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APPENDIX A

Kurtzke Expanded Disability Status Scale (EDSS)

EDSS steps 1.0 to 4.5 refer to patients who are fully ambulatory, and the precise step number is
defined by the Functional System (FS) score(s). EDSS steps 5.0 to 9.5 are defined by the

impairment to ambulation, and usual equivalentsin Functional System scores are provided.

EDSS should not change by 1.0 step unless there is a change in the same direction of at least one
step in at least one FS. Each step (e.g., 3.0to 3.5) is still part of the DSS scale equivalent (i.e., 3).
Progression from 3.0 to 3.5 should be equivalent to the DSS score of 3.

Normal neurological exam (all grade 0 in FS).

No disability, minimal signsin one FS (i.e., grade 1).

No disability, minimal signsin more than one FS (more than on FS grade 1).
Minimal disability in one FS (one FS grade 2, others O or 1).

Minimal disability in two FS (two FS grade 2, others 0 or 1).

Moderate disability in one FS (one FS grade 3, others 0 or 1) or mild disability in three or four FS
(three or four FS grade 2, others 0 or 1) though fully ambulatory.

Fully ambulatory but with moderate disability in one FS (one grade 3) and one or two FS grade 2;
or two FS grade 3; or five FS grade 2 (others 0 or 1).

Fully ambulatory without aid, self-sufficient, up and about some 12 hours a day despite relatively
severe disability consisting of one FS grade 4 (others O or 1) or combinations of lesser grades

exceeding limits of previous steps; able to walk without aid or rest 500 meters.

Fully ambulatory without aid, up and about much of the day, able to work afull day, may
otherwise have some limitation of full activity or require minimal assistance: characterized by
relatively severe disability usually consisting of one FS grade 4 (others 0 or 1) or combinations of

lesser grades exceeding limits of previous steps; able to walk without aid or rest some 300 meters.

Ambulatory without aid or rest for about 200 meters; disability severe enough to impair full daily

activities (e.g., to work afull day without special provisions): (usual FS equivalents are one grade
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5 alone, others 0 or 1: or combinations of lesser grades usually exceeding specifications for
step 4.0).

Ambulatory without aid or rest for about 100 meters; disability severe enough to preclude full
daily activities: (usua FS equivalents are one grade 5 alone, others 0 or 1: or combination of

lesser grades usually exceeding those for step 4.0).

Intermittent or unilateral constant assistance (cane, crutch, brace) required to walk about 100
meters with or without resting: (usual FS equivalents are combinations with more than two FS
grade 3 +).

Constant bilateral assistance (canes, crutches, braces) required to walk about 20 meters without

resting (usua FS equivalents are combinations with more than two FS grade 3 +).

Unable to walk beyond approximately 5 meters even with aid, essentially restricted to a
wheelchair; wheels self in standard wheelchair and transfers alone; up and about in wheelchair

some 12 hours aday; (usual FS equivalents are combinations with more than one FS grad 4 +; very

rarely pyramidal grade 5 alone).

Unable to take more than a few steps; restricted to wheelchair, may need aid in transfer; wheels
self but cannot carry on in standard wheelchair a full day; may require motorized wheelchair;

(usual FS equivalents are combinations with more than one FS grade 4 +).

Essentially restricted to bed or chair or perambulated in wheelchair, but may be out of bed itself
much of the day, retains many self-care functions; generally has effective use of arms; (usual FS

equivalents are combinations, generally grade 4 + in several systems).

Essentially restricted to bed much of the day; has some effective use of arm(s); retains some self-

care functions; (usual FS equivalents are combinations generally 4 + in several systems).

Helpless bed patient: can communicate and eat; (usual FS equivalents are combinations, mostly
grade 4 +).

Totally helpless bed patient; unable to communicate effectively or eat/swallow; (usual FS
equivalents are combinations, almost al grade 4 +).

Death due to MS.
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APPENDIX B

Ambulation Index (Al)
0 = Asymptomatic; fully active.
1 = Walksnormally but reports fatigue which interferes with athletic or other demanding activities.

2 = Abnormal gait or episodic imbalance; gait disorder is noticeable to family and friends. Able to walk

8 metersin 10 seconds or less.
3 = Walksindependently; able to walk 8 metersin 20 seconds or less.
4 = Requiresunilateral support (cane, single crutch) to walk; walks 8 metersin 20 seconds or less.

5 = Requires bilateral support (canes, crutches, walker) and walks 8 metersin 20 seconds or less; or,

requires unilateral support but walks 8 metersin greater than 20 seconds.

6 = Requiresbilateral support and walkers 8 metersin greater than 20 seconds. May use wheelchair on

occasion.

7 = Walking limited to several stepswith bilateral support; unable to walk 8 meters. May use wheelchair

for most activities.
8 = Restricted to wheelchair; able to transfer independently.

9 = Restricted to wheelchair; unable to transfer independently.
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APPENDIX C
Standar dized Neurologic Status (SNS)

Tota Score | |
|. Definite Supraspinal Signs Il. Paresis
|| vision (right) 0=210 ’:’ Right arnvhand 5= no muscle activity
L]

o itati =<0 4= visibl le contraction without
- (quantitative) ;:28.3 Left armvhand rﬁmﬁéﬁ?x e contraction witho
u Vision (left) 3=<05 Right leg/foot 3 = locomotive effect seen when at rest

(quantitative) 4=<03

azso03 Left Ieg/foot 2 = motion possible against no resistance

1 = motion possible against moderate
resistance
0 = normal muscle strength

Ocular motor nerve 0= absent
1=in1lineof vision

palsy/Gaze palsy 2=in> 1 line of vision I11. Spasticity
Right arm fl>= absent N )
’_ 0= absent ] = increase in tone may be overcomein
—| Spontaneous 1= present — L_eft am rapid continuous movement
nystagmus || Rightleg 2 = spasticity may be overcome only very
|| Left leg slowly and with great effort
I:l Gaze evoked 0= absent
nystagmus 1.= present _1V. Sensation
Abdomen Sense of touch:
. . ] = 0 = not impaired
|| Dissociated 0 = absent || Rightarm/hand 1= impairzd
nystagmus/INOP 1= present || Left arm/hand
- | | Right leg/foot
l_l Speech impairment <1) = ablsgnt Left leg/foot
=mi —
(bulbar/cerebellar) 2 = speech only intelligible with great  —— " I
effort Right malleolus ext. Sensitivity to vibrations:
| 0=>6/8
|| Left malleolus ext. 1-<8
- 2=<38
Swallowing 0= not impaired
2 = dlightly impaired
4 = frequent deglutition
disturbances/coughing
V. Urinary Bladder |mpair ment
l:l Breathi ng 0 = not impaired I:l Urgency 0 = absent
6 = impaired 1 = present
|:] Intention tremor/ 2= ablssfzt impeired) |:| Urinary (1): absend t
; ; = mild (motor response not impair ; ; = rarely
nonparetic dysmetria 2 = moderate (motor response incontinence 3= about weekly
noticeably impaired) 4 = severe (diapers or urinal required)
3 = severe (e.g., hands can no longer
be used)
Truncal ataxia 0 at?lssnt [ ] overflow 0 absent
— =mi ; ; = present
4 = moderate (unaided sitting with Incontinence
arms stretched out just barely (Ischuria
possible) paradoxa)
8 = severe (unaided sitting no longer
possible)
] Ataxic gait 0= absent |:’ Indwelling 0= absent
8 = present . 1= present
catheter/suprapubi
cdrain
[ ] Affect 0= not impaired Residual urine o=<s50m
1 = impaired 1=<100ml
—— . . . . . 2=2>100ml
Drive/motivation 0= not impaired X = not done
Psvch t 1 = slightly impaired
SyCho-motor 3 = severely impaired

slowing
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APPENDIX D
Summary of Preclinical Studiesin Experimental Allergic Encephalomyelitis (EAE)

Mitoxantrone has been shown to be effective in avariety of EAE models. Mgjor findings
from the studies of mitoxantronein EAE are summarized in the table that follows.
Results obtained using active models of EAE are categorized as prophylactic effects
(mitoxantrone treatment beginning at the time of immunization), effector-level inhibition
(treatment beginning after effector cells are primed but before disease onset is evident), or
therapeutic protection (treatment beginning after disease has been clearly established).
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Summary of EAE Study Results

Study

Type of EAE model

Mitoxantrone
treatment regimen

Results

Therapeutic Protection in Active EAE Mod

s

Biozzi AB/H mice

Levine, 1985 Relapsing disease 1 mg/kg IP or SC (leg) All 6 control rats relapsed.
Lewisrats Single dose Mitox prevented relapsein 12 of
Day 14 14 rats.
Watson, 1991 Relapsing disease 2.5 mg/kg IP, twice weekly Mitox prevented relapsein

Days 27-40

12/13 mice (p < 0.002).

Effector-Level Inhibition in Active EAE Models

Ridge, 1985

Acute disease
Lewisrats

0.25 — 0.5 mg/kg/day IP
Days 7-16

Compared to

1.25 — 5.0 mg/kg CP

Mitox at 0.25 — 0.5 mg/kg
suppressed clinical and
histological lesions

(p <0.05).

Watson, 1991

Acute disease

1 - 2.5 mg/kg/day IP

Mitox at 2.5 mg/kg prevented

Biozzi AB/H mice Days 12-19 development of acute disease.
Baker, 1992 Acute disease 0.5-5.0 mg/kg IP A single dose of 5 mg/kg Mitox
Biozzi AB/H mice Single dose completely inhibited the
Day 9 development of EAE.

Prophylactic Effectsin Active EAE Models

Ridge, 1985 Acute disease 0.125 - 0.5 mg/kg/day IP for 1§ Mitox at 0.25 — 0.5 mg/kg
Lewis rats days starting on Day 0. suppressed clinical and
Compared to histological lesions
1.25 — 5.0 mg/kg (p <0.05).
Lublin, 1987 Acute disease 0.25 or 0.5 mg/kg/day IP Mitox prevented the
(SJL/J x BALBIc) 10 days starting on Day 0 development of EAE.
F1 mice
Lublin, 1987 Delayed onset disease 0.05 mg/kg IP Mitox significantly delayed the
SJL/J mice 3x/week for 12 weeks. onset of disease.
Mustafa, 1993 Acute disease 0.5 mg/kg IP, alternate days Mitox completely protected rats|
Lewis rats (Days 0-15). Compared to CsA from EAE.

at 3.0 or 20 mg/kg, alternate
days (Days 0-22)

Treatment of Passive EAE

Ridge, 1985

Lewis rats immunized
with sensitized,
syngeneic immune
cells

* Donors:
0.5 mg/kg/day x 14 days
* Cells in vitro:
0.01-0.001 mg/mL
« Recipient pretreatment:
0.5 mg/kg/day IP x 5 days

Mitox prevented the
development of passive EAE in
all three experimental designs.

Mitox = mitoxantrone; CP = cyclophosphamide; CsA = cyclosporine A.
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Referencesfor EAE Study

Baker D, O'Neill JK, Davison AN, et al. Control of immune-mediated disease of the
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1987;45:122-128.

Mustafa MD, Diener P, Sun JB, et al. Immunopharmacologic modulation of
experimental allergic encephalomyelitis: low-dose cyclosporin-A treatment causes
disease relapse and increased systemic T and B cell-mediated myelin-directed
autoimmunity. Scand J Immunol 1993;38:499-507.

Ridge SC, Sloboda AE, McReynolds RA, et al. Suppression of experimental allergic

encephalomyelitis by mitoxantrone. Clin Immunol Immunopathol 1985;35:35-42.

Watson CM, Davison AN, Baker D, et al. Suppression of demyelination by

mitoxantrone. Int J Immunopharmacol 1991;13:923-930.
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APPENDIX E

Statistical Methodology for the Primary Efficacy Analysisin Study 901

Three methodol ogical approaches can be used for clinical studies with multiple primary

endpoints to produce a statistical analysis that protects the experiment-wise error rate:

1. Combine the attributes of all primary endpointsinto a single composite endpoint and

perform an analysis of this composite endpoint using the predefined alphalevel.

2. Adjust the aphalevel, usualy by a Bonferroni adjustment, and perform separate
analyses of each primary endpoint using the adjusted alphalevel.

3. Perform amultivariate analysis using the predefined alphalevel.

For Study 901, there was no generally acceptable composite score that could be adopted.
Further, aBonferroni adjustment was impractical due to the large number of endpoints.
With the approval of the German regulatory agency BfArM, a nonparametric multivariate
statistical analysis was specified in the protocol to establish primary efficacy results. This
statistical methodology, described below, has been published in preeminent American
statistical journals, and shown to be statistically valid. Validated, commercially available
software (SmarTest 1995) has been developed to perform thisanalysis. The FDA has
been provided with a copy of this software, along with documentation and validation

information, for review.

The five primary efficacy variables for Study 901 were:

» Changein EDSS at 24 months relative to baseline value.
« Changein Al at 24 months relative to baseline value.

«  Number of relapses requiring corticosteroid treatment.

« Timeto the first relapse requiring corticosteroid treatment.
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+ Changein SNS score at 24 months relative to baseline value.

These efficacy variables were tested in one combined hypothesis of stochastic ordered
alternatives by the generalized Wilcoxon-Mann-Whitney (Wei-Lachin) procedure (Lachin
1992, Wei 1984). Thetest wasto be conducted for a one-sided hypothesis with alpha=
0.05 for the difference between the mitoxantrone 12 mg/m? treatment group and placebo
group. Thisisanonparametric global test, hypothesizing that the differences between
groups are all in the same direction; i.e., one group is superior in at least one of the

variables.
The hypotheses stated in this test are:
Ho: ©¢=0 for al k=1,2,3,4,5 (variables tested)
Hi: ©¢>0 foral k=1,2,3,45  with ©,> O for at least onek.

The O are the estimators of the difference between the two samples, the Mann-Whitney
differences. A Mann-Whitney differenceis defined as the difference between (1) the
probability that a member of sample 1 has alarger value for the variable of interest than a
member of sample 2 and (2) the probability that a member of sample 2 has alarger value

for the variable of interest than a member of sample 1.

The Mann-Whitney differenceis also avalid estimator for variables with missing values

or censored observations such as the variable “time to first relapse requiring treatment.”

The test statistic Z derived from the Wei-Lachin procedure has an asymptotic normal

distribution and is defined as:
Z=Je)/ [z "
with Z being the covariance-matrix & and J'=(1,...1), a vector of weights one.

This test statistic is the nonparametric equivalent to Hotelling’s one-sided parametric T2

test. If the test resulted in a significant p-value, all five single criteria were to be tested
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univariately with alpha = 0.05 in sequence according to the principle of a priori ordered
hypotheses (Maurer 1995). The sequence of testing was revised by Amendment 3 to be
EDSS, Al, number of relapses requiring corticosteroid treatment, time to the first relapse
requiring such treatment, and SNS. In this document, results of two-sided tests are
reported with alpha = 0.05.
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Lachin JM. Some large-sample distribution-free estimators and tests for multivariate
partialy incomplete data from two populations. Stat Med 1992; 11:1151-70.

Maurer W, Hothorn LA, Lehmacher W. Multiple comparisonsin drug clinical trials and
preclinical assays: A-priori ordered hypothesis. In: Biometriein der chemish-
pharmazeutischen industrie 6: Testing principlesin clinical and preclinical trials
(Vollmar J, ed.). Gustav Fischer Verlag, Stuttgart 1995:3-18.

SmarTest Handbook Version 1.2, idv — Datenanalyse und Versuchspanung, Gauting —
Germany, 1995.

