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Myelodysplastic Syndrome is a heterogeneous group of …….

Allogeneic stem cell transplantation is the only curative 
treatment for  patients with MDS…..*
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ORIGINAL ARTICLE

HLA-matched allogeneic stem cell transplantation improves
outcome of higher risk myelodysplastic syndrome A
prospective study on behalf of SFGM-TC and GFM
M Robin1,2,3, R Porcher4,5, L Adès6, E Raffoux7, M Michallet8, S François9, J-Y Cahn10, A Delmer11, E Wattel8, S Vigouroux12, J-O Bay13,
J Cornillon14, A Huynh15, S Nguyen16, M-T Rubio17, L Vincent18, N Maillard19, A Charbonnier20, RP de Latour1,2,3, O Reman21,
H Dombret2,6, P Fenaux2,6 and G Socié1,2,3

Allogeneic hematopoietic stem cell transplantation (HSCT) is considered the only a curative treatment in patients with higher risk
myelodysplastic syndrome (MDS), although demethylating agents (DMA) have been reported to improve survival. The advantage of
HSCT over other treatment comes from retrospective studies and the aim of the current study was to prospectively test this
hypothesis, analyzing in particular patients from the pre-transplant period to avoid the selection bias of performing transplantation.
This study was conducted to compare overall survival in MDS patients candidates to transplantation according to donor availability.
The majority of patients (76%) received a treatment with DMA after registration, 69% had a human leukocyte antigen (HLA)-identical
donor, 70% of whom were transplanted. Baseline patient and disease characteristics were similar according to donor availability. Four-
year overall survival was significantly better in patients with an HLA matched donor (37%) compared to patients without donor (15%).
There was also evidence that this overall survival advantage was because of transplantation. Mortality risk was decreased after
transplantation but it became significant only after the second year post transplant, because of early transplant-related mortality. Our
results appear to justify, in higher risk MDS, a transplantation approach in all potential candidates who have an HLA identical donor.

Leukemia advance online publication, 10 March 2015; doi:10.1038/leu.2015.37

INTRODUCTION
Myelodysplastic syndromes (MDS) are bone marrow stem cell
disorders predominating in the elderly, characterized by ineffective
hematopoiesis with marrow dysplasia, blood cytopenias and a high
risk of transformation to acute myeloblastic leukemia (AML).
Prognosis of MDS is largely determined by an International
Prognostic Scoring System (IPSS),1 recently revised,2 where higher
risk patients (that is, patients with intermediate 2 (int-2) or high IPSS)
have a poor survival (median of less than 18 months). Although
intensive AML-like chemotherapy (IC) and the demethylating agents
(DMA), especially azacitidine, can induce remission and/or improve
survival in higher risk MDS, they are generally considered as
non-curative. By contrast, allogeneic hematopoietic stem cell
transplantation (HSCT) can cure a proportion of MDS patients,
including elderly patients increasingly referred to HSCT because of
the development of a reduced intensity conditioning regimen and
the improvement of overall transplantation management diminish-
ing post-transplant morbidity and mortality.
Most retrospective studies have concluded that patients with

higher risk MDS have a survival advantage if they can benefit from
early HSCT.3–6 However, treatment-related mortality remains high

in HSCT, between 10 and 40%, particularly after myeloablative
conditioning regimen or in the elderly7–12 and long-term survival
ranges from 30 to 60% depending on patient characteristics,
disease risk, type of donor, source of stem cells and complications
occurring after HSCT. Furthermore, HSCT is offered after a relatively
stringent selection based on age (younger patients), performance
status (good) and often disease evolution (not too rapidly evolving),
which preclude any adequate retrospective comparison between
transplant- and non-transplant-cohorts and explain why a minority
of MDS patients are finally transplanted. Prospective studies that
would include patients before HSCT are therefore justified.13

The objective of the present study was to prospectively
determine in a large cohort of patients with higher risk MDS with
no obvious contraindication to HSCT at inclusion, the clinical
benefit of HSCT over conventional treatments, comparing out-
come of patients with or without a donor.

PATIENTS AND METHODS
Eligibility criteria
Eligibility criteria were (1) age 50–70 years, (2) de novo or therapy-related
MDS,14 with int-2 or high IPSS, or int-1 IPSS with poor risk cytogenetics or
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cord blood and 1 from a haploidentical related donor. Thirty-one
patients in the donor group did not receive HSCT, 5 of whom
were still alive at last follow-up. Reasons not to perform the
transplantation were: progressive disease with marrow blasts
410% despite treatment (n= 16), acquisition of a comorbidity
contraindicating the transplant (n= 9), death during IC or DMA in
responders or before evaluation (n= 4), patient refusal (n= 1) and
social reason (n= 1).

