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ABSTRACT

Introduction: In 1995, the use of autologous
hematopoietic stem-cell transplantation
(AHSCT), which was previously used to treat
hematological tumors, was introduced for sev-
ere autoimmune diseases such as multiple scle-
rosis (MS). AHSCT has proven its safety over the
past few years due to technical advances and
careful patient selection in transplant centers.
While most studies have reported that AHSCT
led to decreased Expanded Disability Status

Scale (EDSS) scores, some patients reported
increased EDSS scores following the procedure.
Given the contradictory results, we aimed to
conduct a comprehensive systematic review and
meta-analysis to investigate the efficacy and
safety of AHSCT.
Methods: PubMed, Web of Science, and Scopus
were searched in March 2022 using a predefined
search strategy. We included cohort studies,
clinical trials, case–control studies, and case
series that investigated the efficacy or safety of
AHSCT in patients with MS. PICO in the present
study was defined as follows: problem or study
population (P): patients with MS; intervention
(I): AHSCT; comparison (C): none; outcome (O):
efficacy and safety.
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Results: After a two-step review process, 50
studies with a total of 4831 patients with MS
were included in our study. Our analysis
showed a significant decrease in EDSS score after
treatment (standardized mean difference
[SMD]: -0.48, 95% CI -0.75, -0.22). Moreover,
the annualized relapse rate was also signifi-
cantly reduced after AHSCT compared to the
pretreatment period (SMD: -1.58, 95% CI
-2.34, -0.78). The pooled estimate of progres-
sion-free survival after treatment was 73% (95%
CI 69%, 77). Furthermore, 81% of patients with
MS who received AHSCT remained relapse-free
(95% CI 76%, 86%). Investigating event-free
survival, which reflects the absence of any dis-
ease-related event, showed a pooled estimate of
63% (95% CI 54%, 73%). Also, the MRI activity-
free survival was 89% (95% CI 84%) among
included studies with low heterogeneity. New
MRI lesions seem to appear in nearly 8% of
patients who underwent AHSCT (95% CI 4%,
12%). Our meta-analysis showed that 68% of
patients with MS experience no evidence of
disease activity (NEDA) after AHSCT (95% CI
59%, 77). The overall survival after transplan-
tation was 94% (95% CI 91%, 96%). In addition,
4% of patients died from transplant-related
causes (95% CI 2%, 6%).
Conclusion: Current data encourages a broader
application of AHSCT for treating patients with
MS while still considering proper patient selec-
tion and transplant methods. In addition, with
increasing knowledge and expertise in the field
of stem-cell therapy, AHSCT has become a safer
treatment approach for MS.

Keywords: Autologous hematopoietic stem-
cell transplantation; Multiple sclerosis; Safety;
Efficacy

Key Summary Points

Current data encourage a broader
application of autologous hematopoietic
stem-cell transplantation (AHSCT) for
treating patients with multiple sclerosis
(MS).

Our analysis showed a significant decrease
in the Expanded Disability Status Scale
(EDSS) score and annualized relapse rate
after treatment compared with the
pretreatment period.

Our meta-analysis showed that 68% of
patients with MS experience no evidence
of disease activity (NEDA) after AHSCT.

INTRODUCTION

Multiple sclerosis (MS) is characterized by
chronic inflammation, neurodegeneration, and
immune-mediated responses of the central
nervous system (CNS), leading to demyelina-
tion, gliosis, and axonal damage [1, 2]. MS can
cause permanent disability, reduce the quality
of life, and shorten life span. Over the past two
decades, disease-modifying therapies (DMTs)
have been developed and approved, all of which
have different efficacy and safety profiles. There
have been considerable benefits for patients
with relapsing–remitting MS (RRMS), as well as
reduced clinical relapse. Although DMTs had a
marginal effect on disability progression in
RRMS, they failed to achieve an acceptable out-
come in other subtypes of MS, such as progres-
sive and treatment-refractory types [3–5].