Wei LJ, Lachin JM. Two-sample asymptotically distribution-free tests for incomplete
multivariate observations. J Am Stat Assoc 1984; 79(387):653-61.
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APPENDIX F

Summary of Sensitivity Analyses Conducted in Study 901

Post-hoc sensitivity analyses were performed on various patient subgroups. This

summary provides data from the mitoxantrone 12 mg/m? and placebo groups only and is

limited to the analysis of the primary efficacy variables. These analyses were consistent

with the efficacy results seen in the population as a whole and confirmed the superiority

of mitoxantrone compared to placebo.

Gender Effect
Analysis of Gender Effect
Female Male
Mitox Mitox
Placebo 12 mg/m? Placebo 12 mg/m?

Endpoint N =31 N =28 N =33 N =32
EDSS change (mean, M24 minus baseline)” 0.08 -0.46 0.36 0.16
Al change (mean, M24 minus baseling)” 0.61 0 0.91 0.56
SNS change (mean, M24 minus baseline)” 1.29 -2.50 0.27 0.19
No. treated relapses (total, adjusted for early withdrawals) 43.59 6.28 33.18 17.80
Time to 1% relapse requiring treatment (median months) 11.10 NR NR NR

Mitox = mitoxantrone; NR = median not reached within 24 months.
* Negative values indicate improvement for this scale, higher positive values indicate worsening.

Age Effect

Patients were evaluated based on a age cutoff of 40, median age for this study population.

Analysis of Age Effect
<40 Years >40 Years
Mitox Mitox
Placebo 12 mg/m? Placebo 12 mg/m?

Endpoint N =32 N =31 N =32 N =29
EDSS change (mean, M24 minus baseline)” -0.03 -0.37 0.48 0.12
Al change (mean, M24 minus baseling)” 0.72 0.06 0.81 0.55
SNS change (mean, M24 minus baseline)” -0.13 -1.58 1.66 -0.52
No. treated relapses (total, adjusted for early withdrawals) 38.74 14.08 38.03 10.00
Time to 1% relapse requiring treatment (median months) 15.01 NR 14.19 NR

Mitox = mitoxantrone; NR = median not reached within 24 months.
* Negative values indicate improvement for this scale, higher positive values indicate worsening.
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Typeof MS
Patients were eval uated based on the type of M S as defined in the protocol.

AnalysisBased on Typeof MS

Remitting Progressive Secondary Progressive
Mitox Mitox
Placebo 12 mg/m? Placebo 12 mg/m?

Endpoint N =10 N =17 N =23 N =15
EDSS change (mean, M24 minus baseline)” 0.09 -0.30 0.34 0.02
Al change (mean, M24 minus basdling)” 0.41 0.14 1.06 0.44
SNS change (mean, M24 minus baseline)” -0.31 -2.46 1.66 0.16
No. treated relapses (total, adjusted for early withdrawals) 45.61 8.61 31.17 15.47
Timeto 1% relapse requiring treatment (median months) 11.10 NR 21.95 NR

Mitox = mitoxantrone; NR = median not reached within 24 months.
* Negative values indicate improvement for this scale, higher positive values indicate worsening.

Relapse 1 Year Prior to Study

Patients were eval uated based on whether they had a history of relapse(s) in the year

preceding enrollment or not.

Relapse 1 Year Prior to Study

Yes No
Mitox Mitox
Placebo 12 mg/m? Placebo 12 mg/m?

Endpoint N =22 N =25 N=11 N=7
EDSS change (mean, M24 minus baseline)” 0.05 -0.22 0.67 0.13
Al change (mean, M24 minus baseling)” 0.61 0.20 117 0.60
SN'S change (mean, M24 minus baseline)’ -0.74 -1.78 4.61 2.33
No. treated relapses (total, adjusted for early withdrawals) 58.81 20.34 17.96 8.78
Timeto 1% relapse requiring treatment (median months) 13.83 25.30 15.38 NR

Mitox = mitoxantrone; NR = median not reached within 24 months.
* Negative values indicate improvement for this scale, higher positive values indicate worsening.
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Study Completers

Patients were eval uated based on whether they completed all eight course of study drug

(completers) or not (i.e., intent-to-treat group)

Study Completers

Completers Intent to Treat
Mitox Mitox
Placebo 12 mg/m? Placebo 12 mg/m?
Endpoint N =23 N =24 N =33 N =32
EDSS change (mean, M24 minus baseline)” 0.14 -0.25 0.23 -0.13
Al change (mean, M24 minus baseling)” 0.66 0.25 0.77 0.30
SN'S change (mean, M24 minus baseline)’ 0.60 -0.88 0.77 -1.07
No. treated relapses (total, adjusted for early withdrawals) 46.33 13.23 76.77 24.08
Timeto 1% relapse requiring treatment (median months) 16.20 25.30 14.2 NR

Mitox = mitoxantrone; NR = median not reached within 24 months.
* Negative values indicate improvement for this scale, higher positive values indicate worsening.
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APPENDIX G
Published Papers
This appendix contains reprints of the following papers:

Bastianello S, Pozzilli C, D’AndreaF, et al. A controlled trial of mitoxantronein
multiple sclerosis. Serial MRI evaluation at one year. Can JNeurol Sci 1994; 21:266-70.

DeCastro S, Cartoni D, Millefiorini E, et . Noninvasive assessment of mitoxantrone
cardiotoxicity in relapsing remitting multiple sclerosis. J Clin Pharmacol 1995; 35:627-
32.

Edan G, Miller D, Clanet M, et al. Therapeutic effect of mitoxantrone combined with
methylprednisolone in multiple sclerosis: A randomized multicentre study of active
disease using MRI and clinical criteria. J Neurol Neurosurg Psychiatry 1997;62:112-8.

Hartung H-P, Gonsette R, MIMS Study Group. Mitoxantrone in progressive multiple
sclerosis: aplacebo-controlled, randomized, observer-blind phase 11 trial: clinica
results and three-year follow-up. Neurology 1999a;52(Suppl 2):A290. (Abstract
$45.005).

Hartung H-P, Gonsette R, MIMS Study Group. Mitoxantrone in progressive multiple
sclerosis (MS): Clinical results and three-year follow-up of the MIMStrial. Mult Scler
1999;5(Suppl 1):S15. (Abstract 56).

Hartung H, Gonsette R, MIMS Study Group. Mitoxantrone in progressive multiple
sclerosis (MS): A placebo-controlled, randomized, observer-blind European phase |11
multicenter study -- Clinical results. Mult Scler 1998;4:98. (Abstract 207).

Krapf H, Morrissey SP, Zenker O, et a. Mitoxantrone in progressive multiple sclerosis
(MS): A placebo-controlled, randomized, observer-blind European phase |11 multicenter
study -- MRI results. Mult Scler 1998;4:380. (Abstract P3024).
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Millefiorini E, Gasperini C, Pozzilli C, et al. Randomized placebo-controlled trial of
mitoxantrone in relapsing-remitting multiple sclerosis: 24-month clinical and MRI
outcome. JNeurol 1997;244:153-9.
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A Controlled Trial of Mitoxantrone in
Multiple Sclerosis: Serial MRI

Evaluation at One Year
S. Bastianello, C. PoillL, F. D’Andrea, E. Millefiorini, M. Trojano, S. Mortno,

C. Gasperini, A. Bozao. M. Gallucct, C. Andreula. L Bozzao, D. Gambi and
M. Prencipe

Abstract: We present the results of a randomized double-blinded placsbo congolled. multicenter Tial.
of low-dose mitoxangone (MX). after one year. in 25 padears with relapsing-remitung multiple scle-
rosis, who had sesial ezhancad magnedc resonancs imaging (MRD. Treatment groups were balanczd
for age. gender. duradan of illness and neurological disabiliry. Five of the 13 MX patiears and 10 of
the !thcbopaﬁsshdmm&xdngmt(p < 0.02). The mean change in die exteaded
disability saqs scale was not significandy different berwesn the MX and placsbo Teament groups.
Serial Gadolinium-DTPA eahanced MRI detesied 20 significant differencs berwesn the MX geated
and placsbo groups in the mean taral number of aew. enlarging. or Gadolinium-DTPA enhancing
lesions: thers was 3 rezd toward a reduction of aew, enlarging and Gadolinium-DTPA enhancing
lesions in MX patients. Despite this ameiiorating =ffect, the results indicate that serial Gadolinium-
DTPA enhancsd MRL periormed over one year in 2 limited numoer of pateats. could ot provide
eonclusive evidencs for 1 role of MX therapy in relagsi reriming muldple sclerosis.

Ii:umi:tmdcwnmik'edumimnnmmdmhsdmuménluadousériéepuRMN'aunan.
Nusp'umml::é-uumimnd‘mécxdemdﬁmm)duuﬂeim:.awdléeprplmamim-
mmihibledmacﬂpdmmd:sdbnscen,‘1 (SED) évol -4 ées ot rEmis-
dm@mﬂmmnﬁ&wmmmnmmaﬁlibﬁnwﬂmlemh
Gurée de la maladie = ["anzt logi Gnqdnl!padmumMXalOdallp:ﬁmmph:bo
ma;despmsé:sm::imm(p<o.0’.’\.u:hngcmeumoyeul‘a\dlcaxgxed'énlun’mdel'innﬁd-
aé o' &eait pas significasivement différent enare les grovpes. La RMN séné rebaussé, au Gadolisium-OTPA. 2" pas
&sédadiﬂeazﬂgﬁﬁmmlemmdwW(alegwp:puceboqumwmmtnmlmoym
de l&sians iles, 22 expansion ou ref ﬂymkmmihdimimdmdsléﬁmmvdls.
en expansion ot chez les pad sous MX. Ea dépit de czae amelioradon. les résul indiq que
l'eu!ua'nnséie.;ﬂrRMNMmcmﬁmmmkmmmmp&od:d'mmdzmpmmm
de pad 2°a pu TP de preuve d'un dle du maitement par lz MX dans la SEP évoiuant par
poussées ot rémissioas.

- Can. I. Neurol. Sci. 1994; 21: 266-270

Besides the well-established diagnostc value of magnedc Mitozanmone is 1 antinecplastc ageat which inwersaiaces into

fesonancs imaging (MRI) in muldple scleosis (MS).'S rez=at
smdies suggest that it ls the pr = of di acsvity as
measured by sew aboormalisies an T2 weighted images or by
gadolinium eahancing lesicas in p who are cligically sta-
‘ble.*'t Thus, MRI may provide 2 suimble wol for assessing Hie
effectiveness of clinical therapeutical mials.'™" The useful
effect of weament should be observed by MRI in a limited
mheofpﬁmmddrzuhm:pciodaf:x::mm:u
required by clinical mouitaring alane.? Some limied benedts
of immunosupy and imrnom tulatory drugs have be=a
reported in the Teamment of MS. One rec=at appreach s besz
the use of mitoxantroae (MX) as 2 thesageutic ag=at.

DNA and exerts 2 pateat supprassive influeacs upon the
humorai immune response. > ‘
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Prefiminary open-label miais w 2ssess te potendal eficacy
of rearment with MX have beex performed caly in progressive
MS.'*3 suggesting that MX did not compietely suppress clini-
cal and MR! evidenes of ongoing disease.® Ressnt dara, how-
ever, indicate that therapy may be more effective if used carty
when there 13 less neuroiogical damage and when the denyeli-
magng Process is just beginning. = On the basis of these asqump-
tions. we stasted 2 1-yesr, randomised doubic-blinded, placsbo
congolled. muiticenter Tial of MX in relapsing-remiming MS
patients © determine the dinical efficacy of this therapy. We
gow present the preliminary results after |-year qeatment in a
subgroup of patients who underwent serial MRI evaluation.

SURIECTS AND METHODS

The 2-year randomized, double-blinded. piacsbo congoiled
multicanter wial was conducied at seven [taliag ceatess:
Universides of Bari, Catanzaro, Chied, Napoli. Roma. Sieza.
and I"Aquiia, the larer aiso being the coordinating center.

The subgroup of patients which underwent serial MRI evaly-
ation was seiecied from four centers (Universities of Bari.
Chied Roma and I’ Aquila) and referred 10 L' Aquila University
in order to perform sequential scans.

The mial design was approved by [nternal Review Boards
and by the Natonal Health Servic=

Patient enroiment and pre-trial observation

Inclusion criteria were: 1 definite diagnasis of MS:3 2
relapsing-remicting discase course. defined is two or mare
relapses occurring in the 24 months prior w swdy enwy: age
berwesn 18 and 45 years: disease duradon from 1 10 10 vears:
disability a0 less than 2 or more thar § on the Kurtzke
Expanded Disability Sams Scale (EDSS).™

We :x:.uded patients who were HIV—posm with prekus
cardio di with left fcular o fra of
less than 50% as determinated by :hocmxognuhy. mb;ecz
presenting renal, liver and/or respiratory dysfi
malignancy, psychiamic illness. pregnancy and women nat
pracicing conmaception. s wedl as patients who had mkes pre-
vicus immunosuppressant medications (such as azathioprine.
cyclophosphamide. plasmagheresis) or were aking sweriods
diring the 3 months before caxy. Finally, patems incapable of
fulfilling the requirements of the study or signing the informed
consent wers aiso excluded.

Study design and data collection

Whea a patent became eligibie. the investigators notified
the relevant center which validated the efigibility of the gadent
and assigned 2 mndomisaton code sumber.

For determination of sample size, it was assummed w0 be
impartant to detect 2 1 point differzacs in the mean change
from baseline of the EDSS in 25% of the MX Teated group w2l-
adve @ 30% of the slacche searme wagp 2 M s of conoi.
uled sffcacy analysis. According o this design and with 1o aifa
error = 0.05 and bew evor = 0.20. the required sumber of
padents to achieve sudsdeal significincy was 45 padents per
am. Up w June 1993, 52 padeats had besn ezrulled into the
study.

After sxamining clinical and MRI da at l-year, the code
was brokea by two not biiaded investigators (BS and PC):

Uningme 8 N 1 L dyensr !904
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therefore the blinded:

Of&emdpdmwhommdouisediameui&li
(scresned between January 1991 and December 1992) wers
mﬁdmmml-mm\ﬂu follgw-up smudy.

The subjects (10 mea and |5 womezn) were raadomly
mp&mamummmmﬂ(msﬁ)
orapla::bo(n.al").kandommfm‘bommupswupe-
formed simultancousty.

Treacment

Patients assigned 10 immunesuppressive meament recsived 2
30 minute infusion of MX inzavenously (8 ma/m3 every month
for | year: the inwavenous bag ind mbing were black to ensure
patients biinding. Placzbo group padents recsived a solution
coaraining the vehicle alone.

Blood and urine samples and ECG were carried out upon
enwry © the wial and at sach visic Complete biood counts wers
obuained from each patient every two wesks. Echocardiograpiny
a 0. 6 and (2 months was performed in order to0 assess the
poteadal cardiac toxiciry.

Other drugs were allowed during the mial such as chalinergic
and spasmolyde drugs or shorr courses of steroids (high dose
inravenous medyiprednisclone 1 g day for 6 days) for relapses.
Evaluation of patients

All patients wers examined by four blinded neurologists at
each ceater. Neurological examination was undertaken by
means of the EDSS prior o starting therapy and at [2-months.
Primary clinical end-points were coasidered the change in
EDSS and the number of exacerbarons experieacsd during the
follow-up.

We defined as clinical worsening an increxse > | point on
the EDSS.

* Exacerbation was deSined as the appearance of aew symp-
wom or warsezing of an old one, amributabie 0 MS and lastdng
at least 24 hours in absencs of fever. Participating neurclogists
were Tained in the application of the SDSS during 2 joint ses-
sion which included repeated rating of padears with MS who
bave varying levels of disabiliry.

