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Chapter 1

In 2008, a male patient of 45 years of age with pancreatic cancer came for his first cycle 

of chemotherapy at the outpatient clinic of the Academic Medical Center in Amsterdam. 

While talking with the nurses, he mentioned that he thought God had given him his first 

chemotherapy the night before, because as he woke up, he noticed multiple red stripes on 

his legs and arms. And indeed, physical examination showed palpable cords in the course 

of several superficial veins.  

This story illustrates one of the rare presentations of the prothrombotic state in 

cancer patients, namely migrating thrombophlebitis (1). This condition is also called the 

‘Trousseau syndrome’, named after the person who was actually the second to describe 

the relationship between cancer and venous thrombosis (2). At present, almost 200 years 

after the first description by Bouillaud in 1823, there are medical conferences specific 

on this topic, of which the increasing popularity indicates the clinical relevance of this 

condition, as well as the multiple gaps in our knowledge on venous thrombosis in cancer. 

Almost 10% of all cancer patients will develop venous thromboembolism (VTE), i.e. 

pulmonary embolism or deep vein thrombosis, at one point during their disease, leading 

to significant morbidity and mortality (3-5). The occurrence of VTE in a cancer patient can 

almost never be traced back to one specific causal factor, but is rather multi-factorial. The 

cancer in itself is important, as the risk for VTE differs among the different cancer types 

and increases with increasing stage. Patient factors which play a role are immobility, older 

age and thrombophilic abnormalities. And lastly, the treatment for cancer is important, 

since chemotherapy (including a heterogeneous mix of medicines), but also radiotherapy, 

surgery and hormonal therapy are clear risk factors (6-9).  

In recent years, much energy has been spent on the prediction of VTE in cancer patients. 

Knowing which cancer patients have an exceptionally high risk would enable targeted 

thromboprophylaxis of only those patients. One approach to the prediction of VTE in 

cancer is the use of clinical prediction models, the most well known example is the model 

developed by Khorana and colleagues (10). The clinical usefulness of models, however, can 

be questioned in view of the many factors influencing the risk, of which some change over 

time, e.g. as new chemotherapeutic (combinations) are being developed. Moreover, the 

performance critically depends on the population from which the prediction factors are 

derived. Therefore, a more promising approach is the use of biomarkers which are ideally 

pathophysiologically linked to the occurrence of the event of interest. 

Microparticles are attractive candidate predictive biomarkers for VTE in cancer. 

Microparticles are cell-derived vesicles, sized 100 nm to 1 um, which can be shed from 

virtually every cell upon stimulation or activation and which circulate in body fluids. There 

is good evidence that microparticles are no innocent bystanders in the development of 

VTE in cancer. Already in 1981, Dvorak and colleagues demonstrated that several cancer 

cell lines release procoagulant plasma membrane vesicles (i.e. microparticles), which 

ranged in size between 15 to 800 nm (11). These microparticles are procoagulant as they 

provide phospholipids and thereby a surface for assembly of tenase and prothrombinase 
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complexes, and, second, they can expose tissue factor (TF), the main initiator of coagulation 

(12;13). Subsequent human studies showed that the procoagulant state in cancer is mainly 

characterised by activation of the extrinsic clotting system, with increased factor VII and TF 

activity (14). In the plasma of cancer patients increased levels of microparticles exposing TF, 

have been found, as compared to healthy subjects (15). Moreover, cancer patients with VTE 

had higher numbers and coagulant activity of TF-exposing microparticles when compared 

to cancer patients without VTE (16;17). Therefore, TF-exposing microparticles have gained 

interest as potential predictive biomarkers for the development of VTE in cancer patients. 

The diagnosis of lower limb DVT or pulmonary embolism has been studied extensively, 

and is in general not different in cancer patients when compared to non-cancer patients. 

Upper extremity DVT (UEDVT) is a relatively rare condition, only 5-10% of all deep vein 

thromboses concerns UEDVT. One of the main causes is malignancy or the use of venous 

catheters (18). Whereas a diagnostic algorithm comprising of a clinical decision score, 

D-dimer testing and ultrasonography has been widely established for the diagnosis of 

DVT of the leg and pulmonary embolism, the diagnostic work-up of patients with clinically 

suspected UEDVT is less well studied. Although contrast venography is the gold standard, 

it is largely being replaced by ultrasonography, because of its invasiveness. The safety 

and efficacy of ultrasonography, however, has only been studied in relatively small series 

(19). Recently a clinical score has been developed specifically for UEDVT by Constans 

and colleagues (20). An algorithm combining the Constans’ score, D-dimer testing and 

repeated ultrasonography, would be clinically attractive, but has not been tested so far. 

The management of VTE in cancer patients is different compared to non-cancer 

patients. Cancer patients have an increased risk for both recurrent VTE and bleeding during 

anticoagulant treatment. The Clot study in 2003 demonstrated that long-term treatment 

with low molecular-weight heparin (LMWH) gives a 50% reduction in the risk of recurrent 

VTE when compared to the standard treatment with vitamin K antagonists (VKA) (21). The 

superiority of LMWH is confirmed by smaller studies and two meta-analyses (22-24). Major 

guidelines therefore recommend or suggest the use of LMWH for the long-term treatment 

(25;26). Still, questions remain on this topic, such as the dose and duration of the LMWH 

treatment, and the observance of the guidelines. 

 |OUTLINE OF THE THESIS

In the first part of this thesis, we studied the roles of microparticles in cancer progression 

and VTE, and potential applications of subtypes of microparticles as predictive biomarkers. 

In chapter 2, a narrative review, we have provided an overview of the many different roles 

that microvesicles (i.e. microparticles and exosomes) play in cancer progression and 

the development of VTE in cancer. Mainly in vitro studies have provided insights in the 

patho-physiological mechanisms underlying the cancer progression stimulating effects 

of microparticles, e.g. by stimulating angiogenesis, or by inhibiting the immune response 
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directed to the cancer cells. In chapter 3 we were interested in the in vivo characteristics 

of microparticles in cancer patients. CD24 is a ligand of P-selectin, and when exposed on 

cancer cells, is correlated with a poorer prognosis (27). Therefore, we hypothesized that 

CD24-exposing microparticles would circulate, and they would also be associated with a 

worse prognosis. Chapter 4 describes a pilot study in which we looked for differences in 

general coagulation activation markers and microparticle dependent coagulation activation 

between 22 healthy subjects and 43 cancer patients. In chapter 5 we report an in-house 

developed plasma recalcification test, the fibrin generation test. The test measures the 

coagulant potential in platelet poor plasma, which is the product of the plasma coagulation 

factors and circulating microparticles. By adding an inhibitory antibody to activated factor 

VII (which complexes with TF), the contribution of TF-exposing MP to the clotting time 

can be quantified. In chapter 6 we investigated the numbers and coagulant activity of the 

TF-exposing microparticles circulating in a cohort of over 200 cancer patients. In those 

patients with numbers of TF-exposing microparticles above the 95th percentile, the cellular 

origin of these microparticles was studied by double labelling of the TF-exposing MP using 

flow cytometry. Chapter 7 studied the predictive value of the fibrin generation test for the 

development of VTE in a large cohort of cancer patients and compared it with previously 

studied biomarkers and a clinical prediction score. In this multicenter study more than 400 

patients were included in 6 different hospitals, and patients were followed for 6 months to see 

whether they would develop VTE. In chapter 8 we investigated the effect of chemotherapy 

on microparticle composition and microparticle dependent coagulant activity in patients 

with non-small cell lung cancer and glioblastoma multiforme (brain cancer). 

In the second part of this thesis the focus is on the diagnosis of VTE. In chapter 9 

we summarized the current literature on the diagnosis of upper extremity DVT (UEDVT) 

in a Cochrane review. Chapter 10 describes the Armour study, a prospective multicenter 

management study in 400 patients with suspected UEDVT. All patients underwent a 

diagnostic algorithm consisting of the sequential application of a clinical decision score 

(Constans’ score), D-dimer testing and (repeated) ultrasonography and were followed for 

3 months to assess the safety of the strategy. Finally, chapter 11 describes the limitations of 

screening for cancer using CT-scans in patients with idiopathic VTE. 

In the third part of this thesis the management of VTE is addressed. In chapter 12 a 

survey assessed the current approach to the treatment of patients with cancer and VTE, in 

multiple countries and among different specialists. Chapter 13 investigated the real world 

treatment in 600 Dutch patients with cancer and pulmonary embolism and compared this 

to other patients with pulmonary embolism and no cancer. 
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Chapter 2

 |ABSTRACT

Blood and other body fluids contain a substantial number of cell-derived vesicles, such 

as microparticles and exosomes. The scientific and clinical interest in these microvesicles 

has increased considerably due to their multiple specific functions and the growing 

understanding of their contribution to development and progression of several diseases. 

Culture supernatants of cancer cell lines were known to contain procoagulant microvesicles 

already in the 1980’s, and since then the prothrombotic state in cancer patients has 

invariably been associated with the presence of circulating microvesicles in their blood. 

Furthermore, a growing body of evidence supports a microvesicle-dependent modulation 

of cancer cell survival, invasiveness and metastases. Here, we will present an overview of 

the complex contribution of microvesicles to cancer development and progression. In 

addition, their role in risk stratification and treatment of cancer patients is discussed.
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 | INTRODUCTION

Compared to healthy controls, cancer patients present elevated levels of circulating cell-

derived microvesicles. What are these vesicles and why do cancer patients have higher 

levels of these vesicles? In the first part of this review the types and origin of different 

microvesicles and their appearance in oncologic patients will be discussed. The second 

part summarizes the contribution of microvesicles to cancer-specific properties, such as 

prolonged and increased cellular survival, invasiveness and the capacity to metastasize. 

Finally, the potential application of microvesicles in risk stratification of cancer patients 

and their relevance for anti-cancer treatment will be discussed. 

Types of microvesicles

Intracellular vesicle transport is a tightly regulated process which plays an important 

role in maintaining cellular homeostasis. Vesicles can be released by the cell into the 

extracellular environment. While some of the extracellular vesicles act rather locally, for 

example synaptic vesicles and matrix vesicles in bone and cartilage, other vesicles may 

travel far to execute their actions. 

Currently, human body fluids are known to contain at least two and possibly even 

three different types of cell-derived vesicles: microparticles, exosomes and stem cell-

derived particles. All eukaryotic cells, including blood cells, endothelial cells and cancer 

cells release microparticles into their environment by budding off parts of their outer cell 

membrane. Based on electron microscopy, microparticles range in size between 100 nm 

to 1.0 µm (1). They contain intracellular components of the cell of origin, such as mRNA 

and cytosolic proteins, and expose transmembrane receptors and other proteins on their 

outer membrane. Sometimes the exposed receptors are unique for a particular cell type or 

reflect the cellular status during microparticle release, e.g. activation or apoptosis.  

Exosomes arise from endosomes, which are formed by plasma membrane 

invagination. Endosomes release vesicles into their lumen, ‘intraluminal vesicles’. 

Endosomes containing ‘intraluminal vesicles’ are called multi-vesicular bodies (MVB’s). 

When membranes of MVB’s fuse with the plasma membrane, the ‘intraluminal vesicles’ 

are released into the cells’ environment. From thereon, the ‘intraluminal vesicles’ are 

called exosomes. Exosomes range in size between 30-100 nm and all cell types containing 

MVB’s can be expected to secrete exosomes. Such cells include haematopoetic cells, 

tumor cells, and epithelial cells. The protein composition of several exosomes is well 

known. They contain cytostolic proteins and proteins derived from the membrane of the 

endocytic compartment (2).

Recently, a potentially new type of (stem cell-derived) vesicle was described. These 

exosome-sized vesicles expose prominin-1 (CD133), a stem cell marker. Although these 

vesicles were initially discovered in neural tube fluid of developing mice, they also occur 

in several body fluids of healthy humans. These prominin-1-exposing microvesicles differ 
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in protein composition from exosomes, for instance by lacking tetraspannins, and they 

are believed to play a role in cell differentiation, tissue development and maintenance (3). 

Assessment of microvesicles

At present, no generally accepted definition of the various types of cell-derived vesicles 

exists. Not only theoretical issues, but especially methodological problems hamper 

the achievement of consensus. Thus far, flow cytometry, electron microscopy, western 

blotting, enzyme-linked immunosorbent assay (ELISA) and proteomics have all been 

used to study vesicle origin and composition. Isolation and purification of a single type 

of vesicles from body fluids and in fact even from (in vitro) conditioned cell culture media 

have proven to be difficult since contamination, substantial losses of (sub-) populations 

and altering of vesicle function(s) occur (4;5). Furthermore, different types of vesicles 

overlap in size with each other or with small cells such as platelets, and the (protein) 

composition of different types of vesicles may show similarities. No general consensus 

exists on the preferred technique for determination. This is relevant for the interpretation 

of results of different study groups. Although in the literature microvesicles are mostly 

subdivided in subtypes, we will use the general term microvesicles in this review. 

Microvesicles in cancer patients

In 1946, Chargaff reported a subcellular factor in cell-free human plasma that promoted 

clotting (6). By using a combination of gradient centrifugation, electron microscopy and 

coagulation assays, Wolf et al. showed in 1967 that this procoagulant ‘Platelet Factor 3 

activity’ could be attributed to subcellular particles originating from blood platelets (7). 

The presence of microvesicles in cancer patients has been noticed already in the late 

1970s’ (8). In 1981, culture supernatants of cancer cells were shown to contain microvesicles, 

which contributed to contribute to the procoagulant state observed in cancer patients 

(9). In 1993 and thereafter, the high risk of thrombosis in cancer patients has partly been 

attributed to microvesicles (10;11). This assumption has been strengthened by recent 

studies showing that cancer patients not only have higher levels of circulating microvesicles 

compared to controls, but also that cancer patients suffering from venous thrombosis 

present higher levels of microvesicles than cancer patients without venous thrombosis. 

Some microvesicles express tissue factor that can induce coagulation and especially these 

vesicles are relatively common among cancer patients with venous thrombosis. Zwicker 

and colleagues measured tissue factor-bearing microvesicles in twenty-two cancer 

patients with venous thromboembolism and in twenty-eight age, stage, gender and 

diagnosis-matched controls without thrombosis. The first group of patients was more than 

four times as likely to have detectable levels of tissue factor bearing microvesicles in their 

blood. These investigators also compared cancer patients with venous thromboembolism 

to patients with an idiopathic venous thromboembolism without cancer. Again, cancer 

patients had significantly more circulating tissue factor bearing microvesicles (12). Similar 
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findings were reported by Tesselaar et al. who found an 18-fold higher level of tissue factor 

bearing microvesicles in cancer patients with thrombosis compared to cancer patients 

without venous thromboembolism (13). Thus, levels of tissue factor bearing microvesicles 

are significantly higher among cancer patients compared to controls and seem associated 

with an increased risk for venous thromboembolism in cancer patients.  

After reviewing the different types, the assessment and the appearance of microvesicles 

in oncologic patients, we will now focus on their role in cancer progression. 

 |ROLE OF MICROVESICLES IN CANCER PROGRESSION

Cellular survival

Escape from apoptosis

Formation of microvesicles may shift the balance between apoptosis and cellular survival 

towards the latter. In a pioneering study published in 1988, Sims and co workers showed that 

exogenous stress triggers formation of microvesicles. When human platelets were incubated 

with the complement C5b-9 complex, microvesicles were released that contained 1000-fold 

higher levels of the C5b-9 protein as compared to what was present in the releasing cell. 

The release of microvesicles triggered by exogenous stress protected the cells from lysis and 

directly contributed to cellular survival. This mechanism was called ‘complement resistance’ 

(14). Indeed, cancer cells use this release to escape from complement-induced lysis (15;16). 

More recently, several studies have shown that cells also 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 with substantial amounts of 

caspase are present in culture supernatants of viable cell cultures (17;18). Concurrently, caspase 

3 is absent in the cultured cells. Various investigators have postulated that cells may escape from 

apoptosis by releasing caspase 3-containing microvesicles, thus preventing accumulation of 

the potentially dangerous caspase 3 within the cells. Recently, this hypothesis was strengthened 

by the finding that cells indeed accumulate caspase 3 and undergo apoptosis when the release 

of microvesicles is inhibited (19). Taken together, the release of microvesicles also supports 

cellular survival by removing internal stress. There is also evidence that caspase 3 may modulate 

the release of microvesicles. The MCF-7 human breast cancer cell line lacks functional caspase 

3 due to a deletion in exon 3. These cells do not or hardly release any microvesicles, but their 

release is restored when cells are transfected with a construct encoding caspase 3 (20). Since 

these microvesicles also contain caspase 3, it seems that caspase 3 in microvesicles contribute 

to its own removal (A.N. Böing, unpublished observation). 

A second example showing how the release of microvesicles protects cells from intracellular 

stress comes from studies demonstrating an association between microvesicle release 

and multi-drug resistance. Shedden and colleagues quantified the membrane shedding-

related gene expression and observed that chemo-insensitive cancer cell lines express more 
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membrane shedding-related genes. Furthermore, the released vesicles contained high levels 

of the chemotherapeutic agent doxorubicin (21). Perhaps the most convincing evidence that 

the release of microvesicles contributes to resistance to chemotherapy and therefore to 

cancer cell survival comes from the study of Safeaei and colleagues who demonstrated that 

upon incubation of cancer cells with cisplatin, the microvesicles of the cisplatin-insensitive cells 

contained 2.6-fold more cisplatin than those released from the sensitive cells (22). 

Escape from immune surveillance

A more indirect way to improve cancer cell survival is to suppress the immune response 

via formation 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 triggers T-cell death and diminishes the function of adaptive immune 

cells. For instance, Fas ligand-exposing cancer cell-derived vesicles induced apoptosis of 

T-cells in vitro (23;24). Kim and colleagues reported a modest correlation between lymph 

node infiltration and tumor burden and the numbers of circulating Fas ligand-exposing 

microvesicles in blood from twenty-seven patients with oral squamous cell cancer (25). 

Vesicles from lymphoblastoma cells, which expose latent membrane protein-1 (LMP-1), 

another immune suppressing transmembrane protein, inhibited leukocyte proliferation. 

This finding may explain the observed inhibition of T-cell proliferation in patients with 

Epstein-Barr Virus-associated tumors (26;27). Microvesicles not only suppress effector 

T-lymphocytes but also target antigen presenting cells (dendritic cells). Valenti et al. 

showed that cancer cell-derived vesicles are able to fuse with the membrane of monocytes, 

impairing their differentiation to antigen presenting cells (28). 

Finally, cancer cells may hide from the immune system by mimicking the host 

environment. In the before mentioned study of Tesselaar et al, a low number of microvesicles 

was present that stained positive for MUC1, a cancer cell antigen, as well as glycoprotein IIIa 

(integrin β
3
), which is abundantly exposed on platelets and platelet-derived microvesicles. 

Based on these data, the authors suggested that such microvesicles resulted from fusion 

of cellular vesicles from malignant epithelial cells and platelets (13). Alternatively, platelet-

derived microvesicles were shown to transfer (platelet-derived) integrins to membranes 

of breast and lung cancer cells (29;30). Thus, cancer cells can fuse with non-cancer cells-

derived microvesicles and receive lipids and membrane-specific proteins which would 

protect them from immune surveillance. Apparently, the release of microvesicles after 

such membrane fusion would also result in the occurrence of microvesicles with a “mixed 

phenotype”. Figure 1A summarizes the effects of microvesicles on cellular survival.

Invasive growth and metastasizing

Environmental degradation

Degradation of the extracellular matrix (ECM) is essential for tumor growth (31). Microvesicles 

expose and contain several proteases, including matrix-metalloproteinase (MMP)-2 and 
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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 

fibrin, and activates various MMP zymogens. Ginestra et al. analyzed vesicle content in 

ascites-fluids from thirty-three women with different gynaecologic pathologies (19 benign 

ovarian lesions, 10 ovarian carcinomas, and 4 endometrial carcinomas). They found that 

malignant tumor fluids contained higher amounts of vesicles compared to benign diseases. 

Moreover, the microvesicles from benign serous cysts had only minimal lytic activity, 

whereas those from cancer ascites contained active metalloproteases (32). Furthermore, a 

correlation was present between the malignant potential of tumors and the microvesicle-

associated MMP-2 activity (33). Graves et al., evaluated microvesicles in women with early-

stage and late-stage ovarian carcinoma. They reported increased numbers of vesicles 

in late stage ascites and showed that MMP-2, MMP-9 and uPA activities are primarily 

concentrated within the microvesicles. Inhibition of MMP-2, MMP-9 or uPA with antibodies 

nearly abolished the ability of these microvesicles to support tumor 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. 

Angiogenesis

Fibrin, the end product of the coagulation cascade, plays an important role in tumor growth. 

Tumor cells can be coated with fibrin to escape from immune detection and attacks, and 

the fibrin matrix supports the outgrowth of new blood vessels. Microvesicles support 

coagulation through various mechanisms. They expose negatively charged phospholipids, 

such as phosphatidylserine, which facilitate binding of coagulation factors and thus 

formation of tenase- and prothrombinase complexes (35-37). In addition, especially in 

cancer patients, tissue factor bearing vesicles are present in the peripheral blood, albeit that 

the cellular origin of this tissue factor is still disputed (38-40). A part of these microvesicles 

originates from cancer cells and probably contributes to thrombus formation equally to 

leukocyte-derived vesicles, which also expose tissue factor. Microvesicle-exposed tissue 

factor, “blood-borne tissue factor”, can be captured by activated platelets adhering at the 

site of vascular damage and promote coagulation (11;41;42). Furthermore, tissue factor-

exposing microvesicles may even fuse with (membranes of) activated platelets, thereby 

transferring tissue factor to the platelet membrane (43). Figure 1C shows the contribution 

of microvesicles to fibrin formation. 

Tissue factor not only initiates coagulation but also plays a more direct role in 

angiogenesis. Phosphorylation of the cytoplasmic domain of tissue factor and subsequent 

downstream signalling events induce angiogenesis. The activation of coagulation by 

tissue factor generates thrombin which cleaves several protease-activated receptors 

(PARs), that in turn initiate angiogenesis (44;45). Finally, platelet-derived vesicles stimulate 

mRNA expression of angiogenic factors in cancer cells (29) and cancer cell-derived 
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vesicles contain mRNA for growth factors such as vascular endothelial growth factor 

and hepatocyte growth factor. Baj et al showed that such vesicles fuse with monocytes, 

transferring their nucleic acids and altering their biologic activity (46;47). Possibly, cancer 

cell-derived microvesicles transfer mRNA to other cancer cells, enhancing their malignant 

potential. Intercellular transfer between cancer cells by microvesicles has recently been 

showed by Newadi et al. They reported intercellular transfer of ongogenic growthfactor-

receptor by cancer cell-derived microvesicles altering the phenotype of these cells (48). 

Figure 1D shows the influence of cancer cell-derived microvesicles on angiogenesis. 

Metastasizing

Metastasizing requires increased cellular survival and invasiveness, which are both 

enhanced by microvesicles. Whether or not microvesicles promote mobilization of 

tumor cells, however, has not been extensively studied. Some evidence suggests that 

microvesicles may favor lymphogenous and haematological spread. The expression of 

Fas ligand by cancer cell-derived microvesicles plays a role in lymph node infiltration (25). 

Furthermore, activation of platelets by tissue factor bearing vesicles is probably helpful 

in the haematological spread of cancer cells. Since activated platelets expose P-selectin 

and cancer cells expose P-selectin ligands such as P-Selectin Glycoprotein (PSGL) and 

Sialyl Lewis, 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;49). The procoagulant properties of cancer-cell derived 

microvesicles further support intravascular fibrin formation, which in turn facilitates 

adherence of cancer cells to the vessel wall. Figure 1E presents the contribution of 

microvesicles to cancer cell migration. 

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 attack) 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 tumor 
against immune attacks 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 figure 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 final enzyme of the coagulation cascade, cleaves several protease-activated receptors (PARs), 
which in turn trigger angiogenesis. 1E. Fas ligand exposing microvesicles enhance lymph node infiltration 
by killing T-cells. Procoagulant microvesicles facilitate intravascular fibrin 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.

◀
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 | FUTURE APPLICATIONS

Although there are potentially many clinical applications of the knowledge about microvesicles 

physiology, we will limit this discussion to anti-cancer treatment and risk stratification.

Anti-cancer treatment

Cancer cell-derived microvesicles have been used as adjuvant anti-cancer treatment. As 

described above, cancer cell-derived microvesicles have immunosuppressive activity due 

to functional alterations induced in T-cells, ranging from apoptosis to defects in T-cell 

receptor components and function (23-25;50). Cancer cell-derived microvesicles may also 

facilitate immune attacks (2;51-58). Wolfers and colleagues showed that cancer cell-derived 

microvesicles transfer tumor antigens to antigen presenting (dendritic) cells, which in turn 

trigger a T-cell-mediated anti-tumor response (58). In addition, antigen presenting cells 

may produce microvesicles that prime cytotoxic T-lymphocytes in vivo and eradicate or 

suppress growth of murine tumors. These autologous denditric cell-derived microvesicles 

have been tested in phase I clinical trials in patients with metastatic melanoma (59), 

advanced non-small cell lung cancer (60) and colorectal cancer (61). All these studies 

concluded that this therapy is beneficial and safe with some patients experiencing long 

term stability of disease. Currently, several studies are ongoing to optimize this autologous 

anti cancer immunotherapy (56;62;63).

Microvesicle release itself could be an interesting target of anticancer therapy, i.e. 

by counteracting the beneficial effects of vesicle release on cellular survival or tumor 

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) (64). ROCK-I and II are serine-threonine kinases which 

not only affect cell morphology, migration and adherence, but also contribute to release 

of microvesicles. (18;65). Rattan and colleagues showed that inhibition of the Rho/Rock 

pathway resulted in smaller tumor mass in patients with glioblastioma (64). Because 

vesicle release by cancer cells influences many processes which promote tumor growth, 

inhibition of vesicle release is a potential target in anti-cancer treatment. 

Measurement of protein composition of microvesicles may be useful to monitor the 

efficacy of anti-cancer treatment. Clayton et al. exposed B-lymphoblastoid cell lines to 

external stress, i.e. 42 °C for 3 hours (66). Although the number of microvesicles released 

was comparable to control cells, the protein composition was markedly different. 

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 release with microvesicles, could help maintaining 

cellular homeostasis. Thus, the protein composition of cancer-cell derived microvesicles 

may reflect the effect of anti-cancer treatment and could be an early biomarker to assess 

the effectiveness of anti-cancer therapy. 
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Risk stratification 
Diagnosis

Tumor specific markers, such as mucine in adenocarcinomas, exposed on circulating 

vesicles, may be useful in the early detection of cancer. In a pilot study by Smalley et 

al. urine microvesicles were isolated from five healthy individuals and four patients 

with bladder cancer. Eight proteins were found to be elevated in isolated microvesicles 

from cancer patients compared to controls (67). Thus, the protein composition of urine 

microvesicles can potentially be used in early detection of bladder cancer. In future, the 

protein composition of microvesicles may imply a new marker for the early detection of 

cancer, for diagnosing tumors of unknown origin, and for monitoring anti-cancer therapy. 

Prognosis

Different studies have evaluated the association between the level of microvesicles and 

survival in cancer patients. In the study of Tesselaar and colleagues, patients with both high 

microvesicle-associated tissue factor-activity and microvesicle-associated epithelial mucin 

(MUC1) had a lower survival rate at 3-9 months follow-up compared to those with low tissue 

factor-activity and no MUC1 expression. After adjustment for other prognostic factors 

the likelihood for an individual with these two membrane proteins present of survival 

was 0.42 (95% CI: 0.19- 0.94) (13). In a prospective nonrandomised single-center study in 

hormone refractory prostate cancer patients the impact of platelet-derived microvesicles 

on overall survival was assessed. Microvesicles were measured in 43 patients before starting 

chemotherapy. In patients with a number of platelet-derived vesicles above a cut off level 

the median overall survival was significantly shorter than in patients with values below that 

cut off level (68). Kim et al. performed a study in hundred-nine patients with gastric cancer 

and in twenty-nine healthy controls. Plasma levels of platelet-derived microvesicles were 

significantly higher in the patients than in healthy controls, and the levels were significantly 

higher in patients with stage IV disease than those in patients with stage I or stage II/III 

without a significant difference in platelet number. Platelet-derived microvesicles predicted 

distant metastasis with a sensitivity and specificity of 93.3% and 91.1% respectively (69). Thus, 

microvesicles may be used as a predictor of disease stage and survival in cancer patients. 

Another potential application of microvesicles, especially those bearing tissue factor, 

is the prediction of venous thromboembolism (12;13;70). Although cancer patients have 

4-5 fold higher risk to develop venous thromboembolism, there are currently no clinical or 

laboratory criteria to decide which patients warrant primary thromboprophylaxis (71;72). 

