
ORIGINAL ARTICLE

Matched unrelated or matched sibling donors result in
comparable outcomes after non-myeloablative HSCT in patients
with AML or MDS
M Robin1, R Porcher2, L Adès3, N Boissel4, E Raffoux4, A Xhaard1, J Larghero5, C Gardin3, C Himberlin6, A Delmer6, P Fenaux3,
H Dombret4, G Socié1,7 and R Peffault de Latour1,7

The impact of allelic HLA matching in patients with AML and myelodysplastic syndrome (MDS) who receive allogeneic PBSC after
a reduced-intensity conditioning (RIC) regimen is unclear. From January 2000 to December 2010, 108 consecutive patients with
AML (n¼ 63) and MDS (n¼ 45) received PBSC after RIC in our center, either from siblings (n¼ 70) or from matched unrelated
donors (MUD; 10/10 high resolution, n¼ 38). Conditioning regimen was fludarabine based in 95% of patients and GvHD prophylaxis
was mostly cyclosporine plus mycophenolate. Patient characteristics were similar between sibling and MUD for age (median 57
years), gender and disease distribution. Conditioning regimen (more anti-thymocyte globulin (ATG) in MUD), donor age (younger
for MUD) and number of CD34þ cells infused (higher in MUD) were different. The median follow-up was 36 months (range 2–72).
Engraftment, GvHD, TRM, relapse rate and OS at 3 years were comparable between sibling and MUD. After adjustment for age,
cytogenetic risk, ATG and number of CD34þ cells infused, donor type still did not influence OS. In patients with AML or MDS, HSCT
from MUD using PBSC after a RIC regimen led to similar outcomes than from Siblings.
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INTRODUCTION
Allogeneic hematopoietic SCT (HSCT) offers potentially curative
treatment for a wide range of otherwise fatal hematological
disorders. However, only one-third of the patients have a HLA-
identical sibling donor (S). The success of unrelated HSCT is
influenced by the degree of HLA compatibility between donor and
patient.1 The presence of donor–recipient mismatching is
associated with increased risk of post-transplantation complica-
tions, including graft rejection, acute and chronic GvHD and
mortality.2–5

A number of studies in the myeloablative setting have shown
that matched related donors are superior to unrelated donors
(URDs), mainly because the latter are associated with a greater risk
of GvHD and TRM.6–10 Improvements in HLA typing through the
widespread use of molecular rather than serological typing has
allowed identification and selection of donors who are truly
matched at major HLA loci. As a consequence of improved HLA
typing, according to recent study reports, survival rates after URD
HSCT approach those achieved with siblings (S).11–15

Reduced-intensity conditioning (RIC) regimens are increasingly
used to facilitate HSCT in patients with advanced age or medical
comorbidity, primarily because RIC regimen are well tolerated and
associated with less toxicity.16–19 Unlike myeloablative HSCT
where dose intensity intrinsically reduces tumor burden, RIC

HSCT depends largely on the GVL effect. In RIC HSCT for AML and
myelodysplastic syndrome (MDS), the relative benefits and risks of
a sibling vs an unrelated 10/10 HLA allellically identical donor
remain to be elucidated. To further address this question, we
performed a retrospective cohort analysis comparing all
consecutive patients who received a RIC HSCT from sibling and
matched 10/10 HLA allellically identical URD at our institution
since 2000.

PATIENTS AND METHODS
Study cohort
Patients aged X18 years who underwent HSCT were identified from the
computerized database at Saint-Louis Hospital Paris VII University (France)
for this retrospective analysis. One hundred and eight consecutive patients
were included. All patients had AML or MDS at the time of HSCT,
underwent a non-myeloablative conditioning regimen, had either a
matched sibling or URD with available high-resolution HLA typing data
and received a first transplant between 2000 and 2010. Non-myeloablative
conditioning regimen consisted in o8 Gy fractionated TBI and o8 mg/kg
BU or i.v. equivalent.20 For our analysis, AML and MDS at diagnosis were
classified according to the 2001 World Health Organization classification.21

Disease risks were defined according to published scores.22–25 All patients
were treated on protocols that were approved by the Institutional Review
Board of Saint-Louis Hospital. Informed consent was obtained in
accordance with the Declaration of Helsinki.
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HLA typing and matching
All related donors were HLA-matched siblings based on family studies.
Histocompatibility testing and selection of URDs are described in detail
elsewhere.26 In brief, high-resolution typing methods for discriminating
nucleotide differences encoded in exons 2 and 3 of class I HLA-A, C and B,
and exon 2 of HLA-DRB1 and DQB1 included sequencing-based and
oligonucleotide probe hybridization methods for human genomic DNA.
Recipients and URDs were defined as matched (‘10/10’) if HLA-A, C, B, DRB1
and DQB1 were identical at the molecular level.

