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A B S T R A C T
Multiple sclerosis (MS) is a chronic, disabling, immune-mediated, demyelinating and degenerative disease of the
central nervous system. Approved disease-modifying therapies may be incompletely effective in some patients
with highly active relapsing disease and high risk of disability. The use of immunoablative or myeloablative ther-
apy followed by autologous hematopoietic cell transplantation (AHCT) has been investigated in retrospective
studies, clinical trials, and meta-analyses/systematic reviews as an approach to address this unmet clinical need.
On behalf of the American Society for Blood and Bone Marrow Transplantation (ASBMT), a panel of experts in
AHCT and MS convened to review available evidence and make recommendations on MS as an indication for
AHCT. A review of recent literature identified 8 retrospective studies, 8 clinical trials, and 3 meta-analyses/system-
atic reviews. In aggregate, these studies indicate that AHCT is an efficacious and safe treatment for active relapsing
forms of MS to prevent clinical relapse, magnetic resonance imaging-detectable lesion activity, and worsening dis-
ability and to reverse disability without unexpected adverse events. Based on the available evidence, the ASBMT
recommends that treatment-refractory relapsing MS with high risk of future disability be considered a “standard
of care, clinical evidence available” indication for AHCT. Collaboration of neurologists with expertise in treating
MS and transplantation physicians with experience performing AHCT for autoimmune disease is crucial for ensur-
ing appropriate patient selection and optimizing transplantation procedures to improve patient outcomes. Trans-
plantation centers in the United States and Canada are strongly encouraged to report baseline and outcomes data
on patients receiving AHCT for multiple sclerosis to the Center for International Blood and Marrow Transplant
Research.

© 2019 American Society for Blood and Marrow Transplantation. This is an open access article under the CC BY-
NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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INTRODUCTION
Multiple sclerosis (MS), a chronic, immune-mediated, demye-

linating and degenerative disease of the central nervous system,
is amajor cause of neurologic disability, leading to reduced quality
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of life and substantial economic costs [1]. Manifestations can
include visual impairment, weakness, incoordination, sensory
loss, gait dysfunction, bowel and bladder dysfunction, sexual dys-
function, fatigue, and cognitive impairment. Most patients present
between age 20 and 40 yr with a relapsing-remitting (RR) course
due to multifocal inflammatory lesions that cause clinical relapses
and magnetic resonance imaging (MRI)-detectable lesion activity
(ie, new/enlarged T2-hyperintense or T1 gadolinium-enhancing
lesions) [2,3]. After 10 to 15 years, most patients with RRMS tran-
sition to a secondary progressive (SPMS) course characterized by
neurodegeneration and gradual neurologic decline independent
of clinical relapses, although superimposed inflammatory disease
activity can still occur [2]. Approximately 10% to 15% of patients
present with primary progressive MS (PPMS), characterized by
gradual neurologic worsening after onset with or without super-
imposed relapses andMRI lesion activity [2].

Patients with MS have varying rates of disability worsening.
The extent of early inflammatory disease activity has a substan-
tial impact on both short-term and long-term prognosis [4-6].
Therefore, no evidence of disease activity (NEDA)—absence of
relapses, disability worsening on the Expanded Disability Status
Scale (EDSS), or MRI lesion activity [7]—has been proposed as a
goal for MS disease-modifying therapy (DMT) [8]. Currently,
more than a dozen DMTs have regulatory approval in the United
States andworldwide for treatment of relapsingMS, with varying
mechanisms of action, routes of administration, and efficacy.
However, despite therapy, a high proportion of patients fail to
achieve NEDA [9]. Among these patients, a subset with highly
active disease refractory to approved DMTs develop severe
disability with the need for ambulation assistance within 5 years
of onset [10]. In addition, all MS DMTs have potential safety con-
cerns, the risk of which is cumulative with ongoing therapy.
Thus, therapeutic options for patients with relapsing MS and
ongoing disease activity despite approved DMTs or who develop
adverse effects from therapy represent an important unmet clini-
cal need. Recent treatment guidelines from the American Acad-
emy of Neurology [11,12] and European Academy of Neurology/
European Committee on Treatment and Research in MS [13,14]
do not address the management of such treatment-refractory
patients with poor prognosis.

Immunoablation or myeloablation followed by autologous
hematopoietic cell transplantation (AHCT) has been studied as
a treatment option for several autoimmune diseases, including
MS, systemic sclerosis, and Crohn's disease [15,16]. In MS,
AHCT has been investigated as treatment of various pheno-
types in both retrospective studies and clinical trials. Although
the overall results support the benefit of AHCT in the treatment
of a subset of patients with highly active relapsing forms of MS,
this procedure is not yet integrated into routine clinical prac-
tice. In addition, the recent MS treatment guidelines from the
American Academy of Neurology [11,12] and European Acad-
emy of Neurology/European Committee on Treatment and
Research in MS [13,14] do not comment on a role for AHCT in
treatment of MS. Guidelines from the American Society for
Blood and Marrow Transplantation (ASBMT) published in 2015
designate MS as a “developmental” indication for AHCT [15].

