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Abstract

Purpose of Review: Myelodysplastic syndrome (MDS) is a heterogeneous hematological 

disorder characterized by a spectrum of clinical presentation, cytogenetic, and somatic gene 

mutations and the risk of transformation to acute leukemia. Management options include 

observation, supportive care, blood transfusion, administration of growth factors and/or 

hypomethylating agents and hematopoietic cell transplant (HCT) either upfront or after disease 

progression.

Recent Findings: Currently, HCT is the only curative therapy available for patients with MDS, 

with multiple factors such as donor availability, patient and disease characteristics being involved 

in making the decision to proceed with transplant.

Summary: In this article, we summarize 1) overall prognosis and natural history of MDS, 2) 

currently available non-HCT therapy with a focus on hypomethylating agents (HMA), 3) 

outcomes after HCT in patients with MDS, 4) factors to be considered to proceed to HCT for 

treatment of MDS, and 5) more recent/ongoing studies relevant to HCT decision making 

processes.
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INTRODUCTION

Myelodysplastic syndrome (MDS) is a heterogeneous group of hematologic disorders 

described as an acquired clonal hematopoietic cell disorder, clinically characterized by 

ineffective hematopoiesis leading to various degrees of cytopenia, dysplastic morphology in 

the bone marrow, and a tendency to transform into acute myelogenous leukemia (AML).(1) 

The median age at diagnosis is 70 years.(1) Clinical presentation of MDS can range from 

mild asymptomatic to severe symptomatic with transfusion-dependent cytopenia, recurrent 

infections, and rapid progression to AML. Despite better understanding of the molecular 

pathogenesis of the disease, advances in treatment options and supportive care in the past 

decades, availability of therapeutic agents that has led to prolongation of life,(2) allogeneic 

hematopoietic cell transplantation (HCT) remains as the only potentially curative therapy for 

patients with MDS. However, HCT is associated with a significant risk of transplant-related 

mortality (TRM) primarily due to infections, graft-versus-host disease (GVHD), regimen-

related toxicities, and graft rejection. In addition, disease relapse can still occur in 15–30% 

of patients. Therefore, the decision-making process to proceed with HCT is complex and 

highly individualized, weighing the risks of “HCT-related complications” against risks of 

“low survival rate without HCT”. Heterogeneity in clinical presentations and the pace of 

disease progression makes this decision-making process even more challenging and 

complicated. Moreover, as the risks of “proceeding” versus “not proceeding HCT” can 

change overtime during the treatment course, a dynamic and adaptive discussions with 

patients and their families is required. In this article, we summarize 1) overall prognosis and 

natural history of MDS, 2) currently available non-HCT therapy with a focus on 

hypomethylating agents (HMA), 3) outcomes after HCT in patients with MDS, 4) factors to 

be considered to proceed to HCT for treatment of MDS, and 5) more recent/ongoing studies 

relevant to HCT decision making processes.

1) MDS Prognosis and natural history

Given the wide spectrum of disease severity and relatively slow, yet, progressive course of 

MDS, better understanding of the disease prognosis and clinical course is critically 

important to guide the therapy for patients. The International Prognostic Scoring System 

(IPSS) was originally developed by the International MDS Risk Analysis Workshop 

(IMRAW) based on the combination of cytogenetic, morphologic, and clinical data.(3) 

(Table 1) As described in Table 1b, median survival of 0.4, 1.1, 3.5, and 5.7 years are 

expected for high-, intermediate-2, intermediate-1, and low-risk patients, respectively. Later 

on in 2012, Revised International Prognostic Scoring System (IPSS-R)(4) was developed by 

the International Working Group for the Prognosis of MDS (IWG-PM) defining five risk 

groups for MDS, as presented in Table 2. Most of the clinical studies are currently using R-

IPSS for the eligibility/analyses, however it should be noted that many studies in the past 

were dependent on the classic IPSS for describing HCT outcomes/HCT decision analyses. 

