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Myelodysplastic syndromes (MDS) are a diverse group of hematological malignancies
distinguished by a combination of dysplasia in the bone marrow, cytopenias and the risk
of leukemic transformation. The hallmark of MDS is bone marrow failure which occurs due
to selective growth of somatically mutated clonal hematopoietic stem cells. Multiple
prognostic models have been developed to help predict survival and leukemic
transformation, including the international prognostic scoring system (IPSS), revised
international prognostic scoring system (IPSS-R), WHO prognostic scoring system
(WPSS) and MD Anderson prognostic scoring system (MDAPSS). This risk stratification
informs management as low risk (LR)-MDS treatment focuses on improving quality of life
and cytopenias, while the treatment of high risk (HR)-MDS focuses on delaying disease
progression and improving survival. While therapies such as erythropoiesis stimulating
agents (ESAs), erythroid maturation agents (EMAs), immunomodulatory imide drugs
(IMIDs), and hypomethylating agents (HMAs) may provide benefit, allogeneic blood or
marrow transplant (alloBMT) is the only treatment that can offer cure for MDS. However,
this therapy is marred, historically, by high rates of toxicity and transplant related mortality
(TRM). Because of this, alloBMT is considered in a minority of MDS patients. With modern
techniques, alloBMT has become a suitable option even for patients of advanced age or
with significant comorbidities, many of whom who would not have been considered for
transplant in prior years. Hence, a formal transplant evaluation to weigh the complex
balance of patient and disease related factors and determine the potential benefit of
transplant should be considered early in the disease course for most MDS patients. Once
alloBMT is recommended, timing is a crucial consideration since delaying transplant can
lead to disease progression and development of other comorbidities that may preclude
transplant. Despite the success of alloBMT, relapse remains a major barrier to success
and novel approaches are necessary to mitigate this risk and improve long term cure
rates. This review describes various factors that should be considered when choosing
patients with MDS who should pursue transplant, approaches and timing of transplant,
and future directions of the field.
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INTRODUCTION

Myelodysplastic syndromes (MDS) are a group of hematologic
malignancies characterized by a combination of bone marrow
(BM) dysplasia, cytopenias and risk of leukemic transformation
(1). Other complications accompanying MDS include risk of
infections, bleeding, iron overload, and cardio-pulmonary
compromise (2). MDS is more prevalent in older adults with a
median age at diagnosis of 77 years (2). Based on SEER
(surveillance, epidemiology and end results program) data, the
age-adjusted annual incidence ofMDS in the United States was 5.6
per 100,000 in 2010, which declined to 4.0 per 100,000 in 2015.
The incidence of MDS increases with advancing age. The long-
term overall survival (OS) of patients withMDS is 31.3% at 5 years
(2). However there is a large disparity in OS ofMDS patients based
on specific prognostic disease characteristics. Causes of death were
evaluated in a large retrospective study showing that 47% of
patients died due to acute myeloid leukemia (AML) progression,
27% due to infectious complications, 10% from bleeding, 16% due
to reasons unrelated to their disease process (3).

In recent years, elucidation of the biology of MDS has led to
approvals of new therapies such as hypomethylating agents that
prolong survival but do not offer cure (4). Allogeneic blood or
marrow transplantation (alloBMT) remains the only potential
curative treatment and offers an OS benefit in eligible high risk
MDS patients. However, alloBMT is associated with a risk of
transplant related (TRM) due to infections, graft versus host
disease (GVHD), chemotherapy related toxicities, rejection and
relapse. With the introduction of reduced intensity conditioning
regimens and increasing use of human leukocyte antigen (HLA)
mismatched donors, alloBMT is being used more frequently for
treatment of MDS (5). Still, the potential benefit of alloBMT may
be negated in patients at high risk for TRM and relapse, so
careful evaluation by a transplant specialist is necessary to
identify suitable candidates. In this review we describe the
indications and timing of transplant, transplant approaches,
and post-transplant outcomes of patients with MDS.
CLINICAL AND LABORATORY FEATURES

A. Cytopenias
The hallmark of MDS is bone marrow failure which occurs due
to selective growth of somatically mutated clonal hematopoietic
stem cells (6). Requirement of packed red blood cell (PRBC) or
platelet transfusions are the major causes of morbidity in MDS.
About 80-85% patients have anemia with a hemoglobin (Hb) of
8-10 g/dL (40%) and <8 g/dL (10%) at diagnosis (7).
Approximately, 25% patients are transfusion dependent at
diagnosis. Transfusion dependence is defined as requirement of
4 units of PRBCs or greater within a 8 week period by the
International Working Group (8). Thrombocytopenia at
diagnosis is seen in about 40% MDS patients and about 15% of
patients die from bleeding without disease progression (7).
Neutropenia is also seen in 20-25% of patients with MDS,
leading to potential severe infections (7).
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B. Cytogenetics
Cytogenetics in MDS are useful both for diagnosis and risk
stratification of MDS patients. Most of the cytogenetic
abnormalities that occur in MDS involve unbalanced changes
leading to loss or gain of significant amount of chromosomal
material such as deletion (del) 5q, monosomy 7, trisomy 8, and
deletion 20q (9). The presence of specific MDS-associated
cytogenetic abnormalities such as monosomy 7, del(7)q, del(5)
q and i(17)q are sufficient to make a diagnosis of MDS in a
patient with cytopenia even if dysplasia is not seen (1).
Additionally, as validated by Schanz et al., the following
cytogenetic changes can accurately risk stratify 91% of MDS
patients: del(11q) and −Y are very good (median OS, 60.8
months); normal, del(5q), del(12p), del(20q) and double
abnormalities including del(5q) are good (median OS, 48.6
months); del(7q), +8, i(17)(q10), +19, +21, any other single
abnormality, independent clones, double abnormalities not
harboring del(5q) or −7/del(7q) are intermediate (median OS,
26.0 months); inv(3)/t(3q)/del(3q), −7, double abnormalities
including −7/del(7q), and complex (ie, three abnormalities) are
poor (median OS, 15.8 months); complex (ie, > three
abnormalities) are very poor (median OS, 5.9 months) (10).