Acute and chronic GvHD
Criteria for diagnosis and grading of acute and chronic GvHD have been
reported previously.27,28

Statistical analysis
Clinical outcomes were engraftment, acute GvHD grade II–IV, disease
relapse/progression, TRM, PFS and OS. All time-to-event outcomes were
counted from the date of transplant to the date of event or date of last
follow-up, except engraftment and acute GvHD that were arbitrarily
censored at 200 days. TRM was considered as any cause of death
occurring before disease relapse/progression. Death was considered as a
competing risk in analyses of engraftment and acute GvHD. TRM and
relapse/progression were considered to be mutually competing risks. OS
and PFS functions were estimated using Kaplan–Meier product-limit
estimator. For competing risks analyses, cumulative incidence functions
were estimated using usual methodology.29 Characteristics of patients
receiving related vs matched unrelated stem cells were compared using
Wilcoxon rank-sum and Fisher’s exact tests. Factors associated with
outcome were analyzed using Gray’s test (acute GvHD), proportional
hazards models for the cause-specific hazard30 (relapse/progression and
TRM) and Cox proportional hazards models. The proportional hazards
assumption was checked by examination of Schoenfeld residuals and
Grambsch and Therneau’s lack-of-fit test.31 Given the median follow-up, it
was decided to present probability estimates at 36 months, except when
otherwise stated. All tests were two-sided and P-values p0.05 were
considered as indicating significant association. Considering that several
tests were performed at a 0.05 significant threshold and given
that in adjusted analysis five variables were tested for OS and three for
non-relapse mortality, 0.4 significant associations will be expected by
chance only. Analyses were performed using the R statistical software
version 2.10.1.

RESULTS
Patient characteristics
Between January 2000 and December 2010, a total of 108
consecutive patients with AML (n¼ 63) or MDS (n¼ 45) met
the inclusion criteria. Patient characteristics according to the
type of donor were similar for age (median 57 years), gender and
disease distribution. In particular, cytogenetic disease risk
and pre-transplant Gratwohl score were comparable in the
two groups. Conversely, use of anti-thymocyte globulin (ATG)
in conditioning regimen (more in matched unrelated donor
(MUD): 69% vs 43%, P¼ 0.016), donor age (younger for
MUD: 30 vs 52 years, Po0.0001) and number of CD34þ cells
infused (higher in MUD: 7 vs 6.5� 106/kg, P¼ 0.022) were different
(Table 1).

Engraftment, acute and chronic GvHD
The median follow-up was 36 months (range 2–72). All patients
engrafted. The cumulative incidence of acute GvHD was 41%: 40%
with HLA matched sibling donor and 44% for MUD (P¼ 0.58). The
cumulative incidence of chronic GvHD at 3 years was 48%: 49%
with HLA matched sibling donor and 45% with MUD (P¼ 0.66). No
risk factor was associated with either acute or chronic GvHD
despite a trend for a higher rate of acute GvHD for donor aged
o45 years vs X45 years (51% vs 34%, P¼ 0.055) as well as a lower
rate of chronic GvHD in patients with AML vs MDS (41% vs 59%,
P¼ 0.077) and in those who received ATG in the conditioning
regimen (54% vs 43%, P¼ 0.067) (Table 2).

Table 1. Characteristics of the 108 patients according to the donor
type

Variable Siblings Matched
unrelated

P

(N¼ 70) (N¼ 38)

Age at transplant, median
(range) years

55 (20–67) 57 (24–68) 0.13

Gender, n (%) 0.84
Female 25 (36) 13 (33)
Male 45 (64) 25 (67)

Disease, n (%) 0.31
AML 43 (62) 20 (51)
MDS 27 (38) 18 (49)

Status at HSCT for AML, n (%) 0.65
CR1 28 (65) 15 (75)
CRX2 9 (21) 4 (20)
Non-CR 6 (14) 1 (5)

Status at HSCT for MDS, n (%) 0.54
CR1 12 (44) 6 (33)
Non-CR 15 (56) 12 (67)

Time from diagnosis to HSCT
for AML patients in CR1,
median (range) months

5.5 (3.4–9.5) 6.1 (4.2–10.6) 0.014

Cytogenetic risk for AMLa, n (%) 0.69
Favorable 3 (7) 0 (0)
Intermediate 31 (72) 16 (80)
Poor 9 (21) 4 (20)

Cytogenetic risk for MDSb, n (%) 0.49
Intermediate/low 22 (81) 12 (68)
High 5 (19) 6 (32)

IPSS for MDS, n (%) 0.94
Low 3 (13) 4 (21)
Intermediate 1 8 (35) 5 (26)
Intermediate 2 10 (43) 8 (42)
High 2 (9) 2 (11)

Disease according to EBMT
scorec, n (%)

0.66

0 48 (69) 24 (63)
1 11 (16) 5 (13)
2 11 (16) 9 (24)

Donor age, median (range)
years

52 (27–72) 30 (16–63) o0.0001

Donor/recipient CMV status,
n (%)

