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Abstract
Hematopoietic cell transplantation (HCT) offers potentially curative therapy for patients with
myelodysplastic syndromes (MDS). However, as most patients with MDS are in the 7th or 8th

decade of life, only few of these were transplanted in the past, using high-dose conditioning
regimens. The development of reduced-intensity conditioning has allowed to offer HCT also to
older patients and those with clinically relevant comorbid conditions. Dependent upon disease
status and the type of clonal chromosomal abnormalities present at the time of HCT, some 25%–
75% of patients will be cured of their disease and survive long-term. Recent results with HLA
matched unrelated donors are comparable to those with HLA genotypically identical siblings. The
increasing use of cord blood and HLA haploidentical donors is expected to make HCT available to
a growing number of patients. However, post-transplant relapse and graft-versus-host disease
remain problems requiring further investigation.
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1. INTRODUCTION
As described elsewhere in this issue, myelodysplastic syndromes (MDS) are clonal diseases
of hematopoietic stem/progenitor cells with great heterogeneity of presentation and
prognosis. [1] About one-third of patients will progress to chronic myelomonocytic
leukemia (CMML) or acute myeloid leukemia (AML), while the remaining patients show
progressive peripheral blood cytopenias that may prove fatal due to intervening infections or
hemorrhage [2]. New therapeutic options, such as hypomethylating agents or
immunomodulatory drugs improve hematologic parameters and reduce transfusion
requirements for variable periods of time [3].

The only currently available treatment strategy with proven curative potential is allogeneic
hematopoietic cell transplantation (HCT), with long-term survival probabilities ranging from
25%–75% [4]. However, there is considerable bias in the selection of patients for HCT,
based on age, disease stage, comorbid conditions, and possibly other factors. This is
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illustrated by the striking age differences reported between the overall population of patients
with MDS and patients treated with non-transplant therapy and those who ultimately receive
HCT [3,5]. The fact that the median age of patients diagnosed with MDS is in the 7th decade
has prevented many of these patients from being considered for HCT until quite recently.
The development of reduced/low intensity conditioning (RIC) regimens has made HCT
available for many older or medically infirm patients. Limitations related to donor
availability have been eased by the inclusion of HLA-haploidentical donors and the use of
cord blood. However, numerous questions remain unanswered, such as optimum timing of
HCT and proper integration with novel non-transplant modalities.

2. WHO SHOULD BE CONSIDERED FOR ALLOGENEIC HCT?
In principle, any patient with MDS should at least be informed about the possibility of HCT
early in the disease course. This does not mean that patients should be offered HCT
indiscriminately as we discussed in a recent perspective [6]. Rather, the pros and cons must
be discussed, and a treatment plan should be developed on which HCT may be the up-front
recommendation or an option “down the road”. Certainly in patients with “advanced” MDS
HCT should figure high on the menu of treatment options. In a retrospective registry-based
analysis Cutler and collaborators showed that up-front HCT was associated with a superior
life expectancy among patients with intermediate-2 and high-risk MDS based on IPSS
(International Prognostic Scoring System) criteria [7]. Patients with low risk disease, in
contrast, had the best outlook if HCT was delayed until disease progression. For patients in
the intermediate-1 risk group there was only a slight advantage of delaying HCT. The IPSS,
however, does not take into consideration patient age, comorbid conditions and clinical
determinants such as transfusion dependence [8,9]

Since age has been a major factor determining the decision about allogeneic HCT, younger
patients are likely to come to HCT sooner than older patients. Kuendgen et al. [10] presented
registry data on 232 patients less than 50 years of age, and 2,496 patients more than 50 years
of age, and showed that 42% of the younger patients underwent HCT compared to 8% of the
older cohort. However, improvement of supportive care and, importantly, the use of RIC for
HCT (see below) have substantially improved HCT outcome among older patients, and
currently there is no clear chronologic upper age limit. In fact, in a retrospective multicenter
analysis of 1,333 MDS patients 50 years or older, the 4-year estimated treatment-related
mortality (TRM) was 36% in the 50–60 year old cohort, and 39% in patients older than 60
years [11]. In a CIBMTR analysis of 1,080 patients with MDS undergoing RIC HCT
between 1995 and 2005, similarly, age did not impact TRM, relapse, relapse-free survival
(RFS), or overall survival (OS) [12]. It is important to note, however, that no prospective
comparison is available, and enrollment of patients into past trials was subject to
considerable selection bias on the basis of biologic rather than chronologic age.

