
Thromboembolic complications represent one of the most important causes

of death for cancer patients. Deep venous thrombosis (DVT), pulmonary

embolism, migrant thrombophlebitis, arterial thrombosis, non-bacterial

thrombotic endocarditis and disseminated intravascular coagulation (DIC)1

represent the spectrum of clinical scenarios observed in clinical practice.

Disordered coagulation is encountered in up to 90% of cancer patients,

although only 15% of them develop either a localised acute or chronic deep

venous thrombosis or a disseminated intravascular coagulation.

Furthermore, the incidence of DVT in solid tumours is difficult to establish

because most clinical studies presented in current literature show a great

variability based on the type of diagnostic procedure performed (clinical

alone or clinical and objective testing as venography), the most frequent

tumour histotype, the medical or surgical procedure and, finally, the

presence of an indwelling central venous catheter, which in itself

increases the risk of thrombosis of the axillary/subclavian vein.2 Clinical

conditions associated with a higher incidence of DVT (surgical

interventions, immobility, chronic obstructive lung disease, cardiac

failure, estrogen–progesterone use, pregnancy, puerperium) raise the

already elevated risk of thromboembolism in cancer patients. From a

clinical point of view, DVT of the lower limbs is the most common clinical

manifestation of thromboembolic disease. Even though pancreatic

adenocarcinoma has classically been associated with a higher risk of DVT,

the distribution of specific cancers associated with thrombosis follows the

frequency of the cancer in the general population. More recent data

show that the highest incidence in men is observed in patients with lung,

prostate and colorectal cancer and in women with breast, ovarian and

lung cancer.3,4 Patients with cancer are clearly at high risk of developing

venous thromboembolism (VTE), particularly during chemotherapy and

surgery. This is aggravated by the use of venous access catheters and

possibly by growth factors.5,6 No studies have been able to quantify

definitively the risk of developing a DVT for each histotype and/or site of

the primary tumour. In addition, although the best way to evaluate the

true incidence of clinical VTE is through prospective cohort studies, most

data in the literature have been derived from retrospective and

prospective studies not specifically designed to evaluate the issue.

The developing of VTE is a multifactorial event involving several mechanisms.

General mechanisms include inflammation due to necrosis or release of

acute-phase reactants and haemodynamic disorder such as stasis. Tumour-

specific mechanisms include the capacity of tumour cells to activate the

coagulation cascade in several ways. The tumour cells are able to interact

with host blood cells such as platelets, leukocytes and endothelial cells by

releasing inflammatory cytokines – interleukin (IL)-1, tumour necrosis factor

(TNF), vascular endothelial growth factor (VEGF) – or by direct cell-to-cell

interactions. This results in a downregulation of anticoagulant and an

upregulation of procoagulant properties of these cells, contributing to the

general hypercoagulable condition of these subjects.7 Cancer cells also

produce a number of procoagulant substances, including tissue factor8–11

and cancer procoagulant.12,13 Therefore, tumour tissue can directly activate

the clotting cascade, leading to thrombin generation and fibrin formation.

Tissue factor and other haemostatic proteins, including thrombin and fibrin,

besides favouring thrombotic phenomenon, are also involved in the

neoplastic dissemination and metastasis.14

Venous Thromboembolism During Chemotherapy or

Hormone Therapy

The relation between VTE and chemotherapy has been most extensively

investigated in patients with breast cancer. The risk of DVT in early-stage

breast cancer patients under clinical control varies from 0.2 to 0.8%,

whereas in patients who received adjuvant therapy the risk ranges from 2 to

10%, reaching 17.6% in stage IV disease.2 Levine et al.15 demonstrated that

chemotherapy contributes to thrombosis in patients with breast cancer.

They performed a randomised trial comparing 12 weeks of chemo-hormone

therapy (using cyclophosphamide, methotrexate, fluorouracil, vincristine,

prednisone, doxorubicin and tamoxifen) with 36 weeks of chemotherapy

(using cyclophosphamide, methotrexate, fluorouracil, vincristine and

prednisone) in patients with stage II breast cancer. Among 205 patients

randomly assigned to treatment, there were 14 episodes of thrombosis

(6.8%). These 14 episodes occurred during 979 patient-months of

chemotherapy; in comparison, there were no events during 2,413 patient-

months without therapy.

Tables 1 and 2 show some of the available data on DVT incidence

associated with adjuvant hormone therapy and/or chemotherapy in

patients with radically resected breast cancer.16–27 The limitations of these

studies derive from the lack in many cases of a control population or the

accurate instrumental diagnosis of DVT or pulmonary embolism. Tamoxifen

raises the risk of developing a thromboembolism regardless of the presence

of a neoplasm or use of chemotherapy. The risk of thromboembolism in

patients taking tamoxifen as adjuvant treatment is 1–2%. This risk is much

higher in women undergoing chemo-endocrine therapy, reaching 13%.19

Moreover, the risk is increased in post-menopausal women.
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Saphner et al.24 showed that the frequency of thrombosis, both venous

and arterial combined, was 5.4% among patients who received adjuvant

therapy and 1.6% among patients without chemotherapy (p=0.0002).

