b (Betaferon, Betaseron), interferon
beta-1a (Avonex, Rebif), and glatiramer acetate. Each of
these treatments significantly lowers mean annual
exacerbation rates and curtails progression of the
underlying disorder, as shown by serial magnetic
resonance imaging (MRI) of the brain and spinal cord.1,4

Similar clinical and imaging benefits have been observed
in phase III clinical trials of interferon beta in patients
with secondary progressive multiple sclerosis.5–8 However,
only interferon beta-1b, as used in the European trial of
Betaferon in Secondary Progressive Multiple Sclerosis
(EUSP),5 convincingly lengthened time to onset of
sustained progression of disability as measured by the
expanded disability status scale (EDSS).9 This treatment
effect, independent of baseline EDSS score and previous
relapses, led to the approval of interferon beta-1b for
patients with secondary progressive multiple sclerosis in
Europe and Canada. However, similar benefits were not
evident in the other phase III trials: the North American
trial of interferon beta-1b (Betaseron),6 the Secondary
Progressive Efficacy Clinical Trial of Recombinant
Interferon-beta-1a in Multiple Sclerosis (SPECTRIMS)
trial of interferon beta-1a (Rebif),7 and the International
Multiple Sclerosis Secondary Progressive Avonex
Controlled Trial (IMPACT) of interferon beta-1a
(Avonex).8 Some investigators have suggested that
different treatment effects measured by the EDSS in these
clinical trials reflect fundamental differences in the
cohorts of patients.6 For example, patients in the
European trial were, on average, younger and less likely to
be free of exacerbations for 2 years before study
enrolment than those in the other trials. These differences
suggest that the effects of interferon beta as measured by
the EDSS are most easily demonstrated early in the
secondary progressive phase when exacerbations are
commonly superimposed on gradual progression of
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younger adults and a substantial cause of lasting
neurological disability.1 Clinical patterns of multiple
sclerosis have been defined by international consensus.2

About 85% of patients initially experience one or more
relapses followed by complete or incomplete recovery; this
clinical pattern is referred to as the relapsing–remitting
phase. Over 10 years, roughly 50% of these patients will
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10% of patients experience a clinical course that is
progressive from onset, primary progressive multiple
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different treatment effects measured by the EDSS in these
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European trial were, on average, younger and less likely to
be free of exacerbations for 2 years before study
enrolment than those in the other trials. These differences
suggest that the effects of interferon beta as measured by
the EDSS are most easily demonstrated early in the
secondary progressive phase when exacerbations are
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Le	cyclophosphamide	
Table 2. Secondary clinical endpoints, PROMESS trial, France.

CPM (n = 72) n (%) MP (n = 66) n (%) p value*

EDSS during follow-up 0.21

sustained EDSS progression 13 (18�1) 21 (31�8)

no sustained EDSS progression during 2 years 36 (50�0) 34 (51�5)

loss to follow-up before progression 23 (31�9) 11 (16�7)

Two-year treatment failure** 0.59

Yes 29 (46�8) 26 (41�9)

No 33 (53�2) 36 (58�1)

missing data 10 4

Number of relapses during follow-up 0.17

0 53 (73�6) 39 (59�1)

1 12 (16�7) 15 (22�7)

>1 7 (9�7) 12 (18�2)

Annualized relapse rate 0.3 (0.6) 0.4 (0.5) 0.12

* Chi-square test

** Failure was defined as EDSS progression or discontinuation of treatment because of an adverse event;

CPM = Cyclophosphamide; MP = Methylprednisolone; EDSS = Expanded Disability Status Scale.

doi:10.1371/journal.pone.0168834.t002

Fig 2. Multistate “illness-death” analysis scheme and results. This figure describes the risks of transition
undergone by trial participants between three states. Of special interest are transitions from the initial state (at
inclusion) to either EDSS deterioration (primary outcome) or early treatment discontinuation. Risks are
expressed as hazard ratios (HR) (and their 95% confidence intervals), i.e., the risk of transition for the
experimental (CPM) group relative to the control (MP) group of patients. When the HR is < 1, the risk of
transition is decreased (treatment efficacy), and when it is > 1, the risk of transition is increased.

doi:10.1371/journal.pone.0168834.g002
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Abstract

Background

Therapeutic options are limited in secondary progressive multiple sclerosis (SPMS). Open-

label studies suggested efficacy of monthly IV cyclophosphamide (CPM) without induction

for delaying progression but no randomized trial was conducted so far.

Objective

To compare CPM to methylprednisolone (MP) in SPMS.

Methods

Randomized, double-blind clinical trial on two parallel groups. Patient with SPMS, with a

documented worsening of the Expanded Disability Status Scale (EDSS) score during the

last year and an EDSS score between 4�0 and 6�5 were recruited and received one intrave-

nous infusion of treatment (CPM: 750 mg /m2 body surface area—MP: 1g) every four weeks

for one year, and every eight weeks for the second year. The primary endpoint was the time

to EDSS deterioration, when confirmed sixteen weeks later, analyzed using a Cox model.

