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Myelodysplastic Syndromes

Marie Robin and Theo de Witte

73.1	 �Introduction

Myelodysplastic syndromes (MDS) are a hetero-
geneous group of clonal stem cell disorders char-
acterized by hypercellular bone marrow, 
peripheral cytopenias, and dysplastic features in 
blood and bone marrow. The clinical progression 
of these diseases varies from an indolent course, 
over a number of years, to a more rapid transition 
into secondary AML. MDS is mainly diagnosed 
in elderly patients, with an annual incidence of 
4.9/100,000, but this increases to between 20 and 
50 cases per 100,000 persons annually after the 
age of 60. The current WHO classification (2016) 
distinguishes various MDS subtypes, which are 
detailed in Table 73.1 (Arber et al. 2016).

Due to the variable course the disease may 
take, a number of different risk-scoring systems 
have been developed. The most frequently used 
of these is the International Prognostic Scoring 
System (IPSS), introduced by Greenberg et  al. 

(1997) (Table  73.2) and revised in 2012 
(Greenberg et al. 2012) (Table 73.3). As a result, 
intensive treatment strategies are predominantly 
applied in patients with intermediate and higher-
risk MDS. The importance of transfusion depen-
dency is included in a WHO classification-based 
prognostic scoring system (WPSS) (Della Porta 
et al. 2015). The role of somatic mutations has 
been explored recently, highlighting the prog-
nostic role of mutations. SF3B1 mutations are 
commonly associated with refractory anemia 
with ringed sideroblasts and expected survival of 
more than 10 years. Poor prognostic mutations, 
such as TP53 mutations, occur mainly in patients 
with higher-risk MDS and confer a higher risk of 
transition to acute leukemia (Makishima et  al. 
2017). In the setting of allo-HSCT, both somatic 
mutations and cytogenetic characteristics con-
serve their prognostic impacts after transplanta-
tion, and this aspect will be discussed further 
hereafter.

Allo-HSCT is increasingly performed, with 
940 MDS patients transplanted in 2004 and 2646 
patients transplanted in 2015 (EBMT registry). 
This increase is due to rising numbers of trans-
plants in older patients (>60 years), from 22% of 
all transplants in 2004 to 44% in 2015, and more 
MURD, from 37% of all transplants in 2004 to 
58% in 2015. The increasing use of unmanipu-
lated haplo-HSCT using intensified IS therapy 
may also lead to a greater proportion of related 
donors in future.

M. Robin (*) 
Department of Hematology – Transplantation, 
Hôpital Saint-Louis, Assistance Publique Hôpitaux 
de Paris, Paris, France
e-mail: marie.robin@sls.aphp.fr 

T. de Witte 
Tumor Immunology, Radboud Institute for Molecular 
Life Sciences, Radboud University Medical Center, 
Nijmegen, Netherlands

73

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02278-5_73&domain=pdf
https://doi.org/10.1007/978-3-030-02278-5_73
mailto:marie.robin@sls.aphp.fr


548

73.2	 �Indication of HSCT in MDS 
and Timing to Transplant

HSCT is an established procedure for MDS lead-
ing to long-term survival. The indications for 
HSCT may change following the introduction of 
new treatment strategies, and the HSCT approach 

itself has consistently evolved over time. TRM 
should always be balanced against the benefits 
associated with HSCT.  Comparisons of several 
transplant and non-transplant cohorts show a gain 
in life expectancy in patients, with higher risks if 
they receive an allo-HSCT at MDS diagnosis, 
while in lower-risk MDS patients, a survival 

Table 73.1  World Health Organization classification (2016 revision) of MDS

Name
Dysplastic 
lineage Cytopeniaa RS as % BME

BM and PB blasts,
Auer rods (AR) Cytogeneticsb

MDS with single-lineage 
dysplasia (MDS-SLD)

1 1 or 2 <15%/<5%b BM < 5%, PB < 1%,
no AR

Any

MDS with multilineage 
dysplasia (MDS-MLD)

