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CANCER AND THROMBOSIS

Long before reaching our current understanding of the complex rela-
tionship between malignancy and the elements of the coagulation
system, it was recognized that patients with cancer were at increased
risk for thrombosis. Armand Trousseau first described patients with
thrombophlebitis as the presenting sign of a visceral malignancy, later
known as Trousseau’s syndrome, which he attributed to a special
alteration of the blood.1 Increased risk of thrombosis is associated with
alterations in normal blood flow, injury to the vascular endothelium,
and alterations in the constitution of blood, referred to as Virchow’s
triad (Table 1).2 While the resulting hypercoagulable state rarely re-
sults in overt disseminated intravascular coagulation, virtually all pa-
tients with active malignancy demonstrate some degree of activation
of the coagulation cascade.3 Today, it is recognized that thrombosis
and cancer are linked by multiple pathophysiological mechanisms and
that tumor biology and coagulation processes are integrally connected
(Fig 1).4-9 The underlying biologic factors associated with the in-
creased risk of thrombosis in patients with cancer include the activa-
tion of thrombin and fibrin formation both directly by the release of
procoagulants by tumor cells and indirectly by the activation of endo-
thelial cells, leukocytes, and platelets by cytokines and the production
of a factor X-activating cysteine protease, mucinous glycoproteins,
and circulating tissue factor–bearing microparticles.10 The molecular
and genomic factors at the interface between malignant cell behavior
and the hypercoagulable state in the patient with cancer are discussed
in the articles by Boccaccio and Comoglio11 and by Kasthuri et al12 in
this special issue of the Journal of Clinical Oncology.

Venous thromboembolism (VTE) may indicate an occult cancer,
may represent a complication of a known malignancy, or complicate
hospitalization, surgery, or various systemic cancer treatments.13,14

VTE, including deep-vein thrombosis (DVT) and pulmonary embo-
lism (PE), is a serious and potentially life-threatening disorder repre-

senting the second leading cause of death in hospitalized patients with
cancer, although often demonstrated only at autopsy.15-17 In addition,
the occurrence of VTE may interrupt needed cancer treatment, even
as the use of anticoagulants may result in serious bleeding complica-
tions. In addition to the human cost, the economic burden of VTE in
patients with cancer is substantial with the average cost of hospitaliza-
tion for DVT estimated at more than $20,000 and one fourth of
patients with cancer with VTE requiring readmission as a result of
bleeding or a recurrent VTE.18,19

Fortunately, there has been considerable progress not only in our
basic understanding of the underlying pathophysiology, but also in the
diagnosis of VTE and the options available for the treatment and
prevention of thrombosis in patients with cancer. Current guidelines
recommend primary prophylaxis in both surgical and medical hospi-
talized patients and for highly selected ambulatory patients with can-
cer.20 The development and validation of clinical risk models and
the identification of new biomarkers for the selection of patients at
increased risk for VYE represents an active area of research.21 Likewise,
the potential impact of anticoagulation on cancer growth, invasion,
metastases, and angiogenesis as well as overall survival continues to be
actively investigated.22 It is essential that the results of ongoing re-
search on underlying mechanisms as well as the optimal treatment
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Fig 1. Schematic illustrating some of the interactions between tumor cells and
the hemostatic system via procoagulant and fibrinolytic substances, various
cytokines and growth factors, and their influence on hematopoietic elements and
the vascular endothelium. Reproduced with permission.9

Table 1. Pathogenesis: Virchow’s Triad

Stasis Bed rest and immobility, extrinsic compression
of vessel by mass

Blood components Tumors and macrophages produce
procoagulants, inflammatory cytokines

Vessel damage Direct tumor invasion, indwelling catheters,
chemotherapy, erythropoietin,
antiangiogenic agents
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and prevention of VTE in patients with cancer be rapidly integrated
into clinical practice aided by frequently updated guidelines from
major professional organizations.

