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CBT

Costi

Attecchimento tardivo

Impossibili DLI

Alta mortalità trapiantologica

Cellularità > 3 x 107/kg



NRM

Il matching allelico gioca un ruolo centrale nell‘ outcome del CBT



La cellularità influenza la mortalità del CBT più dell’ HLA



Haplo vs CBT:  il sorpasso



Indicazioni per tipo di donatore



W l’ Italia ???



Report di attività GITMO 2014

TRAPIANTO ALLOGENICO

Allotrapianti Registrati 

(N=29022)









Un fenomeno esplosivo



La storia  I

MISMATCHED FAMILY DONORS FOR BONE-MARROW 

TRANSPLANTATION AS TREATMENT FOR ACUTE LEUKAEMIA
R.L. Powles, H.E.M. Kay, H.M. Clink, A. Barrett, M.H. Depledge, J. Sloane, H. Lumley, S.D. Lawler, G.R. Morgenstern, T.J. Mcelwain, 

P.J. Dady, B. Jameson, J.G. Watson, M. Leigh, D. Hedley, J. Filshie, B. Robinson

35 patients,  10 (29%) experienced graft failure. 

GVHD was a contributing cause of death in six patients (17%)

12 (34%) died of an inflammatory syndrome suggestive of hyperacute GVHD

None of the 12 patients over 30 years of age survived.

Lancet Volume 321, 8325, 1983, 612–615



La storia II

Marrow Transplantation from Related Donors Other Than HLA-Identical Siblings
Patrick G. Beatty, M.D., Ph.D., Reginald A. Clift, F.I.M.L.S., Eric M. Mickelson, Brenda B. Nisperos, Nancy Flournoy, Ph.D., Paul J. 

Martin, M.D., Jean E. Sanders, M.D., Patricia Stewart, M.D., C. Dean Buckner, M.D., Rainer Storb, M.D., E. Donnall Thomas, M.D.,

and John A. Hansen, M.D.

FHCRC Seattle    1985-1990

Tipizzazione sierologica 

105  Haplo  vs  728 id sib 

12 phenotypically but not genotypically id 

63 one locus mm

24 two loci    mm

6 three loci   mm

graft failure /delayed (24% vs 14%; P <0.005)

grade II–IV a GVHD     (70% vs 42%; P <0.001) 

N Engl J Med 1985; 313:765-771S eptember 26, 1985

Risultati confermati in altri 2 studi :
•Anasetti C et al. Effect of HLA compatibility on engraftment of bone marrow transplants in 
patients with leukemia or lymphoma. N. Engl. J. Med. 320, 197–204 (1989).
•Anasetti, C. et al. Effect of HLA incompatibility on graft-versus-host disease, relapse, and 
survival after marrow transplantation for patients with leukemia or lymphoma. Hum. Immunol. 
29, 79–91 (1990).



La storia III

Results of allogeneic bone marrow transplants for leukemia using donors other 

than HLA-identical siblings.
R Szydlo, J M Goldman, J P Klein, R P Gale, R C Ash, F H Bach, B A Bradley, J T Casper, N Flomenberg, J L Gajewski, E Gluckman, P 

J Henslee-Downey, J M Hows, N Jacobsen, H J Kolb, B Lowenberg, T Masaoka, P A Rowlings, P M Sondel, D W van Bekkum, J J van 

Rood, M R Vowels, M J Zhang and M M Horowitz

J Clin Oncol. 1997 May;15(5):1767-77

Studio    IBMTR 2055  pt 1985-1991

Tipizzazione sierologica 

1224 id sib

Alternativi :

238  haplo 1 mm

102  haplo 2 mm

383  MUD  6/6

108  MUD  1 mm

Early pts   

TRM  21% id sib vs 50% alternative
Relative risks treatment failure  

2.43 (P < .0001) with 1-HLA-mm

3.79 (P < .0001) with 2-HLA-mm,

2.11 (P < .0001) with HLA-MUD 6/6,

3.33 (P < .0001) with 1-HLA-mm UD.