Results

Due to recruitment difficulties, the study was terminated prematurely after 138 patients were

included (CPM, n = 72; MP, n = 66). In the CPM group, 33 patients stopped treatment

PLOS ONE | DOI:10.1371/journal.pone.0168834 January 3, 2017 1 / 15
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aDepartment of Neurology, Hôpital R. Salengro, CHRU of Lille, 59037, Lille, cedex, France
bDepartment of Biostatistics, Faculty of Medicine, Lille University, Lille, France

cDepartment of Neurology, CHRU of Nancy, France
dDepartment of Neurology, CH of Lomme, France
eDepartment of Neurology, CHRU of Nice, France

fDepartment of Neurology, CHRU of Marseille, France

Received 5 June 2003; received in revised form 16 September 2003; accepted 6 November 2003

Abstract

There are no generally effective disease-modifying drugs for progressive forms of multiple sclerosis (MS). Some MS centres use
cyclophosphamide (CYC) in secondary progressive (SP) forms of MS, especially after interferon h-1b (INFh-1b) treatment failure.
Moreover, there are currently no approved drugs for primary progressive (PP) MS. Using the collected data of patients with progressive MS,
we studied clinical patterns that predicted a good response to CYC treatment. Secondly, we compared the therapeutic response of SPMS and
PPMS patients to the treatment. Data from 490 MS patients were collected. All patients presented an SP (n = 362) or PP (n = 128) form of the
disease and 476 had been treated for at least one year with a monthly pulse of CYC associated with methylprednisolone (MP). CYC treatment
was justified because of at least a 1-point worsening on the Expanded Disability Status Scale (EDSS) during the previous year. The EDSS
score was assessed at baseline and after 6 months (M6) and 12 months (M12) of treatment. After 12 months of CYC treatment, 78.6% of
SPMS and 73.5% of PPMS patients had stabilised or had an improved EDSS score. Response to CYC was not significantly different in the
two progressive forms of MS. Twenty-two patients presented noticeable drug side effects, one of whom withdrew from the treatment due to
intolerance. Patients with an improved EDSS at M12 had a shorter mean progressive time course (5.1 years) than patients who stabilised or
worsened (7.1 years) ( p = 0.02). We also observed that poor responders at M6 were also poor responders at M12 ( p < 0.001). This large
cohort study showed that CYC treatment was well tolerated and suggested that a better response occurred in cases with a short progressive
time course. We did not find any difference in treatment response between the two progressive forms of MS. To date, no treatment is
approved for PPMS and we therefore propose a trial to test the use of CYC treatment early in the course of the disease in PPMS patients with
disability progression.
D 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Only a few treatments have proven to be effective for
progressive forms of multiple sclerosis (MS). In 1998, a
large European placebo-controlled study led to interferon h-
1b (IFNh-1b) being used to treat in secondary progressive
forms of MS (SPMS) [1]. However, a recent American

placebo-controlled study of IFNh-1b in SPMS provided
conflicting results, possibly due to differences in clinical
characteristics of the patients in each study [2].

Many immunosuppressive drugs, such as methotrexate,
azathioprine or cyclophosphamide (CYC), have also been
tested in progressive MS, but whether they have a
beneficial effect remains uncertain [3–5]. Mitoxantrone
is the only immunosuppressive non IFN-B therapy used
in the USA and in many other countries [6]. Van de
Wyngaert et al. [7] advocated the use of mitoxantrone to
treat MS patients with frequent relapses and rapid disease
progression. Recently, Hartung et al. [8] confirmed the
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4. Results

Of the 490 MS patients, 467 (97%) completed the 1-
year treatment with CYC. One hundred and twenty-eight
(27%) patients had the primary progressive form of the
disease and 348 had SPMS. The ratio of women to men
was 1.7 in the SPMS subgroup and 0.9 in the PPMS
subgroup. Mean age at M0 in the SPMS and PPMS groups
was 46.9F 9.4 years (meanF standard deviation) and
43.5F 9.8 years, respectively. Clinical characteristics of
both groups are shown in Table 1. Demographic and
clinical data were not different between the five centres.
The distribution of EDSS scores was similar in both
subgroups of progressive form of MS.

During CYC treatment, 22 patients (4.5%) presented
notable side effects. We found digestive (mainly nausea
and vomiting) symptoms (nine patients), severe leucopenia
( < 1000/mm3) (six patients), infections (three patients),
reversible alopecia (two patients) and hepatitis (two
patients).

Twenty-three patients stopped the CYC treatment before
the end of the 12-month period. The reasons were rapid

disability progression in five cases, and personal reasons in
six patients. Only 1 patient stopped the treatment due to an
adverse event (hepatitis) and 11 patients were lost to the
follow up. These patients were all in the SPMS group and
18 (78.3%) of them were women. They were significantly
older: their mean age at baseline was 51.1F 9.4 years
compared to 46.7F 9.5 years for patients who continued
the treatment ( p = 0.002), and their disease duration was
significantly longer (22.3F 13 years) than that of the others
(15.4F 7.42 years) ( p < 0.001). The other clinical features,
such as progression time course, relapses during the year
before M0, and EDSS at M0 were not significantly different
from the remaining patients.

In the SPMS subgroup, the relapse rate during the year
preceding the introduction of CYC treatment was 0.81. Il
decreased to 0.12 after 6 months ( p < 0.001) and was 0.14
after 12 months ( p < 0.001). One hundred and ninety-six
SPMS patients had at least one relapse during the year
prior to the introduction of CYC, compared to 166 who
had none.

