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Lustt is het uitgangspunt en doel van het gelukkige leven. Zij is het belangrijkste 
goedd dat van nature bij ons past, haar nemen we steeds als uitgangspunt bij 
kiezenn en vermijden, en bij haar komen we uit als we, met onze gevoelens als 
richtsnoerr oordelen wat goed is. Het feit dat dit het eerste natuurlijke goede is, 
betekentt nog niet altijd dat wij voor lust kiezen. Integendeel, we laten soms vele 
lustenn aan ons voorbijgaan, als deze uiteindelijk leiden tot een ongemak wat 
zwaarderr weegt. En in veel gevallen beschouwen we pijn als verkieslijk boven 
lustgevoelens:: als het langdurig verdragen van gevoelens van pijn meer lust tot 
gevolgg heeft. 
Epicurus s 

Hett geluk is afhankelijk van hoe je feiten ziet. 
Erasmus s 
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INTRODUCTION INTRODUCTION 

J.M.M.B.J.M.M.B. Otten, M.H. Prins, H.R. Büller 
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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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Abstract Abstract 

Itt is well documented that cancer patients undergoing surgery are at a 
sufficientlyy high risk of developing venous thromboembolism (VTE) to justify 
thee routine use of prophylactic anticoagulant therapy. 
However,, despite many studies showing an increased incidence of VTE 
associatedd with the use of chemotherapy in patients with breast carcinoma and 
withh the use of indwelling venous access catheters in patients with various kinds 
off  cancer, thromboprophylactic strategies are not yet widely used. 
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Introduction Introduction 

Certainn groups of patients are prone to develop a venous thromboembolism 
(VTE).. For patients with cancer, this association with VTE has been known 
sincee the 19th century.1 Some factors potentially contributing to the enhanced 
riskk of thrombosis in cancer patients are: clotting activation, caused by either 
invasionn of cancer cells into the endothelium or release of procoagulant factors, 
(chemotherapeutic)) drugs, central venous catheters, surgery and immobility. 
Thee incidence of VTE in cancer patients undergoing surgery is high enough to 
justifyy prophylactic treatment with anticoagulants.3"6 Far less is known about the 
incidencee of VTE in non-surgical cancer patients. In these patients, plasma 
markersmarkers of clotting activation- such as thrombin-antithrombin complex, 
prothrombinn fragment 1 + 2, fibrinopeptide A and D-dimer - are all elevated.7"10 

However,, there is no clear association between these markers and the 
occurrencee of subsequent clinically manifest thrombosis. 
Furthermore,, it is uncertain if routine prophylactic use of anticoagulants in non-
surgicall  cancer patients is beneficial. 

IncidenceIncidence  of  VTE in  Cancer  Patients 

Mostt cancer patients need surgery for their malignancy or will be exposed to 
chemotherapyy during the course of their disease. Therefore, it is difficult to 
distinguishh between the contributions of the mere presence of cancer and these 
confoundingg factors to the risk of thrombosis. In two studies in patients with 
stagee I and II breast cancer, the incidence of VTE without further treatment 
approximatedd 0.2% (table l).1415 This is comparable with the incidence in the 
generall  population. In patients with various types of advanced cancer (1-year 
survivall  6,2%), the prevalence of symptomatic VTE was 9%, while that of VTE 
detectedd with light-reflection rheography appeared to be 52%.'6 

incidenceincidence  of  VTE with  Chemotherapy 

Thee incidence of VTE rises when patients are being treated with chemotherapy 
(seee table 1). Thus, in women with breast cancer stage I or II, this incidence 
increasedd to approximately 2%.15'17"21 Studies of only hormonal therapy have 
reportedd incidences of approximately 1%,14,15'21"23 while combined use of the 
twoo modalities enhances the risk to 4.9%. For patients receiving chemotherapy 
forr stage IV breast cancer, an even higher incidence has been reported 
(upp to 8.2%).24'25 

Thee incidence of VTE has also been investigated in patients with high-grade 
glioma.. In a prospective study in 77 patients, 20 (-26%) developed a VTE 
duringg the 74 weeks of follow-up. 
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Tablee 1. Incidences of clinically overt and objectively documented venous 
thromboembolicc complications among patients with breast cancer, 
withh and without treatment 

Referencee Pts VTE Incidence (%); with therapy used 
N N 

CTT HT CT+HT Placebo No CT No CT, 
NoHT T 

Durationn of 
Observation n 

StageStage I-II 
\lpp \lpp 
Upp Upp 
Pp Pp 
ISpp ISpp 
Pp Pp 

199 V 
Pp Pp 

200 V 

I5pr I5pr 
Pr Pr 
Pr Pr 

21 1 

22 2 

23 3 

433 3 
1318 8 

1326 6 

1292 2 

1332 2 

102 2 
103 3 
50 0 
50 0 
89 9 
471 1 
740 0 

232 2 

86 6 

132 2 

923 3 
295 5 
300 0 
303 3 
367 7 

757 7 

352 2 

353 3 

5.1 1 

0.5 5 

8.8 8 

0.0 0 
6.0 0 

0.8 8 

3.8 8 

1.0 0 

0.9a a 

0.2

0.3 3 

2.3 3 

0.0 0 

1.9 9 

0.3 3 

4.9 9 

2.8 8 

8.0 0 

2.0 0 

4.0 0 

5.9 9 

0.0 0 

0.4 4 

22 years 
44 years 
44 years 
66 weeks 
66 weeks 
366 weeks 
122 weeks 
188 weeks 
188 weeks 
6-122 months 
6-122 months 
6-122 months 
6-122 months 
6-122 months 
6-122 months 
6-122 months 
11 year 
11 year 
11 year 
4-100 months 
4-100 months 
622 months c 

622 months' 
StageStage IV 
255 pp 
244 pp 

159 9 
159 9 

8.2 2 
4.4 4 

633 months d 

1888 days 

CT=chemotherapy;; HT=hormonal therapy; menopausal stastus was postmenopausal unless stated 
otherwise:: pr = premenopausal; ppt = pre- and postmenopausal 
aa Definition of VTE unclear; might include superficial phlebitis. 
bb Both clinical and non-invasive tests for DVT performed at regular intervals. 
cc % of all events occurred during chemotherapeutic treatment 
dd % of all events occurred during chemotherapeutic treatment 

Sixx (-8%) occurred within 3 months post-surgery, and 9 (-12%) occurred 
duringg the chemotherapy following that period. Another retrospective study 
reportedd an incidence of 16% during chemotherapeutic treatment. Two other 
retrospectivee studies in non-Hodgkin's and Hodgkin's disease revealed an 
incidencee of VTE of 3% and 6%, respectively, related to chemotherapy.28'29 
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IncidenceIncidence of VTE with Central Catheters 

Amongg patients with a central vein catheter because of parenteral nutrition, 
lesss than 3% develop symptomatic VTE.30'31 In patients with various kinds of 
cancerr (solid, haematological) and a central vein catheter for chemotherapy, 
thee risk for VTE varied between 3% and 54%.32"37 In all these series, except 
referencee 31, where it was not appropriate, and references 32 and 36, catheters 
weree flushed regularly with heparin. 

Conclusion Conclusion 

Thee incidence of VTE in cancer patients without chemotherapy or indwelling 
devicess has not been properly investigated. However, studies have suggested 
thatt there is an increased incidence in advanced disease and with the use of 
chemotherapyy and indwelling central lines. Effective strategies for prevention 
aree available for patients with breast cancer receiving chemotherapy and also for 
patientss with indwelling central lines.24,34'37 These strategies, however, are 
underused. . 
Theree seems to be a challenge, not only to increase the awareness of physicians 
too the risk of VTE in cancer patients, but also to make more convenient 
prophylacticc approaches available. 
Thiss is an area of great development and many trials are currently on-going. It is 
hopedd that the questions posed in this paper will soon be answered. 
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Abstract Abstract 

Thee exact incidence of venous thromboembolism in cancer patients is unknown, 
partlyy due to confounding factors. Prophylactic treatment is warranted in 
surgicall  patients with cancer because of a high incidence of VTE. 
Wee performed a retrospective study to evaluate if the same applies for cancer 
patientss treated with chemotherapy. 
Thee records of 206 consecutive patients with malignancy, treated with 
chemotherapy,, were identified. The kind of malignancy and chemotherapeutic 
treatmentt were recorded, as well as the date of treatment. The records were 
reviewedd for other risk factors for VTE and were searched for proven deep vein 
thrombosiss or pulmonary embolism. 
Off  those 206 patients, 15 (7.3%) had proven VTE during or within 3 months 
afterr chemotherapeutic treatment. The annual incidence was 10.9 %. 
Thee incidence of VTE was specifically high (15%) in the 39 patients treated 
withh 5 FU/Leucovorin because of colorectal cancer. The occurrence of VTE in 
thesee patients was not influenced by factors as surgery, central venous catheters 
orr tumor load. 
Thee annual incidence of VTE in patients treated with chemotherapy was high, 
specificallyy in patients with colorectal cancer treated with 5 FU/ Leucovorin. 
Iff  these observations are confirmed, trials to evaluate the use of prophylactic 
anticoagulantt treatment should be conducted. 
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Introduction Introduction 

Thee relation between cancer and venous thromboembolism (VTE) is known 
sincee at least 1865 and by now it is generally accepted that the incidence of VTE 
inn cancer patients is high.1 Nevertheless the true incidence of VTE in cancer 
patientss is unknown. One of the reasons for this lack of clarity is the presence of 
confoundingg factors. Most cancer patients need surgery for their malignancy, 
wil ll  be exposed to chemotherapy and/or intravenous catheters and may become 
immobilized,, during the course of their disease. 
Thee relation between VTE and (different kinds of) chemotherapy has been most 
extensivelyy investigated in patients with breast cancer.2"11 In patients with breast 
cancerr stage I-II the incidence of VTE appeared to increase from 0,2% to 2,0% 
inn those receiving chemotherapy. In most of those studies patients were also 
treatedd with tamoxifen which itself is thrombogenic. " 
Inn patients with high-grade glioma treated with chemotherapy the incidence of 
VTEE was 12% in a prospective study and 16% in a retrospective study.13"14 

Finallyy Grem et al. reported an incidence of 17% in 36 patients with 
unresectablee or metastatic colon carcinoma treated with 
5-Fluorouracill  (5-FU)/Leucovorin and granulocyte-macrophage colony-
stimulatingg factor (GM-CSF). 
Thesee data suggest a significantly increased risk for VTE in patients with 
differentt kinds of malignancies, receiving chemotherapy. 
Inn general, prevention for VTE is not given to patients with cancer treated with 
chemotherapy.. However, in analogy with surgical patients, such a prophylaxis 
mightt be warranted if the incidence of VTE was demonstrated to be high 
enough.16"21 1 

Therefore,, we performed a retrospective study to evaluate the incidence of VTE 
amongg consecutive patients treated with chemotherapy for malignant disease in 
aa teaching hospital in Amsterdam. 

Methods Methods 

StudyStudy design and population 
Wee performed a retrospective, single institution, cohort study. In the Slotervaart 
hospitall  all patients are registered according to the SIG (systematic information 
centerr for health care)-system, the Dutch medical registration system. 
Thiss registration system enabled us to identify all patients, at least 18 years old, 
treatedd with chemotherapy because of malignant disease, between 1-1-1995 and 
1-1-2000.. A search of the registration systems of the internal medicine 
departmentt and the oncology nurses respectively revealed no additional cases. 
Afterr identification, the computerized as well as the paper record of each patient 
wass retrieved and evaluated. The data were retrieved according to the local rules 
off  the medical ethical board. 
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DataData retrieval 
Besidess the age and sex of the patients, the kind of malignant disease and the 
variouss chemotherapeutic agents administered to each patient were recorded. 
Wee retrieved the exact date the chemotherapy was started and stopped. 
Furthermoree we reviewed the records of all patients for the exact date and kind 
off  surgery (if any), as well as the introduction of central venous catheters. 
Inn addition we registered the use of coumarin or heparin derivatives. 
Thee radiological history of all patients was checked for the performance of an 
ultrasoundd of the extremities, a ventilation-perfusion lung scan and/or a 
pulmonaryy angiography. In all patients with proven VTE we actively searched 
thee records and radiological reports for indicators of tumor load at the time of 
VTE. . 

StudyStudy definitions 
Thee malignant disease had to be proven by histological and/or cytological 
reportss according to current standards. The criterion for DVT by means of 
compressionn ultrasound was non-compressibility of a proximal vein.22 

AA perfusion-ventilation scan was diagnostic for pulmonary embolism if the 
perfusionn scan showed one or more segmental defects and the ventilation scan 
showedd no abnormalities in the same segment(s) (mismatch).2326 

Inn case of a sub-segmental mismatch or matched defect (perfusion and ventilation 
defect),, pulmonary angiography had to demonstrate pulmonary emboli.27 

Analysis Analysis 
Thee incidence of VTE, for the entire group of patients, was expressed both as a 
proportionn and as an annual incidence. For this latter purpose we considered the 
patientss at risk for VTE during the treatment with chemotherapy and the first 13 
weekss after the last treatment in analogy to post-surgical patients.28 

Inn addition the proportion of patients suffering VTE was calculated for subgroups 
off  patients defined by type of cancer and chemotherapeutic regimen. If less than 6 
patientss had a specific hematological or solid malignancy, we rubricated them as 
'otherr hematological1, respectively 'other solid'. If less than 6 patients were treated 
withh a specific (combination of) chemotherapeutic agent(s), we classified them as 
'otherr for hematological malignancy' respectively 'other for solid malignancy', 
dependingg on the underlying malignancy. If applicable the 95% confidence 
intervall  (CI) was calculated using StatXact, version 3.0. 

Results Results 

PatientPatient population 
Inn total, 209 patients with cancer who were treated with chemotherapy because 
off  malignant disease were identified. For 206 (98.6%) of these patients hospital 
chartss were available for review. 
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Thee mean age at the start of chemotherapy was 58 years (range 20 to 88), 
andd 116 patients (56%) were female. The most common malignancies were 
colorectall  carcinoma, non-Hodgkin lymphoma, mamma carcinoma, ovary 
carcinoma,, multiple myeloma and Kaposi sarcoma. (Table 1) In 8 (3.8%) of the 
patientss a central venous catheter access was present (7 Port-a-cath systems, 
11 tri-lumen catheter), because of feeding/ medication (5) or inaccessible 
peripherall  veins (3). In 94 of the 206 patients (46%) surgical treatment had 
precededd the chemotherapeutic treatment. 
Meann interval between surgery and chemotherapy was 7.9 weeks (range 2 to 34 
weeks).. The average period of chemotherapeutic treatment was 22.6 weeks 
(rangee 1 to 145 weeks). One patient received anticoagulant treatment because of 
aa heart valve prosthesis. 

Tablee 1. Incidence of VTE in relation to type of malignancy 

Kindd of malignancy No. of patients No. of VTE (%) 

Colonn cancer 

Non-Hodgkinn lymphoma 

Mammaa cancer 

Ovaryy cancer 

Multiplee myeloma 

Kaposii  sarcoma 

Hodgkinn lymphoma 

Lungg cancer 

Hairyy cell leukemia 

Otherr solid tumors 

Otherr hematological malignancy 

39 9 

39 9 

31 1 

28 8 

23 3 

18 8 

7 7 

8 8 

6 6 

4 4 

3 3 

6(15) ) 

1(3) ) 
2(7) ) 

1(4) ) 

2(9) ) 

1(6) ) 

--
1(13) ) 

1(17) ) 

--
--

IncidenceIncidence of VTE 
Overall,, 15 of the 206 patients (7.3%, 95% CI: 4.1% - 11.7%) had a proven 
VTEE during, or within 3 months after, chemotherapy. The characteristics of 
thesee patients are shown in table 2. One patient suffered from a retinal vein 
thrombosis.. Two patients had an upper limb thrombosis, four patients had a 
pulmonaryy embolism (fatal in two of them) and eight patients had a deep venous 
thrombosiss (DVT) of the lower limb. Of these latter eight patients, two had 
bilaterall  DVT. 
Inn the entire group of patients the annual incidence of VTE was 10.9% 
(95%% CI: 6.1%- 18.0%). 
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Tablee 2. Characteristics of the patients with VTE during or within 12 weeks 
afterr chemotherapeutic treatment 

Pt.. Cancer type Stage" Time after Time after start Duration of Type of 

surgeryy chemotherapy chemotherapy VTE 

9 9 

65 5 

77 7 

87 7 

93 3 

101 1 

121 1 

135 5 

139 9 

143 3 

157 7 

168 8 

189 9 

198 8 

201 1 

Colon n 

Kaposii  sarcoma 

Mamma a 

Hairyy cell 

Multiplee myeloma 

Multiplee myeloma 

Non-Hodgkin n 

Ovary y 

Colon n 

Colon n 

Mamma a 

Lung g 

Rectal l 

Colon n 

Colon n 

III I 

I I 

IV V 

IV V 

IIII  A 

IIII  B 

IV V 

III I 

III I 

IV V 

IV V 

III I 

IV V 

IV V 

III I 

17 7 

NA A 

NA A 

NA A 

NA A 

NA A 

NA A 

13 3 

NA A 

39 9 

NA A 

NA A 

17 7 

NA A 

13 3 

9 9 

12 2 

15 5 

4 4 

35 5 

9 9 

5 5 

10 0 

50 0 

30 0 

22 2 

4 4 

1 1 

5 5 

7 7 

50 0 

89 9 

15 5 

1 1 

32 2 

39 9 

29 9 

23 3 

59 9 

26 6 

22 2 

7 7 

6 6 

5 5 

21 1 

DVT T 

DVT T 

DVT T 

DVT T 

DVT T 

PE E 

PE E 

RVT T 

DVT T 

DVT T 

PE E 

DVT T 

DVT T 

PE E 

DVT T 

Timee in the table is in weeks 

aa = Stages according to AJCC/UICC at time of VTE 

NAA = Not applicable, or more than 52 weeks 

DVTT = Deep venous thrombosis, PE = Pulmonary embolism, RVT: Retinal vein thrombosis 

RiskRisk factors of VTE 

Surgery Surgery 
Inn none of the patients with VTE surgery had been performed in the 12 weeks 
precedingg chemotherapeutic treatment. In 5 patients surgery had been performed 
133 to 39 weeks (on average 21,5 weeks) prior to initiation of chemotherapeutic 
treatment. . 

CentralCentral venous catheters 
Onee of the patients with a central venous catheter had a symptomatic DVT one 
yearr before the Port-a-cath implantation; none of the others experienced 
signss of VTE. 
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TimingTiming of VTE with regard to chemotherapy 
Ninee patients had a VTE during their chemotherapeutic treatment. 
Inn two patients the VTE became symptomatic within a week after their last 
treatment.. Two patients experienced the first symptoms within a month and two 
patientss within two months after their last treatment. 

ChemotherapeuticChemotherapeutic treatment 
Thee incidence of VTE in relation to chemotherapeutic regimen is given 
inn Table 3. VTE was most frequent in the 41 patients treated with a once weekly 
boluss injection 5 FU/Leucovorin (15%, 95% CI: 6%-29%). 
Off  these patients, 18 had a limited colorectal carcinoma (Dukes C) and were 
treatedd in an adjuvant setting. In 3 of these 18 patients, a VTE occurred (17%). 

TumorTumor load 
Tumorr load was limited in 4 patients with VTE of whom 3 had colorectal 
carcinoma.. The disease of the other patients was extensive with multiple 
metastases,, stage III multiple myeloma, or stage IV non-Hodgkin disease. 