La storia IV

In  conclusione 

Il trapianto da donatore aploidentico era caratterizzato  da intensa alloreattività

HVG                               GVH    

Incidenza  inaccettabilmente alta di Rigetto,  GvHD e quindi  di Mortalità

STRADA NON PERCORRIBILE



ma ….. l’ Idea: T Deplezione

T cells are considered key mediators of GVHD and graft rejection, with the 

T-cell content of the graft having a clear association with the risk of GVHD

Remove T cells from the allograft before infusion

Memorial Sloan Kettering Cancer Center 

Clinical haplo BMT using  this approach resulted in sustained engraftment 

in three of four patients without any detectable GVHD

Graft failure remained a persistent problem, affecting more than 20% of 

patients receiving TCD–alloBMT from donors other than HLA-matched 

siblings.

Reisner, Y., Ravid, A. & Sharon, N. Use of soybean agglutinin for the separation of mouse B and T lymphocytes. Biochem. Biophys Res. Commun. 72, 1585–1591 (1976).
Reisner, Y., Itzicovitch, L., Meshorer, A. & Sharon, N. Haemopoietic stem cell transplantation using mouse bone marrow and spleen cells fractionated by lectins. 
Proc. Natl Acad. Sci. USA 75, 2933–2936 (1978).
Reisner, Y., Kapoor, N., O’Reilly, R. J. & Good, R. A. Allogeneic bone marrow transplantation using stem cells fractionated by lectins: VI, in vitro analysis of human and 
monkey bone marrow cells fractionated by sheep red blood cells and soybean agglutinin. Lancet 2, 1320–1324 (1980).
Reisner, Y. et al. Transplantation for acute leukaemia with HLA-A and B nonidentical parental marrow cells fractionated with soybean agglutinin and sheep red blood cells. 
Lancet 2, 327–331 (1981).
Reisner, Y. et al. Transplantation for severe combined immunodeficiency with HLA-A, B, D, DR incompatible parental marrow cells fractionated by soybean agglutinin and sheep
red blood cells. Blood 61, 341–348 (1983).



l’ idea/2 :  Megadose di cellule

graft failure is direct adverse effect of TCD,

graft failure is associated with conditioning-resistant, anti-donor T cells in the host

mouse studies showed that full donor engraftment without GVHD could be 

achieved by infusion of ‘megadoses’ of TCD bone marrow. 

…..competition for the stem-cell niche in the marrow, 

but also a ‘veto effect’ in which CD34+ cells directly inhibited T-cell alloreactivity.  

Lapidot, T. et al. Enhancement of bone marrow allografts from nude mice into mismatched recipients by T cells void of graft-versus-host activity. Proc. Natl Acad. Sci. USA 87, 4595–4599 
(1990).
Bachar-Lustig, E., Rachamim, N., Li, H. W., Lan, F. & Reisner, Y. Megadose of T cell-depleted bone marrow overcomes MHC barriers in sublethally irradiated mice. 
Nat. Med. 1, 1268–1273 (1995).
Rachamim, N. et al. Tolerance induction by “megadose” haematopoietic transplants: donor-type human CD34 stem cells induce potent specific reduction of host  anti-donor cytotoxic T 
lymphocyte precursors in mixed lymphocyte culture. Transplantation 65, 1386–1393 (1998).
Reisner, Y., Gur, H., Reich-Zeliger, S., Martelli, M. F. & Bachar-Lustig, E. Haematopoietic stem cell transplantation across major genetic barriers: tolerance induction by megadose
CD34 cells and other veto cells. Ann. N. Y. Acad. Sci. 996, 72–79 (2003).



Il sogno: un trapianto per tutti

Trapianto Aploidentico

Oltre il  90 % dei pazienti ha un donatore aploidentico

Donatori prontamente disponibili

Costi competitivi con MUD e CB se non manipolati



Haplo donor e anche meglio 



Oggi più piattaforme 

1. T-Depletion

– Ex vivo T-Depletion

– MAC Intensified Conditioning 

– Megadose  CD 34+

2. GIAC: 

– G-CSF primed BM

– Intensified Immunosuppression  CYA+MTX+MMF

– ATG

– Combined  BM + (PBSC)

3. Post Transplantation HD Cyclophosphamide

4. TrRaMM study:   Sirolimus



Perché tanto successo in Italia ?



Perugia T deplezione

Regime di condizionamento intensificato:

Thiotepa +cyclophosphamide + TBI  + ATG.

donor bone marrow + GCSF-mobilized peripheral-blood stem cells (PBSCs)

stem-cell dose megadoses, (7/10-fold  than in bone-marrow allografts) 

allografts were T depleted(soybean agglutination + erythrocyte rosetting). 