Outcome at 48 months
With a 43-month (range 9–60) median follow-up, the probability
of death with the disease was 73% in the no donor group and 37%
in the donor group (P= 0.001). Sixteen percent of patients in the
donor group versus 6% in the no donor with a disease in complete
remission. The incidence of AML post MDS at 48 months was 30
and 24% in the no donor and the donor group. Four-year survival
was 37% in the donor group compared with 15% in the no donor
group (P= 0.02) (Figure 1). As shown in the Figure 1, survival
between the two groups appeared similar during the first

24 months of follow-up, the difference becoming apparent after
that date. The survival gain in the donor group was likely because
of transplantation. The early transplant-related mortality and the
delay in transplantation likely explained the absence of significant
difference between the donor and no donor groups during the
first 2 years.
Figure 2, representing only patients with a donor, shows that

survival progressively declined in non-transplanted patients to
o5% at 48 months, while it remained relatively stable 430% in
transplanted patient after 18 months. In the donor group, because
patients transplanted differed from those not transplanted, we
tested the effect of transplantation as a time-dependent variable
in a marginal structural Cox model, controlling for time-dependent
confounding by an inverse probability of treatment weighting (see
method). Briefly, the weights are based on the inverse of each
patient’s probability of undergoing the transplant. This aims at
creating a statistical population in which performing HSCT at any
time would be unrelated to the observed prognostic factors and
thus affected by indication bias. Prognostic covariates (time
dependent or not) associated with transplant were determined by
using Cox models with time-dependent variables, and then used
to derive the time-dependent weights. The following parameters
were used in the weighting model: age, marrow blast % at
inclusion, poor cytogenetics, response to the treatment (complete
response, PR, stable, progressive, refractory AML and bone marrow
blasts 410% at any time point) during follow-up (Table 3). Of
note, poor cytogenetics were associated with poor survival but
not with performing or not transplantation (Table 3). Response to
pre-transplant treatment was associated with better survival but
not with performing or not transplantation except if the patient
remained with refractory AML, which dramatically decreased the
probability to be transplanted (Table 3). The marginal structural
model shows that the mortality risk related to the transplantation
was not constant over time and three periods were individualized.
During the 12 first months post transplant, the mortality risk was
slightly higher; it decreased between 12 and 23 months and
became significantly lower after 24 months (Table 4) finally
confirming Figure 1 results. This model was applied in the donor
group and in the whole cohort (mimicking the effect of

Table 1. Patient characteristics at inclusion

Covariates No donor HLA matched
donor

P

Number of patients 50 112
Median age in years (range) 61 (50–70) 60 (50–70) 0.47

Gender 0.86
Female, n (%) 16 (32) 39 (35)
Male, n (%) 34 (68) 73 (65)

Inclusion at diagnosis, n (%) 27 (55) 81 (72) 0.081

Time since diagnosis in months
o12, n (%) 11 (22) 11 (10)
12–36, n (%) 6 (12) 14 (12)
436, n (%) 5 (10) 6 (5)

Therapy related MDS, n (%) 10 (20) 24 (21) 40.99

WHO classification, n (%) 0.62
AML 5 (10) 7 (6)
CMML 1, 2 8 (16) 12 (11)
RAEB1 12 (24) 17 (15)
RAEB2 21 (42) 59 (53)
RCMD 4 (8) 11 (10)
RA/MDS-U 0 6 (6)

Percent marrow blasts (IQRa) 12 (8–17) 12 (7–14) 0.56
⩾ 5%, number, n (%) 45 (90) 93 (84) 0.34

Cytogenetics (IPSS), n (%) 0.22
Good 10 (20) 37 (33)
Intermediate 14 (29) 23 (21)
Poor 25 (51) 51 (46)

Cytogenetics (IPSS-R), n (%) 0.90
Very good 0 1 (1)
Good 14 (29) 38 (35)
Intermediate 10 (21) 19 (17)
Poor 14 (29) 32 (29)
Very poor 10 (21) 19 (17)

IPSS score, n (%) 0.53
Intermediate 1 5 (10) 8 (7)
Intermediate 2 28 (56) 75 (67)
High 12 (24) 22 (20)

Abbreviations: AML, acute myeloblastic leukemia; CMML, chronic myelo-
monocytic leukemia; HLA, human leukocyte antigen; IPSS, International
Prognostic Scoring System; IQR, interquartile range; MDS, myelodysplastic
syndromes; MDS-U, unclassified MDS; RA, refractory anemia; RAEB,
refractory anemia with excess blast; RCMD, refractory cytopenia with
multilineage dysplasia; WHO, World Health Organization. aIQR.
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Figure 1. Overall survival according to donor availability: no donor
group and donor group. Donor group include all patients with
either an HLA matched sibling or an unrelated donor.

Survival in MDS patients according to donor availability
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Nevertheless, this approach is still associated with 
potentially life-threatening complications such as conditioning-
regimen toxicity, graft-versus-host disease (GVHD) and relapse*
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Nevertheless, this approach is still associated with 
potentially life-threatening complications such as conditioning-
regimen toxicity, graft-versus-host disease (GVHD) and 

post-transplant relapse*
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In 2018: allo-SCH is still the best therapeutic option for higher risk MDS.
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Confirmed diagnosis of MDS

Adapted from Dewitt et all, blood 2017
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Sorror et al, JCO 2014

Transplant-related Mortality: impact of the age?



Comparisons of outcome stratifications by the hematopoietic cell transplantation–comorbidity index (HCT-CI) and the 
composite comorbidity/age index (HCT-CI/age). 

