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The classical myeloproliferative neoplasms
(MPNs)

• the most frequent diseases among the myeloproliferative disorders

• MPN are characterized by excessive production of terminally differentiated blood 
cells that are fully functional

• classical MPNs have been classified into 3 entities: polycythemia vera (PV),
essential thrombocythemia (ET), and primary myelofibrosis (PMF), which have 
frequent disease-related complications, such as venous and arterial thrombosis, 
hemorrhages, and transformation to acute myeloid leukemia hemorrhages, and transformation to acute myeloid leukemia 

• all MPN entities arise from a single somatically mutated hematopoietic stem cell  
that clonally expands and gives rise to virtually all myeloid cells, and B and natural 
killer cells

Overall MPN PV ET PMF

Incidence 1.15-4.99/100.000 0.01-2.61/100.000 0.21-

2.27/100.000

0.22-

0.99/100.000

Prevalence 0.49-46.88/100.000 11.00-

42.51/100.000

1.76-

4.05/100.000

5-year 

survival (%)

56.7 (USA)

88.6 (UK)

84.8 89.9 39 (Sweden)

Anderson LA, et al. Curr Hematol Malig Rep DOI 10.1007/s11899-

014-0228-z



The classical myeloproliferative neoplasms
(MPNs)

• The clonal expansion of the MPN hematopoietic stem 
cells  is accompanied by single or multilineage
hyperplasia

- PV is characterized not only by an excess of erythrocytes and 
predominant erythroid lineage involvement, but is also associated 
with a variable hyperplasia of the megakaryocytic/granulocytic with a variable hyperplasia of the megakaryocytic/granulocytic 
lineages

- ET is characterized by an increased platelet count with a 
megakaryocytic hyperplasia, whereas PMF is a more 
heterogeneous disorder both by its clinical and biological 
characteristics, defined by the presence of bone marrow fibrosis 
(excess of collagen fibers) and megakaryocytic hyperplasia

- in PMF myeloproliferation initially predominates in the bone 
marrow and later expands to extramedullary sites, such as the 
spleen and liver



MPN symptoms by MPN subtype

Geyer HL, et al. Hematology 2014;277



Mortality
Major arterial and venous 
thrombotic complications

MPN

Barbui et al. Blood Cancer Journal (2018) 8:15



European consensus on the grading of 
myelofibrosis (MF)

Thiele J, et al. Haematologica 2005; 90:1128–1132



Blast transformationFibrotic transformation

MPN

Barbui et al. Blood Cancer Journal (2018) 8:15



Distribution of recurrent mutations of the (JAK2, MPL and CALR) in 
Philadelphia-negative MPNs

Wojtaszewska M, Iwoła M, Lewandowski K. Acta Haematol. 2015;133(2):193
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According :Savona MR. Leuk Res 2014; 38(9):1001–1012

Javier Pinilla-Ibarz, et al. OncoTargets and Therapy 2016:9 4937–4957, modified

EPO- erythropoietin, TPO- thrombopoietin, JAK2- Janus kinase 2 

CALR- calreticulin, STAT- signal transducer and activator of transcription



MPN-associated calreticulin (CALR) mutants bind to TPO-R 
and activate JAK2 signaling in the absence of thrombopoietin

(TPO) ligand 

Leila N. Varghese, et al. Front Endocrinol (Lausanne) 2017



Effects of the JAK2 V617F mutant allele burden on the risk of 
vascular complications in patients with Ph- MPNs

Borowczyk M, Wojtaszewska M, Lewandowski K.  Thrombosis Research 135 (2015) 272

The group of MPN patients with JAK2 V617F allele burden higher than 20% may benefit 

the most from

vigilant monitoring and appropriate prophylaxis against vascular events



Role of JAK2 mutation in thrombosis

Ball S, et al. Journal of Thrombosis and Thrombolysis 2018;45:516



Increased reactive oxygen species production and p47phox

phosphorylation in neutrophils from myeloproliferative disorders

patients with JAK2 (V617F) mutation

Neutrophil hyperactivation could be implicated in the thrombophilic status of patients with 
myeloproliferative neoplasm

