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has been reported in Europe, where the European Group for
Blood and Marrow Transplantation (EBMT) registered a
doubling in the number of allogeneic HCT for MDS/second-
ary AML from 737 to 1636 between the years 2001 and 2010,
paralleled by a 10% to 33% increase in HCT use in patients
over age 60 [5]. Although these temporal trends are im-
pressive, when considered in the context of the entire pool of
high-risk MDS patients in the United States, statistics from
various epidemiologic sources suggest a staggeringly low use
of transplantation in this population, as shown in Figure 2
[6-10]. A prospective feasibility study of RIC HCT in 259
higher risk MDS/AML patients reported that only 14 patients
(5%) harboring unfavorable cytogenetics eventually received
transplantation [11]. The findings of a cross-sectional survey
of US physicians from different geographic regions and a
wide variety of practice settings are even more sobering,
with only 4% of recently diagnosed MDS patients referred for
HCT [8]. With 21 million potential marrow donors world-
wide, including more than 600,000 UCB units, it is expected
that a suitable URD or UCB unit can be found to meet the
needs of approximately 12,000 patients in the United States
who need URD transplantations every year. Despite this and

results comparable with those with HLA-identical sibling
donors, the estimated usage of these donor sources is strik-
ingly low, at 10% for 65- to 74-year-olds, the demographic
cohort with the highest MDS rates [10]. Figures from 2012
show that a formal search was initiated for only 62% of these
patients of which only 60% actually proceeded to HCT [12].

Although the reasons for low utilization of HCT are
multifactorial, most of the concerns center around the high
risk of TRM or diminution of quality of life due to chronic
GVHD or other delayed effects of HCT, especially so in older
patients with diminished physiologic reserves because of the
combined effect of their advanced age and existing comor-
bidities. Limited understanding of referring physicians re-
garding transplant eligibility, late transplant referrals, delay
in HLA typing, and underuse of URD transplantation is also
responsible. The feasibility of surmounting some of these
barriers was demonstrated in a recent study in which a
combination of pragmatic strategies, including use of alter-
native donors, different graft sources, and RIC regimens
(42%), allowed 67% of AML patients in complete remission to
proceed to HCT [13]. A concerted effort in educating the
clinicians providing care for MDS patients would result in
more frequent and earlier consideration of this modality.

WHO NEEDS A TRANSPLANT? SEPARATING THE GOOD
FROM THE BAD AND THE UGLY

Selection of the appropriate transplant candidate has
undergone refinements over the past decade, aided by
improved understanding of disease risk, use of disease-
modifying therapies that improve survival (since 2004),
more sensitive tools to assess transplant vulnerability, and
increased HCTopportunities in the elderly with the advent of
RIC and nonmyeloablative (NMA) regimens. As shown in
Table 1, upfront HCT is currently recommended for fit MDS
patients stratified as higher risk based on clonal chromo-
somal abnormalities, blast percentage, peripheral cytope-
nias, and additional features depending on the particular
prognostic model applied. Originally designed to prognosti-
cate for nontransplanted patients, several risk models, such
as the International Prognostic Scoring System (IPSS), the
World Health Organization classification-based Prognostic
Scoring System (WPSS), and the revised IPSS (IPSS-R), also

Figure 1. Number of allogeneic HCTs for MDS patients !65 years of age in the
United States, 2005-2012. (Data compiled by CIBMTR and Figure provided by
Dr. Mary Horowitz and adapted with permission.)

Figure 2. Crude estimation of transplant-eligible older MDS patients (age >60-65 years) in the United States with data extrapolated from contemporaneous pop-
ulation registries highlighting the staggeringly low uptake of allogeneic HCTs in this age group. SEER indicates Surveillance Epidemiology and End Results; NAACCR,
North American Association of Central Cancer Registries; NHANES III, National Health and Nutrition Examination Survey III; alloHSCT, allogeneic hematopoietic stem
cell transplantation.
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HSCT	in	MDS	:	for	whom,	when	and	
how?	

• SelecAon	of	paAents	
• Type	of	transplant	(HSC	source)	
• Treatment	before	transplant	
•  InducAon	regimens/intensity	
• Timing	of	transplant		



For	whom?	

•  Intermediate	2	and	high	IPSS	risk		
•  Intermediate,	high	and	very	high	R-IPSS		
•  Therapy	related	MDS		
•  High	transfusion	requirement		



2015	



HematopoieAc	cell	transplantaAon	(HCT)-
specific	comorbidity	index		 Blood	2005;106:2912-9		



Comorbidity	and	Disease	Status–Based	Risk	StraAficaAon	of	Outcomes	
Among	PaAents	With	AML	or	MDS	Receiving	Allogeneic	HematopoieAc	

Cell	TransplantaAon		

J	Clin	Oncol	2007;25:4246-54		



Effect	of	comorbidity	on	survival	
of	MDS	paAents	

Overall	Survival	 Risk	of	Non-Leukemic	Death	

Blood	2007;110:#2453	



AML HSCT:  URD, Sibling Donor, and UCB Survival 
        Minnesota, Paris, and Nantes  Peffault	de	la	Tour,		2013	



What	about	low/intermediate-1	IPSS?	

•  Life	expectancy	of	paAents	with	
Intermediate-1	or	low	IPSS	risk	at	diagnosis	
was	higher	when	transplanaAon	was	delayed	
but	performed	before	progression	to	AML.		

Cutler et al., Blood 2004; 104:579-585 
	





No SCT 

SCT 





Adapted	from	Koreth	et	al.	JCO	2013		

Low	and	Intermediate-1	
risk	IPSS	pa5ents	

survival	benefit	of	the	nontransplantaAon	strategy	in	low/intermediate-1	IPSS	MDS	



Adapted	from	Koreth	et	al.	JCO	2013		

Intermediate-2	and	high		
risk	IPSS	pa5ents	

survival	benefit	of	the	early	RIC	transplantaAon	strategy	in	intermediate-2	and	high	
risk		IPSS	MDS	



When? Timing of transplantation  

! immediate transplantation for Int-2/high-risk pts 

!  delayed transplantation for Int1/low risk pts until 
progression ( but before transformation to AML)  
	



BMT in patients with myelodysplastic syndromes
V Runde et al

257
Table 2 Cumulative probability at 5 years for overall survival, disease-free survival, relapse risk and transplant-related mortality

Patients Overall survival Disease-free survival Relapse risk Transplant-related mortality
(n) % SE % SE % SE % SE