2 or 3 1–3 <15%/<5%c BM < 5%, PB < 1%,
no AR

Any

MDS with ring sideroblasts (MDS-RS)
 � — MDS-RS SLD
 � — MDS-RS-MLD

1
2–3

1 or 2
1–3

≥15%/>5%c

≥15%/>5%c

BM < 5%, PB < 1%,
no AR

Any

MDS with isolated del(5q) 1–3 1–2 None or any BM < 5%, PB < 1%, 
no AR

Del(5q)d

MDS with excess blasts (MDS-EB)
 � — MDS-EB1

 � — MDS-EB2

0–3

0–3

1–3

1–3

None or any

None or any

BM 5–9% or PB 
2–4%, no AR
BM 10–19% or PB 
5–19%, or AR

Any

Any

MDS, unclassifiable (MDS-U)
 � — With 1% blood blasts

 � — With SLD and 
pancytopenia

 � — Based on defining 
cytogenetic

1–3

1

0

1–3

3

1–3

None or any

None or any

<15%

BM < 5%, PB = 1%, 
no AR
BM < 5%, PB < 1%, 
no AR
BM < 5%, PB < 1%, 
no AR

Any

Any

Defining 
abnormality

Refractory cytopenia in 
childhood

1–3 1–3 None BM < 5%, PB < 2% Any

BM bone marrow, PB peripheral (blood) blast, RS as %BME, ring sideroblasts as a % of marrow erythroid elements
aCytopenia defined as hemoglobin <10 g/dL, platelet count <100 g/L, absolute neutrophil count <1.8 g/L
bCytogenetics by conventional karyotype analysis
cIf SF3B1 is present
dAlone or with one additional abnormality except −7 or del(7q)

Table 73.2  “Classic IPSS”

Points 0 0.5 1 1.5 2
Marrow blast <5 5–10 >10 11–20 21–30
Cytogenetica Good Intermediate Poor
Cytopeniab 0–1 2/3
Risk Low Intermediate-1 Intermediate-2 High
Number of points 0 0.5–1 1.5 or more
Median OS (years) 5.7 3.5 1.2 0.4
Median time to 25% AML transformation in years 9.4 3.3 1.1 0.2

OS overall survival
aGood, normal, -Y, del(5q), del(20q); poor, complex karyotype (three or more abnormalities) or chromosome 7 anoma-
lies; intermediate, other abnormalities
bCytopenia was defined as follows: hemoglobin <10 g/dL, platelet <100 g/L, absolute neutrophil count <1 g/L
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advantage can be seen if HSCT is deferred 
(Cutler et  al. 2004; Koreth et  al. 2013; Della 
Porta et al. 2017; Robin et al. 2015). An interna-
tional expert panel has also confirmed the indica-
tion of HSCT in higher-risk patients as well as 
lower-risk patients with specific poor prognostic 
features, including genetic alterations, failure to 
respond to usual treatment, life-threatening cyto-
penias, and high-intensity transfusions (de Witte 
et  al. 2017). Figures  73.1 and 73.2 summarize 
transplant indications in MDS patients.

73.3	 �Post-HSCT Outcomes

Several recent registry studies including cytoge-
netic classification have reported outcomes for 
transplanted MDS patients (Table 73.4). Overall 
survival (OS) ranged from 35 to 50%, NRM 
from 30 to 40%, and relapse rates from 15 to 
30%. Lower-risk MDS patients had better prog-
noses, and the EBMT cohort of low and interme-
diate-1 MDS patients showed that OS could 
reach 57%, with relapse incidence at 16% after 
7 years (Robin et al. 2017a). Patients with poor 
and very poor risk cytogenetic characteristics, 
including monosomal karyotypes, were associ-
ated with poor outcomes. FAB classification, 
age, platelet count, stage at time of transplanta-
tion, and hematopoietic cell transplant-comor-
bidity index (HCT-CI) were prognostic clinical 

risk factors. Somatic mutations, i.e., TP53, 
TET2, ASXL1, RUNX1, and RAS pathways muta-
tions, have been reported to be prognostic inde-
pendent factors in several reports (Bejar et  al. 
2014; Della Porta et  al. 2016; Lindsley et  al. 
2017; Yoshizato et al. 2017).

Due to the increase in patient age, transplan-
tation results in these patients should be high-
lighted, as outcomes seem to be highly impacted 
by performance status and HCT-CI (McClune 
et al. 2010; Lim et al. 2010). The EBMT recently 
published two studies focusing on transplants in 
elderly patients. The first study included 1333 
MDS patients above the age of 55, transplanted 
between 1998 and 2006 (Lim et al. 2010). Four-
year OS was 31%, with NRM of 36%. The sec-
ond study reported 313 MDS patients above the 
age of 70, transplanted between 2000 and 2013 
(Heidenreich et  al. 2017). The study findings 
showed 3-year OS of 34% and NRM of 42% 
confirming that transplant was feasible in this 
category of patients.