C. Somatic Mutations
The pathophysiology of MDS is associated with somatic
mutations in multiple genes that are required for cell cycle
regulation, RNA splicing, DNA transcription or methylation,
or tumor suppression along with chromosomal aberrations (11).
It is hypothesized that a driver mutation provides a
hematopoietic stem cell (HSC) survival and proliferative
advantage leading to clonal expansion and progression to
MDS. A median of 3 somatic mutations are identified in each
MDS patient (12–14). Some of these mutations are being utilized
as actionable targets in trials to improve treatment options.

Mutations in MDS can be classified based on their function
(Figure 1) (12, 13, 16). The most common mutations seen in
MDS include those involving spliceosome function such as
SF3B1 (24.5%), SRSF2 (11.8%) and U2AF1 (6.6%), mutations
involving DNA methylation such as TET2 (22.9%) and
DNMT3A (10.3%), and histone modification such as ASXL1
(12.9%). In patients with MDS, SF3B1 mutations herald a good
prognosis when associated with ringed sideroblasts and low blast
counts. Conversely, RUNX1, ASXL1, and TP53 have an adverse
impact on prognosis (13, 17). In patients with “low risk” MDS
(LR-MDS) with del(5q), up to 20% patients may harbor TP53-
mutation (18). In these patients, the presence of a TP53-mutated
clone at a variable allelic frequency (VAF) of 10% or more can
confer a higher risk of progression and poor survival (19, 20).

D. Prognostic Models
The prognosis of MDS patients is heterogenous in regards to
expected time to AML transformation and OS. Determination of
the prognosis for each patient is essential for guiding appropriate
treatment. Multiple prognostic models have been developed
including the International prognostic scoring system (IPSS),
revised international prognostic scoring system (IPSS-R), WHO
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classification-based scoring system (WPSS) and MD Anderson
prognostic scoring system (MDAPSS) (21, 22). The IPSS
categorizes patients into four categories low, intermediate-1,
intermediate-2 and high risk (23). In 2012, the IPSS was updated
with more refined cytogenetic categories and divided patients with
MDS into five sub groups and two broad categories: LR-MDS (≤3.5
points) and high risk (HR)MDS (>3.5 points) (24). The median OS
varies significantly for the 5 risk groups: very low 8.8 years, low 5.3
years, intermediate 3 years, high 1.6 years and very high 0.8 years.

A critical deficiency of these predictive models is the absence
of somatic mutations in the models; because of this, some
patients deemed LR-MDS by the IPSS-R score may progress
more rapidly than predicted. A recent paper by Nazha et al.
aimed to create a personalized prediction model to help predict
survival and leukemia transformation to help guide management
in such patients (25). Somatic mutations in seven genes were
prognostically significant, and mutations in multiple genes led to
worse outcomes. The model outperformed the IPSS and IPSS-R
scores for prognostic accuracy. Development of this model is a
significant accomplishment in the field, and we anticipate
widespread clinical application in the coming years.

Because the prognosis of MDS varies widely, anywhere from a
few months to many years, alloBMT is not recommended for all
patients with this disease. For HR-MDS patients, BMT is
beneficial in light of their short expected survival. Because the
IPSS and IPSS-R do not include somatic mutations, patients may
be misclassified as having LR-MDS when, in fact, their disease will
behave more aggressively due to high risk somatic mutations such
as RUNX1, ASXL1, and TP53. Hence, the approach to treatment,
including alloBMT, should follow a HR-MDS paradigm in such
patients. The new personalized prediction model may offer better
prognostication, but the role of this model for selecting candidates
for alloBMT requires further validation.
ROLE AND CONSIDERATIONS FOR
ALLOGENEIC TRANSPLANT

A. AlloBMT Indications
Risk stratification dictates the management of MDS. The goals of
management for patients with LR-MDS are improving quality of
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life and cytopenias. For patients with HR-MDS, treatment
focuses on delaying disease progression and improving
survival. In this setting, the two treatment options that have
shown survival benefit are hypomethylating agents (HMA) and
alloBMT (4, 5). However, alloBMT is the only treatment that can
offer cure for MDS and hence should be considered for all eligible
patients with high-risk disease features.

Since it is difficult to randomize patients to alloBMT vs
chemotherapy due to ethical reasons and donor availability,
several biological assessment trials have compared alloBMT to
HMA or best supportive care (26, 27). In HR-MDS patients of
50-70 years, Robin et al. compared alloBMT to no transplant
based on availability of a matched donor and found 4-year OS
was improved in the alloBMT group (37% versus 15%, p=0.02)
(26). Similarly, the “VidazaAllo” study recently compared
patients between 55-70 years of age who were treated with 4-6
cycles of azacitidine and then either underwent alloBMT or
continued azacitidine (28). The 3-year event free survival (EFS)
was better in the alloBMT cohort (34% vs 0%; p<0.0001), though
OS was not significantly different in this trial (50% vs 32.5%;
p=0.12). To address whether alloBMT provides benefit in older
patients, Nakamura et al. recently studied 384 MDS patients up
to 75 years of age assigned to BMT versus no BMT arms
according to the availability of a matched donor within 90
days of study registration (27). They reported a significantly
higher adjusted 3-year OS rate in the donor arm compared to the
no-donor arm (47.9% vs 26.6%; p=0.0001). The 3-year leukemia
free survival (LFS) was also higher in the donor arm (35.8% vs
20.6%; p=0.003). In summary, prospective studies have
confirmed that alloBMT offers a survival benefit to patients
with HR-MDS and a transplant consultation should be
pursued for all such patients who are eligible for aggressive
treatment, including fit elderly patients (Figure 2).

