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Allogeneic hematopoietic stem cell transplantation (HCT) is the only curative therapy for myelodysplastic syndrome
(MDS). Broad application is hindered by high risks of transplant-related morbidity and mortality, especially in the older
age range represented by the MDS population. However, recent advances in strategies to minimize regimen-related
toxicity make HCT a viable option for many more patients. Appropriate selection of patients involves consideration of
patient factors, including use of geriatric assessment tools and comorbidity scales, that predict risks of regimen-related
toxicity as well as disease factors, including genetic markers, which predict survival with both non-HCT and HCT therapy.
Optimal timing of HCT for fit patients must consider MDS risk scores and life-years to be gained, with earlier trans-
plantation indicated for patients with intermediate-2 and high-risk disease but judicious delay for lower risk patients.
Selection of suitable conditioning regimensmust balance risks of toxicity with opportunity for maximum disease control.

Learning Objectives

• To understand which patient-related factors can affect success
of transplantation in patients with MDS

• To understand which disease-related factors impact the de-
cision of when to transplant a patient with MDS

• To become familiar with the relative advantages and disad-
vantages of different conditioning regimen intensities, donor
types, and graft source

Introduction
Allogeneic hematopoietic stem cell transplantation (HCT) offers the
potential for cure in myelodysplastic syndrome (MDS), largely from
potent immune-mediated graft versus tumor effects1,2 with some
contribution of the high-dose cytotoxic therapy given for pretrans-
plant conditioning. This contrasts with other MDS therapies that may
prolong survival but do not eradicate the disease.3 However, a substantial
risk of transplant-related mortality (TRM) offsets the curative advantage
of HCT. Additionally, not all patients are cured. Data from the Center for
International Blood and Marrow Transplant Research (CIBMTR) in-
dicate TRM and relapse rates of 30% and 30%, respectively, after al-
logeneic HCT from human leukocyte antigen (HLA)-matched related
donors; the 3-year probability of survival is 40%.4 Survival rates im-
proved over the past decade, and recent studies indicate equivalent
survival with HLA-matched related and unrelated donors.4,5 Data from
CIBMTR (Figure 1) and recent studies suggest that survival rates are
lower with other types of donors.4,6-8 Outcomes can be optimized by
careful selection of patients, donors, and transplant approaches.

The annual numbers of transplantations for MDS increased dra-
matically worldwide in the past 15 years (Figure 2). This is a result of
expanding donor sources (Figure 3), wider applicability in older, less
fit patients with reduced intensity pretransplant conditioning regimens

and, most importantly, in the United States, the decision by the Centers
for Medicare and Medicaid Services to reimburse centers for MDS
transplantation in patients 65 years and older, if done in a study designed
to gather evidence on efficacy. The CIBMTR launched such a study in
December 2010.9 Almost all HCTs for MDS in US Medicare benefi-
ciaries are part of this study, which prospectively compares outcomes of
HCT in patients 50-64 years of age with those in patients 65 and older.
Preliminary data from this study were presented at the 2015 American
Society of Hematology meetings and suggest that outcomes are similar
in older and younger patients.10 However, this study could only address
patients who received HCT and, given the advanced age at diagnosis of
many MDS patients,11 it is likely that more older than younger patients
are deemed ineligible for HCT because of other conditions.

