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Abstract Recent reports suggest the
possible beneficial effects of
haemopoietic stem cell transplanta-
tion (HSCT) in autoimmune diseases
such as multiple sclerosis (MS). The
definition of the risk/benefit ratio for
such a treatment is perceived as a ma-
jor issue for the neurological commu-
nity worldwide. The First Consensus
Conference on Bone Marrow Trans-
plantation in Patients with Multiple
Sclerosis was held in Milan, Italy on
21 February 1998. Participants from
16 European, North American, and

South American countries discussed
the guidelines for performing HSCT
in MS. This conference was organized
in order to: (a) define criteria for pa-
tient selection; (b) define transplanta-
tion procedures to maximize efficacy
of the treatment and minimize its toxi-
city; (c) standardize patient outcome
evaluation; and (d) establish an inter-
national working group to evaluate
the efficacy and safety of HSCT in
MS and to study the immunological
changes related to HSCT in MS pa-
tients. During the meeting in Milan
agreement was reached on: (a) the
preparation and distribution of a con-
sensus report on HSCT in MS and (b)
the design of an open trial for an ini-
tial assessment of the safety and effi-
cacy of HSCT in MS. The consensus
reached during the meeting and the
design of the clinical trial are summa-
rized in this contribution.
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Haemopoietic stem cell transplantation in multiple
sclerosis: rationale and state of the art

Multiple sclerosis (MS) is a serious demyelinating im-
mune-mediated disease of the central nervous system
(CNS) affecting mainly young adults and leading in the
majority of cases to physical and psychological impair-
ment [18]. The social cost of this disease is enormous; in
1991 a total of $1.5 billion dollars were spent in the United
States in the effort to assist MS patients. Ten years after on-
set about 50% of patients have a chronic progressive
course [24, 25]; this proportion increases to 70% after
15 years from disease onset and to 85 % after 25 years [5].
In the malignant form of the disease, affecting 1-3 % of pa-
tients, ambulation is lost in few weeks or months [5, 24,
25]. Life expectancy is reduced by about 10years com-
pared to the age-matched normal population [5].

Both interferon (IFN) B and copolymer 1 [4, 10-12] sig-
nificantly reduce disease activity in relapsing-remitting
MS (RRMS); IFNB also significantly delays the progres-
sion of disability in RRMS and secondary-progressive MS
(SPMS) [7, 11]. Nevertheless these therapeutic approaches
fail to achieve a satisfactory control of the disease course
in most patients, and some patients do not respond at all to
these treatments. Immunosuppressive treatments, which
are frequently used as second-line therapy in such MS
cases, have also only partial beneficial effects [5, 13].

The unsatisfactory results obtained with conventional
immunosuppressive treatments in MS have been explained
in part by the incomplete eradication of T and B cells re-
acting against neural antigens. Considering that immune
cells are generated from bone marrow precursors, mye-
loablative therapy requires a profound immunosuppression
and may lead to the destruction of all autoreactive T and B
cells in MS patients [17]. The reconstitution of a “new” im-
mune system via the haemopoietic stem cell (HSC) graft
may result in a long-lasting or even persistent remission of
the disease.

The HSC graft may be syngenic (from identical twin),
allogenic (from an HLA-identical sibling donor), or autol-
ogous (from the patient). In principle, allotransplant seems
more reasonable than autologous transplant for the treat-
ment of autoimmune diseases because the graft-versus-
host reaction contributes to eradicating the host’s aberrant
immune system. Moreover, the autologous graft may in-
crease the risk of recurrence if mature autoreactive cells are
reinfused, or if the dysregulation of the immune system
seen in MS originates from the stem cells. However, the
higher mortality with allotransplant (15-35 %) than with
autologous grafts (3—10 %) [23], due principally to the oc-
currence of a graft-versus-host disease reaction, makes al-
lotransplant an unattractive alternative for MS patients.
The source of the transplant may be either bone marrow or
peripheral blood stem cells, driven out of the marrow by in-
tensive chemotherapy and/or administration of haemopoi-
etic growth factors [23]. For autologous graft, peripheral

blood stem cells offer the advantage of a faster and more
complete reconstitution while bone marrow derived stem
cells contain a lower number of mature T lymphocytes, in-
cluding autoreactive T cells.

