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BIOLOGY OF MYELODYSPLASTIC 
SYNDROMES
The knowledge on the molecular pathogenesis of MDS  
dramatically improved over the past 10 years, mainly through 
the identification of recurrent somatic mutations in almost 
every MDS patients (Figure 1).1-3 Forty to fifty genes are recur-

rently mutated, most of them in less than 5% of patients. 
The more frequently mutated genes are TET2, SF3B1, ASXL1, 
SFRF2, DNMT3A, RUNX1 and TP53. The acquisition of 
mutations occurs stepwise, with mutations in genes enco-
ding for components of the spliceosome occurring early  
in the pathogenesis of the disease, mutations in epigenetic  
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Myelodysplastic syndromes (MDS) are a heterogeneous group of clonal hematopoietic malignancies charac-
terized by peripheral blood cytopenias resulting from ineffective hematopoiesis. MDS is associated with a 
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FIGURE 1. Recurrent gene mutations in MDS (Papaemmanuil, Blood 2013).3
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modifiers and transcriptional regulators occurring later, 
mutations activating cytokine signaling are the latest clonal 
events in MDS.
Mutations have also been shown to have an impact on  
outcome, since mutations in genes such as RUNX1, TP53 or 
EZH2 are associated with an adverse prognosis.2-6 In con-
trast, mutations in the splicing factor SF3B1 are associated 
with very favorable outcomes and prolonged survival.7 
Mutations also play a role in predicting response to therapy. 
After allogeneic stem cell transplantation, mutations in TP53, 
RUNX1, ASXL1, JAK2 and RAS pathway genes are associated 
with a significantly shorter overall survival (OS) or relapse 
free survival (RFS),8-9 with TP53 mutations being particu- 
larly adverse. Similarly, when exposed to hypomethylating 
agents (HMAs), MDS patients with TET2 mutations and 
wild-type ASLX1 appear to have a higher response rate than 
those without TET2 mutations.10-11 In contrast, TP53 muta- 
tions have been associated with high response rates to a  
10-day schedule of decitabine.12

In the future, these data will probably have an impact on the 
ability to prognosticate patients with MDS, and will also 

help in the selection of therapies and in the development of 
clinical trials. In fact, the FDA already approved some targeted 
therapies for patients with AML and similar approvals will 
likely follow for patients with MDS very soon.

PROGNOSIS IN MDS
The prognosis for patients with MDS is very heterogeneous. 
So far, several scoring systems have been developed in order 
to allow risk stratification and help in the timing and choice 
of therapy. The most commonly used systems are the Inter-
national Prognostic Scoring System (IPSS)13 and the revised 
IPSS-R score.14 Both scores are based on the percentage of 
peripheral cytopenia, percentage of blasts in the bone mar-
row and cytogenetic characteristics. IPSS and IPSS-R were 
developed in newly diagnosed patients at the time of initial 
presentation, excluding patients already treated or those 
with proliferative features and chronic myelo-monocytic 
leukemia (CMML). Efforts are underway to also incorporate 
somatic mutations into new validated prognostic systems.15 
In collaboration with the Munich Leukemia Laboratory,  
the Cleveland Clinic recently developed a personalized  

FIGURE 2. Prevalence of CHIP mutations by age.18
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prediction model based on the clinical and genomic data of 
1,471 patients. This model was further validated in a sepa- 
rate cohort of 831 patients from the Moffitt Cancer Center. 
This score outperformed IPSS and R-IPSS in predicting OS 
and AML transformation, and gives survival probabilities at 
different time points for a given patient.16 

CLINICAL IMPLICATIONS OF CLONAL 
HEMATOPOIESIS
Clonal hematopoiesis (CH), an expansion of blood cells  
derived from a single hematopoietic stem cell, was recently 
found to be a frequent consequence of aging. When aging- 
associated CH results from the acquisition of a somatic 
mutation in a driver gene associated with leukemia, and this 
mutation is present at a variant allele frequency of at least 
2% in the absence of severe cytopenias or WHO criteria for 
a hematologic neoplasm, this state is termed clonal hemato-
poiesis of indeterminate potential (CHIP).17 CHIP is present 
in approximately 10 to 15% of people over 70, and in more 
than 30% of patients over 85 years of age (Figure 2). It corres-
ponds to a neoplastic precursor state similar to monoclonal 
gammopathy of undetermined significance (MGUS) or mono-
clonal B-cell lymphocytosis (MBL). Yet, in many individuals, 
it has no consequences. CH increases all-cause mortality, 
particularly in people over the age of 70.18-19 
CHIP has been reported in the context of both autologous 
and allogeneic transplantations. Donor-engrafted CHIP con-
tributes to cytopenias after allogeneic transplantation, espe-
cially when using elderly sibling donors, and is associated 
with a shorter OS.20 In patients undergoing an autologous 
stem cell transplantation (ASCT) for lymphoma, CHIP at the 
time of transplantation is associated with inferior survival 
and an increased risk of therapy related neoplasms.21 It is 
also related to increased mortality and a higher rate of rele-
vant adverse outcomes such as severe infections. This is  
particularly the case when CHIP concerns mutations in 
DNA damage response genes such as PPM1D and TP53.22 

