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MDS Classification: Trajectory
• Prior systems

• Characterization: Morphology—dysplasia, marrow blast %
• FAB 1982; WHO 2001, 2008, 2016

• Classification: Clinical prognostic risk-based analyses
• Morphology/CBC/Cytogenetics codified/quantified
• IPSS 1997; IPSS-R 2012; WPSS-R 2015

• Mutations 2011 – present
• Type, number, allelic status, co-mutations

• Molecular variables as complement to clinical features
• Cytogenetic abnormalities in only ~50% MDS patients
• Numerous mutational subtypes often with low incidence
• Multiple co-mutations influencing clinical outcomes

→IPSS-R/Molecular project



MDS Classifications 1982-97

System

BM 

Blasts Cytopenias

Cyto-

genetics Age LDH

Bennett ‘82, 

FAB

+ - - - -

Mufti‘85,UK + +, 3 - - -

Sanz ‘89, 

Spain

+ +, 3 - + -

Aul ‘92, 

Germany

+ +, 2 - + +

Morel ‘93, 

France

+ +, 1 + - -

Toyama ‘93, 

Japan

+ +, 3 + + -

Greenberg

‘97, IPSS

+ +, ’3’ + + -



Classification:
Virus Taxonomy



Gorbalenya AE, Baker SC, et al, bioRxiv preprint doi: https://doi.org/10.1101/2020.02.07.937862  
Coronavirus Study Group

Severe acute respiratory syndrome-related coronavirus: Species & its Viruses



Prognostic Classification Systems for MDS & CMML 
1997-2013

Blasts Cyto Hgb Plts ANC Age RBC txn PS

IPSS + + + + + +

WPSS +1 + + +2

MDA-LR + + + + +

MDAS + + + + +3 + + +

FPSS +(PB) + + +

CPSS4 + + + +3 +2

IPSS-R5 + + + + + + +

1 WHO MDS subtype
2 RBC transfusion dependency can be substituted by hemoglobin (Hgb) level
3 Leukocytosis
4 CMML: FAB and WHO MDS subtypes
5 Plus other variables: LDH, ferritin, β2-microglobulin, fibrosis 

Jonas & Greenberg, 2015



Revised International Prognostic Scoring System  (IPSS-R)

Cytopenias, Cytogenetics, Marrow blasts

calculate risk score

Greenberg et al, IWG-PM, Blood 2012, n=7012



Ok CY et al, Leukemia 28:185, 2014; n=411

(MDA & MGH)

t-MDS & IPSS-R: Clinical Outcomes



MDS: Post-Allogeneic HSC Transplant Outcome:
OS Relation to Pre-Transplant IPSS-R Risk Category

GITMO study, n=519, Della Porta et al, Blood 2014 





Mutation Impact on Survival in MDS 

--additive to IPSS-R categories*

*TP53, ASXL1, RUNX1, EZH2, ETV6

Bejar et al, Haematologica 2014



LFS Relative to Number of Oncogenic Mutations
Papaemannuil et al, Blood 2013; n= 595





Post Allo-Transplant Clinical/Molecular Model

Della Porta et al, J Clin Oncol ’16, GITMO, n=401 MDS/AML-MRC 

5 Independent Predictors including ASXL1,RUNX1,TP53 mutations



MDS Classification: Project update
• Biologic variables needed to complement clinical features

• Cytogenetic abnormalities in only ~50% MDS patients

• Numerous mutational subtypes often with low incidence

• Multiple co-mutations influencing clinical outcomes

• Robust integrated clinical-molecular database and sequencing 
program required
• IPSS-R/Molecular project through the IWG-PM under the aegis of the MDS 

Foundation, n = 3000+ samples

• Sequencing @ Memorial Sloan Kettering—E Papaemmanuil, E Bernard
• Coordinating Committee: Bejar, Cazzola, Ebert, Greenberg, Hellstrom, Malcovati, Ogawa 





Survival Impact of Mutant Driver Numbers

E Bernard et al, for IWG-PM, MDS Fndn Symposium, ASH 2018



E Bernard et al, for IWG-PM, MDS Fndn Symposium, ASH 2018



MDS Mutational Analyses: 
Co-Mutation Map (n=1672)





mSF3B1 Outcome Shift with Co-Mutators

E Bernard et al, for IWG-PM, MDS Fndn Symposium, ASH 2018



TP53 Allelic State Shapes 1o MDS Clinical Outcomes

Bernard et al, for IWG-PM, ASH 2019, #675

68% multi-hit/bi-allelic mTP53

mTP53 n=368 pts mTP53 n=317 pts



TP53 Allelic State Impacts IPSS-R 

Risk Group Survival Outcomes

Bernard et al for IWG-PM, ASH2019 #675

Patient TP53 Status: 368 mutated, 2780 Wild-type 



TP53 Allelic State Shapes Clinical Outcomes in 

Therapy-Related MDS & HMA Response

Impact of HMA Therapy1o & Therapy-Related MDS

Bernard et al for IWG-PM, ASH 2019, #675



MDS Molecular and Clinical Classification
Summary

• Better defined:
• Molecular heterogeneity 
• Mutations: critical nature of allele status, number and co-mutators
• Impact on survival, AML evolution, HMA responses 
• Both p- and TR-MDS evaluated

• IPSSR-Molecular classification project progressing
• Genotype-Phenotype associations for clinical subtypes
• Identifying VUSs as now being pathogenic
• Prognostic classification
• Ongoing analysis of potential therapeutic targets
• Other features to be integrated (e.g., gene expression)