In patients with LR-MDS, life expectancy without transplant
is on the order of years and, thus, the risks of alloBMT generally
outweigh the potential benefits. However, some patients with
LR-MDS based on IPSS or IPSS-R scoring should be considered
for transplant in the setting of other high risk features including
high risk clonal mutations such as TP53, in the presence of
significant bone marrow fibrosis, intolerance or contraindication
to available therapies, and transfusion dependent patients who
FIGURE 1 | Mutational landscape of MDS (15).
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fail to achieve a hematologic response even after best available
therapy (29). Additionally, because treatment options are limited
after HMA and subsequent outcome are poor, our practice is to
offer alloBMT to any patient with HMA failure regardless of
disease risk stratification (30). Median survival after HMA failure
is <6 months, but outcomes are best for patients who are able to
Frontiers in Oncology | www.frontiersin.org 4
receive an alloBMT (30, 31). In a study on 277 patients post
HMA failure alloBMT was pursued in 37 patients in whom
median OS was 19 months (30). This was shown to be superior to
other management strategies or supportive care. After treatment
with intensive chemotherapy (ICT), the duration of remission
and response status determine outcomes post alloBMT (32).
FIGURE 2 | Suggested algorithm for allogeneic BMT. Patients are initially risk stratified based on IPSS or IPSS-R. For high risk patients, transplant consult should be
pursued immediately and patients should proceed to transplant as soon as blasts are < 10%. For low risk patients, BMT should still be considered in the presence
of high risk features (*high risk somatic mutations including TP53, ASXL1, and RUNX1; Blasts > 10%; transfusion dependence or severe neutropenia despite medical
therapy; hypomethylating agent failure). **While a blast percentage below 10% is acceptable to proceed with transplant, the specific threshold is debated and
institution dependent. Some centers may consider bridging medical therapy for patients with low blast percentage to maintain low disease burden during the donor
search. For patients with an indication, allogeneic BMT should be pursued as soon as the blasts are adequately low/reduced.
January 2022 | Volume 11 | Article 771614
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B. AlloBMT Eligibility
While alloBMT is recommended in patients with HR-MDS, up
to 90% of patients are presumed to be ineligible without a formal
transplant evaluation due to age (33). Limiting to fit patients
under 65 years, 97% undergo alloBMT (33). However, in recent
years, increased accessibility to alternative donors and the advent
of reduced intensity conditioning (RIC) have allowed more HR-
MDS patients to be transplant eligible, regardless of age (34).
Indeed, as recent data has prospectively confirmed an OS benefit
with transplant even in patients up to 75 years, age should not be
a primary consideration for transplant eligibility. Instead, a more
individualized approach is needed with consideration of relapse
risk, functional status, frailty, comorbidities, overall life
expectancy, and goals of care rather than chronologic age (5).

A retrospective study using Center for International Blood
and Bone Marrow Transplant Research (CIBMTR) data on 1080
patients who underwent RIC alloBMT showed that age did not
significantly impact TRM, relapse, disease free survival (DFS) or
OS if other factors including hematopoietic cell transplantation-
specific comorbidity index (HCT-CI) were similar (35). Another
similar study of 1333 MDS patients greater than 50 years old
showed that age (>60 years vs. 50-60) did not significantly affect
post alloBMT survival (RR 1.0, 95% CI 0.90-1.27). In this cohort,
62% of patients received RIC (36). In a study of 688 MDS
patients greater than 65 years who were compared to 592 MDS
patients between 55 and 64 years, Atallah et al. found that age did
not affect OS (HR, 1.09; 95% CI, 0.94-1.27; P = 0.23) or TRM
(HR, 1.19; 95% CI, 0.93-1.52; P = 0.16) after adjusting for excess
risk for mortality in the older group. In addition, in the Bone
Marrow Transplant Clinical Trials Network (BMT CTN) 1102
study, Nakamura et al. also showed that benefit of alloBMT was
seen across all subgroups including patients above 65 years of age
(27). Hence, with modern RIC regimens, alloBMT should be
offered to all fit patients without a definitive upper age limit.

While fitness should be prioritized over chronological age for
determining transplant eligibility, there is no “gold standard”
metric to evaluate fitness for transplant. Assessment of the
patient’s functional or performance status using Karnofsky or
Eastern Cooperative Oncology Group (ECOG) scale is done
prior to pursuing transplant as these assessment do correlate
with OS after transplant. Frailty or assessment of the patient’s
physical fitness or physiological age is another important factor
that impacts outcomes after alloBMT. Frailty can be assessed
using objective measures like the clinical frailty scale (CFS) (37).
In a study on 118 MDS patients, Sakatoku et al. reported that
CFS (≥ 5 vs. < 5; hazard ratio [HR], 3.37; P = .002) independently
predicted OS on multivariate analysis (38). The HCT-CI score is
used when evaluating comorbidities and a score of 3 to 4 and ≥ 5
have been shown to have significantly higher risk of mortality
(39, 40). BMT CTN 1704 is an ongoing study combining pre-
transplant comorbidity, geriatric assessment and other
biomarkers such as C-reactive protein (CRP) and albumin to
help predict TRM after alloBMT (41). In summary, physiologic
age, frailty, and comorbidities, rather than chronologic age,
should be primary considerations for determining alloBMT
eligibility (42).
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C. Disease Related Prognostic Factors
While high risk features are indications for alloBMT in MDS,
high risk features also impact the likelihood of cure after
alloBMT. Accurate assessment of the post-transplant prognosis
is of utility for patients to make informed decisions balancing the
benefits versus risks of alloBMT. Della Porta et al. studied 519
patients who underwent alloBMT for MDS and showed that the
high risk IPSS-R category and monosomal karyotype (MK) were
independently correlated with relapse and inferior survival after
alloBMT (43). The rates of 5-year OS noted in this study for
patients with good, intermediate, poor and very poor cytogenetic
risk were 48%, 37%, 28% and 15% respectively (p=0.003). The
incidences of relapse for the same prognostic risk groups were
16%, 30%, 43%, and 41%, respectively (p = 0.001), while TRM
was similar across the groups. MK independently predicted poor
OS and high relapse rate. The 5-year OS of MK patients was only
10%, which was shown to be significantly worse than that of
patients without MK (P <.001), whereas the 5-year cumulative
incidence of relapse was 49%, which was reported to
be significantly greater than that of patients without MK
(P <.001) (43). Another study by Scheid et al. attempted to
validate IPSS-R at the time of transplant rather than at diagnosis
and found that the median OS from transplant was predictable
according to IPSS-R: very low 23.6 months, low 55.0 months,
intermediate 19.7 months, high 13.5 months, very high
7.8 months (P<0.001) (44).