Tablee 3. Incidence of VTE in relation to type of chemotherapeutic regimen 

Chemotherapyy No. of patients No. of VTE(% ) 

5-Fluorouracil/Leucovorin" " 

Cydophosphamide/Doxorubicin/Vincristine/Prednison n 

Cyclophosphamide/Methotrexate/5-Fluorouracil l 

Carboplatin/Cyclophosphamide e 

Doxorubb i cin/Bleomycin/Vinblastine 

Vincristine/Doxorubicin/Dexamethason n 

Melphalan/Prednison n 

Carboplatin/Taxol l 

Cladribine e 

Otherr for hematological malignancy 

Otherr for solid malignancy 

41 1 

ednisonn 36 

ill  28 

16 6 

15 5 

13 3 

10 0 

10 0 

6 6 

13 3 

19 9 

6(15) ) 

K3) ) 
2(8) ) 

1(6) ) 

1(7) ) 

1(8) ) 

1(10) ) 

0 0 

1(17) ) 

0 0 

2 2 

Includingg one patient treated for metastasized ovarian carcinoma, and one with anus 
carcinoma,, both without VTE. 
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Discussion Discussion 

Ourr retrospective analysis indicates that among patients with malignant disease 
treatedd with chemotherapy, the risk of symptomatic VTE is high, with an annual 
incidencee of 10.9%. In general, VTE occurred in all subgroups defined by kind 
off  malignancy, extent of malignancy and chemotherapeutic regimen. 
Thee observed incidence of VTE is in concordance with the incidence reported 
byy others, as mentioned before.29"36 This also applies to the remarkable high 
incidencee (15%) in patients with colorectal carcinoma treated with 
55 FU/Leucovorin.15 

Ourr study had several limitations. Because of its retrospective nature the data 
couldd be an underestimate. We could only detect patients with symptomatic and 
objectivelyy proven VTE, and could have missed patients with subtle clinical 
manifestationss of VTE, or patients that were treated for probable VTE without 
performingg adequate diagnostic tests. 
Becausee of the relative small numbers of patients, it was impossible to 
demonstratee a statistically significant difference between the subgroups. 
Wee were not able to find a matched control group due to highly standardized 
treatmentt policies in cancer patients in our hospital. In earlier treatment studies 
inn cancer patients comparing a chemotherapeutic regimen with placebo the 
occurrencee of VTE was seldom mentioned in the toxicity score. 
Thee high incidence of VTE in patients colorectal carcinoma treated with 5 
FU/Leucovorinn can not be attributed to the colorectal carcinoma itself: in 
epidemiologicall  studies the reported incidence of VTE in patients with 
colorectall  malignancies did not differ from incidences in patients with other 
adenocarcinomas.37"46 6 

Mostt patients with mamma carcinoma were treated with a 5 FU containing 
chemotherapeuticc regimen as well, so it is unlikely that 5 FU alone is 
responsiblee for the excess of VTE in the patients treated with 5 FU/Leucovorin. 
Severall  mechanisms have been proposed to be responsible of the 
hypercoagulablee state of cancer patients treated with chemotherapy. 
Alterationss in coagulation factors,40"43 anticoagulant proteins44"46 and endothelial 
cells43'47"5""  have all been shown to occur following administration of various 
cytotoxicc agents. Two groups demonstrated a significant increase in 
fibrinopeptidefibrinopeptide A (FpA) levels in patients treated with 5-FU.41'42 

Otherss discovered a reduction of protein C levels of different degrees during 
treatmentt with cyclophosphamide, methotrexate and 5-FU, but a link to clinical 
apparentt VTE could not be made.44"46 Therefore, the exact pathophysiological 
mechanismm for the observed excess of VTE in our group of patients remains to 
bee determined. 
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Inn conclusion, the annual incidence of VTE in patients treated with 
chemotherapyy in this study is high, 10.9%. A remarkable high incidence of VTE 
wass shown in patients with colorectal malignancy treated with 5-FU/Leucovorin 
(15%).. Before recommending prophylactic anticoagulant treatment to this 
categorycategory of patients the observation should be confirmed and the efficacy and 
safetyy of the anticoagulants in this setting should be tested as well as the effect 
onn mortality and the impact on the "quality of life" of these patients. 
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Introduction Introduction 

Thee association between venous thromboembolism and cancer is known since 
thee 19' century.1 Although numerous reports point to a hypercoagulable state in 
cancerr patients, the exact mechanisms are still a matter of debate and 
investigation.""  It has been estimated that approximately 20 % of the patients 
withh a neoplasm will have a thromboembolic complication in the course of their 
disease.. Many of these complications concern the venous system. 
Consequently,, patients with cancer constitute a substantial proportion (  20%) 
off  patients who are seen because of a suspicion of deep-vein thrombosis and/or 
pulmonaryy embolism. 
Inn this review we will discuss the consequences of a venous thromboembolic 
eventt (VTE) in case of cancer. Special attention will be paid to the incidence of 
complications,, diagnostic management, initial and long-term treatment. 

TheThe incidence  of  complications 

Patientss with thrombosis and cancer require special attention since the incidence 
off  bleeding as well as recurrent thrombosis during treatment seems to be higher 
thann in the general population with thrombosis. Most larger studies report an 
increasedd risk of (clinical important) bleeding during anticoagulant treatment for 
thrombosiss in cancer patients. The reported risk ratio for bleeding in case of 
cancerr is summarised in table 1. In these investigations patients were treated 
initiallyy with heparin. Vitamin K antagonists were started concomitantly with a 
targedINRof2.0to3.0. . 

Tablee 1. Risk ratio of major bleeding in relation to the presence of cancer 

Referencee Pts with / without cancer  Reported risk rati o for  patients with cancer 

4.3 3 

6.3 3 

5.1 1 

5.2 2 

1.1 1 

Thee relation between bleeding risk and liver metastasis was mentioned but never 
thoroughlyy investigated.4'5 Although reports have been published relating 
bleedingg risk with prolonged INR, others could not reproduce that observation 
inn cancer patients.4 7 Moreover it has been reported that it is more difficult to 
maintainn cancer patients in the intended anticoagulation levels.6"9 

Gitter55 5 

Hutten7 7 

Landefeldd 56 

Palareti6 6 

Prandoni1" " 

53/208 8 

264/1039 9 

34/377 7 

102/790 0 

58/297 7 
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Severall  studies consistently suggest an increased risk of recurrent VTE in cancer 
patientss compared to patients without cancer, as shown in table 2. 
Thee incidence of recurrence differs among the studies for several reasons 
includingg achieved INR, duration of therapy and follow-up. Prandoni et al. 
reportedd that the increased risk of recurrence (10.3 compared to 4.7%) became 
evenn more impressive (8.6 compared to 1.3%) when only patients with adequate 
INR'ss were considered, indicating a 'resistance' to an adequate dosage of 
vitaminn K antagonists.10 

Tablee 2. Risk ratio of recurrent VTE in relation to the presence of cancer 

Referencee Pts with / without cancer  Reported risk rati o for  patients with cancer 

Gitter555 53/208 3.7 

Hutten77 264/1039 3.0 

Monreal533 84/350 17.2 

Prandoni10499 58/297 1.7 

Thee increased risk for recurrent venous thromboembolism in combination with 
thee increased risk for major bleeding stresses the importance of an accurate 
diagnosiss in patients with cancer, since both missing the disease as well as 
inappropriatee treatment in case of absence of the disease may have considerable 
consequences. . 

DiagnosticDiagnostic  management 

Sincee the clinical diagnosis is non-specific, objective diagnosis of clinical 
suspectedd VTE is important.'u2 Phlebography is considered to be diagnostic 
andd accurate, although it is expensive, invasive, needs considerable expertise 
andd is inconvenient to perform on an outpatient basis. 
Compressionn ultrasonography is nearly as sensitive and specific as 
phlebographyy and provides a non-invasive tool for demonstrating proximal 
DVT.15 5 

However,, ultrasonography is unable to detect thrombi in the iliac vein and in the 
superficiall  femoral vein segment within the adductor canal. 
Inn case of (venous or lymphatic) obstruction in the pelvis it is not possible to 
differentiatee between extrinsic compression by a tumour or common iliac vein 
thrombosis.15166 Even phlebography may be difficult to interpret in these cases 
andd contrast enhanced computer tomography may by needed. 
Currentlyy calf vein thrombosis is considered to be clinically important only 
whenn it extends into the proximal veins where it can be detected with (serial) 
ultrasonography.15'1 1 
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Whenn pulmonary embolism is suspected the investigation of choice is perfusion 
lungg scanning, while a chest X-ray can be used to exclude other pathology. 
Iff  lung perfusion scanning is negative it is safe to withhold anticoagulant 
therapy.18199 In patients with perfusion defects it is sensible to perform a 
ventilationn scan. The finding of a high-probability scan is sufficient to start 
anticoagulantt treatment." '"' The specificity of lung scanning in patients with 
cancerr could be limited due to compression of a pulmonary artery or its branch, 
withoutt ventilation defects or abnormalities on the chest X-ray. 
However,, exact figures are not available. In addition, the incidence of tumour 
embolii  in pulmonary vessels as well as the consequences of anticoagulant 
therapyy in those cases are unknown. Unfortunately, differentiation between 
tumourr and thrombus will not be unequivocally possible with lung scanning or 
pulmonaryy angiography. In case of a non-high probability lung scan the risk of 
pulmonaryy embolism still is approximately 25%.20"22 Ultrasonography of the 
legss as next step has an overall sensitivity of 29% and a specificity of 97%. 
Consequently,, the positive predictive value of an abnormal ultrasound is 74%.23 

Nowadayss the risk of major complications of pulmonary angiography is reduced 
too 0-1% in non-intensive-care patients. Thus it can be considered safe to 
performm a pulmonary angiography in cancer patients with a non-diagnostic lung 
scanningg result.24"27 

Spirall  CT-angiography has the potential advantage to provide both an image of 
aa thrombus in the pulmonary arteries as well as to visualise other pathology, 
whichh could be particularly important for patients with cancer. 
However,, it should be realised that spiral CT is only a sensitive tool to detect 
proximall  pulmonary emboli and has never been investigated in cancer patients 
specifically. . 
Currently,, clinical decision rules and D-dimer (-like) tests are advocated to 
simplifyy the diagnostic management for VTE.28'29 Based on the observed 
hypercoaguablee state in cancer patients it can be expected that tests for D-dimer 
andd related proteins are frequently positive in these patients, even in the absence 
off  thrombosis.2*" 30 Thus, it is likely that these tests will be of less value in cancer 
patients.. Further studies to validate diagnostic approaches to suspected VTE in 
thee important subgroup of patients with cancer are urgently required. 

InitialInitial  treatment 

Untill  the mid nineties initial treatment of VTE consisted of unfractionated 
heparinn followed by oral anticoagulant therapy. Results of large studies that 
includedd a total of 2533 patients, of whom 465 had underlying cancer, indicate 
thatt low-molecular-weight (LMW) heparin is as effective and safe as 
unfractionatedd heparin for the initial treatment of VTE. '' 4 

Thee LMW heparin was given once or twice daily, depending on the type of 
LMWW heparin and the dose was body weight adjusted. 
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Inn the studies mentioned above oral anti-coagulant therapy was started 
concomitantly,, LMW heparin was continued for at least 5 days and until an 
INRR level of >2.0 was reached for at least 24 hours. 
Thee advantage of LMW heparins is obvious: there is no need for hospitalisation 
norr for laboratory control and dose adjustment. An unexpected advantage of 
LMWHH in cancer patients (a favourable effect on survival) was seen in the first 
twoo studies and confirmed in later meta-analyses.35 '36 

Sincee the advantage seemed to be independent of complications of VTE, an anti 
cancerr effect has been proposed, and is currently investigated. 
Althoughh thrombolysis has the potential to be lifesaving in patients with live 
threateningg pulmonary embolism, the role of thrombolytic agents in patients 
withh cancer should be considered highly uncertain in view of the risk of 
bleeding.37 7 

Theree are no randomised studies comparing vena cava filters with anticoagulant 
therapyy in case of VTE in cancer patients, but retrospective studies suggest that 
filterss are reasonably safe and effective in these patients. 
Inn most of those studies selection bias could not be excluded and most of the 
patientss had bleeding as indication for treatment with a vena cava filter. " ' 
AA recent trial comparing filters with anticoagulants in unselected patients with 
differentt underlying diseases showed significantly less pulmonary embolism in 
thee filter group at twelve days, but a significant increased risk for VTE at two 
years,, without an advantage in mortality at twelve days or at two years. " 
Thesee findings support the use of vena cava filters in patients with who cannot 
receivee anticoagulants or who are resistant to anticoagulants. 

Long-termLong-term  treatment 

Relevantt issues here are the duration of long-term treatment of VTE and the 
choicee of the therapeutic agent. Several older studies have established the 
effectivenesss for prolonged treatment with doses of vitamin K antagonists to 
keepp the INR between 2.0 and 3.O.43"47 The optimal duration of therapy will 
dependd on the achieved reduction of the risk of recurrence in relation to the 
inducedd risk of major bleeding.48 No prospective, randomised trials have been 
conductedd to clarify the optimal duration of anticoagulant therapy in patients 
withh cancer. However, because of the increased risk of recurrent VTE it is 
commonn practice, in spite of the bleeding risk, to continue anticoagulants for as 
longg as the cancer is considered active. ' 
Recently,, trials have been reported that compared LMW heparin with warfarin 
forr the long-term treatment of VTE.51"54 In all studies the LMW heparin was 
givenn once a day for three to six months. Warfarin was given with an intended 
INRR of 2,0-3,0. 
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Threee studies did not detect a significant difference in recurrent 
thromboembolismm or major bleeding. Pini et al did find more recurrent VTE in 
thee LMW heparin group. However, patients in the warfarin group were treated 
longerr on average. 
Specificc data on the complication rates in the 198 cancer patients involved in 
thesee investigations are lacking. In view of the survival benefit observed with 
initiall  treatment and the reported difficulties in managing oral anticoagulant 
treatmentt in patients with cancer,6'8'9 long-term treatment of these patients with 
LMWW heparins seems promising. Randomised trials are currently being 
performed.. Finally, LMW heparins are a treatment option in case of clinical 
vitaminn K. antagonist resistance. 

Conclusion Conclusion 

Inn summary, there is an obvious need for an accurate diagnosis in patients with 
cancerr suspected of VTE. Once a diagnosis is obtained initial treatment with 
LMWHH can be started along with vitamin K antagonists with an intended INR 
of2.0to3.0. . 
Onn indication the use of long-term LMWH or vena cava filters can be 
contemplated. . 
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Abstract Abstract 

Trousseauu is considered to be the first to have recognised a relation between 
venouss thromboembolism and malignancy. Illtyd James and Matheson in 1935 
weree the first in the Anglo-Saxon literature, at least to our knowledge, to report 
thee observation of a patient with occult cancer at time of his venous thrombosis. 
Meanwhilee cancer has become an established risk factor for VTE. 
Thee prevalence of concomitant cancer in patients presenting with VTE varies 
considerablyy between the studies due to differences in for instance threshold of 
suspicion,, screening methods and characteristics of the patients like age. 
AA consistent observation is the low prevalence of concomitant cancer in patients 
withh secondary thrombosis, comparable to the prevalence in the general 
population.. A 3 to 19 fold increase in prevalence of concomitant cancer has 
beenn reported in patients presenting with an idiopathic VTE. The same applies 
forr occult cancer in patients with secondary and idiopathic VTE. 
Thee prevalence of occult cancer in patients with secondary VTE is comparable 
withh the prevalence of cancer in the general population, while the prevalence of 
occultt cancer in patients with idiopathic VTE is 4-10%. It seems possible to 
detectt a substantial number of additional cancer patients, at time of diagnosis of 
idiopathicc VTE, by means of extensive screening. But results of randomised 
trials,, evaluating the effect on survival rate, are lacking. 
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Introduction Introduction 

Armandd Trousseau (1801-1867), was the first to write about an association 
betweenn venous thromboembolism (VTE) and malignancy.1 Subsequently the 
termm Trousseau's syndrome was coined to venous thrombosis as a presenting 
featuree of neoplastic disease. Indeed, since its first description this phenomenon 
hass been the subject of numerous (case-)reports. Such case reports are still 
published,, not only in the western world2 but also in developing countries. 
Fortunately,, in the last two decades the available body of evidencee has been 
enlargedd with a substantial number of observational and epidemiological 
studies.. In this review we try to put the association between thrombosis and 
occultt malignancy into an historical perspective and provide an analysis of the 
publishedd observational data, emphasising its clinical consequences. 

HistoricalHistorical  perspective 

Lett us take a closer look at the 'lecture' of Trousseau.1 He mentioned three 
patientss with 'phlegmasia alba dolens ', which term was used to indicate deep-
veinn thrombosis or thrombophlebitis, and a subsequent diagnosis of cancer. 
Att time of the phlegmasia, the first patient was cachectic and extremely pale, 
thee second patient had symptoms of a 'simple ulcer of the stomach' with 
vomiting,, while the third patient had had surgery because of a testicular tumour, 
andd had palpable irregular masses in the abdomen. Thus, none of these persons 
wass free of symptoms and they all had abnormalities discovered at physical 
examination. . 
Ass Trousseau put it:"L'experience clinique m'a démontré toute la valeur 
sémiotiquee de la phlegmatia dans les cachexies cancéreuses en particulier".1 

Thiss close analysis deviates considerably from the quote that:" He was specially 
interestedd in the frequency with which thrombosis of one or more peripheral 
veinss was the first indication of the presence of a malignant tumour". 
Ratherr the connotation would be (considering the limited availability of 
diagnosticc tools in his time) that concurrent phlegmasia indicated that 
malignancyy was the underlying disorder that caused the symptoms. 
Hereafterr several lectures and studies have been published confirming the 
relationn between thrombosis and cancer, but not occult cancer.4"7 

Thee first ones to report the observation of VTE as sign of truly occult 
malignancyy were Illtyd James and Matheson in 1935. 
AA salient detail: they mentioned that Trousseau himself succumbed to 
carcinomaa of the stomach, thrombophlebitis being the initial symptom. 
Upp to 1951 an association between occult cancer and VTE was based only on 
casee reports and necropsies, not quite the evidence physicians would currently 
requiree for guiding their clinical practice. 
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Inn 1951 the first cohort study was published, a retrospective investigation on the 
prognosiss and morbidity of thrombophlebitis.9 Unfortunately, the authors did 
nott have objective tests ad their disposal to confirm the diagnosis of deep 
venouss thrombosis. 
Inn addition, 27% of the patients were lost for follow-up. Nevertheless, of the 67 
patientss with VTE, 6 (9%) appeared to have an underlying, occult malignancy. 
Hereafterr some studies were published on the relation of occult malignancy and 
venouss thrombosis.10'12 However, it took another 30 years for the first proper 
cohortt study to appear.13 

Definitions Definitions 

AA difficulty in reading the earlier reports is related to varying terms for (deep) 
venouss thrombosis and the lack of objective tests for this condition as well as 
forr pulmonary embolism. Fortunately, in the period that coincides with most 
cohortt studies objective diagnostic tests were available and consequently we 
limitedd our analysis to those studies that used phlebography or ultrasonography 
too confirm deep venous thrombosis and perfusion-ventilation lung scanning 
and/orr pulmonary angiography for pulmonary embolism.14"17 

Thee term "occult " malignancy poses another difficulty. As described before, 
itt was not always possible in earlier days to diagnose cancer prior to death 
becausee of insufficient diagnostic tools, even if there were definite signs or 
symptomss that could be related to cancer and currently undoubtedly would lead 
too the performance of tests to elucidate a concealed malignancy. 
Evenn in apparently healthy patients who present with thrombosis usually a 
screenn of'simple' tests is performed, such as haematological parameters, liver 
andd kidney function, or chest X-ray. It is questionable if patients with cancer 
detectedd by these simple tests are still to be considered as harbouring truly 
occultt cancer. 

