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Cancer patients have an increased risk of venous thromboembolism. For years this 
association was ascribed to Armand Trousseau who wrote in 1865 ‘L’experience clinique 
m’a démontré toute la valeur sémiotique de la phlegmatia dans les cachexies cancéreuses 
en particulier’ [1]. However, a recent thorough literature search led to the fi nding that 
Jean-Baptiste Bouillaud (1796-1881) reported on this relationship forty years earlier [2]. 
This French physician described fi brin clots in the veins of three patients with cancer 
[3]. It was only in the 20th century that the fi rst report on a patient with spontaneous 
venous thrombosis as a sign of an underlying occult cancer was published by Illtyd 
James [4]. Despite these early publications, the relationship between cancer and venous 
thrombosis was not intensively investigated until the early 1980’s. In the last two decades 
of the previous century until today research has focussed on at least three aspects of 
this association. The fi rst is the precise mechanism(s) by which cancer cells are able to 
induce a hypercoagulable state and how this leads to an environment favourable for 
cancer growth. The second aspect is the potential inhibitory eff ect of anticoagulant drugs 
on cancer progression. Finally, a large amount of data has been collected on the high 
incidence of thrombotic complications in cancer patients.

Cancer cells can express several coagulation proteins, thereby activating the coagulation 
system at several levels. Tissue factor, the initiator of the coagulation system, is expressed 
by several cancer types [5-7]. Furthermore, chemokines, such as tumour necrosis factor 
α, are excreted by cancer cells and they can activate monocytes and macrophages, 
resulting in tissue factor expression on these cells [8]. Lower levels of activated protein C, 
a natural anticoagulant protein, are observed in cancer patients due to downregulation 
of thrombomodulin on the endothelial cells by these released chemokines, thereby 
further contributing to the hypercoagulable state [9]. In addition, cancer cells can express 
urokinase-type and tissue type plasminogen activators, plasminogen-activator inhibitor 
1 and 2 and the plasminogen-activator receptor. The balance between these fybrinolytic 
proteins leads to an impaired fi brinolysis [10].
 A more recent factor contributing to the hypercoagulable state in cancer patients 
are circulating microparticles. Diff erent types of cells, including cancer cells and platelets, 
are able to form these cell membrane derived particles. Their phospholipid membrane 
can bind several coagulation factors. Particles derived from activated monocytes, 
endothelial and cancer cells can express tissue factor, making them procoagulant [11]. 
In cancer patients high levels of these microparticles have been associated with venous 
thrombosis and a worse prognosis [12;13].  
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By the formation of the end product of the coagulation system, fi brin, around the cancer 
cells angiogenesis is supported and the cancer cells are protected against immune att acks 
[14]. 
 Also individual coagulation proteins, irrespective of their role in fi brin 
formation, create an environment favourable for cancer growth. Binding of FVIIa to the 
extra cellular domain of tissue factor increases the amount of intracellular calcium. This 
activates protein kinase C that in turn phosphorylates the cytoplasmic tail of tissue factor, 
which subsequently enhances cancer cell motility and migration and the production 
of growth factors [15]. Thrombin stimulates the expression of adhesion molecules on 
cancer cells and the production of chemokines by binding to protein activated receptors 
(PARs), members of the G-coupled receptors. Four PAR receptors have been described. 
PAR signalling increases cancer cell motility and survival and the production of growth 
factors. Thrombin mainly binds to PAR-1 and PAR-4, whereas other coagulation factors 
such as the TF-FVIIa complex and FXa can activate PAR-2. Furthermore, thrombin 
activates platelets by binding to their PAR-1 receptor [15]. The activated platelets express 
P-selectin, a ligand for the adhesion of cancer cells. A shield of platelets is formed and 
protects the cancer cell in the blood stream from the immune system. Also the expression 
of adhesion molecules on endothelial cells is upregulated by thrombin. Adhesion of the 
cancer cells to the activated platelets and the endothelium facilitates extravasation [16].  
 Finally, large amounts of growth factors are released by activated platelets, 
especially vascular endothelial growth factor. This hormone causes, next to its well-
known angiogenic stimulating properties, leakage of plasma proteins through the vessel 
wall, including fi brinogen, creating again a proangiogenic environment [14].  

The fi rst clinical observation of an inhibitory eff ect on cancer growth of anticoagulants 
came from a study published in 1992 [17]. This trial compared the effi  cacy and safety 
of two types of heparin, low molecular weight heparin (LMWH) and unfractionated 
heparin (UFH), in the initial treatment of patients with venous thromboembolism. 
Unexpectedly, the subgroup of patients with venous thromboembolism and also 
cancer treated with LMWH for 5 to 10 days had a bett er survival aft er three months 
as compared to those receiving UFH. Two meta-analyses were performed including all 
venous thromboembolism-treatment studies and both confi rmed this fi nding [18;19]. 
Hett iarachchi and colleagues observed a relative risk reduction for mortality aft er three 
months of 0.72 (95% CI 0.55-0.96) in the cancer patients treated with LMWH relative to 
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those who received UFH. Subsequently, clinical trials evaluating the eff ect of heparin on 
survival and disease progression in cancer patients without venous thromboembolism 
were performed. Sofar, in total six studies are available and only one convincingly 
demonstrated a survival advantage, although the other investigations support a potential 
benefi t of LMWH [20-25]. However, many aspects of this clinical observation remain to 
be unravelled, including the underlying molecular mechanisms, the optimal dose and 
duration of the LMWH treatment and the cancer types in which the impairment of cancer 
growth by LMWH is the highest.   

Venous thromboembolism is a common complication in cancer patients [26]. 
Approximately 5 to 10% of all cancer patients will develop a venous thromboembolism 
within the fi rst year aft er diagnosis [27]. This high risk can be explained by several factors. 
First, the cancer it selves causes a hypercoagulable state as discussed above, depending 
on tumour type and stage. But also stasis of blood, by the compression of vessels and 
immobilisation of the patient, enhances thrombus formation. Furthermore, anticancer 
therapy frequently has a procoagulant side eff ect. Chemotherapy, radiotherapy, surgery, 
but also the newer anti-hormonal and anti-angiogenesis agents are associated with an 
increased risk of venous thrombosis [28]. Despite the knowledge about all these risk 
factors and the relatively high absolute incidence, providing thromboprophylaxis in 
cancer patients is not generally recommended [29]. 
 Another unresolved aspect in the association of cancer and venous thrombosis is 
the need for cancer screening in patients who present with idiopathic venous thrombosis. 
In approximately 10% of these patients cancer is diagnosed within the fi rst year aft er 
diagnosis [30]. The type of cancer varies widely [31;32] and the highest odds ratios have 
been observed for pancreatic cancer, haematological malignancies and lung cancer [33]. 
The debate concentrates on whether a limited screening strategy, existing of a careful 
history taking, a thorough physical examination, basic laboratory testing and chest X 
ray, suffi  ces, or that extensive screening with various imaging techniques is warranted 
[34;35].
 Next to the established association of idiopathic deep vein thrombosis and 
pulmonary embolism with occult cancer, there is uncertainty whether patients presenting 
with an idiopathic superfi cial thrombophlebitis have an increased risk of cancer. 



Introduction

13

1
OUTLINE OF THE THESIS
This thesis consists of three parts. The fi rst focusses on the eff ect of anticoagulant 
treatment in cancer patients with and without VTE. The second part addresses the 
association between venous thrombosis and the subsequent cancer risk, whereas the 
fi nal part evaluates the signifi cance of microparticles in cancer patients.
 Chapter 2 reviews the two sided association of cancer and the coagulation 
system. The development of new anticoagulant drugs with special att ention to their use 
in cancer patients is summarized in Chapter 3. In Chapter 4 a meta-analysis on the eff ect 
of heparins on cancer progression is presented, whereas in Chapters 5 and 6 the effi  cacy 
and safety of two new anticoagulant drugs, fondaparinux and idraparinux, are reported 
with a focus on those patients with venous thromboembolism and cancer. Chapter 7 
discusses the fi rst results of a large clinical trail in which patients with advanced cancer 
were randomized to LMWH (nadroparin) or no treatment. Overall survival and safety 
were the main outcomes. 
 The thesis continues with part two which begins with Chapter 8 that reports the 
results of the Trousseau study. This clinical study compares a limited cancer screening 
strategy to an extensive one in patients with idiopathic venous thromboembolism. The 
relative cost eff ectiveness of these two screening approaches is detailed in Chapter 9. 
The aim of Chapter 10 is to determine the incidence of cancer aft er a fi rst episode of 
idiopathic superfi cial thrombophlebitis. The fi ndings of a large cohort study in primary 
care are reported.
 The last part deals with microparticles and concerns two chapters. In Chapter 
11, the predictive value of procoagulant microparticles for the development of venous 
thromboembolism in cancer patients is investigated. Chapter 12 reviews the contribution 
of microparticles in cancer progression. 
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SUMMARY
Although the bidirectional association between cancer and venous thromboembolism 
(VTE) has been known for almost two centuries, recent advances in our understanding 
of the clinical, laboratory and epidemiological aspects of this association have created a 
renewed interest in this topic. This review consists of two parts. The fi rst discusses the 
occurrence, determinants and signifi cance of VTE in those with cancer, as well as the 
risk of developing and the possible need to detect cancer in those presenting with VTE. 
The second part reviews the role of hemostatic constituents (coagulation and fi brinolytic 
proteins and platelets) in promoting growth and progression of cancer, as well as the 
eff ects and possible mechanisms of the (low-molecular-weight) heparins (LMWH) in this 
process.

CANCER, THROMBOSIS AND CANCER
Historically, Armand Trousseau, the French physician (1801-1867), is oft en considered 
to have been the fi rst scientist who described the association between cancer and 
venous thrombosis. This is incorrect for both the relationship of cancer with subsequent 
complicating VTE as well as for occult cancer in thrombosis patients. A careful literature 
analysis revealed that already in 1823 Bouillaud described three cancer patients with 
deep venous thrombosis [1;2]. He speculated in his monogram that the peripheral edema 
in the legs of these cancer patients was the result of obstruction of the veins by “caillot 
fi brineux” (fi brin clots) induced by the cancer process. Trousseau was 22 years old at 
that time. In the frequently quoted book by Trousseau, published in 1865, he indeed 
described in detail the relationship between cancer and VTE, but that was 42 years aft er 
Bouillaud [3]. 
 Trousseau is also oft en quoted for the link between venous thrombosis and 
occult cancer. Close reading of his papers reveal that all his patients described with VTE 
already had extensive evidence of cancer at the time of the diagnosis of thrombosis [4;5]. 
The honor of the fi rst description of a patient with deep venous thrombosis and the 
manifestation of a gastric cancer several months later goes to Illtyd James and Matheson 
[6]. They published their paper in 1935. Interestingly, the fi rst proper cohort study in 
patients with VTE to assess the incidence of occult cancer was only published in 1982 [7]. 
These authors coined the question whether an extensive search for cancer at the time of 
VTE diagnosis was indicated. 



Cancer and thrombosis: from molecular mechanisms to clinical presentations

23

2

The focus in this part of the review will be on deep-vein thrombosis of the leg (DVT) 
or pulmonary embolism (PE) and the two-way association with cancer, with special 
emphasis on the epidemiological aspects, the magnitude and consequences. Other 
manifestations of venous thrombosis, such as superfi cial fl ebitis, arm vein thrombosis 
and catheter related thrombosis, as well as the prevention and treatment of DVT and PE 
are outside the scope of this contribution.

Cancer and venous thromboembolism
In cancer patients VTE complications are common and the second leading cause of death 
[8-10]. Of every seven patients with cancer who die in hospital, one dies of pulmonary 
embolism [11]. Compared to non-cancer patients the risk of developing symptomatic VTE 
is 6 to 7 times higher in cancer patients with similar risks for the components of VTE, i.e. 
DVT and PE [12;13]. The precise incidence and time course of VTE complications among 
cancer patients have until recently largely been unknown [14]. Initially, small cohort 
studies estimated the incidence among patients with various types and stages of cancer 
to be approximately 4% [14]. Subsequent larger epidemiological studies found incidences 
of clinically manifest VTE of 110-120 events per 10.000 patients [15;16]. Recently, a large 
population-based study determined the incidence of VTE among patients diagnosed 
with specifi c types and stages of cancer [14]. Among 235.149 cancer cases, confi rmed 
symptomatic VTE events were diagnosed within 2 years in 1.6%. Twelve percent of these 
events occurred at the time cancer was diagnosed and the remaining 88% were observed 
subsequently. In another recent large population-based study the duration between the 
diagnosis of cancer and the occurrence of VTE was determined [13]. In the fi rst 3 months 
the risk of VTE was the highest, with an odds ratio of 54, whereas in the period between 3 
and 12 months following the cancer diagnosis, the odds ratio of VTE was 14, and between 
1 and 3 year this fi gure was 4 [13].
 Table 1 details the determinants for the risk of symptomatic episodes of VTE 
in patients with cancer. In risk-adjusted models Chew and colleagues found metastatic 
disease at the time of cancer diagnosis the strongest predictor of VTE [14]. The risk 
was 4 to 13 times higher as compared to cases with localized disease. In patients with 
metastatic-stage disease the highest incidences (expressed as VTE events per 100 patient-
years) were observed for pancreatic (20.0), stomach (10.7), bladder (7.9), uterine (6.4), 
renal (6.0) and lung (5.0) cancer. Most of the VTE complications occurred in the fi rst 
year of follow up [14]. Blom and colleagues also determined the signifi cance of distant 
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metastases for the risk of VTE and found an odds ratio of 20 as compared to patients 
without distant metastases [13].

Table 1 - Determinants for the risk of venous thromboembolism in cancer patients

 - Tumor stage
 - Tumor type
 - Anticancer therapy
   . Chemotherapy
   . Hormonal therapy
   . Angiogenesis inhibitors
   . Supportive therapy
 - Surgery
 - Prothrombotic abnormalities

All hematological and solid tumor types have been associated with VTE. However, 
confl icting data exists about the relative risk of VTE according to tumor histology and 
site of primary location [8]. It is, however, clear that the VTE risk is not equal among the 
various types of cancer. Adjusted for age and sex, Blom et al. observed, in a population 
based study, the highest risk of VTE among patients with hematological malignancies 
(odds ratio 28), followed by lung cancer (odds ratio 22) and gastro-intestinal cancer 
(odds ratio 20) [13]. In another population based study, Heit and colleagues noted that 
pancreatic cancer, lymphoma and brain cancer have relative risks of VTE greater than 25, 
followed by liver cancer, leukemia and other gastro-intestinal (esophagus, gallbladder) 
and gynecological cancer, with a relative risk above 17 [17]. In a study of hospitalised 
patients the highest incidence of VTE occurred among women with ovarian cancer 
followed by brain and pancreas cancer and lymphoma [15;16]. 
 The third and probably at present the most changing determinant for the risk 
of VTE is anticancer therapy (Table 1). Chemotherapy is a well recognized independent 
risk factor for VTE and the annual incidence has been estimated to be 10-20% depending 
on the type of drugs given [8;18]. However, one of the most prominent reasons for the 
increasing importance of anticancer therapy as a determinant for the thrombosis risk 
is that in addition to chemotherapy, other frequently combined therapies to treat the 
cancer, such as hormonal therapy, angiogenesis inhibitors and supportive therapy, 

b
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carry their own risk to induce a hypercoagulable state [8]. Probably the best studied 
infl uence of chemotherapy on the risk of thrombosis is in patients with breast cancer. 
In early stage breast cancer the risk of VTE is similar to that in the general population 
(approximately 0.2%). With chemotherapy or hormonal treatment this increases to 1-
2%. When in stage I-II chemo and hormonal therapy are combined the incidence rises 
to 5-7% [8;19;20]. For patients with stage IV breast cancer these rates may be as high as 
18% with the combined treatments [8]. Other chemotherapeutic agents, such as cisplatin 
(reported VTE rates of 8-18%), L-asparaginase (reported VTE rates in adults of 4-14%) 
and fl uorouracil (reported VTE rates of 15-17%), oft en in combination with other forms 
of chemotherapy, have been clearly associated in retro and prospective studies with an 
increased risk of VTE [8]. Thalidomide, particularly in combination with dexamethasone 
or doxorubicin, may induce VTE rates as high as 20 to 40% [8;21]. Whether the newer 
thalidomide analogues (IMiDs) really have lower VTE complication rates remains to be 
demonstrated, in particular when combined with other forms of chemotherapy. Initially, 
angiogenesis inhibitors (such as bevacizumab), again in combination with chemotherapy 
were reported to induce higher rates of VTE, but more recent comparisons (with and 
without bevacizumab) suggest that the contribution of angiogenesis inhibitors may 
be marginal [8;22]. Finally, supportive therapies associated with an increased risk of 
VTE include erythropoietin, hemotopoietic colony stimulating factors and high dose 
corticosteroids.
 Cancer patients undergoing surgical procedures have an approximately two 
fold higher risk to develop VTE as compared to non-cancer patients [12;23]. Incidences 
of symptomatic VTE within 91 days aft er the procedure in cancer patients were as high 
as 3-4% for radical cystectomy, nephrostomy, brain surgery and total hip replacement 
[23].
 Other determinants of the VTE risk in cancer patients include the classical risk 
factors such as immobility, age and also prothrombotic abnormalities. Carriers of the 
Factor V Leiden mutation who also had cancer had a 12-fold increased risk to develop 
VTE as compared to individuals with the mutation but no cancer [13]. This is in agreement 
with earlier observation and also applies to other genetic thrombophilias, such as the 
prothrombin mutation [13;24;25].
 Cancer patients who have developed VTE have an approximately 3-fold higher 
risk to experience a recurrent thrombosis in the fi rst 12 months as compared to VTE 
patients without cancer [12;15;26]. Prandoni and colleagues observed recurrent VTE in 
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6.8% of patients without cancer, whereas in those with cancer the incidence was 20.7% 
[26].
 Developing VTE predicts a worse prognosis in cancer patients [15;27]. The one-
year survival was 12% in patients diagnosed with cancer and VTE at the same time, 
as compared to 36% in cancer patients without VTE in a population based study [27]. 
Figure 1 shows the mortality rates in the fi rst 180 days in patients with cancer and VTE, 
which is more than two-fold higher relative to cancer patients without VTE [27].

Fig. 1. Probability of death within 183 days of initial hospital admission [15].  Reproduced 

with permission of the publisher.

Venous thromboembolism and cancer 
In patients with symptomatic VTE, the prevalence of concomitant cancer, i.e. cancer 
not known before the diagnosis of VTE and discovered by routine investigation, at the 
time of VTE diagnosis, varies in the larger studies between 4-12% [28]. The cancer stage 
in patients with concurrently diagnosed VTE is oft en advanced [27;29]. Furthermore, 
the risk of concomitant cancer is 3-4-fold increased in patients with idiopathic VTE as 
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compared to secondary VTE [28]. The risk of occult cancer, i.e. cancer that becomes 
clinically apparent during follow-up, is also increased in patients with VTE. Summarising 
17 cohort and 2 population-based studies, Ott en and Prins calculated an incidence of 
new cancer in patients with idiopathic VTE of 4-10%, diagnosed within 3 years aft er the 
thrombotic event [28]. Again, this incidence was higher in idiopathic VTE patients than 
in patients with secondary VTE. 
 The incidence of cancer is the highest shortly aft er VTE has been diagnosed. 
During the fi rst year, the standardized incidence ratio for cancer in patients with VTE is 
2.1-4.6, while aft er this period the risk gradually decreases [30]. In the large Californian 
registry, White et al. showed that the incidence of cancer was the highest during the 
fi rst 60 days aft er an unprovoked episode of VTE (Figure 2), with a gradual decline 
aft erwards [29]. In the fi rst 4 months aft er VTE diagnosis, the standardized incidence 
ratio was twofold higher than the expected incidence, whereas the observed and expected 
incidences of cancer 4 to 12 months aft er VTE were virtually the same. Also the occurrence 
of metastasized disease was the highest in the fi rst 4 months aft er an unprovoked VTE. 
This indicates that the risk of cancer is only increased in the fi rst months to a year aft er a 
VTE, while many patients already have metastases. 

Fig. 2. Timing of diagnosis of unprovoked venous thromboembolism events relative to the 

cancer diagnosis date, using 2-month (61-day) increments [29]. Reproduced with permission 

of the publisher.
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The risk of developing overt cancer aft er VTE is also infl uenced by the type of cancer. In 
the large Danish registry, Sørensen and colleagues showed that around 15% of the patients 
with VTE and cancer within one year had lung cancer, followed by prostate (11.4%), 
pancreas (7.9%), colon (7%), and breast (4.3%) cancer [27]. Leukemia and non-Hodgkin 
lymphoma were found in 2.5% of the patients [27]. The Californian cancer registry, White 
et al. revealed the highest standardised incidence ratios for acute myelogenous leukemia 
(4.2), followed by ovarian cancer (2.8), non-Hodgkin lymphoma (2.7), pancreatic (2.6), 
renal cell (2.5), stomach and lung cancer (1.8) [29].  
 Considering the high incidence of cancer in the fi rst months aft er VTE, screening 
for an underlying malignancy may be clinically relevant. The literature is however not 
concordant whether extensive screening for occult malignancy is indicated. Retrospective 
studies indicated that a careful medical history, physical examination and laboratory 
testing detected most occult cancers in patients with VTE [31-33], suggesting that 
routine examination at the time of VTE diagnosis is suffi  cient to detect most underlying 
malignancies and that additional testing would not be required. Prospective studies 
seem to indicate that extensive screening is able to detect more cancers than routine 
examination alone. The six prospective studies that systematically evaluated the added 
value of more extensive screening compared to routine examination are summarized in 
Figure 3 [34-39]. Routine examination was in most studies defi ned as a combination of 
careful medical history taking, thorough physical examination, laboratory testing, and 
chest X-ray. In most studies, extensive testing included specifi c tumor markers, such as 
prostate-specifi c antigen, carcinoembryonic antigen or cancer antigen-125 levels, and 
abdomino-pelvic ultrasonography. Upon indication this screening was extended with CT-
scanning of chest, abdomen or pelvis, gastro- colono- or sigmoidoscopy, mammography, 
or sputum cytology. In the six studies routine followed by more extensive screening was 
associated with a 1.8 fold (95% CI 1.28-2.51) higher probability of fi nding occult cancer, 
compared to routine testing alone (Figure 3). The only randomized trial by Piccioli et 
al., however, found no additional value of extensive screening [38]. Furthermore, aft er 
routine screening the incidence of cancer showed a large variation in the diff erent 
studies. This is likely due to diff erences in patient characteristics, but also to the type of 
routine screening itself. A predefi ned protocol focusing on the possibility of occult cancer 
that clearly describes history taking, physical examination and laboratory testing is a 
prerequisite to reliably assess the additional value of extensive screening. In addition, 
another potential source of variation is the defi nition of extensive screening, which is not 
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well defi ned. Finally, if extensive screening is advocated, early detection of cancer must 
lead to a benefi t in survival, a matt er that has not yet been adequately addressed. 

Fig. 3. Detection of occult malignancy in patients with venous thromboembolism by routine 

screening alone or by routine screening followed by more extensive screening.

An ongoing study may soon provide more information. This multicenter study directly 
compares routine and extensive testing for occult malignancy in patients with VTE 
(The Trousseau study). Centers that only used routine testing, consisting of medical 
history, physical examination, basic laboratory examination and chest X-ray, are 
compared to matched centers that additionally perform thoracic and abdominal CT, plus 
mammography in women. Thusfar 444 patients have been included. The planned total 
number of patients is 1200. An interim analysis reveals that in the routine testing arm, 16 of 
176 had a suspected cancer aft er the initial assessment, which was confi rmed in 1 patient 
(0.6%, 95% CI; 0.2-3.1%). During a median follow up of 12 months 6 new malignancies 
were diagnosed (incidence 3.4%, 95% CI; 1.3-7.3%). In routine and additional screening 
arm, 30 of 268 patients were thought to have a malignancy aft er the initial assessment. In 
11 patients a malignancy was diagnosed (4.1%, 95% CI; 2.1-7.2%). Of these 268 patients, 
214 underwent the additional screening tests. Follow up diagnostic tests were ordered 
in 49 patients. In 4 a malignancy was found. During a median follow up of 12 months, 
6 new neoplasms were diagnosed (incidence 2.4%, 95% CI; 0.87-5.1%) (abstract ISTH). 
Based on these preliminary data the additional value of CT screening appears to be 
limited in patients with idiopathic VTE. A standard initial assessment seems eff ective 
enough for diagnosing cancer in these patients. 
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CANCER, HEMOSTASIS AND HEPARINS
This second part fi rst describes the way cancer cells utilise hemostatic constituents 
for their growth and progression. Recently, a rise in the interest in the association of 
cancer and thrombosis was driven by the discovery of potential anti-cancer eff ects of 
anticoagulants in particular heparins. The clinical eff ects of (LMW) heparins in cancer 
patients are summarized and the potential mechanisms of the anti-cancer eff ects of 
heparins are discussed. Other anticoagulants are outside the scope of this review. 

Hemostasis and cancer
Multiple pathways result in cancer growth and progression. Cancer cells gain capacity 
to proliferate, migrate and induce proteolysis and permeability. They have a reduced 
sensitivity to apoptosis and develop functions to increase motility and adhesion [40]. 
It is now well established that the essential actors of hemostasis (e.g. coagulation and 
fi brinolytic proteins, and platelets), apart from their procoagulant eff ects, directly play 
a role in these processes. However, fi brin formation itself is essential as a supportive 
scaff old for angiogenesis that ensures the tumors oxygen supply [41-43]. The eff ects and 
possible pathways through which the individual actors and their complexes work are 
summarized in Table 2.
 Tissue factor levels are associated with clinical progression of cancer and 
elevated levels are an unfavourable prognostic indicator. Tissue factor gene silencing 
can inhibit tumor growth and metastasis in vivo [44-46]. The importance of tissue factor 
for invasive growth is nicely illustrated by the fact that without tissue factor there can be 
no embryonic development [47]. The aberrant expression of tissue factor in cancer and 
vascular endothelial cells is stimulated by the tumor as a result of activation of the k-ras 
oncogene and loss of p53 tumor suppressor gene, as well as through infl ammatory signals 
such as interleukine-1β and tumour necrosis factor-α [48]. These cytokines also infl uence 
leukocyte, platelet and endothelial cell function resulting in decreased thrombomodulin 
expression on the endothelial cell surface, impairment of the protein C anticoagulant 
pathway and enhanced expression of adhesion molecules [46]. 
 Furthermore, tissue factor (isolated as well in complex with factor VIIa) induces 
vascular derived growth factor (VEGF) expression, downregulation of thrombospondin 
and further tissue factor expression [49-52]. Together, this stimulates angiogenesis, 
adhesion and migration [53;54]. The TF-FVIIa complex induces also survival of cells that 
have been directed towards apoptosis [55;56]. 
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Table 2 - The role of hemostatic constituents (coagulation and fi brinolytic proteins and 
platelets) in the growth and progression of cancer.  
   
Haemostasis Pathway/mechanism Effects on cancer growth 
  and progression
  Coagulation proteins  
Specifi c interactions 
Tissue factor  VEGF expression↑ Angiogenesis↑, permeability↑
 k-ras expression Metastasis, tumor growth
TF-FVIIa VEGF↑ TSP↓ TF↑ Angiogenesis↑, cell survival↑, 
  apoptosis↓
Factor Xa Cancer procoagulant Proliferation↑
Thrombin TF, VEGF, VEGFR, bFGF, MMP-2 Altered cell shape,
  proliferation↑,permeability↑,  
  migration↑, cell survival↑, 
  proteolysis↑
 Platelets activation, growth Angiogenesis↑, apoptosis↓
 factors release  
 Mobilisation of adhesion molecules Motility↑
Pro-coagulant interactions 
TF-FVIIa Thrombin/fi brin formation Matrix for angiogenesis
  Feedback: TF expression↑
TF-FVIIa-FXa Thrombin formation 
Fibrinolytic proteins
u-PA, t-PA Proteolysis/fi brinolysis  Invasion, proliferation
PAI-1, PAI-2 Fibrin matrix conservation Angiogenesis↑
Platelets Release of growth factors Angiogenesis↑, permeability↑, 
 (VEGF, PDGF, bFGF) apoptosis↓ 
 P-selectin expression Tumour cell adhesion ↑, 
  migration↑
 NK-cell protection (coating) Tumour cell survival↑  
 COX-2 ↑ Apoptosis↓

Abbreviations: bFGF: basic fi broblast growth factor, COX-2: cyclo-oxygenase-2, NK-cell: 

natural killer cell, PAI-1: plasminogen activator inhibitor type 1, PDGF: platelet derived growth 

factor, TF: tissue factor, t-PA tissue type plasminogen activator,  TSP-1: thrombospondin-1, 

TFPI: tissue factor pathway inhibitor, u-PA: urokinase plaminogen activator, VEGF: vascular 

endothelial growth factor, VEGFR: vascular endothelial growth factor receptor.  
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Cancer procoagulant, a cystein protease which is expressed on the surface of many cancer 
cells, can directly induce activation of factor X independent of FVIIa. Hereby, vascular 
cell proliferation is promoted [46]. 
 Thrombin enhances the expression of tissue factor, VEGF, VEGF-receptor, basic 
fi broblast growth factor and matrix metalloproteinase through signalling via the protease 
activated receptors on the cell surface of cancer cell and/or vascular endothelial cells [57-
61]. This leads to changes in endothelial cell shape and proliferation, increased vascular 
permeability, migration and enhanced survival of cancer cells [54;62;63]. 
 The factors mentioned above are all well known for their classic role in the 
hemostatic system, which naturally occurs at the same time. It appears that activating 
the coagulation system has advantages for cancer growth and progression, since fi brin is 
an excellent matrix for angiogenesis. The fi brin matrix also protects against proteolysis. 
Furthermore, fi brin formation leads to proliferation and migration and in reverse to tissue 
factor expression, which is probably signalled through the pro-angiogenetic cytokine Il-8 
[46;64;65]. The complex of tissue factor-FVIIa-FXa stays active because of impaired TFPI 
binding, which results in prothrombin conversion and thrombin formation [43]. 
 Cancer cells can express many fi brinolytic proteins (uPA, tPA, PAI-1, PAI-2) 
and both promotion as well as inhibition occurs [66]. Cancer cells overall impair the 
fi brinolytic system, which results in fi brin matrix conservation, tumor invasion, cell 
proliferation and metastasis.
 Activation of platelets by thrombin leads to release of growth factors such as 
VEGF, platelet derived growth factor and basic fi broblast growth factor. These growth 
factors contribute to angiogenesis and inhibit apoptosis [67;68]. Cancer cells enhance 
P-selectin expression on monocytes, macrophages, endothelial cells and platelets 
[69]. In addition cancer cells express p-selectin ligands to bind those cells. The latt er 
provides protection against natural killer cells and therefore leads to tumor cell survival 
and enhanced adhesion to the endothelium [70]. Platelets promote COX-2 synthesis 
in monocytes and it has been shown that overexpressing of COX-2 leads to inhibited 
apoptosis, abnormal cell-to-cell interactions and a more invasive phenotype. Furthermore, 
prostaglandins (COX-2 products and mediators of classic infl ammation) might suppress 
host immunity against tumors [71;72].
 More recently, coagulation system activation has been related to hypoxia driven 
overexpression or mutation of the MET-oncogene (physiological invasive growth). 
Boccaccio and colleagues induced disseminated intravascular coagulation and the 

b
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Trousseau syndrome by targeting the human MET-oncogene in the mouse liver resulting 
in enhanced PAI-1 and COX-2 expression [73-75]  In glioblastomas it was found that 
a tumor suppressor gene (PTEN) and hypoxia regulated tissue factor expression and 
induced intravascular thrombotic occlusion [76]. 

