
WHO2008: MDS



FAB            WHO

• FAB 1976
– based on morphology and cytochemistry (% blasts and 

maturation)

• FAB 1982
– based on morphology, cytochemistry and immunophenotyping

• WHO 2001
– based on morphology, cytochemistry, immunophenotyping, 

cytogenetics and clinical presentation

• WHO 2008
– based on morphology, cytochemistry, immunophenotyping, 

cytogenetics, clinical presentation and molecular biology



WHO2008: classification of myeloid 
neoplasms

• myeloproliferative neoplasms
• myeloid neoplasms associated with eosinophilia with 

abnormalities of PDGFRA or PDGFRB or FGFR1 
• myelodysplastic / myeloproliferative neoplasms
• myelodysplastic syndromes
• acute myeloid leukaemias and related precursor 

neoplasms
• other myeloid precursor neoplasms



MDS-UMyelodysplastic syndrome, 
unclassifiable (MDS-U)

5q- syndromeMyelodysplastic syndrome with
isolated del(5q) (5q-syndrome)

RCMD
RCMD-RS

Refractory cytopenia with 
multilineage dysplasia (RCMD)

RAEB/-t 
(5-29%/20- 29%,Au)

(2-4%/5-19%)

RAEB-1/-2
(5-19%/10-19%,Au)

(2-4%/5-9%,Au)

Refractory anaemia with excess 
blasts (RAEB-1/-2)

CMML(MDS/MPD� )Childhood MDS

RARS
(> 15%)

RARSRefractory anaemia with ring 
sideroblasts (RARS)

RARA
(> 10% dysplasia)

Refractory cytopenia with 
unilineage dysplasia (RCUD: 
RA, RN, RT)

FAB 
< 30% blasts

WHO 2001

< 20% blasts

WHO 2008 

< 20% blasts



Myelodysplastic syndromes

• Clonal haematopoietic stem cell disease
• Ineffective haematopoiesis: cytopenia(s)*
• Dysplasia*
• RA and ring sideroblasts (> 15%): “RARS”

– 5 or more iron granules, one third or more around the 
nucleus

• � % blasts*
• Auer rods: “RAEB-2” or “CMML-2”
• Cytogenetic abnormalities*
• Increased risk of AML
• Clinical and vitamin/drug/growth factor history!
• Flowcytometry?*



Myelodysplastic syndromes

• Ineffective haematopoiesis: cytopenia(s):
1. Hb: < 10 g/dL (< 6.2 mmol/L)
2. PLT: < 100 x 109/L
3. WBC: < 1.8 x 109/L 
– Persistent: > 6 months (RA!)
– RA/RN/RT: not cytopenia but > 10% dysplasia
– Absence of cytopenia is not  exclusionary !

• Dysplasia + and/or Cytogenetics +
• Example: 5q- syndrome (thrombocytosis)



Myelodysplastic syndromes

• Ineffective haematopoiesis: cytopenia(s):
– Uni-/Bicytopenia and dysplasia: RCUD or 

RCMD
– Pancytopenia: 

• + unilineage dysplasia: MDS-U
• + multilineage dysplasia: RCMD 

– International Prognostic Scoring System 
(IPSS):

• 0–1 cytopenias: good risk
• 2-3 cytopenias: intermediate risk



Myelodysplastic syndromes

• Dysplasia:
– Blood: 200 cells
– Bone marrow: 500 cells
– � 30 megakaryocytes (microMGK/multinucleated)
– > 10% 

• Absence of dysplasia is exclusionary !
– Unequivocal (ondubbelzinnig) dysplasia, but < 10% and

Cytopenia(s) + and < 1% blasts in blood/< 5% blasts in BM  and
MDS-related Cytogenetics +:   MDS-U

– Certain cytogenetic abnormalities: presumptive (vermoedelijke) 
diagnosis of MDS

– Cytopenia without dysplasia: ICUS:
• ICUS: idiopathic cytopenia of undetermined significance

– No place in IPSS !



Myelodysplastic syndromes
• � % blasts :

– Dictate the classification:
• < 20% blasts: MDS
• t(8;210), inv(16), t(15;17): < 20% blasts: AML

– IPSS: % blasts in bone marrow: 
• < 5%: good risk
• 5-10%: intermediate risk
• 11-19%: poor risk

– Blood:
• >0-1%: MDS-U
• 2-4%: RAEB-1
• 5-19%: RAEB-2

– Bone marrow:
• 5-9%: RAEB-1
• 10-20%: RAEB-2

– Aggregates: 3-5 cells
– Clusters: > 5 cells
– E > 50%: NEC????



MDS-related cytogenetics

-Y

Complex karyotype (> 2)

t(3;5)del(20q)

t(5;10)idic(X)(q13)

t(5;17)del(9q)

t(5;7)del(12p) / t(12p)

t(5;12)del(11q)

t(2;11)-13 / del(13q)

t(1;3)inv(17q) / t(17p) (intermediate risk)

t(3;21)-5 / del(5q) (good risk)

t(11;16)-7 / del(7q) (IPSS: poor risk)

balancedUnbalanced



DysmegakaryopoieseDysmegakaryopoiese
5q-Syndroom:
hypolobulaire megakaryocyten
normale grootte
geïsoleerde del(5q)     



DysmegakaryopoieseDysmegakaryopoiese
Micromegakaryocyten
Losliggende kernen
Ontkorreling



TET2 mutaties

• AML met 11q23 translocaties:  t(v;11)(v;q23)
• t(10;11)(q21.3;11q23): TET1: Ten-Eleven-Translocation
• V genen: TET familie
• t(4;11): TET2: 4q24
• t(2;11): TET3: 2p13.1

• TET2: 4q24:
• Inactiverende mutaties:

– missense
– frameshift
– nonsense

• Tumor suppressor functie?
• 10 - 20%:

– MPN
– MDS
– Secundaire AML
– CMML



Charles G Mulligan.
Nature Genetics July 2009



Myelodysplastic syndromes

• Flowcytometry: ?
– % blasts (cave!)