PatientsPatients with known cancer at time of VTE 

Inn total 13 cohort studies have been published that adequately reported the 
prevalencee of known cancer in consecutive patients with a new diagnosis of 
VTE.. In most studies the prevalence varied between 10 to 20% (Table 1). 
Inn another, population based, study this prevalence was comparable: 17,5%.1X 

Thee low prevalence in the study of Sanella et al. can be explained by the setting 
inn which they worked and i.e "spectrum" bias.]9 The study was performed in a 
surgicall  and radiological department and contained many surgical patients 
(855 of 237). In addition many patients (54) had thrombosis secondary to 
paraplegiaa or hemiparesis. A similar mechanism might be present in the cohort 
off  O'Connor et air0 
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Thee high prevalence (24,1%) in study of Raj an et al. might be caused by the 
failuree to distinguish between patients with known at the time of VTE 
symptomaticc but at that time yet undiagnosed cancer.21 A selective referral, 
"popularityy bias" might explain the extremely high prevalence observed in the 
studyy of Monreal et al..22 

Tablee 1. Patients with known cancer at time of VTE 

Reference e 

Bastouniss '9632 

Carsonn '92" 

Griffi nn '87 34 

Goldbergg '87 30 

Goree '82 13 

Monreall  '88 35 

Monreall  '91 n 

Monreall  '97 27 

O'Connorr '84 20 

Prandonii  '92 36 

Rajann '98 21 

Raneee '97 37 

Sannella'911 '9 

Patientss with VTE 

368 8 

399 9 

128 8 

420 0 

128 8 

104 4 

163 3 

832 2 

127 7 

342 2 

348 8 

928 8 

237 7 

Knownn cancer  (%) 

57(15,5) ) 

73(18,3) ) 

15(11,7) ) 

50(11,9) ) 

15(12) ) 

10(9,6) ) 

500 (30,7) 

147(17,7) ) 

66 (4,7) 

49(14,3) ) 

84(24,1)* * 

119(12,8) ) 

9(3,8) ) 

**  = including concomitant cancer 

ConcomitantConcomitant diagnosis of VTE and cancer 

Becausee of the association between cancer and VTE, investigators became 
interestedd in the prevalence of concomitant cancer in (idiopathic) VTE. 
Inn patients presenting with VTE, the prevalence of concomitant cancer, defined 
ass cancer not known before VTE and discovered by routine investigation 
(historyy taking, physical examination, simple laboratory tests like ESR, whole 
bloodd count, liver and kidney function tests, urinalysis and chest X-ray) varies 
considerablyy between the studies (table 2). This variation might relate to the 
depthh of the routine examinations and to the characteristics of the included 
patients.. Another part of the explanation is the variability of definition used for 
secondaryy thrombosis and differences in threshold of suspicion. It seems that 
somee of the differences can also be explained by the age of the patients. 
Thee studies of Ahmed et al. and Subira et al. that both found a zero prevalence 
containedd almost exclusively patients younger than 40 years.23'24 

Theyy did not find any concomitant cancer in this age category. 
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Tablee 2. Patients with concomitant diagnosis of VTE and cancer. 

Reference e Typee of Screening Prevalence of concomitant cancer  in patients 

Ahmedd '96 23 ° 

Subiraa '99 24 b 

Ackarr '97 38 

Bastouniss '96 32 

Monreal'8835 5 

Monreall  '91 " 

Monreall  '97 27 

Prandonii  '92 % 

Raneee '97 37 

Cornuzz '96 2i 

Girolamii  '99 39 

Sannellaa '91 19 

study y 

Retrosp. . 

Retrosp. . 

Prosp. . 

Prosp. . 

Retrosp. . 

Prosp. . 

Prosp. . 

Prosp. . 

Retrosp. . 

Retrosp. . 

Prosp. . 

Retrosp. . 

forr  cancer 

NM M 

Routine e 

Extensiver r 

Routine e 

Routine e 

Routine e 

Routine e 

Routine e 

Routine e 

Routine e 

Routine e 

Routine e 

Al ll  VTE (%) 

0/196(0) ) 

0/400 (0) 

18/232(8) ) 

13/293(4,4) ) 

6/104(5,8) ) 

8/113(7,1) ) 

11/685(1,6) ) 

5/260(1,9) ) 

26/8099 (3,2) 

--

--

withh VTE 

Secondary y 

VTEE (%) 

0/833 (0) 

0/300 (0) 

5/154(3) ) 

4/207(1,9) ) 

1/83(1,2) ) 

4/822 (4,9) 

4/5733 (0,7) 

0/1077 (0) 

8/530(1,5) ) 

--
--
--

Idiopathi c c 

VTEE (%) 

0/113(0) ) 

0/10(0) ) 

13/78(17) ) 

7/86(8,1) ) 

5/211 (23,8) 

4/311 (12,9) 

7/112(6,3) ) 

5/153(3,3) ) 

18/279(6,5) ) 

16/142(11,3) ) 

15/3433 (4,4) 

3/211 (14,3) 

Retrosp.. = retrospective, Prosp. = prospective, NM = Not mentioned 

aa = Most patients younger than 40 years, 

bb = Only patients younger than 40 years. 

cc = Routine + tumour markers, abdominal and pelvic CT-scan, Mammography > 

400 years, prostate ultrasonography >60 years and in some thoracic CT-scan. 

Theree are 7 other studies that investigate the prevalence of concomitant cancer 
andd differentiated between secondary and idiopathic VTE. In these studies risk 
off  concomitant cancer was increased among patients with idiopathic VTE by a 
factorr 3 to 19. The larger series report a significant increased risk by a factor 
33 to 4. The prevalence of concomitant cancer in patients with secondary VTE 
wass low and in general comparable with the 2 to 3% prevalence expected in the 
generall  population after middle age.25 

DiagnosisDiagnosis  of  cancer  after  VTE 

Whenn a cell dedifferentiate into a cancer cell, it takes at least 2 (up to  8) years 
forr the cancer to become detectable considering the doubling time of cancer 
cellss and the volume needed to be detected.26 It has been estimated that it takes 
ann additional 2 years for these cancers to become symptomatic. Thus it is 
plausiblee that a cancer detected within 3 years after a VTE, was already present 
att the time of VTE. So we considered malignancies detected up to 3 years after 
aa VTE, not known before VTE and not detected by routine investigations (see 
lastt paragraph) at time of VTE, to be occult at the time of VTE. 
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Tablee 3. Patients with diagnosis of cancer within 3 years after VTE, 
occultt at the time of VTE. 

Referencee Type of Screening for  Prevalence of occult cancer  in VTE 

studyy cancer  at patients 

admissionn All VTE (%) Secondary Idiopathi c 

VTEE (%) VTE (%) 

Aderka'86299 Prosp Routine 11/83(13,3) 2/48(4,2) 9/35(25,7) 

Prandonii  '92 36 

Hettiarach.. '97 40 

Monreal'911 u 

Monreall  '97 27 

Monreall  '88 " 

Rajann '98 2I 

Subiraa '99 24 c 

Ahmedd '96 23 d 

Goree '82 " 

Girolamii  '99 w 

Cornuzz '96 28 

O'Connorr '84 20 

Sannellaa '91 '9 

Prosp p 

Prosp p 

Prosp p 

Prosp p 

Retrosp p 

Retrosp p 

Retrosp p 

Retrosp p 

Retrosp p 

Prosp p 

Retrosp p 

Retrosp p 

Retrosp p 

Routine e 

NM M 

Extensivee ° 

Extensivee h 

Routine e 

Routine e 

Routine e 

NM M 

NM M 

Routine e 

Routine e 

Routine e 

Extensivee e 

13/250(5,2) ) 

13/326(4,0) ) 

1/113(0,9) ) 

8/659(1,2) ) 

3/944 (3,2) 

21/264(8,0) ) 

0/400 (0) 

3/196(1,5) ) 

15/113(13,3) ) 

--
--
--

2/105(1,9) ) 

3/171(1,8) ) 

0/822 (0) 

4/5633 (0,7) 

0/733 (0) 

8/112(7,1) ) 

0/300 (0) 

0/833 (0) 

--
--
--
--

11/145(7,6) ) 

10/155(6,5) ) 

1/311 (3,2) 

4/966 (4,2) 

3/211 (14,3) 

13/152(8,6) ) 

0/10(0) ) 

3/113(2,7) ) 

--
28/3288 (8,5) 

3/122(2,6) ) 

0/17(0) ) 

1/211 (4,7) 

Routinee screening included thorough history taking, physical examination, measurement of ESR, 

completee blood count, liver- and renal function tests, urinalysis, and chest X-ray. 

aa = Extensive included serum protein electrophoresis (SPE), CEA, abdominal (abd.) 

ultrasonographyy in all and abd. CT-scan and upper gastrointestinal endoscopy in most. 

bb = Extensive included SPE, CEA, PSA, abd. ultrasonography or abd. CT-scan. 

cc = Only patients younger than 40 years, 

dd = Most patients younger than 40 years, 

ee = Extensive included abd. CT-scan. 

Inn table 3 the results of 17 cohort and 2 population based studies are 
summarised,, investigating the prevalence of occult cancer. The prevalence of 
occultt cancer in patients with idiopathic VTE, of 40 years or more, is roughly 
betweenn 4 and 10%. This figure is in all studies, that allow comparison, higher 
thann in patients with secondary thrombosis. It is interesting to note that three 
studiess with extensive screening procedures for cancer at the time of thrombosis 
tendd towards a lower incidence of a diagnosis of cancer later on. ' 
Inn the study performed by Cornuz et al. a low index of suspicion let to 
additionall  testing in 80 of 136 patients. Cancer was diagnosed in 16 of them.28 
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Soo extensive screening was performed in the majority of the patients who were 
followedd for one year. Although suggestive, it would be premature to conclude 
thatt such extensive screening indeed identified occult malignancies. 
Thee study of Rajan et al. showed a remarkable high prevalence of cancer in the 
groupp with secondary VTE, compared with other studies, which can not be 
explained.211 If VTE indeed would flag for occult malignancy it could be 
expectedd that the incidence of cancer was increased in the first years after a 
VTE,, and would subside thereafter. Indeed in the study of Aderka et al. the 
incidencee in the first 3 years was 13,3% as compared with 4,2% thereafter.29 

AA similar trend was seen in the study of Goldberg et al. (5,7 versus 0,3%).30 

Alsoo the population based studies of Baron et al. and Sorensen et al. point in the 
samee direction with a standardised incidence ratio of newly diagnosed cancer as 
comparedd with the normal population of 4,4 and 2,1 respectively during the first 
yearr after the diagnosis of thrombosis and only 1,3 and 1,1, respectively in the 
periodd hereafter.1831 This indicates that after a 6 to 12 months after a VTE the 
incidencee of cancer becomes comparable to that of the normal population. 

DetectionDetection  of  occult  cancer  by extensive  screening 

Fourr studies have been performed that systematically evaluated the added value 
off  extensive screening on cancer detection (table 4). 
Thee frequency of additional malignancies detected by extensive screening was 
impressivelyy high (13 and 33%) in the studies that included only patients with 
idiopathicc VTE. 

Tablee 4. Difference in detection of cancer in patients with VTE in relation to 
screeningg method. 

Referencee Prevalence of cancer  detected by 

Routinee screening (%) Routine and Extensive screening (%) 

Bastouniss '96 , ; 13/293 (4,4) 22/293 (7,5)" 

Monreall  '91 2: 8/113(7,1}  12/113(10,6) 

Monrear97211 h 7/112(6,3) 22/112(19.6) 

Sannella'911 ]<>  h 4/21(19,0) 11/21(52,4) 

aa = 6/207 (2,9%) in secondary VTE and 16/86 (18,6%) in idiopathic VTE. 

bb = only idiopathic VTE 

Althoughh the figures differ, the conclusions are the same: More malignancies 
aree detected by extensive screening. 
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Sanellaa et al. were the only ones not to exclude recurrent VTE patients. 
Routinee screening discovered a high number of cancer patients in these studies, 
probablyy because of a low threshold of suspicion. Nevertheless extensive 
screeningg had a substantial additional yield. Of interest is that most cancer were 
detectedd by non-(or minimal-)invasive tests like blood testing on prostate 
specificc antigen (PSA), CarcinoEmbryonic Antigen (CEA) and by means of 
CT-scans.. Although Sannella et al. report an potential advantage in life 
expectancyy for only one of seven patients with cancer, detected by extensive 
screening,, Monreal published more positive results.19,22,27 

Inn the study published in 1991, two out of three and in 1997, nine out of 15 
patientss could be treated intentionally curative, because of extensive screening, 
whilee 2 others profited of palliative surgery. It should be noted however, that an 
effectt on survival can not be assessed by these nonrandomised studies. 

Conclusion Conclusion 

Althoughh the exact mechanism is not entirely elucidated, cancer is a risk factor 
forr VTE. About 10 to 20% of the patients with VTE suffer from a known 
cancer.. The prevalence of cancer diagnosis concomitant with VTE is low in 
patientss with secondary VTE and comparable with the prevalence in the general 
population.. Patients with an idiopathic VTE seem to have a 3 to 19 fold 
increasedd risk of concomitant cancer. 
Prevalencee of occult cancer, defined as cancer occurring after VTE, which could 
nott be detected by routine examinations at the time of VTE, is between 4-10% 
inn patients with idiopathic VTE over 40 years, within the first 3 years after the 
VTE.. This is three to fivefold higher than in patients with secondary VTE and 
thann expected in patients with same baseline characteristics. These figures are 
influencedd by composition of the investigated cohorts, the age of the patients 
andd the definition of secondary VTE. The recent discovery of risk factors for 
VTEE as Factor V Leiden and Prothrombine G20210A mutant might have 
consequencess for the formation of the groups of idiopathic and secondary VTE. 
Thiss could have an effect on the magnitude of the figures mentioned before. 
Thee subsiding incidence of cancer with time since VTE is in concordance with 
thee theory that idiopathic VTE flags for cancer. 
Byy means of extensive, mainly non-invasive, screening methods it is possible to 
detectt significant more patients with cancer than by routine examination and 
laboratoryy investigations alone. Although some reports suggest that cancer 
detectedd by extensive screening are suitable for curative treatment, it is unclear 
whetherr such extensive screening results in longer survival. 
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Abstract Abstract 

Thee reported incidence of concomitant cancer in patients with idiopathic venous 
thromboembolismm (IVTE) varies between 4 and 24%, while the mean incidence 
off  cancer within three years thereafter approximates to 9%. 
Baselinee investigations of patients with IVTE have been recommended. 
Wee evaluated the clinical practice regarding the screening of these patients 
accordingg to these recommendations, in two teaching hospitals. 
Medicall  history and physical examination were done reasonably exhaustively, 
exceptt for investigations of the urogenital tract. 
Laboratoryy and imaging investigations were performed incompletely in a 
substantiall  proportion of the patients. 
Thee clinical evaluation regarding cancer, performed in patients with IVTE, 
couldd be improved. The implementation of a protocol should be considered. 
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Introduction Introduction 

Sincee the initial observation by Trousseau in 1865, the association between 
cancerr and venous thromboembolism (VTE) has been well documented.1 

Att time of diagnosis of a first episode of VTE, approximately 15% of the 
patientss have an active malignancy.""4 In those with idiopathic, i.e. unexplained 
VTEE (I VTE), the reported prevalence of concomitant cancer at the time of VTE 
variess from 4 to 24%>5"13 

Thee difference in these figures can, to a large extent, be explained by the 
extensivenesss of the investigations performed at presentation. 
Thee mean incidence of cancer within three years after an episode of I VTE in 
patientss older than 40 years, who did not have overt cancer at the time of VTE, 
iss 9% (reported range 3-26%). Most of these cancers will become clinically 
apparentt within the first 6 months.3'5"7'11"18 Screening these patients for their still 
occultt cancer could theoretically lead to early intervention and might potentially 
improvee their outcome. Consensus does not exist about the precise diagnostic 
workup,, in particular for the initial clinical evaluation. But data of several recent 
studiess support the concept that the evaluation of patients with IVTE should 
includee a thorough medical history, physical examination, some laboratory 
investigations,, including blood count, liver enzymes, urinalysis, feces for occult 
bloodd tests and a chest X-ray.912'1619"21 Additional testing should be guided by 
abnormalitiess detected by these investigations. 
Sincee the report of Prandoni et al. our hospitals advocated a general policy 
regardingg the evaluation of patients with IVTE, and introduced guidelines based 
onn the published recommendations. 
Inn the present study we evaluated whether the clinical practice regarding 
screeningg for cancer of patients with IVTE was performed according to our 
guidelines,, in these two large teaching hospitals. 

Methods Methods 

Thee inpatient registries of the Slotervaart Hospital and Academic Medical 
Center,, both in Amsterdam, The Netherlands, were checked for the records of 
patientss admitted for acute VTE between 1994 and 1998. Charts of patients with 
aa known risk factor for VTE were excluded (for definitions see table 1). 
Att random the files of 50 patients with so-called IVTE, were selected in each 
hospital.. The charts contain standardized forms, with questions regarding the 
medicall  history and physical examination. Medical students fill  in the charts and 
theyy are corrected by residents in internal medicine supervised by an internist. 
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Tablee 1. Known risk factors for VTE 

Known/overtt malignancy 

Recentt surgery (<3 months) 

Recentt trauma 

Pregnancy y 

Prolongedd immobilization 

Lupuss anticoagulans 

Antii  cardiolipin antibodies 

Factorr V or Factor II mutation 

Hyperhomocysteinemia a 

(Changee of) oral contraception 

Deficiencyy of 

-- Antithrombine III 

-- Protein S 

-- Protein C 

DataData collection 
Thee records were checked separately by two trained investigators, by means of 
ann a priori designed list of 20 items, and based on the recommendations for 

ii  i  9 P 16 ] 9-~*\ 

earlyy cancer detection  -  -
Theyy specifically looked for indications that the attending physicians had 
activelyy searched for signs of cancer. These signs included questions about 
changee in bowel habits, loss of appetite, unexplained weight loss, changes in 
aspectt or pattern of micturition, unusual vaginal blood loss and persistent cough. 
Thee investigators also checked whether the physical examination was directed 
towardss the detection of lymphadenopathy and abnormal masses in mammae, 
abdomen,, rectum or genitourinary tract. Furthermore, the performance and 
resultss of laboratory and radiological investigations were reviewed. 
Thee laboratory investigations were focused on blood count, liver enzymes, 
proteinelectrophoresiss (to detect multiple myeloma) feces for occult blood tests 
andd urinalysis (to detect microscopic hematuria). Using the checklist the 
occurrencee of the various items was scored for each patient. 
Theyy were only considered to have been obtained when it was specifically noted 
inn the records. If additional screening procedures were performed, the reason for 
thee procedure was determined. If the routine screening procedures showed 
abnormalities,, the records were checked for additional investigations. 
Besidess the usual clinical practice we were interested in whether or not the 
attendingg physician explicitly mentioned a possible relationship between IVTE 
andd cancer, while performing the investigations. This was assessed by checking 
bothh the charts and subsequent correspondence. 

62 2 ChapterChapter VI 



Results Results 

Thee mean age of the 100 study patients was 62 years (range 20-100 years) and 
555 were women. There were no significant differences between the findings in 
thee two hospitals; hence the results were pooled. The results of the various items 
scoredd for the medical history, physical examination, laboratory and radiological 
investigationss are detailed in table 2. 
Medicall  history was obtained reasonably well, but only half of the women had 
beenn asked about unusual vaginal blood loss. 
Inn most patients the physical examination was nearly complete, with the 
exceptionn of examination of the breasts, which was only performed in twothirds 
off  the patients and digital examinations of the rectum and vagina which was 
donee in 35 and 20%, respectively. 