RISK OF VTE IN PATIENTS WITH CANCER

It is estimated that approximately 500,000 Americans experience
thromboembolism each year and at least 100,000 die from subsequent
complications.23 Patients with cancer have nearly a six-fold greater
risk of VTE compared with noncancer patients while patients with
active cancer account for approximately 20% of all new VTE events.24

While the increased risk is most generally appreciated in patients with
solid tumors, as discussed by Falanga and Marchetti25 in this issue, the
risk extends to patients with the hematologic malignancies. Clinically,
the risk of VTE in patients with cancer is most readily apparent among
hospitalized individuals and those undergoing surgical or systemic
medical treatment.26-29 The risk of thrombosis in ambulatory patients
with cancer varies widely with the type of cancer, treatment, and
comorbid conditions present.30-32 The risk of VTE appears to be
particularly increased in ambulatory patients with cancer on active
systemic therapy.33As discussed by Shivakumar et al,34 many of these
patients have indwelling central venous catheters, further increasing
the risk of upper extremity VTE.

The incidence of VTE among patients with cancer seems to have
increased during the past couple of decades.30 This increase may be
due, in part, to improved imaging studies and the extensive use of
high-resolution computed tomography (CT) for cancer stag-
ing.28,35–37 Nevertheless, three fourths of patients with unsuspected
PE found at the time of staging CT scans are symptomatic and are
clinically significant.38 The risk of VTE is increased further among
patients with cancer receiving systemic chemotherapy.24,33 The ob-
served increase in VTE risk is also likely related to an overall increase in
the acuteness of illness among hospitalized patients with cancer, the
intensity of cancer treatment, and the availability of several new sys-
temic cancer therapies with direct effects on the vascular endotheli-
um.33,39–41 As discussed by Zangari et al42 in this issue, the newer
antiangiogenic agents including bevacizumab have been associated
with an increased risk of both arterial and venous thrombosis.43,44 In
addition, supportive care strategies, such as the erythropoiesis-
stimulating agents and both RBC and platelet transfusions, appear to
further increase the risk of VTE in patients with cancer.45,46 In an effort
to better identify ambulatory patients with cancer at risk, a predictive
model for cancer and chemotherapy-associated thrombosis in pa-
tients undergoing outpatient chemotherapy has been developed and
validated as discussed in the article by Khorana.47

ADVERSE CONSEQUENCES OF VTE IN PATIENTS WITH CANCER

VTE is associated with a variety of adverse medical consequences,
including increased mortality.48-50 Overall, thromboembolism repre-
sents a leading cause of death in patients with cancer.15,49 Cancer
diagnosed within 1 year of a VTE is often associated with an advanced
stage and a poorer survival than among patients with newly diagnosed
cancer without a preceding VTE event.51 Patients with cancer hospi-
talized with neutropenia and presumed infection with documented
thromboembolism have a greater in-hospital mortality (P � .001).27

In a recent study of ambulatory patients with cancer receiving chem-
otherapy, of the 3.2% of patients who died over the first 3 to 4 cycles of
treatment, nearly 10% died of thrombosis-related causes.16 Patients
developing symptomatic VTE during chemotherapy have been found
to have a greater risk of early mortality (hazard ratio, 4.90; P � .0001)
than those without VTE.52 In another study of more than 100,000
patients with breast cancer, VTE was a significant predictor of de-
creased 2-year survival including patients with localized disease.50

On the basis of the increased risk of serious medical complica-
tions, it is essential that patients with cancer with symptoms or signs of
thrombosis be promptly diagnosed and appropriately treated as dis-
cussed by Streiff53 in an article in this issue. In patients with cancer
with established VTE, additional serious clinical consequences in pa-
tients with cancer with VTE include recurrent thrombosis as well as
major bleeding complications associated with anticoagulation.54 The
appropriate extended treatment and duration of anticoagulation in
patients with cancer, particularly those with persistent active cancer, is
discussed in this issue by Lee.55