There is enough experimental evidence that autologous
HSCT is able to prevent or induce long-lasting remission
of experimental autoimmune encephalomyelitis, the ani-
mal model for MS, although some animals do relapse [9,
14]. Recurrence of relapses has been attributed both to the
pre-transplantation conditioning regimen, unable to elimi-
nate all anti-myelin reactive cells (antigen-specific cells),
and to the effector/memory cells that may still be present
among the transplanted cells [9, 14]. The first indications
that HSCT offers an effective treatment in autoimmune dis-
eases arose from patients undergoing HSCT for haemato-
logical or malignant disorders and who had a concomitant
autoimmune disease. Autologous HSCT in patients with
malignant tumours and concomitant autoimmune disease,
using protocols without T cell depletion, usually leads to
remission of the associated autoimmune disease, which in
some cases reappears shortly after treatment [6]. However,
long-term remission of autoimmune diseases following au-
tologous HSCT has been observed [2, 22].

In the few reported cases in which the autoimmune dis-
ease associated with lymphoma/leukaemia was MS [19],
stabilization or even a tendency of improvement in the dis-
ease after autologous HSCT was observed. In a recently
published open observational study of 15 patients with def-
inite MS, a progressive course and moderate/high disabil-
ity (Extended Disability Status Score, EDSS, 5-7.5),
HSCT showed some adverse effects, but none lethal [8].
Moreover, durable neurological improvements have been
detected on both the EDSS (7 of 15 patients) and Scripps’
Neurological Rating Scale (SNRS [21]; all 15 patients)
while one patient worsened at 3 months and two relapsed
[8]. These preliminary results are very encouraging, but
follow-up duration, ranging from 1 to 2 years, is too short
to allow definite conclusions on the efficacy of the treat-
ment. Another study on HSCT in MS patients has recently
been published [3]. Three patients with definite MS, a
worsening of their EDSS by 1.5 points over the 12 months
preceding enrolment, and an EDSS score of 8.0 at the time
of enrolment, were treated by HSCT using a conditioning
regimen of cyclophosphamide, methylprednisolone and to-
tal body irradiation. Despite withdrawal of all immuno-
suppressive medications, functional improvement was ob-
served in all three patients, although no significant changes
in EDSS or SNRS were evident at this time. There are also
other anecdotal reports at meetings and congresses of sin-
gle MS patients undergoing HSCT, but, again, these are too
few to allow definitive conclusions on HSCT efficacy in
MS.

According to the European Group for Blood and Mar-
row Transplantation (EBMT) Central Registry, 42 MS pa-
tients had received transplants by October 1998. These pa-
tients’ characteristics are reported in Table 1, and a short
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summary of the available results is given in Table 2. Three
patients died 20, 58 and 7 days after the graft; the causes of
death were pneumonia, brain and lung aspergillosis, and
cardiac arrest. Serious adverse events during mobilization
occurred in about 30 % of patients; the most frequent were
allergy, fever, infections, anaemia, and thrombosis. Trans-
plant-related complications were extremely frequent, in-
cluding allergy, bacteraemia, oral toxicity, and transitory
deterioration in neurological conditions. Of the 37 patients
with more than 6 months of follow-up (mean 18 months,
range 6-38) 30 (82%) improved or stabilized after the
treatment. In evaluating these data, however, we must bear
in mind the possibility that — although the EBMT registry
should be comprehensive — publication bias towards posi-
tive results may influence the reported results.

Thus it is clear that we need to evaluate more exten-
sively the efficacy of autologous HSCT in MS before
proposing HSCT as a possible treatment for MS. We must
clearly define the criteria for patient selection and those for
HSCT procedures, the main issue being the risk/benefit ra-
tio. Considering that prognostic factors are not fully satis-
factory in definite MS, and that it would be worthwhile to
select patients in good general condition to minimize the
risks associated with the treatment, the ideal MS patient for
HSCT would be one in good general condition, with mod-
erate disability, but at high risk of rapid and irreversible de-
terioration in neurological symptoms.

Table 1 Characteristics of the HSCT-treated MS patients registered
in the EULAR/EBMT database by October 1998 (n=42)

Patients characteristics n
Male/female 16/26
Age (years)*
<30 9
30-39 12
40-50 16
>50 5
Disease type
Secondary progressive 27
Primary progressive 11
Progressive-relapsing 4
EDSSP
<55 7
5.5-6.0 12
6.5-7.0 13
>7.0 3
Follow-up*®
1 year 20
1-2 years 10
> 2 years 9
Death 3

4 Median 43, range 22-58)
® Median 6, range 4.5-8.5
¢ Median 9, range 2-39

Table 2 Preliminary results on efficacy of HSCT in MS patients reg-
istered in the EULAR/EBMT database to September 1998