Tablee 2. Results of items scored for medical history, physical examination, 
laboratoryy and radiological investigations in 100 patients with 
idiopathicc venous thromboembolism 

Recorded,, % 

Medicall  History 

Weightt loss 

Changee in bowel habits 

Changee in micturition habits 

Unusuall  vaginal blood loss 

Persistentt cough 

Losss of appetite 

Physicall  Examination 

Generall  impression 

Lymphadenopathy y 

Mammae e 

Chestt auscultation 

Abdomen n 

Liver/spleen n 

Digitall  rectal examination 

Digitall  vaginal examination 

Laborator y y 

Completee blood count 

Liverr enzymes 

Protein-electrophoresis s 

Faecess occult blood 

Urinalysis s 

Radiology y 

Chestt X-ray 57 
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90 0 

90 0 

51 1 

91 1 

93 3 

90 0 

88 8 

71 1 

90 0 

90 0 

90 0 

36 6 

22 2 

94 4 

63 3 

40 0 

24 4 

44 4 



Nearlyy all patients had a complete blood count done. 
Testingg of liver enzymes (37%), protein-electrophoresis (60%), feces for occult 
bloodd tests (76%), urinalysis (56%) as well as chest X-ray (43%) were not 
performedd in a substantial part of the study population. 
Inn 15 patients the routine investigations revealed an abnormality possibly related 
too cancer, such as unexplained weight loss, change in bowel habits, suspect 
rectal,, vaginal and breast examination, and anemia. Additional tests were 
performedd in 8 of these patients and led to the diagnosis of cancer in 3 of them. 
Onee had metastasized prostate cancer, one had a renal mass of more than 10 cm, 
andd refused further evaluation and the other one had a stage I breast cancer and 
stilll  is in good condition after adequate surgery. 
Inn the other 7 patients an abnormal result in the initial evaluation was not further 
analyzed.. In 1 patient her mental condition (dementia) was the reason to 
withholdd further tests, while the other 6 patients refused further evaluation 
becausee of old age and physical condition. These patients were all lost to 
follow-up.. Although routine evaluation did not show abnormalities, additional 
testingg was performed in 11 patients. The additional tests involved ultrasound of 
thee abdomen in 10 patients, CT abdomen in 5, mammography in 4 and 
gastroscopyy in 1 patient. 
Nonee of these additional tests revealed signs of malignant disease. 
Thee subjective review of the records revealed 52 cases, in which the attending 
physiciann clearly had the relation between IVTE and cancer in mind, while 
performingg the investigations. 
Inn 12 records it was not possible to determine whether or not the relation 
betweenn IVTE and cancer was actively pursued. 
Inn the remaining 36 cases there was no indication that the physicians made 
thee association between the IVTE and (occult) cancer. 

64 4 ChapterChapter VI 



Discussion Discussion 

Wee evaluated the current practice of screening for the presence of occult cancer 
inn patients with IVTE in two large Dutch teaching hospitals. 
Fromm a cohort of 654 consecutive patients the charts of 100 patients with IVTE 
weree identified at random. This method, therefore, gives a representative picture 
off  the screening procedure in patients with IVTE admitted in these hospitals 
duringg the study period. 
Thee present investigation has some limitations. Its retrospective nature 
obviouslyy might have influenced our results. On the other hand, a prospective 
designn could have influenced the results as well. Furthermore, we relied on the 
charts,, and charts written by physicians are known to be concise. 
Inn our hospitals, however, medical students completed the standardized charts in 
cooperationn with residents. Therefore, we believe the information needed could 
bee retrieved from the charts. 
Ourr main findings indicate that medical history was taken and physical 
examinationn performed reasonably exhaustively. The only exceptions were 
questionss about unusual vaginal blood loss, and examination of mammae, 
vaginaa and rectum. 
Additionall  laboratory and imaging investigations were not completed as 
recommendedd in a substantial part of the patients. The only positive exception 
wass the performance of the complete blood count. Protein electrophoresis, 
urinalysiss and particularly feces occult blood tests were performed in a minority 
off  the patients. The gaps in the medical history and the physical examination 
mightt be related to the attitude of the physicians and patients towards 
investigationss of the genital tract. 
Thee lack of awareness of the association between IVTE and cancer is the most 
likelyy explanation for the absence of laboratory investigations and chest 
X-rays.. This presumed lack of awareness is supported by the subjective review 
off  the records. In as much as 36 records we could not identify any sign of the 
physiciann actively making the association between IVTE and a possible 
malignancy. . 
Thee recommended screening at presentation, also represented in our 20-item 
checklist,, is not based on any study comparing survival benefit of screening 
withh no screening in patients with IVTE. Therefore, no standard protocol exists. 
However,, a protocol for screening is justified when 1) the disease of interest is 
seriouss and common, 2) the natural history of the disease is well understood, 
3)) the screening tests applied are accurate and reliable and 4) an acceptable 
treatmentt is available.22"24 
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Cancerr is a serious disease and common in IVTE patients. Without treatment 
cancerr will ultimately lead to death, the time period depending on the type and 
thee extent of the tumor. The accuracy and reliability of routine evaluation in this 
settingg have to be determined. For several kinds of malignancies treatment is 
availablee and could favorably influence outcome, even when the tumor is 
advancedd (such as breast, cervix, ovary, testis and lymphoma). 
Evenn though there is no proof that the recommended evaluation has an 
advantagee in terms of survival, there is a general consensus that the routine 
evaluationn should be performed in patients with IVTE, because of the possible 
earlyy detection of cancer.21 The procedure mentioned is very simple, 
cheapp and minimally invasive, with no risk for complications. 
Att present more extensive screening procedures are not recommended for 
variouss reasons. Recent studies could not detect a survival benefit in patients 
withh IVTE who underwent extensive screening involving, for example, 
testingg of tumor markers, abdominal pelvic ultrasound and computer 
tomography.3'6913 3 

However,, most of these studies were retrospective and/or included too few 
patientss to be able to detect a significant difference. Moreover, the costs of more 
extensivee screening procedures are not negligible when they have to be 
performedd in all patients with IVTE. In 10% of our population additional 
proceduress were performed for no obvious reason. Most of the additional tests 
weree non invasive. They did not reveal a malignancy in any of the patients. 
Ourr study shows that the clinical evaluation regarding cancer performed in 
patientss with IVTE in two teaching hospitals in Amsterdam could be improved. 
Onee way is to increase the awareness of the relation between IVTE and 
concomitantt cancer and (occult) cancer. Another possibility is to institute the 
recommendationss more formally. 
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Introduction Introduction 

Thee first report about the relation between VTE and occult cancer was published 
inn 1935.' Only recently the incidence of malignancy, in the 2 to 3 years after the 
firstt VTE event was determined and was shown to be 7.5% in patients with 
idiopathicc VTE (IVTE), compared to 1.6% in patients with a secondary VTE.2"1' 
Whenn the doubling time of cancer cells and the volume, needed to be detected, 
aree taken into account, it is likely that the cancer was indeed occult at the time 
thee VTE was diagnosed.1- Given the cancer incidence in particular in IVTE, 
thee debate started whether or not screening procedures were useful, and if so, 
too what extent. Several investigators advised only basic screening by means of 
thoroughh history taking, physical examination, simple laboratory test and a chest 
X-ray.. Others advocated more extensive screening procedures by means of 
computerr scans, ultrasound and tumor markers.671516 

Recentlyy the first randomized trial has been conducted comparing extensive 
screeningg procedures with basic screening in patients with IVTE.17 

Unfortunately,, the study was terminated prematurely because of slow 
recruitmentt and logistic problems. In spite of this, the results were far from 
useless.. We here use the available data to determine the number needed to 
screenn (NNTS) to detect one additional case of cancer, for different screening 
strategies.. In addition to the determination of the number of patients harmed by 
eachh strategy, the costs of the various approaches were calculated. 
Finally,, a cost-effectiveness analysis was performed. 
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Methods Methods 

StudyStudy population 
Thee analyses were based on the data from the SOMIT-study.17 

Onlyy patients with a first, idiopathic VTE event, over the age of 25 years, 
weree included. VTE was defined as idiopathic if it occurred in absence of 
knownn malignant disease, trauma of the leg, surgical procedures or 
immobilizationn within 6 months prior to presentation, confirmed spontaneous 
venouss thromboembolism in a first degree relative, thrombocytosis of > 600 x 
109/1,, deficiency of antithrombine, protein C or S or the presence of circulating 
lupuss anticoagulant, or pregnancy or childbirth. The basic screening for 
malignantt disease had to be completed and without positive results. 
Whenn allocated to the extensive screening group patients were offered to 
undergoo ultrasound (US) of the abdomen, including the pelvis, followed by 
computedd tomography scan (CT) of these areas, gastroscopy or double contrast 
bariumm swallowing, colonoscopy or sigmoidoscopy followed by barium enema, 
fecall  occult blood tests (FOBT), sputum cytology and tumor markers including 
carcinoembryonicc antigen (CEA), 
a-foetoproteinn (-FP), and cancer antigen (CA)-125. These tests were extended 
withh mammography and PAP-smear for women and trans abdominal ultrasound 
off  the prostate and prostate specific antigen (PSA) for men. The cut-off values 
forr all tumor markers were twice the upper limit. All screening procedures were 
performedd on an out-patient basis. The patients in the control group were not 
additionallyy investigated. All patients were followed up at 3, 12 and 24 months. 
Att these visits special attention was paid to the recent medical history by means 
off  a standardized form. Tumors were staged according to the system of the 
Americann Joint Committee for Cancer.18 Comparison of stage of the tumors 
weree performed with the Fischer exact test. 

DecisionDecision Model 
AA decision model was developed representing 19 possible strategies for the 
diagnosticc work-up for patients with IVTE (Table 1). The model contains 
88 diagnostic strategies with abdominal/pelvic CT, 8 similar strategies using 
abdominal/pelvicc US instead of CT, and 3 strategies with tumor markers. 
Too be included, patients had to have a normal basic evaluation. Therefore, 
basicc evaluation was left out of the decision model. Sigmoidoscopy followed by 
bariumm enema X-ray of the colon was not considered in any model, because this 
combinationn is more expensive than colonoscopy and it lacks the possibility of 
takingg biopsies proximal from the sigmoid. 
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AA common sense approach was used to determine the strategy for further 
evaluation,, performed after an abnormal test result. An elevated CEA led to 
colonoscopyy and abdominal/pelvic CT, an elevated CA-125 to a consultation of 
aa gynecologist and abdominal/pelvic CT, and an elevated a-FP to abdominal/ 
pelvicc CT. An elevated PSA was reason to perform an ultrasound of the prostate 
andd a biopsy. A positive FOBT was followed by colonoscopy and if negative 
alsoo by gastroscopy. A detected mass was followed by a biopsy, unless the 
suspicionn of cancer was high enough to perform surgery (in the patients with 
renall  respectively ovarian cancer). 

NumberNumber needed to screen analysis 
Alll  cases of cancer detected by the extensive screening, after the basic screening 
hadd revealed no abnormalities, were considered additional cases. So, the number 
off  patients needed to screen (NNTS), to detect one additional case of cancer was 
calculatedd by dividing the total number of patients in the extensively screened 
group,, by the number of detected cases (ND). This calculation was performed 
forr each of the diagnostic strategies. When a diagnostic test had an abnormal 
resultt the patient was evaluated further. If cancer was suspected by more than 
onee diagnostic procedure within a specific strategy, it was counted once. 
Thee number of patients evaluated further, eventually because of a benign 
condition,, was calculated for each strategy. This we called 'number harmed' 
(NH). . 

Cost Cost 
Costss were calculated from the perspective of the health insurance system. 
Thee rates were used as ordered by the Committee Tariffs Healthcare in 2001 
(Thiss Committee regulates the maximum fees that can be charged by healthcare 
workers/institutess in the Netherlands, Table 2). To calculate the costs of the 
strategiess we did not take into account the costs made for initial treatment of the 
VTE,, basic screening, and follow-up. Those costs were considered required for 
everyy patient with VTE. 
Thee calculation included the costs made to confirm the presence of cancer. 
Wee did not take into account the costs related to the treatment of the cancer 
patients.. Those costs were considered inevitable for any cancer patient and not 
partt of the screening procedure. Thus our analyses focused on the incremental 
costss of screening for cancer in patients with idiopathic VTE. 

72 2 ChapterChapter VII 



Forr each strategy the costs of the tests were added up and multiplied by the 
numberr of patients who underwent the particular investigation. 
PatientsPatients with an abnormal test result were evaluated further. Per strategy the 
costss of those tests were calculated for each patient involved and were also 
addedd up. A test was not counted twice. So, if the evaluation of an abnormal 
resultt required a test that already had been part of the initial strategy, the cost of 
thatt test was counted only once. The costs of the screening tests and the 
subsequentt evaluations were added up to total costs for the strategy. This total 
costt was then divided by the number of patients with cancer, who were detected 
byy the particular strategy, to represent the costs made to detect a patient with 
cancer,, including the costs made to confirm or to rule out a diagnosis of 
malignancy.. The costs were calculated in Euro's (1€ - 0.93USS, 06-06-2002). 

Cost-effectiveness Cost-effectiveness 
Forr all cancer patients the likelihood of curative treatment were determined, 
basedd on the type of tumor and its stage, according to current cancer treatment. 
Lif ee expectancy was estimated, adjusted for age and sex, using the figures of 
Statisticss Netherlands (the national epidemiological database) for an average 
population.200 We assumed the patients with incurable malignancies to live 
(median)) for another year, based on life expectancy figures in patients with 
stagee IV cancers.19 Life expectancy of patients with a potentially curable cancer 
wass calculated by the multiplication of the normal life expectancy with the 
chancee of curative treatment. The Live Years Lost (LYL) for the screened and 
controll  patients were determined by the subtraction of the life expectancy with 
malignancyy from the life expectancy without malignancy. If in a certain strategy 
aa cancer was not detected, the mean LYL of the control group was assigned to 
thiss case. In case a life expectancy was less then the mean LYL of the control 
groupp we conservatively considered the life expectancy to be the LYL . 
Thee LYL per strategy was calculated by dividing the total LYL by the number 
off  patients in the group (14 and 10 for respectively the screened and control 
group).. The subtraction of the LYL of the control group from the LYL of the 
screenedd group determined the Live Years Gained (LYG) per strategy. 
Basedd on these figures LYG were calculated for each strategy by multiplying 
thee LYG per detected cancer patient by the ND of the specific strategy. 
Usingg these figures costs and incremental costs per LYG were calculated for all 
strategies.. Sensitivity analysis was performed by varying the costs 
(50%% increase) and LYG (50% decrease) of the most attractive strategies. 
Scenarioo analysis was performed to evaluate the potential role of the chest CT. 
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Results Results 

Thee median age of the 99 patients in the extensive screening group was 66 years 
andd 45 were women. Of those 99 patients, 14 had a histological confirmed 
malignancyy within 2 years. Extensive screening was able to detect 13 of these. 
Inn the control group the median age was 67 years and 56 were women. 
Thee mean time between the presentation with IVTE and the detection of the 
cancerr in the control group was 370 days (120-628 days). Table 3 shows the true 
andd false positive results for each diagnostic procedure. In the extensive 
screeningg group 5 stage I tumors were detected and 7 stage II tumors. 
Inn the control group no stage I tumor and 3 stage II were detected (p=0.01). 
Al ll  other malignancies (2 in extensive screening group, 7 in control group) were 
moree advanced at the time of detection. Moreover, in the extensive screening 
groupp 8 of the 14 patients with a malignancy had 75% or more chance on cure 
afterr appropriate treatment, as compared to only 2 of the 10 patients with 
malignantt disease in the control group (p=0.10). See for further details the study 
off  Piccioli and colleagues.17 

Tablee 1. The number needed to screen, number of detected patients and number 
harmedd per strategy (based on the study cohort of 99 patients). 

Strategy y NNTS S ND D NH H 

Abdominal/pelvicc CT (CT) 

CTT + mammography ( marnmo.) 

CTT + sputum cytology (sputum cyt.) 

CTT + markers 

CTT + mammo. + sputum cyt. 

CTT + mammo. + sputum cyt. + markers 

CTT + FOBT 

CTT + Colonoscopy 

Abdominal/pelvicc US (US) 

USS - mammo. 

USS + sputum cyt. 

USS + markers 

USS + mammo. + sputum cyt. 

USS + mammo. + sputum cyt. + markers 

USS + FOBT 

USS + Colonoscopy 

CEA.. CA-125. a-FP. PSA and FOBT 

CEA.CA-125.a-FP.. PSA 

CEA.. CA-125. a-FP 

9.9 9 

9.0 0 

9.0 0 

9.0 0 

8.3 3 

7.6 6 

9.0 0 

9.0 0 

19.8 8 

16.5 5 

16.5 5 

12.4 4 

14.1 1 

10.0 0 

16.5 5 

16.5 5 

16.5 5 

16.5 5 

19.8 8 

10 0 

11 1 

11 1 

10 0 

12 2 

13 3 

11 1 

11 1 

5 5 

6 6 

6 6 

8 8 

7 7 

9 9 

6 6 

6 6 

6 6 

6 6 

5 5 

1 1 

1 1 

1 1 

26 6 

1 1 

26 6 

16 6 

5 5 

1 1 

1 1 

1 1 

26 6 

1 1 

26 6 

16 6 

5 5 

38 8 

39 9 

33 3 

NNTSS = Number needed to screen to detect one patient with cancer. 
NDD = Total number of cancer patients detected by extensive screening in the cohort. 
NHH = Total number of patients evaluated further because of an, eventually, benign condition 

inn the cohort. 
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NumberNumber needed to screen analysis 
Thee results of the NNTS and NH analysis are summarized in Table 1. 
Mostt cancers were detected by means of abdominal/pelvic CT with a low figure 
off  false-positive cases. 
Becausee most cancers were detected by abdominal/pelvic CT, it was combined 
withh most other diagnostic modalities. The addition of a abdominal/pelvic US or 
aa gastroscopy to abdominal/pelvic CT yielded no additional cases, so we did not 
evaluatee those combinations. The lowest NNTS (7.6) was achieved by the 
combinationn of abdominal/pelvic CT, mammography, sputum cytology and 
tumorr markers. Unfortunately for every cancer patient detected two patients 
weree evaluated further for, eventually, a benign condition. 
Thiss problem occurred in all strategies that included tumor markers. The NNTS 
off  the combination abdominal/pelvic CT and colonoscopy was 9.0 with a NH of 
5.. Part of the NH in this strategy is due to patients with a possible pre-malignant 
conditionn (tubular adenoma). Because of the radiation toxicity an 
abdominal/pelvicc ultrasound may be preferred over an abdominal/pelvic CT. 
Thiss is why it was combined with the other tests. It appeared that strategies 
usingg abdominal/pelvic US yielded a higher NNTS in comparison to those using 
abdominal/pelvicc CT, as did the strategies using only tumor markers. 
Thee number harmed by the strategies involving tumor markers was 2 to 6.6 
timess the number of detected cancer patients. 

CostsCosts analysis 
Thee costs per strategy varied between € 10,547 for tumor markers without PSA 
andd € 61,608 for abdominal/pelvic US combined with colonoscopy. 
Thee lowest costs per detected cancer was achieved with the performance of a 
tumorr markers (€ 2,003), while the highest costs per detected cancer were 
reachedd by the combination of abdominal/pelvic US with colonoscopy 
(€€ 10,268). These high costs were due to the low number of detected cancer 
patientss and the high costs of the investigations. The costs per detected cancer 
patient,, for strategies that included abdominal/pelvic US were at least € 4,262. 
Alll  strategies using FOBT showed a substantial increase in costs due to the high 
ratee of false positive results and the subsequent (expensive) investigations. The 
strategiess that included colonoscopy were substantially more costly, while 
strategiess that included abdominal/pelvic CT rather than US were substantially 
lesss costly per cancer patient detected. 
Abdominal/pelvicc CT was second best as far as the costs are concerned 
(€€ 2,016), and had a low NH. The addition of mammography or sputum 
cytologyy to abdominal/pelvic CT did not result in a substantial increase of the 
costss (€ 108 respectively € 280). 
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Tablee 2. Costs of the investigations (in Euro, as ordered by the 
Dutchh Committee Tariffs Healthcare, 2001) 

Computer-tomographyy (CT)- chest 209 

CT-- abdomen and pelvis 182 

Ultrasoundd (US) abdomen and pelvis 249 

USS prostate 63 

X-rayy mamma 68 

X-rayy colon 182 

Colonoscopyy 363 

Sigmoidoscopyy 315 

Gastroscopyy 321 

Consultationn gynecologist 54 

Cytologicall  investigation of sputum 45 

PSAA 8 

CEA,, CA-125, Alfa-foetoproteine 28 

FQBTT 3_ 

Biopsies s 

Bronchuss 441 

Colonn 45 

Liverr (US guided) 171 

Mammaa (US guided) 129 

Pleuraa 472 

Prostatee (US guided) 141 

Uteruss (US guided) 189 

Cost-effectivenessCost-effectiveness analysis 
Thee life expectancy of all cancer patients in the extensively screened group 
wouldd be 214 years (15.3 years per patient) if they would not have had cancer. 
Inn the control group this figure was 112 years (11.2 years per patient). 
Duee to the malignant disease and taking into account the chance of curative 
treatment,, the life-expectancy declined to 127 years (9.1 per patient) in the 
extensivelyy screened group and to 31.0 (3.1 per patient) in the control group. 
Thee LYL per cancer patient for the various strategies in the extensively screened 
groupp varied between 6.2 and 7.1 compared to 8.1 in the control group. 
Thee LYG varied for the different strategies between 5 and 25 years (Table 4). 
Thee costs per LYG varied between € 1,444 (abdominal/pelvic CT, 
mammography,, sputum cytology, markers) and € 7,269 (abdominal/pelvic US, 
colonoscopy). . 
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Tablee 3. True positive and false positive results of each test in the 99 extensively 
screenedd patients. 

