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Abstract

Background Autologous hematopoietic stem cell transplantation (aHSCT) is used in aggressive relapsing and progressive
multiple sclerosis (MS). The multicentre studies and case series reported have relatively short follow-up.

Aim To evaluate long-term effect and safety of HSCT in MS.

Materials and methods Patients referred to the MS centre of Cagliari and undergoing HSCT were included. Variations
in relapses and EDSS before and after HSCT were evaluated by Wilcoxon test. A descriptive analysis was made for other
clinical data.

Results Nine patients (female 6, males 3; 5 relapsing-remitting, 2 secondary progressive, 1 primary progressive, and 1
progressive relapsing) performed HSCT (1999-2006). The median follow-up was 11 years (11-18). Eight patients under-
went aHSCT, seven using a low intensity conditioning regimen, and one an intermediate intensity. The primary progressive
underwent allogeneic HSCT, due to onco hematological disease. The relapses number decreased in the 2 years following
the procedure compared to the two preceding years (p = 0.041). New relapses or disease progressions were observed after
arange of 7 (low intensity regimen)—118 (intermediate intensity) months. At last follow-up, the EDSS was stable in two
patients, improved in two, and worse in five (maximum 2 EDSS in one patient). Six patients showed new lesions, and seven
gadolinium-enhancing on brain MRI after a mean of 23.3 and 19.8 months, respectively. Two serious adverse events were
reported: melanoma, and progressive multifocal leukoencephalopathy.

Conclusions and discussion Our results confirm in a long follow-up the efficacy of HSCT in reducing relapses and disability
progression. The risk/benefit profile is better for intermediate intensity regimens.
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Introduction could be very aggressive and could display refractoriness

to conventional disease-modifying drugs (DMD). In such

The approved therapies for MS are efficacious in controlling
clinical and radiological inflammation in the relapsing forms
of the disease [1, 2]. However, no treatments are able to
prevent disability progression. Moreover, the course of MS
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cases, autologous hematopoietic stem cell transplantation
(aHSCT) may be a valid therapeutic option [3].

aHSCT is an ‘old’ treatment used for the first time in pro-
gressive MS patients in the 1990s [4]. Since then, the proce-
dure has been used worldwide, with approximately 800 MS
subjects being treated in this manner to date [5]. Initially,
mainly secondary progressive (SP) patients were enrolled. In
recent years, however, the proportion of relapsing—remitting
(RR) has seen a large increase [6]. The procedure consists
of two phases: the mobilization of hematopoietic stem cells;
and immunoablation using conditioning regimens of differ-
ent intensities [7]. The immunological result is a diminished
self-reactive immunity, whereby the ‘new’ re-engrafted stem
cells are able to generate a new self-tolerant immune cell
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repertoire [7]. Thus, aHSCT acts both by immunosuppres-
sion and immunomodulation, resetting the immune system
[7].

The efficacy of aHSCT has been clearly demonstrated in
the suppression of clinical and neuroradiological inflamma-
tion assessed by magnetic resonance imaging (MRI) [8—10].
However, there is less evidence regarding the reduction in
disability progression [6, 11, 12]. It is important to note that
the great majority of studies reporting multicentre experi-
ence are open-label, single-arm, and observational, with rel-
atively short follow-up [6, 12]. Conversely, the studies with
longer follow-up involve small case series of patients, with
a maximum median follow-up of 11 years [9, 13, 14]. At
present, only one phase II randomized clinical trial has been
conducted in MS subjects. This study compared aHSCT
with mitoxantrone in aggressive RR and SP patients [10],
using mainly intermediate and high intensity regimens [6].

One of the limitations in the wide use of the procedure is
the possibility of adverse events (AEs), such as infections,
secondary malignancies and infertility [15], and the risk of
transplant-related mortality (TRM), which is estimated to
occur in 2.1% of cases [6].

The aim of the present study is to evaluate the long-term
efficacy and safety of HSCT in the clinical practice of a
single centre.

Materials and methods

The study was retrospectively conducted in the MS centre
of the University of Cagliari between August 1999 and June
2017, and the last follow-up was June 2017 for the total-
ity of subjects. We enrolled patients with MS according to
diagnostic criteria evolving over time [16—18]. These were
referred to the MS centre of the University of Cagliari for
the entire follow-up, and underwent HSCT. All the subjects
signed written informed consent for the use of their data at
the moment of MS diagnosis or their first visit to the MS
centre. The data were collected from the medical records by
an MS neurologist. The ethics committee of the University
of Cagliari approved the study.

