
20	 Oncology Issues  January/February 2009

 

From Research to Practice

Malignancy-Associated Thrombosis
by Brandon McMahon, MD

cascade], and is therefore a procoagulant protein.8 A num-
ber of malignant cell types have been shown to express CP, 
but what effect—if any—it has in malignancy-associated 
thrombosis remains unclear.

Cellular activation and/or apoptosis can lead to for-
mation of microparticles, composed of small membrane 
vesicles that can activate thrombin generation. Micropar-
ticle formation is associated with hypercoaguability in a 
number of diseases, including heparin-induced thrombo-
cytopenia [reduced platelet count], which has a very high 
rate of both arterial and venous thromboses. Tissue factor 
has been demonstrated on circulating microparticles, and 
likely plays a role in the thrombogenesis of malignancy-
associated VTE. Increased TF expressing microparticles 
were found in patients with metastatic breast and pancre-
atic cancer compared with healthy controls in one study.9 

Higher TF microparticle expression was further associated 
with a reduced survival and with higher rates of VTE in this 
population.9

 Treatment with cytotoxic chemotherapy, immuno-
modulatory agents, and antiangiogenic agents also appears 
to upregulate the coagulation system. Cytotoxic chemo-
therapy can damage the vascular endothelium, potentially 
leading to platelet activation and thrombus formation. The 
clinical manifestations of venous thrombosis have corre-
lated with the findings of increased plasma concentrations 
of markers of thrombin generation, including thrombin-
antithrombin (TAT) complexes and D-dimer, a small 
protein fragment. Zurborn and colleagues demonstrated 

significant elevations in TAT com-
plexes and prothrombin F1+2 four 
hours after infusion of a multi-
drug regimen for treatment of 
non-Hodgkin’s lymphoma.10 This 
upregulation in proteins involved 
in hemostasis is believed to be 
related to further endothelial acti-
vation and increased expression of 
tissue factor beyond that already 
seen with the underlying malig-
nancy itself.

Risks for Development of  
Malignancy-Associated 
VTE
The presence of active malignancy 
is estimated to increase the risk of 
VTE at least five-fold, with the 
annual incidence being reported 
at 0.5 percent in those with cancer 
versus 0.1 percent in those with-
out.11 The risk of VTE varies with 

V
enous thromboembolism (VTE) is a well- 
known and common complication of many 
malignancies. VTE not only introduces a new 
morbid condition to patients with malignancy, 
but also complicates the treatment of the under-

lying disease and is associated with a poorer overall prog-
nosis. The presence of VTE likely reflects a more aggressive 
malignancy. Both the one-year death rate and the percentage 
of cases initially diagnosed with metastatic disease for each 
type of cancer are directly proportional to the incident rates 
of VTE.1 A lower survival has been shown in patients with 
malignancy with VTE than without thrombosis, even after 
adjusting for age, cancer stage, and comorbidities.1,2 

Mechanisms of Malignancy-Associated VTE
The exact mechanisms involved in malignancy-associated 
thrombosis have yet to be clearly determined, and are likely 
related to a number of variables in each specific cancer. 
Increased expression of tissue factor (TF) explains, at least 
in part, the increased rates of VTE in malignancy along 
with the associated poorer prognosis. Tissue factor [a glyco-
protein] is a well-known initiator of the coagulation cascade 
and precipitating thrombin [a coagulation protein] genera-
tion. In addition, TF has been shown to promote tumor 
growth, angiogenesis, and metastasis.3-5 Evidence also exists 
that TF expression may play an important role in prevent-
ing apoptosis.6,7 

Cancer procoagulant (CP) is a cysteine protease that 
can directly activate factor X [an enzyme in the coagulation 
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type of underlying malignancy. Among the most common 
cancers, brain, pancreatic, gastric, acute myelogenous leu-
kemia, and renal cell carcinoma have the highest rates of 
VTE, ranging from 3.5 to 6.9 percent in the first year of 
cancer diagnosis.1 This risk increases dramatically in those 
patients with metastatic disease. Hematologic malignancies 
including multiple myeloma, myeloproliferative disorders, 
and lymphomas also have high rates of thrombosis, with 
reports ranging from 1.5 percent up to as high as 59.5 per-
cent; the highest rates have been found in those with CNS 
lymphoma.12 Higher grade lymphomas have an even greater 
risk of VTE, with rates of 10.6-12.8 percent, versus 5.8 per-
cent in low grade non-Hodgkin lymphoma.13,14 

