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Studies have shown that autologous hematopoietic SCT
(HSCT) can be used as an intensive immunosuppressive
therapy to treat refractory patients and to prevent
the progression of multiple sclerosis (MS). This is a
prospective multicentric Brazilian MS trial comparing
two conditioning regimens: BEAM/horse ATG and CY/
rabbit ATG. Most (80.4%) of the 41 subjects in the study
had the secondary progressive MS subtype and the mean
age was 42 years. The baseline EDSS score in 58.5% of
the subjects was 6.5 and 78% had a score of 6.0 or higher,
respectively. The complication rate during the intra-
transplantation period was 56% for all patients: 71.4%
of the patients in the BEAM/hATG group and 40% in the
CY/rATG group (P¼ 0.04). Three subjects (7.5%) died
of cardiac toxicity, sepsis and alveolar hemorrhage, all of
them in the BEAM/ATG group. EFS was 58.54% for a
ll patients: 47% in the BEAM/hATG group and 70%
in the CY/rATG group (P¼ 0.288). In conclusion, the
CY/rATG regimen seems to be associated with similar
outcome results, but presented less toxicity when com-
pared with the BEAM/hATG regimen. Long-term follow-
up would be required to fully assess the differences in
therapeutic effectiveness between the two regimens.
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Introduction

Multiple sclerosis (MS) is an autoimmune disease mediated
by autoreactive T lymphocytes that enter the central
nervous system through small vessels and trigger an
immunological cascade, which in turn induces further
inflammatory and immune events.1–4

There are four clinical subtypes of MS. In the ‘relapsing-
remitting’ subtype, patients suffer from acute attacks of
neurological dysfunction that last for days to weeks,
followed by remission periods during which they usually
(although not always) recover from most or all loss of
function. The ‘primary progressive’ subtype is character-
ized by gradual and irreversible functional decline from
onset. ‘Secondary progressive’ MS begins as a relapsing-
remitting subtype, but evolves over time into progressive
neurological decline, with or without acute attacks. The less
common subtype, ‘progressive-relapsing’ MS, shows func-
tional decline between acute attacks.5

Multiple sclerosis treatment includes primary immuno-
modulators (b-IFN, copolymer, i.v. Ig),1,5 corticosteroid
therapy for the acute relapse phase, and after that,
immunosuppressors (CYA, CY, azathioprine and mitox-
antrone). However, some patients do not respond to
treatment and therefore need therapies with more toxic
drugs to reach or maintain remission, whereas other
patients relapse despite therapy. The two latter categories
of patients need alternative therapeutic approaches.
Recently, the use of natalizumab, an a-4-selective adhesion
antagonist, showed promising results in the reduction of
risk for progression of sustained disability and the rate of
clinical relapse in patients with relapsing MS when
compared with placebo6,7 as a first-line treatment and also
as second-line treatment in relapse-remitting MS.8 Ritux-
imab reduces inflammatory brain lesions and clinical
relapses in relapse-remitting MS.9 However, attention
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should also be given to the rise of opportunistic infections
with the use of these new immunosuppressive drugs.

On the other hand, studies published since 1990 have
presented animal models and theoretical considerations
about autologous hematopoietic SCT (HSCT) for the
prevention and treatment of MS.5,10–18 Some clinical data
suggest that high-dose chemotherapy followed by hemato-
poietic stem cell rescue could ‘reset’ the immune disorder by
controlling autoreactive clones and by inducing self-
tolerance after immunological recovery.13,18–20

Since the first HSCT reported by Fassas et al.,21 in 1997,
more than 300 HSCTs have been performed in MS patients
worldwide.22–24 The EBMT (European Group for Blood
and Marrow Transplantation) has published the largest
samples. Initially, the EBMT Group undertook a retro-
spective study, in which 74% of 85 patients remained stable
(free of disease progression) for up to 3 years after HSCT.
The authors found that patients with relapsing-remitting
and secondary progressive MS subtypes, which have more
inflammatory characteristics, had a progression-free survi-
val rate of 78±13%, and among those with primary
progressive MS, which is more degenerative, this rate
was 66±23% during 3 years.25 In 2006, the same group
published an updated analysis of 143 cases with a 41.7-
month follow-up: the disease remained stable or improved
in 63% of patients and progressed in 37%.26