PROPHYLAXIS OF VTE IN PATIENTS WITH CANCER

Given the considerable morbidity and mortality associated with VTE
among patients with cancer, the often fatal course of PE and recent
observations that asymptomatic VTE is common, prophylaxis is often
recommended in high-risk patients with cancer.20,26 While hospital-
ized patients with cancer are at increased risk of VTE, no randomized
controlled trial (RCT) of VTE prophylaxis specifically in hospitalized
patients with cancer has been reported. Nevertheless, as discussed by
Francis in this issue,56 three large RCTs of hospitalized acutely ill
medical patients demonstrated that enoxaparin (Prophylaxis in Med-
ical Patients with Enoxaparin trial [MEDENOX]), dalteparin (Pro-
spective Evaluation of Dalteparin Efficacy for Prevention of VTE in
Immobilized Patients Trial [PREVENT]), and fondaparinux (Arixtra
for Thromboembolism Prevention in a Medical Indications Study
[ARTEMIS]) are effective in the prevention of VTE detected on the
basis of screening with venography or ultrasound.57-59 As discussed by
Kakkar et al,60,61 patients with cancer undergoing major surgical pro-
cedures are also at increased risk for VTE as well as a greater risk of
bleeding complications. A review of VTE prophylaxis demonstrated a
significant reduction in DVT with full-dose low molecular weight
heparin (LMWH) in subgroup analysis in 26 studies of patients with
cancer undergoing surgery.62 In a meta-analysis of RCTs of prolonged
LMWH compared with standard postoperative prophylaxis in pa-
tients with cancer undergoing abdominal surgery, four RCTs compar-
ing LMWH prophylaxis extended 4 to 5 weeks after surgery
significantly reduced the risk of venographically detected DVT but not
symptomatic VTE.63 An individual patient data meta-analysis of the
two studies of the LMWH tinzaparin confirmed these findings.64

The optimal method for the treatment of VTE in patients with
cancer as well as the prevention of recurrent VTE (secondary prophy-
laxis) continues to be investigated.65 The impact of different antico-
agulants on cancer-specific mortality, including post hoc analyses of
cancer subgroups, has been studied in a number of RCTs. A previous
meta-analysis comparing LMWH with unfractionated heparin
(UFH) before initiating warfarin demonstrated a reduction in VTE
recurrences and major bleeding complications favoring LMWH.66
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Another meta-analysis of RCTs in patients with VTE reported a sig-
nificantly lower 3-month mortality for the subgroup of patients with
cancer treated with LMWH compared with those receiving UFH.67

No significant difference in cancer mortality was found in a meta-analysis
of eight RCTs comparing LMWH with vitamin K antagonists (VKAs)
overall or limited to patients with cancer.68 The impact of LMWH versus
VKAs on recurrence of VTE specifically in patients with cancer has been
addressed in four RCTs.69-72 In the largest of these studies, extended
treatment for 6 months with dalteparin was found to be superior to
maintenance therapy with oral warfarin in preventing recurrent VTE
(P � .002) with no significant difference in the rates of bleeding.71

As discussed by Rana and Levine73 in this issue of the Journal,
there have been few studies of primary VTE prophylaxis in ambula-
tory patients with cancer. In a study of 311 women with metastatic
breast cancer receiving chemotherapy, the author and his colleagues
demonstrated a significant reduction in the risk of VTE in those
randomly assigned to receive low-dose warfarin compared with pla-
cebo (P � .03) with no significant increase in bleeding.74 Of the six
reported RCTs of LMWH in ambulatory patients with cancer, only
two have been published and none have demonstrated a significant
reduction in VTE.75-79 The results of a placebo-controlled, double-
blind, multicenter, clinical outcome–based trial (PROTECHT) pre-
sented at the 2008 Annual Meeting of the American Society of
Hematology, demonstrated a significant reduction in the composite
outcome of arterial and venous thrombosis.75 While a recent meta-
analysis confirms that the use of bevacizumab is associated with a
significantly increased risk of VTE in patients with cancer, an in-
creased risk of bleeding has also been observed in such patients and no
RCTs of VTE prophylaxis have been reported.43

Despite evidence of benefit and favorable risk-benefit ratio for
VTE prophylaxis in seriously ill medical patients, in the perioperative
setting and for extended secondary prophylaxis after an initial VTE
event, evidence from population surveys indicate that VTE prophy-
laxis is underutilized or inappropriately administered in both medical
and surgical cancer patients.80-84 A prospective United States DVT
registry found that 28% of patients with active cancer received VTE
prophylaxis compared with 35% in patients without cancer
(P � .0001).84 Prophylaxis rates among some 2 million US medical
patient hospital discharges with other indications for thrombopro-
phylaxis were significantly lower among patients with cancer (range,
18% to 25%) than observed in patients with acute myocardial infarc-
tion (range, 71% to 74%), heart failure (range, 29% to 38%), severe
lung disease (range, 24% to 32%), and ischemic stroke (range, 27% to
32%).81 A recent hospital audit of VTE prophylaxis demonstrated that
patients with cancer were less likely to receive VTE prophylaxis than
noncancer acutely ill medical patients (odds ratio, 0.40; P � .0007).82