More recently, somatic mutations in several genes including TP53, EZH2, ETV6, RUNX1, 
and ASXL1 were found to hold independent prognostic value in MDS.(5, 6) Thus, a 

combined analysis of genetic mutations with IPSS-R/IPSS would likely further refine the 

risk stratification strategy for patients with MDS. In fact, a recent study by Nazha et al. 
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incorporated molecular data into the IPSS-R using a cohort of patients treated at the 

Cleveland Clinic.(7)

Patient-related factors (i.e., age, performance status, and comorbidities) impact the overall 

prognosis for MDS patients, and should be considered in determining their treatment 

options. The MDS-CI was developed based on a large Italian cohort of MDS patients using 

five comorbidities (cardiac, moderate to severe hepatic, severe pulmonary, renal, solid 

tumor), which were found to be independently associated with the risk of non-leukemic 

death in multivariable analysis. A dynamic MDS-CI was also developed consisting of 3 risk 

groups (65% low, 29% intermediate, and 6% high) and predictive of survival and non-

leukemic death independent of age, sex, WHO classification, cytogenetics, and transfusion 

dependence.(8) In an attempt to further define prognostic scores for MDS patients 

undergoing HCT, Shaffer at al. reported a HCT-specific prognostic scoring system derived 

from the CIBMTR data.(8)

These estimated risks based on the disease and patient factors would inform physicians and 

patients in establishing individualized goals of care. For example, for medically fit patients 

with high-risk MDS, the goal of care is generally to achieve long-term survival with the 

possibility of cure while for others who are considered to be too high-risk for HCT, the 

primary goals tend to be palliative to improve patients’ quality of life, and/or prolong life.

2. Currently Available Non-Transplant Therapies

Treatments for MDS begins with best supportive care with transfusions, prophylactic/

therapeutic antibiotics, and growth factor support as appropriate.(9) Additionally, in patients 

with lower-risk MDS, lenalidomide is used as an immunomodulating agent.(10–12) Benefits 

of lenalidomide have been particularly evident for patients with the del(5q) chromosomal 

abnormality. High-intensity induction chemotherapy may have the potential to change the 

natural history of the disease. However, there is a greater risk of regimen-related morbidity 

and mortality with limited response rates/durability. Comparative studies have not shown a 

benefit in any of the intensive chemotherapy regimens used for MDS treatment.(13, 14) 

However, for patients with a high tumor burden who have a potential hematopoietic cell 

donor, achievement of even a partial remission may be sufficient to permit for the HCT.

Hypomethylating Agents: Azacitidine and decitabine are HMAs that are currently 

approved by the Food and Drug Administration (FDA) for treatment of MDS. The rationale 

for hypomethylation therapy was based on the observation that aberrant DNA methylation is 

a dominant process in patients with MDS.(15–18) HMAs indirectly deplete methylcytosine, 

resulting in hypomethylation of promoters of target genes that are involved in disease 

initiation or progression, making them appropriate targets for pharmacologic therapy. 

Administration of HMAs have been leading to a varying degree of hematological response 

with steady improvement in cell counts in 40% of treated patients and delay in progression 

to AML in patients with higher-risk MDS.(19) The duration of response is, however, usually 

limited to less than two years with a median duration of response of 11–15 months.(20, 21) 

Furthermore, the prognosis after azacytidine failure in patients with high-risk MDS was 

dismal with the median OS of 5.6 months, and 2-year survival probability of only 15%.(22) 
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Overall survival data from large phase II/III trials using azacitidine for treatment of MDS are 

summarized in Table 3.

Combination therapy of HMA and lenalidomie(14) or vorinostat(23) have also been 

explored and demonstrated promising results in early phase trials. However, a three-arm 

randomized phase II study by the Southwest Oncology Group (SWOG) evaluating 

azacytidine alone or in combination with lenalidomide or with vorinostat for higher risk 

myelodysplastic syndromes failed to show clinical advantage of the combination therapy 

over the control group (azacitidine alone).(24) More recently, HMA in combination with 

venetoclax showed favorable result in AML,(25) and this promising combination is now 

being explored in high-risk MDS. PRIMA-1Met (APR-246) is a methylated derivative of 

PRIMA-1, which induces apoptosis in human tumor cells through restoration of the 

transcriptional transactivation function of mutant TP53. APR-246, has demonstrated 

reactivation of mutant TP53 in clinical trials, currently tested in a phase III trial in 

combination with HMAs (NCT03745716). These novel therapeutic options might change 

the expected clinical course of MDS, which in turn, can impact the decision process for 

HCT. Effective non-HCT therapies can increase the number of transplant candidates due to a 

better disease control, and can also possibly delay the need for HCT in some cases.