0.020

Negative/Negative 16 (23) 11 (28)
Negative/Positive 10 (14) 14 (36)
Positive/Negative 17 (24) 4 (11)
Positive/Positive 27 (39) 9 (24)

Conditioning/GVHD prophylaxis
Fludarabine, n (%)d 68 (97) 35 (92) 0.34
TBIo4Gy, n (%) 21 (30) 8 (21) 0.37
Anti-thymoglobulin, n (%) 31 (44) 26 (68) 0.026
CsAþMMF, n (%) 56 (80) 29 (77) 0.81

Graft composition
Nucleated cells, median
(range)� 108/kg

10.3 (3.4–23.3) 10.1 (4.3–21.9) 0.24

CD34þ , median
(range)� 106/kg

6.6 (1.1–14.4) 7.0 (3.6–20.9) 0.024

CD3þ , median
(range)� 106/kg

23.4 (7.8–53.5) 25.9 (7.4–63.6) 0.37

Abbreviations: EBMT¼ European Group for Blood and Marrow Transplan-
tation; HSCT¼hematopoietic SCT; IPSS¼ International Prognostic Scoring
System; MMF¼mycophenolate mofetil; MDS¼myelodysplastic syndrome.
aAccording to Grimwade et al.22 bAccording to Greenberg et al.23
cAccording to Gratwohl et al.25 dFludarabine plus BU, n¼ 34 and 25;
Fludarabine plus Melphalan, n¼ 12 and 3, respectively.
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TRM, relapse and OS
During follow-up, 47 patients died (29 from relapse and 18 from
TRM). The 3-year cumulative incidence of TRM was 19% (95% CI
11–27): 17% with HLA-matched sibling donor and 22% with MUD
(P¼ 0.55). Recipient’s gender and disease (AML vs MDS) were both
associated with TRM in univariate analysis (Table 3).

The 3-year cumulative incidence of relapse was 40% (95% CI
29–50): 45% with HLA matched sibling donor and 31% with MUD
(P¼ 0.34; Figure 1). There was no difference between both the
groups regarding disease risk (cytogenetic and EBMT (the
European Group for Blood and Marrow Transplantation) score).
Only recipient’s gender was significantly associated with relapse
risk (Table 3).

The 3-year OS was 46%, similar between HLA-matched sibling
donor and MUD (Figure 2), with a 3-year OS of 45% (95% CI:
33–61) and 49% (95% CI: 34–71), respectively (Table 3). Patients
with high-risk cytogenetics (only 13% of patients) had poorer
survival (26% vs 52%, P¼ 0.083; Figure 3), whereas EBMT score did
not influence OS.

For adjusted analysis, we should ideally adjust on all
unbalanced factors (donor age, CMV status, use of ATG and
number of CD34þ cells infused) and prognostic factors (gender
and cytogenetic risk for OS; CMV status and disease for TRM).
Moreover, we consider age as potential adjustment factor. As
donor and recipient age were mildly correlated, we tried a model

with recipient age instead of donor age and this model fitted
the data better. After adjustment for recipient age, cytogenetic
risk, ATG, number of CD34þ cells infused, recipient’s gender and
CMV status, type of donor still did not influence OS (HR: 0.92, 95%
CI: 0.46–1.84, P¼ 0.82). Table 3 presents univariate analysis for
TRM, relapse and OS. For TRM, as only 17 events was observed, the
analysis was restricted to models with two variables as using more
variables appeared somewhat unstable. Adjusting for age, MDS
was the only factor increasing TRM (HR 3.4; 95% CI 1.2–9.5;
P¼ 0.02); there was no model in which the donor effect was
significant.

DISCUSSION
Our findings support two major conclusions. First, the likelihood of
OS and disease-free survival at 3 years following reduced intensity
allogeneic HSCT in this particular high-risk AML and MDS
population is about 45% and 40%, respectively. This suggests
that almost half of adult patients with AML/MDS are or will likely
be cured with this treatment modality. Second, our data indicate
that HSCT from unrelated HLA allellically matched ‘10/10’ donors
led to outcomes post HSCT similar to those from HLA-identical
sibling donors in patients with AML/MDS.

Patient’s age in our study was comparable with other reports of
allogeneic HCT after RIC, (median age, 57 years vs 56,32 5833 and

Table 2. Association of variables with acute and chronic GvHD

Variable Acute GvHD 2–4 Chronic GvHD

CIF (95% CI) P 36 months CIF (95% CI) HR (95% CI) P

Donor 0.47 0.79
Sibling 39% (27–50) 49% (35–62) 1
Matched unrelated 44% (28–59) 47% (28–64) 0.92 (0.48–1.73)

Recipient age 0.68 0.62
o55 years 41% (27–55) 50% (33–65) 1
X55years 41% (28–53) 47% (32–61) 0.86 (0.47–1.57)