After 12 months of treatment, 78.6% of SPMS and
73.5% of PPMS patients were stabilised or had improved
their EDSS score. No difference in EDSS score was noted
between the SPMS and PPMS subgroups at M6 ( p = 0.134)
or at M12 ( p = 0.261). Among the 361 patients who
responded to the treatment, 20.2% (52 SPMS and 21 PPMS)
improved their EDSS score.

A therapeutic response (stabilised or improved EDSS) at
M6 and M12 was not linked in either the SPMS or PPMS
group to the following variables: centre, gender, age, disease
duration, form of disease, pre-treatment relapse rate, pres-
ence of at least one relapse prior to or during CYC therapy.
The therapeutic response was not associated with either the
presence of a disease-modifying drug before CYC
( p = 0.125) or with the EDSS at baseline. However, patients
(SPMS and PPMS) with an improved EDSS at M12 had a
significantly shorter duration of disease progression
( p = 0.02). The progressive phase was 5.1F 5 years in
patients whose EDSS score had improved by M12 com-
pared to 7.1F 6 years in patients (SPMS and PPMS) whose
EDSS score stabilised or worsened. When we considered
the SPMS subgroup only, we found that patients who had
improved after 12 months of CYC therapy had a signifi-
cantly shorter (4F 5 years) progressive course ( p = 0.02)
than SPMS patients whose EDSS score had stabilised or
worsened (6.5F 6 years). We also found that, in the PPMS
subgroup, patients whose EDSS score had improved by
M12 had a shorter mean progression phase than the others
(6.2F 6 years, compared to 7.8F 7 for those whose EDSS
score had stabilised or worsened). However, this difference
was not statistically significant ( p = 0.53), possibly due to
the small size of the sample.

There was a correlation between the therapeutic (stabi-
lised or improved) response to CYC at M6 and M12. Three
hundred and forty-one patients (88.77%) who responded at
M6 remained good responders at M12. Similarly, we

Table 1

Clinical characteristics of primary progressive (PP) and secondary

progressive (SP) multiple sclerosis (MS) patients

PPMS

patients

SPMS

patients

All MS

patients

Number of

patients

128 (26.1%) 362 (73.9%) 490 (100%)

Sex ratio

(Women/Men)

0.9 1.7 1.4

Age at M0 (years)

(meanF S.D.)

43.5F 9.8 46.9F 9.4 44.9F 12.5

Mean disease

duration (years)

7.4F 6.3 15.7F 8.5 11.7F 12.3

Mean duration of

progressive period

(years)

7.4F 6.3 6.3F 6.4 6.5F 6.3

Annualised relapse

rate at M0

– 0.81 –

Annualised relapse

rate at M12

– 0.14 –

EDSS score at M0

EDSSV 3.5 10 (7.8%) 10 (2.7%) 20 (4%)

4VEDSSV 5.5 38 (29.7%) 111 (30.7%) 149 (30.4%)

6VEDSSV 7.5 80 (62.5%) 241 (66.6%) 321 (65.6%)

Evolution at M6

Stabilised patients 92 (76%) 288 (80%) 380 (79%)

Improved patients 20 (16.5%) 37 (10.3%) 57 (11.8%)

Worsened patients 9 (7.5%) 35 (9.7%) 44 (9.2%)

Evolution at M12

Stabilised patients 68 (56.2%) 220 (63.6%) 288 (61.7%)

Improved patients 21 (17.4%) 52 (15%) 73 (15.6%)

Worsened patients 32 (26.4%) 74 (21.4%) 106 (22.7%)

The response to cyclophosphamide at M6 and M12 was not significantly

different between the two progressive forms of the disease ( p = 0.13 and

p = 0.26, respectively).
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Abstract

There are no generally effective disease-modifying drugs for progressive forms of multiple sclerosis (MS). Some MS centres use
cyclophosphamide (CYC) in secondary progressive (SP) forms of MS, especially after interferon h-1b (INFh-1b) treatment failure.
Moreover, there are currently no approved drugs for primary progressive (PP) MS. Using the collected data of patients with progressive MS,
we studied clinical patterns that predicted a good response to CYC treatment. Secondly, we compared the therapeutic response of SPMS and
PPMS patients to the treatment. Data from 490 MS patients were collected. All patients presented an SP (n = 362) or PP (n = 128) form of the
disease and 476 had been treated for at least one year with a monthly pulse of CYC associated with methylprednisolone (MP). CYC treatment
was justified because of at least a 1-point worsening on the Expanded Disability Status Scale (EDSS) during the previous year. The EDSS
score was assessed at baseline and after 6 months (M6) and 12 months (M12) of treatment. After 12 months of CYC treatment, 78.6% of
SPMS and 73.5% of PPMS patients had stabilised or had an improved EDSS score. Response to CYC was not significantly different in the
two progressive forms of MS. Twenty-two patients presented noticeable drug side effects, one of whom withdrew from the treatment due to
intolerance. Patients with an improved EDSS at M12 had a shorter mean progressive time course (5.1 years) than patients who stabilised or
worsened (7.1 years) ( p = 0.02). We also observed that poor responders at M6 were also poor responders at M12 ( p < 0.001). This large
cohort study showed that CYC treatment was well tolerated and suggested that a better response occurred in cases with a short progressive
time course. We did not find any difference in treatment response between the two progressive forms of MS. To date, no treatment is
approved for PPMS and we therefore propose a trial to test the use of CYC treatment early in the course of the disease in PPMS patients with
disability progression.
D 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Only a few treatments have proven to be effective for
progressive forms of multiple sclerosis (MS). In 1998, a
large European placebo-controlled study led to interferon h-
1b (IFNh-1b) being used to treat in secondary progressive
forms of MS (SPMS) [1]. However, a recent American

placebo-controlled study of IFNh-1b in SPMS provided
conflicting results, possibly due to differences in clinical
characteristics of the patients in each study [2].