– Abnormal phenotype (CD7/CD56/CD19/…)
– Abnormal maturation patterns:

• CD71/CD105: 98% sensitivity for E-dysplasia
• CD15/CD11b/CD65: 90% sensitivity for G-

dysplasia
• Borderline dysplasia/no cytogenetic abnormalities 

and > 2 FC-abnormalities: follow-up.   



WHO2008: Myelodysplastic syndromes

• Refractory cytopenia with unilineage dysplasia (RCUD: 
RA/RN/RT)

• RA with ringed sideroblasts (RARS)
• Refractory cytopenia with multilineage dysplasia (RCMD)
• RA with excess of blasts (RAEB-1/-2)
• MDS with isolated 5q- [del(5q)]
• MDS, unclassifiable (MDS-U)
• childhood MDS:

– 20-25%: Down syndrome-related
– RCC: refractory cytopenia of childhood (75%: hypocellular BM) 
– RAEB (blood: > 1% or BM: > 5% blasts) 



Myelodysplastic syndromes
• MDS with myelofibrosis (MDS-F):

– 15% of MDS, often RAEB-1/-2 (RAEB-F)
– Reticulin fibrosis
– multilineage dysplasia needed
– Increased MGK with strong dysplasia
– DD:

• Therapy-related MDS
• Myeloproliferative neoplasms
• HIV-related myelopathy
• Acute panmyelosis with myelofibrosis (APMF):

– Abrupt onset, fever, bone pain
– AML subtype

• Hypoplastic MDS:
– DD:

• Aplastic anemia
• Toxic myelopathy
• Auto-immune disorders



WHO2008: classification of myeloid 
neoplasms

• myeloproliferative neoplasms
• myeloid neoplasms associated with eosinophilia with 

abnormalities of PDGFRA or PDGFRB or FGFR1 
• myelodysplastic / myeloproliferative neoplasms
• myelodysplastic syndromes
• acute myeloid leukaemias and related precursor 

neoplasms
• other myeloid precursor neoplasms



Myelodysplastic / myeloproliferative
neoplasms (MDS/MPN)

• Chronic myelomonocytic leukemia (CMML)
- Monocytic cells > 1x109/l or >10%

• Atypical CML, BCR-ABL negative
• Juvenile myelomonocytic leukemia
• MDS/MPN, unclassifiable:

– RARS-T: MDS/MPN or MPN?
• ET + RARS
• M-dysplasia
• PLT > 450 x 109/L
• JAK2 V617F positive
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AML min. diff
AML without maturation
AML with maturation
Acute myelo-monocytic
Acute monoblastic
Acute erythroid
Acute megakaryoblastic
Acute basophilic 
Acute panmyelosis with 
myelofibrosis

AML from prior MDS 
or MDS/MPN

AML with multilineage
dysplasia

AML with MDS related 
cytogenetic
abnormalities

Includes:
- t-AML
- t-MDS 
- t-MDS/MPN

AML with t(8;21)
AML with inv 16 or 
t(16;16)
APL with t(15;17)

>20% blasts:
AML with t(9;11)
AML with t(6;9)
AML with inv (3) or 
t(3;3)
AML with t(1;22) 
(megakaryoblastic)

AML, not otherwise 
specified (NOS) 

(4e)

AML with dysplasia
related changes 

(3e)

t-AML/MDS 

(2e)

AML with recurrent 
cytogenetic

abnormalities 

(1e)



AML with myelodysplasia related changes

• AML from prior MDS or MDS/MPN

• AML with multilineage dysplasia
– > 20% blasts (E > 50%: NEC fraction)
– 2-3 cell lineages: > 50% dysplasia

• AML with MDS related cytogenetic
abnormalities
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68%20%AML NOS

2%2%t- AML

16%20 – 30%AML with dysplasia related 
changes

14%50 - 60%AML with “recurrent”
cytogenetic abnormalities

WHO 2001 *WHO 2008

* HRC



Nieuwe ��� ���� indeling MDS



DyserytropoieseDyserytropoiese

Hyperplasie

Meerkernigheid

Afwijkende 
kernvormen



DyserytropoieseDyserytropoiese

Meerkernigheid

Monsterkernen



DyserytropoieseDyserytropoiese
Megaloblastair: 
gecondenseerde 

chromatineblokken
open kernstructuur:
(nootmuskaatstructuur)
basofiel cytoplasma



DyserytropoieseDyserytropoiese

Kernbruggen

Cytoplasmabruggen



DyserytropoieseDyserytropoiese
Ringsideroblasten:
kralensnoer om kern
dots



DysgranulopoieseDysgranulopoiese

Blast

Hypogranulatie

Pseudo Pelger-Huet

(Traandruppelcellen)
(Stomatocyten)



DysgranulopoieseDysgranulopoiese
Macropolycyt

Hypersegmentatie
(Megalocyt)



DysgranulopoieseDysgranulopoiese

Ringvormige kern
Reusvormen



DysgranulopoieseDysgranulopoiese
Auerstaaf

Toename blasten



Normale Normale megakaryopoiesemegakaryopoiese

Megakaryocyt

Megakaryoblast



DysmegakaryopoieseDysmegakaryopoiese
Micromegakaryocyten
Losliggende kernen
Ontkorreling



DysmegakaryopoieseDysmegakaryopoiese

Mononucleaire/
binucleaire vormen
(normale grootte)
vs micromegakaryocyt