Cancer and heparins
For many decades, experimental and clinical studies have evaluated the eff ects of 
anticoagulants on tumor growth with diff erent outcomes. In 1992 Prandoni et al. observed 
an important reduction in total mortality in the subgroup of VTE patients with cancer at 
enrolment, who received LMWH. At 3 months, 44% (8 of 18) of the cancer patients died 
in the standard heparin group versus 7% (1 of 15) in the LMWH group (p=0.021) [77]. 
These fi ndings of a survival benefi t of LMWH in cancer patients were confi rmed in a 
meta-analysis of 9 studies that compared LMWH with standard heparin in the treatment 
of VTE [78]. These results have led to clinical trials that evaluated the eff ect of (LMW) 
heparin on survival in cancer patients without thrombosis. 
 Figure 4A presents the overall survival results at 6 months aft er study entry 
of the fi ve randomized controlled trials that primarily evaluated the eff ects of (LMW) 
heparin on cancer progression [79-83]. Overall there is no diff erence in survival (relative 
risk 0.91, 95% CI; 0.71-1.16). These studies however diff er considerably in study design. 
In one study UFH was administered, in the others LMWH [79]. In two of the studies only 
patients with small cell lung cancer were included [79;80], whereas patients with diff erent 
cancer types were enrolled in the other studies. The duration of heparin therapy diff ered, 
from 5 to 52 weeks. In one study a therapeutic dose of LMWH was given [82]. Three 
studies defi ned a priori a subgroup consisting of patients with a prognosis of at least 6 
months at study entry (also referred to as limited disease) [79;80;82]. Figure 4B shows 
the survival in this subgroup. Patients treated with (LMW) heparin have a signifi cant 
survival benefi t (relative risk 0.47, 95% CI; 0.30-0.75). Subgroup analysis indicated no 
benefi t for patients with advanced disease (relative risk 0.96, 95% CI; 0.77-1.21). Post 
hoc analysis of other studies are in agreement with these positive fi ndings in those with 
limited disease [81;83;84]. 
 These clinical results are supported by proposed mechanisms of heparin on cancer 
progression, mainly based on in vitro and in vivo studies. The possible mechanisms by 
which heparins impair cancer growth and progression include decrease of thrombin and 
fi brin formation, binding to adhesion molecules, anti-heparanase eff ects and increase of 
apoptosis.
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Fig. 4A. Heparin versus placebo or no anticoagulants in patients with cancer.

Overall survival aft er 6 months

Fig. 4B. Heparin versus placebo or no anticoagulants in patients with cancer.

Survival aft er 6 months in patients with limited disease, with a similar defi nition at study 

entry

Legend fi g. 4: UFH: Unfractioned Heparin, LMWH: Low Molecular Weight Heparin

Heparins have well known anticoagulant eff ects resulting in inhibition of thrombin and 
fi brin formation. As discussed above, thrombin as well as fi brin are important for cancer 
growth and progression. Besides, its coagulant eff ects heparin is thought to have other 
properties. This is illustrated by the anti-metastatic eff ects of non-anticoagulant heparins 
[85]. 
 The fi rst non-anticoagulant mechanism of heparin is interfering with the 
interaction between cancer cells and platelets. Specifi c oligosaccharide structures in 
heparin can bind to P-selectins exposed on activated platelets [86]; these structures 
show minimal anticoagulant activity [87]. Ludwig and colleagues tested the impact of 
UFH, LMWH (nadroparin and enoxaparin), and fondaparinux on P-selectin-dependent 
tumor interactions in vitro and metastasis formation in vivo. These agents diff er widely 
in their potential to interfere with P-selectin-mediated cell binding. This inhibitory 

b
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function strongly correlates to the potency in inhibiting experimental lung metastasis 
in vivo [88;89]. Selectins are also expressed on leukocytes (L-selectin) and the vascular 
endothelium (E- and P-selectin). Heparin can inhibit L-selectin binding to its ligands 
resulting in inhibition of the infl ammatory response. Also extravasation of cancer cells is 
hindered by binding of heparin to selectins. [86;90;91]. 
 The second non-anticoagulant property of heparin is inhibition of cancer cell 
heparanase [92]. Heparanase is expressed in many human cancers. This enzyme breaks 
down the polysaccharide barrier facilitating cancer-cell invasion through the vascular 
basement membrane, also angiogenesis and metastases are promoted [93]. In humans 
elevated heparanase expression by the tumor has been correlated with a more aggressive 
behaviour in breast, colon, ovary, pancreas, non-small lung cancer, acute myeloid 
leukaemia, and myeloma tumours [94-101]. Heparanase also cleaves the growth factor 
bearing heparan sulphate groups from heparan sulphate proteogylcans localized in the 
extracellular matrix and cellular membranes [102-104].  Heparins can directly inhibit the 
eff ect of growth factors as well. LMWH hinders binding of growth factors to high-affi  nity 
receptors to a greater degree than UFH [105].
 Heparin, especially LMWH, is thought to increase the apoptosis index in cancer 
cells. Nasir et al. observed in heparin knockout mice a four fold increase in the apoptosis 
index with LMWH as compared to controls [106]. Heparin probably enters the cell by 
endocytosis and induces apoptosis by interfering with transcription factor [107]. 
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ABSTRACT
Venous thromboembolism is an important clinical problem. Cancer patients have a higher 
risk to develop venous thrombosis and vice versa. The treatment consists of heparin 
followed by vitamin K antagonists. Both agents have several limitations. Especially in 
cancer patients vitamin K antagonists cause bleeding or recurrence of VTE because of a 
small therapeutic window. Monotherapy with low molecular weight heparin seems to 
cause less of these complications in cancer patients compared to vitamin K antagonists. 
Besides, the drug is thought to have anti-cancer properties. Several novel anticoagulants 
are being developed and are undergoing clinical evaluation. New anticoagulants should 
also be evaluated on the eff ect on progression of cancer and cancer related survival. 
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INTRODUCTION
Venous thromboembolism is an important clinical problem with an incidence of 1-2 per 
1000 persons. The consequences can be life threatening. Cancer is an important risk factor. 
Active cancer has been recognized as an independent predictor of recurrent VTE [1]. 
Conversely of all VTE patients, almost 25% have active cancer [2], and in approximately 
10% of the patients with an idiopathic VTE an occult cancer will be found in the following 
two years [2]. Survival aft er VTE is lower than expected in cancer patients [3]. Currently, 
VTE is treated with vitamin K antagonists (VKA) and heparin, but both agents have 
several limitations. In cancer patients, treatment of VTE with VKA compared with 
treatment with low-molecular-weight-heparin (LMWH) is more oft en complicated by 
bleeding and the risk of recurrent thrombosis is higher than in non-cancer patients [4;5]. 
Besides, heparin not only benefi ts treatment of VTE, but appears to also have anti-cancer 
properties [6;7]. 
 The aim of this overview is to outline the treatment of symptomatic VTE in 
general, as well as in cancer patients. Subsequently, we will review the potential 
benefi cial eff ects of anticoagulants on the survival of cancer patients, regardless of the 
presence of VTE, and discuss the suggested mechanisms of action. Because of limitations 
of the currently available anticoagulants, new agents are being developed and will be 
discussed.

COAGULATION SYSTEM
Thrombosis can occur in veins or arteries. Venous thrombi, which are formed under low 
shear conditions, are predominantly composed of fi brin and red blood cells. The process 
can be triggered by injury to the vessel wall, disturbances of the pro- and antithrombotic 
balance and low fl ow conditions [8]. Arterial thrombi develop under high shear 
conditions and mainly consist of platelet aggregates held together by fi brin strands. Most 
arterial thrombi are superimposed on disrupted atherosclerotic plaques. Rupture of the 
plaque exposes thrombogenic material in the lipid-rich core to the blood [9]. In venous 
thrombosis as well as in arterial thrombi platelets adhere to subendothelial collagen and 
to von Willebrand factor, where they become activated and release thromboxane A2, 
adenosine diphosphate and serotonin, substances that activate ambient platelets. Platelet 
activation induces conformational chances in glycoprotein (GP) IIb/IIIa; once activated, 
GP IIb/IIIa ligates fi brinogen and, under high shear, von Willebrand factor. These adhesive 



Chapter 3

48

molecules mediate platelet aggregation by linking adjacent platelets together.
At the same time at sites of vascular injury, tissue factor (TF) is exposed which triggers 
coagulation and induces the formation of fi brin strands that stabilize the platelet-rich 
thrombus [10]. This is the fi rst of three overlapping stages in coagulation at sites of 
vascular injury, namely initiation of the activation of the coagulation system, propagation 
of the cascade and fi nally fi brin formation. 
 The initiation of the coagulation cascade is triggered by TF (Figure 1). Tissue 
damage causes exposition of TF which binds factor VIIa, and forms the TF/factor 
VIIa complex. This complex activates factor X [11]. Activated factor X (factor Xa) then 
converts small amounts of prothrombin to thrombin. Such low concentration of factor 
Xa is suffi  cient to amplify coagulation by activation of factors V and VIII, platelets and 
platelet bound factor XI. The TF/factor VIIa complex activates factor IX as well. In the 
propagation stage factor IXa binds to factor VIIIa on the surface of activated platelets, 
and this complex eff ectively activates more factor X. Activation of platelet bound factor 
XI by thrombin also promotes factor Xa generation [11]. The fi nal step of coagulation 
involves the conversion of fi brinogen to fi brin by thrombin. Thrombin also activates 
factor XIII, which cross-links and stabilizes the fi brin network.
 Procoagulant activity is regulated by three important anticoagulant pathways. 
Activated protein C downregulates coagulation activation by the cleavage of the essential 
cofactors Va en VIIIa. Binding of thrombin to thrombomodulin located on the endothelial 
cell membrane results in a strong increase of activated protein C. Antithrombin is another 
anticoagulant protease, and it is the main inhibitor of thrombin and FXa. Tissue factor 
pathway inhibitor (TFPI) inhibits the activity of the TF/factor VIIa complex. 
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Fig. 1. Regulation of blood coagulation 

Legend fi g.1: Tissue factor (TF)-factor VIIa complex activates factor IX or factor X, the coagulation 

is initiated. Factor X is mainly activated by the TF-VIIa complex. The Factor IXa-factor VIIIa 

complex enhances the activation of factor X. Coagulation is maintained through the activation 

by thrombin of factor XI. The coagulation system is regulated by the protein C pathway. 

Thrombin activates protein C by binding with thrombomodulin located on the enodothelium. 

Together with protein S, activated protein C (APC) is capable of inactivating factors Va and 

VIIIa, which results in a down-regulation of thrombin generation and consequently in an up-

regulation of the fi brinolytic system. The activity of thrombin is controlled by the inhibitor 

antithrombin. The solid arrows indicate activation and the broken arrows inhibition.

VENOUS THROMBOEMBOLISM
Venous thromboembolism (VTE), manifested as deep venous thrombosis (DVT), 
pulmonary embolism (PE) or both is a frequent clinical problem. The annual incidence of 
objectively confi rmed episodes of VTE is 1-2 per 1000 inhabitants and this rate appears to 
be similar in diff erent parts of the world [12]. Traditionally, DVT and PE were considered 
separate diseases, but increasing evidence indicates that there is much overlap in their 
etiology, occurrence, prognosis and treatment [13]. The main risk factors are increasing 
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age, thrombophilia, surgery, immobility, central venous catheters, hormone replacement 
therapy, oral contraception and cancer. The natural history of untreated symptomatic 
VTE is not well known, but the study by Barritt  and Jordan in patients with clinically 
diagnosed PE showed that if patients do not receive anticoagulant therapy, approximately 
25% will have a fatal recurrence, whereas another quarter of the patients will experience 
recurrent disease that is not fatal [14]. 

VTE in cancer patients
In cancer patients VTE is the second leading cause of death [15;16]. The incidence diff er 
between studies [17-19]. A large population-based study showed that in the fi rst three 
months aft er diagnosis of cancer the incidence of VTE was highest, with an odds ratio of 
54 declining to an odds ratio of 4 aft er 1 to 3 years [20].
 Tumor depending risk factors are stage and histology, with metastatic disease 
associated with a higher incidence of VTE than local cancer stages. It is clear that the 
VTE risk diff ers between various types of cancer but confl icting data exist about the 
estimated relative risks [15]. Treatment of cancer is also an important risk factor. Surgery, 
radiotherapy and chemotherapy all contribute to the risk of VTE [15;21;22]. Also the 
risk of recurrent VTE is approximately 3-fold higher in cancer patient compared to VTE 
patients without cancer [18;21]. 

CURRENTLY USED ANTICOAGULANT THERAPY
Traditionally, anticoagulant therapy is used for prevention and treatment of venous 
and arterial thromboembolism. The currently used oral anticoagulants are vitamin K 
antagonists (VKA). By inhibiting the metabolism of vitamin K the synthesis of clott ing 
factors (prothrombin, factor VII, IX and X) is inhibited. This therapy requires regular 
monitoring of the level of anticoagulation by the International Normalized Ratio (INR) 
[23]. 
 Heparins are the more commonly used parenteral anticoagulants. Unfractioned 
heparin (UFH) inhibits fi brin formation indirectly by binding to antithrombin catalyzing 
the activity of approximately 1000-fold. It is given intravenously. The antithrombotic 
dose-depending eff ect of UFH diff ers in and between patients. Consequently, frequent 
monitoring by coagulation tests is necessary. LMWH is a derivate of UFH, which 
binds far more strongly to FXa than to thrombin. LMWH is given subcutaneously in 
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a weight adjusted dose once or twice daily. Besides the injections, heparin induced 
thrombocytopenia can be a hurdle.

ANTICOAGULANT THERAPY IN CANCER PATIENTS
VTE treatment
Especially in cancer patients the anticoagulant eff ect of VKA is unpredictable. Various 
reasons such as drug interactions, malnutrition, liver dysfunction, vomiting and diarrhoea 
can cause changes in vitamin K status. Because VKA have a delayed onset of action and 
prolonged clearance of the anticoagulant eff ect, they are diffi  cult to manage in patients 
who require invasive procedures or who experience frequent episodes of chemotherapy-
induced thrombocytopenia [4;5]. Cancer patients treated with VKA frequently have 
recurrent episodes of VTE as well as a high risk of bleeding. In prospective studies, the 
annual risk of recurrent VTE is 21-27% in cancer patients treated with VKA [4;5], which is 
2-3-fold higher than in patients without cancer. On the other hand cancer patients treated 
with VKA also have a high risk of major bleeding of 13.3%, as compared to 2.1% (per 100 
patient years) for patients without cancer [4].
 The fi rst study in which the effi  cacy and safety of LMWH has been compared 
with that of VKA in preventing recurrent thrombosis in patients with cancer is the study of 
Meyer et al [24]. In this open label trial enoxaparin (1.5 mg/kg once daily subcutaneously) 
was compared to warfarin for 3 months in 146 patients with VTE and cancer. Of the 
patients assigned to warfarin 21.1% (95% CI 12.3-32.4%) experienced major haemorrhage 
or recurrent thromboembolism versus 10.5% (95% CI 4.3-20.3%) of the patients assigned 
to enoxaparin (p=0.09). The authors concluded that enoxaparin was as eff ective as VKA 
in the prevention of recurrent VTE, and provoked less bleeding.
 In the CLOT study patients with cancer who had acute, symptomatic proximal 
deep vein thrombosis (DVT) in the leg, pulmonary embolism (PE), or both, were 
randomly assigned to receive LMWH (dalteparin) at a dose of 200 IU per kilogram of 
body weight subcutaneously once daily for fi ve to seven days followed by VKA for six 
months (target INR, 2.5), or dalteparin alone for six months (200 IU per kilogram of 
body weight once daily for one month, followed by a daily dose of approximately 150 IU 
per kilogram for the remaining fi ve months). In the dalteparin group 9% had recurrent 
VTE, as compared to 17% of the patients in the VKA group (hazard ratio 0.48, 95% CI; 
0.30-0.77). No signifi cant diff erence was observed in the rate of major bleeding [25]. The 
prevention of DVT and PE is outside the scope of this contribution.
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Cancer treatment
Since decades there has been interest in the infl uence of anticoagulants on the progression 
of cancer. In a systematic review of 9 studies on the treatment of VTE, post-hoc analyses 
showed that administration of LMWH improved the three months survival of cancer 
patients when compared to UFH, with an odds ratio of 0.61 (95% CI 0.40-0.93), whereas 
in VTE patients without cancer the survival was similar [7]. This reduction of mortality 
was present in various types of cancer and was not the result of diff erences in death 
related to VTE, bleeding or other known prognostic variables. It is also unlikely that these 
diff erences in survival were the result of a detrimental eff ect of UFH, as was shown by 
Smorenburg et al [26]. These results have led to randomised clinical trials that evaluated 
the eff ect of (LMW) heparin on survival in cancer patients without thrombosis.
 Figure 2 shows a meta analysis of fi ve studies on the eff ect of (LMW) heparin on 
death at 12 months aft er study entry [27-31]. There is a 12% decrease in death in patients 
treated with LMWH, in the absence of statistical heterogenicity (relative risk 0.88, 95% CI; 
0.80-0.96). However, these studies diff er considerably in design. In one study, UFH was 
administered, in the others LMWH [27]. In two of the studies only patients with small 
cell lung cancer were included [27;28], whereas patients with diff erent cancer types were 
enrolled in the other studies. The duration of heparin therapy ranged between studies 
from 5 to 52 weeks, and in one study a therapeutic dose of LMWH was given [30]. Three 
studies a priori defi ned a subgroup consisting of patients with a prognosis of at least 6 
months at study entry (also referred to as limited disease) [27;28;30]. These patients have 
a signifi cant survival benefi t if they are treated with (LMW) heparin (relative risk 0.66, 
95% CI; 0.52-0.84). Furthermore, post hoc analyses of the other studies are in agreement 
with these positive fi ndings in those with limited disease [25;29;31]. 

Fig. 2A. A meta-analysis of 5 randomized controlled studies on the survival eff ect of (LMW) 

heparin in cancer patients

b
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heparin in cancer patients with a prognosis of more than 6 months at study entry.

The knowledge about mechanisms of the heparin eff ect on cancer progression is mainly 
based on in vitro and animal studies. 
 One of the mechanisms is based on the anticoagulant eff ect. Tumour cells are 
capable to produce procoagulant molecules such as tissue factor, cancer procoagulant 
and hepsin. These initiate the clott ing cascade activating the protease-activated receptors 
[32;33]. Stimulation of the receptors by these coagulation factors may change the tumour 
phenotype, and enhance growth, invasion, metastasis, and angiogenesis in experimental 
models [34;35]. LMWH’s are also eff ective in releasing endothelial tissue factor pathway 
inhibitor (TFPI), the natural inhibitor of tissue factor [36]. Besides its coagulant eff ects, 
heparin is thought to have other properties. This is illustrated by the anti-metastatic 
eff ects of non-anticoagulant heparins [37]. 
 The fi rst non-anticoagulant mechanism of heparin is interfering with the 
interaction between cancer cells and platelets. Specifi c oligosaccharide structures in 
heparin can bind to P-selectins exposed on activated platelets [38] and show minimal 
anticoagulant activity [39]. Ludwig and colleagues tested the impact of UFH, LMWH 
(nadroparin and enoxaparin), and fondaparinux on P-selectin-dependent tumour 
interactions in vitro and metastasis formation in vivo. These agents diff er widely in their 
potential to interfere with P-selectin-mediated cell binding. The ability strongly correlates 
with the potency in inhibiting experimental lung metastasis in vivo [40;41]. Selectins 
are also expressed on leukocytes (L-selectin) and the vascular endothelium (E- and P-
selectin). Heparin can inhibit L-selectin binding to its ligands resulting in inhibition of 
the infl ammatory response. Also extravasation of cancer cells is hindered by binding of 
heparin to selectins. [38;42;43]. 
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The second non-anticoagulant property of heparin is inhibition of cancer cell heparanase 
[44]. In humans, elevated heparanase expression by the tumor has been correlated with 
a more aggressive behaviour in breast, colon, ovary, pancreas, non-small lung cancer, 
acute myeloid leukaemia, and myeloma tumours [45-52]. Heparanase is an enzyme that 
breaks down the polysaccharide barrier on the endothelium, which enhances cancer-
cell invasion is enhanced [53]. Heparanase also cleaves the growth factor that bears 
heparan sulphate groups from heparan sulphate proteogylcans which are localized in 
the extracellular matrix and cellular membranes [54-56]. Heparins can directly inhibit 
the eff ect of growth factors as well. LMWH hinders binding of growth factors to high-
affi  nity receptors to a greater degree than UFH [57].
 Finally, heparin, especially LMWH, is thought to increase apoptosis in cancer 
cells. In heparin knockout mice LMWH resulted in a four fold increase in the apoptosis 
index with LMWH as compared to controls [58]. Heparin probably enters the cell by 
endocytosis and induces apoptosis by interfering with transcription factors [59]. 

NEW ANTICOAGULANTS
Because of the limitations of both VKA and LMWH, new anticoagulants are being 
developed. New anticoagulants target specifi c steps in the coagulation cascade. Initiation 
of coagulation can be inhibited by targeting the TF/factor VIIa complex, whereas in the 
propagation stage thrombin generation can be blocked by drugs that target factor IXa 
or Xa, or by inactivation of factor Va or VIIIa. In the fi nal stage, an inhibitor of thrombin 
prevent fi brin formation, block thrombin-mediated feedback activation of factors V, VIII, 
and XI, and att enuate thrombin induced platelet activation.  

Inhibitors of initiation
Agents at the most advanced stage of development are recombinant TFPI, nematode 
anticoagulant peptide (NAPc2) and the active site-blocked factor VIIa (factor VIIai).
 Animal studies demonstrated that TFPI att enuates the coagulopathy and 
improves survival in sepsis models [60;61]. A recombinant form of TFPI (tifacogin) has 
been evaluated for these indications in humans. In 1754 patients with severe sepsis, 
the eff ect of TPFI on all-cause 28-day mortality was compared with placebo. The INR 
was determined in all patients within 24 hours before the start of drug infusion and a 
prolongation was based on severe sepsis and not att ributable to medications or other
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Fig. 3. New antithrombotics

conditions. For patients with a high baseline INR, the all cause mortality at 28 days did 
not diff er in both groups (34.2% and 33.9% with tifacogin and placebo, respectively) and 
the rate of bleeding was signifi cantly higher with tifacogin than with placebo (6.5% and 
4.8%, respectively). For patients with a low INR the overall mortality was lower in the 
tifacogin group (12%) as compared to placebo (22.9%). The rate of bleeding was higher 
in the tifacogin group compared to the placebo group (6.5% tifacogin and 4.8% placebo 
for those with high INR; 6.0% tifacogin and 3.3% placebo for those with low INR) [62]. 
Currently, TFPI is being evaluated in patients with community-acquired pneumonia. 
NAPc2 is a protein which is isolated form the nematode, Ancylostoma caninum. It binds 
to a non-catalytic site on both factor X and factor Xa and inhibits factor VIIa within the 
TF/factor VIIa complex. NAPc2 can be given on alternate days, because it has a half-
life of almost 50 hours aft er subcutaneous injection. In a phase II study, NAPc2 showed 
promise in preventing VTE aft er elective knee replacement surgery [63]. Phase III 
randomised controlled trials are needed to compare the effi  cacy and safety of NAPc2 
with the currently used anticoagulants. 
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Inhibitors of propagation
F Xa inhibitors
Factor Xa is an att ractive target for anticoagulants because of its pivotal ‘upstream’ 
location in the coagulation cascade. It is the rate-limiting component in the generation 
of thrombin. The response of drugs targeting the eff ects of factor X is predictable and 
routine coagulation monitoring is unnecessary. 
 Indirect factor Xa inhibitors are active by binding to antithrombin which then 
inhibits free factor Xa. Direct factor Xa inhibitors are active by binding to factor Xa. 
Fondaparinux and idraparinux, both indirect factor Xa inhibitors, are two new synthetic 
pentasaccharides. They are analogous to the pentasaccharide sequence of heparin that 
exert the same eff ect on FXa.
 Currently, only fondaparinux is licensed for prophylaxis of venous 
thromboembolism in high-risk orthopaedic surgery and as an alternative to heparin or 
LMWH for the initial treatment of VTE. Fondaparinux has a half-life of approximately 17 
hours and can be administered subcutaneously once daily [64]. It is not metabolized and 
it is cleared almost exclusively by the kidneys. Idraparinux is a hypermethylated derivate 
of fondaparinux, with a very high affi  nity to antithrombin which results in a plasma half-
life of 80 hours, similar of that of antithrombin [65]. Consequently, idraparinux can be 
given subcutaneously once weekly. Like fondaparinux, idraparinux is not metabolized 
and is cleared by the kidneys. Fondaparinux has been evaluated for the treatment of VTE 
in two phase III clinical trials. In the MATISSE-DVT study, a randomized, double-blind 
controlled study, 2205 patients received either fondaparinux or enoxaparin for at least 5 
days, followed by treatment with VKA. At 3-months, the rates of recurrent symptomatic 
VTE with fondaparinux or enoxaparin were 3.9% and 4.1 % respectively, whereas rates 
of major bleeding were 1.1% and 1.2% respectively [66].
 The MATISSE PE trial was an open-label trial, in which 2213 pulmonary 
embolism (PE) patients were randomized to receive either fondaparinux or UFH by 
continuous infusion for 5 days, followed by VKA. At 3 months, the rates of recurrent 
symptomatic VTE with fondaparinux or heparin were 3.8% and 5.0%, respectively, with 
an absolute diff erence of -1.2% (95% CI -3.0-0.5%) in favour of fondaparinux. Rates of 
major bleeding were 1.3% and 1.1% respectively, absolute diff erence of 0.2 %, (95% CI 
-0.7-1.1%). The results of both MATISSE trials indicate that fondaparinux is as eff ective 
as LMWH or UFH for the initial VTE treatment. Furthermore, fondaparinux is easier to 
administer than UFH [66].
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Idraparinux was compared with warfarin in patients with proximal DVT in a phase II, 
dose-fi nding trial [67]. Patients were treated for 5 to 7 days with enoxaparin (2.5, 5.0, 7.5, 
10 mg) and than randomized to idraparinux, once weekly subcutaneously, or VKA for 12 
weeks. The primary effi  cacy outcome, changes in compression ultra-sound and perfusion 
lung scan fi ndings, was similar in all idraparinux groups and did not diff er from that in 
the VKA group. However, there was a strong dose dependent increase in bleeding in 
the idraparinux group, with an a unacceptably high rate in the 10 mg group; however in 
the 2.5 mg group the bleeding rate was lower than in the VKA group (p=0.029). Recently 
completed trials have compared subcutaneous idraparinux monotherapy (at a dose of 
2.5 mg once weekly) with 5 to 7 days of enoxaparin, followed by at least 3 months of 
VKA therapy for the treatment of patients with DVT or PE. Regarding the recurrence of 
VTE, the pre-specifi ed non-inferiority criterion was met at 3 months and maintained at 
6 months in the 6 month stratum for patients with DVT. In the PE patients, however, the 
non-inferiority criteria were not met due to a higher recurrence rate in the idraparinux 
recipients. The incidence of clinically relevant bleedings was statistically lower at 3 
months but similar at 6 months in the 6-month stratum. Idraparinux has also been studied 
in patients with atrial fi brillation. In patients with AF at risk for thromboembolism, 
idraparinux (2.5 mg/wk) was at least as effi  cacious as VKA therapy, but associated with 
more bleeding. A diff erent dosing regimen, adjusted to patient characteristics to improve 
the safety while preserving effi  cacy, will be considered for future trials in AF.
 One parenteral (DX9065a) and several oral direct factor Xa inhibitors (BAY 59-
7939, LY-51, 7717, BMS-562247 and DU-176b) are currently undergoing phase II or phase 
III evaluation. 
 DX-9065a is a synthetic non-peptidic low-molecular-weight inhibitor that binds 
reversibly to the active site of factor Xa. The drug half life is 45 minutes aft er bolus i.v. 
injection and it is cleared by the kidneys. Phase I and II studies in patients undergoing 
percutaneous coronary intervention are promising but confi rmation is required by phase 
III clinical trials. 
 BAY 59-7939, LY-51, 7717, BMS-562247 and DU-176b are orally active, direct factor 
Xa inhibitors that are currently undergoing phase II/III testing for thromboprophylaxis 
in patients undergoing elective hip or knee arthroplasty. A phase III study in treatment 
with BAY 59-7939 of DVT and PE is ongoing. 



Chapter 3

58

Protein C
Activated protein C inactivates factor Va and factor VIIIa. Strategies to enhance the 
action of protein C include administration of recombinant protein C, activated protein C, 
or soluble thrombomodulin. Protein C is not only a strong natural anticoagulant but also 
has anti-infl ammatory properties [68]. Recombinant activated protein C (drotrecogin 
alpha), was compared to placebo a trial in 1690 patients with severe sepsis and showed 
a 6% absolute reduction in the 28 day mortality at a cost of more major bleeding (3.5 
percent vs. 2.0 percent; p=0.06) [69]. This benefi t was not found in a recent study in sepsis 
patients at a low risk of death [70]. An exploratory randomized, placebo-controlled, 
double blind, dose escalation study comparing a standard therapy for submassive 
pulmonary embolism (enoxaparin sodium) to a combined therapy of drotrecogin alfa 
plus enoxaparin sodium is ongoing.

Soluble thrombomodulin
Like membrane-bound thrombomodulin, soluble thrombomodulin binds thrombin and 
converts it from a procoagulant enzyme into a potent activator of protein C. In a phase II 
trial examining  the utility of soluble thrombomodulin for VTE prophylaxis aft er elective 
hip arthroplasty, the primary outcome (a composite of venographically detected DVT 
and symptomatic VTE) occurred in 3.4% (95% CI 1.3-8.5%) of 116 evaluable patients in 
the 0.3 mg/ kg group and in 0.9% (95% CI 0.2-4.9%) of 111 patients in the 0.45 mg/kg 
group [71]. Major bleeding occurred in 1.4% (95% CI 0.4-5.1%) of the patients receiving 
the low dose of soluble thrombomodulin and 6.3% (95% CI 3.3-11.5%) in the high dose 
group. 

Inhibitors of fi brin formation
Thrombin can be blocked indirectly, by blocking its generation (i.e. antithrombin 
stimulation by heparins) or directly. Direct thrombin inhibitors bind to thrombin and 
block its interaction with substrates, thus preventing fi brin formation, thrombin mediated 
activation of factor V, VIII, XI or XIII, and thrombin induced platelet aggregation. Direct 
thrombin inhibitors possibly att enuate thrombus formation more eff ectively than 
the indirect inhibitors, because they also inactivate fi brin-bound thrombin. Hirudin, 
argatroban and bivalirudin are parenteral direct thrombin inhibitors. Hirudin and 
argatroban are approved for therapy in case of heparin induced thrombocytopenia in 
North America. Bivalirudin is registered in North America for use during percutaneous 
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coronary interventions [72]. Ximelagatran is the fi rst orally available direct thrombin 
inhibitor. However a phase III trial in which patients were undergoing orthopaedic 
surgery was stopped and the agent was withdrawn by its manufacturer because of an 
adverse event report of serious liver injury. Dabigatran is another direct IIa inhibitor. 
Currently, phase III studies are testing dabigatran in atrial fi brillation and treatment of 
acute symptomatic venous thromboembolism.

DEVELOPMENT IN ANTICOAGULANT THERAPY IN CANCER 
Currently, several trials are studying the eff ects of anticoagulant therapy in cancer 
patients. One study is recruiting cancer patients with VTE to test the optimal duration 
of treatment of VTE with LMWH (cancer-DACUS study). Another study is investigating 
the prevention of thromboembolic events with an FXa inhibitor (apixaban) in patients 
with metastatic cancer. At least eight studies are ongoing in cancer patients without VTE 
to determine the eff ect of diff erent LMWH’s on survival. 
 Furthermore the eff ect of NAPc2 and fondaparinux on survival is being studied 
in cancer patients without VTE.  Recombinant NAPc2 is given in up to 100 patients with 
metastatic colon cancer. The aim is to identify a safe and eff ective dose of twice-weekly, 
subcutaneous rNAPc2 for the second-line treatment of metastatic colorectal carcinoma in 
combination with contemporary 5-FU-based chemotherapy. Non-small cell lung cancer 
patients are treated with fondaparinux in a phase I study.  