The risk of thrombotic complications can be further 
exacerbated by a number of other variables that often accom-
pany malignant disease, with hospitalization, use of eryth-
roid stimulating agents, and presence of an indwelling central 
venous catheter (CVC) being among these.15,16 As mentioned 
previously, treatment with a number of malignancy specific 
treatments adds to the underlying hypercoaguability seen 
with cancer. The odds ratio for VTE was 6.5 in patients with 
malignancy receiving chemotherapy versus 4.1 for patients 
with malignancy not receiving such treatment in a case con-
trol study.17 A 1.93 percent symptomatic VTE incident rate 
was reported in another prospective study, with incidence 
varying depending on type of underlying malignancy.18 Two 
separate studies have demonstrated a clear increase in the rate 
of VTE in lymphoma patients undergoing multiagent che-
motherapy, with rates of 10-27 percent.19,20 

Anticoagulation Treatment
Treatment of VTE with anticoagulation serves several pur-
poses. It helps prevent extension of existing clots, emboliza-
tion, and thrombotic recurrence, and relieves symptoms of 
venous congestion. In the past, standard of care consisted of 
using unfractionated heparin as a continuous infusion with 
longer term replacement using an oral vitamin K antago-
nist, such as Coumadin. Although efficacious, unfraction-
ated heparin introduces a number of complications to VTE 
treatment. Among these are the need for intravenous access, 
frequent laboratory monitoring for aPTT (Activated Partial 
Thromboplastin Time) adjustments, prolonged hospitaliza-
tion, drug binding to plasma proteins, and relatively high 
rates of heparin-induced thrombocytopenia. The introduc-
tion of the low-molecular-weight heparins (LMWH) in the 
late 1990s alleviated a number of these negative features of 
unfractionated heparin, and have, therefore, been consid-
ered the standard of care in acute treatment of VTE in the 
appropriate patient populations. Until recently, LMWH 
have been used primarily as a bridge in VTE treatment 
until patients’ INR levels on oral vitamin K antagonists are 
adequate.  

Vitamin K antagonists have a number of drawbacks, 
particularly in patients with malignancy. Besides the incon-
venience of frequent INR (international normalized ratio) 
monitoring, several potential barriers to therapeutic levels 
exist, including multiple drug interactions, liver dysfunc-
tion, and malnutrition, all common in cancer. The risk of 
bleeding is increased with many malignancies and suprath-
erapeutic INR levels, owing to chemotherapy-induced 
thrombocytopenia and anatomical issues associated with 
the underlying malignancy itself (e.g., hemoptysis, or 
coughing up blood, in lung cancers). The rates of recurrent 
VTE and major bleeding with use of vitamin K antagonists 
have therefore, not surprisingly, been shown to be much 
higher in patients with cancers than those without.21-24 

Due to the multiple potential complications associated 
with UFH (unfractionated heparin) and vitamin K antago-
nists, studies have been conducted looking at longer-term 
treatment of malignancy-associated VTE with LMWH. 
The CLOT (randomized comparison of low-molecular-
weight heparin versus oral anticoagulant therapy for the 
prevention of recurrent VTE in patients with cancer) trial 
has made a large impact in this area, and has changed 
the standard of care with regard to treatment of cancer- 
associated thrombosis.25 In this study, 676 patients with 
new VTE and various underlying malignancies, two-thirds 
of which were metastatic, were randomized to an oral vita-
min K antagonist or longer term treatment with LMWH. 
The oral anticoagulant group received dalteparin 200 IU/
kg subcutaneously (SC) once daily for 5-7 days followed 
by a vitamin K antagonist titrated to an INR 2.0-3.0. The 
LMWH group received dalteparin 200 IU/kg SC once 
daily for one month followed by approximately 150 IU/kg 
SC once daily. After 6 months of treatment, the dalteparin 
group had a 52 percent risk reduction in recurrent, symp-
tomatic VTE (9 percent of patients in the dalteparin group, 
versus 17 percent in the vitamin K group). There was no dif-
ference in major bleeding events between the two groups. Of 
note, almost half of the recurrent clotting events in the vita-
min K group occurred when the INR was above 2. These 
results have led to the recommendation that patients with 
malignancy-associated thrombosis be treated with LMWH 
over oral vitamin K antagonists for at least 6 months. There 
is currently no substantial evidence either for or against 
continuation of therapy beyond 6 months, and the risks and 
benefits of continuing anticoagulation should be evaluated 
on an individual patient basis until more data is available. 