All patients 131 41 5 34 5 39 6 44 5

RA/RARS 46 57 9 52 9 13 6 40 9
RAEB 35 42 9 34 9 44 12 38 9
RAEB/T 28 24 9 19 8 52 16 60 10
CMML 4
sAML 18 28 15 26 14 50 15 48 22

P value 0.02 0.01 0.04 0.05

Age (years)
!20 24 46 13 45 13 40 13 25 14
21–40 66 43 7 32 7 43 9 43 7
"40 41 33 8 30 8 31 14 57 8

P value 0.05 0.08 0.78 0.01

Disease duration (months)
!3 36 54 9 38 10 46 11 29 10
4–12 53 27 7 25 7 51 10 48 7
"12 39 43 9 42 9 14 10 51 9

P value 0.03 0.03 0.01 0.05

Post-cytotoxic 15 32 12 20 10 48 18 61 15
Idiopathic 116 43 5 37 5 38 7 41 5

P value 0.30 0.22 0.69 0.24

T cell depleted
No 120 42 5 36 5 38 7 43 5
Yes 11 27 15 15* 13* 48* 20* 71* 20*

P value 0.55 0.40** 0.27** 0.73**

*at 18 months; **over 18 months.
SE = standard error (%); DFS = disease-free survival; TRM = transplant-related mortality; RA = refractory anemia; RARS = refractory anemia with
ring sideroblasts; RAEB = refractory anemia with excess of blasts; RAEB/T = refractory anemia with excess of blasts in transformation; CMML =
chronic myelomonocytic leukemia; sAML = secondary acute myeloid leukemia.

above 40 years (P = 0.05) and for patients with a disease
duration between 4 and 12 months (P = 0.03) (Figure 1).
Differences in survival between primary (43%) and post-
cytotoxic MDS (32%) and between patients with (27%) and
without (42%) T cell depletion did not reach statistical sig-
nificance. Multivariate analysis using the covariates age,
disease duration, diagnosis at BMT, T cell depletion and
etiology of the disease showed that diagnosis of RAEB,
RAEB/T and sAML and a disease duration of more than 3
months were predictors for shorter survival (Table 3).

Transplant-related mortality (TRM) and relapse

Fifty patients died from transplant-related complications
after a median interval of 2 months (range, 0–99 months).
The main causes of TRM were acute GVHD in 13 patients,
bacterial infection in eight patients, haemorrhage in six
patients, and GVHD associated with interstitial pneumo-
nitis (IP) in four patients. Cumulative probability of TRM
for the entire group of patients at 5 years was 44%. Univari-
ate analysis showed a lower incidence of TRM in younger
patients (P = 0.01) (Figure 2), in patients with a disease
duration below 4 months (P = 0.05), and in patients with
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RA/RARS and RAEB (P = 0.05). Univariate analysis Figure 1 Probability of survival according to interval between diagnosis
and bone marrow transplantation.showed a significantly lower risk of relapse in patients with
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Bone marrow transplantation from HLA-identical siblings as first-line
treatment in patients with myelodysplastic syndromes: early
transplantation is associated with improved outcome

V Runde1, T de Witte2, R Arnold3, A Gratwohl4, J Hermans5, A van Biezen5, D Niederwieser6,
M Labopin7, MP Walter-Noel8, A Bacigalupo9, N Jacobsen10, P Ljungman11, E Carreras12,
HJ Kolb13, C Aul14 and J Apperley15 on behalf of the Chronic Leukemia Working Party of the
European Group for Blood and Marrow Transplantation (EBMT)
1University Hospital of Essen, Germany; 2University Hospital St Radboud, Nijmegen, The Netherlands; 3University Hospital Charité,
Berlin, Germany; 4Kantonsspital, Basel, Switzerland; 5University of Leiden, The Netherlands; 6University Hospital Innsbruck,
Austria; 7Hôpital Saint-Antoine, Paris, France; 8Hôpital Claude Hurez, Lille, France; 9Ospedale San Martino, Genova, Italy;
10Rigshospitalet, Copenhagen, Denmark; 11Huddinge Hospital, Stockholm, Sweden; 12Postgraduate School of Hematology, Barcelona,
Spain; 13Ludwig Maximilian University, Munich, Germany; 14Heinrich Heine University, Düsseldorf, Germany; and 15Imperial
College School of Medicine, London, UK

Summary: the diagnosis of MDS may improve prognosis due to a
lower treatment-related mortality and a lower relapse
risk.Allogeneic bone marrow transplantation (BMT) offers a

potential cure for younger patients with myelodysplastic Keywords: allogeneic bone marrow transplantation;
HLA-identical sibling; first-line treatment; myelodysplasticsyndromes (MDS) or secondary acute myeloid leukemia

(sAML). More than 600 patients from 50 European cen- syndrome; secondary acute myelogenous leukemia
ters have now been reported to the European Group
for Blood and Marrow Transplantation (EBMT). We
retrospectively analyzed 131 patients reported to the

Myelodysplastic syndromes (MDS) comprise a hetero-Chronic Leukemia Working Party of the EBMT who
geneous group of hematopoietic stem cell disorders withunderwent BMT from HLA-identical siblings without
varying clinical, laboratory and morphological features.prior remission induction chemotherapy. At the time of
According to the proposals of the French–American–BritishBMT 46 patients had refractory anemia (RA) or RA
Cooperative Group (FAB) five morphological entities canwith ringed sideroblasts, 67 patients had more advanced
be distinguished, including refractory anaemia (RA), refrac-MDS subtypes and 18 patients had progressed to sAML.
tory anaemia with ring sideroblasts (RARS), refractory ane-The 5-year disease-free (DFS) and overall survival (OS)
mia with excess of blasts (RAEB), refractory anemia withfor the entire group of patients was 34 and 41%,
excess of blasts in transformation (RAEB/T), and chronicrespectively. Fifty patients died from transplant-related
myelomonocytic leukemia (CMML).1 Treatment of MDScomplications, most commonly graft-versus-host disease
and secondary acute myelogenous leukemia (sAML) hasand/or infections. Relapse occurred in 28 patients
generally been unsatisfactory. Because of their advancedbetween 1 and 33 months after BMT, resulting in an
age most patients have been treated solely with supportiveactuarial probability of relapse of 39% at 5 years. DFS
measures. Limited success has been reported with low-doseand OS were dependent on pretransplant bone marrow
cytosine arabinoside,2 retinoic acid,3 corticosteroids,4 andblast counts. Patients with RA/RARS, RAEB, RAEB/T
hematopoietic growth factors.5 Young patients withand sAML had a 5-year DFS of 52, 34, 19 and 26%,
advanced MDS may achieve prolonged, disease-free sur-respectively. The 5-year OS for the respective patient
vival when treated with intensive antileukemic chemo-groups was 57, 42, 24 and 28%. In a multivariate analy-
therapy.6 However, remission duration has generally beensis, younger age, shorter disease duration, and absence
short.7 Nowadays, allogeneic BMT is considered the treat-of excess of blasts were associated with improved out-
ment of choice for younger patients with histocompatiblecome. From these data we conclude that patients with
siblings. The timing of transplant in the management ofmyelodysplasia who have appropriate marrow donors,
the disease remains controversial. European BMT centersespecially those aged less than 40 years and those with
generally administer remission induction treatment prior tolow medullary blast cell count should be treated with
BMT, particularly in advanced cases of MDS.8,9 In contrast,BMT as the primary treatment early in the course of
most patients with MDS in North America have been trans-their disease. Transplantation early after establishing
planted without prior induction chemotherapy.10 The pre-
vious largest series reported 62 patients with HLA-identical
sibling donors11 of whom only 75% had MDS accordingCorrespondence: V Runde, Department of Bone Marrow Transplantation,
to FAB criteria. The probability of disease-free survival ofUniversity of Essen, Hufelandstraβe 55, D-45122 Essen, Germany

