
Multiple Sclerosis Journal
18(6) 772 –775
© The Author(s) 2012
Reprints and permissions: 
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1352458512442993
msj.sagepub.com

MULTIPLE
SCLEROSIS MSJ
JOURNAL

In 1995 autologous hematopoietic stem cell transplantation 
(HSCT) was first suggested in the medical literature as a 
treatment for multiple sclerosis (MS).1 At that time, HSCT 
was viewed as a high-risk procedure to be utilized as a sal-
vage therapy in late progressive disease, a perception that 
still lingers to this day.

The first partial misconception that HSCT is a high-risk 
procedure needs to be placed in perspective with the drug 
regimen utilized, as well as with the risks of current FDA-
approved disease-modifying therapies. There are three var-
iables that determine the safety of HSCT: 1) the regimen 
(drugs) used; 2) patient selection; and 3) a center effect 
(experience with transplant for MS).2-5 It is important to 
recognize that the terminology ‘autologous hematopoietic 
stem cell transplantation’ is in reality a misnomer. There is 
no transplant, only the infusion of an autologous supportive 
blood product, analogous to a surgeon collecting before and 
then reinfusing autologous packed red blood cells after an 
operation. Before receiving the stem cell infusion (trans-
plant), patients with autoimmune diseases receive a ‘condi-
tioning regimen’ of drugs (chemotherapy, biologics, and/or 
radiation). The early and late toxicity from HSCT depends 
upon the specific drugs in the conditioning regimen and not 
the infused autologous blood product, i.e. hematopoietic 
stem cells.

The toxicity and risk of agents used in various condi-
tioning regimens such as anti-thymocyte globulin,  
alemtuzumab, rituximab, busulfan, cyclophosphamide, 
carmustine, melphalan, cytosine-arabinoside, or total body 
irradiation are unique and different from each other. 
However, if autologous stem cells are given as a support-
ive blood product after any of these agents and then termed 
‘transplant’, there is a tendency to subsequently miscon-
strue all transplant risk and morbidity as identical. The per-
ception of a high-risk treatment was also perpetuated by 
study investigators, because several initial trials utilized 
cancer-specific high-risk and extreme regimens that 
included agents such as total body irradiation or high-dose 
busulfan,6–9 some of which were complicated by treat-
ment-related mortality.7–9

Extreme conditioning regimens that include total body 
irradiation or high-dose busulfan cause irreversible bone 

marrow failure that mandates hematopoietic stem cell rein-
fusion for recovery, and are termed myeloablative. Such 
extreme regimens are complicated by increased risks of 
infections, late leukemia, myelodysplasia, solid tumors 
and, in the case of high-dose busulfan, fatal veno-occlusive 
disease of the liver.7-9 In contrast, non-myeloablative  
regimens are far less extreme and consist of relatively  
lymphocyte-specific chemotherapy (cyclophosphamide or 
fludarabine) and anti-lymphocyte antibodies (e.g. anti- 
thymocyte globulin (ATG) or rituximab) that halt inflam-
mation without altering the bone marrow’s ability to 
recover, and are safer with less short and long-term toxic-
ity.2,3,10 Autologous hematopoietic stem cells do not need to 
be infused after a non-myeloablative regimen, but shorten 
the duration of neutropenia which facilitates an earlier 
recovery and discharge.