The availability of non-HCT modalities, in particular hypomethylating agents, which may
delay disease progression, has generated a potential decision dilemma: should patients
continue on those therapies until they no longer respond or, alternatively, should patients go
to HCT when they achieve their best response? The decision may well depend upon the
individual patient. However, there is mounting evidence that HCT at the time when patients
“fail” is associated with inferior outcome. This question by itself is reason enough for
patients to have an early consultation to discuss the possibility of HCT. Recent publications
analyzing factors that predict the probability of response to hypomethylating therapy should
help in formulating recommendations [13].
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3. DISEASE STAGE AND POST-HCT PROGNOSIS
It follows from the above discussion that “timing” of HCT remains a central question.
Implied in this question are the importance of disease duration, disease progression,
development of treatment resistance and acquisition of co-morbid conditions, among others.

An American Society of Blood and Marrow Transplantation (ASBMT) consensus paper [14]
recommended early HCT for patients with IPSS intermediate-2 or high-risk at diagnosis (as
suggested by the earlier report by Cutler et al). It also recommended HCT for selected
patients with lower risk disease at diagnosis who have poor prognostic features, for example,
older age, refractory cytopenias, or transfusion dependence. The impact of transfusion
dependence is considered in the WPSS and was shown by Alessandrino et al. to be reflected
in inferior outcome after HCT) [15]. It is expected that incorporation of newer prognostic
tools such as flow cytometry or molecular markers will improve our ability to select high-
risk patients for HCT. We have shown, for example, that among patients considered to have
low-risk disease by IPSS criteria the presence of aberrant marrow blasts clearly identifies
patients with more aggressive or resistant disease and a higher probability of relapse after
HCT [16].

An earlier study [17] showed the probability of 5-year RFS in patients with RA/RARS,
RAEB, RAEB-T and secondary AML (sAML) to be 52%, 34%, 19% and 26%, respectively,
strongly supporting the concept that HCT should be carried out at the earliest point possible.
However, as discussed above, patients at different stages of MDS might have superior life
expectancies if HCT is delayed. Secondly, some patients have advanced disease already at
the time of diagnosis. And then there are all those other factors, including age and comorbid
conditions, that will need to be considered.

A study of 118 patients <18 years of age undergoing unrelated donor HCT showed an 8-year
RFS of 65% for RCMD compared to 48% and 28% for RAEB and RAEB-T respectively
[18]. In another series of 374 patients with low-risk MDS (median age 39 years), the 4-year
OS was 52%. Older age and disease duration of >12 months were associated with inferior
survival [19]. Studies at our own center indicate that post-HCT RFS correlates inversely
with IPSS classification [20], with RFS in the range of 75% for patients with low-risk MDS
and approximately 30% for patients with high-risk disease. The difference was due almost
exclusively to relapse. Basically all recent analyses indicate that the patient’s karyotype is a
stronger predictor for post-HCT outcome than the myeloblast count. For example, an
analysis by the EBMT Group showed 5-year relapse probabilities of 34%, 35% and 57%,
respectively, and TRM of 33%, 42% and 46%, respectively, among patients with good,
intermediate and poor risk cytogenetics by IPSS [14]. An analysis by Armand et al. in 476
patients [21] supports those data, which were further validated a in a multi-center analysis
based on “transplantation-specific” cytogenetics grouping for MDS patients, which uses
only two risk groups, good/intermediate versus poor risk [22].

The European Blood and Marrow Transplantation (EBMT) Group [23] analyzed the post-
transplant outcome of 692 patients with MDS according to their cytogenetic status.
Univariate analysis showed 5-year OS and RFS rates in the intermediate and high-risk
groups of 40% vs. 35%, and 31% vs. 21%, respectively. In support of the central importance
of the karyotype, a recent analysis [24] showed that patients with secondary MDS had a
post-HCT prognosis comparable to patients with de novo MDS once the data were adjusted
for cytogenetic risk (Figure 1). The overwhelming impact of cytogenetics will be given
greater weight in a modified IPSS scheme.