Mohamed L. Sorror et al. JCO 2014;32:3249-3256

©2014 by American Society of Clinical Oncology



Comparisons of outcome stratifications by the hematopoietic cell transplantation–comorbidity index (HCT-CI) and the 
composite comorbidity/age index (HCT-CI/age). 

Mohamed L. Sorror et al. JCO 2014;32:3249-3256

©2014 by American Society of Clinical Oncology



« Fit patient »

Ø Patient aged < 70 years (reasonable) *
Ø Age-adjusted/CI < 5 **

* Dewitt et al, Blood 2017
**Sorror et al, JCO 2014
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What scoring system to use?
• The ELN* and the National Comprehensive Cancer Network (NCCN)** formulated the

general recommendation for allo-HCT at diagnosis based on IPSS.

* Malcovati, et al 2013, ** Greenberg, et al 2013

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

Net benefit or loss of overall discounted life expectancy for the 4 IPSS risk groups are shown above and 
below the x-axis 

Late 
transplant 

Early 
transplant 

Greenberg, P. et al. Blood 1997;89:2079-2088 
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What scoring system to use?

• The ELN* and the National Comprehensive Cancer Network (NCCN)** formulated the

general recommendation for allo-CST at diagnosis based on IPSS.

• More recentely, an international expert panel from of the EBMT, ELN, BBT Clinical Trial

Group and the International MDS Foundation, adjusted this general recommendation to

the IPSS-R risk score.***

* Malcovati, et al 2013,

** Greenberg, et al 2013

*** Dewitt et al, Blood 2017



Survival based on IPSS-R prognostic risk-based categories. 

Peter L. Greenberg et al. Blood 2012;120:2454-2465

©2012 by American Society of Hematology
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Survival based on IPSS-R prognostic risk-based categories. 

Peter L. Greenberg et al. Blood 2012;120:2454-2465

©2012 by American Society of Hematology
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Confirmed diagnosis of MDS

FIT for allo?

Higher risk MDS =Yes
Donor available = Yes

Indication of allo-HCT

Do we need a pre-transplant therapy?



Why Pre-transplant Therapy?
• “Buy time” prior to transplant (“bridging”)

• Cytoreduction
– Lower risk of post-transplant relapse in responders
– Lower MDS burden – time for donor cells to exert  GvL effect 
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Why Pre-transplant Therapy?
• “Buy time” prior to transplant (“bridging”)

• Cytoreduction
– Lower risk of post-HCT relapse in responders
– Lower MDS burden – time for donor cells to exert  GvL effect 



Yakoub-Agha I et al. JCO 2000;18:963



Allo-SCT for MDS and Blasts %

Sierra, Blood 2002



cytogenetics at transplant, percentage blasts at trans-
plant, conditioning intensity, sex, and time-dependent
aGVHD, patients with grade II-IV aGVHD had im-
proved OS with a relative risk (RR) of 0.5 (0.3-1.0,
95% CI) (P 5 .04). Patients with MDS-other (includ-
ing CMML, MDS/MPD, MDS-U, and MDS-NOS),
had a statistically significant improved OS compared
to patients with RAEB-2 with an RR of 0.4 (0.2-1.0,
95% CI) (P 5 .04). The intensity of the conditoning
regimen had no significant impact on OS.

TRM

The cumulative incidence of TRM at 1 year was
39% (28%-50%, 95% CI). Of these 35 nonrelapse
deaths, 16 were because of GVHD, 14 infection, 3
organ failure, 1 hemorrhage, and 1 veno-occlusive
disease (VOD). TRM at 1 year was similar based on
conditioning regimen (MA 42% [28%-56%, 95%
CI] and NMA 34% [17%-51%, 95% CI]) (P 5 .66),
as well as stem cell source (related 47% [32%-62%,
95% CI], unrelated marrow 64% [33%-95%, 95%
CI], and UCB 31% [13%-47%, 95% CI]) (P 5 .53).
TRM was similar in patients who achieved a CR or
\5% blasts prior to HSCT either with or without
prior treatment (40% [21%-59%, 95% CI] versus
33% [16%-50%, 95% CI]), respectively (P 5 .66).

Relapse

Twenty patients relapsed after HSCT at a median
of 100 days (range: 21-1097 days), leading to a 1- and
5-year cumulative incidence of relapse of 23% (12%-
32%, 95% CI) and 25% (15%-35%, 95% CI), respec-
tively. Nineteen of these 20 patients died. As shown in
Table 2, patients with a blast percentage \5% at
HSCT had a lower incidence of relapse at 1 year of

18% (8%-28%, 95% CI) compared with 35% (16%-
54%, 95% CI) in those with 5%-20% blasts (P 5
.07) (Figure 1). Patients who underwent MA condi-
tioning relapsed less frequently with a 1-year incidence
of 16% (6%-26%, 95% CI) compared with 35%
(18%-52%, 95% CI) in those who underwent NMA
conditioning (P 5 .06). MA patients also relapsed later
with a median time to relapse of 4.8 versus 2.2 months
(NMA) (Figure 2). In patients in CR or with \5%
blasts who had MA conditioning, the incidence of re-
lapse at 1 year was much lower at 9% (0%-18%,
95% CI) compared to 31% (11%-51%, 95% CI) in
those receiving NMA conditioning (P 5 .04) (Fig-
ure 3). Interestingly, in the population of patients
with $5% blasts at transplantation, the incidence of
relapse with MA conditioning was also 22% lower at
28% (8%-48%, 95% CI) versus 50% (18%-82%,
95% CI) in the NMA group, but the difference was
not significant (P 5 .33).