Who Should Be Considered for Transplantation?
Prospective, controlled comparisons of HCT and non-HCT are
lacking, although a North American phase 3 study comparing 3-year
survival after HCT with reduced intensity conditioning vs non-
transplant therapies (using a biologic assignment, donor vs no-donor
design) among patients aged 50-75 years with high-risk de novo
MDS (as defined by intermediate 2 or high-risk score on the In-
ternational Prognostic Scoring System [IPSS]12) is currently en-
rolling patients.6 Targeted accrual is 338 patients by March 2018;
as of 1 May 2016, 175 patients have enrolled. Similarly, a European
randomized phase 2 biologic assignment trial is comparing HCT with
reduced intensity conditioning after 5-azacitidine vs 5-azacitidine
alone based on donor availability is in progress; enrollment of 230
patients is planned, with results expected by June 2017.13 Data from
these trials will better inform decision-making, although neither is
powered sufficiently to compare HCT and non-HCT in all relevant
subgroups. In general, the decision-making process requires balancing
the risk of TRM, by considering patient and donor features, and the
likelihood of disease control, which requires considering disease risk
features with HCT vs non-HCT therapy.
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Age
The older age distribution of MDS patients is frequently cited as
a barrier to HCT. Indeed, in a CIBMTR study of 701 patients with
median age 53 years (range, 22-78 years), undergoing HCT with
either reduced intensity or high-dose myeloablative conditioning
regimens, from 2002 through 2006, older age was associated with
significantly poorer survival posttransplant.4 However, the latter
finding was largely attributable to the very favorable outcomes in
patients younger than age 40.4 Another CIBMTR study, restricted to
patients older than age 40 undergoing HCT with reduced intensity
conditioning (n 5 535), showed that age up to 70 was not a prog-
nostic factor.14 Similarly, preliminary data from the study being done
for evidence development for Centers for Medicare and Medicaid
Services (see previous) indicate similar survival in patients older than
65 years vs those aged 55-64.10 Lim et al analyzed outcomes of 1333
patients older than 50 years undergoing HCT with either reduced or
high intensity conditioning and also found no association of age with
post-HCT outcomes.15 In another study of 105 patients older than
age 50, all undergoing high-dose conditioning and T-cell–depleted
HCT, older age was not a prognostic factor.16 However, it must be
acknowledged that these studies included only patients deemed fit
enough to undergo transplantation. With the median age of diagnosis
being in the 7th decade,11 and given the high prevalence of comor-
bidities in the elderly, manyMDS patients at the time of their diagnosis
will not be considered sufficiently fit for the procedure.

How to assess fitness for HCT is uncertain. Aging is a heterogeneous
process with changes across many domains—physiologic, physical,
functional, social, psychiatric, and cognitive.17 The Comprehensive
Geriatric Assessment (CGA)was developed to unmask vulnerabilities in
these domains.18 In a pilot study of 166 transplantation candidates aged
50 years or older, the CGA revealed high prevalence of impairments in
functional status, frailty, disability, and mental health.19 In a subsequent
study byMuffly et al among 203 patients with a median age of 58 years
(range, 50-73) who underwent allogeneic HCT for myeloid (n 5 128
[30 had MDS]) and lymphoid malignancies, CGA domains were
independently prognostic of overall survival.20 The authors then
developed a simple 3-point risk score combining comorbidities as-
sessment at HCT (see the following section) and one domain in the
CGA – Instrumental Activities of Daily Living. Among patients aged
60 years or greater, this risk score identified a group of older HCT
recipients with a 2-year survival of 0%, suggesting complete lack
of benefit from HCT.20 Future studies are needed to further refine
instruments such as the CGA to guide clinical decision-making in the
older age population.

HST-Comorbidity Index (HCT-CI)
Comorbidities evaluated at the time of HCT are powerful prognostic
markers of TRM independent of age.21 The HCT-CI was developed
to quantitate this association and is now validated in many HCT
settings, including HCT for MDS.22,23 Whether the HCT-CI iden-
tifies a subset of patients whose comorbidity burden leads to TRM
rates that are too high to consider transplantation was addressed
in a large analysis of more than 3000 patients with a median age of
45 years (range, 0.1-74), 40% of whom received reduced intensity
conditioning.24 The authors concluded that mortality rates increased
with increasing HCT-CI scores, but a level at which the HCT-CI
score indicated a complete lack of benefit from the HCT was not
identified regardless of the diagnosis category.24 Reduced intensity
conditioning allows many older and less fit patients to undergo
transplantation with acceptable risks of TRM. However, as men-
tioned previously, a recent study in older patients with hematologic
malignancies showed that combining the HCT-CI with a geriatric
assessment tool in patients older than 60 years could identify a group
of patients with very poor survival after transplantation.20 Validation of
this approach in larger groups of patients is warranted.