CHIP is frequent in cancer patients. It can occur after radio-
therapy or cytotoxic chemotherapy for solid tumors. In  
this case, CHIP is usually driven by the expansion of 
pre-existing TP53 mutant clones under the selective pressure 
induced by therapy.23 CHIP post-cancer therapy increases 
the risk of subsequent hematologic cancers such as t-MDS 
or t-AML.24

Recently, CHIP was unexpectedly found to be a significant 
risk factor for cardiovascular diseases,25 with evidence sup-
porting a mechanism of accelerated atherogenesis as a result 
of vascular inflammation driven by clonally derived mono-
cytes-macrophages.26  
Factors contributing to clonal progression other than acquisi-

tion of secondary mutations in hematopoietic cells (ie. stronger 
leukemia drivers) are incompletely understood. Potential con-
tributors include disordered endogenous immunity in the 
context of increased proliferative pressure, short telomeres 
leading to chromosomal instability, unhealthy marrow micro- 
environment favoring expansion of clonal stem cells and  
acquisition of new mutations while failing to support healthy 
hematopoiesis, and aging associated changes in hemato-
poietic stem cells, including altered DNA damage response, 
altered transcriptional program and consequences of epi-
genetic alterations.27 

THERAPY FOR MDS
The treatment selection in MDS is based on risk, transfusion 
needs, percentage of bone marrow blasts and on the cyto-
genetic and mutational profiles. The goals of therapy differ 
between low-risk (LR) and high-risk (HR) patients. In LR, 
the goal is to decrease the transfusion needs and avoid the 
transformation to higher risk disease or AML, as well as to 
improve survival. In HR, the goal is to prolong survival. 
Despite a burst of new therapies for MDS approximately  
10 years ago, no new treatment has achieved regulatory ap-
proval since 2006. Patients whose disease does not respond 
or progresses on currently available therapies represent a real 
unmet medical need. Current available therapies, excluding 
allogeneic transplantation, prolong survival and improve 
quality of life but are not curative. Among them, HMAs have 
activity in both lower and higher-risk MDS, with azacitidine 
(AZA) being shown to improve survival in HR MDS. Insights 
into the molecular pathogenesis of MDS may provide new 
therapeutic targets or may help in the selection of currently 
available treatments (Figure 3).

LOW-RISK MDS
In LR MDS, therapy is based on the transfusion needs of the 
patients. Patients with red blood cell (RBC) transfusion- 
dependent (TD) MDS have a poorer prognosis with a higher 
risk of progression to AML and a shorter OS compared with 
patients that are transfusion-independent (TI). They usually 
have a transient response to erythropoiesis stimulating agents  
(ESA), with an attendant risk of iron overload and secondary 
organ complications. 
Luspatercept is an investigational first-in-class erythroid 
maturation agent that neutralizes TGF-β superfamily ligands 
to inhibit aberrant Smad 2/3 signaling, and enhances late 
stage erythropoiesis (Figure 4).28 The MEDALIST trial rando- 
mized 229 LR MDS patients with ring sideroblasts (RS) 
(≥15 RS or ≥5% with SF3B1 mutation, ≤ 5% blasts in bone 
marrow, EPO naïve (EPO > 200 U/l) or EPO refractory or 
intolerant, no prior exposure to IMiD or HMA), that required 
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an average RBC transfusion of ≥2 units per 8 weeks.29 Patients 
received either luspatercept (1 mg/kg SC, every 21 days) or 
placebo. Compared to placebo, luspatercept resulted in a 
significantly higher percentage of patients achieving RBC-TI 
(38% vs. 13% for at least 8 weeks), as well as major RBC 
transfusion reduction (53%), or hemoglobin increase (63%).  
Erythroid responses were durable. Side effects were manage-
able with fatigue, gastrointestinal symptoms, dizziness, and 
back pain being the more frequent.
Lenalidomide is the reference treatment for LR MDS patients 
with isolated del(5q) that are RBC-TD. Most LR MDS del(5q) 
patients with anemia who are independent of transfusion 
develop TD or a need for treatment of symptomatic anemia 
early after diagnosis (median time of 20 months). There are 
limited data concerning the role of lenalidomide in non-TD 
patients with del(5q). The Sintra-Rev trial randomized 58 
non-TD with anemia (Hb<12g/dl) LR del(5q) MDS patients 
to receive either lenalidomide 5 mg per day or placebo for  
2 years.30 At week 12, an erythroid response was observed 
in 45% of patients, with a cytogenetic response in 62% of 
them, and an acceptable safety profile. With longer follow- 
up in responders, the median transfusion-free survival (TFS) 
was not reached (vs. 18 months in non responders), and a 
68% TD risk reduction was noted.

