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CASE 2  

38 year old man 

Presented with abdominal pain 

Mild splenomegaly 

CBC: Hb 13.1, Hct 42%, MCV 81, 
WBC 5.9 Plts. 395 

JAK2 V617F positive 
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          Megs. with increased N:C ratio, hypolobated bulbous nuclei  and abnormally clumped chromatin 
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Other Results  

•LDH 248 U/L (96-200 U/L) 

•JAK2 V617F mutation present 

•Red Cell Mass within normal range 

•EPO normal 

•Flow cytometry of bone marrow unremarkable   

•Normal karyotype 

•BCR-ABL1 absent (FISH) 

•TCR gamma and IgH chain gene PCR negative   

LDH, lactate dehydrogenase; EPO, erythropoietin; TCR, T-cell receptor; FISH, fluorescence in-situ hybridization 
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WHO criteria for prefibrotic/early primary 
myelofibrosis (pre-PMF) and overt PMF* 

Major criteria: 

1. Megakaryocytic proliferation and atypia, without reticulin fibrosis > grade 1, accompanied by 
increased age-adjusted BM cellularity, granulocytic proliferation and often decreased 
erythropoiesis  

2. Not meeting the WHO criteria for BCR-ABL1+ CML, PV, ET, myelodysplastic syndromes, or 
other myeloid neoplasms  

3. Presence of JAK2, CALR or MPL mutation or in the absence of these mutations, presence 
of another clonal marker**or absence of minor reactive BM reticulin fibrosis *** 

Minor criteria:  

  Presence of at least one of the following, confirmed in two consecutive determinations:  
     a. Anemia not attributed to a comorbid condition  
     b. Leukocytosis  >11 x 109/L 
     c. Palpable splenomegaly  

     d. LDH increased to above upper normal limit of institutional reference range  

*For a diagnosis of overt phase PMF: presence of MF2 or 3. L/E represents one additional minor criterion for overt PMF 
 

Diagnosis of PMF requires meeting all three major criteria, and at least one minor criterion. **In the absence of any of 

the 3 major clonal mutations, the search for the most frequent accompanying mutations (e.g. ASXL1, EZH2, TET2, IDH1/IDH2, 

SRSF2, SF3B1) are of help in determining the clonal nature of the disease ***minor (grade 1) reticulin fibrosis secondary to 

infection, autoimmune disorder or other chronic inflammatory conditions, hairy cell leukemia or other lymphoid neoplasm, 

metastatic malignancy, or toxic (chronic) myelopathies. 
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CASE 2 - DIAGNOSIS 

Early (prefibrotic) phase PMF (MF-1) 

Patients found to have superior mesenteric vein 
thrombosis 

Follow up (6 years) bone marrow showed 
overt PMF (MF-2) 
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BMB 2011 
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BMB 2011 

MF-2  

Trichrome focal pos.  
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The identification of early PMF 

 Does it matter? 
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It does! Overall probability of progression to manifest myelofibrosis in 

prefibrotic PMF within 5 years of follow-up 

 65.4% 

 Courtesy of  Dr. Hans Michael Kvasnicka, University of Frankfurt, DE 
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The identification of early 
PMF 

Practical approach 
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In JAK2 mutation positive cases, first exclude PV: 

early stage PV may mimic JAK2 pos. ET (or PMF)  

•50% ET and 60% of PMF pts. are JAK2 
mutation positive  

•In these, PV needs to be excluded 
particularly in patients with microcytosis, 
low ferritin and/or no stainable BM iron  

•Iron depletion and/or hemodilution may 
cause spuriously low Hb and Hct values 
insufficient to fulfill the first major WHO 
criterion for PV.  

•Their “masked” PV may be considered -
erroneously -  ET or PMF (if MF-1) 

•In this context, an increased red cell 
mass or BM biopsy findings consistent 
with PV allow distinction from ET and 
PMF 
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WHO Criteria for Polycythemia Vera (update 2016) 

Major criteria: 

1. Hb > 16.5 g/dL in men; Hb > 16.0 g/dL in women  

or, 

Hct >49% in men; Hct >48% in women 

or, 

increased red cell mass (RCM)* 

2. Bone marrow biopsy** showing hypercellularity for age with trilineage growth 

(panmyelosis) including prominent erythroid, granulocytic and megakaryocytic 

proliferation with pleomorphic (differences in size) mature megakaryocytes  

3.Presence of JAK2 V617F or JAK2 exon 12 mutation 

Minor criterion: 

Subnormal serum EPO level 

Diagnosis of PV requires meeting either all three major criteria, or the first two 

major criteria and the minor criterion** 

* > 25% above mean normal predicted value 
** Bone marrow biopsy may not be required in cases with sustained absolute erythrocytosis Hb levels >18.5 

g/dL in men (Hct 55.5 %) or >16.5 g/dL in women (Hct 49.5%) if major criterion 3 and the minor criterion are 

present. However, initial myelofibrosis (present in up to 20% of patients) that may indicate a more rapid 
progression to overt myelofibrosis (post-PV MF) can only be detected by performing a marrow biopsy 

Thiele J, Kvasnicka H-M, Orazi A et al. WHO update 2016 
18 
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Once PV has been excluded, focus 
on separating true ET from Early 
Phase PMF (Prefibrotic-PMF) 