CONCLUSIVE REMARKS
Despite the ongoing development of new anticoagulant drugs that overcome limitations 
of currently used agents, (low-molecular-weight) heparins and VKA are still the drugs of 
choice in the treatment and prevention of VTE. Using LMWH for long term treatment of 
VTE in cancer patients should be considered. Furthermore, anticoagulants, in particular 
LMWH, appear to prolong survival in patients with cancer, although fi ve randomized 
clinical trails have not reached a fi rm conclusion yet. This potential eff ect may be due to 
various modes of action in the coagulation system as well as inhibition of cancer cell-
platelet interaction during intra-vascular dissemination, inhibition of cancer cell adhesion 
to the endothelium, and inhibition of angiogenesis, and increasing the apoptosis rate in 
cancer cells. 
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In the development and evaluation of new anticoagulants it is essential that the eff ect on 
progression of cancer as well as cancer-related survival is being monitored. Finally the 
eff ect of LMWH on survival of cancer patients should be fi nally established in currently 
ongoing trials. 
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ABSTRACT
Background 
Basic research and clinical studies have generated the hypothesis that anticoagulation 
may improve survival in patients with cancer through an antitumour eff ect in addition 
to the antithrombotic eff ect.
Objectives 
To evaluate the effi  cacy and safety of heparin including unfractionated heparin (UFH) 
and low molecular weight heparin (LMWH) and fondaparinux as interventions to 
improve survival of patients with cancer.
Search strategy
A comprehensive search for studies of anticoagulation in cancer patients including (1) 
a January 2006 electronic search of the following databases: MEDLINE, EMBASE, ISI 
the Web of Science, and CENTRAL; (2) hand search of the American Society of Clinical 
Oncology and of the American Society of Hematology; (3) checking of references of 
included studies; and (4) use of “related article” feature in PubMed.
Selection criteria
We included randomized clinical trials (RCT) comparing UFH, LMWH or fondaparinux 
to no intervention or placebo and RCTs comparing two of the three agents of interest in 
cancer patients without clinical evidence of venous thromboembolism.
Data collection and analysis 
Using a standardized form we extracted in duplicate data on methodological quality, 
participants, interventions and outcomes of interest including all cause mortality, venous 
thrombosis, symptomatic pulmonary embolism, major bleeding and minor bleeding.
Main results
Of 15,572 identifi ed citations 5 RCTs fulfi lled the inclusion criteria. In all included RCTs 
the intervention consisted of heparin. The overall methodological quality of the included 
studies was acceptable. Heparin therapy (with either UFH or LMWH) was associated with 
a statistically and clinically signifi cant reduction in mortality at 12 months (relative risk 
0.87, 95% CI; 0.80-0.95) and 24 months (relative risk 0.92, 95% CI; 0.86-0.99). In subgroup 
analyses, the reduction was not statistically signifi cant for patients with extensive small 
cell lung cancer (SCLC), but patients with limited SCLC experienced a survival benefi t 
at 6 months (relative risk 0.27; 95% CI; 0.10-0.69) and 12 months (relative risk 0.60, 95% 
CI; 0.42-0.87). Heparin exerted a borderline statistically signifi cant survival benefi t in 
patients with advanced cancer showed at 12 months (relative risk 0.89, 95% CI; 0.80-1.00) 
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and 24 months (relative risk 0.92, 95% CI; 0.85-1.00). However, heparin at least doubled 
the risk of all bleeding (relative risk 2.21, 95% CI; 1.02-4.78).
Reviewers’ conclusions
Heparin has a survival benefi t in cancer patients in general, and in patients with limited 
SCLC in particular. Heparin might be particularly benefi cial in cancer patients with 
limited cancer or a longer life expectancy. Future research should investigate the survival 
benefi t of diff erent types of anticoagulants (in diff erent dosing, schedules and duration 
of therapy) in patients with diff erent types and stages of cancers.

BACKGROUND
Since the 1930s, basic scientists have been exploring the eff ects of anticoagulation on 
cancer [1]. Studies have implicated the tumour-mediated activation of the haemostatic 
system in both the formation of tumour stroma and in tumour metastasis [2-4]. There is 
also evidence that heparin inhibits expression of oncogenes and formation of thrombin 
and fi brin induced by cancer cells. In addition, heparin potentially inhibits intravascular 
arrest of cancer cells and thus metastasis [1]. 

In this context, researchers have hypothesized that heparin may improve outcomes in 
cancer patients through an antitumour eff ect in addition to their antithrombotic eff ect [5]. 
In a 1992 clinical trial comparing nadroparin, a low molecular weight heparin (LMWH), 
to unfractionated heparin (UFH) in patients with proven deep vein thrombosis (DVT), 
nadroparin unexpectedly reduced mortality in the subgroup of patients with cancer 
[6]. In 1999, Smorenburg et al conducted a systematic review of the eff ects of UFH on 
survival in patients with malignancy [7]. They found three trials of high methodological 
quality but with confl icting results. 

Since 1999 several randomized controlled trials (RCTs) appeared on this subject [8;9] 
and, therefore, we systematically reviewed the literature and to assess both effi  cacy and 
safety outcomes of parenteral anticoagulation to prolong survival of cancer patients. 
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OBJECTIVES
To evaluate the eff ectiveness and safety of heparin (including UFH and LMWH) and 
fondaparinux in improving the survival of patients with cancer

CRITERIA FOR CONSIDERING STUDIES FOR THIS REVIEW
Types of studies
We included only randomized clinical trials (RCT).

Types of participants
Study participants were any cancer patients. Participants had to have no indication for 
prophylactic anticoagulation (e.g. for acute illness, central venous line placement) or 
therapeutic anticoagulation (e.g. for DVT or pulmonary embolism (PE).

Types of interventions
Main intervention: UFH or LMWH or fondaparinux
Comparison: placebo or no intervention. 
We also considered studies comparing two of the three agents being considered as the 
main intervention. Investigators had to have the intention to give all other co-interventions 
(e.g. chemotherapy) similarly.

Types of outcome measures
Events during the scheduled follow-up period:
(a) All cause mortality;
(b) Symptomatic DVT;
(c) Symptomatic PE;
(d) Major bleeding;
(e) Minor bleeding
 

SEARCH STRATEGY FOR IDENTIFICATION OF STUDIES
The search was part of a comprehensive search for studies of anticoagulation in cancer 
patients. We electronically searched the following databases: MEDLINE (1966 onwards), 
EMBASE (1980 onwards), ISI the Web of Science, and The Cochrane Central Register of 
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Controlled Trials (CENTRAL). The search date was January 2006. We used the following 
search strategy:
1- (LMWH OR low molecular weight heparin OR nadroparin OR fraxiparin OR enoxa-
parin OR clexane OR lovenox OR dalteparin OR fragmin OR ardeparin OR normifl o OR 
tinzaparin OR logiparin OR innohep OR certoparin OR sandoparin OR reviparin OR 
clivarin)
2- (heparin)
3- (warfarin or coumarin)
4- (Fondaparinux or Arixtra)
5- (Ximelagatran or Exanta) 
6- (Malignan$ OR Neoplas$ OR Cancer OR Carcinoma OR adenocarcinoma OR tumour 
OR tumor)
7- (1 OR 2 OR 3 OR 4 OR 5) AND 6

In addition, we hand searched the conference proceedings of the American Society of 
Clinical Oncology (ASCO, starting with its fi rst volume, 1982) and of the American 
Society of Hematology (ASH, starting with its 2003 issue). We reviewed the reference 
lists of papers resulting from the above searches and used the “related article” feature in 
PubMed to identify additional articles. We used no language restrictions.

METHODS OF THE REVIEW
Selection of trials
Two reviewers independently screened the titles and abstracts of identifi ed articles 
for eligibility. We retrieved the full text of articles judged by at least one reviewer as 
potentially eligible. Two reviewers then independently screened the full text articles 
for eligibility using a standardized form with explicit inclusion and exclusion criteria. 
The two reviewers resolved their disagreements by discussion or by consulting a third 
reviewer. 
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Methodological quality
Two reviewers independently assessed the methodological quality of each included study 
and resolved their disagreements by discussion. Methodological criteria included:
• Allocation concealment: Adequate (A), unclear (B), inadequate (C) or not used (D)
• Patient blinding
• Provider blinding 
• Outcome assessor blinding
• Analyst blinding
• Percentage of follow-up
• Whether the analysis followed the intention-to-treat (ITT) principle.
• Whether the study was stopped early for benefi t, harm or insuffi  cient accrual

We assessed validity by reporting how each trial scored on each criterion. We considered 
the following types of allocation concealment as adequate: centralised (e.g. allocation by a 
central offi  ce or pharmacy-controlled randomisation; on-site web-based or computerized 
allocation with assignment that is accessible only aft er the characteristics of an enrolled 
participant have been entered; pre-numbered or coded identical containers which 
are administered serially to participants; and sequentially numbered, sealed, opaque 
envelopes). We considered the following types of allocation concealment as inadequate: 
alternation; the use of case record numbers or dates of birth or day of the week; and any 
other procedure that would be entirely transparent before allocation, such as an open list 
of random numbers. We considered allocation concealment as unclear when studies did 
not report any concealment approach.

Data collection
We developed and used a standardized data extraction form. Two reviewers independently 
extracted the data from each included study and resolved their disagreements by 
discussion. We aimed at collecting data related to:
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Participants
• Number of patients in each treatment arm
• Population characteristics (age, gender, co-morbidity)
• History of VTE
• Type of cancer
• Stage of cancer 
• Time since diagnosis
• Co-interventions including radiotherapy, chemotherapy, and hormonal therapy 
 (type and duration)
• Use of indwelling central venous catheters

Interventions
• Type of anticoagulant: UFH, LMWH, or fondaparinux
• Dose: prophylactic vs. therapeutic 
• Duration of treatment
• Control: placebo or no intervention

Outcomes
We extracted the outcome data necessary to conduct intention-to-treat (ITT) analyses. 
We collected all cause mortality at one year (time point defi ned a priori) and at 6 months, 
2 years and 3 years (time points defi ned post hoc based upon results reported in the 
individual RCTs). When we could not obtain the number of events at the time points 
of interest from the paper or from the authors, two reviewers calculated these numbers 
independently and in duplicate from survival curves, if available. We used the mean of 
the two estimates when they diff ered. We assessed agreement between the two reviewers 
for each estimated value by calculating the percentage diff erence, which is the diff erence 
between the two estimates divided by the denominator (number of subjects at risk for the 
event) and multiplied by 100.

DVT events had to be diagnosed using one of the following objective diagnostic tests: 
venography, 125I-fi brinogen-uptake test, impedance plethysmography or compression 
ultrasound. PE events had to be diagnosed using one of the following objective diagnostic 
tests: pulmonary perfusion/ventilation scans, computed tomography, pulmonary 
angiography or autopsy. For the evaluation of bleeding complications, we accepted the 
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authors’ defi nitions of major and minor bleeding and excluded data from studies where 
defi nitions were not provided or unclear. 

We att empted to contact authors for incompletely reported data. We determined a priori 
to consider abstracts only if authors supplied us with full reports of their methods and 
results.

Analysis
We calculated the agreement between the two independent reviewers for the assessment 
of eligibility using kappa statistic. 

Using the ITT principle, we calculated the relative risk separately for each study for the 
incidence of outcomes by treatment arm. We then pooled the results of the diff erent 
studies using a random-eff ects model.  We tested results for homogeneity across studies 
using the I2 test [10] and considered substantial heterogeneity present if I2 was greater 
than 50%. We created inverted funnel plots of individual study results plott ed against 
the inverse of the variance in order to check for possible publication bias. We created 
the funnel plots for the primary outcome of death at 1 year as the other outcomes were 
reported by four of less number of studies.

To explain heterogeneity we conducted subgroup analyses based on the characteristics 
of participants, whenever data was available. 

DESCRIPTION OF STUDIES
Search yield
The comprehensive search strategy identifi ed 15,572 citations, including 4,852 duplicates. 
The title and abstract screening of the 10,720 unique citations identifi ed 51 as potentially 
eligible for this review. The full text screening of the 51 citations identifi ed 5 eligible 
RCTs published as full reports [8;9;11-13]. Agreement between reviewers for study 
eligibility was excellent (kappa = 0.94). The inverted funnel plot for the primary outcome 
of mortality at 1 year did not suggest publication bias (Figure 1).
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Fig. 1. Inverted funnel plot for randomized controlled trials of parenteral anticoagulation in 

cancer patients

Included studies
The fi ve included studies, recruited a total of 1189 participants and reported follow-up 
data on 1175 [8;9;11-13] (Table). One study used UFH as the intervention [12] while the 
other four used LMWH as the intervention [8;9;11;13]. We did not identify any study 
using fondaparinux as the intervention. 

Lebeau et al. recruited 277 patients with both limited and extensive SCLC) 78% of which 
had a Karnofsky Performance Scale Index >80 [12]. The Karnofsky PerformanceScale 
Index ranges from 0 (dead) to 100 (normal) [14]. Patients were randomized to receive 
along with their chemotherapy which was given in both arms either a prophylactic dose 
of UFH for 5 weeks or no intervention. The study outcome was mortality (at 1, 2 and 3 
years). Follow up was complete.
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Kakkar et al. (the FAMOUS trial) recruited 385 patients with diff erent types of advanced 
cancer (stage III or IV) and a minimum life expectancy of 3 months [8]. Patients were 
randomized to receive either a prophylactic dose of a LMWH (dalteparin) or placebo for 
12 months with no restriction on concomitant chemotherapy or radiotherapy. The study 
outcomes included mortality (at 1, 2 and 3 years), PE, DVT, major bleeding, and minor 
bleeding. Follow-up data were available for 374 patients.

Klerk et al. (MALT trial) recruited 302 patients with diff erent types of advanced cancer 
that could not be treated curatively and a minimum life expectancy of 1 month [9]. 
Patients were randomized to receive either a LMWH (nadroparin; 2 weeks therapeutic 
dose followed by 4 weeks of a prophylactic dose) or a placebo for 6 weeks without any 
concomitant chemotherapy or radiotherapy. Study outcomes included mortality (at 6, 
months, 1 year and 2 years), major bleeding, and major or minor bleeding. Follow up 
was complete.

Altinbas et al. recruited 84 patients with both limited and extensive SCLC and an Eastern 
Cooperative Oncology Group (ECOG) state<3 [11]. The ECOG Performance Status scale 
ranges from 0 (fully active) to 5 (dead) [15]. Patients were randomized to receive either a 
prophylactic dose of a LMWH (dalteparin) or placebo for 18 weeks or less in combination 
with chemotherapy in case of disease progression. Study outcomes included mortality 
(at 1 and 2 years), DVT, and minor bleeding. Follow up was complete. 

Sideras et al. recruited 141 patients with diff erent types of advanced cancer and a minimum 
life expectancy of 12 weeks and ECOG state 0-2 [13]. Patients were randomized either to 
a prophylactic dose of a LMWH (dalteparin) or to placebo or no intervention. Study 
outcomes included mortality (at 1, 2 and 3 years), VTE, and major bleeding. Follow-up 
data were available for 138 patients. 

We excluded 46 articles from this review for the following reasons: studies published as 
abstracts for which we were not able to obtain data from authors (n=6); abstracts later 
published in full and included in this review (n=4); intervention was topical heparin 
(n=1) or intraportal infusion of heparin (n=2); studies included no cancer patients (n=2); 
no survival outcome (n=2); study design was not a RCT (n=16); lett er to the editor or 
editorial (n=8); publication was a review (n=5).

b

b
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METHODOLOGICAL QUALITY OF INCLUDED STUDIES
Allocation was adequately concealed in four of the fi ve studies [8;9;12;13] and it was 
unclear whether it was adequately concealed in the fi ft h study [11]. While two studies 
blinded participants, caregivers, and outcome assessors [9;13], one study blinded patients 
and care givers [8], one study blinded outcome assessors and data analysts [12], and one 
study blinded only outcome assessors [11]. The lowest percentage of follow up in the fi ve 
studies was 97.1%. Only one study did not use the ITT analysis principle [13]. Only one 
study was stopped early by patient monitoring committ ee for insuffi  cient accrual [13]. 
We judged that in the study by Lebeau et al. [12] patients enrolled in the study received 
similar co-interventions although brain and thoracic irradiation depended on response 
to treatment. 11% and 6.5% respectively of patients randomized to heparin and control 
groups received radiotherapy.

RESULTS
Agreement between the two reviewers who extracted data from survival curves was 
high with an average percentage diff erence of 2.5%. The data were not heterogeneous 
(I2 statistic less than 50%) for the review outcomes at 1 year (the time point defi ned 
a priori). The data however showed substantial heterogeneity (I2 statistic higher than 
50%) for overall mortality at 6 and 36 months, mortality for advanced cancer at 6, 24 
and 36 months, mortality for limited SCLC at 24 months, and mortality for extensive 
SCLC at 24 months. The included studies used diff erent defi nitions for major and minor 
bleeding. The relatively small number of trials permitt ed subgroup analyses only for the 
subgroups of patients with small cell lung cancer (SCLC) and with “advanced cancer” 
(as defi ned in individual studies). 

All cause mortality
Based on pooled estimate from the 5 RCTs, heparin therapy was associated with a 
reduction of mortality that was statistically signifi cant at 12 months (relative risk 0.87, 
95% CI; 0.80-0.95) (Figure 2) and at 24 months (relative risk 0.92, 95% CI; 0.86-0.99) but 
not at 6 months (relative risk 0.93, 95% CI; 0.68-1.28) or 36 months (relative risk 0.97, 95% 
CI; 0.89-1.05). We conducted a sensitivity analysis excluding the study by Lebeau et al. 
[12] because it is the only study using UFH. The results of this latt er analysis did not 
change in terms of eff ect and statistical signifi cance.
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Fig. 2. The eff ect of heparin therapy (either low molecular weight heparin or unfractionated 

heparin) on all cause mortality at 1 year in patients with cancer 

In order to explain heterogeneity, we also conducted subgroup analyses for subgroups of 
patients with SCLC (extensive and limited separately) [11;12] and patients with advanced 
cancer [8;9;13]. 

Small cell lung cancer
For limited SCLC, heparin therapy was associated with a reduction of mortality that 
was statistically signifi cant at 6 months (relative risk 0.27, 95% CI; 0.10-0.69), 12 months 
(relative risk 0.60, 95% CI; 0.42-0.87) (Figure 3) but not at 24 months (relative risk 0.90, 
95% CI; 0.71-1.14). For extensive SCLC, heparin eff ect on mortality was not statistically 
signifi cant at 6 months (relative risk 0.86, 95% CI; 0.58-1.29), 12 months (relative risk 0.93, 
95% CI; 0.76-1.15) (Figure 4) or 24 months (relative risk 0.88, 95% CI; 0.65-1.18).

Fig. 3. The eff ect of heparin therapy on all cause mortality at 1 year in patients with limited 

small cell lung cancer

b
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Fig. 4. The eff ect of heparin therapy on all cause mortality at 1 year in patients with extensive 

small cell lung cancer 

Advanced cancer
Pooling data from studies including patients with advanced cancer [8;9;13] did not show 
a statistically signifi cant eff ect of heparin therapy on mortality at 6 months (relative 
risk 1.12, 95% CI; 0.78-1.62) or at 36 months (relative risk 0.96, 95% CI; 0.85-1.09) but a 
borderline signifi cant eff ects at 12 months (relative risk 0.89, 95% CI; 0.80-1.00) (Figure 5) 
and at 24 months (relative risk 0.92, 95% CI; 0.85-1.00).

Fig. 5. The eff ect of heparin therapy on all cause mortality at 1 year in patients with advanced 

cancer

Klerk et al [9] defi ned a priori two subgroups of patients with life expectancy less and 
greater than 6 months respectively. The hazard ratio for survival was 0.64 (95% CI 0.45-
0.90) for patients with longer life expectancy and 0.88 (95% CI 0.62-1.25) for patients with 
shorter life expectancy.



Chapter 4

82

Venous thromboembolism
Based on pooled estimates from two RCTs [8;11], heparin therapy was associated with a 
non-statistically signifi cant reduction in DVT (relative risk 0.61, 95% CI; 0.08-4.91).

Major and minor bleeding
Pooled estimates showed that heparin therapy was associated with increased bleeding 
that was non-statistically signifi cant for minor bleeding (relative risk 1.66, 95% CI; 0.59-
4.70) or major bleeding (relative risk 1.50, 95% CI; 0.26-8.80) but statistically signifi cant 
for all bleeding (relative risk 2.21, 95% CI; 1.02-4.78) (Figure 6).

Fig. 6. The eff ect of heparin therapy on all bleeding in patients with cancer

DISCUSSION
Heparin therapy (with either UFH or LMWH) was associated with a statistically and 
clinically signifi cant reduction of mortality in cancer patients who had no indication for 
parenteral anticoagulation at 12 and 24 months. In patients with extensive small call 
lung cancer there was no statistically signifi cant reduction in mortality at any of the 
time-points we analysed, but in patient with limited small cell lung cancer, there was a 
clinically and statistically signifi cant reduction in mortality at 6 and aft er 12 months. For 
patients with advanced caner, there was a borderline statistically signifi cant reduction in 
mortality at 12 and 24 months. Heparin therapy doubled the risk of bleeding. We did not 
identify any study using fondaparinux as the anticoagulant.

Our systematic approach to searching, study selection and data extraction should 
have minimized the likelihood of missing relevant studies or relevant data. The overall 
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methodological quality of the included studies was acceptable; all included studies were 
RCTs with high percentages of follow-up and allocation was clearly adequate in all but 
one included study. Our systematic approach, the acceptable overall methodological 
quality, and the low likelihood of publication bias increase the confi dence in the internal 
validity of our fi ndings. 

A limitation of this study is that the ‘no diff erence’ fi ndings can be related to the 
small number of RCTs, of studied patients and of events. Although the results were 
homogeneous for the a priori defi ned outcome (i.e. overall mortality at 12 months), 
they were heterogeneous for a number of the other outcomes. The heterogeneity could 
have been related to factors such as the diff erent types and stages of cancers, and the 
diff erent types, dosing, schedules and duration of heparin therapy. The relatively small 
number of studies and the inclusion of diff erent types of cancer in the same study 
precluded us from conducting all of the necessary subgroup analyses to explore all these 
factors. The subgroup analyses based on type of cancer did not completely explain the 
heterogeneity.

The statistically signifi cant survival benefi t of heparin in the subgroup of patients with 
limited SCLC in this review and in the subgroup of patients with life expectancy greater 
than 6 months in the study by Klerk et al [9] are important to note. The CLOT trial [16] 
supports these fi ndings indirectly; in that study, patients with solid tumours and an acute 
venous thromboembolic event had improved survival if they did not have a metastatic 
disease at the time of study entry.

The benefi cial eff ect of heparin on survival of patients with SCLC is not consistent with 
the eff ect of warfarin on survival in this patient population. In a systematic review of 
the use of oral anticoagulation for prolonging survival in patients with cancer, warfarin 
improved early survival in patients with extensive SCLC but not in patients with limited 
SCLC [17]. The reason for this discrepancy is unclear.
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REVIEWERS’ CONCLUSIONS
Implications for practice
This systematic review supports a survival benefi t from heparin therapy in cancer 
patients in general, and in patients with limited SCLC in particular. It also suggests a 
higher benefi t in patients with limited cancer or a longer life expectancy. 

The decision for a patient with cancer to start heparin therapy for survival benefi t should 
balance the benefi ts and downsides and integrate the patient’s values and preferences [18]. 
Patients with a high preference for a short survival prolongation and limited aversion to 
bleeding who do not consider heparin therapy a burden may opt to use heparin, while 
those with aversion to bleeding may not.

Implications for research
Future research should investigate the eff ects of heparin (including UFH and LMWH) 
and other anticoagulants in patients with diff erent types and stages of cancers using 
diff erent types, dosing, schedules and duration of therapy [19]. 
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SUMMARY
In the initial treatment of venous thromboembolism fondaparinux, a pentasaccharide, is 
a good alternative to heparin. Whether this is also true for cancer patients is unknown. 
We performed two post-hoc analyses of two randomized studies to compare effi  cacy, 
safety and overall survival of fondaparinux to standard initial (low molecular weight) 
heparin treatment in cancer patients with venous thromboembolism. 237 cancer patients 
with deep vein thrombosis were initially treated with fondaparinux or enoxaparin. 240 
cancer patients with pulmonary embolism received fondaparinux or unfractionated 
heparin. The initial treatment was followed by vitamin K antagonists. In deep vein 
thrombosis patients, the 3-month recurrence rate was 5.4% in the enoxaparin recipients 
compared to 12.7% in those treated with fondaparinux (absolute diff erence 7.3%, 95% 
CI; 0.1-14.5). A recurrence was observed in 8.9 % of the pulmonary embolism patients 
treated with fondaparinux compared to 17.2% in the unfractionated heparin recipients 
(absolute diff erence -8.3, 95% CI; -16.7-0.1). In both studies no diff erence in bleeding and 
overall survival was observed. 
 Regarding overall survival and bleeding fondaparinux is comparable to 
enoxaparin and unfractionated heparin in cancer patients. No signifi cant diff erences 
in recurrent venous thromboembolism were observed when comparing fondaparinux 
with unfractionated or low molecular weight heparin. Because of study limitations these 
results should be considered hypothesis generating.

b

b
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INTRODUCTION
Venous thromboembolism (VTE) oft en complicates the clinical course of patients with 
cancer [1;2]. With standard anticoagulant treatment they have a higher risk of recurrent 
VTE and an increased risk of bleeding compared to non cancer patients [3;4]. Standard 
anticoagulant treatment of VTE starts with heparin treatment followed by vitamin K 
antagonists (VKA). A comparison in recurrence rates of low molecular weight heparin 
(LMWH) versus unfractionated heparin (UFH) in the initial treatment of VTE in cancer 
patients showed a moderate non statistically signifi cant advantage of LMWH over 
UFH (relative risk 0.78, 95% CI; 0.29-2.08). Furthermore, this analysis indicated a clear 
survival benefi t at 3 months for the LMWH recipients (relative risk 0.71, 95% CI; 0.52-
0.98) [5]. Long term treatment in cancer patients was evaluated in various studies that 
compared LMWH with VKA treatment for 3 to 6 months [6-9]. A recent systematic meta-
analysis of these studies showed that long term LMWH is superior to VKA treatment 
regarding recurrent VTE (relative risk 0.51, 95% CI; 0.35-0.74) without an increase in 
bleeding [10]. Regarding these benefi cial eff ects of LMWH, the question raises how this 
compares to the new pentasaccharides, such as fondaparinux. Regarding recurrent VTE 
rate in cancer patients we have no grounds to expect a diff erence between the three 
compounds. With respect to the eff ect of fondaparinux on survival in cancer patients, no 
clinical studies have been performed yet [11]. Regarding the survival benefi t of LMWH 
over other anticoagulant drugs, many potential mechanisms have been suggested. The 
anticoagulant eff ect of LMWH causes less fi brin formation. Fibrin forms a fi rm matrix 
for angiogenesis and protects tumour cells against immune att acks. Separately, several 
coagulant factors, such as tissue factor and thrombin, infl uence tumour growth directly. 
Besides, many biological mechanisms are contributed to the non-coagulant part of the 
LMWH molecule [12]. Several in vitro and in vivo studies showed that the anti-cancer 
eff ect depends on the molecular size [13-15]. However, because of the litt le evidence 
on the eff ects of fondaparinux on cancer progression we have no reasons to expect a 
diff erence in survival compared to (LMW) heparin in these analyses. 
 Fondaparinux is a synthetic pentasaccharide that proved to be safe and eff ective 
in the prophylaxis of venous thromboembolism [16-21]. In addition, fondaparinux can 
be safely and eff ectively used for the initial treatment of deep vein thrombosis (DVT) 
or pulmonary embolism (PE), as was shown in the MATISSE studies [22;23]. In the 
MATISSE DVT study, fondaparinux was compared to enoxaparin in 2205 patients with 
symptomatic DVT. In 43 (3.9%) of the 1098 patients assigned to fondaparinux a recurrent 
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VTE was observed compared to 45 (4.1%) of the 1107 patients assigned to enoxaparin. 
In the MATISSE PE study, fondaparinux was compared to UFH in 2213 patients with 
symptomatic pulmonary embolism. In 3.8% (n=42) of the 1103 fondaparinux recipients a 
recurrent VTE occurred compared to 5% (n=56) of the 1110 patients treated with UFH. In 
both studies no diff erence in bleeding and overall mortality was observed.
 We performed a post hoc subgroup analysis of the MATISSE clinical trials to 
compare the effi  cacy (recurrent VTE) and safety (bleeding) of fondaparinux with either 
LMWH or UFH in cancer patients. In addition we assessed the overall survival in these 
groups.  

METHODS
Patients and treatment regimens
The patient eligibility criteria are described in detail in the original MATISSE DVT and 
MATISSE PE publications [22;23]. Briefl y, patients in the MATISSE DVT study had 
acute symptomatic objectively confi rmed deep vein thrombosis involving the popliteal, 

femoral, or iliac veins, or the trifurcation of the calf veins, without symptomatic 
pulmonary embolism. Patients in the MATISSE PE study had acute symptomatic 
pulmonary embolism confi rmed by objective testing, with or without associated deep 
vein thrombosis. 
 The details of the treatment regimens are also described in the original 
publications [22;23]. In the MATISSE DVT study, patients were randomly allocated 
within a double-blind study design to receive initial treatment with either fondaparinux 
(Arixtra®) or enoxaparin (Lovenox®, Clexane®) for 5 to 10 days. Fondaparinux was given 
subcutaneously once daily in a fi xed dose (5.0 mg if patients weighed less than 50 kg, 7.5 
mg if they weighed between 50 and 100 kg, or 10.0 mg if they weighed more than 100 kg). 
Enoxaparin was given subcutaneously twice-daily in a dose of 1 mg/kg of body weight. 
 In the MATISSE  PE study, patients were randomly allocated in an open-label 
study design to receive initial treatment with either fondaparinux (regimen as above) or 
unfractionated heparin (UFH). Patients given UFH received an initial intravenous bolus 
of at least 5000 IU, followed by at least 1250 IU per hour administered as a continuous 
intravenous infusion. The infusion dose was adjusted to maintain the activated partial 
thromboplastin time at 1.5 to 2.5 times a control value. 
 

b



Fondaparinux treatment in cancer patients with VTE

93

5

In all patients in both studies, VKA therapy was begun as soon as possible but not later 
than 72 hours aft er commencing initial therapy and continued for at least three months. 
The dose of  VKA was adjusted to maintain the International Normalized Ratio (INR) 
between 2.0 and 3.0.
 Patients with active cancer in either study were eligible for the present subgroup 
analyses. Active cancer was defi ned as cancer present at study entry or treated within the 
last 6 months. Advanced disease was defi ned as documented metastases or stage III/IV 
cancer. No other prognostic variables for the effi  cacy and safety outcomes, such as use of 
chemotherapy, were documented in the original MATISSE sources. 

Outcome measures and statistical analyses
The two MATISSE studies were analyzed separately using the same outcome defi nitions 
and statistical methods. The effi  cacy outcomes were the incidences of symptomatic 
objectively confi rmed recurrent VTE during initial therapy (defi ned as the median days 
of heparin/fondaparinux exposure) and during the entire 3-month study period.
 The outcomes for the safety analyses were the incidences of major bleeding 
and of all clinically relevant bleeding (the composite of major and clinically relevant, 
non-major bleeding) [22;23]. The analyses of bleeding are shown for the time periods of 

initial therapy, and for the entire 3-month study period. Bleeding during initial treatment 
was defi ned as occurring during initial treatment plus 3, 4, or 9 days in patients with 
creatinine clearance more than 0.84 mL/s, between 0.5 and 0.84 mL/s, or below 0.5 mL/s 
respectively. 
 For each of the outcomes of effi  cacy and safety, the cumulative incidences 
were calculated. The exact 95% confi dence intervals for these incidences and for the 
observed diff erence in the incidences between the regimens were calculated. The time-
to-event curves for recurrent VTE were constructed using the Kaplan- Meier method, 
and hazard ratios were calculated using the Cox proportional hazards model. Finally, 
survival analyses were also performed comparing the regimens over the entire study 
period. Survival curves were generated using the Kaplan-Meier method and compared 
statistically with Wald Chi-squared p-values from the Cox proportional regression model. 
In the MATISSE studies a total of 477 cancer patients were included. These post-hoc 
analyses are therefore under-powered to adequately test the hypotheses of equivalence 
and should be considered hypotheses generating. 
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All study outcomes (recurrent VTE, bleeding, and death) were determined by an 
independent adjudication committ ee without knowledge of the patient’s initial treatment. 
The analyses are calculated in the intention to treat populations. The original MATISSE 
studies were funded by Sanofi /Organon. However, in the mean time the compound 
belongs to GlaxoSmithKline. The data have been extracted by the biostatisticians of 
GlaxoSmithKline and were controlled by an independent investigator.   

