
11ournal of Neurology, Neurosurgery, and Psychiatra 1997;62:112-118

Therapeutic effect of mitoxantrone combined with
methylprednisolone in multiple sclerosis: a

randomised multicentre study of active disease
using MRI and clinical criteria

Gilles Edan, David Miller, Michel Clanet, Christian Confavreux, Olivier Lyon-Caen,
Catherine Lubetzki, Bruno Brochet, Isabelle Berry, Yan Rolland, Jean-Claude Froment,
Vincent Dousset, Emmanuelle Cabanis, Marie-Therese Iba-Zizen, Jean-Marc Gandon,
H M Lai, Ivan Moseley, Olivier Sabouraud

Department of
Neurology, Centre
Hospitalier
Universitaire, Rennes,
France
G Edan
Y Rolland
O Sabouraud
Institute ofNeurology,
The National Hospital
Queen Square,
London, UK
D Miller
I Moseley
H M Lai
Department of
Neurology, CHU
Purpan, Toulouse,
France
M Clanet
I Berry
Department of
Neurology, Hopital de
l'Antiquaille, Lyon,
France
J-C Froment
C Confavreux

Department of
Neurology, Groupe
hospitalier Pitie-
SalpAtriere, Paris,
France
0 Lyon-Caen
C Lubetzki
E Cabanis
M-T Iba-Zizen
Department of
Neurology, CHU,
Bordeaux, France
B Brochet
V Dousset

Biotrial, CRO,
Rennes, France
J-M Gandon
Correspondence to:
Professor Gilles Edan,
Department of Neurology,
CHRU Pontchaillou, Rue
Henri Le Guilloux, 35033
Rennes CEDEX, France.

Received 7 May 1996
and in revised form
2nd September 1996
Accepted 20 September 1996

Abstract
Objective-To evaluate 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.

(7 Neurol Neurosurg Psychiatry 1997;62: 112-118)
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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.' 7With the possible exception of inter-
feron-/,B "I 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,'2 reduces
T cell numbers, abrogates helper activity, and
enhances suppressor function."I It is highly
effective in suppressing the development of
acute experimental allergic encephalomyelitis
(EAE)'4" and prevents or delays relapse in a
chronic relapsing model of EAE.'" Studies by
Gonsette and Demanty'7 and later workers'8 22
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/month) 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.23 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; 1 g/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.24 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 Ti weighted SE sequence after
injection of gadolinium DTPA (0- 1 mmol/kg).

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-
tions.

Clinical and MRI differences between the
two groups were tested for significance using
non-parametric methods (Wilcoxon test), and
differences between proportions with the x2
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 4 7, 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 1 Characteristics ofpatients

MP MP + MX
Vanrable (n = 21) (n = 21)

Age (y) 32-2 (8-1) 31-4 (8-3)
Sex ratio (MI/F) 10/11 6/15
RRMS/SPMS ratio 15/6 17/4
Age at MS onset (y) 26-6 (6-5) 25-1 (7-0)
Duration ofMS (y) 5-7 (4-0) 6-9 (3 6)
EDSS at month-2 4-7 (1-5) 4-4 (1-8)
No of exacerbations since MS

onset 6-1 (3-7) 7-4 (4*5)
No of exacerbations in the 12

months months preceding entry 2-4 (1-7) 3-1 (1-8)

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

No of new No of scans
No of enhancing with new

Time at drop out EDSS at EDSS at relapses from lesions from enhancing
(months) month -2 drop out month -2 month -2 lesions

4 5 5 6-5 4 35 6/7
4 4-5 5 0 3 14 7/7
4 6-0 8-5 3 98 7/7
3 6-0 7-5 2 51 6/6
5 4-5 8-0 3 99 7/7

*All five patients dropped out because of apparent lack 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

-S60

40-

a-

20

0

-1 0 1 2 3 4 5 6

Time (months)

Percentage ofpatients without new active lesions (MRI)
each month after monthly iv injection of 1 g

methylprednisolone (grey bars) or 1 g methylprednisolone
+ 20 mg mitoxantrone (open bars). M-1 = one month
before inclusion (MO); Ml to M6 = one to six month after
inclusion. *P < 0 05; **P < 001; ***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).