Pre-menopausal patients who received chemotherapy and tamoxifen had

significantly more venous complications than those who received

chemotherapy without tamoxifen (2.8 versus 0.8%; p=0.03). Post-

menopausal patients who received tamoxifen and chemotherapy had an

increased incidence of thromboembolism compared with those who

received tamoxifen alone (8.0 versus 2.3%; p=0.03) or those without

therapy (8.0 versus 0.4%; p<0.0001). Pre-menopausal patients who

received tamoxifen and chemotherapy had a 1.6% frequency of arterial

thrombosis, significantly more than patients who received chemotherapy

alone (1.6 versus 0.0%; p=0.004).

Thromboembolism related to the addition of CMF chemotherapy to

tamoxifen as adjuvant therapy in this group of women represents a

relatively common and serious complication that may outweigh any

benefits offered by this additional therapy. Pritchard et al.19 performed a

randomised trial of tamoxifen 30mg/d for two years versus tamoxifen

plus six months of intravenous chemotherapy with CMF for post-

menopausal women with involved axillary nodes and positive oestrogen

receptor or progesterone receptor status following primary therapy for

breast cancer. They observed one or more thromboembolic events in 48

of 353 women (13.6%) allocated to receive tamoxifen plus CMF in

comparison with five of 352 women (2.6%) randomised to receive

tamoxifen alone (p<0.0001). Thromboembolic complications resulted in

more days in hospital and more deaths than any other complication of

therapy, including infection, in the trial.

The mechanisms by which tamoxifen could augment the risk of

thrombosis could be associated with its intrinsic oestrogenic activity and

reduced level of antithrombin III and Protein C. However, alterations of

the laboratory parameters would not completely explain the clinically

assessable risk. Mannucci et al.28 did not find any alteration of

coagulation or fibrinolysis markers in non-cancer patients treated with

tamoxifen (FpA, F1+2, TAT complex, D-dimers), although antithrombin

and protein C levels were reduced. Progesterone and its derivatives have

been associated with superficial and deep thrombophlebitis in 45% of

treated patients. However, the data are difficult to interpret, since most

of the patients had metastatic breast cancer, a condition itself associated

with thromboembolism.29,30

Central Venous Catheters and Incidence of 

Thrombotic Complications

Lack of vascular access is one of the most common problems facing

oncologists today. The increased use of dose-intensive and

continuous-infusion chemotherapy requires reliable vascular access, as

well as frequent blood sampling to monitor potential complications of

chemotherapy treatments. In addition, the increased use of supportive

care measures – including intravenous antiemetics, analgesics,

antibiotics, haematopoietic growth factors and hyperalimentation –

makes it imperative to obtain durable vascular access for an increasing

number of cancer patients. Catheter-related central venous

thrombosis (CR-CVT) in cancer patients has been evaluated in a

number of prospective and retrospective studies. Clinical data have

been recently reviewed.31

In the last two decades, two open-label randomised clinical trials have

suggested a role of prophylaxis with warfarin or a low-molecular-

weight heparin (LMWH) in patients with a central venous catheter

(CVC). Bern et al.32 described the results obtained in 82 assessable

patients at risk of thrombosis associated with chronic indwelling CVC

who were prospectively and randomly assigned to receive or not to

receive 1mg fixed-dose warfarin/day, beginning three days before

catheter insertion and continuing for 90 days. Venograms were

obtained at the onset of thrombosis symptoms or after 90 days in the

study. Among patients who completed the study, 4 of 42 who received

warfarin had venogram-proven thrombosis, whereas 15 of 40 patients

completing the study while not receiving warfarin had venogram-

proven thrombosis and 10 had symptoms of thrombosis (p=0.001).

Similarly, Monreal et al.33 conducted an open randomised trial that

demonstrated the efficacy of dalteparin (2500IU/day) for prophylaxis

of CVC-related thrombosis. The authors demonstrated venogram-

proven thrombosis in 6% of treated patients versus 62% in the control

group. These data have not been confirmed by more recent

investigations. Four recent studies have assessed that the incidence of

symptomatic CVC-related VTE is in general low – about 3–4% – and

that there is no statistically significant difference between patients

undergoing and patients not undergoing prophylaxis.34–37

Table 1: Venous Thromboembolism Incidence in Breast Cancer
Patients Who Received Adjuvant Chemotherapy for Early Breast
Cancer (Stage I–II) 