The following data were recorded: year of birth; gender;
age at onset; clinical course at the time of HSCT; type of
mobilization and conditioning regimen; DMD administered
before and after the procedure including the relative time
of exposure; relapses in the 2 years before and after HSCT;
time to first relapse after HSCT; disability measured by
the expanded disability status scale (EDSS) at the time of
HSCT, after 1 and 2 years, and at the last follow-up.

When available, the following brain MRI data were col-
lected: the last brain MRI with new and/or enhancing lesions
before HSCT; the first brain MRI with new and/or enhancing
lesions after HSCT.

To assess long-term safety, all the AEs occurring from the
time of HSCT until the last visit were recorded. AE grades
were recorded in accordance with World Health Organiza-
tion classification criteria.

The Wilcoxon test was used to study the difference in
the number of relapses between the 2 years preceding and
the 2 years following HSCT. The same test was also used to
evaluate the difference between EDSS scores at the time of
transplant and after 1 year.

In all cases, HSCT was performed at the Bone Marrow
Transplantation Centre of the University of Cagliari. The fol-
lowing three HSCT modalities were used: HSCT with inter-
mediate intensity; aHSCT with low intensity; and allogeneic
HSCT. The first two differ in terms of their conditioning
regimens. The intermediate intensity consists in the associa-
tion of BCNU, etoposide, Ara-C, and melphalan (BEAM).
In the low intensity regimen, cyclophosphamide and rabbit
anti-thymocyte globulin (ATG) were administered. For the
single patient who had also an onco hematological disease,
and undergoing allogeneic HSCT [19], conditioning was
carried out using fludarabine, busulfan, and cyclophospha-
mide, while a prophylaxis with cyclosporine and methotrex-
ate was administered to reduce the risk of graft versus host
disease (GVHD). The stem cells were derived from a sex-
matched brother of the patient.

Results

Of the nine MS patients enrolled, six were female and three
male (2:1). The clinical course was RR in five patients
(55.5%), primary progressive (PP) in 1 (11.1%), progressive
relapsing (PR) in 1 (11.1%), and SP in 2 (22.2%). All the
HSCTs were performed from 1999 until 2006, and the mean
and median follow-up were 13 and 11 years, respectively
(minimum 11 and maximum 18 years) (SD =+ 3). At the time
of the procedure, the mean age was 38 years (SD + 11.4),
and the mean duration of the disease was 10 years (SD + 8).
Eight subjects underwent aHSCT. The intensity of condi-
tioning regimen was low in seven patients and intermediate
in one. In all but two patients, the indication for the aHSCT
was the aggressive course of MS, defined as two or more
relapses in the previous year. In the other two subjects, the
aHSCT was performed due to a diagnosis of iatrogenic acute
promyelocytic leukaemia, as a result of previous therapy
with mitoxantrone. Only the PP patient underwent an allo-
geneic HSCT, due to a concomitant diagnosis of large granu-
lar lymphocytic leukaemia. At the time of HSCT, the mean
EDSS was 5.3 (SD + 1.7), and the number of relapses in the
2 years before HSCT was 2.9 (SD + 5.1).

The clinical and demographic features are summarized
in the Tables 1 and 2.
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Table 1 Clinical and demographic data

Patients Age of year Gender Age atonset Clinical course Age at HSCT Disease Regimen HSCT Reason for HSCT
n=9) duration
(years)
N1 1981 F 19 RR 24 5 Nonmyeloablative MS
aAHSCT
N2 1980 F 24 RR 26 2 Nonmyeloablative MS
aHSCT
N3 1965 M 35 PP 40 5 Nonmyeloablative MS
aHSCT
N4 1965 M 23 SP 34 11 BEAM aHSCT MS
N5 1954 F 23 SP 52 29 Nonmyeloablative MS
aHSCT
N6 1963 F 36 RR 43 7 Nonmyeloablative MS
aHSCT
N7 1943 M 47 PP 57 10 Allogeneic HSCT Large granular lym-
phocytic leukaemia
N8 1978 F 21 RR 28 7 Nonmyeloablative Acute promyelocytic
aHSCT leukaemia
N9 1968 F 25 RR 38 13 Nonmyeloablative Acute promyelocytic
aHSCT leukaemia

Table 2 Number of relapses
during the follow-up

Patients (n =9) Relapses during the 2 years

Relapses during the 2 years Time to first relapse/progres-

before HSCT after HSCT sion of the disease (months)
N1 16 12 9
N2 4 0 29
N3 1 0 94
N4 2 0 118
N5 0 0 39
N6 2 0 86
N7 0 0 47
N8 1 1 7
N9 0 0 45

Comparing the 2 years preceding HSCT with the 2 years
after, the number of relapses was significantly reduced
(p = 0.041). All the patients showed a reactivation of the
disease in terms of relapse or disability progression. The
shortest reactivation time was 7 months in a patient who
underwent a low intensity conditioning regimen, while the
longest was 118 months in a patient receiving intermediate
intensity conditioning regimen.