Table 1 - Characteristics of the patients with active cancer in the Matisse-DVT study.
Fondaparinux Enoxaparin Absolute diff erence (%)

(95% CI)
Number of patients 126 111 
Gender
Male 67 (53%) 54 (49%) 5 (-8 to 17)
Race
Caucasian 123 (98%) 108 (97%) 0.3 (-4 to 4)
Other 3 (2%) 3 (3%) -0.3 (-4 to 4)
Age (yrs)
Mean 67 67 0.3 (-2.7 to 3.3)
Median 68 68
Min 25 19
Max 95 93
BMI1

<30 99 (79%) 85 (77%) 2 (-9 to 13)
≥30 23 (18%) 23 (21%) -2 (-13 to 8)
Missing 4 (0.3%) 3 (0.3%) 0
Duration of initial treatment ( days)
Mean 7 7 0.2 (-0.3 to 0.7)
Median 6 6 
Min 3 1
Max 14 15
Type of cancer, n (%)
Advanced disease 26 (21%) 27 (24%) -4 (-14 to 7)
Breast 15 (12%) 19 (17%) -5 (-14 to 4)
Lung 10 (8%) 9 (8%) -0.2 (-7 to 7)
Brain 3 (2%) 1 (1%) -1 (-2 to 5)
Genital-urinary 43 (34%) 31 (28%) 6 (-6 to 18)
Gastrointestinal 21 (17%) 21 (19%) -2 (-12 to 8)
Hematological 20 (16%) 15 (14%) 2 (-7 to 11)
Other 14 (11%) 15 (14%) -2 (-11 to 6)

1BMI: Body Mass Index
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RESULTS
Matisse DVT Study
Of the 2205 patients included in this study, 237 (11%) had active cancer at entry. A total of 
126 patients were initially treated with fondaparinux and 111 patients received enoxaparin. 
The baseline clinical characteristics of these two treatment groups were similar (Table 1), 
including the proportion with advanced disease (21% and 24%, respectively). 

Table 2 - Recurrent venous thromboembolism and bleeding during 3 months follow-up in 

patients with active cancer in the Matisse-DVT study. 
Fondaparinux 
N=126

Enoxaparin 
N=111

Diff erence 
(%)

95% CI
p-value

Recurrent venous thromboembolism
Initial treatment 
period

3/126 (2.4%) 0/111 (0.0%) 2.4 (-0.3 to 5.0)
0.080

Entire study period1 16 (12.7%) 6 (5.4%) 7.3 (0.1 to 14.5)
0.046

Patients with 
advanced disease

3/26 (11.5%) 1/27 (3.7%) 7.8 (-6.4 to 22.0)
0.28

Major bleeding

Initial treatment 
period

 3 (2.4%) 4 (3.6%) -1.2 (-5.6 to 3.2)
0.58

Entire study period1  9 (7.1%) 8 (7.2%) -0.1 (-6.7 to 6.5)
0.99

Clinically relevant non-major bleeding 

Initial treatment 
period

8 (6.3%) 7 (6.3%) 0.0 (-6.2 to 6.3)
0.99

Entire study period1 15 (11.9%) 12 (10.8%) 1.1 (-7.0 to 9.2)
0.79

1 From fi rst injection (Day 1) to day 97

During the 3 month follow up period, 16 (12.7%) patients treated with fondaparinux 
had confi rmed symptomatic recurrent VTE compared with 6 (5.4%) of those treated 
with enoxaparin, an absolute diff erence of 7.3% (95% CI 0.1-14.5%) (Table 2). Three 
of the 16 recurrences in the fondaparinux group occurred during the initial treatment 
period, whereas no recurrences occurred in enoxaparin recipients during this period. 
In 11 patients of the 16 (69%) fondaparinux recipients the INR value was less than 
two compared to 2 of the 6 (33%) patients treated with enoxaparin (Table 5A). Among 
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the patients with advanced disease, recurrent VTE occurred in 3 of 26 (11.5%) given 
fondaparinux, and in 1 of 27 (3.7%) treated with enoxaparin. The time - to - occurrence of 
recurrent VTE is shown in Figure 1A.   
 The incidences of bleeding in the two groups were similar during both the initial 
treatment period and the entire study period (Table 2). No fatal bleeding occurred.
A total of 23 patients (18.3%) in the fondaparinux group died during the 3 month follow-
up, compared with 17 patients (15.3%) given enoxaparin (absolute diff erence 2.9%, 95% 
CI; – 6.6-12.4%). The survival curves are shown in Figure 2A.

Table 3 - Characteristics of the patients with active cancer in the Matisse-PE study.
Fondaparinux UFH Absolute diff erence (%)

(95% CI)
Number of patients 112 128
Gender
Male 51 (46%) 67 (52%) -7 (-20 to 6)
Race
Caucasian 101 (90%) 119 (93%) -3 (-10 to 4)
Other 11 (10%) 9 (7%) 3 (-4 to 10)
Age (yrs)
Mean 70 67 2.1 (-0.9 to 5.1)
Median 71 69
Min 26 38
Max 94 89
BMI1

<30 83 (74%) 95 (74%) 0.1 (-11 to 11)
≥30 27 (24%) 27 (21%) 3 (-8 to 14)
Missing 2 (0.2%) 7 (0.5%) 0.4 (-0.8 to 0)
Duration of initial treatment ( days)
Mean 6 7 -0.6 (-1.3 to 0.1)
Median 5 (1-22) 6 (2-18)
Min 1 2
Max 22 18
Type of cancer, n (%)
Advanced disease 25 (22%) 31 (24%) -2 (-14 to 9)
Breast 17 (15%) 20 (16%) -0.4 (-10 to 9)
Lung 17 (15%) 21 (16%) -1 (-11 to 8)
Brain 31 (28%) 40 (31%) -4 (-15 to 8)
Genital-urinary 22 (20%) 16 (13%) 7 (-2 to 17)
Gastrointestinal   2 (2%)   4 (3%) -1 (-5 to 3)
Hematological 14 (13%) 13 (10%) 2 (-6 to 10)
Other   9 (8%) 14 (11%) -3 (-10 to 5)

1 BMI: Body Mass Index
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Matisse PE Study
Of the 2213 patients in this study, 240 (11%) had active cancer at entry. A total of 112 
patients were initially treated with fondaparinux and 128 patients received unfractionated 
heparin (UFH). The baseline clinical characteristics of these two groups were similar, 
including the proportion of patients with advanced disease (22% and 24%, respectively) 
(Table 3). Unfractionated heparin was used adequately. Within 24 hours 87% of all 
patients reached APTT levels above the lower limit and 95% within 2 days.  

Table 4 - Recurrent venous thromboembolism and bleeding during 3 months follow-up in 

patients with active cancer in the Matisse-PE study. 
Fondaparinux 
N=112

UFH
N=128

Diff erence 
(%)

95% CI
p-value

Recurrent venous thromboembolism
Initial treatment period 1/112 (0.9%) 5/128 (3.9%) -3.0 (-6.8 to 0.8)

0.12
Entire study period 1 10 (8.9%) 22 (17.2%) -8.3 (-16.7 to 0.1)

0.054
Recurrent VTE in  
patients with advanced 
disease 

4/25(16.0) 9/31 (29.0%) -13.0 (-35.0 to 8.5)
0.24

Major bleeding
Initial treatment period  2 (1.8%) 3 (2.4%) -0.6 (-4.2 to 3.0)

0.76
Entire study period1  4 (3.6%) 8 (6.3%) -2.7 (-8.1 to 2.7)

0.33
Clinically relevant non-major 
Initial treatment period 6 (5.4%) 5 (3.9%) 1.5 (-3.9 to 6.8)

0.60
Entire study period1 14 (12.5%) 7 (5.5%) 7.0 (-0.3 to 14.3)

0.058

1 From fi rst injection (Day 1) to day 97

During the 3 month follow-up period, 10 patients (8.9%) treated with fondaparinux had 
confi rmed symptomatic recurrent VTE, compared with 22 patients (17.2%) who received 
UFH, an absolute diff erence of -8.3% (95% CI -16.7-0.1) (Table 4). One of the 10 recurrences 
in the fondaparinux group occurred during the initial treatment period, while 5 of the 22 
recurrences in the UFH treated patients occurred in this period. An INR value of less than 
two was observed in 3 of the 10 (30%) patients treated with fondaparinux compared to 
9 of the 22 (41%) UFH recipients (Table 5B). Among the patients with advanced disease, 
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recurrent VTE occurred in 4 of 25 patients (16.0%) given fondaparinux, and in 9 of 31 
patients (29.0%) treated with UFH. The time to occurrence of recurrent VTE is shown in 
Figure 1B.

Table 5 - INR at the moment of recurrent VTE – whole study period

A- Matisse-DVT study
INR Fondaparinux 

(N=126)
Enoxaparin 
(N=111)

Absolute diff erence (%)
(95% CI)

<2.0 11 (8.7%) 2 (1.8%) 7 (1 to 12)
2.0-3.0 2 (1.6%) 4 (3.6%) -2 (-6 to 2)
>3.0 3 (2.4%) 0 2 (0 to 5)
Missing 0 0 0
Total 16 (12.7%) 6 (5.4%) 7 (0 to 14)

B- Matisse-PE study
INR Fondaparinux 

(N=112)
UFH 
(N=128)

Absolute diff erence (%) 
(95% CI)

<2.0 3 (2.7%) 9 (7.0%) -4 (-10 to 1)
2.0-3.0 5 (4.5%) 5 (3.9%) 1 (-5 to 6)
>3.0 2 (1.8%) 8 (6.3%) -4 (-9 to -0.4)
Missing 0 0 0
Total 10 (8.9%) 22 (17.2%) -8 (-17 to 0)

The incidences of bleeding in the two groups during the initial treatment period and 
during the entire study period are shown in Table 4. No fatal bleeding occurred.
  A total of 28 patients (25.0%) in the fondaparinux group died during the 3 
month follow-up, compared with 24 patients (18.8%) given UFH (absolute diff erence 
6.2%, 95% CI -4.2-16.7%). The survival curves are shown in Figure 2B. Furthermore, we 
performed survival analyses for limited and advanced disease separately for both the 
cancer patients with DVT or with PE. No diff erences were found (data not shown).
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Fig. 1A. Time to occurrence of recurrent venous thromboembolism in cancer patients in the 

Matisse DVT-study

Fig. 1B. Time to occurrence of recurrent venous thromboembolism in cancer patients in the 

Matisse PE-study
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Fig. 2A. Survival of cancer patients in the Matisse DVT-study

Fig. 2B. Survival of cancer patients in the Matisse PE-study
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DISCUSSION
Our analysis of the effi  cacy of the initial treatment with fondaparinux relative to LMWH 
and UFH in cancer patients with VTE revealed somewhat opposite outcomes. In DVT 
patients, a lower recurrence rate was observed in the enoxaparin recipients (Table 2). This 
was also evident from the time to event curve (Figure 1A). In contrast, in PE patients, the 
observed incidence of recurrence at 3 months was lower in patients treated initially with 
fondaparinux (Table 4). The time to event curve also found a trend towards a benefi t of 
fondaparinux (Figure 1B). 
 Meta-analyses of studies which compared LMWH with UFH in the initial 
treatment of patients with VTE revealed a non-statistically signifi cant advantage for 
treatment with LMWH in cancer patients (relative risk 0.78, 95% CI; 0.29-2.08) [5]. Given 
these eff ects what should be the interpretation of our post hoc fi ndings?
 These observations regarding the risk of recurrent disease should be interpreted 
with caution. First, this is a post hoc subgroup analysis, and cancer patients were not 
randomized separately. Second, direct comparisons between the two studies have 
limitations because of diff erent comparator therapies (UFH and LMWH) and study 
populations (DVT and PE). Third, most of the recurrent VTE events occurred during 
exposure to VKA. Although the quality of VKA treatment was comparable (data not 
shown), diff erences in the INR value at the moment of recurrent VTE were observed. 
Furthermore, the recurrences rates in the comparator arms should be interpreted in 
a broader perspective. A 3-months recurrence rate of 5.4% in the enoxaparin group is 
as expected in cancer patients. However, an incidence of 17.2% is high compared to 
recurrence rates in other studies such as the CLOT and the LITE study [7;8]. Particularly 
the high incidence in the UFH recipients could hinder a fair comparison between the 
compounds. Finally, most of the observed diff erences did not reach clear statistical 
signifi cance and the play of chance cannot be ruled out mainly due to the moderate 
number of patients studied. 
 The above cited meta-analysis comparing initial LMWH treatment to initial UFH 
treatment in cancer patients revealed that no data are available for bleeding outcomes 
[5]. Both in the DVT and PE studies, the incidences of bleeding were comparable both 
during the initial treatment period and the entire 3 months. 
 A comparison between UFH and LMWH in VTE patients with cancer revealed 
a yet unexplained relative risk reduction of death of 0.71 (95% CI 0.52-0.98) at 3 months 
in favour of LMWH [5]. The survival curves for fondaparinux and LMWH in the 
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MATISSE DVT study were comparable, suggesting that the eff ect of fondaparinux on 
overall survival is similar to LMWH (Figure 2A). However, the subsequently expected 
survival benefi t for fondaparinux over UFH was not observed (Figure 2B). Because 
the retrospective character of the study these survival data should be interpreted with 
caution.
 The potential limitations of our analysis, acknowledged above, indicate that our 
fi ndings should be considered hypothesis - generating, and defi nitive recommendations 
for patient care cannot based on these data. If real, however, our fi ndings for effi  cacy 
have potentially important implications for the management of cancer patients with 
VTE. As long as no confl icting results are presented, fondaparinux should be considered 
as equally safe as (LMW) heparin treatment in the initial treatment of VTE in cancer 
patients. A defi nitive randomized trial comparing long term treatment with fondaparinux 
or with a LMWH in cancer patients would be desirable to evaluate their relative effi  cacy 
and safety. 
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ABSTRACT
Background
Venous thromboembolism (VTE) is a common complication in cancer patients. Standard 
treatment with (low molecular weight) heparin followed by vitamin K antagonists is 
frequently complicated by bleeding and recurrent VTE in these patients.
Methods
We conducted a post hoc analysis in the subgroup of cancer patients included in the Van 
Gogh DVT clinical trial. Patients with DVT were randomized to standard treatment or a 
once-weekly subcutaneous injection of idraparinux (2.5 mg), a synthetic pentasaccharide. 
Outcomes were effi  cacy (recurrent VTE), safety (bleeding) and overall survival aft er a 
treatment period of 3 to 6 months.
Results
421 cancer patients were included of whom 221 received idraparinux and 201 were 
allocated to standard therapy for an intended duration of 3 months (8%) or 6 months 
(92%). In the latt er, within six months following randomization, a recurrent VTE was 
observed in 2.5% of the idraparinux recipients compared to 6.4% in the standard therapy 
group (hazard ratio 0.39, 95% CI; 0.14-1.11). The rate of bleeding was comparable during 
the six month treatment period (odds ratio 0.89, 95% CI; 0.50-1.59). The outcomes were 
similar when the analysis was done at 3 months aft er randomization in all randomized 
patients. Of patients allocated to idraparinux, 22.7% (n=50) died as a consequence of 
adverse event (s) that occurred during the study period compared to 48 patients (23.9%) 
in the standard treatment group (hazard ratio 0.99, 95% CI; 0.66-1.48). 
Conclusion
No safety or survival diff erences were observed between cancer patients with DVT 
treated with idraparinux for six months compared to standard therapy. There was a trend 
for less recurrent VTE in the idraparinux group, but this fi nding should be considered 
hypothesis generating because of study limitations.  
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INTRODUCTION 
Of patients presenting with venous thromboembolism (VTE), approximately 15 to 20% 
have cancer [1]. In this group of patients anticoagulant treatment is more oft en complicated 
by bleeding and recurrent VTE compared to non-cancer patients [2;3]. Standard treatment 
has been (low molecular weight) heparin (LMWH) followed by vitamin K antagonists 
(VKA). In recent years, however, cancer patients with VTE increasingly receive long 
term LMWH treatment. Several studies compared standard (LMW)H/VKA treatment in 
cancer patients with VTE to long-term LMWH treatment alone for three to six months [4-
7]. A recent meta-analysis of these studies showed that the rate of recurrent VTE is lower 
in the LMWH recipients compared to those receiving standard treatment (hazard ratio 
0.47, 95% CI; 0.32-0.71), whereas the risk of bleeding was comparable [8]. 
 In addition, LMWH may improve survival of cancer patients with or without 
VTE. A post hoc analysis of the largest trial that compared long term LMWH treatment 
with (LMW)H/VKA in cancer patients with VTE, showed a survival benefi t for the 
LMWH recipients without metastatic disease (hazard ratio, 0.50; 95% CI 0.27-0.95) [9]. 
Diff erent clinical trials evaluating the eff ect of (LMW) heparin on survival in cancer 
patients without VTE also observed an increased survival in the subgroup of patients 
with limited disease at study entry [10]. The molecular eff ects of LMWH on cancer 
growth have been extensively studied, however the precise underlying mechanism(s) 
remains unclear [11].   
 A recent study assessed the effi  cacy and safety of a pentasaccharide, fondaparinux, 
in the initial treatment of VTE in cancer patients (12). Compared to initial treatment with 
(LMW) heparin, no diff erence in effi  cacy, safety and survival was observed. This study 
was small and fondaparinux was given for approximately one week. In the Van Gogh 
clinical DVT trial once-weekly subcutaneous administration of idraparinux, a long-acting 
pentasaccharide with specifi c indirect anti-Xa activity through binding to antithrombin, 
was given for three to six months and had effi  cacy similar to that of (LMW) heparin 
followed by VKA [13]. 
 We performed a post-hoc subgroup analysis of the Van Gogh DVT study to 
compare the effi  cacy and safety of idraparinux to (LMW)H/VKA in the treatment of DVT 
in cancer patients. Furthermore, we evaluated the overall survival in these groups. We 
hypothesized that long-term treatment with idraparinux relative to VKA would result in 
bett er effi  cacy and a possible survival benefi t.
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METHODS
Patients and treatment regimens
The patient eligibility criteria are described in detail in the original Van Gogh DVT 
publication [13]. Briefl y, patients in this trial had acute symptomatic and objectively 
confi rmed deep vein thrombosis of the leg involving the popliteal, femoral, iliac veins or 
the trifurcation of the calf veins, without symptomatic PE. Aft er giving informed consent, 
patients were randomly allocated to treatment with idraparinux or standard treatment 
which consisted of initial treatment with (LMW) heparin followed by VKA. Duration of 
study treatment was 3 or 6 months according to the decision of the treating physician. 
Idraparinux was given once weekly in a fi xed subcutaneous dose of 2.5 mg. For patients 
with a creatinine clearance of less than 30 ml per minute (as calculated with the Cockcroft -
Gault formula), the second and subsequent doses were 1.5 mg per week. Patients assigned 
to standard treatment received tinzaparin, enoxaparin, or intravenous heparin adjusted 
for the activated partial thromboplastin time ratio (ratio 1.5 to 2.5), followed by warfarin 
or acenocoumarol (international normalized ratio [INR], 2.0 to 3.0), which was started 
within 24 hours aft er randomisation. Heparin was discontinued when the INR was 2.0 or 
more for two consecutive days and the patients had received at least fi ve days of initial 
treatment. Thereaft er, the INR was determined at least once per month. Study visits were 
scheduled at week 4, week 7 and week 13 and in case of 6-month treatment also at week 
26. All patients were contacted three months aft er the end of the treatment period. In case 
of a suspicion of recurrent VTE the protocol required objective testing. Both patients with 
a history of cancer and those with active cancer at study entry, defi ned as patients with 
active cancer or receiving anti-cancer treatment within six months before randomization, 
were eligible for the present analyses. Unfortunately, no detailed information on cancer 
type and stage or co-medication was collected. 

Outcome assessment and statistical analyses
The primary effi  cacy outcome was symptomatic objectively confi rmed recurrent VTE, 
defi ned as DVT, non-fatal or fatal PE during the entire treatment period. The outcomes for 
the safety analyses were clinically relevant bleeding, subdivided in major and clinically 
relevant non-major bleeding, and all cause mortality. Cause of death was categorized 
as fatal PE, fatal bleeding, cancer, or other established diagnoses. PE was considered 
the cause of death if there was objective documentation or if the cause of death was 
unexplained and PE could not be ruled out. The criteria for the outcome assessment have 
been described in detail [13].

b
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The cumulative incidences were calculated for all outcomes. The 95% confi dence intervals 
for odds ratios and hazard ratios were calculated. Time to event curves for recurrent VTE 
and overall survival were calculated using the Kaplan Meier method. Hazard ratios were 
calculated using the Cox proportional hazards model. Means were compared with the 
Student-t test. The analyses were calculated in the intention to treat population. In the 
Van Gogh DVT trial a total of 421 cancer patients were included. Therefore, this post-hoc 
analysis is under-powered to adequately test the hypothesis of equivalence and should 
be considered as hypothesis generating. 
 The data were gathered and maintained by the sponsor. All suspected outcomes 
were classifi ed by an independent blinded adjudication committ ee. The original trial was 
sponsored by Sanofi -aventis (Paris, France). Their biostatisticians extracted the data of 
the present study. The check of the data and the writing of the fi rst and subsequent draft s 
of the manuscript were performed by the authors. 

RESULTS
Of the 2904 patients included in the Van Gogh DVT study 421 (14.5%) had cancer of 
whom 67% (n=284) had active disease at entry. A total of 220 patients were allocated 
to idraparinux, whereas 201 received (LMW)H/VKA treatment. The baseline clinical 
characteristics were comparable for the two groups (Table 1). A total of 8% of all 
patients were randomized in the 3-month arm, and 92% in the 6-month treatment arm. 
The duration of treatment was similar with a median of 183 days in both groups. Of 
idraparinux recipients 48 patients (22%) stopped the study medication before the end 
of the study compared to 56 (28%) patients in the standard treatment arm. The most 
frequent reasons were adverse events and lack of effi  cacy with similar frequencies in 
the two groups. Most of the patients randomized to standard treatment were initially 
treated with LMWH (93%). Values of INR measured at the end of the initial treatment 
with (LMW) heparin were equal to or higher than 2 in 93% of the patients. During the 
subsequent treatment study period, under VKA alone, the mean Time in Therapeutic 
Range (TTR, i.e. percentage of time spent with INR ranging between 2 and 3) was 55%. 
 Of all patients treated with idraparinux, 5 (2.3%) experienced a recurrent VTE 
within the fi rst 3 months aft er randomisation compared to 5.5% (n=11) in the standard 
treatment recipients (odds ratio 0.40, 95% CI; 0.14-1.18). In the patients randomized in 
the 6-month stratum, no additional recurrence was reported between 3 and 6 months 
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aft er randomization in the idraparinux patients, resulting in a recurrence rate of 2.5% 
in the patients treated for six months. One extra recurrence occurred in the standard 
treatment group leading to a recurrence rate of 6.4% in this group (hazard ratio 0.39, 95% 
CI; 0.14-1.11). All recurrences among cancer patients occurred among those with active 
cancer at study entry. The time to recurrence is presented in Figure 1.

Table 1 - Baseline characteristics per treatment group of the cancer patients in the Van 

Gogh DVT study
Idraparinux
N= 220

(LMW)H/VKA
N=201

Absolute diff erence (%) 
(95% CI)

Active cancer 146 (66%) 138 (69%) -2
(-11 to 7)

Men 117 (537%) 104 (52%) -1
(-8 to 11)

Mean age ± SD
(years)

67.8 ± 11.9 67.0 ± 12.5 p= 0.503*

Intended duration of 
treatment – 3 months

21 (10%) 14 (7%) 3
(-3 to 8)

Intended duration of 
treatment – 6 months

199 (91%) 187 (93%) 3
(-3 to 8)

Number of patients 
who completed study 
medication

172 (78%) 145 (72%) -3
(-8 to 3)

* p-value calculated with the student-t test

Among all randomized patients, and within the fi rst 3 months aft er randomization, 
clinically relevant bleeding occurred less frequently in the idraparinux treatment arm 
(6.8%; n=15) compared to the standard treatment group (11.9%; n=24), (odds ratio 0.54, 
95% CI 0.27-1.06). This diff erence was due to a higher number of non-major clinically 
relevant bleeding in the standard treatment recipients. In patients randomized in the 
6-month-stratum 13.1% (n=26) of the idraparinux recipients had a clinically relevant 
bleeding compared to 14.4% (n=27) of the patients receiving standard treatment (odds 
ratio 0.89, 95% CI; 0.50-1.59). In 8 patients (4.0%) in the idraparinux group it concerned 
a major bleeding compared to 7 patients (3.7%) in the standard therapy arm (odds ratio 
1.08, 95% CI; 0.38-3.03). Similar bleeding rates were observed within the subgroup of 
patients with active cancer (data not shown).
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6Fig. 1. Time to recurrent venous thromboembolism during the six months aft er randomisation 

in cancer patients with deep vein thrombosis receiving idraparinux or standard therapy for 

three to six months.

Of all idraparinux recipients 50 patients (22.7%) died during the study period (including 
6-month treatment period plus 3-month additional follow up period) compared to 45 
patients (22.4%) in the standard treatment group. Another three patients, all treated 
with (LMW)H/VKA, died aft er the end of study as an outcome of adverse event (s) 
which started which started during the study period, whereas none of the idraparinux 
recipients died during this period (hazard ratio 0.99, 95% CI; 0.66-1.48). The time to 
death is presented in Figure 2. Fatal PE was the cause of death in one of the 50 patients 
(0.5%) in the idraparinux arm, whereas two died due to bleeding (0.9%); Table 2. All 
three patients had active cancer at study entry. In the (LMW)H/VKA group two fatal 
PE’s (1.0%) and four fatal bleedings (2.0%) occurred. One bleeding event was fatal for 
a patient without active cancer, the other events were reported in cancer patients with 
active disease. Cancer related death occurred in 18.6% (41/220) and 16.4% (33/201) of 
the included patients, respectively. In both groups two patients without active disease 
at the start of the study period died because of active cancer. In both treatment arms six 
patients died due to another known cause.
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DISCUSSION
The present analysis of long term anticoagulant treatment in cancer patients with DVT 
showed a trend for a lower rate of recurrent VTE during a six-month treatment period in 
the patients treated with idraparinux relative to standard treatment with (LMW) heparin 
followed by VKA (odds ratio 0.39, 95% CI; 0.14-1.18). Regarding safety no diff erences 
were observed. The number of major and all clinically relevant bleeding, were comparable 
between the two groups (odds ratio 1.08, 95% CI; 0.38-3.03 and odds ratio 0.89, 95% 
CI; 0.50-1.59, respectively). Also, overall survival was similar (hazard ratio 0.99, 95% CI; 
0.66-1.48) (Figure 2).
 
Table 2 - Cause of death of the cancer patients who died during the six-month treatment 

period in the Van Gogh DVT study

A- All cancer patients
Idraparinux
N=220

(LMW)H/VKA
N=201

Absolute diff erence (%)
(95% CI)

PE 1 (0.5%) 2 (1.0%) -0.5
(-2.2 to 1.1)

Bleeding 2 (0.9%) 4 (2.0%) -1.1
(-3.4 to 1.2)

Cancer 41 (18.6%) 33 (16.4%) 2.2
(-5.0 to 9.5)

Other 6 (2.7%) 6 (3.0%) -0.3
(-3.5 to 2.9)

Total 50 (22.7%) 45 (22.4%) 0.3
(-7.7 to 8.3)

B- Active cancer patients
Idraparinux
N=146

(LMW)H/VKA
N=138

Absolute diff erence (%)
(95% CI)

PE 1 (0.7%) 1 (0.7%) 0
(-2.0 to 1.9)

Bleeding 2 (1.4%) 3 (2.2%) -0.8
(-3.9 to 2.3)

Cancer 39 (26.7%) 31 (22.5%) 4.3
(-5.8 to 14.2)

Other 4 (2.7%) 4 (2.9%) -0.2
(-4.0 to 3.7)

Total 46 (31.5%) 39 (28.3%) 3.3
(-7.4 to 13.9)

b
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6
Fig. 2. Time to death during the whole study period in cancer patients with venous 

thromboembolism receiving idraparinux or standard therapy for three to six months.

As compared to the entire cohort of patients in the Van Gogh DVT study, the hazards of 
bett er effi  cacy of idraparinux in cancer patients seemed to be higher. The hazard ratio in 
the present study was 0.39 (95% CI; 0.14-1.18) compared to an overall hazard ratio of 1.01 
(95% CI; 0.66-1.55) in the original study. The bleeding rates were not diff erent. Both in 
the present subgroup analysis and in the original study no diff erence in overall mortality 
was observed within six months aft er randomization [13]. Extending the observation for 
survival with another three months of clinical follow up did not change this conclusion. 
 A recent meta-analysis of all studies comparing long term LMWH treatment to 
standard therapy in cancer patients with VTE showed a statistically signifi cant reduction 
in recurrent VTE (hazard ratio 0.47, 95% CI; 0.32-0.71) without a diff erence in bleeding 
(relative risk reduction 0.91, 95% CI; 0.64-1.31). In this meta-analysis no survival benefi t 
could be demonstrated (hazard ratio 0.96, 95% CI; 0.81-1.14) [8], however other analyses 
revealed that there was a clear survival benefi t in the subgroup of patients with limited 
disease at study entry [9;10]. We hypothesized that long-term treatment with idraparinux 
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would behave similarly to LMWH regarding recurrence and survival. Taken together, 
our results reveal that long term treatment with idraparinux relative to VKA is possibly 
associated with a bett er effi  cacy, whereas no survival benefi t was present. Unfortunately, 
we were not able to perform a survival analysis in the subgroup of cancer patients with 
limited disease, since no information on cancer stage was collected at entry. 
 This study has several limitations and the results should be interpreted with 
caution. First, this study concerns a post-hoc analysis and the cancer patients were 
not randomized separately. Furthermore, no information on cancer type, stage and 
anti-cancer treatment was available and a limited number of patients was included. 
Therefore, our fi ndings should be considered hypothesis generating. However, if the 
effi  cacy of idraparinux is indeed bett er and safety similar compared to LMWH followed 
by VKA anticoagulant therapy, when added to the advantage of once weekly dosing, 
DVT management of cancer patients could be improved.
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ABSTRACT
Introduction

The low-molecular weight heparin, nadroparin, signifi cantly prolonged the survival of cancer 

patients without venous thromboembolism in two studies. The present investigation was 

designed to confi rm these fi ndings. 

Methods

A multicenter, randomized, open-label study was performed in patients with either non-small 

cell lung cancer (stage IIIB) within three months aft er diagnosis, hormone-refractory prostate 

cancer within six months aft er diagnosis or locally advanced pancreatic cancer within three 

months aft er diagnosis. Patients were randomized to nadroparin or no nadroparin next to 

their standard anti-cancer treatment. Subcutaneous nadroparin was given at therapeutic doses 

for two weeks followed by half therapeutic doses for four weeks. Patients were subsequently 

eligible for six cycles of two-week periods of nadroparin at therapeutic doses every six weeks. 

The minimum duration of follow up was 46 weeks. Outcomes were overall survival and major 

bleeding. All study outcomes were adjudicated by an independent and blinded committ ee. 

Results

Between May 2006 and August 2008 a total of 503 patients were included. Of these 244 patients 

received nadroparin and 259 patients were allocated to no-nadroparin. The intention to treat 

population consisted of 197 patients with prostate cancer, 170 patients with non-small-cell 

lung cancer and 135 patients with pancreatic cancer. Full closure of the database is planned 

for the end of August 2009. At the preliminary analysis in July 2009 the overall mortality 

was 55.7% (n=136) in the nadroparin arm compared to 62.2% (n=161) in the no-treatment 

group (hazard ratio 0.92, 95% CI; 0.73-1.16). The median survival was 12.5 months in the 

nadroparin recipients and 11.9 months in the no-treatment subjects. Survival analyses in the 

three cancer types separately also did not show a statistically signifi cant diff erence between 

the two groups, however, a trend for bett er survival in patients with prostate cancer was 

observed (hazard ratio 0.77, 95% CI; 0.52-1.15). The proportion of patients having at least one 

episode of major bleeding was comparable with 4.1% in the nadroparin recipients (n=10) and 

3.5% in the no-treatment patients (n=9).  