Received 23 May 1997; accepted 20 August 1997 these patients at 4 years was 41%. As the issue of the role
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HSCT	in	MDS	:	for	whom,	when	and	
how?	

• SelecAon	of	paAents	
• Type	of	transplant	(HSC	source)	
• Treatment	before	transplant	
•  InducAon	regimens/intensity	
• Timing	of	transplant		



PBSC compared to BM as SC source : 
• faster engraftment  
• more cGVHD 
• lower NRM 
• better 2-yrs EFS 

Guardiola et al., Blood 2002  
Maris et al.  Blood 2003  
Deeg et al., Blood 2002 
 

Stem	cell	source	(PBSC	or	BM?)			



Stem	cell	donor	
	

•  match	related	donor	(MRD)	
•  	match	unrelated	donor	(MUD)	8/8	
•  match	unrelated	donor	(MUD)	7/8	

•  Alterna5ve	donors?	
•  Cord	blood	
•  HaploidenAcal	donor	



Adjusted	probability	of	transplant-related	mortality	in	adult	MDS		paAents	by	donor	source.	
	

MUD=	match	unrelated	donor	
MRD=	match	related	donor	
	

Blood	2013;122:1974	



Blood	2013;122:1974	

Adjusted	probability	of	relapse	in	adult	MDS	paAents	by	donor	source	

MUD=	match	unrelated	donor	
MRD=	match	related	donor	
	



Blood	2013;122:1974	
MUD=	match	unrelated	donor	
MRD=	match	related	donor	
	

Adjusted	probability	of	DFS	in	694	adult	MDS	paAents	by	donor	source.	



Blood	2013;122:1974	
MUD=	match	unrelated	donor	
MRD=	match	related	donor	
	

Adjusted	probability	of	overall	survival	in	701	adult	MDS	paAents	by	donor	source.	



Bone	Marrow	TransplantaAon	(2013),	1–6	
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• Chemotherapy for those with high blast count ?(>10%)  

• Hypomethylating agents before transplant ? 

 

  

Pre	transplant	induc5on	therapy:	really	
needed?		



Hypomethylating agents and transplant  

Patients who discontinue 5AC for various reasons have a 
median survival of only 5.6 months 
 
When 5AC is discontinued because of progressive disease the 
median survival is  17 months even after HSCT 
 
In the study by Prébet et al the median survival was not 
reached in patients transplanted with stable disease at the time 
when 5AC was stopped 
 
CONCLUSION: for patients who are transplant candidates 
HCT should be considered while still responding to  
hypomethylating therapy 
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ABSTRACT
Hematopoietic cell transplantation is the only curative therapy for patients with myelodysplastic syndrome
(MDS). However, treatment-related toxicity and, in patients with advanced MDS (refractory anemia with
excess blasts [RAEB]; RAEB in transformation [RAEB-T]) or transformation to acute myeloid leukemia with
multilineage dysplasia (tAML), posttransplantation relapse continue to be prevalent. Induction chemotherapy
(IC) has been used in an attempt to decrease the risk of posttransplantation relapse, but the benefit for
posttransplantation long-term survival is uncertain. We reviewed results in 125 patients with advanced MDS
and tAML who received transplants from HLA-identical related or unrelated donors after preparation with
myeloablative conditioning regimens. Thirty-three patients (3 with RAEB, 6 with RAEB-T, and 24 with tAML)
received IC before transplantation, and 92 patients (62 with RAEB, 22 with RAEB-T, and 8 with tAML) did
not. Seventy-six patients were conditioned with oral busulfan 16 mg/kg, which was adjusted to achieve
steady-state plasma concentrations of 800 to 900 ng/mL, plus cyclophosphamide 2 ! 60 mg/kg, and 49 patients
received busulfan 7 mg/kg (without dose adjustment) and total body irradiation 6 ! 200 cGy given over 3 days.
There was no evidence of a benefit in posttransplantation outcome associated with prior IC, either for patients
with RAEB/RAEB-T or those with tAML, with either conditioning regimen. There was a correlation of the
severity of pretransplantation flow cytometric aberrancies on marrow cells and posttransplantation relapse.
Further studies that randomize patients to IC versus no IC need to appropriately address the possible
beneficial effect of IC.
© 2005 American Society for Blood and Marrow Transplantation

KEY WORDS
Hematopoietic cell transplantation ● Myelodysplastic syndrome ● Pretransplantation induction
chemotherapy ● Posttransplantation relapse

INTRODUCTION

The only currently available therapy with curative
potential for patients with myelodysplastic syndrome
(MDS) is hematopoietic cell transplantation (HCT)
[1]. In patients with low myeloblast counts in the
marrow (!5%) and peripheral blood (!1%)—ie,
those with refractory anemia or refractory cytopenia
with multilineage dysplasia, with or without ring sid-
eroblasts, as characterized by the French-American-
British (FAB) or World Health Organization classifi-
cation [2-4]—transplantation results are excellent. As

the marrow blast count increases or MDS transforms
into acute myeloid leukemia (AML; by FAB or World
Health Organization criteria), the success rates with
allogeneic HCT progressively decline [5,6]. The same
is true with increasing risk scores as determined by the
International Prognostic Scoring System (IPSS) [7].
The major reason for lower success rates in patients
with more advanced disease is the higher incidence of
posttransplantation relapse [8].

