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Abstract Our study aimed to describe safety and neurolo-

gical impact of alemtuzumab as last-line rescue therapy in

aggressive multiple sclerosis (MS) patients, previously trea-

ted by Mitoxantrone (MITOX). Between June 2004 and

October 2013, 13 patients received alemtuzumab at 20 mg/

day and 3 at 12 mg/day for 5 days. EDSS, relapses, second-

ary progression were prospectively assessed 12 and 6 months

before treatment, at baseline and every 3 months. Mean fol-

low-up was 6.2 years [1–10]. Mean age at alemtuzumab start

was 40 years [26–49] for 8 Secondary Progressive (SP) and

30 years [26–35] for 8 Relapsing-Remitting (RR) patients.

MS duration was 13.7 (±3) and 8.3 (±4) years, respectively.

During the 12 months before alemtuzumab, annual relapse

rate was 0.75 and 3.14, respectively and the 16 patients

accumulated 2–30 new gadolinium enhancing lesions. 4

patients (suboptimal responders) received alemtuzumab

during MITOX and 12 patients 1–7.8 years after MITOX.

Out of 8 SPMS, 2 were disease free up to last visit (4.7 and

8 years), 5 improved or stabilized but only transiently and 1

worsened. Out of 8 RRMS, 1 remained stable up to last visit

(8.7 years) despite 1 relapse and active MRI at 18 months and

7 improved (1–4 point EDSS): 4 remained disease free up to

last visit (12, 24, 38 months and 7 years), 2 were successfully

retreated at 25 and 33 months and 1 worsened progressively

24 months after alemtuzumab. 2 patients developed Grave’s

disease and 1 hypothyroidism. Alemtuzumab controls

aggressive RRMS despite previous use of MITOX.

Keywords Aggressive multiples sclerosis �
Mitoxantrone � Alemtuzumab � Rescue therapy

Introduction

Alemtuzumab is an anti-CD52 humanized monoclonal

antibody responsible for a rapid, dramatic, and selective

lymphocyte depletion followed by a rapid recovery of

normal B lymphocyte value but slower repopulation of

circulating T lymphocytes with increased proportion of

regulatory and memory T cells. A rebalancing of the

immune system might explain alemtuzumab’s sustained

beneficial effects in Multiple Sclerosis (MS), despite

infrequent administration. Alemtuzumab was approved in

Europe in September 2013 for the treatment of active

relapsing-remitting (RRMS) adults on the basis of one

phase 2 study (CAMMS223) [1] and two phase 3 studies

demonstrating its superiority compared to Interferon-beta-

1a 44 microgram *3/week (CARE MS1 and CARE MS2)

[2, 3] in active RRMS patients treated less than 3 years,

5 years and 10 years, respectively, after disease onset.

However, the initial experiences with alemtuzumab in open

label studies (from 1991) was disappointing, when the drug

was used in primary progressive or secondary progressive

worsening patients having active lesions on MRI: the

radiological control of focal inflammation contrasted with a

lack of effect on disability progression [4, 5]. Then the drug
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was used at an earlier stage of the disease, in very active

still relapsing MS patients, showing a strong impact on

relapses but also on disability worsening [6]. In the same

period, similar observations were pointed out with Mitox-

antrone (MITOX) used as an induction treatment showing a

modest effect in progressive forms of the disease [7] but a

rapid and sustained control of relapses and disability

worsening when administered earlier in very active RRMS

patients, particularly before reaching irreversible EDSS 4

[8–10]. However, the use of MITOX is limited by its

cardiotoxicity, which is dose cumulative dependant. For

those patients remaining with a very active disease, either

years after a first use of MITOX (late reactivation of the

disease) or even during MITOX treatment (non-responder

to MITOX), alemtuzumab might be a valid therapeutic

option. In this observational study, we reported our

experience with alemtuzumab used as last-line of rescue

therapy in a cohort of 16 aggressive MS patients previously

treated by MITOX.

Patients and methods

This is an observational prospective study of a cohort of 16

aggressive MS patients treated with alemtuzumab while

previously treated with MITOX.