Treatment with New Anticoagulants
A number of new agents targeting VTE have been or are in 
the process of being developed. These agents may prove to 
be a vital component in the prevention and/or treatment of 
cancer-related thrombosis. 
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Fondaparinux is a small, synthetic pentasaccharide that 
rapidly binds to antithrombin III, thereby inhibiting factor 
Xa, a key component in thrombus formation. It is delivered 
as a weight-based subcutaneous injection once daily with a 
half life of 17 hours, with no routine monitoring required. 
Fondaparinux has been demonstrated in a number of stud-
ies to be safe and effective in treatment of VTE and acute 
coronary syndromes, but to date has not been formally 
studied in thrombosis related to malignancy.26-29 Its long 
half life, renal metabolism, and increased incidence of  
catheter-associated thrombosis as seen in patients who 
underwent percutanous coronary intervention may limit 
its use in cancer-associated thrombosis. 

Several oral anticoagulant agents have been developed. 
Ximelagatran is an oral direct thrombin inhibitor that 
showed efficacy in prevention and treatment of VTE with-
out the need for routine drug monitoring. Unfortunately, 
a significant percentage of patients developed hepatotoxic-
ity, and ximelagatran was not approved for use by the FDA. 
Dabigatran is another oral direct thrombin inhibitor that 
is currently being evaluated for treatment of VTE, and to 
date has not shown significant hepatotoxicity. It is renally 
excreted and has a long half life (14-17 hours). Other agents 
in development include the oral direct factor Xa inhibitors 
rivaroxaban, apixaban, and betrixaban. All of these agents 
show promise in the treatment of venous thromboembo-
lism, and some are being investigated for their efficacy and 
safety in cancer-associated clotting events.

Treatment with IVC Filters
Data are lacking on the use of inferior vena caval (IVC) fil-
ters in VTE treatment related to underlying malignancy. 
The majority of reports published on IVC filters are rel-
egated to case series and retrospective reviews, often from 
single institutions, with a large amount of bias. The only 
prospective, randomized controlled trial looking at IVC 
filters showed an increased risk of recurrent deep venous 
thrombosis (DVT) and post-phlebitic syndrome compared 
to those without a filter.30 A more recently published ret-
rospective review of outcomes of VTE in cancer patients 
showed that having an IVC filter in place was associated 
with a statistically significant increased risk of recurrent 
DVT, with almost one-third of patients with an IVC filter 
having a subsequent event.31 Due to the lack of convincing 
evidence, routine use of an IVC filter in patients with malig-
nancy-associated VTE is not recommended; consideration 
could be given in the event that a contraindication to antico-
agulation exists, or the patient has a recurrent event despite 
adequate anticoagulation. 

Treatment with Central Venous Catheters
Indwelling vascular devices, whose use is common in 
patients with malignancy receiving chemotherapy, increase 
the risk for development of VTE. The incidence of symp-
tomatic VTE related to a central venous catheter is approxi-
mately 5 percent.32,33 As many catheter-associated throm-
boses are non-occlusive, the incidence of asymptomatic 
VTE is likely much higher than this number. Despite the 
relatively high rate of catheter-associated thromboses, stud-
ies have failed to show a benefit of prophylactic anticoagu-
lation in preventing VTE in these patients with warfarin, 
enoxaparin, or dalteparin.32,34,35 Anticoagulation is recom-
mended for treatment of catheter-associated clots, with or 

without device removal. Given the results of the CLOT trial 
discussed previously, long-term use of LMWH is probably 
the most appropriate intervention.