In an effort to decrease the risk of posttransplan-
tation relapse, pretransplantation induction chemo-
therapy (IC) has been used to reduce the disease bur-

Biology of Blood and Marrow Transplantation 11:65-73 (2005)
" 2005 American Society for Blood and Marrow Transplantation
1083-8791/05/1101-0008$30.00/0
doi:10.1016/j.bbmt.2004.10.001
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Relapse-Free Survival

Overall, RFS did not differ significantly between
patients who had received IC (13% at 3 years) and
those who had not (26% at 3 years) (P ! .26; Figure
3A). There was no significant difference in RFS be-
tween related and unrelated transplant recipients.

Among 33 patients given IC, 24 had progressed to
tAML before the start of IC, compared with 8 of 92

patients who did not receive IC. RFS at 3 years was
8% for patients with tAML who had received IC and
0% for patients who had not (P ! .9). It is noteworthy,
however, that all patients with tAML who had not
received IC subsequently died of relapse (Figure 3B).
The difference in RFS after transplantation between
patients with tAML who had received IC and were
subsequently conditioned with BuTBI (17% at 3
years) and those conditioned with tBuCy (0% at 3
years) was not significant (P ! .67).

Three-year RFS among 9 patients with RAEB/
RAEB-T given IC was 26%, compared with 29%
among 84 patients who did not receive IC (Figure

Figure 2. Nonrelapse mortality (NRM). A, NRM according to
receipt of IC versus no IC. B, NRM for patients with tAML. C,
NRM for patients with RAEB/RAEB-T. The FAB classification
was determined before the administration of IC.

Figure 1. Overall survival (OS) by flow score severity. A, OS
according to the severity of flow score in patients who did not
receive IC. B, OS according to the severity of flow score in patients
who did receive IC. (Flow indicates flow score; 0-3, low or moder-
ate; 4-9, severe).

Table 7. Causes of Death

Cause of Death

No. Patients

IC No IC

Total 23 59
Relapse 12* 23†
Organ failure ! infection ! GVHD 4 6
GVHD ! infection 5 8
Infection 2 20
Central nervous system hemorrhage 0 1
Graft failure 0‡ 1§

*One patient who relapsed after transplantation is alive in remission.
†Three patients who relapsed after transplantation are alive in remis-

sion.
‡Two patients died before establishing engraftment.
§One patient died before established engraftment

B. L. Scott et al.
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ABSTRACT
Hematopoietic cell transplantation is the only curative therapy for patients with myelodysplastic syndrome
(MDS). However, treatment-related toxicity and, in patients with advanced MDS (refractory anemia with
excess blasts [RAEB]; RAEB in transformation [RAEB-T]) or transformation to acute myeloid leukemia with
multilineage dysplasia (tAML), posttransplantation relapse continue to be prevalent. Induction chemotherapy
(IC) has been used in an attempt to decrease the risk of posttransplantation relapse, but the benefit for
posttransplantation long-term survival is uncertain. We reviewed results in 125 patients with advanced MDS
and tAML who received transplants from HLA-identical related or unrelated donors after preparation with
myeloablative conditioning regimens. Thirty-three patients (3 with RAEB, 6 with RAEB-T, and 24 with tAML)
received IC before transplantation, and 92 patients (62 with RAEB, 22 with RAEB-T, and 8 with tAML) did
not. Seventy-six patients were conditioned with oral busulfan 16 mg/kg, which was adjusted to achieve
steady-state plasma concentrations of 800 to 900 ng/mL, plus cyclophosphamide 2 ! 60 mg/kg, and 49 patients
received busulfan 7 mg/kg (without dose adjustment) and total body irradiation 6 ! 200 cGy given over 3 days.
There was no evidence of a benefit in posttransplantation outcome associated with prior IC, either for patients
with RAEB/RAEB-T or those with tAML, with either conditioning regimen. There was a correlation of the
severity of pretransplantation flow cytometric aberrancies on marrow cells and posttransplantation relapse.
Further studies that randomize patients to IC versus no IC need to appropriately address the possible
beneficial effect of IC.
© 2005 American Society for Blood and Marrow Transplantation
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INTRODUCTION

The only currently available therapy with curative
potential for patients with myelodysplastic syndrome
(MDS) is hematopoietic cell transplantation (HCT)
[1]. In patients with low myeloblast counts in the
marrow (!5%) and peripheral blood (!1%)—ie,
those with refractory anemia or refractory cytopenia
with multilineage dysplasia, with or without ring sid-
eroblasts, as characterized by the French-American-
British (FAB) or World Health Organization classifi-
cation [2-4]—transplantation results are excellent. As

the marrow blast count increases or MDS transforms
into acute myeloid leukemia (AML; by FAB or World
Health Organization criteria), the success rates with
allogeneic HCT progressively decline [5,6]. The same
is true with increasing risk scores as determined by the
International Prognostic Scoring System (IPSS) [7].
The major reason for lower success rates in patients
with more advanced disease is the higher incidence of
posttransplantation relapse [8].

In an effort to decrease the risk of posttransplan-
tation relapse, pretransplantation induction chemo-
therapy (IC) has been used to reduce the disease bur-
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3C). There was no significant difference in RFS
among patients with RAEB/RAEB-T who had re-
ceived IC and were conditioned with tBuCy (67% at 3
years) or BuTBI (25% at 3 years) (P ! .93), although
the numbers were small.

DISCUSSION

Treatment options for patients with advanced
MDS and tAML are few, and currently the only mo-
dality with curative potential is HCT. One strategy

aimed at reducing the incidence of posttransplantation
relapse has been the administration of IC before trans-
plantation. However, so far, no controlled study has
been conducted.

Yakoub-Agha et al. [31] reported substantial im-
provement in posttransplantation RFS in patients with
secondary MDS who achieved complete remissions
with IC compared with patients who did not respond
(similar to the present results), but that study provided
no information on patients who had not received IC.
In an earlier retrospective analysis at our Center,
Anderson et al. [32] compared transplant results in 20
patients who had responded to pretransplantation IC
with results among 46 previously untreated patients,
all with a diagnosis of secondary AML. No benefit was
associated with IC with regard to posttransplantation
survival.