Disease risk as determined by scoring systems
The IPSS, the Revised IPSS (IPSS-R), and the World Health Or-
ganization classification-based Prognostic Scoring System were
developed and validated in cohorts of patients who mostly did not
undergo transplantation.12,25,26 These scores provide reliable pre-
dictors of life expectancy after diagnosis using several hematologic
and cytogenetic features of the disease. For the IPSS-R, median life
expectancies range from .8 years for patients with very low-risk
disease to ,1 year for patients with very high-risk disease. The
ability of these scores to predict HCT outcomes is less well-studied.
Della Porta et al analyzed outcomes of 519 patients with MDS who
underwent transplantation from 2000 to 2011. In their analysis,
IPSS-R performed better as a prognostic factor than IPSS.27 In their
model, IPSS-R was prognostic of outcomes of patients in the high-
and very high-risk groups, but not in the low- and intermediate-risk
groups.27 By combining IPSS-R with other variables that correlated
with post-HCT survival in multivariate analysis, such as patient age
and comorbidities, presence of monosomal karyotype and pre-HCT
response to induction chemotherapy, the authors successfully de-
veloped an MDS transplantation risk index. The transplantation risk
index stratified the cohort into 4 groups with significantly different
5-year survival probabilities (low risk: 76%; intermediate: 48%;
high: 18%; very high: 5%). However, the MDS transplantation risk
index has not yet been validated in an independent data set.27

Figure 1. Overall survival for MDS by donor type; patients registered to
CIBMTR, 2000-2014.

Figure 2. Number of transplants for MDS by age; patients registered to
CIBMTR, 2000-2014.
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A large CIBMTR study analyzed outcomes of 2133 MDS patients
transplanted from 2000 to 2012.28 This study used data collected at
the time of HCT to develop a novel transplant-specific risk scoring
system in a training set of 1151 patients undergoing HCT fromHLA-
matched related donors or well-matched unrelated donors. Five
prognostic factors (age, peripheral blood blasts percentage, cyto-
genetic findings, performance status, and platelet count) were
identified. Based on the magnitude of risk, these factors were combined
into a risk score that divided patients into 4 risk groups (low, in-
termediate, high, and very high risk). The new score was highly
prognostic of survival, disease-free survival, TRM, and relapse. The
score was successfully validated in an independent cohort of 577
MDS patients receiving HCT from HLA-matched donors and further
evaluated in an independent cohort of 405 MDS patients receiving
HCT from HLA-mismatched unrelated donors. In the latter group,
the score was only prognostic of relapse. Unlike IPSS-R at HCT,
which could not sufficiently discriminate between posttransplant
survival in the low and intermediate IPSS-R risk groups,26 all 4 risk
groups in the CIBMTR risk score had significantly different survival
from one another posttransplant, including the low- and intermediate-
risk groups. This was further shown by comparing the performance
of the new score with the performance of IPSS-R in a subset of 699
patients undergoing HCT from HLA-matched donors. Figure 4 illus-
trates that the 2 scores generally agreed in identifying patients at very
high risk, but the new CIBMTR score significantly reclassified patients
in the low-, intermediate-, and high-risk IPSS-R groups.28 Using the
CIBMTR score to assess life expectancy after HCT and the IPSS-R to
assess life expectancy without HCTmay allow a better estimation of the
relative benefits of the 2 approaches in individual patients. A caveat to
this is that the prognostic value of the IPSS-R in the non-HCT setting is
validated primarily when used at the time of diagnosis. Its value later in
the course of the disease, after intervening therapy and when HCT is
often being considered, is less well-understood.

Minimal residual disease/molecular markers
There are few data on the prognostic value of minimal residual disease
before transplantation or as a variable to consider when deciding on
conditioning regimen intensity. In fact, only a minority of patients with
MDS is in hematologic remission before HCT.When one uses sensitive

techniques such as next-generation sequencing, most of these patients
will have evidence of clonal hematopoiesis.29 A recent study evaluated
the prognostic value of minimally identifiable disease (MID) among
287 patients who underwent transplantation from 2004 through 2013.30