In this issue of Multiple Sclerosis Journal, the position 
paper by Saccardi et al.11 advocates an intermediate inten-
sity regimen, BEAM, that is safer than the extreme irradia-
tion or high-dose busulfan-containing regimens but still 
utilizes the anti-cancer chemotherapeutic agents BCNU 
(carmustine), etoposide, Ara-c (cytosine-arabinoside), and 
melphalan. Another option that we advocate and utilize for 
numerous autoimmune diseases including systemic lupus 
erythematosus,12 systemic sclerosis,13 type 1 diabetes14,15 
and MS16 are non-myeloablative conditioning regimens 
that contain only immune suppressive drugs normally used 
to treat autoimmune disorders, such as cyclophosphamide 
(cytoxan) and ATG. In this issue of Multiple Sclerosis 
Journal, the position paper by Saccardi et al. recommends 
BEAM/ATG because of concern for higher relapse rates 
with less-intense regimens. However, risk–benefit for treat-
ment versus the disease being treated needs to be carefully 
balanced. In a bicentric comparison study between BEAM/
ATG and cyclophosphamide/rATG, there were no deaths in 
the latter group versus 7.5% mortality in the first group of 
patients.17 Even if it can be argued by Saccardi et al. in this 
issue of Multiple Sclerosis Journal that the rATG dose used 
in the BEAM/ATG group was too high, what is more 
important is the absence of death in the non-myeloablative 
cyclophosphamide/rATG regimen. The rationale behind the 
conditioning regimen for treating autoimmune diseases is 
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to induce an immediate immune ceasefire, allowing the 
infused autologous hematopoietic stem cells to regenerate a 
new immune system that defaults to self-tolerance in the 
non-inflammatory post-conditioning environment (in 
immunologic vernacular, no costimulation). This may be 
achieved with extreme myeloablative regimens, intermedi-
ate anti-cancer chemotherapeutic regimens, or non- 
myeloablative conditioning regimens containing only drugs 
and biologics normally used for immune suppression.

Non-myeloablative regimens that contain only stand-
ard immune suppressive drugs, e.g. cyclophosphamide 
and rATG, should, in experienced centers, be viewed as 
having a favorable risk–benefit profile compared with 
current FDA-approved second-line drugs such as mitox-
antrone (Novantrone), fingolimod (Gilenya), or natali-
zumab (Tysabri). Mitoxantrone may cause late congestive 
heart failure or myelodysplastic syndrome and leukemia.18 
Use of fingolimod is complicated by cardiac arrhythmias, 
and there have been recent reports of sudden death which 
are under investigation,19,20 while natalizumab is associ-
ated with progressive multi-focal leukoencephalopathy.21 
In addition, these medications are usually continued 
indefinitely or until complications arise. Whether funded 
through government or private health care providers, the 
treatment cost of these drugs is not inconsequential, in US 
dollars approximately $42,000 and $50,000 per year for 
natalizumab and fingolimod, respectively.22 In addition to 
the medication cost, there is also cost for monitoring 
(magnetic resonance imaging (MRI)) and treatment of 
adverse reactions. In comparison, HSCT is a one-time 
treatment after which all immune-based therapies are 
discontinued.

The initial trials, despite using what were previously 
cancer-specific intense myeloablative or intermediate 
intensity regimens, did provide valuable insight into dis-
ease pathogenesis, and the data refute the second miscon-
ception that HSCT should be used as salvage therapy for 
progressive disease. Initial trials tended to select patients 
for secondary progressive disease with an increase in per-
manent disability of 0.5–1.0 Expanded Disability Status 
Scale (EDSS) steps within the prior 12 months. Despite 
using intense regimens, the patients’ disability did not 
improve and even continued to progress at a rate not con-
vincingly different than the natural history of progressive 
MS.6,7 Immune analysis of samples collected before and 
after HSCT demonstrated an immune reset with a surge in 
recent thymic emigrants (naïve T cells) and change in T-cell 
receptor (CDR3) repertoire skewing.23 Therefore, in pro-
gressive MS, despite aggressive immune ablative therapy 
resulting in a post-transplant immune reset, patients did not 
improve and disability progressed within the post-trans-
plant follow-up reported.

The initial HSCT clinical outcomes reaffirmed that pro-
gressive MS is an axonal degenerative disease and not pri-
marily immune mediated.24 Transplant results also suggest 

that the relatively common and often unchallenged clinical 
practice of treating progressive MS with FDA-approved 
therapies, all of which are immune-based interventions, 
should be viewed as an ineffective and costly expenditure 
of limited financial resources. It also implies that a more 
aggressive immune-based intervention needs to be initiated 
earlier in selected patients with relapsing–remitting dis-
ease, before a patient enters the progressive phase.