73.4	 �Alternative Donors 
and Donor Choice

In recent EBMT studies, HSCT from an URD did 
not appear to be a mortality risk factor compared 
with HSCT using MSD (Onida et  al. 2014; 
Koenecke et al. 2015). Saber et al., on behalf of 

Table 73.3  “Revised IPSS”

Points 0 0.5 1 1.5 2 3 4
Marrow blast <3 3–4 5–10 11–

20
Cytogenetica Very 

good
Good Intermediate Poor Very 

poor
Cytopeniab No Mild Moderate Severe 

anemia
Risk Very low Low Intermediate High Very high
Number of points ≤ 1.5 2–3 4–4.5 5–6 >6
Median OS (years) 8.8 5.3 3 1.6 0.8
Median time to 25% AML 
transformation in years

10.8 3.2 1.4 0.73

aCytogenetics: very good, -Y, del(11q); good, normal, del(5q), del(12p), del(20q), double including del(5q); intermedi-
ate, del(7q), −8, −19, i(17q), any other single or double independent clones; poor, −7, inv.(3)/t(3q)/del(3q), double 
including −7/del(7q), complex, 3 abnormalities; very poor, complex, > 3 abnormalities
bcytopenia, mild cytopenia, platelet count <100 g/L or neutrophil count <0.8 g/L; moderate cytopenia, hemoglobin 
<10 g/dL but >10 g/dL, platelet count <50 g/L; severe anemia, hemoglobin <8 g/dL
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the CIBMTR, reported the results of HSCT in 
701 MDS patients according to donor type: 
MRD, MUD (8 out of 8 high-resolution HLA 
compatibilities), and MMUD (Saber et al. 2012). 
Multiple-variable analysis showed that NRM was 
significantly lower with the use of MRDs com-
pared with other donors, but that treatment fail-
ure (death or relapse) was similar to MUD, while 
it was significantly higher in patients transplanted 
from a MMUD (Saber et al. 2012).

The EBMT group reported outcomes for 631 
MDS patients transplanted with a MUD 
(n  =  379), a MMUD (n  =  107), or a MMUCB 
(n  =  129) (Robin et  al. 2014). Patients trans-
planted with a MUD had better outcomes for OS, 
relapse-free survival, and NRM, while patients 
transplanted from MMUDs had similar out-
comes, with a trend to a better DFS for MMUD 
compared with UCB.  Recommendations are to 
choose an HLA-matched related or unrelated 

(Very) Low Risk
Intermediate Risk

IPSS-R

Poor performance
Nonfit@

Nontransplant
strategies*

No poor risk
features**

Nontransplant
strategies* Available donor

Transplant
strategies#

Transplant
strategies#

Failure&

Poor risk features**

Good performance
Fit@

Fig. 73.1  Therapeutic flow chart for adult MDS patients 
with (very) low-risk or intermediate-risk IPSS-R scores @
indicates nonfit (patients with multiple comorbidities and/
or poor performance) or fit (patients with no comorbidi-
ties and good performance status). * indicates nontrans-
plant strategies according to most recent versions 
published by international MDS expert groups, including 
ELN and NCCN. & indicates failure of nontransplant 
strategies. ** indicates poor-risk features (defined as 
poor-risk cytogenetic characteristics, persistent blast 

increase [>50% or with >15% BM blasts], life-threatening 
cytopenias, high transfusion intensity >2 units per months 
for 6 months; molecular testing should be seriously con-
sidered, in case of absence of poor-risk cytogenetic char-
acteristics or persistent blast increase). # indicates 
transplant strategies (all forms of HSCT, for details of the 
donor selection, type of conditioning, and post transplant 
strategies, see text; no upper age limit if patients are fit, 
without serious comorbidity, and with good Karnofsky 
status)
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donor as both kinds of donor may lead to similar 
outcomes (Bowen 2017).

HSCT from haplo-identical related donors 
has been revisited due to new GVHD prophy-
laxis strategies, including the use of 
PT-CY. Little data has been published on MDS 
patients, although results in patients with other 
diseases are very promising (Bashey et  al. 
2013; Ciurea et al. 2015). A recent EBMT study 
reported 234 patients transplanted from haplo-

donors between 2007 and 2014. Although NRM 
was relatively high, results were encouraging, 
with better results using PT-CY and RIC (Robin 
et  al. 2017b). A recent issue is the impact of 
donor age on post transplant outcomes, sug-
gesting that outcomes may be better with 
younger donors (Kollman et  al. 2016; Kröger 
et  al. 2013). This is particularly relevant in 
MDS, where both recipients and related donors 
are typically old.