Patients characteristics n o
Too early to evaluate 5
Improvement or stabilization 30
Signs of progression 4
Relapses without progression 4
Improved on EDSS 12
Worsened on EDSS 3
Progression-free survival® 85
Cumulative risk of progression 17

2 Calculated at 38 months after HSCT

Consensus on further evaluation of HSCT in MS

The First Consensus Conference on Bone Marrow Trans-
plantation in Patients with Multiple Sclerosis was held in
Milan, Italy, on 21 February 1998. Participants from 16 Eu-
ropean, North American and South American countries
discussed the guidelines for performing HSCT in MS. The
participants at the Consensus Meeting reached an agree-
ment on the criteria for selecting patients to be transplanted
and on the transplantation procedures. Moreover, it was de-
cided that a Working Group operating under the auspices
of the EBMT and the European Charcot Foundation would
begin a cooperation with national and international scien-
tific societies to produce a study protocol for an interna-
tional multicentre-controlled trial.

The efficacy and safety of HSCT in MS can be deter-
mined only with a controlled prospective comparative
phase III trial. However, the organization of such a trial will
require a long time since important ethical, technical, eco-
nomic and practical problems must first be solved.

It has been decided to perform an open multicentre,
multinational, uncontrolled trial (a) to evaluate the efficacy
and safety of HSCT in MS and (b) to study the HSCT ef-
fects on the immune system of MS patients. Centres par-
ticipating in this trial will use a common set of criteria for
selecting patients and assessing efficacy and safety, al-
though slight variability will be allowed between centres
regarding transplantation procedures.

Patient selection

The following inclusion and exclusion criteria are based on
the consensus reached by the participants at the confer-
ence. These criteria are suggested for MS patients under-
going HSCT regardless of whether they are participating in
the open multicentre uncontrolled study of the HSCT-MS
Working Group. The basic concept is that HSCT should be
undertaken before widespread irreversible white matter
changes occur. MS patients with long-lasting disability
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have been shown to be poor responders to HSCT [8] due to
irreversibility of chronic lesions.

Inclusion criteria

— Clinically definite MS according to the Poser et al. [20]
criteria

— Relapsing-remitting, secondary-progressive, progres-
sive relapsing courses [16]

— Brain magnetic resonance imaging (MRI) findings typ-
ical of MS according to the Barkhof et al. criteria [1]

— Age between 18 and 55 years

— Disease duration =1 year

— EDSS between 3.0 and 6.5

— Disability progression sustained for at least 6 months in
the previous 2 years of:

— 21.5 points if entry EDSS between 3.0 and 5.0

— 21.0 point if entry EDSS >5.5

— Clinical or MRI activity in the previous year

— Unsatisfactory response to other available therapies
(based on clinical judgement)

— Informed consent

Exclusion criteria

— Pregnancy

— Concomitant severe diseases (respiratory, renal, liver,
cardiac failures, psychiatric disorders, neoplasms)

— Recurrent urinary, pulmonary infections

— Previous treatments with total lymphoid irradiation or
total body irradiation

— Treatment with immunosuppressive agents in the
3 months prior to study enrolment

— Treatment with IFNP, copolymer 1 or i.v. im-
munoglobulins in the month preceding enrolment

— Relapse in the month preceding enrolment

— Poor compliance of the patient

Transplantation procedure

Considering the high mortality of allotransplantation, the
only form of HSCT presently feasible for MS patients is
autologous. Peripheral blood is generally the preferred
source of stem cells, due to the short duration of aplasia, re-
sulting in less morbidity and mortality. The procedure
should be performed in an accredited bone marrow trans-
plantation unit.

Stem cell mobilization and purging

1. When mobilization is performed, granulocyte colony-
stimulating factor (10 mg/kg daily) alone can be used

once daily or following a priming dose of 2 g/m? cy-
clophosphamide. Ex vivo T-cell depletion is not manda-
tory provided that antithymocyte globulin treatment is
used after stem cell infusion, but it is recommended
considering the potential of reinfusing autoimmune T
cells along with the autologous HSCT, although studies
performed with [8] or without [3] T cell purging have
shown similar results. Very intense T-cell depletion in-
creases the risk of infections.