Author(s) Study Regimens VTE Incidence (%)
Clahsen16 Prospective FAC periop. 2.1

randomised No treatment 0.8

Levine15 Prospective CMFVP +AT 

randomised (12 weeks) CMFVP 4.9

(36 weeks) 8.8

IBCSG17 Prospective CMF+AF periop. 0.5

randomised No treatment 0

Weiss18 Prospective CMF (2 years) 3.5

randomised CMFVP (2 years) 6.3

CMFbCG (2 years) 5.4

Pritchard19 Prospective CMF+T 13.6

randomised T 2.6

Fisher20 Prospective Tamoxifen 1.2

randomised MTF 4.2

CMFT 4.5

Tormey21 Prospective CMF 0

randomised CMFPT 3.8

Wils22 Prospective E+T O.03

randomised T 0.015

Table 2: Venous Thromboembolism Incidence in Breast Cancer
Patients Treated with Adjuvant Tamoxifen 

Author(s) Study Regimens DVT Incidence (%)
Cummings23 Prospective Placebo 1.2

randomised Tamoxifen 2.3

Saphner24 Meta-analysis Tamoxifen 2.3 

Placebo 0.4

Rutqvist25 Prospective Tamoxifen 0.04

randomised Placebo 0.04

Fisher26 Prospective tamoxifen 0.9

randomised Placebo 0.2

McDonald27 Prospective Tamoxifen 2.8

randomised Placebo 2.2
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Prophylaxis of Breast Cancer Patients 

During Chemotherapy

In a prospective randomised clinical trial, Levine et al.38 demonstrated

that the use of warfarin at the dose of 1mg/day, maintaining the

international normalized ratio (INR) between 1.3 and 1.9, significantly

reduced the DVT incidence in metastatic breast cancer patients who

received chemotherapy. A subsequent cost–benefit analysis also

showed an economic gain using low doses of warfarin to prevent major

thromboembolic complications.39 Nevertheless, the event rate in this

study was quite low (4.4 versus 0.6% in the study and control group,

respectively); as a consequence, the prophylaxis should be tailored and

individualised. There is no evidence in favour of extensive prophylaxis

for cancer patients receiving chemotherapy in an outpatient setting.

The final results of several ongoing studies (Topic I, II, Protecht, Prodige)

will be important in order to draw conclusions in this setting.

Venous Thromboembolism and Cancer – Implications 

for the Prognosis

The association between venous thrombosis and tumours, although first

described a century ago, remains a fascinating topic of continuous

speculation in the experimental setting and a strong challenge for

physicians. In the past 30 years, basic research has indicated that: tumour

cells possess the capacity to activate blood coagulation by various

mechanisms; this capacity parallels tumour cell malignant transformation;

and fibrin formation in tumour tissues as a final product of the clotting

cascade activation is involved in tumour growth and dissemination. A

number of experimental studies in vitro or in animal models study the

hypothesis that inhibiting blood coagulation may interfere with the

progression of malignancy. Experimental and clinical data to support the

hypothesis that anticoagulation may influence prognosis of cancer patients

have been recently reviewed.40,41 The VA Co-operative study #75 reported, in

a controlled, randomised trial, that warfarin may favourably modify the course

of some human malignancy, including small-cell lung cancer.42 This study has

been well conducted, but as the accrual of patients affected by small cell lung

carcinoma was very limited (50 patients), it is hard to draw firm conclusions.

Kakkar and colleagues conducted the first randomised, placebo-controlled

trial of LMWH in patients with advanced solid tumour malignancy without

evidence of underlying thrombosis, with the primary objective of

determining effect on survival at one year.43 The authors took into

consideration previous studies that suggested that LMWH therapy may

prolong survival in patients with cancer.44,45

The effectiveness of LMWH (dalteparin) 5,000UI/die s.c. in patients with

small-cell lung cancer, given in combination with chemotherapy versus

chemotherapy alone, was recently evaluated by Altinbas et al.46 The

results showed that at 18 weeks the overall tumour response rate was

significantly higher in patients receiving chemotherapy plus LMWH

compared with those receiving chemotherapy alone. The median

progress free survival was also significantly prolonged with the addition

of LMWH (10 versus six months; p=0.01).

Two recently reported prospective, randomised, placebo-controlled

trials, evaluating specifically LMWHs for survival in cancer patients,

confirmed a survival benefit for patients with a good prognosis.43,47

However, the subgroup analysis performed in the Famous study was a

post hoc analysis, not specified a priori.43 Recently, the survival data

were examined in a post hoc analysis in patients with solid tumours and

VTE who were randomly assigned to dalteparin or a coumarin

derivative for six months in a multicentre, open-label, randomised,

controlled trial (CLOT Study).48 The use of dalteparin relative to

coumarin derivatives was associated with improved survival in patients

with solid tumours who did not have metastatic disease at the time of

an acute VTE event.

In conclusion, all the aforementioned data clearly indicate that

knowledge of the role of the coagulation cascade in cancer

development and the subsequent rational approach in clinical practice

will allow us to better comprehend the genesis of cancer and to

establish a correct treatment strategy for such a complication, which

still represents the second leading cause of death in cancer patients. ■
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