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1.   Prognos:c	  factors	  for	  t-‐MN	  undergoing	  AlloHSCT	  

a.   Previous	  diseases/treatments	  

b.  Cytogene:cs	  

2.   How	  to	  perform	  an	  AlloHSCT	  for	  t-‐MN	  

a.   Should	  we	  give	  induc:on	  chemotherapy	  before	  transplant?	  

b.   Is	  there	  a	  best	  condi:oning	  regimen?	  

c.   Do	  we	  have	  new	  hopes	  from	  alterna:ve	  donors	  and	  cellular	  therapy?	  

Program	  overview	  



Decision	  tree	  for	  the	  management	  of	  therapy-‐related	  
myeloid	  neoplasms	  

Larson,	  RA	  Haematologica.	  2009;94(4):454-‐459	  	  



Prognos:c	  factors	  

•  Previous	  disease/treatments	  

•  Cytogene:cs	  

•  CR	  at	  transplant	  



Federico Lussana et al. Haematologica 2014; 99:916-921 

©2014 by Ferrata Storti Foundation 

Overall	  Survival	  of	  (s)MF	  and	  s(AML)	  aOer	  
AlloHSCT:	  EBMT	  data	  

sAML	  

(s)MF	  

p<0.001	  

28%	  

62%	  



Overall	  Survival	  and	  Disease	  Free	  Survival	  according	  to	  
CytogeneGcs	  

Armand P et al.: Biology of Blood and Marrow Transplantation 2007 13, 655-664DOI: (10.1016/j.bbmt.2007.01.079)  



Characteris:cs	  of	  pa:ents	  who	  underwent	  allogeneic	  HCT	  for	  a	  
therapy-‐related	  MDS	  and	  AML	  reported	  to	  the	  CIBMTR	  

between	  1990	  and	  2004	  	  

submitted data, and on-site audits of participating centers improve data
quality.

Inclusion criteria

The study included all patients, both pediatric and adult, who received
peripheral blood stem cell (PBSC) or bone marrow grafts from a related or
volunteer URD for t-MDS or t-AML and reported to the CIBMTR between
January 1, 1990, and December 31, 2004. They had received prior cytotoxic
chemotherapy and/or radiation therapy and were reported to the CIBMTR
with a diagnosis of t-MDS or t-AML. Recipients of syngeneic or cord blood
transplants, patients with cytogenetic information consistent with a diagno-
sis of acute lymphoblastic leukemia (ALL), and patients with de novo AML
or MDS who had an antecedent hematologic disorder were excluded.
Consent procedures for data collection and analysis were approved by the
Institutional Review Board at the NMDP and the Medical College of
Wisconsin for the CIBMTR.

Unfavorable, intermediate, or favorable risk cytogenetics were assigned
according to Slovak et al for AML patients.17 Cytogenetics for MDS (good,
intermediate, or poor risk) were classified based upon the International
Prognostic Scoring System (IPSS).18

For analysis, MDS was classified as either early (refractory anemia,
acquired idiopathic sideroblastic anemia, unspecified MDS, or pre-HCT
marrow blasts ! 5%) or advanced (refractory anemia excess blasts
[RAEB], refractory anemia excess blasts in transformation [RAEB-t],
chronic myelomonocytic leukemia [CMML], or marrow blasts ! 5%).

Table 1. Characteristics of patients who underwent allogeneic HCT
for a therapy-related MDS and AML reported to the CIBMTR
between 1990 and 2004

Characteristics of patients No. evaluable* No. (%)

No. of patients 868

No. of centers† 211

Median age, y (range)† 868 40 (4-72)

Karnofsky/Lansky score prior to HCT ! 90%† 824 294 (36)

Disease† 868

t-AML 545 (63)

t-MDS 323 (37)

Prior disease† 868

Hodgkin lymphoma 199 (23)

Non-Hodgkin lymphoma 183 (21)

Breast cancer 139 (16)

Acute lymphoblastic leukemia 101 (12)

Chronic lymphocytic leukemia 9 (1)

Plasma cell disorder 12 (1)

Sarcoma/Ewing 72 (8)

Wilms tumor/neuroblastoma 10 (1)

Testis/ovarian/germ cell 50 (6)

CNS 15 (2)

Autoimmune‡ 38 (4)

Other solid tumors§ 33 (4)