Bone marrow fibrosis especially higher grade of fibrosis,
myelofibrosis (MF) 3-4 is associated with inferior survival post
alloBMT, higher rates of relapse post alloBMT and also delayed
engraftment (45, 46). Kroger et al. showed that the cumulative
incidence of engraftment at day +30 in patients without fibrosis
was 93% and was significantly lower in patients with mild or
moderate fibrosis (89%) and severe fibrosis (75%) (P=0.009)
(46). This study also reported that patients with severe BM
fibrosis had inferior survival irrespective of any other variables
(HR 1.9; p=0.006) (46).

The burden of transfusions also affects outcome post
alloBMT. It has been shown that transfusion dependency along
with multilineage dysplasia is associated with increased TRM in
MDS patients that undergo transplantation (HR 1.56;
p=0.037) (47).

For alloBMT candidates, another risk stratification model
that is widely utilized to predict OS is the disease risk index (DRI)
(48). The DRI was validated for multiple hematologic
malignancies, including MDS, in a study on 13,131 patients
through CIBMTR who underwent transplant between 2008 and
2010 (49). For MDS, the DRI stratifies patients into one of four
survival risk groups based on cytogenetics and disease status at
the time of transplant. Despite successfully stratifying survival
outcomes, the utility of the DRI is weakened by the absence of
metrics related to TRM. In a recent study from Spain,
Fernandez-Caballero studied a combination of risk scores
(HCT-CI and DRI) to predict prognosis in 175 patients (50).
They reported that a combination of DRI 0-1 and HCT-CI 0-2
showed a higher OS compared to DRI 0-1 and HCT greater than
or equal to 3 (45% vs 36%; p 0.041) (50). The combination of
January 2022 | Volume 11 | Article 771614
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these scores might better predict OS based though this needs to
be validated in more patients.

As somatic mutations guide prognosis and high-risk
mutations are considered an indication for transplant, many
investigators have evaluated the predictive value of these
mutations on post-BMT outcomes. In a study of 401 MDS/
AML patients who underwent transplant, Della Porta et al. found
that 87% of patients carried one or more oncogenic mutations.
Mutations that impacted outcomes included TP53 (HR for OS
2.54; p=0.004, HR for relapse 3.12; p=0.003), ASXL1 (HR for OS
2.09; p=0.021, HR for relapse 2.41; p=0.029) and RUNX1 (HR for
OS 1.96; p=0.031, HR for relapse 2.46; p=0.038), irrespective of
the IPSS-R (51). A subsequent larger study by Lindsley et al.
included 1514 MDS patients identified in the CIBMTR. TP53
was seen in 19% of patients and was associated with inferior
survival (HR 1.71; p<0.0001) and earlier relapse (HR 2.03;
p<0.001). The median variant allele frequency (VAF) for TP53
mutation was 10% (range 2-86%) and a VAF of 10% or greater
was associated with shorter survival (HR for death 1.28; p=0.07)
(52). Additionally, mutations in the RAS pathway and JAK2 were
also associated with shorter survival. In another study on 87
MDS patients, mutations in TP53 (HR, 2.30; P = .027), TET2
(HR, 2.40; P = .033), or DNMT3A (HR, 2.08; P = .049) were
reported to be associated with shorter OS after alloBMT (17).

Aside from prognostic significance, it remains to be
determined how best to approach transplant modifications in
the setting of specific mutations. In particular, because of the
extremely high risk of relapse and low DFS associated with TP53
mutations, some transplant centers have chosen to avoid
transplant for this disease, arguing that the high risk of
transplant related complications are not worthwhile in the
context of a disease with such low potential for long term cure.
However, most centers continue to offer transplant to these
patients as the outcome without transplant is uniformly death
related to MDS. Notably, the analysis by Lindsley et al. suggested
that more intensive conditioning may result in worse outcomes
due to a higher risk of TRM without a reduction in relapse,
presumably due to TP53MDS being refractory to chemotherapy.
Because of the low potential for cure, when available, transplant
for TP53 mutated MDS should ideally be pursued in the context
of a clinical trial focused on relapse reduction (17, 29, 53).

D. Donor Type
Donor availability and compatibility also play an important role
in determining outcomes. In a recent study, Novak et al. reported
90% OS at 5 years for patients with low and intermediate-1 risk
MDS with a good performance status and available matched
sibling donor (MSD) or matched unrelated donor (MUD). They
reported that the most important factor determining OS post
alloBMT in their cohort of patients was HLA (human leukocyte
antigen) matched versus mismatched donor (5 year OS 86%
versus 55%; P = 0.008) (54). This finding has also been replicated
in a transplantation specific risk model created by the European
Group for Blood and Marrow Transplantation (EBMT) (55).
Hence when available, HLA matched siblings and matched
unrelated donors are preferred for patients with MDS
undergoing alloBMT. After HLA matching, age, gender and
Frontiers in Oncology | www.frontiersin.org 6
CMV (cytomegalovirus) status are also considered when
following standard donor selection criteria (5). In the matched
donor setting, the source of hematopoietic stem cell sources has
been studied and showed that peripheral blood stem cell (PBSC)
grafts yield more rapid engraftment and higher risk of chronic
graft-versus-host disease (GVHD), but no difference in OS or
DFS (56–58). Given the similarity of long term survival
outcomes, the choice of marrow versus PBSC is largely
institution dependent with no clear standard approach.

Because patients with MDS are often elderly, their siblings are
also typically elderly and at high risk for comorbidities that deem
them unfit to be BMT donors. If MUDs are not available for such
patients then alternative donor options may be considered,
including HLA haploidentical relatives, umbilical cord blood
transplants (UCBT), and mismatched unrelated donors.
Grunwald et al. recently compared a total of 603 MDS patients
in the CIBMTR database who underwent RIC MUD versus RIC
haploidentical alloBMT between 2012 to 2017. They reported
higher relapse (HR 1.56; p=0.0055), 2-year relapse rate (48% vs
33%) and lower DFS (29% vs 36%) with HLA haploidentical
donors. However, there was no difference in OS (HR 0.94;
p=0.65), 2 year OS (46% vs 44%). Rates of GVHD, both acute
and chronic, were lower in patients who received HLA
haploidentical donor alloBMT (59). UCBT is also an
acceptable alternative for patients who do not have a matched
sibling or unrelated donor. In a study on 176 MDS patients, a 3
year OS and RFS was 31% and 28% was reported. However the
success of UCBT was hampered by the high TRM of about 40%
at 3 years (60).

