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Thrombosis and bleeding: rationale
and therapeutic perspectives
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MPNs: thrombotic & hemorragic disorders?

T Rungjirajittranon et al BMC 2019;19:184



Number of 
thrombotic/thromboembolic (a) and 
major bleeding events (b) in MPN over 
time in months. The 0 (zero) marks the 
date of diagnosis

Kailfie A et al. Journal of Hematology & Oncology (2016) 9:18



Both arterial and venous thrombosis occur mainly at
the beginning (or just before the diagnosis)

Polycythemia Vera is a Thrombotic disease

Currently cyto-reductive therapy for PV 
only slightly reduces risk

Hultcranz M et al. Ann Intern Med 2018;168:317-25



Why MPNs are thrombotic
disorders? 



1° Actor: 
Erythrocyte

Ball S et al. J Thromb Thrombolysis 2018;45:516-28 



< 45%

> 45%

The role of HCT:
KM Curves for Total Cardiovascular Events

(including venous thrombosis)

Marchioli R et al. NEJM  2013;368:22-33



• Several polycythemic states are not associated with increased
thrombosis (eg, emphysema), other factors and adaptive
responses may modify thrombosis risk

• These observations suggest multimodal effects of hematocrit on 
cardiovascular risk and imply direct but complex relationships
between hematocrit, coagulation and monoclonality

Shear rates, HCT & thrombosis



Lutheran/BCAM protein (Lu) on the surface of 
erythrocytes is key for their adhesion to the 
endothelium, and erythrocytes from individuals
with JAK2V617F-mutated PV have increased
endothelial adhesion

Monoclonal erythrocytes express  adhesion
molecules

Erythrocytes from patients with MPNs and splanchnic
venous thrombosis show greater expression of Lu/BCAM

Novitzky-Basso I et al. Int J Lab Hem. 2018;40:473–477



2° Actor: 
leukocyte

Ball S et al. J Thromb Thrombolysis 2018;45:516-28 



Evidence of NETs in human pathological thrombosis. 

(A) Composite image of a human pulmonary embolism
specimen obtained surgically and stained by 
immunohistochemistry for platelets (blue) and 
leukocytes (brown) showing that areas of the 
thrombus are rich in both cell types

(B) Cell-free DNA, a plasma biomarker of NETs, is
elevated in patients with thrombotic
microangiopathies (left): thrombotic
thrombocytopenic purpura (TTP), hemolytic uremic
syndrome (HUS), malignancies (tumor), and 
nonspecified cases (NOS). 

Kimberly Martinod, and Denisa D. Wagner. Blood 2014;123:2768-2776

Evidence of NETs in human pathological thrombosis -
Immunothrombosis



NET formation in patients with myeloproliferative
neoplasms (MPN) compared to healthy controls

Neutrophils derived from patients
with MPNs are associated with an 
increase in NET formation and a 

prothrombotic, NET-rich
phenotype

Wolach O et al. Sci Transl Med. 2018; 10(436



3° Actor: 
cells & 
coagulation

Ball S et al. J Thromb Thrombolysis 2018;45:516-28 



TF
Plasmatic FVII 

Activation of plasmatic
coagulation factors

-> thrombin generation

James R. Byrnes, and Alisa S. Wolberg Blood 2017;130:1795-1799

Activated cells promote 
thrombin generation



4° Actor: 
JAK2V617F

Ball S et al. J Thromb Thrombolysis 2018;45:516-28 



Ball S et al. J Thromb Thrombolysis 2018;45:516-28 

1. Increase Endothelial
Like-Cells (ELCs) synthesis 2. ELCs promote cell signaling, 

extracellular activity and cell
adhesion

3. ELCs increase
number of adhered
leucocyte

How JAK2 mutation leads to thrombosis?