Many immunosuppressive drugs, such as methotrexate,
azathioprine or cyclophosphamide (CYC), have also been
tested in progressive MS, but whether they have a
beneficial effect remains uncertain [3–5]. Mitoxantrone
is the only immunosuppressive non IFN-B therapy used
in the USA and in many other countries [6]. Van de
Wyngaert et al. [7] advocated the use of mitoxantrone to
treat MS patients with frequent relapses and rapid disease
progression. Recently, Hartung et al. [8] confirmed the
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Abstract

Background

Therapeutic options are limited in secondary progressive multiple sclerosis (SPMS). Open-

label studies suggested efficacy of monthly IV cyclophosphamide (CPM) without induction

for delaying progression but no randomized trial was conducted so far.

Objective

To compare CPM to methylprednisolone (MP) in SPMS.

Methods

Randomized, double-blind clinical trial on two parallel groups. Patient with SPMS, with a

documented worsening of the Expanded Disability Status Scale (EDSS) score during the

last year and an EDSS score between 4�0 and 6�5 were recruited and received one intrave-

nous infusion of treatment (CPM: 750 mg /m2 body surface area—MP: 1g) every four weeks

for one year, and every eight weeks for the second year. The primary endpoint was the time

to EDSS deterioration, when confirmed sixteen weeks later, analyzed using a Cox model.

Results

Due to recruitment difficulties, the study was terminated prematurely after 138 patients were

included (CPM, n = 72; MP, n = 66). In the CPM group, 33 patients stopped treatment
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BACKGROUND
An evolving understanding of the immunopathogenesis of multiple sclerosis suggests that 
depleting B cells could be useful for treatment. We studied ocrelizumab, a humanized 
monoclonal antibody that selectively depletes CD20-expressing B cells, in the primary 
progressive form of the disease.

METHODS
In this phase 3 trial, we randomly assigned 732 patients with primary progressive mul-
tiple sclerosis in a 2:1 ratio to receive intravenous ocrelizumab (600 mg) or placebo every 
24 weeks for at least 120 weeks and until a prespecified number of confirmed disability 
progression events had occurred. The primary end point was the percentage of patients 
with disability progression confirmed at 12 weeks in a time-to-event analysis.

RESULTS
The percentage of patients with 12-week confirmed disability progression was 32.9% with 
ocrelizumab versus 39.3% with placebo (hazard ratio, 0.76; 95% confidence interval [CI], 
0.59 to 0.98; P = 0.03). The percentage of patients with 24-week confirmed disability pro-
gression was 29.6% with ocrelizumab versus 35.7% with placebo (hazard ratio, 0.75; 95% 
CI, 0.58 to 0.98; P = 0.04). By week 120, performance on the timed 25-foot walk worsened 
by 38.9% with ocrelizumab versus 55.1% with placebo (P = 0.04); the total volume of brain 
lesions on T2-weighted magnetic resonance imaging (MRI) decreased by 3.4% with 
ocrelizumab and increased by 7.4% with placebo (P<0.001); and the percentage of brain-
volume loss was 0.90% with ocrelizumab versus 1.09% with placebo (P = 0.02). There was 
no significant difference in the change in the Physical Component Summary score of the 
36-Item Short-Form Health Survey. Infusion-related reactions, upper respiratory tract in-
fections, and oral herpes infections were more frequent with ocrelizumab than with 
placebo. Neoplasms occurred in 2.3% of patients who received ocrelizumab and in 0.8% 
of patients who received placebo; there was no clinically significant difference between 
groups in the rates of serious adverse events and serious infections.

CONCLUSIONS
Among patients with primary progressive multiple sclerosis, ocrelizumab was associ-
ated with lower rates of clinical and MRI progression than placebo. Extended observa-
tion is required to determine the long-term safety and efficacy of ocrelizumab. (Funded 
by F. Hoffmann–La Roche; ORATORIO ClinicalTrials.gov number, NCT01194570.)
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Appendix). The prespecified exploratory analysis 
of 12-week and 24-week confirmed composite dis-
ability progression and its components signifi-
cantly favored ocrelizumab.

Brain MRI End Points
The total volume of hyperintense lesions on T2-
weighted images from baseline to week 120 (third 
secondary end point) decreased with ocrelizumab 
and increased with placebo (mean percent change, 
−3.4 vs. 7.4; P<0.001) (Table 2 and Fig. 2A). The 
adjusted mean percent change in brain volume 
from week 24 to week 120 (fourth secondary end 

point) was lower with ocrelizumab than with 
placebo (–0.90 vs. –1.09, P = 0.02) (Table 2 and 
Fig. 2B). The adjusted mean number of new or 
enlarging hyperintense lesions on T2-weighted im-
ages from baseline to week 120 (exploratory end 
point) was lower with ocrelizumab than with 
placebo (0.31 vs. 3.88, P<0.001) (Table S3 in the 
Supplementary Appendix).

