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j Abstract Mitoxantrone has
been approved by the FDA for
worsening relapsing remitting and
secondary progressive Multiple
Sclerosis. However the benefits of
this agent in reducing disease
progression and relapse rate can-
not be sustained in the long-term,
as treatment is limited by the
potential for cumulative cardio-
toxicity. We report our experience
utilising Glatiramer Acetate as
maintenance immuno-modulatory
treatment following initial immu-
nosuppression with Mitoxantrone
in a consecutive series of 27
patients with very active relapsing
remitting disease, eight of whom
had experienced continuing re-
lapse activity on first-line treat-
ment. Duration of treatment with
Mitoxantrone and thereby cumu-
lative dose were reduced as our
experience with the combination
increased.

No unanticipated side effects of
combination treatment were
encountered over a follow-up
period of 66 months. A single
patient developed therapy related
acute leukaemia (TRAL) 9 months
after completion of Mitoxantrone.

A sustained 90% reduction in
annualised relapse rate (p < 0.001)

has been observed. Disability is
stable or improved in all patients a
mean of 36 (16–66) months from
initiation of treatment. Early sup-
pression of relapse activity with
Mitoxantrone has been main-
tained at a mean of 22 months
from last dose of this agent. Only
two relapses have occurred in the
cohort since withdrawal of Mito-
xantrone, occurring in the two
patients who had previously been
treated with Glatiramer Acetate. In
9 of the first 10 patients treated,
imaged a mean of 27 months after
withdrawal of Mitoxantrone, no
enhancing lesions were identified
on MRI brain scans.

Glatiramer Acetate appears a
safe and effective option for
continuing disease modification in
patients with relapsing remitting
multiple sclerosis treated with
Mitoxantrone. The treatment pro-
tocol utilised in later patients in this
series appears to have the potential
to limit exposure to this agent.
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Introduction

As a result of positive outcomes in a series of ran-
domised controlled trials [1, 2, 4] Mitoxantrone has
become the first immunosuppressive agent to be li-
censed for the treatment of multiple sclerosis (MS),
with the indications in the United States specifying
�worsening’ relapsing remitting (RR) or secondary
progressive MS. The use of mitoxantrone is, however,
limited to a lifetime maximum dose of 140 mg/m2 by
its potential to cause cumulative cardiotoxicity. In
those patients whose disease stabilises with mito-
xantrone an early switch to an alternate disease-
modifying drug is therefore desirable; however, the
most appropriate choice of therapy for maintenance
of remission remains uncertain.

Having used Mitoxantrone in very active RRMS
since 1997, following the publication of the study by
Edan et al. in this patient group [2], we have devel-
oped a protocol for the subsequent use of glatiramer
acetate (GA) as a long-term disease-modifying agent
following treatment with mitoxantrone. This paper
presents a retrospective review of the first twenty-
seven consecutive patients treated in this manner.

Patients and methods

Twenty-seven patients were treated with mitoxantrone followed by
GA. All patients had clinically definite multiple sclerosis with a
disease duration of less than five years from onset. Inclusion cri-
teria for treatment, which were predetermined, reflected factors
known to be associated with high risk of early disability [3]. These
included at least two of the following: two or more steroid treated
motor relapses in the last twelve months, residual disability from
relapses as determined by serial expanded disability status scores
(EDSS) and high MRI lesion load, usually reflected by 10 or more
lesions on T2 weighted brain images.

In 19 patients mitoxantrone was used as �first-line’ treatment
because of the apparent aggressive nature of the disease. The
remaining eight patients had experienced continuing relapse
activity despite treatment with initial disease modifying therapy
(DMT), six on Interferon Beta and two on GA, for a mean of
8.75 months (range 2–21).

Mitoxantrone was administered intravenously as a day case
procedure. The first four patients received 20 mg monthly mito-
xantrone for six months accompanied by 1 g methylprednisolone,
following the protocol of Edan et al. [2] subsequently 10 mg
mitoxantrone was administered at three monthly intervals. In the
next six patients the dosage was reduced in the light of additional
trial data [4] and patients received 20 mg for three consecutive
months with subsequent pulses of 10 mg given every three months.
When patients became clinically stable, without relapses or wors-
ening of expanded disability status scale (EDSS) for a period of
6 months, GA (20 mg, sc, daily) was introduced while patients
received one or two further pulses of mitoxantrone. The two drugs
were administered simultaneously for at least two months. Treat-
ment with mitoxantrone was then withdrawn.