HIGH RISK MDS
HMA is the standard of care in front line HR MDS, and  
AZA has been shown to improve survival by 10 months in 
this group of patients. However, HMA is only effective in 
30-40% of patients with a duration of response (DoR) that 
is typically shorter than 1.5 year.31

In order to improve outcomes, combination therapies are 
being evaluated including histone deacetylase inhibitors 
(HDACi) such as pracinostat and vorinostat and lenalido- 
mide.32-34 So far, none of these combinations has been shown 
to be superior to single agent HMA. In the AZA-plus trial, 
322 HR MDS patients were randomized to receive either 
AZA alone (75 mg/m2 per day, days 1-7) or in combination 
with lenalidomide (10 mg per day, days 1-14), valproic acid 
(50 mg/kg per day, days 1-7) or idarubicin (10 mg/m2,  
day 1 for the first 9 cycles), without any benefit over AZA  
alone in terms of overall response (ORR) at 6 cycles or in 
terms of OS.35

In order to maximize DNMT inhibition in MDS, new formu-
lations of HMA have been explored. 
Guadecitabine (SGI-110) is a second generation HMA cur-
rently under evaluation for HR MDS and AML. This com-
pound is a dinucleotide of decitabine and deoxyguanosine, 

FIGURE 3. Molecular targets in MDS.
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which protects the drug from degradation by cytidine 
deaminase. This results in an extended in vivo exposure to 
its active metabolite decitabine. In a phase 2 randomized 
study, guadecitabine was tested in 102 patients with inter-
mediate or HR MDS or CMML who were either HMA naïve 
or HMA refractory. The drug showed clinical activity in  
both groups and was well tolerated. In HMA naïve patients,  
a 22% complete response (CR) rate was reported with a  
37% CR/marrow complete response (mCR) rate and a 23.4 
months median OS. These results compare favorably to first 
generation HMA efficacy.36 In addition, in patients who 
were RBC-TD at baseline, 42% achieved TI for at least 8 
weeks. Activity in relapsed/refractory (R/R) MDS patients 
who previously failed prior HMA was particularly promising  
(CR/mCR in 32% patients with a median DoR and OS of  
7.9 and 12 months, respectively). There were no major diffe-
rences in OS based on DNMT3A or TET2 mutations status 
but patients with TP53 mutations had a worse median OS 
compared to patients without TP53 mutations (7.4 vs. 22.6 
months). A phase 3 trial (ASTRAL-3) is actually ongoing.
Another promising molecule is ASTX 727, an oral combina-
tion of decitabine and a cytidine deaminase inhibitor that 
enhances bioavailability of low doses of decitabine, and 
avoids potential gastrointestinal toxicities associated with 
higher doses.

CHECKPOINT INHIBITION
Immunologic dysregulation, including minor alterations of 
T-cell subsets, immunoglobulin level abnormalities and  
paraneoplastic manifestations are relatively common in MDS 
patients although the link to MDS pathogenesis is still  
under investigation. MDS CD34+ cells present an increased 
expression of programmed death 1 (PD1), programmed death 
ligand 1 (PDL1) and cytotoxic T-lymphocyte-associated  
antigen 4 (CTLA4). In addition, exposure to HMA results in 
overexpression of PD1 and PDL1 both in vitro and in vivo.37