Table 3 MRI: number ofnew and total enhancing lesions

Montht

-2 -1 0 1 2 3 4 5 6

Number of new enhancing lesions:
MP

n - 20* 21 21 21 21 20* 16*t 16t
Mean (SD) - 9-1 (17-9) 5-1 (5-7) 12-3 (28-8) 5-7 (7 5) 9-2 (25 8) 8-9 (16-7) 3-8 (5 3) 2-9 (3 2)
Median (range) - 2-5 (0-78) 3 (0-23) 5 (0-135) 2 (0-26) 2 (0-120) 1 (0-65) 1 (0-17) 2 (0-11)

MP + MX
n - 20* 20* 21 21 21 21 21 21
Mean (SD) - 6-8 (8-3) 4-6 (4 6) 1-9 (1-4) 2-6 (5 7) 1-1 (2 7) 0-9 (1-6) 0-6 (1-5) 0-1 (0-5)
Median (range) - 3 (0-32) 3 (0-18) 2 (0-5) 0 (0-21) 0 (0-12) 0 (0-7) 0 (0-7) 0 (0-2)

P value (W) - NS NS < 0-05 < 0-05 < 0-05 < 0-05 < 0-01 < 0-001
Total number of enhancing lesions:§
MP

n 20* 21 21 21 21 21 20: 16*t 16t
Mean (SD) 8-2 (8-6) 10-2 (18-6) 6-3 (6-7) 13-1 (28-6) 6-5 (7 8) 9-8 (25-7) 9-7 (17-3) 4-2 (5-7) 3-1 (3-2)
Median (range) 6 (0-32) 4 (0-81) 4 (0-24) 6 (0-135) 3 (0-26) 3 (0-120) 2 (0-68) 2 (0-19) 2-5 (0-11)

MP + MX
n 20* 20* 21 21 21 21 21 21 21
Mean (SD) 7-1 (8 3) 9-5 (12-2) 5-7 (6 3) 3-3 (4 0) 3-6 (7 6) 2-5 (6-6) 2-3 (6 6) 1 9 (6-0) 1-4 (5 7)
Median (range) 5 (0-30) 3-5 (0-48) 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 < 0 05 < 0-01 < 0 05 < 0-01 < 0 001

MP = Treated by methylprednisolone alone; MP + MX = treated by methylprednisolone + mitoxantrone. n = patient numbers; *One MRI was uninterpretable;
tnumber of months before or after inclusion (MO); t5 patients dropped out because of severe deterioration (see table 2); §new + persisting lesions; W = Wilcoxon test.
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Table 4 Number ofnew and total contrast enhanced lesions during two months of
pretreatment and six months of treatment

Baseline period Treatment period
Variable (M-2-MO) (MI-M6) P value (W9

Number ofnew enhancing lesions per scan:
MP
Mean (SD) 7 0 (13-0) 7-5 (18 3) NS
Median (range) 3 (0-78) 2 (0-135)

MP + MX
Mean (SD) 5-6 (6 7) 1-2 (2-9) < 0 001
Median (range) 3 (0-32) 0 (0-21)

Total number of enhancing lesions per scan:
MP
Mean (SD) 8-3 (12-5) 8 1 (18-4) NS
Median (range) 5 (0-81) 3 (0-135)

MP + MX
Mean (SD) 7-5 (9-2) 2-5 (6-1) < 0-001
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 5 Number of new lesions on the T2 weighted scans between inclusion (month 0)
and end ofstudy (month 6)

MP MP +MX
Variable (n = 20*) (n = 20*) Pvalue(1

New small lesions:
Mean (SD) 1-7 (2-8) 0-6 (1-1) NS
Median (range) 1 (0-11) 0 (0-4)

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) < 0-01
Median (range) 0-5 (0-14) 0 (0-1)

Total new lesions:
Mean (SD) 5-5 (9-0) 1 1 (1-4) < 0-05
Median (range) 3 (0-38) 1 (0-5)

One MRI was not interpretable; MP = treated by methylprednisolone alone; MP + MX =
treated by methylprednisolone + mitoxantrone; W = Wilcoxon test; small: < 5 mm; moderate: 5
to 10 mm; 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

Table 7 Number and percentage ofpatients with one
point confirmed variation * on EDSS between MO
(inclusion) and the end of the study
Variable MP MP + MX P value (X2)

Deterioration 6 (28-6) 1 (4-8)
Stable 12 (57-1) 8 (38-1) < 0-01
Improvement 3 (14-3) 12 (57-1)