Something new: monoclonal hematopoiesis (CHIP)
Gene expression in Tet2 knockout macrophages

CHIP is associated with increased overall mortality 
• Increased risk of hematologic malignancy
• Increased risk of therapy-related malignancy
• Increased risk of cardiovascular disease

Tet2 mutations induce atherosclerosis in vivo
• Accelerated atherosclerosis
• Development of xanthomas
• Altered expression of inflammatory cytokines

Benjamin Ebert, ASH-EHA Joint Symposium ASH annual meeting Atlanta 2017



JAK2V617F positive clonal hematopoiesis is
associated with increased thrombosis rates

Rates of venous thrombosis in patients
with or without clonal hematopoiesis of 
indeterminate potential (CHIP) and/or 
JAK2V617F mutation

Wolach O et al. Sci Transl Med. 2018; 10(436) 



Adjunctive role of TET2 & Jak2 for 
thrombosis?

Ortmann CA et al. N Engl J Med 2015; 372:601-612



HC Hasselbalch et al. Blood 2021;137:2152-60  

The pathogenesis of 
thrombosis in the MPNs

Control

MPNs



Why MPNs are (if any) bleeding
disorders? 



Overall bleeding events on MPNs

T Rungjirajittranon et al BMC 2019;19:184



Increased bleeding than
thrombotic risk over time
(clear effect of 
antiplatelets/anticoagulant
treatment)



MPN patients are at a higher risk for bleeding complications
due to:

- Antiplatelet and anticoagulant therapy necessary to 
prevent major thromboembolic complications in high-risk
patients (most)

- Presence of esophageal or gastric varices due to portal
vein hypertension and/or an acquired von Willebrand
syndrome (AVWS) due to excessive thrombocytosis (quite
rare but not exceptional)



Trotti C et al. Hematological Oncology 2021;38:859

Acquired vonWillebrand syndrome due to 
thrombocytosis

• May occur with PLT > 1.000.000 mm/c (range: rare to frequent)

• Mechanism still unclear (no Ab-mediated)

• More frequent in JAK2 patients (also if PLT < 1.000.000 mm/c) were
platelet are more activated

• Diagnosis difficult, mainly lab detection (reduced VWF:RCo/VWF:Ag
ratio due to reduction of high molecular weight multimers - HMWM)



How to manage both risks
(thrombosis & bleeding)?



NCCN GL for VTE treatment 
in cancer patients

Al-Samkari H et al. BloodAdv 2019;3(22):3770:79

Tinzaparina (Italia)



Studies including at least 20 MPN patients on DOAC treatment for usual site VTE

DOACs in MPNs

Schieppati F et al. Hematology 2021;448-52



DOACs in MPNs

Schieppati F et al. Hematology 2021;448-52

Retrospective studies comparing thrombosis recurrence and major bleeding in 
MPN patients receiving VKA or DOAC



How J et al. Blood Cancer Journal 2021;11:176, *Serrao A, AJH 2020;1-3, Raso S et al, EHA 2021, EHA submitted 2022 

Retrospective cohort studies of 133 + 65 
(italian centres*) MPN patients prescribed
DOACs for venous thromboembolism (VTE), 
atrial fibrillation, or arterial
thromboembolism (ATE)

Recurrent Thrombosis

Bleeding

13% (6/46)  AF pts
6% (5/75)  VTE pts9% (12/133)  total pts

28% (13/46)  AF pts
20% (15/75)  VTE pts21% (28/133)  total pts



Al-Samkari H et al. BloodAdv 2019;3(22):3770:79



Management of thrombosis in ET 
and PV

Kalyn M. Curr Hematol Malig Rep 2017;12:389–396  

or DOACs

or DOACs

vWF:RiCoF/vWF:Ag < 0.7

Once o twice daily

Tefferi & Barbui. Am J Hematol. 2020;95:1599–1613



Overall Conclusions

• Thrombosis (multifactorial) is a main gap in the management 
of MPNs

• Few evidence of the use of (new) anticoagulants drugs (but
seems safe)

• Bleeding mainly due to AC treatment

• Need for appropriate investigantions





B Stein et al. Hematology 2019:397-406