3. Hematopoietic Cell Transplant in MDS

Allogeneic HCT offers patients a potential cure for MDS through intensive conditioning 

chemoradiotherapy and potent graft-versus-leukemia (GVL) effects. Conventional high dose 

myeloablative conditioning (MAC) regimens include myeloablative doses of chemotherapy 

and/or radiation. These regimens are often poorly tolerated by older patients or those with 

significant comorbidities and are generally offered to medically fit patients under the age of 

50–55 years. The introduction of reduced intensity conditioning (RIC) regimens over the last 

decade has allowed expansion of the upper age limit for allogeneic HCT, providing the 

possibility of transplantation to patients above 70 years old. Over the last several years, 

multiple groups have used allogeneic HCT with RIC to treat MDS with 2–3-year overall 

survival rates, ranging from 27% to 70% depending on the cohort and regimen 

characteristics.(26),(27–31) Lim et al, analyzed a group of 1,333 patients reported to the 

European Group for Blood and Marrow Transplantation (EBMT), ages 50 to 74 years 

(median age: 62); of whom 62% received RIC.(31) The four-year survival rate was 31%, the 

non-relapse mortality (NRM) rate was 39% and the relapse rate was 36%. No significant 

impact of age or transplantation regimen on outcomes was noted. Advanced disease stage at 

transplantation was the major independent predictor of poor outcomes. In another study, 

McClune et al, investigated the effect of age on outcome of RIC HCT for older patients 

(median age: 67 years); with MDS using the data from the Center for International Blood 

and Marrow Transplant Research (CIBMTR),(32) and reported a two-year survival rate of 

45%, the NRM rate of 35% and the relapse rate of 29% in this population. As in the EBMT 

study, the CIBMTR data showed no significant impact of age on HCT outcomes. These two 

recent registry-based studies of older patients transplanted for MDS reflect results in the 

community-at-large and support the safety of allogeneic HCT for older patients with MDS.

Arslan and Nakamura Page 4

Curr Hematol Malig Rep. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://clinicaltrials.gov/ct2/show/NCT03745716


Another large registry study from the CIBMTR evaluated outcomes of 701 adult MDS 

patients who underwent allogeneic HCT between 2002 and 2006.(33) This study focused on 

the impact of donor source on the outcomes of allogeneic HCT, comparing matched-related 

donor (MRD), 8/8 HLA allele matched unrelated donor (MUD), and 7/8 MUD. The median 

age was 53 years (range: 22–78) and 40% of patients received RIC regimens. The adjusted 

3-year overall survival estimates were 47% for MRD, 38% for 8/8 MUD, and 31% for 7/8 

MUD HCT recipients. In multivariate analysis, 8/8 MUD HCT recipients had similar DFS 

and survival rates compared to MRD HCT recipients, while 7/8 MUD HCT recipients had 

an inferior DFS and survival compared to MRD HCT recipients. Differences in outcome 

were largely related to excess TRM. Unrelated donor status or mismatch was not associated 

with less relapse (overall p value=0.33).

4. Factors to be considered in decision making processes for HCT

Both patient- and disease-specific factors play an integral role in decision making whether to 

offer/recommend HCT to a patient with MDS and in predicting transplant outcomes.(34) 

Recently, the international expert panel, consisting of members of the EBMT, European 

LeukemiaNet (ELN), the Blood and Marrow Transplant Clinical Trial Group (BMT CTN), 

and the International Myelodysplastic Syndromes Foundation, developed the 

recommendations regarding indication/patient selection strategies for HCT.(35) Figures 1a, 

1b depicts the therapeutic algorithm for making decisions for HCT candidacy and timing, 

showing that both patient and disease characteristics should be considered in computing the 

risk of proceeding or not proceeding with HCT.

a) Patient-Specific Factors: Factors such as patients’ age at HCT, comorbidities, and 

performance status are considered while selecting patients for transplant.(34, 36)

Age:  In the past, the age cut-off of 60 years had been used in most transplant centers, and 

age older than 60 years was considered to be a risk factor for poor transplant outcomes. With 

advances in supportive care and the use of RIC, HCTs are increasingly feasible in even 

‘older’ patients.(32, 36) In fact, HCTs for patients over the age of 70 years are increasingly 

used with promising results.(37) A CIBMTR study, restricted to patients older than age 40 

undergoing HCT with RIC (n=535), showed that age up to 70 is not a prognostic factor for 

patients with MDS.(32) Similarly, more recent data from a CIBMTR study conducted for 

evidence development for Centers for Medicare and Medicaid Services (CMS) indicate 

similar survival in patients with MDS who are older than 65 years compared to those aged 

