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  Presentation will focus on: 

ïMyeloproliferative neoplasms 

ïMyelodysplastic/myeloprolifera
tive neoplasms 

WHO Classification, 4th Edition ς Update 2016 
Myeloid Neoplasms 

*Arber DA, Orazi A, Hasserjian RP et al. The 2016 revision to the World Health Organization (WHO) 
classification of myeloid neoplasms and acute leukemia. Blood, pre-published April 27, 2016 



Myeloproliferative Neoplasms* 

ÅChronic myeloid leukemia (CML), BCR-ABL1 pos. 

ÅChronic neutrophilic leukemia (CNL) 

ÅPolycythemia vera (PV) 

ÅPrimary myelofibrosis (PMF) 

ÅEssential thrombocythemia (ET) 

ÅMyeloproliferative neoplasm, unclassifiable (MPN-U) 

ÅChronic eosinophilic leukemia, NOS (CEL-NOS) 

*Note: In the 2016 update mastocytosis has been moved out into 
a separate category  



Chronic Myeloid Leukemia, BCR-ABL1 positive 
(update 2016) 

ÅbŀƳŜ ŎƘŀƴƎŜ ǘƻ άƳȅŜƭƻƛŘέ 

ÅNew definition of lymphoid 
blast crisis 

ïAny lymphoblast(s) in the PB 
raise concern for blast crisis   

ïCases with >5% lymphoblasts 
in the BM  should be 
diagnosed as blast crisis 

ÅResistance to TKI treatment is 
included in the definition of 
disease progression 

  Courtesy of Daniel Arber, Stanford University  



Criteria for CML, Accelerated Phase 

Å Persistent or increasing WBC (>10 X 109/L), 
unresponsive to therapy  

Å Persistent or increasing splenomegaly, 
unresponsive to therapy  

Å Persistent thrombocytosis (>1000 X 109/L), 
unresponsive to therapy 

Å Persistent thrombocytopenia (<100 X 
109/L) unrelated to therapy 

Å 20% or more basophils in the PB 

Å 10-19% blasts*in the PB and/or BM 

Å Additional clonal chromosomal 
abnormalities in Ph+ cells at diagnosis that 
include "major route" abnormalities 
(second Ph, trisomy 8, isochromosome 
17q, trisomy 19), complex karyotype, or 
abnormalities of 3q26.2 

Å Any new clonal chromosomal abnormality 
in Ph+ cells that occurs during therapy  

"Provisional" Response-to-TKI Criteria  

ω Hematologic resistance to the first TKI (or 
failure to achieve a complete hematologic 
response**to the first TKI) or  

ω Any hematological, cytogenetic or 
molecular indications of resistance to two 
sequential TKIs or  

ω Occurrence of two or more mutations in 
BCR-ABL1 during TKI therapy 

Any one or more of the following hematologic/cytogenetic criteria or response-to-TKI criteria: 

Large clusters or sheets of small, abnormal megakaryocytes, 
associated with marked reticulin or collagen fibrosis in 
biopsy specimens may be considered as presumptive 
evidence of AP, although these findings are usually 
associated with one or more of the criteria listed above. 
*The finding of bona fide lymphoblasts in the blood or 
marrow, even if less than 10%, should prompt concern that 
lymphoblastic transformation may be imminent and 
warrants further clinical and genetic investigation; 20% or 
more blasts in blood or bone marrow, or an infiltrative 
proliferation of blasts in an extramedullary site is CML, blast 
phase. **Complete hematologic response: WBC <10x109/L, 
Platelet count <450 x 109 /L, no immature granulocytes in 
the differential, and spleen non-palpable.  



  Chronic Neutrophilic Leukemia (CNL) 

CSF3R mutations 

Maxson, New Engl J Med, 2013  
Lasho TL, Leukemia, 2014 
Tefferi, Curr Opin Hematol. 2015 
Elliott MA, Am J Hematol. 2015 

Å True CNL: >90% CSF3R mutations 
Å Membrane proximal mutation: Empirical trial with JAK2 inhibitors (ruxolitinib) 
Å Truncation mutation(s): Empirical trial with SRC inhibitors (dasatinib) 
Å CSF3R is often co-mutated (SETBP1, ASXL1) 



ÅNo identifiable cause for 
physiologic neutrophilia 
ÅNo infectious or inflammatory 

process. No underlying tumor 
ÅNo evidence of a plasma cell 

neoplasm 
ÅHepatosplenomegaly 
 

CNL: WHO 2008 requirements  



Å Peripheral ōƭƻƻŘ ²./  җнр× 109/L with segmented neutrophils plus band 

ŦƻǊƳǎ җул҈ ƻŦ WBC. They lack dysplasia but may have toxic granulations 

Å Promyelocytes, myelocytes, metamyelocytes) <10% of WBC  

Å Myeloblasts rarely observed in PB. In the BM <5% 

Å Monocyte count <1 × 109/L 

Å Hypercellular bone marrow  with neutrophil granulocytes increased in 

percentage and number. Neutrophil maturation appears normal 

Å No BCR-ABL1 or rearrangement of PDGFRA, PDGFRB or FGFR1, or PCM1-JAK2 

Å Presence of CSF3R T618I or other activating CSF3R mutation*  

Å Not meeting WHO criteria for PV, ET or PMF. A previous history of MPN, the 
presence of   MPN features in the bone marrow and/or MPN-associated 
mutations (in JAK2, CALR or MPL) tend to exclude a diagnosis of CNL  