Ongoing studies are evaluating the potential of (tissue factor bearing) microvesicles levels 

as marker to decide about the appropriateness of primary thromboprophylaxis.
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 | SUMMARY

It is generally accepted that cell-derived vesicles are involved in (patho) physiological 

processes in humans. This review supports the concept that cancer cell-derived microvesicles 

facilitate tumor growth and contribute to the risk of venous thromboembolism. The role of 

the microvesicles in cancer requires further investigation, and additional studies are needed 

to establish their potential relevance as novel biomarkers to diagnose cancer and cancer 

progression, potential anti-cancer therapy, or as a new target of anti-cancer treatment.
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 |ABSTRACT

Introduction

In cancer patients, microparticles have been associated with development of venous 

thromboembolism (VTE) and cancer progression. Recently, in a mouse model, cancer 

cell-derived microparticles exposing P-selectin-glycoprotein-ligand-1 (PSGL-1) and 

tissue factor (TF) were deposited at a site of vascular injury by binding to P-selectin on 

activated platelets. Because human cancer cells expose CD24, another ligand of P-selectin 

associated with tumour biology and poor prognosis, we hypothesize that CD24-exposing 

microparticles (CD24+-MP) may be associated with development of VTE in cancer patients.  

Methods

We collected blood from 67 cancer patients and 22 healthy subjects, quantified CD24+-MP 

by flow-cytometry and coagulation markers by ELISA. Based on maximum levels in healthy 

subjects, the group of cancer patients was divided into “high CD24+-MP” and “low CD24+-MP”.  

Results

Cancer patients had increased levels of CD24+-MP compared to controls (median 2.9 

versus 1.2 x 105, p<0.001). High and low CD24+-MP cancer patients did not show differences 

in coagulation markers, or in VTE, but the prognosis of high CD24+-MP patients was poor 

(odds ratio 4.6 to die within 15 months; p=0.016) compared to low CD24+-MP patients. 

Conclusion

CD24+-MP, which can be measured non-invasively in peripheral blood, may prove a useful 

prognostic biomarker.
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 | INTRODUCTION

Exposure of CD24 by cancer cells is a marker of poor prognosis (1-6). CD24, a cell adhesion 

molecule and one of the ligands of the adhesion receptor P-selectin, supports the binding 

of cancer cells to activated platelets and endothelial cells (7). The interaction with platelets 

provides circulating cancer cells with physical protection against recognition and subsequent 

destruction by the immune system, whereas the binding to endothelial cells promotes 

extravasation and metastasis (7). Thus, CD24 is associated with cancer growth and metastasis.

Cancer growth is also intertwined with coagulation activation, and numerous animal and 

human studies have shown that cancer promotes coagulation, whereas coagulation promotes 

cancer growth (8). In 1823, Bouillaud described three cancer patients with fibrin clots in the legs 

and proposed that these venous thromboses might be related to the malignant disease (9). 

Approximately 5-10% of all cancer patients will develop VTE during the first year of their disease 

(10). VTE in cancer patients is associated not only with its related morbidity and mortality, but 

also indicates a poorer prognosis when compared to cancer patients without VTE (8;11). 

Recently, cell-derived microparticles and exosomes have gained a strong clinical interest 

as being one of the missing links between cancer and coagulation and the development of 

VTE (12-14). Blood from cancer patients contains elevated levels of circulating microparticles 

compared to healthy subjects. The vast majority of these microparticles originate from 

platelets or megakaryocytes, but also microparticles from cancer cells and endothelial cells 

have been detected (15-18). Because such “blood-borne” microparticles can expose tissue 

factor (TF), the initiator of coagulation, these microparticles can trigger coagulation and thus 

are likely to be associated with development of VTE (19). Recently, Thomas and colleagues 

proposed a new mechanism by which microparticles from cancer cells may promote thrombus 

formation. They showed that microparticles from cancer cells expose both TF and P-selectin 

glycoprotein ligand 1 (PSGL-1, CD162), the latter being a ligand of P-selectin. In a mouse model, 

these microparticles are present in peripheral blood and accumulate at a side of vessel wall 

injury. Because the accumulation of microparticles is abolished by a monoclonal antibody 

against P-selectin, they hypothesize that PSGL-1 exposing microparticles from cancer cells 

interact with P-selectin exposing activated platelets or platelet-derived microparticles 

present at the damaged vessel wall. This may deposit TF-exposing microparticles originating 

from cancer cells at a side of vessel wall injury (20). 

Although PSGL-1 and CD24 are both ligands of P-selectin, thus far only microparticle-

exposed PSGL-1 has been associated with coagulation and thrombosis (7). It is tempting to 

hypothesize that CD24, in a similar manner to PSGL-1, when present on cancer cell-derived 

microparticles, may support development of VTE in cancer patients. When this hypothesis is 

correct, than CD24-exposing MP may be one of the missing links between cancer progression 

and development of VTE. To investigate this hypothesis, we have analyzed the presence 

of CD24-exposing microparticles in peripheral blood of cancer patients and studied their 

association with coagulation activation, thrombosis and prognosis in these patients. 
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 |MATERIALS AND METHODS

Citrate-anticoagulated blood (0.32%) was collected from 67 unselected cancer patients at 

the Department of Medical Oncology of the Academic Medical Center, as part of a larger 

ongoing clinical study. Inclusion criteria were age above 18 years and active cancer, and in 

all patients the diagnosis of cancer was confirmed by pathology. For comparison, blood 

samples were collected from 22 healthy subjects. All patients and healthy subjects signed 

an informed consent and the protocol was approved by the institutional review board.

Microparticles were isolated from platelet poor plasma as described previously (21).  

Microparticles (5 µL) were diluted in 35 µL CaCl
2
 (2.5 mmol/L)-containing phosphate-

buffered saline (PBS). Then, 5 µL allophycocyanin (APC)-labeled annexin V was added plus 

5 µL of monoclonal or control (isotype-matched) antibody. Samples were analyzed in a 

fluorescence automated cell sorter (FACS Calibur) with CellQuest software version 4.02 

(Becton Dickinson, San Jose, CA). We identify microparticles based on their forward and 

side scatter and not solely on Ann V exposure. 

Fluorescein isothiocyanate (FITC)-labeled IgG
1
, phycoerythrin (PE)-labeled IgG

1
 and 

anti-CD142 (anti-tissue factor (TF))-PE were derived from Becton Dickinson. Anti-CD61-

FITC (anti-GP-IIIa; indicating platelet origin) was from Dako (Glostrup, Denmark). APC-

conjugated annexin V (binding to phosphatidylserine) was from Caltag (Burlingame, CA, 

USA). Anti-CD62p-PE (P-selectin; activated platelet origin) and anti-CD144-PE (resting 

endothelial cells) were from Beckman Coulter Inc. (Fullerton, CA). Anti-CD62E-PE 

(activated endothelial cells) was from Ancell Corporation (Bayport, MN). Anti-CD24-PE 

(one of the P-selectin ligands) and anti-CD105 (endoglin; monocyte or cancer cell origin) 

were from Serotec (Kidlington,UK). Anti-FLT-1 (anti-VEGF-receptor-1; cancer cell origin) 

was from R&D (Minneapolis, MN) and anti-CD227 (mucine 1; epithelial or cancer cell 

origin) was purchased from Pharmingen (San Jose, CA). Prothrombin fragment 1+2 (F
1+2

) 

and thrombin-antithrombin complexes (TAT) ELISA’s were obtained from Enzygnost (Dade 

Behring; Marburg, Germany), and D-dimer ELISA from Innovance (Dade-Behring).

All statistical analyses were performed with PASW Statistics, version 17 (SPSS Inc., 

Chicago, IL, USA). All p-values were corrected for multiple testing using Bonferroni 

correction. Hence, p-values ≤ 0.0025 were considered statistically significant. Continuous 

data were expressed as medians with corresponding inter-quartile ranges and between 

group differences were tested with the Mann-Whitney U test. Differences between 

dichotomous variables were tested with the Fisher’s exact test. Correlations were 

tested with the Pearson’s correlation coefficient (2-tailed) or the Spearman’s correlation 

coefficient for non-parametric data. Low and high CD24+ MP groups were made based on 

the upper limit of the 95th confidence interval in healthy subjects. Differences in survival 

between low and high CD24 groups were tested in univariate regression. Kaplan Meier 

graphs with corresponding log rank testing were used for testing of differences in time 

dependent survival. The sample size of the study did not allow multivariate (survival) 
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analysis or adjustment for time between diagnosis and inclusion in the study (‘left 

truncation’). As this is an exploratory study, no formal power calculation could be done. 

This present study is a sub-study of an ongoing larger prospective study. In that study 

the outcome venous thrombosis is being assessed after 6 months. As all patients had a 

maximum completed follow-up of 15 months at the moment of this sub-study, survival was 

determined after 15 months. 

 |RESULTS

Patients with cancer and healthy subjects

The 67 patients with cancer were heterogeneous concerning type, stage and treatment 

of cancer. The mean age of the cancer patients was 59 ± 13 years and 54% were male. The 

cancer patients suffered from pancreatic carcinoma (n=24), gastrointestinal carcinoma 

(n=17), breast carcinoma (n=15), esophagus carcinoma (n=6), and other types of cancer (n=5: 

brain, biliary, sarcoma, unknown origin, prostate). Twelve patients had local disease and 

came for neo-adjuvant therapy. The other patients had locally advanced (n=18) or metastatic 

disease (n=37). All patients received intravenous chemotherapy via the out-patient clinic; the 

majority of them for the first cycle (n=47), others for the second (n=8) or third or more cycle 

(n=12). The mean age of the healthy subjects was 38 ± 10 years, 32% were men. 

Microparticles in cancer patients and healthy subjects

Cancer patients had significantly increased levels of CD24-exposing microparticles 

(CD24+ MP) compared to healthy subjects (median 2.9 versus 1.2 x 105 MP/mL, p<0.001). 

Similarly, median levels of microparticles binding annexin V, i.e. microparticles exposing 

phosphatidylserine (PS), were higher in cancer patients compared to healthy subjects (5.6 

versus 3.1 x 106 MP/mL, p<0.001). For levels of other subtypes of microparticles in cancer 

patients and healthy subjects, see Figure 1. 

Coagulation activation, thrombosis and prognosis in the low and high CD24 group

To study our initial hypothesis that cancer patients with elevated levels of CD24+ MP may 

have an increased risk of thrombosis, we compared coagulation activation between cancer 

patients with high (n=14) and low (n=53) levels of CD24+ MP. For the characteristics of the 

patients in both groups, see Table I. There were no differences between the two groups 

with regard to the concentrations of coagulation activation markers D-dimer, F
1+2

, and TAT 

(p=0.574, p=0.552 and p=0.021, respectively, Table I). 

Of the 67 patients, 5 patients developed venous thrombosis within 6 months after 

blood collection, 4 patients in the low-CD24+ MP group (4/53, 7.5%) and a single patient in 

the high-CD24+ MP group (1/14, 7.1%; p=0.959). With regard to mortality, however, 8 out of 

14 patients (57%) died within 15 months in the high-CD24+ MP group, compared to 12 out of 

53 (23%) in the low-CD24+ MP group (odds ratio 4.6, confidence interval 1.3 - 16; p=0.016), 
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Figure 1. Microparticles in cancer patients and healthy subjects. A. AnnV: annexin V-binding microparticles; 
CD61: platelet origin; CD24 - one of the P-selectin ligands; CD62E – E-selectin – activated endothelial cells; 
FLT-1 – VEGF-receptor1 – cancer cell origin; B. CD105 – endoglin – monocyte or tumur origin; CD62p 
-P-selectin – activated platelet origin; CD227 – mucine 1 – cancer cell origin; CD142 (TF) – tissue factor; 
CD144 – (resting) endothelial cells. Bars (healthy subjects (black) and cancer patients (grey)) reflect 
medians and interquartile ranges, with corresponding 5th and 95th percentiles. *: statistically significant 
with a Bonferroni corrected p-value of ≤ 0.0025. For the sake of overview, the results are shown in two 
separate graphs. The axes differ between both figures. 

see table 1. Thus, patients with high levels of CD24+ MP have a poor prognosis compared 

to patients with low levels of CD24+ MP. Ten patients out of 15 (71%) versus 27 patients 

out of 53 (51%) patients had metastatic disease (95% CI for the difference – 0.079 – 0.47; 

p=0.155), indicating that a difference in stage is not the sole explanation for the difference 

in prognosis between the low and high CD24+ MP groups. Increasing stages of disease, 

however, were associated with increasing CD24+ MP levels (p=0.029; Kruskal Wallis test). 

Microparticles

To gain more insight in the mechanisms underlying the marked difference in prognosis 

of the high and low CD24+ MP groups, we looked into more detail at the circulating 

subtypes of microparticles in both groups, see Table 1 and Figure 2. The numbers of 

microparticles binding annexin V, often used as a general marker of microparticles, were 

not different between the patient groups, nor were numbers of P-selectin or TF-exposing 

microparticles. Compared to the low-CD24 group, however, patients in the high-CD24 

group had significantly elevated levels of microparticles exposing E-selectin (CD62E, 

activated endothelial cells; p<0.001), FLT-1 (VEGF receptor, cancer cell-derived; p<0.001), 

CD105 (endoglin, monocytes and cancer cells; p<0.001) and a trend towards more CD227 

exposing microparticles (mucin, on cancer cells; p=0.038). 

In order to explore whether the presence of CD24+ MP is associated with the presence 

of other subtypes of microparticles in these patients, we studied the relationship in 
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Table I. Patient characteristics of the high and low-CD24+ MP groups

Low-CD24+ MP cancer patients (n=53) High-CD24+ MP cancer patients (n=14)

Clinical characteristics      

Type of cancer, stage and events p

Pancreatic cancer 19 (34%) Pancreatic cancer 5 (36%) ND
Gastro-intestinal 12 (23%) Gastro-intestinal 5 (36%) ND
Breast 13 (25%) Breast 2 (14%) ND
Esophageal 6 Other (brain and biliary) 2 (14%) ND
Other (prostate, sarcoma, 
unknown origin)

3 ND

Limited local disease 11 (22%) 1 (7.1%)* ND
Locally advanced disease 15 (28%) 3 (21%) ND
Metastatic disease 27 (51%) 10 (71%) 0.16
Venous thrombosis 
within 6 months

4 (7.5%) 1 (7.1%) 0.96

Died within 15 months 12 (22%) 8 (57%) 0.016

Coagulation markers and microparticles (median (interquartile ranges))

D-dimer 0.77 (0.40-1.4) 1.1 (0.44-2.7) ND
F1+2 236 (173-366) 232 (180-287) ND
TAT 3.7 (2.9-4.6) 5.7 (3.8-12) ND
Ann V binding MP 5.4 x 106 (3.4 – 8.4) 6.9 x 106 (4.6 – 12) 0.123
CD62p+ MP 2.3 x 105 (1.8 – 4.8) 5.6 x 105 (1.5 – 8.7) 0.070
TF+ MP 1.7 x 104 (0.18 – 3.3) 2.8 x 104 (0.41 – 12) 0.22
CD62E+ MP 1.0 x 104 (0.0 – 4.0) 4.4 x 105 (1.7 – 20) p<0.001
CD105+ MP 1.8 x 105 (0.71 – 3.1) 8.6 x 105 (5.7 – 11) p<0.001
FLT-1+ MP 2.0 x 104 (0.83 – 3.5) 26 x 104 (6.8 – 185) p<0.001
CD227+ MP 1.9 x 104 (0.0 – 3.5) 4.7 x 104 (0.37 – 16) p=0.038

* This patient with locally limited disease at the moment of blood withdrawal, turned out to be progressive 
during follow-up and died.  AnnV: annexin V-binding microparticles; CD62p -P-selectin – activated platelet 
origin;  TF – tissue factor; CD62E – E-selectin – activated endothelial cells; CD105 – endoglin – monocyte or 
tumour origin; FLT-1 – VEGF-receptor1 – cancer cell origin; CD227 – mucine 1 – cancer cell origin 

all included cancer patients, so irrespective of their CD24+ MP levels. There is a strong 

correlation between CD24 and E-selectin (r=0.967, p<0.001). Similarly, there is a strong 

correlation between CD24 and FLT-1 microparticles (r=0.917, p<0.001). Other significant 

correlations are present between CD24 and CD227 (r=0.284; p=0.007), CD105 (r=0.584; 

p<0.001) and P-selectin (r=0.469; p<0.001), but no correlation was found between CD24 

and TF (r=0.067, p=0.589) or between CD24 and total number of Annexin V binding 

microparticles (r=0.077, p=0.535). Numbers of Annexin V binding microparticles were not 

or to a lesser content correlated with these microparticles, suggesting that the correlations 

between CD24+ MP are not dependent on total microparticle count. 

Leukocyte count at the moment of blood withdrawal was not correlated with CD24+ MP 

(r=0.057, p=0.636). 
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 |DISCUSSION

In this study, we found that some cancer patients have increased plasma levels of 

microparticles exposing CD24 (CD24+ MP) when compared to healthy subjects. The systemic 

presence of CD24+ MP is not surprising in view of the data in ovarian cancer patients, in which 

CD24 bearing exosomes have been found in ascites fluid (22;23). A novel observation is that 

CD24+ MP are associated with a lower survival rate in cancer patients, which is in line with 

the literature pointing to the prognostic value of CD24 expression on cancer cells (1-5;24). 

This difference in prognosis is not merely a reflection of a difference in stages between both 

patient groups. Patients with high levels of CD24+ MP, however, do not differ from those with 

low levels of CD24+ MP with regard to coagulation activation, nor in the risk of developing 

venous thrombosis in the near future. Therefore, we could not find supporting evidence 

for a possible role of CD24 in the prothrombotic state in cancer patients, in analogy to the 

role of PSGL-1 as proposed by Thomas and colleagues (20). Also, the difference in prognosis 

between both groups could not be explained by a difference in venous thrombosis risk. 

What then characterizes the patients with high levels of circulating CD24+ MP? Our data 

reveal that the presence of CD24- microparticles is strongly associated with endothelial 

activation (E-selectin), angiogenesis (FLT-1), tumor load (CD227) and platelet activation 

(P-selectin). Whether the presence of CD24 or other cancer cell-derived microparticles 

is causally linked to progression of disease and death in cancer patients, cannot be 

concluded from this study. There are, however, extensive in vitro data supporting a causal 

role. For instance, microparticles and exosomes (even smaller vesicles) can expose or 

contain active substances such as Fas-ligand, mRNA and matrix metalloproteases, which 

have various effects on cancer invasion, migration and metastasis (25-27). 

The very strong correlation between CD24 and endothelial activation (E-selectin) is 

intriguing in view of the in vivo data of Myung and colleagues, who showed that CD24 

   












 

 

  





 







Figure 2. Survival of high and low-CD24+ MP cancer patients.
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facilitates the rolling of cancer cells on the endothelial wall via binding to E-selectin, and 

thereby mediates extravasation of cancer cells (28). High plasma levels of E-selectin-

exposing microparticles are likely to reflect exposure of E-selectin on activated endothelial 

cells, which is a prerequisite for extravasation of cancer cells. Alternatively, shedding of 

microparticles bearing E-selectin could reflect downregulation of this receptor, thereby 

protecting the organism against extravasation of tumour cells. Of course, there are also 

several other potential explanations, one being that there is no causal relationship at all, 

i.e. that both CD62E and CD24+ MP are a reflection of a third process such as chemotherapy.

Study design limitations, such as the heterogeneous patient population and the 

relatively small sample size, hamper the ability to draw definite conclusions. The cohort is 

heterogeneous with respect to stage, type and treatment for cancer, all parameters which 

could have affected CD24-MP levels.  A rule of thumb for multivariate analysis is that at 

least 5-10 cases per parameter should be included, and therefore a meaningful multivariate 

analysis could not be performed (29). Another limitation of the present study is that the 

healthy subjects were not matched to the cancer patients with respect to age and sex. 

However, acknowledging these limitations, we aimed to identify promising directions 

rather than providing a more definitive answer, this in analogy with the phases of biomarker 

development for early detection of cancer described by Pepe et al (30). Furthermore, flow 

cytometric analysis of microparticles has some important limitations, such as the lower 

sensitivity for smaller particles (31). However, the specificity of the detection of subtypes 

of microparticles by flow cytometry is high, and thus the relative results of measurement of 

CD24+ MP using flow cytometry can be compared between patients, and between patients 

and controls in the present study.  Finally, haematopoietic cells (leucocytes in particular) 

have also been demonstrated to express CD24+ MP, which would explain the very low but 

not absent numbers of CD24+ MP found in the healthy subjects. However, it is unlikely that 

differences in haematopoietic cells can explain the variations in CD24+ MP found in cancer 

patients, as there was no correlation between leukocyte count (r=0.057) or leukocyte derived 

microparticles and CD24+ MP (data not shown). Also, CD24+ MP increased during increasing 

stages of disease, indirectly supporting that these microparticles derive from cancer cells.  

The present study may have relevant clinical implications if confirmed by larger 

prospective studies. Exosomes and microparticles have attracted great interest as potential 

biomarkers (32-35). As a potential prognostic biomarker, CD24-MP shows promising 

features. Information on the presence of these microparticles can be gathered quite 

simply and non-invasively by one withdrawal of peripheral blood. As these microparticles 

are likely to originate from cancer cells, they provide insight into the cancer status. In the 

future this may prove useful, especially when cancer tissue is unavailable. 

In conclusion, we found that cancer patients with high plasma levels of CD24+ MP 

neither show signs of coagulation activation nor do they have a higher risk of developing 

venous thrombosis when compared patient with low plasma levels of CD24+ MP. High levels 

of CD24+ MP do reflect a poor prognosis. Furthermore, the strong correlations between 
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CD24+ MP and (microparticle-associated) markers of endothelial activation, cancer load 

and survival indicate that CD24+ MP reflect cancer progression and cell activation.  
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Chapter 4

 |ABSTRACT

Background 

Cancer increases the risk of venous thromboembolism (VTE). Here, we investigated the 

contribution of microparticle-dependent procoagulant activity to the prothrombotic 

state in these patients.

Methods 

In 43 cancer patients without VTE at study entry and 22 healthy volunteers, markers of 

in vivo and microparticle-dependent coagulation were measured and patients were 

prospectively followed for 6 months for the development of VTE. Procoagulant activity of 

microparticles was measured in vitro using a tissue factor (TF)-independent phospholipid 

dependent test, a factor Xa-generation assay with and without anti-TF, and a fibrin 

generation test (FGT) with and without anti-factor VII(a).

Results

Markers of in vivo coagulation activation and total number of microparticles at baseline 

were significantly elevated in cancer patients compared to controls (F
1+2

 246 vs. 156 pmol/L, 

thrombin-antithrombin complexes 4.1 vs. 3.0 mg/L, D-dimer 0.76 vs. 0.22 mg/L and 5.53 x 

106 vs. 3.37 x 106 microparticles/ml). Five patients (11.6%) developed VTE. Patients with VTE 

had comparable levels of coagulation activation markers and phospholipid-dependent 

microparticle procoagulant activity. However, median TF-mediated Xa-generation (0.82 

vs. 0.21 pg/mL, p=0.016) and median VIIa-dependent FGT (13% vs. 0%, p=0.036) were 

higher in the VTE group compared with the non-VTE group.

Conclusions

In this exploratory study the overall hypercoagulable state in cancer patients was not 

associated directly with the microparticle phospholipid-dependent procoagulant activity. 

However, in the patients who developed VTE within 6 months when compared to those 

who did not, an increased microparticle procoagulant activity was present already at 

baseline, suggesting this activity can be used to predict VTE. 
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 | INTRODUCTION

Venous thromboembolism (VTE) often 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). 

Several factors including surgery, central lines, infection, immobilization, chemotherapy, 

hormonal agents and cancer cells themselves contribute to the hypercoagulable state 

in cancer patients (3). The exact underlying mechanisms are not yet fully understood, 

although a number of different mechanisms have been proposed. Most strikingly is the 

tissue factor (TF)-dependent activation of coagulation. In 1995, a strong association was 

noticed between malignant disease and elevated levels of circulating non-cell bound 

TF, the activated form of factor VII (VIIa), thrombin-antithrombin complexes (TAT) and 

prothrombin fragment F
1+2 

compared to healthy subjects (4). Since many cancers express 

high levels of TF (5), this may be a potential source of TF that is associated with the 

hypercoagulable state in cancer patients. The question remained, however, how tumour-

derived TF may enter the blood. 

Already in 1981, Dvorak reported that the supernatants of tumour cell lines and ascites 

fluid contain vesicles carrying coagulant activity. They showed that this coagulant activity 

was largely removed by centrifugation, and was recovered by reconstitution of the vesicle 

pellet (6). The same researchers reported later that one explanation for the procoagulant 

activity of these vesicles may be TF (7). Two decades later, the presence of coagulant TF-

bearing microparticles present in blood collected from cancer patients was confirmed by 

multiple research groups (8-11) but for a long time evidence was lacking to show that these 

TF-bearing microparticles indeed originate directly from the tumour.

Yu et al were the first to show that tumours release TF into the circulation in mice, and 

that part of the TF-activity was associated with membrane vesicles (12). A recent study by 

Davila and co-workers showed that at least part of the circulating TF-bearing microparticles 

originate from the cancer cells (13). They used a mouse model with a human tumour, and 

showed that microparticles bearing human TF are present in the mouse blood, demonstrating 

that a tumour can release TF-bearing microparticles in vivo that can enter the blood. 

Consistent with this concept, part of the TF-bearing microparticles in plasma samples from 

pancreatic cancer patients were shown to expose MUC-1, which is a broad-range epithelial 

marker and under these conditions also stains tumour-derived microparticles. The numbers 

of the microparticles bearing both TF and MUC-1 decreased more than 10-fold or below 

detection levels after the tumour had been surgically removed (8). 

There is increasing evidence that circulating microparticles are associated with the 

prothrombotic state in cancer patients. Plasma from cancer patients with VTE contains 

increased microparticle-associated TF activity compared to patients without VTE (14-16). 

Also, an association was shown between the risk of developing VTE and the plasma levels 

of non-cell bound TF and MP-associated TF activity in pancreatic cancer patients (17). Based 

on these observations, we hypothesize that circulating microparticles contribute to the 
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hypercoagulable state in cancer patients in general, and especially in cancer patients prone to 

develop VTE. The aim of this study was to study the relationship between in vivo coagulation 

activation, microparticle-dependent coagulant activity and VTE in cancer patients.  

 |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 confirmed by pathology. Patients using anticoagulant treatment or with a VTE in the 

medical history were excluded. The incidence of venous thrombosis was assessed after 

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 peripheral venous catheter (20-gauge). All blood samples 

were directly taken from the catheter without the use of a connecting-piece. After 

discarding the first tube of blood, blood (13.5 mL) was collected into three tubes each 

containing 0.5 mL 105 mmol/L buffered sodium citrate (BD, Franklin Jakes, NJ). Citrate-

anticoagulated blood samples from healthy individuals were taken from the antecubital vein 

without tourniquet through a 21-gauge needle using a vacutainer system. Within 15 minutes 

after 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 coagulation assays. The remainder was 

immediately frozen as 0.25 mL aliquots in liquid nitrogen and stored at -80 °C. 

Isolation of microparticles for flow cytometry

Isolation of microparticles for flow cytometry was performed as described previously 

(18). Briefly, 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 microparticles. After 

centrifugation, 225 µL of the supernatant was removed. The pellet was resuspended in 

the remaining supernatant and then, after another centrifugation step, 225 µL of the 

supernatant was removed. The microparticle pellet plus remaining supernatant was then 

resuspended with 75 µL PBS-citrate. Five µL of the microparticle suspension was diluted in 

35 µL CaCl
2
 (2.5 mmol/L)-containing PBS. Then 5 µL allophycocyanin (APC)-labelled annexin 

V was added to all tubes plus 5 µL of the cell-specific monoclonal antibody or isotype-

matched control antibodies. Samples were analyzed in a fluorescence automated cell sorter 

(FACS Calibur) with CellQuest software version 4.02 (Becton Dickenson Biosciences, San 

Jose, CA, USA). The antibodies against fluorescein isothiocyanate (FITC)-labelled IgG
1 
and 
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phycoerythrin (PE)-labelled IgG
1
 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). 