MRI assessament

MR! examimations. performed x 0, L 4.°6 and 12 months.
were obtined with 2 02 Tesla permapent uait, using T2 spin
echo sequescss on axial plane: the snhanced smdy performec
after Gd-DTPA administragon (0.0 mmoal/kg) was undertaksr
using T1 weighted sequences on the same axial planes. Slics:
with 7.5 mm thickness without gag betwesa sections wen
obtained for all the sequencss. In order w obuin comparabl
examinations during the foilow-up scans. 2 midline sagica

of the d year of the study wes

—scaut slicz was always performed at the beginning of the smudy

In this way we orieated axial secdons om the same horizonwa
plane uong a lne passing :wough the basis of e Fonwl lotx
and the caudal portion of quadrigeminal plate *

Image evajuation " ?_.‘- =
MR! dara were analysed by cwo blindsd d a2

(BS. BA) and quesdanable lesions wers reviewed by-gahin

neuroradiolagist as superviser (‘BL)..P:::

roradiologiss were qained 4. = >
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variability in establishing when lesioss Srst appesr. changes in
size and enhanc=ent. The inter- and inmwa-cater varisbilicy dur-
ing serial examinadions was less than $%. Demyelinaring areas.
se=n on T2 weighted images, ind Gd-DTPA enbancsment seez
on T1 weighted images, were detecz=d a¢ the inidal MRI study.
Foilow-up T2 and T1 weighted scans were sequendaily anal-
ysed for the presencs of new disease activity. Three types of
=2ctive™ lesions were identified: 1) new lesicas; 2) lesions
which subsequently enlarge: a change excesding more than
33% (1/3) should be required:d 3) enhancing lesions.
Statistical analysis

Differsncas berween means and mean changes were tested
using the Student’s 2-sampie t test, and differences betwesn
proportions were tested using the chi-squared test. The
Spearman Rank correlation coefficient was used (o compars
changes in EDSS score and the wtal oumber of new, enlargiog
and enhancing MRI lesions at 1-year follow-up.

RESULTS

The clinical and MRI characteristics of the 23 padents
inciuded in the study are shown in Tabie 1 they wers balanced
for age, gender. duradon of illness and neurofogical disabdiry.
All patients complered the entire geaament being able © tler-
ae the medication: adverse reactons werz geaenally mild and
readily teated Seven padents reported nauses. 2 pateats cxpe-
riencad amenarrhez which resolved rapidly with cessadon of
therapy and [ patient had diarrhoca. vomiting and low grade
fever. Side effzcts due o conmast media weze agt observed.

There was 2 smdstcaily significane differencs m the mezn
exacerbation rate and number of paticars exacerbatng during

the study favouring MX (Tadble 2). However, 20 stagistical
difference was observed in mean EDSS chage & |-vear nd in
the proportion of patents with EDSS deteriaraticn; 3 worsening
m EDSS (1 point or more) was seen in | (8%) MX geated
padent and iz 2 {1 75%) cases of the piac=bo grous (p = 0.49).

Tae aumber of patdents showing new, eniarging and Gd-
DTPA enhancing lesions during | year foilow-up study are
reparted in Figure !, New, enlarging and enhancing lesions
were detected respectively in 11 (85%), 5 (383%) and 4 (31%)
padents reared with MX and in 11 (92%).8 (67%) and 7 (58%)
patienss of the placsbo group.

Mecan aumoer of aew, enlarging aad Gd-DTPA enhancing
lesions at 2 1. 6 and 12 months for bods Texrment groups are
shown in Tabie 3. There were no significant differesces in the
mean aumber of lesions/padent berwesn the two groups it each
serial examination. In the MX group. bowever. a3 Tend was
noted towards 31 wowd reduction of aew (MX 2.30. placsbo 3.91:;
p <027}, enlarging (MX 1, placsbo 1.83; p <0.42) and G4-DTPA

124 M =y

Bl aceoo (1g
104
o .
u i
o
NEW ENLAAGING

ENHANCING

a° ol palisnis
[

L]

Table 1: Baseli finical and MR! ch 1 of & 4
Figure 1. Number of patients shawing ruew. eniarying and Gd-OTPA
Statistical ennancing lesions during 1-year fallow-up.
MX Placebo testip =
Ne. of patients 13 (3 12 M Chisq0.87 Tabile 2: Treacment groups after 1-vear foiloweap.
(male/fernale) MX Placcho Stadsticsl
Age 299 (52 BSES) =SS =) o) tenp *
Age at onsez (y13) nI (58 243 (£3) 08T Mean'exac=riagon 054 (0.9)° L& (12 € es20.014
. . 2 e
i = @4 5 @ t /0.6 : '
Duraden () = e @n - No. of padients 538%) 10 (G%) Crisg0.02
Exzac=rbacions 23 (1) 331D t eSS exacerhaniag
e T s -
B ty=s Men change L2170 00805 tesuls
EDSS 37 0. 33 (1.0 ¢ es0.49 in EDSS *~*
No. of lesions E3QLD 18 (249 te0.53 Propartion af '
patiens with EDSS 1% 7% Chisq0.49
Na. of enbapcing 03 (0 43S (0.9 (3= K3 deerioration ™

lesions

® All ¢ tesw are two tiled
* Mean (SD)
MX Mitoxaagooe
EDSS Expacded Disabilicy Sums Scale seare

® All t =ns ar= Twa ailed
* Mean (SD)

** EDSS Expanded Disability Sums Scile xore (= indicazs 2 worsen-
© mg s de 2ad of Ieaamenn).

“** A worserung >i point on the 2SS,
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Tabie 3 Mean sumber of new. aniarging d Gd-OTPA eabaocing lesions/pagent 1 seral
MR1 3

for body poups.
MX Pacebe
02 Gl 02308 a3l @S 0S3(0.8) 008 033(05
2 ez @S a3t@s 0 051 (L) 02508 0Q30(1.4)
4+5 02308 a3ty acsd) 050(1.0) A25(0.6) QIS (05)
-2 13N Q15(04) 003(00) 19229 0020 Qo83
Toal 230N (LD Q.46 (Q.7) N@) 1IBaEn LIegS
2 (01 (0] (23] (1] [t
* Mean (SD) )
* Muodizn

exhancing lesions (MX 0.46, placsbe 1.16: p < 0.13). This
reduction was of 41%, 45% mnd 60% for new, enlarging and
enhancing respecively.

Finally, there were go significant relationships between
changes in the EDSS score and the toti number of new. ealarg-
ing and Gd-D'TPA enhancing MRI lesions at | year foilow-up in
both groups (data ndt shown).

Discussion

The ratonale for immuncsuppressive geawnent lies in the
soppression of the mflammatary reacion of the immune system
in order t pravent or W arrest the proc=ss of demyelinzdon,
Drug Teanments with immunossppressive agenrs such is aza-
thioprine, cyclophosphamide, cyclasporia or toul lymphoid
irradiation show only modest therapeatical benedit ar safe doses
in relapsing-remiming MS.*

Mitoxantrone is 2 well-known antincoplastic ageat with
recemtdy d d i dulating propermies, espesially on
B-lymphocyte function, Because the clinical tolerancs of MX is
bexter than that of other immunesuppressive drugs and long-erm
toxicity markedly lower, early pilot smdies in progressive MS
padeas suggest=d that MX shouid be 2 candidate for conoroiled
climieai mials, '+

The primary purpose of this double-blinded. placsbo-con-
trolled mial was o dezzmine whether monthly theragy with MO(
at a dose of 8 mg/m® every month for | year could alter disease
progression in relapsing-remiming MS padezts.

We found in this [-year intesimy analysis a slowing of te
clinical progression in MX trested padezts compared with
phc:baudznonmmdbyzmcninmcmmm
tion rate and in the qumbes of padents showing clinical =ac=r-
batiaas (se= Table 2). Furthermore, 2 minor improvemest in te
mean EDSS score was detectad in the MO group but zot i e
placsso group. Howevez it has bee= suggested diat coangs -}
mean EDSS is clinically frelevant and meodaiogicaily incor-
rece T Differencss in the propardon of padeats changing by 2
givea degres of disabilicy represent the most feasible endpoint
in the context of short-term clinicai mials.™ Howeven, because
of the small sample and the short-tzm follow-up period. we
could abserve 3 | point worsezing in EDSS oaly iz 2 (17%)
padents resziving placebo and in 1 (3%) of the MX group.

Volume 21, No. 3 = Aueust [994

Therefore, for a proper evaluaden of the clinical resuits we
must await the =d of the mulucenesr study in the whole ran
domised sampie. i

Sertal MR! examinaton has been recsaty proposed as ar
effactive 100l 10 evaluate the =fficacy of short-term ther
apy. !0 Whes measuring therzpeutc ecacy by MRU it i
necsssary (o comsider severai difer=at 2spess such as the durn-
tica of the smdy, the gumber of pagents and the frequency o

ing.” The ation of aew, enlarpng and Gd-DT2:
enhancing lesions sesms (0 be the most suitabie measurs o:
short-texm oucome, while lesion/volume measurement is mor:
approprixte for long-term studies. >

The marked variadon in MR acgvity, both berwesa anc
within patiests over tme. impiied ®e aeed 0 smdy 2 subsan-
tal aumber of padents. As reczmiy suggested by McFarland ¢
al." the sample siz= required 10 detec: 2 significant reduction it
lesion frequency in 3 therapeudical Tial using a parallel groug
design. closely depesds on the oumber of monthiy MRI scan:
per subject. Monthly examinations for up to six months sesm
10 be the most suitabic interval using Gd-DTPA enbancs:
MRLI-S Widh his frequency at least 90 subjecss for sach of the
mm(mmdphc:bo)wnuldberequixedmmk:m
trial design sudsdcally acsepuable.'t Oa the basis of thest
assumprons the smail sampie (25 pafents) and the frequezcy o
scanping (2, 4, 6 and 12 mouoths), appear to be the major limita
tigus of the present smdy.

Considering our sean freguescy. the likelihood of missin:
MRI activicy appears morz reiated to the detszzon of th:
enhanc=d lesions rather than new and salarging cnes. The dura
tion of eananczment in relagsing-remiting padeats is exoTmel

- variable rmnging from less than | moath to greater than

months:® geaerally, however the snlancing phase disapgear
within £ wesks in about 273 of lesions.!? In our plac=ba grour
we detscted 2 mean rate af 0.33 Gd-DTPA eahancin,
lesions/pageat svery Two months. whereas the mezn oumber ©
ezbaceing lesionsimontt abserved in zrevigus reTeTS &
unm=aed relapsing-remiciag padents. nges deTvesa 133 ¢
335,140t Thersfore, we might miss an sanancsent in t leas
50% of lesions with 2 ictontaly sean inteval.

The eFac: of Teacment evaluaed by MR and presezted @
bods Figure | md Tadie 3 shows hx 30 significant differsacs
were observed Serwe=a tBe MX mnd placsdo Pﬂaf_—:'-'-
wiicn examined u 2. 4, 6 acd {2 maontks. =+ B - a4
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Although nat stsistiesily significanr, however. the veardy
e reduction cbserved is MX padenss was of 41%, 45% md
60% for new. eziarging ind Gd-OTPA szhanciag lesioas
respectvely. These Godings = i with the sigmifi
trend owards a clinical improvement ideatified in the MX
goup and ac=d 0 be condrmed by the ed of the Dulteenmer
sudy before 1 potendal benefit of M =a be claimed.

Another interesting point to be discussed is the lack of a sig-
nificane relacionship beswesn change in EDSS score and MR{
findings found in bodr placsho and MX pad This is far
&mwrpﬁsingﬁnc:dinidudmmdsmdiﬂ'z-
ent aspecss of disezse acgviry. Serial MR smdies of relapsing-
tanidngMShzveshwnm”wmﬁdsmmeMﬂ
ocered seven Gmes more fequendy than clinical evencs.™M0%
Our results confirm these findings showing a reladve stable
clinjcal course demonswared by low variadon of EDSS score
after | year witen compared with MRI ac3viry.
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ADVERSE EFFECTS

Noninvasive Assessment of Mitoxantrone
Cardiotoxicity in Relapsing Remitting
Multiple Sclerosis

Stefano De Castro, MD, Domenico Cartoni, MD, Enrico Millefiorini, MD,
Stefania Funaro, MD, Claudio Gasperini, MD, Stefania Morino, MD,
Demetrio Tallarico, MD, and Sergio Beni, MD

Multiple sclerosis is the most common cause of neurologic disability in young adults.
Recent reports have suggested that Mitoxantrone might be a candidate for clinical trials

in multiple sclerosis patients. The authors studied 20 patients with relapsing remitting
multiple sclerosis to evaluate cardiac toxicity during a one-year follow-up period. Patients
were divided into 2 groups: group A, mitoxantrone treated patients (cumulative dose of
96 mg/m?); group B, placebo patients. The clinical course of multiple sclerosis was as-
sessed using the Expanded Disability Status Scale and the number of relapses during the
follow-up. Each patient had an electrocardiogram and a spectral and color flow Doppler
echocardiographic examination at enrollment, and 6 and 12 months later, to investigate
cardiac toxicity. The mean exacerbation rate was reduced significantly in group A pa-
tients. No significant differences in the electrocardiograms or the echocardiographic pa-
rameters of systolic and diastolic function were noted between the two groups or in group
A during the follow-up. Mitoxantrone treatment seems able to improve the clinical course
of relapsing remitting multiple sclerosis patients. It does not show any cardiac toxicity in

selected patients at this dosage.

Multiple sclerosis is an inflammatory demyelinat-
ing disorder of the central nervous system and
is the most common cause of neurological disability
in young adults. It is commonly hypothesized that in
multiple sclerosis there is (1) an external factor, i.e.,
a viral infection, that induces (2) an abnormal immu-
noreaction in subjects with (3) a certain genetic pre-
disposition.'?

Because of the role of the immune system in
multiple sclerosis and because a high exacerbation
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naro, Tallarico, and Beni) and the Department of Neurological Science
(Drs. Millefiorini, Gasperini, and Morino), La Sapienza University of
Rome, Italy. Submitted for publication June 20, 1994; accepted in re-
vised form January 29, 1995. Address for correspondence: Dr. Stefano
De Castro, Istituto di Clinica Medica V1, Dipartimento di Medicina Clin-
ica, Universita La Sapienza, Policlinico Umberto 1, Viale del Policlinico,
00161 Roma italia. Address for reprints: Dr. Enrico Millefiorini, Diparti-
mento di Scienze Neurologiche, Universit La Sapienza, Viale dell'Uni-
versita 30, 00185 Roma ltalia.

4 Clin Pharmacol 1995;35:627-632

rate early in the course of the disease predicts rapid
subsequent progression,? aggressive immunosup-
pressive therapy may be justified. Recent attempts to
improve the course of multiple sclerosis have fo-
cused largely on strategies to down-regulate the im-
mune response, using a variety of immunosuppres-
sive agents such as cyclophosphamide,* cyclospor-
ine,® and azathioprine.® High doses of these drugs
may have a modest effect on relapse rate and disease
progression, but with unacceptable side effects.

Mitoxantrone is a novel anthracenedione antineo-
plastic agent that intercalates with deoxyribonucleic
acid and is a potent inhibitor of both deoxyribonu-
cleic acid and ribonucleic acid synthesis.”*

Recently, early pilot studies in patients with
multiple sclerosis have suggested that mitoxantrone
should be a candidate for controlled clinical
trials.>*? Because of structural similarity with other
anthracyclines, there is the potential risk of mitox-
antrone-induced cardiomyopathy. Anthracycline
toxicity is irreversible and dose-dependent and is
characterized by reduction of left ventricular ejec-
tion fraction and congestive heart failure.1>4
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TABLE |

Inclusion and Excluslon Criteria

Inclusion criteria
Disease
Definite diagnosis of MS according to Poser criteria
Relapsing remitting course
Two or more relapses occurring in the 24 months before
the study entry
Duration from 1 to 10 years
Disability no less than 2 or no more than 5 on EDSS
Patients .
Age between 18 and 45 years
Written informed consent before the study entry
Exclusion criteria
Patients
Positive test for HIV antibodies
Heart, renal, lung, or liver disease
Psychiatric disease
Pregnancy or lactation
Known allergy to corticosteroids
Other neurological disease
Previous treatments
Corticosteroids during the last 3 months
Levamisol, isoprinosin, or plasmapheresis during the last
3 months
Interferon
Immunosuppressive therapy (azathioprine, cyclosporine,
cyclophosphamide, or lymphoid irradiation) during the
last 12 months

MS = muitiple sclerosis; EDSS = Expanded Disability Status Scale; HIV = hu-
man immunodeficiency virus.

