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Abstract

Purpose of review—Myelodysplastic syndromes (MDS) have remarkably diverse somatic 

mutation patterns that are challenging to interpret clinically. Yet, genetic information is 

increasingly available to physicians. This review will examine several implications of genetic 

diversity in MDS.

Recent findings—Somatic mutations can serve as clinically relevant biomarkers in MDS. 

Molecular subtypes may exist that share clinical features including risk of progression to acute 

myeloid leukemia (AML), response to treatment, and overall survival. Several mutated genes are 

known to have prognostic value that is independent of common risk stratification tools. Mutations 

of several genes identify low-blast percentage patients with greater than predicted disease risk 

while only SF3B1 mutations predict lower disease risk than expected. Mutations of TP53 are 

associated with adverse features, yet demonstrate inferior outcomes than predicted by these risk 

factors. SF3B1 and TP53 mutations may identify clinically relevant subtypes of MDS and allow 

for better refinement of risk within these groups. Using somatic mutations to diagnose MDS is 

more challenging since they can occur in healthy individuals. Yet, patients with unexplained 

cytopenias have a high rate of clonal hematopoiesis that may be an important risk factor to identify 

clinically.

Summary—Patterns of somatic mutations are diverse in MDS, but can inform the prediction of 

prognosis and aid in its diagnosis.
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Introduction

Advances in cancer genetics have made a tremendous impact in how clinicians evaluate and 

treat patients with a wide variety of tumor types. In the myeloid malignancies mutation 

testing is often considered standard of care as it provides information critical for making the 

diagnosis, selecting therapies, and predicting outcomes. Several myeloproliferative 
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neoplasms (MPN) are defined by recurrent mutations in genes like JAK2, CALR, MPL, and 

KIT or gene rearrangements like BCR-ABL.(1) Acute myeloid leukemias (AML) are also 

classified by chromosomal rearrangements and several are further subdivided by point 

mutations in genes like DNMT3A, FLT3, CEBPA, and NPM1.(1)

Establishing similar practices for patients with myelodysplastic syndromes (MDS) has been 

more challenging. This is largely due to the oft cited clinical and genetic heterogeneity of 

these disorders in which particular mutations may be less common and less specific for 

important disease phenotypes. Despite this diversity, we have long considered chromosomal 

abnormalities to be important clinical biomarkers in MDS; primarily for risk stratification, 

but also for diagnosis and prediction of response in the case of MDS with isolated del(5q).

(1) Somatic mutations of individual genes are now beginning to play similar roles. As driver 

events responsible for the development and progression of MDS, somatic mutations may be 

more closely tied to disease phenotypes and therefore, may be more reliable biomarkers.(2)

It is estimated that one or more mutated genes can be identified in over 90% of cases.(3, 4) 

Several mutations are tightly associated with clinical features such as bone marrow blast 

percentage, severity of certain cytopenias, chromosomal instability, or the presence of 

dysplasia.(2) These lesions often carry prognostic significance that is independent of 

existing risk stratification tools and to a lesser extent, can help predict response to certain 

therapies.(5–8) In some cases, the presence of a somatic mutation in cytopenic patients may 

also aid in establishing a diagnosis. This brief review will give examples of how somatic 

mutations detected in MDS patients might impact their clinical care and reshape how we 

classify these disorders.

Diverse Mutational Spectrum

The overall pattern of mutations observed in MDS is similar to that seen in many solid 

tumors. A few genes are mutated with relatively high frequency while many more are found 

mutated only in a small minority of patients. This long tail of rarely mutated genes makes it 

difficult to discern their clinical implications. As a consequence, the mutated genes reported 

to have clinical utility tend to be the few that are either more frequent or that have very 

strong effects when present. The most frequently mutated MDS genes are SF3B1, TET2, 
ASXL1, SRSF2, DNMT3A, RUNX1, U2AF1, ZRSR2, STAG2, TP53, NRAS, and EZH2 in 

rough order of descending frequency (Figure 1).(3, 4) No single gene is mutated in the 

majority of cases and the most mutated genes are found in fewer than 5% of cases.(2–4)

Looking at the frequently mutated genes it is apparent that MDS are diseases of disordered 

spliceosome function and epigenetic regulation. Nearly two-thirds of MDS patients carry a 

splicing factor mutation and more than half have a mutation in an epigenetic regulator. 