In 1995, the use of autologous hematopoi-
etic stem-cell transplantation (AHSCT), previ-
ously approved to treat hematological tumors,
was introduced for severe autoimmune diseases
[6, 7]. AHSCT is designed to remove the
impaired immune system and then regenerate
new immune cells to prevent the recurrence of
neuroinflammatory symptoms [8, 9]. Previous
studies have demonstrated the benefits of
AHSCT in providing longer-term remission than
conventional therapies. Also, the effectiveness
and safety of this treatment approach were
reported in autoimmune disease, especially in
patients with MS who had not responded to
DMTs [10, 11]. A retrospective cohort study on
120 patients with MS treated with AHSCT
demonstrated a significantly decreased relapse
rate at 2 and 4 years of follow-up, as well as a
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decrease in magnetic resonance imaging (MRI)
T2 lesions. The study reported that 93% of
patients were relapse-free at 2 years and 87% at
4 years. Based on the findings of this study,
AHSCT was capable of preventing an increase in
the Expanded Disability Status Scale (EDSS)
scores [12]. Another study in patients with
RRMS reported that five out of ten cases had
complete remission after AHSCT at the end of
the 10 years of follow-up. Also, three cases
demonstrated improvement, so there is the
possibility of complete remission after AHSCT
[13]. Burt et al.’s study with a sample population
of around 500 reported that AHSCT was a ben-
eficial one-time treatment for RRMS. In con-
trast, their results showed less effectiveness of
AHSCT in newly diagnosed secondary progres-
sive MS [14]. Nowadays, AHSCT is recognized as
a rapid treatment for relapsing or progressive
multiple sclerosis. As a result, the National
Multiple Sclerosis Society has acknowledged
AHSCT as a feasible treatment option for
patients with MS with high disease activity, as
evidenced by relapse rates and new MRI lesions,
despite the use of second-line DMTs, or in those
with contraindications to conventional treat-
ments. Indeed, patients under 50 years of age
whose disease duration is less than 10 years are
the best candidates for AHSCT [15]. A previous
systematic review and meta-analysis demon-
strated that progression-free survival after
AHSCT in patients with MS was 75%, and esti-
mated disease activity-free survival was 61%
after 48 months [16].

As MS is generally not a life-threatening
disease, concerns over mortality rates have
previously restricted AHSCT application to treat
MS. However, AHSCT has proven its safety over
the past few years due to technical advances and
careful patient selection in transplant centers.
Thus, studies have reported that AHSCT led to
decreased EDSS scores in most cases, although
some patients had increased EDSS scores fol-
lowing the procedure [17–19]. In light of these
contradictory results, we aimed to conduct a
comprehensive systematic review and meta-
analysis to investigate the efficacy and safety of
AHSCT.

METHODS

We conducted this systematic review and meta-
analysis following the Preferred Reporting Items
for Systematic Review and Meta-Analyses
(PRISMA) checklist [20]. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Search Strategy

We performed a comprehensive literature
search on PubMed, Scopus, and Web of Science
in February 2022. The following terms were
used in our search strategy: ‘‘Multiple Sclerosis’’
OR ‘‘Sclerosis, Multiple’’ OR ‘‘Sclerosis, Dissemi-
nated’’ OR ‘‘Disseminated Sclerosis’’ AND ‘‘au-
tologous hematopoietic stem cell
transplantation’’ OR ‘‘AHSCT’’ OR ‘‘stem cell.’’ A
manual search of the reference lists of previous
review studies was also performed to identify
additional articles.

Eligibility Criteria

We included cohort studies, clinical trials,
case–control studies, and case series that inves-
tigated the efficacy or safety of AHSCT in
patients with MS. Conference abstracts that
were indexed in PubMed, Scopus, or Web of
Science were also screened. The studies that
investigated other types of stem-cell therapy
such as progenitor cells, embryonic stem cells,
or programmed stem cells were excluded. Also,
case reports and non-English studies were
excluded. PICO in the present study was defined
as follows. Problem or study population (P):
patients with MS; intervention (I): AHSCT;
comparison (C): none; outcome (O): efficacy
and safety.

Study Selection

Two authors (N.R., F.A.) independently
screened the titles and abstracts to identify rel-
evant studies. The same investigators then
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reviewed the full text of the selected papers for
final selection. Any disagreement was resolved
by consultation with a third reviewer (F.N.).