No post-grafting immunosuppression was given.

This study showed that the historical barriers to haploBMT of graft failure 

and GVHD both could be overcome by intensive myeloablative and 

immunosuppressive conditioning  followed by TCD ‘megadose’ allografts, 

without any need for additional GVHD prophylaxis.

Successful engraftment of……. Aversa F et al Blood 84, 3948–3955 (1994)



Perugia II

They  substitute  cyclophosphamide with Fludarabine

G-CSF-mobilized peripheral-blood stem cells (PBSCs)

T depletion:       immunomagnetic  selection 

No post-grafting immunosuppression

Graft failure 5-7%

GvHD < 10% 



Perugia  III

EFS



Perugia IV

Relapse



Perugia V

TRM



Oggi AlfaBeta-T e B deplezione

Condizionamento  + ATG + PBSC + selezione αβ e B no immunosuppression post



Basi Biologiche  GIAC

• G-CSF primed BM

• Intensified Immunosuppression  CYA+MMF+MTX

• ATG 

• Combined  BM + (PBSC)

• T-helper type 1 (TH1) cell differentiation promote GVHD

• T-helper type 2 (TH2) cell differentiation protects from GvHD

• T cells mobilized from the bone marrow into the blood under the influence of 

GCSF are less proliferative, have reduced production of TH1 cytokines, and have  

increased production of the TH2 cytokine IL-4.

• GCSF also resulted in mobilization of dendritic cells, promoting  skewing of T cells 

towards a TH2 phenotype.

• Such immunological effects could be maintained when mixing GCSF-stimulated 

PBSC and bone-marrow allografts.

• Administration of GCSF post-transplantation, potentiated skewing towards a TH2 

phenotype at the cost of delayed recovery of normal TH1 responses to pathogens.



Pechino: famiglie monofiglio

A,B,C= 1, 2 o 3 mm
Condizionamento ARA-C +BU+ Cy+CCNU MAC o RIC

Profilassi GvHD ATG, CSA, MTX, MMF, 

Donazione di midollo  stimolato con G-CSF + PBSC 



Leukemia free survival

A,B,C= 1, 2 o 3 mm



Basiliximab

Profilassi GVH

ATG 

CSA

MTX

MMF

con  o senza  Anti CD 25

Condizionamento ARA-C +TBI+ Cy  MAC 

Donazione di midollo  stimolato con G-CSF  

GVH



Esperienza  Pesaro - Roma

Condizionamento TBF MAC o RIC

Profilassi GvHD ATG, CSA, MTX, MMF, Anti CD 25

Donazione di midollo  stimolato con G-CSF non manipolato 



Survival



Ciclofosfamide postrapianto

Tolleranza in senso bidirezionale GVH e HVG

•distruzione selettiva delle cellule T  alloreattive in vivo
è una fase immediatamente post trapianto con distruzione delle T anti donatore e anti ricevente

•delezione clonale intratimica delle cellule T del donatore anti ricevente 
fenomeno più tardivo ma  persistente ed indispensabile per la tolleranza a lungo termine

•sviluppo di tolleranza periferica 
• per espansione delle Tregs non ostante la linfopenia persistente

•Induce tolleranza solo ad alte dosi 
•Non è tossica per le CSE perché ricche di aldeide deidrogenasi 

Sistigu et al Semin Immunopathol. 
2011;



Ciclofosfamide post  RIC 



…………….. death w/o engraftment







Ciclofosfamide post  MAC Genova

MAC   TBF o TBI + Fluda

CSA da 0 ATG MMF

Cy +3 e +5

BM 





TRM Relapse





2-step myeloablative approach to haploidentical  HSCT for which the primary goal was to 

provide a fixed—and ideally maximized—dose of T cells in the context of CY tolerization

-9 -8 -7-6-5-4-3-2-1- 0 +1 +2 +3+ 4+ 5+

TBI 150   cGy x 2

DLI

R    R   CY  CY
CD34

FK

MMF

GM-CSF

2x10 8 CD3+ kg

3x10 6 CD34+kg

Trapianto in due fasi





TRM

Relapse



PTCy complicazioni

•Febbre “citochinica da alloreattività” +1 e +2 più frequente se PBSC

•Cistite emorragica da BKV

•Rigetto/ No take legato a DSA (Donor HLA Specific Antibodies)

•Desensibilizzazione   Anti CD20 +plasma exchange

•Assenza di EBV related lymphoproliferative disease o altre malignità



Sirolimus

……..activation of human CD4 T cells from healthy  subjects in the presence of rapamycin

leads  to  growth  of  CD4+CD25+FOXP3+ Tregs  and to selective  depletion  of  CD4+CD25-

T effector cells, which are highly sensitive to the antiproliferative effect of the compound.