In response to newly available data concerning the efficacy
and safety of AHCT inMS and to establish best practices in relaps-
ing MS, the ASBMT Practice Guidelines Committee created a Task
Force of experts in AHCT and MS to review the current evidence
and provide a recommendation on treatment-refractory relaps-
ing MS as an indication for AHCT. This position paper presents
expert opinion based on contemporary evidence available for MS
as an indication for AHCT and is not intended to serve as a treat-
ment guideline.
ASBMT DEFINITIONS FOR AHCT INDICATIONS
The guiding principles and processes that ASBMT follows

when considering a disease or condition as an indication for
transplantation have been described previously [15,17]. In
brief, ASBMT criteria for classifying AHCT indications include
(1) “standard of care” where indication for AHCT is well
defined and supported by evidence; (2) “standard of care, clini-
cal evidence available” where large clinical trials and observa-
tional studies are not available but AHCT has been shown to be
effective therapy; (3) “standard of care, rare indication” for
rare diseases where AHCT has demonstrated effectiveness but
large clinical trials and observational studies are not feasible;
(4) “developmental” for diseases where preclinical and/or early
phase clinical studies show AHCT to be a promising treatment
option; and (5) “not generally recommended” where available
evidence does not support the routine use of AHCT.

SUMMARY OF EVIDENCE
Search Strategy

The Embase and Ovid MEDLINE databases were searched
using a combination of MeSH terms and key words for the fol-
lowing concepts: bone marrow or hematopoietic transplanta-
tion, multiple sclerosis, and trials, observational studies, or
meta-analyses. Truncation and wildcard operators were used
to obtain as comprehensive a set of results as possible. Search
results were limited to English language and for article pub-
lished between 2008 and January 2019. Conference abstracts
and reports involving fewer than 10 patients with relapsing
MS who underwent AHCT (with 1 exception) were excluded.
All search results were manually reviewed by 1 author (L.E.B.).

Retrospective Studies
Eight retrospective studies evaluating the efficacy of AHCT

in patients with MS using registries, country-level data, or hos-
pital consortia were identified [18-25]. In aggregate, these
studies consistently supported the efficacy of AHCT in patients
with relapsing forms of MS based on relapse reduction, pro-
gression-free survival, disability improvement, and reduction
of MRI lesion activity. Four key studies are summarized
(Table 1).

Mancardi et al [19] reported outcomes in an Italian multi-
center case series including 74 patients with MS (33 RRMS, 41
SPMS, mean age of 35.7 years) who underwent AHCT using a
conditioning regimen consisting of BCNU, etoposide, cytosine-
arabinoside (Ara-C), and melphalan (BEAM) and antithymocyte
globulin (ATG) between 1996 and 2008. Patients who had at
least a 1.0-point worsening in EDSS over the previous year
despite DMT were included. The median duration of follow-up
was 4.0 years. EDSS progression-free survival was 71% in
RRMS patients at 5 years and was generally higher in younger
patients. Among patients with MRI studies available, none had
gadolinium-enhancing lesions (0 of 45; 0%) at 1 year and 2 of
24 patients (8.3%) had gadolinium-enhancing lesions and at 2
years. At 5 years, 85% of all patients were relapse-free, but
among RRMS patients, 30% had experienced relapse during
follow-up. In addition, 31% of RRMS patients with >1 year of
follow-up had 6- to 12-month confirmed EDSS improvement
of at least 1 point following AHCT. Transplantation-related
mortality was 2.7% (2 of 74).

Burman et al [20] reviewed the experience with AHCT for
treating MS at 7 Swedish centers from 2004 to 2013. A total of 52
patients were identified, 4 of whom were not included owing to
concurrent autoimmune disease or uncertain MS diagnosis. Most
of the patients in this series (n = 41) underwent AHCT using a
conditioning regimen consisting of BEAM and ATG; 7 patients



Table 1
Summary of Key Retrospective Studies on Immunoablative or Myeloablative Therapy Followed by AHCT for MS

Characteristic Italian Report (2012) [19] Swedish Report (2014) [20] Northwestern Report
(2015) [21]

Review of CIBMTR/ EBMT Registries
(2017) [24]

Study design

Protocol Retrospective case series Retrospective case series Retrospective case series Retrospective registry review

Number of centers/sites 17 7 1 25

Recruitment period 1996-2008 2004-2013 2003-2014 1995-2006

Sample size, n 74 41 had at least 1 yr follow-up; toxicities
only were reported for an additional 7

151 underwent transplantation; 145
with reported outcomesy

281 evaluable patients (CIBMTR, n = 111;
EBMT, n = 170)

Inclusion criteria
for disease severity

MS with severe clinical course in the past
yr (worsening in EDSS �1.0 point despite
DMT)

MS previously treated with DMT RRMS who failed at least 1 DMT, with 2
or more treated relapses or 1 treated
relapse with Gd+ lesions at a separate
timey

Receipt of AHCT for MS with minimal
dataset available (disease course at base-
line, EDSS at baseline, information on
conditioning regimen and graft manipu-
lation, and at least 1 follow-up visit)

Primary endpoint EDSS progression-free survival Relapse-free survival, MRI event-free
survival, EDSS progression-free survival,
and disease-free survival (defined as any
one of: clinical relapse, MRI event, or
progression of disability on EDSS of at
least .5)*