Data Extraction

The same reviewers (N.R., F.A.) extracted the
following data from the selected studies: study
demographics, sample size, gender, mean dis-
ease duration, type of MS, regimen intensity,
cell dosage, EDSS at baseline, annualized relapse
rate (ARR) at baseline, and the endpoint results
regarding the efficacy and safety of AHSCT. A
combination of total body irradiation (TBI) plus
anti-thymocyte globulin (ATG) (TBI/ATG) is
considered a high-intensity conditioning regi-
men, while the intermediate-intensity regimen
most commonly used is the BEAM (carmustine,
etoposide, cytarabine, and melphalan) plus ATG
(BEAM/ATG) according to the European Society
for Blood and Marrow Transplantation (EBMT)
classification. There was no considerable differ-
ence in the AHSCT procedure among studies.

Endpoint

EDSS after treatment, ARR after treatment, pro-
gression-free survival (PFS), relapse-free survival
(RFS), event-free survival (EFS), MRI activity-free
survival (MAFS), no evidence of disease activity
(NEDA), incidence of new MRI lesions after
treatment, overall survival (OS), and transplant-
related mortality (TRM) were extracted as end-
point data. There was substantial heterogeneity
in the follow-up duration among studies. We
extracted the efficacy and safety outcomes by
default 5 years after transplantation. In studies
with a shorter follow-up duration, we extracted
the data for the longest endpoint.

Quality Assessments

The quality of observational studies was asses-
sed using the Newcastle–Ottawa scale (NOS)
[21] and the Cochrane risk-of-bias assessment
tool for clinical trials by two independent
investigators (N.R., F.A.), and consulting the
third investigator (F.N.).

Statistical Analysis

We used Stata 11.0 software (StataCorp LLC,
College Station, TX, USA) for statistical analysis.
The medians and interquartile range were con-
verted to mean and standard deviation based on
the Hozo et al. method [22]. A standardized
mean difference (SMD) methodology was
applied for EDSS and ARR. The other efficacy
and safety outcomes were pooled with a ran-
dom-effects model and a 95% confidence
interval (CI). Also, subgroup analysis based on
the type of study and regimen intensity was
performed. The Cochrane Q test and I-squared
(I2) statistic were used to evaluate the hetero-
geneity among included studies.

RESULTS

Search Results

Our comprehensive search and manual addi-
tion yielded 1008 articles after duplicate
removal (Fig. 1). Our initial title and abstract
screening excluded 894 studies. In the end, 50
studies entered our meta-analysis and system-
atic review after full-text screening
[12, 13, 17, 23–70].

A total of 4831 patients with MS, aged 26–-
60 years, were included in our study (Table 1).
Among studies, 41 were cohort studies, eight
were clinical trials, and one was a case series.
The average quality score was 7.36 for observa-
tional studies, which is acceptable. For clinical
trials, there was low publication bias (Supple-
mentary 1 and 2). The detailed features of
included studies are presented in Table 1.

Efficacy of AHSCT

Wemeasured the efficacy of AHSCT with several
outcomes including EDSS score change, ARR
change, PFS, RFS, EFS, MAFS, NEDA, and inci-
dence of new MRI lesions after treatment.

Our analysis showed a significant decrease in
EDSS score after treatment (SMD: -0.48, 95% CI
-0.75, -0.22; Q = 239.52, P\ 0.00,
I2 = 91.34%) (Fig. 2). The ARR was also
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significantly reduced after AHSCT relative to the
pretreatment period (SMD: -1.58, 95% CI
-2.34, -0.78; Q = 133.36, P\ 0.00,
I2 = 95.77%) (Fig. 3).

The pooled estimate of PFS after treatment
was 73% (95% CI 69%, 77%; Q = 461.90,
P\ 0.00, I2 = 89.89%) (Supplementary 3). Fur-
thermore, 81% of patients with MS who
received AHSCT remained relapse-free (95% CI
76%, 86%; Q = 79.71, P\ 0.00, I2 = 79.05%)
(Supplementary 4). Investigation of EFS, which
reflects the absence of any disease-related event,
showed a pooled estimate of 63% (95% CI 54%,
73%; Q = 33.24, P\ 0.00, I2 = 76.26%) (Sup-
plementary 5). Also, the MAFS was 89% (95% CI
84%, 94%; Q = 3.25, P: 0.36, I2 = 26.66%)
among included studies with low heterogeneity
(Supplementary 6). New MRI lesions appeared
in nearly 8% of patients who underwent AHSCT
(95% CI 4%, 12%; Q = 5.31, P: 0.50, I2 = 0%)
(Supplementary 7). Our meta-analysis showed

that 68% of patients with MS experienced
NEDA after AHSCT (95% CI 59%, 77%;
Q = 37.93, P\ 0.00, I2 = 75.97%) (Supplemen-
tary 8). The clinical outcomes are summarized
in Fig. 4.