For the patients who were in CR or had\5% blast at
the time of HCT, we analyzed whether prior treatment

Table 2. Relapse/Treatment-Related Mortality (TRM)Analysis

Factors N Number of relapses 1-Year Relapse (95% CI) 1-Year TRM (95% CI) P-Value

Total 84 20 23% (12%-32%) 39% (28%-50%)
Percentage blast

at HCT
CR + <5% 57 11 18% (8%-28%) 37% (24%-50%) .07 (relapse)
5%-20% 26 9 35% (16%-54%) 46% (26%-66%) .61 (TRM)

Conditioning
Myeloablative 52 9 16% (6%-26%) 42% (28%-56%) .06 (relapse)
Nonmyeloablative 32 11 35% (18%-52%) 34% (17%-51%) .66 (TRM)

Donor source
Related 47 6 13% (4%-22%) 47% (32%-62%) .34 (relapse)
Unrelated marrow 11 2 18% (0%-38%) 64% (33%-95%) .53 (TRM)
UCB 26 7 28% (10%-46%) 31% (13%-47%)

Among CR + <5% Blasts at HCT
Myeloablative 34 4 9% (0%-18%) 38% (22%-54%) .04 (relapse)
Nonmyeloablative 23 7 31% (11%-51%) 35% (15%-55%) .99 (TRM)
No prior therapy 30 7 20% (6%-34%) 33% (16%-50%) .82 (relapse)
Prior therapy 25 4 16% (2%-30%) 40% (21%-59%) .66 (TRM)

Among $ 5% blasts at HCT
Myeloablative 18 5 28% (8%-48%) 50% (26%-74%) .33 (relapse)
Nonmyeloablative 8 4 50% (18%-82%) 38% (7%-69%) .67 TRM

HCT indicates hematopoietic cell transplant; CR, complete remission; TRM, treatment-related mortality; UCB, umbilical cord blood; CI, confidence
interval.
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Figure 1. Cumulative incidence of relapse at 1 year. CR 1\5% blasts
18% (18%-28%, 95% CI) versus 35% (16%-54%, 95% CI) in those with
5%-20% blasts.

34 Biol Blood Marrow Transplant 15:30-38, 2009E. D. Warlick et al. Pre-HCT Disease Burden and Post-transplant Relapse 

Warlick E, et al. Biol Blood Marrow Transplant. 2009 Jan;15(1):30-8.
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Nakai et al, 

Overall Survival Cumulative incidence of 
relapse

Non-relapse mortality



Prognostic factors in adult de novo MDS treated by intensive 
chemotherapy. P. Fenaux, Br J Haematol. 1991 

CR rate according to FAB
RAEB-T (> 19% of marrow blasts) at diagnosis : 69% 
other FAB subtypes : 19%   (P = 0.008)

.DFS according to karyotype
normal : median 16.5 months
abnormal : median 4 months (P = 0.018).

15  RAEB-T at diagnosis and normal karyotype
- CR rate of 80% 
- median actuarial DFS of 18 months,.



High-risk MDS and AML, > 50 years old

Estey E et al. Blood 2007;109:1395-1400

©2007 by American Society of Hematology



Estey E et al. Blood 2007;109:1395-1400

©2007 by American Society of Hematology

Total: 14/259 
(5.4%!!!!!)
CR: 14/99

(15%)

High-risk MDS and AML, > 50 years old



• Is less effective in patients with complex karyotype and those with few MB.

• Is associated with considerable morbidity and mortality. 

• Could be helpful in young patients with proliferation features
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• Is less effective in patients with complex karyotype and those with few MB.

• Is associated with considerable morbidity and mortality. 

• Could be helpful in young patients with proliferation features 
without poor-risk cytogenetic

Induction-type chemotherapy is not for everybody!



Patient condition Disease characteristics ICT HMA Up-front allo-SCT

Cytogenetics* Marrow blasts %

Fit patients
(without 
comorbidities)

< high risk
< 5 No

5-10 possible
> 10 BO

High risk
< 5 No

5-10 No
> 10 possible

ICT: induction-type chemotherapy; HMA: hypomethylating agents; allo-SCT: allogeneic stem cell transplantation: *as assessed by IPSS: 
NI: not indicated; BO: best option; **: if patient can undergo allo-SCT rapidly within less than 3 months.

I. Yakoub-Agha and J. Deeg, BBMT, 2014

decision-making algorithm based on disease characteristics and patient age and
comorbidities. In the absence of prospective trial.
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Hypomethylating agents (HMA)

• Broad spectrum: The DNA methyltransferases inhibitors (azacitidine and decitabine) have 

anti-tumor activity against a broad range of malignancies

• Effective : Administration of the HMA, is associated with only mild toxicity and has been 

shown to delay progression to AML and, in the case of azacitidine, to extend survival by 9.5 

months as compared to conventional care.