Time to EDSS improvement and time to
EDSS worsening, both of at least 1.0 point

Progression-free survival (12-mo con-
firmed EDSS increase of 1.0 point (or .5
point for EDSS �5.5)

Transplantation protocol

Mobilization regimen Cy (1.5-4 g/m2) + filgrastim 5-12 mg/kg/d
until harvest completion

Cy (2 g/m2) + filgrastim (5-10 mg/kg/d for
6-7 d)

Cy (2 g/m2) + filgrastim 5-10 mg/kg/d
daily; hematopoietic cells collected on
day 10

Chemotherapy combined with growth
factor in 263 of 281 (93.6%), growth fac-
tor alone in 18 of 281 (6.4%)

CD34+ selection No No No Yes in 123 of 281 (43.8%), no in 158 of
281 (56.2%)

Conditioning regimen BEAM and rabbit ATG (7.5-10 mg/kg) Most (n = 41) had BEAM and ATG, but
some (n = 7) had Cy (200 mg/kg) and ATG

Cy (200mg/kg) plus either alemtuzumab
20 mg or rabbit ATG 6 mg/kg

Variable: “high intensity” in 53 of 281
(18.9%), “intermediate intensity” in 179
of 281 (63.7%), “low intensity” in 49 of
281 (17.4%); ATG in 232 of /281 (82.6%)z

Patient characteristics

MS phenotype 33 RRMS, 41 SPMS 40 RRMS, 5 SPMS, 2 PPMS, 1 PRMS 123 RRMS, 28 SPMS 46 RRMS, 186 SPMS, 32 PPMS, 17 PRMS

Age, yr Mean, 35.7 (range 16-53) Mean, 31 (range, 9-52) Median, 37 (range, 18-60) Median, 37 (range, 16-65)

EDSS, median (range) 6.5 (3.5-9) 5.5 (1.5-8.5) for RRMS 4.0 (3.0-5.5) 6.5 (1.5-9.0)

Disease duration, yr,
median (range)

11.2 (1-28) 6.25 (.33-25) 5.1 (.8-22) 6.8 (<1-34)

Results

Duration of follow-up Median, 4.0 yr (range, .8 mo to 10.5 yr) Mean, 4.0 yr (range, 1-9 yr) Mean, 2.5 yr (6 months-5 yr) Median 6.6 years

Primary outcome EDSS progression-free survival at 5 yr for
all patients was 66%, with significantly
better outcomes for those with Gd+

lesions present at baseline vs none at
baseline (87% vs 46%; P = .013).
Among RRMS patients, EDSS progres-
sion-free survival was 71% at 5 yr

At 5 yr post-AHCT: clinical relapse-free
survival 87%; MRI event-free survival,
85%; EDSS progression -free survival,
77%; disease-free survival, 68% (no clini-
cal relapse, MRI activity, or EDSS
progression)

EDSS improved from 4.0 to 3.0 at 2 yr
and to 2.5 at 4 yr (P < .001)
Significant disability improvement in 41
of 82 patients (50%) at 2 yr and in 23 of
36 (64%) at 4 yr

Yearly EDSS available for 239 of 281
patients (85.1%); overall progression-
free survival rate was 46%; among
patients with RRMS or PRMS (n = 63),
progression-free survival rate was 82% at
3 yr and 73% at 5 yr

Secondary outcomes Among those with at least 1 yr of follow-
up, 85% were relapse-free after up to 5 yr;

At 5 yr post-AHCT: 4 patients had experi-
enced clinical relapse, 5 had MRI activity,

Relapse-free survival 80% at 4 yr; EDSS
progression-free survival 87% at 4 yr

Mean EDSS increased by .94 point during
12 mo pre-AHCT and decreased by -.32
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received a conditioning regimen of cyclophosphamide and ATG.
Follow-up efficacy data for at least 1 year were available for 41
patients, 34 (83%) of whom had RRMS. At 5 years post-AHCT,
relapse-free survival was 87%, and disease-free survival (defined
as absence of death, clinical relapse, MRI lesion activity, or EDSS
progression) was 68%. Safety results were reported for 48
patients. Transplantation-related mortality was 0%.

In a retrospective case series conducted at Northwestern
University, 151 patients with MS (123 RRMS, 28 SPMS) under-
went AHCT using a conditioning regimen consisting of cyclo-
phosphamide and either alemtuzumab or ATG [21]. The
primary outcome was improvement or worsening of disability,
based on 1.0-point decrease or increase in the EDSS, respec-
tively. Outcome data were available for 145 patients. The
median EDSS improved from 4.0 to 3.0 (interquartile range
[IQR], 1.5 to 4.0) at 2 years, and to 2.5 (IQR, 1.9 to 4.5) at 4 years.
There was a significant decrease in EDSS in 41 of 82 patients
(50%; 95% confidence interval [CI], 39% to 61%) at 2 years and in
23 of 36 patients (64%; 95% CI, 46% to 79%) at 4 years. At 4 years,
relapse-free survival was 80%, and progression-free survival
was 87%. Transplantation-related mortality was 0%.