Several additional pathways are frequently affected including hematopoietic transcription 

factors, tyrosine kinase signaling, cohesin genes, and DNA damage response and repair 

enzymes. However, clinical phenotypes are much more closely tied to the individual genes 

mutated that the pathway they belong to.(9) For example, MDS patients with SF3B1 
mutations very often have ring sideroblasts which is a rare feature in patients with other 
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mutated splicing factors. Similarly, patients with NRAS or CBL mutations tend to have 

higher risk disease while those with JAK2 mutations do not.

Finally, it is important to note that genetic variability in MDS refers to more than the vast 

array of combinations in which genes can be co-mutated. There is also a diverse clonal 

architecture to these disorders.(10) In some patients, a mutated gene may exist in a small 

subclone while in another it might represent an ancestral mutation present in every tumor 

cell. Furthermore, this clonal architecture evolves over time and with treatment.(11) The 

clinical implication of mutations must be considered in the context of other mutations as 

well as their associated clone size.(12) This degree of genetic variability might make it seem 

unlikely that we would find reliable clinical correlates of genetic mutations, but several 

important observations have been validated and can clearly impact care.

Prognostic Value

The greatest evidence for the role of somatic mutations in the clinical care of MDS patients 

comes from studies on disease risk and prognosis. Several mutated genes are strongly 

associated with known clinical risk factors. Mutations of TP53, RUNX1, ASXL1, SRSF2, 

and NRAS are enriched in patients with elevated bone marrow blast proportion, for example.

(2, 4) The same genes are associated with thrombocytopenia while TP53 mutant patients are 

more likely to have a low neutrophil count and a complex karyotype. SF3B1 mutations, on 

the other hand, are inversely associated with these adverse risk factors.(3) Given these 

associations, it is not surprising that somatic mutations carry prognostic information and can 

be used to risk stratify patients.

Some mutated genes, like CBL, EZH2, PTPN11, and PRPF8, are not strongly linked to 

clinical risk factors yet still predict a shorter overall survival.(13) Mutations in these genes 

may have prognostic value that is independent of the IPSS-R. In actuality, even mutated 

genes like TP53 that are strongly tied to clinical risk factors have independent prognostic 

significance.(14) This may be because mutations associated with an adverse prognosis often 

arise in small subclones that can be detected by sensitive sequencing techniques.(3) These 

small clones may be harbingers of disease progression, but not yet large enough to alter 

clinical risk factors like blast proportion or cytopenias. For adverse mutations, it has been 

shown that their presence in a small subclone carries the same risk as when they are present 

in the dominant clone.(3)

Mutations of TP53, EZH2, RUNX1, ETV6, and ASXL1 have been associated with greater 

risk that predicted by the IPSS and later, the IPSS-R.(2) Subsequent studies have found 

additional mutated genes with adverse prognostic associations independent of the IPSS-R, 

including NRAS, CBL, PRPF8, PTPN11, and NF1 to name a few (Figure 2).(3, 4) 

Surprisingly, one or more of these adverse mutations can be found in over one-third of 

patients, indicating that we routinely underestimate disease risk using conventional 

assessment tools.(13) In contrast, we may be over estimating risk in patients with SF3B1 
mutation even though the majority of this group is considered to have lower risk disease by 

the IPSS-R.
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Similarly, patients with a complex karyotype are considered to have high disease risk, but in 

practice, are a heterogeneous group. Complex karyotype MDS patients have fewer mutations 

in other genes, but roughly half will carry a TP53 mutation and have the worst overall 

outcomes, even after treatment.(6, 8, 15, 16) Complex karyotype patients without TP53 
mutations appear to do as well as MDS patients without a complex karyotype, highlighting 

the importance of TP53 mutation status in this group.(12)

Why is this clinically relevant? Treatment for MDS is highly risk stratified. Patients 

perceived to have lower risk disease are either observed or treated with supportive measures 

such as erythropoiesis stimulating agents. MDS patients at greater risk are treated more 

aggressively with hypomethylating agents or considered for stem cell transplantation. 

Misassigning risk could lead to over or under treatment. In addition, there may be 

uncertainty about how best to treat patients with intermediate risk according to tools like the 

IPSS and IPSS-R. Additional information about somatic mutations can refine risk in these 

cases and help with the selection of appropriate therapies.

How best to incorporate mutational information into clinical risk assessments is not yet clear 

as expert consensus guidelines for this have not been published. Ideally, a molecularly 

integrated risk assessment tool would improve accuracy without adding undue complexity or 

barriers to use. A straightforward method would be to use a two-step process in which 

patients are scored using conventional prognostic models like the IPSS or IPSS-R, and then 

have their risk group adjusted based on somatic mutations.(2) For example, an MDS patient 

with IPSS Intermediate-1 risk or IPSS-R Intermediate risk would be considered to have 

“higher” risk disease if they carried an ASXL1 mutation or another adverse gene mutation. 