Gender 0.72 0.29
Female 42% (26–57) 50% (28–68) 1
Male 40% (29–52) 49% (35–61) 1.42 (0.75–2.69)

Disease 0.33 0.077
AML 37% (25–49) 41% (27–55) 1
MDS 47% (32–61) 59% (40–74) 1.73 (0.94–3.18)

Cytogenetic risk 0.55 0.96
Standard 40% (29–50) 50% (37–62) 1
High risk 46% (25–64) 43% (20–64) 1.02 (0.47–2.20)

EBMT score 0.58 0.13
0 43% (32–54) 45% (32–58) 1
1–2 36% (21–52) 54% (34–71) 1.62 (0.87–3.02)

Donor age 0.055 0.87
o45 years 51% (35–65) 44% (27–60) 1
X45 years 34% (23–46) 51% (35–64) 0.95 (0.51–1.77)

Donor CMV status 0.89 0.84
Negative 39% (26–53) 48% (31–63) 1
Positive 42% (29–55) 48% (33–61) 1.07 (0.58–1.94)

Anti-thymoglobulin 0.55 0.067
No 43% (29–57) 54% (39–67) 1
Yes 39% (26–51) 43% (23–62) 0.56 (0.30–1.04)

Abbreviations: CIF¼ cumulative incidence function; CI¼ confidence interval; EBMT¼ European Group for Blood and Marrow Transplantation; HR¼hazard
ratio; MDS¼myelodysplastic syndrome.

Non-myeloablative transplantation in AML and MDS
M Robin et al

1298

Bone Marrow Transplantation (2013) 1296 – 1301 & 2013 Macmillan Publishers Limited



Table 3. Association of variables with TRM, relapse and OS

Variable Relapse/progression TRM OS

CIF (95% CI) HR (95% CI) P CIF (95% CI) HR (95% CI) P Estimate (95%
CI)

HR (95% CI) P

Donor
Sibling 45% (31–58) 1 17% (8–27) 1 45% (33–61) 1
Matched
unrelated

31% (15–48) 0.70 (0.34–1.45) 0.34 22% (9–38) 1.35 (0.51–3.54) 0.55 49% (34–71) 0.99 (0.54–1.82) 0.98

Recipient age
o55 years 39% (24–55) 1 21% (10–35) 1 45% (31 to 64) 1
X55 years 40% (26–54) 0.93 (0.49–1.79) 0.83 17% (8–28) 0.81 (0.31–2.09) 0.66 48% (36–65) 0.91 (0.51–1.63) 0.76

Gender
Female 31% (15–49) 1 10% (2–24) 1 62% (47–83) 1
Male 44% (31–57) 2.21 (1.04–4.69) 0.039 23% (13–34) 3.54 (1.01–12.3) 0.047 39% (28–54) 2.23 (1.13–4.40) 0.020

Disease
AML 41% (27–54) 1 11% (4–21) 1 51% (39–68) 1
MDS 38% (23–54) 1.02 (0.53–1.97) 0.95 29% (15–45) 2.77 (1.02–7.52) 0.045 39% (25–60) 1.24 (0.70–2.20) 0.46

Cytogenetic risk
Standard 37% (26–49) 1 18% (10–27) 1 52% (41–66) 1
High risk 51% (24–73) 1.38 (0.65–2.95) 0.40 21% (6–44) 1.37 (0.44–4.20) 0.59 26% (11–59) 1.77 (0.93–3.36) 0.083

EBMT score
0 41% (28–53) 1 16% (8–27) 1 47% (35–63) 1
1–2 38% (21–55) 1.03 (0.52–2.05) 0.94 23% (10–40) 1.56 (0.59–4.11) 0.37 44% (29–68) 1.21 (0.66–2.21) 0.53

Donor age
o45 years 36% (20–52) 1 23% (10–38) 1 47% (33–67) 1
X45 years 43% (29–56) 1.09 (0.55–2.14) 0.81 16% (8–27) 0.60 (0.23–1.57) 0.30 46% (34–63) 0.84 (0.47–1.51) 0.57

Donor CMV status
Negative 39% (25–54) 1 24% (13–38) 1 44% (31–62) 1
Positive 40% (25–54) 0.87 (0.46–1.66) 0.67 13% (5–25) 0.43 (0.16–1.15) 0.092 48% (35–67) 0.74 (0.42–1.32) 0.31

Anti-thymoglobulin
No 38% (25–52) 1 22% (12–34) 1 45% (33–61) 1
Yes 44% (25–61) 1.03 (0.54–1.98) 0.92 14% (5–26) 0.61 (0.22–1.64) 0.32 48% (34–69) 0.86 (0.48–1.54) 0.61