Checkpoint inhibitors that block PD1, PDL1 and CTLA4  
are under investigation, either as monotherapy or in combi-
nation with HMA. Pembrolizumab is a monoclonal antibody 
targeting PD1 that failed to induce significant responses 
when given alone in a phase 1b trial. Combining pembro- 
lizumab with AZA in a phase 2 trial induced an ORR of  
67% in HMA naïve and 33% in HMA failure MDS patients, 
respectively. This needs further follow-up in order to assess 
the magnitude of response rates and survival.38 Nivolumab 
and ipilimumab have also been tested alone or in combi- 
nation with AZA in both HMA naïve and refractory MDS.  
In frontline therapy, the nivolumab-AZA combination seems 
very promising with a 70% ORR and 40% CR rates. The 
median OS was not reached with the ipilimumab-AZA com-
bination. In R/R HMA patients, single-agent nivolumab has 
no activity, while a 30% ORR was noted with ipilimumab 
given in monotherapy. Immune mediated toxicity required 
early intervention with corticosteroids.39

RESTORING TET2 ACTIVITY
The TET2 gene encodes for a protein involved in the conver-
sion of 5-methyl-cytosine (5mC) to 5-hydroxymethylcytosine 
(5hmC), which is pivotal for DNA methylation. TET2 is the 
most commonly mutated gene in MDS (25%). Treatment with 
vitamin C mimics TET2 function and restores hematopoiesis 
in mouse and human cells with TET2 deficiency.
In a randomized, placebo-controlled trial where 20 patients 
received AZA 100 mg/m2 for 5 days +/- oral supplementation 
with vitamin C 500 mg for 3 cycles, preliminary results sug-
gest that normalization of plasma vitamin C enhances the 
biological effect of HMA. This forms the rationale for a large 
randomized phase 3 trial.40

IDH1 AND IDH2 INHIBITORS
Mutations in the isocitrate dehydrogenases IDH1 and IDH2 
are generally less common in MDS (<5%) compared to AML. 
IDH1 and IDH2 encode enzymes in the citric acid cycle, and 
mutations in their catalytic domain result in the accumulation 
of 2-hydroxyglutarate, leading to DNA hyper methylation.
Early results with oral enasidenib and ivosidenib have been 

FIGURE 4. Luspatercept is a fusion protein that acts as a  

ligand trap for TGF-beta ligands, that inhibits Smad 2/3 activa-

tion, and promotes the late stage of erythroid differentiation, 

thereby correcting ineffective erythropiesis.
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encouraging so far41-42 and combinations with AZA are being 
tested in a phase 1 trial.43-44

ANTI-APOPTOTIC PROTEINS
Deregulated apoptosis is commonly seen in MDS. Interes-
tingly, in early, LR MDS, background apoptosis appears to 
be increased whereas in advanced, HR MDS, anti-apop- 
totic proteins are up-regulated. Members of the Bcl-2 super-
family may present therapeutic targets in MDS at various 
stages of treatment, and therapies targeting Bcl-2 and Mcl-1 
are currently in development. Venetoclax, which is appro- 
ved for del(17p) CLL, is under investigation in association  
with AZA. 

SPLICEOSOME MODULATION
Given the prevalence of splicing factor mutations in MDS, 
which occur as early events in the pathogenesis of the  
disease, the spliceosome complex is an appealing target  
for new therapies. A phase 1 study is evaluating H3B-8800, 
an oral bioavailable splicing factor modulator that targets 
SF3B1 and which demonstrated antitumor activity in SFRF2 
mutant models. 

INHIBITION OF CELL SIGNALING PATHWAYS
Cell signaling pathways are up-regulated in MDS cells, par-
ticularly as they progress or evolve into AML, and targeted 
molecules may have a role in subsets of patients with MDS. 
Rigosertib acts as a RAS mimetic, competing with RAS  
for binding to phophoinositide-3 kinases (PI3K), resulting  
in the inhibition of the RAS/MEK/ERK pathway. In a phase 
3 study, rigosertib +/- low-dose cytarabine given in MDS  
patients progressing on HMA, failed to show any survival 
benefit compared to best supportive care. There were how-
ever more responses in the rigosertib group, probably in  
relation to an increase in bone marrow CR without hemato-
logic improvement.45 Combining rigosertib +/- AZA in HMA 
naïve HR MDS patients provides encouraging results com-
pared to single agent AZA, with an ORR rate of 79%.46

TARGETING THE TP53 PATHWAY
TP53 mutant MDS accounts for 5-10% of all de novo MDS 
cases and 25-30% of t-MDS patients. HMA are the preferred 
treatments for patients with these mutations, even with CR 
rates of 20-30% and a median OS <12 months. APR-246 is 
a novel, first-in-class small molecule that selectively induces 
apoptosis in mutated TP53 cancer cells by restoring the 
wild-type conformation. In a phase Ib/2 study, APR-246  
given with AZA induced 82% CR with deep molecular and 
durable remissions.47
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