Safety of AHSCT

The overall survival after transplantation was
94% (95% CI 91%, 96%; Q = 93.60, P\ 0.00,
I2 = 83.92%) (Supplementary 9). In addition,
4% of patients died from transplant-related
causes (95% CI 2%, 6%; Q = 89.13, P\ 0.00,
I2 = 93.21%) (Supplementary 10).

DISCUSSION

Despite recent improvements in the application
of AHSCT in MS, utilization of this treatment
option is still limited. Many consider AHSCT

Fig. 1 PRISMA flow diagram depicting the flow of information through the different phases of a systematic review
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Fig. 2 Forest plot of EDSS score before and after treatment

Fig. 3 Forest plot of ARR score before and after treatment
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among the final treatment strategies when
other DMTs have failed [71]. In this systematic
review, we aimed to address the lack of evidence
supporting the confident application of AHSCT
for patients with MS and to present a better
view of the prospective benefits and potential
risks.

The primary outcome measures for the effi-
cacy of AHSCT were EDSS score change and ARR
change. Regarding our analysis, both of these
outcome measures showed reductions as a
result of AHSCT. The decrease in the EDSS score
is in line with previous meta-analyses, con-
firming the therapeutic application of AHSCT
for halting the progression of MS [16, 72]. The
reduction seen in ARR is also similar to the

previous meta-analysis by Sormani et al., sup-
porting the application of AHSCT in patients
with MS with recurring relapses. It was previ-
ously shown that patients with RRMS are the
most likely to benefit from AHSCT, besides
having minimal transplant-related adverse
effects compared with other MS subtypes
[73, 74].

Based on our results, pooled estimates for
PFS, RFS, and EFS showed promising results,
confirming the effectiveness of AHSCT as a one-
time and long-term treatment option for
patients with MS. We also found slight but
nonsignificant improvements in MAFS and
incidence of new MRI lesions after treatment.
Compared with other DMTs such as

Fig. 4 Clinical outcomes of AHSCT
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mitoxantrone (MTX), natalizumab, and alem-
tuzumab, AHSCT has shown better outcomes in
controlling the progression and relapse of MS
symptoms, in addition to achieving more
extended periods of NEDA [70, 75, 76]. Cur-
rently the BEAT-MS (NCT04047628) trial is
aiming to provide a comparison of the best
available therapy versus AHSCT, though it is
still in the patient recruitment stage. Further
clinical trials are needed to elucidate a precise
head-to-head comparison of these approaches.

We determined safety outcomes for AHSCT
by overall survival and TRM. Contrary to pre-
vious findings, we found relatively high TRM.
The initially high TRM of 3.6% decreased to
0.3% in studies post-2005 due to better patient
selection, the use of proper regimens for
immunoablation, and improved transplant
techniques [73, 77, 78]. However, long-term
outcomes measured by our analysis indicate
higher TRM, raising a primary concern for
AHSCT use in MS. We considered the endpoint
of all TRM mainly at the end of 5-year follow-up
duration; however, previous studies have con-
sidered a 100-day post-transplantation period
for assessing TRM. This disparity in the defini-
tion of TRM may explain the observed differ-
ence in TRM between our research and previous
meta-analyses.

As AHSCT targets the immune system, it can
lead to several adverse events secondary to
immune suppression. One study found that
79% of early non-neurological adverse effects,
including neutropenic fever, sepsis, infections,
and viral reactivation, were secondary to
immunosuppression. Also, neurotoxicity
occurred in 26 of 149 patients within 60 days of
transplantation [60]. Late adverse events such as
malignancies can be expected. Another study
reported malignancies in nine of 281 patients
[55]. Further studies with long follow-up dura-
tion are needed to determine the risk of
potential adverse events after AHSCT in patients
with MS.