55–64.(38)

Comorbidities:  Multiple indices have been developed to predict transplant outcomes based 

on patient comorbidities but the comorbidity index (HCT-CI) developed by Sorror et al. has 

shown prognostic significance in clinical studies and is being widely used to predict 

transplant outcomes and risk of mortality.(34, 39, 40) Patients with scores of 0–2 have 

comparable outcomes regardless of the conditioning regimen, and patients with scores of 3–

4 and 5 have a higher risk of mortality with MAC.(34). Above mentioned MDS-CI can also 

inform patients and physicians about more refined prognostic predictions incorporating 

patient-related factors in addition to the disease-related prognostic factors.(8) In addition, 
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geriatric assessments for functional reserve and resiliency are increasingly incorporated into 

HCT practice, and likely provide insight and guidance towards personalized decisions for 

HCT in elderly MDS patients.(41, 42)

b) Disease-Specific Factors

IPSS/IPSS-R:  As discussed above IPSS/IPSS-R have been used as the standard prognostic 

scoring system for MDS, and it is generally accepted that patients with Int-2/high risk by 

IPSS or high/very high risk by IPSS-R would benefit from an early HCT. A decision 

analysis study by Cutler et al, indicated that in MAC HCT from a matched sibling donor, 

patients in the Int-2 and high risk IPSS groups have longer life expectancy when 

transplanted early, and delay of HCT results in loss of life years.(43) In contrast, patients in 

the low-risk group have the best life expectancy if HCT is delayed until there is evidence of 

disease progression. A study by Koreth et al, extended a Markov decision model to elderly 

MDS patients and showed for patients with de novo MDS, aged 60–70 years with low/Int-1 

disease risk, early transplantation is not the preferred strategy unless MDS-associated 

quality of life impairment is substantial.(44) For Int-2/high IPSS risk, early RIC HCT can 

offer a life expectancy benefit, with quality adjusted survival benefit detectable earlier. A 

retrospective study by Platzbecker et al, compared allogeneic HCT and azacitidine treatment 

for Int-2/high-risk MDS (and REAB-T/CMML with >=5% blasts) and showed a survival 

advantage for allogeneic HCT in medically fit patients with Int-2/high-risk MDS (and 

REAB-T/CMML with >=5% blasts) at age 60–70 years.(45)

It should be noted that the above-mentioned decision analysis studies used data based on the 

IPSS, and not the IPSS-R. Among lower risk patients (i.e., IPSS Int-1 or IPSS-R 

Intermediate risk) those who have prolonged transfusion-dependent cytopenia refractory 

growth factors or HMA can be considered to be candidates for an HCT.(35)

Somatic Mutations:  Mutations in genes ASXL1, SRSF2, RUNX1, U2AF1, and TP53 are 

associated with poor prognosis for MDS.(46) A combination of TP53 mutation with 

complex karyotype is associated with inferior prognosis especially in post-HCT setting.(47) 

A large CIBMTR cohort was also studied for somatic mutations and showed a negative 

impact of TP53 mutation on survival. This study also indicated that presence of RAS 

pathway mutations is associated with shorter survival due to relapse while the presence of 

JAK2 mutations is associated with shorter survival due to NRM.(48) On the contrary, Aldoss 

et al, reported that the survival outcome of therapy-related MDS was not different between 

TP53 mutated vs. unmutated cases.(49) Therefore, additional studies investigating the 

impact of specific mutations on treatment outcomes (HCT and non-HCT) are required to 

better inform clinicians and patients, especially in patients with lower risk category (i.e. 

IPSS-R, low/intermediate) who carry high-risk mutations.

c) Transplant-related factors

Donor Availability:  HLA matching serves as the basis of donor identification for HCT.(50, 

51) Potential donors for allogeneic HCT include matched related/sibling donors (MSD), 

MUD from the donor registry, and alternative donors, including haploidentical donors, 

mismatched unrelated donors (MMUD) and cord blood units. Donor age, gender, degree of 
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HLA match with the recipient,(52) ABO blood group, and cytomegalovirus (CMV) 

serostatus are important factors playing a role in donor selection process based on the 

algorithms developed to select the best donor.(53, 54) A matched young sibling donor is 

preferred as the first choice. However, as most patients with MDS are older, and a younger 

MSD may not be available, a MUD would be preferred.(55) Syngeneic donor HCT has been 

performed in MDS patients with good outcome.(56, 57) Studies, including the above 

mentioned CIBMTR study,(33) have shown comparable results with MSD and MUD 

transplants.(58) Additional summary of the outcome data form the CIBMTR is shown in 

Table 4. As the use of haploidentical donor HCT is increasing, but its relative efficacy 

compared with MSD/MUD remains to be evaluated.