In patients with relapsing–remitting MS and frequent 
relapses despite interferon, we reported that a non-myeloa-
blative, non-cancer derived, immune-specific transplant 
regimen reverses neurologic disability.15 To date, it is the 
only study of any therapy to demonstrate significant 
improvement in disability, i.e. an improvement (decline) in 
subjects’ mean EDSS by at least 1.0 point. Based on that 
pilot trial, the current ongoing Multiple Sclerosis 
International Stem cell Transplant (MIST) trial (www.clini-
caltrials.gov NCT00273364) randomizes patients with two 
or more steroid-treated relapses within 12 months despite 
first-line therapy with interferon or copaxone to either 
HSCT (cyclophosphamide/ATG) or best available approved 
second-line therapy (Novantrone, Tysabri, or Gilenya). In 
this issue of Multiple Sclerosis Journal the position paper 
by Saccardi et al.11 recommends an intermediate intensity 
regimen of BEAM/ATG after most patients have failed 
second-line therapy with either Tysabri or Gilenya. Waiting 
until failure of second-line treatment runs the risk of losing 
the window of opportunity for optimal effective outcome of 
any immune-based therapy, including HSCT. Further, both 
Tysabri and Gilenya increase the risk of lethal viral infec-
tions,19,21 and transplant may be complicated by lethal viral 
infections if there is not a sufficient time interval separating 
HSCT from prior treatment with Tysabri or Gilenya.

The final factor that determines transplant safety is a 
center effect, i.e. experience performing HSCT in patients 
with MS. Ideally, in order to avoid skewing toxicity results, 
centers should have experience in non-randomized phase 
I or II transplant trials for MS before joining pivotal ran-
domized trials. The toxicity of transplant depends on 
understanding unique aspects of each disease, as recently 
pointed out in HSCT for systemic sclerosis, in which 
high mortality can be prevented by an extensive pre-
HSCT cardiac evaluation.13,25-27 In patients with MS, one 
such unique toxicity is irreversible neurologic decline 
from ATG-related fever that may be prevented by decreas-
ing the first dose of ATG, intravenous methyl-predniso-
lone before each rATG infusion, and a rapid prophylactic 
steroid taper beginning on the day of stem cell infusion 
(day 0).

Transplant center expertise also determines outcome. 
Immune-based treatment, including HSCT, is not effec-
tive in progressive MS. Patients with a long disease dura-
tion, older age, or high EDSS scores without active 
inflammation on MRI, until proven otherwise, should 
have their diagnosis of relapsing–remitting MS 
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questioned. In this issue of Multiple Sclerosis Journal, 
Mancardi et al.’s multi-center Italian study reported some 
patients recorded as having relapsing–remitting disease 
who had a disease duration of up to 18 years, were up to 
52 years old, and or had an EDSS as high as 7.5.28 This 
emphasizes the importance of auditing patients enrolled at 
each site to ensure appropriate selection and universal 
understanding of the difference between inflammatory 
versus progressive MS. Patient selection is essential for 
good outcome following HSCT for MS since ‘no inflam-
mation, no response’.

As there are no completed randomized studies on HSCT 
for MS, the final results of both randomized trials – MIST, 
that compares cyclophosphamide/rATG as a second-line 
therapy for interferon/copaxone failures and the BEAM/
ATG regimen as a predominantly third-line therapy as pro-
posed in this issue of Multiple Sclerosis Journal – will be 
important to evaluate medium- and long-term outcome of 
both regimens, including their toxicity.

References

 1. Burt RK, Burns W and Hess A. Bone marrow transplantation 
for multiple sclerosis. Bone Marrow Transplant 1995; 16(1): 
1–6.