Conditioning and infusion of stem cells

1. Ablation of the MS patients’ autoaggressive immune
system is the main goal of the conditioning protocol.
Three conditioning regimens, all traditionally used in
blood or marrow transplants, are suggested:

— Cyclophosphamide 60 mg/kg for 2days at 1-h i.v.
infusion followed by total body irradiation as cur-
rently used at the treating centre

— Busulphan 1mg/kg every 6h for 4days; total
16 mg/kg followed by cyclophosphamide 60 mg/kg
for 2 days

— Carmustine, etoposide, cytosine arabinoside, mel-
phalan protocol, based on the administration of the
following drugs (day O=day of HSCT): carmustine
300mg/m? i.v. (day —6 before HSCT), etoposide
200 mg/m? i.v. (days -5, 4, -3 and -2), cytosine
arabinoside 200 mg/m? once a day i. v. (days -5, —4,
-3 and —2), and melphalan 140 mg/m? i.v. (day —1).

On day 0, stem cells are thawed and infused. The num-

ber of CD34* to be reinfused should not be less than

2x10%kg body weight (when T-cell purging is performed
1x10° T cells/kg body weight of cells should be achieved).

The patients predisposed to developing allergic reactions

may suffer from serious reaction such as hypotension. Pre-

ventive treatment with hydrocortisone, pethidine, prometh-
azine, paracetamol and ondansetron can be administered
before stem cell infusion.

2. Antithymocyte globulins (10 mg/kg for thymoglobulin
Merieux or 60mg/kg for Atgam, Upjohn) should be
given along with Methyl-Prednisolone 0.5 g/day on
days +1 and +2 after stem cell infusion. The adminis-
tration of antithymocyte globulins is mandatory if T-cell
purging has not been performed. Immunoglobulins
(0.5 g/kg b.w.) can be administered i.v. as supportive
therapy on days +7, +8, +23 and +38. To prevent infec-
tions oral ciprofloxacin, fluconazole and acyclovir are
given although each individual centre must decide in-
dependently which kind of prophylaxis to use.

Treatment toxicity

Regular surveillance must be maintained during hospital-
ization for stem cell mobilization and for transplantation.
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Adverse experiences should be recorded according to the
World Health Organization grading system. Special atten-
tion should be given to the nervous system to evaluate tox-
icity of the treatment on the nervous system itself, which
could aggravate MS and determinate the appearance of
new symptoms.

Safety and efficacy monitoring

The design of the study is based both on the minimization
of risks and on long-term clinically relevant outcomes. An
external safety committee will monitor the study, analysing
serially the data on every ten patients included. The trial
will be stopped at any time if any of the following criteria
is reached:

— HSCT-related death 215 %

— Clinical or MRI activity 250 %

Confirmed disability progression 230 %

HSCT related death + confirmed progression 230 %
Clinical activity is defined as the occurrence of a relapse
with sequelae confirmed 6 months later while MRI activity
is defined as the presence of one or more active lesions. The
definition of confirmed progression is: deterioration =1.0
EDSS point if EDSS at entry is 23.5 and <5 or deteriora-
tion 20.5 EDSS points if EDSS at entry is =5.5. The pro-
gression must be sustained for at least 6 months.

To balance the weakness of an open trial design the pri-
mary endpoint of the study should be as objective as pos-
sible and highly relevant from a clinical point of view.
Moreover, because HSCT is a one-shot therapy, long-term
efficacy must be demonstrated. Either an HSCT-related
death or a confirmed progression 3 years after treatment
can reasonably be considered a treatment failure. A death
should be considered as HSCT related if it occurs within
3 months from the start of conditioning. Meta-analysis of
the placebo groups in trials enrolling MS patients with a
progressive form of the disease which underwent the same
evaluation as that which we propose revealed a proportion
of disability progression between 21.9 % and 59.4 % in fol-
low-up periods ranging between 1.8 and 3.6 years. These
figures may be lower using more conservative definitions
of confirmed progression [26]. Thus we propose to con-
sider the HSCT as effective only if the rate of treatment
failure at 3 years is less than 20 %. This means that 80 % of
the patients undergoing treatment should not have a con-
firmed progression or a HSCT-related death after the treat-
ment. The decision to use a definition of confirmed pro-
gression of high sensitivity but low specificity reflects the
importance of not underestimating the progression rate in
MS patients undergoing HSCT. Moreover, the follow-up
duration of 3 years is mandatory to assess properly whether
putative HSCT effects in MS are reversible. An interim
analysis based on safety and efficacy parameters will be
performed when 30 patients complete 18 months of follow-

up.

