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MYELODYSPLASTIC NEOPLASMS (MDS)

• Threshold for dysplasia set at 10% for all lineages

• Single lineage and multilineage dysplasia is optional- No. of dysplastic lineages
is dynamic ,represents phenotypic manifestation of clonal evolution

• MDS, Unclassifiable has been removed due to incorporation of CCUS

• MDS with low blasts (MDS-LB) and MDS with increased blasts (MDS-IB) – cut
offs retained.
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Validation of WHO 2022 and ICC 2022 
MDS Classification Systems: Background

▪ 2 sets of guidelines published in 2022 replace WHO 2016 for classification of 
myeloid neoplasms 

‒ WHO 5th edition1

‒ ICC2

▪ Some parameters differ between WHO and ICC 2022 classification systems3

‒ Inclusion of MDS with ring sideroblasts in WHO but not ICC

‒ Nomenclature for categories of MDS with excess blasts

‒ Details of genetically defined subgroups of SF3B1 and TP53 mutation

▪ Current International Consortium for MDS report examined outcomes for 
WHO and ICC MDS subtypes using large dataset of patients3

1. Khoury. Leukemia. 2022;36:1703. 2. Arber. Am J Hematol. 2022;97:514. 3. Ball. ASH 2022. Abstr 463.



Definition of Cytopenia

• Cytopenia definitions are harmonized for CCUS, MDS, and MDS/MPN 

Anaemia- Hb <13g/dL in males and <12 g/dL in females 

Leukopenia -Absolute neutrophil count <1.8 ×10⁹/L 

Thrombocytopenia -Platelets <150 × 10⁹/L



CLONAL HAEMATOPOIESIS

Both classifications now include clonal haematopoiesis

WHO HAEM 5 ICC 2022

Bejar R, Leukemia, 2017







MDS Precursor States

Genotype

Myeloid NeoplasmCHIP
Normal 

Hematopoiesis CCUS

Normal blood 
count; nonclonal 
cytopenia

Normal blood 
count; CHIP might 
be incidentally 
detected in a 
nonclonal 
cytopenia of other 
origin

Varying degree of 
uni- or 
multilineage 
cytopenia

Varying degree of uni- or 
multilineage cytopenia; 
abnormal morphologic 
features or immature cells 
as in WHO classification

Phenotype

DeZern. Am Soc Clin Oncol Educ Book. 2019;39:400.



CLONAL HAEMATOPOIESIS

Hb <13 g/dl (M) and <12 g/dL (F), ANC <1,8x109/L, PLT <150x 109/L

TET2, DNMT3A,ASXL1, SRSF2, ZRSR2, SF3B1, U2AF1, IDH1/2, RUNX1, 

EZH2, JAK2, CBL, KRAS, CUX1,TP53



Am J Hematol 2023;98:1307–1325



The Consequences of CHIP

▪ Hematologic malignancies
(HR: 11.1; 95% CI: 3.9-32.6) 

▪ Increased all-cause mortality 
(HR: 1.4; 95% CI: 1.1-1.8)

▪ Cardiovascular disease            
(HR: 2.0; 95% CI: 1.2-3.4)

▪ Stroke 
(HR: 2.6; 95% CI: 1.4-4.8)

Osteoporosis
Stroke
Dementia

Jaiswal. NEJM. 2014;371:2488. Jaiswal. Blood. 2020;136:1606. Bouzid. ASH 2021. Abstr 5. Uddin. Nat Commun. 2022;13:5350.



<5% BM blasts

MDS-SLD

MDS-MLD 

MDS-del(5q)

MDS-RS

MDS-EB1
5%-9% 

BM blasts

MDS-EB2
10%-19% 
BM blasts
Auer rods

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

2017 WHO MDS Classification: Disease Subtypes

Arber. Blood. 2016;127:2391.