MID was determined by multiparameter flow cytometry and cytoge-
netic assessment on bone marrow aspirates. Among patients in mor-
phologic remission (n5 219), 54% were MID-positive and 23% were
MID-negative. The association between MID and survival was
dependent on regimen intensity. Among patients receiving high-
dose, myeloablative conditioning regimens (n5 138), MID-negative
and MID-positive patients had similar risks of post-HCT mortality;
however, among those receiving reduced intensity regimens (n5 80),
mortality was higher in the MID-positive patients, mainly because of
the higher risk of MDS relapse.30

Bejar et al addressed the issue of molecular markers in 87 patients who
underwent HCT from 2004 through 2009. Two-thirds underwent HCT
with reduced intensity conditioning.29 The investigators sequenced
40 recurrently mutated genes. They detected somatic mutations in
92% of patients. In multivariate analysis adjusting for clinical variables,
mutations in TP53, TET2, or DNMT3A were independent predictors
for inferior survival. The main cause of death among patients who
carried these mutations was disease relapse. Half of the cohort had
a somatic mutation in 1 of these 3 genes. The association of these
mutations with mortality did not vary by conditioning regimen in-
tensity, but the sample size was relatively small.29

When Should Transplantation Be Done?
Because current non-HCT therapies do not cure MDS, one might
reason that all patients with MDS, if fit, should undergo trans-
plantation. However, many patients can live for years with their
disease and there is an unavoidable risk of early TRM after HCT,
even in low-risk, fit patients. Consequently, the decision about when
to do transplantation involves estimating how to maximize pre-
transplant survival before exposing patients to the high early mor-
tality risk of HCT, while not delaying so long that HCT outcomes are
adversely affected. Evidence to inform this decision is available from
retrospective studies using Markov model–based decision analyses
to identify optimal timing of transplantation while stratifying patients
based on IPSS scores31,32 or on IPSS and World Health Organiza-
tion classification-based Prognostic Scoring System scores.33 These
studies are consistent in indicating that life expectancy is maximized
when transplantation is delayed for patients with low-risk disease.
Conversely, life expectancy is maximized when transplantation is
performed without delay for patients with high-risk disease. They
disagree regarding the optimal strategy for patients with intermedi-
ate 1 IPSS. In 2 studies, delaying transplantation for these patients
offered the maximum life expectancy,31,32 whereas in the third study,
proceeding immediately to transplantation offered the maximum life
expectancy.33 These estimations were similar when quality of life–
adjusted life expectancy was considered.

There are subsets of patients with low-risk (by IPSS) MDS in whom
early transplantation may still be warranted. Patients with excessive
red cell transfusion requirements are at risk for inferior post-
transplant outcomes if transplantation is delayed past the point
of iron overload.34-37 Patients with intermediate 1 disease who fail
hypomethylating agents have poor prognoses and warrant con-
sideration of transplantation.38 Patients with bone marrow fibrosis
also may represent a unique group with inferior outcomes despite
low-risk disease. In fact, in 1 study, the presence of fibrosis rep-
resented a “shift up” in disease risk.39 Patients with therapy-related

Figure 3. Transplants for MDS by donor type; patients registered to
CIBMTR, 2000-2014.
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MDS have poor prognosis with nontransplant therapies. Bally et al
analyzed 54 patients with therapy-related MDS (n 5 42) or acute
myeloid leukemia (AML; n5 12). The 2-year survival was only 14%.40

Given the grim prognosis with nontransplant approaches, these patients
may benefit from early referral for allogeneic HCT consideration. Fi-
nally, molecular abnormalities present at the time of diagnosis predict
survival with non-HCT therapy. In a study of 439 patients, multivariate
analysis confirmed the independent prognostic value of 5 genes: TP53,
EZH2, ETV6, RUNX1, and ASXL1.41 The incorporation of molecular
data produced an important stage shift in the IPSS risk score, which
would impact the decision of when to refer a patient for alloHCT.41

How Should Transplantation Be Done?
There are several transplantation approaches used in this and other
populations that vary in the agents used to reduce disease burden pre-
transplant and ensure donor cell engraftment (pretransplant conditioning)
and the type of graft infused. We outline a few important considerations
in these strategies.