STA Procoag PPL assay 

The STA Procoag PPL test is a commercially available activated factor X-based clotting 

method to measure activity of procoagulant phospholipids (i.e. Procoag PPL). The assay 

was a gift from Dr. B. Woodhams from Stago (Gennevilliers Cedez, France). This test has 

been validated in healthy subjects and limited groups of patients (19). Fresh microparticle-

containing plasma (25 µL) was mixed with phospholipid-free plasma (25 µL) and pre-heated 

for 2 minutes at 37 °C in a cuvette. Then, pre-warmed XACT reagent (100 µL; containing 

activated factor X and calcium) was added and the clotting time was measured on an ACL 

Top coagulation analyzer (Instrumentation Laboratory Company; Lexington, MA, USA). 

Factor Xa generation assay 

The TF-dependent and total microparticle-dependent coagulant activity were measured 

using a factor Xa generation assay exactly as described (17). In brief, microparticles were 

pelleted from plasma (200  µL) by centrifugation (20,000 x g for  15  minutes at 4  °C), 

washed twice with HBSA buffer (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 an 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 CaCl
2
 (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 of 

25 mmol/L EDTA buffer (25 µL), chromogenic substrate S2765 added (25 µL; 4 mmol/L), and 

the mixture 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- dependent 

FXa generation in healthy controls was 0.21 pg/mL (SD 0.11; interassay CV of 21%).

Fibrin generation test (FGT)

The ability of microparticles to generate fibrin was measured directly in plasma in the absence or 

presence of anti-human FVIIa (Sanquin; Amsterdam, The Netherlands), as described previously 

(20). After pre-incubation for 5 minutes at 37 °C, clotting was initiated by addition of CaCl
2
. 

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. We used an anti-factor VII(a) antibody rather than an anti-TF because this antibody 
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can completely inhibit TF-initiated coagulation at a lower concentration of antibody and 

provides consistent inhibitory results as compared to some anti-TF antibodies.

Other assays 

All other assays were performed as described by the manufacturer. ELISA kits to measure human 

non-cell bound TF antigen were obtained from American Diagnostica (Greenwich, Conn, USA). 

This kit measures full length as well as truncated TF. F
1+2

 and TAT were obtained from Enzygnost 

(Dade Behring; Marburg, Germany) and D-dimer from Innovance (Dade-Behring). 

Statistics

Continuous data were expressed as medians with corresponding inter-quartile ranges 

(IQR). Between group differences 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. P-values ≤0.05 were considered statistically significant. All 

statistical analyses were performed by using SPSS 15.0.1 (SPSS Inc, Chicago, IL). 

 |RESULTS

Patients

A total of 43 cancer patients and 22 healthy controls were included. The mean age of the 

cancer patients was 59 ± 12 years and 58% were male. The cancer patients suffered 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. The mean age of the healthy controls 

was 38 ± 10 years, 32% were men.

Coagulation and microparticles in cancer patients and healthy individuals

Compared to healthy individuals, cancer patients had higher plasma concentrations of F
1+2

, 

TAT as well as D-dimer (Table 1; p<0.001 for all). There was no evidence for increased levels 

of TF antigen in cancer patients, since the levels of non-cell bound TF were comparable 

to controls. With regard to the microparticles, the numbers of annexin V-binding 

microparticles were increased in patients compared to controls (p=0.001), but the numbers 

of TF-bearing microparticles were non-significantly decreased (p=0.186). Subsequently, 

we tested the microparticle-associated coagulant activity using three different 

microparticle-based coagulation assays. First, the ability of microparticles to provide a 

phospholipid surface that propagates coagulation and clot formation was determined in 

the STA Procoag PPL assay. The clotting time of this assay, which is independent from the 

presence of TF activity (R.J. Berckmans, pers. commun.), was similar between the cancer 

patients and controls (p=0.411; Table I). These results were not anticipated considering the 

higher number of microparticles in plasma samples from cancer patients binding annexin 
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V. Second, we tested the ability of microparticles to generate factor Xa. There was a trend 

towards a higher Xa generation capacity associated with microparticles from cancer 

patients when compared to healthy controls (p=0.066). The TF-dependent Xa generation 

was comparable between the patients and controls. Similarly, we also found no significant 

differences between microparticles from patients and controls with regard to fibrin 

generation in the absence or presence of anti-VIIa (p=0.417 and p=0.349, respectively). 

Coagulation in cancer patients developing or not developing VTE 

Within six months after blood collection, five patients (12%; 95% CI 4 to 25), three men and 

two women, developed an objectively confirmed 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) after 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 metastatic gastrointestinal cancer and the 

remaining patient had locally advanced oesophagus cancer. 

The concentrations of F
1+2

, TAT and D-dimer in cancer patients who developed VTE 

(n=5) were comparable to patients who did not develop VTE within six months (n=38; 

Table II). Also, plasma concentrations of non-cell bound TF – i.e. microparticle bound 

as well as truly soluble TF - were comparable in both groups of patients. Taken together, 

this suggests that at the moment of blood collection the patients prone to develop VTE 

showed no major signs of increased coagulation activity.    

Microparticles and microparticle-initiated coagulation activation in cancer 
patients developing VTE 

As shown in Table 2, no differences were present between cancer patients developing VTE and 

patients not developing VTE with regard to the numbers of microparticles binding annexin V 

Table 1. Coagulation and microparticles in cancer patients and healthy individuals

Cancer patients Healthy individuals p

F
1+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 (mg/L) 0.76 (0.40-2.26) 0.22 (0.17-0.54) <0.001
sTF (pg/mL)1 92.6 (20.7-170.9) 66.0 (30.4-124.9) 0.163
MP (Annexin V+)2 5.53 x 106 (3.33-8.72) 3.37 x 106 (2.94-4.90) 0.001
MP (TF+)2 11.0 x 103 (2.7-38.6) 39.8 x 103 (0.0-29.7) 0.186
PPLT (s)3 78 (69-82) 78 (73-85) 0.411
Total Xa generation (pg/mL) 0.98 (0.64-1.43) 0.75 (0.54-0.95) 0.066
TF-dependent Xa generation (pg/mL) 0.21 (0.05-0.36) 0.26 (0.06-0.41) 0.899
FGT (s)4 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: non-cell bound TF; 2Number/mL; 3PPLT: phospholipid dependent 
clotting time; 4FGT: Fibrin Generation Time
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or microparticles bearing TF. Subsequently, we tested the microparticle-associated coagulant 

activity.  The clotting time of the STA procoag PPL test was similar between the two groups 

of cancer patients (p=0.519; Table II). In contrast, there were marked differences in the ability 

of microparticles to promote coagulation in the two other assays. First, in patients who 

developed VTE the microparticles showed a trend towards an increased factor Xa generation, 

compared to microparticles from patients who did not develop VTE (median 2.16 [interquartile 

range 0.74-9.4] versus 0.91 [0.64-1.37]; p=0.091). Furthermore, microparticles from patients 

who developed VTE within 6 months showed a marked increase in the TF-dependent Xa 

generation compared to microparticles from patients not developing VTE (p=0.016). Similarly, 

the (microparticle-dependent) clotting of the FGT was markedly faster in plasma samples from 

patients developing VTE compared to samples from patients not developing VTE (801 s versus 

1568 s; p=0.014). Finally, the relative change in the FGT by addition of the anti-VIIa antibody was 

markedly higher in those patients who developed VTE within 6 months compared to those who 

did not (13.3% versus 0%, respectively; p=0.036). These data point to a significant contribution 

of TF-bearing microparticles to the prothrombotic state in cancer patients, and also indicate 

that this activity may be detectable already before the onset of VTE. 

Table 2. Coagulation and microparticles in cancer patients developing VTE

Cancer patients + VTE Cancer patients - VTE p

F
1+2

 (pmol/L) 3191 (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 (mg/L) 0.66 (0.55-7.5) 0.77 (0.38-2.0) 0.326
sTF (pg/mL)1 145.5 (49.0-369.0) 86.8 (50.7-153.6) 0.445
MP (Annexin V+)1 5.53 x 106 (5.06-9.84) 5.51 x 106 (3.27-8.92) 0.629
MP (TF+)2 34.8 x 103 (1.33-104.0) 10.9 x 103 (2.67-36.8) 0.672
PPLT (s)3 73 (68-81) 79 (69-82) 0.519
Total Xa generation (pg/mL) 2.16 (0.74-9.4) 0.91 (0.64-1.37) 0.091
TF-dependent Xa generation 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); 1sTF: non-cell bound TF; 2Number/mL; 3PPLT: phospholipid dependent 
clotting time; 4FGT: Fibrin Generation Time

 |DISCUSSION

Our present study demonstrates a hypercoagulable state in cancer patients, as reflected by 

increased plasma levels of coagulation activation markers compared to controls. Although 

higher levels of microparticles were present in patient plasma samples, this increase was 

insufficient to shorten the clotting time in a strictly phospholipid-dependent (PPL) based 

clotting test. Also no differences were present with regard to non-cell bound TF antigen or 

activity. Our findings on the comparable levels of TF-microparticles and non-cell bound TF are 
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confirmed by earlier data of Tesselaar et al (15). Although these researchers showed that the 

TF-microparticle coagulant activity was significantly higher in metastasized cancer patients 

compared to healthy controls, this result included seven patients with VTE at the moment 

of blood withdrawal.  When these patients are excluded, the microparticle-dependent Xa-

generation was comparable between cancer patients and healthy controls. In contrast to our 

results, myeloma patients were reported to have a higher MP-associated TF activity compared 

to healthy subjects (11). One possible explanation for this discrepancy is that underlying 

mechanisms of VTE in patients with solid and haematological cancers may be different. 

Within our group of cancer patients, five patients developed VTE within six months. The 

plasma samples from these five patients showed no clear signs of coagulation activation or 

differences in numbers of microparticles prior to the VTE compared to the other cancer 

patients. Also, there were no differences between the levels of non-cell bound TF or the 

levels of TF-bearing microparticles. Nevertheless, the TF-dependent coagulant activity 

of microparticles in the plasma samples of these five patients was markedly increased 

already weeks to months before the onset of VTE, pointing to the prothrombotic nature 

of these microparticles. Two earlier studies showed that higher levels of MP-associated TF 

activity are present in plasma samples of cancer patients with VTE compared to patients 

without VTE, but the blood samples in these studies were collected after the diagnosis of 

VTE (14;15). This is illustrated by a 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. This patient, who suffered 

from a severe form of “Trousseau’s syndrome”, had an extremely elevated plasma level 

of TF, which was entirely associated with microparticles. Recently, the microparticle-

associated TF activity in plasma samples of patients with pancreatic cancer was suggested 

to be associated with development of VTE (17).  Our present results extend these findings. 

The comparison between the cancer patients developing or not developing VTE raises 

two questions. First, what is the reason for the discrepancy between the microparticle 

levels and the microparticle procoagulant activity? Possibly, this is due to the much lower 

sensitivity of TF antigen measurements compared to the clotting activity measurements, 

implying that low levels of (TF-bearing) microparticles may already significantly affect 

coagulation. Alternatively, one may speculate that only a minor fraction of the TF exposed 

by microparticles is in the coagulant form, whereas most of this TF may be in an encrypted 

form, or that there is an additional factor in the plasma, which modulates the TF-activity, 

e.g. tissue factor pathway inhibitor. The second discrepancy found, is that there is 

a clear in vitro hypercoagulable state, while there is no evidence supporting an in vivo 

hypercoagulable state. These data may fit within the concept proposed by Falati et al., who 

showed that despite high levels of circulating microparticles no thrombus formation occurs 

when the vessel wall is intact. Upon vascular damage, however, the circulating TF-bearing 

microparticles, which also expose the ligand PSGL-1 (P-selectin glycoprotein ligand-1) for 

P-selectin, can adhere to the damaged vessel wall and thereby initiate thrombus formation 
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(21). If true, this may implicate that even high levels of circulating microparticles, even TF-

bearing microparticles, are not prothrombotic per se, but additionally require vessel wall 

damage, e.g. induced by chemotherapy, to develop VTE.   

There are several limitations of the present study that should be mentioned. Compared 

to the cancer patients, the controls were not matched for age or gender, and their blood 

was collected by venapuncture and not via a venous catheter. Although the differences 

in plasma concentrations of F
1+2

, TAT and D-dimer are totally in line with the available 

literature, the pre-analytical variables may have contributed to the observed effects 

(22-25). Although our findings reached statistical significance and are confirmed using 

different coagulation assays, the relatively small number of patients and events limits the 

robustness of our findings and therefore additional studies are necessary.

Taken together, our present findings confirm our hypothesis that measuring the 

microparticle-associated TF activity in plasma samples of cancer patients may facilitate the 

identification of cancer patients at risk of developing VTE. In contrast, our present data do 

not confirm the hypothesis that circulating microparticles have an important contribution 

to the hypercoagulable state in cancer patients in general. 
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 |ABSTRACT

Extracellular vesicles support coagulation by providing negatively charged phospholipids, 

thereby enabling the formation of tenase and prothrombinase complexes, and by 

exposing tissue factor (TF). The presence of TF-exposing vesicles in blood is associated 

with several thrombotic diseases, including disseminated intravascular coagulation and 

venous thromboembolism, and requires reliable methods to measure the procoagulant 

properties of these vesicles. The aim of this report is to describe the characteristics and 

validation of a fibrin generation test, a one stage plasma clotting test, which measures 

the presence of procoagulant phospholipids as well as procoagulant TF on the vesicles in 

blood or other body fluids. 
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 | INTRODUCTION

The clotting of whole blood and plasma has been studied for over 200 years. Already in 1770 

it was observed that blood collected from a healthy person completely coagulated in about 

7 minutes, and that blood from patients with some diseases did not coagulate within half an 

hour (1). In 1878, Vierordt introduced the whole blood clotting time (WBCT). In this assay, a 

droplet of blood was collected in a capillary. The capillary was kept at 37°C and at 15 seconds 

time intervals a horse hair was inserted to assess whether a clot had been formed. The WBCT 

of a single person, measured daily for more than 50 days, ranged between 5-15 minutes. 

Obviously, the long clotting times and extensive variation made this assay unsuitable 

for routine clinical applications (2). It was not until 1914 that Howell developed a test to 

measure the clotting time (CT) of plasma. He mixed human blood with the anticoagulant 

sodium oxalate and then centrifuged this mixture to obtain plasma. Recalcification of 

plasma resulted in clotting, with observed CT values for healthy persons ranging between 

9 – 12 minutes (3). Thereafter, oxalate was most replaced by sodium citrate, and most if not 

all plasma CT measurements were performed by adding an activator of either the intrinsic 

(factor XII-mediated) or extrinsic (factor VII-mediated) route of coagulation. These assays 

are now widely known as the activated partial thromboplastin time (aPTT) and prothrombin 

time (PT), respectively, and have largely replaced other plasma recalcification tests. 

Nevertheless, the assay developed by Howell is intriguing because he measured the 

ability of plasma to clot after recalcification without addition of any activator of either 

factor XII or VII. Already in 1946 Chargaff and West showed that cell-free plasma contains 

a factor that promotes coagulation which was smaller than platelets, and that “the first 

appearance of fibers and the formation of a clot” in plasma were highly sensitive to 

removal by centrifugation prior to recalcification. In fact, we now know that plasma fails to 

clot when the plasma is recalcified after ultracentrifugation (4). This procedure results in 

complete removal of the subcellular factor and illustrates that the presence of this factor, 

the vesicles, is essential for the clotting of plasma. 

Finding ways to measure the coagulant activity of vesicles has become important, because 

vesicles are increasingly ascribed direct roles in diseases such as venous thromboembolism 

and disseminated intravascular coagulation and therefore have the potential to become 

prognostic or diagnostic biomarkers. However, the contribution of vesicles to the clotting 

of plasma is complex. Vesicles provide phospholipids, especially phosphatidylserine, and 

thereby serve as a scaffold for the assembly of complexes of clotting factors. Next, vesicles 

can expose tissue factor (TF), the initiator of the coagulation process. Moreover, vesicles can 

directly activate factor XII (5;6), promote the formation of activated protein C, and support 

the conversion of plasminogen into plasmin (7;8). Therefore, studying vesicles directly in 

plasma is likely to provide a realistic insight into the contribution of vesicles to various aspects 

of the coagulation process. Measuring the ability of vesicles to promote clotting directly in 

plasma prevents the loss of subpopulations of vesicles by isolation procedures, circumvents 
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manipulation artifacts such as changes in the phospholipid distribution between the lipid 

bilayer, and does not require the addition of an excess of a strong coagulation activator such 

as kaolin or thromboplastin. These additions are intended to determine a clotting factor 

deficiency and therefore force coagulation reactions into one direction, and thus completely 

overshadow the putative contribution of vesicles to coagulation.  

We previously published results of the fibrin generation test (FGT), a plasma recalcification 

test, which measures the coagulant phenotype of the vesicles, and does not require inhibitors 

of fibrin polymerization or removal of fibrin, isolation of vesicles, or the use of a chromogenic 

substrate or purified coagulation factors (4;9). Furthermore, because this assay is directly 

performed in plasma, vesicles remain in their natural physiological environment containing 

usually excessive levels of coagulation factors and inhibitors. Because the clotting time of 

this assay completely depends on the presence of the vesicles, this assay offers an easy and 

reliable tool to investigate the coagulant phenotype of vesicles. In this report, we describe 

the FGT in detail as an assay to measure the ability of vesicles to promote coagulation. 

 |MATERIALS AND METHODS

Antibodies and reagents

Anti-factor VII (1.29 mg/ml, clone CLB VII-1) and anti-factor XII (1.035 mg/ml, OT-2) were 

obtained from Sanquin (Amsterdam, The Netherlands). Lactadharin (0.54 mg/ml) was 

obtained from Haematologic Technologies Inc. (Essex Junction, VT).

Collection of blood 

Citrate-anticoagulated blood was collected from healthy subjects by venipuncture 

without a tourniquet through a 21-gauge needle using a Vacutainer system (BD 388607). 

The first tube of blood was discarded. Blood was collected in 3 ml plastic Vacutainer tubes 

(BD 363048, 0.0109 mol/l trisodium citrate f.c.) or 5 ml glass Vacutainer tubes (BD 367714, 

0.0105 mol/l trisodium citrate f.c., BD Diagnostics; Franklin Jakes, NJ). All blood samples 

were centrifuged (20 minutes at 1,550 x g at 20°C) within 30 minutes after collection to 

reduce the risk of platelet activation, decay of clotting factors or inhibitors, generation of 

vesicles, etc., to prepare essentially platelet-free plasma. The upper two-third volume of 

the plasma was aspirated, collected in plastic 5 ml polystyrene tubes (BD 352052), and then 

briefly (< 5 s) mixed by vortex. In some experiments, normal pool plasma was used. The 

normal pool plasma samples each comprise plasma collected from more than 100 healthy 

subjects, both males and females, which are used as reference plasma for coagulation 

studies. These pool plasma samples are frozen as 500 µl aliquots and stored at -80°C.

Fibrin generation test

Recently, we have applied the fibrin generation test to measure the procoagulant properties 

of vesicles in saliva or as a tool to predict venous thromboembolism in oncological patients 
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(4;9). In this assay, citrate-anticoagulated plasma (90 µl), essentially cell-free but containing 

the extracellular vesicles, is incubated in duplicate with either saline or inhibitory antibodies 

against either VIIa or XIIa, or lactadherin (all 3 µl) for 5 minutes at 37°C in a 96-well plate 

(med binding 650101; Greiner Bio-One, Monroe, NC). Fibrin generation is initiated by 

recalcification of the plasma. At t=0, CaCl
2
 is added (15 µl of 0.1 mol/l, providing 13.9 mmol/l 

f.c. unless indicated otherwise. As a control, the plasma is subjected to ultracentrifugation 

to remove extracellular vesicles (1 hour at 154,000 x g and 4°C). Fibrin (clot) formation is 

monitored by measuring the optical density of the plasma at λ=405 nm on a Spectramax 

microplate reader (Molecular Devices Corp.; Sunnyvale, CA) at 37°C for 3,600 s. Because 

most plasma samples of healthy subjects have CT values ranging between 800 to 3,600 s, we 

arbitrarily decided to shake the ELISA plate every 60 s to reduce the risk of inhomogeneity. 

The contribution of coagulant TF-exposing vesicles to coagulation is determined using 

an inhibitory antibody against human factor VII(a). The activity and specificity of anti-factor 

VII(a) has been extensively tested and described in normal plasma (4;10), and we prefer to use 

anti-factor VII(a) because this antibody can be used at a lower concentration (1.0 µg/ml f.c.) 

than anti-TF (7.8 µg/ml f.c.) to completely inhibit the TF-initiated activation of the coagulation 

process. Because the optical density (OD) values differ between plasma samples before the 

onset of coagulation, all measured values after recalcification are corrected for baseline, i.e. the 

OD at the start of the measurement. The outcome measure of the FGT, the clotting time (CT), is 

the time at which half of the maximum amount of fibrin has been formed (1/2 OD
max

). 

Statistics

Data showed a non-Gaussian distribution, and differences were analyzed by Mann Whitney 

test using GraphPad Prism software (version 5.01; La Jolla, CA). 

 |RESULTS

Choice of tube and stability of collected plasma used for FGT

In a first series of experiments, we compared the clotting time (CT), as monitored in the 

FGT and expressed as time at half maximum OD  (½ OD
max

), of blood collected in glass or 

plastic tubes and immediately processed after blood collection. The CT of blood collected 

in glass tubes was significantly faster compared to plastic tubes, same subjects, 994 

± 283 vs. 2,118 ± 1,105 s (n=6; P=0.0183), respectively. To minimize the risk of the evident 

contact activation of the coagulation cascade by contact between blood and glass, plastic 

collection tubes were used for all future experiments involving the FGT.

Because several coagulation proteins deteriorate in time, especially at room 

temperature (11), we determined the stability of the collected plasma samples at room 

temperature and on melting ice. Blood from two subjects was collected and immediately 

processed to plasma. The FGT was measured in triplicate immediately after preparation of 

plasma and after storage of plasma at room temperature or on melting ice. As shown in 
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Figure 1, the CT of plasma samples from both subjects increased considerably already after 

one hour of storage at room temperature. In contrast, when plasma was stored on melting 

ice before the FGT was performed, the CT only modestly increased. Taken together, based 

on these results it’s recommended to store plasma on melting ice for a maximum of 2 

hours before performance of the FGT. 

Titrating CaCl
2

Because the FGT is initiated by addition of CaCl
2
, the optimal concentration of CaCl

2
 

was determined in plasma from two healthy subjects. As shown in Figure 2, plasma did 

not clot when concentrations of CaCl
2 

less than 8 mmol/l were added. Thus, up to this 

concentration of (added) CaCl
2 

insufficient free calcium ions are available to support the 

clotting of plasma. Final concentrations of CaCl
2
 ranging between 11 and 16 mmol/l are 

optimal, and CT again increase at higher concentrations of CaCl
2
. Therefore, in future 

experiments we arbitrarily use a final concentration of 13.9 mmol/l CaCl
2
.  

CT of healthy subjects: normal range of FGT 

Using the conditions described above, i.e. plastic blood collection tubes and final concentrations 

of 13.9 mmol/l CaCl
2
, blood samples from 22 healthy subjects (age 38.2 ± 9.5 y; 7 male) were 

collected. The mean CT as measured by the FGT was 1299 s (range 666 – 3,600 s). 

Effect of a single freeze-thaw step

Subsequently, the FGT in plasma from healthy subjects (n=10), was measured immediately 

after collection of blood and preparation of plasma, and after a single freeze thaw step of 

plasma. The healthy subjects included were randomly selected from the 22 healthy subjects. 

The mean CT of fresh plasma was 999 s (range 559 – 1,644 s). The CT was unaffected by the 

single freeze-thaw cycle (mean 881 s, range 519 – 3,600 s; p=0.24). 

Dependence of the FGT on TF and phospholipids

To investigate whether the FGT is capable of measuring TF-initiated coagulation, we 

prepared vesicle-free normal pool plasma and mixed the vesicle-free plasma 9 : 1 (v/v) 

with vesicle-containing human saliva, known to contain high numbers of coagulant 

TF-exposing vesicles, as described previously (4). The CT of vesicle-free normal pool plasma 

is > 3,600 s (data not shown). Addition of the 10% saliva shortens the CT from > 3,600 s to 

338 ± 120 s (mean ± SD). In the presence of lactadherin, saliva-induced shortening of the 

CT is completely abolished, illustrating that coagulation cannot occur when lactadherin 

prevents the binding of coagulation factors to the phospholipid surface of the vesicles. 

Furthermore, as shown previously (4), inhibition of human factor VII(a) completely inhibits 

coagulation whereas preincubation with anti-factor XII has no effect. Thus, the FGT is also 

capable of measuring the contribution of coagulant, vesicle-associated TF.  

Similarly, the dependency of the FGT on phospholipids and TF in plasma samples of 

normal healthy subjects (n=5) was determined. Again, the CT of vesicle-depleted plasma 
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is > 3,600 s. Figure 3B shows that the CT of plasma is completely inhibited by lactadherin, 

not inhibited by anti-factor VII(a) and, for this particular subject, also unaffected by anti-

factor XII. For 5 subjects, the CT was 673 s (625 – 805), which increased to 3600 s in the 

presence of lactadherin for all subjects (p=0.001 versus saline control), and 788 s (698 – 860, 

p=0.111) and 725 s (682 – 756, p=0.345) in the presence of anti-factor VII(a) or anti-factor 

XII. Although providing statistically non-significant prolongations in these experiments, 

the data indicate that the FGT can be used to measure extrinsic (TF-dependent) as well as 

intrinsic (factor XII-dependent) coagulation activation. 

Reproducibility of the FGT

Subsequently, the intra- and inter-assay variation coefficient (VC) of the FGT was assessed. 

Because we and others are interested in the presence and contribution of coagulant TF-

exposing vesicles in human plasma samples, the intra- and interassay VC using a mixture 

of 19 volumes of vesicle-free normal pool plasma and one volume of human pericardial 

“wound” blood (sample 1 in Table 1, i.e. plasma containing high levels of endogenous tissue 

factor (TF)-exposing and highly procoagulant vesicles (12)) as well as the 1:9 mixture of 

saliva and vesicle-depleted plasma were determined. As summarized in Table 1, the intra-

assay of the CT was 276 s ± 13.5 s (mean ± SD; VC 4.9%; n=13), which increased 2.5-fold to 

944  ± 93.5 s (VC 9.9%, n=13) in the presence of anti-VII. The inter-assay VCs were 11.7% and 

17.6% (both n=30) in the absence or presence of anti-factor VII, respectively. Similarly, the 

intra- and inter-assay VCs for mixtures of cell-free human saliva, containing high levels 

of coagulant TF-exposing vesicles (4), and plasma in a 1:10 ratio were investigated. This 

mixture is called “sample 2” in Table 1. The intra-assay VC of the CT of sample 2 was 326 ± 11 s 

(n=9; VC 3.3%), which increased to > 3,600 s in the presence of anti-factor VII. The inter-

assay VC was 8.7% in the absence of anti-VII and could not be determined in the presence 

of anti-VII (all results > 3,600s). Finally, the effect of anti-VII in normal pool plasma (Table 1, 

NPP 2007 and 2008) was measured. High mean clotting times (1175 – 1343 s) and thus large 

VC (25 – 28%) were observed.

Table 1. Intra and inter-assay variation of FGT

Pathway

Intra-assay Inter-assay

n 1CT
control

VC (%) 2CT
anti-VII

 VC (%) n 1CT
control

VC (%) 2CT
anti-VII

VC (%)

Extrinsic 3Sample 1 13 276 4.9 944 9.9 30 305 11.7 1249 17.6
4Sample 2 9 326 3.3 > 3600 0 42 351 8.7 > 3600 0

Intrinsic 5NPP 2007 9 1326 7.5 1359 21.1 14 1175 25.9 1218 28.2
5NPP 2008 19 1343 25.8 1426 27.5

1Clotting time (s) in the presence of saline (control); 2clotting time in the presence of anti-factor VII(a); 3A 
1:19 mixture of pericardial wound blood, containing coagulant TF-exposing vesicles, and vesicle-depleted 
normal pool plasma; 4A 1: 9 mixture of saliva containing coagulant TF-exposing vesicles and vesicle-
depleted normal pool plasma; 5NPP: normal pool plasma prepared in 2007 and 2008  

65



Chapter 5

 |DISCUSSION

In this study, we established the fibrin generation test as an assay to study the overall 

coagulant properties of cell-derived vesicles, as well as the specific contribution of 

TF-exposing vesicles to coagulation. Several aspects of the FGT require comment in 

comparison to other commonly used plasma clotting tests. The thrombin generation assay 

requires the use of a chromogenic substrate and removal of fibrinogen or the addition 

of a compound that blocks fibrin polymerization (10;13). The PPL assay, which measures 

the presence of procoagulant phospholipids, requires addition of an excess of factor 

Xa and cannot measure TF-dependent clotting (14). Capture (ELISA) assays only bind 

subpopulations of vesicles, requires addition of purified clotting factors and chromogenic 

substrate, and is unsuitable to measure single (fresh) samples (15-17). Finally, the factor Xa 

generation assays require isolation of vesicles and addition of both purified clotting factors 

and a chromogenic substrate, and is therefore very labor intensive (18). The present assay, 
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Figure 1. Stability of plasma used for FGT when stored at 20°C or on melting ice. Citrate-anticoagulated 
blood was processed immediately after blood collection. Plasma was used immediately after preparation 
for FGT (0 h), or after 1, 2, or 3 hours kept at room temperature or on melting ice. Left and right panel show 
data obtained in a single experiment from two healthy subjects. FGT was performed in triplicate.