The treatment protocol evolved with experience and the pub-
lication of additional data [4], with duration of treatment with
mitoxantrone being gradually reduced in the first 10 patients. The
protocol was then standardised in the remaining 17 patients, each

patient receiving 5 pulses of mitoxantrone. In these patients
treatment was administered at monthly intervals for the first
3 months and three monthly intervals for the last two (months 0, 1,
2, 5 and 8). GA was initiated between third and fourth pulses of
mitoxantrone.

Patients were reviewed clinically at six monthly intervals with
assessment of disability, as measured by EDSS, and at times of
apparent relapse. Full blood count, routine biochemistry and liver
function were undertaken prior to each infusion. Trans-thoracic
echocardiogram was repeated in the early patients who received a
cumulative dose of 100 mg of mitoxantrone and then six monthly if
continuing on treatment.

In nine of the first 10 patients, standardised MRI of the brain
was undertaken (Siemens 1.5 Tesla Magnetom 63SP) using T2 axial,
proton density axial and T1 axial (pre- and post- intravenous
gadolinium contrast) a mean of 27 months after withdrawal of
mitoxantrone. One patient declined MRI because of to claustro-
phobia. The scans were reviewed by an independent neuroradiol-
ogist (KD).

Results

Patient characteristics, treatment parameters and
clinical results are given in Table 1. Figure 1 anno-
tates steroid treated relapses documented in this pa-
tient cohort prior to treatment with mitoxantrone, on
mitoxantrone and GA and on GA alone.

Mean follow-up period since first treatment with
mitoxantrone is currently 36 (16–66) months. The
mean total dose of mitoxantrone was 74 (45–125) mg/
m2 for the first 4 patients, 54 (45–74) mg/m2 for next
6 patients and then 48 mg/m2 for the remaining 17
(standard protocol).

The mean annualised relapse rate (ARR) in the
2 years preceding treatment with mitoxantrone was
2.7 reducing to 0.106 following treatment. Statistical
analyses were performed using paired Student’s t-test.
There was a significant reduction in ARR (mean dif-
ference was 2.594, 95% CI 1.79–3.40, p<0.001). There
were five motor relapses, all confirmed by the treating
physicians, requiring steroid treatment during the
mitoxantrone induction period. One further sensory
relapse, nor requiring treatment, occurred in this
period. There have been only 2 relapses on GA alone.
Of note, the 2 relapses on GA alone occurred in the
two patients who had experienced continuing relapse
activity on GA given as first line treatment. The
median EDSS pre-treatment was 5.5. This has reduced
to 4.0 at the most recent follow-up. In this cohort of
patients, however, the pre-treatment EDSS was often
recorded during recovery from relapse, as treatment
with mitoxantrone was initiated, and cannot therefore
be regarded as a stable baseline.

Dose related leucopenia was noted in three patients,
recovering with reduction in dosage; in all three pa-
tients the dosage was halved on one occasion – in
accordance with our local protocol – because of white
cell counts of between 2–4 · 109/l. Transient amenor-
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rhoea occurred in one patient. In this individual men-
struation re-commenced 8 months after withdrawal of
mitoxantrone. On serial trans-thoracic echocardio-
grams none of the patients receiving 100 mg or more of
Mitoxantrone were found to have a reduced ejection
fraction (>10% reduction or LVEF 50%).

Therapy related acute leukaemia (TRAL) occurred
in one patient who developed acute promyelocytic
leukaemia seven months after stopping mitoxantrone.
He had received a cumulative mitoxantrone dose of
110 mg (66 mg/m2). The leukaemia is in remission
12 months after diagnosis, his MS has been stable and
the patient remains relapse free to date.

A further patient (patient 10) stopped GA after
11 months because of recurrent erythematous injec-
tion site reactions. This patient has remained relapse
free, off all treatment, for a further 26 months. No
unanticipated side effects were seen; in particular
patients tolerated simultaneous treatment without
incident.