Patients

In October 2014, 4,440 patients were recorded in Rennes’s

EDMUS database. Among them, 720 patients received

MITOX, 340 at the relapsing phase and 380 at the sec-

ondary progressive phase of the disease. We selected

patients who were treated with alemtuzumab, either during

MITOX treatment (suboptimal responders to MITOX:

having at least one new relapse and one new gadolinium

enhancing lesion during a 3 months period of monthly

MITOX courses, superimposed to pre-mitoxantrone dis-

ease activity) or more than 12 months after MITOX

withdrawal (MS patients with late reactivation of the dis-

ease after MITOX use). The choice of using alemtuzumab

off-label was justified by clinical and MRI characteristics

of active MS (sustained increase of EDSS by at least one

point under a score 5.5 or 0.5 point over a score of 5.5 and

new gadolinium enhancing lesions on MRI, with or without

superimposed relapses for SP patients) despite previous

administration of several DMT including MITOX and most

of the time other immunosuppressive drugs.

Treatment

Based on the first experience with Campath-1H� in MS,

[4–6] 13 patients received alemtuzumab 20 mg/day for

5 days. Then three patients received alemtuzumab 12 mg/

day for 5 days, while the dose of 24 mg was suspended

during the development of alemtuzumab (after the occur-

rence of three immune thrombocytopenia, one being fatal).

Conversely to other protocols [1–3], retreatment was not

systematic in our experience because patients already

cumulated the risks of several immunosuppressive drugs. A

second cycle of alemtuzumab was given (for 3 days) only

when unequivocal new focal inflammation was identified

(new relapse confirmed by the treating neurologist and at

least one new gadolinium enhancing lesion). To avoid

injection adverse reaction, alemtuzumab’s infusions were

preceded by methylprednisolone 1 g intravenously each

day.

Alemtuzumab was approved by the US Food and

Drug administration (FDA: as CAMPATH) and the

European Medicine Evaluation Agency (EMEA: as

MABCAMPATH) in hematologic malignancies in May

and July 2001, respectively. The present study was

approved by the local committee COMEDIMS (Comité

du Médicament et Dispositifs Médicaux-Sanitaires) in the

University Hospital Pontchaillou, Rennes, France, pro-

moting this study. The EDMUS database received

approval from the French ‘‘Comission Nationale Infor-

matique et Liberté’’.

Follow-up

Efficacy

Patients were examined by the same neurologist at base-

line, 1 month and every 3–6 months after treatment, to

assess relapses and residual disability defined by the EDSS

score. An MRI was performed at least once within

6 months prior to alemtuzumab and then every

6–12 months. The presence and number of gadolinium

enhancing lesions were recorded. Patients were defined as

‘‘disease free’’ when no new relapse, nor increase of EDSS

by at least one point under 5.5 (or 0.5 over 5.5) confirmed

at 3 months interval, compared with the best residual

EDSS after alemtuzumab, nor new gadolinium enhancing

lesion or T2 lesion on MRI, was recorded during the visits,

up to the end of follow-up.

Safety

Infections and serious adverse events were recorded at each

visit. Blood samples were taken at baseline, 1, 3 and then

every 3 months to test white blood cell and platelets counts

and thyroid stimulating hormone level. From 2010,

haematuria and proteinuria as well as renal function were

also monitored every 3 months.
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Results

Population characteristics, clinical and MRI profile

within 12 months before Alemtuzumab

Between June 2004 and October 2013, 16 MS Patients

received alemtuzumab either at the secondary progressive

(SP) phase of the disease (8 patients, 3 males/5 females) or

at the relapsing-remitting (RR) phase (8 patients, 1 male/7

females). In October 2014, the mean follow-up duration of

the cohort was 6.2 years (1–10) after alemtuzumab onset.