Testt  True positive False Positive 

Ultrasoundd abdomen and pelvis 

CTT abdomen and pelvis 

Gastroscopyy or double contrast 

bariumm swallowing 

Colonoscopyy or sigmoidoscopy 

followedd by barium enema 

Mammography y 

Gynecologicall  examination 

Sputumm cytology 

CEA.. CA-125. a-FP. PSA 

andd FOBT 

CEA.. CA-125. a-FP. PSA 

CEA.. CA-125. a-FP 

PSA A 

FOBT T 

CEA A 

CA-125 5 

A-FP P 

55 (Adrenal, prostate, ovarian, renal and 1 (Myoma uteri) 

endometriall  cancer) 

100 (Adrenal, 2x bladder, liver, lung, 

prostate,, renal and endometrial cancer 

11 (gastric cancer) 

11 (colon cancer) 

11 (breast cancer) 

11 (endometrial cancer) 

11 (lung cancer) 

66 (colon, gastric, liver ovarian, prostate 

andd endometrial cancer) 

66 (colon, gastric, liver, ovarian, prostate 

andd endometrial cancer) 

55 (colon, gastric, liver, ovarian and 

endometriall  cancer) 

11 (prostate cancer) 

11 (colon cancer) 

22 (colon and gastric cancer) 

22 (ovarian and endometrial cancer) 

11 (gastric and liver cancer) 

11 (Myoma uteri) 

22 (Barret 1. 

Refluxx 1) 

33 (tubular 

adenomas) ) 

0 0 

0 0 

43 3 

29 9 

20 0 

6 6 

14 4 

8 8 

10 0 

5 5 

**  = 3 tubular adenomas of the colon. 

Inn 1 patient the FOBT and CEA were both positive. In another CEA and CA-125 were both positive. 

Yett another had elevated CEA and a-FP. 
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Tablee 4. Total costs, costs per detected cancer patient, life years gained, 
incrementall  costs and number of false positive test results per strategy. 

Strategie e Costs// ND Costs/ LYG Costs/ Incremental NFP 
Strategyy patient LYG costs * 

detected d 

Echoo abd/pelv + mammo + sput cyt 

CEA.CA-125.a-FP P 

Echoo abd/pelv + Colonoscopy 

Echoo abd/pelv + FOBT 

Echoo abd/pelv 

CEA.. CA-125. a-FP. PSA. FOBT 

CEA.. CA-125. a-FP. PSA 

Echoo abd/pelv+ sput cyt 

Echoo abd/pelv -t- mammo 

Echoo abd/pelv + mammo + sput cyt 

++ markers 

CTT abd/pelv 

CTabd/pelvv + sput cyt 

Echoo abd/pelv + markers 

CTT abd/pelv + mammo 

CTT abdomen and pelvis + 
Coloscopy y 

CTT abd/pelv + markers (+ PSA) 

CTT abd/pelv + FOBT 

CTT abd/pelv + mammo + sput cyt 
CTT + mammo+ sput cyt + markers + 
FOBT T 
CTT abd/pelv  mammo +sput cyt + 
markers s 

33,788 8 

10.547 7 

61,608 8 

35,733 3 

25,488 8 

19.123 3 

12.017 7 

30,586 6 

28,691 1 

41,285 5 

20.159 9 

25,256 6 

34,099 9 

23.361 1 

56.547 7 

28.064 4 

30.403 3 

28,458 8 

45,354 4 

35,956 6 

7 7 

5 5 

6 6 

6 6 

5 5 

6 6 

6 6 

6 6 

6 6 

9 9 

10 0 

11 1 

8 8 

11 1 

11 1 

10 0 

11 1 

12 2 

13 3 

13 3 

4.827 7 

2.109 9 

10.268 8 

5,956 6 

5,098 8 

3.187 7 

2,003 3 

5,098 8 

4.782 2 

4,587 7 

2,016 6 

2,296 6 

4,262 2 

2,124 4 

5.141 1 

2,806 6 

2,764 4 

2,372 2 

3,489 9 

2,766 6 

5 5 

7 7 

8 8 

8 8 

8 8 

8 8 

8 8 

9 9 

10 0 

10 0 

10 0 

12 2 

14 4 

15 5 

17 7 

17 7 

17 7 

17 7 

25 5 

25 5 

6.185 5 

1.507 7 

7.269 9 

4,216 6 

3.210 0 

2.447 7 

1.538 8 

3,577 7 

2,897 7 

3.951 1 

1.935 5 

2.046 6 

2,360 0 

1.576 6 

3.358 8 

1.667 7 

1.806 6 

1,662 2 

1.821 1 

1,444 4 

1,507 7 

1,753 3 

3.522 2 

860 0 

2.301 1 

980 0 

33 3 

5 5 

16 6 

1 1 

38 8 

39 9 

26 6 

26 6 

1 1 

5 5 

26 6 

16 6 

1 1 

33 3 

26 6 

CTT Thorax abd/pelv # 

CTT Thorax abd/pelv+ mammo # 

41,7066 12 3,476 13 3.098 

44,9088 13 3,454 19 2,421 

NDD = Total number of cancer patients detected by extensive screening in the cohort of 99 patients. 

LYGG = Live years gained 

NFPP = Number of false positive patients 

**  - Indicates that the strategy is dominated by a strategy that resulted in an equal or higher LYG, 

butt is less costly. 

## These strategies were only included in the additional analysis because they were not used 

inn the SOM IT study. 
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Ass can be appreciated from Table 4, strategies that included US, FOBT and/or 
colonoscopyy were always dominated. The determination of tumor markers 
seemedd to be cost effective although accompanied by a high rate of false 
positivee results. Strategies including the abdominal/pelvic CT led to the most 
LYG,, at acceptable costs per LYG and an acceptable incremental 
cost-effectiveness. . 
Mostt attractive strategy seemed to be the abdominal/pelvic CT combined with 
mammographyy and sputum cytology at the cost of € 1,662 per LYG and 
onlyy one false positive result. 

AdditionalAdditional analysis 
Forr the latter strategy (abdominal/pelvic CT combined with mammography and 
sputumm cytology) an additional analysis was performed. If the true costs of that 
strategyy would increase by 50%, due to false positive test results, the 
cost-effectivenesss ratio would increase to € 2,493. Furthermore, if the LYG 
wouldd decrease by 50% due to a lower prevalence of cancer in the population, 
aa lower sensitivity of the screening test used, due to morbidity induced by false 
positivee test results, or any combination of these, the cost-effectiveness ratio still 
wouldd be € 4,985 per LYG. 
Replacingg the sputum cytology by CT chest in this strategy would increase the 
costs-effectivenesss ratio from € 1,662 to € 2,421. 

Discussion Discussion 

Thiss decision analysis shows that extensive screening for cancer in patients with 
IVTEE has the potential to be cost-effective. In particular, the abdominal/pelvic 
CT,, with or without mammography and/or sputum cytology, seems an attractive 
strategy.. All other strategies performed less either because of a higher NNTS 
orr a higher NH, especially strategies that included US, FOBT or colonoscopy. 
Thee costs for the most attractive strategy, the abdominal/pelvic CT combined 
withh mammography and sputum cytology, would be € 1,662 in order to achieve 
onee LYG in this population. Compared to the costs per LYG in other cancer 
screeningg programs (median approximately $ 15,000 = € 16,129) these costs 
seemm to be very reasonable.21'22,23 

Inn addition, we hypothesized about the usefulness of a CT of the chest instead of 
sputumm cytology. Assuming the CT-chest would have the same sensitivity and 
specificityy as the sputum cytology, the costs per LYG would be € 2,421. 
Thee CT-chest is likely to be more sensitive and specific for the detection of lung 
cancerss than sputum cytology, although thus far, this has not been properly 
investigated.. Furthermore this strategy has the potential advantage of detecting 
otherr malignancies in the chest as well. 
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Somee important limitations of our analyses have to be acknowledged. 
FirstFirst of all, due to circumstances explained in greater detail elsewhere, 
thee SOMIT-study was stopped prematurely and included only a total of 201 
patients.. Although there was a difference in mortality favoring the screening 
group,, this difference was not statistically significant. 
Thee LYG we used for our analysis were based on estimates, founded on recent 
literature,, taking into account the chance of curative treatment and life 
expectancyy without cancer, which exceeded the horizon of the SOMIT study 
(22 years). Moreover, we made the following assumptions. Again, based on the 
literature,, we started from the premise that patients with stage IV cancer would 
livee another year. Furthermore, the life expectancy of patients in the extensive 
screeningg group whose cancer was not detected was considered to be the mean 
lif ee expectancy of those in the control group. Therefore, the results of this 
decisionn analysis should be considered exploratory. 
However,, the results of the 2 years follow-up data of the SOMIT-study are in 
linee with the results of the LYG per patient in the present analyses. 
Inn particular concerning the patients with a high chance (>75%) of curative 
treatment. . 
Furthermore,, the sensitivity of the screening method(s) is based on only a 
limitedd number of patients with detected cancer. 
Hence,, there is a great uncertainty about the true sensitivity in each of the 
strategiess studied. However, even with a decrease of sensitivity to 50% and an 
increasee of the costs of 50%, the cost-effectiveness ratio of the abdominal/pelvic 
CTT combined with mammography and sputum cytology remains within 
acceptablee margins. 
Finally,, the use of resources was based on clinical practice and costs were based 
onn fees rather than real life costs. However, we believe that the influence on the 
finalfinal cost-effectiveness will be small, since the focus of our analyses was on the 
costss and cost-effectiveness of the screening for, rather than the costs of the 
treatmentt of, cancer among patients with IVTE. 
Ourr decision analysis indicates that extensive screening for cancer in patients 
withh IVTE, in particular strategies combining computer tomography and 
mammography,, results in a high yield of detected cancer patients, a low number 
off  patients harmed, at acceptable cost per life years gained. 
However,, it still remains to be confirmed if it is indeed cost-effective and 
reducess mortality. These results warrant a large trial. Considering the difficulties 
becausee of the randomized design of the SOMIT study, the study would have to 
bee a large prospective, cohort follow-up project. 
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Summary Summary 

Variouss experimental studies have shown that tumor development and 
metastasiss can be inhibited by anticoagulants, including vitamin K-antagonists. 
However,, it is still a matter of debate whether anticoagulant treatment also 
affectss cancer progression in man. 
Wee systematically reviewed all published clinical reports concerning effects of 
vitaminn K-antagonists, as compared to no or placebo treatment on survival of 
cancerr patients. 
Beforee analysis, studies were classified on methodological strength, to avoid the 
potentiall  for bias. One-year mortality rates were extracted or calculated. 
Fivee randomized studies and one prospective, non-randomized study that 
reportedd effects of vitamin K-antagonists on survival of patients with various 
typess of cancer were included in the analysis. 
AA subgroup analysis was performed to evaluate whether vitamin K-antagonists 
havee differential effects in diverse types of cancer. 
Althoughh a non-statistically significant trend towards mortality reduction was 
observedd in the subgroup of patients with small cell lung carcinoma (SCLC), the 
resultss do not provide sufficient evidence to warrant treatment with vitamin K-
antagonistss in patients with cancer with the aim of improving survival. 
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Introduction Introduction 

Venouss thromboembolism is a recognized complication of malignancy.1 

Evenn in the absence of clinically evident thrombotic disease, cancer patients 
commonlyy have laboratory signs of coagulation activation.2,3 

Thee biologic significance of this activation in cancer patients is not clear, 
butt experimental and pathological studies have indicated that the hemostatic 
systemm may play a crucial role in cancer spread.4"9 Hence, it has been postulated 
thatt anticoagulant agents, such as vitamin K-antagonists and heparins, platelet 
aggregationn inhibitors and agents that affect fibrinolysis may inhibit progression 
off  malignancy. Indeed, various experimental studies have shown that tumor 
growthh and metastasis can be inhibited by anticoagulants. 
However,, it is still a matter of debate whether anticoagulant treatment also 
affectt cancer progression in man. Thus far, various clinical studies have 
evaluatedd effects of anticoagulant treatment on survival of cancer patients, 
butt most of these studies are methodologically imperfect and, therefore, 
doo not allow for definitive conclusions. To estimate the effects of anticoagulant 
treatmentt on survival, the analysis should be limited to investigations with a 
minimall  of bias. In a recent systematic review of effects of unfractionated 
heparinn on survival of cancer patients, we first categorized studies according to 
theirr methodological strength.15 When limited to the strongest studies, 
thee results did not reveal convincing evidence that unfractionated heparin affects 
survivall  of patients with malignancy. 
Too address the issue whether and to what extent vitamin K-antagonists affect 
survivall  of cancer patients, we performed a similar analysis of all available 
clinicall  studies that reported effects of vitamin K-antagonists, in comparison 
withh placebo or no treatment on mortality of cancer patients. 

Methods Methods 

SelectionSelection of studies 
Too identify eligible reports in which effects on survival of patients with cancer 
off  vitamin K-antagonists versus placebo or no treatment were evaluated, 
aa computer-assisted search in Medline, Embase and Current Contents databases 
wass performed over the period 1966-1999. Terms that were used for the search 
weree both MESH terms and text words 'coumarins', 'warfarin', 'vitamin K-
antagonists',, or 'oral anticoagulants', in combination with 'neoplasms', 'cancer' 
andd 'survival'. All titles and abstracts of the selected studies were screened for 
controlledd clinical trials investigating effects of vitamin K-antagonists, as 
comparedd to placebo or no (additional) treatment on survival of patients with 
malignancy.. The references of all articles were cross-checked to identify 
additionall  papers. When studies reported incomplete data, the authors were 
contactedd to retrieve additional information, if available. 
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QualityQuality assessment of studies 
Potentiallyy eligible studies were evaluated independently by two authors for 
methodologicall  strength. Studies were classified as level 1 when: 
(1)) the study was properly randomized; (2) the study groups were treated 
equallyy besides intervention; (3) dosage and duration of anticoagulant treatment 
wass specified and (4) the follow-up was complete. Studies which were non-
randomizedd but fulfilled criteria 2, 3 and 4 were classified as level 2 studies. 
Otherr studies, i.e. cohort studies or not appropriately controlled studies were 
excludedd from the analysis. 

DataData extraction and statistical analysis 
Fromm all level 1 and level 2 studies, the one-year total-mortality rates were 
extractedd or calculated. The follow up was limited to this one-year mortality to 
alloww for a uniform assessment of the effects of vitamin K-antagonists across all 
studies.. Odds ratios for patients treated with vitamin K-antagonists or placebo/ 
noo (additional) treatment were calculated separately for each study and then 
pooledd over the studies using the Mantel-Haenszel method when appropriate.16 

AA statistical test of homogeneity was used to decide whether trials could be 
combined.. The test analyzes whether differences in effects of treatment over 
individuall  trials are consistent with natural variations around a constant effect. 
One-yearr survival rates of patients with either small cell lung cancer (SCLC) or 
colorectall  cancer were also analyzed separately in level 1 studies. 

Results Results 

Thee initial literature search identified 19 articles that reported effects of vitamin 
K-antagonistss on survival of cancer patients. Five studies fulfilled the criteria 
forr level 117"21 whereas one study was classified as level 2.22 

Alll  other investigations were excluded from further analysis because they were 
cohortt studies,23"27 lacked appropriate control groups, i.e. the study groups were 
nott equally treated besides intervention with vitamin K-antagonists28"32 used a 
mixturee of anticoagulant agents, which precluded the analysis of effects of 
vitaminn K-antagonists alone,33 or were published in part elsewhere.2034 

Thee details of level 1 and 2 studies are presented in Table 1. 
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Tablee 1. Characteristics of level 1 and level 2 studies on effects of vitamin K-
antagonistss on one-year mortality of patientss with various types of 
cancer r 

Ref. . 

levellevel 1 
21 1 

20 0 

18 8 

19 9 

17 7 

levellevel 2 
22 2 

Typee of 
cancer r 

SCLC C 

SCLC C 

NSCLC C 

NSCLC, , 
'curative' ' 

Colorectal l 
cancer r 

Prostate e 
cancer r 

Headd and 
Neckk cancer 

SCLC C 

Breast t 
cancer r 

Colorectal l 
cancer r 

Various s 
types s 

Numberr  of 
patients s 

347 7 

50 0 

194 4 

41 1 

68 8 

24 4 

41 1 

189 9 

311 1 

178 8 

128 8 

Intervention n 

CT11 and RT2 

warfarinn during CT and 
RT, , 
PTTT 1.4-1.6 
CTT and RT 
warfarinn continued 
indefinite, , 
2-33 x start PTT 
CT T 
warfarinn continued 
indefinite, , 
2-33 x start PTT 
RT T 
warfarinn continued 
indefinite, , 
2-33 x start PTT 
CT T 
warfarinn continued 

indefinite,, 2-3 x start 
PTT T 

HT3 3 

warfarinn continued 
indefinite, , 
2-33 x start PTT 
CT T 
warfarinn continued 
indefinite, , 
2-33 x start PTT 
CT T 
warfarinn during CT, 
1.5-2xx start PTT 
CT T 
warfarinn during CT, 
66 weeks lmg daily, then 

INRR 1.3-1.9 
warfarinn for 2 years, 
22 x start PTT 

warfarinn continued 
indefinite, , 
2xx start PTT 

Control l 

CTand d 
RT T 

CTand d 
RT T 

CT T 

RT T 

CT T 

HT T 

CT T 

CT T 

CT T 
placebo o 

no o 
treatment t 

no o 
treatment t 

FollowFollow up 

Att least 100 months 
mediann survival 

Att least 135 weeks 
mediann survival 

Att least 135 weeks 
mediann survival 

Att least 135 weeks 
mediann survival 

Att least 135 weeks 
mediann survival 

Att least 135 weeks 
mediann survival 

Att least 135 weeks 
mediann survival 

Att least 30 months 
mediann survival 

Att least 15 months 

Att least 72 months 

Att least 24 months 
mediann survival 

CT,, chemotherapy 
:: RT, radiotherapy 
33 HT, hormone therapy 

EffectsEffects of Vitamin K-antagonist on survival of cancer patients 87 7 



LevelLevel 1 studies 
Fivee randomized studies were found that evaluated effects of vitamin K-
antagonistss versus placebo or no treatment on survival of cancer patients. 
AA total of 1443 patients were included in these studies, 725 patients received 
vitaminn K-antagonists, and 718 patients belonged to the control group. 
Inn the study of Zacharski et al., patients with various types of cancer were 
includedd and divided in categories, including (1) limited or disseminated SCLC, 
(2)) limited or disseminated non-small cell lung cancer (NSCLC), (3) NSCLC 
withoutt evidence of disseminated disease, following 'curative' surgery or 
radiationn therapy, (4) disseminated or local recurrence of colorectal cancer, 
(5)) disseminated prostate cancer, and (6) head and neck cancer with recurrent or 
progressivee disease following adequate primary treatment.20 

Patientss in the active treatment arm received therapeutic dosages of warfarin in 
additionn to conventional therapy for the respective malignancies. In this study, 
warfarinn treatment was maintained lifelong. 
Inn the study of Daly et al.,17 patients with resectable colon cancer (Dukes B or 
C)) were randomized after resection to therapeutic dosages of warfarin for a 
periodd of 2 years or no anticoagulant therapy. Neither group received 
chemotherapy. . 
Inn the other 3 studies, patients received lower dosages of warfarin with a target 
prolongationn of the international normalized ratio (INR) of 1.3-1.9 19, or a 
prolongationn of the prothrombin time of 1.4-1.6 or 1.5-2 x, respectively.18'"1 

Warfarinn was given throughout courses of chemotherapy to patients in the active 
treatmentt arm, whereas control patients received placebo or no additional 
treatmentt to chemotherapy (Table 1). In the studies of Maurer et al.21 and 
Chahiniann et al. , effects of warfarin in addition to chemotherapy were studied 
onn survival of patients with limited SCLC or extensive SCLC, respectively. 
Inn the study of Levine et al.19, the initial study question pertained to the efficacy 
off  low dose-warfarin in terms of reduction in venous thromboembolic compli-
cationss during chemotherapy for metastatic breast cancer. As a consequence of 
variabilityy in the frequency and duration of chemotherapy for the respective 
malignanciess in the studies, the duration of warfarin treatment varied. 
Thee overall one-year mortality of cancer patients in level 1 studies was not 
significantlyy affected by vitamin K-antagonists. The calculated common odds 
ratioo was 0.89 (95% CI: 0.70-1.13, Table 2). As discussed, the duration and 
intensityy of warfarin treatment varied among the level 1 studies, but a 
correlationn between the outcome of the studies and these factors could not be 
observed.. Therapeutic dosages of warfarin or continuous treatment did not have 
anyy effect on survival. 
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Tablee 2. One-year mortality rates of patients with various types of cancer, 
whoo received either vitamin K-antagonists or no (additional) therapy or 
placeboo treatment in level 1 studies 

Ref. . 