Conclusions 

This study did not show a statistically signifi cant nor clinically relevant benefi t of nadroparin 

on overall survival. A trend for a bett er survival in prostate cancer patients receiving 

nadroparin was observed. The use of nadroparin was safe in terms of major and clinically 

relevant bleeding.
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INTRODUCTION
Cancer may activate the coagulation system, which is known since Bouillaud described 
in 1823 three patients with cancer and venous thrombosis [1]. In addition, cancer cells 
utilize this system for their growth and metastases. The inhibitory eff ect of anticoagulants 
on cancer growth has been studied for the fi rst time in a randomized controlled trial 
in 1994 in which small cell lung cancer patients without venous thromboembolism 
(VTE) were randomized to either unfractionated heparin (UFH) plus chemotherapy or 
chemotherapy alone. In a subgroup of patients with limited disease, UFH treatment was 
associated with a signifi cant and clinically relevant survival benefi t [2]. 
 Subsequently, two meta-analyses evaluated the eff ect of low molecular weight 
heparin (LMWH) and UFH on survival in cancer patients treated for their venous 
thromboembolic disease. These drugs were given for 5-10 days as initial treatment 
followed in both groups by long term vitamin K antagonist treatment. The two meta-
analyses revealed a survival benefi t of LMWH over UFH with an odds ratio for total 
mortality of 0.72 (95% CI 0.55-0.96) at three months in the meta-analysis by Hett iarachchi 
and colleagues [3;4]. These analyses have several limitations. First, they concern studies 
with an other objective i.e. treatment of acute thrombotic disease and the follow up 
period was usually limited to 3 months. Second, only cancer patients with symptomatic 
VTE were included and therefore the relevance for cancer patients without VTE remains 
uncertain. Furthermore, two heparins were compared and therefore the benefi t of 
LMWH alone is unclear. Finally, the types of malignancies varied widely. However, the 
eff ects were so impressive that randomized controlled trials of the eff ect of heparin on 
cancer growth in patients without VTE were subsequently initiated. 
 In two studies LMWH was added to a chemotherapy regimen in patients treated 
for small cell lung cancer and pancreatic cancer, respectively. Both studies concluded that 
LMWH improves the survival [5;6]. In the FAMOUS study a heterogeneous group of 
cancer patients were randomized to LMWH treatment or placebo for one year. In a post-
hoc analysis cancer patients with a bett er prognosis appeared to benefi t from LMWH 
treatment [7]. In the most recent study 302 cancer patients with advanced disease were 
given either 6 weeks of treatment with LMWH or placebo. Also in this study a signifi cant 
survival benefi t in cancer patients with a bett er prognosis at baseline was observed, 
i.e.15.4 months versus 9.4 months (hazard ratio 0.64, 95% CI; 0.45-0.90), although there 
also was a benefi cial albeit smaller eff ect when all patients were considered [8]. This anti-
cancer eff ect of LMWH was further supported by a post-hoc analysis of a randomized 
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trial of secondary VTE prevention in cancer patients comparing 6 months treatment with 
LMWH with vitamin K antagonists. In the subgroup of cancer patients with a prognosis 
of at least 6 months at study entry and treated with LMWH survival benefi t was observed 
[9]. 
 The results of these studies are intriguing. However, there are still some 
unresolved issues, which limit the evidence based clinical use. Most trials included a 
heterogeneous group of cancer patients and it is unclear whether the eff ect of heparin is 
comparable in many diff erent cancer types. Furthermore, the applied regimens diff ered 
in dose, duration and type. The eff ect of a prophylactic dose of LMWH appeared to be less 
impressive than a therapeutic regimen. It is also debated whether repeat or prolonged 
administration of heparin may increase the eff ect.
 We, therefore, designed a randomized study to assess the effi  cacy and safety of 
a LMWH, nadroparin, versus no treatment on survival in three diff erent cancer types, i.e. 
patients with hormone-refractory prostate carcinoma, non-small-cell lung cancer stage 
IIIB or locally advanced pancreas carcinoma. These cancer types were selected since 
they have an expected comparable prognosis. The same nadroparin regimen was used 
as in our previous study, i.e. two weeks of therapeutic dose followed by four weeks 
prophylactic dose. Furthermore, patients randomized to nadroparin were encouraged to 
have an additional six subsequent cycles of a therapeutic dose of LMWH for two weeks 
followed by a four week wash-out period. 

METHODS 
Study population
Patients with histologically documented hormone-refractory prostate carcinoma within 
6 months aft er diagnosis, with non-small-cell lung carcinoma (NSCLC) within 3 months 
aft er diagnosis, or with a locally advanced pancreas carcinoma within 3 months aft er 
diagnosis were eligible. Patients were excluded if, based on the clinical judgment of 
the treating physician, they had a life expectancy of less than three months at entry 
or a Karnofsky performance status of less than 60 points. Furthermore, they were not 
allowed to have an other indication for anticoagulant treatment, nor to be at high risk of 
bleeding. Also patients with severe thrombocytopenia (<50.000/mm3), renal insuffi  ciency 
(creatinine clearance < 30ml/min), documented brain metastasis or pregnant women or 
women of child bearing potential who did not use eff ective means of contraceptive were 

b
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not eligible. The study was approved by the respective institutional review boards of the 
participating centers. All included patients signed an informed consent. The study was 
supported by a grant from GlaxoSmithKline (Paris, France).

Treatment regimen
All patients received standard anti-cancer treatment according to local practice. Patients 
were randomized to nadroparin or no treatment; no placebo was given. Allocation of 
treatment proceeded centrally using an IVRS system. Patients were stratifi ed for type of 
cancer and center. Patients allocated to nadroparin received therapeutic doses of once-
daily subcutaneous nadroparin for two weeks, followed by half-therapeutic doses for 
an additional four weeks [8]. Aft er these initial six weeks patients in the nadroparin 
arm were eligible for repeated cycles of nadroparin for a maximum of six cycles. These 
consisted of two week periods of therapeutic dose of nadroparin, always separated 
by a four week wash out period. The dose of nadroparin was body weight adjusted. 
Therapeutic doses were 7600 IU per day for patients with a body weight less than 50 
kilograms, 11400 IU per day for patients between 50 and 70 kilograms and 15200 IU 
o.d. for those above 70 kilograms. For the 4 week half-therapeutic dose period pre-fi lled 
syringes were provided containing 3800 IU for patients less than 50 kilograms, 5700 IU 
for patients with a body weight between 50 and 70 kilograms and 7600 IU for patients 
above 70 kilograms. Patients or family members were instructed how to inject the study 
treatment, but home care or equivalent nursing services were arranged when indicated. 
In the event of severe thrombocytopenia (<50,000/ mm3), treatment was interrupted.  

Follow up
The total duration of study medication was 46 weeks, including the wash-out periods, 
which was also the minimum duration of follow up. Visits were scheduled at weeks 6 
and 10, thereaft er patients were contacted at 6 week intervals. During the visits special 
att ention was paid to bleeding and venous and arterial thrombotic events. A standardized 
questionnaire was used to obtain information about outcomes and anti-neoplastic 
therapy. If necessary, the treating physician, the family doctor, or the patient’s chart were 
consulted to complete information. 
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Outcome measures
The primary effi  cacy outcome was all cause mortality. Safety outcomes were major and 
clinically relevant non-major bleeding during the study medication period. Major bleeding 
was defi ned as overt bleeding which was associated with a decrease in hemoglobin of 
more than 2g/dL, or which lead to transfusion of two or more units of blood. Furthermore, 
retroperitoneal, pericardial, intracranial bleeding or bleeding located in a critical organ, 
or leading to death were classifi ed as major bleeding. Clinically relevant non-major 
bleeding was defi ned as overt bleeding not meeting the criteria for major bleeding using 
defi nitions as described earlier [10]. 

Statistical analysis
It was calculated that approximately 250 patients per arm, i.e. a total of 500 patients, 
needed to be included. With an expected minimal relative risk reduction of 20% in the 
nadroparin group compared to the no-treatment group and a death rate of 70% among 
the no-treatment patients during the follow-up period, this number of patients will give 
a power of 85% (type II error=15%) at an overall signifi cance level of 0.05 (two-sided type 
I error=5%). Even if the observed mortality in the no-treatment group is as low as 50%, 
there would be still enough power (90%) to detect an overall 30% risk reduction. With an 
expected risk reduction of 30% in the nadroparin group compared to the no-nadroparin 
group, and a death rate of 70% among the included patients during the follow up period, 
and an inclusion of 84 patients per cancer type per treatment arm there will be a power 
of 75% at a signifi cance level of 0.05 (two sided type I error=5%) to detect a diff erence in 
one or more of the cancer subgroups. 
 Cox-regression models were employed and hazard ratios were calculated for 
survival and were adjusted for cancer type. Ninety-fi ve percent confi dence intervals 
were calculated when appropriate. For stratifying variables and potential confounders 
all analyses were corrected. The primary effi  cacy analysis was based on an intention-to 
treat principle. A statistical analysis plan was agreed prior to database closure by the 
steering committ ee. The data were extracted by biostatisticians of GlaxoSmithKline and 
verifi ed by the steering and writing committ ee. 
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RESULTS
A total number of 503 patients were included between May 2006 and August 2008. 
Seventy three centers participated, which were located in 10 countries. Two hundred and 
forty-four patients were randomized to nadroparin next to standard anti-cancer therapy, 
whereas 259 patients were allocated to the no-nadroparin group (Table 1). The mean 
age was similar in both groups with 65 years. Of the nadroparin recipients 197 (81%) 
were men compared to 206 (80%) in the no-nadroparin arm. Of the intention to treat 
population in the nadroparin arm 41% (n=100) had prostate cancer, 33% (n=81) had non-
small cell lung cancer and 26% (n=63) suff ered from hormone refractory prostate cancer. 
In the no-treatment arm the distribution was 38% (n=97), 34% (n=88) and 28% (n=72), 
respectively. In this group two patients who were initially diagnosed to have lung cancer 
proved to have lymphoma aft er extensive revision. They are included in the intention to 
treat analysis. 

  
Table 1 - Baseline patient characteristics 

Nadroparin (n=244) No Nadroparin (n=259)
Age (SD) 65 (10) 65 (9.8)
Men 81% (n=197) 80% (n=206)
Prostate 41% (n=100) 38% (n=97)
Lung 33% (n=81) 34% (n=88)*
Pancreas 26% (n=63) 28% (n=72)

* Two lung cancer patients proved to have a lymphoma aft er revision of the pathology. 

At the preliminary analysis in July 2009 the overall mortality was 55.7% (n=136) in the 
nadroparin arm compared to 62.2% (n=161) in the no-treatment group (adjusted hazard 
ratio 0.92, 95% CI; 0.73-1.16). The median survival was 12.5 months in the nadroparin 
recipients and 11.9 months in the no-treatment subjects (Table 2). No diff erence in the 
survival curves was observed (data not shown). 

Table 2 - Overall survival 
Median survival in
Months [IQR]

Adjusted hazard ratio* P-value

Nadroparin 12.5 
[10.7-15.4]

0.92
[0.73-1.16]

0.48

No nadroparin 11.9
[10.2-13.7]

* Adjusted for cancer type. 
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Of all patients with a hormone refractory prostate carcinoma 43.0% (n=43) died in 
the nadroparin arm compared to 56.7% (n=55) in the no-nadroparin group (Table 3). 
Regarding the non-small cell cancer patients treated with nadroparin 56.8% (n=46) 
died compared to 59.1% (n=52) in the no-treatment group. Finally, 74.6% (n=47) of the 
pancreatic cancer patients in the nadroparin group died, whereas 73.6% (n=53) of the 
patients with pancreatic cancer in the no-nadroparin arm died (Table 3).  
 In 10 patients (4.1%) treated with nadroparin a major bleeding occurred compared 
to 9 patients (3.5%) in the no-treatment group. Also the number of patients who had at 
least one major or clinically relevant bleeding was comparable with 22 patients (9.0%) in 
the nadroparin group and 21 of the no nadroparin patients (8.1%). 

Table 3 - Number of deaths per cancer type
Nadroparin No-nadroparin Hazard ratio

(95 % CI)
Prostate (197) 43/100 (43.0%) 55/97 (56.7%) 0.77 (0.52-1.15)
Lung (170) 46/81 (56.8%) 52/88 (59.1%) 0.92 (0.62-1.37)
Pancreas (135) 47/63 (74.6%) 53/72 (73.6%) 1.10 (0.73-1.63)

DISCUSSION
This preliminary analysis of a large randomized controlled study on the eff ect of 
nadroparin, a LMWH, on the survival of patients with advanced cancer without an other 
indication for anticoagulation showed no overall survival benefi t for those treated with 
nadroparin. A median survival of 12.5 months was observed in the nadroparin recipients 
compared to 11.9 months in the no-treatment arm (hazard ratio 0.92, 95% CI; 0.73-1.16).  
A comparable number of bleeding episodes was observed in both groups with 4.1% in 
the nadroparin recipients and 3.5% in the no-treatment patients. 
 Our hypothesis based on at least two earlier trials in cancer patients was that 
nadroparin treatment would lead to a risk reduction of approximately 30%, however, 
much to our surprise there was no signifi cant nor clinically relevant diff erence in all 
cause mortality. 
 In the design of the study we took care of the following aspects. Firstly, the 
type of cancer was limited to three groups with a projected comparable median survival 
of approximately 10 months in the no-treatment arm and we observed a median survival 
of 11.9 months in those patients not receiving LMWH, which varied from 10.4 to 15.0 in 
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the three groups. Hence, this objective was met and therefore the absence of an eff ect of 
LMWH is unlikely due to the selection of cancer types. The second aspect is the applied 
treatment regimen. The same regimen as in the successful MALT study was used initially 
consisting of two weeks of a therapeutic dose followed by half that dose for four weeks. 
Moreover, patients were encouraged to receive a maximum of six repeated cycles of 
nadroparin in a therapeutic dose for two weeks with a four weeks wash out period in 
between. This latt er was based on the hypothesis that repetitive exposure of LMWH may 
increase the eff ect, as well as trying to circumvent adaptive processes in the cancer cells 
when LMWH would be administered continuously for a prolonged period of time. It is 
unlikely but not impossible that the repeated gift s may have diminished the anti-cancer 
eff ect. Thirdly, the primary sample size considerations were based on conservative 
assumptions. With an expected death rate of 70% in the non-treated patients the study 
had a 85% power to detect a minimum relative risk reduction in total mortality of 20%. 
Even with a 50% death rate in the no treatment group our study had a power of 90% to 
detect an overall 30% risk reduction. In the present study the all cause mortality was 
62.2% in the no treatment group. However, a non signifi cant risk reduction of 8% was 
observed with a lower boundary of the 95% confi dence interval of 27%. It should be 
noted that in the prostate subgroup there was a reduction in total mortality of 23%. This 
may indicate a diff erential eff ect of LMWH in the prostate group relative to the two other 
cancer groups. 
 At this point, no information on the study discipline and on the number of 
patients lost to follow up is available yet. Future analyses are planned to assess the 
infl uence of nadroparin treatment on cancer progression, and the subgroup of patients 
with a bett er prognosis. Furthermore, the analyses will be adjusted for the number 
of patients in the no treatment group who received a course of low molecular weight 
heparin during the study period and for the eff ects of the applied cancer therapies. 
 Bases on this premature analyses we conclude that this study did not show 
a statistically signifi cant or clinical relevant benefi cial eff ect on the overall survival in 
cancer patients treated with nadroparin. Given the other ongoing studies in this area, as 
well as the previous data, we have to await whether our fi ndings are the correct answer 
or whether this was a play of chance.  
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ABSTRACT
Context
Patients with a fi rst episode of idiopathic venous thromboembolism (IVTE) have an 
estimated 10% incidence of cancer within 12 months aft er diagnosis. However, the utility 
of screening for cancer in this population is controversial. 
Objective
To assess the effi  cacy of extensive cancer screening in patients with an IVTE. 
Design, Sett ing and Patients
Prospective concurrently controlled cohort study of consecutive patients with idiopathic 
venous thromboembolism, conducted in 10 centers in The Netherlands from December 
2002 through April 2008. The study population consisted of 630 patients.
Intervention
All patients underwent baseline screening consisting of history, physical examination, 
basic laboratory tests and chest X-ray. In the extensive screening group abdominal and 
chest CT-scan and mammography were added.
The main outcome measures
Incidence and curability of cancer, cancer-related and overall mortality
Results
In 12 of the 342 (3.5%) patients in the extensive screening group malignancy was 
diagnosed at baseline. In the limited screening group this was 2.4% (7 of 288 patients). 
Extensive screening detected an additional 6 cancers (2.0%, 95% CI; 0.74-4.3), three were 
potentially curable. During a median 2.5 years of follow up cancer was diagnosed in 
3.7% and 5.0% in the extensive and limited screening groups, respectively.
In the extensive screening group 26 patients (7.6%) died compared to 24 (8.3%) in the 
limited screening group; adjusted hazard ratio 1.22 (95% CI 0.69-2.22). Of these deaths 17 
(5.0%) in the extensive screening group and 8 (2.8%) in the limited screening group were 
cancer-related; adjusted hazard ratio 1.79 (95% CI 0.74-4.35).
Conclusions
The low yield of extensive screening and lack of survival benefi t do not support routine 
screening for cancer with abdominal and chest CT-scan and mammography in patients 
with a fi rst episode of IVTE.  
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INTRODUCTION
The incidence of previously undiagnosed cancer in patients with idiopathic venous 
thromboembolism (IVTE) is approximately 10% in the fi rst 12 months aft er diagnosis 
[1]. An intense debate is ongoing whether screening for cancer at presentation of IVTE 
is a useful strategy [2;3]. Data are limited and results contradictory. This leads, for this 
common clinical problem, to a wide variation in daily practice. Several cohort studies 
suggested that a limited cancer screening, consisting of history, physical examination, 
basic laboratory tests and chest X-ray, suffi  ces [4-8]. Others advocate a more extensive 
screening [9-12]. The single randomised controlled trial revealed that a very extensive 
screening strategy was indeed able to detect early cancers, but it remained uncertain 
whether there was a net clinical benefi t [13]. This study was hampered by the fact that 
aft er informed consent many patients and physicians did not accept limited screening, 
which eventually led to premature termination of the trial. Moreover the authors 
suggested that an extensive screening strategy confi ned to abdominal and chest CT-scan 
and mammography would have the highest yield [13;14]. 
 Therefore, in patients with a fi rst episode of IVTE, we compared in a concurrently 
controlled design, this extensive cancer screening strategy with the limited one. The 
objectives were to assess the additional value of extensive screening, to compare the 
incidence of cancer during long-term follow-up and to evaluate whether extensive 
screening aff ected mortality.

METHODS
Design
This was a prospective concurrently controlled cohort study in which the participating 
centres used either a limited or an extensive screening strategy for cancer in patients with 
IVTE. All 10 participating centres were teaching hospitals in the Netherlands.

Patients
Patients with confi rmed symptomatic deep venous thrombosis (compression ultrasound) 
and/or pulmonary embolism (high probability ventilation-perfusion scanning or 
CT-angiography) who had no known risk factor for venous thromboembolism were 
potentially eligible [15;16]. Risk factors were defi ned as recent (<2 months) fracture 
of the lower extremity, surgery, immobility for more than 6 days, thrombocytosis 
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(>1000x109/ml), severe dehydration, pregnancy or puerperium, recently started oral 
contraceptives and presence of a known malignancy. Exclusion criteria were: previous 
venous thromboembolism, age below 40 years, known presence of antithrombin, protein 
C or protein S defi ciency, known factor V Leiden, prothrombin G20210A mutation or 
circulating lupus anticoagulant. Eligible patients gave writt en informed consent before 
inclusion. The study was approved by the Institutional Review Boards. 

Baseline cancer screening
In both the extensive and limited screening groups in all patients a history was taken 
and a physical examination was performed with a focus on symptoms and signs of 
malignancy according to a standardized format. Furthermore, blood was drawn for 
determination of the ESR, whole blood count with leukocyte diff erentiation, creatinin, 
aspartate aminotransferase, lactate dehydrogenase, alkaline phosphatase and calcium 
and a chest X-ray was made. In case of abnormal fi ndings appropriate problem targeted 
further testing to detect cancer was required.

Extensive cancer screening strategy
In patients in the extensive screening group, who had no cancer identifi ed at baseline 
screening, an additional abdominal and chest CT-scan was performed. In the women of 
this group also a mammography was made. In case of abnormal fi ndings appropriate 
further testing to detect cancer was required.

Follow-up
All included patients were followed up at 6 and 12 months and yearly thereaft er. A 
last contact with all patients was scheduled in March or April 2008. At these contacts 
information on the presence of malignancy was elicited. In case of death or newly 
diagnosed malignancy all available relevant clinical reports and images were collected.

Outcome defi nition
The primary outcomes were overall mortality and cancer related mortality (defi ned as 
mortality due to cancer or to any procedure to diagnose or treat cancer). Other outcomes 
were the occurrence of cancer (histologically or cytologically confi rmed) and the 
prognosis at the time of its diagnosis, defi ned as potentially curable or non-curable with 
a median survival of <1 or >1 year, based on current standards of care, as assessed by an 
experienced oncologist (JMO).

b
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Analysis
The sample size was based on the assumption that 10% of patients had occult cancer at 
baseline of which 80% could be detected with the extensive screening strategy [13]. With 
limited screening it was estimated that the mortality in cancer patients would be 50% 
aft er 3 years of follow up. With extensive screening, the earlier detection was assumed to 
reduce cancer related death by 50 to 75%. Hence, a reduction in cancer-related mortality 
from 5% to approximately 2.5% was expected, with a resulting sample size of 750 patients 
in each strategy (type I error, 0.05 two-sided; type II error, 0.20). 
 An interim analysis was planned aft er inclusion of 500 patients to review these 
assumptions. Based on the detection of only 2% (rather than 8%) of malignancies with 
extensive screening the assumed reduction in cancer related mortality of 2.5% was 
deemed unlikely to be achieved and estimated to be 0.5 to 0.75% at most. This would 
lead to sample sizes of more than ten thousand patients. Thus, continuation of the study 
was deemed futile and inclusion of patients was stopped.
 The incidence of cancer-related mortality was compared between the groups 
using Cox proportional hazards modelling and hazard ratios and their 95 percent 
confi dence interval were calculated adjusting for age, gender, smoking habit and the 
location of venous thromboembolism. In addition, hazard ratios were calculated for total 
mortality and malignancies identifi ed during follow up. The assumptions of the Cox 
proportional hazards model were checked by visual inspection of the log-log survivor 
function - by time curve. Kaplan Meier curves were generated for overall survival and 
occurrence of malignancies during follow up.
 Other comparisons were made by logistic regression analysis (adjusted for age, 
gender, smoking habit and the location of venous thromboembolism), chi square test or 
the Students t-test where appropriate.

RESULTS
Patients
Between December 2002 and December 2007, 630 patients with IVTE were included. 
Hereaft er, inclusion was interrupted, because of futility to continue, based on the results 
of the planned interim analysis. Centres that used the extensive screening strategy had 
recruited 342 patients, and centres that used the limited screening strategy had recruited 
288 patients (Figure 1). The baseline characteristics of the patients are presented in Table 1.
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There were more smokers and more patients who were diagnosed with pulmonary 
embolism in the extensive screening group. Centres that used limited screening used 
ventilation-perfusion scintigraphy more frequently to diagnose pulmonary embolism.

Fig. 1. Flow diagram of patients in the study
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Table 1 - Baseline characteristics of patients
Extensive screening
N=342

Limited screening
N=288

p-value

Age (years) Mean (SD) 61 (12) 63 (14) P= 0.13
Gender-men n (%) 216 (63%) 168 (58%) P= 0.25
Smokers n (%) 184 (54%) 122 (42%) P= 0.001
Family history for 
cancer

n (%) 124 (36%) 102 (35%) P= 0.46

VTE
PE only n (%) 91 (27%) 36 (13%) P<0.001
DVT leg only n (%) 236 (69%) 233 (81%) P<0.002
DVT arm only n (%) 5 (1%) 4 (1%) P= 0.94
PE+DVT n (%) 10 (3%) 15 (5%) P= 0.14
Diagnostic method for PE
VQ scan n (%) 21 (21%) 28 (55%) P<0.001
CT n (%) 71 (70%) 23 (45 %)
VQ+CT n (%) 9 (9%) -

Detection of malignancy by the screening strategies
Baseline screening 
Of all patients included in the extensive screening group 98% underwent the baseline 
screening procedures (history, physical examination, basic laboratory tests). However, 
the chest X-ray was performed in 72% of the patients. In the limited screening group all 
tests were performed in 98% of the patients.
 Of the 342 patients included in the extensive screening group suspicion of 
malignancy was raised in 58 patients (17.0%) by baseline screening procedures (Table 2). 
In the limited screening group a comparable proportion of patients 19.4% (56/288) had 
a suspicion (p=0.42). All of these patients underwent problem targeted testing to detect 
malignancy. 
 In 12 out of the 342 (3.5%) patients in the extensive screening group malignancy 
was diagnosed. In the limited screening group this was 7 patients out of 288 (2.4%). 
Cancer types and estimated prognosis were comparable between the two groups (Table 
3). 
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Table 2 - Detection of malignancy by the screening strategies
Extensive screening Limited screening Statistics

Baseline screening – History, physical examination, laboratory testing, chest X-ray
Suspicion of malignancy 58/342 (17.0%) 56/288 (19.4%) P= 0.42
Detected malignancies 12/342 (3.5%) 7/288 (2.4%) Adjusted OR

1.56 (0.53-4.55)
Extensive screening – Abdominal CT-scan, chest CT-scan, mammography
Suspicion of malignancy 91/302

(30%; 25 to 35)
-

Detected malignancies 6/302
(2.0%; 0.74 to 4.3)

-

Follow-up
Detected malignancies 12/324 (3.7%) 14/281 (5.0%) Adjusted HR 

0.86 (0.38-1.96)
Total study period
Detected malignancies 30/342 (8.8%) 21/288 (7.3%) Adjusted OR

1.25 (0.66-2.38)

Table 3 - Cancer - Estimated prognosis based on type of malignancy and extent of disease 
Extensive screening center Limited screening center

Baseline screening
Potentially curable 2

colon, prostate
1
lung

Non-curable<1yr 7
gastric, lung (4), pancreas (2) 

4
lung (3), renal

Non-curable>1yr 3
colon (2), ovary 

2
colon, Non Hodgkin Lymphoma 
(low grade)

Extensive screening
Potentially curable 3

breast (2), colon
-

Non-curable<1yr 3
esophagus, gastric, lung

-

Non-curable>1yr - -
Follow up period
Potentially curable 8

basal cell, bladder (2), colon (2), 
lung, NHL high grade, tongue

10
basal cell, breast (2), colon (3), Non 
Hodgkin Lymphoma (high grade), 
prostate (2), sarcoma

Non-curable<1yr 3
bladder, brain, esophagus

3
lung, pancreas, prostate

Non-curable>1yr 1
colon

1
colon

Total number
Potentially curable 13 11
Non-curable<1yr 13 7
Non-curable>1yr 4 3
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Extensive screening
In the extensive screening group an additional abdominal CT-scan was performed in 299 
of the 330 patients (91%) and a chest CT-scan in 302 (92%). In 94 out of 119 women (79%) 
mammography was done. Extensive screening was completed within a median of 5 weeks 
(IQR 3 to 8) aft er diagnosis of venous thromboembolism. Reasons for non adherence to 
the protocol were patient refusal, recent population based screening (mammography), 
renal insuffi  ciency and logistics.
 Of the total number of patients (n=302) who had at least one additional testing 
procedure (CT-scan or mammography) in 91 patients (30%) suspicion of malignancy 
was raised. Aft er appropriate work-up malignancy was detected in 6 out of 302 patients 
(2.0%). Three of these patients had a potentially curable disease. One patient with lung 
cancer diagnosed by chest CT- scan had no chest X-ray performed at baseline screening. 

Follow up
In the limited cancer screening centres the median time of follow-up was 2.6 years (IQR 
1.6 to 3.7) compared to 2.5 years (IQR 1.5 to 3.9) in the extensive cancer screening group. 
Two patients were lost to follow up and one patient withdrew informed consent, all in 
the extensive cancer screening group. 
 In spite of the extensive screening strategy the occurrence of malignancy, as well 
as time to diagnosis, were comparable between groups (adjusted hazard ratio 0.86, 95% 
CI; 0.38-1.96) (Table 2, Figure 2).

Overall malignancy during study period
In the extensive screening group 30 out of 342 patients (8.8%) had a malignancy, versus 
21 of the 288 patients (7.3%) of the limited screening group (adjusted odds ratio 1.25, 95% 
CI 0.66-2.38). Of the malignancies diagnosed in the extensive screening group 13 were 
potentially curable versus 11 in the limited screening group.
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Fig. 2. Kaplan-Meier curve of the detected malignancies in the extensive and limited cancer 

screening groups

Mortality
Overall, 50 patients died during follow up, 26 (7.6%) in the extensive screening group 
and 24 (8.3%) in the limited screening group, for an adjusted hazard ratio of 1.22 (95% 
CI 0.69-2.22) (Figure 3). Of these deaths 17 (5.0%) in the extensive screening group and 8 
(2.8%) in the limited screening group were cancer-related (none due to complication of 
diagnostic procedures); adjusted hazard ratio for the primary outcome of 1.79 (95% CI 
0.74-4.35).
 Mortality among patients diagnosed with cancer during the study was 17 
out of 30 (57%) in the extensive screening group and 8 out of 21 (38%) in the limited 
screening group (adjusted odds ratio 2.22, 95% CI; 0.63-8.33). Mortality among patients 
not diagnosed with cancer during the study was 9 out of 312 (2.9%) in the extensive 
screening group and 16 out of 267 (6.0%) in the limited screening group (adjusted odds 
ratio 0.90, 95% CI 0.36-2.27). 
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In both groups one patient died of pulmonary embolism. In the extensive screening 
group 8 patients died of other causes versus 15 in the limited screening group. There was 
no diff erence in overall mortality between patients with deep venous thrombosis and 
pulmonary embolism.