Cytoreductive therapy before HCT
Several multicenter retrospective analyses attempt to address whether
using cytoreductive therapies to reduce pre-HCT disease burden can

improve post-HCT outcomes. Some studies suggest a beneficial
effect,42,43 whereas others suggest no difference.44 Few studies
compare different types of cytoreduction before HCT. Gerds et al
concluded that hypomethylating agents given before HCT gave
outcomes similar to more intensive induction chemotherapy.45

A study by Damaj et al made similar conclusions.46 However, these
studies were retrospective and assessed only patients receiving HCT,
making them subject to considerable selection bias. Consequently,
the European LeukemiaNet recommended that this question be
studied in well-designed prospective trials.47 Such a study is currently
under way.48

Conditioning regimen intensity
The purpose of the pretransplant conditioning regimen in hemato-
logic malignancies and similar conditions is to reduce or eliminate
neoplastic cells as well as to ensure sufficient immune ablation to
allow donor cell engraftment. Historically, high-dose, myeloablative
regimens were used to maximize neoplastic cell killing. However,
as stated previously, MDS is a disease of the elderly,11 and older
patients often tolerate high-dose conditioning poorly with excessive
regimen-related morbidity and mortality. Introduction of reduced
intensity regimens, which provide some cytotoxic effects and also

Figure 4. Categorization of patients according to the proposed CIBMTR prognostic system vs the IPSS-R. Reprinted from Shaffer et al28 with permission.
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sufficient immune suppression to facilitate engraftment, allows al-
logeneic HCT to be undertaken in older and less fit patients. Because
of concerns regarding excessive TRM, reduced intensity condi-
tioning is the preferred choice in most patients older than 65-70 years
of age and among those with high HCT-CI scores. However, among
patients who are to fit enough to tolerate higher dose regimens, the
decision is not clear. Two recently completed randomized clinical
trials might inform the decision. The first study enrolled patients
18-65 years of age (median, 58 years) with MDS (N 5 54) or AML
(N 5 218). The primary endpoint was 18 month postrandomization
overall survival. The reduced intensity regimens were fludarabine
with busulfan (n 5 110) or melphalan (n 5 27). The myeloablative
regimens were busulfan with cyclophosphamide (N 5 40); or flu-
darabine (N 5 87); or cyclophosphamide and total body irradiation
(N5 8). The study was stopped prematurely because of a presumed
relapse-free survival benefit with the higher intensity approach, as
assessed by an independent Data and Safety Monitoring Board re-
view. Overall survival was not significantly different between the
2 arms. Relapse-free survival for patients on the reduced intensity
arm was 47% vs 68% on the myeloablative arm; the difference was
statistically significant (P , .01).49 Subset analysis of the MDS
patients was not possible because of the small sample size. The
second study compared myeloablative doses of busulfan with flu-
darabine with reduced doses of busulfan with fludarabine. Between
2004 and 2012, 129 patients (median age, 51.4; range, 19-64 years)
with MDS or secondary acute leukemia (, 20% blasts) were en-
rolled. One-year TRM, which was the primary endpoint, was similar
between the 2 arms (P 5 .18). The 2-year probabilities of relapse,
disease-free survival, and overall survival were also not significantly
different between the 2 arms (P 5 .5, P 5 .5, and P 5 .07, re-
spectively).50 Taken together, the results of these 2 randomized
trials49,50 unfortunately do not end the debate, and longer follow-up
of both cohorts will be important. However, neither study showed
a difference in mortality by regimen intensity for patients deemed
sufficiently fit to receive full dose conditioning. It seems prudent to
offer the maximum intensity approach for these patients to afford the
greatest chance for cure.

Novel conditioning regimens that can provide better disease control
with reduced toxicity are urgently needed. In a phase 2 trial enrolling
45 MDS patients conditioned with treosulfan and fludarabine, after
a median follow-up of 780 days, the 2-year cumulative incidences of
nonrelapse mortality and relapse were 17% and 16%, respectively.
The 2-year overall and disease-free survival estimates were 71% and
67%, respectively.51 These are early promising data and further
investigations of treosulfan-based conditioning are underway.