E. Treatment for MDS Preceding AlloBMT
The optimal approach to treatment prior to alloBMT is not
completely defined. For patients with increased blasts, treatment
with either HMA or cytotoxic chemotherapy to reduce the blasts
percentage is common practice. Evidence supporting this
approach is based largely on a prospective study showing that
increased blasts at transplant were associated with worse survival
(26). However, this study design did not confirm whether
reducing the blast percentage in patients with excess blasts
results in outcomes similar to patients who never had excess
blasts. Data supporting a reduction in blast percentage is
otherwise limited to retrospective and single arm studies that
suggest improved outcomes when the blast percentage is reduced
to no more than 10% and ideally less than 5% (61–64). Achieving
a reduction in blast percentage may be of particular importance
for patients undergoing RIC prior to alloBMT as the lower
intensity of chemotherapy is less likely to clear residual excess
blasts (61). In patients without excess blasts, HMA may be used
as a bridging therapy during the donor search. However,
transplant should not be delayed to complete a pre-defined
number of cycles of HMA as demonstrated in the VidazaAllo
study where patients were treated with 4-6 cycles of HMA prior
to transplant. In that study, 33% of patients who started HMA
did not proceed to alloBMT due to disease progression, drug
related adverse events, or new comorbidities (28). While specific
strategies are debated, our approach is to attempt to debulk
patients with excess blasts and proceed to transplant as soon as
January 2022 | Volume 11 | Article 771614
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the bone marrow blasts are <10% (5). Notably, while blast
percentage has been a key metric for transplant eligibility,
future studies should also elucidate the prognostic significance
of reducing or clearing the burden of somatic driver mutations
prior to transplant.

Beyond blast reduction, some retrospective studies have
evaluated the impact of the choice of pre-transplant treatment
on post-transplant outcomes. A prior study using a Markov model
to determine survival related to treatment approach and disease
risk showed that in high risk disease, HMA use prior to transplant
is associated with a 2-year gain of life expectancy, especially in
older patients. They also showed that treatment with HMAs in
intermediate risk disease was associated with superior OS than
waiting until disease progression to high or very high risk disease
(65). Various retrospective studies have compared HMA to
intensive induction strategies and have reported similar
outcomes (5, 66, 67). Gerds et al. compared azacitidine to
induction chemotherapy (ICT) in a cohort of MDS and AML
patients and found that OS, TRM and relapse free survival (RFS)
were similar in both groups. Relapse rate was also similar in both
groups after adjusting for disease risk (66). In another study,
Damaj et al. showed that the rates of OS, EFS, relapse and TRM
were similar for patients treated with azacitidine alone, induction
chemotherapy alone or azacitidine preceded or followed by ICT
(67). These studies along with the considerable toxicity associated
with ICT argues against the use of ICT prior to alloBMT. A
prospective randomized study is evaluating HMA vs ICT for MDS
prior to alloBMT (NCT01812252). CPX-351 is also being studied
in the pre-alloBMT setting for HR-MDS (NCT03572764,
NCT04061239). Another trial is being conducted to evaluate
immediate alloBMT vs alloBMT after 1-2 cycles of CPX-351 in
patients with higher risk MDS (NCT04526288).

F. Timing of Transplant
The timing of alloBMT is a critical consideration during the
initial transplant evaluation. Delaying transplant can lead to
disease progression and development of other comorbidities
that preclude transplant at a later time. In contrast, premature
transplant can lead to transplant related morbidity and mortality
in patients who could have otherwise enjoyed a prolonged period
of good quality of life without transplant.

In 2004, Cutler et al. performed a Markov model analysis
using CIBMTR data to compare three transplantation strategies:
transplantation at diagnosis, transplantation at leukemic
progression, and transplantation at an interval prior to
leukemic progression. They reported that for patients with low
and intermediate-1 MDS as per the IPSS score, a delayed
transplantation strategy yielded optimal survival. For patients
with intermediate-2 and high risk IPSS, maximal survival was
observed with transplantation at diagnosis (68). In 2014,
Alessandrino et al. similarly used a Markov model to compare
best available therapy versus transplant in a cohort of 1137 MDS
patients. Optimal survival was observed when transplant was
performed early in patients with intermediate-2 and high risk
disease by IPSS, though patients with low or intermediate-1 MDS
benefited from delayed transplant (69). In a European cohort of
1728 MDS patients, Della Porta et al. also applied continuous-
Frontiers in Oncology | www.frontiersin.org 7
time multistate Markov modeling and found that delaying
transplant until the IPSS-R score reached intermediate resulted
in a gain of life expectancy of 5.3, 4.7 and 2.8 years for patients
aged ≤55, 60 and 65 years, respectively. Survival subsequently
decreased with delaying transplant further (65). In summary, for
patients with an indication for transplant, the preferred timing to
optimize survival is early transplant as soon as a donor
is available.

G. Conditioning for Transplant
Myeloablative conditioning (MAC) alloBMT is a well-
established, potentially curative therapy for MDS. However,
MAC is associated with high toxicity and risk of TRM and,
thus, is not feasible in most MDS patients who are commonly
elderly and unfit. RIC has emerged as an appealing modality for
such patients. Several retrospective studies have shown a higher
risk of relapse and lower TRM with RIC compared to MAC,
though mixed results regarding OS with RIC when compared
with MAC (70–73).