Anticoagulation and Survival in Patients with 
Malignancy
A number of studies have demonstrated a survival benefit 
in cancer patients receiving anticoagulation therapy, par-
ticularly LMWH. For example, a post-hoc analysis of the 
CLOT trial showed a survival benefit in those patients with 
limited disease treated with dalteparin versus a vitamin 
K antagonist (80 percent versus 64 percent) at one year.36 
There was no benefit for the overall population, however. 
The study was also not originally designed nor powered to 
look at a mortality benefit. These findings are nonetheless 
interesting, and there have been randomized controlled tri-
als to evaluate whether LMWH improves cancer survival. 
The FAMOUS trial was the largest, and randomized 385 
patients with various advanced malignancies to dalteparin 
5,000 units daily or placebo.37 Although there was no sta-
tistically significant increase in survival, it is of note that 
the study was powered to detect a 15 percent difference 
between the groups. A smaller benefit is therefore possible. 
Sub-group analysis did show those with a good prognosis 
seemed to benefit from dalteparin. A small but statistically 
significant survival advantage (8 versus 6.6 months) was 
found in another study of patients with locally advanced or 
metastatic solid tumors when treated for six weeks with the 
LMWH nadroparin.38 Criticisms of these studies include 
heterogeneity of cancers enrolled and lack of uniformity of 
treatment for the underlying malignancy. These issues were 
addressed in a small study of patients with small cell lung 
cancer, who were randomized to standard chemotherapy 
alone or in combination with prophylactic-dose dalteparin.39 
Use of LMWH was found to have a greater overall survival, 
and those with limited disease had the most benefit.

A recently published meta-analysis pooled the data 
on five randomized controlled trials and found that use of 
heparin (either unfractionated or LMWH) conferred a sur-
vival benefit in cancer (hazard ratio, 0.77), particularly in 
patients with limited stage small cell lung cancer.40 Use of 
anticoagulation did not translate into an increased bleed-
ing risk in this study. More data are clearly needed prior to 
recommending the use of anticoagulation in cancer without 
a documented thrombotic event, for the purpose of improv-
ing overall survival. 

The exact mechanism via which LMWH may improve 
survival in cancer is unclear. It does not appear to be solely 
due to decreased rates of VTE. Alterations in tumor pheno-
type, inhibition of angiogenesis, and induction of apoptosis 
are all potential pathways LMWH can help in treatment of 
underlying malignancies, in addition to their antithrom-
botic effects. 
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Medicine, Northwestern University in Chicago, Ill.

References
1Chew HK, Wun T, Harvey D, Zhou H, White RH. Inci-
dence of venous thromboembolism and its effect on survival 