The identification of early PMF 
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 WHO 2016 criteria for PMF (pre-PMF and overt PMF)* 

Major criteria: 
1. Megakaryocytic proliferation and atypia, without reticulin fibrosis > grade 
one, accompanied by increased age-adjusted BM cellularity, granulocytic 
proliferation and often decreased erythropoiesis  
2. Not meeting the WHO criteria for BCR-ABL1+ CML, PV, ET, 
myelodysplastic syndromes, or other myeloid neoplasms  

3. Presence of JAK2, CALR or MPL mutation or in the absence of these 

mutations, presence of another clonal marker or absence of reactive BM 

reticulin fibrosis**  

Minor criteria:   
Presence of at least one of the following, confirmed in two consecutive determinations:  

a. Anemia not attributed to a comorbid condition  

b. Leukocytosis  >11 x 109/L 

c. Palpable splenomegaly  

d. LDH increased to above upper normal limit of institutional reference range  

*For a diagnosis of overt PMF: presence of MF2 or MF3; L/E represents one additional minor criterion for overt PMF 

**In the absence of any of the 3 major clonal mutations, the search for the most frequent accompanying mutations (e.g. 
ASXL1, EZH2, TET2, IDH1/IDH2, SRSF2, SF3B1) are of help in determining the clonal nature of the disease **minor (grade 
1) reticulin fibrosis secondary to infection, autoimmune disorder or other chronic inflammatory conditions, hairy cell 
leukemia or other lymphoid neoplasm, metastatic malignancy, or toxic (chronic) myelopathies.  

Adapted from Arber DA, Orazi A, Hasserjian RP et al.  Blood,  127(20):2391-405 

      Diagnosis requires meeting all three major criteria, and at least one minor criterion 
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   First major criterion: megakaryocytic atypia   

•Megs. with 
hypolobulated 
(bulbous)  and/or 
hyperchromatic  nuclei  

•Dense* large**clusters 

•Perhaps the single 
most robust criterion 

  

* dense = with interlocking cytoplasms 
**large = >5 or >7 cells 
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Prefibrotic-PMF (pre-PMF) 



        Thiele J, Kvasnicka HM, Orazi A et al. WHO 2016   

Table 2.04 Relative incidence of discriminating features according to standardized WHO morphological criteria generating histological 
patterns in initially performed bone marrow biopsy specimens. 
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Separation from Essential 
Thrombocythemia 

ET lacks minor criteria for PMF. The BM  lacks 
megakaryocyte atypia and the abnormal cellular 

background seen in PMF 
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ET 
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WHO (2016) criteria for Essential 
Thrombocythemia (ET) 

Major criteria:  

1. Platelet count > 450 x 109/L  

2. Bone marrow biopsy showing proliferation mainly of the 
megakaryocyte lineage with increased numbers of enlarged, mature 
megakaryocytes with hyperlobulated nuclei. No significant increase or 
left-shift in neutrophil granulopoiesis or erythropoiesis and very rarely 
minor (grade 1) increase in reticulin fibers  

3. Not meeting WHO criteria for BCR-ABL1+ CML, PV, PMF, 
myelodysplastic syndromes, or other myeloid neoplasms  

4. Presence of JAK2, CALR or MPL mutation  

Minor criterion: Presence of a clonal marker or absence of evidence for 
reactive thrombocytosis  

Adapted from Arber DA, Orazi A, Hasserjian RP et al.  Blood, 127(20):2391-405 

Diagnosis of ET requires meeting all 4 major criteria or the first 3 major 
criteria and the minor criterion 
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1. Hb<13g/dL for men 
or <12 for women 

2a. WBC ≥13x109/L 2b. WBC<7x109/L  
No No No 

Yes Yes Yes 

PMF suspicion 
High likelihood of 

true ET 
Inconclusive based 
on biological data 

3. LDH <200mU/mL 
No 

Yes 

Blood sample from 
thrombocytotic  

patients 

 No 

1 2 3 

Focus for re-
diagnosis 

Carobbio A. et al. Am J Hematol., 2012 87: 203–204 

Carobbio Algorithm: A Blood-based Algorithm that 
Enables Rapid Identification of the Most Relevant 
Patients for Re-assessment of Diagnosis 
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MPN-U (WHO 2016) 
MPN-U may include: 

•A subset of pts. with so-called masked/pre-polycythaemic 
presentation of polycythaemia vera (PV), pre-fibrotic primary 
myelofibrosis (pre-PMF) or early phase essential 
thrombocythaemia (ET) in which the characteristic features are not 
yet fully developed. 

•Patients with convincing evidence of an MPN in whom a coexisting 
neoplastic or inflammatory disorder obscures some of the usual 
diagnostic clinical and/or morphological features. 

•A proportion of pts. presenting with portal or splanchnic vein 
thrombosis which fail to meet the diagnostic criteria for any of the 
specific MPN entities may also be considered to belong in this 
group. 

•Advanced stage MPN, in which pronounced myelofibrosis, 
osteosclerosis or transformation to a more aggressive stage with 
increased blast counts and/or myelodysplastic changes obscure the 
underlying disorder.            Kvasnicka H-M, Thiele J, Orazi A et al. WHO 2016 update 


