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Afterr the concept of continuous circulation of blood within a contained system 
hadd been established by William Harvey (1578-1657), others like Boerhaave 
(1668-1738),, Morgagni (1682-1771) and especially Virchow (1821-1902) made 
importantt contributions to the field of thrombosis within the system, both 
arteriall  and venous. " The association between cancer and venous thrombo-
embolismm (VTE) was recognized in the 19lh century and Armand Trousseau 
(18011 -1867) is often considered to be the first scientist who described this 
association.. However, a careful literature analysis revealed that already in 1823, 
Bouillaudd described three patients with deep venous thrombosis and cancer.3 

Hee discusses several causes of peripheral edema of the legs and suggested that 
inn the three cancer patients the edema was secondary to obliteration of the veins 
withh a "caillot fibrineux" caused by an obstructing "tumeur cancéreuse". 
Hee did not mentioned a general association between cancer and phlegmasia alba 
dolens.. White had given this name to thrombosis in the supposition that it was a 
painfull  inflammation of the lymphatic veins. In a review about phlegmasia alba 
dolenss Bouchut proposed, based on necropsy studies, to change the name into a 
'spontaneouss obliteration of the veins', but it took several decades before this 
pointt of view was accepted. 
Inn 1856 Rudolf Virchow wrote a monogram about the obstruction of pulmonary 
arteries.""  Among animal experiments and various case reports, he presented five 
patientss with different kinds of cancer succumbing from pulmonary embolism. 
Al ll  patients had signs or symptoms of cancer before the final embolic event and 
hadd clinical and, at autopsy, confirmed deep venous thrombosis. In most cases 
thee diagnosis of cancer could only be confirmed post-mortem because they 
lackedd the diagnostic tools of the present time. 
Basedd on these observations he concluded : "..dass gerade der Marasmus und 
diee Kachexie, welche gewönlich mit Blutarmuth vergesellschaft sind, zu 
spontanenn Gerinnungen des Blutes in den peripherischen Venen führen, und da 
geradee ... Wiederum Ablösungen von Gerinnselstücken und Verstopfungen der 
Lungenarteriee geschehen, ...". This means he already appreciated the relation 
betweenn chronic illness, including cancer, and VTE. 
AA pupil of Trousseau, Joseph Werner, published in 1860 a thesis named 
phlegmasiaa alba dolens. In this thesis he mentioned the association between 
"less affections cancéreuses" and VTE." In the introduction of his dissertation, he 
statedd that Trousseau had been informing his pupils about this association since 
1843.. In lessons, published in the often cited book Clinique médicale de 1'Hotel-
Dieuu de Paris, Trousseau explicitly reported about the relation between cancer 
andd VTE.6 Ever since, many case reports and necropsy studies have been 
published.. Interestingly, studies to investigate the frequency of VTE, its 
consequencess and the possible interactions with other risk factors for VTE in 
thesee patient are scarce. 
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Inn the past age the idea was generated that Trousseau linked deep venous 
thrombosiss to occult cancer. For instance, Sproul wrote that:" He (Trousseau) 
wass specially interested in the frequency with which thrombosis of one or more 
peripherall  veins was the first indication of the presence of a malignant tumour". 
Thiss quote can not be confirmed by reading Trousseau's lessons, in particular 
nott the pages Sproul referred to.8,9 The patients Trousseau presented all had 
overtt signs of cancer at the time the venous thrombosis became symptomatic. 
Thee first to report a patient without any evidence of cancer at the time of 
presentationn with a deep venous thrombosis, were Illtyd James and Matheson, 
inn 1935. Two months later this patient was found to have gastric cancer.'' 
AA quarter of a century later Ackerman and Estes reported the results of the first 
retrospectivee cohort study, investigating the prognosis of patients with VTE. 
Unfortunately,, this study had several shortcomings, including the absence of an 
objectivee test to confirm a deep venous thrombosis and the fact that 27% of the 
patientss were lost for follow up. It took another 30 years for the first proper 
cohortt study to appear undertaken by Gore et al..12 They coined the question 
whetherr an extensive search for malignant disease is indicated in patients with 
VTE.. Since then, numerous editorials and review articles have been published 
aboutt the pros and cons of screening for occult cancer in patients with VTE, but 
nott many original studies. Only, this year the SOMIT study will be published, 
aa randomized study designed to determine the value of screening for cancer in 
patientss with a first episode of VTE. 

Numerouss papers have been written about the reason(s) why a cancer patient is 
pronee to develop VTE. Although there is no generally accepted mechanism, 
severall  defects in the normal host defense against thrombosis in cancer patients 
havee already been described by Virchow.13 His triad can be summarized as 
follows:: 1) defects in blood flow resulting in stasis; 2) defects in the normal 
balancee between pro- and anticoagulant proteins in the blood resulting in a 
prothromboticc state of the clotting system; 3) defects in the blood vessel wall 
resultingg in procoagulant endothelium.14 The most obvious reason for stasis in 
cancerr patients, flow obstruction by a tumor, was already described in 1823 by 
Bouillaud. . 
Trousseauu suggested that the state of the blood in patients with cancerous 
cachexiaa was altered 'predisposing for spontaneous coagulation due to excess of 
fibrin'.66 Sofar, many coagulation abnormalities have been reported in cancer 
patients.. Prothrombin time and activated partial thromboplastin time can be 
shortenedd or prolongated, plasma fibrinogen and clotting factors V, VIII , IX, XI 
andd XII can be elevated or depressed, fibrinogen-fibrin cleavage products, 
prothrombinee F1+F2, thrombin-antithrombin complexes, plasminogen activator 
inhibitorr activity, levels of Von Willebrand factor, tissue factor, and factor Vil a 
cann all be increased, whereas levels of circulating antithrombin, free protein S 
andd protein C can be decreased.15""1 Moreover, many human and animal tumor 
cellss provoke platelet aggregation in vitro, via several mechanisms.22"24 
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Thee activated platelets induce acceleration of coagulation and secrete 
permeabilityy factors, growth factors, prostaglandins and thromboxanes. 
Valess and Warren described two patterns of tumor cell adhesion to the vessel 
wall.255 In one pattern platelet-tumor aggregates separated endothelial 
intercellularr junctions by way of a vascular permeability factor. This results in 
ann access to the highly thrombogenic tissue factor on subendothelial surface. 
Inn the other pattern the endothelial lining was mechanically damaged facilitating 
thee adherence of tumor cells to a layer of platelets and fibrin on the 
subendothelium.. The function of endothelial cells is impaired in the latter 
pattern,, thereby preventing the release of vasodilators, platelet antiaggregants 
andd anticoagulants.-6 