Oncology Issues  January/February 2009	 23

among patients with common cancers. Arch Intern Med. 2006; 
166(4):458-64.
2Sorensen HT, Mellemkjaer L, Olsen JH, Baron JA. Prognosis of 
cancers associated with venous thromboembolism. N Engl J Med. 
2000;343(25):1846-50.
3Bromberg ME, Konigsberg WH, Madison JF, Pawashe A, Garen 
A. Tissue factor promotes melanoma metastasis by a pathway 
independent of blood coagulation. Proc Natl Acad Sci U S A. 
1995;92(18):8205-9.
4Mueller BM, Reisfeld RA, Edgington TS, Ruf W. Expression of 
tissue factor by melanoma cells promotes efficient hematogenous 
metastasis. Proc Natl Acad Sci U S A. 1992;89(24):11832-6.
5Riewald M, Ruf W. Mechanistic coupling of protease signaling 
and initiation of coagulation by tissue factor. Proc Natl Acad Sci 
U S A. 2001;98(14):7742-7.
6Versteeg HH, Spek CA, Richel DJ, Peppelenbosch MP. Coagula-
tion factors VIIa and Xa inhibit apoptosis and anoikis. Oncogene. 
2004;23(2):410-7.
7Yu JL, May L, Lhotak V, et al. Oncogenic events regulate tissue 
factor expression in colorectal cancer cells: implications for tumor 
progression and angiogenesis. Blood. 2005;105(4):1734-41.
8Letai A, Kuter DJ. Cancer, coagulation, and anticoagulation. The 
Oncologist. 1999;4(6):443-9.
9Tesselaar ME, Romijn FP, Van Der Linden IK, Prins FA, Ber-
tina RM, Osanto S. Microparticle-associated tissue factor activ-
ity: a link between cancer and thrombosis? J Thromb Haemost. 
2007;5(3):520-7.
10Zurborn KH, Gram J, Glander K, et al. Influence of cytostatic 
treatment on the coagulation system and fibrinolysis in patients 
with non-Hodgkin’s lymphomas and acute leukemias. Eur J Hae-
matol. 1991;47(1):55-9.
11Lee AY, Levine MN. Venous thromboembolism and cancer: 
risks and outcomes. Circulation. 2003;107(23 Suppl 1):I17-21.
12Goldschmidt N, Linetsky E, Shalom E, Varon D, Siegal T. High 
incidence of thromboembolism in patients with central nervous 
system lymphoma. Cancer. 2003;98(6):1239-42.
13Mohren M, Markmann I, Jentsch-Ullrich K, Koenigsmann 
M, Lutze G, Franke A. Increased risk of thromboembolism in 
patients with malignant lymphoma: a single-centre analysis. Brit 
J Cancer. 2005;92(8):1349-51.
14Komrokji RS, Uppal NP, Khorana AA, et al. Venous throm-
boembolism in patients with diffuse large B-cell lymphoma. Leu-
kemia & Lymphoma. 2006;47(6):1029-33.
15Bohlius J, Wilson J, Seidenfeld J, et al. Recombinant human 
erythropoietins and cancer patients: updated meta-analysis of 57 
studies including 9353 patients. JNCI. 2006;98(10):708-14.
16Khorana AA, Francis CW, Culakova E, Fisher RI, Kuderer NM, 
Lyman GH. Thromboembolism in hospitalized neutropenic can-
cer patients. J Clin Oncol. 2006;24(3):484-90.
17Heit JA, Silverstein MD, Mohr DN, Petterson TM, O’Fallon 
WM, Melton LJ, 3rd. Risk factors for deep vein thrombosis and 
pulmonary embolism: a population-based case-control study. 
Arch Intern Med. 2000;160(6):809-15.
18Khorana AA, Francis CW, Culakova E, Lyman GH. Risk fac-
tors for chemotherapy-associated venous thromboembolism in a 
prospective observational study. Cancer. 2005;104(12):2822-9.
19Cantwell BM, Carmichael J, Ghani SE, Harris AL. Thromboses 
and thromboemboli in patients with lymphoma during cytotoxic 
chemotherapy. BMJ (Clinical research ed.) 1988;297(6642):179-80.
20Clarke CS, Otridge BW, Carney DN. Thromboembolism. A 
complication of weekly chemotherapy in the treatment of non-
Hodgkin’s lymphoma. Cancer. 1990;66(9):2027-30.
21Prandoni P, Lensing AW, Piccioli A, et al. Recurrent venous 
thromboembolism and bleeding complications during antico-
agulant treatment in patients with cancer and venous thrombosis. 
Blood. 2002;100(10):3484-8.
22Hutten BA, Prins MH, Gent M, Ginsberg J, Tijssen JG, Buller 
HR. Incidence of recurrent thromboembolic and bleeding com-
plications among patients with venous thromboembolism in rela-