• Well tolerated: even in elderly.

Fenaux et al, lancet oncol, 2012



HMA and Ch 5 and 7 abnormalities
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transplantation in the no donor group) and gave similar results
confirming that transplantation significantly improved survival
(Supplementary data).

DISCUSSION
The present study shows in a prospective way, when considering
all other treatments available, that HSCT can significantly improve
the survival in patients with a higher risk MDS. Long-term
survivors were only seen in the transplanted group. This is to
our knowledge the first time this assumption is confirmed
prospectively. The 'donor versus non donor analysis' avoids usual
biases because of the comparison of transplanted and non-
transplanted patient cohorts, for whom follow-up starts at the
time of transplant. The constantly made remark about the fact that
transplanted patient cohorts represent the selected cohorts could
be confirmed here. One bias is the exclusion of patients who
acquire a contraindication to transplant or who die before
transplant. These patients are usually included in the non-
transplant cohort, worsening the outcome of that cohort (and
improving that of the transplant-cohort). The advantage of our
'donor versus no donor' study was that the probability to acquire

these potential contraindications might have been be similar in
both groups, particularly because baseline clinical, biological and
non-transplant treatment characteristics did not significant differ
between the two groups. Furthermore, to better compare the
survival of the donor and no donor groups, when finding a donor
may take a few weeks, we used a landmark analysis. Other
methods, such as the Mantel–Byar method, could have been used
if the exact date at which the donor was found had been
recorded. As only two patients died within the first 3 months of
follow-up, such an alternative method is unlikely to have altered
the results. To account for other sources of time-dependent
confounding bias, we used inverse probability of censoring
weighting to account for mismatched transplant in the donor
group, as well as marginal structural models and inverse
probability of treatment weighting to estimate a causal effect of
HLA-matched transplant on survival. Given all these precautions,
the OS was significantly better in patients with an HLA matched
donor (donor group): 37 versus 15% in the no donor group. This
4-year OS can appear modest in patients transplanted with
reduced intensity conditioning regimen , but it takes into account
patients who died before transplantation or those who had
acquired a contraindication to the transplant.
Survival curves between the donor and no donor groups

separated only after the second year post transplantation for at
least two reasons: (1) patients could not receive transplantation at
inclusion due to a necessary logistical delay for transplantation
and (2) transplanted patients had a maximal mortality risk during
the first year post transplant. This observation had already been
reported by Platzbecker et al.5 in a large multicentric analysis of a
transplanted and non-transplanted cohort. The transplanted
cohort showed a better survival but only after the second year
of follow-up. This variability in the mortality risk over time explains
in part the difficulty of comparing patients retrospectively.6 The
use of reduced intensity conditioning regimen -transplantation
has decreased non-relapse mortality, allowing transplantation in
older and comorbid patients. However, causes of death after
transplant are still shared between graft-versus-host disease and
relapse with a balance between both complications according to
conditioning intensity.11

The fact that the majority of patients with a donor were
transplanted in the study made the interpretation of the data
possible. Indeed, 72% of patients with a donor underwent a
transplantation which is consistent with studies based on donor
selection.25,26 Nevertheless, some patients did not receive
transplantation because of disease progression or comorbidity
acquisition, raising the issue of delaying transplantation by using
pre-transplant treatment. This study was not designed to answer
this question. Concerning the type of pre-transplant treatment, a

Table 2. Outcome according to the donor group

Outcome No donor HLA matched donor P

Treatment after inclusion
Intensive chemotherapy, n (%) 12 (24) 33 (29) 0.57
Demethylating agents, n (%) 44 (88) 79 (71) 0.017
Any, n (%) 46 (92) 98 (88) 0.59
Probability of achieving o10% blasts at 6 months (95% CI) 68% (53–79) 57% (47–66) 0.27a

Probability of remission at 6 months (95% CI) 22% (10–33) 21% (14–28) 0.78a

Probability of AML at 6 months (95% CI) 4% (0–9) 8% (4–14) 0.28a

Probability of death with disease at 6 months (95% CI) 0% (0–6) 4% (1–8) 0.048a

Overall survival at 48 months (95% CI) 15% (6–39) 37% (28–48) 0.020b

Probability of AML at 48 months (95% CI) 30% (12–45) 24% (16–33) 0.84b

Probability of death with the disease at 48 months (95% CI) 73% (47–87) 37% (27–46) 0.001b

Abbreviations: AML, acute myeloblastic leukemia; CI, confidence interval; HLA, human leukocyte antigen. aRobust score test in Fine–Gray model over the 6
first months. bRobust score test in the Cox model over whole follow-up, with time-varying effects for overall survival and death with the disease.
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Figure 2. Predicted probabilities of being alive or dead with or
without transplantation in patients with an HLA matched donor.
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cord blood and 1 from a haploidentical related donor. Thirty-one
patients in the donor group did not receive HSCT, 5 of whom
were still alive at last follow-up. Reasons not to perform the
transplantation were: progressive disease with marrow blasts
410% despite treatment (n= 16), acquisition of a comorbidity
contraindicating the transplant (n= 9), death during IC or DMA in
responders or before evaluation (n= 4), patient refusal (n= 1) and
social reason (n= 1).