Figure 2. Determination of the optimal 
concentration of CaCl

2
 for FGT. Citrate-

anticoagulated plasma of two healthy 
subjects was recalcified using increasing 
concentrations of CaCl

2
.
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the FGT, requires only a spectrophotometer and inhibitory antibodies, can measure fresh 

as well as thawed samples, is cheap and easy to perform. 

Essentially, the FGT described is a plasma recalcification assay as has been used 

for at least several decades. Previously, such assays were unsuitable for use in clinical 

practice because the CTs measured are slow and the reproducibility was poor (19;20). 

Why does the FGT work, whereas previously plasma recalcification assay did not? In 

the old recalcification tests, plasma usually contained vesicles, and the presence and 

contribution of phospholipids and especially coagulant TF may have markedly affected 

such measurements, and thus explain their poor reproducibility. 

The reproducibility of the FGT is good in plasma with TF-initiated clotting. Such plasma 

samples have a fast CT. The reproducibility is only moderate in plasma samples that do 

contain no or hardly any TF-exposing vesicles. In such plasma samples, the clotting of 

the plasma is much more a balance between pro- and anti-coagulant processes, and 

fluctuation in such CTs is therefore likely to be much larger, as observed in our study. 

Recently, we assessed the value of the FGT for the prediction of venous thrombosis 

in cancer patients in a pilot study, and compared the outcome to results obtained by PPL 

assay and Xa generation assay (9). The performance of the FGT was comparable to the Xa 

generation assay, but, as mentioned before, the FGT is easier to perform. At present, the 

FGT is used to study the coagulant properties of vesicles in cancer patients. This study is 

performed in 8 different hospitals, and over 600 patients have been included. In these 

hospitals, the test was performed by routine laboratories, often between measurements 

0 500 1000 1500 2000 2500 3000 3500
0.0

0.2

0.4

0.6

0.8

1.0

Time (s)

O
D

+ control (saline)
+ aFVII
+ aFXII
+ lactadherin

0 500 1000 1500 2000 2500 3000 3500
0.0

0.2

0.4

0.6

0.8

1.0

Time (s)

O
D

A B

Figure 3. FGT measures both TF and phospholipid-dependent coagulation. A mixture of vesicle-free 
plasma and saliva, which is known to contain a high level of coagulant TF-exposing vesicles (A), or solely 
plasma containing the native amount of vesicles (B) was tested. CaCl2 was added at t=0. The increase 
of OD from baseline indicates clotting of the plasma. Preincubation of the plasma / saliva mixture with 
anti-factor VII(a) completely inhibits clotting (A), but does not significantly affect clotting initiated by 
the endogenous vesicles that are present in normal plasma (B). Preincubation with anti-factor XII does 
not affect the clotting times of both types of vesicles, but preincubation with lactadherin, which binds to 
phosphatidylserine and thus prevents binding of coagulation factors to the vesicles, completely inhibits 
the clotting of both the plasma/saliva mixture and plasma. 

67



Chapter 5

for patient care, showing that this assay can be implemented in other hospitals. To which 

extent this assay will be of clinical relevance, however, remains to be established.  
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Chapter 6

 |ABSTRACT

Introduction

Tumours release tissue factor-exposing microparticles (TF-MP), which have been 

associated with venous thrombosis in cancer patients. Recently, however, TF-MP number 

and coagulant activity were disproportionate in tumour-bearing mice. Therefore, we 

investigated the clinical relevance and relationship between TF-MP number and coagulant 

activity in cancer patients (n=209). 

Methods

Patients were categorised as having low (n=196) or high number of TF-MP (n=13; ≤ or > 95th 

percentile), and having low (n=141) or high TF-MP coagulant activity (n=63; ≤ or > 13% TF-

dependent prolongation of clotting time). 

Results

Of the patients with high TF-MP, nine had low TF-MP coagulant activity. Of the 63 patients 

with high TF-MP coagulant activity, 60 had low number of MP-TF. No correlation is present 

between TF-MP number and coagulant activity (r=0.029, p=0.69). TF-MP coagulant activity 

is associated with poor survival (hazard ratio 2.5; p=0.004), whereas number of TF-MP is 

not. Of the patients with high number of TF-MP, only 5 had tumour-derived TF-MP. 

Discussion

In conclusion, most TF-MP in cancer patients are non-coagulant, and only a minority 

originate from the tumour. Because TF-MP number and coagulant activity are almost 

mutually exclusive, we postulate that two forms of TF-MP circulate in cancer patients. 

TF-MP coagulant activity might become a prognostic biomarker. 
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 | INTRODUCTION

Venous thromboembolism (VTE) is a frequent complication in cancer patients and the 

second leading cause of in-hospital mortality (1). The procoagulant state is characterised 

by elevated plasma levels of activated factor VII and tissue factor (TF) (2). Already in 1981, a 

pioneering publication initiated a discussion about microparticles (MP) and their possible 

contribution to the procoagulant state in cancer patients (3). Dvorak and colleagues 

demonstrated that several cancer cell lines release coagulant plasma membrane vesicles 

(i.e. MP), which range in size between 15 to 800 nm. They postulated that MP (i) provide 

phospholipids and thereby a surface for assembly of tenase and prothrombinase complexes, 

and (ii) exhibit a ‘thromboplastin-like’ activity, i.e. TF activity (3). Later studies confirmed 

both hypotheses (4;5). Therefore, TF, originally thought to be solely present hidden in and 

behind the vascular wall, is now known to be circulating on cell-derived MP as well (6). 

In vivo, cancer patients have increased number of TF-exposing MP compared to healthy 

controls (7-10). Furthermore, the TF-MP dependent coagulant activity is increased in cancer 

patients compared to healthy controls (11;12). Cancer patients with VTE have higher number of 

TF-exposing MP than cancer patients without VTE (9;13;14), as well as a higher TF-MP dependent 

coagulant activity (14;15). Therefore, number and coagulant activity of TF-exposing MP have 

both been proposed as predictive biomarkers for VTE in cancer patients (12;14). 

Two aspects, however, remain to be elucidated. First, the relationship between number 

of TF-exposing MP and TF-MP dependent coagulant activity is unclear, as also indicated by 

a recently published animal study (16). TF can be present in a non-coagulant form, and TF 

has other functions such as induction of angiogenesis and signal transduction (17).  Hence, 

TF exposed on circulating MP is not necessarily procoagulant. Therefore, more insight into 

the relationship between the number of TF-exposing MP and TF-MP coagulant activity may 

provide clinically relevant information as it helps to select the most promising biomarker for 

predicting VTE in cancer patients: i.e. either number or coagulant activity of TF-exposing MP.  

Second, it is important to know the cellular origin of TF-exposing MP in cancer, not 

only to increase our insight into the pathophysiological background but also to discover 

potential novel ways to intervene. As many cancer cells express TF (18;19), it is tempting 

to speculate that all TF-exposing MP and all TF-MP dependent coagulant activity can 

be ascribed to MP originating from cancer cells. In 2008, Davila and colleagues indeed 

demonstrated that cancer cells are capable of releasing TF-exposing MP in vivo (20). Other 

studies have shown that in blood from cancer patients at least part of the TF-exposing MP 

originate from cancer cells, and they demonstrated that surgical removal of the tumour 

results in a reduction of the number of TF-exposing MP. These data, however, do not 

exclude other cellular sources of TF-exposing MP in cancer, as they did not simultaneously 

check for blood cell origin (11;13). In contrast, Hron et al reported that the majority of the 

TF-exposing MP in cancer patients are of platelet and monocyte origin, but in this study 

cancer cell origin was not determined (8). 
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Therefore, in the present study we evaluated the relationship between the number 

of TF-exposing MP and TF-MP dependent coagulant activity and determined the cellular 

origin of circulating TF-MP. To answer these questions, we studied MP and their coagulant 

properties in plasma of more than 200 unselected cancer patients.

 |METHODS 

Patients

Citrate-anticoagulated blood (0.32%) was collected from 209 consecutive cancer patients 

at the Department of Medical Oncology of the Academic Medical Center, the Department 

of Medical Oncology of the VU University Medical Centre in Amsterdam (the Netherlands) 

and the Department of Internal Medicine and Ageing in Chieti (Italy). Inclusion criteria 

were age above 18 years and active cancer, and in all patients the diagnosis of cancer was 

confirmed by histo-pathology. For comparison, blood samples were collected from 22 

healthy subjects. All patients and healthy subjects signed an informed consent and the 

protocol was approved by the institutional review boards. 

Measurement of TF-exposing MP number and coagulant activity

Blood was obtained via a single blood withdrawal either directly out of a venous catheter 

(within 5 minutes after placement) or by vena puncture, via a standardized procedure. 

Platelet poor plasma (PPP) was prepared by centrifugation at 1560 x g for 20 minutes within 

1 hour after blood withdrawal. PPP was stored on melting ice to preserve coagulation 

factors, and was used within 2 hours in a fibrin generation test (21). Briefly, PPP was 

recalcified, and the time until fibrin formation, i.e. clotting of the plasma, was monitored 

in a spectrophotometer in the absence and presence of an inhibitory antibody to activated 

factor VII (anti-VIIa). The prolongation of the clotting time in the presence of anti-VIIa, which 

is expressed as % of the clotting time without the addition of anti-VIIa, is a measure for the 

TF coagulant activity that is associated with MP. Based on previous results, a prolongation 

of the clotting time in the presence of anti-VIIa above 13% was considered abnormal (22). 

For some experiments, plasma was ultra-centrifuged at 100,000 g to remove endogenous 

vesicles, and the clotting time was again measured in the presence and absence of anti-

VIIa. Remaining PPP was snap frozen in liquid nitrogen and stored in a -80°C freezer until MP 

isolation for flow cytometry measurements, as previously described (23).  

First, the number of TF-exposing MP (antigen) was determined in all patients as 

described previously (24;25). Second, the cellular origin of TF-exposing MP was determined 

in plasma from patients with number of TF-exposing MP above the 95th percentile. MP 

(5 µL) were diluted in 35 µL CaCl
2
 (2.5 mmol/L)-containing phosphate-buffered saline (PBS). 

Then, 5 µL allophycocyanin (APC)-labeled annexin V was added plus 5 µL of monoclonal or 

control (isotype-matched) antibody. Samples were analyzed in a fluorescence automated 

cell sorter (FACS Calibur) with CellQuest software version 4.02 (Becton Dickinson, San Jose, 
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CA). Fluorescein isothiocyanate (FITC)-labeled IgG
1
, phycoerythrin (PE)-labeled IgG

1
 and 

anti-CD142 (anti-tissue factor (TF))-PE were derived from Becton Dickinson. Anti-CD61-

FITC (anti-GP-IIIa; indicating platelet origin) was from Dako (Glostrup, Denmark). APC-

conjugated annexin V (binding to phosphatidylserine) was from Caltag (Burlingame, CA, 

USA). Anti-CD62p-PE (P-selectin; activated platelet origin) was from Beckman Coulter Inc. 

(Fullerton, CA). Anti-CD24-PE (one of the P-selectin ligands) and anti-CD105 (endoglin; 

monocyte or cancer cell origin) were from Serotec (Kidlington,UK). Anti-FLT-1 (anti-VEGF-

receptor-1; cancer cell origin) was from R&D (Minneapolis, MN) and anti-CD227 (mucine 1; 

epithelial or cancer cell origin) was purchased from Pharmingen (San Jose, CA). 

Statistical analysis

All statistical analyses were performed with PASW Statistics, version 17 (SPSS Inc., Chicago, 

Ill, USA). Most variables showed a non-parametric distribution, these data were expressed 

as medians with corresponding inter-quartile ranges (IQR) and between group differences 

were tested with the Mann-Whitney U test, unless indicated otherwise. Variables with 

a parametric distribution were presented as mean ± standard deviation. Differences 

between dichotomous variables were tested with the Fisher’s exact test. Correlations were 

tested with the Pearson’s correlation coefficient or the Spearman’s correlation coefficient 

for non-parametric data. 

Survival of the patients was determined after a follow-up of 6 months. Differences in 

survival were tested in univariate regression. Kaplan Meier graphs with corresponding 

log rank testing were used for assessing differences in time-dependent survival and for 

calculating the hazard ratio (HR) with the relative 95% confidence intervals (CI) for death. 

Adjustment for confounders was done using Cox regression, if allowed, by the size of the 

groups and number of events.  

 |RESULTS

Number of TF-exposing MP and TF-MP dependent coagulant activity were measured in 

a cohort of 209 cancer patients (98 gastro-intestinal, 59 pancreatic, 23 breast, 17 lung, 5 

prostate cancer, 2 ovarian cancer, and 5 other types). In Table 1, the patient characteristics 

are summarized. Briefly, 98 of the 209 patients suffered from metastasized disease (47%), 

patients had a mean age of 60 ± 11 years, and 75 patients were women (36%).  For comparison, 

TF-exposing MP were also measured in 22 healthy subjects, of whom 15 women and 7 men, 

with a mean age of 38 ± 9 years. 

TF-exposing MP antigen and origin

The number of TF-exposing MP were increased in cancer patients compared to healthy 

subjects (median: 2.0 vs. 0.40 x 104 /mL, p=0.01; Figure 1A and Table 1). Thirteen patients 

had number of TF-exposing MP above the 95th percentile, i.e. 1.0 x 105. These patients did 
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not differ from the patients with TF-exposing MP below the 95th percentile in number of 

chemotherapy cycles they already received. The cellular origin of TF was determined in 

the patients with TF-exposing MP above the 95th percentile using antibodies against cell 

type specific CD antigens. There was a marked variation with regard to the cellular origin 

of the TF-exposing MP between patients, with two distinctive patterns (Table 2). 

In 5 patients, cellular origin of the TF-exposing MP was variable, including 67% and 

44% of the TF-exposing MP staining with two independent tumour cell markers, 66% 

staining with a platelet marker, and 59% with a monocyte marker (all medians). Two of 

Table 1. Characteristics of patients and healthy subjects 

Characteristic
Cancer patients

N=209 
Healthy subjects

N=22 P

Type of cancer N (%)

Gastro-intestinal cancer 98 (47%)
Pancreatic cancer 59 (28%)
Breast 23 (11%)
Lung 17 (8.1%)
Prostate  5  (2.4%)
Ovarian cancer  2  (0.96%)
Other  5  (2.4%)

Stage

Locally limited disease 41 (20%)
Locally unresectable disease 70 (34%)
Metastasized disease 98 (47%)

Treatment

First cycle of chemotherapy 147 (70%)
Second, third or fourth cycle  59 (28%)

Survival

Died within 6 months 41 (20%)
Time between inclusion and death, months (SD) 3.6 (1.9)

Complete blood count Mean (SD)

Haemoglobin, mmol/L 7.7 (1.0) 8.3 (0.7) 0.004
Leukocytes, 109/L 6.3 (3.5) 6.5 (1.2) 0.093
Thrombocytes, 109/L 224 (109) 226 (38) 0.93

Microparticles Median (IQR1)

Annexin V binding, 106/mL 5.7 (3.5 – 8.6) 3.1 (2.6 – 4.5) < 0.001
CD61+ MP, 106/mL 5.2 (3.2 – 8.5) 2.9 (2.4 – 4.3) < 0.001
TF-exposing MP, 104/mL 2.0 (1.0 – 3.5) 0.4 (0.0 – 3.0) 0.01

Microparticle coagulant activity Median (IQR)

Total clotting time, sec 1415 (959 – 2888) 1299 (930 – 1776) 0.39
TF-MP dependent clotting time, % 2.5 (0.0 – 15) 5.9 (0.0 – 14) 0.63

1Interquartile range 
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Table 2. Cellular origin of TF- MP in the two subgroups of cancer patients as detected by flow cytometry

Cellular origin Total cellular origin ≥ 100%  (n=5) Total cellular origin < 25% (n=8)

Tumour: CD227 67% (33-71)1 1.0% (0.5-5.4) 
Tumour: CD24 44% (27-70) 1.5% (0.0-2.9)
Platelet: CD61 66% (50-71) 22% (2.1-28)
Monocyte: CD14 59% (36-76) 1.2% (0.0-3.9)
Granulocyte: CD66b 4.0 (1.6-15) 0.58 (0.48-1.7)
Erythrocyte: CD235 3.5 (2.8-7.5) 1.9 (0.57-3.3)
TF-dependent coagulant activity (%)2 0.23 (0.0-12) 10 (3.3-24)
Number of TF-exposing MP 1.8 x 105 (1.4-3.1) 0.89 x 105 (0.64-2.4)

1Depicted in this table is the proportion (% of total; median, IQR) of the total number of TF-exposing MP (per 
individual patient) which labelled double positive with the mentioned markers; 2TF-dependent coagulant 
activity is measured in a fibrin generation test by comparing the clotting time in the presence and absence 
of anti-VIIa. The prolongation (in %) of the clotting time in the presence of antibody, compared to the 
clotting time in the absence of antibody, is a measure for the amount of TF-MP dependent clotting

these patients suffered from pancreatic cancer and died during follow-up, the three other 

patients had gastro-intestinal, lung and breast cancer. The median total number of TF-

exposing MP was 1.8 x 105 /mL (IQR 1.4-3.1). 

In the second group of patients, the cellular origin of only a minority (< 25%) of the 

TF-exposing MP could be established (Table 2). Most of these TF-exposing MP originated 

from platelets. These patients suffered from gastro-intestinal (3), pancreatic (2), lung (2) 

and breast cancer. Two patients died during follow-up. The median total number of TF-

exposing MP was 0.89 x 105 /ml (IQR 0.64-2.4). 

Coagulant activity of TF-exposing MP

Cancer patients and healthy subjects did not differ in TF-MP dependent coagulant activity 

(median 5.9% versus 2.5%, p=0.63; Figure 1B). A prolongation of the TF-MP dependent 

clotting time above 13% in the presence of anti-VIIa was observed in 63 of the 203 cancer 

(31%; 95% CI 25-37%), compared to 5 of the 22 healthy subjects (23%; 95% CI 7.8-45%; p=0.30). 

The TF-MP dependent clotting time was not associated with the number of TF-exposing 

MP (r=0.029, p=0.69; Figure 2). When comparing patients with high (>95th percentile) and 

low (<95th percentile) number of TF-exposing MP, respectively 3 of the 12 (25%; in 1 patient 

the activity measurement failed) and 60 of the 192 (31%) had TF-MP dependent clotting 

activity. Similarly, when comparing the patients with high (>13%) and low (<13%) TF-MP 

dependent clotting activity, respectively 3 of the 63 (4.8%) and 9 of the 141 (6.4%) had high 

TF-exposing MP number. This, together with Figure 2, indicates that there are two distinct 

forms of circulating TF-exposing MP, one non-coagulant form of TF exposed on circulating 

MP which can be detected by flow cytometry, whereas the coagulant form of TF-exposing 

MP is below the detection limit of flow cytometry. 
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Survival

The number of TF-exposing MP did not differ between patients who died between 

inclusion and 6 months of follow-up, and those who did survive during this period (median 

levels respectively 2.4 vs. 1.8 x 104; p=0.43). At univariate analysis, the survival of patients 

with number of TF-exposing MP above and below the 95th percentile was similar (hazard 

ratio 1.5; 95% CI 0.38 – 5.8; Figure 3). 
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Figure 1. Number of TF-exposing MP per mL (A) and coagulant activity of the TF-exposing MP (B) in healthy 
subjects and cancer patients. In both figures, the open dots indicate the patients with a high number of 
TF-exposing MP. In (B) the majority of these open dots (n=7) are at the level of the X-axis which makes 
them barely visible. 

   










   




 






 





 



Figure 2. Correlation between number of TF-exposing MP antigen and TF-MP dependent coagulant activity. 
On the X-axis the number of TF-exposing MP (i.e. antigen) are shown, on the Y-axis TF-MP dependent 
clotting time (percentage of control, i.e. the clotting time determined in the absence of antibody to 
antiVIIa). For overview, the Y-axis is logarithmical; r=0.081, p=0.253. The patients with the highest number 
of TF-exposing MP are depicted in open dots. In 5 patients, TF-MP coagulant activity measurement failed, 
among them one patient with a high number of TF-exposing MP.
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Figure 3. Survival of patients with high number and coagulant activity of TF-exposing MP. Kaplan Meier survival 
graphs of patients with (A) number of TF-exposing MP above (grey line) and below (black) the 95th percentile 
and (B) coagulant activity of the TF-exposing MP above 13% (grey) and equal to or below 13% (black).  

A B

TF-MP coagulant activity was higher in patients who died (10%; IQR 0.0-24%) compared 

to surviving patients (0.05%; IQR 0.0-14%; p=0.023). Patients with a TF-MP dependent 

clotting time above 13% had a more than two fold higher risk of dying compared to those 

with a normal test (hazard ratio 2.5;95% CI 1.3 – 4.7; p=0.004). After adjustment for stage 

of disease and the time between start of chemotherapy and blood withdrawal, TF-MP 

coagulant activity remained associated with a worse prognosis (HR 2.1;95% CI 1.1 – 4.0). 

 |DISCUSSION

This study demonstrates that there are likely to be at least two forms of TF associated with 

circulating MP in cancer patients. One form of MP-TF is coagulant, but is present in minute 

quantities, whereas the other form of TF circulates in relatively high quantities but lacks 

coagulant activity. These findings agree with data from small series of patients with cancer 

in which the number of TF-exposing MP were not associated with TF-MP coagulant activity 

(11;20;26).  Although Khorana et al. earlier showed an association  between number and 

coagulant activity of the TF-exposing MP, these results seem to be markedly influenced 

by two patients with VTE who had extremely elevated number of TF-exposing MP (14). 

More recently, Wang and colleagues injected cells from two different human pancreatic 

cancer cell lines in a mouse model, and observed that the number of TF-exposing MP are 

comparable in mice injected in the pancreas with either HPAF-II or HPAC cells, whereas 

the MP-associated TF-mediated coagulant activity is high only in mice receiving HPAF-II 

cells but almost absent in mice receiving HPAC cells (27). So, similar to our present study 

in humans there is no relationship between the number of TF-exposing MP and TF-MP 

dependent coagulant activity. The question then is what we can learn from this discrepancy.  

First, the patients with the coagulant but (at least by flow cytometry) non-detectable form 

of TF illustrates that either an extremely low number of coagulant TF-exposing MP must be 
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present, or that coagulant TF is exposed on vesicles, e.g. exosomes (21), which have a diameter 

<100 nm and are therefore simply too small to be detected by even state-of-the-art flow-

cytometers (28). We tested this second option by removing MP from plasma samples of patients 

showing the strongest (> 50%) delay of clotting time in the presence of anti-VIIa. After removal 

of MP by conditions of high-speed centrifugation sufficient to pellet MP but insufficient to pellet 

smaller vesicles such as exosomes, the MP-depleted plasma samples were unable to clot after 

recalcification (clotting time > 3600; n=10; data not shown). Therefore, the TF-MP coagulant 

activity is likely to be associated mainly with MP and not with smaller types of vesicles. 

Second, the TF-MP dependent coagulant activity in patients with number of TF-

exposing MP above the 95th percentile requires attention. Given the fact that TF-dependent 

coagulation is associated with (below) threshold number of TF-exposing MP in cancer 

(Table 2), it seems unlikely that patients who have high number of coagulant TF-exposing 

MP will be able to survive. Indeed, previous studies showed that injection of coagulant TF-

exposing MP triggers massive venous thrombosis in an experimental model (29;30), and 

thus far we have reported only one patient who had high number of coagulant TF-exposing 

MP. This patient suffered from meningococcal septic shock and died from disseminated 

intravascular coagulation (31). Furthermore, it is unlikely that these high numbers of 

coagulant TF-exposing MP circulate in vivo, as they are cleared with high efficiency (32).  

In the present study, the majority of cancer patients with high number of TF-exposing MP 

exhibit a very low TF-MP dependent coagulant activity. At present, one can only speculate 

about the function of these TF-exposing MP. The patients in our study with high number 

of TF-exposing MP did not differ from the other patients with respect to prognosis, cancer 

type or stage, nor in inflammation as indicated by leukocyte count. Taken together, these 

data do not support an important contribution of the non-coagulant TF-exposing MP in 

cancer progression, although the sample size of 13 patients does not allow firm conclusions. 

Third, the cellular origin of the non-coagulant TF-exposing MP needs further 

clarification. In the patients in whom the cellular origin of TF remains mainly unknown, the 

number of TF-exposing MP may be insufficient to allow the study of their cellular origin 

by flow cytometry. Alternatively, the cellular origin may be different from those studied 

but this seems unlikely in view of the broad panel of antibodies used. To study the cellular 

origin in cancer patients using flow cytometry, a very large population has to be screened, 

in fact, in our study, in only 5 out of 209 (2.4%) this was possible. 

More intricately, some patients showed TF-exposing MP which bound antibodies 

directed against tumour (epithelial) antigens and antibodies against platelet or monocyte 

antigens, and total number added up to more than 100%. Theoretically, antibodies labelled 

with fluorescent probes can form aggregates or antibodies can bind to Fc-receptors. Both 

explanations, however, seem unlikely because we centrifuge all antibodies before use. 

Moreover, all antibodies have been titrated and compared to similar concentrations of 

control antibodies. Furthermore, not all antibodies showed this effect, e.g. the antibody 

used against glycophorin A (CD235a), i.e. the band 3 protein characteristic for MP originating 
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from erythrocytes, failed to stain the TF-MP, indicating that the observed effect is specific 

and is no artefact. Therefore, these data suggest that single TF-exposing MP may indeed 

expose both tumour and blood cell antigens, possibly due to fusion between MP and/or some 

cell types. When these cancer cells at their turn shed MP, the MP bear characteristics from 

both platelets or monocytes and cancer cells. Fusion has evolutionary advantages because 

receptors (truncated EGFRvIII), genetic material or growth factors can be transferred 

between cells by vesicles (33;34). For instance, TF-exposing MP from leukocytes can fuse 

with the membrane of activated platelets, which suggests that this is a way to centralise 

phospholipid dependent coagulation reactions at the surface of activated platelets (35). To 

summarize, we cannot relate our findings to previous studies using a similarly broad antibody 

panel. However, the findings are in line with earlier studies which labelled either tumour or 

blood cell antigens (8;11;13), and indicate fusion of MP with cells or other MP.

Lastly, the presence of increased TF-MP dependent coagulant activity, but not the number 

of TF-exposing MP, independently predicts poor survival, which is in line with previous data 

(15;36). If confirmed, TF-MP dependent coagulant activity may be a useful prognostic biomarker. 

Specific aspects of the present study require comment. Flow cytometry has well known 

limitations for the measurement of microparticle sized vesicles. The measurement is dependent 

on pre-analytic variables and cannot measure smaller sized vesicles, i.e. exosomes (28;37). 

However, flow cytometry is a method used widely and much energy has been devoted to 

standardization of the technique. Furthermore, we could only determine the cellular origin in 

patients with detectable levels of TF-exposing MP, of which the majority turned out to be non-

coagulant rather than coagulant, implicating that the cellular origin of MP exposing coagulant 

TF remains unclear. Lastly, the healthy subjects were not matched to the cancer patients with 

respect to age and sex. The comparison between cancer patients and controls was not one of 

the aims of this study, but controls were included merely for reference. 

In conclusion, there are distinct forms of circulating TF-exposing MP in cancer patients: 

one form of TF is coagulant, but this form seems to be present in minute quantities. A 

second form of TF can circulate in relatively large quantities and is associated with MP, 

but lacks coagulant activity. Thus, the true cellular origin of both the coagulant and non-

coagulant MP-TF remain to be elucidated. Interestingly, at least part of the non-coagulant 

TF-exposing MP seem to derive from fused cells or MP, as they bear characteristics from 

both cancer and blood cells. 
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 |ABSTRACT

Introduction

Cancer patients receiving chemotherapy in an ambulatory setting have a risk for venous 

thromboembolism of approximately 3 to 4% per year, which is, however, not high enough 

to warrant thromboprophylaxis. Previous studies have focused on tools for selection of 

cancer patients with a high risk for VTE. In the present study, we aimed to study tissue 

factor (TF)-dependent coagulant activity as an alternative predictor for VTE, and to 

compare it to previously studied biomarkers and the Khorana score. 