 2. Burt RK, Abinun M, Farge-Bancel D, et al. Risks of immune 
system treatments. Science. 2010; 328(5980): 825–826.

 3. Burt RK, Loh Y, Pearce W, et al. Clinical applications of 
blood-derived and marrow-derived stem cells for nonmalig-
nant diseases. JAMA 2008; 299(8): 925–936.

 4. Loberiza FR Jr, Zhang MJ, Lee SJ, et al. Association of trans-
plant center and physician factors on mortality after hemato-
poietic stem cell transplantation in the United States. Blood 
2005; 105(7): 2979–2987

 5. Farge D, Labopin M, Tyndall A, et al. Autologous hemato-
poietic stem cell transplantation for autoimmune diseases: an 
observational study on 12 years’ experience from the Euro-
pean Group for Blood and Marrow Transplantation Working 
Party on Autoimmune Diseases. Haematologica 2010; 95(2): 
284–292.

 6. Burt RK, Cohen BA, Russell E, et al. Hematopoietic stem cell 
transplantation for progressive multiple sclerosis: failure of a 
total body irradiation-based conditioning regimen to prevent 
disease progression in patients with high disability scores. 
Blood 2003; 102(7): 2373–2378

 7. Nash RA, Bowen JD, McSweeney PA, et al. High-dose 
immunosuppressive therapy and autologous peripheral blood 
stem cell transplantation for severe multiple sclerosis. Blood 
2003 Oct; 102(7): 2364–2372.

 8. Openshaw H, Lund BT, Kashyap A, et al. Peripheral blood 
stem cell transplantation in multiple sclerosis with busulfan 
and cyclophosphamide conditioning: report of toxicity and 
immunological monitoring. Biol Blood Marrow Transplant 
2000; 6(5A): 563–575.

 9. Atkins H and Freedman M. Immune ablation followed by 
autologous hematopoietic stem cell transplantation for the 
treatment of poor prognosis multiple sclerosis. Methods Mol 
Biol 2009; 549: 231–246.

10. Burt RK, Marmont A, Oyama Y, et al. Randomized controlled 
trials of autologous hematopoietic stem cell transplantation 
for autoimmune diseases: the evolution from myeloablative 
to lymphoablative transplant regimens. Arthritis Rheum 2006; 
54(12): 3750–3760.

11. Saccardi R, Freedman MS, Sormani MP, et al. on behalf of 
the European Blood and Marrow Transplantation Group, the 
Center for International Blood and Marrow Research, and 
the aHSCT in MS International Study Group. A prospective, 
randomized, controlled trial of autologous haematopoietic 
stem cell transplantation for aggressive multiple sclerosis:  
a position paper. Mult Scler 2012, [Epub ahead of print]

12. Burt RK, Traynor A, Statkute L, et al. Nonmyeloablative 
hematopoietic stem cell transplantation for systemic lupus 
erythematosus. JAMA 2006; 295(5): 527–535.

13. Burt RK, Shah SJ, Dill K, et al. Autologous non-myeloab-
lative haemopoietic stem-cell transplantation compared with 
pulse cyclophosphamide once per month for systemic sclero-
sis (ASSIST): an open-label, randomised phase 2 trial. Lancet 
2011; 378(9790): 498–506.

14. Couri CE, Oliveira MC, Stracieri AB, et al. C-peptide lev-
els and insulin independence following autologous nonmy-
eloablative hematopoietic stem cell transplantation in newly 
diagnosed type 1 diabetes mellitus. JAMA 2009; 301(15): 
1573–1579.

15. Voltarelli JC, Couri CE, Stracieri AB, et al. Autologous 
nonmyeloablative hematopoietic stem cell transplantation 
in newly diagnosed type 1 diabetes mellitus. JAMA 2007; 
297(14): 1568–1576.

16. Burt RK, Loh Y, Cohen B, et al. Autologous non-myeloablative 
haemopoietic stem cell transplantation in relapsing-remitting 
multiple sclerosis: a phase I/II study. Lancet Neurol 2009; 
8(3): 244–253.