Additional novel genetic factors are being studied to determine their role as possible
predictors of transplant outcomes [25].
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4. OTHER RISK FACTORS
Numerous studies have shown that the presence of comorbid conditions impacts overall
treatment success, including outcome of HCT. Several scoring systems have been
developed, including the HCT-specific co-morbidity index (HCT-CI) [26,27] and a risk
score based primarily on pulmonary function [28]. With rare exceptions studies show that an
elevated risk score, be it due to a prior solid tumor, the presence of cardiac or pulmonary (or
other organ) insufficiency, metabolic and psychiatric disorders, among others, significantly
interfere with long-term HCT success. For example, we showed recently in a cohort of 85
patients with CMML transplanted from related or unrelated donors, that those with an HCT-
CI score of 0–2 had a RFS of 53% compared to 27% among those with scores of 3 or greater
[29]. The impact of comorbidity is observed with both high-dose conditioning and RIC
[26,30].

High levels of pre-HCT serum ferritin (e.g. > 1000 μg/L ) have been shown in multiple
studies to correlate with inferior OS after HCT [31–33], possibly irrespective of blood
transfusion burden. Some consequences of iron overload in the HCT setting may include
increased risk of blood stream infections, invasive fungal infections and sinusoidal
obstruction syndrome [34,35]. However, ferritin levels may reflect processes other than iron
overload, and it is unclear if iron chelation will minimize the identified risks in MDS
patients [36]. Prospective clinical trials are not available, but are needed to clarify this issue
[37].

Bone marrow fibrosis in patients with MDS is associated with more rapid disease
progression. Scott et al. showed that the presence of marrow fibrosis also adversely
impacted transplant outcome, mostly in patients with advanced MDS [38]. This was recently
confirmed by Kröger et al. in an analysis of 721 patients [39].

Finally, a significant correlation between DR15 and tumor necrosis factor (TNF)
polymorphisms at position −308 among patients with MDS has been observed [40]. The
TNF-308 AG genotype conferred an increased risk of TRM compared to the GG genotype.
Conversely, the TNF-863 AA genotype was correlated with decreased overall mortality and
TRM compared with the CC genotype.

5. PRE-TRANSPLANT AND ADJUVANT THERAPY
In the absence of randomized prospective trials, the value of induction chemotherapy or
other treatment prior to allogeneic HCT remains undetermined. Al-Ali et al. [41] analyzed
the outcome of 593 patients with MDS/sAML. There were 167 patients (28%) who received
HCT without prior chemotherapy. The remaining patients received either an autologous
(n=290) or an URD (n=136) HCT while in first complete remission. OS at 3 years was 40%
for patients not given chemotherapy, and 41% and 50%, respectively for the two treated
groups (p=0.01) The corresponding figures for RFS were 34%, 28% and 44%, respectively
(p= 0.03). TRM in the three groups was 49%, 17%, and 38% (P<0.001), and relapse
incidence was 30%, 24% and 62%, respectively (P<0.001). De Lima et al, in a study
including patients with MDS and AML, suggested that the depths of response to pre-HCT
therapy also affected post-HCT outcome (Figure 2) [42]. These data point to a benefit of
pre-HCT debulking; however, patients who achieved remissions were transplanted at that
time, whereas those who did not, were likely not to come to HCT. Similar results were
reported by others [43].

When patients were transplanted while not in remission [44], the incidence of NRM was
significantly higher than among patients who were in remission (48.9 vs. 18.8%, P=0.014),
and the relapse incidence did not differ significantly (35.0 vs 26.2%, P=0.44).
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Warlick et al [45] observed a 1-year cumulative incidence of relapse of 18% in 84 patients
who achieved complete remissions, compared to 35% among those transplanted with active
disease. Similar observations have been reported by others [46,47]. While HCT in remission
appears beneficial to post-HCT outcome, remissions are not achieved consistently, and it is
likely that remission induction selects “responsive” patients. In the absence of controlled
data, the decision to use pre-HCT induction therapy should be made on an individual basis.

Many patients with MDS will come to HCT after or during treatment with the
hypomethylating agents azacitidine or decitabine. It is unclear to what extent treatment with
hypomethylating agents before HCT impacts peri-and post-HCT events. The Moffitt Cancer
Center group reported the effect of pre-HCT azacitidine in 30 patients who received a
median of four cycles of the drug, as compared to 24 untreated patients [48], and showed 1-
year estimates of OS, RFS and relapse of 47%, 41% and 20% for azacitidine treated
patients, and 60%, 51% and 32%, respectively, for untreated patients. In a retrospective
analysis of 17 high-risk MDS patients (median age 55 years) who underwent allogeneic
HCT after therapy with decitabine at MD Anderson Cancer Center, 11 were alive in
remission at a median follow-up of 12 months [49]. We believe that if patients do receive
hypomethylating therapy and respond, they should be transplanted at that time (assuming
they are HCT candidates), rather than waiting until they lose their response. Whether
hypomethylation has a place in post-HCT management in patients who are at high risk for
relapse is currently being investigated.