Rheumatoid arthritis 4 (1)

Others! 3 (!1)

Time from diagnosis of prior disease to

t-MDS/t-AML, y†

868 4 (! 1-28)

Prior therapy† 868

Radiation " chemotherapy 444 (51)

Radiation (not chemotherapy) 39 (4)

Chemotherapy (not radiation) or others 385 (45)

Prior autologous transplantation†¶ 868 151 (17)

Prior t-MDS (for t-AML)† 539 163 (30)

Time from prior t-MDS to t-AML, mo 144 3 (! 1-98)

WBC count at diagnosis, #109/L 757 4 (! 1-827)

Cytogenetics† 727

AML 727

Good/favorable prognosis 32 (4)

Intermediate prognosis 314 (43)

Poor/unfavorable prognosis 102 (14)

MDS

Good/favorable prognosis 35 (5)

Intermediate prognosis 123 (17)

Poor/unfavorable prognosis 121 (17)

Duration of CR1, for t-AML patients in CR2
or beyond or in relapse at time of

HCT†

103

12 mo or less 83 (81)

More than 12 mo 20 (19)

Disease status prior to HCT† 868

t-AML

CR1 279 (32)

CR2 or beyond 38 (4)

Relapse 80 (9)

Primary induction failure 148 (17)

t-MDS

Early 111 (13)

Advanced 212 (25)

Conditioning regimen† 868

Myeloablative 670 (77)

Reduced intensity/nonmyeloablative 198 (23)

Table 1. Characteristics of patients who underwent allogeneic HCT
for a therapy-related MDS and AML reported to the CIBMTR
between 1990 and 2004 (continued)

Characteristics of patients No. evaluable* No. (%)

Type of donor†# 868

HLA-identical sibling 282 (33)

Other relative, partial or mismatched 47 (5)

URD, well matched 204 (24)

URD, partially matched 227 (26)

URD, mismatched 108 (12)

Graft type† 868

Bone marrow 571 (66)

PBSC 297 (34)

GVHD prophylaxis† 868

Cyclosporine or tacrolimus " MTX $ other 674 (78)

Tacrolimus or cyclosporine $ other (not

MTX)

62 (7)

T-cell depletion 107 (12)

Other 25 (3)

Donor lymphocyte infusions (after HCT) 866 42 (5)

Median FU of survivors, mo (range) 61 (3-187)

HCT indicates hematopoietic cell transplantation; MDS, myelodysplastic syn-
drome; AML, acute myeloid leukemia; CIBMTR, Center for International Bone
Marrow Transplantation Research; t-AML, therapy-related AML; t-MDS, therapy-
related MDS; CNS, central nervous system; WBC, white blood cell; CR1, first
complete remission; CR2, second complete remission; HLA, human leukocyte
antigen; URD, unrelated donor; PBSC, peripheral blood stem cell; GVHD, graft-versus-
host disease; MTX, methotrexate; and FU, follow-up.

*Number of patients with available information.
†Variables considered for inclusion within the multivariate analysis.
‡Autoimmune includes sarcoidosis (n % 1); Bechet syndrome (n % 5); Wegener

granulomatosis (n % 12); polymyositis (n % 1); lupus (n % 6); Crohn disease (n % 4);
polyarteritis nodosa (n % 2); psoriasis (n % 1); unspecified (n % 6). The prior thera-
pies received were chemotherapy $ other (n % 30); radiation $ other (n % 1); and
other therapy (n % 7).

§Other solid tumors includes adenocarcinoma (n % 4); thyroid cancer (n % 3);
colon cancer (n % 3); cervical/endometrial cancer (n % 4); squamous cell cancer
(n % 3); hepatocellular cancer (n % 1); brain tumor (n % 7); and unspecified (n % 1).

!The other prior diseases were hyperthyroidism (n % 1); kidney or cardiac
transplantation (n % 2); and posttransplantation lymphoproliferative disorder (n % 1).