The aim of this study was to evaluate the cardiac
toxicity, with particular attention to left ventricular
systolic and diastolic function, of mitoxantrone in
patients with relapsing remitting multiple sclerosis.
Clinical efficacy data for mitoxantrone in this disease
are included and briefly discussed.

MATERIALS AND METHODS

The authors conducted a prospective, double-blind,
placebo-controlled trial of mitoxantrone in 20 pa-
tients affected by relapsing remitting multiple scle-
rosis, diagnosed according to Poser criteria.'® They
studied 10 women and 10 men of mean age30.9+5.1
years. Inclusion and exclusion criteria are reported
in Table 1. Patients enrolled were divided into two
homogeneous groups for age, Expanded Disability
Status Scale (EDSS),' disease duration, and number
of relapses.

Patients assigned to immunosuppressive treat-

628 e JClin Pharmacol 1995;35:627-632

ment (n = 11, group A) received 30 minutes of intra-
venous infusion of mitoxantrone (8 mg/m? every
month for 1 year (cumulative dose 96 mg/m?). The
remaining patients (n = 9, group B), considered the
placebo group, received a solution containing the ve-
hicle alone.

Other therapies were allowed during the trial,
such as cholinergic or spasmolytic drugs, and high
intravenous doses of methylprednisolone (1 g daily
for 6 days) were given during a relapse.

All patients had a standard electrocardiogram at
enrollment and 4, 8, and 12 months after the begin-
ning of the study. Moreover, to assess the potential
cardiac toxicity of mitoxantrone, each patient had an
M-mode and two-dimensional echocardiographic
study with spectral and color Doppler flow analysis,
which was done at enrollment and 6 and 12 months
later. The authors used a phased array system (Hew-
lett-Packard, Andover, MA) with 2.5 and 3.5 MHz
transducers. Patients were examined in the left lat-
eral decubitus position, and data were acquired dur-
ing postexpiratory apnea. The images were recorded
on super-VHS videotape and analyzed, indepen-
dently, by two cardiologists according to the Ameri-
can Society of Echocardiography criteria.’” Echocar-
diographic data were calculated as the mean of three
measurements with an inter-intraobserver variabil-
ity that was not statistically significant, as reported.’®

The following parameters were considered: aortic
root (Ao) dimension (mm); left atrium (LA) dimen-
sion (mm); end-diastolic (DD) and end-systolic (SD)
left ventricular dimension (mm); septal wall (SWT)
and posterior left ventricular wall (PWT) thickness
{mm); left ventricular fractional shortening (FS$%), in
percentage, calculated using the formula:

FS% = DD — SD/DD X 100™;

and left ventricular ejection fraction (EF%), in per-
centage, calculated using the area-length method.?
Using the spectral Doppler approach, the authors
used the following left ventricular time intervals of
flow as indices of systolic function?': pre-ejection pe-
riod (PEP), which is the time interval from the onset
of electrocardiographic QRS to the onset of aortic Sys-
tolic flow (ms}); left ventricular ejection time (LVET),
which is the interval from the onset to the cessation
of aortic flow (ms); and ratio of the pre-ejection pe-
riod to left ventricular ejection time (PEP/LVET).
Diastolic function was assessed by analysis of the
following left ventricular inflow Doppler veloci-
ties”?; peak flow velocity in early diastole (VimaxE)
(cm/s); peak flow velocity in late diastole (VimaxA)
{(cm/s); ratio of the early to late diastolic flow (E/A);
and deceleration time (DT), which is the interval re-
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TABLE I

Clinical Characteristics

No. of Rei EDSS
Age Duration 2 Years
yn of Disease Previously Post Pre Post PValue
Group A 315 58+1.38 2.82+0.98 0.45 £0.52 3.77+0.72 3.42+0.93 NS
Group B 30+4 5.4+27 3.00+1.94 1.56 £1.01 3.33+0.75 3.44+1.13 NS
NS NS NS * NS NS
*P=0.005

Group A = mitoxantrone-treated patients; Group B = placebo patients; EDSS = Expanded Disability Status Scale;

Pre = data at enroliment; post = data at the end of the study; NS = not significant.

quired for the E velocity to decrease from its peak to
the baseline (ms).

STATISTICS

Measurements are expressed as mean * SD. The
clinical data for the two groups of patients were com-
pared using an unpaired Student t test. A comparison
between data at the beginning and end of the study
for groups A and B was made using the paired Stu-
dent t test. An analysis of variance was used to assess
significant differences between the two groups for
the echocardiographic data. A P value < .05 was con-
sidered statistically significant.

RESULTS

The clinical characteristics of the study population
are shown in Table II. No significant differences were
present between the treated and placebo groups for
age, disease duration, EDSS, and number of relapses
occurring in the 24 months before study entry. The
mean exacerbation rate was reduced significantly in
mitoxantrone treated patients. Although not signifi-
cant, the authors observed a trend towards a reduced
EDSS score in mitoxantrone patients during follow-
up.

The electrocardiograms done at trial entry showed
no abnormality in all patients but one, who pre-
sented with a left bundle branch block. The subse-
quent electrocardiograms, done at 4, 8, and 12
months from the beginning of the study, showed no
modification of wave morphology or appearance of
arrhythmia both in patients with normal examina-
tions at entry and in the patient with left bundle
branch block.

The M-mode and two-dimensional echocardio-

ADVERSE EFFECTS

graphic parameters are reported in Table III. No sig- -

nificant differences in either group were found dur-
ing the study. Particularly, in group A no differences
were observed at 0, 6, and 12 months from the begin-
ning of the study regarding left ventricular systolic
function parameters, such as fractional shortening
and ejection fraction.

The indices of left ventricular function obtained
with spectral Doppler analysis are reported in Table
IV. No differences between systolic parameters, such
as PEP, LVET, PEP/LVET, or between diastolic indi-
ces, such as V,.,E, V..,A, E/A, and DT were noted
for the two groups. Similarly, the authors found no
difference between the same parameters in group A
patients at 0, 6, and 12 months from the beginning of
the study.

DISCUSSION

Classically, multiple sclerosis begins with a relapsing
and remitting course. In time, the remissions tend to
be less than complete and many patients subse-
quently pass into a progressive phase, with gradual
accumulation of irreversible disability. A smaller
number of patients, less than 10%, develop progres-
sive disability from onset without relapses and re-
missions. Mitoxantrone is a cytotoxic pharmacologic
substance of anthracenedionic derivation, generally
used as an antineoplastic drug, with an immunosup-
pressive action. This effect, when used in a limited
amounts, markedly influences the humoral immune
system, through a direct reduction in B cell num-
bers.?* In vivo and in vitro studies indicate that mi-
toxantrone is an immunomodulator that reduces T
cell numbers, suppresses humoral immunity, and
causes in vivo inhibition of T-helper cell (but not T-
suppressor cell) activity ?*®

Recently, mitoxantrone has been tested on relaps-
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TABLE Il
M-mode and Two-dimensional Echocardiographic Parameters
Bl 6 Month 12 Month
Group A Group B Group A Group B Group A Group B PValue
Ao 30+3.1 29+49 30+4.0 30+£33 30+34 30+33 NS
LA 32+39 31+4.2 30+27 30+4.0 30+3.2 30+36 NS
DD 50+3.8 49+20 51+19 49+38 49+4.1 48+3.4 NS
SD 32+3.1 31+3.1 3121 30+35 31+3.9 29+35 NS
SwWT 7.7+t1.4 80+1.8 80+1.0 7.8+08 75+1.4 7.4+0.6 NS
PWT 7.5+10 7.8+1.2 7.7+0.8 7.8+08 74+10 75+05 NS
FS 37+23 35+3.8 37+£23 36+24 36+3.7 38+4.38 NS
EF 63+5.1 61+54 63+3.3 64+ 39 61+1.9 65+ 3.5 NS

Group A = mitoxantrone-treated patients; Group B = placebo patients; Ao = aortic root dimension (mm); LA = left

atrium dimension (mm); DO = left ventricuiar end-diastolic dimension (mm); SD = left

end-systolic dij

(mm); SWT = septal wall thickness (mm); PWT = p left ventri wall thick

(mm); FS = left ventricular

fractional shortening (%); EF = left ventricular ejection fraction (%); NS = not significant.

ing remitting multiple sclerosis patients.? In this
study, the authors, in a first year interim analysis,
evaluated mitoxantrone efficacy in 25 patients, with
the disease biological activity assessed using mag-
netic resonance imaging as the primary endpoint.
New, enlarging, or gadolinium-enhancing lesions
were detected, respectively, in 11, 5, and 5 patients
treated and in 11, 8, and 7 patients of the placebo
group. There were no significant differences between
the two groups in the mean total number of new, en-
larging, and enhancing lesions per patient. However
trends towards a reductions in the numbers of new,
enlarging, and enhancing lesions in mitoxantrone

patients of 41%, 45%, and 60%, respectively, were
found.

The data also show a slowing of multiple sclerosis
clinical progression. The authors noted a significant
reduction in the mean exacerbation rate of the dis-
ease and a trend toward reduced EDSS score in mi-
toxantrone treated patients compared with the pla-
cebo group. Despite the numerous clinical and in-
strumental studies done to describe and characterize
the cardiotoxic effects of mitoxantrone, these still are
not clarified completely. One possible explanation is
that some of the authors tried to link the characteris-
tics of this drug with those of the anthracyclinic an-

TABLE IV
Doppler Indices of Left Ventricular Function
Baseli 6 Months 12 Months
Group A Group 8 Group A Group B Group A Group B PValue
HR 74+8 736 75+9 73+7 73+9 74+9 NS
PEP 104 £ 10 107 £ 12 10+17 103+ 11 109+9 105+12 NS
LVET 284 +18 281+ 22 276 + 22 268 + 32 277+19 267 + 33 NS
PEP/LVET 0.36 +0.06 0.33+0.3 0.38+£0.06 0.36+0.11 0.39+0.02 0.34 £ 0.07 NS
VinasE 71+12 75+8 69+ 16 72 £10 70+ 14 74 + 19 NS
Voaxh 54 + 10 52+ 11 50+ 7 50+ 14 49+5 50 + 10 NS
E/A 1.35+0.2 1.43+0.3 1.40+04 1.42+0.2 144+ 046 1.46+0.2 NS
oT 198 + 31 202+ 36 200 + 33 202 +28 206 + 31 197 + 31 NS

Group A = mitoxantrone-treated patients: Group B = placebo patients: HR = heart rate (beats/min); PEP = left
ventricular pre-ejection period (ms); LVET = left ventricular ejection time (Ms); Ve £ = early diastolic peak left ventricular
inflow velocity (cm/s); VumaA = late diastolic peak left ventricular inflow velocity (cm/s); DT = early diastolic flow deceler-

ation time (ms); NS = not significant.
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tibiotic, for which the cardiotoxicity is well known.
Nevertheless, mitoxantrone is clearly not an antibi-
otic, because it is extracted synthetically. The only
resemblance between it and the anthracyclines is
the presence of an anthracyclinic nucleus formed by
an anthraquinonic point.

Is not clear to what extent this structure makes the
mitoxantrone toxicity effects similar to anthra-
cyclinic antibiotics or whether these drugs must be
considered substantially different, the similarities
seen as purely incidental.?®

In fact, Crossley® compared two groups of patients
treated with mitoxantrone and noted that the main
risk factor in the development of congestive heart
failure and reduction of left ventricular ejection frac-
tion was that of previous anthracycline treatment.
An analysis of cardiotoxic events done by Dukart and
Barone on a population of 3200 mitoxantrone treated
patients lead to similar conclusions.”” Leaving out
the patients previously exposed to anthracyclinic
therapy or to mediastinal radiation or with a signifi-
cant pre-existent cardiac disease, only 5 of the re-
maining 86 episodes were related to mitoxantrone.
Among those, two patients presented with conges-
tive heart failure with a cumulative dose higher than
240 mg/m? In these two patients, an intramyocar-
dial biopsy showed no degenerative alterations of
strome or cellular structures. Contradictory results
were obtained by Benjamin et al., who studied 66 pa-
tients affected by breast cancer and treated with
different doses of mitoxantrone.?® The patients who
received no previous immunosuppressant medica-
tions were subjected to a myocardial biopsy, which
showed structural alterations. These were character-
ized by dilation of the sarcoplasmatic reticulum or
degenerative vacuolization of the myocites to the
point were myofibriles were lost. These findings are
typical of anthracycline toxicity.?® Moreover, no sig-
nificant modification of left ventricular ejection frac-
tion was noted either in patients previously treated
with anthracycline or in those not treated. Neverthe-
less, the authors observed a trend towards reduced
systolic function with increasing cumulative dose of
mitoxantrone. This result was confirmed by Villani
etal., who studied 25 patients affected by lung cancer
previously treated with 5-fluorouracil.® These au-
thors found a reduction of more than 15% in left ven-
tricular ejection fraction after a mitoxantrone cumu-
lative dose lower than 84 mg/m? by radionuclide an-
giographic examinations.

The present study leads to different conclusions.
This population showed no alteration of the electro-
cardiographic parameters. No significant differences
in left ventricular function between the two groups
were found. In particular, patients treated with a mi-

ADVERSE EFFECTS

toxantrone cumulative dose of 96 mg/m? showed no
reduction of left ventricular ejection fraction or frac-
tional shortening, or modifications on Doppler indi-
ces of left ventricular systolic and diastolic function
during follow-up. These findings have several possi-
ble explanations. First, the authors studied only
young patients who had not been exposed to previ-
ous cardiotexic therapies or mediastinal radiation
and were without pre-existing cardiac pathology.
Second, they used low doses of mitoxantrone, with
an intermittent infusion schedule, to obtain a
marked and prolonged lymphopenia to reduce the
abnormal immunoreaction probably responsible for
multiple sclerosis clinical exacerbations. This phar-
macologic schedule is different from those used in
previous reports to obtain an antineoplastic effect.?®
The present data, according to previous studies, 2!
suggest that the risk of mitoxantrone cardiotoxic
effects is low when it is given in patients with no pre-
vious cardiotoxic therapies or pre-existing heart dis-
ease and at a cumnulative dose lower than 160 mg/m?
However, the authors cannot exclude the possibility
that, despite the absence of left ventricular ejection
fraction reduction, a microscopic structural alter-
ation of the myocardium, demonstrable only by se-
rial biopsies, could be present.

In conclusion, mitoxantrone treatment in selected
patients at a total dose of 96 mg/m? for 1 year shows
no cardiac toxicity. Moreover, echocardiographic as-
sessment of left ventricular function represents the
method of choice for mitoxantrone treatment follow-
up because of its safety, noninvasiveness, and accu-
racy.
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methylprednisolone in multiple sclerosis: a
randomised multicentre study of active disease
using MRI and clinical criteria
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H M Lai, Ivan Moseley, Olivier Sabouraud

Abstract

Objecti -To Y] the efficiency of
mitoxantrone in multiple sclerosis.
Methods—Forty two patients with con-
firmed multiple sclerosis, selected as hav-
ing a very active disease on clinical and
MRI criteria were randomised to receive
either mitoxantrone (20 mg intravenously
(IV) monthly) and methylprednisolone
(1 g iv monthly) or methylprednisolone
alone over six months. In the steroid
alone group five patients dropped out due
to severe exacerbation.