In a randomized phase 3 trial (BMT-CTN0901), Scott et al.
compared MAC (n=135) to RIC (n=137) in patients between 18
and 65 years of age with MDS or AML undergoing alloBMT (74).
There was a trend towards improved OS in the MAC group, and
the lack of statistical significance was attributed to the trial being
stopped prematurely after 272 patients due to ethical concerns
related to higher rates of relapse in the RIC arm. Long term data
from this study was recently reported (75). At a median follow up
of 51 months, there were higher rates of TRM in the MAC arm
(HR 2.0; 95% CI 1.06 to 3.70, p=0.03), but this was
counterbalanced by high rates of relapse in the RIC arm (HR
4.06; 95% CI 2.59 to 6.35; P < 0.001). MAC led to improved OS
(HR 1.54; 95% CI 1.07 to 2.2; P = 0.03) and RFS (HR 2.06; 95%
CI 1.48 to 2.85; p<0.001) in the entire cohort. In an analysis of
only the MDS cohort, there were no statistically significant
differences in TRM or relapse, though the authors concluded
this was due to limited power. A similar study through the EBMT
compared MAC versus RIC in 129 patients with MDS between
the ages of 18-65. In contrast to the BMTCTN study, the EBMT
trial showed no difference in OS or DFS based on conditioning
(76). The discrepancy in the results may be due to the inclusion
of AML patients in BMTCTN 0901, or potentially due to
differences in the specific conditioning chemotherapy regimens
used in the USA versus Europe. In a retrospective study by
Bejanyan et al., RIC and MAC were compared in 4387 MDS/
AML patients between 40 to 65 years stratified by DRI (77). They
found that in patients with low or intermediate DRI, RIC was
associated with lower TRM (HR 0.74, p<0.001) but led to greater
risk of relapse (HR 1.54; p<0.001), resulting in worse DFS (HR
1.19; p=0.001). In the high or very high DRI patients, RIC
trended towards lower TRM (HR 0.83, p=0.051) but led to
significantly higher risk of relapse (HR 1.23; p=0.002) and
ultimately similar DFS.

A significant weakness of most studies evaluating
conditioning intensity is that multiple specific regimens are
included in each group. This leads to uncertainty about the
effects of conditioning intensity versus the potential that some
specific conditioning regimens may be more effective at
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eliminating MDS, even at a lower intensity. To assess this, Oran
et al. compared the two most commonly used RIC regimens,
fludarabine with busulfan (FluBu) and fludarabine with
melphalan (FluMel) in 1045 MDS patients greater than equal
to 60 years through CIBMTR (78). They found that FluMel was
associated with a reduced incidence of relapse (26% vs. 44% (p ≤
0.0001). However, FluMel was also associated with greater TRM
compared to FluBu (26% vs. 16%, p ≤ 0.0001). The improvement
in relapse outweighed the increase in TRM in the FluMel cohort;
hence, DFS was better with FluMel (48% vs. 40% at 1 year,
p=0.02, and 35% vs. 27% at 3 years, p=0.01) (78).

In our practice, MAC is preferred in young, fit patients where
the risk of TRM is acceptable in order to minimize the risk of
relapse and maximize cure. However, the majority of patients
with MDS cannot tolerate MAC. For these patients, our
preferred RIC regimen is Flu/Mel, though additional studies
are warranted to identify the best RIC regimen for MDS.

H. Post-Transplant Maintenance
Strategies
Relapse remains the primary driver of treatment failure after
alloBMT for MDS. Hence, there is significant interest in
identifying novel strategies to reduce relapse using post-
transplant maintenance therapy. In the open-label, phase II,
RELAZA-2 study, azacitidine was studied as a maintenance
strategy for MDS/AML patients with MRD (minimal residual
disease) positive status post-transplant (n=28) and post remission
with ICT (n=13). They observed a delay in hematological relapse
by a median of 320 days in minimal residual disease (MRD)
positive patients treated with azacitidine (79). Oral azacitidine
(CC-486) was studied in a phase I/II trial of 26 AML and 4 MDS
patients as maintenance post alloBMT in both a 7-day and 14-day
regimen resulting in 1-year DFS rates of 54% and 72%,
respectively and 1-year survival rates of 86% and 81%,
respectively (80). Despite these promising results, a recent phase
III trial comparing post-transplant azacitidine maintenance to
standard care in 187 patients showed that the median RFS and OS
were not significantly different between the two groups (RFS 2.07
years in the azacitidine group versus 1.28 years in the control
group; P = .43; OS 2.52 years vs 2.56 years in the azacitidine and
control groups; P = .85). However, while the trial design included
12 cycles of maintenance therapy, the median number of
azacitidine cycles actually received was only 4 due to toxicity,
logistical reasons, and patient preferences (81). Hence, further
studies are needed to prove the role of HMAmaintenance therapy
in this setting. Additionally, future studies should focus on specific
high risk groups who may experience more benefit from post-
transplant maintenance.

A number of post-transplant maintenance trials are awaiting
results. A phase III randomized, double blind study of oral
azacitidine vs placebo as maintenance post alloBMT in AML or
MDS is currently recruiting (NCT04173533) (82). Panobinostat as
a maintenance agent was also studied in post alloBMTMDS/AML
patients in a phase I/II trial and now is being studied in a phase III
study as maintenance post alloBMT in high risk AML and MDS
patients (NCT04326764) (83). A multicenter, phase 2, open label
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study evaluating APR-246, a novel p53 reactivator, in combination
with azacitidine for TP53 mutated AML or MDS post alloBMT is
nearly complete with results anticipated in the coming year
(NCT03931291) (84). IDH1/2 inhibitors are also being studied
as maintenance strategies post-transplant (NCT03515512 and
NCT03564821) (85, 86).

I. Relapse Post-AlloBMT
Post-alloBMT relapse in MDS is the main cause of treatment
failure and is linked to poor prognosis irrespective of the salvage
therapy used (87, 88). Management strategies include reduction
or withdrawal of immunosuppressive therapy, chemotherapy,
targeted therapies, donor lymphocyte infusion and possibly a
second alloBMT. However, a second transplant comes with a risk
of greater TRM and morbidity. A study of 2632 second alloBMT
for hematologic malignancies found that overall only 20% of
patients were alive at 5 years and only 15% of patients were alive
and relapse free at 5 years. Outcomes in MDS patients were
similar to the entire cohort (89). Patients with a longer period of
remission after the first transplant were more likely to benefit
from second transplant.

