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Thrombosis and Cancer 

All patients with 
VTE 

1 of 5 VTE events are related to 

cancer 

20% 

Ay C, Pabinger I & Cohen AT. Thromb Haemost. 2017;117(2):219-230.  



Prevalence of VTE According to Cancer Types  

•  Patients with active cancer and a first VTE (N=6592) 

 

Cohen AT et al. Thromb Haemost. 2017;117(1):57-65 



Thrombosis and Cancer        -       Cancer and Thrombosis 

All patients with 
VTE 

1 of 5 VTE events is 

related to cancer 

20% 

Ay C, Pabinger I & Cohen AT. Thromb Haemost. 2017;117(2):219-230.  

All petients with 
cancer 

1 in 5 patients with cancer 

will develop VTE* 

*High rates of „incidental“ (unuspected) 
pulmonary embolism (PE) 

20% 



Rates of VTE in Patients With Cancer 

•  Vienna Cancer and Thrombosis Study (CATS) 
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VTE-incidence	(%)	during	a	median	follow-up	of	501	days	
[IQR,	255-731]	in	825	patients	with	different	types	of	cancer

Ay C. J Clin Oncol. 2009 Sep 1;27(25):4124-9. 



Cancer and Thrombosis - Burden of Disease 

Cancer 
increases 

risk of VTE 
4 to 7-fold 

Risk of VTE 
recurrence 
is 3-fold 

increased 

Risk of 
bleeding is 

2-fold 
increased 

Case-fatality 
at 30 days: 

25% 
 
 
 

 3-fold 
increased 

risk of 
mortality 

 

Prandoni P. Blood 2002; 100: 3484-8; Khorana AA. J Thromb Haemost. 2007;5(3):632-4; Naess IA et al, J Thromb 
Haemost 2007;5(4):692-9; Chew HK. Arch Intern Med 2006;166(4):458-64 

Urgently needed 
 

(Improving) risk assessment àIdentification of patients at high risk  
à(Primary) prevention of VTE 



Cancer and Thrombosis - Burden of Disease 

•  VTE in patients with cancer increases the risk of morbidity 

and mortality 

•  VTE is a leading cause of death in cancer 

•  Risk of mortality 3.7-fold [95% CI: 1.3-14.4] higher in cancer 

patient with VTE (adjusted for tumor stage, age and ethnicity) 

•  Case-fatality rate at 30-days: 25% 

•  High risk of VTE recurrence in patients with cancer (3-fold) 

•  High risk of bleeding during anticoagulation (2-fold) 

Prandoni P. Blood 2002; 100: 3484-8; Khorana AA. J Thromb Haemost. 2007;5(3):632-4; Naess IA et al, J Thromb Haemost 2007;5(4):692-9; 
Chew HK. Arch Intern Med 2006;166(4):458-64 



Risk Factors for VTE in Cancer Patients 

Patient-related 
•  Medical comorbidities (CCI ≥3 ) 
•  Presence of varicose veins 
•  Prior VTE  
•  Hereditary risk factors (eg, factor V 
Leiden)  

Biomarkers 
•  Hematologic biomarkers (eg, platelet, 
haemoglobin, leukocyte counts) 

•  D-dimer 
•  P-selectin 
•  Prothrombin fragment 1 + 2 
•  Thrombin generation potential 
•  MP-tissue factor activity 
•  C-reactive protein, VEGF, MPV, etc. 

Treatment-related 
•  Platinum-based and other chemotherapy 
•  Anti-angiogenesis agents 
•  Hormonal therapy 
•  Surgery 
•  Radiotherapy 
•  Blood transfusion 
•  Central venous catheters 
•  Hospitalization and immobility 

Tumor-Related 
•  Site of cancer 
•  Very High: stomach, pancreas, brain 
High: lung, hematologic, gynaecologic, 
renal, bladder 

•  Histological grade of a tumour 
•  Stage of cancer/metastases 
•  Time since cancer diagnosis 

Cancer-Associated VTE Risk 

Ay C, Pabinger I & Cohen AT. Thromb Haemost. 2017;117(2):219-230. 