(Very) Poor Risk
IPSS-R

Poor performance
Nonfit@

Nontransplant
strategies*

No suitable donor

Nontransplant
strategies*

Transplant
strategies#

Transplant
strategies#

Cytoreductive
therapy

Available donor@

< 10% marrow
blasts

≥ 10% marrow
blasts

Fit@

Good performance

Fig. 73.2  Therapeutic flow chart for adult MDS patients 
with poor IPSS-R scores. @ indicates nonfit (patients with 
multiple comorbidities and/or poor performance) or fit 
(patients with no comorbidities and good performance 
status). * indicates nontransplant strategies according to 
most recent versions published by international MDS 
expert groups, including ELN and NCCN. & indicates 
failure of nontransplant strategies. ** indicates poor-risk 
features (defined as poor-risk cytogenetic characteristics, 
persistent blast increase [>50% or with >15% BM blasts], 

life-threatening cytopenias, high transfusion intensity 
>2  units per months for 6  months; molecular testing 
should be seriously considered, in case of absence of 
poor-risk cytogenetic characteristics or persistent blast 
increase). # indicates transplant strategies (all forms of 
HSCT, for details of the donor selection, type of condi-
tioning, and post transplant strategies, see text; no upper 
age limit if patients are fit, without serious comorbidity,and 
with good Karnofsky status)
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73.5	 �Treatment Prior to HSCT

No randomized studies have compared pre-graft 
cytoreduction versus upfront transplants in MDS 
patients. Because hypomethylating agents (HMA) 
have been reported to improve survival in MDS 
patients, they are routinely used before consider-
ing a transplant procedure, leading to a delay in 
transplantation. It is very difficult from registry 
data to gain real insight into the risks or benefits of 
treatment with HMA.  International guidelines 
generally recommend that patients with more than 
10% marrow blast should receive cytoreductive 
treatment, which can be either intensive chemo-
therapy or HMA (de Witte et al. 2017b; Malcovati 
et al. 2013). The EBMT group reported that refrac-
toriness to pre-graft treatment is associated with 
poor outcomes, confirming a French retrospective 
study (Potter et al. 2016; Damaj et al. 2012).

73.6	 �Preparative Regimen

The use of RIC regimens for HSCT has raised 
considerable interest. Multiple centers have 
developed novel RIC regimens that have reduced 

NRM and morbidity and subsequently expanded 
the curative potential of HSCT to older individu-
als who have historically not been considered to 
be HSCT candidates.

The EBMT group has compared outcomes for 
MDS patients treated by RIC or MAC (Martino 
et al. 2006; Martino et al. 2017). Studies show that 
relapse rates increased after RIC, while NRM was 
higher after MAC, in line with the findings of 
another study (Scott et  al. 2006). Subsequent 
research by the EBMT group reported outcomes 
for 878 MDS or AML patients transplanted with 
less than 10% marrow blasts and classified 
according to the intensity of conditioning regimen 
considering four groups: non-MAC, RIC, stan-
dard regimen and hyperintensive regimen 
(Martino et al. 2013). OS after 7 years was 29, 53, 
56, and 51%, respectively, for each regimen, with 
a disadvantage for the non-MAC. An EBMT pro-
spective study comparing the use of RIC (FLU/
BU) and MAC (CY/BU) in patients with MDS or 
secondary AML was published recently (Kröger 
et al. 2017). Multivariable analysis failed to show 
any impact of the regimen intensity in NRM, 
relapse, and RFS, while there was an advantage 
for RIC in OS, after adjustment for cytogenetics, 

Table 73.4  Patient outcomes in recent studies, including a large number of patients with cytogenetic data

