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• Risk stratification

• Questions and Answers



Introduction to MDS



• Shared features:

– Low blood counts

– Clonal overgrowth of bone marrow cells

– Risk of transformation to acute leukemia

• Afflicts 15,000 – 45,000 people annually

• Incidence rises with age (mean age 76)

Myelodysplastic Syndromes
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Who gets MDS?
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http://seer.cancer.gov. Accessed May 1, 2013.

MDS Incidence Rates 2000-2008

US SEER Cancer Registry Data



Age and Sex in MDS

Age at MDS diagnosis (years)*P for trend < .05

0

10

20

30

40

50

< 40 40-49 50-59 60-69 70-79 ≥ 80

0.1 0.7 2.0

7.5

20.9

36.4*

FemalesMalesOverall

 Overall incidence in this analysis: 3.4 per 100,000

Rollison DE et al Blood 2008;112:45-52. 



MDS Incidence Rates 2023



MDS Incidence 2023



“De novo”
(idiopathic, primary)

Median age ~76 years;
increased risk with aging

80%

Often early onset and part 
of a larger syndrome

Familial or Congenital

~10%
Topoisomerase II inhibitors

Ionizing radiation
DNA alkylating agents

Peaks 1-3 or 5-7 years 
following exposure

10-15%

Etiology of MDS



Making the Diagnosis



Who do we suspect?

Suspicion for MDS increases with:

 Age

 Prior cytotoxic or chemical/radiation exposures

 Number and severity of cytopenias (low blood counts)

 Family history

 Lack of an alternative explanations

 Evidence of dysplasia in peripheral blood



Myelodysplastic Syndromes



Myelodysplastic
Syndromes (MDS)

Aplastic Anemia

Acute Myeloid
Leukemia (AML)

Paroxysmal 
Nocturnal 
Hematuria

T-LGL

Fanconi
Anemia
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Valent P et al Leuk Res 2007;31:727-736.

Cytopenia(s):

• Low hemoglobin, or

• Low neutrophil count, or

• Low platelet count

MDS “decisive” criteria:

• >10% dysplastic cells in 1 or more lineages, or

• 5-19% blasts, or

• Abnormal karyotype typical for MDS, or

• Specific mutations typical of MDS

Other causes of cytopenias and morphological changes EXCLUDED:
• Vitamin B12/folate deficiency
• HIV or other viral infection
• Copper deficiency
• Alcohol abuse
• Medications (esp. methotrexate, azathioprine, recent chemotherapy)
• Autoimmune conditions (ITP, Felty syndrome, SLE etc.)
• Congenital syndromes (Fanconi anemia etc.)
• Other hematological disorders (aplastic anemia, LGL disorders, MPN etc.)

Minimal Diagnostic Criteria

Slide borrowed from Dr. David Steensma



Bone Marrow Biopsy

From:  NCCN Guidelines for Patients:  MDS



The Bone Marrow

From:  NCCN Guidelines for Patients:  MDS



Chromosomes and Mutation Testing



Looking for Answers

65 year-old woman with mild anemia and a platelet count 
that fell slowly from 230 to 97 over the past 3 years.

Normal
Range

B12 level - Normal
Folate - Normal
Thyroid - Normal

No toxic medications

No alcohol use

No chronic illness



Making the Diagnosis
65 year-old woman with mild anemia and a platelet count that fell 
slowly from 230 to 97 over the past 3 years.

70% cellular marrow - 1% blasts in aspirate

Dysmegakaryopoiesis >10% - <10% dyserythropoiesis

Normal Karyotype: 46,XX[20]

Mutations of TET2 and BCOR

Normal
Range



Another example
71 year-old man with big red cells and low blood counts 
that developed over the past 6 months.

Normal
Range

1.9 7.9
45

B12 level - Normal
Folate - Normal
Thyroid - Normal

No toxic medications

No alcohol use

No chronic illness



Making the Diagnosis
71 year-old man with big red cells and low blood counts that developed 
over the past 6 months.

Hypercellular bone marrow (90%)

12% blasts in aspirate

Dysplasia in all three cell types > 10%

Abnormal Karyotype: 46,XY,-7,del(17)(p12)[13]/46,XY[7]

Mutations in TP53, RUNX1, and U2AF1

Normal
Range

1.9 7.9
45



Classification of MDS Subtypes



World Health Organization MDS categories (2016)



5-9% BM blasts 10-19% BM blasts

Single versus 
multilineage
dysplasia, 
ring sideroblasts, 
isolated del(5q)

Courtesy Robert P Hasserjian

2016 WHO MDS Classification Disease Subtypes
<5% BM blasts



 

943 MDS pts

Unilineage dysplasia

Excess blasts

Multilineage dysplasia

World Health Organization MDS categories (2016)

Cazzola. Haematologica. 2011 Mar;96(3):349-52.



Two new classifications of myeloid neoplasms in 2022

Leukemia. 2022 Jul;36(7):1703-1719.