Hematopoietic Stem Cell Source:  Either Bone marrow stem cells (BMSC) or peripheral 

blood granulocyte growth factor stimulated stem cells (PBSC) can be used for HCT. Several 

large, randomized trials compared PBSC and BMT in HLA-matched sibling donor HCTs, 

and showed that PBSC infusion result in better engraftment but higher risk of acute and 

chronic GVHD.(59–64) Some studies reported a decreased rate of relapse and better survival 

with PBSC, especially among patients with high-risk blood-cell cancers. In MUD HCTs, the 

use of PBSC is associated with a higher rate of chronic GVHD without impacting survival or 

relapse rates.(65) A multicenter retrospective study specifically evaluating MDS patients 

showed that PBSC grafts were associated with better transplant outcomes with improved 

overall survival and reduced risk of relapse.(66) The source of stem cells needs to be 

selected based on an individual basis, with consideration also for donor’s preference, and per 

institutional guidelines.

Timing of HCT:  Patients who have a higher-risk disease at the time of diagnosis are 

recommended to undergo HCT early after diagnosis if otherwise eligible for this intensive 

therapy.(67) In patients who have lower-risk disease on IPSS/IPSS-R at the time of diagnosis 

and hence lower risk of progression to acute leukemia are generally recommended to 

undergo HCT at the time of progression, as this approach has been shown to offer survival 

benefit secondary to NRM associated with earlier HCT.(68) The decision making process 

for HCT is dynamic involving the time required for donor search, disease response to HMA, 

and/or disease progression from low-risk to high-risk. Patient factors would also change over 

time; while all patients age over time, some may improve their functional status after 

treatment for MDS (i.e., with improved blood counts). For patients who are responding to 

HMA, it is currently unknown how many cycles (months) of HMA to be continued for the 

maximum benefit without compromising the organ function/performance status or without 

emergence of HMA resistance.

Pre-HCT Cytoreductive Therapy:  Several retrospective studies have shown that the 

percentage of myeloblasts in the bone marrow at the time of diagnosis in patients with MDS 

can predict post-HCT outcomes.(66, 69) While a few studies showed a beneficial effect in 

pre-HCT cytoreductive therapy,(35, 69) others suggest no apparent difference.(70) Gerds et 

al, reported that pre-HCT administration of HMA is associated with outcomes similar to 

more intensive induction chemotherapy.(71) A study by Damaj et al, made similar 
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observations.(72) Experts recommend against pre-HCT cytoreductive treatment in high-risk 

MDS patients with less than 10% marrow blasts.(35)

Conditioning therapy for HCT in patients with MDS:  The role of the intensity of 

conditioning therapy on the transplant outcomes in patients with MDS has been analyzed in 

multiple retrospective studies. The decision to choose RIC versus MAC depends on 

numerous patient and disease factors. Studies have shown almost similar survival outcomes 

between RIC and MAC. The use of RIC may increase the risk of relapse or progressive 

disease with relatively lower TRM. On the other hand, the use of MAC would lead to a 

reduced risk of relapse but with increased TRM.

Festuccia et al, studied HCT outcome in patients with MDS based on minimal residual/

identifiable disease (MRD/MID) by flow cytometry and cytogenetics with respect to the 

intensity of conditioning therapy.(73) In this study, relapse was the main factor responsible 

for increased mortality after HCT in patients with MRD/MID positive disease who 

underwent RIC HCT. A recent multi-center randomized trial by the BMT CTN compared 

MAC and RIC in patients with AML or MDS, demonstrating a significant advantage with 

MAC in relapse-free survival, primarily due to reduced relapse rate despite reduced 

transplant-related mortality.(74) However, MDS represented only about 20% of the entire 

cohort and specific conclusion on MDS could not be made.

As a general rule, more fit and younger patients with no significant comorbidities are 

generally considered for MAC, while relatively frail patients with comorbidities would 

likely benefit from HCT with RIC. However, a recent analysis by Millymaki et al, showed 

that shorter blood cell telomere length in patients >40 years old is associated with a 

significantly elevated risk of early NRM with MAC HCT.(75) Rare germline TERT variants 

were also identified in this study. Thus, clinically unrecognized germline mutations in the 

telomerase genes TERT, TERC, and DKC1 may define a distinct subset of adult patients 

with sporadic MDS and short telomeres who have poor transplant outcomes.