21 1 

20 0 

19 9 

17 7 

18 8 

All l 

Typee of malignancy 

SCLC C 

SCLC C 

NSCLC C 

NSCLC,, 'curative' 

Colorectall  cancer 

Prostatee cancer 

Headd and Neck cancer 

Breastt cancer 

Colorectall  cancer 

SCLC C 

OAC C 

(n=725) ) 

43/178 8 

15/25 5 

77/96 6 

3/21 1 

20/34 4 

5/14 4 

17/20 0 

58/152 2 

9/82 2 

75/103 3 

322/725 5 

noo OAC 

(n=718) ) 

47/169 9 

21/25 5 

78/98 8 

6/20 0 

18/34 4 

3/10 0 

14/21 1 

64/159 9 

7/96 6 

69/86 6 

327/718 8 

ORR (95% CI) 

0.833 (0.50-1.38) 

0.29(0.06-1.26) ) 

1.04(0.48-2.24) ) 

0.399 (0.06-2.27) 

1.27(0.44-3.69) ) 

1.30(0.17-11.2) ) 

2.83(0.51-19.7) ) 

0.92(0.57-1.48) ) 

1.57(0.49-5.20) ) 

0.66(0.31-1.38) ) 

0.89(0.70-1.13) ) 

(Testt for heterogeneity: p= 0.41) 

Thee effects of treatment with vitamin K-antagonists on one-year mortality were 
alsoo analyzed separately for patients with either SCLC or colon cancer. 
Inn the subgroup of patients with SCLC, the common odds ratio for one-year 
mortalityy of warfarin as compared to no additional treatment to chemotherapy 
wass 0.72 (95% CI: 0.44-1.16) in favor of warfarin (Table 3). 

Tablee 3. One-year mortality rates of patients with SCLC who received either 
vitaminn K-antagonists in addition to conventional therapy or no 
additionall  therapy in level 1 studies 

Reference e 

Maurerr et al.21 

Zacharskii  et 

al.20 0 

Chahiniann et 

al.18 8 

All l 

OAC C 

(n=306) ) 

43/178 8 

15/25 5 

75/103 3 

133/306 6 

noo OAC 

(n=280) ) 

47/169 9 

21/25 5 

69/86 6 

137/280 0 

ORR (95% CI) 

0.83(0.50-1.38) ) 

0.29(0.06-1.26) ) 

0.66(0.31-1.38) ) 

0.722 (0.44-1.16) 
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Thee calculated odds ratio for one-year mortality was 1.40 (95% CI: 0.65-3.00) 
forr patients with colorectal cancer, in favor of no additive treatment (Table 4). 

Tablee 4. One-year mortality rates of patients with colorectal cancer who 
receivedd either vitamin K-antagonists or no (additional) therapy 
inn level 1 studies 

Referencee OAC noOAC OR (95% CI) 

(n=116)) (n=130) 

Zacharskii  et 

al.2" " 

Dalyr r 

All l 

20/34 4 

9/82 2 

29/116 6 

18/34 4 

7/96 6 

25/130 0 

1.27(0.44-3.69) ) 

1.57(0.49-5.20) ) 

1.44 (0.65-3.00) 

LevelLevel 2 studies 
Onee prospective, non-randomized study evaluated effects of oral anticoagulant 
treatmentt on survival of patients with various types of cancer. 
Eachh alternate patient with the same type of malignancy received warfarin in 
therapeuticc dosages in addition to conventional anticancer therapy, with a target 
prothrombinn time that was double the normal control prothrombin time. 
Warfarinn treatment was continued lifelong. 
AA total of 128 patients were included, distribution of patient-characteristics 
amongg the 2 study groups was not reported. The odds ratio for one year 
mortalityy was 0.23 (95% CI: 0.09-0.54) (Table 5). 

Tablee 5. One-year mortality rates of patients with various types of cancer, 
whoo received either vitamin K-antagonists or no additional therapy to 
conventiall  therapy in level 2 studies 

Referencee Type of malignancy OAC no OAC OR (95% CI) 

Thornes""  Various types 32/64 52/64 0.23 (0.09-0.54) 
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Discussion Discussion 

Despitee an abundance of experimental studies which have indicated inhibitory 
effectss of vitamin K-antagonists on cancer progression, 1(M335~41 the present 
analysiss of clinical trials, including 1443 patients, does not reveal a clear effect 
off  vitamin K-antagonists on one year survival of patients with malignancy 
(ORR 0.89; 95% CI 0.70-1.13). We purposely limited our analysis to one year 
survivall  and methodologically more rigorous studies, in order to limit the 
potentiall  for bias. Interestingly, the only level 2 study that was included in this 
revieww revealed a clear positive effect in a modestlyy sized study of 128 patients 
(ORR 0.23; 95% CI 0.09-0.54). 
Thiss observation is in agreement with our earlier analysis of the effects of 
unfractionatedd heparin on survival of cancer patients.15 

Itt illustrates the importance of a priori assessment of methodological quality, 
becausee studies using less rigorously validated methods usually overestimate 
possiblee effects.42,43 

AA potential confounder in our analysis is the intensity and duration of warfarin 
treatment.. We limited our analysis to one year, although the duration of warfarin 
treatmentt varied from several months to indefinite. In three studies, the intensity 
off  warfarin treatment was sub-therapeutic, whereas therapeutic doses were 
givenn to patients in thee other two level 1 trials. 
Althoughh we were unable to formally analyze the influence of duration and 
intensityy of treatment on survival, there was no obvious difference in the 
outcomee of these two groups of studies. In addition, in those studies in which 
anticoagulantt treatment was continued for at least 2 years, no clear benefit of 
prolongedd warfarin exposure was reported, except in the subgroup of patients 
withh SCLC.17'20 

Thesee findings support the conclusion that vitamin K-antagonists are unlikely to 
affectt overall survival of cancer patients. 
Too evaluate whether vitamin K-antagonists have differential effects in various 
typess of cancer, we performed a subgroup analysis of the level 1 studies and 
separatedd SCLC from colorectal cancer. In the subgroup of SCLC, a trend to 
mortalityy reduction of approx. 30% was found in warfarin-treated patients after 
onee year of follow up, although the results were not statistically significant. 
Interestingly,, these findings are comparable to effects of unfractionated heparin 
onn SCLC. In a randomized study, including 277 patients with SCLC who 
receivedd either therapeutic dosages of unfractionated heparin or no additive 
treatmentt to chemotherapy, a similar trend to mortality reduction was observed 
inn heparin-treated patients.15'44 
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Despitee the limited number of patients included in the studies, our subgroup 
analysiss also indicates that there is no convincing evidence of any beneficial 
effectt of vitamin K-antagonists on other types of malignancy, in particular 
colorectall  cancer (Table 4). It has previously been suggested that coagulation 
activationn and fibrin formation play a major role in SCLC, whereas this may be 
lesss apparent for other types of malignancy such as colorectal cancer.45 

Nevertheless,, before anticoagulants such as vitamin K-antagonists or heparin 
cann be recommended in SCLC, a more definitive study is mandatory in this 
subgroup. . 

Inn conclusion, this systematic review does not provide sufficient evidence to 
warrantt treatment with vitamin K-antagonists in patients with cancer with the 
aimm of improving survival. 
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Abstract Abstract 

Proteinasess such as urokinase-type plasminogen activator (u-PA) and matrix 
metalloproteinasess (MMPs) are considered to play essential roles in degradation 
off  the extracellular matrix during invasion and metastasis of cancer. 
However,, most if not all studies were based on either the localization of their 
mRNAss by in situ hybridization, the localization of their protein molecules by 
immunohistochemistryy and/or determination of their activity by zymography of 
tumorr homogenates. 
Inn the present study, immunohistochemical localization of u-PA, MMP-2 and 
MMP-99 (gelatinases A and B) was applied in combination with a recently 
developedd in situ zymography approach to localize their activity in metastases 
off  colon cancer in mouse liver. Mouse colon cancer cells (MCA-38) were 
administeredd into the portal vein of C57bl/6 mice. 
Threee weeks after inoculation, cancer metastases had developed in the livers. 
Tumorss were poorly differentiated and poorly vascularized. 
U-PAA was found in endothelial cells within the tumors, MMP-2 protein was 
localizedd in intratumoral stroma and MMP-9 protein was present in monocytes 
orr macrophages in liver parenchyma and tumors. 
U-PAA activity was localized in endothelial cells in the tumors and correlated 
withh the u-PA protein localization. Gelatinase activity was detected at the sites 
wheree MMP-2 protein was found. 
Inn conclusion, u-PA and MMP-2 but not MMP-9 were present in active forms in 
metastasess of colon cancer in mouse liver and their localization patterns suggest 
involvementt in degradation of the extracellular matrix (ECM) in relation to 
angiogenesiss (u-PA) and development of the tumors (MMP-2). 
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Introduction Introduction 

Degradationn of the extracellular matrix (ECM) by proteolytic enzymes is 
thoughtt to play a crucial role in tumor invasion, metastasis and angiogenesis.1'2 

Variouss proteolytic enzymes, including serine proteinases, MMPs, and cysteine 
proteinases,, have been reported to be involved in degradation of the ECM, 
facilitatingg migration and proliferation of cancer cells.2"8 

Thee cysteine proteinase cathepsin B, the serine protease u-PA, and the 
gelatinasess A and B (MMP-2 and MMP-9, respectively) are considered to be 
involvedd in the breakdown of ECM in tumors.9"14 However, the role of cathepsin 
BB does not seem to be essential in these processes and its role can be performed 
byy other proteinases when its activity is blocked.8'15 

Activatedd u-PA is able to convert enzymatically inactive plasminogen into 
plasmin,, which can degrade most proteins of the ECM and can convert inactive 
proMMPss into active MMPs. 11121617 An important component of basement 
membranes,, collagen type IV, can be degraded by MMP-2 and MMP-9.18 

Degradationn of basement membranes is particularly important in malignancy.19"21 

MMPP expression is not restricted to cancer cells but can also be found in stromal 
cellss in tumors, as has been demonstrated by immunohistochemical studies.22,23 

Inn most if not all studies, the relation between proteinases and invasion and 
metastasiss of cancer was established by either localization of the proteins or its 
mRNAA using immunohistochemistry and/or in situ hybridization, respectively, 
orr zymography of the proteinases, be it in active or inactive forms, in tumor 
homogenates.. The conflicting results of the application of proteinase inhibitors 
inn experimental and clinical studies clearly demonstrate the complexity of the 
involvementt of proteases in cancer development.8'14'15'24"26 

Localizationn of activity of specific proteinases in relation with tumor 
progressionn would provide insight in the functional involvement of the 
proteinases. . 

Therefore,, the present study was designed to localize the proteins of u-PA, 
MMP-22 and MMP-9 by immunohistochemistry and in parallel their activity 
withh a newly developed in situ zymography approach in experimentally induced 
colonn cancer metastasis in mouse liver. 
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MaterialsMaterials  and Methods 

Animals Animals 
Twelvee adult male C57M/6 mice (Charles River, Maastricht, The Netherlands) 
withh a body weight of approximately 25 g were maintained for a week under 
constantt environmental conditions with free access to food and water, 
beforee the experiments were carried out. 

CancerCancer cells 
Ann established colon carcinoma cell line, MCA-38 (generously provided by 
Dr.. E. Nelson, National Cancer Institute, Frederick MD), was used. 
Thee cells were cultured at 37°C as monolayers in RPMI 1640 medium Dutch 
modificationn without L-glutamine (GIBCO/BRL, Grand Island, NY) 
supplementedd with 10% (v/v) fetal bovine serum, 2 mM L-glutamine, 
11 mM sodium pyruvate, 10 mM HEPES, 0.1 mM non-essential amino acids for 
minimumm essential medium Eagle (mem AA), 0.001% (v/v) p-mercaptoethanol, 
1000 IU penicillin/ml and 100 mg streptomycin/ml. Cells were cultured to 70% 
confluency,, washed with phosphate buffered saline (PBS), detached by using 
0.05%% (w/v) trypsin and 0.02% (w/v) ethyldiaminetetraacetic acid (EDTA) 
inn PBS and spun down (250 g, room temperature, 10 min). 
Singlee cell suspensions were obtained with a viability of at least 95%. 

Surgery Surgery 
AA small midline incision was made in the abdominal wall of mice under 
anesthesiaa with FFM mix (1 ml Hypnorm, 1 ml Midazolam and 2 ml water, 
0.077 ml/10 g body weight, intraperitoneally). Suspensions of 1 x 10s, 2 x 105 

orr 4 x 10' cancer cells in 100 ul PBS were administered into the portal vein of 
thee mice with a 30-gauge needle.27"30 

Thee portal vein was closed by treatment of the incision with an aqueous solution 
off  thrombin (Central Laboratory of the Netherlands Red Cross Blood 
Transfusionn Service, Amsterdam, The Netherlands) using a cotton bud. 
Thee abdomen was closed by means of 5-0 Ethylene suture. 
Afterr three weeks, the mice were sacrificed with a heart punction after being 
anaesthetizedd with an overdose of FFM mix (0.1 ml/10 g body weight, 
intraperitoneally). . 
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TissueTissue preparation and storage 
Liverss were removed immediately and the surfaces of the liver lobes were 
carefullyy examined for the presence of tumors. Livers were cut into small cubic 
blockss (5 mm thick). Some tumors were isolated. 
Mostt of the liver tissue blocks and metastases were frozen in liquid nitrogen and 
storedd at -80°C until used. Some tissue blocks containing metastases were used 
forr serial sections (8 urn thick), which were cut at a cabinet temp of -25°C using 
aa motor-driven cryostat (Bright, Huntingdon, UK). The tissue blocks that were 
nott frozen in liquid nitrogen were chemically fixed and used for ultrastructural 
investigationss after embedding in Epon. 

Morphology Morphology 
Tissuee preparation for EM. 
Freshh tissue was cut into small cubic blocks, which were immediately fixed in 
MacDowelll  fixative, which consists of 1% (w/v) glutaraldehyde and 4% (w/v) 
paraformaldehydee in 0.1 M cacodylate buffer, pH 7.3, for 3 to 4 days at 4°C. 
Afterr fixation, tissue blocks were washed in 0.1 M cacodylate buffer, pH 7.3, 
forr 30 min at 4°C. Then, tissue blocks were postfixed in 1% osmium tetroxide 
inn 0.1 M cacodylate buffer, pH 7.3, for 1 hr at 4°C, followed by dehydration in 
ann alcohol series at room temp. Finally, tissue blocks were embedded in Epon 
Lxll  12. Polymerization took place for overnight at 40°C and during 48h at 60°C. 
Semithinn sections (1 urn thick) were stained with Richardson's dye and studied 
lightt microscopically. 
Ultrathinn sections were cut on an ultramicrotome (Model II; LKB, Uppsala, 
Sweden)) and were contrasted by staining with uranyl acetate and lead citrate. 
Thee sections were studied with an electron microscope (EM 300; Zeiss, 
Oberkochen,, Germany). 

HistochemicalHistochemical staining of collagen 
Collagenn was stained specifically using Sirius Red F3BA (Chroma, Stuttgart, 
Germany)) dissolved in an aqueous saturated picric acid solution 
ass described before.31 

HistochemicalHistochemical localization of alkaline phosphatase activity 
Alkalinee phosphatase activity was localized to detect endothelial cells in 
capillariess in metastases because these cells contain high levels of alkaline 
phosphatasee activity.32 Alkaline phosphatase activity was demonstrated 
accordingaccording to the indoxyl-tetrazolium salt method of McGardey as modified by 
Vann Noorden and Jonges.33'34 Incubation was performed for 15 min at 37°C. 
Immunohistochemicall  localization of u-PA, MMP-2 and MMP-9 
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Cryostatt sections were air-dried for 1 h at room temp, fixed in acetone for 
55 min, dried for 10 min, and then rinsed in PBS for 15 min. Rabbit polyclonal 
antibodiess against mouse u-PA, MMP-2 and MMP-9 (kindly provided by 
Drr A. Collen, Gaubius laboratory, TNO-PG, Leiden) were diluted 1:25, 1:100 
andd 1:600, respectively, in PBS containing 1% bovine serum albumin (BSA) 
andd were applied for 1 h at 37°C. After rinsing in PBS for 15 min, sections were 
incubatedd with goat anti-rabbit immunoglobulins coupled to peroxidase 
(GARPO;; Dako, Glostrup, Denmark), diluted 1:200 in PBS containing 1% BSA 
andd 10% normal mouse serum (NMS) for 1 h at room temp. Visualization of 
peroxidasee activity was performed by incubating the sections for 10 min at room 
tempp in a solution containing 20 mg 3-amino-9-ethylcarbazole (AEC; Sigma, 
St.Louiss MO) in 5 ml dimethylformamide and 95 ml 50 mM sodium acetate 
bufferr (pH 4.9) and 35 ul 30% (w/v) hydrogen peroxide. 
Then,, sections were rinsed in distilled water, counterstained with haematoxylin 
andd mounted in glycerin-gelatin. Specificity of the immunohistochemical 
proceduress was determined by omitting primary antibodies in the first 
incubationn step. 

InIn situ zymography of caseinolytic activity 
Thee quenched fluorogenic casein-bodipy-Fl substrate (Molecular Probes, 
Portlandd OR) was used to localize caseinolytic activity in cryostat sections. 
Thee principle of the use of casein-bodipy-Fl as substrate for caseinolytic activity 
iss based on the quenched fluorescence of casein-bodipy-Fl that produces FITC 
fluorescencee after cleavage by plasmin, which is the product of u-PA activity 
andd is able to degrade casein. The water-soluble FITC product was kept at the 
sitee where it was produced by the addition of agarose to the incubation medium. 
(Mookk et al., submitted) 
Cryostatt sections were air dried for 5 min at room temp. Casein-bodipy-Fl 
(2000 jig; Molecular Probes) was dissolved in 200 ul sodium bicarbonate buffer 
(pHH 8.3). Then, the substrate was diluted 1:10 (w/v) in a solution of 1% low 
gellingg temperature (LGT) agarose (Sigma) in PBS. Plasminogen (1.1 mg; 
Fluka,, Buchs, Switzerland) was dissolved in 1 ml PBS and diluted 1:12 in the 
substrate-containingg incubation medium. To counterstain cell nuclei, 0.25 ug/ml 
4-6-diamidino-2-phenylindolee (DAPI; Sigma) was added. An aliquot of the 
incubationn medium (60 (al) was placed on top of cryostat sections. After gelling 
off  the agar containing incubation medium at 4°C, incubation was performed in a 
humidifiedd chamber at room temp for 3-5h. 
Thee specificity of the reaction for u-PA activity was determined by adding 
lOmMM amiloride (Sigma) to the incubation medium.435 Fluorescence of 
liberatedd rhodamine due to u-PA activity was detected with a fluorescence 
microscopee with excitation at 540-580 nm and emission at 608-682 nm 
(DMRA;; Leica, Wetzlar, Germany). 
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InIn situ zymography ofgelatinase activity 
Thee principle of the use of DQ-gelatin as substrate for the demonstration of 
gelatinasee activity was similar to that of the detection of caseinolytic activity 
withh casein-bodipy-Fl. Gelatinases are able to degrade DQ-gelatin. 
Cryostatt sections were air-dried for 5 min at room temp. DQ-gelatin (1 mg) 
wass dissolved in 1 ml distilled water. The substrate was then diluted 1:10 in a 
solutionn of 1% (w/v) LGT agarose in PBS. To counterstain cell nuclei 
0.255 ug/ml DAPI was added. An aliquot of the incubation medium (60 ul) 
wass placed on top of the cryostat sections and was mounted with a cover slip. 
Afterr gelling of the agar at 4°C, incubations were performed in a humidified 
chamberr for a period of 5-30 min at room temp. Although this method has been 
provenproven to be specific for gelatinolytic activity, this was verified by adding 
EDTAA to the incubation medium for control incubations. (Mook et al., 
submitted)) Fluorescence of FITC was detected with a fluorescence microscope 
withh excitation at 460-500 nm and emission at 512-542 nm. (Leica) 

Results Results 

AnimalAnimal experiments 
Att three weeks after administration of cancer cells into the portal vein of mice, 
metastasess were found in the livers only. Most of the tumors were visible 
macroscopicallyy because the appeared at the surface of the livers. 
Tumorss were never observed in the peritoneum, colon or elsewhere in the 
abdomen.. The tumors could easily be recognized by their round shape and their 
whitee appearance against the brownish-red color of liver parenchyma. 
Thee size of the tumors varied between 1 and 2 mm in diameter. The number of 
injectedd tumor cells correlated with the number of tumors that had developed 
afterr 3 weeks (Table 1) but not with the size of the metastases. 