Muraro et al [24] reported an analysis of the Center for
International Blood and Marrow Transplant Research (CIBMTR)
and European Blood and Marrow Transplant Group registries,
which included 63 patients with RRMS (n = 46) or progressive
relapsing (PR) MS (n = 17); the majority of patients (n = 218)
had PPMS (n = 32) or SPMS (n = 186). Patients received differ-
ent conditioning regimens depending on the transplantation
center, but the majority (63.7%) received BEAM. The primary
outcomes were progression-free survival, defined as absence
of 12-month confirmed EDSS worsening or death, and overall
survival. At 5 years, progression-free survival was 46% (95% CI,
42% to 54%) overall. In the patients with RRMS or PRMS
(n = 63), progression-free survival was 82% (95% CI, 71% to
93%) at 3 years and 73% (95% CI, 57% to 88%) at 5 years. In con-
trast, progression-free survival in patients with SPMS (n = 186)
was 33% (95% CI, 24% to 42%) at 5 years. This long-term follow-
up study demonstrated an overall survival at 5 years of 93%
(95% CI, 89% to 96%).
Single-Arm Clinical Trials
Six single-arm, phase 1 and 2 clinical trials of AHCT to treat

RRMS published in the past 10 years were identified [26-32].
Although these studies used varying regimens for mobilization
and conditioning, all demonstrated high efficacy of AHCT for
RRMS, with marked benefits for MS disease activity-free sur-
vival, disability worsening, and disability improvement. Five of
these single-arm clinical trials are summarized in Table 2.

A single-center, phase 1/2 trial reported by Burt et al [28]
included 21 patients with RRMS who underwent AHCT
between 2003 and 2005. Eligible patients had either 2 steroid-
treated relapses in the previous year despite treatment with
IFN-b for at least 6 months or 1 clinical relapse and gadolin-
ium-enhancing lesions on brain MRI at separate times. Cyclo-
phosphamide and filgrastim were used for mobilization of the
autologous graft, followed by cyclophosphamide and either
alemtuzumab or rabbit ATG for conditioning. The primary out-
comes were progression-free survival, with progression
defined as an increase in EDSS of at least 1.0 point after AHCT,
as well as reversal of neurologic disability at 3 years post-
AHCT. Progression-free survival at 3 years was 100%, and 81%
of patients (n = 17) had an EDSS improvement of at least 1.0
point. The other 4 patients had either an EDSS improvement of
.5 point (n = 2) or no change (n = 2). No deaths were reported.



Table 2
Summary of Key Single-Arm Clinical Trials on Immunoablative or Myeloablative Therapy Followed by AHCT for MS

Characteristic Northwestern Report (2009)
[28]

Russian Report (2012) [27] Canadian Report (2016) [31] HALT-MS (2015, 2017) [29,30] Australian Report (2018) [32]

Identifier ClinicalTrials.gov
NCT00278655

Not available ClinicalTrials.gov NCT01099930 ClinicalTrials.gov NCT00288626 ACTRN 12613000339752

Study design

Protocol Phase 1/2 clinical trial, sin-
gle-arm

Phase 2 clinical trial, single-arm Phase 2 clinical trial, single-arm Phase 2 clinical trial, single-arm Phase 2 clinical trial, single-arm

Number of centers/sites 1 1 3 3 1

Recruitment period 2003-2005 2006-2011 2001-2009 2006-2009 2010-2016

Sample size, n 21 95 26 were enrolled; 24 were
transplanted

25 were enrolled; 24 were
transplanted

35

Inclusion criteria
for disease severity

RRMS with 2 steroid-treated
relapses in the previous 12
mo despite IFN-b for at least
6 mo, or 1 clinical relapse
and Gd+ MRI lesions sepa-
rate from relapse

Clinically definite MS having EDSS
1.5-8.0; most were refractory to con-
ventional therapy

Ongoing disease activity despite
1 yr of DMT, consisting of 2 clini-
cal relapses in prior 1 yr, or 3
relapses in prior 2 yr, or EDSS
increase of �1.0 points in prior
18 mo

RRMS with failure of DMTs during
prior 18 mo (2 or more clinical relap-
ses with EDSS increase of �1.0
points)

RRMS with at least 1 relapse or one new
Gd+ MRI lesion in the past yr despite
DMT
SPMS with worsening and with at least 1
Gd+ MRI lesion in the past yr despite
DMT

Primary endpoint EDSS progression-free sur-
vival (at least 1.0) and rever-
sal of neurologic disability at
3 yr post-AHCT

Treatment response, defined as EDSS
being stable or improved by at least
.5 point

MS activity-free survival
(defined as absence of clinical
relapse, new or Gd+ MRI lesions,
or progression of disability on
EDSS)

Time to treatment failure (death or
MS disease activity defined as pro-
gression of disability on EDSS of at
least 1.0-point, clinical relapse, or
new MRI lesions)

Event-free survival (NEDA), defined as
absence of clinical relapse, new/enlarg-
ing T2 or Gd+ brain MRI lesions, or sus-
tained EDSS worsening

Transplantation protocol

Mobilization regimen Cy (2 g/m2) + filgrastim (10
mg/kg/d)

Filgrastim (10 mg/kg/d according to
EBMT guidelines)

Cy (4.5 g/m2) + filgrastim (10 mg/
kg/d for 10 d)