Such a patient might be referred to stem cell transplantation or afforded hypomethylating 

agent sooner than they otherwise might. This approach leverages existing scoring systems 

without requiring physicians to adopt a completely novel one. The disadvantage could be 

some loss of accuracy in exchange for simplicity as mutations in different genes would not 

be assigned different weights nor could the relative contribution of clinical measures like 

blast count be changed.

Alternatively, a new model that reweights the contribution of genetic and clinical measures 

could be created.(4, 17) The disadvantage to this approach is its complexity, which could 

represent a barrier to adoption. It also may not consider subtleties that might limit its 

prognostic accuracy. For example, somatic mutations that predict increased disease risk 

might do so only in certain clinical situations and some gene mutations may not necessarily 

have additive risk when they are found to co-occur.

Preliminary results presented at ASH by the International Working Group for MDS (IWG) 

molecular prognosis committee demonstrated how some mutated genes have independent 

prognostic significance only in MDS patients with < 5% bone marrow blasts (Figure 2).(13) 

In patients with excess blasts, genes like U2AF1, SRSF2, SF3B1, and ASXL1 lost their 

independent prognostic significance. This may represent a more nuanced approach that 

subdivides MDS patients based on prognostic clinical features, such as blast count, and then 

performs molecularly based risk stratification. The result could be greater accuracy that 

retains the simplicity of a two-step model without adding burdensome complexity. Ongoing 
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efforts of large collaborative groups like the IWG will provide guidance about how best to 

utilize MDS mutation data in practice.

Diagnostic Value

As with MPNs, cases of MDS can often be difficult to distinguish from reactive processes. 

Many patients with unexplained cytopenias who lack excess blasts or sufficient dysplasia in 

their bone marrow are left without a diagnosis and little clarity about their prognosis. It is 

tempting to think that the identification of a somatic mutation can be used as a surrogate 

marker of disease in these patients who do not demonstrate the morphologic criteria required 

for MDS. However, the reality is much more challenging. No mutation is present in the 

majority of cases and no mutated gene is highly specific for MDS. In fact, somatic mutations 

indicative of clonal hematopoiesis are strikingly more common in persons without 

hematologic abnormalities. Several studies have demonstrated that somatic mutations can be 

found in the blood of unselected individuals with a frequency that increases sharply with 

age.(18–20) For persons aged 75, the prevalence of clonal hematopoiesis approaches 15%. 

The somatically mutated genes are the same as those found in MDS, but at different 

frequencies. Mutation of DNMT3A, TET2, and ASXL1 are the most common, but also 

include TP53, SF3B1, SRSF2, JAK2, and CBL, typically at low abundance.

The relative risk of developing a hematologic malignancy is increased in these individuals 

with clonal hematopoiesis, but the absolute risk remains very low. Since the vast majority 

will never develop a hematologic disorder they are described as having clonal hematopoiesis 

of indeterminate potential (CHIP).(19–21) If a person with CHIP develops cytopenias 

caused by a vitamin deficiency, alcohol use, a viral infection, or another non-malignant 

cause, the identification of a somatic mutation could be misleading and should not be used to 

indicate that MDS is present.(22)

With that caveat in place, there is a role for mutation sequencing in patients with 

unexplained cytopenias. Patients who do not meet the diagnostic criteria for MDS are often 

described as having idiopathic cytopenias of undetermined significance (ICUS). The 

prognosis in ICUS patients remains largely unknown. A recent study of cytopenic patients 

suspected of having MDS and who had a bone marrow biopsy performed showed that the 

incidence of ICUS is high.(23) Of 144 patients prospectively screened, only 24 were 

diagnosed with MDS. Another 21 had evidence of dysplasia, but did not meet diagnostic 

criteria for MDS and 99 had no dysplasia whatsoever. Karyotype analysis and sequencing of 

22 MDS genes found evidence of clonal hematopoiesis in 71% of patients with some 

dysplasia and in 27% of those with none. These rates are many times higher than the 

background rate of CHIP in similarly aged individuals. Furthermore, the size of the mutant 

clones in these cytopenic patients was much greater than that seen in CHIP. Overall, 40% of 

patients with ICUS had evidence of clonal hematopoiesis and were described as having 

clonal cytopenias of undetermined significance (CCUS). Eventual outcomes for CCUS 

patients versus those with non-clonal ICUS were not examined and remain unclear.(22)

A complementary study examined 69 patients with MDS or AML who had a prior bone 

marrow biopsy that failed to meet diagnostic criteria for any hematologic malignancy.(24) 
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When DNA samples from these earlier non-diagnostic biopsies were sequenced, 91% 

carried at least one somatic mutation. Only 43% of the cohort developed an additional 

mutation by the time that they were diagnosed with MDS or AML. These studies indicate 

that somatic mutations in cytopenic patients are likely risk factors for the development of 

myeloid malignancies (Table). Studies are ongoing to better characterize this risk and to 

determine which features are most predictive. In the meantime, identification of CCUS 

patients is useful, as it will allow us to learn more about their outcomes.