Additional strategies include preemptive donor lymphocyte infusion (DLI) [50] and various
vaccination or cellular immunotherapy strategies [51,52].

6. DONORS OTHER THAN HLA-IDENTICAL SIBLINGS
Although HLA-identical related donors have remained the first choice for most transplant
teams, the numbers of HCT from HLA-matched URDs has grown rapidly, and the use of
HLA haploidentical related donors or unrelated cord blood is expanding. Currently the data
in patients with MDS are still limited [53].

An earlier analysis from the National Marrow Donor Program (NMDP) [54] including 510
unrelated donor HCT for MDS showed a probability of RFS at 2 years of 29%, and 26% at 4
years. The 2-year cumulative incidence of TRM was 54%. A study from our Center [20]
involved 109 patients with MDS conditioned with busulfan (BU) targeted to plasma
concentrations of 800 to 900 ng/mL plus cyclophosphamide (CY), and transplanted from
related (n=45) or URD (n=64). RFS at 3 years was 56% for related and 59% for unrelated
recipients. The relapse incidence was 16% for related and 11% for unrelated recipients.
NRM at 100 days (3 years) was 12% (28%) for related and 13% (30%) for unrelated
recipients. These data established that results with URDs selected on the basis of high
resolution HLA matching, were comparable to those with HLA-matched siblings.

Sato et al [55], reporting on 33 MDS patients transplanted with cord blood, showed 5-year
TRM and relapse rates of 14% and 16%, respectively, with a 5-year RFS of 70%. Parikh and
collaborators [56] reported on 23 pediatric MDS patients (median age 11 years) treated with
TBI-based preparative regimens and transplanted with 4/6 or 5/6 HLA antigen matched cord
blood. One and 3-year RFS probabilities were 70% and 61%, respectively. The grafts
contained a median of 4.0 × 107 total nucleated cells/kg, and the cumulative incidence of
neutrophil and platelet engraftment was 91% and 70%, respectively. A more recent study
from Minnesota [57] in patients aged 55 years or older compared results with HLA matched
related donors prepared with RIC (n=47) to those with cord blood (n=43); 23% of patients
who received cord blood had MDS. The 3-year RFS and OS for matched related and cord
blood recipients were 30% vs. 34%, (P=0.98) and 43% vs. 34% (P=0.57), respectively. The
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incidences of grades II–IV acute GVHD and TRM at 180 days were comparable, but cord
blood recipients had less chronic GVHD (17% vs. 40% at 1 year). At present, most centers
give preference to an allele-level matched URD over cord blood. However, it is likely that
the use of cord blood will increase further. The selection algorithms for less well matched
donors are highly center-specific and beyond the scope of this review.

HLA-haploidentical (i.e., mismatched related donor) HCT have been used less often in
patients with MDS than in other diseases, in part because of concern about engraftment as
many of these patients have not received cytotoxic therapy before coming to HCT (see
above). De Witte et al. reported an analysis of 1378 transplants carried out for patients with
MDS on behalf of the EBMT group, including 91 patients transplanted from HLA non-
identical related donors [58]. The 3-year survival was 28%, and TRM was 66%, i.e. higher
than in any other type of HCT. Among 28 patients undergoing T-cell-depleted HLA-
haploidentical HCT after conditioning with fludarabine, melphalan, thiotepa and ATG at the
MD Anderson Cancer Center, patients with bone marrow blasts <15% had a higher survival
probability than patients with more advanced disease (42% versus 0%) [59]. Day-100 and 1-
year TRM was 9% and 32%, respectively. Chen et al. [60] reported on 36 patients with high-
risk MDS who underwent HLA mismatched HCT including HLA haploidentical transplants
with G-CSF-primed bone marrow and G-CSF-mobilized peripheral blood progenitor cells,
and showed a 2-year RFS of 65%. Patients transplanted within 7 months of diagnosis had
better RFS than those transplanted later (89% versus 43%). The use of HLA haploidentical
donors is expanding rapidly. .