Filgrastim (16 mg/kg/d for 4-5 d),
prednisone (1 mg/kg/d for 10 d) was
started 1 d before filgrastim was
given

Cy (2 g/m2) + filgrastim (10 mg/kg/d)

CD34+ selection No No Yes Yes No

Conditioning regimen Cy 200 mg/kg and either
alemtuzumab (20 mg) or
rabbit ATG (6 mg/kg)

BM (BCNU/CCNU and melphalan)
(n = 60) or a “mini-BEAM-like” regi-
men (BCNU/CCNU, etoposide, Ara-C
and melphalan) (n = 35) § horse
ATGy

Busulfan (PK monitoring of first
dose; mean total dose 10.9 mg/
kg), Cy 200 mg/kg, rabbit ATG 5
mg/kg*

BEAM, rabbit ATG 5 mg/kg BEAM, horse ATG 40 mg/kg

Patient characteristics

MS phenotype 21 RRMS 42 RRMS, 35 SPMS, 15 PPMS, 3 PRMS 12 RRMS, 12 SPMS 25 RRMS (24 transplanted) 20 RRMS, 15 SPMS

Age, yr, median (range) 33 (20-53) Mean 34.5 34 (24-45) 38 (27-53) 37 (21-55)

EDSS, median (range) 3.1 (2.0-5.5) 3.5 (1.5-8.0) Median NA; range 3.0 � 6.0 4.5 (3.0-5.5) Median NA; n=6 with EDSS <4, 16 with
EDSS 4-6,13 with EDSS >6

Disease duration, yr Median, 5 (range, 1.5-10) NA Mean, 6.1 § 2.5 Median, 4.9 (range, .6-12) Median, 6.9 (range, .7-21.6)

Results

Duration of follow-up, yr Mean, 3.1 (range, 2-4) Mean, 3.8 (range, .8-5.5) Median, 6.7 (range, 3.9-12.7) Mean, 5.2 (range, 1-6) Median, 3 (range, 1-5.5)

Primary outcome EDSS progression-free sur-
vival at 3 yr, 100%
EDSS improvement �1 point
in 17 (81%), .5 point in 2

EDSS progression -free survival 82%
at 5 yr (95% CI, 71.2%-89.1%)
For those with baseline EDSS 1.5-
3.0 vs 3.5-8.0, EDSS progression free

MS activity-free survival 69.6%
(95% CI, 46.6%-84.2%) at 3 yr

Event-free survival at 5 yr 69.2% (90%
CI, 50.2%-82.1%)
EDSS progression-free survival,
91.3% (95% CI, 74.7%-97.2%)
Clinical relapse-free survival, 86.9%

MS activity-free (NEDA) survival, 82%
(95% CI, 65%-92%) at 1 yr, 65% (95% CI,
45%-79%) at 2 yr, and 60% (95% CI, 40%-
70%) at 3 yr

(continued)
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A phase 2 study of AHCT in MS performed by Shevchenko
et al [27] involved 95 patients with MS (42 with RRMS) who
had EDSS 1.5 to 8.0, most of whom were refractory to previous
DMT. Patients underwent AHCT with mobilization of the graft
using filgrastim, and conditioning with a modified BEAM regi-
men plus horse ATG. The primary outcome was treatment
response, defined as stable or improved EDSS (by at least
.5 point) confirmed at 3 months. Outcomes were reported for 6
and 12 months and for longer follow-up at a mean of 3.8 years.
Treatment response was 98.9% at month 6, 96% at month 12,
and 80% at long-term follow-up. Thirty-nine of 40 patients
(97.5%) with RRMS included in the clinical efficacy analysis
were relapse-free at long-term follow-up. Interpretation of
this study is complicated somewhat by restriction of the long-
term follow-up analysis to patients who had not progressed or
relapsed by month 36 and a substantial number of patients
who discontinued the study between months 12 and 36. No
deaths were reported.

The Canadian phase 2 trial included 26 patients (24 of whom
underwent transplantation, including 12 with RRMS and 12 with
SPMS) who had ongoing disease activity in the preceding year
despite DMT [31]. Mobilization was accomplished with cyclo-
phosphamide and filgrastim, and the graft was CD34+-selected.
The conditioning regimen contained busulfan, cyclophospha-
mide, and ATG. The primary outcome was MS activity-free sur-
vival, defined as absence of death, clinical relapse, confirmed
worsening of EDSS, or new or gadolinium-enhancing brain MRI
lesion. At 3 years, MS activity-free survival was 69.6% (95% CI,
46.6% to 84.2%). There were no relapses or gadolinium-enhancing
lesions on sequential brain MRIs following AHCT, with plateau of
the MS activity-free curve beyond 2 years with a median follow-
up of 6 years. Despite an initial increase in the rate of brain atro-
phy at 6 months post-AHCT, there was slowing and stabilization
at -0.32 § 0.67% brain volume change per year after 24 months
post-transplantation. Transplantation-related mortality was 4.2%
(1 of 24 patients).