The SP patients (Table 1) were given alemtuzumab later

and at a higher level of disability than the RR patients

(Table 2): mean age at alemtuzumab start was respectively

40 years (26–49) versus 30 years old (26–35), MS duration

was 13.7 years (9–20) versus 8.3 years (3–16), mean

residual EDSS 12 months before alemtuzumab start was

5.4 (±1.5) versus 2.9 (±1.5) and mean EDSS at alemtu-

zumab start was 6.6 (3.5–9) versus 5.2 (2.5–7). Fourteen

patients worsened by 0.5–5 points EDSS over the

12 months before alemtuzumab and had 2–30 gadolinium

enhancing lesions (3 with pseudotumoral aspect). Two

patients had a stable EDSS score but presented relapses and

had more than 5 new gadolinium enhancing lesions. MS

clinical activity during the 12 months prior to alemtuzu-

mab was less pronounced in the 8 SP than the 8 RR MS

patients with respectively an Annual Relapse Rate (ARR)

of 0.75 (0–2 relapses) versus 2.9 (1–5 relapses) and an

EDSS worsened by 1.2 point (0–2.5) versus 2.2 (0–5)

point. However, MRIs were active in both groups with a

mean number of new gadolinium enhancing lesions of

13.8/patient (4–30) and more than 15/patient (2 to [20),

respectively. Alemtuzumab was given in 2005 to a SP

patient despite having an EDSS 9 because 1 year before

her EDSS was seven. She deteriorated significantly and had

four new gadolinium enhancing lesions whereas receiving

MITOX as monthly induction (case 3—Table 1).

The three more recently treated RR patients (2011-2013)

had an unusual aggressive MS (cases 14, 15 and 16—

Table 2). They all received both MITOX and natalizumab

during MS course: Case 14 received MITOX (106 mg/m2)

7.8 years before alemtuzumab followed by GA for 4 years

and then natalizumab was given for 21 courses and stopped

as she was pregnant. She presented a ‘‘rebond’’ with 2

severe relapses (one in the first trimester and one 2 months

after delivery) and more than 20 gadolinium enhancing

lesions on MRI, leading to start alemtuzumab; Case 15 was

given 17 courses of natalizumab and switched to Glati-

ramer Acetate for a pregnancy project. Four months after

delivery, as she was JC virus test positive, she started

fingolimod but only for 5 months as she experienced two

severe multifocal relapses with multiple new gadolinium

enhancing pseudotumoral lesions on MRI suggesting aT
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‘‘paradoxal’’ response to fingolimod. Then she received

three monthly courses of MITOX but experienced a new

relapse leading to severe disability (her EDSS increased

from 3.0 to 7.0 over the last 6 months) and again new

active lesions on brain and spinal cord MRI despite

MITOX. Alemtuzumab was started 3 months after fingo-

limod stop and 3 weeks after the last course of MITOX

(Fig. 2). Case 16 experienced 4 years before alemtuzumab

a ‘‘rebond’’ at natalizumab stop (after 12 courses) with 2

severe relapses and more than 45 gadolinium enhancing

lesions, successfully treated with MITOX as monthly in-

fusions and maintenance therapy with mycophenolate

mofetil and then fingolimod (Fig. 3). In 2013, whereas she

was disease free since 2 years under fingolimod (EDSS 1),

she became pregnant and 2 months after fingolimod stop

she presented a miscarriage followed 2 weeks later by a

spinal cord relapse non responding to high doses of

methylprednisolone with additional brainstem involvement

and more than 10 gadolinium enhancing lesions on MRI

(spinal, brainstem and brain locations some with pseudo-

tumoral aspect) her EDSS raising a score of 6 points the

situation suggesting ‘‘rebond’’ at fingolimod stop (like at

natalizumab 4 years before).

Mitoxantrone before alemtuzumab

Four patients received alemtuzumab while they showed a

suboptimal response to MITOX treatment: they continued

to worsen on the EDSS scale and accumulate new gado-

linium enhancing lesions during treatment (cases 3, 10, 11

and 15—Tables 1, 2). Twelve patients received alemtuzu-

mab more than 12 months after MITOX withdrawal

(median 3.6 years after MITOX use, range 1.3–7.8 years).

Patients received MITOX 2.4 years (0.2–4.2) and 3.0 years

(0.1–7.8) before alemtuzumab, respectively, for the 8 SP

and the 8 RR MS patients, at a mean cumulative dose of

130 and 106 mg/m2.