Tablee 1. Relationship between the number of MCA-38 cells administered into 
thee portal vein of mice and the number of metastases that were found at 
thee surface of livers at 3 weeks after administration. In each group, 
44 mice were included. 

NumberNumber of administered cells Mean number of metastases 
11 x 105 4.8 (4-6) 
2 x l 055 8.6 (6-11) 
4 x l 055 15.8 (11-19) 
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MorphologyMorphology of metastases 
Thee tumors showed characteristics of an undifferentiated carcinoma. 
Cellss and nuclei were pleomorph, whereas the latter contained many nucleoli, 
weree hyperchromatic and were disproportionately large for the cells and their 
shapeshape was extremely variable (Fig. 1). 
Collagenn was present in strands of intratumoral stroma (Fig. 2). 
Basementt membranes were not found, which is in agreement with the low 
differentiationn grade of the tumors. Sinusoidal endothelial cells in liver 
parenchymaa expressed high activity of alkaline phosphatase. High alkaline 
phosphatasee activity was also observed in endothelial cells of capillaries in 
tumorss (Fig. 3). At the edges of the tumors, liver parenchymal cells and 
sinusoidss were flattened. 

ImmunohistochemicalImmunohistochemical localization of proteinases 
Highh amounts of u-PA protein were found in the intima of arteries and veins in 
controll  livers and livers containing tumors and in intratumoral strands. 
Thee high expression of u-PA correlated with endothelial cells of capillaries in 
thee tumors that were positive for alkaline phosphatase activity (Fig. 4). 
Inn control livers, MMP-2 protein was present in the ECM of portal tracts. 
Inn tumor-containing livers, MMP-2 was localized in intratumoral stroma and 
localizationn patterns of MMP-2 were largely similar to those of collagen after 
stainingg with picrosirius red. (Fig. 5) 
Inn control livers, MMP-9 protein was never detected. In tumor-containing livers, 
MMP-99 was found in individual cells scattered in both liver parenchyma and 
tumors.. The density of positive cells was higher in the tumors than in liver 
parenchyma.. (Fig. 6) In absence of the primary antibodies in the first incubation 
step,, staining did not occur. 

InIn situ zymography of caseinolytic activity 
Fluorescencee due to casein breakdown was present in the intima of large vessels 
inn portal tracts and in strands in metastases. (Fig. 7) Fluorescence was not 
producedd when amiloride, a specific inhibitor of u-PA, was added to the 
incubationn medium. Fluorescence intensity was decreased in the absence of 
plasminogen. . 

InIn situ zymography of gelatinase activity 
Fluorescencee due to gelatin breakdown was present in strand-like structures in 
tumorss (Fig. 8) that resembled picrosirius red positive structures shown in Fig. 1 
(collagen).. Fluorescence intensity was similar in all areas of the tumors. 
Nonspecificc fluorescence was observed in the ECM of portal tracts only and 
wass due to autofluorescence and not to gelatin breakdown. 
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Fluorescencee specifically produced by gelatinase activity was not produced in 
controll  liver, nor was it produced in tumors after incubation in the presence of 
EDTA,, which inhibits MMP activity. Parts of the strand like structures that were 
positivee for gelatinase activity were positive for caseinolytic activity as well 
(Fig.. 7 and 8). 

Discussion Discussion 

Administrationn of MCA-38 colon cancer cells into the portal vein of mice 
resultedd in a dose-dependent development of metastases in the liver after three 
weeks.. We concluded that a dose of 2 x 105 cells was optimal because 
overgrowthh of the tumors did not occur and the numbers of metastases was 
sufficientt to be used in future intervention studies. 
Thee colon cancer tumors in mouse livers were poorly differentiated and poorly 
vascularized.. Collagen was present in intratumoral strand-like structures. 
Thee u-PA protein was found mainly in endothelial cells within the tumors. 
Activityy of u-PA was also present in the intima of large vessels in portal tracts. 
Thee specificity of the method to localize u-PA activity was established by the 
absencee of fluorescence when amiloride was added to the incubation medium. 
Similarr localization patterns of u-PA activity and alkaline phosphatase activity 
weree observed. We can not rule out staining of extracellular u-PA or staining of 
fibroblast-likee stromal cells as has been suggested by Grandahl-Hansen et al.." 
Too determine the precise correlation between u-PA protein and activity and 
endotheliall  cells, combined localization studies have to be performed. 
However,, the colocalization of alkaline phosphatase activity and u-PA activity 
inn serial sections indicate that u-PA activity is mainly found in vessels and that 
u-PAA plays its major role in angiogenesis. 
Thee MMP-2 protein was found immunohistochemically in connective 
intratumorall  tissue (collagen) strands, whereas the protein MMP-9 was present 
predominantlyy in individual cells in liver parenchyma and tumors. 
Gelatinasee activity was localized with a recently described technique using DQ-
gelatinn as substrate.36 (Mook et al., submitted) This method enabled precise 
localizationn of gelatinolytic activity. The activity was exclusively present in 
intratumorall  collagen strands. Fluorescence was not detectable in the presence 
off  EDTA, an inhibitor of MMP activity. The similar localization patterns of 
MMP-22 protein and gelatinase activity patterns, suggest that MMP-2 and not 
MMP-99 is responsible for the activity. The similar localization patterns of 
gelatinasee activity and collagen in the ECM of mouse metastases were also 
observedd in rats. (Mook et al., submitted) 
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Inn the rat experiments however, tumors were well differentiated and MMP-2 
activityy colocalized with its natural substrate collagen type IV. 
Thee tumors in our experiments were undifferentiated, so basement membranes 
weree absent. We did not distinguish immunohistochemically between the type 
off  collagen and therefore we cannot be certain whether or not type IV collagen 
wass the substrate of MMP-2 in this model. 
Intratumorall  activity of MMP-2 appeared to be more widespread then that of 
u-PAA (fig 7 and 8). Theoretically, activated u-PA induces conversion of 
plasminogenn into plasmin that can be held responsible for the more widespread 
activationn of MMP-2. 
Inn conclusion, we have applied a model of colon cancer metastasis in mouse 
liverr and were able to localize protein and activity of u-PA, MMP-2 and MMP-9 
inn the tumors. The results suggest that u-PA and MMP-2 are active in tumors 
andd particularly related to angiogenesis and the development of the metastases, 
respectively.. These findings are a firm basis for future experiments to explore 
thee roles of u-PA and MMP-2 extensively in tumor progression in this animal 
model,, using knock-out mice. 
Thesee studies can be combined with intervention studies using small molecular 
inhibitorss of proteinases to establish which of them are essential and which are 
redundantt in tumor progression. 
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FiguresFigures  and Legends 



Fig.. 2,3,4,5 and 6 are serial sections. 
Thee arrows indicate the border between liver parenchyma and tumor. 
Barss = 25 (im 
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Figl Figl 
Electonn micrograph of colon cancer cells and intratumoral stroma with 
endothelium.. The shape of the cancer cell is irregulair as is the hyperchromatic 
nucleus.. Basement membranes are not present, n: nucleus of cancer cell, 
s:: stroma, e: endothelial cell. Bar = 2 |im 
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Fig.Fig. 2 
Metastasiss in mouse liver at 3 weeks after administration of colon cancer cells 
intoo the portal vein and stained for collagen with picrosirius red. Collagen was 
presentt in liver parenchyma in portal tracts. Collagen was also present in strands 
withinn the tumors. Basement membranes of cancer cells were not found. 
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Fig.Fig. 3. 
Localizationn of alkaline phosphatase activity in a section of mouse liver with 
colonn cancer metastasis at 3 weeks after injection of colon cancer cells into the 
portall  veins. Sinusoidal endothelial cells of mouse liver expressed high activity 
off  alkaline phosphatase and were present in strands within the tumor. At the 
edgess of the tumor high alkaline phosphatase activity is present possibly due to 
repressionn of endothelial cells by the tumor, p: liver parenchyma, t: tumor area. 
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Fig.Fig. 4. 
Sectionn of a mouse liver with metastasis at 3 weeks after administration of colon 
cancerr cells into the portal vein stained immunohistochemically for u-PA. 
U-PAA protein was present in strands within metastases. This pattern had distinct 
similaritiess with structures that were stained positively with alkaline 
phosphatase,, as is shown in Fig. 3. 
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Fig.Fig. 5. 
Sectionn of a mouse liver with metastasis at 3 weeks after administration of colon 
cancerr cells into the portal vein stained immunohistochemically for MMP-2. 
MMP-22 was present in sinusoids in liver parenchyma. Highest concentrations 
weree found in strands in the tumor. This pattern had distinct similarities with 
structuress that were stained positively for collagen with picrosirius red, as is 
shownn in Fig. 2. 

ActivityActivity ofu-PA and MMPs in liver metastases of coloncarcinoma in mice 115 



 . ' , . . " - ' . " ' . 
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Fig.Fig. 6. 
Sectionn of a mouse liver with metastasis at 3 weeks after administration of colon 
cancerr cells into the portal vein stained immunohistochemically for MMP-9. 
MMP-99 was present in individual cells in both liver parenchyma and tumors. 
Thee number of cells positively stained for MMP-9 was much higher in the 
tumorr than in the liver parenchyma. 
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Fig.Fig. 7. 
Localizationn of caseinolytic activity in a section of mouse liver with colon 
cancerr metastasis demonstrated with casein-bodipy-Fl as substrate in a gelled 
incubationn medium. After an incubation period of 5 hours, fluorescence was 
presentt in strands within the metastases. This pattern had distinct similarities 
withh structures that were stained positively with alkaline phosphatase and u-PA, 
ass is shown in Figs. 3 and 4. Bar = 45 |im 

ActivityActivity of u-PA and MMPs in liver metastases of coloncarcinoma in mice 117 



Fig.Fig. 8. 
Localizationn of gelatinase activity in a section of mouse liver with colon cancer 
metastasiss demonstraed with DQ-gelatin as substrate in a gelled incubation 
medium.. After incubation period of 5 minutes, fluorescence was present in 
strand-likee structures, which were similar as those observed in Figs. 1 and 3. 
Barr = 45 um 
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Inn this thesis several aspects of the association between cancer and venous 
thromboembolismm (VTE) have been investigated. 
Thee introduction provides an overview of the history of the relation between 
cancerr and VTE. In the first part some of the problems of VTE in cancer 
patientss are further explored, while in the second part some unresolved 
questionss about (occult) cancer in VTE patients are investigated. 
Thee last part of this thesis contains a review and an experimental study about 
thee possible involvement of the coagulant system in cancer progression. 

PartPart  one 
VTEVTE in  cancer  patients 

Althoughh the first patients with cancer and symptomatic VTE were described as 
earlyy as the beginning of the 19th century, the prevalence of VTE in the general 
populationn of cancer patients is still unknown. In chapter II we reviewed the 
literaturee to assess the risk of VTE in non-surgical cancer patients. 
Inn most non-surgical cancer patients confounding factors are present which 
interferee with the risk on VTE, such as chemotherapy and indwelling venous 
catheters.. In cancer patients without those confounding factors, of which only 
12%% survived for 6 months, the risk of VTE detected with light-reflection 
rheographyy appeared to be very high (52%), while 9% experienced symptoms of 
VTEE at the time of detection. Stage I-II breast cancer patients treated with 
hormoness have an increase in risk for symptomatic VTE from 0,2% 
(thee incidence in normal population) to 1%. If this kind of patients were only 
treatedd with chemotherapy the risk increased further to 2%, while the 
combinationn of the two modalities resulted in an incidence of VTE of 
approximatelyy 5%. 

Thee scarce studies evaluating the incidences of symptomatic VTE in other 
malignanciess suggest an increased risk for advanced stage malignancies, again 
inn particular in the presence of an indwelling device and the use of 
chemotherapy.. In some patients groups effective strategies for prevention of 
VTEE are available. In daily practice however, preventive measures are 
frequentlyy underused. 
Chapterr III reports the results of a retrospective study investigating the 
incidencee of VTE in 206 consecutive cancer patients treated with chemotherapy. 
Inn 15 of these patients (7.3%) a VTE became symptomatic during or within 
33 months after chemotherapeutic treatment. The annual incidence appeared to be 
highh (10.9%). The incidence of VTE was specifically high (15%) in the subset 
off  39 patients treated with the combination of 5 FU/Leucovorin because of 
colorectall  cancer. The occurrence of VTE in these patients appeared not to be 
influencedd by factors such as surgery, central venous catheters or tumor load. 
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Chapterr IV describes the evaluation of the diagnostic and therapeutic 
managementt of VTE in cancer patients. The increased risk for recurrent VTE 
(meann reported risk ratio compared to non-cancer patients 3.4) in combination 
withh the increased risk for major bleeding (mean reported risk ratio compared to 
non-cancerr patients 5.2) stresses the importance of an accurate diagnosis in 
patientss with cancer, since both missing the disease as well as inappropriate 
treatmentt in case of absence of the disease may have considerable 
consequences. . 
Ultrasonographyy is considered the best test to detect a proximal deep vein 
thrombosiss of the lower extremities also in cancer patients. Contrast enhanced 
computerr tomography may be needed to differentiate between extrinsic 
compressionn by a tumor or common iliac vein thrombosis. When pulmonary 
embolismm is suspected perfusion/ventilation lung scanning is the investigation of 
choice,, which again is not different from the approach in non-cancer patients. 
Iff  negative, pulmonary angiography can be considered safe in cancer patients. 
Inn cancer patients, the value of spiral CT has not yet been investigated. 
Oncee a diagnosis is obtained initial treatment with LMWH can be started along 
withh vitamin K antagonists with an intended INR of 2.0 to 3.0. On indication the 
usee of long-term low molecular weight heparins or vena cava filters could be 
contemplated,, in particular in patients with clinical vitamin K antagonist 
resistancee or contraindications for the use of vitamin K antagonists respectively 
anticoagulants. . 

PartPart  two 
VTEVTE and occult malignancy 

Chapterr V presents the results of a review of the literature concerning the 
prevalencee of known, concomitant and truly occult cancer in patients with VTE. 
Duee to different kinds of bias, the figures of the prevalences differ considerable 
betweenn various studies. In most studies the prevalence of known cancer is 
betweenn 10 and 20%. A consistent observation is the low prevalence (2 to 3%) 
off  concomitant cancer in patients with secondary VTE, comparable to the 
prevalencee in the general population. A prevalence of concomitant cancer 
betweenn 3.3% and 23.8% (mean 8.1%) has been reported in patients presenting 
withh an idiopathic VTE (IVTE). The same applies for occult cancer in patients 
withh secondary and IVTE. The mean reported prevalence of occult cancer in 
patientss with secondary VTE is 1.8% (range 0-7.1%) compared to 6.5% 
(rangee 0-25.7%) for patients with IVTE. Although it seems possible to detect a 
substantiall  number of additional cancer patients at the time of diagnosis of their 
IVTE,, by means of extensive screening, the effect on survival rate is unknown. 
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Inn Chapter VI the clinical practice regarding the screening for cancer in patients 
withh IVTE in two teaching hospitals was evaluated. We compared the clinical 
practicee with guidelines based on published recommendations. 
Medicall  history and physical examination were done reasonably complete, 
exceptt for investigations of the urogenital tract. 
Laboratoryy and imaging investigations were performed incompletely in a 
substantiall  proportion of the patients. 
Wee conclude that the clinical evaluation regarding cancer, performed in patients 
withh IVTE, could be improved and that the implementation of a protocol should 
bee considered. 
Chapterr VII describes the results of the number needed to screen and decision 
analysiss performed on the data of the recently completed randomized study, the 
SOMM IT study, designed to determine the value of extensive screening for cancer 
inn patients with a first episode of idiopathic VTE. The abdominal/pelvic CT 
combinedd with mammography and sputum cytology appeared to be the most 
efficientt strategy combining the detection of 12 cancer patients with a 'number 
harmed'' of 1, per 99 patients. The costs of this strategy would be € 1,662 in 
orderr to achieve one live years gained (LYG) in this population. 
Wee hypothesized the costs per LYG would be € 2,421 using a CT of the chest 
insteadd of sputum cytology. 

PartPart three 
CancerCancer and coagulation 

Inn Chapter VII I we have systematically reviewed all published clinical reports 
concerningg effects of vitamin K-antagonists, as compared to no or placebo 
treatment,, on survival of cancer patients. Five randomized studies and one 
prospective,, non-randomized study that reported effects of vitamin K-
antagonistss on survival of patients with various types of cancer were included in 
thee analysis. Although a non-statistically significant trend towards mortality 
reductionn was observed in the subgroup of patients with small cell lung 
carcinoma,, the results do not provide sufficient evidence to warrant treatment 
withh vitamin K-antagonists in patients with cancer with the aim of improving 
survival. . 
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Thee final chapter, Chapter IX presents the immunohistochemical localization of 
urokinase-plasminogenactivatorr (u-PA), matrix metalloproteinase (MMP)-2 and 
MMP-99 (gelatinases A and B) in combination with a recently developed in situ 
zymographyy approach to localize their activity in metastases of colon cancer in 
mousee liver. 
Threee weeks after administration of mouse colon cancer cells into the portal 
veinn of C57bl/6 mice, poorly differentiated and poorly vascularized metastases 
hadd developed in the livers. U-PA was found in endothelial cells within the 
tumors,, MMP-2 protein was localized in intratumoral stroma and MMP-9 
proteinn was present in monocytes or macrophages in liver parenchyma and 
tumors.. U-PA activity was localized in endothelial cells in the tumors and 
correlatedd with the u-PA protein localization. Gelatinase activity was detected at 
thee sites where MMP-2 protein was found. We concluded that u-PA and MMP-2 
butt not MMP-9 were present in active forms in metastases of colon cancer in the 
mousee liver and their localization patterns suggest involvement in degradation 
off  the extracellular matrix in relation to angiogenesis (u-PA) and development 
off  the tumors (MMP-2). 
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SAMENVATTING SAMENVATTING 

InIn begrijpelijk (?) Nederlands 



Ditt proefschrift bestaat uit artikelen die gaan over de relatie tussen kanker en 
veneuzee tromboembolie (afgekort VTE). VTE is een bloedstolsel in aders, 
watt kan voorkomen in benen en armen (trombosebeen, trombosearm), maar ook 
inn de aders van de longen (longemboüe). 
Dee introductie geeft een kort historisch overzicht van deze relatie. 
Inn deel 1 van dit proefschrift worden problemen rond het optreden van VTE bij 
kankerpatiëntenn verder uitgeplozen. 
Inn deel 2 worden vragen over kanker en met name occulte kanker bij patiënten 
mett een VTE behandeld. 
Hett laatste deel bevat een overzichtsartikel over de invloed van een 
bloedverdunnendd middel op kankergroei en een dierexperimenteel onderzoek 
betreffendee een mogelijke invloed van het stollingssysteem op kankergroei, 

DeelDeel 1 
VTEVTE bij  kanker  patiënten 

Dee eerste beschrijvingen over patiënten met kanker én een VTE dateren al uit 
beginn 19de eeuw. Desondanks is het percentage kankerpatiënten dat een VTE 
heeftt nog steeds niet bekend. 
Inn hoofdstuk II beschrijven we aan de hand van literatuurgegevens de kans op 
eenn VTE voor kankerpatiënten, die niet recent een operatie hebben ondergaan 
(niet-chirurgischee kankerpatiënten).2 Uit dit literatuuronderzoek is gebleken dat 
9%% van een groep patiënten met een korte levensverwachting, klachten had van 
eenn VTE. Bij nader onderzoek bij de gehele groep bleek dat bij een nog veel 
hogerr percentage een VTE aanwezig was (52%). Bij vrouwen met een goed te 
behandelenn vorm van borstkanker steeg de kans op VTE bij gebruik van 
hormoonn behandeling van 0,2%3 naar 1,0%. Wanneer vrouwen met hetzelfde 
stadiumm borstkanker alleen met chemotherapie werden behandeld steeg het 
risicoo van VTE naar 2%. De combinatie van hormoon behandeling en 
chemotherapiee deed het risico verder toenemen tot bijna 5%. 
Dee kans op het krijgen van een VTE lijk t te stijgen naarmate er meer 
kankercellenn in het lichaam zijn, patiënten een infuuslijn in een groot bloedvat 
haddenn (diepe lijn) of behandeld werden met chemotherapie. 
Hett is bekend dat bij enkele soorten kanker een VTE voorkomen kan worden. 
Inn de dagelijkse praktijk worden de maatregelen die hiervoor nodig zijn bij niet-
chirurgischee kankerpatiënten veelal niet genomen. 