The HALT-MS phase 2 study included 25 patients with
RRMS (24 of whom underwent transplantation), EDSS of 3.0 to
5.5, disease duration <15 years, and failure of DMT with �2
relapses in the preceding 18 months with a corresponding
increase in EDSS of at least 1.0 point [29,30]. The transplanta-
tion protocol involved mobilization with filgrastim and predni-
sone, CD34+ graft selection, and conditioning with BEAM and
rabbit ATG. The primary outcome was event-free survival,
defined as survival without MS relapse, worsening EDSS, or
new MRI lesions (ie, equivalent to death or NEDA). At 5 years,
overall event-free survival was 69.2% (90% CI, 50.2% to 82.1%).
Progression-free survival was 91.3% (90% CI, 74.7% to 97.2%),
clinical relapse-free survival was 86.9% (90% CI, 69.5% to
94.7%), and MRI activity-free survival was 86.3% (90% CI, 68.1%
to 94.5%). Median EDSS improved by -.5 point (IQR, -1.0 to 0;
P = .001). Transplantation-related mortality was 0%.

A single-center, phase 2 study conducted in Australia evalu-
ated the efficacy of AHCT in 35 patients with either active
RRMS (n = 20) or SPMS (n = 15) [32]. Patients underwent AHCT
using cyclophosphamide and filgrastim for graft mobilization
and then BEAM and ATG for conditioning. The primary out-
come was MS disease activity-free survival (NEDA), defined as
the absence of relapse, new/enlarging T2 lesions and/or new
gadolinium-enhancing lesions on MRI after 6 months post-
AHCT MRI, or confirmed EDSS worsening. Overall, NEDA was
achieved by 82% of patients (95% CI, 65% to 92%) at 1 year, by
65% (95% CI, 45% to 79%) at 2 years, and by 60% (95% CI, 40% to
70%) at 3 years. In RRMS patients (n = 20), NEDA was achieved
by 90% (95% CI, 66% to 97%) at 1 year and by 70% (95% CI, 41%
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to 87%) at 2 and 3 years. Secondary outcome analysis demon-
strated significant benefit, with EDSS improvement in 13
patients (37%), including 12 with RRMS. In the RRMS group
alone, the mean decrease in EDSS was 1.3 at 1 year (P = .008)
and 1.5 at 3 years (P = .0088). Significant benefit was also
observed in reduction of gadolinium-enhancing lesion number
and T2 lesion volume between 6 months post-AHCT and last
follow-up MRIs. Transplantation-related mortality was 0%.
Randomized Controlled Trials
Two randomized controlled trials were identified (Table 3)

[33,34]. ASTIMS was a phase 2 study comparing AHCT to
mitoxantrone in 21 patients with MS (including 7 with RRMS),
9 of whom received AHCT and 12 of whom received mitoxan-
trone [33]. The number of new T2 lesions on brain MRI at
4 years was significantly lower in the AHCT group (rate ratio,
.21; 95% CI, .1 to .48; P = .00016). No patients who received
AHCT had any gadolinium-enhancing brain MRI lesions over
4 years, compared with 56% of patients on mitoxantrone. The
annualized relapse rate was lower in the AHCT group com-
pared with the mitoxantrone group (.19 versus .6; rate ratio,
.36; 95% CI, .15 to .88; P = .026). No deaths were reported.

The randomized controlled phase 3 MIST trial compared
the efficacy of AHCT using a nonmyeloablative conditioning
regimen (cyclophosphamide 200 mg/kg over 4 days followed
by rabbit ATG) and treatment with DMTs [34].The study popu-
lation included 110 patients (randomized 1:1) with RRMS who
had �2 relapses or 1 relapse plus gadolinium-enhancing
lesions at different times in the preceding year despite treat-
ment with DMT. Among patients in the control arm, 21 of 55
(38.2%) were treated with natalizumab, and the remainder
(62%) were treated with various approved or off-label DMTs.
None was treated with ocrelizumab or alemtuzumab. Cross-
over was allowed if there was an EDSS increase of 1.0 point at
1 year after treatment initiation. The primary outcome was
6-month confirmed disability worsening on EDSS of �1.0
point, which occurred in 5.7% (3 of 52) AHCT patients and
66.7% (34 of 51) DMT patients. The median time to the con-
firmed disability worsening was 24 months with DMT and was
not calculated in AHCT owing to the small number of events
(hazard ratio, .07; 95% CI, .02 to .24; P < .0001). In the AHCT
group, 2.0% had relapse at 1 year and 15.4% at 5 years, com-
pared with 69.2% and 85.2% in the DMT group, respectively
(P < .001 at 1 year). Mean EDSS improved at 1 year from 3.38
§ 1.2 to 2.36 § 1.4 in the AHCT patients but worsened from
3.31 § 1.0 to 3.98 § 1.7 in the DMT patients (P < .001). At
1 year, mean T2 lesion volume on MRI was decreased in the
AHCT group but increased in the DMT group (P < .001). There
were no deaths or grade 4 toxicities related to transplantation.
Adverse Events in Clinical Trials
Adverse events across the prospective clinical trials in