Contrary to the report by Anderson et al. [32], this
review included only patients with a diagnosis of MDS
or AML with multilineage dysplasia secondary to a
preceding diagnosis of MDS, and the median age was
10 years older in this study. Anderson’s analysis in-
cluded patients with secondary AML with or without
multilineage dysplasia regardless of a preceding diag-
nosis of MDS, which most likely accounts for their
younger median age. Our current understanding of
MDS clearly distinguishes between patients who have
secondary AML from prior chemotherapy exposure
and patients who have tAML with multilineage dys-
plasia from a preceding diagnosis of MDS. However,
even though the study populations were different, the
conclusions are similar, and neither study provides
convincing evidence for a benefit of pretransplanta-
tion IC. Nevertheless, the incidence of posttransplan-
tation relapse was highly dependent on the response
to IC and the severity of flow scores. Patients who did
not respond to IC and patients who relapsed before
transplantation (after receiving IC) showed higher
rates of relapse after transplantation than did patients
not given IC. Conceivably, as with similar observa-
tions in other disorders, pretransplantation cytotoxic
therapy was simply selected for chemotherapy-sensi-
tive or good-risk MDS patients, who subsequently had
a superior outcome after transplantation. Such a no-
tion is also supported by the observation that patients
who had no response to IC had a worse posttransplan-
tation outcome than patients who never received IC.

The median interval between the start of IC and
transplantation was 2 months, with a range of 1 to 6
months. Three patients who had received IC more
than 6 months before transplantation were excluded
from this analysis because the time points were con-
sidered to be too remote for IC to have an effect on
posttransplantation toxicity. The time delay from IC
to transplantation was dependent on several factors,
including time to hematopoietic recovery, infections
and overall clinical condition after IC, and time re-

Figure 3. Relapse-free survival (RFS). A, RFS according to receipt
of IC versus no IC. B, RFS for patients with tAML. C, RFS for
patients with RAEB/RAEB-T. The FAB classification was deter-
mined before administration of IC.
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patients deserves to be revisited [33]. Indeed, factors such as
transfusion dependency, cytogenetics, medical comorbidity,
and WHO histologic subtype should all be considered when
deciding on the role and the timing of transplantation for
these patients [34].

A limitation of this study is its retrospective nature with
possible selection bias as a result of the impossibility of ac-
counting for patient dropout (either complication from

before-transplant treatment in the AZA group or rapid pro-
gression to acutemyeloid leukemia in both groups). Thus, the
result of this homogeneous study, in the absence of data from
prospective randomized studies regarding the usefulness of
debulking treatment before transplantation in myelodys-
plastic patients, could represent a first step forward to an
accurate answer to this question. Although AZA is thought to
have an immunomodulation effect that could influence

Table 4
Multivariate Analyses

Characteristics 3-Year OS 3-Year RFS 3-Year Relapse 3-Year NRM

HR 95% CI P* HR 95% CI P* HR 95% CI P* HR 95% CI P*

Cytogenetics
Low/int 1 1
High risk 1.99 1.18-3.38 .01 3.05 1.68-5.53 .0002

Prior treatment
AZA alone 1 .45 1 .90 1 .65 1 .33
BSC vs AZA alone 1.27 .68-2.34 .64* 1.04 .61-1.75 .99* 1.15 .62-2.13 .75* 1.56 .64-3.85 .97*

Donor type
Sibling 1 1
HLA-matched unrelated 1.78 1.01-3.14 .044 2.30 1.01-5.24 .047

Disease status
Responders 1
Nonresponders 3.29 1.13-9.58 .029

Interval from diagnosis to transplant
<26.7 mo 1 1 1
!26.7 mo 2.28 1.31-3.95 .003 2.39 1.44-3.96 .0007 2.52 1.18-5.39 .017

Int indicates intermediate; CSA, cyclosporine A; MTX, methotrexate.
Because our studywas not randomized, we used a propensity score to adjust P values for patients who received BSC and those who received AZA. The propensity
score model included variables that might have influenced the outcome of allo-SCT, including age of recipient, IPSS, cytogenetic risk groups, percentage of
marrow blast and disease status at transplant, donor type, donor age, stem cell source, time interval between the diagnosis and the transplant, use of total body
irradiation, and GVHD prophylaxis. Before-transplant treatment and variables having a significance level of P < .15 in the bivariate analyses were introduced in
the multivariate model: *P by propensity score.

Figure 2. Kaplan-Meier estimates of 3-year OS, RFS, 3-year cumulative incidence of relapse, and NRM in 128 patients, according to treatment received before
transplant. ( ) AZA-group, ( ) BSC-group.
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5-Azacitidine for myelodysplasia before allogeneic hematopoietic cell
transplantation
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Relapse remains a leading cause for treatment failure
after hematopoietic cell transplantation (HCT) in patients
with intermediate- or high-risk myelodysplastic syndrome
(MDS). To discern the impact of 5-azacitine treat-
ment pretransplant on the risk for relapse after HCT,
we analyzed the post transplant outcomes of all 54
consecutive patients with MDS or chronic myelomonocy-
tic leukemia who received HCT from HLA-compatible
donors according to pretransplant 5-azacitidine exposure.
Thirty patients received a median of four (1–7) cycles of
5-azacitidine, and 24 patients did not receive 5-azacitidine
before HCT. The 1-year estimates of overall survival,
relapse-free survival and cumulative incidence of relapse
were 47, 41 and 20%, for 5-azacitidine patients and 60, 51
and 32%, respectively, for non-5-azacytidine patients.
These observations suggest that outcomes are similar in
both groups with a trend toward decreased early relapse in
patients receiving 5-azacitidine. 5-Azacitidine may be of
value in stabilizing the disease, thereby allowing time for
patients to reach transplant and does not appear to affect
transplant outcomes.
Bone Marrow Transplantation (2010) 45, 255–260;
doi:10.1038/bmt.2009.134; published online 22 June 2009
Keywords: myelodysplastic syndrome; 5-azacitidine; allo-
geneic hematopoietic cell transplantation; acute myeloid
leukemia

Introduction

Myelodysplastic syndrome (MDS) is a malignancy
characterized by ineffective hematopoiesis in which the
only potential cure is allogeneic hematopoietic cell trans-

plantation (HCT). For patients with International Prog-
nostic Scoring System (IPSS) intermediate-2 (INT-2) or
high-risk disease, the average time to AML was shown to
be 1.1 and 0.2 years, and average time to death was 1.2 and
0.4 years, respectively.1 With the use of a decision analysis
from MDS and Center for International Blood and
Marrow Transplant Research registries and the Fred
Hutchinson Cancer Center, Cutler et al.2 addressed the
question regarding optimal timing of MDS patients
proceeding to HCT. Their model showed that immediate
transplantation resulted in improved survival in patients
with INT-2 and high-risk MDS but not in those with earlier
stage disease. Even though benefit was shown with earlier
transplant, these patients continue to be at substantial risk
of relapse after HCT. The question of whether pretrans-
plant leukemia-type induction chemotherapy provides an
advantage without toxicities, which would prohibit pro-
ceeding to transplant, is currently under investigation in
Europe (Allo-MDS2! 2 phase III prospective randomized
trial by the European Group for Blood and Marrow
Transplantation).