No significant difference was found evaluating the
EDSS score before HSCT and 1 year after HSCT (p = 0.4).
Comparing the EDSS score before the procedure with the
score at last follow-up, it remained stable in two patients,
improved in two, and worsened in the other five (Table 3,
Fig. 1).

The collection of brain MRI data after the transplant
showed new lesions in six patients after a minimum of 11
and a maximum of 120 months, and gadolinium-enhancing
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lesions in seven subjects after a minimum of 8 and a maxi-
mum of 120 months.

A new DMD was started in five patients a mean of 5 years
after HSCT (SD =+ 4.2). Specifically, N1 started natalizumab
18 months after the procedure, and the disease is stable until
now. N2 started natalizumab 30 months after HSCT, the
therapy was interrupted in December 2016 due to the high
risk of progressive multifocal leukoencephalopathy (PML),
and alemtuzumab was administered in April 2017. N3
started natalizumab 8 years after HSCT and the treatment
was interrupted after 3 years, in January 2017, due to diag-
nosis of PML. N4 started natalizumab 11 years after HSCT,
which was interrupted after 6 months due to subjective
inefficacy; he subsequently took fingolimod over 9 months,
which was again suspended due to subjective inefficacy. N9
started natalizumab 2 years after HSCT, and took the per-
sonal decision to interrupt the therapy after 4 years.



Journal of Neurology (2018) 265:410-416

413

Table 3 EDSS score during the follow-up

Patients (n = 9) EDSS 2 year EDSS 1 year EDSS before HSCT EDSS 1 year EDSS 2 years EDSS at last follow-up
before HSCT before HSCT after HSCT after HSCT
N1 2.5 6 6 6 6 6
N2 2 3 2 2 2 1
N3 4 6 6.5 6.5 6.5 7.5
N4 5 5 5.5 5.5 5.5 6
N5 6.5 6.5 7 7 7 6
N6 35 35 5 4 4 7
N7 6 6 6 6 5.5 6.5
N8 5 6 6.5 6 6 6.5
N9 2 25 3 35 35 4.5
Mean (+ SD) 4016 4.9 (£ 1.5) 53(x1.7) 5.0 (£ 1.6) 5.0 (+ 1.6) 5.7 (£ 1.9)
Fig.1 EDSS changes in each 8
patients lifetime
7 * 3 /})
6 ]
a(uo), 1
c —-n.2
—&—n.3
——n. 4
7] 4 —%—n.5
8 —0—n.6
37 n.7
n.8
2 & & = n.9
1 p
0 1 1 1 1
BEFORE HSCT AFTER 1 YEAR AFTER 2 YEARS LAST

No TRM was reported and all the patients are currently
alive.

During the procedure, one patient reported an infection
due to Candida albicans, and one displayed the following
AEs: fever, anaemia, asthenia, nausea (allergic reaction
to ATG). After HSCT, the following AEs were recorded:
benign cutaneous neoplasm 30 months after transplantation
(AE grade 1); cutaneous melanoma 3 years after transplant
and 6 months after the temporary interruption of natali-
zumab due to pregnancy (AE grade 4); a case of progres-
sive multifocal leukoencephalopathy (PML) 12 years after
transplant, during natalizumab treatment (AE grade 4).

The patient who underwent allogeneic HSCT reported the
following AEs: acute cutaneous GVHD 16 days after the pro-
cedure (AE grade 2); cytomegalovirus infection 3 months after
HSCT (AE grade 2); chronic GVHD 12 months after HSCT
(AE grade 2); and insulin-dependent diabetes 5 years after
HSCT (AE grade 3).
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Discussion

HSCT is a procedure that has been widely investigated in
MS patients, in particular by open-label studies and one
randomized-controlled study. However, due to the small
number of patients included in most of these, their differ-
ent clinical characteristics and the diversity of regimens
used, no clear conclusions have yet been drawn about the
efficacy of HSCT and its associated risks [9].