AHCT for patients with MS were largely consistent with
those expected from transplantation. Overall, treatment-
related mortality was rare in the studies summarized
above. One patient died at 62 days post-AHCT in the Cana-
dian trial, which used a busulfan-containing regimen, due
to hepatic necrosis following sinusoidal obstruction syn-
drome and Klebsiella sepsis [31]. No subsequent deaths or
episodes of liver veno-occlusive disease occurred once oral
busulfan was replaced with parenteral busulfan, affording
better control of dosing. Otherwise, the reported deaths
were related to MS disease worsening or comorbidities
[29,30].
Meta-Analysis and Systemic Reviews
A meta-analysis by Sormani et al [35] evaluated the efficacy

and safety of AHCT in both relapsing and progressive forms of
MS in studies conducted between 1995 and 2016, comprising
764 patients in 15 studies (10 observational and 5 phase 1/2
clinical trials). The analysis indicated a pooled transplantation-
related mortality estimate of 2.1% (95% CI, 1.3% to 3.4%). The
rate of EDSS progression was 17.1% (95% CI, 9.7% to 24.5%) at
2 years and 23.3% (95% CI, 16.3% to 31.8%) at 5 years. The pro-
portion of patients with NEDA was 83.0% (range, 70% to 92%)
at 2 years and 67% (range, 59% to 70%) at 5 years. Studies with
>44% of patients with RRMS reported lower 2-year progres-
sion rates compared with studies with <44% of patients with
RRMS (7.8% versus 24.8%; P = .004). Transplantation-related
mortality also decreased over time, from 3.6% (95% CI, 2.2% to
6.0%) in patients undergoing AHCT before 2005 to .3% (95% CI,
0 to 2.0%) in patients undergoing AHCT after 2005 (P = .014). In
addition, transplantation-related mortality was higher in
patients with more severe disability (ie, higher EDSS) at
baseline (P = .001).

Another study by Sormani et al [36] evaluated rates of NEDA
in patients with MS in studies of AHCT (n = 66) compared with
DMTs (n = 216). AHCT resulted in NEDA rates of 78% to 83% at
2 years and 60% to 68% at 5 years. In contrast, studies of conven-
tional MS DMTs, including those considered to be high efficacy,
reported NEDA rates of 13% to 46% at 2 years.

Similarly, an analysis of the European Blood and Marrow
Transplant (EBMT) registry comparing the efficacy of AHCT
versus conventional DMTs by Muraro et al [37] demonstrated
a higher rate of NEDA with AHCT compared with the rates
reported in clinical trials of DMTs. Importantly, this analysis of
the EBMT registry also demonstrated that treatment-related
mortality has declined over time [37]. Among all patients who
underwent AHCT for MS, overall treatment-related mortality
was 2.0% during 1995 to 2016 (n = 829) but only .2% from 2012
to 2016 (n = 439). This decrease in treatment-related mortality
is thought to reflect improved patient selection, refinement of
transplantation protocols, and increased experience with
AHCT in autoimmune disorders.

In summary, the retrospective studies and clinical trials of
AHCT summarized above differed in design, study population,
and transplantation protocol, and only 2 studies included a con-
trol group. Typically, the AHCT studies enrolled patients with
more active or severe disease compared with the studies of con-
ventional DMTs. Despite these limitations, it is apparent that after
AHCT, many patients with MS experienced rapid, complete, and
durable control of inflammatory disease activity, with resultant
improvement in long-term clinical outcomes.Where data for sim-
ilar MS populations are available, outcomes with AHCT appear to
be superior compared with reports for conventional DMTs.
POSITION STATEMENT
The ASBMT Task Force recommends revising the recom-

mended indication for AHCT in MS to “standard of care, clinical
evidence available”, for patients with relapsing forms of MS
(RRMS or progressive MS with superimposed activity) who
have prognostic factors that indicate a high risk of future dis-
ability, including ongoing clinical relapse or MRI lesion activity
despite treatment with available DMTs, especially if disease
activity continues despite treatment with high-efficacy DMTs
and/or worsening disability. This revision of our previous
“developmental” guideline [15] is based on the evidence from
retrospective studies, clinical trials, and meta-analyses/
systematic reviews summarized above.



Table 3
Summary of Key Randomized Controlled Clinical Trials of Immunoablative or Myeloablative Therapy Followed by Autologous Hematopoietic Cell Transplantation for MS

ASTIMS (2015) [33] MIST (2018) [34]

Identifier EUDRACT 2007-000064-24 ClinicalTrials.gov NCT00273364

Study design

Protocol Phase 2 clinical trial, AHCT vs mitoxantrone Phase 3 clinical trial, AHCT vs conventional DMT

Number of centers/ Sites 7 4

Recruitment period 2004-2009 2005-2016

Sample size, n 21 (9 to AHCT) 110 (55 to AHCT, 52 in primary analysis)

Inclusion criteria for disease severity Despite DMT during previous yr, .5-1 point worsening of EDSS, and 1 or more Gd+

MRI lesions
Despite DMT during previous yr, at least 2 clinical relapses, or 1 relapse with Gd+

MRI lesions at a different time during the yr

Primary endpoint Cumulative number of new T2 lesions on brain MRI during 4 yr post-
randomization

6-month confirmed EDSS worsening �1.0 point, after at least 1 yr of treatment or
post-AHCT

Transplantation protocol

Mobilization regimen Cy (4 g/m2) + filgrastim (5 mg/kg/d) Cy (2 g/m2) + filgrastim (5-10 mg/kg/d)