Fig. 3. Kaplan-Meier curve of survival in the extensive and limited cancer screening groups

DISCUSSION
This study demonstrates that additional cancer screening with abdominal and chest CT-
scan and mammography in patients with a fi rst episode of IVTE leads to further testing 
in 30% of them. In only 2.0% (6 of 302 patients) cancer was confi rmed, and three patients 
could be treated with curative intent. During follow-up of approximately 2.5 years, 3.7% 
of the patients in the extensive and 5.0% in the limited screening group were diagnosed 
to have cancer (adjusted hazard ratio 0.86, 95% CI; 0.38-1.96) Also, total mortality during 
follow-up was comparable (Figure 3), whereas the observed cancer related mortality was 
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higher in the extensive screening group (adjusted hazard ratio 1.79, 95% CI 0.74-4.35) 
with a 95% confi dence interval which makes a benefi t of more than 26% unlikely.
 Therefore, our results justify a limited cancer screening strategy in patients with 
IVTE consisting of history, physical examination, basic laboratory tests and chest X-ray. 
Abnormalities suggestive for cancer with this approach were observed in approximately 
one fi ft h of all patients at baseline. Cancer was detected in 3.0%, a rate which is in 
agreement with previous observations [6;11]. Patients with VTE are presently oft en 
managed out of hospital. Therefore, it needs to be emphasized that the limited cancer 
screening strategy employed here should also be off ered to these patients.
 Some methodological aspects of this study require comment. This was a non 
randomized comparison of two screening strategies. We purposely selected a prospective 
cohort design with concurrent controls to increase feasibility, acceptance and to prevent 
an ethical dilemma for participating patients. The only randomized controlled trial, the 
SOMIT study, by Piccioli et al. stranded mainly because of this dilemma [13]. 
 The two patient groups were similar at entry except for smoking and the 
proportion of PE patients. All analyses were adjusted for this imbalance and we assume 
they are due to chance and do not constitute an obvious confounding factor. Furthermore, 
the baseline clinical characteristics of our patients are comparable to those in other studies 
in IVTE patients [13]. Hence, we believe that our fi ndings are applicable to IVTE patients 
in general. 
 Baseline investigations and extensive screening CT-tests were completed in 
more than 90% of the patients, evaluation of CT-scans was standardized and follow-up 
was nearly complete, thereby further strengthening the validity of our observations.
 Our choice for abdominal and chest CT-scan and mammography was based on 
several arguments. In earlier studies the distribution of cancer types diff ered between 
patients with IVTE and the general population [6;8;17]. The most prevalent cancer types 
in IVTE patients would be detectable by the aforementioned tests. Based on further 
analysis of the SOMIT study, the used strategy was found to be more cost-eff ective and 
less harmful than other strategies including those using tumour markers. Although, our 
diagnostic tools proved to be disappointing, novel techniques, such as PET-CT scan, do 
not seem to outperform CT scan and mammography in this sett ing [18].
 Finally, it should be emphasized that our original hypothesis that screening 
would be benefi cial, was not confi rmed. In fact the study was terminated prematurely 
at a planned interim analysis because of futility due to the low yield of the extensive 
screening and the relatively low rate of occult malignancy. 

b
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The awareness of many physicians that their patients with a fi rst episode of IVTE have 
an increased risk for occult cancer oft en leads to concern. This study suggests that those 
who screen their patients with a careful history, physical examination, basic laboratory 
tests and a chest X-ray currently follow the most optimal strategy. At present, extensive 
screening does not seem warranted.
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ABSTRACT
Background
Idiopathic venous thrombosis is associated with an occult malignancy in 10% of the 
patients. The Trousseau study compared a routine cancer screening strategy, consisting 
of history taking, a thorough physical examination, basic laboratory tests and a X-ray of 
the chest to an extensive one using abdominal and chest CT-scans and mammography in 
patients presenting with an idiopathic venous thromboembolism.  
Method
The aim of this analysis is to determine the utility of the used cancer screening strategies 
in the Trousseau study. All additional investigations performed because of a suspicion of 
malignancy during routine or extensive screening or during follow-up, were collected. 
Costs were calculated using Dutch healthcare tariff s. 
Results
342 and 288 patients were included in the extensive and the routine screening group 
respectively. The prevalences of malignancy and mortality during the whole study 
period were comparable between these two groups, as were the abnormal fi ndings 
during baseline screening. In 30% of the extensively screened patients, the CT-scans or 
the mammography showed abnormalities necessitating further diagnostics; this yielded 
6 malignancies and resulted in a positive predictive value of 6.6%, sensitivity of 33% and 
specifi city of 70%. Mean costs per patient, including costs of performing the screening 
and additional testing to exclude malignancy, were € 165.17 for the routine screening 
and € 530.92 for the extensive screening. Due to the lack of eff ect, a cost-effi  cacy analysis 
could not be performed. The exploratory sensitivity analysis demonstrated that we 
should have found a minimum mortality diff erence of 0.0177 LYG per patient to remain 
within an acceptable cost limit. 
Discussion
CT-scans of the abdomen and chest cannot be used to detect malignancy in these high risk 
patients due to the low sensitivity and specifi city. The performance of the CT-scan in this 
study illustrates the disadvantages of the use of whole body CT-scans in asymptomatic, 
low risk populations. 

b

b
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INTRODUCTION
In 1935 the fi rst case of a patient presenting with an idiopathic venous thromboembolism 
(IVTE) as a sign of an occult cancer was reported by Illtyd James and Matheson. The 
incidence of malignancy within the fi rst years aft er an IVTE is approximately 10% [1]. 
With regard to the benefi t of cancer screening in patients with IVTE an intense debate is 
ongoing. In clinical practice, the approach to a patient with IVTE is quite diverse, ranging 
from no screening to extensive screening using invasive tests. Just one randomized 
controlled trial has been performed, the SOMIT study [2]. In this study 201 patients were 
included and were randomized to a routine screening strategy or an extensive screening 
strategy, consisting of a large number of imaging, invasive and laboratory tests. An 
additional analysis showed the combination of a computer tomography (CT) of abdomen 
and a mammography in women to be the most cost-eff ective [3]. The Trousseau study was 
based on these data. In this multicenter concurrently controlled cohort study a routine 
cancer screening strategy was compared to an extensive screening strategy consisting of 
a computer tomography of chest and abdomen (CTCA) and mammography in women. 
Unexpectedly, no diff erence in overall survival was observed between the groups.  
 The present study gives an overview of the costs, test characteristics and 
other items associated with screening using CT-scans (i.e. ‘whole body CT-scan’) and 
mammography in a population at high risk for cancer. 

METHODS
Study population
The present analysis is based on the before mentioned Trousseau study, performed 
between 2002 and 2008 in the Netherlands. Patients with confi rmed symptomatic 
deep venous thrombosis (compression ultrasound) and/or pulmonary embolism (high 
probability ventilation-perfusion scanning or CT-angiography) without a risk factor for 
venous thromboembolism were potentially eligible. Risk factors were well known risk 
factors for IVTE as defi ned in the original paper. Eligible patients gave writt en informed 
consent before inclusion. The study was approved by the Institutional Review Boards. 

Cancer screening strategies
In both the routine and extensive screening groups a history was taken and a physical 
examination was performed with a focus on symptoms and signs of malignancy according 
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to a standardized format. Furthermore, blood was drawn for determination of the ESR, 
whole blood count with leukocyte diff erentiation, creatinin, aspartate aminotransferase, 
lactate dehydrogenase, alkaline phosphatase and calcium and a chest X-ray was made. 
In case of abnormal fi ndings appropriate problem targeted testing to detect cancer was 
required. In the extensive screening group an additional CTCA and a mammography in 
women were performed, provided no cancer was identifi ed at baseline screening. Follow-
up visits were planned at 6, 12, 24 and 36 months. An end of study visit was scheduled in 
April 2008. At these contacts information regarding malignancy and overall survival was 
gained via a standardized questionnaire. In case of death or newly diagnosed malignancy 
all available relevant clinical information was collected.
 All the extra tests to detect cancer, which were performed because of abnormalities 
at baseline, extensive screening or follow up, were recorded. Additionally, the medical 
records of all patients were searched for examinations to check the registered data. 

Costs
Costs were calculated using the 2006 Committ ee of Tariff s for Healthcare; this committ ee 
regulates the fees to be charged by healthcare workers or institutes in the Netherlands. 
Costs were multiplied with the specifi c surcharge percentage of the specialist involved 
in the diagnostic procedure. Costs per procedure were multiplied with the frequency of 
which this specifi c test was done in a certain patient. Finally, all costs were added up to 
arrive at the total costs per individual patient. The total costs were calculated excluding and 
including costs for the screening CT-scans and mammography themselves. Furthermore, 
a subdivision was made between costs made to evaluate abnormalities found by baseline 
routine screening, extensive screening and in the follow-up period. Costs related to 
treatment for cancer or hospitalizations were excluded from the calculations. Statistical 
analyses were executed using SPSS 16. The Mann-Whitney test was used to test whether 
costs were statistically signifi cant diff erent between both groups. 
 Alternative diagnoses and the tests used to evaluate them were scored and 
divided in alternative diagnoses for which treatment was initiated and those for which 
no treatment was needed. Also, alternative diagnoses which have an eff ect on prognosis 
or on future treatment, were considered clinically relevant.  
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Exploratory sensitivity analysis 
Information on overall mortality and mortality among patients diagnosed with cancer 
was used to calculate total life years gained (LYG) respectively LYG for the group of 
patients with cancer. 
 A cost-effi  cacy limit of 50,000 US Dollar or approximately € 30,000 per live years 
gained are commonly used [4]. Using the costs for extensive screening and defi ning 
the hypothetical costs per LYG (€ 30,000), an exploratory fi xed sensitivity analysis was 
performed. The observed costs were used to determine the minimum of LYG needed to 
remain within cost-effi  cacy limits. 

RESULTS
Main results Trousseau study
All results of the Trousseau study are presented in the original paper. Briefl y, 630 patients 
with IVTE were included, 342 in the extensive screening and 288 in the routine screening 
arm. The baseline clinical characteristics were comparable between the two groups, with 
the exception of smoking and the location of VTE. More smokers and more patients 
with pulmonary embolism were included in the extensive screening arm as compared to 
the routine screening group. In both groups baseline routine screening procedures were 
performed in 98% of the patients, with exception of the chest X-ray which was performed 
in only 72% of the patients in the extensive screening group. In the extensive screening 
group an additional abdominal CT-scan was performed in 299 of the 330 patients (91%) 
and a chest CT-scan in 302 (92%). In 94 out of 119 women (79%) mammography was 
done. The median time of follow-up was 2.6 years (IQR 1.6 to 3.7) in the routine screening 
group compared to 2.5 years (IQR 1.5 to 3.9) in the extensive screening group. 
 During the complete study period a malignancy occurred in 21 of the 288 
routine screened patients (7.3%), versus 30 out of 342 extensively screened patients (8.8%) 
(adjusted odds ratio 1.25, 95% CI; 0.66-2.38). Overall, 50 patients died during follow up, 24 
(8.3%) in the routine screening group and 26 (7.6%) in the extensive screened group, for 
an adjusted hazard ratio of 1.22 (95% CI 0.69-2.22). Mortality among patients diagnosed 
with cancer during the study was 38% (8 out of 21) for the routine screening group and 
57% (17 out of 30) in the extensive screening group (adjusted odds ratio 2.22, 95% CI; 
0.63-8.33). The study was terminated prematurely at a planned interim analysis because 
of futility of the eff ect due to the low yield of the extensive screening and the relatively 
low rate of occult malignancy.



Chapter 9

154

Diagnostic procedures performed aft er suspicion of malignancy
In the routine screening group, baseline routine screening prompted further investigations 
in 21.5% of the patients, which is not signifi cantly diff erent from the percentage of 
abnormalities aft er routine screening in the extensive screening group (Table 1). The 
routine screening performed in the routine as well as the extensive screening group, 
identifi ed 19 malignancies in 119 patients with a suspicion of malignancy at routine 
baseline screening (positive predictive value (PPV) 16%, Table 2). 

Table 1 - Suspicion of malignancy 
Routine screening group 
(number of patients with 
abnormalities / total 
number of patients)

Extensive screening group
(number of patients with 
abnormalities / total 
number of patients)

P-value 
(Chi square)

Baseline screening 62/288 (21.5%) 57/342 (16.7%) 0.42
History taking 22/288 (7.6%) 24/342 (7.0%)
Physical examination 14/288 (4.9%) 18/342 (5.3%)
Laboratory measures 26/288 (9.0%) 24/342 (7.0%)
Chest X-ray 11/270 (4.1%) 5/260 (1.9%)
Extensive screening 91/302 (30.1%) NA
Chest CT 43/302 (14.2%)
Abdominal CT 50/299 (16.7%)
Mammography 10/94 (10.6%)
Follow-up 40/281 (14.2%) 56/324 (17.3%) 0.39
Total study period 97/288 (33.7%) 171/342 (50%) < 0.05

Proportion of the patients, per part of the study and further subdivided in individual screening 

modalities, with abnormalities necessitating further diagnostics. Multiple abnormalities could 

be found in one patient.

Table 2 - Test characteristics of screening tests 
Sensitivity Specifi city Positive predictive value

Routine screening 37% (19/51) 83% (479/579) 16% (19/119)
Extensive screening 33% (6/18) 70% (199/284) 6.6% (6/91)
CTCA 22% (4/18) 72% (204/284) 4.8% (4/84)
Mammography 100% (2/2) 91% (84/92) 20% (2/10)

Sensitivity, specifi city and positive predictive values of the routine, extensive screening 

and subdivisions of the extensive screening, i.e. chest and abdominal CT (CTCA) and 

mammography. For the routine screening, the routine screening in the routine screening 

group and the extensive screening group were combined. 
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Extensive screening resulted in 91 patients - 30% of all patients who underwent at 
least one extensive screening test - with an indication for further testing.  In 6 patients, 
cancer was objectifi ed, which yields a PPV of 6.6%. Abdominal CT fi ndings prompted 
further tests in 16.7%, chest CT in 14.2% and mammography in 10.6% of all patients who 
underwent these tests. CTCA together, resulted in 4 identifi ed malignancies, aft er 84 
patients had further diagnostic procedures done (PPV 4.8%). Screening using CTCA only 
would have a sensitivity of 22% and a specifi city of 72%. Mammography identifi ed 2 
malignancies in 94 women and did not miss a single malignancy. 8 out of 10 patients had 
abnormalities on mammography which ultimately turned out to be benign. This yields a 
sensitivity of 100%, a specifi city of 91% and a PPV of 20%. 
 During the follow-up period further diagnostics were done in 14.2% in the 
routine screening group and 17.3% in the extensive screening group (p=0.39). 
  The diagnostic procedures which were ordered because of abnormalities in 
routine or extensive screening are quite diverse and listed in Tables 3 and 4. From Table 3 
it can be appreciated that the largest part (69%) of all diagnostic procedures were ordered 
in the extensive screening group. In this group, 758 diagnostic procedures were carried 
out in 171 patients, compared to 347 procedures in 97 patients in the routine screening 
group. None of the diagnostic procedures resulted in morbidity or mortality. 

Table 3 - Frequency and description of performed diagnostic procedures
Diagnostic procedure Routine screening group Extensive screening group

Number of 
procedures

Number of 
patients 

Number of 
procedures

Number of 
patients 

Laboratory measures 49 23 142 56
Imaging techniques 157 77 282 134
Invasive techniques 60 40 131 85
Pathology 56 39 97 70
Consultation other specialist 25 17 106 53
Total 347 97* 758 171*

* Multiple abnormalities could be found in one patient. 
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Mean costs per patient 
The above mentioned diagnostic procedures resulted in costs specifi ed in Figure 
1. Costs for diagnostic procedures performed aft er suspicious fi ndings following 
baseline screening and during follow-up were comparable (p=0.77, Mann Whitney) 
between both groups. Routine screening itself, i.e. X-thorax plus laboratory measures, 
costs € 71.48 per patient. Aft er the routine screening the ordered additional tests cost 
€ 93.69 per patient in the routine group. In summary, costs for baseline screening itself 
and the tests subsequently ordered because of abnormalities, are € 165.17. From table 
4 it can be calculated that the costs for CTCA are € 364.93 and € 431.07 for CTCA plus 
mammography. In this study, the extensive screening itself cost € 349.37 per patient, 
due to the fact that mammography was not performed in all patients and CTCA was 
sometimes performed incompletely. Another € 181.55 (range 0-3710) per patient was 
spent on further tests, due to abnormalities on CTCA and/or mammography. The sum of 
costs for extensive screening, including costs from screening tests themselves and costs 
to exclude malignancy aft er abnormalities, is € 530.92. 

Fig. 1. Mean costs per patient (ITT)

Legend fi g. 1: Mean costs per patient in euro in the routine and the extensive screening group. 

The costs to perform the extensive and routine screening are excluded. 

400400
Follow-upp

300 Extensive screening92 16300 Extensive screening92.16
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Alternative diagnoses found
Routine screening resulted in the detection of 36 alternative diagnoses, of which 77% 
were considered relevant. In total, 24 alternative diagnoses were found aft er extensive 
screening, of which only 25% were considered relevant (Table 5). 

Table 5 - Alternative diagnoses
Alternative diagnoses and its frequencies 
Routine screening  36 Extensive screening 24
Kidney insuffi  ciency 6 Abdominal CT 11
Liver toxicity due to alcohol 4 Hemangiomas/cysts liver 5
Liver steatosis 1 Liver steatosis 1
Nodus thyroid gland 2 Neuroendocrinal pancreatic cyst 1
Anemia due to myoma 4 Benign adrenal gland tumour 3
Anemia of unknown origin 3 Asymptomatic retroperitoneal fi brosis 1
Pernicious anemia 3 Chest CT 12
Hernia diafragmatica causing anemia 1 Nodus thyroid gland 8
Diverticle bleeding 1 Chronic obstructive pulmonary disease 1
Polycythemia vera 1 Tuberculosis 1
Uterus myoma 3 Aorta aneurysma 2
Intestinal polyp 1 Mammography 1
Hemorroids 1 Cyst breast 1
Asympt gall stones 1
Benign prostate hyperplasia 2
Diabetes mellitus de novo 2

Alternative diagnoses found by routine and extensive screening. 

Cost-effi  cacy 
Total costs including the costs for the screening itself were € 47,569 for the baseline 
screening (in the baseline screening group) and €181,574 for the extensive screening. 
The baseline screening strategy performed in the routine screening group found 7 
malignancies at the cost of € 6796 per malignancy (47,659/7). Using the extensive 
screening strategy, 6 additional malignancies were discovered, at the cost of € 30,262 per 
malignancy (181,574/6). 
 Extensive screening did not result in life years gained (LYG) for total mortality. 
Mortality among patients diagnosed with cancer during the study was 38% (8 out of 21) 
for the routine screening group and 57% (17 out of 30) in the extensive screening group. 
Hence, LYG for mortality due to cancer could not be computed. To exclude that the 
higher rate of mortality due to cancer in the extensive screening group was mainly caused 
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by a diff erence in cancers found by baseline screening, we excluded the malignancies 
diagnosed by baseline screening in both groups. When the malignancies diagnosed by 
baseline screening are excluded, 14 malignancies remain in the routine screening group 
(only follow-up) and 18 in the extensive screening group (i.e. malignancies identifi ed by 
extensive screening and during follow-up). Mortality among these patients is 14% (2/14) 
in the routine screening group and 44% (8/18) in the extensive group. 

Sensitivity analysis
The minimal mortality diff erence was calculated using the mean costs per patient of 
extensive screening using CT-scans and mammography (€ 530.92) divided by the 
commonly used upper cost-effi  cacy limit of € 30,000. We should have found a minimum 
mortality diff erence of 0.0177 LYG (530.92/30,000) to remain within this limit. Extensive 
screening detected 6 of 18 malignancies, resulting in a sensitivity of 33.3%. In the power 
calculation, a sensitivity of 80% was assumed; in that case 14.4 malignancies would 
have been identifi ed by extensive screening. Cost per malignancy would then shift  from 
€ 30,262 (181,574/6) to € 12,609 (181,574/14.4). 

DISCUSSION
We compared the costs and test characteristics of extensive screening to routine screening 
for the detection of underlying malignancy in patients with IVTE. The extensive screening 
is over 3 times more expensive compared to the routine screening. These expenses in the 
screening phase did not save lives or costs spent in the follow-up period. When the costs for 
the extensive screening itself were not taken into account, costs resulting from extensive 
screening were still € 181.55 on average per patient. These costs are mainly caused by the 
high proportion of patients with false positive results. As a consequence, in a quarter of 
all patients in the extensive screening group invasive procedures were performed, which 
is twice as much compared to the routine screening group. These invasive procedures 
themselves did not result in morbidity or mortality. The minimal LYG that should be 
detected by extensive screening to stay under the accepted limit of € 30,000 were 0.0177. 
The costs for screening would probably have been considered acceptable if there only 
had been an eff ect on mortality. The sensitivity of extensive screening was only 33% and 
therefore two thirds of the occult malignancies were missed.  
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Several limitations of this study have to be acknowledged. Most important, due to the 
lack of eff ect of extensive screening we could only perform a very limited and exploratory 
sensitivity analysis and a cost-eff ectiveness analysis could not be performed. Although 
the study was terminated prematurely, it seems unlikely that continuation of the study 
would have resulted in a higher sensitivity. All costs are calculated using the 2006 
Committ ee of Tariff s for Healthcare. These costs vary in time and could be diff erent for 
other countries. However, they are used to give an estimation of the costs and in table 
4 the costs can be compared. The low sensitivity could be a result of the quality of the 
radiological assessment. However, the radiologists had to fi ll in a standardized form with 
a predefi ned list of abnormalities suggestive for malignancy. A logical explanation for the 
low sensitivity could be the fact that for most cancer types detected, a CTCA is not the 
preferred screening tool. The low PPV is in line with that of CT-chest in patients with high 
risk for lung cancer [5]. Despite the higher sensitivity of screening for lung cancer using 
CT-chest, even in selected patients no mortality benefi t could be demonstrated recently 
[5]. The sensitivity of screening using CT-scans will deteriorate in low risk populations, 
while probably, the amount of false positive fi ndings will be equal or higher in patients 
undergoing ‘whole body CT-screening’. Therefore the use of CT-scans as a screening 
modality in asymptomatic low risk populations is likely to lead to anxiety in stead of 
reassurance [6]. Alternative or non-cancer diagnoses were rarely (7.6%) found in our 
patient group, another reason not to encourage whole body CT-screening. Furthermore, 
of these diagnoses, the majority did not lead to a change in treatment or prognosis.   
 The prevalence of occult cancer in patients with idiopathic venous thrombosis 
is suffi  ciently high to justify screening. Whenever a more promising (eff ective) and 
equally expensive diagnostic technique will become available for screening in patients 
with idiopathic venous thrombosis, cost-effi  cacy arguments in itself probably will not 
withhold implementation of this technique as a screening modality. Screening for cancer 
using CTCA in low-risk patients should be discouraged as long as no randomized trials 
have proved benefi cial eff ects on mortality or morbidity.
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ABSTRACT
Purpose
The association of spontaneous venous thromboembolism with occult malignancy is well 
established. Less clear is the incidence of subsequent cancer in patients with superfi cial 
thrombophlebitis. Therefore, we determined the incidence of cancer aft er an episode of 
spontaneous superfi cial thrombophlebitis in a large general practice population. 
Methods
The objective of this study was to assess the incidence of newly diagnosed malignancies 
in patients within two years aft er presenting with a spontaneous episode of superfi cial 
thrombophlebitis and to compare this incidence to non-exposed matched control 
patients and the Dutch population. The patients and their controls were identifi ed by a 
search in the electronic patient records of 5 primary health care centers in Amsterdam, 
The Netherlands. A standardised morbidity ratio was calculated using data of the Dutch 
cancer registry.
Results
A total number of 277 superfi cial thrombophlebitis patients were identifi ed, of which 
250 patients had no cancer at study entry. In 5 of these 250 patients (2%; 95% CI 1-5%) a 
new malignancy was diagnosed within two years aft er their superfi cial thrombophlebitis 
compared to 2 % (95% CI 1-4%) in the control subjects. The standardised morbidity 
ratio was 1.1 (95% CI 0.5-2.7). A recurrent episode of superfi cial thrombophlebitis was 
observed in 18 of the 250 patients and in one of these patients cancer was diagnosed 
within 24 months aft er the fi rst episode of superfi cial thrombophlebitis. 
Discussion
We conclude that a single episode of unprovoked superfi cial thrombophlebitis diagnosed 
by a family physician is not associated with an increased risk of subsequent cancer.



Cancer aft er idiopathic superfi cial thrombophlebitis

165

10

INTRODUCTION
In 1865, Armand Trousseau described an association between recurrent superfi cial 
thrombophlebitis and occult malignancy, which is now termed the Trousseau syndrome 
[1]. This entity is characterized by a recurrent and migratory patt ern of infl ammation of 
superfi cial veins, frequently in unusual sites such as the arm or chest. Since then, many 
studies reported on the association between venous thromboembolism and cancer. A 
recent study observed a mean 10% (95% CI 8.6-11.3) incidence of malignancy within the 
fi rst 12 months aft er the diagnosis of an unprovoked deep vein thrombosis of the leg or 
pulmonary embolism [2]. The venous thromboembolism is believed to be at least partially 
provoked by the at that time still occult cancer. The incidence of newly diagnosed cancer 
is increased until years aft er presentation with unprovoked venous thromboembolism, 
however most cancers are diagnosed within the fi rst months aft er diagnosis of VTE [3;4]. 
In numerous text books it is stated that not only deep vein thrombosis or pulmonary 
embolism, but also superfi cial venous thrombophlebitis (SVTP) is associated with occult 
malignancy. However, careful analysis of the literature reveals that so far only case 
reports have described this association. 
 We, therefore, performed a study to determine the incidence of cancer during 
a two year follow up period aft er a fi rst episode of unprovoked SVTP in a large general 
practice population. The incidence of cancer was compared to a cohort of practice-, age-, 
and gender matched control patients without SVTP and to the incidence of cancer in the 
Dutch population. 

METHODS
The objective of this study was to determine the incidence of newly diagnosed 
malignancies in patients presenting with a spontaneous fi rst episode of SVTP and to 
compare this incidence to the incidence of cancer in non-exposed control patients and the 
general population. In the Dutch health care system every citizen is enlisted by a family 
physician, who keeps health records and functions as a gate keeper to secondary care. 
In case of any health problem, for which medical care is needed this family physician is 
consulted. Family physicians treat approximately 94% of the health problems themselves 
and refer if necessary [5].
 The electronic patient records of 5 health care centers (28 family physicians) are 
stored anonymously at the Department of General Practice in the Academic Medical 
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Center, Amsterdam, the Netherlands and were available for the present analyses. In 
this register relevant information of all contacts between the physician and patients is 
recorded. For diagnostic coding the ICPC (International Classifi cation of Primary Care) 
codes and for medication ATC (Anatomical Therapeutic Chemical) codes are used. For 
the study reported here, anonymous data of approximately 38.000 adult patients were 
analyzed. The inception period was from January 1995 until December 2004. 

Identifi cation of cases and controls
The medical records were searched for episodes of SVTP using diagnostic coding and 
truncated keywords (t(h)romb*, phleb* and fl eb*). Family physicians diagnosed SVTP 
clinically according to the rules of the ICPC: ‘signs of infl ammation along a superfi cial 
vein’. The medical records were checked by two investigators independently, to 
determine if the record did concern a SVTP. In case of a list of more than one possible 
diagnosis, SVTP should be the fi rst diagnosis in the list to be considered as a case of 
SVTP. The date of diagnosis of SVTP was taken as the index date. SVTP associated with 
venous catheters or recent surgery as noted in the medical records were considered as 
provoked and therefore excluded. We studied all consultations during a month aft er 
the event manually to exclude misclassifi ed cases. For each SVTP patient two control 
patients were selected. These patients had no history of venous thrombosis or SVTP and 
were matched for family physician, gender and age. No other patient characteristics to 
control for possible cofounding could be extracted out of the source database. 

Follow-up
The family physician registers all malignancies with the date of diagnosis in the ‘problem’ 
lists of the medical records of all patients. Because of the seriousness of the disease it was 
assumed that all diagnosed malignancies were captured in this database. Additionally, 
the medical records of both the SVTP group and the control group were searched 
manually for listing of cancer. The subjects in which cancer was diagnosed before the 
moment of diagnosis of SVTP were categorized separately. Patients and control subjects 
were followed up for 24 months. 
 The cumulative incidence of cancer per gender and age category of the SVTP 
population was also compared to the incidence of cancer per gender and age of the 
overall Dutch population using data of the national cancer registration. This registration 
collects data from cancer patients including tumour type, date of diagnosis and tumour 
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stage and is linked to the international agency for research on cancer [6]. A standardized 
morbidity ratio (SMR) was calculated using STATA. 

RESULTS
A total number of 880 case records were searched for SVTP. In 27 patients a provoked 
SVTP was recorded. The total number of patients with a spontaneous episode of SVTP 
was 277 of whom 26% were men. The mean age was 59 years. The matched control group 
consisted of 553 subjects of whom also 26% were men whereas the mean age was 58 
years. For one female patient born in 1907, only one control of the same age, gender and 
family physician could be identifi ed. Of all patients with unprovoked SVTP cancer was 
diagnosed in 27 patients (10%, 95% CI 7-14) before the episode of SVTP, whereas in 49 
of the controls (9%, 95% CI 7-12) a malignant process was diagnosed before the index 
date. 
 We retrieved complete follow up data during 24 months aft er the indexdate in 
243 (88%) SVTP patients compared to 469 (85%) control subjects. The other subjects were 
either lost to follow up (n=83) or died within 24 months aft er the indexdate (n=35) with 
similar rates in both groups. The mean follow up period of the SVTP patients who did 
not complete follow up was 12 months compared to a mean follow up of 11 months in 
the control subjects without complete follow up. 
 In 5 of the 250 SVTP patients without cancer at study entry (2%, 95% CI 1-5) a 
new malignancy was diagnosed within 24 months aft er the diagnosis of spontaneous 
SVTP compared to 10 new malignancies in the 504 control subjects without cancer at 
study entry (2%, 95% CI 1-4). The outcomes are summarized in Table 1. Two of the fi ve 
newly diagnosed cancer patients in the SVTP group died within the 24 months follow up 
period compared to two of the ten control subjects with a newly diagnosed malignancy. 
None of the other cancer patients in the SVTP and control group were lost to follow up. 
The types of cancer are described in Table 2. Compared to the overall Dutch population 
no diff erence was observed in the incidence of cancer in two years aft er the index date, 
with a SMR of 1.1 (95% CI 0.5-2.7). 
 Of all 245 SVTP patients without cancer at study entry or during follow-up 5 
patients (2%) died before the end of the 24 month follow up period (Table 1). In the 
control group 11 (2%) of the 494 subjects died within 24 months aft er the index date. 
None of those deaths was associated with cancer. 
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Of the 250 SVTP patients without cancer at study entry, 18 patients (7%, 95% CI; 4-11) 
experienced at least one recurrent episode of SVTP during the 2 year follow up period. 
The mean age of these patients was 62 years (range 35-87) and 4 of them were men. 
The median period between the fi rst SVTP and the recurrence was 12 months (range 
0.6-23). In one recurrent SVTP patient (6%, 95% CI 0.1-27) a malignancy was diagnosed 
during the follow up period. Careful review of his medical records (including hospital 
records) revealed that a Grawitz tumor already was present (but not diagnosed) when he 
presented his fi rst episode of SVTP.

Table 1 - Follow-up and Outcomes
SVTP patients
N (%, 95% CI)

Control group
N (%, 95% CI)

Absolute diff erence % 
(95% CI)

Patients with incomplete 
follow up 

34 (12%; 8 to16) 84 (15%; 12 to 18) -3 (-8 to 2)

Deaths within 24 months 
aft er index date 

16 (6%; 3 to 9) 19 (3%; 2 to 5) 2 (-1 to 5)

Subjects with newly 
diagnosed cancer within 24 
months aft er index date 

5 (2%; 1 to 5) 10 (2%; 1 to 4) 0 (-2 to 2)

Recurrent SVTP in patients 
without cancer at study entry

18 (7%; 4 to 11) NA NA

Table 2 - Malignancies diagnosed within 2 years aft er the indexdate
SVTP group Control group
Myelodysplastic syndrome                      Breast carcinoma (N=6)
Urothelial cell carcinoma, bladder                      Bronchial carcinoma
Pancreatic carcinoma                       Urothelial cell carcinoma, bladder
Ovarian carcinoma Unknown primary origin (N=2)
Gallbladder carcinoma

DISCUSSION
In this case-control study no increased incidence of cancer aft er the diagnosis of a fi rst 
episode of unprovoked SVTP was observed. During the two year observation period 
aft er SVTP, the cumulative incidence of cancer was 2% (95% CI 1-5). These fi ndings 
were confi rmed comparing the incidence of new cancers in the SVTP patients with the 
incidence in the overall Dutch population (SMR 1.1, 95% CI; 0.5-2.7). However, two or 
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more episodes of SVTP might be associated with a higher risk of cancer, but in the present 
cohort it concerned only one patient. 
 We acknowledge some strengths and limitations of this work. To our knowledge 
this is the fi rst empirical study in general practice which determines the possible 
association of spontaneous SVTP with cancer. A very sensitive search strategy was 
used within the registry to identify patients with SVTP, which we believe made the 
identifi cation of patients with SVTP almost complete. Furthermore, missing a diagnosis 
of cancer is most unlikely because of the importance of this disease for daily practice and 
the analyzed recording system. Finally, we used the same search strategy in both groups. 
Matching for family physician reduces the infl uence of interdocter variation. 
 A limitation of the study is the lack of objective assessment of the diagnosis of 
SVTP. Family physicians diagnose SVTP clinically. An objective assessment of the diagnosis 
is performed only when (also) deep venous thrombosis is suspected. To diminish the 
number of misclassifi cations, we checked the medical records of these patients for four 
weeks aft er the date of diagnosis of SVTP with the assumption that family physicians 
would change their diagnosis when it proved wrong. Another limitation of this study 
is the relatively high rate of ‘lost to follow up’ of 6% in the SVTP and 12% in the control 
group. The diagnosis of new malignancies in these subjects can not be excluded, however 
considering the higher number of patients lost to follow up in the control group it is more 
likely to bias towards the no-diff erence observation. Furthermore, the patient groups are 
quite small. However, 1245 SVTP patients should have been included in the study to 
detect a diff erence of 2% between both groups. Assuming a 4% incidence of cancer in the 
SVTP group compared to 2% incidence of cancer in the control group (one sided α 0.05, 
β 0.1). Such a small diff erence however would probably not be of great clinical relevance. 
Finally, more information on patient characteristics could not be extracted out of the 
source database, which impairs analyses on potential confounders. 
 We conclude that a fi rst episode of unprovoked SVTP diagnosed by a family 
physician is not associated with an increased risk of cancer in the next two years relative 
to non SVTP patients or the general public. As a result it is unlikely that SVTP patients 
have more oft en an occult malignancy at the time of their presentation. However, 
recurrent SVTP might be associated with cancer and further diagnostic evaluation seems 
appropriate. 
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ABSTRACT
Procoagulant microparticles (MP) have been observed in cancer patients with venous 
thromboembolism (VTE). This study evaluates the predictive value of the MP-associated 
procoagulant activity for development of VTE in cancer patients. The procoagulant 
activity was measured by (i) a phospholipid-dependent coagulation test (PPLT), (ii) 
a factor Xa-generation assay and (iii) a fi brin generation test (FGT). The last two tests 
were also performed in the presence of anti-tissue factor (TF; factor Xa-generation assay) 
or anti-factor VII(a) (FGT). Plasma was collected of 43 unselected cancer patients. Five 
patients (12%) developed VTE within six months. No diff erence was observed in the 
PPLT at baseline between patients with and without VTE (p=0.519). Marked diff erences, 
however, were present in the FGT in the absence of antibodies (p=0.014), and in TF-
dependent factor Xa generation and fi brin generation (p=0.016 and p=0.036, respectively). 
Receiver operating characteristic analyses showed that the FGT had the highest area 
under the curve (0.83; 95% CI 0.68-0.98; p=0.017). A cut off  level of 909 seconds resulted 
in a sensitivity of 80% and a specifi city of 84%. We conclude that the MP-associated 
procoagulant activity may identify those cancer patients at high risk for development 
of VTE. 

b
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INTRODUCTION
Venous thromboembolism (VTE) oft en complicates the clinical course of cancer [1]. It 
is estimated that almost 15% of all cancer patients develop VTE in the course of their 
disease [2]. In addition, the risk of recurrent thrombotic events aft er the fi rst episode of 
venous thrombosis is signifi cantly higher in patients with cancer compared to patients 
without cancer [3]. Despite the fact that VTE is the second cause of death in cancer 
patients [4], it is still diffi  cult to identify those patients who have such a high risk that 
primary thromboprophylaxis is warranted [5]. 
 Several factors including surgery, central lines, infection, immobilization, 
chemotherapy, hormonal agents and cancer cells themselves contribute to the 
hypercoagulable state in cancer patients [6]. In 1995, a strong association was noticed 
between malignant disease and elevated levels of circulating non-cell bound tissue factor 
(TF), activated factor VII, thrombin-antithrombin complexes (TAT) and prothrombin 
fragment F1+2 compared to healthy subjects [7]. At least part of this “blood-borne” TF 
is associated with cell-derived microparticles (MP). Although the cellular origin of 
circulating TF-bearing MP in cancer patients is still debated, a recent study by Davila and 
co-workers showed that at least a part of the circulating MP-exposed TF may originate 
directly from the cancer cells [8]. 
 There is increasing evidence that circulating MP in cancer patients are 
associated with VTE. Plasma from cancer patients with VTE contains elevated levels of 
MP-associated TF compared to those without VTE, and patients with a low likelihood 
of survival had a high MP-associated TF activity [9;10]. More recently, an association 
was shown between development of VTE and the plasma levels of non-cell bound TF 
and MP-associated TF activity in eleven pancreatic cancer patients [11]. Based on these 
observations, we hypothesized that circulating TF-bearing MP in cancer patients may be 
a predictive biomarker for the development of VTE.
 The aim of this pilot study was to assess the ability of three new rapid coagulation 
assays to identify patients at risk for developing VTE, i.e. by measuring the procoagulant- 
and / or TF-activity associated with circulating MP in cancer patients before the onset of 
VTE. 
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MATERIAL AND METHODS
Population
Blood samples were collected from 43 consecutive cancer patients seen at the Department 
of Medical Oncology of the Academic Medical Center in Amsterdam. Inclusion criteria 
were age above 18 years and active cancer, and in all patients the diagnosis of cancer was 
confi rmed by pathology. Patients using anticoagulant treatment or with a VTE in the 
medical history were excluded. The incidence of venous thrombosis was assessed aft er 
six months. Furthermore, blood samples were collected from 22 healthy individuals. 
All patients and healthy individuals signed an informed consent and the protocol was 
approved by the institutional review board.