Regimens that ablate the entire BM hematopoietic
compartment are by definition myeloablative. By contrast,
non-myeloablative regimens selectively target the immune
compartment for ablation without irreversible erasure of
the BM’s ability to regenerate hematopoiesis. Intense
myeloablative regimens used to treat MS, such as BU/
CY27 and CY/TBI/antilymphocyte globulin (CY/TBI/
ATG),28 showed significant treatment-related mortality.
An intermediate-intensity conditioning regimen, BEAM
(BCNU, cytosine arabinoside, melphalan and etoposide) is
better tolerated and has a lower morbidity and mortality
rate.26,29 By contrast, a truly non-myeloablative regimen of
CY and anti-lymphocyte antibodies has been used by Burt
et al.30,31 for HSCT in patients with MS and has also been
used safely in numerous autoimmune diseases, including
systemic lupus erythematosus,32 type I diabetes33 and
systemic sclerosis.34

The mortality rate of HSCT for MS in studies with
relatively large samples is described in Table 1.25–30,35–45

Although these studies use myeloablative conditioning
regimens of varying intensity, non-myeloablative regimens
have been advocated for autologous HSCT of autoimmune
diseases.46 Recently, one of these latter studies was
published using CY/rATG and it reported no deaths
among 21 patients with relapsing-remitting MS.31 There is
a controversy regarding the analysis of the immune system
modifications as increases in naive CD4þT cells over
memory cells20 and the fact that more intensive regimens
seem to present better results than less intensive regi-
mens.19,26,47 On the other hand, some studies have shown
that non-myeloablative conditioning regimens containing
CYþ /�anti-T-cell antibodies induce deep changes in the
immune system of patients with autoimmune diseases, with
an increase in regulatory subsets of cells and of naive T
cells, improvement in TCR diversity and re-establishment

of the auto-tolerant state.48,49 The implications of these
findings in clinical studies are still to be seen. Herein, we
compare the toxicity and outcomes of BEAM/hATG vs
CY/rATG regimens for autologous HSCT in patients with
MS in Brazil.

The objectives of this study are to describe the experi-
ence of the Brazilian Group of HSCT for Auto-immune
Diseases with 41 HSCTs performed in MS patients
during 5 years using two different conditioning regi-
mens, and to compare them by evaluating the clinical
response to treatment using Expanded Disability Status
Scale (EDSS)50 and with magnetic resonance imaging
(MRI) before and after HSCT; complication and mortality
rates after HSCT; and quality of life (QOL) before and
after HSCT.

Patients, materials and methods

Between 2001 and 2006, 41 HSCTs for MS were performed
in five Brazilian centers (Araújo Jorge Hospital in Goiânia;
Hospital das Clı́nicas, Faculdade de Medicina da
Universidade de São Paulo in Ribeirão Preto; Hospital
de Clı́nicas de Curitiba, Universidade Federal do Paraná in
Curitiba; Faculdade de Medicina da Santa Casa de São
Paulo and Hospital Israelita Albert Einstein, both in São
Paulo). The Research Ethics Committees of all the
institutions involved and the National Investigational
Review Board (CONEP) approved the study protocol
and all patients signed an informed consent form.

Between January 2001 and June 2004, subjects received
the BEAM conditioning regimen including BCNU, cyto-
sine arabinoside, melphalan and etoposide, with horse
ATG, as described below (group 1). However, on account
of the toxicity observed in the beginning of this study (three
patients died of cardiac toxicity, sepsis or alveolar
hemorrhage), this regimen was modified to the use of CY
and rabbit ATG. The eligibility criteria remained the same.
This study is an analysis of two groups of patients treated
with different conditioning regimens. We had to modify the
initially planned protocol (BEAM group) after an interim
analysis of the first 21 patients, three of whom died, an
unacceptable death rate according to the initial protocol,
which allowed a maximum 10% mortality rate. The
treatment was then modified to a potentially less-toxic
regimen (CY group).

Between June 2004 and April 2006, patients were treated
with high-dose CY and rabbit antilymphocyte serum
(group 2). A total of 21 patients were included in group 1
and 20 patients in group 2, which allowed a comparative
analysis between both groups. All subjects were followed
up until November 2007.

Inclusion and exclusion criteria
Patients clinically diagnosed with MS according to Poser’s
criteria,51 between 18 and 60 years old and evaluated by
MRI were included in the study. Neurological disability
was determined using the EDSS scale. For inclusion in the
study, subjects had to have either relapsing-remitting,
primary or secondary progressive, or progressive-relapsing
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subtypes of MS with the course of the disease equal to
or longer than a year; EDSS between 3.0 and 6.5;
and documented disease progression over the previous 6
months despite therapy (with b-IFN, copolymers, Igs
and/or immunosuppressors). Progression was defined
as at least a 1.0-point deterioration in the EDSS in the
last 6 months, when the patient’s scores ranged between
3.0 and 6.0, or 0.5-point or more when it ranged between
6.0 and 6.5.