Results—Blinded analysis of MRI data
showed significantly more patients with
no new enhancing lesions in the mitox-
antrone group compared with the steroid
alone group, (90% v 31%, P < 0-001). In
the mitoxantrone group there was a
month by month decrease almost to zero
in the number of new enhancing lesions,
and in the total number of enhancing
lesions, whereas both remained high in
the steroid alone group. The differences
were significant for both indices at all
months from 1-6. Unblinded clinical
assessments showed a  significant
improvement in change in EDSS at
months 2-6 in the mitoxantrone group,
with a final mean improvement of more
than one point (—1-1 v + 0:3; P < 0:001).
There was a significant reduction in the
number of relapses (7 v 31; P < 0-01), and
an increase in the number of patients free
of exacerbation (14 v 7; P < 0-05).
Conclusion—In this selected group of
patients with multiple sclerosis with very
active disease, mitoxantrone combined
with methylprednisolone was effective in
improving both clinical and MRI indices
of disease activity over a period of six
months whereas methylprednisolone
alone was not. Further double blinded
long term studies are needed to properly
evaluate the effect of mitoxantrone on
progression in disability.

(F Neurol Neurosurg Psychiatry 1997;62:112-118)

Keywords: | is; magnetic

Immunological mechanisms have long been

thought important in the pathogenesis of mul-
tiple sclerosis, and several controlled trials of
immunosuppressive therapy have been under-
taken.'” With the possible exception of inter-
feron-f,4'° these trials have only shown a
modest, if any, beneficial effect on the course
of the disease.

Mitoxantrone is an anthracenedione anti-
neoplastic agent that intercalates with DNA"
and exerts a potent immunomodulating effect
that suppresses humoral immunity,'? reduces
T cell numbers, abrogates helper activity, and
enhances suppressor function.' It is highly
effective in suppressing the development of
acute experimental allergic encephalomyelitis
(EAE)"'* and prevents or delays relapse in a
chronic relapsing model of EAE.'® Studies by
Gonsette and Demanty'” and later workers!®>
have suggested a possible therapeutic effect of
mitoxantrone on multiple sclerosis. We have
therefore evaluated the efficacy of mitox-
antrone using both clinical and MRI criteria in
a group of patients with multiple sclerosis
selected as having a very active disease.

Methods

From October 1992 to October 1994, neurolo-
gists from five French University hospitals
assigned 42 patients with very active multiple
sclerosis to receive mitoxantrone (20 mg intra-
venously (iv)/month) and methylprednisolone
(1 g iv/imonth) or methylprednisolone alone
(1 g iv/month) by the trial randomisation code
for a period of six months.

SELECTION OF PATIENTS

There was a two step selection. Patients were
first selected clinically, then on MRI criteria.
The clinical inclusion criteria were diagnosis
of clinically definite multiple sclerosis (Poser
criteria), age between 18 and 45 years, dura-
tion of disease less than 10 years. The clinical

_criteria for disease activity were either two

relapses with sequelae within the previous 12
months or progression of two points on the
EDSS scale during that time in those with sec-
ondary progressive disease. Relapsing-remit-
ting course was defined as the occurrence of
exacerbations followed by complete or partial
remission, but without slow progression of dis-
ability between the relapses. Secondary pro-
gressive course was defined by the occurrence
of a slow worsening of the disability lasting
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more than six months, with or without
relapses, in patients having had, before the
progression phase, a relapsing-remitting
course.?? Patients with relapsing disease had
not had intensive steroid therapy for at least
one month at the time of selection, or
immunosuppressive agents within the past
three months. Patients had to be ambulant
(EDSS 6 or less). Patients with concomitant
systemic disease, cardiac disease, and mental
deficit were excluded. Women of child bearing
age were required to have effective birth con-
trol.

During a baseline period of two months
(month —2, month —1, month 0), three
monthly gadolinium enhanced MRI scans
were performed. During this baseline period,
and throughout the trial, single iv injections of
methylprednisolone (1 g after each monthly
MRI) were given to all patients because it was
considered appropriate to offer some active
therapy in view of their highly aggressive
course. Only patients developing at least one
active MRI lesion during the baseline period
were randomised. The allocation of the treat-
ment at month 0 was done after inclusion by a
central randomisation service by fax.

Eighty five patients fulfilled the clinical
inclusion criteria. Forty three were then
excluded, 36 who had no new lesions on MRI,
three who had borderline abnormalities on
echocardiography, three who had other clini-
cal adverse events before entry, and one who
had a severe relapse at entry and was too ill to
participate. Accordingly, 42 patients were ran-
domised into two groups: 21 to receive mitox-
antrone combined with methylprednisolone,
21 to have methylprednisolone alone.
Additional courses of steroid (methylpred-
nisolone; 1g/day iv for three days) were
allowed for relapses.

MRI PROTOCOL

The MRI imaging protocol (used monthly at
each neurological centre) was that proposed
by the European Concerted Action guide-
lines.?* Axial 5 mm thick slices were obtained
through the brain with proton density and T2
weighted spin echo (SE) images before con-
trast, and a T1 weighted SE sequence after
injection of gadolinium DTPA (0-1 mmolkg).

ASSESSMENT AND FOLLOW UP
The MRI analysis was conducted at the NMR
research unit, Institute of Neurology, London,
by two observers who were totally blinded to
the patients’ clinical status, to randomisation,
(treatment schedule), and had no contact at all
with the patients throughout the study. The
assessments of activity on the gadolinium
enhanced and T2 weighted images were per-
formed independently of one another. The
size of new T2 lesions was classified as small if
the maximum diameter was less than 5 mm,
medium if the maximum diameter was 5-10
mm, and large where the maximum diameter
was more than 10 mm.

Clinical assessments (including EDSS and
recording of relapses) were carried out in each
centre every month during the baseline period

and until completion of the trial. The relapses
were documented by neurological examina-
tion, marked by the occurrence of symptom(s)
of neurological dysfunction lasting more than
48 hours and preceded by stability or improve-
ment for at least 30 days. These assessments
were blind to MRI data but, for practical rea-
sons, were not blind to treatment group.

Haematological and liver function tests and
ECG were carried out monthly. Echo-
cardiography was performed at entry and exit
from the trial. The trial had full ethical
approval.

MAJOR OUTCOME CRITERIA AND STATISTICAL
ANALYSIS

The primary outcome criterion was the pro-
portion of patients developing or not develop-
ing new enhanced lesions on serial gadolinium
enhanced scans performed each month. The
secondary criteria were the mean number of
new enhanced lesions per month per patient,
the number of new T2 lesions between month
0 and exit, and the monthly clinical outcome
as assessed by EDSS and number of exacerba-
tons.

Clinical and MRI differences between the
two groups were tested for significance using
non-parametric methods (Wilcoxon test), and
differences between proportions with the x?
test. The P values were based on a two tailed
test.

Results

There was no difference between the two
patient groups in age, sex ratio, age at onset,
duration of the disease, and total number of
relapses since onset of multiple sclerosis (table
1). Six patients in the non-mitoxantrone group
and four patients in the mitoxantrone group
had secondary progressive multiple sclerosis
whereas the remainder had relapsing-remitting
disease. The EDSS at month —2 indicated
moderate to severe disability in both groups
(mean EDSS 47, and 4-4 in the non-mitox-
antrone and mitoxantrone groups respec-
tively), indicating relatively severe handicap
with respect to disease duration. There were
an average of 2-4 and 3-1 relapses within the
12 previous months in the non-mitoxantrone
and mitoxantrone groups respectively.

Table | Characteristics of patients

MP MP + MX

Variable (m=21) m=21
Age (¥) 32:2 (8-1) 31-4 (8-3)
Sex ratio (M/F) 10/11 6/15
RRMS/SPMS ratio 15/6 17/4
Age at MS onset (y) 266 (6-5) 25:1 (7-0)
Duration of MS (y) 5-7 (4-0) 69 (3-6)
EDSS at month —2 47(1°5) 4-4(1-8)
No of exacerbations since MS

onset 6-1 (37) 74 (4°5)

No of exacerbations in the 12

months months preceding entry 2-4 (1-7) 31(31-8)

Data are means (SD). There were no significant differences
between the groups. MP = treated with methylprednisolone
along; MP + MX = treated with methylprednisolone + mitox-
antrone; MJF = male/female; EDSS = expanded  disability
status scale; RRMS = relapsi itting multiple sclerosi:
SPMS = secondary progressive multiple sclerosis.
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Table 2 Description of the five patents who dropped out*

Noofnew  Noof scans
Noof enhancing  with new

Time atdropows  EDSS at EDSS at relapses from  lesions ﬁvm enhancing
(months) month —2  drop out month ~ montk — Tesions

4 55 65 4 35 67

4 45 50 3 14 7

4 60 85 3 o8 L

3 60 75 2 51 6/6

5 45 80 3 99 K

*All five patients dropped out because of apparent Jack of effectiveness and were in the methyl-
prednisolone group. EDSS = expanded disability status scale.

During the baseline period, 42 patients who
satisfied both clinical and MRI criteria for ran-
domisation had 21 relapses, giving an annual
relapse rate of three, similar to their relapse
rate during the preceding 12 months. By con-
trast, in the 36 patients who satisfied the clini-
cal criteria for randomisation, but were
excluded for lack of new MRI lesions, there
were only four relapses during the baseline
period, giving an annual rate of 0-7. This dif-
ference was significant (P < 0-01). During
treatment, five patients dropped out at months
3, 4, or 5, because of pronounced deteriora-
tion. All were in the steroid only group, and
had highly active disease both on clinical and
MRI criteria (table 2). The patients were with-
drawn to receive Immunosuppressive treat-
ment.

PRIMARY END POINT: PERCENTAGE OF
PATIENTS WITHOUT NEW ENHANCING LESIONS
At entry (month 0), the percentage of patients
without new enhancing lesions was 4-8% and
10% in the non-mitoxantrone and mitox-
antrone groups respectively. During the treat-
ment period, in the mitoxantrone group,
starting from month 2 onward, this percentage
increased and reached 90-5% by month six
(figure). In the non-mitoxantrone group, there
was a much smaller increase to 31-3%. This
difference was highly significant. Differences
at months 2, 3, and 5 were also significant,
and in favour of the mitoxantrone group.

SECONDARY END POINTS
During the baseline period, the mean monthly

Table 3 MRI: number of new and total enhancing lesions

100 -
»  P<005
*x P <001

80\~ |*x» P<0.001

g &

2

c

]

£

&

20

TS0 1 2 4 5 6

Time (months)

Percentage of patients without new active lesions (MRI)
each month after monthly v injection of 1 g
methylprednisolone (grey bars) or 1 g methylprednisolone
+ 20 mg mitoxantrone (open bars). M-1 = one month
before inclusion (M0Q); M1 10 M6 = one 1o six month after
inclusion. *P < 0-05; **P < 0-01; ***P < 0-001

number of new enhancing MRI lesions varied
between 4-6 and 9-1. During the treatment
period, the mean monthly number of new
enhancing lesions varied between 2-9 and 13-2
in the non-mitoxantrone group and between
0-1 and 2-6 in the mitoxantrone group. The
number was less in the mitoxantrone group in
all months, and the differences were signifi-
cant from months 1 to 6 (table 3). The com-
parison of the monthly mean number of
enhancing lesions (new lesions and persisting
enhancing lesions) also showed significant dif-
ferences in months 1 to 6 (table 3).

New and total (total = new and persisting
enhancing lesions) contrast enhanced lesion
frequency during the baseline period com-
pared with the treatment period were signifi-
cantly different in the mitoxantrone group
whereas there were no statistical differences
between these two periods in the non-mitox-
antrone group (table 4).

We compared the T2 images at exit (month
6 for 36 patients, month 4 for four patients)
with those at month 0. The mean number of
new moderate, large, and total T2 lesions was
significantly lower in the mitoxantrone group
(table 5).

Monrt
-2 =1 o 1 2 3 4 5 6
Nw of new enhancing lesions:
- 20* 21 21 21 21 20% 16* 163
Mem (SD) — 91 (17-9) 51 (5-7) 123 (28-8) 57 (7°5) 92 (25-8) 89 (167) 3.8 (53) 29 (3-2)
Ml};llcdﬁ)n((mge) — 2-5 (0-78) 3(0-23) 5 (0-135) 2 (0-26) 0-120) 1 (0-65) 1(0-17) 2(0-11)
+
— 20% 20 21 21 21 21 21 21
Mean (SD) - 68 (83) 4:6 (46) 1-9 (1-4) 26 (57) 127 o 9 (1-6) 06 (15) 0-1 (0-5)
Median (range) — 3 (0-32) 3018 2(0-5) 0 (0-21) ( 12) 0(0-7 0(0-7) 0 (0-2)
P value (W) — NS NS <0-05 0-05 <0-05 <001 < 0-001
ToﬁlP number of enhancing lesions:§
n 21 21 21 21 21 20% 16*% 16%
Mean (SD) 8-2 (8:6) 10-2 (18-6) 63 (6:7) 131 (28-6) 65 (7-8) 9 8 (25-T) 97 (17-3) 42 (57) 3-1(32)
Mgdtdl&(nngt) 6 (0-32) 4 (0-81) 4 (0-29) 6 (0-135) 3 (0-26) 3 (0-120) 2 (0-68) 2(0-19) 2:5 (01D
+
n 20% 20% 21 21 21 21 21 21 21
Mean (SD) 7-1(8-3) 95(122) 57 (63) 33 (4-0) 3.6 (7-6) 25 (6:6) 23 (6:6) 1-9 (6:0) 14 (5T)
jan (range) 5 (0-30) 3.5 (048) 3 (0-22) 2(0-18) 1(0-31) 0 (0-28) 0 (0-30) 0 (0—27) 0 (0-26)
P value (W) Ns NS NS <0-05 <005 <001 <005 <0 <0:001

MP = Treated by methylprednisolone alone; MP + MX = treated by

*One MRI was uninterpretable;

" tnumber of months before or after inclusion (M0); $5 patients droppcd out because of severe delmonuen (see table 2), Sncw + persisting lesions; W = Wilcoxon test-
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Table 4 Number of new and total contrast enhanced lesions during rwo months of
pretrearment and six months of treatment

Baseline period ~ Treatment périod
Variable (M-2-M0) (M1-M6) P value (W)
‘Number of new enhancing lesions per scan:
M
Mean (SD) 7-0 (13-0) 7 5 (18:3) NS
Median (range) 3 (0-78) 2 (0-135)
MP + MX
Mean (SD) 56 (6-7) 1-2 (2-9) < 0-001
Median (range) 3 (0-32) 0 (0-21)
Total number of enhancing lesions per scan:
Mean (SD) 83 (12-5) 81 (18:4) NS
Median (range) 5 (0-81) 3 (0-135)
+ MX
Mean (SD) 75 (9-2) 2-5 (6:1) < 9-001
Median (range) 4 (0-48) 0 (0-31)

MP = Treated by methylprednisolone alone; MP + MX = treated by methylprednisolone +
mitoxantrone; (M-2-MO) = two month period before inclusion; (M1-M6) = six month period
before inclusion; (M1-M6) = six month treatment period after inclusion; W = Wilcoxon test.