Outcome at 48 months
With a 43-month (range 9–60) median follow-up, the probability
of death with the disease was 73% in the no donor group and 37%
in the donor group (P= 0.001). Sixteen percent of patients in the
donor group versus 6% in the no donor with a disease in complete
remission. The incidence of AML post MDS at 48 months was 30
and 24% in the no donor and the donor group. Four-year survival
was 37% in the donor group compared with 15% in the no donor
group (P= 0.02) (Figure 1). As shown in the Figure 1, survival
between the two groups appeared similar during the first

24 months of follow-up, the difference becoming apparent after
that date. The survival gain in the donor group was likely because
of transplantation. The early transplant-related mortality and the
delay in transplantation likely explained the absence of significant
difference between the donor and no donor groups during the
first 2 years.
Figure 2, representing only patients with a donor, shows that

survival progressively declined in non-transplanted patients to
o5% at 48 months, while it remained relatively stable 430% in
transplanted patient after 18 months. In the donor group, because
patients transplanted differed from those not transplanted, we
tested the effect of transplantation as a time-dependent variable
in a marginal structural Cox model, controlling for time-dependent
confounding by an inverse probability of treatment weighting (see
method). Briefly, the weights are based on the inverse of each
patient’s probability of undergoing the transplant. This aims at
creating a statistical population in which performing HSCT at any
time would be unrelated to the observed prognostic factors and
thus affected by indication bias. Prognostic covariates (time
dependent or not) associated with transplant were determined by
using Cox models with time-dependent variables, and then used
to derive the time-dependent weights. The following parameters
were used in the weighting model: age, marrow blast % at
inclusion, poor cytogenetics, response to the treatment (complete
response, PR, stable, progressive, refractory AML and bone marrow
blasts 410% at any time point) during follow-up (Table 3). Of
note, poor cytogenetics were associated with poor survival but
not with performing or not transplantation (Table 3). Response to
pre-transplant treatment was associated with better survival but
not with performing or not transplantation except if the patient
remained with refractory AML, which dramatically decreased the
probability to be transplanted (Table 3). The marginal structural
model shows that the mortality risk related to the transplantation
was not constant over time and three periods were individualized.
During the 12 first months post transplant, the mortality risk was
slightly higher; it decreased between 12 and 23 months and
became significantly lower after 24 months (Table 4) finally
confirming Figure 1 results. This model was applied in the donor
group and in the whole cohort (mimicking the effect of

Table 1. Patient characteristics at inclusion

Covariates No donor HLA matched
donor

P

Number of patients 50 112
Median age in years (range) 61 (50–70) 60 (50–70) 0.47

Gender 0.86
Female, n (%) 16 (32) 39 (35)
Male, n (%) 34 (68) 73 (65)

Inclusion at diagnosis, n (%) 27 (55) 81 (72) 0.081

Time since diagnosis in months
o12, n (%) 11 (22) 11 (10)
12–36, n (%) 6 (12) 14 (12)
436, n (%) 5 (10) 6 (5)

Therapy related MDS, n (%) 10 (20) 24 (21) 40.99

WHO classification, n (%) 0.62
AML 5 (10) 7 (6)
CMML 1, 2 8 (16) 12 (11)
RAEB1 12 (24) 17 (15)
RAEB2 21 (42) 59 (53)
RCMD 4 (8) 11 (10)
RA/MDS-U 0 6 (6)

Percent marrow blasts (IQRa) 12 (8–17) 12 (7–14) 0.56
⩾ 5%, number, n (%) 45 (90) 93 (84) 0.34

Cytogenetics (IPSS), n (%) 0.22
Good 10 (20) 37 (33)
Intermediate 14 (29) 23 (21)
Poor 25 (51) 51 (46)

Cytogenetics (IPSS-R), n (%) 0.90
Very good 0 1 (1)
Good 14 (29) 38 (35)
Intermediate 10 (21) 19 (17)
Poor 14 (29) 32 (29)
Very poor 10 (21) 19 (17)

IPSS score, n (%) 0.53
Intermediate 1 5 (10) 8 (7)
Intermediate 2 28 (56) 75 (67)
High 12 (24) 22 (20)

Abbreviations: AML, acute myeloblastic leukemia; CMML, chronic myelo-
monocytic leukemia; HLA, human leukocyte antigen; IPSS, International
Prognostic Scoring System; IQR, interquartile range; MDS, myelodysplastic
syndromes; MDS-U, unclassified MDS; RA, refractory anemia; RAEB,
refractory anemia with excess blast; RCMD, refractory cytopenia with
multilineage dysplasia; WHO, World Health Organization. aIQR.
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Figure 1. Overall survival according to donor availability: no donor
group and donor group. Donor group include all patients with
either an HLA matched sibling or an unrelated donor.
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HLA-matched allogeneic stem cell transplantation improves
outcome of higher risk myelodysplastic syndrome A
prospective study on behalf of SFGM-TC and GFM
M Robin1,2,3, R Porcher4,5, L Adès6, E Raffoux7, M Michallet8, S François9, J-Y Cahn10, A Delmer11, E Wattel8, S Vigouroux12, J-O Bay13,
J Cornillon14, A Huynh15, S Nguyen16, M-T Rubio17, L Vincent18, N Maillard19, A Charbonnier20, RP de Latour1,2,3, O Reman21,
H Dombret2,6, P Fenaux2,6 and G Socié1,2,3