Safety
Adverse Events
A total of 725 patients (486 in the ocrelizumab 
group and 239 in the placebo group) received at 
least one dose of a trial agent and were included 
in the safety analysis population. The percentage 
of patients who had at least one adverse event 
was 95.1% with ocrelizumab and 90.0% with pla-
cebo. Serious adverse events were reported among 
20.4% of those who received ocrelizumab and 
22.2% of those who received placebo (Table 3). 
Overall, the rates of adverse events per 100 pa-
tient-years did not differ significantly between the 
ocrelizumab group and the placebo group (260.5 
[95% CI, 252.2 to 269.1] and 267.0 [95% CI, 254.7 
to 279.8], respectively), with no increase over time 
or with subsequent doses. Adverse events that led 
to discontinuation of the trial agent occurred 
among 4.1% of patients who received ocrelizumab 
and 3.3% of patients who received placebo.

The most frequently reported adverse event 
among ocrelizumab-treated patients was infusion-
related reaction: 39.9% of those who received 
ocrelizumab reported at least one infusion-related 
reaction as compared with 25.5% of those who 
received placebo. More patients in the ocrelizumab 
group than in the placebo group had adverse 
events leading to modification of the infusion 
rate or interruption of infusions (9.7% vs. 5.0%). 
Two patients (0.4%) withdrew from ocrelizumab 
treatment because of infusion-related reactions. 
Infusion-related reactions decreased in both rate 
and severity with subsequent administration; none 
were fatal or life-threatening (Fig. S5 in the Sup-
plementary Appendix). The percentage of patients 
who reported upper respiratory tract infections 
was higher in the ocrelizumab group than in the 
placebo group (10.9% vs. 5.9%). Overall, five 
deaths were reported: four (0.8%) in the ocreliz-
umab group owing to pulmonary embolism, 
pneumonia, pancreatic carcinoma, and aspiration 
pneumonia and one (0.4%) in the placebo group 
owing to a road-traffic accident.

Figure 2. MRI End Points (Intention-to-Treat Population).

Panel A shows the percent change in the total volume of brain lesions on 
T2-weighted MRI from baseline to week 120 (third secondary end point). 
The P value was calculated with the use of a ranked analysis of covariance. 
Panel B shows the percent change on MRI scans in brain volume from 
week 24 to week 120 (fourth secondary end point). The P value was calcu-
lated with the use of a mixed-effect model repeated measure (MMRM) 
 approach. I bars indicate 95% confidence intervals.

M
ea

n 
Pe

rc
en

t C
ha

ng
e

fr
om

 B
as

el
in

e 
in

 T
ot

al
 

Vo
lu

m
e 

of
 L

es
io

ns

10

0

5

−5
0 4824 120

Week

B Brain Volume

A Total Volume of Brain Lesions on T2-Weighted MRI

P<0.001

No. at Risk
Placebo
Ocrelizumab

234
464

233
459

220
454

183
400

7.4

−3.4

Placebo

Ocrelizumab

M
ea

n 
Pe

rc
en

t C
ha

ng
e

fr
om

 W
k 

24
 in

 B
ra

in
 V

ol
um

e

0.00

−0.25

−1.25

−1.00

−0.75

−0.50

24 48 120

Week

Relative difference,
17.5%
P=0.02

No. at Risk
Placebo
Ocrelizumab

203
407

200
403

150
325

−0.90

−1.09
Placebo

Ocrelizumab

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITE DE STRASBOURG on January 16, 2018. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 

n engl j med 376;3 nejm.org January 19, 2017 215

Ocrelizumab in Primary Progressive Multiple Sclerosis

Figure 1. Primary and Key Secondary Clinical Outcomes (Intention-to-Treat Population).

Panel A (primary end point) and Panel B (first secondary end point) show the cumulative probability of clinical dis-
ability progression (as defined by an increase in the score on the Expanded Disability Status Scale) that was confirmed 
after at least 12 weeks and at least 24 weeks, respectively, in time-to-event analyses. P values were calculated with 
the use of the log-rank test.
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Le	siponimod	

•  Modulateur	sélecKf	des	récepteurs	S1P1	et	
S1P5,	traverse	la	BHE	

Fingolimod
Siponimod
Ozanimod
Ceralifimod

GSK2018682
Ponesimod
Amiselimoda

Agent

Receptor

Location

Fingolimod

S1P1 S1P3 S1P4 S1P5

Fingolimod Fingolimod
Siponimod
Ozanimod
Ceralifimod

GSK2018682

Lymphocytes,
neural cells,

endothelial cells,
atrial myocytes,

smooth muscle cells

Central nervous system,
endothelial cells,

smooth muscle cells

Neural cells,
endothelial cells,

smooth muscle cells

Lymphocytes Central nervous system,
oligodendrocytes,
natural killer cells

Function 1. Egression from
 lymph nodes
2. Neural cell
 migration/function
3. Vasculature formation
4. Endothelial barrier
5. Development of CV