Most recently, the World Health Organization (WHO) committee on the diagnosis of 

myeloid neoplasms revised the diagnostic criteria for MDS to include a single gene 

mutation.(25) Cytopenic patients with as few as 5% ring sideroblasts (RS) are considered to 

have MDS if they carry at typical SF3B1 mutation. This represents a relaxation of the 

criteria that MDS-RS patients have at least 15% ring sideroblasts and is the first example of 

a genetic mutation included in the diagnostic criteria for MDS.

Conclusion

Recurrent somatic mutations are the molecular drivers responsible for the development and 

progression of MDS. They are associated with clinical manifestations, prognosis, and in 

some cases, how patients respond to therapy. The genetic variability associated with MDS 

has made it challenging to establish simple rules governing the clinical interpretation of 

somatic mutations. Despite these challenges, somatic mutation testing for MDS is useful as 

an aid to clinical decision making today as long as they are interpreted in light of the clinical 

context and not used as the sole means of diagnosing, risk stratifying, or selecting therapy 

for patients. Consensus guidelines have begun to describe the role of somatic mutations in 

the risk assessment of patients with MDS. Novel prognostic models are being developed that 

will incorporate mutational information. Molecular subgroups, like SF3B1 or TP53 mutant 

MDS, are being explored as has recently been done with AML.(9, 26) Further investigation 

into the risk associated with somatic mutations in CCUS patients will likely redefine the 

diagnostic boundaries of MDS. Together, these advances will leverage the genetic diversity 

of MDS to create clinical tools that improve the personalization of MDS patient care.
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Key Points

• Somatic mutations are common in MDS and occur in highly variable patterns

• The most common class of mutations involve splicing factors and epigenetic 

regulators

• Several mutations are associated with clinical features and may identify 

genetic subtypes of MDS with more homogenous disease phenotypes, 

responses to treatment, and predicted prognosis.

• Somatic mutations should not be used to diagnose cytopenic patients with 

MDS in the absence of morphologic or cytogenetic criteria, but can identify 

patients with clonal cytopenias that are predicted to have increased risk 

disease risk.
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Figure 1. Somatic mutation frequencies by class and mutation group
A) Frequency of gene mutations organized by functional groups in all cases of MDS. B) 

Comparison of mutation rates in all MDS cases vs. those with either SF3B1 mutation or 

TP53 mutation. * - This refers to the percentage of patients with one (1 Mut) or no (None) 

mutation of the 17 most frequently mutated MDS genes – mutations in more rarely mutated 

genes may still be present in these cases.
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Figure 2. Mutated genes with independent prognostic significance by MDS bone marrow blast 
proportion
Mutated genes associated with overall survival in MDS patients after adjustment for IPSS-R 

risk groups are listed below. Those in the blue circle are significant in patients with less than 

5% blasts in their bone marrow. Those in the red circle are significant in patients with 5–

30% blasts. Gene listed above the straight line are prognostically adverse. Only mutations of 

SF3B1, listed below the line, are independently favorable. Data based on IWG-PM 

presentation at ASH 2015.(13)
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Table

Comparison of genetic characteristics between CHIP, CCUS, and MDS.

CHIP
Unselected Population

CCUS
At Diagnosis

CCUS
Prior to 

MDS/AML 
Progression

MDS
All Risk Groups

Commonly Mutated Genes DNMT3A, TET2,ASXL1, 
PPM1D, JAK2, TP53

TET2, 
DNMT3A,ASXL1, 

SRSF2, TP53

TET2, SRSF2, 
ASXL1, U2AF1, 

DNMT3A

SF3B1, TET2, ASXL1, 
SRSF2, DNMT3A

Mean # of Mutations ~1 ~1.6 ~2 ~2.6

Typical VAF 9–12% 30–40% ~40% 30–50%

Incidence About 10–15% of 70 year-olds About 35% of ICUS About 90% of 
ICUS

May be <50% of 
cytopenic patients
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