AHSCT seems to hold better potential for
treating patients with MS with different disease
courses, as it is mainly considered among the
final treatment options, and patient selection
for AHSCT is usually made after many failed
DMTs. The relatively high TRM of AHSCT versus

other DMTs may be linked with patient char-
acteristics. For instance, patients receiving
AHSCT tend to have a more aggressive course of
disease [55, 73]. Also, all AHSCT patients need
to be protected from vaccine-preventable dis-
eases, and the emergence of the COVID-19
pandemic has complicated this procedure in
recent years [77]. Thus, the need for studies
investigating the efficacy and safety of earlier
AHSCT administration as mentioned in the
EBMT criteria has increased.

EBMT recently issued guidelines with
detailed patient characteristics appropriate for
receipt of AHSCT, including highly active
RRMS, disease duration less than 10 years, EDSS
score equal to or less than 5.5, and age younger
than 45 years [78]. By considering these in
patient recruitment, achieving a better per-
spective on the efficacy and safety of AHSCT as
a result of earlier administration is possible.

Although some guidelines have recently
changed the position of AHSCT for RRMS from
a ‘‘clinical option’’ to a ‘‘standard of care,’’ its use
is still typically reserved for later in the disease
course. As a result of growing evidence, equal
footing of AHSCT with second-line DMTs for
patients with RRMS is suggested [79]. Consid-
ering the superior efficacy of AHSCT in estab-
lishing long-term suppression of disease
activity, it may be crucial to consider it before
many of the second-generation DMTs to save
time and prevent irreversible disease progres-
sion. However, this needs to be further investi-
gated in large randomized controlled trials
comparing the safety and efficacy of different
DMTs with AHSCT in patients with distinct MS
subtypes. There is a growing number of ongoing
observational studies and clinical trials which
can provide more evidence regarding the effi-
cacy and safety of AHSCT in patients with MS
and lead to optimization of this procedure (NCT
numbers NCT03477500, NCT05029206,
NCT04674280, NCT04047628).

Our study was limited in some aspects. First,
due to the lack of studies focusing on specific
subtypes of MS, we could not carry out a sub-
group analysis. Also, there was relatively high
heterogeneity between included studies, which
led us to use random-effects analysis. Different
patient characteristics, follow-up times, disease
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durations, subtypes of MS, conditioning regi-
mens, and transplant techniques may have
resulted in this heterogeneity.

Nevertheless, compared with a previous
study by Ge et al. investigating the safety and
efficacy of AHSCT in patients with MS [16], our
study has several advantages. First, we investi-
gated a greater number of efficacy and safety
outcomes to give a comprehensive view of
AHSCT in patients with MS. They excluded
observational studies and only included 18
papers with a total of 731 patients, while we
included 50 studies with a total of 4831 patients
with MS. Furthermore, we used a more com-
prehensive search strategy in more medical
databases to minimize missing papers and
publication bias.

CONCLUSION

AHSCT is highly efficacious in treating patients
with MS in multiple aspects, including pre-
venting disease progression and relapse in
addition to reducing inflammatory responses
and associated CNS lesions. The few studies that
have compared the efficacy of this treatment
approach with currently available DMTs have
reasonably indicated a better outcome.
Although the patients enrolled in AHSCT trials
are usually refractory to DMTs and develop a
more aggressive disease course, comparisons
with other DMT studies still show encouraging
results. In addition, with the increasing knowl-
edge and expertise in the field of stem-cell
therapy, AHSCT has become a safer treatment
approach for MS. Altogether, current data
encourage a broader application of AHSCT for
treating patients with MS while still considering
proper patient selection and transplant
methods.
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Larsson EM, et al. Sustained remission in multiple

sclerosis after hematopoietic stem cell transplanta-
tion. Acta Neurol Scand. 2019;140(5):320–7.

14. Burt RK, Han X, Quigley K, Helenowski IB, Bala-
banov R. Real-world application of autologous
hematopoietic stem cell transplantation in 507
patients with multiple sclerosis. J Neurol.
2021;96(6):E817–E830.

15. Miller AE, Chitnis T, Cohen BA, Costello K, Sicotte
NL, Stacom R. Autologous hematopoietic stem cell
transplant in multiple sclerosis: recommendations
of the National Multiple Sclerosis Society. JAMA
Neurol. 2021;78(2):241–6.

16. Ge F, Lin H, Li Z, Chang T. Efficacy and safety of
autologous hematopoietic stem-cell transplanta-
tion in multiple sclerosis: a systematic review and
meta-analysis. Neurol Sci. 2019;40(3):479–87.