Table S Number of new lesions on the T2 weighted scans between inclusion (month 0)
and end of study (month 6)

MP MP+MX
Variable (n = 20% (n = 20%) P value (W)
New small lesions:
Mean (SD) 1-7 (2:8) 0-6(1-1) NS
Median (range)- 1(0-11) 0 (04)
New moderate lesions
Mean (SD) 2-3 (4-0) 0-5 (0-8) <0-05
Median (range) 1(0-17) 0(0-3)
New large lesions:
Mean (SD) 1-6 (3-2) 0-1(0-2) <001
Median (range) 0-5 (0-14) 0 (0-1)
“Foral new lesions:
Mean (SD) 55 (9-0) 1114 < 0-05
M:dmn {range) 3 (0-38) 1 (0-5)
One MRI was Dot lmerprcublc, MP = reated by methylprednisolone alone; MP + MX =
treated by W = Wilcoxon test; small: < 5 mm; moderate: 5

to 10 mmy; large: > 10 mm.

EDSS

There were significant differences between the
groups during the treatment period. Mean
EDSS was better in the mitoxantrone group
but this was significant only in month 4 (table
6). Change in EDSS with respect to month 0
was significantly better from months 2-6 (table
6). The mitoxantrone group improved in all
months, with a final mean improvement of
about one point compared with month 0. By
contrast, the non-mitoxantrone group deterio-
rated from month 0 to month 4. Apparent
improvement at months 5 and 6 was seen after
the drop out of five patients due to severe dete-
rioration. Furthermore, the distribution of the
confirmed variation of one point EDSS (table

115
Table 7 Number and percentage of patient’ with one
pmm confirmed variation* on EDSS between MO

) and the end of the study

Variable MP MP+MX  Pualue ()
Deterioration 6 (28-6) 1(4-8)
Stable 12 (571 8 (38-1) <0-01
Improvement 3 (143) 12 (57-1)

MP = Treated by methylprednisolone lone; MP + MX =
treated by EDSS =
expanded disability status scale; changes from 6-0 to 6-5 and
from 6-5 to 7-0 on EDSS were considered equivalent to one
point change. *The one point variation was measured for two
‘months running, at the end of the study.

7) between month 0 and the end of the study
was clearly different, showing that in the mitox-
antrone group 12 out of 21 patients improved
one point or more on the EDSS and only one
deteriorated. By contrast, in the non-mitox-
antrone group, six deteriorated and only three
improved.

EXACERBATIONS (TABLE 8)

During the two month baseline period, the
mitoxantrone and non-mitoxantrone groups
had 12 and nine exacerbations respectively, giv-
ing calculated annual rates of 3-4 and 2-6, simi-
lar to the 12 preceding months. However,
during the treatment period, there were fewer
relapses in the mitoxantrone group (7 v 31
relapses). This effect was even more pro-
nounced during the last four months of the
treatment (1 v 18 relapses). Only five additional
high dose steroid courses for relapses were
given in the mitoxantrone group compared with
19 for the non-mitoxantrone group. During the
treatment period, the number of patients free of
exacerbations was 14 out of 21 in the mitox-
antrone group and 7 out of 21 in the non-
mitoxantrone group.

ADVERSE EVENTS

Several adverse events were recorded, more in
the mitoxantrone group than in the non-mitox-
antrone group. There was no evidence of seri-
ous side effects. In particular, no cardiotoxicity
was detected. Six patients in the non-mitox-
antrone group and 18 in the mitoxantrone
group had at least one adverse event (table 9).
Alopecia was only minor and transient for seven
patients. Eight out of 15 women developed

Table 6 EDSS during two months of pretreatment and six months of treatment

Montht

-2 -1 4 1

n 21 21 21 21 21 21 204 174 16%
Mll;dcm (SD) 47(15) 4520 4617 49(21) 49018 50017 51018 4521 432D
+ MX

n 21 21 21 21 too21 21
Mean (SD) 44(19) 4507 45(1-6) 4 -2 (1-6) 4 117 39(18) 3620 3 4 (19) 3 4 (19)
NS NS NS NS NS <005

P value (W)
Change in EDSSt:
MP
n — - had 21 21 21 20% 17 163
Mean (SD) - — — 02(13) 03(1-2) 03(1) 06(1'3) 0102 -01(1)
MP + MX
n - bl - 21 21 21
Mean (SD) -_ _ — —0-3(0:7) —0-4 (0-8) —0-6(0-8) —0 9 (0-9) —l 1 (1-0) —l l (l 1))
P value (W) . NS <0-05 <001 < 0-001 0-01
MP = Treated by methylprednisolone nlone, MP + MX = treated by EDSS = ded

disability status scale; n = patient numbers. *number of months before or after inclusion (mO), 1’l:hang:s in EDSS refen'td o MO
(inclusion); Hfive patients dropped out (see uble 2); W = Wilcoxon test.
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Table 8 Relapses and patients free of exacerbations during two months of pretreatment

and stx months of treatment

Variable

MP MP+MX  Puvalue (¥ or W)

Relapses:

Baseline period:
Number of relapses
Annual rate/patient

Additional steroid courses (iv high doses)

During treatment period:
MO-Mé

Number of relapses

Annual rate/patient

Mo-M2
Number of relapses
Annual rate/patient
M3-M6
Number of relapses
Annual rate/patient

7

0 [

Additional steriod courses (iv high doses) 19 5
6

1

9 12
26 34 Ns
5

31

-7 <001

13
37 7
18 1
- 01

Number of patients free of exacerbations:

Bascline period:
During treatment period:
M0-Mé

10 NS
7 14 <005
11 15
9 20

MP = treated by methylprednisolone alone; MP + MX = treated by methylprednisolone +
mitcxantrone; MO = inclusion; M2 = two months after inclusion etc. The separation between
MO0-M2 and M3-M6 illustrate the difference between the first and the second part of the wial;

W = Wilcoxon test.

Table 9 Number of patients with adverse events

Variable MmMP MP+ MX

Amenorrhoea

Alopecia

Nausea, vomiting

Other digestive events

Other cutaneous events

Asthenia

Upper tractus infection

Urinary infection

Other neurological events

Tachycardia, palpitation

Hepatitis

Headache

Menorrhagia

Others events

Haematological abnormality at the
initiation of the next treatment

)|
e R C L T

course:
Leucopenia (< 3000/mm?) — 2
Anaemia 1 4

MP = Treated by methylprednisolone alone; MP + MX =
reated by i + mif

amenorrhea beginning at month 2 (two
patients), at month 3 (three patients), at month
four (one patient), at month 5 (one patient),
and at month 6 (one patient) after starting
mitoxantrone. Amenorrhea was transient for
seven women and persistent for one woman
aged 44. All patients in the mitoxantrone group
had an expected pronounced leucopenia about
wo weeks after injection, which disappeared
within a few days. At the next monthly injec-
tion, leukopenia was minor (World Health
Organisation (WHO) grade 2) for two patients,
and anemia was also minor (grade 1 WHO) for
four patients without the need for dose adjust-
ment. Nine patients had concomitant treatment
for nausea before receiving mitoxantrone
(granisetron (3 mg iv). No drop outs occurred
in the mitoxantrone group. All the partients
receiving mitoxantrone had full dose injections
as scheduled. There were no serious infections,
no patient developed moderate or severe alope-
cia, or moderate or severe gastrointestinal
events.

Di ion and Tusi
In recent years, there has been increasing use

of frequent serial MRI to obtain an initia]
assessment of the efficacy of new therapies on
disease activity in multiple sclerosis.?**® Such
an approach in early relapsing-remitting and
secondary progressive multiple sclerosis can
show treatment effects within a matter of
months in only a few patients, because serial
MRI shows much more disease activity than is
clinically apparent. We therefore used
monthly gadolinium enhanced MRI as the pri-
mary outcome measure in this short term
study of the efficacy of mitoxantrone. The
study showed a pronounced and highly signifi-
cant reduction in the frequency of new
enhancing lesions in the group treated with
mitoxantrone and methylprednisolone com-
pared with the group treated with methylpred-
nisolone alone. It is notable that we saw a
much higher rate of enhancing lesions than T2
lesions. This can partly be related to the fact
that there was a greater frequency of sampling
(monthly v six monthly), but even when
gadolinium enhanced and T2 weighted scans
are analysed at the same (monthly) intervals, it
has been shown that there is an appreciably
higher level of activity detecting using
enhancement.? The explanations for this
increase are many and include re-enhance-
ment of old lesions, and a generally greater
conspicuity of small areas of new activity on
enhanced images.

Clinical trial methodology - normally
demands double blinding. In the present
study, although the allocation of treatment
was performed using an unbiased randomisa-
tion service, neither the patients nor the clinical
investigators were blinded during the study.
Blinding of patients was not possible in this
trial, as obvious side effects of mitoxantrone
were experienced in almost all cases. Blinding
of the physician was made difficult by the fall
in white cell count that always accompanies
mitoxantrone  treatment. Blind  clinical
observers might have been appointed, but this
could not be done for economic reasons. The
clinical efficacy suggested in this study must
therefore be regarded with caution as it was
acquired unblinded.

Looking at the non-mitoxantrone group
gives us the opportunity to assess the effect of
methylprednisolone alone. These patients had
regular monthly methylprednisolone injections
in addition to a three day course of methyl-
prednisolone for relapses as needed. The regu-
lar monthly reatment was done because we
thought that some treatment should be offered
to patients with such aggressive disease. The

efficacy of merthylprednisolone alone was :

clearly poor. The non-mitoxantrone group
required 19 additional steroid courses for
severe exacerbations. Despite the regular, but
intermittent methylprednisolone treatment,
the number of patients with new enhancing
MRI lesions decreased only slightly and non-
significantly. This slight improvement may be 3
natural history phenomenon (regression to the
mean) and not a steroid effect. The effect of 2
three day course of iv methylprednisolone on
enhancing lesions probably lasts for less than
one week.* This marginal improvement on
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MRI was, moreover, not associated with clini-
cal benefit as five patients in this group
dropped out of the trial because of pro-
nounced deterioration, the relapse rate did not
decrease, and the EDSS did not improve.
Open pilot studies of mitoxantrone treat-
ment have suggested some therapeutic
effect.’”2° A recent controlled study” showed
a reduction in relapses, but no significant dif-
ference in the EDSS scale or in the develop-
ment of active MRI lesions. This study was of
13 patients, and the patient group had less
active disease (a baseline relapse rate of about
half) than in the present study. MRI criteria
were not used in patient selection, and evalua-
tions were carried out less often. The inclusion
criteria used in the present study were specifi-
cally aimed at selecting informative patients,
and the number studied was sufficient to show
meaningful changes. It is likely that this
accounts for the fact that we have found a
therapeutic effect on MRI in our study.
Mitoxantrone has been widely used as an
anticancer drug for more than 10 years.*'

- The dose used in oncology is much higher

than in multiple sclerosis studies and the main
risk, that of cardiotoxicity, seemed to be low at
the doses used in the present study (about
70 mg/m?). No cases were seen in the present
study despite very careful cardiac monitoring,
confirming the results of De Castro er al,?? and
patients were excluded if there were clinical,
ECG, or echocardiographic features of cardiac
abnormalities. However, although the dose
used in this study seemed safe, we cannot dis-
miss the possibility that subclinical, perma-
nent, and minor cardiac injury induced by the
drug could later become clinically sympto-
matic as patients age and develop the common
forms of heart disease. There are three reasons
why the results of the present trial do not allow
us to draw conclusions as to the long term
clinical efficacy of mitoxantrone on the course
of multiple sclerosis:

(1) The relation between short term gadolin-
ium enhancement and long term disability is
uncertain; preliminary experience suggests
that a relationship exists*®> but confirmation
from larger studies is needed.

(2) The apparent short term clinical benefits .

we saw were unblinded observations and are
therefore not wholly reliable.

(3) We cannot exclude the possibility that
part of the benefit we saw in the mitoxantrone
group came from the addition of methylpred-
nisolone to the treatment regime.

None the less, it was clear in this selective
group of patients with multiple sclerosis with
very active disease that the combination of
mitoxantrone and methylprednisolone greatly
improved objective and blinded MRI indices
of disease activity over six months, whereas
methylprednisolone alone did not. The strong
and rapid reduction in the inflammatory
process suggests a potential role for mitox-
antrone as rescue therapy or as an induction
for other long term disease modifying thera-
pies in very active cases of multiple sclerosis.
Its effect on the long term clinical course can
only be determined by longer term trials.
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Mitoxantrone in Progressive Multiple
Sclerosis: A Placebo-Controlied,
Randomized, Observer-Blind Phase Il Trial:
Clinical Results and Three-Year Follow-up
H. P. Hartung, Austria, R. Gonselte, Melsbroek, Belgium,
and the MIMS-Study Group

OBJECTIVE: To determine the efficacy of mitoxantrone
(MX) in the treatment of relapsing progressive or secondary
progressive multiple sclerosis (MS).

: BACKGROUND: MX is a cytotoxic agent of the anthra-
. cenedione family. Its main mechanisms are intercalation with

DNA and inhibition of topoisomerase II. It is immunosuppres- i

[ sive by reducing the number of B cells, inhibiting T helper
cell function and augmenting T cell suppressor activity. MX is
effective in experimental allergic encephalomyelitis and
showed a beneficial effect in several Phase I clinical trials in
MS.

| favouring MX12 (p < 0.001). We could show statistically sig-

! nificant results in -each primary endpoint. EDSS ‘was de-

- creased by 0.12 in MX12, 0.23 in MX5 and increased in the
placebo group by 0.23 (p < 0.038). Al was increased with 0.2, .
0.4 and 0.8 for MX 12, MX 5 and PLC, respectively (p <
0.040). The mean number of treated relapses were 0.4 for
MX12, 0.7 for MX5 and 1.2 for PLC (p < 0.0002). There was a |

 statistically significant difference in the time to first treated |

- relapse (p < 0.0004). MX was also effective on all secondary

endpoints. Three year follow-up data will be presented. Ad-

' verse events reported more frequently in the MX groups were
nausea, alopecia, urinary tract infections, menstrual disor-

‘ ders, amenorrhea, transient leucopenia and “increase of

. y-glutamyltransferase. i

CONCLUSION: In this study mitoxantrone shows a bene-

j ficial effect in the treatment of patients with progressive mul-

| tiple sclerosis. Generally, patients treated with MX12 showed

¢1 a more favourable response. Adverse events were in line with

" previous experiences.

i . Supported by: Wyeth Lederle Germany and Belgium

7

DESIGN/METHODS: In this European multicenter phase

III trial 194 patients with relapsing-progressive or secondary-
progressive MS were randomized to 12 mg/m? mitoxantrone
(MX12), b mg/m® mitoxantrone (MXb6) or placebo. The medi-
cation was given intravenously three monthly for two years.
A neurological examination was done every three months by
a blinded observer to determine EDSS and Ambulation Index
(AD). Relapses ‘were treated for five days with intravenous
methylprednisolone (500 mg/day). Main efficacy criteria were
A-EDSS, A-Al, number of treated relapses and time to lst
treated relapse. Secondary clinical efficacy parameters were
the proportion of patients with confirmed EDSS progression,
time to confirmed EDSS progression, number of all relapses,
time to first relapse, proportion of patients with no relapses
and number of hospitalizations. Primary efficacy parameters

were first tested by a multivariate ‘generalized Wilcoxon- -

Mann-Whitney (WMW) test and then according to the princi-

ple of a priori ordered hypotheses by WMW tests or log rank

test. ' : :
RESULTS: 188 patients were evaluable in the intent-to-
treat analyses. There were no significant differences in the

baseline parameters between the three groups. Mean age was .
41 years and mean duration of MS 10 years. Patients had 1.3 :

relapses in the year before study entry and the deterioration
in the EDSS was 1.57 in the previous 18 months. Baseline

EDSS values were 4.5, 4.6 and 4.7 in MX12, MX 5 and PLC

respectively. The multivariate test was statistically significant

Neurology. April 12, 1999, Volume 52, Number 6, Supplement 2. Page A290
Abstract $45.005
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Mitoxantrone in Progressive Multiple Sclerosis (MS):
A Placebo-Controlled, Randomized, Observer-Blind
European Phase I Multicenter Study - Clinical Results

Hartung H.-P.1, Gonsette R.2 and the MIMS-Study Group
1 Department of Neurology, University of Graz, Austria
2 National Muitiple Sclerosis Center, Melsbroek, Belgium

Background: Mitoxantrone QMX) is a potent anthracenedione immunosuppressor, very effective
in experimental ailergic encephalomyelitis and with a beneficial effect in several Phase II clinical

trials in MS.