MDS with defining genetic abnormalities

• MDS with low blasts and isolated 5q deletion – (Blasts <5% BM and <2% PB)

• With/without SF3B1 or a TP53 mutation(not multi-hit)

• No monosomy 7or 7q deletion

• MDS with low blasts and SF3B1 mutation (MDS-SF3B1)

• Includes over 90% of MDS with ≥5% ring sideroblasts

• MDS with low blasts and ring sideroblasts retained - used for cases with 

wild-type SF3B1 and ≥15% ring sideroblasts.

• MDS with biallelic TP53 inactivation(MDS-biTP53)- <20% blasts in BM & PB

• Multihit mutational status with no residual wild type p53 protein

• AML equivalent for therapeutic considerations



MDS, morphologically defined

• MDS with low blasts (MDS-LB) - <5% BM and <2% PB

• MDS, hypoplastic (MDS-h)-(≤25% bone marrow cellularity, age adjusted)

• MDS with increased blasts (MDS-IB) 

MDS-IB1 : 5–9% BM or 2–4% PB

MDS-IB2 : 10-19% BM or 5–19%PB or Auer rods

MDS with fibrosis (MDS-f): 5–19% BM; 2–19% PB



BLAST COUNTS IN MDS AND AML

 HAEM 4R: a 20% blast cut-off has been used

• Exceptions for (t15;17), t(8;21) and inv(16)/t(16;16)

 Blast quantification can vary between : interobserver variability, blast/blast equivalents

 Blast cut-off is somewhat arbitrary, and the disease lie on a continuum

 May be influenced by sampling

 Newer therapies and clinical trials have shown to have efficacy in patients with 10-30% blasts

WHO HAEM 5 maintains a 20% cut-off between 

MDS and AML, BUT removes cut-off from most 

genetically defined AML

ICC 2022 favors having 10-19% blasts being 

diagnosed as MDS/AML, to reflecting the spectrum 

between AML and MDS



Consensus

• Eliminating blast cutoffs for most AML types with defining genetic alterations

• Retaining a 20% blast cutoff to delineate MDS from AML.

• MDS-IB2 may be regarded as AML-equivalent for therapeutic considerations



Genetically Defined Subtypes in 2022: ICC and WHO

▪ MDS with low blasts and 
SF3B1 mutation

▪ MDS with low blasts and del(5q)

▪ MDS with mutated SF3B1

▪ MDS with del(5q)

▪ MDS with mutated TP53 (blasts 0%-9%)

▪ MDS/AML with mutated TP53 
(blasts 10%-19%)

▪ MDS with biallelic TP53 inactivation

Lower-risk MDS subtypes: <5% BM and <2% PB blasts

Higher-risk MDS subtype: any blast percentage up to 20%

Diverted to AML: cases with AML-defining genetic abnormalities 
(ICC: only if ≥10% blasts) 
▪ PML::RARA, RUNX1::RUNX1T1, CBFB::MYH11, KMT2A rearranged, DEK::NUP214, 

MECOM rearranged, NUP98 rearranged, NPM1 mutated, CEBPA mutated, bZIP CEBPA*

Arber. Blood 2022;140:1200. Khoury. Leukemia 2022;36:1703.
*ICC only.



Morphologically Defined Subtypes in 2022: ICC and WHO

▪ MDS with low blasts

▪ MDS with low blasts and ring sideroblasts

▪ Hypoplastic MDS

▪ MDS-NOS with single-lineage dysplasia

▪ MDS-NOS with multilineage dysplasia

▪ MDS-NOS without dysplasia

▪ MDS with excess blasts ▪ MDS with increased blasts: 1

▪ MDS with increased blasts: 2  

▪ MDS with fibrosis

Lower-risk MDS subtypes: <5% BM and <2% PB blasts

Higher-risk MDS subtypes: ≥5% BM/≥2% PB blasts or Auer rods

Diverted to new entity intermediate between MDS and AML: 10%-19% blasts

▪ MDS/AML
Effort to acknowledge continuum between MDS and AML, 
expand patient treatment options, and stimulate research to 
achieve more rational (likely genetic) distinction between 
MDS and AML than arbitrary blast cutoff 

Arber. Blood 2022;140:1200. Khoury. Leukemia 2022;36:1703. Estey. Blood. 2022;139:323. DiNardo. Cancer. 2022;128:1568.