7. SELECTION OF STEM CELL SOURCE: BONE MARROW VERSUS
PERIPHERAL BLOOD GRAFTS

G-CSF-mobilized peripheral blood progenitor cells (PBPC) provide more rapid engraftment
than marrow, but convey a higher risk of GVHD, particularly in its chronic form.
Retrospective analyses have suggested PBPC to be a better stem cell source for MDS
patients, resulting in superior survival, in patients undergoing related donor HCT [61,62].
Survival benefit was associated with faster engraftment, lower TRM, increased chronic
GVHD rates, and lower relapse rates. Guardiola and collaborators studied retrospectively
234 MDS patients and compared outcomes after PBPC and marrow HCT. Significantly
improved 2-year TRM, and RFS (50% versus 39%) were observed with PBPC [63]. The
results of a completed randomized CTN study comparing marrow and PBPC as sources of
stem cells in the URD setting are currently being analyzed.

8. THE SPECTRUM OF CONDITIONING REGIMEN INTENSITY
Total body irradiation (TBI)-based high-dose conditioning regimens, the “classic” among
conditioning regimens, have been effective, but also associated with considerable acute and
delayed complications [54]. BU combined with CY or fludarabine provides an excellent
alternative to TBI and has been extensively investigated [42,64]. RIC regimens are
frequently considered for MDS patients, given the older age range of such patients. The
possibilities of conditioning regimens now comprise a wide spectrum, including regimens
such as fludarabine plus CY, or fludarabine plus 200 cGy TBI, “standard” CY/TBI, BU/Cy
or fludarabine plus melphalan, to name just a few [65,66].

In a retrospective study of 836 patients, including 215 conditioned with RIC, and 621
patients conditioned with high-dose regimens, the 3-year relapse incidence was significantly
increased with RIC, whereas TRM was significantly decreased [67]. Parker et al. [68]
showed that RIC and sibling or URD HCT was associated with significantly shorter duration
of marrow aplasia, less mucositis and infections, less need for parenteral nutrition, less acute
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and chronic GVHD, and lower early TRM (9% versus 31%) when compared to high dose
conditioning for MDS. The 2-year actuarial OS and RFS were 48% and 39%, respectively,
in the RIC group, and 44% and 44%, respectively, in the high-dose group, while TRM was
31% and 50%, respectively. With URD, OS was superior in the RIC arm (49% versus 34%)
[68]. Others have indicated similar outcomes after either high-dose or RIC transplants [69].

Shimoni et al [70] reported on 112 consecutive patients with AML/MDS transplanted over a
5-year period. Fifty-eight had active disease at HCT (defined as >10% marrow blasts) and
54 were in remission. Forty-five patients were given high-dose conditioning (intravenous
BU/CY). Sixty-seven patients who were not eligible for high-dose regimens were given RIC
with fludarabine and intravenous BU at a dose of 6.4 mg/kg (FB2; n=41) or other “reduced-
toxicity” regimens using fludarabine and intravenous BU at 12.8 mg/kg (FB4; n=26). Five-
year OS rates were 59%, 50% and 60% after BU/CY, FB4 and FB2, respectively. However,
when the analysis was limited to patients with active disease, the corresponding figures for
5-year OS were 42%, 19% and 0%.

In a recent study comparing RIC (n=39) with a high-dose regimen (n=39) in patients with
AML and MDS aged 40–60 years, the median OS and RFS were 31.0 months, and 20.7
months, respectively, with no significant difference between the two cohorts [71]. The 3-
year TRM and relapse rates were 28% and 25%, respectively. Only disease risk (but not
conditioning) was significantly associated with OS, RFS and cumulative incidence of
relapse.

A prospective randomized trial comparing high-dose with RIC regimens in patients with
MDS or AML to be transplanted from related or unrelated donors has recently been initiated
in the USA (CTN 0901). One would assume that the major trade-off with a RIC regimen
would be more relapses, whereas TRM might be decreased.

At this time, one should presumably use more intensive (higher dose) regimens in patients
with high-risk disease, and adjust downward only as needed, primarily based on the patient’s
comorbid conditions. There may be “intermediate intensity” regimens, such as combinations
of fludarabine and treosulfan, which in a recent trial were very well tolerated (NRM at 2
years <10 %) and at least in patients with MDS or AML without high risk cytogenetics,
resulted in a 2-year RFS of > 80% (Figure 3) [72].