Abbreviations: CIF¼ cumulative incidence function; EBMT¼ European Group for Blood and Marrow Transplantation; HR¼hazard ratio; MDS¼myelodysplastic
syndrome.
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Figure 1. Relapse rate according to the donor type.
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Figure 2. OS according to the donor type (Tick marks denote
censored observations). MUD¼matched unrelated donor.
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60 years,34 respectively); however, the current 3-year TRM rate of
19% was in the lower range in comparison to the rates reported
by others, which ranged from 20% to 53% at 2 and 4 years.35–37

One might have expected a higher rate of TRM compared with
the 2-Gy TBI-based regimen reported by the Seattle group,34,38,39

as the majority of our patients received a more intensive
conditioning regimen (Fludarabine and BU). In our population, a
more toxic RIC regimen did not translate into a higher rate of TRM
for which the only associated factor was the disease (MDS). Of
note, rates of TRM were similar between HLA-matched sibling
donor and MUD. In more details, GvHD rates in our population
(grade II–IV acute GvHD, 41%; chronic GvHD, 48% at 3 year) were
also not statistically different between sibling and MUD. No risk
factor was associated with either acute or chronic GvHD. This
suggests that use of a 10 out of 10 molecularly HLA-matched graft
led to a risk of acute GvHD comparable with that of a sibling
transplant. This result is of particular importance as matched
sibling donors can only be found for 15–25% of patients, and
physicians still hesitate to refer older patients for unrelated HSCT
as shown by Estey et al.40 in a feasibility analysis of RIC regimens
for patients 450 years with AML and high risk MDS. However,
these results should be considered with caution as the
conditioning regimen varied between sibling and MUD. More
patients transplanted with a MUD received ATG in the
conditioning regimen, which could impact GvHD rates. Indeed,
the absence of ATG in the conditioning regimen in unrelated
transplantation has been reported to increase chronic GvHD.41,42

The strict comparison between sibling vs MUD with ATG vs MUD
without ATG is thus not feasible because of the non-randomized
status of our study.

As already pointed out in previous studies of RIC regimens in
patients with AML or MDS, the leading cause of treatment failure
was relapse.32,33,43,44 The current study showed higher relapse
rates in patients with high-risk disease, but the difference did not
reach significance, probably because of the small number of
patients in this category (only 13% of the overall population).
Regarding the donor type, the 3-year cumulative incidence of
relapse was 46% with HLA-matched sibling donor and 30% with
MUD (P¼ 0.28), with no difference between both the groups
regarding disease risk. In the majority of studies including ours,
most URD patients received ATG in the conditioning regimen that
could have confounded relapse results. In patients transplanted
for various disease, lower relapse and superior PFS in MUD—HLA
6/6 identical—compared with sibling have been found using a
Flu/Bu conditioning without ATG.45

Our work has strengths and limitations. The strengths include
the homogeneous cohort of AML/MDS patients enrolled in our
center with specified diagnostic criteria, complete characteristics
of the disease, homogeneous conditioning regimen, high-resolu-
tion HLA typing on 10 antigens, GvHD prophylaxis, supportive
care and prospectively determined and defined clinical outcomes.
We monitor our patients indefinitely at specified intervals, and our
policy requires periodic assessment for adverse events like relapse
and late toxicity. Our study is limited due to its retrospective
nature and the relatively small number of patients within each of
the two types of disease subcategories (AML and MDS). An
important limitation of our study is its non-randomized setting,
which offers the potential for the introduction of bias. Such bias
could work both ways; only healthier patients are referred for
matched URD transplants, or only those supposed to be at
highest risk might be referred. To minimize this bias, we adjusted
the statistical analysis for baseline differences in the various
patient cohorts.

Acknowledging these limitations, our data indicate that
allogeneic HSCT provides strictly identical long-term survival for
patients with AML and MDS receiving grafts from matched (10 out
of 10 alleles) URDs or matched sibling donor, including after
adjustment for variables potentially impacting survival. Given
these results, one may question the requirement for older sibling
donors when healthier, younger MUDs are available. Until
prospective studies are completed, this conclusion supports the
recommendation to consider matched URD HSCT for similar
indications as those currently put forward for matched related
donor HSCT for AML and MDS patients after a RIC regimen.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS
MR and RPL had full access to all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis.

Author contributions: Conception and design: MR, RP, LA, GS, RPL. Provision of
study materials and patients: MR, LA, NB, ER, JL, CH, AD, PF, HD, GS, RPL. Collection
and assembly of the data: MR, RP, LA, GS, RPL. Data analysis and interpretation: MR,
RP, LA, GS, RPL. Manuscript writing: MR, RP, LA, GS, RPL. Final approval of manuscript:
MR, RP, LA, NB, ER, JL, CH, AD, PF, HD, GS, RPL.

REFERENCES
1 Petersdorf EW, Gooley TA, Anasetti C, Martin PJ, Smith AG, Mickelson EM et al.

Optimizing outcome after unrelated marrow transplantation by comprehensive
matching of HLA class I and II alleles in the donor and recipient. Blood 1998; 92:
3515–3520.