MS evolution after alemtuzumab

For the 8 SPMS patients (Table 1; Fig. 1a), the mean

EDSS improved slightly within 6 months after alem-

tuzumab by 0.37 point [0–1]. Only two patients initially

improved or stabilized remained disease free up to their last

visit (4.7 years and 8 years after alemtuzumab), without

any additional DMT. Five patients initially improved (4) or

stabilized (1) remained disease free for 17 months to

3 years after alemtuzumab but then worsened again. Two

of them were retreated at 3.2 years and 18 months by

alemtuzumab (for 3 days), because of two superimposed

relapses in the first patient and new active lesions on MRI

in both (Cases 2 and 8—Table 1). They were relatively

stabilized for 18 further months but then worsened again.

The most disabled of the SP patients [worsened during

MITOX administration (EDSS 9)] did not respond to

Alemtuzumab (Case 3) (Table 1; Fig. 1a).

For the 8 RRMS patients (Table 2; Fig. 1b), the mean

EDSS improved significantly within 6 months after alem-

tuzumab by 1.9 point [0–4]. The first one remained stable

up to the last visit (8.7 years after Alemtuzumab) under

Glatiramer Acetate starting after a possible mild relapse

whereas MRI had showed one active lesion at 18 months of

follow-up. Seven patients improved (by 1–4 points EDSS):

4 remained disease free up to their last visit without any

DMT 12, 24, 38 months and 7 years of follow-up, (in-

cluding the three most recently treated cases 14, 15 and 16

having unusually intense focal inflammation—Table 2;

Figs. 1b, 2, 3); 2 remained disease free for 25 months and

33 months but were retreated by Alemtuzumab for 3 days

because of unequivocal new relapse associated with active

lesions on MRI: after recovery they remained again disease

free up to the last visit (5.2 years and 17 months after re-

treatment) (Cases 10 and 13); 1 patient experienced a
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Fig. 1 EDSS evolution the year before and after Alemtuzumab
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sustained improvement for 24 months but then worsened

progressively without MRI activity.

Safety results

No case of Goodpasture’s syndrome nor idiopathic

thrombocytopenic purpura or other haematological com-

plication was diagnosed in our population.

Three patients experienced thyroid disorders. Two

Graves’ diseases were diagnosed: the first patient had a

background of partial thyroidectomy for cold nodule

5 years before alemtuzumab and developed Graves’ dis-

ease 31 months after treatment. Despite medical treatment

she developed exophtalmy requiring a total thyroidectomy.

Further evolution was favourable. Coincidently a system-

atic echocardiogram was performed to monitor MITOX

potential side effects revealed in the same patient an id-

iopathic asymptomatic pericarditis, which resolved spon-

taneously in few months. The second case observed

3 months after alemtuzumab was transient, requiring a

medical treatment for 4 years. One patient with a back-

ground of goister developed hypothyroidism 15 months

after alemtuzumab and was substituted. Few infections

were documented within 2 months after alemtuzumab: one

mild chickenpox, three herpes zoster and three oropha-

ryngeal candidiasis. Serious side effects not related to

alemtuzumab were observed: one patient presented 3 years

after alemtuzumab, a digestive haemorrhage responsible

for acute functional renal failure with acute tubular

necrosis and focal segmental hyalinosis on kidney biopsy;

the anti-GBM antibodies were negative; the patient re-

covered normal renal function. One septic shock of urinary

origin occurred 3.5 years after alemtuzumab (recovered)

and one breast cancer was diagnosed.

Discussion

We present a unique experience with alemtuzumab in a

cohort of patients already cumulating the risks of other

immunosuppressive drugs, especially MITOX and having

aggressive MS. MITOX was administered in 15 patients up

to the maximal reasonable cumulative dose. This

therapeutic attitude was driven by the particularly aggres-

sive characteristics of the disease course marked by intense

focal inflammation in patients for which there was no al-

ternative therapy (last-line of rescue therapy). Indeed, over

9 years (2004–2013) only 16 patients were proposed

Fig. 2 The case 15 : MRI After 5 months on Fingolimod followed by 3 courses of Mitox
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alemtuzumab at our Centre as compassionate treatment,

with a mean long-term follow-up of 6.2 years (up to

10 years) after alemtuzumab start. Despite previous expo-

sure to MITOX and other immunomodulator or immuno-

suppressive drugs, to date we did not observe any serious

complication but keep checking blood and urine samples as

mandatory every month for 48 months after the last

alemtuzumab administration and then every 3–6 months.