The approval of 5-azacitidine and decitabine for the
treatment of MDS has provided an alternative strategy to
inhibit disease progression in transplant-eligible patients.
Owing to the survival advantages reported with
5-azaciticine and the fact that it is relatively well tolerated,
its use has become widespread.3,4 To assess the effect of
pretransplant 5-azacytidine treatment on post transplant
outcomes, we recently reviewed our institutional experience
with INT-2 and high-risk MDS patients.5 Updated results
of that assessment are presented in this report.

Patients and methods

Patients
Medical records of consecutive patients with MDS or
chronic myelomonocytic leukemia (CMML) who received
allogeneic HCT between July 2004 and December 2007
were retrospectively reviewed regarding their exposure to
5-azacitidine. This medical record review study was part of
a larger chart review study which was approved by the
University of South Florida Institutional Review Board.
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evaluated in a multivariate model which adjusted for age,
history of secondary MDS or progression to AML, donor
source, GVHD prophylaxis or IPSS score.

Patients not receiving previous induction chemotherapy
To eliminate the potential confounding risk of pretrans-
plant induction chemotherapy, we performed an additional
analysis on the subgroup of patients who had not received
leukemia chemotherapy at any time before transplant.
There were no statistically significant differences between
the two study cohorts in the cumulative incidence of grade
2–4 (P¼ 0.39) or grade 3–4 (P¼ 0.52) acute GVHD, non-
relapse mortality (P¼ 0.23), time to progression (P¼ 0.87),
survival (P¼ 0.34) or RFS (P¼ 0.30).

Discussion

In this study, treatment with 5-azaciticine before HCT did
not significantly affect rates of remission, relapse, acute
and chronic GVHD and survival after transplant when
administered to patients with high-risk MDS before HCT.
This study included a subset of patients who received
induction chemotherapy for high-risk MDS or whose
disease transformed to AML. Conceivably, these AML
patients might have a more aggressive disease, placing them
at greater risk for toxicity after HCT and relapse. In
addition, the induction chemotherapy could result in
toxicities that would preclude HCT. Therefore, there might
be a bias in that only the healthiest older patients received
induction chemotherapy and proceeded to HCT. When the
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Figure 1 (a) Cumulative incidence of grade 2–4 GVHD. (b) Cumulative incidence of grade 3–4 GVHD.
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Abstract Allogeneic hematopoietic stem cell transplan-
tation (alloSCT) is currently the only curative treatment

modality for myelodysplastic syndromes (MDS). The treat-

ment paradigm for MDS has changed in recent years with the
introduction of hypomethylating agents (HMAs). The pres-

ent retrospective multicenter study was designed to assess

the effects of pre-transplant HMA on transplant outcome and
determine which patients would benefit most from this

therapy. A total of 109 patients who received alloSCT at one

of five institutions between 2007 and 2010 were enrolled in
this study regardless of pre-transplant HMA therapy. 81 of

the 109 patients enrolled were treated with HMA prior to

alloSCT. 28 patients received alloSCT without HMA
bridging. The distributions of WHO classification groups

and IPSS scores were similar between the two groups

(P = 0.752 and P = 0.265, respectively). Pre-transplant
HMA did not affect OS (P = 0.244), and there were no

differences in response to HMA therapy within the HMA-

treated group. The cumulative incidence of NRM was not
significantly different between the two groups (P = 0.500).

However, for patients with a high blast count ([5 % of bone

marrow at the time of diagnosis), pre-transplant HMA ther-
apy had a NRM benefit (83.3 vs. 48.6 %, P = 0.014).

Keywords Myelodysplastic syndrome !
Hypomethylating agent ! AlloSCT

Introduction

Myelodysplastic syndromes (MDS) are heterogeneous

hematopoietic disorders characterized by ineffective
hematopoiesis, dysplasia of one or more lineages of bone

marrow, and an increased risk of developing acute leukemia

[1]. Recently, epigenetic therapy using hypomethylating
agents (HMA; azacitidine (AZA) and decitabine (DAC))

has demonstrated clinical effectiveness for MDS [2, 3, 4].
For example, AZA can improve hematologic parameters,

delay transformation to acute myeloid leukemia (AML),

improve quality of life, and improve survival when com-
pared with supportive care [3]. For elderly patients, this is

clearly an enormous advantage [5], whereas younger

patients with longer life expectancies cannot be treated with
HMA alone and will require subsequent transplantation.

While allogeneic hematopoietic stem cell transplanta-

tion (alloSCT) is the only known curative treatment for
MDS, patients with advanced MDS are still at substantial

risk of relapse after alloSCT [6, 7]. It remains unclear

whether patients should receive pre-transplant ‘‘debulking’’
therapy to reduce the risk of post-transplant relapse, as does
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This study included two groups of patients with MDS: 1

group treated with pre-transplant HMA therapy (HMA
group), and one group that underwent transplant only (non-

HMA group). Older patient age, longer disease duration,

and male sex were predictive of higher NRM [25, 26, 27,
28]. In our study, there were no differences in sex or

interval from diagnosis to alloSCT between the HMA and

non-HMA groups. Our results suggest that despite the
significantly older age of patients in the HMA group, NRM

was not higher than that of the non-HMA group. Addi-

tionally, for patients with a high blast count ([5 % of bone
marrow at the time of diagnosis), pre-transplant HMA

therapy had a NRM benefit. In our study, among the

patients with high blast count, five patients (19.2 %)
experienced CR and it was relatively higher than 13.4 %

CR rate in overall patients treated with HMA. Oran et al.

[23] reported on MDS (n = 30) and AML (n = 82)
patients who were received alloSCT. 23 of the MDS

patients received pre-alloSCT chemotherapy. Cumulative

incidence of NRM at 2 years was 20 % for patients who
had CR and 56 % for those who did not have CR. How-

ever, the bias for patients who received HMA since this

study did not include those who received HMA but did not
received transplant remains to be elucidated.