5. Ongoing Studies/Recent Development

Prospective randomized trials comparing HCT and non-HCT therapy are always difficult 

and unfeasible. Retrospective comparative studies also suffer from inherent selection bias for 

better fit/psychosocially supported patients towards HCT groups. A biologic assignment 

design based on the availability of a matched donor can allow for better identification of 

patients who are HCT eligible and equally fit, yet, not proceeding with HCT, creating a 

clinically comparable cohort against HCT cohort. In such an effort, Robin et al, conducted a 

study on behalf of the SFGM-TC and GFM to compare overall survival in MDS patients 

who are considered as candidates for HCT according to donor availability.(76) The study 

accrued 162 patients (50: without an available donor, 112: with an available donor) and 

demonstrated that 4-year overall survival was significantly better in patients with an HLA 

matched donor (37%) who underwent HCT compared to patients who did not receive HCT 

due to the lack of an available donor (15%).

In the United States, a larger prospective multi-center study (BMT CTN #1102) comparing 

RIC HCT with an HMA/best supportive care in higher-risk MDS patients (IPSS Int-2/high 
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by IPSS) aged 50–75 years is underway.(77) This trial is consistent with the National 

Comprehensive Cancer Center (NCCN) Treatment Guidelines MDS, and with suggestions 

from a recent review article by Giralt et al. regarding clinical trials to provide evidence for 

Medicare coverage of HCT for MDS.(78) The design consists of assigning a patients to 

HCT when a matched donor is available, or best supportive care/non-transplant therapy 

including HMA when a suitable matched related or unrelated donor is not available. Patients 

with an HLA-matched sibling or unrelated donor will proceed to HCT utilizing an 

institutionally-approved RIC regimen. The primary objective is to determine a benefit of 

HCT, assessed by 3-year overall survival (primary endpoint) from the time of study 

registration (at the time of HCT center referral, prior to donor search) among those who find 

a donor and undergo RIC HCT when compared to those who were similarly fit and HCT 

eligible, yet not undergoing HCT due to the lack of a suitable donor. The expected results 

from this study would support at least early referral and discussions about HCTs as an 

integrated part of management strategies in patients with MDS. Another prospective 

longitudinal observational study was recently conducted at the Dana-Farber/Harvard Cancer 

Center, designed to examine survival, quality of life, and other outcomes for RIC HCT 

versus non-HCT approaches for HCT-eligible patients with advanced MDS ages 60 to 75.

(79) The data from the study suggested that a treatment strategy that included HCT was 

associated with better overall survival.

It should be noted that, as both HCT and non-HCT therapies are constantly evolving and 

improving, relative benefits and risks of HCT against non-HCT therapy would be changing 

overtime. Recently, HMA in combination with venetoclax showed favorable result in 

treatment of patients with AML,(25) and this promising combination is now being explored 

in high-risk MDS. As some of these patients’ responses have been durable, HCT may be less 

beneficial in some of these responders. At the same time there are advances in HCT 

including newer GVHD prophylaxis and supportive care with greater applicability in older 

patients and ethnic/racial minorities. A complex decision-making process incorporating 

multiple variables on an individual basis may, in the future, be supported by artificial 

intelligence (AI)-based algorithms. In fact, Nazha et al reported a robust and validated 

personalized prediction model developed with AI and machine learning algorithms from a 

training cohort of 1471 patients and validated this algorithm in a cohort of 831 patients 

composed of 23 clinical variables, including 11 somatic mutations, with significantly better 

predictability than existing prognostic scoring systems for overall and leukemia-free 

survivals.(80)

In summary, the decision-making process to proceed or not proceed to HCT for patients with 

MDS is complex, and requires considerations for both the disease-related and patient-related 

factors in a dynamic/longitudinal fashion. Early referral to HCT is highly encouraged, at 

least for detailed discussions about the risks and benefits of HCT in the context of overall 

MDS treatments.
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Figure 1. 
Therapeutic algorithm for adults with MDS (a) patients with (very) low-risk or intermediate 

IPSS-R risk score and (b)patients with (very) poor risk IRSS-R risk score.
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Table 1a.