The combination of azacitidine and DLI for post-transplant
relapse is of high interest as azacitidine not only is active against
MDS, but also increases the immunogenicity of blasts and has an
immunomodulatory effect that may be synergistic with DLI. In a
study on 154 patients, Schroeder et al. studied azacitidine with or
without DLI in patients with AML or MDS and reported an ORR
of 33% with 27% CR rate. DLI was administered to 105 patients.
The analysis of the entire cohort showed that diagnosis of MDS
and BM blasts <13% was associated with a better OS. Two-year
survival in MDS patients was 66%, which was higher than the
AML cohort (29%, p=0.001) (90). Other smaller studies have
shown similar results with reported 33-60% CR rates in the post
alloBMT relapse setting (91, 92).

Given the poor outcomes and unclear best approach tomanage
post-alloBMT relapse, these patients are best served by a clinical
trial. Novel cellular therapies such as chimeric antigen receptor T
cells (CAR-T cells) offer promise for management of post-BMT
relapse (NCT03927261). PRGN-3006 UltraCAR-T cells are
currently being evaluated in this Phase 1/1b first-in-human dose
escalation/dose expansion clinical trial. The study is in the dose
escalation phase and has cleared the lower dose level. The study
investigators previously demonstrated successful manufacturing
of UltraCAR-T cells and feasibility of this approach (93).
SPECIAL CONSIDERATIONS

A. Therapy Related MDS
Therapy related MDS (t-MDS) is a category of MDS which
develops in patients who have undergone therapy with
antimetabolites, alkylating agents and/or radiation therapy for
prior cancers (94). These therapies provoke dysplastic clonal
expansion and cytogenetic abnormalities, often with complex
cytogenetics and p53 mutation, leading to an aggressive form of
MDS. Similarly, topoisomerase inhibitors also lead to therapy
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related myeloid neoplasms but they most commonly present
with therapy related AML (t-AML) after possibly quickly
progressing through a MDS phase (95). Due to use of
myeloablative conditioning prior to autologous stem cell
transplantation (autoBMT), t-MDS is detected in patients that
undergo autoBMT at a range from 7% to 20% at 10 and 20 years
respectively (96). t-MDS accounts for about 7-12% of MDS (97–
99). In 2009, in a CIBMTR study on patients transplanted
between 1990 and 2004, Litzow et al. reported a 5-year OS and
DFS of 22% and 21%, respectively (100). In a cohort of 30
patients with t-MDS, Metafuni et al. reported a 43% long-term
OS (101). In that study, 72.2% of patients maintained CR post
alloBMT. Finke et al. reported long-term data on patients that
underwent alloBMT for therapy related myeloid neoplasms and
found that TRM and relapse rate were 32% and 44%,
respectively, at 10 years. DFS and OS was 24% at 10 years
(102). In a recent study, Metheny et al. reported a 5-year OS and
DFS of 27% and 19% respectively (98).

Because the prognosis of t-MDS is unique from other forms
of MDS, Quintas-Cardama et al. proposed a prognostic model
specifically for patients with t-MDS called the t-MDS prognostic
scoring system (TPSS) (103). They found that characteristics that
affected OS and LFS were age >65 years (HR 1.63), ECOG 2-4
(HR 1.86), poor cytogenetics (HR 2.47), WHO MDS subtype
ARs or RAEB-1/2 (HR 1.92), hemoglobin <11 g/dL (HR 2.24),
platelets <50x109/dL (HR 2.01), and transfusion dependency
(HR 1.59) Zeidan et al. in a large study on 1950 MDS patients,
compared the performances of IPSS, IPSS-R, MDAPSS, WPSS in
patients with t-MDS (n=370, 19%). They showed that the
median survival for patients with t-MDS was significantly
shorter than the risk models would predict for de novo MDS
(19 vs 46 months, p<0.005) (104). Hence, transplant should be
considered for these patients even the setting of lower risk disease
by standard prediction models.

B. Hypoplastic MDS
A subset of MDS characterized by low BM cellularity, usually less
than 25%, is called hypoplastic MDS and compromises
approximately 10-15% of MDS cases (105). This poses a
diagnostic challenge for physicians and pathologists due to
difficulty distinguishing from aplastic anemia. These patients
are typically treated with immunosuppression and potentially
alloBMT (106). There is limited data on alloBMT in patients with
hypoplastic MDS. Since most patients with hypoplastic MDS
have low risk MDS, data from low risk MDS is extrapolated to
hypoplastic MDS. Patients with hypoplastic MDS share similar
disease biology to aplastic anemia (AA) and alloBMT has shown
excellent responses in patients with AA (107, 108).

C. MDS Originating From Germ Line
Mutations
Implications for patients with an inherited predisposition for
MDS are mainly related to donor selection. Though data is
limited, transplant from a donor with the same genetic pre-
disposition to MDS could theoretically increase the risk of a
donor-derived MDS after transplant. Thus, potential related
Frontiers in Oncology | www.frontiersin.org 9
donors should undergo genetic testing to rule out the genetic
syndrome under consideration.

For the patient, early detection and timely alloBMT prior to
progression to leukemia is essential. Inherited bone marrow
failure syndromes may carry a risk of increased toxicity from
the conditioning regimen and hence might require RIC regimens
(109). Outcomes of transplant for MDS originating from
germline mutations were reported by Lindsley et al. (52).
GATA2, PIGA and compound heterozygous mutations in the
Shwachman–Diamond syndrome–associated SBDS gene were
significantly more common in younger adults (<40 years old).
GATA2 and PIGA mutations were associated with better
prognosis, while patients with SBDS gene had shorter survival
(1.2 years vs not reached; p=0.009).
FUTURE PERSPECTIVES

With two recent prospective trials confirming an OS benefit with
alloBMT for patients with HR-MDS, the role of transplant for
MDS should increase in the coming years (27, 28). Thus, a strong
focus on trials to optimize alloBMT for MDS should remain a
priority in the transplant community. Most importantly, relapse
rates remain high after alloBMT so trials should focus on relapse
reduction. Maintenance therapies, though not yet proven, are an
exciting approach to preventing relapse with multiple ongoing
trials. The current focus is largely on maintenance drug
therapies, but future trials may also explore the role of
adoptive cellular therapies given after alloBMT to boost the
graft-versus-tumor effect. Improvement in conditioning
regimens may also yield improved relapse rates. While most
members of the transplant community favor more intensive
conditioning for fit patients, concomitant increases in TRM
limit the potential for survival benefit. More granular studies
that identify specific regimens that are effective for MDS may
help improve the balance of effectiveness and toxicity. Further, if
maintenance therapies prove effective, the need for intensive
conditioning could be mitigated. For those patients who do
experience relapse, studies defining the best management
approach are warranted. Further, because outcomes are
typically poor, novel therapies including targeted or cellular
therapies for post-transplant relapse merit investigation.