In patients with less advanced MDS, the 3-year DFS rate

ranged from 40 to 60 %, with a relapse rate of 10 to 20 %
and a mortality rate of *30 % [28]. In contrast, patients

with advanced MDS receiving alloSCT had a higher

relapse rate of 30–50 % and NRM of 35–50 %, which
resulted in a much lower DFS of 15–30 %. Disease status

at the time of transplantation is considered to be the main

determinant of transplant outcomes. Thereafter, pre-trans-
plant HMA therapy for disease debulking prior to alloSCT

is regarded as an attractive bridging [29] method that may

help to reduce post-transplant relapse and minimize NRM.
In this study, however, patients in the HMA group had

comparable outcomes in terms of relapse rate, RFS, and OS

as patients who did not received HMA before alloSCT.
Field et al. [19] previously conducted a retrospective study

of 54 patients with MDS treated with 5-AZA before allo-

SCT compared with 24 patients who did not receive
5-AZA. In these groups, comparable OS, RFS, and relapse

rates were observed (47, 41, and 20 % for 5-AZA patients

and 60, 51, and 32 % for non-5-AZA, respectively). Some
reports have demonstrated that transplant outcomes in

patients with MDS pre-treated with HMA differ with

respect to response type [30]. However, in our study, the
impact of HMA response on transplant outcomes was

unclear. In the HMA group, survival outcomes were

comparable with respect to HMA treatment responses (CR/
mCR/PR/SD with HI vs. SD without HI/PD/failure). The

absence of statistical significance in the outcome differ-

ences between response groups may be due to the limita-
tion of retrospective analyses with small number of

patients.

In conclusion, HMA treatment appears to have a NRM
benefit. Also, for a portion of patients with high leukemic

burden, HMA may have a post-transplant NRM benefit as

well. These data suggest that pre-transplant HMA therapy
does not adversely affect post-transplant outcomes.

A B

Fig. 1 Cumulative incidence of non-relapse mortality according to HMA treatment group (a) in the overall cohort and (b) in patients with a
high blast count ([5 % of bone marrow at the time of diagnosis)
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Additional prospective studies are needed to confirm the

benefit of HMA bridging therapy followed by alloSCT in

patients with MDS.
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Figure 1.
Overall survival following HCT according to pre-transplant therapy: azacitidine (AZA) vs.
induction chemotherapy (IC). Patients were censored at the last follow up. The difference
between AZA and IC was not significant at p = 0.24.
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Figure 2.
Non-relapse mortality following HCT according to pre-transplant therapy: azacitidine
(AZA) vs. induction chemotherapy (IC). Patients were censored at the last follow up. The
difference between AZA and IC was not significant at p = 0.98.
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Figure 3.
Relapse following HCT according to pre-transplant therapy: azacitidine (AZA) vs. induction
chemotherapy (IC). Patients were censored at the last follow up. The difference between
AZA and IC was significant at p = 0.04.
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Figure 4.
Relapse-free survival following HCT according to pre-transplant therapy: azacitidine (AZA)
vs. induction chemotherapy (IC). Patients were censored at the last follow up. The
difference between AZA and IC was not significant at p = 0.14.
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256	MDS	paAents	at	the	MD	Anderson	Cancer	Centres	
40	(15.6%)	chemotherapy	
122	(	47.7%)	HMA	
16	(6.2%)	Chemo+HMA	
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a b s t r a c t
We investigated the impact of patient and disease characteristics, including cytogenetics, previous therapy,
and depth of response, on the outcome of allogeneic hematopoietic stem cell transplantation (HSCT) for
patients with myelodysplastic syndrome (MDS). We analyzed 256 MDS patients who underwent trans-
plantation from a matched related (n ¼ 133) or matched unrelated (n ¼ 123) donor after 2001. Of the 256, 78
(30.5%) did not receive cytoreductive therapy before HSCT; 40 (15.6%) received chemotherapy, 122 (47.7%)
received hypomethylating agents (HMA), and 16 (6.2%) received both (chemoþHMA). Disease status at HSCT
defined by International Working Criteria was complete remission in 46 (18%) patients. There were significant
differences between therapy groups: there were more therapy-related MDS and higher use of matched
related donor in the untreated group. The chemotherapy group had higher serum ferritin levels at HSCT.
Patients were older and had more high-risk disease by revised International Prognostic Scoring in the HMA
group. Despite those differences, transplantation outcomes were similar in patients who were untreated and
who received cytoreductive therapy before HSCT. Three-year event-free survival (EFS) was 44.2%, 30.6%,
34.2%, and 32.8% for untreated, chemotherapy, HMA, and chemoþHMA groups, respectively (P ¼ .50).
Multivariate analyses revealed that older age (hazard ratio [HR], 1.3; P ¼ .001); high-risk histologic subtypes,
including refractory anemia with excess blasts (HR, 1.5; P ¼ .05) and chronic myelomonocytic leukemia (HR,
2.1; P ¼ .03), high-risk cytogenetics with monosomal karyotype (MK) (HR, 4.0; P < .0001) and high serum
ferritin level at HSCT (HR, 1.8; P ¼ .002) were poor prognostic factors for EFS. Bone marrow blast count 5% or
higher at HSCT (HR, 1.6; P ¼ .01) and MK (HR, 4.2; P < .0001) were the only prognostic factors for increased
relapse incidence after HSCT. Patients with MK represented a poor prognostic group, with 3-year EFS of 11.4%
and relapse incidence of 60.9%. In this analysis, various therapy approaches before HSCT did not lead to
different transplantation outcomes. Cytogenetics defined by MK was able to identify a very poor prognostic
groups that innovative transplantation approaches to improve outcomes are urgently needed.

! 2014 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Myelodysplastic syndromes (MDS) comprise a family of

clonal hematopoietic diseases characterized by bone marrow
failure and a predisposition to evolve into acute myeloid
leukemia (AML) [1]. Despite major progress in understanding
its pathophysiology and recent advances in treatment,

particularly with hypomethylating agents (HMAs), MDS re-
mains incurable with standard forms of treatment. Allogeneic
hematopoietic stem cell transplantation (HSCT) is the only
therapeutic option that has the potential to produce long-
term remission, with disease-free survival of 25% to 60%,
depending on disease characteristics [2-4]. Themajor cause of
treatment failure after HSCT in MDS is relapse of the disease.
Cytogenetic abnormalities and theproportionof bonemarrow
myeloblasts are known to predict the risk of relapse after
HSCT. Cytoreductive therapy is commonly used before referral
for HSCT, with a goal of reducing risk of disease relapse after
transplantation. The effectiveness of chemotherapy and/or
HMA treatment before HSCT is not established.
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23.5% to 34.3%). Three-year EFS and OS were 36.6% (95% CI,
30.3% to 43%) and 41.6% (95% CI, 34.9% to 48.1%), respectively.