2 Petersdorf EW, Kollman C, Hurley CK, Dupont B, Nademanee A, Begovich AB et al.
Effect of HLA class II gene disparity on clinical outcome in unrelated donor
hematopoietic cell transplantation for chronic myeloid leukemia: the US National
Marrow Donor Program Experience. Blood 2001; 98: 2922–2929.

3 Petersdorf EW, Hansen JA, Martin PJ, Woolfrey A, Malkki M, Gooley T et al. Major-
histocompatibility-complex class I alleles and antigens in hematopoietic-cell
transplantation. N Engl J Med 2001; 345: 1794–1800.

4 Flomenberg N, Baxter-Lowe LA, Confer D, Fernandez-Vina M, Filipovich A, Hor-
owitz M et al. Impact of HLA class I and class II high-resolution matching on
outcomes of unrelated donor bone marrow transplantation: HLA-C mismatching
is associated with a strong adverse effect on transplantation outcome. Blood
2004; 104: 1923–1930.

5 Petersdorf EW, Malkki M. Human leukocyte antigen matching in unrelated donor
hematopoietic cell transplantation. Semin Hematol 2005; 42: 76–84.

6 Marks DI, Cullis JO, Ward KN, Lacey S, Syzdlo R, Hughes TP et al. Allogeneic bone
marrow transplantation for chronic myeloid leukemia using sibling and volunteer
unrelated donors. A comparison of complications in the first 2 years. Ann Intern
Med 1993; 119: 207–214.

7 Beatty PG, Anasetti C, Hansen JA, Longton GM, Sanders JE, Martin PJ et al.
Marrow transplantation from unrelated donors for treatment of hematologic
malignancies: effect of mismatching for one HLA locus. Blood 1993; 81: 249–253.

0 2

2

1

1

3

3

4 5

84 43 30 23 13 4

24 10 0

Years

0.0

0.2

0.4

0.6

0.8

1.0

O
ve

ra
ll 

su
rv

iv
al

 p
ro

ba
bi

lit
y

Non high risk
High risk

No. at risk

Non high risk

High risk

Figure 3. OS according to the cytogenetic risk (Tick marks denote
censored observations).

Non-myeloablative transplantation in AML and MDS
M Robin et al

1300

Bone Marrow Transplantation (2013) 1296 – 1301 & 2013 Macmillan Publishers Limited



8 Ringden O, Pavletic SZ, Anasetti C, Barrett AJ, Wang T, Wang D et al. The
graft-versus-leukemia effect using matched unrelated donors is not superior to
HLA-identical siblings for hematopoietic stem cell transplantation. Blood 2009;
113: 3110–3118.

9 Eapen M, Rubinstein P, Zhang MJ, Camitta BM, Stevens C, Cairo MS et al. Com-
parable long-term survival after unrelated and HLA-matched sibling donor
hematopoietic stem cell transplantations for acute leukemia in children younger
than 18 months. J Clin Oncol 2006; 24: 145–151.

10 Weisdorf DJ, Nelson G, Lee SJ, Haagenson M, Spellman S, Antin JH et al. Sibling
versus unrelated donor allogeneic hematopoietic cell transplantation for chronic
myelogenous leukemia: refined HLA matching reveals more graft-versus-host
disease but not less relapse. Biol Blood Marrow Transplant 2009; 15: 1475–1478.

11 Davies SM, DeFor TE, McGlave PB, Miller JS, Verfaillie CM, Wagner JE et al.
Equivalent outcomes in patients with chronic myelogenous leukemia after early
transplantation of phenotypically matched bone marrow from related or unre-
lated donors. Am J Med 2001; 110: 339–346.

12 Reiter E, Greinix HT, Keil F, Brugger S, Rabitsch W, Schulenburg A et al. Long-term
follow-up of patients after related- and unrelated-donor bone marrow transplan-
tation for chronic myelogenous leukemia. Ann Hematol 1999; 78: 507–513.

13 Saarinen-Pihkala UM, Gustafsson G, Ringden O, Heilmann C, Glomstein A, Lon-
nerholm G et al. No disadvantage in outcome of using matched unrelated donors
as compared with matched sibling donors for bone marrow transplantation in
children with acute lymphoblastic leukemia in second remission. J Clin Oncol
2001; 19: 3406–3414.

14 Yakoub-Agha I, Mesnil F, Kuentz M, Boiron JM, Ifrah N, Milpied N et al. Allogeneic
marrow stem-cell transplantation from human leukocyte antigen-identical sib-
lings versus human leukocyte antigen-allelic-matched unrelated donors (10/10) in
patients with standard-risk hematologic malignancy: a prospective study from the
French Society of Bone Marrow Transplantation and Cell Therapy. J Clin Oncol
2006; 24: 5695–5702.

15 Kiehl MG, Kraut L, Schwerdtfeger R, Hertenstein B, Remberger M, Kroeger N et al.
Outcome of allogeneic hematopoietic stem-cell transplantation in adult patients
with acute lymphoblastic leukemia: no difference in related compared with
unrelated transplant in first complete remission. J Clin Oncol 2004; 22: 2816–2825.

