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Hematological Cancers: 
Risk of TE and Bleeding Outcome

Ø Danish population-based cohort study (2000-2013) 32141 hematological cancers 
adult patients; each patient was matched with up to 5 controls.

Ø 10 years absolute risk for Thrombo-embolism or Bleeding complications – 19%
Ø VTE – 5.2%;    MI – 3.3% ; Ischemic Stroke – 5.2%;  Bleeding- 8.5%
Ø Hazard ratios compared to general population

MI- 1.36 (1.25-1.49)
Stroke – 1.22 (1.12-1.33)
VTE – 3.37 (3.13-3.64)
Bleeding – 2.39 (2.26-2.53) 

Adelborg JTH, 2019



Cumulative risk of BleedingCumulative risk of  VTE

Adelborg K et al. J Thromb Haemost. 2019;17(8):1305-1318

Population-based cohort study, N=32 141

VTE: venous tromboembolism

Cumulative incidence curves of VTE and 
bleeding requiring hospital contact, by 

hematological cancer type



Pathogenesis of clotting activation
in hematologic malignancies

• Tumor cell-derived procoagulant, fibrinolytic and proteolityc
and inflammatory cytokines

• Cytotoxic therapies
• Infection complication



Virchow’s triad
Risk factor are cumulative

VENOUS STASIS
Obesity
Immobility
Chronic Heart Disease
Age >40

VASCULAR INJURY
Reccurent VTE
Surgery
Cancer treatment
Trauma
Venipuncture
Atherosclerosis
Iv drug administration

HYPERCOAGULABILITY
Malignancy
Bleeding disorders
Hereditary risk factors

Anderson FA, Jr.Spencer, Circulation, 2003 : 107 ;9-16



Incidence of venous thromboembolism 
(VTE) evaluated in clinical studies of 

patients with Acute Leukemias

Meta-analysis

Prospective

Registry data

Retrospective

Falanga et al, Curr Op Oncol 2012



Risk of Thrombosis in Acute Leukemia

Ø Thrombotic events – 6.3%

Ø 80% VTE; 20% arterial events

Ø At diagnosis 13/379 – 3.4%

Ø ALL – 1.4%; APL – 9.6%; non-M3 AML – 3.2%

De Stefano  J Thromb Haemost 2005



Human tumor cells induce 
thrombin generation 

Marchetti et al, Haematologica 2012.

K562

NB4

H69

HEL

NB4: promyelocytic leukemia cell line
MCF7: estrogen receptor-positive breast cancer 
cell line
H69: small cell lung carcinoma cell line
HEL: human erythroleukemia cell line
K562: chronic myeloid leukemia cell line
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Falanga A.
Blood 2017



Oncogenic events & the cellular procoagulant activity

The example of Acute Promyelocytic Leukemia 
(APL)

• In  APL cells  the typical PML/RARa genetic lesion is 
associated with overexpression of procoagulant activity 
(i.e. Tissue Factor) and the occurrence of a severe 
coagulopathy. 

• With the leukemic cell differentiation into mature 
granulocytes induced by all-trans-Retinoic Acid (ATRA) 
therapy, targeting the molecular lesion, the cellular 
procoagulant activity is lost and the coagulopathy resolves. 

Falanga A, Barbui T, Rickles F. Sem. Thromb. Hemost. 2008



ATRA reduces acute promyelocytic leukemia
cell procoagulant activities "in vivo"

During ATRA
treatment

Total and Cancer Procoagulant 
activities of blast extracts from APL 
patients

Onset of
disease

Complete
remission Falanga et al., Blood,1995
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↓ procoagulant activity of 
APL cells

ATRA

↓ plasma hypercoagulation 
markers

Differentiation of 
leukemic blasts

However, the rate of early 
deaths due to the thrombo-

hemorrhagic syndrome is still 
relevant in this disease

The characterization of the 
coagulopathy and the 

identification of predictive 
markers remain a critical issue

Remission Induction

Correction of thrombo-
hemorrhagic syndrome



Arsenic Trioxide (ATO) 

• ATO, another agent effective in the cure of APL, including the APL 
resistant to ATRA, also reduces the procogulant activities expression 
of APL blast cells in vitro and in vivo.