IPSS-Revised

Score Value

Prognostic variable 0 0.5 1.0 1.5 2.0 3 4

Cytogenetics Very good -- Good -- Intermediate Poor Very poor

BM blast, % ≤2 -- >2-<5 -- 5-10 >10 --

Hemoglobin, g/dL ≥10 -- 8-<10 <8 -- -- --

Platelets, x 109/L ≥100 50-<100 <50 -- -- -- --

ANC, x 109/L ≥0.8 < 0.8 -- -- -- -- --

Risk Score

Very low ≤1.5

Low >1.5-3.0

Intermediate >3.0-4.5

High >4.5-6.0

Very high >6.0

▪Greenberg. Blood. 2012;120:2454.



Risk Groups for the IPSS-R

Risk Group Points Patients, % Median Survival, Yr
Time Until 25% of Patients 

Develop AML, Yr

Very low ≤1.5 19 8.8 Not reached

Low >1.5-3 38 5.3 10.8

Intermediate >3-4.5 20 3.0 3.2

High >4.5-6 13 1.6 1.4

Very high >6 10 0.8 0.73
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▪Bejar. Haematologica. 2014;99:956. 



Development of IPSS-M: 
Model Development Steps 1 and 2

Bernard. NEJM Evidence. 2022;1.

Step Development

Encoding for clinical 
and molecular 
variables

▪ Continuous encoding of clinical variables; linear function for BM blasts, Hg 
▪ Platelet values capped at 250 x 109/L; ANC not included
▪ Maintained 5 IPSS-R cytogenetic categories
▪ Gene mutations incorporated as binary variables aside from TP53 allelic 

state and SF3B1 subsets accounting for comutations

Determination of 
independent IPSS-M 
prognostic variables

▪ Model fit with a Cox multivariable regression adjusted for confounder 
variables (age, sex, primary vs therapy-related MDS)

▪ Continuous clinical parameters
▪ IPSS-R cytogenetic categories
▪ 17 genetic variables from 16 main effect genes
▪ 1 genetic variable from 15 residual genes (BCOR, BCORL1, CEBPA, 

ETNK1, GATA2, GNB1, IDH1, NF1, PHF6, PPM1D, PRPF8, PTPN11, 
SETBP1, STAG2, WT1)



A 6-Category Risk Schema

IPSS-M Risk Categories 

Moderate high
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Very low
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Bernard. NEJM Evidence. 2022;1:7



Bernard. NEJM Evidence. 2022;1:7



Molecular IPSS for MDS
▪ Discovery cohort: diagnostic MDS samples (N = 2957) with 

<20% blasts and WBC <13 x 109/L were profiled for mutations 
in 152 driver genes 

▪ Candidate target risk variables consisted of blood counts, blasts, 
cytogenetics and gene mutations, while patient age, sex and 
MDS type (de novo or not) were treated as confounders

Restratification of Patients From 
IPSS-R to IPSS-M Categories

▪ 46% (n = 1223) of patients were 
restratified

▪ 7% (n = 196) of patients were 
restratified by more than 1 strata
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Conclusões

•  As classificações atuais na SMD sao da OMS e ICC, de 2022

•  O foco passou nas mutações, diminui a enfase na morfologia e contagem de blastos

•  O IPPS-M vem ganhando tração

•  Pense em termos de risco, ou seja, alterações genética e moleculares de baixo e alto risco

•  Haverá uma tendencia de junção em uma única classificação

•  Tanto a classificação da OMS e ICC foram validades em coortes distintos

•  A diferenciação de SMD e LMA vem se tornando menos clara 
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