Hurtado-Nedelec M et al. Haematologica 2013 Oct;98(10):1517

Basal and fMLF-induced ROS production by neutrophils

from controls and patients with myeloproliferative disorders with or

without the JAK2 V617F mutation

Basal and fMLF-induced CD11b expression by neutrophils

from controls and patients with myeloproliferative disorders with or

without the JAK2 V617F mutation



JAK2 inhibitor AG490 (Tyrphostin) 

attenuated collagen-induced platelet 

aggregation and calcium mobilization in a 

The JAK2-STAT3 pathway is involved in collagen-induced 
platelet activation through the activation of JAK2-JNK/PKC-

STAT3 signaling

JAK

2
PLC

2

Colagen

receptor

colagen

aggregation and calcium mobilization in a 

concentration-dependent manner (25 and 50 

μM). 

Lu W-J, et al. Thrombosis Research 133 (2014) 1088–1096
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Platelet activation



PV

Daniel A. Arber, et al. Blood. 2016; 

127:2391-2405 



ET

Daniel A. Arber, et al. Blood. 2016; 

127:2391-2405 



Pre-PMF

Daniel A. Arber, et al. Blood. 2016; 

127:2391-2405 



Overt PMF 

Daniel A. Arber, et al. Blood. 2016; 

127:2391-2405 
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Criteria for post-essential thrombocythemia myelofibrosis (PET 

MF)

Diagnosis of post-ET MF entails meeting both required criteria and at least two additional criteria

Required criteria

1. Documentation of a previous diagnosis of essential thrombocythemia as defined by the WHO 

criteria

2. Bone marrow fibrosis grades 2–3 (on 0–3 scale)* or grades 3–4 (on 0–4 scale)**2. Bone marrow fibrosis grades 2–3 (on 0–3 scale)* or grades 3–4 (on 0–4 scale)**

Additional criteria

1. Anemia and a ≥ 2 g/dL decrease from baseline hemoglobin level

2. A leukoerythroblastic peripheral blood picture

3. Increasing splenomegaly defined as either an increase in palpable splenomegaly of ≥ 5 cm 

(distance of the

tip of the spleen from the left costal margin) or the appearance of a newly palpable splenomegaly

4. Increased LDH (above reference level)

5. Development of ≥ 1 of three constitutional symptoms: > 10% weight loss in 6 months, night 

sweats,

unexplained fever (> 37.5 °C)

*Grades 2–3 according to the European classification: diffuse, often coarse fiber network with no evidence of collagenization (negative trichrome stain); or diffuse, 

coarse fiber network with areas of collagenization (positive trichrome stain)

**Grades 3–4 according to the standard classification: diffuse and dense increase in reticulin with extensive intersections, occasionally with only focal bundles of 

collagen and/or focal osteosclerosis; or diffuse and dense increase in reticulin with extensive intersections with coarse bundles of collagen, often associated with 

significant osteosclerosis

Curr Hematol Malig Rep. 2018 Apr 30. doi: 10.1007/s11899-018-0453-y. [Epub
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Criteria for post-polycythemia vera myelofibrosis (PPV MF)
Diagnosis of post-PV MF entails meeting both required criteria and at least two additional criteria

Required criteria

1. Documentation of a previous diagnosis of polycythemia vera as defined by the WHO criteria

2. Bone marrow fibrosis grades 2–3 (on 0–3 scale)* or grades 3–4 (on 0–4 scale)**

Additional criteria

1. Anemia or sustained loss of requirement of either phlebotomy (in the absence of cytoreductive therapy) or1. Anemia or sustained loss of requirement of either phlebotomy (in the absence of cytoreductive therapy) or

cytoreductive treatment for erythrocytosis

2. A leukoerythroblastic peripheral blood picture

3. Increasing splenomegaly defined as either an increase in palpable splenomegaly of ≥ 5 cm (distance of the

tip of the spleen from the left costal margin) or the appearance of a newly palpable splenomegaly