Univariate Analyses
Relapse and TRM

As summarized in Table 2, high-risk histology, high-risk
cytogenetic defined by any of the 2 classifications schemas
at diagnosis, as well as BM blast count of 5% or greater at
HSCTwere associatedwith increased risk of relapse (Table 2).
Significant prognostic factors for increased TRM were older
age, serum ferritin levels >1130 mg/L at HSCT, and the use of
MUD versus MRD. The use of a RIC conditioning regimen,
which was significantly associated with older age (P < .001),

was also found to increase TRM. HSCT after 2005 did not
decrease TRM significantly in univariate analysis.

EFS
The median EFS was 12.6 months (IQR, 3.6 to not

reached). Older age, high-risk histology, t-MDS, high-risk
cytogenetic defined by any of the 2 classifications schemas
at diagnosis, BM blast count of 5% or higher, and serum
ferritin levels >1130 mg/L at HSCT were associated with
decreased EFS. MKwas able to identify 3 different risk groups
for EFS, whereas 5-group identified 2 risk groups. HSCT after
2005 was associated with improved EFS but that did not
reach statistical significance.

Table 2
Univariate results for RI, TRM, EFS, and OS

Variable RI TRM EFS OS

HR P Value HR P Value HR P Value HR P Value

Age, per 10 yr 1.06 .50 1.4 .002 1.3 .002 1.3 .002
WHO histological subtype
Low/intermediate Ref Ref Ref Ref
High risk 2.0 .02 1.0 .90 1.6 .02 1.5 .05
CMML 1.5 .30 1.4 .40 1.6 .10 1.5 .20
MDS-U 1.0 .90 1.4 .20 1.3 .20 1.3 .20

T-MDS 1.4 .10 1.2 .40 1.5 .02 1.5 .01
Cytogenetics by 5-group risk
Very good/good Ref Ref Ref Ref
Intermediate 1.2 .70 1.4 .40 1.4 .20 1.3 .30
Poor 1.4 .40 1.2 .50 1.4 .20 1.6 .06
Very poor 3.9 <.0001 1.1 .60 3.4 <.0001 3.3 <.0001

MK
CN Ref Ref Ref Ref
MK! 1.2 .50 1.4 .20 1.5 .06 1.6 .03
MKþ 4.1 <.0001 1.2 .50 3.7 <.0001 3.7 <.0001

Previous therapy for MDS
Untreated Ref Ref Ref Ref
Chemo only 1.1 .70 1.5 .30 1.4 .20 1.4 .20
HMA only 1.0 .90 1.5 .10 1.3 .20 1.4 .10
ChemoþHMA .8 .70 1.8 .20 1.2 .50 1.5 .30

Response by IWG at HSCT
CR Ref Ref Ref Ref
AD .8 .30 1.7 .10 1.1 .50 1.3 .20
Untreated .8 .50 1.0 .90 .8 .50 .9 .60

Cytogenetic remission
Yes Ref Ref Ref Ref
No 1.2 .60 1.0 .90 1.3 .20 1.5 .10

BM blast at HSCT
<5% ref Ref Ref Ref
#5% 2.0 .01 .9 .80 1.6 .006 1.6 .006

Ferritin level
$1130 Ref Ref Ref Ref
>1130 1.0 .80 2.0 .009 1.6 .01 2.0 .001
Missing 1.7 .06 1.2 .60 1.5 .05 1.7 .02

Stem cell source
PB Ref Ref Ref Ref
BM .9 .90 1.4 .20 1.2 .30 1.3 .10

Donor source
MRD ref Ref ref Ref
MUD .7 .20 1.7 .02 1.2 .30 1.4 .06

Conditioning regimen
MAC Ref Ref ref
RIC .6 .05 2.1 .001 1.2 .20 1.2 .40

Time to transplantation after diagnosis
$8 months Ref Ref ref
>8 months .6 .03 1.2 .50 .8 .10 .8 .10

Transplantation yr
Before 2005 Ref Ref Ref Ref
After 2005 .8 .30 .8 .40 .7 .10 .7 .10

RI, relapse incidence; TRM, transplant related mortality; EFS, event-free survival; OS, overall survival; HR, hazard ratio; WHO, World Health Organization; Ref,
reference; CMML, Chronic myelomonocytic leukemia; MDS-U, MDS-unclassifiable; t-MDS; therapy-related MDS; MK, monosomal karyotype; HMA, hypo-
methylating agents; IWG, International Working Group; HSCT, hematopoietic stem cell transplant; CR, complete remission; AD, active disease; BM, bone
marrow; PB, peripheral blood; BM, bonemarrow;MRD, matched related donor; MUD,matched unrelated donor; MAC, myeloablative conditioning; RIC, reduced
intensity conditioning.
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Best	condiAoning	regimens		

The ideal regimen would have no associated toxicity and prevent relapse 
in all patients, but…. 
 
! the extent of toxicity correlates with conditioning intensity 

! RIC regimens are associated with minimal toxicity, but they 
carry a higher risk of relapse than high-intensity regimens 
 
Major advantage of RIC: possibility  of applying HCT to older 
patients, who are unlikely to tolerate high dose therapy. 

 patients more than 60-65 years of age or pts with significant comorbid 
 conditions should receive RIC regimens.  

Poor  cytogenetyc risk should receive intensification of the 
conditioning regimen because of the high risk of relapse  
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Conv	MC=ConvenAonal	high-dose	myeloablaAve	condiAoning	regimen	
HyperMC	=hyperintensive	myeloablaAve	condiAoning	regimen	
IntermRIC=	intermediate-intensity	condiAoning	
NMA=	non-myeloablaAve	or	minimal-intensity	condiAoning	
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! How	intensive	does	a	condiAoning	regimen	need	to	be	in	
order	to	allow	for	engraiment	and	prevent	relapse?	

! What	intensity	will	the	paAent	tolerate?		

! Should	the	condiAoning	intensity	be	adjusted	to	the	
disease	stage	(i.e.	the	risk	of	relapse)?	

! Is	it	beneficial	to	give	pre-HCT	“debulking”	therapy?		

! Is	there	a	place	for	post-HCT	adjuvant	or	preempAve	
therapy?	

Several	quesAons	remain	to	be	answered	


