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Figure 2

Sustained platelet count >350 x109/l 

or clinical suspicion on masked MPN (splanchnic vein thrombosis)

Bone marrow biopsy (BMB) and JAK2V617F mutation screening 

BMB: ET, early PV, MGM and MF 1-3 Both normal: no MPN 

JAK2V617F(-)MPL515 or CALR

ET, MF 1-3 or PMGM 

JAK2V617F(+)

ET, early PV, EMGM and MF 1-3 

RARS-T: JAK2V617F +/-

Atypical MPN/MDS

Thrombocythemia:

Platelet count:

Masked Early Overt

400 600 >1500 x109/L

PVSG 1975 (*70%/>99%)

WHO 2008 (*80%/>99%)

Bone marrow biopsy (*>99%/>99%)

Normal -

jAK2V617F (*60%/100%)   MPL515 (<5-8%/100%), CALR (25%/100%) triple  negative 8-10%

ET, MF 1-3 or PMGM ET, early PV, EMGM and MF 1-3 Atypical MPN/MDS

2014 WHO-CMP diagnostic clssification of thrombocythemia 99%/100% 

*: sensitivity/specificity



Increased erythrocytes >5.8x10 12/L male, >5.6x1012/L female or Hematocrit: >0.51 male and >0.48 female

Platelets >350x109/L   ↑

Serum EPO and Granulocyte JAK2V617F mutation screening 

JAK2V617F negative 

Serum EPO N / ↓
JAK2V617F positive (+)

Serum EPO N / ↓
JAK2V617F negative 

Serum EPO ↑

BMB and EEC 

JAK2 exon 12 muation

Bone Marrow Biopsy: BMB

EEC (optional) 

Search for congenital

or acquired erythrocytosis

Fiure 3

Trilinear MPD

ECMP staging PV

BMB: erythrocytosis

JAK2 exon 12 negative � search for cause

Normal

Erythrocytosis unlikely

>0.70

Polycythemia:

Hematocrit:

Early Overt

0.45 0.50

PVSG (*65%/95%)

WHO (*80%/>99%)

Bone marrow biopsy (*>99%/>99%)

Normal -

JAK2V617F (*95%/100%)   JAK2 exon12 (3%)

2014 WHO-CMP criteria for polycythemia vera versus erythrocytosis 99%/100%

RCM ↑↑↑↑

IE (15%)

*: sensitivity/specificity



Bone marrow alone Georgii 1990 ET PV ET prefibrotic PMGM Fibrotic PMGM

Thiele 1988-2002 PVSG���� 2001 WHO ET MF 0 PV ET prefibrotic PMF MF 0/1 Fibrotic MF

2008 WHO ET PV

------------------------------------------------------------------------------------------------------------------------------------------------------

PVSG ET PV PVSG  Fibrotic MF 

↓  translaBon ↓ 

2008 WHO-ECMP 3 stages of ET Hypercelluar ET 

2008 WHO-ECMP ET stage1 ET stage2 PV ET stage3 prefibrotic Fibrotic MPN

Figure 4. Hannover Bone Marrow Classification of MPD  by Georgii et al 1990 versus PVSG (Berlin 1975, 2008 WHO 
(Swerdlow et al 2008) and 2013 WHO CMP criteria (Michiels et al 2013,2015) for prefibrotic JAK2 positive ET, PV and 
ET.MGM and MF (red), versus CALR mutated primary megakaryocytic granulocytic myeloroliferation (PMGM, blue) and 
fibrotic stages of MPN (black) or MPN unclassifiable (brown). 

2008 WHO-ECMP ET stage1 ET stage2 PV ET stage3 prefibrotic Fibrotic MPN
Red JAK2V617F Blue CALR normocellular prodromal PV ET.MGM CALR-PMGM Post ET MF, post-PV MF

Bone marrow Michiels et al ET picture ET/PV picture PV picture ET.MGM CALR-ET Fibrotic CALR MF 1-3 

Cellularity % <60 60-80 80-100 60-80-100 80-100

prodromal PV

Megakaryocytes Mature Pleomorph Pleomorph Dysmorphi CALR-PMGM MPN-UC: Dysmorphic

MPL nucleci Cloudy nuclei Megakaryocytes

Enlarged/clusters ↑ ↑ ↑ +/↑ +/↑↑ +/↑↑ +/↑↑ +/↑↑

Erythropoiese N/N   N ↑ ↑↑ N/↓ ↓/↓↓ ↓↓

Granulocytosis N/N   N N/↑ ↑↑ ↑↑ ↑↑ ↑↑

Erythrocytes N = <6x1012/L N/N    N N<6x1012/L >6x1012/L N N ↓

Platelets >400 x109/L + / +    ++ + + + >1000 +/-

JAK2V617F 2005 + / - neg + +/++ -/+/++ negative JAK2/MPL/CALR 

Conclusion: for clarity the WHO-ECMP MPN classification and staging separate JAK2V617F positive classical trilinear PV and ET stage 1, 2 

and 3 (in red) versus JAK2 wild type (blue) ET stage 3 = PMGM, and fibrotic endstage of PMF  