Methods

In six hospitals blood was obtained from ambulatory cancer patients receiving 

chemotherapy and patients were followed for 6 months for the development of VTE. 

TF-dependent coagulant activity was measured in a fibrin generation test (FGT) on 

fresh plasma in the local laboratories. Plasma was frozen for central measurement of the 

other biomarkers. Clinical data were gathered for calculation of the Khorana score. Test 

characteristics including sensitivity and positive predictive value (PPV) were calculated 

taking into account death as a competing risk. 

Results

This prospective cohort consists of 443 patients, with a mean age of 61 years, of which 49% 

women. In total, 23 patients developed VTE after a mean time of 2.1 months (5.2%). The 

FGT had a sensitivity of 61% (95%CI 31-84%) and a PPV 4.7% (1.9-9.3%); D-dimer a sensitivity 

of 84% (61-97) and a PPV of 6.9% (3.5-12); P-selectin a sensitivity of 85% (56-96) and PPV of 

14% (4.8-27). For factor VIII the sensitivity was 44% (61-97) and the PPV 11% (4.5-21) and for 

prothrombin fragment 1+2 sensitivity was 70% (36-89) and PPV 5.9% (2.4-12). Lastly, a high 

Khorana score had a sensitivity of 63% (28-83) and PPV of 5.1% (1.6-12).

Discussion

None of the studied biomarkers or the Khorana score was superior in prediction for VTE. 

In future, combinations of biomarkers or scores should be studied. 

86



Prediction of venous thromboembolism 

7

 | INTRODUCTION

Venous thromboembolism (VTE) complicates the clinical course of 10-20% of all cancer 

patients and represents a major cause of morbidity and mortality in this patient group 

(1-4). Moreover, the management of VTE in cancer patients is particularly challenging, 

because these patients not only have an increased risk for a recurrent event but also a 

higher bleeding frequency during anticoagulant treatment compared to patients without 

cancer (5). Prevention of VTE in cancer patients using thromboprophylaxis may therefore 

increase survival and quality of life. Thromboprophylaxis has been shown to be effective 

and safe for other indications, including hospitalized cancer patients (6;7). 

Two large randomized controlled clinical trials and a systematic review of the literature 

have shown that thromboprophylaxis with low-molecular-weight-heparin (LMWH) is able 

to reduce the occurrence of VTE in cancer patients, but the overall incidence is around 4%, 

and therefore too low to justify thromboprophylaxis in all cancer patients (8-10). Additional 

concerns are the need for daily injections and the associated risk of bleeding. The next step 

therefore is to identify cancer patients with a high risk for VTE, where thromboprophylaxis 

would have a more favourable benefit-risk ratio. Thus far, two main approaches have 

been used for this purpose. First, clinical prediction scores - combining clinical and 

laboratory parameters - have been or are being developed (11-13). Of these scores, the 

one developed by Khorana and colleagues is the best validated (11). This score consists of 5 

items, including site of cancer, pre-chemotherapy platelet and leukocyte count, body mass 

index, and hemoglobin value or the use of erythropoiesis stimulating factors. Although 

easy to use, extrapolation to other patient populations is difficult as cancer cohorts can 

vary considerably in clinical characteristics, including differences in cancer types and 

treatments. A second approach has been the use of several biomarkers, including D-dimer, 

P-selectin, prothrombin fragment 1+2 and factor VIII (14-16). Most of these biomarkers seem 

to predict the development of VTE in cancer patients and, at least some of them, may have 

the potential to increase the predictive value of the Khorana score (17).

Another promising candidate biomarker is tissue factor (TF) bearing microparticles 

(18;19). Microparticles are procoagulant cell-derived vesicles, which circulate in the 

peripheral blood (20;21). Compared to healthy controls, cancer patients have increased 

levels of microparticles, which may expose TF on their surface, the protein that initiates 

coagulation (22;23). Therefore, we hypothesize that the coagulant activity of TF-exposing 

microparticles can predict the development of VTE in cancer. To determine the coagulant 

activity of tissue factor bearing microparticles, an easy and robust coagulation test called 

the fibrin generation test (FGT) was developed, which specifically measures the coagulant 

activity of microparticles in autologous plasma (24). 

The aim of this study was to compare the predictive power of the FGT, biomarkers 

(D-dimer, P-selectin, F1+2 and factor VIII), and the Khorana score for the development of 

VTE in a large prospective cohort of cancer patients. 
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 |METHODS

This international multicenter prospective study was conducted in six hospitals, namely 

the Academic Medical Center in Amsterdam, the VU Medical Center in Amsterdam, the 

Slotervaart hospital in Amsterdam (the Netherlands), Hospital d’Annunziata in Chieti 

(Italy), Hôpital Lariboisière in Paris (France) and the National Cancer Institute in Mexico 

City (Mexico). In all participating hospitals, approval of the institutional review boards 

was obtained. Consecutive patients with gastro-intestinal, breast, pancreatic, bladder, 

ovarian, lung or hormone refractory prostate cancers, all stage III or IV, were included, 

after written informed consent. These patients received chemotherapy or were scheduled 

to start chemotherapy within 7 days from inclusion. An exclusion criterium was ongoing 

anticoagulant treatment in therapeutic doses. 

Clinical data were retrieved from the patient files or by an interview with the patient, and 

were collected in standardized case report forms (CRF). All patients were followed-up for 

six months. The primary outcome was objectively verified symptomatic or asymptomatic 

VTE, i.e. deep venous thrombosis, pulmonary embolism (PE) or abdominal vein thrombosis. 

Asymptomatic venous thrombosis was included in the main outcome, taking into account 

the recent clinical evidence pointing to the clinical significance of these unsuspected cases 

of venous thrombosis (25). No routine screening was performed to search for venous 

thrombosis in the included patients. In case of venous thrombosis, patients were treated 

with anticoagulant treatment according to local practice. When patients died during the 6 

months of follow-up, the treating physicians were requested to check the autopsy results, 

where available, and to evaluate if PE was a (possible) cause of death. 

At inclusion, blood was collected via a single blood withdrawal either directly out 

of a venous catheter (within 5 minutes after placement) or by vena puncture, using 

standardized procedures. Measurement of the TF-microparticle dependent coagulant 

activity was performed on fresh plasma, whereas the remaining plasma was stored for 

later measurement of other biomarkers. Platelet poor plasma (PPP) was prepared by 

centrifugation at 1560 x g for 20 minutes within 1 hour after blood withdrawal. PPP was 

stored on melting ice to stabilize coagulation factors, and was used within 2 hours for the 

FGT, as described earlier (24). 

Briefly, PPP was recalcified, and the time until fibrin formation, i.e. clotting of the plasma, 

was monitored in a spectrophotometer in the absence and presence of an inhibitory 

antibody to activated factor VII (anti-VIIa). The prolongation of the clotting time in the 

presence of anti-VIIa, which is expressed as percentage of the clotting time in the absence 

of anti-VIIa, reflects the TF coagulant activity that is associated with MP. Based on receiver 

operating curves analysis from the first 50 consecutive cancer patients included at the 

Academic Medical Center, Amsterdam, a cut-off set at 13% showed the best discriminating 

power. Therefore, prolongation of the clotting time in the presence of anti-VIIa >13% was 

considered abnormal, and the FGT was positive when ≥13% (19). 
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For all other biomarkers and the Khorana score, cut-offs from the original publications 

were used. D-dimer (Innovance), factor VIII activity, and pro-thrombin fragment 1+2 

(F1+2; Enzygnost monoclonal, ELISA) were obtained from Siemens Healthcare Diagnostics 

(Deerfield, IL), and P-selectin (ELISA) from R&D Systems Inc. (Minneapolis, MN). These 

cut-off values are: D-dimer (> 1.44 ug/mL), factor VIII (> 232%), F1+2 (> 358 pmol/L), soluble 

P-selectin (> 53.1 ng/mL) (14;16;26). According to the Khorana score patients were assigned 

to the three risk categories low risk (0 points), intermediate risk (1 or 2 points) and high 

risk (3 points or more) (11). 

The samples from one center showed a very distinctive pattern, with very high levels 

of prothrombin fragment 1+2, very low factor VIII and P-selectin levels. All biomarkers 

were measured centrally and we measured a subset of these samples a second time to 

see whether the transport of samples might have caused these changes, which was not 

the case. The protocol for measurement and blood withdrawal was followed and the 

researchers were experienced in participation in thrombosis studies, therefore, it remains 

unclear what might have caused the defect in these samples. For us, this was reason not to 

include these biomarker measurements in the analyses.

Statistical analyses

For the present analysis, the sensitivity and positive predictive value (PPV) for VTE were 

determined for the FGT, D-dimer, P-selectin, F1+2, and the Khorana score. In patients with 

advanced cancer, a high rate of death is anticipated to limit the validity of the traditional 

Kaplan Meier analyses which use non-informative censoring (27;28). Patients who die have 

had no chance to develop VTE during follow-up, and above that, the predicting factors might 

be linked to VTE and survival, which would introduce bias. As a consequence Kaplan Meier 

analyses commonly overestimate predictive values. For these reasons, a more conservative 

approach was chosen using competing risk analyses with informative censoring (27;29). 

We used the method of Saha and Heagerty to calculate the prognostic accuracy of 

the various markers in predicting VTE, with mortality considered as competing risk (29).  

Estimations of sensitivity, specificity, and the AUC (area under the ROC curve) are based on 

the nearest neighbor estimation of the bi-variate distribution function of the marker and the 

event time. We determined the AUC as a global summary of the discriminatory capacities of 

markers. To accompany the point estimates, we estimated 95% confidence intervals based 

on bootstrap re-sampling using 1000 samples. To express predictive values, we calculated 

the 6-month cumulative incidence, once again considering mortality as a competing risk 

(30). Analyses were performed with the packages cuminc and CompRisksROC in R version 

2.15.1 (31). As a comparison, Kaplan Meier analyses using log rank testing, and binary logistic 

regression for calculation of the unadjusted hazard ratio were performed. 

We used multiple imputation as a technique to deal with missing data for the calculation 

of the Khorana score (<10% of data were imputed). Ultimately, per individual biomarker 

or clinical score, two by two tables were reconstructed and test characteristics were 
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calculated. All statistical analyses were performed in PASW statistics version 19 (Inc., 2009, 

Chicago, Ill), with the exception of the competing risk analyses which were performed in R. 

 |RESULTS

Patient characteristics

In total, 443 patients were included with a mean age of 61 years, of which 49% women 

(Table 1). Twenty-three patients developed VTE (5.2%; 95% CI 3.3-7.8) after a mean time of 

2.1 months (SD 1.2). A total of 77 patients (18%) died after a mean follow-up of 3.3 months 

(SD 1.5). In none of these patients, VTE was considered the most probable cause of death. 

All other patients were followed up for 6 months, except one patient who moved abroad 

after 1 month and was subsequently lost to follow-up. 

Table 1. Patient’s characteristics (n=443)

N (% of total) 

Age, years (SD) 61 (12)

Sex (% women) 217 (49)

Adjuvant treatment for cancer 15 (3.4)

Type of cancer
Esophageal / stomach cancer 69 (16)
Pancreatic cancer 68 (15)
Breast 79 (18)
Lung 99 (22)
Prostate 7 (1.6)
Intestinal cancer 84 (19)
Genito-urinary tract cancer 22 (5)
Other 15 (4)

Stage
Locally limited disease 62 (14)
Locally unresectable disease 123 (28)
Metastasized disease 250 (56)
Other staging system 8 (1.8)

Treatment
First cycle of chemotherapy 275 (62)
Second 74 (17)
Third or fourth cycle 84 (20)

Survival
Died within 6 months 78 (18)
Time between inclusion and death, months (SD) 3.3 (1.5)
Venous thrombosis 23 (5.2)
DVT/PE/both 18 
Abdominal 3 
UEDVT 2
Symptomatic 15 
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TF-dependent coagulant activity (FGT)

The FGT was performed in 428 patients, while in the remaining 15 patients (3.4%) the 

measurement failed for technical reasons. A positive test, i.e. equal to or more than 13% 

prolongation of the clotting time in the presence of anti-VIIa, was found in 130 patients 

(30%). Of the 23 patients with VTE, 13 patients had a positive test, the remaining 10 patients 

tested negative. Unadjusted for death, the sensitivity was 57% (95%CI 35-78) and the PPV 

was 10% (95%CI 4.9-15). In Kaplan Meier analysis, the probability of VTE was higher in the 

patients with a positive test (p=0.004, log rank testing), corresponding with a hazard ratio 

for VTE of 3.2 (95%CI 1.4-7.6). 

Taking into account death as a competing risk, the sensitivity was 61% (95%CI 31-84%), 

the PPV 4.7% (1.9-9.3%) and the AUC was 0.54 (0.37-0.69; Table 2). 

Biomarkers 

A D-dimer test was performed in 437 patients (99%) and 144 (30%) of them had a high 

D-dimer. Of the patients with VTE, the measurement failed in 1 patient, 15 patients had a 

high, and 7 patients a low D-dimer. Unadjusted for death, the sensitivity was 65% (43-84) 

and the PPV 10% (5.2-15). In Kaplan Meier analyses, the probability for VTE was higher 

among the patients with a high D-dimer (p<0.001), corresponding with a hazard ratio of 

4.7 (1.9-12). When taking into account death as a competing risk, the sensitivity was 84% 

(61-97) and the PPV 6.9% (3.5-12; Table 2). 

Table 2. Test characteristics accounted for death as a competing risk. 1Khorana score: patients with a high and 
intermediate score, compared to those with a low score. Abbreviations: AUC area under the curve; FGT fibrin 
generation test; F1+2 prothrombin fragment 1+2; NPV negative predictive value; PPV positive predictive value. 

Biomarker Sensitivity 95%CI Specificity 95%CI PPV 95%CI NPV 95%CI AUC 95%CI

Factor VIII 87 61-97 61 55-67 11 4.5-21 1.7 0.6-4.0 0.81 0.47-0.97
D-dimer 84 58-95 55 52-58 6.9 3.5-12 1.4 0.5-3.3 0.66 0.49-0.78
F1+2 70 36-89 54 51-58 5.9 2.4-12 2.5 1.1-5.2 0.58 0.38-0.65
P-selectin 85 56-96 62 54-70 14 4.8-27 2.3 1.0-4.5 0.59 0.39-0.70
FGT 61 31-84 54 51-57 4.7 1.9-9.3 3.0 1.5-5.4 0.54 0.37-0.69
Khorana1 63 28-83 58 23-81 5.1 1.6-12 3.0 1.6-5.2 0.58 0.37-0.74

P-selectin was measured in 338 patients (76%). In 105 patients included in one center, a 

technical withdrawal problem led to invalid samples and therefore P-selectin, prothrombin 

fragment 1+2 and factor VIII measurements were considered unreliable and excluded. Of the 

remaining 338 patients, 37 (11%) had a positive test. Of the patients with VTE, in 3 patients 

P-selectin was not measured, 6 patients scored positive and 14 scored normal, an unadjusted 

sensitivity of 30% (12-54) and a PPV of 16% (6.2-32). In Kaplan Meier analyses, patients with a 

positive P-selectin test had a higher probability for VTE (p=0.002), and a hazard ratio of 3.9 

(1.4-11). After adjusting for death, sensitivity was 85% (56-96) and the PPV 14% (4.8-27). 
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Pro-thrombin fragment 1+2 (F1+2) was measured in 338 patients (76%), of which 101 

were elevated (30%). Of the 23 patients with VTE, no F1+2 was available in 3 patients, 12 

patients had increased levels of F1+2 and 8 had normal F1+2; an unadjusted sensitivity of 

60% and a PPV of 12%. In Kaplan Meier analyses, patients with an elevated F1+2 had a higher 

probability for VTE (p=0.002), with a hazard ratio of 3.8 (95%CI 1.5-9.7). After adjusting for 

death, sensitivity was 70% (36-89) and the PPV 5.9% (2.4-12). 

Factor VIII was measured in 294 patients (66%), of which 54 patients (18%) had an 

abnormal test result. Of the 23 patients with VTE, in 7 patients had no factor VIII measurement 

was available, 7 patients had an abnormal, and 9 patients had a normal factor VIII, hence, a 

sensitivity of 44% (20-70) and a PPV of 13% (5.4-25). Unadjusted survival analyses revealed a 

p-value of 0.002 and logistic regression revealed a hazard ratio of 3.8 (95%CI 1.4-11). Adjusted 

for death as competing risk, the sensitivity was 44% (61-97) and the PPV 11% (4.5-21). 

Khorana score

The Khorana score was available for all patients, of whom 114 had a low score (26%), 250 

an intermediate (56%) and 79 a high score (18%). Of the 23 patients with VTE, 4 had a low 

score, 14 patients an intermediate and 5 patients had a high score. When dichotomising the 

score into high versus low/intermediate, the Khorana score had an unadjusted sensitivity 

of 22% (7.5-44) and a PPV of 6.3% (2.1-14). The probability for VTE was not higher among 

patients with a higher Khorana score (p=0.34). Taking into account death as competing 

risk, the sensitivity was 63% (28-83) and the PPV 5.1% (1.6-12). 

 |DISCUSSION

The present study evaluated the predictive value of an in-house developed TF-microparticle 

dependent clotting test (FGT), previously established biomarkers and the Khorana score 

for the occurrence of VTE in patients with cancer. None of the studied predictors seemed 

to be significantly better than the other with large overlaps of the confidence intervals. 

The biomarkers were measured with the same methods as in the original publications 

and we used the same cut-off values, which enables a direct comparison between the 

historical data and the present results. Hazard ratio’s in patients with high biomarker levels 

are somewhat higher in the present study, e.g. a HR of 4.7 (1.9-12) for D-dimer compared to 

2.8 (1.7-4.6) in the original paper (15). Positive predictive values are not commonly reported 

in the other studies, which makes a comparison difficult. In the present study, the sensitivity 

and PPV of the Khorana score are lower than in the initial derivation and validation cohort of 

Khorana as well as in the cohort of the CATS study (11;17). The latter study reported a PPV of 

22%, whereas we found a much lower PPV of 6.3% (unadjusted) or 5.1% (adjusted). 

Several aspects of the design and findings of the present study require comment. First, 

the FGT as a measure for TF-dependent microparticle coagulant activity did not perform 

better or worse than the other individual biomarkers. The question is whether the FGT 
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is suitable for use in a large clinical trial, or in clinical practice. When compared to other 

microparticle clotting tests, the FGT is a straightforward test, easy to learn and relatively 

inexpensive. The test has extensively been validated, and no problems were encountered 

while implementing the test in other (also routine) laboratories. 

Second, the 95% confidence intervals around the estimates were relatively large which 

reduces the confidence in the estimates and in their possible clinical relevance. In the 

present study, previously established cut-off values were used, whereas an alternative 

approach could have been to derive new cut-off values of these biomarkers and the 

Khorana score. Lastly, combinations of tests have the potential to be more sensitive, which 

is worthwhile to investigate further. 

Third, we analyzed the predictive values, taking into account death as a competing 

risk in this group of advanced cancer patients. Standard Kaplan Meier analysis with log 

rank testing censors patients when they die, which implies that they – in theory – could 

still develop the event of interest. This is obviously not a correct assumption as death 

‘competes’ with the event of interest. Recently, Campigotto and colleagues stressed the 

importance of accounting for death as a competing risk in cancer-associated thrombosis 

studies (28). In the present investigation, death occurred more frequently than VTE and 

the biomarkers were indeed able to predict death (AUC up to 0.67; data not shown), which 

confirms the importance of this modified type of analysis. In the present study, the point 

estimates of the PPV were considerably lower after correction for death as a competing 

risk, whereas sensitivities generally were somewhat higher. To our knowledge, none of 

the previous studies have taken death into account as a competing risk, which may have 

overestimated the predictive value of the tests. 

Obviously, prediction only will not save patient’s lives, but is merely a step towards 

targeted thromboprophylaxis. Ongoing and new studies will need to sort out whether 

selection of high risk cancer patients for thromboprophylaxis is effective and safe. 

Furthermore these studies will need to establish the most optimal duration, the preferred 

type of anticoagulant and the burden thromboprophylaxis has on the quality of life.  

 |CONCLUSION

In the present study, a ‘head to head’ comparison of different established and new predictors 

for VTE in cancer, none of the studied markers are superior to other markers or scores. The 

positive predictive values of the studied markers and the Khorana score do not exceed 15%; 

therefore, a combination of different tests may be preferable. Future prospective cohort 

studies in this field should account for death as a competing risk in order to avoid bias. 
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Chapter 8

 |ABSTRACT

Introduction

In cancer, cell-derived vesicles may contribute to the prothrombotic state, cancer 

progression, and resistance of cancer cells to chemotherapy. Therefore, in an exploratory 

study, we determined the effects of therapy on the coagulant activity and composition of 

circulating vesicles. 

Method

Blood was collected from 11 patients with glioma and 5 patients with lung cancer, at different 

time points before and after start of two different chemotherapy regimens, in glioma combined 

with an anti-angiogenic agent. Procoagulant activity was studied in a fibrin generation test, and 

endothelial and tumour derived microparticles were determined by flow-cytometry. 

Results

Treatment did not affect the overall procoagulant activity of vesicles in cancer patients 

(p=0.39). Levels of endothelial microparticles (CD62E+) tended to increase in the glioma 

(p=0.18), but not in lung cancer patients (p=0.41). Baseline levels of microparticles bearing 

the receptor for vascular endothelial growth factor (VEGFR-1) were increased in cancer 

patients compared to healthy subjects (p=0.012), and VEGFR-1-exposing microparticles 

decreased by 85% after anti-angiogenic therapy in glioma patients (p=0.021). Finally, in 

two lung cancer patients the concentration of mucine-exposing microparticles increased 

two days after chemotherapy.

Discussion

Chemotherapy and anti-angiogenic therapy lead to specific changes in the composition 

of circulating microparticles, especially with regard to endothelial- and tumour-derived 

microparticles. These changes are markedly different between the two patients groups 

and even between subjects within one group, suggesting that such microparticles may be 

associated with prognosis or response to treatment. 
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 | INTRODUCTION

Cell-derived vesicles (microparticles and the smaller sized exosomes) are present in all 

body fluids that have been investigated so far (1-3). In cancer patients, microparticles can 

also directly originate from tumour cells (4-6). Circulating microparticles in cancer have 

gained much interest, as they may play a role in the procoagulant and prothrombotic state 

in cancer patients, and can even contribute to cancer progression (7;8). Microparticles are 

procoagulant, as they provide phospholipids necessary for the assembly of coagulation 

factors, and, second, they may carry tissue factor (TF), the initiator of coagulation (9;10). 

In vivo, the concentration of TF-exposing microparticles and their coagulant activity is 

increased in cancer patients who have or will develop venous thromboembolism (VTE) 

(11-15). Furthermore, microparticles can modulate angiogenesis and the immune response, 

thereby contributing to development of tumours with a more aggressive phenotype 

(8;16;17). Therefore, microparticles constitute an attractive future target for therapy and 

have potential applications as prognostic biomarkers (12).

The relationship between chemotherapy and microparticles is complex. First, the 

shedding of microparticles may contribute to removal of intracellular substances which are 

detrimental to the cancer cell. Examples are vesicles containing increased concentrations 

of apoptotic proteins or chemotherapeutic drugs (18-21).  Second, chemotherapy and 

agents that inhibit angiogenesis are one of the main causal factors for the development of 

VTE in cancer patients. In a large cohort study, the odds ratio for VTE increased from 4.1 for 

cancer patients without chemotherapy to 6.5 for patients receiving chemotherapy (22). 

The aetiology remains largely unknown; postulated mechanisms include direct endothelial 

damage and changes in blood composition, such as decreases in the levels of anticoagulant 

proteins, including protein C, or increases in the concentration of procoagulant clotting 

factors (23-25).  In vitro, cisplatin and daunorubicin induce the release of microparticles 

by endothelial cells. These microparticles support coagulation by binding coagulation 

factors rather than by exposing coagulant TF (26;27). To which extent chemotherapy 

affects the composition and procoagulant phenotype of microparticles in vivo, however, 

is unclear. Furthermore, whether or not all coagulant activity is exclusively associated with 

microparticles, or also with smaller types of vesicles such as exosomes, is debated.  

Therefore, in the present explorative study we investigated the effects of different 

chemotherapy regimens on the procoagulant activity and the composition of circulating 

microvesicles, the latter with a focus on endothelial and tumour derived microparticles.  

 |METHODS

Patients from two cohorts were included in this study. In the first study, patients with 

non-small cell lung cancer stage IIIB or IV were hospitalised to receive their first gift 

of chemotherapy. They received either a combination of cisplatin and gemcitabin on 
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day 1, and gemcitabin on day 8, and then the next cycle on day 22, or they received daily 

radiotherapy combined with cetuximab daily (Table 1). Blood was obtained just before start 

of the chemotherapy (day 1), 1 hour after the chemotherapy was administered, at day 2, 

at day 8 just before the new gift, and at day 22 just before the new gift. Exclusion criteria 

were the use of anticoagulants in therapeutic doses and previous chemotherapy within 

one year before inclusion. The institutional review board of the Academic Medical Center 

in Amsterdam approved the protocol, and all patients provided written informed consent.

In the other cohort, patients with histologically confirmed intracranial high grade 

glioma (World Health Organization grade III or IV) and evidence of tumour recurrence at 

baseline magnetic resonance imaging were included. They were treated with continuous 

dose-intense temozolamide (Temodal® (Schering-Plough, Houten, The Netherlands), 

daily 50 mg/m2, orally, continuously), bevacizumab (Avastin®, 10 mg/kg i.v., every 21 days, 

defined as one cycle) and dexamethason. All patients provided written informed consent, 

and the trial was approved by the institutional review board of the Academic Medical 

Center and the Dutch Central Committee on Research investigating Human Subjects 

(ISRCTN23008679). For details about the study design please see the original publication 

(28). Blood was withdrawn at day 0, 3, 22 and 84. For comparison of baseline coagulant 

activity and microparticle composition, age and sex matched controls were included, and 

blood was withdrawn once. For analyses of differences between baseline composition 

between healthy controls and cancer patients, we further extended the group with a 

cohort of 45 patients and 22 healthy subjects, described previously (15). Briefly, these 

patients were heterogeneous with respect to type and stage of cancer. 

Citrate-anticoagulated blood (0.32%) was collected by venapuncture with a loosely applied 

tourniquet through a 19-gauge needle using a Vacutainer system. To obtain platelet poor 

plasma (PPP), blood was centrifuged at 1550g, 20 minutes at 20°C. Plasma was kept on ice until 

further measurements, or snap-frozen in liquid nitrogen and stored at -80 °C until use. 

The procoagulant activity of microparticles was determined using a fibrin generation 

test (3). Briefly, PPP was recalcified, and the time until fibrin formation was determined in a 

spectrophotometer both in the absence and presence of an inhibitory antibody to activated 

factor VII (anti-VIIa) and activated factor XII (anti-XIIa). The prolongation of the clotting time 

(CT) in the presence of anti-VIIa, which is expressed as a percentage of the CT in the absence 

of anti-VIIa, is a measure of the TF coagulant activity associated with microparticles. The CT 

in the absence of any antibody is a measure for the inherent ability of the plasma to stimulate 

coagulation, as a resultant of the interaction between coagulation factors and all microparticles 

and smaller vesicles (exosomes). For some experiments, plasma was centrifuged in an eppendorf 

centrifuge at 18,890 g for 30 minutes and the CT was again measured in the presence and 

absence of antibodies. Centrifugation at this speed removes microparticles, but not exosomes, 

and is therefore an appropriate way to measure the contribution of exosomes (3). 

Total microparticles and cellular origin of the microparticles was determined as follows. 

Microparticles (5 µL) were diluted in 35 µL CaCl
2
 (2.5 mmol/L)-containing phosphate-
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buffered saline (PBS). Then, 5 µL allophycocyanin (APC)-labeled annexin V was added plus 

5 µL of monoclonal or control (isotype-matched) antibody, samples were incubated for 

5 minutes at room temperature, after which 900 µL of PBS/Ca buffer was added. Samples 

were analyzed in a fluorescence automated cell sorter (FACS Calibur) with CellQuest 

software version 4.02 (Becton Dickinson, San Jose, CA). Fluorescein isothiocyanate 

(FITC)-labeled IgG
1
, phycoerythrin (PE)-labeled IgG

1
 and anti-CD142 (anti- TF)-PE were 

derived from Becton Dickinson (San Jose, CA). Anti-CD61-FITC (anti-GP-IIIa; indicating 

platelet origin) was from Dako (Glostrup, Denmark). APC-conjugated annexin V (binding 

to phosphatidylserine) was from Becton Dickinson (Burlingame, CA, USA). Anti-CD62p-

PE (P-selectin; activated platelet origin) was from Beckman Coulter Inc. (Fullerton, CA). 