The rapamycin-expanded Tregs suppress proliferation of both syngeneic and allogeneic

CD4 and CD8 T cells.



MILANO TrRaMM Study

Conditioning regimen: treosulfan and fludarabine 

PBSC non manipolate 

GvHD prophylaxis : ATG-F, rituximab, sirolimus and mycophenolate



GvHD



Relapse



TRM 



Trapianti da donatori alternativi: come 

comportarsi in assenza di studi randomizzati

Non abbiamo studi randomizzati ma 

abbiamo alcuni dati su cui ragionare 



MONOCENTRO







Studi di confronto

Trapianti da donatore aploidentico vs

• CBT                                                2015
• MUD 8/8                                         2015
• MUD 10/10 e identical sibling         2015
• Identical sibling (PTCY 2 step)       2015

Non confronto fra piattaforme diverse



CBT vs Haplo



MUD 8/8 vs Haplo PTCy

MAC RELAPSE RIC

MAC NRM RIC

MAC SURVIVAL RIC

Haplo                MUD Haplo                MUD

N
o

 T
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e
p

le
te

d



MUD 10/10 vs id sib vs Haplo PTCy



MUD 10/10 vs id sib vs Haplo PTCy

PBSC



A Two-Step Haploidentical Versus Matched Related Allogeneic

Due fasi Haplo vs MRD 



A Two-Step Haploidentical Versus Matched Related Allogeneic

Un trapianto in due fasi: survival



A Two-Step Haploidentical Versus Matched Related Allogeneic

Un trapianto in due fasi: Rel NRM



A Two-Step Haploidentical Versus Matched Related Allogeneic

Un trapianto in due fasi: GvHD



•Ogni paziente ha “diritto” ad un trapianto

indipendentemente dalla sorgente:  id sib, MUD,

CBT,  Aplo . L’ Aplo ha aperto questa possibilità.

•Non esiste uno standard of care 

•Risultati sono comparabili fra Aplo ed altre

tipologie,  ma non ci sono studi randomizzati

Aplo vs CBT  vs  MUD 8/8 vs 7/8 vs id sibling

•Assenza di studi randomizzati  di confronto

fra  piattaforme  Aplo diverse. 

Conclusioni I



• Trapianti T Depletati da  effettuare in CT esperti  

di manipolazione di CSE che dispongano  di una 

strategia di immunoterapia adottiva post TMO

• Il mondo trapiantologico guarda all’ Italia come  

“laboratorio” per l’ aploidentico

• Registrazione GITMO/IBMDR per raccogliere dati

• Ogni Centro TMO  deve avere la sua Strategia e 

deve condividerla con la Immunogenetica di 

riferimento e con  IBMDR  

Conclusioni II



ALGORITMO SELEZIONE DONATORI

Tipizzazione HLA

Trapianto 

Ricerca simultanea
donatore non familiare

o   Unità Cordonali
> 30 gg

Trapianto Donatore
incompatibile 50%

Fratello HLA identicoNo Fratello HLA identico

NO SI

URGENZA 



Strategia Ricerca Donatore Alternativo
TMO FIRENZE 2015

RICERCA 
SIMULTANEA

minimo 30 gg

MUD
8/8-7/8
HR

CBT
Singolo CB
>3 TNC/kg

>4/8  
CT HR  CBB

APLO
Cyclo post

HLA
Id sibl

CBT
Doppio CB
Ognuno

>2 TNC/kg>4/8

APLO+CBT
CB >1 TNC/kg >4/8

+
Aplo PBSC CD34

EMERGENZA

• 8/8 permissività DPB1   
• 7/8 indifferente antigene/allele
• DQB1, DRB 3,4,5       

Anticorpi DSA
(donor secific 
antibodies)

TMO AOU Careggi Firenze



GRAZIE

Un grazie speciale alla 
Immunogenetica AOU CAREGGI 