Patient selection is very important for the success of the
procedure. A recent meta-analysis showed that the largest
benefit/risk profile could be obtained in RR patients with
aggressive MS who have not yet acquired a high level of
disability [6]. In another study, the factors associated with
better outcomes were younger age, RR course, fewer prior
immunotherapies, and lower EDSS score at the time of
HSCT [12].

Our study confirmed the efficacy of HSCT on MS
relapses in the context of a long-term follow-up. After
the procedure, the number of the relapses was consid-
erably decreased in all but one patient who had experi-
enced relapses previously. Moreover, the great majority
of patients (4/5) did not experience relapses for more than
2 years. The efficacy of the procedure was also evident in
terms of EDSS stabilization, with the score improved in
3/9 patients, stabilized in 5/9, and worse in only 1 after
2 years. Furthermore, at the last follow-up (performed
after a minimum of 11 years and a maximum of 18 years),
the EDSS score was stable in two patients, improved in
two, and worse in the remaining five. As shown in Table 3,
the worsening was modest, with the EDSS score two
points higher in one case and less than two points higher
in the remaining four. Other studies which have evaluated
the disability progression after nonmyeloablative regi-
mens have shown discordant results. In particular, Burt
et al. [14] found an improvement in EDSS score in 50%
of patients after 2 years, and in 64% after 4 years, while
another study recorded a worsening of EDSS score after
5 years of follow-up [20]. Recently, a large multicentre
study with predominantly progressive MS patients showed
that almost half of the subjects survived free from progres-
sion for 5 years after aHSCT [12]. In our study, the longest
efficacy was in an SP male patient who underwent aHSCT
with intermediate conditioning regimen (BEAM). He was
free from relapse and progression for 118 months. This is
in line with the consolidated efficacy of the myelo-ablative
BEAM regimen in the induction of disease remission in
RR patients [21], and in the reduction of progression disa-
bility in progressive patients, for both SP and PP [22]. The
relapsing patients who performed HSCT with low inten-
sity regimen had a more rapid disease reactivation within
12 months of transplantation in two cases. In particular,
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the subjects who underwent aHSCT due to the aggressive
course of MS had new relapses after 9, 29, and 86 months.
The shorter efficacy of the low intensity lympho-ablative
regimen is probably due to the lack of certain reconstitu-
tion kinetics inducted by myeloablation, such as the thy-
mus-dependent repopulation of the CD4+ population [7].

In our cohort, the risk profile of aHSCT was acceptable.
During the procedure, only two patients experienced some
light AEs. In the follow-up, three AEs were recorded, two
of which were serious. None of these were clearly asso-
ciated to aHSCT, but the procedure may have increased
the risk for the patients. In particular, the development of
PML in natalizumab-treated patients is clearly associated
to prolonged exposition to the monoclonal antibody [23].
It is worth noting that the risk of PML during natalizumab
therapy is highly increased by previous immunosuppres-
sive drugs, such as those administered during the HSCT
[24]. Also, in the case of melanoma, an increased risk after
immunosuppressive drugs could not be excluded. How-
ever, melanoma could also be associated with natalizumab
therapy, which was administered until 6 months before the
diagnosis of the neoplasm [25]. A notable point emerged
from our study is the importance of a long and continuous
follow-up, in particular if other DMD have been admin-
istered after HSCT. Indeed, some patients of our study,
including N2 who were diagnosed with melanoma, have
been previously described as not reporting serious AEs in
a shorter follow-up [26].

Regarding the AEs observed in our study, we did not find
differences in relation to the different intensities of the regi-
mens. Thus, no advantages in terms of risk were found in
the nonmyeloablative regimen, while its efficacy was largely
lower than that of the myeloablative procedure.

In our experience, all the regimens have shown efficacy
regarding relapses and disability progression in both the
short and long term, for both RR and progressive patients.
The risk/benefit profile is better for the intermediate
intensity-conditioning regimen than for its low intensity
equivalent.

Given its intrinsic toxicity and the risk of TRM, HSCT
must be considered in highly selected cases. This is espe-
cially so given the large number of efficacious DMD cur-
rently available for patients suffering from aggressive MS.

Significant attention may also be given to the prolonged
immunosuppressive action, which can increase the risk of
infectious and malignant diseases, in particular in aggressive
MS subjects, who, over the course of their lives, undergo
drug regimens with different mechanisms of action.

The limitations of our study are the small number of
patients and the variability of their MS courses, as is true for
the majority of case series reported [27-29]. However, we
believe that our research is somewhat robust. The follow-up
is longer than that reported in literature. The great majority
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of other studies have a median follow-up of less than 8 years,
while ours is 11 years [6, 12].
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