Allogeneic hematopoietic stem cell transplantation (HSCT) is considered the only a curative treatment in patients with higher risk
myelodysplastic syndrome (MDS), although demethylating agents (DMA) have been reported to improve survival. The advantage of
HSCT over other treatment comes from retrospective studies and the aim of the current study was to prospectively test this
hypothesis, analyzing in particular patients from the pre-transplant period to avoid the selection bias of performing transplantation.
This study was conducted to compare overall survival in MDS patients candidates to transplantation according to donor availability.
The majority of patients (76%) received a treatment with DMA after registration, 69% had a human leukocyte antigen (HLA)-identical
donor, 70% of whom were transplanted. Baseline patient and disease characteristics were similar according to donor availability. Four-
year overall survival was significantly better in patients with an HLA matched donor (37%) compared to patients without donor (15%).
There was also evidence that this overall survival advantage was because of transplantation. Mortality risk was decreased after
transplantation but it became significant only after the second year post transplant, because of early transplant-related mortality. Our
results appear to justify, in higher risk MDS, a transplantation approach in all potential candidates who have an HLA identical donor.

Leukemia advance online publication, 10 March 2015; doi:10.1038/leu.2015.37

INTRODUCTION
Myelodysplastic syndromes (MDS) are bone marrow stem cell
disorders predominating in the elderly, characterized by ineffective
hematopoiesis with marrow dysplasia, blood cytopenias and a high
risk of transformation to acute myeloblastic leukemia (AML).
Prognosis of MDS is largely determined by an International
Prognostic Scoring System (IPSS),1 recently revised,2 where higher
risk patients (that is, patients with intermediate 2 (int-2) or high IPSS)
have a poor survival (median of less than 18 months). Although
intensive AML-like chemotherapy (IC) and the demethylating agents
(DMA), especially azacitidine, can induce remission and/or improve
survival in higher risk MDS, they are generally considered as
non-curative. By contrast, allogeneic hematopoietic stem cell
transplantation (HSCT) can cure a proportion of MDS patients,
including elderly patients increasingly referred to HSCT because of
the development of a reduced intensity conditioning regimen and
the improvement of overall transplantation management diminish-
ing post-transplant morbidity and mortality.
Most retrospective studies have concluded that patients with

higher risk MDS have a survival advantage if they can benefit from
early HSCT.3–6 However, treatment-related mortality remains high

in HSCT, between 10 and 40%, particularly after myeloablative
conditioning regimen or in the elderly7–12 and long-term survival
ranges from 30 to 60% depending on patient characteristics,
disease risk, type of donor, source of stem cells and complications
occurring after HSCT. Furthermore, HSCT is offered after a relatively
stringent selection based on age (younger patients), performance
status (good) and often disease evolution (not too rapidly evolving),
which preclude any adequate retrospective comparison between
transplant- and non-transplant-cohorts and explain why a minority
of MDS patients are finally transplanted. Prospective studies that
would include patients before HSCT are therefore justified.13

The objective of the present study was to prospectively
determine in a large cohort of patients with higher risk MDS with
no obvious contraindication to HSCT at inclusion, the clinical
benefit of HSCT over conventional treatments, comparing out-
come of patients with or without a donor.

PATIENTS AND METHODS
Eligibility criteria
Eligibility criteria were (1) age 50–70 years, (2) de novo or therapy-related
MDS,14 with int-2 or high IPSS, or int-1 IPSS with poor risk cytogenetics or
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• HMA are effective and well tolerated
• HMA are less effective in patients with > 15% of MB
• Short responses to HMA in patients with complex karyotype
• Toxicity? Before and after transplant
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Patient condition Disease characteristics ICT HMA Up-front allo-SCT

Cytogenetics* Marrow blasts %

Fit patients
(without 
comorbidities)

< high risk
< 5 No BO

5-10 possible BO
> 10 BO possible

High risk
< 5 No possible

5-10 No possible
> 10 possible possible

ICT: induction-type chemotherapy; HMA: hypomethylating agents; allo-SCT: allogeneic stem cell transplantation: *as assessed by IPSS: 
NI: not indicated; BO: best option; **: if patient can undergo allo-SCT rapidly within less than 3 months.