The Fundamental Research in Oncology and Thrombosis survey of
oncologists found lower rates of VTE prophylaxis among medical
oncologists (� 5%) than among surgeons (� 50%).83 Finally, al-
though some VTE prophylaxis was reported in approximately half of
medical patient discharges from US hospitals, only one fourth re-
ceived prophylaxis according to current guidelines.80

ANTICOAGULATION AS CANCER TREATMENT
TO IMPROVE SURVIVAL

The apparent impact of VTE on early mortality in patients with cancer
naturally raises the question whether anticoagulation might improve

long-term survival in this population.85,86 At the same time, the hepa-
rins may influence malignant cell growth by inhibiting heparin-
binding growth factors that stimulate malignant cell growth, tumor
cell heparinases that influence tumor cell invasion and metastasis, and
cell surface selectin–mediated tumor cell metastasis.87 Likewise, stud-
ies have demonstrated that LMWHs may inhibit angiogenesis, block
thrombin-induced platelet aggregation, inhibit platelet interaction
with vascular endothelium, and stimulate platelet production.88 The
impact of anticoagulation on overall survival in patients with cancer
has been the focus of a number of prospective clinical trials as reviewed
by Kuderer et al89 in this issue of the Journal.68,90-95 In a recent meta-
analysis of 11 randomized controlled trials on the use of anticoagu-
lants in patients with cancer by Kuderer and her colleagues, a
significant decrease in mortality was observed in patients treated with
anticoagulants versus no anticoagulants.22 The relative risk for overall
mortality was 0.88 across trials of LMWH (95% CI, 0.79 to 0.98; P �
.015) and 0.94 for warfarin studies (95% CI, 0.85 to 1.04; P� .239). An
absolute decrease in 1-year mortality in studies of LMWH was esti-
mated at 8.0% (95% CI, 1.6 to 14.3). Major bleeding complications
were greater in patients randomly assigned to anticoagulation but only
reached statistical significance in warfarin studies, which were associ-
ated with an absolute increase in major bleeding compared with con-
trols of 11.5% (P � .001).

A meta-analysis of five randomized controlled trials of LMWH in
patients with limited disease small-cell lung cancer reported a survival
benefit with LMWH.96 At the same time, studies of the impact of
anticoagulants on survival in patients with metastatic disease have
produced inconsistent results. In an RCT of patients with small-cell
lung cancer, median overall survival of 8 months and 13 months were
observed with chemotherapy alone versus chemotherapy with the
addition of dalteparin, respectively (P � .01), with similar improve-
ments in survival observed in patients with both limited and extensive
disease stages.97 Likewise, in a study of patients with advanced cancer,
median survivals of 6.6 and 8.0 months were observed in patients
receiving placebo versus LMWH (P� .021).98 Sideras et al,79 however,
observed no significant difference in survival between placebo and
LMWH therapy in patients with cancer with advanced malignancy.
Further studies are needed to better define the potential clinical value
of anticoagulants as an adjunct to other cancer therapies.

GUIDELINES FOR THE TREATMENT AND PREVENTION OF VTE

Despite the evidence for increased risk of VTE among patients with
cancer and the benefit of prophylactic anticoagulation in specific high-
risk settings, surveys of oncologists have demonstrated low rates of
compliance with thromboprophylaxis guidelines.20,83 The American
College of Chest Physicians has recently updated general guidelines for
VTE prevention including a limited discussion of patients with can-
cer.24 VTE prophylaxis is recommended for both surgical patients
with cancer as well as hospitalized patients considered acutely ill. The
National Comprehensive Cancer Network provides consensus guide-
lines on the diagnosis and initial evaluation of VTE in patients with
cancer, available therapies for prophylaxis and treatment of VTE and
the risks and contraindications of anticoagulation.99 Several interna-
tional organizations have also developed guidelines for patients with
cancer at risk for VTE.100-102 In 2007, the American Society of Clinical
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Oncology (ASCO) published evidence-based guidelines on the pre-
vention and treatment of VTE in patients with cancer.20