• ATO exerts a dose-dependent dual effects on APL cells: 
Ø at low concentrations (0.5 μM), induces partial differentiation 

by degrading the PML/RAR-alpha fusion protein; 
Ø at relatively high concentrations (0.5-2.0 μM), it triggers 

apoptosis.

• ATO treatment can induce rapid loss of membrane procoagulant
activity and TF mRNA leading to beneficial effect on the coagulopathy 
of APL.

• However, mechanisms by which ATRA or ATO lead to the rapid 
resolution of coagulopathy need further definition.



Experimental system

vehicle
(control)

ATO 0.1 µM
+ ATRA 1 µMATRA 1 µMATO 0.1 µM

24, 48, 72 or 96 hours 
incubation

Cell proliferation,
differentiation

apoptosis/necrosis
TF and CP expression

Thrombomodulin expression

APL NB4 cell line:
• Has the t(15;17) chromosomal translocation
• Expresses chimerical protein PML-RARα
• Is sensitive to ATRA-induced differentiation 



ATO and ATRA affects Tissue Factor 
activity in NB4 cells

* = p<0.05 vs Control
§ = p<0.01 vs Control

Control

As2O3 0.1 µM

ATRA 1 µM
As2O3 0.1 µM + ATRA 1 µM



ALL







The prevention and management of asparaginase-
related venous thromboembolism in adults: 
Guidance from the SSC on Hemostasis and 

Malignancy of the ISTH

In the majority of studies, the threshold for antithrombin repletion was either 50% to 60% (with a threshold of 70% in two studies). 
There were fewer VTE in the antithrombin cohorts in all but one study, yielding an overall summary risk ratio of 0.40 (95% CI, 0.19-
0.81) by a random effects model.

Zwicker JI et al., JTH 2020



The prevention and management of asparaginase-
relatedvenous thromboembolism in adults: Guidance 
from the SSC on Hemostasis and Malignancy of the 

ISTH

Zwicker JI et al., JTH 2020

Despite the lack of randomized data, based on current best available evidence on antithrombin monitoring and 
repletion in adults with ALL, we formulated the following guidance statements:

1. Based on an approximate 60% reduction in VTE when implementing an antithrombin repletion regimen, we 
suggest monitoring antithrombin levels during asparaginase therapy.

2. Where the decision has been made to monitor antithrombin levels, we suggest measurement on a weekly 
basis for the duration of asparaginase therapy.

3. We suggest infusion of antithrombin concentrate for levels below 50% to 60%. The optimal antithrombin 
concentration is not established but we suggest a repletion target in the 80% to 120% range.



The prevention and management of asparaginase-
related venous thromboembolism in adults: Guidance 
from the SSC on Hemostasis and Malignancy of the 
ISTH

Zwicker JI et al., JTH 2020

Despite limited data regarding efficacy, due to the high rate of VTE in adults and existing guidelines 
regarding thromboprophylaxis during hospitalization, we formulated the following guidance 
statements:

1. We suggest LMWH thromboprophylaxis during induction phase of ALL therapy that includes 
asparaginase.

2. Outpatient LMWH thromboprophylaxis is suggested in those patients considered especially high 
risk due to concomitant risk factors such as obesity or prior history of thrombosis (during induction 
and intensification phases of therapy).