Patients were excluded when they had major comorbid-
ities, such as kidney, heart, hepatic, pulmonary, hematolo-
gical dysfunction or infectious disease; psychiatric disorders
or cognitive disturbances affecting their ability to provide
informed consent or to comply with the treatment; as well
as pregnancy, b-IFN or copolymer therapy within less than
a month or disease relapse within less than a month before
the study.51

Mobilization of peripheral hematopoietic stem cells,
conditioning regimens and hematological recovery
Mobilization of peripheral hematopoietic stem cells was
obtained with the administration of CY 2 g/m2, in one
single dose, followed by G-CSF (filgrastim-granulocyte
CSF), 10-mg/kg daily until reaching 1000 WBCs per mm3

and/or at least 10 CD34 positive cells/mm3 in peripheral
blood counts. To avoid the cytokine release syndrome,
methylprednisolone, at a dose of 1mg/kg, was administered
together with G-CSF. The minimum CD34-positive cell
count in the final product was 3.0� 106 cells/kg. Unmani-
pulated PBSCs were cryopreserved in 10% DMSO and
autologous plasma at �196 1C or in 10% DMSO and HES
(hydroxyethylstarch) at �80 1C following the standard
procedures.52

Subjects underwent conditioning regimen therapy for 15
or more days after PBSC mobilization. Group 1 received a

Table 1 Literature review of multiple sclerosis treatment with autologous hematopoietic SCT25–30,35–45

Site Regimen N Positive outcome Failure (%) Treatment-related
mortality

Overall
mortality
(%)

European multicentric
200225

BEAM—16%
BEAM/ATG—47%
CY/ATG/other drugs—12%
CY/TBI/ATG—6%
BU/CY/ATG/other drug—18%
Fludara/ATG—1%

85 PFS: 74%
DAPFS: 55%

Worse: 7.0%
Probability
of disease
progression: 20%

6% 8.2

European multicentric
200626

BEAM/ATG—41%
BEAM—17%
BCNU/CY/ATG—11%
TBI/CY/ATG—9%
BU/ATG—6%
Others—11%
Unknown—5%

178 Stable or
improve: 63.0%

Worse: 37% 5.3 8.8

Italian29 BEAM/ATG 19 PFS: 95%
DAFS: 64%

Worse: 15.7% 0 0

Update41 21 PFS: 58.16% at
8.5 month

Worse: 38%

Chicago30 CY/TBI 21 Stable or
better: 62.0%

Worse: 38.1% 0 9.5

Barcelona35 BCNU/CY/ATG 15 Stable or
improve: 80.0%

Worse: 13.3% 0 0

Update39 14 Stable or
improve: 64%
at 6 years

Worse: 35%

US multicentric28 CY/TBI/ATG 26 Stable or
improve: 76%

Worse: 24% 3.8 7.6

Prague36 BEAM/ATG or
in vitro purged graft

10 Stable: 90.0% Worse: 10.0% 0 0

Update40 33 Stable: 69%
Better: 3.3%
Lost follow-up: 6%
At median 60 month

Worse: 27%

Los Angeles27 BU/CY/ATG 5 Stable: 60% Worse: 20% 20 40
Rotterdam37 CY/TBI/ATG 14 Stable or improve: 35.7% Worse: 64.3% 0 7.1
Russia38 BEAM/ATG 45 PFS: 72% Progression: 8.8% 0 2.2
Canada42 BU/CY/ATG 15 Stable or improve: 60% Worse: 26% 6.6% 6.6%
China-(Peking/Beijin)44,45 BEAM/ATG 22 PFS: 77%

Better: 59%
Stable: 18%

Worse: 23% 0 0

(Shangai/Nanjing)43 CY/TBI or BEAM/ATG 21 PFS: 75%
DAFS: 33.3%

9.5% 9.5%

Abbreviations: ATG¼ antilymphocyte globulin; Fludara¼fludarabine monophosphate; BEAM¼BCNU, cytosine arabinoside, melphalan, etoposide;
DAFS¼ disease active-free survival; DAPFS¼ disease active progression-free survival, PFS¼progression-free survival.
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BEAM/ATG conditioning regimen: BCNU at a dosage of
300mg/m2 on day �7; cytarabine at a dosage of 200mg/m2