Anti-CD24-PE (one of the P-selectin ligands), anti-CD105 (endoglin; monocyte or cancer 

cell origin) and IgM were from Serotec (Kidlington,UK). Anti-FLT-1 (anti-VEGF-receptor-1; 

cancer cell origin) was from R&D (Minneapolis, MN) and anti-CD227 (mucine 1; epithelial 

or cancer cell origin) was purchased from Pharmingen (San Jose, CA). Anti-CD62E-PE 

(E-selectin; activated endothelial cell origin) was obtained from Ancell (Bayport, MN, 

USA), CD133 (stem cells, glioblastoma cells) from MACS Miltenyi Biotec (Bergisch Gladbach, 

Germany) and CD144 (endothelium) from Alexis (Lausen, Switzerland). For calculation 

of total number of microparticles with certain cell-specific markers, we corrected for 

a-specific labelling (i.e. fluorescence of the control antibodies). 

All statistical analyses were performed with PASW Statistics, version 18 (SPSS Inc., 

Chicago, Ill, USA). Most variables showed a non-parametric distribution, and the 

corresponding data are expressed as median with inter-quartile ranges (IQR). Between 

group differences were tested with the Mann-Whitney U test, unless indicated otherwise. 

Differences between dichotomous variables were tested with the Fisher’s exact test. 

Repeated measures were tested using the Friedman’s test. Correlations were tested with 

the Spearman’s correlation coefficient for non-parametric data. A p-value below 0.05 was 

considered as statistically significant.

 |RESULTS

Patient’s characteristics

In total 11 patients with glioma and 5 patients with lung cancer were included in the 

present analysis, 9 men and 7 women. For the patients with glioma, 11 age and sex matched 

controls were added. Blood was collected at various moments before and after start of 

chemotherapy (Table 1). Results are presented first for the entire group of cancer patients, 

and then the remarkable findings (if any) in glioma and lung cancer patients separately. 

Coagulant activity of microparticles and exosomes at baseline

At baseline, before chemotherapy, the microparticle-dependent CT was 599 seconds in the 

entire group of cancer patients (IQR 468-680). For comparison, the CT was 918 seconds (680-
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1056) in the matched healthy subjects (p=0.069). Prolongation of the CT in the presence of 

anti-VIIa or anti-XIIa was 3.9% (0.0-16) and 0% (0.0-3.6%), respectively, and was not different 

from the prolongation observed in healthy subjects (p=0.138 and p=0.260, respectively). 

Three patients, two with glioma and 1 with lung cancer, had a detectable procoagulant 

activity after high-speed centrifugation, a procedure known to remove most of the 

microparticles but insufficient to pellet exosomes. In one of these plasma samples, clearly 

a TF/VIIa-dependent coagulant activity was present. All other plasma samples did not clot 

within one hour (CT > 3600 s) after removal of the microparticles, indicating that in these 

samples the procoagulant activity is exclusively associated with microparticles.  

No differences in baseline coagulant activity were observed between glioma and lung 

cancer patients. 

Coagulant activity of microparticles and exosomes after treatment

Consecutive samples for the measurement of coagulant activity were available for 13 

patients with glioma and lung cancer, the other 3 patients had insufficient plasma. Neither 

the microparticle-dependent CT nor the VIIa/TF-dependent clotting showed significant 

responses to chemotherapy in the whole group of cancer patients (p=0.39 and p=0.28, 

respectively), same applied for the glioma and lung cancer patients separately; Figure 1A 

to 1D). Of the 7 patients with glioma and 3 patients with lung cancer who did not have a 

Table 1. Baseline characteristics

Non-small cell lung cancer 
patients (n=5)

High grade glioma  
patients (n=11)

Age (SD)1 42 (17) 62 (4.3)

Female sex 2/5 (40%) 5/11 (45%)

Treatment Daily radiotherapy  
+ daily cisplatin (n=2)

Cisplatin + gemcitabin / pemetrexed, 
3 weekly cycles (n=3)

Continuous dose temozolamide, 
bevacizumab every 21 days and 

dexamethason (n=11)

Measurement intervals Day 1: before (t=1) and 2 hours after 
chemotherapy (t=2)

Day 2 (t=3)
Day 8 (t=4)
Day 22 (t=5)

Day 1: before start therapy (t=1)
Day 3: after treatment (t=2)

Day 22 (t=3)
Day 84 (t=4)

Overall survival2 76 (13-148) 21 (5.2-62)

Progression free survival2 51 (8-148) 12 (2.4-23)

Co-morbidities COPD (n=3),  
cardiovascular disease (n=2)

Cardiovascular disease (n=2), 
hypertension (n=1)

Development of VTE during study None Symptomatic DVT (n=1)

Characteristics of the two groups of cancer patients. 1Age in years and 2survival in weeks. Abbreviations: 
standard deviation (SD); chronic obstructive pulmonary disease (COPD); venous thromboembolism 
(VTE); deep vein thrombosis (DVT) 
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detectable coagulant activity in microparticle-depleted (i.e. exosome containing) plasma 

at baseline, in 6 plasma samples a coagulant activity was detectable in the microparticle-

depleted plasma at one of the moments after start of the treatment. In the 3 remaining 

patients, the CT of the microparticle-depleted plasma remained above 3600 s. Addition of 

an inhibitory antibody to human factor XII did not affect the microparticle-dependent CT 

in patients after chemotherapy more than at baseline (data not shown). 

The numbers of TF-exposing MP were low and unaffected by chemotherapy (p=0.72; 

Figure 1E and F). In one patient with glioma a distinct population of TF-exposing microparticles 

double stained for CD144, VE-cadherin, a transmembrane protein which is exclusively 

present on endothelial cells (Figure 1G). The endothelial origin of these vesicles was further 

confirmed by a double labelling with CD144 and CD62E (E-selectin), a marker of activated 

endothelial cells. Overall, the number of TF-exposing microparticles was inversely associated 

with the microparticle-dependent CT (r=-0.30; p=0.03), but not with the VIIa/TF-dependent 

prolongation of the CT as measured in the presence of anti-VIIa (r=0.084; p=0.55). 

One glioblastoma patient developed a deep vein thrombosis during the study on day 

22. The microparticle-dependent CT decreased from 648 seconds (before chemotherapy) 

to 565 seconds at day 3, to 450 seconds at day 22, with a concurrent prolongation of the 

TF/VIIa-dependent CT from 0 (before chemotherapy), 1.7% (day 3) to 12% (day 22). In the 

exosome fraction, a procoagulant activity was detectable at day 22, and this activity was 

independent from activation of TF/VIIa.  

Number of annexin V-binding and P-selectin exposing microparticles

At baseline, levels of annexin V-binding microparticles (as an estimate of the total levels 

of coagulant microparticles) were 2.4 x 106 /mL, which was comparable to controls 

(1.7 x 106 /mL, p=0.32). Chemotherapy induced no consistent changes in the numbers of 

circulating annexin V-binding microparticles, with levels immediately after chemotherapy 

of 2.0 x 106 / mL (1.1–3.0 x 106 / mL; p=0.57). 

At baseline, P-selectin exposing microparticles, i.e. microparticles originating from 

activated platelets and not from megakaryocytes, were significantly increased in the 

entire group of cancer patients, when compared to healthy subjects, 5.9 x 104 per mL (1.4-

19x104 /mL) versus 2.1 x 104 /mL (0-4.7 x104 /mL; p=0.044). Chemotherapy did not lead to 

consistent increases or decreases in levels of P-selectin-exposing microparticles (p=0.59), 

and the same applied to changes in brain and lung cancer patients separately.

Endothelial and tumour-derived MP 

First, we explored whether baseline levels of microparticles exposing CD62E (E-selectin; 

activated endothelium) differed between cancer patients and healthy controls, by 

combining baseline data of the brain and lung cancer patients with a previously 

described cohort of cancer patients and healthy controls (15). Levels of CD62E-exposing 

microparticles were higher in the cancer patients (n=65), with a median of 2.8x104 /mL 
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Figure 1. Coagulant activity of microparticles. Panels A, C and E refer to glioblastoma patients (n=9) and 
panels B, D and F to lung cancer (n=4) patients. Three patients had insufficient plasma. Panels A and B: 
microparticle-dependent clotting time in response to chemotherapy. Panels C and D: prolongation of 
the clotting time in the presence of anti-VIIa. The dotted lines indicate a previously determined cut-off 
(of 13%) above which TF/VIIa-dependent clotting is considered positive; illustrating that this remains 
relatively constant in time. Panels E. and F.: numbers of TF-bearing microparticles as determined by flow-
cytometry. Panel G.: an example of a glioblastoma patient with TF-bearing microparticles at day 3 after 
start of treatment. Part of these TF-bearing microparticles were positive for CD144 (endothelial cells; right 
picture), and part for MUC-1 (cancer cells; left picture). H. a representative example of a glioblastoma 
patient without these microparticles. 
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compared to 0.14x104 /mL in the healthy subjects (n=34; p=0.0026). No differences were 

present between cancer patients and healthy subjects with respect to microparticles 

bearing CD144, presumably originating from non-activated endothelial cells (p=0.33), and 

total levels of CD144+   microparticles were overall lower (median in patients 0.42 x104/mL). 

In the entire group, no changes in CD62E microparticles as a response to chemotherapy 

were present (p=0.41). Numbers of CD62E-exposing microparticles did show a trend 

towards an increase directly after the first gift of chemotherapy in the glioblastoma 

patients (p=0.18 for the comparison between the first and second time point; Figure 2A 

and K), but not in lung cancer patients (Figure 2B). 

Baseline levels of microparticles bearing the vascular endothelium growth factor 

receptor-1 (VEGFR-1; flt-1) were increased in cancer patients when compared to healthy 

subjects, median levels of respectively 3.5x104 /mL (0.63-14) versus 1.4 x104 /mL (0.28-

2.6; p=0.012). In the entire group, no changes in VEGFR-1 microparticles as a response 

to chemotherapy were present (p=0.15). In the glioblastoma patients, combined 

chemotherapy with angiogenesis inhibition decreased the levels of VEGFR-1-exposing 

microparticles by 85% (Figure 2C, G and H; p=0.021). Again, no clear pattern was visible in 

the lung cancer patients (Figure 2D). We tried to elucidate the cellular origin of the VEGFR-

1-exposing microparticles, but only minor fractions double-stained for CD144 (2.5%), or 

MUC-1, a marker of normal epithelial cells and tumour cells (<1%).   

As CD133 is an established marker of glioblastoma cells (29), the levels of CD133-exposing 

microparticles in all cancer patients were determined. Levels of CD133-exposing microparticles 

were negligible in both groups of patients, and there was no trend in the time (data not shown). 

Overall, no differences could be observed in the plasma levels of MUC-1-exposing 

microparticles during treatment, except in two lung cancer patients which showed a clear 

increase at the third day after start of chemotherapy (Figure 2E, F, I and J). 

 |DISCUSSION

In this small explorative study we investigated possible changes in procoagulant activity and 

composition of circulating vesicles as a response to two different treatment regimens in 

cancer patients. Several aspects and findings of the present study require comment. First, 

at baseline the procoagulant activity was mainly associated with microparticles, with a role 

for coagulant TF in a minority of patients. While data need to be interpreted with caution 

because of the modest sample size; clotting activity, in particular the exosome-dependent, 

tended to increase after start of treatment which may hint to a role of exosomes in the 

prothrombotic state in cancer, rather than microparticles. Understanding which types 

of vesicles are responsible for the coagulant activity will help to clarify the mechanisms 

underlying the development of VTE. Important for possible future applications of TF-

dependent properties of vesicles as predictors for VTE or prognosis, is the finding that the 

TF-dependent CT remained stable after chemotherapy (Figure 1C and D). 
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Figure 2. Endothelial and tumour derived microparticles. Panels A, C and E represent patients with 
glioblastoma; panels B, D and F represent patients with lung cancer. Panels A and B: changes in E-selectin 
(CD62E)-exposing microparticles; panels C and D: changes in VEGFR-1 bearing microparticles; panels E 
and F: changes in MUC-1 bearing microparticles. G. Representative example of a patient with glioblastoma, 
illustrating the major decrease in levels of VEGFR-1 bearing microparticles after start of bevacizumab and 
temozolamide, and H. a patient lacking such an increase 
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Figure 2. Continued. I. MUC-1 bearing microparticles before (left) and after (right) cisplatin and gemcitabine 
in a patient with lung cancer and J. a patients without such an increase. K. Glioblastoma patient with (left) 
and without (right) endothelial microparticles. 
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The observation of TF-exposing microparticles of endothelial origin (Figure 1G) 

is an interesting ‘proof of principle’ finding, showing that not only monocytes but also 

endothelial cells may contribute to intravascular coagulation by releasing microparticles 

exposing coagulant TF (30). To which extent TF exposed on endothelial vesicles contributes 

to coagulation activation, however, remains to be determined.

Not unexpectedly, our present data indicate that angiogenesis inhibitors have specific 

effects when compared to a ‘regular’ chemotherapy regimen, which is also reflected by a 

clear change in circulating microparticles. One of the major pathways of angiogenesis 

involves the vascular endothelial growth factor (VEGF) family of proteins and receptors. 

In this complicated system, VEGF-receptor 1 (flt-1) is one of the receptors for VEGF, which 

can be present on tumour endothelium, as well as on tumour cells, whereas a soluble form 

of VEGFR-1 has also been reported (31). To our knowledge, this is the first description of 

microparticles exposing this receptor in cancer patients, whereas levels of such vesicles are 

negligible in healthy volunteers. Whether this VEGFR-1 is derived from cancer cells or from 

the cancer endothelium needs further clarification. Overall, as a mechanism, transport of the 

VEGF receptor by microparticles in cancer patients could be involved in an angiogenic switch, 

as has been described for the truncated EGFR receptor (16). Interestingly, bevacizumab, a 

monoclonal antibody against VEGF, dramatically decreased the concentrations of circulating 

VEGFR-1-exposing microparticles, whereas chemotherapy without bevacizumab did not. 

Future studies are needed to establish whether the presence and response to treatment of 

these microparticles are indeed associated with prognosis. 
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Furthermore, angiogenesis inhibition lead to increased plasma levels of endothelial 

microparticles (Figure 2A), which extends the findings of Kuenen and colleagues, who 

reported that inhibition of the VEGF receptor pathway caused activation of endothelial 

cells as reflected by increases in soluble E-selectin, von Willebrand antigen and soluble 

TF (25). The authors concluded that VEGF is an important maintenance factor for 

endothelium, which may be one of the mechanisms contributing to the high rate of VTE in 

patients treated with angiogenesis inhibitors. 

In lung cancer patients, the increase in microparticles exposing mucine at 2 days after 

the first gift of chemotherapy is intriguing, especially in view of previous in vitro data 

showing that gemcitabin decreases the expression of mucine on pancreatic cancer cells, 

which the authors associated with protection of cancer cells from attacks of the immune 

system (32). The present data suggest that cancer cells may release mucine-exposing 

microparticles to remove mucine present on the tumour cell. Alternatively, the appearance 

of such microparticles may be related to necrosis of the tumour. 

To conclude, chemotherapy does not lead to consistent changes in microparticle 

dependent procoagulant activity, apart from an increase in procoagulant activity of 

the microparticle-depleted but still exosome-containing plasma. Chemotherapy and 

angiogenesis agents do lead to specific changes in microparticle composition. After 

angiogenesis inhibition, levels of E-selectin-exposing microparticles increase, indicating 

specific endothelial damage and activation. Cancer patients had high levels of microparticles 

bearing the receptor for VEGF, which decreased after treatment with angiogenesis 

inhibiting agents. Furthermore, levels of microparticles bearing mucine increase at day 

2 after chemotherapy in lung cancer patients. The present study, however, is merely 

hypothesis generating and cannot link the appearance of these specific microparticles to 

either a favourable or a non-favourable reaction of the tumour to chemotherapy.
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 |ABSTRACT

Background and objectives

While ultrasonography (US) is broadly used as the sole diagnostic test to confirm or exclude 

the presence of upper extremity deep vein thrombosis (UEDVT), the accuracy of this test 

remains unclear. Therefore, we aimed to determine the sensitivity and specificity of US for 

the diagnosis of UEDVT, verified by venography, in patients with clinically suspected disease.

Methods 

A comprehensive search for studies reporting on the diagnostic accuracy of US for the 

diagnosis of clinically suspected UEDVT was conducted in MEDLINE and EMBASE databases 

up to March 2012. Prospective and retrospective cohorts and nested case-control 

studies on the diagnostic accuracy of US among inpatients and outpatients with clinically 

suspected acute UEDVT were eligible, as long as the index test results were verified by 

venography. US included Doppler US, compression US and Doppler with compression US. 

The QUADAS tool was applied to assess methodological quality. 

Results 

Of 1053 studies identified by the search, 9 were included (687 patients). Overall, the 

methodological quality was considered to be low, sample sizes were small, and large 

between-study differences were observed in spectrum and design. The summary estimates 

of sensitivity and specificity (95% confidence interval) of US were respectively 89.7 (80.2 to 

94.9) and 94.9 (84.4 to 98.4). Doppler US was evaluated in 6 studies (n=258), compression 

US in 2 (n=157), and Doppler with compression US in 5 (n=272). The summary estimates of 

sensitivity and specificity were 86.8 (74.2 to 93.8) and 93.8 (78.7 to 98.4) for Doppler US, 

87.0 (71.2 to 94.8) and 98.3 (91.7 to 99.7) for compression US, and 93.4 (84.7 to 97.3) and 95.6 

(83.8 to 98.9) for Doppler with compression US. No statistically significant difference was 

found when comparing the summary estimates of Doppler US to either compression US or 

Doppler with compression US. The exploration of between study heterogeneity showed 

that the summary estimate of specificity was higher in studies with a low (below 35%) 

prevalence of UEDVT (p<0.001), while the sensitivity was significantly higher in studies that 

did not use venography to confirm the presence of UEDVT in all patients (p=0.039).

Authors’ conclusions 

Although Doppler US with compression is currently widely used as a substitute for 

venography, the data from this review suggest caution since confidence intervals around 

the summary estimates were wide, and the quality of the majority of the studies was low. 

While awaiting properly sized and designed studies clarifying the diagnostic accuracy of 

US, the non-invasiveness and ease of the test make US a reasonable option in the work-up 

of clinically suspected DVT. Repeat US testing or venography may be warranted in doubtful 

cases, although we currently lack evidence supporting this strategy. 
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 | INTRODUCTION

Upper extremity deep vein thrombosis (UEDVT) represents an increasingly important 

clinical disease with the potential for considerable morbidity due to recurrent venous 

thromboembolism and the development of post-thrombotic syndrome (1;2). UEDVT involves 

one or more venous territories between the brachial, axillary, subclavian, and jugular veins. It 

is estimated that UEDVT currently accounts for up to 10% of all cases of deep vein thrombosis 

(DVT), with an incidence in the general population of approximately three per 100,000 

persons per year (1). The incidence of UEDVT has risen over the past several decades as an 

effect of the increasing use of central venous catheters for chemotherapy, bone marrow 

transplantation, dialysis, and parenteral nutrition (3). Nevertheless, in about one third of 

patients UEDVT occurs in the absence of evident predisposing factors (i.e. primary UEDVT). 

As for DVT of the lower extremity, several tests including clinical rules, D-dimer 

and imaging tests are available for the diagnostic work-up of UEDVT (4-6). Magnetic 

resonance imaging, rheography, and plethysmography have been poorly evaluated and 

are not commonly used in routine clinical practice (5). Venography is still considered as 

the reference standard for the diagnosis of UEDVT although it is an invasive test that is 

often difficult to perform, not always or not broadly available, and requires the use of 

ionising radiation which may induce allergic reactions. These limitations have prompted 

many centres around the world to adopt ultrasonography (US) as the sole diagnostic test 

to confirm or exclude the presence of UEDVT. US can nonetheless be difficult to perform 

because of the clavicle, which hinders and limits the possibility to image and to compress 

the middle part of the subclavian vein, potentially resulting in false negative results. In 

general, the accuracy of US for clinically suspected UEDVT is still unclear (1;7-9). To be 

considered as an adequate alternative, US would need to have a sensitivity and specificity 

of around 95% as for symptomatic lower limb DVT (10). 

US for the diagnosis of UEDVT embraces several methods including compression US 

and Doppler US, used alone or in combination (11). B-mode (grey scale) imaging with 

or without the addition of colour permits the visualization of the venous vessels, while 

their patency is verified by means of compression or pulsed-wave Doppler, or both. 

Compression US assesses the presence or absence of vein compressibility; Doppler US 

evaluates the characteristics of venous flow including the phasicity, pulsatility, and variation 

with physiologic manoeuvres. In clinical practice these tests are often used in combination.

The diagnostic accuracy of US for suspected UEDVT has been summarized in a number 

of narrative reviews (1;7;8) and it was recently evaluated by Mustafa and colleagues who 

attempted a more quantitative evaluation (9). Although well performed, the systematic 

review by Mustafa and colleagues was based on a search strategy limited to the MEDLINE 

electronic database. In our recent systematic review summarising the evidence on all 

available diagnostic tests for UEDVT, space constraints prohibited a comprehensive 

evaluation of sources of heterogeneity (5). 
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Therefore, the objective of the present Cochrane review is to determine the sensitivity and 

specificity of US for the diagnosis of UEDVT, verified by venography, in patients with clinically 

suspected UEDVT. Furthermore, we investigated how test accuracy varies with patient group, 

prevalence, and methodological criteria related to the verification of disease status.

 |METHODS 

Criteria for considering studies for this review 

Studies evaluating the diagnostic accuracy of US in patients with clinically suspected UEDVT 

were eligible as long as the index test results were verified by venography. Prospective and 

retrospective cohorts and nested case-control designs were eligible. We excluded reports 

of studies if, after contacting authors for more information, we could not extract the data 

to calculate a 2x2 table for symptomatic UEDVT. Case reports and other types of case-

control studies were not eligible.

Participants 

Studies including inpatients and outpatients with clinically suspected acute UEDVT were 

eligible. Signs and symptoms of UEDVT include swelling, pain and functional impairment, 

erythema, a heavy and hot limb, and new visible veins at the shoulder girdle. If a study 

included both clinically symptomatic and asymptomatic participants, we excluded the 

report if data could not be obtained from the report or the authors to calculate 2x2 tables 

for symptomatic UEDVT.

Ultrasonography techniques 

Index tests included for the present analyses include: compression US (B-mode imaging 

and compression technique), Doppler US (B-mode imaging and Doppler technique) and 

Doppler US with compression. We recorded whether colour was added to the B-mode 

imaging and, where available, information about the variability between operators.

The preferred reference standard was venography, which had to be applied in all or 

some of the patients. Studies using alternative reference standards, such as magnetic 

resonance imaging and (spiral) computed tomography or clinical follow up, in a fraction 

of the patients, were only considered if at least a sample of the patients was verified by 

venography. The influence of the differential verification on heterogeneity was evaluated. 

Search methods and data extraction 

We searched MEDLINE and EMBASE databases through the Ovid platform (from inception 

up to March 2012) to identify studies reporting on the diagnostic accuracy of US for the 

diagnosis of clinically suspected UEDVT. No language restrictions were applied. The search 

terms are presented in the Appendix.

Furthermore, Science Citation Index was used to retrieve reports citing the relevant 

articles identified from our MEDLINE and EMBASE searches, and relevant studies were 
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entered into PubMed. Subsequently, the Related Articles feature was used as suggested 

by Sampson and colleagues (12). In addition, we manually screened reference lists of all 

included studies and related reviews to identify additional potentially eligible studies.

Two review authors independently assessed eligible articles for inclusion from the 

titles and abstracts obtained in the initial search. Any disagreement was resolved through 

discussion or by involvement of a third review author. If multiple reports described the 

same study, we considered all reports to derive suitable diagnostic data for the analyses.

Two review authors independently extracted study characteristics using predefined, 

piloted data-extraction forms. Any disagreement was resolved by consensus and, if 

necessary, by involving a third review author. No attempts were made to mask for 

authorship, journal name, or institution. We extracted information on: author, year of 

publication, and journal; study design (cohort or nested case-control); timing of data 

collection (prospective, retrospective); setting (inpatients, outpatients); study population 

(age, gender, presence of oncologic conditions or central venous lines); type of reference 

standard; US method; QUADAS-items; and data for the 2x2 table. If 2x2 tables could not be 

constructed, we contacted the authors for additional data.

Study quality

Two review authors independently assessed study quality using a shortened version of 

the QUADAS-list, with each item scored as ‘Yes’, ‘No’, or ‘Unclear’ (13). We refer to the 

original QUADAS publication and the STARD statement for detailed explanations of the 

potentially biasing effects of suboptimal design characteristics (13;14). We omitted three 

reporting items from the QUADAS list; addressing the description of the index test, 

reference standard and selection criteria, as recommended by the Cochrane Handbook 

for Diagnostic Test Accuracy Reviews (http://srdta.cochrane.org/). These three items were 

assessed, however, and embedded in the ‘Characteristics of included studies’ table. Results 

were presented in the text, in a quality graph, and in an ‘assessment of methodological 

quality’ table. Some of the QUADAS items were used in the exploration of heterogeneity, 

as described in the section ‘Investigations of heterogeneity’. The items of the shortened 

QUADAS tool and how they were dealt with, are presented below. 

We considered the participant spectrum to be representative when patients were 

consecutively or randomly selected and if the percentages of patients with cancer or 

central venous lines were between 35% and 55% (7). We scored ‘No’ if patient selection was 

not consecutive and not random, or if the proportion was out of the specified range. We 

classified this item as ‘Unclear’ if any of these characteristics were not reported.

We considered the reference standard acceptable if venography was applied in 

all patients and the test technology, execution, and interpretation matched current 

standards. We scored ‘No’ if venography was applied to only a proportion or if the test 

technology, execution, and interpretation were outdated. We scored ‘Unclear’ if the 

verification scheme was not reported in sufficient detail to allow a judgement.
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The reliability of the diagnostic accuracy estimates of US is higher when the time delay 

between the US and the final diagnosis is kept reasonably short, to avoid changes in disease 

status either induced by natural progression or by the start of anticoagulant treatment. We 

judged a time interval of maximally 24 hours between US and venography as acceptable.

Partial verification occurs when some participants receive no reference standard at 

all. Partial verification and withdrawals are difficult to disentangle in some diagnostic test 

accuracy studies. Some argue that partial verification is design based, driven by the risk 

profile or other test results of patients. We used a broader definition where incomplete 

verification could be a consequence of the study design, the patient’s or physician’s 

choice, or other events such as unavailability of imaging equipment. Any ‘withdrawal’ 

after the application of the index test (US) was counted here, regardless of the reasons 

for withdrawal. We scored ‘Yes’ if the reference standard was applied in at least 90% of 

the patients. Although arbitrary, a cut-off of 10% is typically used in reviews or meta-

epidemiologic designs of diagnostic test accuracy studies (15-17). We scored ‘Unclear’ if 

the percentage was not reported and could not be derived from the report.

Differential verification occurs when the diagnosis is made in all participants but by 

using different reference standards. We scored ‘Yes’ if venography was applied in at least 

90% of the patients receiving US. A cut-off of 10% to classify the potential biasing effect 

of differential verification is typically used in reviews of diagnostic test accuracy studies 

(15-17). We scored the item as ‘Unclear’ if the percentage was not reported and could not 

be derived from the report. 

Concerning the item ‘incorporation avoided’, we scored ‘Yes’ if ultrasonographic 

testing was not a prerequisite for diagnosing UEDVT. We scored ‘Unclear’ if it was not 

clearly described and ‘No’ if authors explicitly stated that US results were used to make the 

final diagnosis of UEDVT.

Blinding of the index test for reference test results and vice versa was scored ‘Yes’ 

if the authors explicitly stated that the assessment of US was blinded for the reference 

test results, and vice-versa. If authors unambiguously described that one test was always 

undertaken before the other, we scored ‘Yes’ for that test. We scored ‘Unclear’ if blinding 

was not reported and the sequence of testing was either mixed, random, or not reported. 

We scored ‘No’ if authors explicitly described an open verification procedure.

Clinical information provided to the researchers should be scored ‘Yes’ if the same 

clinical data are available when test results are interpreted. Reports typically lack detailed 

descriptions of the clinical information provided while interpreting test results. We 

have therefore chosen a pragmatic solution and we scored ‘Yes’ if the authors explicitly 

mentioned that clinical information was given or if they state that the study was non-

blinded for clinical information.