17. Hamerschlak N, Rodrigues M, Moraes DA, et al. Brazilian 
experience with two conditioning regimens in patients with 
multiple sclerosis: BEAM/horse ATG and CY/rabbit ATG. 
Bone Marrow Transplant 2010; 45(2): 239–248.

18. Marriott JJ, Miyasaki JM, Gronseth G, et al. Evidence Report. 
The efficacy and safety of mitoxantrone (Novantrone) in the 
treatment of multiple sclerosis: Report of the Therapeutics 
and Technology Assessment Subcommittee of the Ameri-
can Academy of Neurology. Therapeutics and Technology 
Assessment Subcommittee of the American Academy of Neu-
rology. Neurology 2010; 74(18): 1463–1470.

19. Cohen JA, Barkhof F, Comi G, et al. Oral fingolimod or intra-
muscular interferon for relapsing multiple sclerosis. N Engl J 
Med 2010; 362(5): 402–415

20. European Medicines Agency Press Release 1/20/2012.  
European Medicines Agency starts review of Gilenya (fingolimod). 
2012: http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_ 
and_events/news/2012/01/news_detail_001425.jsp&mid=WC0
b01ac058004d5c1&jsenabled=true

21. Tan CS and Koralnik IJ. Progressive multifocal leukoen-
cephalopathy and other disorders caused by JC virus: clini-
cal features and pathogenesis. Lancet Neurol 2010; 9(4): 
425–437

22. O’Day K, Meyer K, Miller RM, et al. Cost-effectiveness of 
natalizumab versus fingolimod for the treatment of relapsing 
multiple sclerosis. J Med Econ 2011; 14(5): 617–627.



Editorial 775

23. Muraro PA, Douek DC, Packer A, et al. Thymic output gener-
ates a new and diverse TCR repertoire after autologous stem 
cell transplantation in multiple sclerosis patients. J Exp Med 
2005; 201(5): 805–816.

24. Trapp BD, Peterson J, Ransohoff RM, et al. Axonal transec-
tion in the lesions of multiple sclerosis. N Engl J Med 1998; 
338(5): 278–285.

25. Burt RK, Gheorghiade M, Shah S, et al. Authors Reply, 
Hematopoietic stem cell transplant for systemic sclerosis. 
Lancet 2012; 379: 219–220.

26. Burt RK, Shah SJ, Gheorghiade M, et al. Hematopoietic stem 
cell transplantation for systemic sclerosis: if you are confused, 
remember: “it is a matter of the heart”. J Rheumatol 2012; 
39(2): 206–209.

27. Podcast on the ASSIST trial. Available at: http://download.
thelancet.com/flatcontentassets/audio/lancet/2011/05august.
mp3

28. Mancardi GL, Sormani MP, Di Gioia M, et al. Autologous 
haematopotoietic stem cell transplantation with an intermedi-
ate intensity conditioning regimen in multiple sclerosis: the 
Italian multi-centre experience. Mult Scler 2012; [Epub ahead 
of print]

Richard K Burt1, Roumen Balabanov2, Julio Voltarelli3, 
Amilton Barreira4 and Joachim Burman5 

1Division of Immunotherapy, Department of  
Medicine, Northwestern University Feinberg  

School of Medicine Chicago, USA
2Department of Neurology, Rush University  

Medical Center, Chicago, USA 
3Hemocentro Regional-RP, Department of  

Neurosciences, University of Sao Paulo, Brazil
4Division of Neurology, Department of Neurosciences, 

University of Sao Paulo, Brazil
5Department of Neuroscience/Neurology,  

Uppsala University, Sweden

Corresponding author:
Richard K Burt, Division of Immunotherapy, Department 
of Medicine, Northwestern University Feinberg School of 

Medicine 750, North Lake Shore Drive,
Suite 649, Rubloff Building, Chicago, USA.

Email: rburt@northwestern.edu