The major questions put to the ASCO VTE Prophylaxis Guide-
lines Panel are summarized in Table 2. Recommendations provided
by the ASCO Guidelines include: (1) hospitalized patients with cancer
should be considered for VTE prophylaxis in the absence of bleeding
or other contraindications to anticoagulation; (2) routine thrombo-
prophylaxis is not recommended in ambulatory patients with cancer,
although those with multiple myeloma receiving thalidomide or lena-
lidomide with chemotherapy or dexamethasone are at high risk and
warrant prophylaxis; (3) all patients undergoing major surgical inter-
vention for malignant disease should be considered for pharmacologic
thromboprophylaxis initiated either preoperatively, or as early as pos-
sible in the postoperative period. Extended prophylaxis up to 4 weeks
and combined pharmacologic and mechanical prophylaxis may be
considered in high-risk patients; (4) LMWH represents the preferred
approach for the initial 5 to 10 days of anticoagulant therapy of patients
with cancer with established VTE and should be continued for up to 6
months for secondary prophylaxis and indefinitely in patients with
active malignancy; and (5) while anticoagulant treatment in patients
with cancer without VTE to improve survival is not recommended,
patients should be encouraged to participate in ongoing clinical trials
evaluating this issue. The consistency of recommendations across
multiple international guidelines along with a call for further research
into the optimal management of cancer patients at risk for VTE are
highlighted in this special issue on cancer and thrombosis.103

CONCLUSIONS AND FUTURE DIRECTIONS

The US Surgeon General has recently issued a Call to Action to Prevent
Deep Vein Thrombosis and Pulmonary Embolism 200823 to alert both
health care professionals and the public about the need for better
education and greater research into the many remaining questions
and controversies around VTE, including the clear relationship with
cancer. Patients with cancer, especially those hospitalized and those
undergoing major surgery or systemic treatment, are at significantly
increased risk for VTE. The role of primary VTE prophylaxis in high-
risk patients as well as secondary prevention of recurrent VTE remains
a continuing clinical challenge for the practicing oncologist. Likewise,
the possible adjunctive role of anticoagulants for improving survival
for patients with cancer remains an intriguing opportunity that will
require additional controlled clinical trials. Studies are also needed to
better define the benefits and risks associated with anticoagulation in

high-risk patients with cancer, such as the elderly or those with CNS
malignancies as well as patients in the ambulatory setting receiving
cancer chemotherapy. In addition, as novel systemic therapies are
introduced, the VTE risk must be evaluated and preventive measures
considered, if appropriate. While a recent meta-analysis confirms that
the use of bevacizumab is associated with a significantly increased risk
of VTE in patients with cancer, the increase in bleeding risk accompa-
nying such treatment indicates the need for well-designed randomized
controlled trials of VTE prophylaxis to clearly demonstrate benefit
and risk before routine anticoagulation is recommended in such pa-
tients.43 As discussed by Levine in this issue,104 the need for more
efficacious, safe, and convenient anticoagulants has sparked the devel-
opment of a number of new agents including the direct thrombin
inhibitors, which have and are being studied in patients with cancer.
While recently developed and validated clinical risk models for VTE
among ambulatory patients with cancer are promising, new biomar-
kers for VTE and PE are awaited to further improve selection of
high-risk patients for effective and safe prophylactic strategies.
Evidence-based guidelines from ASCO and other professional organi-
zations can provide clinicians with a balanced discussion of the bene-
fits and risks associated with the use of anticoagulants in the specific
treatment of patients with cancer. Further efforts are needed, however,
to improve the implementation and utilization of available guidelines
in order to bring clinical practice into compliance with current recom-
mendations.105 Through the optimal application of current preven-
tive strategies along with increased investment into basic and clinical
research, significant reductions in the morbidity and mortality associ-
ated with thromboembolic complications in patients with cancer
should be realized.
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