and etoposide at a dosage of 200mg/m2 from day �6 to day
�3, melphalan at a dosage of 140mg/m2 on day �2; and
horse ATG (Lymphoglobuline, IMTIX-Sangstat, Lyon,
France) at a dosage of 15mg/kg on days �5, �3, �1, þ 1,
þ 2 and þ 3, together with methylprednisolone at a dosage
of 2mg/kg/day. Group 2 patients were treated with a non-
myeloablative regimen of CY, at a dosage of 50mg/kg of
body weight, used on days �5, �4, �3 and �2, together
with rabbit anti-thymocyte globulin (Thymoglobulin,
Genzyme, Cambridge, MA, USA) at a dosage of 0.5mg/
kg on day �6 and 1mg/kg/day on days �5, �4, �3 and �2
followed by methylprednisolone 2mg/kg. In both groups,
on day 0, frozen PBSCs were thawed and reinfused
intravenously. Steroid treatment was continued concurrent
with G-CSF, and thereafter suspended. Both groups
received an identical standard of care; anti-infectious
prophylaxis with acyclovir 10mg/kg from admission until
day þ 35; fluconazole 200mg/day from neutropenia until
day þ 60; ciprofloxacin 200mg twice a day from admission
until reaching a granulocyte count of 500 cells/mm3;
sulfamethoxazole and trimethoprim twice a day from
admission until day �1 and then from engraftment (defined
as 2 days with more than 500 granulocytes/mm3) up to a
CD4 cell count above 250 cells/mm3; thiabendazole 500mg
twice a day for 3 days before conditioning. During fever
peaks (temperature 438 1C), blood and urine were
collected for culture, chest X-rays or computed tomogra-
phy (CT) were performed as needed and broad-spectrum
antibiotic therapy was started and subsequently adjusted
on the basis of culture results.

Granulocyte-CSF at a dose of 5mg/kg/day was adminis-
tered on day þ 5 until the granulocyte count was 41000/
mm3. All the blood components used were irradiated and
leukocyte depleted. The criteria for blood component
transfusion were hemoglobin o8.5 g per 100ml and plts
o20 000/ml. Granulocyte engraftment was defined as
polymorphonuclear cell counts above 500/mm3 on 2
consecutive days and plt counts above 20 000/mm3 without
requiring transfusion.

Clinical neurological and imaging assessment
Clinical neurological assessment (using EDSS score),50,51

according to the European guidelines,51 was performed in
the initial evaluation (screening), in the evaluation just
before hospital admission (baseline), 1 month after stem
cell infusion and then every 6 months during the following
3 years. A neurology specialist who was aware of the study
protocol, and who could or could not be involved with the
patients’ treatment, carried out the neurological evalua-
tions.

Besides the clinical neurological evaluation, imaging
assessment was scheduled before mobilization and 30 days,
6 months and yearly after transplantation. MRI assessment
used triple-dose gadolinium for the enhancement of lesions
on brain scans.53,54

On the basis of EDSS, clinical improvement was defined
as at least a 0.5-point score reduction compared with
baseline. Progression was defined as a 0.5-point score

increase compared with baseline. Relapse of disease was
defined as new symptom onset or aggravation of pre-
existing symptoms for more than 24 h in those subjects with
no other concurrent factors, such as fever and/or infection.
EFS was defined as the likelihood of living with no clinical
disease progression, that is, no disease progression based on
EDSS, no relapse-related events (exacerbation or relapse)
and no new lesions on the MRI, even if not associated with
EDSS deterioration or relapse.

The effects of transplantation were assessed through MRI
(Magneton Vision Erlangen Equipment, Erlangen, Germany)
with the i.v. paramagnetic contrast agent (gadopentate
dimeglumine at 0.2–0.6ml/kg body weight, Magnevistan,
Schering, Berlin, Germany, or Viewgam, Bacon Laboratories
S.A.I.C., Buenos Aires, Argentine) using a standard proce-
dure for all hospitals involved in the study. MRI results were
divided into inactivity (no contrast enhancement) and activity
(contrast enhancement of any lesion).

Assessment of QOL
Quality of life was assessed by means of SF-36 (Short
Form-36), a generic health-related QOL questionnaire. It
consists of 36 items grouped into eight domains: physical
function, social function, physical role limitations, emo-
tional role limitations, pain, energy/fatigue, mental health
and general health. Patients answered the questionnaire
before transplantation and 100 days later.

Statistical analysis
The BEAM/ATG and CY/ATG groups were compared with
Student’s t-test or the Mann–Whitney test for quantitative
variables and with the Chi-square or Fisher’s exact test for
categorical variables. Two-way repeated measurement AN-
OVA (analysis of variance) models were performed to
evaluate differences between the groups regarding the QOL
before and after transplantation. EFS curves were analyzed
by the Kaplan–Meier method and compared with the log-
rank test. The significance level was considered to be 5%.
SAS software v. 9.1.3 was used in the statistical analysis
(Statistical Analysis System, Cary, NC, USA).