MRI comparisons with pre-treatment imaging are
limited by the non-standardised nature of the pre-
treatment scans; however, there was an overall de-
crease in brain T2 lesion number and corresponding
reduction in lesion volume. On current imaging

(9 patients) no gadolinium enhancing lesions were
identified.

Discussion

We report our experience with a treatment regime
which maintains immuno-modulation with GA after
treatment with mitoxantrone in a series of patients
with very active RRMS. The prompt reduction in re-
lapse activity, by greater than 90% (ARR reduced
from 2.7 to 0.106) following initiation of mitoxan-
trone in this cohort, mirrors that reported in ran-
domised controlled studies [1,2,4] and confirms the
profound anti-inflammatory activity of this agent in
active RRMS.

The cumulative side-effect profile of mitoxantrone
however makes its use problematic in young, fertile
patients with MS. Treatment protocols are needed,
which minimise exposure to this agent, and thereby
risk, in this patient group. Our use of GA as a follow-
up treatment to mitoxantrone was prompted by dis-
appointing experience with interferon beta utilised in
a small number of similar patients whose disease had
stabilised on mitoxantrone, with relapse activity

Table 1 Patient characteristics, treatment details and clinical outcomes (* After 11 months on GA alone, patient 10 stopped it because of recurrent erythematous
injection site reactions). MX - Mitoxantrone, GA- Glatiramer acetate, EDSS- Expanded Disability Status Scale, DMT – Disease Modifying Therapies

No. of
Pts.

Age Sex DMT
Pre-MX

Cumulative dose of
MX in mg (mg/m2)

Time since MX
started (mths)

Time on
GA alone

ARR 2 years
pre-MX

ARR
post-MX

Pre-Mx
EDSS

Current
EDSS

1 44 F - 190 (114) 66 37 2.0 0 6.0 5.5
2 35 M - 170 (102) 61 40 2.0 0 6.0 1.5
3 24 F Int 160 (96) 59 39 3.7 0.2 6.5 2.0
4 32 M Int 180 (108) 59 34 3.1 0.2 6.0 5.5
5 46 M - 100 (60) 59 37 2.0 0 6.0 4.5
6 36 M - 130 (78) 57 32 4.5 0.2 3.5 2.5
7 40 M - 120 (72) 57 36 1.5 0 6.0 3.5
8 42 F - 90 (54) 47 36 9.0 0 4.5 1.0
9 28 M - 110 (66) 49 39 1.5 0 5.5 1.5
10 32 M - 90 (54) 44 11* 3.4 0 3.5 1.5
11 26 M - 80 (48) 35 26 4.0 0 5.5 5.0
12 31 F - 80 (48) 57 48 2.0 0 6.5 6.0
13 25 F - 80 (48) 32 21 8.0 0 5.5 1.0
14 24 F - 80 (48) 29 20 2.4 0 6.5 6.0
15 18 F - 80 (48) 24 15 1.6 0 6.0 4.5
16 33 F Int 80 (48) 39 30 1.5 0 5.0 4.0
17 40 F Int 80 (48) 21 12 1.0 0 5.5 4.5
18 43 F Int 80 (48) 21 12 1.0 0 5.5 5.0
19 26 F 80 (48) 20 11 4.8 0 2.0 1.0
20 39 F - 80 (48) 19 10 1.0 0 4.5 3.0
21 31 F - 80 (48) 19 10 2.8 0 5.5 3.5
22 17 F GA 80 (48) 18 9 1.0 0.75 6.0 6.0
23 24 M - 80 (48) 17 8 1.2 0 5.5 4.0
24 51 F Int 80 (48) 17 8 1.5 0.75 6.0 4.5
25 31 F - 80 (48) 17 8 2.0 0 6.0 4.0
26 31 F GA 80 (48) 17 8 2.0 0.75 5.0 4.0
27 31 F - 80 (48) 16 7 2.4 0 5.5 4.5
Mean 33 9M/18F 8 on DMT Mean: 100 mg/60 mg/m2 36 22 Mean: 2.7 Mean:0.106 Median: 5.5 Median: 4.0
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recurring on Interferon 6–12 months after withdrawal
of mitoxantrone. Similar treatment experience has
been recently reported by Correale et al. where in 10
patients with very active RRMS, whose disease had
stabilised on mitoxantrone, relapse activity recurred
in 6 of the 10 patients within 18 months of withdrawal
of mitoxantrone despite subsequent treatment with
interferon beta [5].