Material and Methods: 194 patients with progressive MS were randomized to 12mg/m* MX,
Smg/m?* MX or placebo (methylene-blue). The medication was given intravenously every three

months (m) for two years.
Results: 188 patients were evaluable. There were no significant differences for baselne variables
in the three groups. After 24 months the following results were obtained:

12mg/m? Smg/m? | Placebo
-EDSS -0.130.50{ -0.231.10*| 0.231.01
*

-Ambulation- Index 0.301.24 * 0.411.40 *| 0.771.26
Annual Relapse Rate 0.21 ** 0.36 * 0.60
Time to 1st relapse >24 ** >24 ** 15
(m)

Confirmed Treatment 7%* 9% 19%
failure

* p<0.05; **p<0.001 (compariscn to placebo)

MX was well tolerated. No major toxicity, including cardiotoxicity, was noted.

Condlusion: These data demonstrate a significant beneficial effect of MX on relapse rate and
disability progression. MRI data confirm the beneficial effect of MX on discase activity.

Multiple Sclerosis. August 1998 Vol. 4.

Page 98
Abstract, Oral 207
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Mitoxantrone in Progressive Multiple Sclerosis (MS): Clinical
Results and Three-Year Follow-Up of the MIMS Trial.

Hartung, H.-P.}, Gohse.tte, R.? and the MIMS-Study Group
! Department of Neurology, University of Graz, Austria
? National Multiple Sclerosis Center, Melsbroek, Belgium

A’doubleblind phase III trial was performed to demonstrate the
safety and efficacy of mitoxantrone (MX) in multiple sclerosis (MS).
194 patients with relapsing-progressive or secondary-progressive
MS in an active stage .of disease (EDSS deterioration >1 in the
year prior (o ent‘ry? were randomized to either 12mg/m® MX
(MX12), or Smg/m” MX (MX5) or placebo (P). Treatment was
given intravenously every three months over two years. Patient
and rating physician were blinded. After three years a follow-up
examination was performed.

Cempared to P, MXI2 significantly slowed the discase
progression over the two-years study period as shown by its effect
on change in EDSS (-0.13 vs 023; p=0.019), change in
ambulation index (0.30 vs 0.77; p=0.031) and proportion of pa-
tients with three months confirmed EDSS-deterioration (8% vs
22%; p=0.036). There was also an effect on mean number of
treated relapses (0.4 vs 1.2; p=0.0002) and time to 1% relapse. A clear
dose-response effect was evident with maximum benefit gained at
MX12. Follow-up data showed, that these beneficial effects were -
sustained. Adverse events (AE) reported more frequently in MX
were nausea, alopecia,, urinary tract infections and menstrual dis-
orders. Three years follow-up data showed that AE were reversible
in most cases. There was no evidence of serious cardiotoxicity.
Based on this study, MX12 given every three months appears to
be an effective and well tolerated treatment for patients with
active secondary progressive or relapsing-progressive MS.

Multiple Sclerosis. September 1999, Volume 1, Sﬁpplement 1. Page S15
Abstract 56 y '
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Mitexantrone in Progressive Multiple Sclerosis (MS):
A Placebo-Controlled, Randomized, Observer-Blind
European Phase Il Multicenter Study - MRI Results

Krapf H.", Morrissey S. P.2, Zenker 0.°, Gonsette R.%, Hartung H.-
P.? and the MIMS-Study Group; 'Dept. of Neuroradiology, Univ. of
- Tibingen, Germany; *Dept. of Neurology, Univ. of Regensburg, Ger-
many, *Wyeth-Lederle Miinster, Germany; ‘National MS Center,
Melsbroek, Belgium; *Dept. of Neurology, Univ. of Graz, Austria

Background: In a recently finished large Phase III tnal, mitox-
antrone (MX) has shown a beneficial impact on clinical disease
progression and relapse rate in relapsing-progressive MS. In a
subgroup of these patients MRI was carried out as a surrogate
marker of disease activity.

Material and Methods: 110 patients were treated intravenously
with 12 mg/m? MX, 5 mg/m?> MX or placebo (methylene-blue)
every 3 months. MRI served as a secondary endpoint measure:
T2-weighted (w) axial images (conventional double spin-echo,
TR/TE 2500/90/45 ms) and T1-w images (TR/TE 600/20 ms)
after Gd-DTPA injection (0.1 mmol/kg) were acquired at months
(M) 0, 12 and 24.

Results: Statistically significant changes were found for: 7. 72-w
MRI: There was almost no progression detectable in both treat-
ment groups in regard to the lesion load, whereas in the placebo
group a continous increase was found at M 12 and M 24 (<
0.05). 2. Gd-enhanced MRI: There was a significant decrease of
enhancing lesions in one treatment group as compared to the
placebo-group (p< 0.05). ,
Conclusion: These MRI results clearly corroborate the beneficial
impact of MX on the clinical outcome in progressive MS patients
demonstrated in this trial. The clinical results are subject of a
separate presentation.

Multiple Sclerosis. August 1998, Volume 4, Number 4. Page 380
Abstract P3(24
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ORIGINAL COMMUNICATION

Randomized placebo-controlied trial

of mitoxantrone

in relapsing-remitting multiple sclerosis:
24-month clinical and MRl outcome

Abstract We designed a random-
ized, placebo-controlled, multicentre
trial involving 51 relapsing-remitting
multiple sclerosis patients to deter-
mine the clinical efficacy of mitox-
antrone treatment over 2 years. Pa-
tients were allocated either to the
mitoxantrone group (27 patients re-
ceiving IV infusion of mitoxantrone
every month for | year at the dosage
of 8 mg/m-=) or to the placebo group
(24 patients, receiving IV infusion of
saline every month for 1 year) using
a centralized randomization system.
Disability at entry and at 12-24
months was evaluated by four blinded
neurologists trained in the applica-
tion of the Kurtzke Expanded Dis-
ability Scale (EDSS). In addition. the
number and clinical characteristics of
the exacerbations over the 24 months
were recorded by the local investiga-
tors. MRI, at 0,12 and 24 months.
was performed with a 0.2 T perma-
nent unit. MRI data were analysed
by two blinded neuroradiologists. All
patients underwent a clinical evalua-
tion. A statistically significant differ-
aace in the meon mumber of axarar-
bations was observed between the

Introduction

,

Multiple sclerosis (MS) is an autoimmune disease associ-
ated with heightened immune activity against central ner-
vous system antigens [9]. Several attempts to alter the
course of MS have largely focused on strategies to down-

mitoxantrone group and placebo
group both during the st and the
2nd year. Although there was no
statistically significant benefit in
terms of mean EDSS progression
over 2 years, the proportion of pa-
tients with confirmed progression
of the disease, as measured by a one
point increase on the EDSS scale,
was significantly reduced at the 2nd
year evaluation in the mitoxantrone
group. Forty-two (23 mitoxantrone,
19 placebo) patients underwent

all MRI examinations during the
24-month period. We observed a
trend towards a reduction in the num-
ber of new lesions on T2-weighted
images in the mitoxantrone group.
Our study suggests that mitoxantrone
might be effective in reducing dis-
ease activity, both by decreasing the
mean number of exacerbations and
by slowing the clinical progression
sustained by most patients after

1 year from the end of treatment.

Key words Multiple sclerosis -
Mitoxantrone - Magnetic resonance
fmaning

matz

regulate the immune response by using a variety of im-

munosoppressive agents such as cyclophosphamide, cy-
closporine and azathioprine [28, 30, 34]. High doses of

these drugs may have a modest effect on the exacerbation
rate and disease progression, as well as unacceptable side-
effects. An altemative therapy for patients with MS that
has similar or greater efficacy but is less toxic would there-
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fore be desirable. One recent approach has been the use of
mitoxantrone (MTX) as a therapeutic agent. MTX is an
antineoplastic agent that intercalates with deoxyribonu-
cleic acid and is a potent inhibitor of both deoxyribonu-
cleic acid and ribonucleic acid synthesis [6, 19]. In vivo
and in vitro studies indicate that MTX is an immunomod-
ulator that reduces T cell numbers, suppresses humoral
immunity and causes in vivo inhibition of T-helper cell,
but not T-suppressor cell activity [7].

Preliminary open-label trials to assess the potential ef-

ficacy of MTX treatment, performed only in patients with

“progressive MS, suggested that MTX does not completely
suppress clinical and magnetic resonance imaging (MRI)
evidence of disease progression [8, 13, 21, 22]. Recent
data, however, indicate that therapies in MS are more ef-
fective if used early, when there is less neurological dam-
age and when the demyelinating process is just beginning
[24].

On the basis of these assumptions, we designed a ran-
domized, placebo-controlled, multicentre trial using re-
lapsing-remitting multiple sclerosis (RRMS) patients to0
determine the clinical efficacy and toxicity of MTX over
2 years at the dosage of 8 mg/m? administered IV once a
month for 12 months.

Patients and methods

This study was approved by internal review boards and by the Na-
tional Health Service as a 2-year randomized, placebo-controlled
multicentre trial. It was conducted at eight lItalian centres: Bar,
Catanzaro, Chieti, Naples (2 centres), Rome, Siena and L"Aquila,
the last also being the Coordinating Centre.

Patient enrolment and pre-trial observation

Patients fulfilling the following inclusion criteria were enrolled in
the study: age between 18 and 45 years, clinically definite or labo-
ratory-supported RRMS [25], disease duration from | to 10 years,
disability from 2 to 5 on the Kurtzke Expanded Disability Status
Scale (EDSS).[16], with at least two exacerbations in the previous
2 years.

We excluded patients who were HIV-positive, with previous
cardiovascular disease, with left ventricular ejection fraction of
less than 50% as determined by echocardiography, subjects pre-
senting renal, liver and/or respiratory dysfunction. diabetes, malig-
nancy, psychiatric illness, pregnancy and women not practising
contraception, as well as patients who had taken steroids during
the 3 moaths befare entry or srevious immunosuppressant medica-
tions. Lastly, patients incapable of fulfilling the requirements of
the study or signing the informed consent were also excluded.

When a patient became eligible, the investigators notified the
relevant centre which validated the eligibility of the patient and as-
signed a randomization code number. The subject was then ran-
domly assigned to a recipient group that received either MTX or a
placebo. Patients were randomized to MTX or placebo using a
scheme stratified on age, sex and EDSS which resulted in eight
different age/sex/EDSS strata. According to the study protocol,
within each stratum the allocation of patients to treatment or
placebo was balanced by using a block design of size eight.

Efficacy end-points

Treatment efficacy was assessed by comparing the following vari-
ables between the placebo and MTX group.

Primary end-point

1. Proportion of patients with confirmed progression as measured
by an increase of at least one point on the EDSS scale.

Secondary end-points

1. Annual mean number of exacerbations and proportion of exac-
erbation-free patients.

2. Change in mean EDSS from baseline to end-point.

3. Mean number of new or enlarged lesions on T2-weighted MRI
performed at baseline and 12 and 24 months after the beginning of
the study.

Patient evaluation and drug medication

Four neurologists were selected before the beginning of the study
as EDSS physicians and each of them was assigned to two centres
to evaluate the same patients. EDSS physicians were trained in the
application of the EDSS during a joint session which included re-
peated rating of patients with MS with varying levels of disability.
In order to measure the degree of interobserver (intercentre) dis-
crepancies on EDSS evaluation, 16 definite, stable MS patients
with an EDSS score ranging from 0 to 7 were randomly selected.
Each patient was exarnined, at the same visit and after 1 week, in-
dependently by each of the four neurologists involved in the study.
K statistics were used to define six leveis of agreement (poor for
K =0, slight for K = 0-0.20, fair for K = 0.21-0.40, moderate for
K = 0.41-0.60, substantiat for & = 0.61-0.80, almost perfect for
K = 0.81-1) [17]. An “almost perfect” (mean K value = 0.83 for
patients in the 1.0-5.0 EDSS range) and a “moderate” (mean K
value = 0.53 for patients in the 5.0-7.0 EDSS range) inter-observer
agreement within one step of the EDSS scale were obtained. In or-
der to maintain blindness, the interaction of the EDSS physicians
with the patient was strictly restricted to the neurological examina-
tion. The neurologist was not allowed to talk with the patient about
adverse events, or any other issue which could potentially disclose
the patient’s treatment. Neurological examination was rated using
the EDSS prior to starting therapy and 12 and 24 months later.

Monitoring and recording of exacerbations, concomitant ther-
apy or other medical events were documented throughout the study
by a treating physician selected in each centre before the beginning
of the study. The treating physician, not blinded to study treatment,
was responsible for the subject’s overall medical care, including
physical examinations, evaluation of the patient’s subjective find-
ings, prescribing and monitoring the study medication, and evalu-
anng and masaging adverse events and exacerbations. Exacerba-
tion was defined as the appearance of a new symptom or worsen-
ing of an old symptom. attributable to MS, accompanied by a doc-
umented new neurological abnormality, lasting more than 48 h and
preceded by stability or improvement for at least 30 days.

Patients assigned to immunosuppressive treatment received a
30-min infusion of MTX intravenously (8 mg/m?) every month for
1 year; the intravenous bag and tubing were black to ensure patient
blinding. Placebo group patients received a solution containing the
vehicle alone.

Other drugs were allowed during the trial such as cholinergic
and spasmolytic drugs or short courses of steroids (1 g day methyl-
prednisolone IV for 6 days) for exacerbations.
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Safety evaluation

The safety of the treatment was assessed on the basis of adverse
events volunteered by the patient either spontaneously or on ques-
tioning and monitoring of the main laboratory parameters.

Blood and urine samples were taken and ECG carried out upon
entry to the trial and at each monthly visit. Moreover, to assess the
potential cardiac toxicity of MTX, each patient had an M-mode
and two-dimensional echocardiographic study with spectral and
colour Doppler flow analysis, which was performed at enrolment
and 6 and 12 months later. The images were recorded on super-
VHS videotape and analysed according to the American Society of
Echocardiography criteria [10] by evaluating left ventricular sys-
\olic function parameters, such as fractional shortening and ejec-
tion fraction.

MRI assessment

MRI studies. performed at 0, 12 and 24 months, were obtained
with different imagers using T2 spin-echo sequences in the axial
plane. Slices with 7.5 mm thickness without gaps between sections
were obtained for all the studies. In order 10 obtain comparable
studies during the follow-up, a midline sagittal scout slice was al-
ways performed at the beginning of the study. We therefore ori-
ented axial sections on the same horizontal plane along a line pass-
ing through the base of the frontal lobe and the caudal portion of
the quadrigeminal plate.

[n addition, in a subgroup of patients (13 MTX and 12 placebo)
1 serial enhanced MRI study was performed at 0, 2, 4, 6 and 12
months from the beginning of the study [1].

image evaluation

MRI data were analysed by two blinded neuroradiologists and
questionable lesions were reviewed by a third blinded senior neu-
roradiologist acting as supervisor. Prior to the study, the neurora-
diologists were trained to minimize inter- and intra-observer vari-
ability. Both the inter- and intra-rater variability during serial ex-
aminations was less than 5%. .