The following primary and secondary end-points are in-
dicated for the open multicentre uncontrolled study:

Primary end-points

— Confirmed progression (=1.0 EDSS point if initial
EDSS <5 or 20.5 EDSS point if initial EDSS >5.5 sus-
tained for at least 6 months)

— HSCT-related death

Secondary end-points

— Progression of impairment (=10 SNRS points sustained
for at least 6 months)

— Relapse rate

— Brain MRI findings:

— Number of enhancing lesions on post-contrast T1-
weighted scans

— Total lesion volume on T2-weighted scans

Assessments

A long-term follow-up is mandatory for the assessment of
both efficacy and adverse events of HSCT in MS in both
single patients and patients enrolled in the clinical trial of
the HSCT-MS Working Group. The trial must have a fol-
low-up of at least 3 years. The following assessment sched-
ule is mandatory for patients enrolled in this trial, but it is
also recommended for single patient’s treatments and pilot
studies.

Neurological evaluation

— To be performed at the time of patient entry (before con-
ditioning), before HSCT, 1 month and every 3 months
after HSCT for the next 3 years; the examination should
be recorded by video and assessed by an independent
physician:

— Functional systems, EDSS [15], SNRS [21], ambulation
index, 9-hole peg test

Adverse events

— To be performed at the time of patient entry, before
HSCT, 1 month later and every 6 months for the next
3 years:

— Evaluation of safety parameters: blood tests, liver and
renal functions, chest X-ray, electrocardiogram
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Immunological/haematological evaluation
a: Basic evaluations

— To be performed at the time of patient enrolment, before
HSCT, 1 month later and every 6 months for the next
3 years:
— Blood count, renal and liver functions
— Blood cell phenotype (CD3, CD4, CDS8, CD14,
CD19, CD45RA/RO, CD56)
— Circulating autoantibodies (e.g. anti-nuclear anti-
bodies)
— Ig (A, G, M) serum levels
— To be performed at the time of patient enrolment and
3years after HSCT
— CSF/serum oligoclonal bands
— IgG indices (Link, Reiber-Felgenhauer, Tourtellotte)
— To be performed at the time of patient enrolment and
every year after HSCT
— Circulating antibodies against common infectious
agents (cytomegalovirus, Epstein-Barr virus,
rubella, toxo, herpes simplex virus, herpes zoster
varicellosus, hepatitis B and C viruses, human im-
munodeficiency virus, pneumococci, tetanus)

3

Optional evaluations

— To be performed at the time of patient enrolment and
every 6—12 months after HSCT

— Delayed-type hypersensitivity against tuberculin and
Candida

— Cytokine production of the circulating lymphocytes
(IFNY, interleukin—4, interleukin—10, transforming
growth factor-f3, tumor necrosis factor-o)

— Proliferation activity of circulating lymphocytes
against myelin antigens (myelin basic protein, prote-
olipid protein, myelin oligodendrocyte glycoprotein)

— To be performed at the time of patient enrolment and

3 years after HSCT

— Blood T-cell receptor-3 spectrotype

Brain MRI

— To be performed at entry, before HSCT, 1 month after
HSCT and thereafter every 6 months during the 3 years
follow-up
— Brain MRI examination will include pre- and post-

contrast T1- weighted sequences, T2-weighted se-
quences, magnetization transfer sequences (where
available). The following MRI items should be mea-
sured: number of brain MRI active lesions (new and
enlarging T2 plus enhancing lesions); number of ac-
tive scans; T1 lesion volume; T2 lesion volume;
brain atrophy (if available); magnetization transfer
ratio histogram (if available).

Conclusions

At present, HSCT is an emerging treatment option in MS.
It must be used with extreme caution due to its high risk of
mortality. The autologous procedure is presently preferred
due to the unacceptably high risks of allotransplantation. In
the framework of the criteria presented above, indication
for treatment remains the responsibility of the treating neu-
rologist and the patient. To assess the risk/benefit ratio of
autologous HSCT in MS it is mandatory to collect further
data. Due to the limited number of patients that can be
treated in single centres, international cooperation is
needed. The First Consensus Conference on Bone Marrow
Transplantation in Patients with Multiple Sclerosis reached
a consensus to conduct an open trial to recruit sufficient
MS patients for an initial investigation of the efficacy and
safety of HSCT in MS. Based on the results of this open
trial the possibility of performing a large phase III con-
trolled study will be evaluated. All centres participating in
the trial agreed to include and follow patients according to
the above guidelines. All the data regarding patient charac-
teristics and the HSCT procedure adopted will be reported
on standardized forms to the International Autoimmune
Disease Stem Cell Project database located in Basel,
Switzerland.
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