In our cohort, alemtuzumab had an impact on the clin-

ical and MRI parameters of MS activity, but as previously

described, [4–6] the clinical benefit was less pronounced

when patients were treated at the secondary progressive

phase of the disease: even in the absence of new clinical or

radiological parameters of focal inflammation, disability

started again to progress 17 months to 3 years after stabi-

lization induced by alemtuzumab. However, two patients

classified as secondary progressive 2.1 and 7.5 years before

alemtuzumab had a favourable evolution for 4.7 and

8 years after treatment (disease free without any DMT:

Cases 5 and 7—Table 1). Reviewing retrospectively pa-

tients’ files, we confirmed that they fulfilled secondary

progressive evolution criteria before alemtuzumab since a

continuous worsening of disability, independent of relapses

was described. They had demographic and MS activity

Fig. 3 Case 16 MRI at

alemtuzumab start
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characteristics very similar to the six other SP patients

except for the level of disability at alemtuzumab start and

1 year before: case 5 had an EDSS 3.5 at treatment start

and case 7 dropped from EDSS 3.5–5 within the 12 months

preceding alemtuzumab. All the six other SP patients had

already 1 year before alemtuzumab an EDSS score of 4.0

or more and at treatment start they had an EDSS score of

6.5–9. The lack of clear-cut efficacy in secondary pro-

gressive MS with this strong immunosuppressant is in line

with the concept of a two stage disability progression in

MS, [11], having a second stage whose disability pro-

gression is independent of focal inflammatory lesions

within the CNS and almost, non-accessible to current MS

disease modifying therapies. Indeed, only one (case 12),

out of 8 classified as relapsing-remitting patients before

alemtuzumab, worsened clearly progressing 2 years after

treatment and was probably already in the second stage of

the disease [11] when alemtuzumab was started, even if her

EDSS score was 3.5. From our experience and in line with

Cambridge’s first observations [4], we do not recommend

Alemtuzumab in SP patients even having clinical or radi-

ological signs of focal inflammation, especially when

residual EDSS exceeds 3.5. We previously reported in our

experience with MITOX that treating patients before irre-

versible EDSS 4 is associated with a better response to

treatment [9, 10]. The long-term therapeutic efficacy in the

RRMS group was convincing whatever the previous

experience with MITOX: either used in the 5 patients

having had years before a good response to the induction

treatment with MITOX, or used in the three non responders

to MITOX having relapses and new active lesions on MRI

whereas receiving monthly infusions.

Alemtuzumab also showed a dramatic impact in the

three unusual cases of ‘‘rebond’’ at natalizumab or fin-

golimod stop and ‘‘paradoxal response’’ to fingolimod, this

impressive response underlying alemtuzumab as a good

treatment option in such particularly severe situations

favoured by other immunosuppressants.

The question of a maintenance treatment after the first

cycle of alemtuzumab is not resolved. Not to increase the

risks of cumulative use of immunosuppressive drugs, we

chose not to retreat systematically our patients at 1 year as

recommended by the team of Cambridge [6] and we ob-

served that in the 8 RRMS patients, among the 7 good

responders only 2 justified a retreatment 26 and 34 months

after the first alemtuzumab cycle on clinical and MRI

evidence of new focal inflammation, with a good response

again, even more prolonged (up to the last visit 4.8 years

after retreatment) in the first case (case 10). The 5 re-

maining good responders did not justify any retreatment up

to the last visit, 12 months to 8 years after alemtuzumab

first cycle. Quite all patients were bad responders to other

available DMT in their past, that is why only one was given

Glatiramer Acetate after a doubt on a new relapse with one

active lesion on MRI 18 months after alemtuzumab. Our

experience suggests that, in such situation, a systematic

retreatment 1 year after first alemtuzumab cycle should not

be necessary but only driven by the monitoring of clinical

and MRI markers of focal inflammation reoccurrence.

Conclusion

In our experience, alemtuzumab was a good candidate to

control particularly aggressive MS patients when given at

the relapsing phase of the disease, despite previous use of

mitoxantrone.
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