I. Yakoub-Agha and J. Deeg, BBMT, 2014

decision-making algorithm based on disease characteristics and patient age and
comorbidities. In the absence of prospective trial.
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a b s t r a c t
Cytoreduction before allogeneic stem cell transplantation (allo-SCT) for patients with myelodysplastic syn-
dromes remains a debatable issue. After excluding patients who had received preconditioning induction
chemotherapy, we analyzed 128 consecutive patients with myelodysplastic syndrome who received reduced-
intensity or nonmyeloablative conditioning (RIC/NMA) allo-SCT. Among them, 40 received azacitidine (AZA)
before transplant (AZA group) and 88 were transplanted up front (best supportive care [BSC] group). At
diagnosis, 55 patients had intermediate 2 or high-risk scores per the International Prognostic Scoring System
and 33 had a high cytogenetic risk score. Progression to a more advanced disease before allo-SCT was
recorded in 22 patients. Source of stem cells were blood (n ¼ 112) or marrow (n ¼ 16) from sibling (n ¼ 78) or
HLA-matched unrelated (n ¼ 50) donors. With a median follow-up of 60 months, 3-year overall survival,
relapse-free survival, cumulative incidence of relapse, and nonrelapse mortality were, respectively, 53%
versus 53% (P ¼ .69), 37% versus 42% (P ¼ .78), 35% versus 36% (P ¼ .99), and 20% versus 23% (P ¼ .74), for the
AZA group and BSC group, respectively. Multivariate analysis confirmed the absence of statistical differences
in outcome between the AZA and BSC groups, after adjusting for potential confounders using the propensity
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P=0,69 

HR= 1.27, 95%CI (0.78-2.34) 

P=0,99 

HR= 1.15, 95%CI (0.62-2.13) 

P=0,78 

HR= 1.04, 95%CI (0.61-1.75) 

P=0,74 

HR= 1.56, 95%CI (0.64-3.85) 

AZA versus BSC
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Patient condition Disease characteristics ICT HMA Up-front allo-SCT

Cytogenetics* Marrow blasts %

Fit patients
(without 
comorbidities)

< high risk
< 5 No BO possible

5-10 possible BO possible
> 10 BO possible possible

High risk
< 5 No possible BO**

5-10 No possible BO**
> 10 possible possible BO**

**: if patient can undergo allo-SCT rapidly within less than 4 months.
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decision-making algorithm based on disease characteristics and patient age and
comorbidities. In the absence of prospective trial.



Yes No

Non-transplant
approaches

Confirmed diagnosis of MDS

FIT for allo?

Higher risk MDS =Yes
Donor available = Yes

Do we need a pre-transplant therapy?

Indication of allo-HCT

Adapted from I. Yakoub-Agha and J. Deeg, BBMT, 2014



Yes No

Non-transplant
approaches

Confirmed diagnosis of MDS

FIT for allo?

Higher risk MDS =Yes
Donor available = Yes

Do we need a pre-transplant therapy?

Indication of allo-HCT

Allo-HCT doable within 4 months

Yes

Adapted from I. Yakoub-Agha and J. Deeg, BBMT, 2014



Yes No

Non-transplant
approaches

Confirmed diagnosis of MDS

FIT for allo?

Higher risk MDS =Yes
Donor available = Yes

Do we need a pre-transplant therapy?

Indication of allo-HCT

Allo-HCT doable within 4 months

Yes

Allo-HCT upfront

Adapted from I. Yakoub-Agha and J. Deeg, BBMT, 2014



Yes No

Non-transplant
approaches

Confirmed diagnosis of MDS

FIT for allo?

Higher risk MDS =Yes
Donor available = Yes

Do we need a pre-transplant therapy?

Indication of allo-HCT

Allo-HCT doable within 4 months

Yes No

Allo-HCT upfront

Adapted from I. Yakoub-Agha and J. Deeg, BBMT, 2014



Yes No

Non-transplant
approaches

Confirmed diagnosis of MDS

FIT for allo?

Higher risk MDS =Yes
Donor available = Yes

Do we need a pre-transplant therapy?

Indication of allo-HCT

Allo-HCT doable within 4 months

Yes No

Allo-HCT upfront

Blasts > 10%

No HR cytogenetic

Adapted from I. Yakoub-Agha and J. Deeg, BBMT, 2014



Yes No

Non-transplant
approaches

Confirmed diagnosis of MDS

FIT for allo?

Higher risk MDS =Yes
Donor available = Yes

Do we need a pre-transplant therapy?

Indication of allo-HCT

Allo-HCT doable within 4 months

Yes No

Allo-HCT upfront

Blasts > 10% ICT

No HR cytogenetic

Adapted from I. Yakoub-Agha and J. Deeg, BBMT, 2014



Yes No

Non-transplant
approaches

Confirmed diagnosis of MDS

FIT for allo?

Higher risk MDS =Yes
Donor available = Yes

Do we need a pre-transplant therapy?

Indication of allo-HCT

Allo-HCT doable within 4 months

Yes No

Allo-HCT upfront

Blasts > 10%

Blasts < 10%

ICT

No HR cytogenetic

Adapted from I. Yakoub-Agha and J. Deeg, BBMT, 2014



Yes No

Non-transplant
approaches

Confirmed diagnosis of MDS

FIT for allo?

Higher risk MDS =Yes
Donor available = Yes

Do we need a pre-transplant therapy?

Indication of allo-HCT

Allo-HCT doable within 4 months

Yes No

Allo-HCT upfront

Blasts > 10%

Blasts < 10%

ICT

HMA

No HR cytogenetic

Adapted from I. Yakoub-Agha and J. Deeg, BBMT, 2014



CONCLUSION

• The ideal strategy to discern the post-HCT benefit of pretransplant
cytoreductive therapy, and to identify the optimal agent, would be
in the form of a randomized prospective study.
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