Results

Patients
Among 41 subjects, 24 (58.5%) were females, and the mean
age was 42 years (ages 27–53). Most subjects (80.4%) had
the secondary progressive MS subtype. The subjects’
characteristics and conditioning regimens are summarized
in Table 2.

Extended Disability Status Scores at baseline examina-
tion are also shown in Table 2. Most (24 subjects, or
58.5%) had a score of 6.5 in EDSS, and 78% had a score of
6.0 or higher. No significant difference was seen between
the 21 subjects (51.2%) who received the BEAM con-
ditioning regimen and the 20 subjects (48.8%) who received
the CY regimen regarding age, sex, disease presentation
and EDSS scores, as shown in Table 3. As for the MRI
results, fewer cases with signs of disease activity were found
in the CY group (P¼ 0.04).
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Mobilization and stem cell collection
Mobilization was successful in all subjects with only one
apheresis session. The mean CD34þ cell count in the
apheresis product was 8.8� 106/kg (range 2.5–25.13).
No serious adverse events occurred during PBSC mobiliza-
tion. Two patients (one of each conditioning regimen arm)
had a relapse or disease aggravation in the interval between
mobilization and HSCT.

Engraftment, mortality and major adverse events
No adverse reactions such as hypertension, fever or allergic
manifestations were seen during graft infusion in any
subject. Median neutrophil recovery over 500/mm3 (en-
grafting) was 9 days (7–10 days) in the BEAM arm, and
also 9 days in the CY arm (P¼ 0.905). In the BEAM arm,
plt recovery time was 13 days (8–35) and in the CY arm it
was 10 days (7–15), a statistically significant difference
(P¼ 0.021). Transfusional support was on the average
8.94 units (2–63 range) of red cell concentrate in the BEAM
group and 2.6 (0–8 range) in the CY group (Po0.0011).
The mean plt concentrate units transfused were 60 (14–197)
in the BEAM group and 14.9 IU (0–40) in the CY group
(Po0.0005).

Table 4 shows the rate of complications during the intra-
transplantation period (56% in the whole group) and the
time between conditioning and engraftment. When the two
conditioning regimens are compared, it can be seen that
71% of the patients in the BEAM/ATG group and 40% in
the CY/ATG group had some complication during HSCT
(P¼ 0.04). There was no statistical difference between the
two groups in relation to febrile neutropenia and pneumo-
nia. Of the patients, 23.8% in the BEAM/ATG group were
allergic to lymphoglobulin and none of the CY/ATG group
was allergic to thymoglobulin (P¼ 0.049). The febrile
neutropenia observed in 18 patients (46.0%) was success-
fully treated with broad-spectrum antibiotics, except in one
subject of the BEAM/hATG group, who developed sepsis
and died. In the post-transplantation period, the rate of
complications was 48%, most frequently related to urinary
tract infection (7 subjects, 18.4%). The proportion of
complications was also higher after transplantation in
group 1, although it was not statistically significant
(P¼ 0.08).

Table 3 Demographics of patients undergoing two therapeutical

regimens for the treatment of multiple sclerosis patients with

autologous hematopoietic SCT in Brazil

BEAM/ATG CY/ATG

n 21 20
Age (years)—median 42 (29–52) 41 (27–53) P¼ 0.42
Male 10 (48%) 7 (35%) P¼ 0.41
Female 11 (52%) 13 (65%)
Primary progressive 2 (9.5%) 2 (10%)
Secondary progressive 18 (86.7%) 15 (75.0%) P¼ 0.53
Relapsing-remitting 1 (4.8%) 3 (15.0%)
Duration of disease
(year)a—median (min–max)

8 (2–22) 7 (3–14) P¼ 0.441

Duration of progressive disease 5.3 (±4.8) 4.7 (±2.6) P¼ 0.636
Initial EDSS X6.0 17 (80.95%) 15 (75.00) P¼ 0.71
Initial EDSS o6.0 4 (19.05%) 5 (25.0%)
Median EDSS initial 6.5 (5–7) 6.5 (4.5–7)
Initial MRI showing activity 7 (35.0%) 1 (5.26%) P¼ 0.04

Abbereviations: BEAM¼ cytosine arabinoside, etoposide and melphalan;
EDSS¼Expanded Disability Status Scale; MRI¼magnetic resonance
imaging.
aBEAM/ATG with 19 patients and CY/ATG with 20 patients analisados.