and nervous systems

1. Endothelial barrier
2. Vascular tone
3. Hearing and 

balance

1. Neural cell
 migration/function
2. Endothelial

barrier

1. Lymphoid tissue
expression

2. Dendritic and TH17
 cell modulation
3. Vasoconstriction

1. Oligodendrocyte
 function
2. Natural killer
 cell migration

Fingolimod inhibits S1P–S1P1-directed lymphocyte egress

S1P high

S1P low

Blood

Lymph node
Afferent lymph

a

c

b

Efferent lymph

Efferent lymph

Blood

Lymph node

S1P1 S1P1

S1P S1P

TN
TCM

TEM

CCR7

No requirement
for S1P signal

CCR7

S1P2

Fig. 1 Mechanism of action of sphingosine-1-phosphate (S1P)
receptor modulators. a The binding of S1P receptor modulators to
S1P1 on central memory T-cells (TCM) causes these cells to engulf
their own S1P1, resulting in TCM that are unresponsive to S1P signals.
Any new S1P receptors being produced inside the cell remain in a
state of arrest until S1P receptor modulation is removed. Therefore,
TCM do not leave the lymph node in response to S1P signals, and, by
inhibiting the movement of TCM into the circulation, S1P receptor
modulators prevent these autoreactive cells from migrating into the
central nervous system. In contrast, the levels of peripheral effector
memory T-cells (TEM) are largely unaffected by S1P receptor

modulators, thus preserving immunosurveillance and the capacity to
respond to and contain locally invading pathogens. b Interaction of
S1P receptor modulators with S1P receptor subtypes. c Interaction of
fingolimod and selective S1P receptor drugs with S1P receptor
subtypes. aAmiselimod is selective, but its selectivity is unknown.
CCR7 C-C chemokine receptor type 7, CV cardiovascular, S1P1–5

sphingosine-1-phosphate receptor subtypes 1–5, TH17 T helper cell
17, TN naı̈ve T-cell. Parts a and b reproduced with permission from
Jeffery et al. Expert Rev Neurother. 2016;16:31–44 [15]. Part
c reproduced/adapted with permission from Subei and Cohen, CNS
Drugs. 2015;29:565–75 [11]
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Le	siponimod	

•  Etude	de	phase	3	:	EXPAND		
– SEP	SP	avec	aggravaKon	du	handicap	
– Randomisée,	double	aveugle,	vs	placebo	
– RaKo	2:1	;	N	=	1105	vs	546		
– Age	:	18-60	[moy	:	48	ans]	
– EDSS	3-6.5	[méd	:	6]	
– Délai	médian	depuis	la	progression	:	4	ans	
– Critère	principal	:	progression	de	l’EDSS	
confirmé	à	3	mois		

– Suivi	:	2	ans	



•  Critère	principal	:	
–  RéducKon	staKsKquement	significaKve	de	21	%	du	risque	de	progression	de	l’EDSS	

Efficacité	
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HR	=	0,79	;	p	=	0,013	;	IC	95	%	:	0,65-0,95	
RéducKon	du	risque	:	21	%	

•  Critères	secondaires	:		
-  TW25F	non	significaKf	
-  RéducKon	de	26	%	du	risque	de	progression	de	l’EDSS	confirmé	à	6	mois	(p	<	0,05)	
-  RéducKon	significaKve	du	risque	de	poussée	surajoutée	et	d’acKvité	inflammatoire	

IRM	(nouvelles	lésions	T2	et	lésions	gado+)	
-  RéducKon	de	23.4	%	de	l’atrophie	cérébrale	



Les	formes	progressives	de	SEP	
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McAlpine’s	MulKple	Sclerosis.	4th	EdiKon	2005	



Le	scénario	proposé	

Ac2va2on	microgliale	 Ac2va2on	astrocytaire	

A8einte	mitochondriale	

Dégénérescence	axonale	

Macrophages	

ROS/RN/NO	
reacKve	oxygen	and	nitrogen	species	nitric	oxide		
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Figure 3.

 

 Confocal Microscopical Images of Axonal Changes in Multiple-Sclerosis Lesions.
Nonphosphorylated neurofilaments are green in all panels. Red indicates myelin in Panels B and C and macrophages or microglia
in Panels D and E. Panels A and D show the centers of active lesions. Panels B, C, and E show the edges of active lesions. Panel A
shows “stacked images” of terminal axonal ovoids with single axonal connections (arrows), an axonal ovoid with dual axonal con-
nections (arrowhead), and many normal-appearing axons. Panel B shows three large, nonphosphorylated-neurofilament–positive
axons undergoing active demyelination (arrowheads). One axon ends in a large terminal ovoid (arrow). Panel C shows some axons
(green) terminating at the ends of normal-appearing myelin internodes (arrow), and many axons that express nonphosphorylated
neurofilaments surrounded by normal-appearing myelin (arrowheads). In Panels D and E, macrophages (red in Panel D) and mi-
croglia (red in Panel E) surround and engulf terminal axonal swellings (large arrows) but have no consistent association with nor-
mal-appearing axons (arrowheads) or swellings in nontransected axons (Panel E, small arrow). The scale bar in Panel A represents
64 

 

m

 

m; the scale bars in Panels B, C, D, and E represent 45 

 

m

 

m.
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A8einte	préféren2elle	de	la	substance	grise	
Autonomisa2on	et	Compar2mentalisa2on	de	la	réponse	inflammatoire:	LB++	