16 Slavin S, Nagler A, Naparstek E, Kapelushnik Y, Aker M, Cividalli G et al. Non-
myeloablative stem cell transplantation and cell therapy as an alternative to con-
ventional bone marrow transplantation with lethal cytoreduction for the treatment
of malignant and nonmalignant hematologic diseases. Blood 1998; 91: 756–763.

17 Giralt S, Estey E, Albitar M, van Besien K, Rondon G, Anderlini P et al. Engraftment
of allogeneic hematopoietic progenitor cells with purine analog-containing
chemotherapy: harnessing graft-versus-leukemia without myeloablative therapy.
Blood 1997; 89: 4531–4536.

18 McSweeney PA, Niederwieser D, Shizuru JA, Sandmaier BM, Molina AJ, Maloney
DG et al. Hematopoietic cell transplantation in older patients with hematologic
malignancies: replacing high-dose cytotoxic therapy with graft-versus-tumor
effects. Blood 2001; 97: 3390–3400.

19 Saber W, Opie S, Rizzo JD, Zhang MJ, Horowitz MM, Schriber J. Outcomes after
matched unrelated donor versus identical sibling hematopoietic cell transplan-
tation in adults with acute myelogenous leukemia. Blood 2012; 119: 3908–3916.

20 Bacigalupo A, Ballen K, Rizzo D, Giralt S, Lazarus H, Ho V et al. Defining the
intensity of conditioning regimens: working definitions. Biol Blood Marrow
Transplant 2009; 15: 1628–1633.

21 Vardiman JW, Harris NL, Brunning RD. The World Health Organization (WHO)
classification of the myeloid neoplasms. Blood 2002; 100: 2292–2302.

22 Grimwade D, Hills RK, Moorman AV, Walker H, Chatters S, Goldstone AH et al.
Refinement of cytogenetic classification in acute myeloid leukemia: determina-
tion of prognostic significance of rare recurring chromosomal abnormalities
among 5876 younger adult patients treated in the United Kingdom Medical
Research Council trials. Blood 2010; 116: 354–365.

23 Greenberg P, Cox C, LeBeau MM, Fenaux P, Morel P, Sanz G et al. International
scoring system for evaluating prognosis in myelodysplastic syndromes. Blood
1997; 89: 2079–2088.

24 Cutler CS, Lee SJ, Greenberg P, Deeg HJ, Perez WS, Anasetti C et al. A decision
analysis of allogeneic bone marrow transplantation for the myelodysplastic syn-
dromes: delayed transplantation for low-risk myelodysplasia is associated with
improved outcome. Blood 2004; 104: 579–585.

25 Gratwohl A. The EBMT risk score. Bone Marrow Transplant 2012; 47: 749.
26 Petersdorf EW, Anasetti C, Martin PJ, Gooley T, Radich J, Malkki M et al. Limits of

HLA mismatching in unrelated hematopoietic cell transplantation. Blood 2004;
104: 2976–2980.

27 Przepiorka D, Weisdorf D, Martin P, Klingemann HG, Beatty P, Hows J et al. 1994 Conse-
nsus Conference on Acute GVHD Grading. Bone Marrow Transplant 1995; 15: 825–828.

28 Filipovich AH, Weisdorf D, Pavletic S, Socie G, Wingard JR, Lee SJ et al. National
Institutes of Health consensus development project on criteria for clinical trials in
chronic graft-versus-host disease: I. Diagnosis and staging working group report.
Biol Blood Marrow Transplant 2005; 11: 945–956.

29 Kalbfleich J, Prentice RL. The Statistical Analysis of Failure Time Data New York, NY,
USA, 1980.

30 Prentice RL, Kalbfleisch JD, Peterson Jr. AV, Flournoy N, Farewell VT, Breslow NE.
The analysis of failure times in the presence of competing risks. Biometrics 1978;
34: 541–554.

31 Grambsch P, Therneau T. Proportional hazards tests and diagnostics based on
weighted residuals. Biometrika 1994; 81: 515–556.

32 Alyea EP, Kim HT, Ho V, Cutler C, DeAngelo DJ, Stone R et al. Impact of
conditioning regimen intensity on outcome of allogeneic hematopoietic cell
transplantation for advanced acute myelogenous leukemia and myelodysplastic
syndrome. Biol Blood Marrow Transplant 2006; 12: 1047–1055.

33 de Lima M, Anagnostopoulos A, Munsell M, Shahjahan M, Ueno N, Ippoliti C et al.
Nonablative versus reduced-intensity conditioning regimens in the treatment of
acute myeloid leukemia and high-risk myelodysplastic syndrome: dose is relevant
for long-term disease control after allogeneic hematopoietic stem cell trans-
plantation. Blood 2004; 104: 865–872.