Table 2 Characteristics of multiple sclerosis patients submitted to

autologous hematopoietic SCT in Brazil (n¼ 41)

Types of multiple sclerosis
Primary progressive 4 (9.8%)
Secondary progressive 33 (80.4%)
Relapsing-remitting 4 (9.8%)

Conditioning
BEAM 21 (51.2%)
CY 20 (48.8%)

Initial EDSS
4.0 1 (2.4%)
5.0 2 (4.8%)
5.5 6 (14.6%)
6.0 6 (14.6%)
6.5 24 (58.5%)
7.0 2a (4.8%)

Initial MRI (disease activity)b

Absent 27 (77.14%)
Present 8 (22.85%)

Abbreviations: BEAM¼ cytosine arabinoside, etoposide and melphalan;
EDSS¼Expanded Disability Status Scale; MRI¼magnetic resonance
imaging.
aAt the time they were included in this study, these patients had an EDSS
score of 6.5; however, at the time of transplantation, EDSS reached 7.0.
bExams of six patients were not included because of technical problems, as
their MRI scans were performed in other institutions (before patient
inclusion in the study).

Table 4 Complications during and after autologous hematopoietic

SCT in multiple sclerosis patients in Brazil

Complication/toxicity All
patients

BEAM/
ATG

CY/
ATG

P-value
(BEAM/
ATG
vs CY/
ATG)

During HSCT
Febrile neutropeniaa 18 (46.2%) 12 (57.1%) 6 (33.3%) P¼ 0.137
Pneumoniab 8 (20.0%) 6 (28.6%) 2 (10.5%) P¼ 0.241
Allergy to
thymoglobulin or
lymphoglobulinb

5 (12.5%) 5 (23.8%) 0 P¼ 0.049

All complications
during HSCT

23 (56%) 15 (71.4%) 8 (40%) P¼ 0.04

After HSCT
Urinary infectionb 7 (18.4%) 4 (21.1%) 3 (19.8%) P40.949
Deep vein thrombosis
and pulmonary
embolismb

3 (8.0%) 2 (10.5%) 1 (5.3%) P40.999

Depressiona 3 (7.5%) 3 (19%) 0 P¼ 0.231
Death 3 (7.5%) 3 (14.3%) 0 P¼ 0.232
All complications
post HSCT

19 (48%) 12 (63%) 7 (35%) P¼ 0.08

aTwo patients without information.
bOne patient without information.
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The average hospital stay was 35.47 days (range 20–168)
in the BEAM/hATG group and 20.15 days (14–32 range) in
the CY/rATG group (Po0.0001). A comparison between
both conditioning regimens showed a higher rate of
complications during transplantation in the BEAM/ATG
(71.4%) than in the CY/rATG regimen group (40%;
P¼ 0.04). Three subjects (7.5%) died as a result of the
conditioning regimen toxicity related to sepsis, cardiac
toxicity and alveolar hemorrhage. The three deaths in the
study protocol were seen in the BEAM/ATG group. As
shown in Table 5, BEAM/hATG proved to be a more toxic
conditioning regimen requiring a significantly longer
hospital stay.

Clinical evolution
During the mobilization and transplantation periods, two
subjects (one from each conditioning regimen) had disease
progression (persistent or increased neurological disability).
EDSS-based disease progress was seen in 14 patients
(36.8%), 8 (44.4%) from the BEAM/hATG group and 6
(30.0%) from the CY/rATG group, but no significant
difference was found (P¼ 0.596). The EDSS result was
stable or better in 24 (63.2%) patients, with no difference
between the groups (P¼ 0.357, Table 6). EDSS scores
obtained at different times were compared (because first the
BEAM and then the CY/rATG regimens were used), and
this analysis showed that one patient in the BEAM group
and one patient in the CY/rATG group had a drop in
score: from 5.5 to 2.5 and from 5.0 to 3.5. The EFS was
585:47.62% in the BEAM/hATG group in 3 years and 70%
in the CY/rATG group in 2 years (P¼ 0.288; Figure 1).

Among 35 subjects who underwent MRI assessments, 17
were in the BEAM group and 18 in the CY group
(P¼ 0.48). Six patients had their results compromised
because of technical reasons, as their scans were not
performed in hospitals involved in the study. Eight had pre-
enrollment disease activity (gadolinium enhancement)
shown on the MRI, of which seven were in the BEAM
group and only one in the CY group. The enhancement of
these lesions disappeared and there were no new lesions
seen in all the patients studied after the hematopoietic SCT.