4. Development of ≥ 1 of three constitutional symptoms: > 10% weight loss in 6 months, night sweats,

unexplained fever (> 37.5 °C)

*Grades 2–3 according to the European classification: diffuse, often coarse fiber network with no evidence of collagenization (negative trichrome stain); or diffuse, 

coarse fiber network with areas of collagenization (positive trichrome stain)

**Grades 3–4 according to the standard classification: diffuse and dense increase in reticulin with extensive intersections, occasionally with only focal bundles of 

collagen and/or focal osteosclerosis; or diffuse and dense increase in reticulin with extensive intersections with coarse bundles of collagen, often associated with 

significant osteosclerosis

Curr Hematol Malig Rep. 2018 Apr 30. doi: 10.1007/s11899-018-0453-y. [Epub



MPN complication rates, prognosis and risk scoring 
algorithms

Geyer HL, et al. Hematology 2014;277



Cardiovascular risk in Philadelphia negative MPN  
(n=258)

Data are presented as n (%) or mean standard deviation unless otherwise indicated.

Abbreviations: ET Ľ essential thrombocythemia; CI Ľ confidence interval; CV Ľ cardiovascular; HGB Ľ hemoglobin; OR Ľ odds ratio; PLT Ľ platelets; RBC Ľ red blood cell count; WBC Ľ white blood cell count.

aFor comparison of ET patients with arterial thrombosis to ET patients with no thrombosis.

bFor comparison of ET patients with venous thrombosis to ET patients with no thrombosis.

cFisher’s exact test.

d2 test.

eMann Whitney test.

ft test for unpaired samples.
Statistically significant are P values <.050.

Hgorvat I, et al. Clin Lymphoma Myeloma Leuk. 2019 Jan;19(1):53-63. doi: 10.1016/j.clml.2018.08.020. 



Risk assessment model—IPSET 
thrombosis study

Barbui T, A et al. Blood 2012;120:5128



Essential thrombocythaemia thrombotic risk Essential thrombocythaemia thrombotic risk Essential thrombocythaemia thrombotic risk Essential thrombocythaemia thrombotic risk 
assessement  assessement  assessement  assessement  

CV, czynniki ryzyka sercowo-naczyniowego, IPSET, International Prognostic Score for Thrombosis in Essential Thrombocythemia

Falchi L, Kantarjian HM, Verstovsek S. Leukemia 2017;Sep;31(9):1845-1854
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Contemporary treatment algorithm in essential  

thrombocytopenia and polycythaemia vera  

Tefferi A, Barbui T. Am J Hematol. 2015 Apr 14. doi: 10.1002/ajh.24037. [Epub ahead of print 

Aspirin is used in the absence of treatment contraindications including clinically significant acquired von Willebrand syndrome. We recommend performing 

ristocetin cofactor activity in patients with over 1 million platelets per microliter and holding aspirin if the activity level is below 20%.



Currently used cytoreductives in ET and PV: 
benefits, risks, patient selection, and candidacy for up-front use 

Sankar K et al. J Natl Compr Canc Netw. 2018 Dec;16(12):1539-1545. doi: 10.6004/jnccn.2018.7073



Primary myelofibrosis
Prognostic Scoring Systems

Takenaka K, et al. Korean J Intern Med. 2018 Apr 20. doi: 10.3904/kjim.2018.033. [Epub

a Weight loss 10% of the baseline value in the year preceding primary myelofibrosis diagnosis and/or unexplained fever or 

excessive sweats persisting for more than 1 month. 

b Red blood cell (RBC) transfusion at the time of referral and those with history of RBC transfusions, for myelofibrosis-

associated anemia. 

c Complex karyotype or single or tow abnormalities including +8, -7/7q-, i(17q), -5/5q-, 12p-, inv(3), or 11q23 rearrangements. 