CD34+ selection No No

Conditioning regimen BEAM, rabbit ATG 7.5 mg/kg Cy 200 mg/kg, rabbit ATG 6 mg/kg

Patient characteristics

MS phenotype 7 RRMS, 13 SPMS, 1 PPMS with relapses RRMS

Age, yr, median (range) 35.5 (19-46) 34 (18-54) for AHCT group

EDSS, median (range) 6 (5.5-6.5) 3.0 (1.5-6.5) for AHCT group

Disease duration, yr, median (range) 10.2 (2-23) 4.7 (0.8-14) for AHCT group

Results

Follow-up duration 4 yr Up to 5 yr

Primary outcome Over 4 yr, median number of new T2-weighted MRI lesions was 2.5 in AHCT vs 8 in
mitoxantrone (rate ratio, 0.21; 95% CI, .1-.48; P = .00016)

Disability worsening occurred in 5.8% (3/52) AHCT vs 66.7% (34/51) DMT; median
time to progression, 24 mo in DMT, not calculated in AHCT due to small number of
events (hazard ratio, .07; 95% CI, .02-.24; P < .001)

Secondary outcomes Over 4 yr:
None of those who received AHCT had Gd+ MRI lesions; 56% of those on mitoxan-
trone had at least 1 Gd+ MRI lesion (P = .029)
ARR was 0.19 in AHCT vs. 0.6 in mitoxantrone, (rate ratio 0.36, 95% CI 0.15-0.88;
P = .026)
EDSS progression was 57% in AHCT vs 48% in mitoxantrone (log-rank test, P = .50)

At 1 yr, relapse occurred in 2.0% (1/51) AHCT and 69.2% (36/52) DMT (P < .001); At
5 yr, relapse occurred in 15.4% AHCT and 85.2% DMT
At 1 yr, mean EDSS improved from 3.38 § 1.2 to 2.36 § 1.4 with AHCT and wors-
ened from 3.31 § 1.0 to 3.98 § 1.7 with DMT (P < .001)
At 1 yr, mean T2 lesion volume on MRI decreased in the AHCT group, but increased
in the DMT group (P< .001)

Overall survival, % 100 100

Treatment-related mortality, % 0 0

ARR indicates annualized relapse rate.
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PATIENT SELECTION AND TRANSPLANTATION REGIMEN
Collaboration of neurologists with expertise in treating MS

and transplantation physicians with experience performing
AHCT for autoimmune disease is crucial for appropriate patient
selection and optimizing transplant procedures to improve
patient outcomes [37-40]. Patients most likely to benefit from
AHCT include those of relatively younger age with relatively
short disease duration, a relapsing form of MS (RRMS or pro-
gressive MS with superimposed activity), accumulating dis-
ability but still ambulatory, and ongoing disease activity
despite DMT [37-40]. Patients with progressive MS without
recent inflammatory disease activity (ie, clinical relapse or MRI
lesion activity within the previous 1 to 2 years) are less likely
to benefit. Some patients with other demographic or disease
characteristics (eg, patients with early MS who have failed
only a limited number of DMTs but are considered at high risk
for future disability or some patients with progressive disease
without recent activity) may benefit from AHCT, but there is
less supportive evidence for AHCT in those populations.

This position paper does not provide recommendations on
preferred methods for mobilization and stem cell collection,
graft manipulation (eg, CD34+ selection), cell dose, condition-
ing regimen, or post-transplantation supportive care. The
studies discussed above vary in terms of intensity of condi-
tioning regimens and other procedural aspects. Nevertheless,
all of the regimens summarized above demonstrated potent
efficacy, and all are reasonable options. Clinicians considering
AHCT are advised to refer to eligibility criteria and treatment
regimens detailed in the studies summarized above and to
published guidelines [37-40]. The intensity of the condition-
ing regimen that represents the optimal trade-off in level and
durability of efficacy versus safety and tolerability in MS
remains uncertain. The relationships between both efficacy
and safety with patient characteristics, including age, level of
disability, and presence of comorbid conditions, are complex.
Formal clinical trials to optimize patient selection and trans-
plantation protocols and to develop novel regimens are
encouraged to improve outcomes.
DATA REPORTING TO CIBMTR
As AHCT becomes available to patients with treatment-

refractory relapsing MS, collection and analysis of baseline
and outcomes data will be critical to developing better
approaches to transplantation and planning future research.
Thus, transplantation centers in the United States and Canada
and international centers affiliated with the CIBMTR are
strongly encouraged to report data on patients who undergo
AHCT for MS. Although data collection is a core practice in the
transplantation field, areas such as AHCT for autoimmune dis-
eases present additional challenges, given that disease-
specific information is often not available to transplantation
centers and there is often a lack of expertise in reporting such
information. Again, collaboration between neurologists and
transplantation physicians is key to allow the collection of the
standardized and comprehensive data necessary to advance
the knowledge base about AHCT for MS.
CONCLUSION
In summary, the ASBMT endorses AHCT as a “standard of

care, clinical evidence available” for treatment-refractory
relapsing MS. This document is not a treatment guideline, but
is intended to provide guidance to physicians, patients, payers,
policy makers, and other stakeholders on coverage decisions
and the appropriate use of this procedure for MS.
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