tion to both malignancy and achieved international normalized 
ratio: a retrospective analysis. J Clin Oncol. 2000;18(17):3078-83.
23Prandoni P, Piccioli A, Pagnan A. Recurrent thromboembolism 
in cancer patients: incidence and risk factors. Seminars in Throm-
bosis and Hemostasis. 2003;29 Suppl 1:3-8.
24Prandoni P, Falanga A, Piccioli A. Cancer and venous throm-
boembolism. The Lancet Oncology. 2005;6(6):401-10.
25Lee AY, Levine MN, Baker RI, et al. Low-molecular-weight 
heparin versus a coumarin for the prevention of recurrent 
venous thromboembolism in patients with cancer. N Engl J Med. 
2003;349(2):146-53.
26Buller HR, Davidson BL, Decousus H, et al. Fondaparinux or 
enoxaparin for the initial treatment of symptomatic deep venous 
thrombosis: a randomized trial. Ann Intern Med. 2004;140(11):867-
73.
27Buller HR, Davidson BL, Decousus H, et al. Subcutaneous 
fondaparinux versus intravenous unfractionated heparin in the 
initial treatment of pulmonary embolism. N Engl J Med. 2003;349 
(18):1695-702.
28Yusuf S, Mehta SR, Chrolavicius S, et al. Comparison of fonda-
parinux and enoxaparin in acute coronary syndromes. N Engl J 
Med. 2006;354(14):1464-76.
29Yusuf S, Mehta SR, Chrolavicius S, et al. Effects of fondaparinux 
on mortality and reinfarction in patients with acute ST-segment 
elevation myocardial infarction: the OASIS-6 randomized trial. 
JAMA. 2006;295(13):1519-30.
30Decousus H, Leizorovicz A, Parent F, et al. A clinical trial of 
vena caval filters in the prevention of pulmonary embolism in 
patients with proximal deep-vein thrombosis. Prevention du Ris-
que d’Embolie Pulmonaire par Interruption Cave Study Group. 
N Engl J Med. 1998;338(7):409-15.
31Elting LS, Escalante CP, Cooksley C, et al. Outcomes and cost 
of deep venous thrombosis among patients with cancer. Arch 
Intern Med. 2004;164(15):1653-61.
32Verso M, Agnelli G, Bertoglio S, et al. Enoxaparin for the pre-
vention of venous thromboembolism associated with central vein 
catheter: a double-blind, placebo-controlled, randomized study 
in cancer patients. J Clin Oncol. 2005;23(18):4057-62.
33Cortelezzi A, Moia M, Falanga A, et al. Incidence of thrombotic 
complications in patients with haematological malignancies with 
central venous catheters: a prospective multicentre study. Brit J 
Haematology. 2005;129(6):811-7.
34Couban S, Goodyear M, Burnell M, et al. Randomized placebo-
controlled study of low-dose warfarin for the prevention of cen-
tral venous catheter-associated thrombosis in patients with can-
cer. J Clin Oncol. 2005;23(18):4063-9.
35Karthaus M, Kretzschmar A, Kroning H, et al. Dalteparin for 
prevention of catheter-related complications in cancer patients 
with central venous catheters: final results of a double-blind, pla-
cebo-controlled phase III trial. Ann Oncol. 2006;17(2):289-96.
36Lee AY, Rickles FR, Julian JA, et al. Randomized comparison 
of low molecular weight heparin and coumarin derivatives on the 
survival of patients with cancer and venous thromboembolism. J 
Clin Oncol. 2005;23(10):2123-9.
37Kakkar AK, Levine MN, Kadziola Z, et al. Low molecular 
weight heparin, therapy with dalteparin, and survival in advanced 
cancer: the fragmin advanced malignancy outcome study 
(FAMOUS). J Clin Oncol. 2004;22(10):1944-8.
38Klerk CP, Smorenburg SM, Otten HM, et al. The effect of low 
molecular weight heparin on survival in patients with advanced 
malignancy. J Clin Oncol. 2005;23(10):2130-5.
39Altinbas M, Coskun HS, Er O, et al. A randomized clinical trial 
of combination chemotherapy with and without low-molecular-
weight heparin in small cell lung cancer. J Thromb Haemost. 
2004;2(8):1266-71.
40Akl EA, van Doormaal FF, Barba M, et al. Parenteral anticoagu-
lation for prolonging survival in patients with cancer who have 
no other indication for anticoagulation. Cochrane database of sys-
tematic reviews. (Online) 2007(3):CD006652.