Uninterpretable or indeterminate results are those where the authors report that the 

index test result does not allow them to conclude with certainty about the presence or 

absence of the target condition, results are neither positive nor negative. We scored ‘Yes’ 

120



Accuracy of ultrasonography in suspected UEDVT

9

if authors reported any US result that was uninterpretable or indeterminate, or if it was 

clear that there were no uninterpretable or indeterminate results. Although the QUADAS 

background document states that this item refers to the results of the index test only, 

we also assessed if any uninterpretable or indeterminate results of the reference standard 

occurred. We added this information, when present, to the methodological quality table, 

but it did not influence our classification of ‘Yes’, ‘No’, or ‘Unclear’.

We defined withdrawal as any patient formally included in the study who, for any 

reason, did not receive US. In addition, patients who received both US and reference 

standard, but were withdrawn from the 2x2 table, were considered as withdrawals. We 

scored ‘Yes’ if withdrawals were clearly described or if the report explicitly mentioned that 

no withdrawals occurred. We scored ‘No’ if the number of patients recruited did not match 

with the number of patients contributing to the 2 x 2 table and no explanation was given. 

We scored ‘Unclear’ if the number of patients initially recruited at the start of the study was 

insufficiently described.

Statistical analysis and data synthesis 

We included only studies reporting sufficient data for the construction of a 2x2 table. 

The data in the 2x2 tables were used to calculate sensitivity and specificity for each study. 

We present individual study results graphically by plotting the estimates of sensitivity 

and specificity (and their 95% confidence intervals (CI)) in forest plots and, if thought 

illustrative, in the receiver operating characteristic (ROC) space (RevMan 5 software; 

Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen). RevMan 5 software 

was also used to construct methodological quality summary graphs. We used a bivariate 

random-effects approach to obtain summary estimates of the pairs of sensitivity and 

specificity and to construct a summary ROC curve (18). Our main analysis was a bivariate 

model with a covariate indicating the type of ultrasound (Doppler US versus Doppler with 

compression US or versus compression US). ‘Bivariate models’ was performed with the 

xtmelogit module in STATA statistical software, version 12.1 (StataCorp, College Station, 

Texas). P-values below 0.05 were considered to indicate statistical significance.

Heterogeneity was investigated stratified per type of US method. We explored several 

other possible sources of heterogeneity related to spectrum and design characteristics. 

The investigation of heterogeneity was performed through visual examination of both 

the ROC plot of raw data and the forest plots of sensitivities and specificities. We formally 

explored sources of variation in bivariate models, by adding covariates indicating patient 

or design features. This enabled us to explore whether, on average, studies that differ 

with respect to these features resulted in different estimates of diagnostic accuracy. The 

main sources of heterogeneity are likely to be related to differences in verification tests 

and the existence of clinical subgroups (spectrum effects). We anticipated inclusion of 

a low number of studies, thus we restricted our exploration of heterogeneity to these 

potential sources of variation. Our hypothesis was that studies using venography as the 
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sole reference standard result in different estimates of sensitivity and specificity compared 

with studies using venography in a (selected) subset of patients and other tests such as 

magnetic resonance imaging, (spiral) computed tomography or clinical follow up in the 

remainder (differential verification). Similarly, we expected that studies using complete 

verification versus incomplete (partial) verification resulted in different estimates of 

accuracy. The evaluation of possible effects of clinical subgroups was analysed according 

to risk groups and the prevalence of UEDVT. We first classified studies into those reporting 

predominant inclusion of patients at high risk of UEDVT (that is patients with cancer, 

central venous catheters, or coagulation defects) versus studies reporting other sampling 

methods. Second, we classified the studies into high prevalence versus typical or low 

prevalence studies. The prevalence typically seen in an unselected cohort of symptomatic 

patients suspected of UEDVT is as high as 50% (7). We defined a prevalence of up to 40% 

as low, between 40% and 60% as typical, and above 60% as high.

We planned one sensitivity analysis, which was to restrict the analysis to studies that 

used venography as the reference standard in all patients.

Deeks and colleagues have shown that the tools available for evaluating publication 

bias in intervention studies do not work as good for test accuracy studies (19) and the 

common tests, based on the standard error of the estimated odds, give misleading results. 

Deeks 2005 suggested the use of an effective sample size plot to detect publication bias, 

but acknowledged that the corresponding tests of asymmetry lack power in situations 

where, for example, sample variability is present. In addition, Leeflang and colleagues 

concluded that tests for publication bias are typically not useful (15). Therefore we did 

not plan to use funnel plots to evaluate the impact of publication bias or other biases 

associated with small studies.

 |RESULTS

Search strategy

The search strategy yielded 1053 studies, 25 were eligible based on the title/abstract. Nine 

studies were included (20-28) and sixteen excluded for the following reasons: 2x2 table 

could not be reproduced (29-31), not a diagnostic accuracy design (32-34), reviews, case-

reports, or editorial (35-39); more than one of the above (40;41). 

Methodological quality 

The spectrum was considered to be representative in 1 study (11%, Figure 1; Figure 2). 

One article reported inclusion to be consecutive but omitted the percentage of patients 

with cancer or central venous lines (27). Venography was applied in 7 studies (78%) as the 

sole reference standard, avoiding the risk of differential verification bias, and in 5 (55%) 

it was applied in all patients, avoiding the risk of partial verification bias. The existence 

of uninterpretable or intermediate results and withdrawals were explained in only 2 
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studies (22%). The proportion of differential and partial verification, withdrawals and 

uninterpretable results are given in the appendix. Only two studies fulfilled all quality 

criteria and were considered to be at low risk of bias (20;26). 

Findings 

Nine studies (687 patients) evaluated in total 13 test comparisons, including Doppler US in 

6 studies (258 patients) (20-22;25-27), compression US in 2 studies (157 patients) (20;26), 

and Doppler with compression US in 5 studies (272 patients) (20;23;24;26;28). UEDVT was 

diagnosed in 301 patients for an overall prevalence of 44%.

The bi-variate random effects approach resulted in summary estimates of sensitivity and 

specificity of 86.8 (95%CI 74.2 to 93.8) and 93.8 (95%CI 78.7 to 98.4) for Doppler US, 87.0 

(95%CI 71.2 to 94.8) and 98.3 (95%CI 91.7 to 99.7) for compression US, 93.4 (95%CI 84.7 to 97.3) 

and 95.6 (95%CI 83.8 to 98.9) for Doppler with compression US. The overall sensitivity and 

specificity of US were respectively 89.7 (80.2 to 94.9) and 94.9 (84.4 to 98.4). Investigation 

of heterogeneity showed that these estimates were significantly affected by the type of US 

method (p=0.021) as well as the prevalence of UEDVT (p= 0.0037), but not by differential 

and partial verification (Table 1). Although the model including a covariate for the type of 

US fitted the data better than a model without (P-value from Likelihood-ratio test = 0.021), 

no statistically significant differences between estimates of sensitivity and specificity of the 

Table 1. Summary of results  

Variable

Studies/ 
comparisons

n

Patients /
cases

n/n
Sensitivity
% (95% CI)

Specificity
% (95% CI) P

All studies 9 / 13 687 / 301 89.7 (80.2 to94.9) 94.9 (84.4 to98.4)

Type of Ultrasound 0.021
Doppler US 6 / 6 258 / 114 86.8 (74.2 to 93.8) 93.8 (78.7 to98.4)
Compression US 2 / 2 157 / 71 87.0 (71.2 to 94.8) 98.3 (91.7 to 99.7)
Doppler US with compression 5 / 5 272 / 116 93.4 (84.7 to 97.3) 95.6 (83.8 to 98.9)

UEDVT Prevalence 0.0037
Typical prevalence 5 / 8 461 / 212 88.4 (72.4 to 95.7) 87.1 (80.9 to 91.6 )
Low prevalence 3 / 3 192 / 61 92.0 (76.3 to 97.6) 99.2 (94.7 to 99.9)
High prevalence 2 / 2 34 / 28 86.1 (59.2 to 96.4) 66.6 (26.7 to 91.6)

Reference standard 0.2044
All venography 7 / 11 548 / 250 85.4 (74.2 to 92.2) 93.2 (77.6 to 98.2)
Differential verification 2 / 2 139 / 51 96.6 (83.8 to 99.4) 97.3 (79.7 to 99.7)

Type of verification 0.1646
Complete 5 / 9 518 / 228 85.1 (72.0 to 92.7) 92.8 (76.5 to 98.0)
Incomplete (partial) 3 / 3 48 / 32 95.1 (77.7 to 99.1) 82.2 (50.1 to 95.5)
Unclear 1 / 1 121 / 41 95.5 (77.8 to 99.2) 98.9 (89.1 to 99.9)

* P-values have been derived by comparing a model with and without the respective design feature, 
assuming equal variances (LR test)
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Figure 1. Methodological quality. Judgement about each methodolocial quality item presented as 
percentages across all included studies.

Figure 2. Methodological quality summary. Per included study, judgement about the methodological quality.

three US techniques could be detected (Table 2; summary relative sensitivity and specificity 

of compression US versus Doppler US p=0.965 and p=0.171; summary relative sensitivity 

and specificity for Doppler with compression US versus Doppler US p=0.118 and p=0.447, 

respectively). Two studies directly compared the three US methods in the same set of 
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patients (20;26). While the relative small size of the studies precluded a significant statistical 

comparison of the tests within each study, visual inspection of the forest plots suggested 

that no US method performed consistently better than the others. The estimates of both 

sensitivity and specificity had broad confidence intervals and varied largely between the 

two studies. As an example, Doppler with compression US had a sensitivity of 100% in the 

study of Prandoni 1997, and only 82% in the study of Baarslag 2002 with the lower limit of the 

95%CI as low as 67%. The corresponding estimates for specificity were 93% and 82% with 

lower limits of the 95%CI below 70% in both studies.

The model including a covariate for the prevalence of UEDVT fitted the data better than 

a model without (Table 1; p-value from Likelihood-ratio test: 0.0037). The summary relative 

specificity in studies with a low UEDVT prevalence (<35%) were significantly higher (logit 

relative specificity 0.13; 0.07 to 0.19) compared to studies with typical prevalence (between 

40% and 60%). The sensitivity did not differ between studies with low or high prevalence 

versus those with typical prevalence (Table 2). Partial verification had no significant effect on 

test accuracy estimates. Studies using different reference standards to verify the diagnosis 

of UEDVT (differential verification) appeared to have a higher US sensitivity compared to 

studies using venography as the sole reference standard (logit relative sensitivity 0.12; 0.01 

to 0.24), with no significant influence on specificity. In sensitivity analyses where only the 

studies that used venography as the reference standard in all patients were included, the 

sensitivity and specificity of US were respectively 85.4 (74.2 to 92.2) and 93.2 (77.6 to 98.2).

Figure 3. Summary receiver operating curve plots. Doppler with compression (squares), Doppler 
ultrasonography (triangles) and compression ultrasonography (circles). 
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 |DISCUSSION 

Summary of main results 

While the accuracy of US has been largely established for clinically suspected DVT of the 

lower limbs, the accuracy of the method relative to venography in clinically suspected 

UEDVT remains inconclusive. In the current review, the overall sensitivity of US was 

89.7% and the specificity 94.9%, but confidence intervals were wide, and between study 

heterogeneity was large. No statistically different estimates were observed between 

Doppler US, compression US, and Doppler with compression US. 

The lower limit of the confidence interval for sensitivity was as low as 80.2% implying 

that up to 20% of UEDVT could be missed by US, potentially posing patients at risk of 

developing (fatal) pulmonary embolism. Similarly, the percentage of false positive results 

was as high as 15%, which would expose these patients to unnecessary anticoagulant 

treatment. In the exploration of between study differences, we found that the specificity 

of the test varied with the prevalence of the disease. Specificity appeared significantly 

worse in studies including patients with a prevalence of UEDVT above 35%. In the pre-

specified subgroup with a high prevalence of UEDVT, which could include patients with 

cancer carrying central venous catheters, the specificity was 66.6% with a lower bound as 

low as 26.7%, which would translate into an unacceptably high rate of false positive results. 

Although these data would suggest that positive US findings prompt further testing with 

Table 2. The optimal design feature is set as the reference category (*), to which the other features are 
compared. For the type of ultrasound, Doppler US was set as reference category, to enable the most 
relevant comparisons. P-values refer to the relative sensitivities and specificities (logit scale), where a 
significant P-value indicates that the summary estimate of studies with a suboptimal design feature is 
significantly different from the reference category. 

Variable
Logit relative sensitivity 

(95%CI) P-value Logit relative specificity P-value

Type of Ultrasound
Doppler US Ref Cat* -  Ref Cat -
Compression US 0.00 (-0.10 to 0.10) 0.965 0.05 (-0.02 to 0.11) 0.171
Doppler US with compression 0.07 (-0.02 to 0.16) 0.118 0.02 (-0.03 to 0.07) 0.447

UEDVT Prevalence
Typical prevalence Ref Cat - Ref Cat -
Low prevalence 0.04 (-0.12 to 0.19) 0.619 0.13 (0.07 to 0.19) 0.000
High prevalence -0.03 (-0.26 to 0.21) 0.825 -0.27 (-0.84 to 0.30) 0.356

Reference standard
All venography Ref Cat - Ref Cat -
Differential verification 0.12 (0.01 to 0.24) 0.039 0.04 (-0.07 to 0.15) 0.448

Type of verification
Complete    Ref Cat - Ref Cat -
Incomplete (partial) 0.11 (-0.02 to 0.25) 0.111 0.12 (-0.39 to 0.15) 0.384
Unclear 0.11 (-0.03 to 0.26) 0.114 0.06 (-0.03 to 0.16) 0.205

126



Accuracy of ultrasonography in suspected UEDVT

9

either repeat US or venography, any such interpretation is hampered by the uncertainty 

around the estimate and the broad confidence intervals around it. 

In general, our summary estimates appear comparable to those on US for lower 

limb DVT where the specificity is around 94% whereas sensitivity is 89%, 97%, 73% for 

overall, proximal, and distal lower DVT, respectively (10;20), but the evidence they rely 

upon is not as strong and convincing. Several studies have demonstrated the accuracy 

of US in the diagnosis of DVT of the lower extremities which has led many centres 

worldwide to replace venography with US (10). By extension of these findings, physician 

often prescribe US to confirm or exclude UEDVT. However, the interpretation of US 

may be more challenging in the upper extremities where anatomical constrains do not 

allow to image and compress adequately few segments of the vein as the middle part 

of the subclavian vein hindered by the clavicle, potentially resulting in false negative 

results. The diagnostic accuracy of US for suspected UEDVT has been the object of a 

number of reviews which, however, lacked a systematic assessment of the literature, 

did not systematically check the effect of sources of bias on the diagnostic accuracy 

indexes (1;7-9), and did not attempt a more quantitative evaluation (1;7;8). In a recent 

systematic review, we summarised the available evidence on the accuracy of the US for 

clinically suspected UEDVT (5), but we did not explore the influence of study design 

characteristics on the accuracy estimates due to space constrains.

Strengths and weaknesses of the review 

The main weakness of this review is the uncertainty around the estimates and the size of 

the estimates which was due to the small number of studies with relatively few patients. 

For instance, visual inspection of the summary ROC suggested that Doppler with 

compression US was superior to Doppler US in terms of sensitivity or specificity, although 

these differences were not statistically significant. Latter finding may thus be related to the 

relative low power of the analysis or due to the absence of a true difference. Another major 

limitation in the interpretation of the findings was that most of the studies presented 

significant methodological shortcomings which further reduced the confidence in the 

estimates. An attempt was done to assess the influence of possible sources of bias such 

as partial or differential verification on the summary estimates, although this was again 

hampered by the low number of studies. For some studies, 2x2 tables were not based on 

patient level, but on the number of arms examined. We did not account for such correlation 

in the data nor corrected for the number of patients analysed, which may have artificially 

inflated the power of the analysis.

Applicability of findings to clinical practice and policy 

When evaluating a patient with suspected UEDVT, physicians should be aware of the 

relative scarce evidence regarding the accuracy of US in this setting, and consider the 

possibility of further testing by venography in cases that remain doubtful after US. 
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Conclusions

Doppler with compression US may be an acceptable alternative to venography, but this needs to 

be confirmed in adequately designed studies. The potential adverse events and the non feasibility 

of venography in approximately 20% of patients due to renal dysfunction, poor vascular access, 

or contrast allergies, should be taken into consideration. In the absence of large accuracy or 

management studies which could clarify whether the benefits gained from the exclusive use of 

venography would justify the associated risks, it seems reasonable not to suggest venography 

for all patients with clinically suspected UEDVT, but to limit its use to the clinical situations where 

there is a concern for false positive or false negative ultrasound results (5). 

Implications for research

Future studies should focus on direct comparisons between the US methods in adequately 

powered studies, or should evaluate the effective implementation of US in the clinical 

routine in terms of patient relevant outcomes. In addition, questions remain regarding the 

use of a single test versus serial US, the combination of US with pre-test clinically probability 

and/or D-dimer test within diagnostic algorithms, and the accuracy of US in patient groups 

at different prevalence of UEDVT. A large prospective study evaluating the safety and 

feasibility of a diagnostic algorithm including pre-test clinical probability, D-dimer test 

and (serial) US in patients with clinically suspected UEDVT is completing follow-up and the 

results are eagerly awaited by 2013 (ClinicalTrials.gov Identifier: NCT01324037).
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 | SUPPLEMENTARY INFORMATION: SEARCH STRATEGY

Medline

Search terms for upper extremity DVT

1. venous thrombosis/

2. vein$ thrombo$.tw.

3. (deep adj2 thrombo$).tw

4. venous thrombo$.tw.

5. upper extremity/

6. arm/

7. arm$1.tw

8. forearm/

9. upper limb$.tw.

10. upper extremit$.tw.

11. axilla/

12. axillary vein/

13. subclavian vein/

14. (axillary or subclavian).tw.

Search terms for ultrasonography

15. ultrasonography/

16. ultrasonography, Doppler/

17. ultrasonography, Doppler, color/

18. ultrasonography, Doppler, duplex/

19. ultrasonography, Doppler, pulsed/

20. (ultrasonography or ultrasound).tw

21. ultrasonic imaging.tw

Combining terms

22. animal/

23. animal/ and human/

24. 22 not 23

25. or/1-14

26. or/15-21

27. and/25-26

28. 27 not 24

29. remove duplicates from 28

The “/” refers to MeSH, medical subject headings, and (tw) to text word in the title or abstract; 

the $ is a truncation character which allows all possible suffix variations of the root word.
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Embase

Search terms for upper extremity DVT

1. vein thrombosis/

2. vein$ thrombo$.tw

3. (deep adj2 thrombo$).tw

4. venous thrombo$.tw

5. Deep vein  thrombosis/

6. arm/

7. arm$1.tw

8. upper limb$.tw

9. upper extremit$.tw

10. forearm/

11. axilla/

12. axillary vein/

13. subclavian vein/

14. (axillary or subclavian).tw

Search terms for ultrasonography

15. ecography/

16. Doppler echography/

17. gray scale echography/

18. real time echography/

19. Doppler flowmetry/

20. color ultrasound flowmetry/

21. ultrasonogr$.tw

22. ultrasonic imaging.tw

23. ultrasound.tw

Combining terms

24. animal/

25. animal/ and human/

26. 24 not 25

27. or/1-14

28. or/15-23

29. and/27-28

30. 29 not 26

31. remove duplicates from 30

The “/” refers to EMTREE, medical subject headings, and (tw) to text word in the title or abstract; 

the $ is a truncation character which allows all possible suffix variations of the root word.
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 |ABSTRACT

Background

Although well-established for suspected lower limb deep vein thrombosis (DVT), the use 

of an algorithm combining a clinical decision score, D-dimer and ultrasonography has not 

been evaluated in suspected upper extremity DVT (UEDVT). 

Objective

To assess the feasibility and safety of a new diagnostic algorithm in patients with clinically 

suspected UEDVT. 

Design

Diagnostic management study. 

Setting

16 different hospitals in Europe and the United States.

Patients

406 in- and -outpatients with suspected UEDVT 

Measurements

The algorithm consisted of the sequential application of the Constans’ clinical decision 

score, D-dimer testing and ultrasonography. Patients were first categorized as UEDVT 

likely or unlikely and in those with an unlikely score and a normal D-dimer, UEDVT was 

excluded. All other patients underwent (repeated) compression ultrasonography. The 

primary outcome was the three-month incidence of symptomatic UEDVT and pulmonary 

embolism in patients with a normal diagnostic work-up. 

Results

The algorithm was feasible and completed in 390 of the 406 patients, i.e. 96%. In 87 (21%) 

patients an unlikely score combined with a normal D-dimer excluded UEDVT. In 103 (25%) 

and 54 (13%) patients a diagnosis of UEDVT or superficial vein thrombosis was made, 

respectively. Of the 249 patients with a normal diagnostic work-up, one developed UEDVT 

during follow-up for an overall failure rate of 0.40% (95%CI: 0.0-2.2%). 

Limitations

This study was not powered to show the safety of the various sub-strategies. Furthermore, 

D-dimer measurement was performed locally. 

Conclusions

The combination of a clinical decision score, D-dimer and ultrasonography can safely 

and effectively exclude venous thrombosis of the upper extremity. If confirmed by other 

studies, this algorithm has potential as standard approach to suspected UEDVT. 
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 | INTRODUCTION

Venous thromboembolism affects approximately two to three per 1000 persons each 

year (1,2). Traditionally, most attention has been drawn to the correct diagnosis of deep 

vein thrombosis (DVT) of the leg and pulmonary embolism (3-6). Because of the more 

widespread use of central venous catheters, the incidence of clinically suspected upper 

extremity deep vein thrombosis (UEDVT) is increasing (7). In addition, the complication 

rate of UEDVT is higher than previously appreciated; in particular pulmonary embolism 

may be present in 10-25% of these patients (8-10). 

The reference standard for the diagnosis of UEDVT is contrast venography which is an invasive 

test, requiring the use of ionizing radiation. Ultrasonography has several potential advantages 

such as being non-invasive, it can be repeated easily, and allows the evaluation of the deep as well 

as the superficial venous system. While in many hospitals ultrasonography has in fact replaced 

venography for clinically suspected UEDVT, the diagnostic accuracy of ultrasonography is still 

unclear, as confirmed in a recent systematic review in a total of 346 patients (11). 

Correctly confirming the presence of UEDVT is important in view of the risk of 

pulmonary embolism, prevention of the post-thrombotic syndrome, as well as avoiding 

unnecessary exposure to anticoagulants. At present, a diagnostic algorithm combining 

clinical probability assessment, D-dimer testing and ultrasonography is widely used and 

well validated in suspected DVT of the leg (4,12). Of all patients presenting with suspected 

UEDVT, the diagnosis can be confirmed in approx. 30% (13). Therefore, effective and simple 

tools for confirming or refuting the diagnosis are needed. 

Recently, Constans and colleagues developed and validated a clinical decision score 

based on four items (Table 1). When dividing the patients into low, medium and high clinical 

probability, they reported an incidence of UEDVT of 12%, 20% and 70%, respectively (13). In 

patients with suspected UEDVT, D-dimer measurement has only been tested in a series of 

52 consecutive patients (14). 

A combined diagnostic algorithm would be clinically attractive. In the present study 

we therefore prospectively evaluated the safety and feasibility of an algorithm using 

the Constans’ clinical decision score, followed by D-dimer and if indicated compression 

ultrasonography. Furthermore, we assessed the prevalence of deep and superficial vein 

thrombosis in these patients presenting with suspected UEDVT. 

 |METHODS 

Patients 

In- and -outpatients with suspected UEDVT were potentially eligible for this study. Patients 

were recruited between January 2010 and June 2012 in 16 different hospitals in six European 

countries and the United States. Pre-defined exclusion criteria were: use of anticoagulants in 

therapeutic dosages longer than 24 hours before inclusion, prior UEDVT in the same arm, a life 
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expectancy of less than three months, hemodynamic instability, age younger than 18 years and 

previous participation in the study. The institutional review boards of all hospitals approved the 

study protocol and written informed consent was obtained from all participants. 

Study design and outcome measures

This was a prospective management study evaluating a new diagnostic algorithm for 

clinically suspected UEDVT. The algorithm consisted of the sequential application of 

the Constans’ clinical decision score (Table 1), D-dimer testing, ultrasonography, and if 

indicated repeated ultrasonography (Figure 1). All patients were followed up for three 

months to document the occurrence of symptomatic UEDVT or pulmonary embolism. In 

addition, patients were instructed to contact the general practitioner or the emergency 

department in case of worsening complaints. In case of death during follow-up the cause 

of death was ascertained if available by autopsy, otherwise by interviewing the treating 

physician. All suspected events were adjudicated by an independent committee whose 

members were unaware of the patient’s allocation within the diagnostic algorithm. 

Table 1. Constans’ clinical decision score

Item Count

Venous material present (central venous catheter or pacemaker thread) 1
Localized pain 1
Unilateral edema 1
Other diagnosis at least as plausible -1
Probability for UEDVT If ≤ 1 : unlikely 

If  ≥ 2: likely 

The primary outcome was the cumulative three-month incidence of objectively 

confirmed symptomatic UEDVT and pulmonary embolism in patients with an initial work-up 

excluding deep and superficial vein thrombosis of the upper extremity. Pulmonary embolism 

was defined as a (new) intraluminal filling defect in subsegmental or more proximal branches 

on spiral CT scan, or as a new intraluminal filling defect or an extension of an existing defect 

more than 2.5 mm in diameter on the pulmonary angiogram, or a new perfusion defect of 

at least 75% in a segment with normal ventilation on ventilation perfusion lung scintigraphy.  

The main study question was to establish the safety of withholding anticoagulants in 

patients with a negative work-up based on the overall diagnostic strategy. Additionally, the 

safety of withholding anticoagulants was evaluated in the following subgroups of patients 

with suspected UEDVT: 

1. patients with an unlikely score and normal D-dimer 

2. patients with an unlikely score and a normal ultrasonography

3. patients with a likely score and a normal ultrasonography, or a likely score plus 

abnormal D-dimer and a normal repeated ultrasonography 
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Clinical decision rule and D-dimer

First, physicians evaluated all patients by the clinical decision score of Constans and 

colleagues (13). We chose to dichotomize the score in a category ‘UEDVT unlikely’ with 

a score of one or less, and ‘UEDVT likely’ with a score of two or three, thereby taking the 

low and intermediate probability groups together. This dichotomization simplified the 

diagnostic algorithm, whereas it allows the classification of about 50% of the patients in 

the unlikely category, similar to the proportion of suspected leg DVT patients with an 

unlikely Wells’ score (15). 

In patients with an unlikely score, D-dimer was measured using the locally available 

D-dimer method, which could be either a quantitative latex assay or an ELISA method. In 

patients with an unlikely score and a normal D-dimer, ultrasonography was not performed 

and anticoagulant treatment was withheld (Figure 1). Patients with a likely score or an 

unlikely score in combination with an abnormal D-dimer underwent ultrasonography. 

Ultrasonography 

All examinations were performed by skilled ultrasonographers. UEDVT was confirmed in 

case of non-compressibility or evidence of thrombus material within the brachial, axillary, 

subclavian, brachiocephalic or internal jugular vein. In the absence of thrombus in the deep 

veins, the examination was extended to the superficial vein system. Superficial venous 

thrombosis (SVT) was confirmed in presence of non-compressibility of the cephalic, 

basilic, median antebrachial, median antecubital or accessory cephalic veins. 

In case of technical problems or anatomical barriers that hampered appropriate 

visualization of (part of) the deep veins, the ultrasound result was considered 

indeterminate and repeated after three to five days. If again indeterminate, venography or 

CT-venography was mandatory. In case of a good interpretable ultrasound result without 

evidence of UEDVT or SVT in a patient with an abnormal D-dimer and likely score, the 

ultrasonography was repeated after three to five days. 

Statistical analysis

A failure was defined as symptomatic and objectively confirmed UEDVT or pulmonary 

embolism within three months, after the initial work-up had excluded the presence of 

deep and superficial vein thrombosis. The failure rate of the diagnostic algorithm with its 

two-sided 95% confidence intervals (CI) was calculated (16). The upper limit of the 95% CI 

was set at a maximum of 3%, which is a commonly accepted margin to conclude about the 

safety of a diagnostic strategy (17). With an anticipated failure rate of 1%, it was calculated 

that a sample size of 400 patients would have allowed to detect a difference between the 

null hypothesis of 3% failures and the alternative proportion of 1% failures with a power of 

90% and a significance level of 5%. We calculated failure rates and 95% CI’s also for parts of 

the strategy. Descriptive parameters were calculated using SPSS software, version 16 (SPSS 

Inc, Chicago, Ill). The T-test was used for comparisons if appropriate and the border for 
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statistical significance was set at P< 0.05. This study was registered in the international trial 

register of clinical trials.gov (NCT01324037). 