11 Dit is kanker die aanwezig is zonder dat er verschijnselen hiervan zijn 
22 Bij kankerpatiënten die een operatie hebben ondergaan is het risico van VTE bekend en dusdanig 

hoogg dat voor deze groep patiënten een antistollend medicijn zinvol is na de operatie 
33 Dit is de kans op het krijgen van een VTE bij de doorsnee bevolking 
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Inn hoofdstuk III beschrijven we een eigen onderzoek naar het optreden van VTE 
bijj  kankerpatiënten die de afgelopen jaren met chemotherapie behandeld zijn. 
Bijj  deze groep patiënten kwamen tijdens, of binnen 3 maanden na, behandeling 
mett chemotherapie, veel klachten van een VTE voor (7,3%). 
VTEE bleek verrassend veel voor te komen (15%) in een subgroep, namelijk de 
399 patiënten die met een combinatie van 5-FU4 en foliumzuur5 behandeld 
werdenn vanwege dikke of endeldarmkanker. Het optreden van de VTE werd bij 
dezee mensen niet beïnvloed door andere risicofactoren voor VTE zoals 
chirurgie,, een diepe lijn of een ver gevorderd stadium van kanker. 
Inn hoofdstuk IV behandelen we een aantal problemen bij de diagnose en 
behandelingg van een VTE bij kankerpatiënten. Patiënten met kanker die al 
eerderr een VTE hebben gehad hebben een nog hoger risico op het opnieuw 
krijgenn van een VTE. 
Aann de andere kant hebben kankerpatiënten een grotere kans op het krijgen van 
eenn grote bloeding tijdens behandeling met bloedverdunners. Het missen van de 
diagnosee VTE, maar ook het onnodig behandelen voor een vermeende VTE, 
kann dus belangrijke consequenties hebben. Het stellen van een accurate 
diagnosee is dus juist bij deze patiënten van groot belang. 
Voorr het aantonen van een stolsel in de lies en/of buik bij niet-kanker patiënten 
iss een echo de aangewezen methode, bij kankerpatiënten moet soms aanvullend 
eenn computer tomografie (CT-scan) gedaan worden om daarmee druk van een 
gezwell  op bloedvaten in die regio uit te sluiten dan wel aan te tonen. 
Bijj  de verdenking op een longembolie is het onderzoek niet anders dan bij niet-
kankerpatiënten.. Een angiografie6 kan ook bij kankerpatiënten veilig worden 
verricht.. De waarde van een geavanceerdere CT-scan, de spiraal CT-scan, 
voorr wat betreft het aantonen dan wel uitsluiten van een longembolie, is nog 
niett onderzocht bij kankerpatiënten. 
Alss de diagnose VTE is gesteld, wordt gestart met laag-moleculair-gewichts 
heparinee (LMWH)7 en een vitamine K antagonist.8 Als patiënten ongevoelig 
zijnn voor vitamine K antagonisten kan een patiënt langdurig met een LMWH 
behandeldd worden. Is er een goede reden om geen antistollende medicijnen te 
geven,, bijvoorbeeld vanwege een bloeding, dan kan het gebruik van een vena 
cavaa filter overwogen worden. 

5-FUU is een vorm van chemotherapie 
55 Foliumzuur wordt bij dikke darmkanker samen met 5-FU gegeven 
ftft Door contrast in de longvaten te spuiten en dan een röntgenfoto te maken, wordt een longembolie 

bewezenn dan wel uitgesloten; er wordt vaak gedacht dat dit een gevaarlijk onderzoek is 
77 Een bloedverdunnend middel, wat onderhuids geïnjecteerd wordt 
**  Stoffen die de werking van vitamine K tegengaan, in praktijk wordt hiermee een bepaald soort 

bloedverdunnendd middel in tabletvorm bedoeld 
44 Een vangnetje voor stolsels dat in een groot bloedvat geplaatst wordt om longembolie te 

voorkomen,, want aan een longembolie kun je overlijden. 
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DeelDeel 2 
VTEVTE en occulte  kanker 

Inn hoofdstuk V hebben we de literatuur op een rijtje gezet om te achterhalen bij 
hoeveell  mensen, die zich met een VTE presenteren, al bekend is dat zij kanker 
hebben,, bij hoeveel tijdens dezelfde opname kanker ontdekt wordt en hoeveel er 
naa enige tijd kanker blijken te hebben (occulte kanker). 
Bijj  de meeste onderzoeken blijkt tussen de 10 en 20% van de patiënten vooraf 
bekendd te zijn met kanker. Voor wat betreft het vóórkomen van gelijktijdig 
ontdektee kanker en occulte kanker is er een opvallend verschil tussen patiënten 
mett VTE die een bekende risicofactor hebben voor VTE (secundaire VTE) en 
degenenn die een idiopatische VTE10 (IVTE) hebben. 
Dee getallen van gelijktijdig ontdekte kanker en occulte kanker bij patiënten met 
eenn secundaire VTE zijn ongeveer gelijk aan de algemene populatie (0-3%). 
Bijj  patiënten met een IVTE, wordt bij meer patiënten (ongeveer 7%) gelijktijdig 
kankerr ontdekt. Binnen 3 jaar na openbaring van de IVTE blijkt nog eens 4-10% 
vann de mensen met een IVTE kanker te hebben. Door deze mensen uitgebreid te 
onderzoekenn op het moment van de IVTE is het mogelijk een substantieel extra 
aantall  gevallen van kanker vroeger te ontdekken. Het is nog niet bekend of 
daarmeee ook de overleving van deze patiënten toeneemt. 
Hoofdstukk VI gaat over onderzoek dat wij deden naar de manier waarop 
patiëntenn met een IVTE onderzocht werden op aanwezigheid van kanker. 
Ditt onderzoek is uitgevoerd in twee opleidingsziekenhuizen. 
Wee vergeleken de manier van nakijken van de patiënten met eerder 
gepubliceerdee aanbevelingen hoe je deze mensen zou moeten onderzoeken. 
Dee anamnese11 en het lichamelijk onderzoek werden redelijk compleet 
uitgevoerdd met uitzondering van onderzoek op het gebied van de geslachtsdelen. 
Laboratoriumonderzoekk en röntgenfoto's werden bij een substantieel aantal 
patiëntenn onvolledig uitgevoerd. 
Onzee conclusie is dat de klinische evaluatie van patiënten met een IVTE 
verbeterdd kan worden. Het invoeren van een standaard protocol zou hier 
verbeteringg in kunnen brengen. 
Inn Hoofdstuk VII vindt u onze analyse van gegevens uit een recent beëindigd 
onderzoek,, de SOMIT studie. Bij deze studie werden patiënten met een IVTE 
verdeeldd in twee groepen door loting. Eén groep patiënten werd uitgebreid 
onderzochtt op de aanwezigheid van kanker met behulp van allerlei aanvullend 
onderzoekk en de andere groep werd poliklinisch gevolgd, zoals gebruikelijk. 
Uitt de SOMIT studie was duidelijk geworden dat de diagnose bij 
kankerpatiëntenn uit de eerste groep kon worden gesteld bij een minder ver 
gevorderdd stadium van hun ziekte dan de tweede groep. 

100 VTE zonder duidelijke oorzaak 
''' Vraaggesprek door de dokter met de patiënt 
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Uitt onze analyse van de resultaten van de SOMIT studie bleek de CT-scan van 
buikk en bekken, gecombineerd met mammografie12 en sputum cytologie13 

dee meest efficiënte combinatie van onderzoeken. 
Mett behulp van deze strategie werden van de 99 patiënten in de eerste groep 
133 patiënten verder onderzocht. Van deze 13 patiënten bleken er 12 kanker te 
hebben,, terwijl slechts 1 patiënt onnodig uitgebreid onderzocht werd. 
Doorr rekenkundige analyse bepaalden wij het aantal gewonnen levensjaren door 
eenn vroegere diagnose. De kosteneffectiviteit (de kosten afgezet tegen het aantal 
gewonnenn levensjaren) van de verschillende strategieën werd bepaald. 
Voorr de hiervoor omschreven strategie waren de kosten € 1662 
perr gewonnen levensjaar. 

DeelDeel 3 
KankerKanker  en stolling 

Inn hoofdstuk VII I hebben we systematisch alle artikelen nagekeken die het 
effectt van vitamine K-antagonisten hebben vergeleken met placebo (nepmiddel) 
off  geen middel, voor wat betreft het effect op overleving van kankerpatiënten. 
Err was geen duidelijk verschil aantoonbaar in de sterfte voor de verschillende 
groepenn patiënten, hoewel in een subgroep van patiënten met een bepaald type 
longkankerr er een tendens leek te zijn naar een verlaagde sterfte. 
Vitaminee K-antagonisten kunnen dus niet gebruikt worden om de overleving 
vann kanker patiënten te verbeteren. 
Tenslottee wordt in hoofdstuk IX een onderzoek gepresenteerd waarin een aantal 
eiwittenn zelf alsmede hun activiteit worden aangetoond in uitzaaiingen in de 
leverr van dikke darmkanker bij muizen. De eiwitten waar het om gaat zijn 
urokinase-plasminogeenactivatorr (u-PA),14 matrix metalloproteinase (MMP)-2 
andd MMP-9.15 Voor het aantonen van deze stoffen zelf zijn kleuringen gebruikt 
diee onder de microscoop zichtbaar zijn. Voor het aantonen van de activiteit van 
dezee stoffen is een nieuwe techniek gebruikt die de activiteit zichtbaar maakt 
doorr middel van fluorescentie. Uit dit onderzoek blijkt dat u-PA en MMP-2 
maarr niet het MMP-9 in actieve vorm aanwezig waren in uitzaaiingen van dikke 
darmkankerr in de muizenlever. Dit suggereert dat u-PA en MMP-2 betrokken 
zijnn bij de afbraak van de structuren buiten de cellen. 
Ditt kan duiden op een rol bij vaatnieuwvorming (u-PA) en de ontwikkeling van 
gezwellenn (MMP-2), beiden belangrijk voor tumorgroei. 

122 Röntgenfoto van de borsten 
133 Onderzoek van opgehoest spuug onder de microscoop op zoek naar kankercellen 
144 Een middel dat vorming van eiwitvezel tegengaat; een bloedprop bestaat bijvoorbeeld voor 

eenn deel uit eiwitvezel (met bloedplaatjes) 
155 Dit zijn stoffen die belangrijk zijn voor de afbraak van structuren die buiten cellen liggen 
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DANKWOORD DANKWOORD 

Anderenn voor mij hebben dit reeds zo kort mogelijk gehouden, ik zal weer eens 
ouderwetss uitweiden. 
Dee verdediging van dit proefschrift valt nagenoeg samen met het afronden van 
mijnn opleiding tot Medisch Oncoloog en het is zeer verleidelijk het dankwoord 
voorr beide gelegenheden aan te vatten. Toch zal ik het dankwoord beperken tot 
diegenenn die hebben bijgedragen aan dit proefschrift. 
Allereerstt wil ik Dees Brandjes en Hugo ten Cate bedanken. Jullie hebben 
allebeii  aan de wieg van dit boekje gestaan door een stimulerende omgeving 
voorr wetenschappelijk onderzoek te creëren in het Slotervaart "gesticht" en door 
mee te introduceren bij mijn huidige promotores. Hoewel julli e enigszins... 
verschillen,, geldt voor allebei dat ik julli e scherpe geest en enthousiasmerende 
houdingg enorm waardeer en ik hoop daar nog lang van te kunnen genieten. 
Nuu ik het toch over scherpe geesten heb: Hooggeleerde promotores en 
co-promotoress Waarde Harry, Waarde Martin, Waarde Dick, Waarde Ron. 
Harry,, ik heb in de afgelopen 3 jaar genoten van de manier hoe je met 
problemenn omgaat (van analyse tot oplossing) en je natuurlijke diplomatie. 
Martin,, zodra ik aan je gewend was, heb ik mogen merken hoe snel je denkt 
(denkk ik), hoe snel je tot de kern van de zaak komt, en hoe uitbundig je kan 
lachen,, erg prettig. Dick, hartelijk dank voor je verfijnde kritiek c.q. 
relativerendee opmerkingen, de mogelijkheid die je me geboden hebt om dit 
proefschriftt te voltooien en je humor. Laatst maar zeker niet minst, Ron, ji j hebt 
mee op bepaalde momenten erdoor heen gesleept en hebt net dié opmerkingen 
gemaaktt waardoor ik weer verder kon, mijn waardering is groot. Heren, het pleit 
niett voor me dat ik zo'n zwaar comité nodig heb gehad om tot hier te komen, 
maarr het is julli e gelukt. Als groep dank ik julli e zeer voor het genoten 
vertrouwenn en de steun die ik van ieder van julli e ondervond, ondanks de vele 
kerenn dat ik met onleesbare stukken aan kwam zetten. 

Ikk heb enorm veel van julli e geleerd en ik hoop van harte dat julli e er evenveel 
plezierr aan beleefd hebben als ik. 
Dee Zeer- c.q. Hooggeleerde Dr. A.W. Westermann, Dr. D.P.M. Brandjes, 
(Prof.)) Dr. H. ten Cate, Prof.dr. R.J. de Haan en Prof.dr. G.J.A. Offerhaus 
dankk ik zeer hartelijk voor het feit dat zij zitting hebben willen nemen in de 
promotiecommissie.. Natuurlijk kijk ik, het zou ook niet anders moeten zijn, 
zoalss iedere promovendus/a, met angst en beven uit naar de promotiedatum, 
maarr hoop op een plezierige gedachtenwisseling. 
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Susanne,, aan het aantal keren datje op de titelpagina staat van de artikelen is 
jouww aandeel in dit boekje af te lezen. Je hebt veel van het voorbereidende werk 
gedaan.. Ondanks dat is je voorspelling niet helemaal uitgekomen, het is toch pas 
hethet najaar geworden. Dank voor je vele adviezen, ook ten aanzien van de 
promotiee gerelateerde activiteiten. 
Barbara,, bedankt voor het aandeel in de schrijverij maar zeker ook voor de vele 
kerenn dat ik bij je ben binnen komen vallen met allerhande vragen op 
epidemiologischh gebied, erg prettig dat je daar telkens weer tijd voor nam. 
Roel,, Francis, Joost, Nora, Claudia, Wilma, Marieke, Lotje, julli e allen wil ik 
bedankenn voor de prettige samenwerking, het meeschrijven en meedenken over 
dee artikelen in kwestie en alle tijd en energie die julli e in de daaraan 
voorafgaandee fase gestoken hebben. Jullie hebben (bedoeld en/of onbedoeld) 
aanzienlijkk aan mijn vorming en leerproces tot doctor bijgedragen. 
Marijkee en Marcel, voor julli e geldt hetzelfde op andere wijze en de langste 
samenwerkingg staat voor de deur, ik zie er naar uit! 
Mensenn als Adrie Maas, Jan Peters, Clazien Bosch zijn onmisbaar en ik ben 
onderr de indruk van de vaak snelle service. Jeroen, Meivin, Carlo en Marije, 
julli ee bedankt voor alle tussendoor adviezen en het fungeren als klankbord voor 
(on-)mogelijkheden. . 
Dee Hooggeleerde heren Joost Hoekstra, Marcel Levi en Peter Speelman wil ik 
bedankenn voor het creëren van de stimulerende omgeving, één van de 
randvoorwaardenn voor het tot stand komen van dit proefschrift. 
Alss voorwaarde voor het tot stand komen voor de rand van dit boekje: 
Karinn bedankt! 

Lievee Martin en Marie-Antoinette, naast het feit dat julli e me aan het denken 
gezett hebben, is het heerlijk dat julli e me, niet alleen in de afgelopen 3 jaar, 
maarr gedurende de hele studie zo enorm gesteund hebben. 
Dee laatste jaren is de steun en ondersteuning zelfs geïntensiveerd met een 
vanzelfsprekendheidd die ik ongelooflijk waardeer. Datzelfde geldt voor Jan en 
Elly,, fantastisch wat julli e voor mij (cq ons) gedaan hebben en met dezelfde 
vanzelfsprekendheidd als 2 regels terug, waar ik alleen met understatements 
uitdrukkingg aan kan geven. All e (schoon-)zussen en zwagers: we kunnen het 
weerr eens ergens anders over gaan hebben (dat wordt lastig), bedankt voor julli e 
luisterendee oren en julli e support. Lieve Myrthe (vrouwen en kinderen laatst), 
hoewell  het makkelijk geweest zou zijn uit elkaar te groeien in deze periode is 
datt zeker niet gebeurd en dat komt voor een groot deel door jouw geduld 
(hoorr ik gelach?) en jouw onvoorwaardelijke steun ook/juist als het moeilijk 
was.. Dit boekje is ons werk. Mijn respect, maar nog meer mijn liefde voor jou is 
grenzeloos.. Lieve Marieke en Lucia, zonder julli e was dit proefschrift er 
mogelijkk ook wel gekomen, maar julli e geven mij zo ontzettend veel plezier dat 
ikk dit proefschrift aan julli e opdraag. 
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Extra-promotionelee activiteiten 
Degenenn die mochten denken: "is dit nu alles waar hij al die tijd mee is bezig 
geweest",, kan ik geruststellen. Nog in het Slotervaart ziekenhuis is een poging 
gewaagdd de SOMIT studie (uit de koker van Martin Prins en Ton Lensing) ook 
inn Nederland van de grond te krijgen en in het AMC heeft de MALT studie veel 
aandachtt gevergd. Allereerst wil ik in dat kader de patiënten noemen die vaak 
onderr moeilijke omstandigheden besluiten te participeren aan onderzoeken 
waarbijj  ze het risico lopen er alleen maar ongemak van te hebben. Ik heb daar 
grotee waardering en respect voor. 
Olgaa en Monique wil ik hierbij bedanken voor hun inzet voor de SOMIT studie. 
Hetzelfdee maar dan in het kader van de MALT studie gaat op voor Henriëtte, 
Treess en Liesbeth. Geweldig dat ik op julli e steun kon rekenen in dit ook voor 
julli ee zware onderzoek (de telefoontjes rond 17.00 uur: zou je mischien...). 
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