IPSS, International Prognostic Scoring System; 

DIPSS, Dynamic IPSS; DIPSS plus, 

Dynamic IPSS plus additional prognostic factors
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Summary of driver mutations and their implications in primary 
myelofibrosis

Bp, base pair; CALR, calreticulin; DIPPS plus, dynamic international prognostic scoring system plus; IPSS, 

international prognostic scoring system; JAK2, Janus kinase 2; MPL, myeloproliferative leukemia; PLT, platelet; 

WBC, white blood cell.
Szuber N, et al. Curr Opin Hematol 2018, 25:129



Overall survival in PMF (Mayo-Careggi MPN alliance study, 
n=1095)

Tefferi A, et al. Am J Hematol. 2018 Mar;93(3):348



Treatment algorithm for primary myelofibrosis
DIPSS plus, Dynamic International Prognostic Scoring System plus additional prognostic

factors

Takenaka K, et al. Korean J Intern Med. 2018 Apr 20. doi: 10.3904/kjim.2018.033. [Epub
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Molecular risk

PMF: clinical and molecular risk stratification and risk-adapted therapy; 

modified]
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SCT (stem cell transplant), IDT (investigational drug therapy)

Tefferi A, Am J Hematol. 2016 Dec;91(12):1262-1271. doi: 10.1002/ajh.24592



PMF - Current Recommendations to Consider
Transplantation

Salit RB, et al. Biol Blood Marrow Transplant 2017;



The molecular status and transplantation
outcome

• Early reports evaluating the impact of mutational status on 
allo-SCT outcomes suggested a favorable survival effect of 
JAK2V617F mutations as compared with JAK2 wild-type 
disease

• Moreover, achievement of JAK2V617F negativity after allo-
SCT may be associated with a lower incidence of relapse [1]SCT may be associated with a lower incidence of relapse [1]

• Later studies demonstrated respectively favorable and 
detrimental effects of a CALR-positive versus triple-negative
status [2], with presence of CALR mutation representing an 
independent factor for lower non-relapse mortality and 
improved progression-free and overall survival (OS)

• Significantly, in this context, type 1 and type 2 CALR
mutations resulted in similar posttransplant outcomes [3]

1. Alchalby H, et al. Blood 2010; 116:3572–3581

2. Panagiota V, et al. Leukemia 2014; 28:1552–1555

3. Kroger N, et al. Biol Blood Marrow Transplant 2017; 23:1095



Sum of differences between primary and post-PV and post-ET 
myelofibrosis

Curr Hematol Malig Rep. 2018 Apr 30. doi: 10.1007/s11899-018-0453-y. [Epub



A clinical-molecular prognostic model to predict survival in patients with 
post PV and post ET-myelofibrosis

(MYSEC MYSEC MYSEC MYSEC PrognosticPrognosticPrognosticPrognostic Model Model Model Model RiskRiskRiskRisk CalculatorCalculatorCalculatorCalculator (MYSEC(MYSEC(MYSEC(MYSEC----PMPMPMPM) ) ) ) 

Passamonti F, et al. Leukemia 2017;31, 2726–2731. doi:10.1038/leu.2017.169



Treatment of PMF and SMF

• With regard to available JAK-inhibitor trial data, evidence of 
a differential response according to MF subtype derives from 
a multivariate analysis of COMFORT-2 suggesting a higher 
response to ruxolitinib in PET MF with respect to PMFresponse to ruxolitinib in PET MF with respect to PMF

• A pooled analysis of overall survival in COMFORT-1 and 
COMFORT-2 showed that SMF was associated with a 
better prognosis than PMF independently of treatment

Vannucchi AM, et al. Haematologica.

2015;100(9):1139–45