Thee importance the two-way association between tumor growth and the 
activationn of coagulation is emphasized by the role of platelets in tumor growth 
andd metastases. In animal experiments it has been recognized that platelets are 
necessaryy for the establishment of pulmonary metastases and that platelet 
aggregatingg activity of tumors is proportional to the number of subsequent 
metastases.232427~299 In addition Dvorak and colleagues have established that 
fibrinn is an integral part of stroma of many tumor types and the tumor cell 
stromaa appeared to be essential for tumor growth.3031 

Fibrinolyticc proteins, in particular plasmin, are thought to play an essential role 
inn tumor invasion and metastases. Urokinase-type Plasminogen Activator 
(u-PA)) which can convert plasminogen into active plasmin, is more active in 
colonn tumors than benign colon tissue.32"351 In breast tumor cells the u-PA 
receptorr was overexpressed and correlated with a poor prognosis.36"37 

Finally,, it has been postulated that anticoagulant agents, such as vitamin K-
antagonists,, heparins, platelet aggregation inhibitors and agents that affect 
fibrinolysiss may inhibit progression of malignancy. Indeed, various animal 
studiess have shown that tumor growth and metastasis can be inhibited by 
anticoagulants.. 8~42 

OutlineOutline of the thesis 

Thee first part of this thesis deals with various aspects of VTE in patients with 
cancer.. The postoperative risk of VTE in cancer patients is high enough to 
warrantt prophylactic use of anticoagulants perioperatively.43"46 

Farr less is known about the risk in non-surgical cancer patients. Therefore, 
wee reviewed the literature in order to assess the risk of VTE in these patients 
andd investigated what is known about the effectiveness of using anticoagulant 
prophylaxiss in this setting (Chapter II). Several studies, among others in breast 
cancerr and glioma patients reported an increased risk for VTE during the 
treatmentt with chemotherapy. 
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Too determine the risk of VTE in a general population of cancer patients 
receivingg chemotherapy we performed a retrospective cohort study described in 
Chapterr III . It has been estimated that approximately 20% of all cancer patients 
wil ll  have a thromboembolic complication during the course of their disease.47 

Ass a consequence, cancer patients constitute approximately one-fifth of those 
seenn with confirmed venous thromboembolism. The value and pitfalls of 
diagnosticc evaluation and treatment strategies in cancer patients are therefore 
criticallyy reviewed in Chapter IV. 

Thee second part of this thesis is dedicated to the relation between VTE and 
occultt malignancy. Various kinds of studies have been performed to unravel the 
relationshipp between VTE and cancer. A systematic review was performed in 
orderr to discriminate between the prevalence of known, concomitant and truly 
occultt cancer in patients with VTE and to define a group of patients with an 
increasedd risk of occult malignancy (Chapter V). The initial clinical evaluation 
forr malignant disease in patients presenting with an idiopathic VTE is still a 
matterr of debate although general recommendations have been published.48 

Thee concordance between the recommendations and clinical practice of 
screeningg in two teaching hospitals of consecutive patients with VTE was 
evaluatedd in Chapter VI. The value of extensive screening for cancer in patients 
withh an idiopathic VTE is not clear yet. Recently, the SOMIT study has been 
completed.. This randomized study was designed to determine the value of 
extensivee screening for cancer in patients with a first episode of VTE. 
Thee results indicate that it is possible to detect cancer patients early by means of 
non-invasivee investigations. We used the data from this study to perform a 
cost-effectivenesss analysis (Chapter VII) . 

Thee last part of this thesis contains three chapters involving the possible 
biochemicall  relation between cancer and coagulation. Although experimental 
studiess have shown a favorable effect, it is still a matter of debate whether 
anticoagulantt treatment also affect cancer progression in man. To address the 
issuee whether and to what extent vitamin K-antagonists affect survival of cancer 
patients,, we performed a comprehensive analysis of the available clinical studies 
thatt reported effects of vitamin K-antagonists, in comparison with placebo or no 
treatment,, on mortality of cancer patients. (Chapter VIII ) 
Thee potential role of platelet aggregation inhibitors in tumor growth, metastasis, 
angiogenesiss and apoptosis is investigated by analyzing the available in-vitro 
studiess (Chapter IX) Proteolytic proteins likely play an important role in tumor 
invasion,, metastasis and angiogenesis by degrading the extracellular matrix.49'50 

Iff  such a protein should appear to be essential in tumor progression, specific 
inhibitorss could be developed to retard tumor growth. In Chapter X we 
investigatee the possible involvement of a fibrinolytic protein, urokinase-
plasminogenn activator (u-PA) and two gelatinases (MMP-2 and MMP-9) in 
cancerr progression in a mouse model. 
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