Risk Factors for Cancer-associated VTE 

Hisada Y, Geddings J, Ay C and Mackman N. J Thromb Haemost 2015 



Risk Assessment of VTE in Patients With Cancer 

•  Predic'on	of	cancer-associated	VTE	during	chemotherapy	with	the	„Khorana-Score“	(follow-up	2.4	
months)	

Khorana	et	al,	Blood	2008	



Vienna Cancer and Thrombosis Study (CATS)  
 

Score 0  (n=276) 

Score 1  (n=229) 

Score 2  (n=221) 

Score ≥3  (n=93) 

6 months 

1.5% 

3.8% 

9.6% 

17.7% 

Total	number	of	
pa'ents	included	in	

this	analysis:	
819	

Ay		et	al,	Blood	2010	



External Validation of the Khorana Risk Score 

Moore	et	al,	J	Clin	Oncol	2011,	Mandala	et	al,	Ann	Onc	2012	
N=9321	 N=1,4152	



„Expanded“ Risk Prediction Scores for VTE in Cancer Patients 

van Es et al. Haematologica 2017;102(9):1494-1501. 
 



Cumulative Incidence of Venous Thromboembolism in 
Low and High Risk Patients 

van Es et al. Haematologica 2017;102(9):1494-1501. 
 



16 Pabinger I et al. Lancet Haematol. 2018 Jun 7 [Epub ahead of print] 

HOT OFF THE PRESS! 



Development of the model (in CATS) 

Penalized regression approach (LASSO, R library glmnet)* 

with cause-specific VTE hazards over 12 months (in order to 

increase model stability) for selection of prognostic variables 

for the clinical prediction model from a large pool of clinical 

and laboratory candidate variables 

*Simon et al, J Stat Software 2011, 39:1-13 



Clinical Prediction Rule 
•  Tumour site category 

 “Low/intermediate”  

  Breast, prostate 

 “high” 
  Lung, colorectal, lymphoma, genitourinary excluding prostate,  
   gynecologic excluding breast, esophageal, others  

 “Very high” 

  Stomach, pancreas 

 

•  D-Dimer (μg/mL) 

 as continuous variable 

*This model compared to Khorana score:  
Population-weighted net reclassification improvement (NRI)=0.31 

Multivariable SHR 1.96 
(95% CI 1.41-2.72)  

Multivariable SHR 1.32 
(95% CI 1.12-1.56 ) 

Pabinger I et al. Lancet Haematol. 2018 Jun 7 [Epub ahead of print] 



Points 

D-Dimer 

Tumor site risk 

 

Total points 

Cumulative 6-months 

 

Nomogram for predicting the 6-month risk of cancer-
associated VTE 

1 0 10 20 30 40 50 60 70 80 90 100 

0 1 2 4 8 16 32 
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0 20 40 60 80 100 120 140 160 180 200 

2 3 4 5 7 10 24 29 8 12 16 20 6 incidence (%) 

Pabinger I et al. Lancet Haematol. 2018 Jun 7 [Epub ahead of print] 

For more on the risk calculator see: catscore.meduniwien.ac.at 
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Tumor site risk 

 

Total points 

Cumulative 6-months 

 

Nomogram for predicting the 6-month risk of cancer-
associated VTE 
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Pabinger I et al. Lancet Haematol. 2018 Jun 7 [Epub ahead of print] 

For more on the risk calculator see: catscore.meduniwien.ac.at 



Risk Assessment for VTE 
ASCO Guidelines Recommendation 
 

Lyman	GH	et	al,	J	Clin	Onc	2013	



Summary & Take Home Messages 
•  VTE is frequent in subgroups of patients with cancer 
•  Multiple risk factors contribute to occurrence of VTE in patients with cancer 

•  It is possible to identify high risk patients by clinical and laboratory parameters 

•  Risk assessment models seem to be promising 

•  Advances in risk assessment since the publication of the „Khorana Score“ 

•  A novel (externally validated) clinical prediction model includes two variables: tumour site 
category (“low/intermediate” , “high” and “very high” VTE-risk tumor site) and D-Dimer. 

•  Improving risk prediction might facilitate decision making on primary thromboprophylaxis 
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Thank you for your attention! 

Thank you for your attention!	