Blood. 2022 Sep 15;140(11):1200-1228.



5-9% BM blasts 10-19% BM blasts

Single versus 
multilineage
dysplasia, 
ring sideroblasts, 
isolated del(5q)

Courtesy Robert P Hasserjian

2016 WHO MDS Classification Disease Subtypes
<5% BM blasts



5-9% BM blasts 10-19% BM blasts

2022 WHO MDS Classification Disease Subtypes

Single versus 
multilineage
dysplasia, 
ring sideroblasts, 
isolated del(5q)

<5% BM blasts

Courtesy Robert P Hasserjian



5-9% BM blasts 10-19% BM blasts

2022 ICC MDS Classification Disease Subtypes

Single versus 
multilineage
dysplasia, 
ring sideroblasts, 
isolated del(5q)

Courtesy Robert P Hasserjian

<5% BM blasts



What questions should you ask about your diagnosis?

What did my bone marrow biopsy show?

 Did they find enough dysplastic cells to call it MDS?

 How many blasts were there?

 Did I have RING SIDEROBLASTS? If so, how many?

 Where the chromosomes normal or abnormal?

 What mutations were found, if any?

Was this consistent with MDS and if so, what subtype is it?



What if it’s abnormal but its not typical MDS?

MDS-related diagnoses:

 Chronic Myelomonocytic Leukemia (CMML)

 MDS with Ring Sideroblasts and Thrombocytosis (MDS/MPN-RS-T)

 MDS with Germline Predisposition?

 Is it Acute Myeloid Leukemia (AML)?

 Is it a Clonal Cytopenia of Undetermined Significance (CCUS)?



The Borders of MDS

MDS AMLCCUS

Clonal cytopenias

Increasing blasts

Slide from Robert P Hasserjian

CMML

≥10% Dysplasia 20% blasts10% blasts

MDS/MPN-
RS-T

CMUS



Clonal Cytopenia of
Undetermined SignificanceCCUS

1. Identification in blood (or marrow) DNA with one or more somatic gene mutations in 
myeloid malignancy driver genes of VAF ≥ 2%  

2. Lack of evidence for a defined hematological disorder harboring the identified mutation(s)

3. Unexplained cytopenia(s) such as anemia (hemoglobin < 12 g/dL in females and < 13 g/dL in 
males), neutropenia (absolute neutrophil count < 1.8 × 109/L), and/or thrombocytopenia 
(platelets < 150 × 109/L) that is not explained by another condition (persistent >4 months 
ICC).

It is a potential pre-MDS, but how it 
evolves depends on several  factors



MDS + Ring Sideroblasts and Thrombocytosis 

MDS/MPN-RS-T

Too many 
platelets!

• Can have dysplasia like MDS-RS

• Has ring sideroblasts like MDS-RS

• Can have low blood counts like MDS-RS

• Low risk of acute leukemia like MDS-RS

• Can share mutations with MDS-RS

• Similar range of prognosis to MDS-RS

BUT, has some unique patterns with:

More JAK2, CALR, or MPL mutations

May have a higher risk of blood clots



Chronic Myelomonocytic Leukemia

CMML

Too many 
monocytes!• Can have dysplasia like MDS

• Can have low blood counts like MDS

• Can become acute leukemia like MDS

• Can share mutations with MDS

• Similar range of prognosis to MDS

• Similar treatments as for MDS

BUT, has some unique patterns with:

More TET2, ASXL1, SRSF2, NRAS, KRAS mutations

Tends to be more inflammatory



Prognosis & Risk Assessment



Lower Risk
• Observation

• ESAs/Luspatercept

• Lenalidomide

• Imetelstat

• Immune 
suppression

Higher Risk
• Azacitidine

• Decitabine

• Allo-HSCT

• Clinical Trials

Risk-Adapted Therapy



International Prognostic Scoring System

Greenberg et al. Blood. 1997;89:2079-88.

Low

Int-1

Int-2

High

LOWER Risk

HIGHER Risk



MD Anderson Lower Risk PSS

Leukemia (2008) 22, 538–543

31%

Bejar et al. JCO. 2012

IPSS Risk Groups

Low (n=57)

Intermediate-1 (n=160)

p < 0.001

LR-PSS Risk Categories

Category 1 (n=57)

Category 2 (n=160)

Category 3 (n=71)

p < 0.001 for each comparison

25%

Allows for reweighting of risk factors and 
inclusion of new ones



Impact of EZH2 Mutations in LR-PSS

Kristen Stevenson & Donna Neuberg Bejar et al. JCO. 2012



IPSS-Revised (IPSS-R)

Greenberg et al. Blood. 2012:120:2454-65.