Diagnostic criteria for CNL (update 2016) 

Adapted from Arber DA, Orazi A, Hasserjian RP et al.  Blood,  April 27, 2016 

*In the absence of a CSFR3R mutation, persistent neutrophilia (at least 3 months), 
splenomegaly and no identifiable cause of reactive neutrophilia including absence of a 
plasma cell neoplasm or, if present, demonstration of clonality of myeloid cells by 
cytogenetic or molecular studies 



The Classical BCR/ABL1 neg. 
MPNs 

PV, PMF and ET 



Diagnosed according to WHO, they are distinct diseases 
with different natural history 

Tefferi  A et al. Blood 2014;124:2507-2513 



Update 2016 

ÅThe integration of mutational data in 
diagnostic algorithms for the classical MPN 

ÅThe identification of early PV 

ÅRefinements in the diagnosis of PMF  



Driver Mutations in MPN Subtypes 

JAK2 
Å95% PV have JAK2 V617F (exon 14) mutation; 5% have 

JAK2 exon 12 mutation 
Å60% PMF and ET have JAK2 V617F mutation 
CALR  
Å20-30% PMF and ET have CALR mutations* 
MPL 
Å5-10% PMF and ET have MPL exon 10 mutation 
Triple negative 
Å10-15҈ ŀǊŜ άǘǊƛǇƭŜ ƴŜƎŀǘƛǾŜέ Lƴ this cases, mutational 

analysis for a broad panel of genes associated with 
myeloid neoplasms is indicated 

*Nangalia J, et al. N Engl J Med. 2013;369:2391-405.  
 *Klampfl T, et al. N Engl J Med. 2013; 369:2379-90. 



PMF: Comparison of survival among patients 

stratified by their mutational status 

©2014 by American Society of Hematology 

Tefferi A et al. Blood 2014;124:2465-2466 Tefferi A et al. Blood 2014;124:2507-2513 



Tefferi A, et al. Leukemia 2014;28:2300-3 

ET: Survival is the longest for triple-negative and shortest for MPL-mutated 
patients. Median survival: 19 years for JAK2 and 20 years for CALR-mutated 
cases (P=0.32) 



Prognostically detrimental mutated 

genes: ASXL1, EZH2, SRSF2 and IDH1/2 

The presence of two or more mutations 

predicted the worst survival:  

Å Two mutations: median 2.6 years (hazard 

ratio (HR) 3.8, 95% confidence interval (CI) 

2.6-5.7)  

Å One mutation: 7.0 years (HR 1.9, 95% CI 

1.4-2.6)  

Å No mutation: 12.3 years   

Guglielmelli P, et al. Leukemia. 2014 Sep;28(9):1804-10. 



Updates for PV 



Modified from: Thiele J, Kvasnicka HM, Orazi A et al. WHO 2008 

    Polycythemia Vera: capturing the early disease phase  

            Polycythemic stage 



 Marrow morphology: early PV (A1,2) vs. ET (B1,2) 

ET 

  PV 

                 Silver RT, Chow W, Orazi A, et al. Blood 2013 ;122:1881-6 ©2014 by American Society of Hematologygy 

BMB correlates well with RCM. In a mildly erythrocytotic patient with 
JAK2 mutation in the proper clinical context, BM biopsy allows 
diagnostic confirmation of PV     

    Silver RT, Chow W, Orazi A, et al. Blood 2013;122:1881-6 



PV criteria (update 2016) 

1. Increased red cell production 

ïHemoglobin >16.5/16.0 g/dL in men/women 
or hematocrit >49/48% in men/women 

ïHemoglobin >17/15 g/dL in men/women, 
with sustained increase of 2 g/dL over 
baseline 

ïIncreased red cell mass (>25%  above normal) 

ïHemoglobin or hematocrit >99%le  

2. Bone marrow showing PV histology 

3. JAK2 mutation 

Decreased serum EPO levels 

Endogenous erythroid colony formation  M
in

o
r 

Diagnosis requires the presence of the three major criteria. If JAK2 cannot be obtained  the first two 

major criteria plus the minor criterion (decreased EPO).  If Hb levels > 18.5 g/dL in men (Hct 55.5 %) 
or >16.5 g/dL in women (Hct 49.5 %), BM biopsy may not be necessary for diagnosis if major 

criterion 3 and the minor criterion are present 

  Barbui T, et al. Leukemia. 2014;28:1191-5 