¶See Table 2.
#Donor-recipient classification based on Weisdorf et al.22
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Prognos:c	  factors	   Overall	  survival	   Non	  Relapse	  
Mortality	  

Relapse	  

Age	  at	  HSCT	  older	  than	  35	   	  	  	  .001	   .003	   .003	  

Poor/unfavourable	  	  
Cytogene:cs	  

<	  .001	   NS	   <.001	  

Disease	  status	  prior	  to	  HSCT	  

AML	  not	  in	  CR	   <.001	   .09	   <.001	  

t-‐MDS	  early	   	  	  	  .035	   .001	   NS	  

T-‐MDS	  advanced	   .001	   .005	   .002	  

Type	  of	  donor	  

URD	  mismatched	   .001	   .001	   NS	  

Other	  relaEve	   <.001	   <.001	   NS	  

Adapted	  from	  Litzow,	  MR	  Blood.	  2010;115:1850-‐1857)	  	  

Allogeneic	  HCT	  for	  therapy-‐related	  MDS	  and	  AML	  reported	  to	  
the	  CIBMTR	  between	  1990	  and	  2004	  	  



Characteris:cs	  of	  pa:ents	  who	  underwent	  allogeneic	  HCT	  for	  a	  
therapy-‐related	  MDS	  and	  AML	  reported	  to	  the	  CIBMTR	  

between	  1990	  and	  2004	  	  

•  Age	  older	  than	  35	  

•  Poor	  risk	  cytogene:cs	  

•  Non	  sibling	  donor	  

•  No	  CR	  at	  condi:oning	  

Risk	  Factors 	   	   	  	  	  	  	  Overall	  Survival	  

Litzow,	  MR	  Blood.	  2010;115:1850-‐1857)	  	  
	  



How	  to	  perform	  an	  AlloHSCT	  for	  t-‐MN	  

a.   Should	  we	  give	  induc:on	  chemotherapy	  before	  transplant?	  

b.   Is	  there	  a	  best	  condi:oning	  regimen?	  

c.   Do	  we	  have	  new	  hopes	  from	  alterna:ve	  donors	  and	  cellular	  therapy?	  

	  



Relapse	  according	  to	  PB	  blast	  count	  before	  the	  start	  of	  the	  
transplant	  prepara:ve	  regimen	  

Jeanne E. Anderson et al. Blood 1997;89:2578-2585 

©1997 by American Society of Hematology 



Todisco	  E	  et	  al,	  Leukemia	  (2013)	  27,	  2086–2091	  



AlloHSCT	  in	  Refractory	  AML:	  a	  GITMO	  score	  

Todisco,	  E	  et	  al.:	  under	  minor	  revision	  



How	  to	  perform	  an	  AlloHSCT	  for	  t-‐MN	  

a.   Should	  we	  give	  induc:on	  chemotherapy	  before	  transplant?	  

b.   Is	  there	  a	  best	  condi:oning	  regimen?	  

c.   Do	  we	  have	  new	  hopes	  from	  alterna:ve	  donors	  and	  cellular	  therapy?	  

	  



A.	  Rambaldi	  et	  al.:	  The	  Lancet	  Oncology,	  2015	  

	  	  	  Non	  Relapse	  Mortality	  
	  	  	  (intent	  to	  treat	  populaEon)	  

	  

Day	   -‐9	   -‐8	   -‐7	   -‐6	   -‐5	   -‐4	   -‐3	   -‐2	   -‐1	   0	  

Busulfan	  
(0.8	  mg/kg	  x	  4/day)	   X	   X	   X	   X	  

Fludarabine	  i.v.	  
(40	  mg/m²/day)	   X	   X	   X	   X	  

If	  URD:	  ATG	  (an:-‐thymocyte	  globulin)	  	  
(0.5-‐2-‐2.5	  mg/kg/day)	   X	   X	   X	  

Allogeneic	  stem-‐cell	  transplanta:on	   X	  

Day	   -‐9	   -‐8	   -‐7	   -‐6	   -‐5	   -‐4	   -‐3	   -‐2	   -‐1	   0	  
Busulfan	  	  
(0.8	  mg/kg	  x	  4/day)	   X	   X	   X	   X	  

Cyclophosphamide	  
(60	  mg/Kg/day)	   X	   X	  

If	  URD:	  ATG	  (an:-‐thymocyte	  globulin)	  	  
(0.5-‐2-‐2.5	  mg/kg/day)	   X	   X	   X	  

Allogeneic	  stem-‐cell	  transplanta:on	   X	  

BuCy2	  
	  	  	  Study	  treatments	  

BuFlu	  



A.	  Rambaldi	  et	  al.:	  The	  Lancet	  Oncology,	  2015	  

	  	  	  Non	  Relapse	  Mortality	  
	  	  	  (intent	  to	  treat	  populaEon)	  
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Leukemia	  Free	  Survival	  
(intent	  to	  treat	  populaEon)	  