The risk score IPSS(3)

Score value

Prognostic variable 0 0.5 1 1.5 2.0

Bone marrow blast (%) <5 5–10 11–20 21–30

Karyotype
1 Good Intermediate Poor

Cytopenia
2 0/1 2/3

1.
Definition of karyotype

Good Normal, Y-, 5q-, 20q-
Intermediate All other
Poor Chromosome 7 aberration and/or ≥ Chromosomal aberration

2.
Cytopenia

Hemoglobin < 100 g/L (10 g/dL)
Neutrophil count < 1.8 G/L (1.800/μl)
Platelet count < 100 G/L (100.000/μl)
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Table 1b.

The risk score IPSS(3)

IPSS group

IPSS total score

Survival (Median; Years) 25% AML evaluation (Years)

Age at dagnosis Age at dagnosis

≤70 years >70 years ≤70 years >70 years

Low 0 9 3.9 >9.4 (NR) >5.8 (NR)

Intermediate 1 0.5–1.0 4.4 2.4 5.5 2.2

Intermediate 2 1.5–2 1.3 1.2 1.0 1.4

High ≥2.5 0.4 0.4 0.2 0.4
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Table 2a.

Cytogenetic scoring system. Data from patients in IWG-PM database(4)

Prognostic subgroup Cytogenetic abnormalities Median survival, 
yrs

Median AML 
evolution, 25%, yrs

Very good −Y, del(11q) 5.4 NR

Good Normal, del(5q), del(12p), del(20q), double including del(5q) 4.8 9.4

Intermediate del(7q), +8, +19, i(17q), any other single or double independent clones 2.7 2.5

Poor −7, inv(3)/t(3q)/del(3q), double including −7/del(7q), complex: 3 
abnormalities 1.5 1.7

Very poor −7, inv(3)/t(3q)/del(3q), double including −7/del(7q), complex: 3 
abnormalities 0.7
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Table2b.

The risk score IPSS–R (4)

Prognostic variable 0 0.5 1 1.5 2 3 4

Cytogenetics Very good - Good - Intermediate Poor Very poor

Bone marrow blasts % ≤ 2 - >2%–< 5% - 5%–10% > 10% -

Hemoglobin ≥ 10 - 8– < 10 < 8 - - -

Platelet ≥ 100 50–< 100 < 50 - - -

Neutrophil count ≥ 0.8 < 0.8 - - - - -
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Table 2c.

IPSS–R scoring risk groups

Risk category Risk score

Very low ≤ 1.5

Low >1.5–3

Intermediate >3–4.5

High >4.5–6

Very high >6
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Table 3.

Survival data from Phase II/III trials using azacitidine for treatment of high-risk MDS

Design/Therapy Total N Median Age (range) Overall Survival

Cohort: Outcome after AZA-failure(22) 435 69 (not available) 15% (2 year)

Cohort: Prognostic Factors in Compassionate Use 
AZA(81) 282 71(20–89) ~20% (3 year by survival curve)

Cohort: Compassionate Use AZA(82) 282 71(20–89) 17.5% (3 year)

Ph III: Low-Dose Decitabine vs. BSC(83) 233 70 (60–90) 19% (2 year)

Ph III: European AZA-001: AZA vs. BSC(2) 358 69 (38–88) 50.8% (2 year), ~30% (3 year by survival 
curve)

Ph III: Decitabine vs. BSC(19) 170 70 (62–76) Not available

Ph III: CALGB AZA vs. BSC(84) 191 69 (31–92) ~45% (2 year), ~25% at (3 year by survival 
curves)

Retrospective: HCT in 60–70 yo vs. No Donor + 
AZA(45) 178 66 (60–70) 23% (2 year)

Decision Analysis (<60yo)(43) 184 49.8 (18–60) <5% for high, ~20% for Int 2 (3 year by 
survival curve)
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Table 4.

Survival Probabilities by Donor Type

MRD WMUD PMUD Cord blood Haploidentical p-value

# Eval 1458 1091 273 153 95 <0.001*

@ 1 year 60 (57–62) 56 (53–59) 45 (39–51) 45 (38–53) 48 (38–58) <0.001**

@ 3 years 45(43–48) 42 (39–45) 29 (23–34) 29 (22–37) 33 (23–43) <0.001**

MRD: matched related donor; WMUD: well-matched unrelated donor; PMUD: partially matched unrelated donor

*
Log-rank

**
pointwise
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