Quality of life
A total of 20 patients completed the SF-36 assessment after
transplantation. In the CY/ATG group, they perceived the
physical aspects domain as improved during the study
period compared with the pre-transplant period
(P¼ 0.0334), but the differences were not statistically
significant in the remaining areas (Table 7). The general
health domain seemed to be more positively evaluated in
both groups, comparing the periods before and after
transplantation, but this difference was NS (P¼ 0.0961 in
the BEAM/hATG and P¼ 0.0731 in the CY/rATG group),
probably because of the short period of time between the
analysis and the small number of subjects who responded
to the SF-36 assessment.

Table 5 Indirect indicators of aggressiveness of the conditioning regimens used for autologous hematopoietic SCT in the treatment of multiple

sclerosis patients

Conditioning
regimens

Length of hospital
stay in days

Plts transfusion
random in IU

Hemoglobin
transfusion in IU

Plts engraftment
day from SC infusion

WBC engraftment
day from SC infusion

BEAM 35.47 (20–168) 60 (14–197) 8.94 (2–63) 13 (8–35) 9 (7–10)
CY 20.15 (14–32) 14.9 (0–40) 2.6 (0–8) 10 (7–15) 9 (7–10)

P¼ 0.0001 P¼ 0.005 P¼ 0.0011 P¼ 0.021 P¼ 0.905

Abbreviations: BEAM¼ cytosine arabinoside, etoposide and melphalan.

Table 6 Evolution of EDSS scores and MRI after autologous

hematopoietic SCT in subjects who received the BEAM/ATG or

CY/ATG conditioning regimens (P¼ 0.596)

Condition Total BEAM/ATG CY/ATG P-value

EDSS
Worse 14 (36.8%) 8 (44.4%) 6 (30.0%) P¼ 0.596
Stable 9 (23.7%) 3 (16.7%) 6 (30%)
Better 15 (39.5%) 7 (38.9%) 8 (40%)
Stable or better 24 (63.2%) 10 (55.6%) 14 (70%) P¼ 0.357

MRI
No. of enhanced
lesions

0 0 0 —

Abbreviations: ATG¼ antilymphocyte globulin; BEAM¼ cytosine arabi-
noside, etoposide and melphalan; MRI¼magnetic resonance imaging.
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Figure 1 EFS rate at 3 years (BEAM/hATG) and 2 years (CY/rATG)
after autologous hematopoietic SCT in multiple sclerosis patients.
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Discussion

High-dose chemotherapy with autologous hematopoietic
stem cell rescue shows promising results in the treatment of
autoimmune diseases. Controversy exists as to the efficacy
and safety of non-myeloablative vs myeloablative HSCT
regimens for autoimmune diseases. We therefore compared
an intermediate-intensity conditioning regimen (BEAM),
pioneered in by Fassas et al.21 in Europe, with a non-
myeloablative approach proposed by Burt et al.55 at
Northwestern University (Chicago, IL, USA). We reported
the results of MS treatment with HSCT in five Brazilian
centers, focusing on the comparison of these two con-
ditioning regimens and their impact on the clinical
outcomes of the patients, given that the choice of the most
adequate conditioning regimen is still being studied and is
constantly changing.

Among our first 21 transplant patients who received the
BEAM regimen, three died (mortality rate of 7.5%), and
this led to a change to the CY/ATG regimen for the
following 20 patients. This mortality rate was slightly
higher than that of 5.3% found by the European Group.26

It is worth noting that in the European study, all deaths
occurred by the year 200026—this rate has recently been
changed to 3.3%,56 and no deaths were seen in the last 62
patients treated with BEAM. This has been attributed to
the learning curve and experience gained by the transplant
center, better patient selection and the use of a less intense
conditioning regimen.26,56 The same factors may explain in
part the mortality rate that was seen in our study. In our
experience, the BEAM/ATG regimen proved to be more
toxic than CY/ATG. The length of hospitalization, number
of plt and RBC transfusions, plt engraftment and early
complications were all significantly higher in the BEAM/
ATG group. The different types of ATG regimens and
different dosages can also be seen as possible factors
involved in the worse results in the BEAM group, such as
allergic reactions to ATG, plt engraftment and conse-
quently a greater need for transfusion, with longer periods
of hospitalization. However, we did not observe any
significant differences with regard to effectiveness between
the two regimens, despite these differences in the ATG
sources. Although the follow-up period was too short to
allow definitive conclusions, we believe that a longer
follow-up would corroborate our findings.