Rapport	Na+/Ca2+	
InacKvaKon	des	RNMDA…	

Trapp	et	al.,	NEJM	1998	

Correale	et	al.,	Brain	2016	

BioKne	
ATU	en	cours	



RaKonnel	
MD1003	capable	de	:	
1.  Augmenter	la	producKon	d’énergie	dans	les	neurones	

et	les	astrocytes	
2.  Augmenter	la	producKon	de	citrate	nécessaire	pour	la	

synthèse	des	lipides		
3.  AcKver	ACC1	et	ACC2,	2	enzymes	limitantes	pour	la	

synthèse	d’AG	à	longue	chaine	nécessaire	pour	la	
synthèse	de	myéline	par	les	oligodendrocytes	

substrate for hTHTR2, the precise mechanism by which
biotin rescues the clinical phenotype remains unknown.
[57] High doses of biotin are speculated to activate the
TCA cycle downstream of the pyruvate dehydrogenase
and the alpha ketoglutarate dehydrogenase complexes,
which are impaired by functional thiamine deficiency.

6. Pharmacodynamics and mechanism of
action

6.1. Physiological functions

Biotin acts as an essential coenzyme for five mamma-
lian carboxylases involved in the metabolism of carbo-
hydrates, amino acids, and fatty acids. The five are
pyruvate carboxylase (PC, EC 6.4.1.1), methylcrotonyl-
CoA carboxylase (MCC, EC 6.4.1.4), propionyl-CoA car-
boxylase (PCC, EC 6.4.1.3), and two isoforms of acetyl-
CoA carboxylase (ACC, EC 6.4.1.2), denoted I and II. Each
catalyzes an essential step in intermediary metabolism
[47] (see Figure 2).

Each of the five mammalian carboxylases catalyzes
the incorporation of bicarbonate as a carboxyl group
into a substrate. Each employs a similar catalytic
mechanism, and the reaction is driven by the hydro-
lysis of ATP to ADP and inorganic phosphate. In the
normal turnover of cellular proteins, holocarboxylases
are degraded to biocytin or biotin linked to an oligo-
peptide containing at most a few amino acid residues
(see Figure 1). Because the amide bond between bio-
tin and lysine is not hydrolyzed by cellular proteases,
the specific hydrolase biotinidase [biotin amide hydro-

lase (EC 3.5.1.12)] is required to release biotin for
recycling.

6.2. Putative mechanism of action in progressive
MS

Progression in MS is often considered as a conse-
quence of both demyelination and energy failure.[7]
The causal neurodegenerative process is suggested to
arise from an increased energy demand in demyeli-
nated axons together with mitochondria dysfunction,
creating a virtual hypoxia phenomenon (see Figure 3).
In demyelinated axons, restauration of the membrane
resting potential on the entire demyelinated mem-
brane, rather than on the nodal membrane only,
requires higher quantities of ATP to pump out and in
Na+ and K+ ions, respectively, via the Na+ K+ ATPase.
[59] This increased demand in ATP is compensated by
the recruitment of mitochondria locally within the
axons. Demyelinated axons are exposed to soluble
inflammatory molecules produced by microglia and
other inflammatory cells that induce mitochondrial
damages through reactive oxygen species-mediated
post-transcriptional modification and nitration of the
respiratory chain complexes as well as damage to the
mitochondrial DNA.[59] Mitochondrial defects accu-
mulate and progressively render chronically demyeli-
nated axons unable to meet the increase energy
demand (virtual hypoxia), leading to neuronal dysfunc-
tion and ultimately degeneration. Axonal and neuronal
death may also result from glutamate-mediated exci-
totoxicity, microglia activation, chronic oxidative

Figure 2. Pathways involving biotin-dependent carboxylases. Biotin-dependent carboxylases are represented as black bar: pyruvate
carboxylase, 3-methylcrotonyl-CoA carboxylase, and propionyl-CoA carboxylase generate intermediates for the tricarboxylic acid
(TCA) cycle at three different entry points: oxaloacetate, succinate and acetyl-CoA; and acetyl-CoA carboxylase catalyzes the rate
limiting, committed step in fatty acid biosynthesis: the cytosolic synthesis of malonyl-CoA from acetyl-CoA. Figure adapted with
permission from [47].
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Introduction
Multiple sclerosis (MS) is the most common disa-
bling neurological disease of young adults.1 Both pri-
mary progressive multiple sclerosis (PPMS) and 
secondary progressive multiple sclerosis (SPMS) dis-
eases are part of the same progressive disease spec-
trum which can be further split into ‘active’ and 
‘not-active’ progressive disease based on the presence 
or absence of inflammatory activity demonstrated 
either clinically or radiologically.2,3 Disability wors-
ening in not-active progressive MS is mainly due to 
chronic demyelination and mitochondrial dysfunc-
tion, both of which result in virtual hypoxia leading to 

axonal degeneration.4–6 Although anti-CD20, mitox-
antrone and interferons have shown some efficacy in 
patients with active progressive disease,7–9 there is 
still no approved disease-modifying therapy (DMT) 
in patients with not-active progressive MS, which 
represents a significant unmet medical need.10

MD1003 is an oral formulation of high-dose pharma-
ceutical-grade biotin (10,000 times the recommended 
daily intake) that recently demonstrated promising 
efficacy in patients with not-active progressive MS.11 
Over 90% of the patients (N = 23) treated for 
2–36 months in an open-label pilot study had some 