3. We suggest withholding LMWH thromboprophylaxis in cases of severe thrombocytopenia (ie, 
platelet count < 30 × 109/L).29



BACKGROUND

Hohaus, Cancers 2020



The hypercoagulable state in Lymphoma

• Non-Hodgkin and Hodgkin Lymphomas carry a significant risk for venous and 
arterial thrombosis, particularly during chemotherapy treatments 

• However, hemostatic alterations underlying a hypercoagulable condition, even in 
the absence of overt thrombosis, are commonly found in patients with lymphomas 
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The hypercoagulable profile in patients with NHL 

Falanga  A et al, Cancer Invest. 2008



 
-cohort of 686 lymphoma pts (NHL + HL) 
-VTE incidence 7.9% (NHL > HL) 
-median time of VTE development: 1.97 months
-risk factors for VTE:

• age > 60 years
• CNS involvement
• chemotherapy (no VTE in untreated pts) 

Thrombosis Research(2012):130(3);e6-e12

Incidence, risk factors and clinical features of venous thromboembolism in newly 
diagnosed lymphoma patients: 

Results from a prospective cohort study with Asian population

Lee Chun Park1, Sook-young Woo, Seonwoo Kim, Hyejin Jeon, Young Hyeh Ko, Seok Jin Kim, Won Seog Kim

1Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea.



The impact of VTE on mortality
in lymphoma patients



VTE incidence by grade and NHL histotype
We stratified VTE incidence according to 
NHL histotype, observing an increased
overall incidence of VTE episodes in 
patients affected by DLBCL

Santi et al, Thromb Haemost 2017



validated in solid tumors for risk of VTE development

RISK ASSESSMENT MODELS 



Santi et al, Thromb Haemost 2017



Arterial and venous thrombosis in MM during follow up

Krinstinnson et al. Blood. 2010;115(24):



Risk factors for VTE in MM

De Stefano et al, Semin Thromb Hemost 2014;40:338–347



THALIDOMIDE AND VTE IN MYELOMA

New DX
Myeloma

R

Desa + Chemo+ Thalidomide

Desa + Chemo

VTE

14/50 (28 %)

2/50 (4 %)

P=.002

Zangari M Blood 2001,98:1614-1615



Incidence of VTE with and without LMWH in NDMM patients receiving

thalidomide-containing regimens

Khaled M. , Thrombosis Research, Volume 123, Issue 5, March 2009, Pages 679-686



The new era of MM treatment

2003 2006 2007 2012 2013 2015 2016 +

bortezomib

thalidomide

lenalidomide

Bortezomi*+ 
Doxil

carfilzomib

pomalidomide

panobinostat

elotuzumab

daratumumab

ixazomib

Isatuximab *

Nivolumab*
pembrolizumab

Durvalomab*

CAR-T

Vaccines*

Marizomib*

3° gen IMIDs

Melfuflen*
Selinexor*

Venetoclax*
Nelfinavir *

Proteasome
inhibitor

IMID

Targeted
therapy

HDAC inhibitor

Monoclonal 
antibody

Adoptive T cell therapy

vaccines

Checkpoint inhibitor * Not yet FDA approved for MM 



Haematologica, 2022 
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Outcomes	of	VTE	in	Patients	with	Hematologic	
Malignancies	compared		with	Solid	Tumors

	RIETE	Study

R.	Lecumberri,	P.	Ruiz	Artacho,	I.	Tzoran,	B.	Brenner,	D.	Farge-Bancel,	V.	Rosa,	I.	Francisco,	L.	Hernández-
Blasco,	J.	Trujillo-Santos,	M.	Monreal,	RIETE	Investigators.



Outcomes	During	the	Course	of	Anticoagulation

In patients with VTE associated with hematological malignancies, a lower rate of recurrent VTE, major bleeding and mortality is 
observed compared to patients with solid tumors. 



• MM and  DLBCL have a high rate of VTE  (>7 %)
• Thromboembolic risk is higher up to 6-12 months after starting chemotherapy
• Absolute risk for bleeding complications is high
• There are no evidence-based recommendation for VTE prophylaxis in patients

undergoing anti-neoplastic treatment. Individual evaluation of the risk-benefit ratio 
considering the individual risks factors is the current strategy

• There are no evidence-based reccomandation for VTE treatment in oncohematology
• Thrombocytopenia represents the most important clinical problem in the management 

of antithrombotic therapy

CONCLUSIONS