Stem cell source
Most of the large studies addressing the question of optimal graft
source in HCT involve comparisons of bone marrow and peripheral
blood grafts in patients receiving myeloablative conditioning regi-
mens. Retrospective studies and patient-level data meta-analysis
suggest that, in the HLA-identical sibling setting, a peripheral
blood stem cell source is superior to bone marrow in patients with
MDS.52-54 However, in the unrelated donor setting, a phase 3 randomized
clinical trial comparing peripheral blood stem cells with bone
marrow in 550 transplants using myeloablative conditioning and
including 93 patients with early and advanced MDS,55 demon-
strated similar survival, disease-free survival, relapse, and TRM.
Peripheral blood stem cell recipients were substantially more likely
to develop chronic graft versus host disease (GVHD).55 Given the
similar survival and lower risk of chronic GVHD in the phase 3

randomized clinical trial, which was conducted in the unrelated
donor setting,55 we recommend that bone marrow be considered as
the best stem cell source when unrelated donors are used.

Most transplantations using reduced intensity conditioning use pe-
ripheral blood grafts, which allow higher cell doses, to ensure en-
graftment. Eapen et al compared these 2 graft sources in the reduced
intensity setting. Patients with AML, MDS, or non-Hodgkin lym-
phoma undergoing allogeneic HCTs from 2000 through 2008
with either bone marrow (n 5 219) or peripheral blood stem cells
(n 5 887) were included.56 In multivariate analysis, 5-year survival
was similar between the 2 graft sources.56 However, a recent study in
patients with acute leukemia compared outcomes after reduced in-
tensity allogeneic HCTs using bone marrow (n5 837) vs peripheral
blood stem cells (n 5 9011).57 After a median follow-up of 2 years,
the use of peripheral blood stem cells was associated with superior
leukemia-free and overall survival.57 Longer follow-up is needed to
fully understand the impact of graft source on posttransplant out-
comes in the reduced intensity setting. Use of cord blood grafts is
discussed later.

Donor type
Data from CIBMTR and from single-center analyses indepen-
dently confirm that contemporary rates of posttransplant survival in
patients with MDS are similar after HCT from either HLA-identical
sibling donors or 8/8 well-matched (HLA-A, B, C, DRB1) unrelated
donors.4,5 However, HCTs from 7/8 HLA-matched unrelated donors
are associated with 10% to 15% lower survival rates compared with
HLA-identical sibling and unrelated donor HCTs.4,7

Recent analyses demonstrate that the 3-year survival rates after HCT
using unrelated umbilical cord blood stem cells in patients with MDS
are about 30%,8 which is lower than the 3-year survival rates with
HLA-identical siblings and 8/8 well-matched unrelated donors.4 A
recent comparative analysis from Eurocord and European Group for
Blood andMarrow Transplantation confirms that, in MDS, outcomes
after umbilical cord blood HCTs are inferior to outcomes after 8/8
well-matched unrelated donor HCTs.7 Only a handful of HCTs from
haploidentical donors for patients with MDS have been performed
to date, and very few were performed using the novel platform of
posttransplant cyclophosphamide.58 Saber et al reported 3-year
survival of only 33% on a cohort of 95 MDS patients after alloHCT
from a haploidentical donor, using variety of approaches.6 Although
survival rates with HLA-mismatched donors and with unrelated cord
blood are lower than with HLA-matched donors, these transplant
approaches provide a reasonable option for patients who have failed
hypomethylating agents or who have other very high-risk features.

Given these data, we recommend that transplantation from HLA-
identical siblings and 8/8 matched unrelated donors be considered
standard therapy for MDS, with optimal timing determined by the
considerations outlined here. HCT from alternative donors should
also be considered in very high-risk and fit patients, again consid-
ering the tradeoff between life expectancy with non-HCT treatment
and risk for HCT-related mortality. Finally, as advances in both
non–HCT- and HCT-based therapeutic strategies take place, it will
be critical to systematically evaluate quality of life (QOL) with
different therapies. QOL is indeed extremely important for MDS
patients, and high incidences of chronic GVHD can lead to sus-
tained impairments in QOL after HCT.59 However, few studies to
date address QOL in this patient population.60,61 Fortunately, MDS-
specific QOL instruments were recently developed and validated.62,63

482 American Society of Hematology



These instruments are now being incorporated in the design of the
ongoing US natural history study of MDS.64
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