17. Chen B, Zhou M, Ouyang J, Zhou R, Xu J, Zhang Q,
et al. Long-term efficacy of autologous
haematopoietic stem cell transplantation in multi-
ple sclerosis at a single institution in China. Neurol
Sci. 2012;33(4):881–6.

18. Muraro PA, Pasquini M, Atkins HL, Bowen JD, Farge
D, Fassas A, et al. Long-term outcomes after autol-
ogous hematopoietic stem cell transplantation for
multiple sclerosis. JAMA Neurol. 2017;74(4):
459–69.

19. Mancardi G, Sormani M, Di Gioia M, Vuolo L,
Gualandi F, Amato M, et al. Autologous
haematopoietic stem cell transplantation with an
intermediate intensity conditioning regimen in
multiple sclerosis: the Italian multi-centre experi-
ence. Mult Scler J. 2012;18(6):835–42.

20. Moher D, Liberati A, Tetzlaff J, Altman DG. Pre-
ferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS Med.
2009;6(7): e1000097.

21. Lo CK-L, Mertz D, Loeb M. Newcastle-Ottawa Scale:
comparing reviewers’ to authors’ assessments. BMC
Med Res Methodol. 2014;14(1):45.

22. Hozo SP, Djulbegovic B, Hozo I. Estimating the
mean and variance from the median, range, and the
size of a sample. BMC Med Res Methodol.
2005;5(1):13.

23. Abrahamsson SV, Angelini DF, Dubinsky AN, Morel
E, Oh U, Jones JL, et al. Non-myeloablative autol-
ogous haematopoietic stem cell transplantation
expands regulatory cells and depletes IL-17 pro-
ducing mucosal-associated invariant T cells in
multiple sclerosis. Brain. 2013;136(Pt 9):2888–903.

24. Alping P, Burman J, Lycke J, Frisell T, Piehl F. Safety
outcomes after treatment with alemtuzumab or

1566 Neurol Ther (2022) 11:1553–1569



autologous hematopoietic stem cell transplantation
in multiple sclerosis patients. Multiple Scler J.
2020;26(3_Suppl):352–3.

25. Arruda LC, Clave E, Moins-Teisserenc H, Douay C,
Farge D, Toubert A. Resetting the immune response
after autologous hematopoietic stem cell trans-
plantation for autoimmune diseases. Curr Res
Transl Med. 2016;64(2):107–13.

26. Atkins HL, Bowman M, Allan D, Anstee G, Arnold
DL, Bar-Or A, et al. Immunoablation and autolo-
gous haemopoietic stem-cell transplantation for
aggressive multiple sclerosis: a multicentre single-
group phase 2 trial. Lancet. 2016;388(10044):
576–85.

27. Chen B, Ouyang J, Zhou M, Shao XY, Xu Y, Zhou
RF. Autologous hematopoietic stem cell transplan-
tation in multiple sclerosis: long-term clinical out-
come in China. Blood. 2011;118(21):883–4.

28. Blanco Y, Saiz A, Carreras E, Graus F. Autologous
haematopoietic-stem-cell transplantation for mul-
tiple sclerosis. Lancet Neurol. 2005;4(1):54–63.

29. Boffa G, Massacesi L, Inglese M, Mariottini A,
Capobianco M, Lucia M, et al. Long-term clinical
outcomes of hematopoietic stem cell transplanta-
tion in multiple sclerosis. Neurology. 2021;96(8):
E1215–E1226.

30. Bose G, Atkins HL, Bowman M, Freedman MS.
Autologous hematopoietic stem cell transplanta-
tion improves fatigue in multiple sclerosis. Mult
Scler. 2019;25(13):1764–72.

31. Bowen JD, Kraft GH, Wundes A, Guan Q, Maravilla
KR, Gooley TA, et al. Autologous hematopoietic cell
transplantation following high-dose immunosup-
pressive therapy for advanced multiple sclerosis:
long-term results. Bone Marrow Transplant.
2012;47(7):946–51.

32. Burt RK, Balabanov R, Han XQ, Quigley K, Arnau-
tovic I, Helenowski I, et al. Autologous
hematopoietic stem cell transplantation for stiff-
person spectrum disorder a clinical trial. Neurology.
2021;96(6):E817–30.

33. Casanova B, Jarque I, Gascón F, Hernández-Boluda
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