MD1003 (high-dose biotin) for the treatment of 
progressive multiple sclerosis: A randomised, 
double-blind, placebo-controlled study
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Abstract
Background: Treatment with MD1003 (high-dose biotin) showed promising results in progressive mul-
tiple sclerosis (MS) in a pilot open-label study.
Objective: To confirm the efficacy and safety of MD1003 in progressive MS in a double-blind, placebo-
controlled study.
Methods: Patients (n = 154) with a baseline Expanded Disability Status Scale (EDSS) score of 4.5–7 
and evidence of disease worsening within the previous 2 years were randomised to 12-month MD1003 
(100 mg biotin) or placebo thrice daily, followed by 12-month MD1003 for all patients. The primary end-
point was the proportion of patients with disability reversal at month 9, confirmed at month 12, defined 
as an EDSS decrease of ⩾1 point (⩾0.5 for EDSS 6–7) or a ⩾20% decrease in timed 25-foot walk time 
compared with the best baseline among screening or randomisation visits.
Results: A total of 13 (12.6%) MD1003-treated patients achieved the primary endpoint versus none of 
the placebo-treated patients (p = 0.005). MD1003 treatment also reduced EDSS progression and improved 
clinical impression of change compared with placebo. Efficacy was maintained over follow-up, and the 
safety profile of MD1003 was similar to that of placebo.
Conclusion: MD1003 achieves sustained reversal of MS-related disability in a subset of patients with 
progressive MS and is well tolerated.

Keywords: Multiple sclerosis, primary progressive multiple sclerosis, secondary progressive multiple 
sclerosis, high-dose biotin, MD1003, clinical trial, disability progression
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•  Phase	2b/3	
•  1	dose	
•  1	an	de	suivi	
•  Age	18-60	[moy	:	51]	
•  EDSS	4.5-7	[méd	:	6]	
•  Améliora2on	de	l’EDSS	

ou	du	T25FW	

Essai	clinique	

Tourbah	et	al.,	MSJ	2017	

Multiple Sclerosis Journal 22(13)
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In patients who remained on MD1003, mean EDSS 
was relatively stable over 24 months (+0.04 ± 0.62).

Mean TW25 times increased more in the placebo arm 
than in the MD1003 arm, but this difference was not 
significant (Table 3). The median TW25 time 
remained relatively constant in MD1003-treated 

patients throughout the study (Figure S3). Other post 
hoc analyses showed that in the MD1003 group, nine 
(8.7%) patients had >20% improvement in TW25 
times at month 9, confirmed at month 12, compared 
with the last pre-treatment visit versus none in the pla-
cebo group (p = 0.03). Furthermore, the proportion of 
patients unable to successfully perform the TW25 

Figure 2. Proportion of patients with reversal of MS-related disability. Reversal of disability was defined as 
improvement of EDSS or TW25 values confirmed at the next visit (except for month 24 where no subsequent visit was 
available) compared with best respective values recorded at either the screening or the randomisation visits.
EDSS: Expanded Disability Status Scale; TW25: timed 25-foot walk.

Table 2. Baseline characteristics of the 13 patients who achieved the primary endpoint of the study.

Age 
(years)
 

Sex (F/M) Centre PPMS or 
SPMS

MS duration 
(years)

Baseline 
EDSS

Improvement DMT

EDSS TW25  

68 M 1 PPMS 3.0 6.5 + –  
50 M 1 SPMS 14.0 6.5 – +  
52 M 2 PPMS 6.0 6.5 + – MPM
63 F 3 SPMS 12.0 4.5 + – INF
55 M 6 SPMS 18.0 7 – +  
43 M 6 SPMS 10.0 5.5 + + CP
52 F 9 SPMS 16.0 6.5 + – MPM
59 M 11 SPMS 12.0 7 + – MPM
62 M 11 PPMS 37.0 4.5 + – MTX
43 M 14 PPMS 5.0 4.5 + –  
64 M 14 SPMS 31.0 6.5 + +  
46 F 15 SPMS 15.0 4.5 + – INF
46 M 16 SPMS 25.0 5.5 – +  
Mean 54.0 23.1% F – 69.2% SPMS Mean 15.7 Mean 5.81 76.9% 38.5% 53.8%

CP: cyclophosphamide; DMT: disease-modifying therapy; F: female; EDSS: Expanded Disability Status Scale; INF: interferon; M: 
male; MPM: mycophenolate mofetil; MS: multiple sclerosis; MTX: methotrexate; PPMS: primary progressive multiple sclerosis; 
SPMS: secondary progressive multiple sclerosis; TW25: timed 25-foot walk.



Conclusion	

•  Il	faut	traiter	toutes	les	formes	progressives	!		
•  Déjà	plusieurs	AMM	disponibles	:	
–  Formes	SP	avec	poussées	surajoutées	
–  Formes	PP	de	stade	précoce	(durée	et	handicap)	
–  En	approche	:	SP	sans	poussée	

•  Traiter	l’inflammaKon	en	amont	de	la	
dégénérescence	

•  La	quesKon	non	résolue	de	l’âge	et	du	handicap	
•  BioKne	et	mitochondrie	
•  Excellent	rapport	bénéfice/risque	de	ces	produits	