A.	  Rambaldi	  et	  al.:	  The	  Lancet	  Oncology,	  2015	  



How	  to	  perform	  an	  AlloHSCT	  for	  t-‐MN	  

a.   Should	  we	  give	  induc:on	  chemotherapy	  before	  transplant?	  

b.   Is	  there	  a	  best	  condi:oning	  regimen?	  

c.   Do	  we	  have	  new	  hopes	  from	  alterna:ve	  donors	  and	  cellular	  therapy?	  

	  



Ruggeri	  A	  et	  al.:	  Leukemia	  (2015)	  29,	  1891–1900	  



F. Milano et al. NEJM, 2016; 375: 944-953 



F. Milano et al. NEJM, 2016; 375: 944-953 



Hot	  topics	  in	  alloHSCT	  for	  AML	  

Cellular	  therapy	  for	  untreatable	  AML	  



• 	  	  AML	  paEents,	  in	  first	  CR	  (median	  age	  64)	  

• 	  	  Flu/Cy	  immunosuppressive	  chemotherapy	  

• 	  	  CD56+CD3-‐	  NK	  cells	  from	  haplo	  KIR-‐mismatched	  donors	  and	  

IL-‐2	  

• 	  	  feasible	  in	  elderly	  paEents	  with	  AML	  as	  post-‐CR	  consolidaEon	  

• 	  	  donor	  NK	  alloreacEvity	  has	  a	  predicEve	  role	  on	  outcome	  
Antonio Curti et al. Blood 2014;124:624 

Immunotherapy	  of	  older	  AML	  with	  NK	  Cells	  

Curti, A et al Clin Cancer  22 Issue 8, pp. 1914-1921 



Cellular	  therapy	  with	  Cytokine	  Induced	  Killer	  (CIK)	  cells	  

•  CIK	  cells	  are	  NK-‐T	  cells	  
(CD56+CD3+)	  expanded	  from	  
peripheral	  blood	  mononuclear	  
cells	  (first	  described	  in	  NK	  cell	  
clones	  by	  T.	  Hercend)	  

•  CIK	  cells	  show	  non-‐specific	  anG-‐
tumor	  acGvity	  and	  home	  to	  
tumors	  without	  significant	  GVHD	  
in	  several	  animal	  models	  

•  CIK	  cells	  can	  be	  reproducibly	  
expanded	  in	  vitro	  under	  strict	  
GMP	  condiGons	  
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Introna	  et	  al,	  BMT,	  2006	  
Marin	  et	  al,	  Exp.	  Hematol,2006	  
Francescheb	  et	  al,	  Exp	  Hematol,	  2009	  
Introna	  et	  al,	  BBMT,	  2010	  
Pievani	  et	  al,	  Blood,	  2011	  
Pievani	  et	  al,	  Blood,	  2011	  



Human	  CIK	  cells	  transduced	  with	  CD123	  CAR	  and	  CD33	  
CARs	  have	  shown	  ac:vity	  in	  vitro	  and	  in	  vivo	  against	  AML	  	  

•  Marin	  et	  al.,	  Haematologica	  2010	  

•  Tedaman:	  et	  al.,	  Br.	  J.	  Hemat.	  2013	  

•  Pizzitola	  et	  al.,	  	  Leukemia	  2014	  

•  Rambaldi	  A.	  et	  al.,	  Leukemia	  2015	  

	  



CONCLUSIONS	  

•  T-‐MN	  are	  an	  heterogeneous	  group	  of	  malignancies	  with	  
different	  outcome	  depending	  on	  paEent	  and	  disease	  
characterisEcs	  but	  also	  on	  treatment	  intensity	  and	  quality	  

•  AlloHSCT	  may	  represent	  a	  therapeuEc	  opEon	  for	  some	  
paEents	  and	  alternaEve	  donors	  (CB	  and	  Haplo)	  should	  be	  
always	  considered	  

•  Post-‐transplant	  approaches	  with	  cells	  or	  drugs	  should	  be	  
considered	  for	  paEents	  at	  very	  high	  risk	  of	  disease	  recurrence	  