Demyelinating areas seen on T2-weighted images were de-
tected at the baseline MRI study. Follow-up T2-weighted images
were obtained 12 and 24 months after the beginning of the study,
and were analysed for new disease activity as revealed by the pres-
ence of new and enlarging lesions. New lesions were defined as le-
sions that were not present on T2-weighted MRI performed | year
previously. An enlarging lesion was defined as a lesion with a
change exceeding more than 33% (1/3) when compared with the
MRI performed 1 year before.

Statistical analysis

For determination of sample size we assumed the detection of an
inerease of 1 point in 25% of the MTX-treated group com-
pared with 50% of the placebo-treated group at the time of sched-
uled efficacy analysis. According to an alpha error of 0.05 and beta
error of 0.20, the number of patients required to achieve statistical
significance was 65 per treatment arm. An intention to treat analy-
sis was used to analyse all clinical measures, Unfortunately, diffi-
culties in patient recruitment did not allow us to achieve the re-
quired number.

Clinical and MRI differences between the two groups were
tested for statistical significance by using non-parametric methods
{Mann-Whitney test, Wilcoxon rank test and two-sided P values).
The chi square test was used for categorical data, i.e. differences

between proportions.

Results
Clinical outcome

The baseline demographic and clinical characteristics of
51 patients randomly assigned to the two groups are
shown in Table 1. The groups were well balanced for age,
disease duration, neurological disability and the number
of exacerbations in the previous 2 years, while the incom-
plete recruitment generated an imbalance in term of sex.
In the placebo group 9 patients had a baseline EDSS score
of 2 or 3, and 15 patients of 4 or 5. In the MTX group,
there were 7 patients with 2 or 3, and 20 patients with 4 or
5 as the baseline EDSS score.

As regards the proportion of patients with confirmed
progression of the disease as measured by a one point in-
crease on the EDSS scale, we found a_negative trend in
the MTX group (2/27) compared with the placebo group
(6/24) in the 1st year, which became significant (P = 0.01)
in the 2nd year (0/27 in the MTX group versus 6/24 in the
placebo group) (Table 2). During the total period of the
study (0-2 years) 9 of 24 (37%) patients in the placebo
group progressed on the EDSS scale by at least one point
(Table 2). The mean EDSS score of these 9 patients changed
from 3.8, SD 0.8 at baseline to 5.2, SD 1.4 at the end of
the 2nd year. Four of them reached an EDSS score 2 6. In

Table 1 Baseline clinical characteristics of patients (MTX mito-
xantrone, EDSS Expanded Disability Status Scale)

MTX Placebo
No. of patients
(male/female) 27 (10/17) 24 (6/18)
Age (years)
(mean, SD) 30.9.6.0 28.7.6.5
Age at onset {years)
(mean. SD) 23.7.5.6 243,53
Disease duration (years)
(mean. SD) 57.3 5.3
No of exacerbations
in previous 2 years
(mean, SD) 28, 1.2 2.8, 1.1
EDSS score 3.6.09 3512
range: 2-5 range: 2-5
median: 3.5 median: 3.5

Table 2 Confirmed progression of disability by at least one point
on the EDSS (C/ confidence interval)

MTX Placebo P value 95% CI of
(n=27) (n=24) the differences
Ist year 227 (T%) 6/24 (25%) 0.08 18 (0-38)
2nd year 0/27 (0%) 6/24 (25%) 0.01 25 (743)
Total period
(0-2 years) 227 (7%) 9/24 (37%) 0.02 30 (8-52)
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MTX group only 2 of 27 (7%) patients progressed on the
EDSS scale by at least one point, the first from 5.0 to 6.0
and the second from 3.5 to 5.5.

Although a significant worsening in EDSS score was
observed in the placebo group between the baseline and
the 2nd year evaluation (placebo: 35,8SD1.2vs 4.2, SD
1.6, P = 0.007; MTX: 3.6, SD 0.9, 3.5, SD 1.4, P = NS),
there were no significant differences between the two
groups in the mean EDSS change after either the Ist or
2nd year of the study. A significant decrease in the mean
annual number of exacerbations was observed in the
MTX group compared with the placebo group both during
the st year (P = 0.001) and the 2nd year (P = 0.005)
(Table 2). Furthermore, we found a significant difference
in the number of exacerbation-free patients: 6 of 24 (25%)
in the placebo group versus 19 of 27 (70%) in the treated
group (P = 0.003) in the Ist year and 10 of 24 (42%) in
the placebo group versus 21 of 27 (78%) in the treated
group (P = 0.01) in the 2nd year (Table 3).

MRI outcome

Nine of the 51 patients did not complete the MRI study
for the following reasons: 2 MTX and 4 placebo patients
felt the drug was not working, 1 MTX patient did not have
good compliance with his neuroradiological centre, 1 MTX
and 1 placebo patients withdrew for non-medical reasons.
We did not find significant differences in terms of demo-
graphics and clinical characteristics either at baseline or
during the study between the 9 patients who did not com-
plete the MRI study and those who did.

The mean number of new and enlarging lesions on T2-
weighted images at 12 and 24 months of the patients in
both treatment groups who completed the MRI study are
shown in Table 4. No significant difference in the devel-
opment of new and enlarging lesions was observed be-
tween the two groups either at 12 or 24 months after the
beginning of the study. However, a reduction of 31% and
46% of new lesions respectively at 12 and 24 months was
observed in the MTX group when compared with the
placebo group.

Table 3 Effect of MTX on

; MTX Placebo P value 95% CI of
exacerbations: summary of 1st _ _ .
and 2nd year data (n=27) (n=24) the differences
15t year data
Number of exacerbations (mean, SD}  0.52. 1.1 1.54, 1.3 0.001 1.02 (0.36~1.68)
Exacerbation-free patients 19/27 (710%)  6/24 (25%) 0.003 45% (21-69)
2nd year data
Number of exacerbations (mean. SD)  0.37, 1.0 1.1, 1.1 0.005 0.73 (0.18-1.28)
Exacerbation-free patients 21727 (78%) 10724 (42%) 0.01 36% (11-63)
Total period (0-2 vears)
Number of exacerbations (mean, SD)  0.89, 2.1 262,19 0.0002 1.73 (0.62-2.84)
Exacerbation-free patients 17727 (63%) 5124 (21%) 0.006 42% (15-65)
Table 4 Mean and median i
number of new and enlarging IV:T_X.,:;) F’:dfelb;) P value 9:%‘;%[ of
fesions on MRI n=- = the differences
st year
New lesions (SD) 2.5.23 36,41 0.6 ~1.1 (=321
Median 2* 2
Enlarging lesions (SD) 1.8. 2.1 1.8.2.7 0.8 0 (-1.5101.5)
Tedian i H
2nd year
New lesions (SD) 1.8.3.0 33.4.1 0.07 -1.5(~3.81t00.8)
Median 1 2
Enlarging lesians 2.8.3.8 26.2.5 0.8 0.2(~1.81t02.0)
Median 2 1
Total period (0-2 years)
New lesions (SD) 35.34 7.3,8.0 0.05 ~3.8(~7.7100.1)
Median 2 5
Enlarging lesions (SD) 43,47 43,47 1 0 (-1.5t0 L.5)
Median 3 3
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Table 5 Number of patients with adverse reactions. Five women
developed transient amenorthoea that was rated severe. Mild: ad-
verse reactions did not require medication for control. Moderate:
adverse reactions required medication for control (URI upper res-
piratory tract infection, UT! urinary tract infection)

Total Mild Moderate  Severe
Nausew/vomiting 9 (18%) 7(14%) 2 (4%) 0 (0%)
URI 2 (4%) 1 (2%) 1(2%) 0 (0%)
uTt 3 (6%) 1 (2%) 2(4%) 0(0%)
Headache 3 (6%) 3 (6%) 0(0%) 0(0%)
Diarrhoea 1 (2%) 0 (0% 1Q2%) 0 (0%)

Adverse effects

In general, MTX was well tolerated (Table 5). The most
common side effect was nausea, which was generally
mild and easily controlled with antiemetics. One patient
had diarrhoea, vomiting and a slight fever. There were no
serious infections; three patients experienced mild urinary
iract infection and two patients upper respiratory tract in-
fection, all of which resolved with antibiotic therapy. No
patient developed moderate or severe alopecia or haema-
tological adverse reactions. Five women developed tran-
sient secondary amenorthoea 4 months (2 patients), 6
months (1 patient) and 8 months (2 patients) after starting
MTX, though this resolved rapidly with the cessation of
therapy. The electrocardiograms performed at entry were
normal in all but two patients, who had a left bundle
branch block. The subsequent electrocardiograms, per-
formed during the study, showed no modification of wave
morphology or appearance of arthythmia in either the pa-
tients whose examination was normal at entry or in those
with left bundle branch block. Moreover, no differences
were observed in left ventricular systolic function mea-
surements, such as fractional shortening and ejection frac-
tion.

Discussion

The primary purpose of this trial was to determine
whether monthly therapy with MTX at a dose of 8 mg/m?
per month for 1 year could alter disease progression in
RRMS paiicnis. The tesuils of this study mdicaie that
MTX is well tolerated and has a beneficial effect on the
short-term course of RRMS. We found MTX to have a
significant effect on most primary and secondary efficacy
end-points, including exacerbation rate, proportion of ex-
acerbation-free patients and proportion of patients with a
confirmed clinical progression. The reason why no statis-
tically significant benefit could be detected in terms of
mean EDSS progression over 2 years may be the limited
number of patients included in this trial, which was lower
than that required by statistical assumptions.

Our data showed a 66% reduction in the annual num-
ber of exacerbations in the MTX-treated group at the end
of the treatment period (1st year) and at the end of the fol-
low-up period (2nd year). In addition, the proportion of
patients with a confirmed progression of the disease as
measured by a one point increase on the EDSS scale, was
significantly reduced at the 24-month evaluation. It must be
emphasized that while EDSS evaluation was performed
by four blinded neurologists, the assessment of exacerba-
tions was monitored by treating physicians not blinded to
study treatment (see Patients and methods). The unblinded
assessment of exacerbations suggests a potential systematic
bias concemning treatment efficacy (false positive, type 1
error) [23]. This type of error, however, is a crucial ele-
ment when the EDSS score must be assigned, while it
seems to be less relevant in recording objective neurolog-
ical findings such as determining that an exacerbation has
taken place. .

Although a previous open-label trial with MTX in pro-
gressive MS indicated that MTX did not suppress clinical
and MRI evidence of disease progression [22], the present
study, which is the first controlled trial with MTX in RRMS
patients, confirms preliminary reports from two uncon-
trolled pilot studies showing that MTX may reduce clini-
cal activity in MS [8, 13]. It is therefore important to com-
pare our clinical MTX resuits with other immunosuppres-
sive or immunomodulator trials. Several immunosuppres-
sive agents such as cyclophosphamide, cyclosporine or
total lymphoid irradiation have been extensively tested in
progressive MS, with controversial results [3. 18, 27, 28,
30, 32. 33], and the few trials that have been performed in
RRMS have shown a modest therapeutic benefit at safe
doses [14, 27]. Other drugs such as azathioprine, inter-
feron beta (IFNB,,) and copolymer 1 (Cop 1) have been
tested mainly in RRMS patients {11, 12, 34]. Although
these trials involved patients similar to those in the pre-
sent MTX trial, they differed slightly in design, execution,
and primary study outcome measures, which means care
should be taken in making. direct comparisons. However,
data from all these studies address the effect of the drugs
on annualized attack rates whose reduction ranges from
25% to 33% in the treated groups compared with the
placebo groups. In this regard, MTX seems to have a
greater effect on the autack rate. Moreover, though neither
azathioprine, IFNB,, nor Copl significantly influenced
he progression of the disease in iemis of disability {11,
12], with MTX there seems to be a significantly smaller
number of patients with confirmed progression of the dis-
ease as measured by a one point increase on the EDSS
scale.

The MRI data of the present study do not completely
support the clinical findings. We observed only a trend to-
wards a reduction in the number of new lesions on T2-
weighted images. The lack of a total lesion volume evalu-
ation on T2-weighted images, which is the most appropri-
ate measurement for long-term studies, and the use of dif-
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ferent MRI imagers, which might be a significant source
of variation for lesion measurements, appear to be the ma-
jor limitations of the present study and might explain the
apparent incongruity between clinical and MRI results. A
significant effect of MTX on MRI activity has, in fact,
been reported in three recent studies. Krapf et al. [15] per-
formed a serial gadolinium (Gd)-enhanced MRI study in
ten patients with MS treated with MTX at a dose of 12
mg/m? surface area every 3 months over a l-year period.
They found that the total number of Gd-enhancing lesions
diminished from 169 at baseline to 10 after 1 year, and to
5 after 2 years. This reduction and the percentage of fol-
low-up MRI studies showing no Gd enhancement were
more pronounced than in other MRI studies on the natural
course of MS. Bastianello et al. [1] reported MRI findings
from a subgroup of patients in our trial (25 patients: 13
MTX and 12 placebo) based on a serial Gd-enhanced
MRI study at 0, 2, 4, 6 and 12 months from the beginning
of the study. The MTX group showed a trend towards a
41%, 45% and 60% reduction of new, enlarging and en-
hancing lesions respectively. Finally, Edan et al. [5] ran-
domized 42 MS patients with a very active disease, as as-
sessed by clinical and MRI criteria, to receive either MTX
(20 mg IV monthly) and methylprednisolone (1 g IV
monthly) or methylprednisolone alone over 6 months. A
highly significant increase was observed in the percentage
of patients with no new enhancing lesions in the MTX
group compared with the group receiving only steroid.
According to extensive oncological experience, the tol-
erability and long-term toxicity of MTX seem to compare
favourably with that of other cytostatic agents [20]. The
major dose-limiting toxicity is a predictable and re-
versible myelosuppression, manifested as leukopenia and
neutropenia, with minimal effects on the platelet and red
cell series. Mild to moderate nausea. vomiting, alopecia,
amenorrhoea and stomatitis occasionally occur, but most
patients experience limited or no non-haematological ad-
verse effects [31]. In our study, no serious side effects
were observed among patients treated with MTX. More-
over, five women showed secondary amenorrhoea but all
resumed their menstrual cycle spontaneously. As potential
cardiotoxicity represents the primary long-term adverse
reaction, MTX therapy is contraindicated in patients with
cardiovascular risk factors. Our population showed no al-
teration of the electrocardiographic findings. No signifi-
cani differences were found in ieft venuricuiar function

between the two groups [4]. In particular, patients treated
with a cumulative dose of 96 mg/m? MTX showed no re-
duction in left ventricular ejection fraction or fractional
shortening, or modifications .in Doppler indices of left
ventricular systolic and diastolic function during follow-
up. These findings have several possible explanations.
Firstly, as suggested from previous reports, we studied only
young patients who had not been exposed to previous car-
diotoxic therapies or mediastinal radiation, and had no
pre-existing cardiac pathology, reducing the risk of car-
diotoxic effects of MTX [26, 29]. Secondly, it should be
emphasized that we used low doses of MTX with an in-
termittent infusion schedule. This pharmacological sched-
ule is different from those used in previous reports where
the drug was used to obtain an antineoplastic effect [2].

In conclusion, our data suggest that MTX might be ef-
fective in reducing disease activity, both by decreasing the
number of exacerbations and by slowing the clinical pro-
gression sustained for most patients 1 year after the end of
treatment. However, further larger studies are needed to
demonstrate that MTX may stabilize patients with fre-
quent exacerbations by halting the progression of the dis-
ability. At present, even if MTX appears to be fairly well
tolerated, repeated courses of MTX cannot be given be-
cause of concerns about possible cumnulative cardiac toxi-
city, and it should be restricted to patients with frequent
exacerbations and rapid disease progression. A further
study specifically designed to compare the effectiveness
of alternative therapies for RRMS such as MTX versus
Copl or IFNB would be weicome.
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