34 Gyurkocza B, Storb R, Storer BE, Chauncey TR, Lange T, Shizuru JA et al. Non-
myeloablative allogeneic hematopoietic cell transplantation in patients with
acute myeloid leukemia. J Clin Oncol 2010; 28: 2859–2867.

35 ayer HG, Kroger M, Beyer J, Kiehl M, Klein SA, Schaefer-Eckart K et al.
Reduced intensity conditioning for allogeneic hematopoietic stem cell trans-
plantation in patients with acute myeloid leukemia: disease status by
marrow blasts is the strongest prognostic factor. Bone Marrow Transplant 2003;
31: 1089–1095.

36 van Besien K, Artz A, Smith S, Cao D, Rich S, Godley L et al. Fludarabine,
melphalan, and alemtuzumab conditioning in adults with standard-risk advanced
acute myeloid leukemia and myelodysplastic syndrome. J Clin Oncol 2005; 23:
5728–5738.

37 Valcarcel D, Martino R, Caballero D, Martin J, Ferra C, Nieto JB et al. Sustained
remissions of high-risk acute myeloid leukemia and myelodysplastic syndrome
after reduced-intensity conditioning allogeneic hematopoietic transplantation:
chronic graft-versus-host disease is the strongest factor improving survival. J Clin
Oncol 2008; 26: 577–584.

38 Mielcarek M, Storer BE, Sandmaier BM, Sorror ML, Maloney DG, Petersdorf E et al.
Comparable outcomes after nonmyeloablative hematopoietic cell transplantation
with unrelated and related donors. Biol Blood Marrow Transplant 2007; 13:
1499–1507.

39 Sorror ML, Sandmaier BM, Storer BE, Franke GN, Laport GG, Chauncey TR et al.
Long-term outcomes among older patients following nonmyeloablative
conditioning and allogeneic hematopoietic cell transplantation for advanced
hematologic malignancies. JAMA 2011; 306: 1874–1883.

40 Estey E, de Lima M, Tibes R, Pierce S, Kantarjian H, Champlin R et al. Prospective
feasibility analysis of reduced-intensity conditioning (RIC) regimens for hemato-
poietic stem cell transplantation (HSCT) in elderly patients with acute myeloid
leukemia (AML) and high-risk myelodysplastic syndrome (MDS). Blood 2007; 109:
1395–1400.

41 Finke J, Bethge WA, Schmoor C, Ottinger HD, Stelljes M, Zander AR et al. Standard
graft-versus-host disease prophylaxis with or without anti-T-cell globulin in hae-
matopoietic cell transplantation from matched unrelated donors: a randomised,
open-label, multicentre phase 3 trial. Lancet Oncol 2009; 10: 855–864.

42 Socie G, Schmoor C, Bethge WA, Ottinger HD, Stelljes M, Zander AR et al. Chronic
graft-versus-host disease: long-term results from a randomized trial on graft-
versus-host disease prophylaxis with or without anti-T-cell globulin ATG-Frese-
nius. Blood 2011; 117: 6375–6382.

43 Tauro S, Craddock C, Peggs K, Begum G, Mahendra P, Cook G et al. Allogeneic
stem-cell transplantation using a reduced-intensity conditioning regimen has the
capacity to produce durable remissions and long-term disease-free survival in
patients with high-risk acute myeloid leukemia and myelodysplasia. J Clin Oncol
2005; 23: 9387–9393.

44 Shimoni A, Hardan I, Shem-Tov N, Yeshurun M, Yerushalmi R, Avigdor A et al.
Allogeneic hematopoietic stem-cell transplantation in AML and MDS using
myeloablative versus reduced-intensity conditioning: the role of dose intensity.
Leukemia 2006; 20: 322–328.

45 Ho VT, Kim HT, Aldridge J, Liney D, Kao G, Armand P et al. Use of matched
unrelated donors compared with matched related donors is associated with
lower relapse and superior progression-free survival after reduced-intensity
conditioning hematopoietic stem cell transplantation. Biol Blood Marrow Trans-
plant 2011; 17: 1196–1204.

Non-myeloablative transplantation in AML and MDS
M Robin et al

1301

& 2013 Macmillan Publishers Limited Bone Marrow Transplantation (2013) 1296 – 1301


	title_link
	Introduction
	Patients and methods
	Study cohort
	HLA typing and matching
	Acute and chronic GvHD
	Statistical analysis

	Results
	Patient characteristics
	Engraftment, acute and chronic GvHD

	Table 1 
	TRM, relapse and OS

	Discussion
	Table 2 
	Table 3 
	Figure™1Relapse rate according to the donor type
	Figure™2OS according to the donor type (Tick marks denote censored observations). MUD=matched unrelated donor
	A5
	A6
	ACKNOWLEDGEMENTS
	A7
	Figure™3OS according to the cytogenetic risk (Tick marks denote censored observations)