Revised IPSS (IPSS-R)
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• Considers only UNTREATED patients

• IPSS-R does not consider somatic mutations

• Somatic mutations are common in MDS

• Several mutated genes have prognostic significance 
independent of the IPSS-R

LOWER Risk 
≤3.5

HIGHER Risk 
>3.5



Impact of Adverse Somatic Mutations on IPSS-R Bejar R. Haematologica. 2014 Jun;99(6):956-64. 
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Most Frequently Mutated MDS Genes

RUNX1
ETV6

WT1 PHF6

GATA2

DNMT3A

EZH2

ASXL1

IDH
1 & 2

UTX

TP53

Transcription FactorsTyrosine Kinase Pathway

Epigenetic Dysregulation

SF3B1

Splicing Factors

JAK2

NRAS

BRAFKRAS

FLT3

PTPN11

STAG2
SMC3
RAD21

CBL
NPM1

ATRX

Others

SRSF2
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U2AF2

PRPF8

BCOR/L1

TET2

DDX41



Molecular Genetic Risk 
Stratification with the IPSS-M

How I risk stratify patients with MDS



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

Study objective: Integrate gene mutations into the International Prognostic Scoring System (IPSS/IPSS-R)

Slides courtesy of Dr. Elsa Bernard



Mutations in the IPSS-M cohort

• 48 genes mutated in >1% of patients.

• 94% of patients had at least one oncogenic lesion.

• Median 4 lesions per patient (range 0-20).

Molecular characterization: Conventional cytogenetics | Oncogenic mutations from 152 genes (VAF>2%)

Dense copy number probes and SNP baits to capture aUPD/CN-LOH



SF3B1 mutations were associated with favorable outcomes.

But this association was modulated by its pattern of co-mutations.

1.  SF3B15q (7%)
Concomitant isolated del(5q)

2.  SF3B1ᵝ (15%)
Co-occurrence of mutations 
in BCOR, BCORL1, RUNX1, 
NRAS, STAG2, SRSF2

3.  SF3B1𝛼 (78%)
Any other SF3B1 mutations.

Malcovati et al. Blood 2011;2015;2021 
Meggendorfer et al. Haematologica 2017

Malcovati et al. Blood. 2020 Jul 9;136(2):157-170. 

Considers Gene-Gene Interactions



Molecular IPSS (IPSS-M)
Model fit with a robust Cox multivariable regression adjusted for confounder variables 

Continuous clinical parameters
Marrow blasts, platelets, hemoglobin

IPSS-R cytogenetic categories
Unchanged in the IPSS-M

17 genetic variables from 16 main effect genes
Individual weights attributed to each variable

1 genetic variable from 15 residual genes
Number of mutated genes (0, 1 or 2)

Adjusted for confounder variables
Age, sex, MDS type (primary, therapy-related)
Included in the fit but not in the score



IPSS-M Risk Categories 

A six-category risk schema

Very Low | Low | Moderate Low | Moderate High | High | Very High

Prognostic separation of the IPSS-M risk categories



These materials are provided to you solely as an educational resource for your personal use. Any commercial use or distribution of these materials or any portion thereof is strictly prohibited.

Improved prognostic discrimination Extensive patient re-stratification

Five points increase in concordance index from IPSS-R to IPSS-M across all endpoints 

46% (n=1,223) of patients were re-stratified

7% (n=196) of patients were re-stratified by more than one strata

Validation in Japanese Cohort 

Mapping from the IPSS-R to the IPSS-M



IPSS-M Risk Categories 

A six-category risk schema

Very Low | Low | Moderate Low | Moderate High | High | Very High

Negative scores are 
LOWER RISK 

Positive scores are 
HIGHER RISK

A point change of +1 
implies a doubling of 

prognostic risk 



IPSS-M Calculator



https://mds-risk-model.com/



https://mds-risk-model.com/



What if there are missing data?
Patient profile Patient-specific risk score & risk category

Range of score
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MDS Summary
• MDS are a broad range of bone marrow diseases caused by gene 

mutations that affect how blood cells grow and mature

• MDS can be very mild and slowly progressive or more severe and 
rapidly changing with an increased risk of becoming AML

• The IPSS-M is a new tool that helps predict MDS risk and can 
guide the timing and choice of therapy

• Knowing your MDS subtype, gene mutations, and risk group is 
key to understanding your treatment options and prognosis



Hematology at UC San Diego
MDS Center of Excellence at UC San Diego
Marla McArdle Rosie Tan - Bejar Clinic/Lab
Jennifer Galvan Olivia Reynolds
Michelle Don Huanyou Wang - Hematopathology
Edward Ball James Mangan - BMT Group
Tiffany Tanaka Divya Koura
Carolyn Mulroney Caitlin Costello
Fotis Asimakopoulos Dimitri Tzachanis
Aaron Goodman Dan Kauffman
Ayad Hamdan Autumn Jeong
Sandy Shattil John Adamson - Hematology Group
Catriona Jamieson Michael Choi
Erin Reid Tom Kipps
Benjamin Heyman Annette Von Drygalski
Srila Gopal William Pearse
Anthony Nguyen Amanda Kagan
Jenny Zhou

All of our PATIENTS and INFUSION CENTER nurses and staff!


