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          TRM=2.3% 



Figure 1: Outline of the AHSCT procedure 

Muraro PA, et al. Nat Rev Neurol 2017:doi:10.1038/nrneurol.2017.81 



                             Nature Review Neurology 2017 

Muraro PA, et al. Nat Rev Neurol 2017:doi:10.1038/nrneurol.2017.81 



Mancardi G, et al. Lancet Neurol 2008;7:626–36. 





The first studies, 1995 – 2006: Progression-free survival 

Muraro PA, et al. JAMA Neurol 2017;74:459–69. 

Progressive MS: 78%. Median EDSS score: 6.5. PFS 46% at 5 years 



Progression-free survival: 2 of 2 

Muraro PA, et al. JAMA Neurol 2017;74:459–69. 

p = 0.017    p = 0.046   



Evolution of EDSS score before and after AHSCT in 
patients with longitudinal EDSS data (n=170) 

Muraro PA, et al. JAMA Neurol 2017;74:459–69. 

Relapsing MS (n=51) Progressive MS (n=119) 

EDSS change 1 year pre-transplant +1.42 
EDSS change 1 year post-transplant -0.76 

EDSS change 1 year pre-transplant +0.73 
EDSS change 1 year post-transplant -0.14   
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Transplant procedures 915 

Patients  909 

Auto / allo (nr) 911/4 

Male/Female %  39/61 

Paediatric/ adult / % 3/97 

Median time from diag-1st auto HSCT 7y (<1-34) 

Median age at 1st auto (adult) 36y (18-66) 

Centers /Countries 116 / 29 

MS (n=915) 
ADWP–EBMT Registry – October 2016 

CONDITIONING REGIMENS (auto HSCT)        Nr (%) 

        Cyclo  27 (3.0)  

        Cyclo + ATG 262 (28.8)  

        BEAM 154 (16.9) 

         BEAM + ATG 321 (35.2)  

        Melphalan containing  41 (4.5) 

        Other /Missing 20/75 
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MS - 1st auto-HSCT per large center 
2011 – 2015 (n=359)  October 2016 





Mancardi GL, et al. Neurology 2015;84:1–8. 



Mancardi GL, et al. Neurology 2015;84:1–8. 



The more recent studies: 
Mainly RRMS with an aggressive clinical course  

Burman J, et al. J Neurol Neurosurg Psy 2014;85:1116–21. 



48 patients,  83% RRMS; 5 years,  disease free survival 68% 

Burman J, et al. J Neurol Neurosurg Psy 2014;85:1116–21. 



The more recent studies: 
Mainly RRMS with an aggressive clinical course 

Nash RA, et al. JAMA Neurol 2015;72:159–169. 



Nash RA, et al. Neurology 201;88:842–52. 



Nash RA, et al. Neurology 201;88:842–52. 



The more recent studies 

Atkins HL, et al. Lancet. 2016;388:576-85. 



167 relapses and 188 Gd+ lesions before. No relapses and no Gd+ lesions after 
Median follow up: 6.7 years 

24 patients, RR MS 50% and SPMS 50% 

Atkins HL, et al. Lancet. 2016;388:576-85. 



               

         70% had no progression of disability after AHSCT 
Median follow up: 6.7 years 

Atkins HL, et al. Lancet. 2016;388:576-85. 

Progression of disability  



Sormani MP, et al. Mult Scler 2017;23:201–4. 



Muraro PA, et al. Nat Rev Neurol 2017:doi:10.1038/nrneurol.2017.81 

Autologous hematopoietic stem cell transplantation for 
treatment of multiple sclerosis 

Figure 3: Proportion of patients for whom NEDA 

was achieved at 2 years with disease-modifying therapies and AHSCT 
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A phase 3 study? 

No doubt that AHSCT is effective in aggressive MS, 
especially in the RR phase of the disease.  

but there are still many problems 



Sormani MP, et al. Neurology 2017;88:1–8. 



Sormani MP, et al. Neurology 2017;88:1–8. 
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Sormani MP, et al. Neurology 2017;88:1–8. 

Transplant-related mortality 



Figure 5: Number of AHSCT procedures for the 

treatment of multiple sclerosis and treatment-related mortality 

Muraro PA, et al. Nat Rev Neurol 2017:doi:10.1038/nrneurol.2017.81 

Autologous hematopoietic stem cell transplantation for 
treatment of multiple sclerosis 
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MS EBMT Registry 
Relapsing vs Progressive  

1995 – 2015 (n=671)  March 2016 
 
 

Courtesy of Dr Saccardi 
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Muraro PA, et al. Nat Rev Neurol 2017:doi:10.1038/nrneurol.2017.81 

Figure 2: Proposed model of therapeutic mechanisms of AHSCT 

Autologous hematopoietic stem cell transplantation for 
treatment of multiple sclerosis 
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Conditioning regimens 
In animal studies, higher intensity regimens are associated with better clinical outcomes 

However, in human studies, regimen intensity is associated with a higher TRM 

 

Higher intensity regimens 

Cyclophosphamide+ TBI+ ATG with T cell depletion of the graft 

Busulfan+ Cyclophosphamide+ ATG+ with T cell depletion of the graft 

 

Intermediate intensity regimens 

BEAM (carmustine, etoposide, cytarabine, melphalan) +ATG with or without T cell depletion of the graft  

Carmustine, Cyclophosphamide +ATG with T cell depletion of the graft 

 

Low intensity regimens  

Cyclophosphamide 200mg/kg plus alemtuzumab or ATG 

Cyclophosphamide 120mg/kg plus ATG 

 

 

 

 

 



Autologous hematopoietic stem cell transplantation for 
treatment of multiple sclerosis 

Figure 4: Estimated lymphoablative and myeloablative effects of AHSCT protocols for multiple sclerosis 

Muraro PA, et al. Nat Rev Neurol 2017:doi:10.1038/nrneurol.2017.81 
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MS EBMT Registry 
Conditioning regimen 

1995 – 2015 (n=836)  November 2016 
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The patient who would be more likely to benefit  
from AHSCT 

Still in the relapsing remitting  phase of the disease or progressive phase (for a short time period),  

with clinical (relapses) and MR activity 

 

Younger than 45 years of age with a disease duration no longer than 10 years 

 

Score less than 6 at EDSS evaluation or with a higher EDSS if the score was reached  

within a short period of time (months) and the patient has active disease (clinical and MRI) 

 

Failure of  at least one first line and one second line therapy or one high efficacy approved DMT 

• Lack of significant comorbidities 

• Absence of relevant cognitive disturbances 
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 RR-MS 
First-line therapies: 
IFN, GA, DMF, others Failure 

Second-line therapies: 
Fingolimod, natalizumab, 

alemtuzumab, others 

Inclusion criteria: 
Age: 18–45 years 

< 10 years from onset 
3 ≥ EDSS ≤ 6 

 
 

Randomization 

Cy, G-CSF Mobilization 

AHSCT 

2 years 

5 years 

NEDA 
  in case of failure  

Failure 
Highly active    

disease 

Modified from  Saccardi et al 2012  

BAAT 

2 years 

5 years 

AHSCT: a prospective, randomized, controlled  trial outline 

Saccardi R, et al. Mult Scler 2012;18:825–34.  
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