MP = Treated by methylprednisolone alone; MP + MX =
treated by methylprednisolone + mitoxantrone; 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 ofpretreatment and six months of treatment

Montht

-2 -1 0 1 2 3 4 5 6

EDSS:
MP

n 21 21 21 21 21 21 20* 17* 16t
Mean (SD) 4-7 (1-5) 4-5 (2 0) 4-6 (1-7) 4-9 (2-1) 4-9 (1-8) 5.0 (1-7) 5-1 (1-8) 4-5 (2-1) 4-3 (2-1)

MP + MX
n 21 21 21 12 21 21 21 21 21
Mean (SD) 4-4 (1-9) 4-5 (1-7) 4-5 (1-6) 4-2 (1-6) 4-1 (1 7) 3 9 (1-8) 3-6 (2 0) 3-4 (1 9) 3-4 (1-9)

Pvalue (W) NS NS NS NS NS NS < 0 05 NS NS
Change in EDSSt:
MP
n - - 21 21 21 20t 17t 16*
Mean (SD) - - - 0-2 (1-3) 0-3 (1-2) 0 3 (1-1) 0-6 (1-3) 0-1 (1-2) -0-1 (1-1)

MP + MX
n - - - 21 21 21 21 21 21
Mean (SD) - - - -03 (0-7) -0-4 (0 8) -0-6 (0 8) -0-9 (0 9) -1 1 (1-0) -1 1 (1.1)

P value (W) NS < 0-05 < 0 01 < 0 001 < 0 01 < 0-05

MP = Treated by methylprednisolone alone; MIP + MX = treated by methylprednisolone + mitoxantrone; EDSS = Expanded
disability status scale; n = patient numbers. *number of months before or after inclusion (mO); tchanges in EDSS referred to MO
(inclusion); *five patients dropped out (see table 2); W = Wilcoxon test.
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Table 8 Relapses and patients free of exacerbations during two months ofpretreatment
and six months of treatment

Variable MP MP + MX P value (X2 or W159

Relapses:
Baseline period:
Number of relapses 9 12
Annual rate/patient 2-6 3-4 NS
Additional steroid courses (iv high doses) 5 6

During treatment period:
MO-M6
Number of relapses 31 7
Annual rate/patient 3-0 0 7 < 0 01
Additional steriod courses (iv high doses) 19 5

MO-M2
Number of relapses 13 6
Annual rate/patient 3-7 1 7

M3-M6
Number of relapses 18 1
Annual rate/patient 2 6 0-1

Number of patients free of exacerbations:
Baseline period: 13 10 NS
During treatment period:
MO-M6 7 14 < 0-05
MO-M2 11 15
M3-M6 9 20

MP = treated by methylprednisolone alone; MP + MX = treated by methylprednisolone +
mitoxantrone; MO = inclusion; M2 = two months after inclusion etc. The separation between
MO-M2 and M3-M6 illustrate the difference between the first and the second part of the trial;
W = Wilcoxon test.

Table 9 Number ofpatients with adverse events

Variable MP MP + MX

Amenorrhoea - 8
Alopecia 7
Nausea, vomiting 6
Other digestive events 1 6
Other cutaneous events 2 5
Asthenia 5
Upper tractus infection 2 5
Urinary infection 1 4
Other neurological events 3
Tachycardia, palpitation 1 1
Hepatitis I1
Headache 1 -

Menorrhagia 1
Others events 1 4
Haematological abnormality at the

initiation of the next treatment
course:
Leucopenia (< 3000/mm) 2
Anaemia 1 4

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

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
two 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 patients
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.

Discussion and conclusions
In recent years, there has been increasing use

of frequent serial MRI to obtain an initial
assessment of the efficacy of new therapies on
disease activity in multiple sclerosis.24 2X 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
MFI 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.29 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 treatment was done because we
thought that some treatment should be offered
to patients with such aggressive disease. The
efficacy of methylprednisolone 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 a
natural history phenomenon (regression to the
mean) and not a steroid effect. The effect of a
three day course of iv methylprednisolone on
enhancing lesions probably lasts for less than
one week.30 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.'7 20 A recent controlled study2l 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.3'32
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/M2). No cases were seen in the present
study despite very careful cardiac monitoring,
confirming the results of De Castro et al,22 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 exists33 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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