HSCT centers; 
HSCT periods

Number of 
patients

Median 
age RI NRM OS RFS

Mortality risk factors in multiple-
variable analysis

FHCRCa

1980–2010
1007 45 25 40 38 35 Blast count, CG, non-MAC, AML 

transformation, age, platelet count, 
HLA MM

EBMTb

1981–2006
523 43 25 36 43 38 CG, disease stage at HSCT, age, FAB, 

TCDg

EBMTc

1981–2012
903 50 36 33 36 32 Age, FAB, CG

SFGM-TCd

1999–2009
367 54 31–

50
21–>31 32–>53 CG, marrow blast %, TBI in regimen, 

donor type
GITMOe

2000–2011
519 48 16–

>41f

27–>35f 48–>15f IPSS, HCT-CI, CG, disease stage at 
HSCT, donor type

FHCRC Fred Hutchinson Cancer Research Center, SFGM-TC Société Francophone de greffe de moelle et de thérapie 
cellulaire, GITMO Gruppo Italiano Trapianto di Midollo Osseo, CG cytogenetics, RI relapse incidence, TBI total body 
irradiation in conditioning regimen
aDeeg et al. (2012)
bOnida et al. (2014)
cKoenecke et al. (2015)
dGauthier et al. (2015)
eDella Porta et al. (2014)
fAccording to cytogenetic risk
gWas assessed only in “untreated RA/RARS” because there were no prognostic factors in this group
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performance status, and disease stage. The BMT-
CTN performed a prospective study on 272 
patients with MDS or AML who were random-
ized between RIC and MAC. There was no differ-
ence in OS between the two groups, despite a 
higher relapse rate after RIC (Scott et al. 2017).

A novel RIC sequential regimen consisting 
of FLU 30 mg/m2, Ara-C 2 g/m2, and amsacrine 
100  mg/m2 (FLAMSA), followed 3  days later 
by 4  Gy TBI and CY 80–120  mg/kg showed 
promising results (Schmid et al. 2005; Schmid 
et al. 2006). Prospective randomized trials com-
paring sequential regimens with other regimens 
are ongoing.

73.7	 �Post-HSCT Treatment

MDS patients with relapse after HSCT are often 
refractory to treatment, or not fit enough to be 
treated. A German group recently reported out-
comes for AML (n  =  124) and MDS (n  =  28) 
patients treated with AZA and DLI (Schroeder 
et al. 2015). The main risk factors for treatment 
response were molecular relapse only or marrow 
blast <13%. In these cases, OS was more than 
60%, although it was below 10% in high-risk 
patients. An EBMT study of 181 patients treated 
with AZA for post transplant relapse of MDS 
confirmed that lower blast counts upon relapse 
and relapsing more than 6  months after HSCT 
were both good prognostic factors (Craddock 
et al. 2016a, b). In this study, the addition of DLI 
did not modify outcomes. Another EBMT study 
on cellular therapy after relapse (DLI or second 
transplant) showed that a second allo-HSCT per-
formed in CR may rescue patients with relapse 
after initial HSCT, especially if they have no pre-
vious history of GVHD, and in cases where they 
may be transplanted from a new donor (Schmid 
et  al. 2018). The French SFGM-TC group 
recently reported 147 MDS patients relapsing 
after transplant (Guieze et al. 2016). Only patients 
who received “cellular therapy” (DLI or second 
SCT) were able to achieve long-term survival 
(32% versus 6% for chemotherapy alone).

Other strategies involve preventive or pre-
emptive treatment after transplantation to avoid 

morphological relapse. Preemptive strategies 
based on underlying risk or monitoring of mini-
mal residual disease may be of use in these 
patients who present a high risk of post trans-
plant relapse (Platzbecker et al. 2012). Although 
relapse remains the most common cause of 
transplant failure, particularly in patients with 
high-risk features, novel strategies such as the 
preemptive use of AZA or DLI may be effective 
in improving historically poor outcomes. 
Preventive post transplant treatment testing 
demethylating agents early after transplantation 
have also been reported in small prospective 
studies (de Lima et al. 2010; Pusic et al. 2015; 
Craddock et al. 2016a, b). This kind of treatment 
appears to be especially useful in patients with 
higher-risk MDS.

Key Points
•	 Allo-HSCT is the treatment of choice 

for all patients with (very) poor-risk 
MDS, or intermediate patients with 
high-risk features, who are fit enough to 
be considered for transplantation.

•	 Delayed HSCT is associated with 
reduced chances of prolonged relapse-
free survival. Also, patients with less 
advanced MDS categories may benefit 
from deferred HSCT after they develop 
poor-risk features.

•	 Allo-HSCT outcomes have improved 
progressively in recent years, mainly 
due to a gradual reduction in non-relapse 
mortality. Reduced-intensity condition-
ing (RIC) regimens have extended the 
use of allo-HSCT to older patients, 
including those entering their eighth 
decade.

•	 However, a number of questions remain 
to be resolved by prospective studies, 
such as the choice of donor, including 
haplo-identical donors, the role of post 
transplant treatment, and the timing of 
transplantation in patients with lower-
risk MDS.
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