9. SUMMARY AND CONCLUSIONS
HCT is currently the only treatment modality with proven curative potential in patients with
MDS. With the development of RIC regimens, HCT can be offered to patients in the 7th and
even 8th decade of life, an important fact in view of the age distribution of MDS. Further,
the availability of unrelated donors (and the ability to select suitable individuals on the basis
of DNA sequencing of HLA), the establishment of cord blood as a source of stem cells, and,
most recently, the renewed interest in the use of HLA-haploidentical donors will allow to
offer HCT to a rapidly growing number of patients. Dependent upon disease stage and
characteristics, some 25% to 75% of transplanted patients will be cured of their MDS. While
a proportion of patients may suffer from chronic medical problems after HCT, more than
70% report their quality of life as being very good to excellent by 2 years after HCT.
However, despite all progress, with some patients now followed for more than 25 years after
successful HCT, relapse of MDS and GVHD remain important hurdles. While recent
research suggests that it may be possible to separate experimentally a GVL effect from the
reactions that cause GvHD [73,74], clinically this remains to be proven. Immunotherapy or
radioimmunotherapy may further improve HCT outcome. With the availability of approved
drugs for the non-transplant treatment of MDS, many patients come to HCT at a more
advanced stage and probably with more resistant disease than was the case in the past.
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Future studies will have to incorporate those agents into the overall management of patients
with MDS, including HCT.
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Figure 1. Impact of cytogenetic risk category on HCT outcome in patients with de novo and with
secondary MDS/tAML
A) Probability of relapse, B) Probability of relapse-free survival, based on cytogenetic risk
as defined by IPSS [75]. This research was originally published in Blood. Hematopoietic
cell transplantation in patients with myelodysplastic syndrome or acute myeloid leukemia
arising from myelodysplastic syndrome: similar outcomes in patients with de novo disease
and disease following prior therapy or antecedent hematologic disorders. C. Chang, B.E.
Storer, B.L. Scott, E.M. Bryant, H.M. Shulman, M.E. Flowers, B.M. Sandmaier, R.P.
Witherspoon, R.A. Nash, J.E. Sanders, A. Bedalov, J.A. Hansen, B.E. Clurman, R. Storb,
F.R. Appelbaum, H. Joachim Deeg, Blood 2007; 110: 1379–1387. © the American Society
of Hematology.
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Figure 2. Relapse-free survival by disease status and circulating blasts
HCT results in 74 patients with AML and 22 patients with MDS. Patients had high risk
disease or were given pre-HCT chemotherapy or both. At HCT patients were either in
complete remission without blasts in peripheral blood (PB) or had active disease in the
marrow without or with circulating blasts. This research was originally published in Blood.
Once-daily intravenous busulfan and fludarabine: clinical and pharmacokinetic results of a
myeloablative, reduced-toxicity conditioning regimen for allogeneic stem cell
transplantation in AML and MDS. M. de Lima, D. Couriel, P.F. Thall, X Wang, T. Madden.
R. Jones, E.J. Shpall, M. Shahjahan, B. Pierre, S. Giralt, M. Korbling, J.A. Russell, R.E.
Champlin, B.S. Andersson, Blood 2004; 104: 857–864. © the American Society of
Hematology.
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Figure 3. Relapse-free survival in patients with MDS or AML conditioned with fludarabine plus
treosulfan and transplanted from HLA matched related or unrelated donors
Shown are the results based on cytogenetic risk (per IPSS criteria for MDS, and per
cooperative group criteria for AML). Reprinted from Biology of Blood and Marrow
Transplantation. Conditioning with Treosulfan and fludarabine followed by allogeneic
hematopoietic cell transplantation for high-risk hematologic malignancies. E.R. Nemecek,
K.A. Guthrie, M.L. Sorror, B.L. Wood, K.C. Doney, R.A. Hilger, B.L. Scott, T.J.
Kovacsovics, R.T. Maziarz, A.E. Woolfrey, A. Bedelov, J.E. Sanders, J.M. Pagel, E.J.
Sickle, R. Witherspoon, M.E. Flowers, F.R. Appelbaum, H. Joachim Deeg, Biology of
Blood and Marrow Transplantation 2011; 17:341–350. © 2011, with permission from
Elsevier.
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