Although BEAM/hATG was more toxic, as expected,
the CY/rATG regimen did not show inferiority with regard
to neurological progression during the follow-up period in
this study. Disease progression was seen in half of the
patients in the BEAM/hATG group and in a quarter of the
CY/rATG group through EDSS scores, but the difference
was NS. In our study, there were no new lesions captured
by MRI in either conditioning regimen groups, showing the
effectiveness in the suppression of MR-enhanced activity,
as in the Italian study of the BEAM regimen.57 Lesion
enhancement by MRI was used in our study only as a
marker for inflammatory activity for patient selection. In
our sample, we did not find a correlation between improved
MRI scans and the level of neurological disability (EDSS),
as opposed to the Italian group.29 This could be explained
by the reduced number of patients with lesions before
transplantation: seven in the BEAM group and one in the
CY/ATG group. A more formal MRI study would be
needed to verify disease progression by means of lesion
burden as determined by MRI brain volume, number of
lesions and other markers, especially in reduced intensity
regimens.

It should be stressed that in our study, three patients had
significant EDSS score deterioration, two in the BEAM
group and one in the CY group. On the other hand, the
worst outcomes were seen among those with higher EDSS
scores. Among the two patients with an EDSS score of 7,
one remained stable and the other progressed to an EDSS
score of 9 in 6 months. Similar data were found in the
European group analysis.26 When they compared patients
aged p50 years, EDSSp6.5, and progressive secondary or
progressive remitting subtypes with patients aged 450 who
did not meet these criteria, the TRM rate was 6.9%

Table 7 Mean and s.d. of the Short Form-36 questionnaire scores

in multiple sclerosis patients before and 100 days after autologous

hematopoietic SCT

BEAM/ATG mean (s.d.) CY/ATG mean (s.d.)

FC
Before 9.17 (10.84) 13.75 (14.33)
After 11.67 (16.00) 23.13 (24.92)
P-valuea 0.6004 0.1199

PA
Before 16.67 (22.19) 9.38 (18.6)
After 14.58 (34.47) 40.63 (37.65)
P-valuea 0.8529 0.0334

Pain
Before 50.33 (20.40) 63.38 (35.15)
After 57.42 (29.43) 67.63 (32.74)
P-valuea 0.4233 0.6928

GH
Before 64 (27.54) 65.63 (23.79)
After 75.58 (11.93) 81.00 (16.89)
P-valuea 0.0961 0.0731

Vit
Before 61.67 (25.88) 52.50 (19.09)
After 53.42 (14.27) 53.75 (15.53)
P-valuea 0.2506 0.8849

SA
Before 58.33 (28.29) 34.38 (25.66)
After 57.38 (30.70) 56.38 (39.46)
P-valuea 0.9248 0.0894

EA
Before 47.23 (38.85) 45.88 (50.22)
After 41.83 (40.58) 66.63 (39.92)
P-valuea 0.7491 0.3210

MH
Before 68.67 (27.65) 66.50 (33.33)
After 66.50 (16.07) 68.00 (21.70)
P-valuea 0.7861 0.8780

Abbreviations: FC¼ functional capacity; PA¼ physical aspects; GH¼ gen-
eral health; Vit¼ vitality; SA¼ social aspects; EA¼ emotional aspects;
MH¼mental health.
aAfter� before.
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compared with the 3.6% observed in patients who met the
criteria.

The EFS was 70% in the CY/ATG group and 47.62% in
the BEAM/ATG group, with no significant difference
between them, a result that is similar to that obtained by
Saiz et al.39 71% at 4.5 years and 62% at 6 years. However,
the follow-up period in our study was shorter and the
results could decrease with time, as shown by the Italian
group: in their study, EFS dropped from 84% at 3 years to
58% after 8.5 years.42,56 The same trend was observed by
other groups.56 A longer period of time is needed to
corroborate the results of the use of the non-myeloablative
regime as it was used in this study, to compare with the
results in the literature in terms of having the same clinical
efficacy, in spite of the progressive reduction in the results.

Our study was not designed to show the efficacy of
HSCT over conventional therapy for progressive forms of
MS, which can be performed only with randomized clinical
trials. Other limitations of our study are the use of two
different sources of ATG, the involvement of various
transplant centers, the analysis of two different condition-
ing regimens used in different time periods, and the
relatively short period of follow-up. In our analysis, the
CY-ATG conditioning was not inferior to BEAM-ATG,
and it had less toxicity.

In conclusion, in our study with 41 MS patients treated
with HSCT, the CY/rATG rabbit regimen seems to be
associated with less toxicity and to be as effective as the
BEAM/hATG horse regimen. Long-term follow-up would
be required to fully assess the differences in therapeutic
effectiveness.
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