Collection of blood samples
Patient blood was collected via a venous catheter (20-gauge). All blood samples were 
directly taken from the catheter without the use of a connecting-piece. Aft er discarding 
the fi rst tube of blood, blood (13.5 mL) was collected into three tubes each containing 0.5 
mL 105 mmol/L buff ered sodium citrate (BD, Franklin Jakes, NJ). Citrate-anticoagulated 
blood samples from healthy individuals (n=22) were taken from the antecubital vein 
without tourniquet through a 21-gauge needle using a vacutainer system. Within 15 
minutes aft er blood collection, cells were removed by centrifugation for 20 minutes 
at 1550 x g and 20 °C. Part of the plasma was immediately used for experiments. The 
remainder was immediately frozen as 0.25 mL aliquots in liquid nitrogen and stored at 
-80 °C. 

Isolation of microparticles for fl ow cytometry
A sample of 250 μL frozen plasma was thawed on melting ice for one hour and centrifuged 
for 30 minutes at 18.890 x g and 20 °C to pellet MP. Aft er centrifugation, 225 μL of the 
supernatant was removed. The pellet and remaining supernatant were resuspended in 
225 μL phosphate-buff ered saline (PBS) containing citrate (154 mmol/L NaCl, 1.4 mmol/L 
phosphate, 10.9 mmol/L trisodium citrate; pH 7.4). Aft er centrifugation for 30 minutes 
at 18.890 x g and 20 °C, 225 μL of the supernatant was removed. The MP pellet was then 
resuspended with 75 μL PBS-citrate. Five μL of the MP suspension was diluted in 35 μL 
CaCl2 (2.5 mmol/L)-containing PBS. Then 5 μL APC-labelled annexin V was added to 
all tubes plus 5 μL of the cell-specifi c monoclonal antibody or isotype-matched control 
antibodies. The samples were incubated in the dark for 15 minutes at room temperature. 
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Aft er incubation, 900 μL of calcium-containing PBS was added to all tubes (except to the 
annexin V control, to which 900 μL citrate-containing PBS was added). Samples were 
analyzed for one minute in a fl uorescence automated cell sorter (FACS Calibur) with 
CellQuest soft ware (Becton Dickenson Biosciences, San Jose, CA, USA). Both forward 
scatt er (FSC) and sideward scatt er (SSC) were set at logarithmic gain. MP were identifi ed 
on basis of their size and density and on their ability to bind cell-type specifi c antibodies 
and annexin V [12]. The gate sett ings were confi rmed using beads with a maximum 
diameter of 1.0 μm. Background signal in a typical experiment accounted for 3-5% of the 
total signal. The within-run coeffi  cient of variation is 8% and the day-today coeffi  cient of 
variation, based on analysis of MP in a standardized normal pool sample, 13%. Annexin 
V measurements were corrected for auto-fl uorescence. Labelling with cell-specifi c 
monoclonal antibodies was corrected for identical concentrations of isotype-matched 
control antibodies by subtracting the amount of isotype-matched positive events from 
the total positive events [13]. The antibodies against fl uorescein isothiocyanate (FITC)-
labelled IgG1 and phycoerythrin (PE)-labelled IgG1 and anti-TF-PE were derived from 
BD. Anti-CD61-FITC (anti-GP-IIIa) was obtained from Dako (Glostrup, Denmark). 
Allophycocyanin (APC)-conjugated annexin V was purchased from Caltag (Burlingame, 
CA, USA).

Fibrin generation test (FGT)
The ability of MP to generate fi brin was measured directly in plasma in the absence 
or presence of anti-human FVIIa (Sanquin; Amsterdam, The Netherlands). Aft er pre-
incubation for 5 minutes at 37 °C, clott ing was initiated by addition of CaCl2. Fibrin 
formation was determined by measuring the optical density (λ = 405 nm) in duplicate 
on a spectrophotometer (SPECTRAmax microplate reader; Molecular Devices Corp., 
Sunnyvale, CA) at 37 °C.

STA Procoag PLL assay 
MP-containing plasma (25 μL) was mixed with phospholipid-free plasma (25 μL) and 
pre-heated for 2 minutes at 37 °C in a cuvett e. Then, pre-warmed XACT reagent (100 μL; 
containing activated factor X and calcium) was added and the clott ing time was measured 
on an ACL Top (Instrumentation Laboratory Company; Lexington, MA, USA). The assay 
was a gift  from Dr. B. Woodhams (Stago; Gennevilliers Cedez, France).
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The total procoagulant activity and TF activity assay
TF was measured using a procoagulant activity (PCA) assay exactly as described earlier 
[11]. In brief, MP were pelleted from plasma (200 μL) by centrifugation (20.000 x g at 
15 minutes and 4 °C), washed twice with HBSA buff er (137 mmol/L NaCl, 5.38 mmol/
L KCl, 5.55 mmol/L glucose, 10 mmol/L HEPES, 0.1% bovine serum albumin; pH 7.5), 
and re-suspended in HBSA (200 μL). Samples were incubated with either anti-human 
TF-antibody called HTF-1 (4 μg/mL) or a control antibody (mouse IgG: 4 μg/mL) for 
15 minutes at 25 ºC, and then aliquots (50 μL) were added to duplicate wells of a 96-well 
plate. Next, 50 μL of HBSA containing FVIIa (10 nmol/L), FX (300 nmol/L) and CaCl2 
(10 mmol/L) was added to each sample and the mixture was incubated for 2 hours at 
37 °C. FXa generation was stopped by addition 25 mmol/L EDTA buff er (25 μL) and 
chromogenic substrate S2765 (25 μL; 4 mmol/L), and incubated at 37 °C for 15 minutes. 
Finally, absorbance was measured at 405 nm using a VERSAmax microplate reader 
(Molecular Devices Corp.; Sunnyvale, CA, USA). TF activity was calculated by reference 
to a standard curve generated using relipidated recombinant human TF (0-55 pg/mL). 
The TF-dependent FXa generation (pg/mL) was determined by subtracting the amount 
of FXa generated in the presence of HTF-1 from the amount of FXa generated in the 
presence of the control antibody. Mean TF PCA in healthy controls was 0.21 pg/mL (SD 
0.11; interassay CV of 21%).

Other assays 
All other assays were performed as described by the manufacturer. ELISA kits to 
measure human non-cell bound (soluble) TF were obtained from American Diagnostica 
(Greenwich, Conn, USA), F1+2 and TAT from Enzygnost (Dade Behring; Marburg, 
Germany) and D-dimer from Innovance (Dade-Behring). The kits to determine factor 
VIIa-antithrombin complexes (FVII-AT) were a gift  from Dr. B. Woodhams (Stago; 
Gennevilliers Cedex, France).

Statistics
Continuous data were expressed as medians with corresponding inter-quartile ranges 
(IQR). Between group diff erences were tested with the Mann-Whitney U test. Categorical 
data are presented as percentages or numbers. All data shown are presented as medians 
(IQR), unless stated otherwise. Receiver operating curve (ROC) analyses were performed 
to determine- the best predictive value of the diff erent assays for development of VTE 
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in cancer patients.  P-values ≤0.05 were considered statistically signifi cant. All statistical 
analyses were performed by using SPSS 15.0.1 (SPSS Inc, Chicago, IL). 

RESULTS
Patients 
A total of 43 cancer patients were included. Their mean age was 59 ± 12 years and 58% 
were male. The patients suff ered from pancreatic carcinoma (n=13), gastrointestinal 
carcinoma (n=11), breast carcinoma (n=8), oesophagus carcinoma (n=5), biliary tract 
carcinoma (n=2) and other types of cancer (n=4). Seven patients had local disease and 
came for neo-adjuvant therapy, the other patients had locally advanced or metastatic 
disease. 
 Within six months aft er blood collection, fi ve patients (12%; 95% CI 4-25), three 
men and two women, developed an objectively confi rmed VTE: deep vein thromboses of 
the leg (n=2), pulmonary embolism (n=2) and vena lienalis thrombosis (n=1). The median 
time to develop VTE was 3.1 months (range 1.3-4.4) aft er blood collection. Three of these 
patients had pancreatic cancer, of whom two patients had locally advanced disease and 
one patient had metastasized disease. One patient had metastasized gastrointestinal 
cancer and the remaining patient had locally advanced oesophagus cancer. Their mean 
age was 61 ± 7 years. Five of 43 study patients died within six months, of whom one 
patient had developed a VTE before dying. 

In vivo coagulation activation status of cancer patients developing VTE
The concentrations of F1+2 and TAT tended to be higher in cancer patients who developed 
VTE (n=5) compared to those who did not develop VTE within six months aft er blood 
collection, although none reached statistical signifi cance (n=38; Table 1). Also plasma 
concentrations of non-cell bound (soluble) TF and FVIIa-AT appeared to be elevated in 
patients with VTE. Levels of D-dimer, however, were comparable. These data suggest 
that at the moment of blood collection the patients destined to develop VTE showed 
modest signs of increased coagulation activation (F1+2, TAT, soluble TF and FVIIa-AT) 
compared to those who did not develop VTE.   
 



Chapter 11

182

Table 1 - Coagulation in cancer patients developing VTE
Cancer patients + VTE Cancer patients - VTE p

F1+2 (pmol/L) 319
(187-558)

241
(179-312)

0.427

TAT (mg/L) 5.7
(3.5-13.7)

4.1
(3.2-6.2)

0.290

D-dimer (μg/L) 0.66
(0.55-7.5)

0.77
(0.38-2.0)

0.326

sTF (ng/mL)1 145.5
(49.0-369.0)

86.8
(50.7-153.6)

0.445

FVIIa-AT (pmol/L)2 9.2
(6.2-12.3)

6.6
(5.4-9.2)

0.159

Data are presented as median (IQR); 1sTF: soluble (non-cell bound) TF; 2FVIIa-AT: activated 

factor VII-antithrombin complexes.

MP and MP-initiated coagulation activation in cancer patients developing VTE
The numbers of circulating MP were estimated by fl ow cytometry. As shown in Table 2, 
comparable numbers of circulating MP binding annexin V, i.e. MP exposing negatively 
charged phospholipids, as well as MP exposing TF were present in plasma samples from 
cancer patients who developed VTE and patients who did not develop VTE. 
 Subsequently, we tested the procoagulant activity of the MP by using three 
diff erent MP-based coagulation assays. First, the ability of MP to provide a phospholipid 
surface to propagate coagulation and clot formation was determined in the newly 
developed STA Procoag PPL assay. The clott ing time in this assay, which is entirely 
independent on the presence of TF activity (R.J. Berckmans, pers. commun.), was similar 
between the two groups of cancer patients (p=0.519; Table 2), which is in line with the 
observation that a comparable number of annexin V-binding MP were present. 
 In contrast, there were marked diff erences in the ability of MP to promote 
coagulation in the other coagulation assays. First, the “total procoagulant activity” of 
the MP, i.e. the ability of isolated MP to promote factor Xa generation, in patients who 
developed VTE tended to be elevated compared to patients without VTE (2.16 (0.74-9.4) 
versus 0.91 (0.64-1.37); p=0.091). However, a marked diff erence in TF-dependent factor 
Xa generation was observed between isolated MP from patients who developed VTE 
and isolated MP fractions from patients who did not develop VTE (p=0.016). Similarly, 
the MP-mediated clott ing time observed in the FGT was markedly faster in plasma 
samples from patients developing VTE compared to plasma samples from patients not 
developing VTE (801 s versus 1568 s; p=0.014). Again, the TF dependent MP-initiated 
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clott ing time was signifi cantly diff erent between patients developing VTE compared 
with those without VTE (13.3% versus 0%, respectively; p=0.036).  

Table 2 - Microparticles (MP) and MP-mediated coagulation in cancer patients developing 

VTE
Cancer patients + VTE Cancer patients - VTE p

MP (Annexin V+)1 5.53 x 106

(5.06-9.84)
5.51 x 106

(3.27-8.92)
0.629

MP (TF+)1 34.8 x 103

(1.33-104.0)
10.9 x 103

(2.67-36.8)
0.672

PPLT (s)2 73
(68-81)

79
(69-82)

0.519

Total PCA (pg/mL)3 2.16
(0.74-9.4)

0.91
(0.64-1.37)

0.091

TF-dependent PCA 0.82
(0.25-6.9)

0.21
(0.04-0.35)

0.016

FGT (s)4 801
(769-1121)

1568
(1036-3008)

0.014

TF-dependent FGT (%) 13
(6 - 31)

0
(-12-11)

0.036

Data are presented as median (IQR); 1Number/mL; 2PPLT: phospholipid dependent clott ing 

time; 3Total PCA: total procoagulant activity; 4FGT: Fibrin Generation Time

Predictive value for development of VTE in cancer patients
ROC analyses showed that the TF activity assay and the FGT could signifi cantly 
discriminate between cancer patients developing or not developing VTE during a six 
month follow up period (Figure 1). Both tests were discriminatory also in the presence of 
antibodies. The area under the curve was 0.82 (95% CI 0.61-1.04) for the TF activity assay, 
0.83 (95% CI 0.68-0.98) for the FGT and 0.79 (95% CI 0.61-0.97) for the FGT in the presence 
of anti-FVII(a). With regard to the TF activity assay, the ROC curve analysis showed that 
a cut-off  of 0.37 pg/ml was the best trade off  between false positive and false negative 
results, with a sensitivity of 80% and specifi city of 84%. For the FGT a cut off  level of 
909 seconds resulted in a sensitivity of 80% and specifi city of 84%. In the presence of the 
anti-FVII(a), the best cut off  level of prolongation of the clott ing time in the FGT was 13%, 
resulting in a sensitivity of 80% and a specifi city of 82%.  
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Fig. 1. Receiver operating characteristic curve for procoagulant activity assays

A – D-dimer

AUC 0.62 (95% CI 0.38-0.90); p=0.315

B- PPLT

AUC 0.41 (95% CI 0.19-0.63); p=0.507
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C- Total Xa generation

AUC 0.74 (95% CI 0.42-1.05); p=0.091

D- Total Xa generation + anti TF

AUC 0.82 (95% CI 0.61-1.04); p=0.020
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E- Fibrin generation

AUC 0.83 (95% CI 0.68-0.98); p=0.017

F- Fibrin generation + anti-TF 

AUC 0.79 (95% CI 0.61-0.97); p=0.039
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Coagulation in cancer patients and healthy individuals: a comparison
For comparison, we also collected blood from healthy individuals (n=22; mean age 
38 ± 10 years 32% men). Compared to healthy individuals, cancer patients had higher 
plasma concentrations of F1+2, TAT as well as D-dimer (Table 3; p<0.001 for all). There 
was no evidence for increased levels of TF antigen or activity in cancer patients, since 
the levels of non-cell bound TF and FVIIa-AT were comparable to controls. With regard 
to the MP, the numbers of annexin V-binding MP were increased in patients compared 
to controls (p=0.001), but the numbers of TF-exposing MP were comparable (p=0.186). 
The MP-associated ability to initiate and / or propagate coagulation tested in the three 
coagulation assays was similar compared to cancer patients (Table 3).

Table 3 - Coagulation in cancer patients and healthy individuals
Cancer patients Healthy individuals p

F1+2 (pmol/L) 246
(181-319)

156
(139-198)

<0.001

TAT (mg/L) 4.1
(3.2-7.8)

3.0
(2.5-3.4)

<0.001

D-dimer (μg/L) 0.76
(0.40-2.26)

0.22
(0.17-0.54)

<0.001

sTF (ng/mL)1 92.6
(20.7-170.9)

66.0
(30.4-124.9)

0.163

FVIIa-AT (pmol/L)2 6.7
(5.4-9.2)

6.6
(5.9-8.6)

0.960

MP (Annexin V+)3 5.53 x 106

(3.33-8.72)
3.37 x 106

(2.94-4.90)
0.001

MP (TF+)3 11.0 x 103

(2.7-38.6)
39.8 x 103

(0.0-29.7)
0.186

PPLT (s)4 78
(69-82)

78
(73-85)

0.411

Total PCA (pg/mL)5 0.98
(0.64-1.43)

0.75
(0.54-0.95)

0.066

TF-dependent PCA 0.21
(0.05-0.36)

0.26
(0.06-0.41)

0.899

FGT (s)6 1386
(968-2852)

1299
(930-1776)

0.417

TF-dependent FGT (%) 0
(-13-9)

-6
(-12-1)

0.349

Data are presented as median (IQR); 1sTF: soluble (non-cell bound) TF; 2FVIIa-AT: activated 

factor VII-antithrombin complexes; 3Number/mL; 4PPLT: phospholipid dependent clott ing 

time; 5Total PCA: total procoagulant activity; 6FGT: Fibrin Generation Time
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DISCUSSION
Our present study shows that the ability of MP to promote TF-dependent coagulation is 
higher in plasma samples from cancer patients weeks to months before the onset of VTE 
compared to cancer patients who did not develop VTE. Both the FGT and a Xa generation 
assay identifi ed cancer patients at high risk for developing VTE with a sensitivity and 
specifi city of approximately 80% at baseline. Thus, these data suggest that the presence 
of TF-dependent procoagulant activity of MP in plasma samples from cancer patients 
may predict the development of VTE. 
 Two earlier studies showed that higher levels of MP-associated TF activity could 
be demonstrated in plasma samples of cancer patients with VTE compared to patients 
without VTE, but the blood samples in these studies were collected aft er the diagnosis of 
VTE [9;10]. This is illustrated by a recent case report, in which Del Conde and coworkers 
showed that a 55 year old patient with giant-cell lung carcinoma developed eleven major 
arterial and venous thrombotic events despite antithrombotic therapy [14]. This patient, 
who suff ered from a severe form of “Trousseau’s syndrome”, had an extremely elevated 
plasma level of TF, which was entirely associated with MP. Recently, the MP-associated 
TF activity in plasma samples of 11 patients with pancreatic cancer was suggested to be 
associated with development of VTE [11]. Our present results extend these fi ndings. Taken 
together it is tempting to speculate that the detection of MP-associated procoagulant TF 
activity in plasma samples of cancer patients enables the identifi cation of those patients 
at risk to develop VTE.  
 Although our fi ndings did reach statistical signifi cance and are confi rmed using 
diff erent coagulation assays, the relatively small number of patients and events limits 
the robustness of our fi ndings and therefore we consider this to be a pilot study. The 
predictive value of the various coagulation assays will be studied in a future prospective 
study. If this study confi rms the present fi ndings, more fi rm conclusions can be drawn.
 Strikingly, the levels of non-cell bound (soluble) TF and FVIIa-AT were similar 
in cancer patients and healthy controls. Compared to the cancer patients, controls were 
not matched for age or gender, and their blood was collected by venapuncture and not 
via a venous catheter, which may contribute to the observed diff erences in concentrations 
of F1+2, TAT and D-dimer. Despite these diff erences, however, comparable levels of non-
cell bound (soluble) TF, FVII-AT complexes and the numbers of TF-exposing MP were 
present. Thus, there seems not to be a general shift  in this heterogeneous group of cancer 
patients towards increased TF-dependent coagulation. Our fi ndings are confi rmed by 
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earlier data of Tesselaar et al., who also reported comparable numbers of TF-exposing 
MP in cancer patients and controls [10]. Furthermore, they showed that the extent of 
the MP-associated “TF activity”, as determined in a factor Xa generation assay, was also 
comparable for most cancer patients and controls. Although Hron et al. reported two-fold 
higher levels of TF-exposing MP in patients with advanced colon carcinoma compared 
to controls, they performed no coagulation activity assays [15]. Antigen assays, however, 
do not distinguish between encrypted TF and non-encrypted (procoagulant) TF. 
 Taken together, the present data confi rm the hypothesis that circulating TF, 
present in blood and associated with cell-derived MP, is associated with a hypercoagulable 
state of cancer patients prone to develop VTE.   
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ABSTRACT
Blood and other body fl uids contain cell-derived microvesicles. The presence of 
microvesicles in cancer patients was noticed already in the late 1970s’. Since then the 
prothrombotic state in cancer patients has invariably been associated with the presence 
of such microvesicles. More recently, a growing body of evidence supports an important 
contribution of microvesicles to cancer cell survival, invasiveness and metastases. 
Here, we will present an overview of the many contributions of microvesicles to cancer 
development and progression. In addition, their role in risk stratifi cation and treatment 
of cancer patients is discussed.
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INTRODUCTION
Compared to healthy controls, blood from cancer patients contains elevated levels of cell-
derived microvesicles. What are these microvesicles and why are their levels elevated in 
cancer patients? 

Types of microvesicles
Human body fl uids contain two diff erent types of cell-derived microvesicles: 
microparticles and exosomes. Eukaryotic cells, including blood cells, endothelial cells 
and cancer cells release microparticles by budding off  parts of their outer cell membrane. 
Based on electron microscopy, microparticles range in size from 100 nm to 1.0 μm 
[1]. Exosomes arise from endosomes, which are initially formed by plasma membrane 
invagination. Endosomes release vesicles into their lumen, ‘intraluminal vesicles’. 
Endosomes containing ‘intraluminal vesicles’ are called multi-vesicular bodies (MVB’s). 
Finally, when MVB membranes fuse with the plasma membrane, these ‘intraluminal 
vesicles’ become secreted and are then called exosomes. Exosomes range in size from 30 
to 100 nm and all cell types containing MVB’s can be expected to secrete exosomes. Such 
cell types include haematopoietic cells, cancer cells, and epithelial cells [2]. At present, no 
generally accepted defi nition of microparticles and exosomes exists. Not only theoretical 
issues but especially methodological problems hamper the achievement of consensus. In 
this review, we will use the general term microvesicles. 

General eff ects of microvesicles
Microvesicles are involved in many (patho) physiological processes in the human body. 
Membranes of microvesicles contain phospholipids and proteins that oft en originate from 
membrane lipid raft s of the parental cell, including functional transmembrane receptors 
such as tissue factor (TF). Furthermore, intracellular proteins, second messengers 
and genetic material can be enclosed and specifi cally sorted into microvesicles. As a 
consequence of sorting, the functional properties and biological role of microvesicles 
may diff er from their parental cells [3]. 
 Microvesicles interact with cells by binding to cell-type specifi c adhesion 
receptors. Aft er this initial interaction, membranes of microvesicles may fuse with the 
plasma membrane of the target cell, thereby transferring receptors that can induce 
cell signalling or even transformation, genetic information and second messengers [4]. 
Microvesicles are not only involved in intercellular communication, but also in other 
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processes including regulation of programmed cell death, modulation of the immune 
response, infl ammation, angiogenesis and coagulation [5-7]. 
 The release of microparticles is a physiological phenomenon. All sorts 
of biochemical triggers induce release of microvesicles, such as cytokines and 
chemotherapeutics, as do physical triggers such as hypoxia and shear stress. In diseases, 
aberrant levels of microvesicles are observed, and their numbers, cellular origin and 
composition are disease (state) dependent.   

Microvesicles in cancer patients
The presence of microvesicles in cancer patients was noticed already in the late 1970s’ 
[8]. The underlying mechanism leading to the release of microvesicles from cancer cells, 
however, is still unknown. In a mouse model, the loss of the tumour suppressor gene p53 
leads to an increased release of TF-bearing microvesicles, indicating involvement of p53 
in this process [9]. 
 Blood from cancer patients contains not only microvesicles from cancer cells but 
especially high levels of procoagulant platelet-derived microvesicles. The procoagulant 
state of cancer patients has at least partly been att ributed to these microvesicles [10;11]. 
Recent studies showed that cancer patients with venous thromboembolism have higher 
levels of TF-bearing microvesicles compared to cancer patients without thrombosis 
[12;13]. In our opinion, this procoagulant phenotype of microvesicles is merely a side 
eff ect of a more important role they may have in cancer patients, i.e. by facilitating cancer 
progression. This review summarizes the eff ects of cancer cell-derived microvesicles in 
cancer biology. Finally, the possible value of these vesicles in clinical practice will be 
discussed. 
  

ROLE OF MICROVESICLES IN CANCER PROGRESSION
Cellular survival
Escape from apoptosis
Cells release microvesicles as a protective mechanism against intracellular stress. In 
nucleated mammalian cells, caspase 3 is one of the main executioner enzymes of apoptosis. 
Microvesicles containing substantial quantities of caspase 3 are present in conditioned 
medium of viable cell cultures [14;15], but caspase 3 is not detectable within the cells 
from which these microvesicles originate. Various investigators have postulated that 

b
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cells may escape from apoptosis by releasing caspase 3-containing microvesicles, thus 
preventing intracellular accumulation of the potentially dangerous caspase 3. Recently, 
this hypothesis was strengthened by the observation that cells indeed accumulate caspase 
3 and undergo apoptosis when release of microvesicles is inhibited [5]. Thus, the release 
of caspase 3-containing microvesicles contributes to cellular survival. In addition, caspase 
3 itself is also involved in the release of microvesicles. MCF-7 cells, a human breast cancer 
cell line lacking caspase 3, does not or hardly release any microvesicles. Their ability to 
release microvesicles, however, can be restored by transfection with functional caspase 3 
[16]. Since these microvesicles also contain caspase 3, it appears that caspase 3 contributes 
to its own removal (A.N. Böing, personal communication). 
 A second example, illustrating how the release of cancer cell-derived 
microvesicles contributes to cellular survival, comes from studies demonstrating an 
association between their release and multi-drug resistance. Shedden and colleagues, 
who quantifi ed membrane shedding-related gene expression, observed that chemo-
insensitive cancer cell lines express more membrane shedding-related genes compared 
to chemo-sensitive cells. Furthermore, the microvesicles contained high levels of the 
chemotherapeutic agent doxorubicin [17]. The most convincing evidence comes from 
a study of Safeaei and colleagues, who demonstrated that microvesicles of cisplatin-
insensitive cancer cells contained 2.6-fold more cisplatin than microvesicles released 
from the cisplatin-sensitive cells [18]. 

Escape from immune surveillance
In a pioneering study published in 1988, Sims and co-workers showed that complement 
activation triggers the release of microvesicles. When human platelets were incubated 
with a lytic concentration of the complement C5b-9 complex, platelets simply survived 
by releasing C5b-9-enriched microvesicles. This mechanism was called ‘complement 
resistance’, and this release can be considered as a form of protection against external 
stress [19]. Similarly, cancer cells use the release of microvesicles to escape from 
complement-induced lysis [20;21]. A recent study showed that cancer cells can inactivate 
the complement complexes by shedding vesicles containing the complement inhibitor 
membrane cofactor protein CD46 which promotes inactivation of complement C4b and 
C3b. Liberation of CD46 minimalize infl ammation in the microenvironment. Although a 
solid tumour is well protected from complement att acks, micro tumours are att acked by 
the complement system [22]. 
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A more indirect way to improve survival of cancer cells is by suppressing the immune 
response, i.e. via the release of microvesicles bearing immune modulatory molecules. 
Microvesicles from various cancer cells expose Fas ligand (FasL, CD95L), a ligand of the 
death receptor Fas (CD95), which induces T-cell apoptosis and diminishes the function 
of adaptive immune cells [23;24]. Kim and colleagues showed a modest correlation 
between lymph node infi ltration and tumour burden and the numbers of circulating 
FasL-exposing microvesicles in blood from patients with oral squamous cell cancer [25]. 
Microvesicles from lymphoblastoma cells exposed latent membrane protein-1 (LMP-
1), another immune suppressing transmembrane protein, thereby inhibiting leukocyte 
proliferation. This fi nding may explain the observed inhibition of T-cell proliferation 
in patients with Epstein-Barr Virus-associated tumours [26;27]. Microvesicles not only 
suppress eff ector T-lymphocytes but also target antigen presenting cells, the latt er also 
known as dendritic cells. Valenti et al. showed that cancer cell-derived microvesicles are 
able to fuse with plasma membranes of monocytes, thereby impairing their diff erentiation 
to antigen presenting cells [28]. 

Table 1 - Eff ects of cancer-cell derived microvesicles
EFFECT ROLE OF MICROVESICLES REFERENCES
Improves cellular survival Removal apoptosis inducing proteins (5)

Chemotherapy resistance (17), (18)
Escape immune surveillance Complement resistance (20-22)

T-cell suppression (23-28)
Mimic environment (13;29;30)

Environmental degradation Transport active matrix metalloproteinases (31-34)
Angiogenesis Activation coagulation system: Fibrin 

matrix formation and
PAR signalling by thrombin formation

(13;38;40)

Intercellular transfer mRNA coding for 
growth factors

(45;46)

Metastasizing Intercellular transfer oncogenes (47-49)
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Finally, cancer cells may hide from the immune system by mimicking the host 
environment. In a study by Tesselaar et al., a low number of circulating microvesicles was 
present in cancer patients that stained for MUC1, a cancer cell antigen, and glycoprotein 
IIIa (integrin β3), which is mainly present on platelets and platelet-derived microvesicles. 
Based on these data, they suggested that such microvesicles are released aft er fusion of 
microvesicles from malignant epithelial cells with platelets [13]. Alternatively, platelet-
derived microvesicles were shown to transfer integrins to breast- and lung cancer cells 
[29;30]. Thus, cancer cells can fuse with non-cancer cell-derived microvesicles, thereby 
receiving lipids and membrane-specifi c proteins which may help to escape from immune 
surveillance. Figure 1A summarizes the eff ects of microvesicles on cellular survival.