In view of the apparent slow onset of action of GA,
occurring over 3–6 months [6], we elected to initiate
treatment with GA whilst continuing mitoxantrone
for one or two further pulses. Combination treatment
was well tolerated and not associated with any adverse
events other than those known to be related to
mitoxantrone (TRAL, transient amenorrhoea and
leucopoenia) or GA alone (injection site reaction), the
latter leading to discontinuation of treatment in a
single patient.

The single case of TRAL represents the only such
case in 120 patients treated with mitoxantrone over
the last 8 years in our centre. TRAL, most commonly
acute pro-myelocytic leukaemia, has to date been re-
ported in 5 of 2336 MS patients treated with mito-
xantrone representing an incidence of 0.21% [7]. It
appears to be an idiosyncratic adverse event and in

contrast to mitoxantrone related cardiotoxicity is not
clearly dose related. No cases have occurred in a post-
licencing study of mitoxantrone, involving 500
patients, being undertaken in the United States [8].

To date further clinical relapses have occurred in
only 2 of the 27 patients treated with this combination
(both of whom had previously experienced contin-
uing relapses on GA alone) and EDSS is stable or
improved in all. Follow-up extends to up to
40 months after withdrawal of mitoxantrone, well
beyond the likely duration of action of this agent. The
absence of gadolinium enhancement on recent
imaging in 9 of the first 10 patients, undertaken a
mean of 27 (20–31) months following withdrawal of
mitoxantrone, would suggest continuing suppression
of sub-clinical disease activity.

The profound and apparently sustained effect on
relapse activity seen with this novel combination ap-
pears greater than that seen with either agent alone;
leading us to speculate that the two agents may have a
synergistic effect in active relapsing remitting MS.
One potential mechanism for such synergy would be
transient reduction of Th1 auto-aggressive T-cell lines
following pulsed mitoxantrone promoting a more
profound and sustained response to GA. However,

Fig. 1 – Relapses Pre-, During and Post-
Mitoxantrone (MX) • - Relapses Pre-MX
• - Relapses During MX ) - Relapses Post MX
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given the novel chemical structure of GA – a series of
randomly assembled poly-peptides derived from the
dominant amino-acids of myelin basic protein – it is
conceivable that the interaction may reflect auto-im-
mune tolerance as recently demonstrated in a chronic
relapsing mouse model of MS [9]. In this model
sequential treatment with T-cell depletion, achieved
with an anti-CD4 monoclonal antibody or mitoxan-
trone, followed by re-exposure to myelin antigens
induced a complete and sustained inhibition of
inflammatory disease activity. Though theoretically
mitoxantrone induced inhibition of T-cell function
might negatively influence the activity of GA-reactive
T-cells the sustained suppression of clinical disease
activity in this patient population argues against any
adverse interaction.

There are limitations to this open label, uncon-
trolled data. The treatment protocol was not stan-
dardised, later patients receiving smaller doses of
mitoxantrone without any apparent change in clinical
outcomes. Though we used greater than currently
recommended doses of mitoxantrone in our initial
patients, based on available evidence at that time, we
find it reassuring that no unanticipated side effects

were seen. The treatment protocol utilised in the latter
17 patients limits exposure to a maximum of 48 mg/
m2, well within both the American Academy of Neu-
rology guidelines which suggest a maximum dosage of
96 mg/m2 [10] and the approved lifetime maximum
dosage of 140 mg/m2.

In conclusion, clinical and MRI outcomes in this
series of patients with aggressive RRMS and high risk
of early disability are encouraging, with no novel side
effects emerging relating to combination treatment.
At a mean of over 3 years from initiation of treatment
disability is stable or improved and there has been a
profound and sustained suppression of relapse
activity. Though it seems unlikely that any new side
effects related to the combination will arise at this
point, further follow-up of this cohort and subsequent
patients is required to assess long-term safety. GA
appears to be a safe and potentially effective option
for continuing disease modification in those patients
with very active RRMS who have been treated with
mitoxantrone. An investigator led, multi-centre study
in the UK has been initiated to compare this combi-
nation with high dose Interferon beta (Rebif 44) in
patients with early active RRMS.
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