In regards to prognostication, studies identifying the role of
new prognostic models and somatic mutations, such as the new
personalized prediction model by Nazha et al., on alloBMT are
warranted (25). Specifically, the implementation of these models
for identifying patients in need of transplant is not well defined.
Determining the prognostic impact of these models on post-
transplant outcomes would help patients make more informed
decisions regarding pursuing transplant. Further, clarifying the
role of treatment to correct negative prognostic factors, such as
clearing high risk mutations before transplant, will help
determine successful approaches to pre-transplant therapy in
the modern era. Similarly, as age is increasingly deemphasized as
a metric for transplant candidacy, robust metrics for evaluating
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patient fitness for transplant are needed to better identify suitable
transplant candidates.

Finally, it must be noted that the role and indications for
transplant are dynamic and may change over time. While
alloBMT provides superior survival over current therapies,
emerging non-transplant therapies could eventually provide
similar or superior disease control with less toxicity.
CONCLUSIONS

Despite recent advances, alloBMT remains the only curative
treatment for MDS. However since alloBMT is a procedure with
a high risk of morbidity and mortality, the patients that are taken
to transplant must be chosen carefully. Both disease and patient
related factors are important when considering alloBMT for each
patient. Based on prospective studies, alloBMT is clearly
indicated and provides a survival benefit for patients with HR-
MDS by traditional scoring systems. While less clearly defined,
patients with LR-MDS by traditional scoring systems should still
be offered transplant in cases of high-risk features such as high
transfusion burden, severe leukopenia, high risk somatic
mutations, significant fibrosis, or HMA failure. Because MDS
Frontiers in Oncology | www.frontiersin.org 10
largely affects older adults, many patients with an indication for
transplant could not receive transplant historically. Modern
approaches to transplant including RIC regimens and
alternative donors have broadened eligibility and confirmed a
survival benefit even in patients over 70 years of age. Rather than
age, eligibility for transplant should be determined based on
functional status, comorbidities, frailty, and a careful discussion
of the pros/cons of transplant in the context of the patient’s goals
of care. In general, when transplant is indicated, early transplant
offers superior outcomes versus delaying transplant. Thus, all
patients that are potentially transplant-eligible should be referred
for transplant consultation as soon as the diagnosis is made.
Interventions post alloBMT are dependent on individual relapse
risk and maintenance strategies are being studied to
minimize relapse.
AUTHOR CONTRIBUTIONS

AGJ wrote the manuscript. HE thoroughly revised and edited the
manuscript. Both authors have made substantial, direct and
intellectual contribution to the work, and approved it
for publication.
REFERENCES
1. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau MM, et al.

The 2016 Revision to the World Health Organization Classification of
Myeloid Neoplasms and Acute Leukemia. Blood (2016) 127(20):2391–405.
doi: 10.1182/blood-2016-03-643544

2. Zeidan AM, Shallis RM, Wang R, Davidoff A, Ma X. Epidemiology of
Myelodysplastic Syndromes: Why Characterizing the Beast Is a Prerequisite
to Taming it. Blood Rev (2019) 34:1–15. doi: 10.1016/j.blre.2018.09.001

3. Nachtkamp K, Stark R, Strupp C, Kündgen A, Giagounidis A, Aul C, et al.
Causes of Death in 2877 Patients With Myelodysplastic Syndromes. Ann
Hematol (2016) 95(6):937–44. doi: 10.1007/s00277-016-2649-3

4. Fenaux P, Mufti GJ, Hellstrom-Lindberg E, Santini V, Finelli C, Giagounidis
A, et al. Efficacy of Azacitidine Compared With That of Conventional Care
Regimens in the Treatment of Higher-Risk Myelodysplastic Syndromes: A
Randomised, Open-Label, Phase III Study. Lancet Oncol (2009) 10(3):223–
32. doi: 10.1016/S1470-2045(09)70003-8

5. de Witte T, Bowen D, Robin M, Malcovati L, Niederwieser D, Yakoub-Agha
I, et al. Allogeneic Hematopoietic Stem Cell Transplantation for MDS and
CMML: Recommendations From an International Expert Panel. Blood
(2017) 129(13):1753–62. doi: 10.1182/blood-2016-06-724500

6. Tanaka TN, Bejar R. MDS Overlap Disorders and Diagnostic Boundaries.
Blood (2019) 133(10):1086–95. doi: 10.1182/blood-2018-10-844670

7. Shallis RM, Zeidan AM. Management of the Older Patient With
Myelodysplastic Syndrome. Drugs Aging (2021) 38(9):751–67. doi:
10.1007/s40266-021-00881-3

8. Cheson BD, Greenberg PL, Bennett JM, Lowenberg B, Wijermans PW,
Nimer SD, et al. Clinical Application and Proposal for Modification of the
International Working Group (IWG) Response Criteria in Myelodysplasia.
Blood (2006) 108(2):419–25. doi: 10.1182/blood-2005-10-4149

9. Haase D, Germing U, Schanz J, Pfeilstöcker M, Nösslinger T, Hildebrandt B,
et al. New Insights Into the Prognostic Impact of the Karyotype in MDS and
Correlation With Subtypes: Evidence From a Core Dataset of 2124 Patients.
Blood (2007) 110(13):4385–95. doi: 10.1182/blood-2007-03-082404
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