INVASIVE GROWTH AND METASTASIZING
Environmental degradation
Degradation of the extracellular matrix (ECM) is essential for tumour growth [31]. 
Microvesicles expose and contain proteases, including matrix-metalloproteinase (MMP)-
2 and MMP-9 and its zymogens, and urokinase-type plasminogen activator (uPA). 
MMPs degrade basement membrane collagens, whereas uPA catalyzes the conversion of 
plasminogen into plasmin. Plasmin, a serine protease, degrades numerous components 
of the ECM, including fi brin, and activates MMP zymogens. Ginestra et al. analyzed the 
content of microvesicles in ascites from thirty-three women with diff erent gynaecologic 
pathologies, including benign ovarian lesions, ovarian carcinomas, and endometrial 
carcinomas. They showed that ascites from the cancer patients contained higher numbers 
of microvesicles compared to ascites from women with benign disease. Microvesicles 
from patients with benign serous cysts had only minimal lytic activity, whereas those from 
cancer patient ascites contained active MMPs [32]. Similarly, the malignant potential of 
tumours was associated with the MMP-2 activity of microvesicles [33]. Graves et al., who 
evaluated microvesicles in women with early-stage and late-stage ovarian carcinoma, 
reported increased numbers of microvesicles in late stage ascites and showed that MMP-
2, MMP-9 and uPA activities are primarily concentrated within microvesicles. Inhibition 
of MMP-2, MMP-9 or uPA nearly abolished the ability of these microvesicles to support 
tumour invasiveness, which underlines the relevance of this pathway, at least in vitro 
[34]. The increased invasiveness of cancer cells by microvesicle formation is shown in 
Figure 1B. 
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Angiogenesis
Fibrin, the insoluble end product of coagulation, plays an important role in tumour 
growth. Tumour cells can be coated with fi brin to escape from immune detection and 
att acks, and the fi brin matrix supports outgrowth of new blood vessels. One of the 
general eff ects of microvesicles is their support of coagulation [35-37]. Especially in 
cancer patients, TF-bearing microvesicles are present in the peripheral blood, albeit 
that the cellular origin of such microvesicles is still disputed [38-40]. A part of the TF-
bearing microvesicles is likely to originate from cancer cells and probably contributes to 
thrombus formation equally to leukocyte-derived microvesicles, which may also expose 
procoagulant TF. TF-bearing microvesicles can be captured and trapped by activated 
platelets at the site of a wound, thereby delivering and accumulating their procoagulant 
TF at the site of vascular damage [11;41;42]. Furthermore, TF-bearing microvesicles may 
fuse with (membranes of) activated platelets, thereby transferring TF to the platelet 
membrane which then cannot only propagate but also initiate coagulation [3]. Figure 1C 
shows the contribution of microvesicles to fi brin formation. 
 The procoagulant eff ect of microvesicles also indirectly leads to the release of 
growth factors. Thrombin activates cells via cleavage of protease-activated receptors 
(PARs), and this activation results in release of vascular endothelial growth factor 
(VEGF) [43;44]. Finally, platelet-derived microvesicles stimulate mRNA expression of 
pro-angiogenic factors in cancer cells [29], and cancer cell-derived microvesicles contain 
mRNA encoding growth factors such as VEGF and hepatocyte growth factor. Baj et al. 
showed that such vesicles fuse with monocytes, transferring their nucleic acids and 
inducing production of growthfactors [45;46]. Figure 1D shows the infl uence of cancer 
cell-derived microvesicles on angiogenesis. 

Metastasizing
Cancer cell-derived microvesicles contribute to horizontal propagation of oncogenes 
and their associated transforming phenotype. Recently, Newadi et al. demonstrated the 
intercellular transfer of the truncated oncogenic form of the epidermal growth factor 
receptor (EGFRvIII) from glioma cancer cells to glioma cells lacking this receptor. Aft er 
this transfer, the recipient cells became transformed and showed characteristic EGFRvIII-
dependent changes in expression levels of target genes [47]. Although not studied yet, 
a similar intercellular transfer of other mutant oncogenes, like MET and HER-2, may be 
a general mechanism operative in diff erent tumour types which cause cancer growth at 
distant sites. 

b
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DNA-containing microvesicles from apoptotic cells (“apoptotic bodies”) were shown to 
transfer DNA to other cells. In that study, apoptotic bodies from cancer cells triggered the 
expression of oncogenes in fi broblasts in vitro. Aft er injecting these cells to SCID mice, 
tumours expressing the oncogene were observed. Thus, also the genetic information 
necessary for transformation and cells may by functionally transferred between cells by 
cancer cell-derived microvesicles [48]. 
 Skog et al. showed that glioblastoma cancer cells release microvesicles 
containing mRNA, microRNA and angiogenic growth factors. Aft er transfer of vesicular 
RNA by fusion of the microvesicles with endothelial cells, the mRNA was translated 
into functional pro-angiogenic proteins thereby promoting angiogenesis. Cells with 
low levels of mRNA’s produced microvesicles with high levels of mRNA in a constant 
distribution. This supports the hypothesis that the enrichment of microvesicles with 
mRNA and intracellular proteins is a selective process [49]. 
 Whether or not microvesicles promote mobilization of tumour cells, however, has 
not been extensively studied. Lymphogenous spread could be enhanced by the immune-
supressive eff ects of cancer cell-derived microvesicles [25]. Activation of platelets by TF-
bearing microvesicles is probably helpful in the haematological spread of cancer cells, 
since activated platelets expose the adhesion receptor P-selectin and cancer cells expose 
the corresponding P-selectin ligands, such as P-Selectin Glycoprotein (PSGL) and Sialyl 
Lewis. As a consequence, the cancer cells will be surrounded by platelets and / or P-
selectin-bearing microvesicles, thus protecting cancer cells from immune surveillance 
and facilitating their binding to the vessel wall [39;50]. The procoagulant properties of 
cancer cell-derived microvesicles may further support intravascular fi brin formation, 
which will facilitate adherence of cancer cells to the vessel wall. Figure 1E presents the 
contribution of microvesicles to cancer cell migration. 

FUTURE APPLICATIONS IN CANCER THERAPY 
Anti-cancer treatment
Cancer cell-derived microvesicles have been used as adjuvant anti-cancer treatment. As 
described above, they have immuno-suppressive activity due to functional alterations 
induced in T-cells, ranging from apoptosis to defects in T-cell function [23-25;51]. However, 
cancer cell-derived microvesicles may also facilitate immune att acks [2;52-59]. Wolfers et 
al. showed that cancer cell-derived microvesicles transfered tumour antigens to antigen 
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presenting cells, which in turn triggered a T-cell-dependent anti-tumour response [59]. In 
addition, antigen presenting cells were capable of producing microvesicles that primed 
cytotoxic T-lymphocytes in vivo and even eradicated or suppressed growth of murine 
tumours. These autologous denditric cell-derived microvesicles have been tested in phase 
I clinical trials in patients with metastatic melanoma [60], advanced non-small cell lung 
cancer [61] and colorectal cancer [62]. All studies concluded that this therapy is benefi cial 
and safe, with some patients experiencing long term stability of disease. Currently, several 
studies are ongoing to optimize this autologous anti-cancer immunotherapy [57;63;64].
Release of microvesicles itself could be an interesting target of anti-cancer therapy, i.e. 
by counteracting the benefi cial eff ects of vesicle release on cellular survival or tumour 
growth. Some currently used chemotherapeutics impair, at least partially, the underlying 
mechanisms of microvesicle release, e.g. drugs targeting at Rho-associated coiled coil-
containing protein kinases (ROCK) [65]. ROCK-I and II are both serine-threonine kinases 
which not only aff ect cell morphology, migration and adherence, but also markedly 
contribute to release of microvesicles [15;66]. Ratt an and colleagues showed that 
inhibition of the Rho/Rock pathway resulted in smaller tumour mass in patients with 
glioblastioma [65]. Because the release of microvesicles by cancer cells infl uences many 
processes associated with tumour growth, inhibition of microvesicle release is a potential 
target in anti-cancer treatment.  
 Measurement of protein composition of microvesicles may be useful to monitor 
the effi  cacy of anti-cancer treatment. Clayton et al. exposed B-lymphoblastoid cell lines to 
external stress, i.e. 42 °C for 3 hours [67]. Although the number of released microvesicles 
was comparable to control cells, the protein composition was markedly diff erent. 
Stressed cells produced microvesicles containing relatively high quantities of heat shock 
proteins. Since heat shock proteins form complexes with proteins containing one or more 
production errors, their increased presence within microvesicles could help to maintain 
cellular homeostasis. Thus, possibly also the protein composition of cancer-cell derived 
microvesicles may directly refl ect the eff ects of anti-cancer treatment, and could be an 
early and non-invasive biomarker to assess the eff ectiveness of anti-cancer therapy. 

Risk stratifi cation 
Diagnosis
Tumour-specifi c markers, such as mucine in adenocarcinomas, exposed on circulating 
microvesicles, may be useful in the early detection of cancer. In a pilot study by Smalley 

b

b
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et al., microvesicles were isolated from urine of healthy individuals and patients with 
bladder cancer. Eight proteins were found to be elevated in microvesicles from cancer 
patients compared to controls [68]. Thus, the protein composition of such microvesicles 
can potentially be used in the early detection of bladder cancer. Similarly, cancer-specifi c 
mRNA can be used as a marker for detection of cancer. In the study of Skog et al., 
microvesicles were purifi ed from serum samples from glioblastoma patients. In almost 
fi ft y percent of the samples a glioblastoma-specifi c mutation was observed, which was 
comparable to the percentage of this mutant in glioblastoma patients [49]. Cancer specifi c 
microRNA was also observed in exosomes purifi ed from plasma samples of patients with 
ovarian cancer. No diff erences in microRNA profi les were observed between early and 
advanced diseased patients whereas patients with benign ovarian disease and healthy 
women did not express these microRNA profi les. Therefore, the authors suggest that 
microRNA profi les could be used in patients with a high risk for ovarian cancer [69].

Prognosis
Diff erent studies have evaluated the association between the level of microvesicles and 
survival of cancer patients. In the study of Tesselaar and colleagues, patients with both 
high microvesicle-associated procoagulant TF activity and epithelial mucin (MUC1) had 
a lower survival rate at 3 to 9 months follow-up compared to patients with low TF activity 
and no MUC1 expression. Aft er adjustment for other prognostic factors, the likelihood 
of survival for an individual with both membrane proteins present on circulating 
microvesicles was 0.42 (95% CI 0.19-0.94) [13]. In a prospective, non-randomized single-
center study in hormone refractory prostate cancer patients, the impact of platelet-
derived microvesicles on overall survival was assessed in 43 patients before starting 
chemotherapy. The overall survival was signifi cantly shorter in patients with platelet-
derived microvesicles above a certain cut off  level than in patients with values below that 
level [70]. Kim et al. performed a study in 109 patients with gastric cancer and in 29 healthy 
controls. Plasma levels of platelet-derived microvesicles were signifi cantly higher in the 
patients than in controls, and the levels were signifi cantly higher in patients with stage IV 
disease than those in patients with stage I or stage II/III without a signifi cant diff erence 
in platelet number. Platelet-derived microvesicles predicted distant metastasis with a 
sensitivity and specifi city of 93.3% and 91.1%, respectively [71]. Thus, microvesicles may 
be used as a predictor of disease stage and survival in cancer patients. 
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Another potential application of microvesicles, especially those bearing TF, is the 
prediction of venous thromboembolism [12;13;72]. Although cancer patients have 4 to 5 
fold higher risk to develop venous thromboembolism, there are currently no clinical or 
laboratory criteria to decide which patients warrant primary thromboprophylaxis [73;74]. 
Ongoing studies are evaluating the potential of (tissue factor bearing) microvesicles levels 
as a marker to decide about the appropriateness of primary thromboprophylaxis. 

Fig. 1. The role of cancer-cell derived microvesicles in cancer progression 

Figure 1A - Cellular survival 

Figure 1B – Invasiveness
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Figure 1C – Fibrin formation

Figure 1D – Angiogenesis

Figure 1 E – Metastasizing
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Figure 1 - The role of cancer cell derived-microvesicles in cancer progression. 

A. Cancer cells escape from internal (caspase 3) and external (chemotherapy, complement 

C5b9 complex, immune att ack) stress by releasing microvesicles either containing (caspase 3, 

chemotherapy) or exposing C5b9 and Fas Ligand (FasL). Thus, the release of microvesicles 

contributes to cellular survival. 1B. Microvesicles expose and contain several proteases, 

including matrix-metalloproteinase (MMP)-2 and MMP-9 and its zymogens, and urokinase-

type plasminogen activator (uPA). By degrading the extra cellular matrix (ECM), these 

enzymes facilitate cancer invasiveness. 1C. The membrane of microvesicles facilitates and 

initiates intravascular coagulation by exposing phosphatidylserine (PS) and tissue factor (TF), 

respectively. Fibrin protects the tumour against immune att acks and forms a matrix to support 

angiogenesis.1D. Cancer cells induce angiogenesis by releasing microvesicles containing 

mRNA encoding growth factors and by exposure of TF. TF not only initiates coagulation, as 

shown in fi gure 1B, but also plays a critical role in angiogenesis. Activation of the cytoplasmatic 

tail of TF and subsequent downstream signalling events induce angiogenesis. Furthermore, 

thrombin, the fi nal enzyme of the coagulation cascade, cleaves several protease-activated 

receptors (PARs), which in turn trigger angiogenesis. 1E. Fas ligand exposing microvesicles 

enhance lymph node infi ltration by killing T-cells. Procoagulant microvesicles facilitate 

intravascular fi brin formation, thus enhancing hematologic spread. P-selectin glycoprotein 

ligand-1 (PSGL-1) bearing cancer cell-derived microvesicles contribute to clot formation by 

binding to P-selectin-exposing (activated) platelets.

SUMMARY
It is now generally accepted that cell-derived microvesicles are involved in (patho) 
physiological processes in humans. This review supports the concept that cancer cell-
derived microvesicles play an important role in cancer biology. This fi eld requires further 
investigation, and additional studies are needed to establish their potential relevance as 
novel biomarkers in the detection of cancer and their relevance as a new target in anti-
cancer therapy.
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In this thesis three aspects regarding the association of cancer and the coagulation system 
have been evaluated. In the fi rst part the anticoagulant treatment of cancer patients with 
and without venous thromboembolism (VTE) was discussed. Part two addressed the 
incidence of cancer aft er a spontaneous venous thrombotic event, whereas the last part 
evaluated the presence and signifi cance of microvesicles in cancer patients. 

PART I - ANTICOAGULANT TREATMENT IN CANCER PATIENTS
Chapter 2 reviewed the two sided association of cancer and the coagulation system and 
provided a background for this thesis. The multi-causal character of the hypercoagulable 
state in cancer patients was highlighted, as well as the intense debate which is ongoing on 
the benefi t of screening for cancer in patients with idiopathic venous thromboembolism. 
Furthermore, an in-depth overview of the mechanisms by which cancer cells utilize 
coagulation proteins for growth and how heparin interferes with this process was 
provided.
 In Chapter 3 the development of new anticoagulants has been summarized 
with special att ention to the use of anticoagulant therapy in cancer patients. The current 
standard anticoagulant treatment consisting of (low-molecular weight) heparin (LMWH) 
followed by vitamin K antagonists (VKA) is frequently complicated by bleeding and 
recurrent VTE. Cancer patients suff ering from VTE are increasingly treated with long-
term LMWH treatment alone. Diff erent studies showed a lower recurrent VTE rate in 
cancer patients with VTE treated with LMWH for 3 to 6 months in comparison with 
standard treatment without an increased risk for bleeding. Furthermore, LMWH 
treatment appeared to benefi t survival in cancer patients. 
 Chapter 4 presented a meta-analysis of fi ve randomized trials that investigated 
the long term eff ect of (LMW) heparin on survival in cancer patients without VTE. This 
analysis showed an overall survival benefi t in all cancer patients treated with (LMW) 
heparin at 12 months (relative risk 0.87, 95% CI; 0.80-0.95) and 24 months (relative risk 
0.92, 95% CI; 0.86-0.99). The eff ect was the highest in those with small cell lung cancer and 
limited disease (relative risk 0.27, 95% CI; 0.10-0.69 at 6 months). However, the benefi cial 
survival eff ect was at the cost of a higher incidence of bleeding with a relative risk of 2.21 
(95% CI 1.02-4.78).
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Chapters 5 and 6 evaluated two new anticoagulant drugs in the treatment of VTE in cancer 
patients. In Chapter 5 the effi  cacy and safety of fondaparinux, a synthetic pentasaccharide, 
was compared to LMWH in the initial treatment of deep vein thrombosis (DVT) and to 
unfractionated heparin (UFH) in the initial treatment of pulmonary embolism (PE) in 
cancer patients. Regarding overall survival and bleeding, fondaparinux was comparable 
to LMWH and UFH in cancer patients, respectively. Also no signifi cant diff erences in the 
recurrent VTE rates were observed. Chapter 6 addressed the effi  cacy and safety of a long 
acting pentasaccharide, idraparinux, in the long-term treatment of cancer patients with 
DVT. No safety or survival diff erences were observed between cancer patients with DVT 
treated with idraparinux for six months compared to standard therapy, consisting of 
(LMW) heparin followed by vitamin K antagonists. There was a trend for less recurrent 
VTE in the idraparinux group during the six month treatment period (hazard ratio 0.39, 
95% CI; 0.14-1.11). 
 The preliminary results of the INPACT study were described in Chapter 7, a 
randomized controlled trial that investigated the eff ect of nadroparin, a LMWH, on the 
overall survival in patients with advanced cancer. A total number of 503 patients with non-
small cell lung cancer, hormone refractory prostate cancer or locally advanced pancreatic 
cancer were included. They were randomized to nadroparin, or to no nadroparin and all 
received standard anti-cancer treatment. The interim-analysis in July 2009 did not show 
a survival benefi t in the patients treated with nadroparin. In the nadroparin recipients 
the median survival was 12.5 months compared to 11.9 months in the no-treatment arm 
(hazard ratio 0.92, 95% CI; 0.73.-1.16.). A comparable bleeding rate was observed. 

PART II - VENOUS THROMBOSIS AND CANCER
Chapter 8 described the results of a prospective controlled cohort study, in which an 
extensive cancer screening strategy, consisting of a chest and abdominal CT scan and 
a mammography in women, was compared to a limited strategy in patients presenting 
with a idiopathic VTE. The limited strategy consisted of a standardized history taking, a 
thorough physical examination, basic laboratory tests and a chest X-ray. A total number 
of 630 patients were included. The additional value of the extensive screening strategy 
was low with 6 malignancies in 302 screened patients, whereas in 30% abnormalities 
were observed on the CT scans or the mammography, which required additional tests 
to exclude cancer. The incidence of newly diagnosed cancer during the fi rst years aft er 
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presentation of idiopathic VTE was comparable between the two groups and the applied 
screening strategy did not benefi t the survival in the patients included in the extensive 
screening arm (hazard ratio 1.22, 95% CI; 0.69-2.22). Therefore, we concluded that 
extensive screening for cancer in patients with idiopathic VTE is not warranted. 
 Chapter 9 evaluated the cost-eff ectiveness of screening for cancer in patients 
with idiopathic VTE in the framework of the study reported in Chapter 8. This analysis 
confi rmed that CT-scans of the abdomen and chest cannot be used to detect malignancy 
in these high risk patients due to the low sensitivity (33%) and specifi city (70%). The 
performance of the CT-scan in this study illustrated the disadvantages of the use of 
whole body CT-scans in asymptomatic, low risk populations. 
 The aim of Chapter 10 was to determine the incidence of cancer in primary care 
patients presenting with idiopathic superfi cial thrombophlebitis (SVTP). A total number 
of 250 idiopathic SVTP patients were included in a cohort study and the incidence of 
cancer during a two year follow up period was compared to the incidence of cancer in a 
cohort of gender, age and general practitioner matched controls and to the incidence in 
the overall Dutch population. This study did not show an increased incidence of cancer 
in patients presenting with idiopathic SVTP in primary care compared to the control 
cohort. The incidence was 2% (95% CI 1-5%) in the patients and 2% (95% CI 1-4%) in 
the controls. Also no diff erence was detected compared to the overall Dutch population 
(standardized morbidity ratio 1.1, 95% CI; 0.5-2.7).  

PART III - MICROPARTICLES AND CANCER
The predictive value of microparticle-associated procoagulant activity for the 
development of VTE in cancer patients was studied in Chapter 11. The procoagulant 
activity was measured in 43 cancer patients by a phospholipid-dependent coagulation 
test, a factor Xa-generation assay and a fi brin generation test (FGT). The last two tests 
were also performed in the presence of anti-tissue factor or anti-factor VII(a). In fi ve 
patients a VTE was reported during a six month follow up period. Receiver operating 
characteristic analyses showed that the FGT had the highest area under the curve (0.83, 
95% CI; 0.68-0.98, p=0.017). A cut off  level of 909 seconds resulted in a sensitivity of 
80% and a specifi city of 84%. Therefore, we concluded that the microparticle-associated 
procoagulant activity may identify those cancer patients at high risk for the development 
of VTE.
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Chapter 12 reviewed the signifi cance of circulating microvesicles, mainly consisting 
of microparticles, in cancer patients. In these patients, microvesicles have mainly 
been associated with their prothrombotic state. This review, however, also addressed 
their signifi cance in cancer progression. Several in vitro and in vivo studies showed a 
signifi cant contribution of microvesicles in the diff erent stages in cancer growth, such as 
cellular survival, angiogenesis and the process of metastases. 
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In dit proefschrift  werden drie aspecten met betrekking tot de associatie tussen kanker 
en het stollingsysteem geëvalueerd. In het eerste deel werd de bloedverdunnende 
behandeling van kankerpatiënten met en zonder veneuze trombo-embolie (VTE) 
besproken. Deel twee beschreef de incidentie van kanker na een spontane veneuze 
trombose, terwĳ l in het laatste deel de aanwezigheid en de betekenis van micropartikels 
in kankerpatiënten uiteengezet werd.

DEEL I - BLOEDVERDUNNENDE BEHANDELING VAN PATIËNTEN MET 
KANKER
Hoofdstuk 2 gaf een overzicht van de tweeledige associatie tussen kanker en het 
stollingsysteem en vormde de achtergrondinformatie voor dit proefschrift . Het 
multifactoriële karakter van de verhoogde stollingsneiging bĳ  kankerpatiënten werd 
uitgelicht, evenals het intense debat dat gaande is over het nut van het actief zoeken naar 
kanker bĳ  patiënten met een spontane VTE. Bovendien werd er een uitgebreid overzicht 
gegeven van de mechanismen waarmee kankercellen stollingseiwitt en gebruiken om 
hun groei te bevorderen en hoe heparine hiermee interfereert.
 In Hoofdstuk 3 werd de ontwikkeling van nieuwe bloedverdunnende 
medicĳ nen samengevat met speciale aandacht voor het gebruik van bloedverdunners 
door kankerpatiënten. De huidige standaardbehandeling, bestaande uit (laag moleculair 
gewichts) heparine (LWMH) gevolgd door vitamine K-antagonisten (VKA), leidt vaak tot 
bloedingen en terugkerende VTE bĳ  kankerpatiënten. Ten behoeve van de behandeling 
van VTE worden kankerpatiënten steeds vaker behandeld met alleen LWMH voor een 
langere periode. Verschillende studies toonden aan dat er minder terugkerende VTE’s 
optreden bĳ  kankerpatiënten die behandeld werden met LMWH gedurende drie tot 
zes maanden in vergelĳ king met patiënten die standaard behandeling kregen, zonder 
dat er meer bloedingen werd waargenomen. Bovendien lĳ kt LMWH de levensduur van 
kankerpatiënten te verlengen.
 Hoofdstuk 4 was een meta-analyse van vĳ f gerandomiseerde studies die het 
langere termĳ n eff ect van (LMW) heparine op overleving van kankerpatiënten zonder 
VTE hebben onderzocht. Deze analyse liet een overlevingsvoordeel zien voor de patiënten 
die behandeld werden met (LMW) heparine gedurende 12 maanden (relatief risico 0.87, 
95% betrouwbaarheidsinterval (BI); 0.80-0.95) en 24 maanden (relatief risico 0.92, 95% BI; 
0.86-0.99). Het grootste eff ect werd waargenomen bĳ  de patiënten met een klein-cellig 
longcarcinoom en met beperkte ziekte bĳ  aanvang. Echter, het overlevingsvoordeel ging 
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ten koste van een hoger risico op bloedingen (relatief risico 2.21, 95% BI; 1.02-4.78). 
Hoofdstuk 5 en 6 evalueerden twee nieuwe bloedverdunners in de behandeling van 
VTE bĳ  kankerpatiënten. In Hoofdstuk 5 werd de eff ectiviteit en de veiligheid van 
fondaparinux, een synthetische pentasaccharide, vergeleken met LMWH bĳ  de initiële 
behandeling van diep veneuze trombose (DVT) bĳ  patiënten met kanker, en met 
ongefractioneerde heparine (UFH) bĳ  kankerpatiënten met een longembolie (PE). De 
overlevingsduur en het aantal bloedingen waren vergelĳ kbaar tussen fondaparinux 
en LMWH en UFH. Daarnaast werden er geen duidelĳ ke verschillen waargenomen in 
het aantal terugkerende VTE’s. Hoofdstuk 6 ging over de eff ectiviteit en veiligheid van 
een langwerkende pentasaccharide, idraparinux, in de lange(termĳ n)behandeling van 
DVT bĳ  kankerpatiënten. Er werd geen verschil in overleving en in de frequentie van 
bloedingen geobserveerd tussen patiënten die gedurende 6 maanden behandeld waren 
met idraparinux en de patiënten die standaardbehandeling ontvingen, bestaande uit 
LMWH gevolgd door VKA. Er was een trend zichtbaar in minder terugkerende VTE’s in 
de idraparinux groep (hazard ratio 0.39, 95% BI; 0.14-1.11). 
 De voorlopige resultaten van de INPACT studie werden beschreven in 
Hoofdstuk 7. Dit is een gerandomiseerde en gecontroleerde studie die het eff ect van 
nadroparine, een LMWH, op de overleving van kankerpatiënten met gevorderde ziekte 
onderzocht. In totaal werden 503 patiënten met een niet-kleincellig longcarcinoom 
(stadium IIIB), een hormoonrefractair prostaatcarcinoom of lokaal uitgebreide 
alvleesklierkanker geïncludeerd. Zĳ  werden gerandomiseerd tussen nadroparine of 
geen nadroparine en allen kregen standaard anti-kankertherapie. De interim-analyse 
verricht in juli 2009 toonde geen overlevingsvoordeel aan bĳ  patienten die behandeld 
waren met nadroparine. De mediane overlevingsduur in deze groep was 12.5 maanden 
vergeleken met 11.9 maanden in de controlegroep (hazard ratio 0.92, 95% BI 0.73-1.16). 
Een vergelĳ kbaar aantal bloedingen werd geobserveerd.

DEEL II - VENEUZE TROMBOSE EN KANKER
Hoofdstuk 8 beschreef de resultaten van een prospectieve gecontroleerde cohort studie, 
waarin een uitgebreide screeningstrategie, bestaande uit een CT thorax en abdomen en 
een mammografi e bĳ  vrouwen, werd vergeleken met een beperkte strategie bĳ  patiënten 
met een spontane VTE. De beperkte screening bestond uit een gestandaardiseerde 
anamnese, een uitgebreid lichamelĳ k onderzoek, beperkt laboratorium onderzoek en 
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een thoraxfoto. In totaal werden 630 patiënten geïncludeerd. De additionele waarde van 
het uitgebreid screenende onderzoek was zeer beperkt. Slechts zes maligniteiten werden 
gediagnosticeerd bĳ  302 gescreende patiënten, terwĳ l er in verband met afwĳ kingen die 
werden gezien op de CT-scans en mammografi e bĳ  30% van de patiënten extra onderzoek 
werd verricht om een maligniteit uit te sluiten. De incidentie van nieuw ontdekte kanker 
gedurende de eerste jaren na de diagnose van de VTE was vergelĳ kbaar in de twee 
groepen en de toegepaste methode van screening resulteerde niet in een overlevingswinst 
bĳ  de patiënten die uitgebreid screenend onderzoek ondergingen (hazard ratio 1.22, 95% 
BI; 0.69-2.22). Daarom was de conclusie van dit onderzoek dat uitgebreide screening naar 
kanker bĳ  patiënten met een spontane VTE niet zinvol lĳ kt. 
 Hoofdstuk 9 evalueerde de kosten-eff ectiviteit van het screenen naar kanker 
bĳ  patiënten met een spontane VTE in het kader van de studie die vermeld werd in 
hoofdstuk 8. Deze analyse bevestigt dat een CT-thorax en abdomen niet gebruikt kunnen 
worden bĳ  deze patiënten met een hoog risico op kanker om maligniteiten te detecteren 
ten gevolge van een lage sensitiviteit (33%) en specifi citeit (70%). De teleurstellende 
prestatie van de CT-scans in deze studie illustreert de nadelen van de toepassing van 
‘whole body CT-scans’ bĳ  asymptomatische populaties met een laag risico op kanker. 
 Het doel van Hoofdstuk 10 was om de incidentie van kanker te bepalen in patiënten 
die zich presenteren met een spontane trombofl ebitis in de eerstelĳ nszorg. In totaal 
werden 250 patiënten met een spontane trombofl ebitis geïncludeerd in een cohortstudie 
en de incidentie van kanker werd vergeleken met die in een cohort controlepersonen 
waarvan het geslacht, de leeft ĳ d en de huisartsenpraktĳ k overeenkwamen. Bovendien 
werd de incidentie van kanker in het patiëntencohort vergeleken met die in de algemene 
Nederlandse populatie. Deze studie toonde geen verhoogde incidentie aan bĳ  patiënten 
met een spontane trombofl ebitis die zich presenteren in de eerstelĳ nszorg in vergelĳ king 
met het controlecohort. Bĳ  de patiëntenpopulatie was de incidentie 2% (95% BI 1-5%) en 
2% (95% BI 1-4%) bĳ  de controles. Ook in vergelĳ king met de Nederlandse bevolking 
werd geen verschil aangetoond (standardized morbidity ratio 1.1, 95% BI; 0.5-2.7). 

DEEL III - MICROPARTIKELS EN KANKER
De voorspellende waarde van de stollingsactiviteit die geassocieerd is met micropartikels 
voor de ontwikkeling van VTE bĳ  kankerpatiënten werd bestudeerd in Hoofdstuk 
11. De stollingsactiviteit werd gemeten bĳ  43 patiënten met kanker door middel van 
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een fosfolipiden-afh ankelĳ ke stollingstest, een geactiveerde factor X-generatie test en 
een fi brinegeneratie (FGT) test. De laatste twee testen werden ook uitgevoerd in de 
aanwezigheid van antistoff en tegen tissue factor en geactiveerd factor VII. Vĳ f patiënten 
ontwikkelden een VTE gedurende een follow up periode van zes maanden. Receiver 
operating characteristic analyses toonden aan dat FGT test de hoogste ‘area under the 
curve’ had (0.83, 95% BI 0.68-0.98, p=0.017). Een afk appunt van 909 seconden resulteerde 
in een sensitiviteit van 80% en een specifi citeit van 84%. Daarom luidde de conclusie van 
dit hoofdstuk dat de micropartikel-geassocieerde stollingsactiviteit de kankerpatiënten 
met een hoog risico op het ontwikkelen van een VTE mogelĳ k identifi ceert. 
 Hoofdstuk 12 beschreef de betekenis van circulerende blaasjes, die met 
name bestaan uit micropartikels, bĳ  kankerpatiënten. Bĳ  hen wordt de aanwezigheid 
van de blaasjes vooral geassocieerd met de stollingsneiging van deze patiënten. Dit 
overzichtsartikel richtt e zich echter ook op de betekenis van de blaasjes voor kankergroei. 
Verscheidene in vitro en in vivo studies toonden een signifi cante bĳ drage van de blaasjes 
aan kankergroei tĳ dens onder andere cellulaire overleving, vaatnieuwvorming en aan 
het proces van metastasering. 
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