Funding

No external funding sources were involved in this study. 

 |RESULTS 

Study patients

A total of 460 patients with suspected UEDVT were eligible, of whom 22 patients refused 

informed consent and 32 patients were excluded because of pre-defined exclusion criteria, 

including anticoagulant treatment for more than 24 hours (16 patients), previous UEDVT 

(6 patients) and a life-expectancy of less than 3 months (6 patients). Therefore, the study 

population consisted of 406 patients (Table 2). 

Excluding UEDVT based on an unlikely score, combined with a normal D-dimer or 
a normal ultrasound

Of the 406 patients included 203 (50%) had a clinical decision score (score) indicating 

UEDVT unlikely and therefore D-dimer was measured (Figure 2). This was omitted in three 

patients who underwent compression ultrasonography right away, constituting a protocol 

violation. One of these patients had UEDVT and the other two had no thrombosis.  

A normal D-dimer test was found in 87 of the remaining 200 patients, and in these patients 

anticoagulants were withheld without further testing, except for five patients in whom 

ultrasonography was performed and showed no thrombosis. Hence, in 21% (95% CI 

17–25%) of all patients the diagnosis UEDVT could be excluded without ultrasonography. 

Table 2. Baseline demographic and clinical characteristics

Characteristic n (%)

Age, mean (SD), years 56  (17)
Male sex 182 (45%)
Caucasian ethnicity 384 (95%)
Central venous catheter 141 (35%)
Pacemaker 24  (5.9%)
Active malignancy 137 (34%)
Confirmed pulmonary embolism* 2     (0.5%)

Referral by: 

Inpatient ward 83  (20%)
Emergency room 130 (32%)
General physician 95  (23%)
Outpatient ward 77  (19%)
Other 17 (4.8%)

* Simultaneous with UEDVT 
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None of these patients developed symptomatic venous thromboembolism (failure rate 

0.0%; 95% CI 0.0-4.2%). 

Of the 203 patients with an unlikely score, 113 had an abnormal D-dimer test result 

(56%) and underwent ultrasonography, except one patient who died of a rapidly 

progressive malignant disease. UEDVT was diagnosed in 12 patients, SVT in 25 patients, 

while thrombosis (deep and superficial) was excluded in the remaining 73 patients. The 

ultrasound was inconclusive in two other patients, and a repeated test after three to five 

days showed no thrombosis. Therefore, UEDVT and SVT were excluded by ultrasonography 

in 75 patients with an unlikely score of whom none received anticoagulant treatment. In 

the three months of follow-up, one patient returned after two months with persisting 

complaints of the arm, and compression ultrasonography revealed UEDVT. Therefore, the 

failure rate of this part of the algorithm was 1.3% (one out of 75; 95% CI 0.0–7.2%).  

Two of the 203 patients died during follow-up, one patient had a documented 

myocardial infarction and the other patient died of progressive cancer without a suspicion 

of pulmonary embolism. 

Excluding UEDVT based on a likely score with a normal (repeated) ultrasound 

All 203 patients with a likely score underwent compression ultrasonography, which showed 

UEDVT in 86 patients (42%), SVT in 29 patients (14%), no thrombosis in 83 patients (41%) and 

was indeterminate in five patients (2.5%). In 77 of the 83 patients without thrombosis, D-dimer 

was measured to assess the need for repeated ultrasonography. In six patients, D-dimer 

testing was not performed, whereas in two of them the ultrasonography was repeated, as if 

the D-dimer would have been high, and showed no thrombosis. All six patients were followed 

up. Of the 77 patients with a normal ultrasound and an available D-dimer test result, the 

D-dimer was normal in 26 patients, after which UEDVT and SVT were considered excluded. 

The 51 patients with an abnormal D-dimer had an indication for repeated ultrasonography, 

which was done in 45 patients and revealed UEDVT in three of them, whereas in the other 

42 patients UEDVT/SVT was excluded. In six patients, the ultrasound was not repeated while 

indicated, because of a clear improvement in clinical symptoms (five patients) and a rapid 

deterioration in the clinical situation due to advanced cancer (one patient). 

Finally, in five patients the first ultrasonography was inconclusive. Upon repeated 

ultrasonography, one patient had UEDVT, three patients had no UEDVT, while in the 

remaining patient ultrasonography remained inconclusive. Subsequent venography 

excluded thrombosis in this case. 

To summarize, in a total of 84 patients with a likely score, UEDVT and SVT were excluded 

by either (repeated) ultrasonography or in combination with a normal D-dimer, including 

the 12 patients with protocol violations. None of these patients received anticoagulants and 

none returned with recurrent symptoms. Hence, the failure rate was 0% (95% CI 0.0–4.3%).  

In this group of patients with a likely score, five patients died during follow-up, all had 

known cancer and died of disease progression, without evidence for pulmonary embolism. 
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Feasibility and overall safety of excluding UEDVT and SVT

The diagnostic algorithm was feasible and completed in 390 of the 406 patients (96%). 

Taken together, the diagnostic algorithm ruled out UEDVT and SVT in 249 of the 406 

patients (61%; 95% CI 57-66%). One patient returned to the hospital with documented 

recurrent VTE, hence, the overall safety of this approach revealed a failure rate of 0.40% 

(95% CI 0.0-2.2%). In all patients in whom the diagnostic procedures were not completed 

according to protocol, the follow-up was uneventful.   

Confirmed deep or superficial vein thrombosis of the arm 

In a total of 103 patients the diagnosis UEDVT was established (prevalence 25%; 95% CI 

21-30%) with thrombosis involving the following veins: subclavian (n=76), axillary (n=59), 

brachial (n=36), internal jugular (n=23) and the brachiocephalic vein (n=10). In the patients 

with an unlikely probability, the prevalence of UEDVT was 6.4% (13/203), compared to 44% 

(90/203) in the patients with a likely probability.  

In another 54 patients isolated SVT was diagnosed (prevalence 13%, 95% CI 10-17) in 

the following veins: cephalic (n=38), basilic (n=12), median antebrachial (n=11), median 

antecubital (four patients) and the accessory cephalic veins (three patients). The majority 

of these patients were treated with anticoagulants (41/54; 76%) for a planned median 

duration of one month (range: one week-12 months). None of these patients with SVT 

developed UEDVT during follow-up (0%; 0.0-6.6%). 

 |DISCUSSION 

This study demonstrates that a non-invasive diagnostic algorithm combining the 

Constans’ clinical score, D-dimer and ultrasonography is safe in excluding UEDVT and 

SVT, and feasible in 96% of patients. In this population of patients presenting with clinically 

suspected UEDVT the prevalence of UEDVT (25%) and SVT (13%) was appreciable, making 

a comprehensive diagnostic work-up desirable. The failure rate of 0.40% with an upper 

confidence interval of 2.2% compares favorably with similar strategies used for excluding 

DVT of the leg. When confirmed by other studies, this algorithm could become the 

standard diagnostic approach for patients with suspected UEDVT. 

Several aspects of the design and findings of the present study require comment. 

First, we assessed the clinical probability of UEDVT using the score developed by Constans 

and colleagues (13) and dichotomized this score to improve its applicability. Although the 

incidence of UEDVT in the likely group was somewhat lower than the initially reported 

incidence of 70% in the high probability group, the discriminative ability of the score 

remained good, with an incidence of UEDVT of 6.4% in the unlikely versus 44% in the 

likely probability group. 

Second, D-dimer levels were measured locally, and both ELISA and quantitative latex 

assays, which have shown similar accuracy for clinically suspected DVT, were allowed (18). 
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The local cut-off values of the D-dimer tests were used as already validated in patients 

with suspected DVT of the leg and pulmonary embolism. A normal D-dimer together with 

an unlikely score was able to exclude UEDVT and SVT in 21% of all patients, which saves 

time and imaging costs. 

Third, we anticipated a relatively high frequency of indeterminate ultrasonography 

study results, as the position of the clavicle might hamper proper imaging. However, the 

ultrasonography was indeterminate in only seven of 406 patients (1.7%). In six of them a 

repeated ultrasonography three to five days later completed the diagnostic evaluation, 

while a single patient required contrast venography. The ultrasonography needed to 

be repeated in 51 patients with a likely score, an abnormal D-dimer and a normal first 

ultrasonography, i.e. 13% of all patients, which clearly adds to the complexity of the 

diagnostic work-up. However, this turned out to be an essential part of the algorithm, 

since if abolished, three UEDVTs would have been missed. Of note, our imaging protocol 

dictated first the assessment of the deep veins and then the superficial veins. The 

evaluation of the upper extremity superficial vein system is simple, requires little extra time 

and it proved to be clinically relevant since SVT was found in 13% of all patients. 

Fourth, the diagnostic algorithm was not followed in 4% of the cases, a rate that is 

comparable to similar management studies (5). The three month follow-up was uneventful 

in all these patients except one who died a few days later as a result of rapid cancer 

progression. Strengths of this study are the completeness of the follow-up and the central 

adjudication of the suspected outcomes. 

Although this study was not powered to show the safety of the various sub-strategies to 

exclude UEDVT and SVT (Constans’ score and D-dimer alone or Constans’ score, D-dimer 

plus (repeated) ultrasonography), the safety findings in these sub-strategies seemed 

consistent with the overall safety outcome. 

Finally, the incidence of UEDVT in this cohort is comparable to other published 

series. We included both inpatients and outpatients of whom 34% had cancer and venous 

catheters were present in 35%. As there was no signal that the strategy performed better 

or worse in one of these subgroups, we believe that the algorithm is applicable to a wide 

spectrum of patients presenting with suspected UEDVT. 

In conclusion, a diagnostic management strategy using the Constans’ clinical 

score, D-dimer testing and (repeated) ultrasonography, can safely and effectively 

exclude deep and superficial vein thrombosis in patients presenting with suspected 

UEDVT. This approach is attractive as it is simple, quick, non-invasive and very similar 

to the well established algorithm for suspected DVT of the leg which could facilitate its 

implementation in clinical practice. 
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 |ABSTRACT

Background

Idiopathic venous thrombosis (IVT) is associated with occult malignancy in 10% of 

patients. The Trousseau study investigated whether extensive screening using abdominal 

and chest CT-scans and mammography in women would decrease mortality, compared to 

limited screening. Here, the costs and test characteristics of these screening strategies are 

presented, including true and false positive findings, sensitivity and specificity. 

Methods

All investigations performed because of a suspicion of malignancy in the limited or extensive 

screening groups were collected. Costs were calculated using Dutch healthcare tariffs. 

Results

A total of 342 and 288 patients with IVT were included in the extensive and the limited screening 

group, respectively. The prevalences of malignancy and mortality were comparable between 

these two groups, as were the abnormal findings during routine screening. In 30% of the 

extensively screened patients, the CT-scans or the mammography showed abnormalities 

necessitating further diagnostic work-up; this yielded 6 malignancies and resulted in a 

positive predictive value of 6.6%, sensitivity of 33% and specificity of 70%. Mean costs per 

patient were € 165.17 for the routine and € 530.92 for the extensive screening. 

Conclusion

Screening using CT-scans and mammography results in extra costs due to the high 

percentage of false positive findings for which a further diagnostic work-up is indicated. 
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 | INTRODUCTION

In 1935 the first case of a patient presenting with an idiopathic venous thromboembolism 

(IVT) as a sign of an occult cancer was reported by Illtyd James and Matheson. The 

incidence of malignancy within the first years after an IVT is approximately 10%. The benefit 

of screening for cancer in patients with IVT is intensely debated (1-5). In today’s clinical 

practice, the approach to a patient with IVT varies widely, ranging from no screening to 

extensive screening using invasive tests. Only one randomized controlled trial has been 

performed (6). In this prematurely terminated study 201 patients were included and were 

randomized to a limited screening strategy or an extensive screening strategy, consisting 

of a large number of imaging, invasive and laboratory tests. This trial suggested a 

beneficial effect of extensive screening, based on a less advanced cancer stage at the time 

of diagnosis. An additional analysis showed the combination of a computer tomography 

(CT) of abdomen and a mammography in women had the potential to be the most cost-

effective (7). The design of the Trousseau study was based on these data. In this multicenter 

concurrently controlled cohort study a limited cancer screening strategy was compared 

to an extensive screening strategy consisting of a computer tomography (CT) of chest and 

abdomen and additionally in women mammography. As reported recently, no difference 

in overall survival was observed between the two groups (8).  

The present study analyses the costs and test characteristics (i.e. false and true 

positive findings, sensitivity and specificity) associated with screening using CT-scans and 

mammography in a population at high risk for cancer. 

 |METHODS

Study population

The analysis is based on the previously reported Trousseau study, performed between 

2002 and 2008 in the Netherlands after approval by the institutional review boards of 

all participating hospitals (8). Briefly, patients with confirmed 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. Informed consent was obtained prior 

to performing any study related procedures. 

Cancer screening strategies

In both the limited and extensive screening groups a history was taken and a physical 

examination was performed with a focus on signs and symptoms of malignancy with the use 

of a standardized data collection form. Furthermore, blood was drawn for determination 

of the erythrocyte sedimentation ratio, whole blood count with leukocyte differentiation, 

creatinin, aspartate aminotransferase, lactate dehydrogenase, alkaline phosphatase and 
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calcium, also routinely a chest X-ray was obtained. This screening, which was done in both 

groups, is referred to as the routine screening. In case of abnormal findings indicating 

a possible underlying malignant process, appropriate problem targeted testing to 

detect the cancer was required. Patients in the extensive screening group underwent an 

additional CT of the chest and abdomen and a mammography in women, provided no 

cancer was identified at baseline screening. Follow-up visits were planned at 6, 12, 24 and 

36 months. The last study visit was scheduled for April 2008. At each contact information 

regarding vital status and malignancy was obtained with a standardized questionnaire. In 

case of death or newly diagnosed malignancy all available relevant clinical information was 

collected and adjudicated by an independent and blinded adjudication committee. 

All the extra tests to detect cancer, which were performed because of abnormalities 

at routine, extensive screening or follow up, were recorded. Additionally, the medical 

records of all patients were searched for examinations additionally to the registered data. 

Costs

Costs in euros were calculated using the data of the 2006 Committee of Tariffs for Healthcare; 

this committee regulates the fees to be charged by healthcare workers or institutions in 

the Netherlands. The 2006 tariffs were used because the study was conducted at that 

moment in time, and the declaration system in the Netherlands changed afterwards. 

One euro is currently approximately 1.30 dollar; in 2006 it varied between 1.20 and 1.32 

dollar (average currencies per month). Costs were multiplied with the specific surcharge 

percentage of the specialist involved in the diagnostic procedure. Costs per procedure 

were multiplied with the frequency of which this specific 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 X-ray, laboratory 

measures, CT-scans and mammographies. Furthermore, a subdivision was made between 

costs made to evaluate abnormalities found by routine screening, extensive screening 

and during the follow-up period. Costs related to treatment for cancer or hospitalizations 

were excluded from these calculations. Statistical analyses were executed using SPSS 16. 

The Mann-Whitney test was used to evaluate whether costs were statistically significant 

different between both groups. 

Alternative diagnoses (i.e. diseases other than malignancy, found during the screening) 

and the tests used to evaluate these 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 effect on prognosis or on future treatment, were 

considered clinically relevant and taken into account.  

Exploratory sensitivity analysis 

Information on overall mortality and mortality among patients diagnosed with cancer was used 

to calculate the amount of life years gained (LYG) by the implementation of extensive screening. 
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A cost-efficacy limit of 50,000 US Dollar or approximately € 30,000 per live year 

gained is commonly used (9). Using the costs for extensive screening and defining the 

hypothetical costs per LYG (€ 30,000), an exploratory fixed sensitivity analysis was 

performed. The observed costs were used to determine the minimum of LYG needed to 

remain within cost-efficacy limits. 

 |RESULTS

Main results Trousseau study

The results of the Trousseau study are presented in the original paper (8). Briefly, 630 patients 

with IVT were included, 342 in the extensive screening and 288 in the limited screening arm. 

The baseline clinical characteristics were comparable between the two groups, except for 

smoking and the percentage of patients with pulmonary embolism.  In both groups routine 

screening procedures were performed in 98% of the patients, with the 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 total study period a malignancy occurred in 21 of the 288 limited screened 

patients (7.3%), versus 30 out of 342 extensively screened patients (8.8%) (adjusted OR 1.25; 

95% confidence interval 0.66-2.38). Overall, 50 patients died during follow up, 24 (8.3%) in 

the limited screening group and 26 (7.6%) in the extensively screened group, for an adjusted 

hazard ratio of 1.22 (95% confidence interval 0.69 to 2.22). The mortality rate 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 extensively screening group (adjusted OR 2.22; 95% CI 0.63-

8.33). The study was terminated prematurely at a planned interim analysis because of the 

low yield of extensive screening. Therefore, the effect of screening was expected to be very 

small, also after inclusion of the planned amount of patients.

Diagnostic procedures performed after suspicion of malignancy

In the limited screening group, baseline routine screening prompted further investigations 

in 21.5% of the patients, which is not significantly different from the percentage of 

abnormalities after routine screening in the extensive screening group (16.7%, Table 1). 

The routine screening performed in the limited as well as the extensive screening group, 

identified 19 malignancies in 119 patients with a suspicion of malignancy at routine 

screening (positive predictive value (PPV) 16%, Table 2). 

Extensive screening resulted in 91 patients - 30% of all patients who underwent at least 

one extensive screening test - with an indication for further investigations.  In 6 patients, 

cancer was confirmed, which yields a PPV of 6.6%. Abdominal CT findings prompted 
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further tests in 16.7%, chest CT in 14.2% and mammography in 10.6% of all patients who 

underwent these tests. CT of the chest and abdomen together, resulted in 4 identified 

malignancies, after 84 patients had to undergo further diagnostic procedures (PPV 4.8%). 

Screening using CT of the chest and abdomen only would have a sensitivity of 22% and a 

specificity of 72%. Mammography identified 2 malignancies in 94 women. Eight patients 

had abnormalities on mammography which ultimately turned out to be benign. This yields 

a sensitivity of 100%, a specificity of 91% and a PPV of 20%. 

During the follow-up period further diagnostic tests were performed 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 

Table 1. Frequency of the suspicion of malignancy in the two study populations

Limited 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)

Routine screening 62/288 (21.5%) 57/342 (16.7%) 0.42
History 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 present in one patient

Table 2. Test characteristics of the screening methods 

Sensitivity Specificity 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)
Chest and abdominal CT scans 22% (4/18) 72% (204/284) 4.8% (4/84)
Mammography 100% (2/2) 91% (84/92) 20% (2/10)

Sensitivity, specificity and positive predictive values of the routine, extensive screening and subdivisions 
of the extensive screening, i.e. chest and abdominal CT and mammography. For the routine screening, 
the routine screening in the limited and the extensive screening group were combined 
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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. 

Mean costs per patient 

The diagnostic procedures detailed above resulted in costs specified in Figure 1. Costs for 

diagnostic procedures performed after suspicious findings following routine screening and 

during follow-up were comparable (p=0.77) between the two groups. Routine screening 

itself, i.e. X-thorax plus laboratory measures, costs € 71.48 per patient. After the routine 

screening the ordered additional tests cost € 93.69 per patient in the limited group. In 

summary, costs for baseline screening itself and the tests subsequently ordered because 

of abnormalities, are € 165.17 and comparable for the two strategies. 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 costs € 349.37 per patient, due to the fact 

that mammography was not performed in all women and the CT scans were sometimes 

performed incompletely. Another € 181.55 (range 0-3710) per patient was spent on further 

tests, due to abnormalities seen on the CT scans and/or mammography. The sum of costs 

for extensive screening, including costs from the screening tests themselves and costs to 

exclude malignancy after observed abnormalities, is € 530.92 per patient. 

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 after extensive 

screening, of which 25% were considered relevant (Table 5). 

Cost-efficacy 

Total costs including the costs for the screening itself were € 47,659 for the routine 

screening (in the limited screening group) and €181,574 for the extensive screening. The 

routine screening performed in the limited screening group found 7 malignancies at 

Table 3. Frequency and description of performed diagnostic procedures

Diagnostic procedure

Limited screening group Extensive screening group

Number  
of procedures

Number  
of patients 

Number  
of procedures

Number  
of patients 

Laboratory measurements 49 23 142 56
Imaging tests 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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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. The 

mortality rate among patients diagnosed with cancer during the study was 38% (8 out 

of 21) for the limited 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 

by a difference in cancers found by routine screening, we excluded the malignancies 

diagnosed by routine screening in both groups. When the malignancies diagnosed by 

routine screening are excluded, 14 malignancies remain in the limited screening group 

(only follow-up) and 18 in the extensive screening group (i.e. malignancies identified by 

extensive screening and during follow-up). Mortality among these patients was 14% (2/14) 

in the limited screening group and 44% (8/18) in the extensive group. 

Sensitivity analysis

The minimal mortality difference needed to stay within cost-efficacy limits 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-efficacy limit of € 30,000. We should 

have found a minimum mortality difference 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 identified by extensive screening. Cost per malignancy 

would then shift from € 30,262 (181,574/6) to € 12,609 (181,574/14.4). 

Figure 1. Mean costs per patient. Costs of the resulting diagnostic procedures in case of abnormalities 
during screening, divided between the limited and the extensive screening group, in euro’s. The costs to 
perform the screening itself are excluded.
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Table 5. Alternative diagnoses

Routine  screening  36 Extensive screening 24

Renal insufficiency 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 fibrosis 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 Aortic aneurysma 2
Intestinal polyp 1 Mammography 1
Hemorroids 1 Cyst breast 1
Asymptomatic gall stones 1
Benign prostate hyperplasia 2
Diabetes mellitus de novo 2

Alternative diagnoses found by the routine screening (performed in the limited and extensive screening 
groups) and the extensive screening strategy 

 |DISCUSSION

We compared the costs and test characteristics of extensive screening to routine 

screening for the detection of an underlying malignancy in patients with IVT. The extensive 

screening is 3 times more expensive compared to the routine screening. These additional 

expenses for the extensive screening 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 were 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 limited screening 

group. These invasive procedures did not result in additional morbidity or mortality. The 

minimal LYG that should have been reached by extensive screening to remain under the 

accepted limit of € 30,000 was 0.0177. The costs for screening would probably have been 

considered acceptable if there only had been an effect on mortality.

Several limitations of this study have to be acknowledged. Most important, due to the 

lack of effect of extensive screening we could only perform a very limited and exploratory 

sensitivity analysis whereas a formal cost-effectiveness analysis was not possible. Although 

the study was terminated prematurely, it seems unlikely that continuation of recruitment 

would have resulted in a higher sensitivity. All costs were calculated using the 2006 

Committee of Tariffs for Healthcare, these costs vary in time and could be different for 
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other countries. Furthermore, the low sensitivity could be a result of the quality of the 

radiological assessment. However, the radiologists completed a standardized form with a 

predefined list of abnormalities suggestive for malignancy. 

The low PPV is in line with that of CT-chest in patients with high risk for lung cancer. In two 

large lung cancer screening programs, more than 20% of all patients screened with one single 

CT-scan, had false positive results (10;11). This is comparable to the 27% of patients in our study 

with false positive findings on a single CTCA. The sensitivity of screening using CT-scans will 

deteriorate in low risk populations, while probably the amount of false positive findings will be 

equal or higher in these individuals. Therefore the use of whole body CT-scans as a screening 

modality in asymptomatic low risk populations is likely to lead to a negative benefit-risk ratio (12). 

This is important, as there is a worldwide tendency to an increase in screening of asymptomatic 

patients, in some cases initiated by the ‘patients’ themselves. Alternative or non-cancer diagnoses 

were rarely (7.6%) found in our patient group. Furthermore, of these diagnoses, the majority did 

not lead to a change in treatment or prognosis. Therefore, screening for cancer using whole 

body CT scans in low-risk patients should be discouraged as long as no randomized or otherwise 

comparative trials have proved beneficial effects on mortality or morbidity. Also, further study of 

psychosocial effects of these false-positive findings is needed, as current literature suggests that 

false-positive findings strongly influence people’s well being (13). 

In summary, although the prevalence of occult cancer in patients with idiopathic 

venous thrombosis is sufficiently high to justify screening and at least the costs of the 

screening strategy used in this analysis do not seem to be very high, screening for cancer 

using CT-scans should not be implemented due to the low sensitivity and specificity and 

the high number of false-positive findings. 
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Chapter 12

 |ABSTRACT

Introduction

Low-molecular-weight heparin (LWMH) is recommended as the preferred anticoagulant 

treatment over vitamin K antagonists (VKA) for venous thromboembolism (VTE) in 

patients with cancer. However, there is uncertainty about the duration and dose of 

LMWH treatment. Therefore, we designed this multinational survey to assess the current 

approach to the treatment of patients with cancer and VTE. 

Methods

An electronic survey tool was used to disseminate a survey containing 49 questions on 

different aspects of the treatment of patients with cancer and VTE, among both thrombosis 

and non-thrombosis specialists. 

Results

A total of 229 invitations were sent, and 141 completed the survey (60% of the total). Fifty-

eight percent of the respondents were from Europe, 35% from the US and the remaining 

7% from other countries. Respondent’s specialties included haematology (23%), oncology 

(18%), pulmonology (15%) and general internal medicine (15%). LMWH was indicated as the 

first choice for the long-term treatment by 82% of the respondents, of whom 60% used full 

therapeutic doses and 40% chose a dose reduction. When continuing anticoagulants after 

the long-term treatment period, 44% of respondents preferred LMWH, 10% VKA, while 

the remaining 45% chose per individual patient for either LMWH or VKA. 

Conclusions

We observed a relatively high observance rate of the guidelines with respect to the use 

of LMWH for the long-term treatment of VTE in cancer. In contrast, the dose of LMWH 

and the type of anticoagulant chosen after the initial 3 to 12 months varied substantially, 

probably reflecting the limited available evidence. 
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 | INTRODUCTION

Venous thromboembolism (VTE) complicates the clinical course of 10-20% of cancer 

patients (1-3).  Risk factors for VTE are the cancer itself, patient-related factors such as 

immobility and increasing age, and factors related to the treatment for cancer such as 

chemotherapy, radiotherapy and surgery (4-6). Most frequently VTE presents as deep 

venous thrombosis (DVT) of the legs and/or pulmonary embolism (PE), whereas upper 

extremity DVT is increasingly encountered as catheter related (7).

VTE constitutes a serious threat for patients with cancer, increasing the risk of death 

by two to three fold (8) and carries a significant morbidity risk due to a higher rate of 

recurrent VTE and bleeding complications when compared to patients without cancer (9). 

Thus, the development of VTE in patients with cancer often poses a therapeutic dilemma, 

particularly in those patients with end-stage disease in whom anticoagulant treatment 

may impact significantly on quality of life. 

In the CLOT study, the largest randomised trial in cancer patients with acute VTE, low 

molecular weight heparin (LMWH) decreased the risk of recurrent VTE by almost 50% 

relative to the standard treatment with vitamin K antagonists (VKA) (10). A few smaller 

studies and meta-analyses have subsequently confirmed these findings (11-14). Bleeding 

rates appear to be similar for LMWH and VKA, however, studies have been largely under 

powered to detect differences in (major) bleeding (10;15). Based on the available evidence, 

international guidelines recommend or suggest LMWH treatment for at least 3 to 6 months 

in cancer patients with VTE (16;17). 

Several questions remain unanswered regarding the treatment of VTE in patients with 

cancer. First, it is unknown to what extent different specialists adhere to the guidelines 

with respect to using LMWH as the sole agent for both the initial and long-term phases of 

treatment. In fact, experts in the field, suggest that VKA could be used in selected cases (18). 

A recent study on a single cohort of cancer patients with pulmonary embolism showed that in 

practice adherence to the guidelines might be far from complete, as only 51% of the patients 

are receiving LMWH (19). Furthermore, the American College of Chest Physicians (ACCP) has 

recently down-scaled the strength of their recommendation on the long-term treatment of 

patients with LMWH which may cause confusion among the different specialists involved in the 

care of these patients, and, as a consequence,  a decrease in the use of LMWH (17). 

Second and importantly, guidelines do not provide clear indications about the dose of 

LMWH to use in the acute as well as the long-term phase. Therefore, it is currently unclear 

whether physicians should switch from full therapeutic to lower doses after a certain period 

of time. The rationale behind lowering the dose of LMWH is that the risk of recurrent VTE 

decreases with time from the initial event, while the risk for bleeding stays the same or might 

even increase (9). The CLOT study investigators reduced the dose of LMWH after 1 month to 

75% of the therapeutic dose (10).  However, not all physicians may be aware of or agree with 

this approach, as normally, the anticoagulant dose is not changed during treatment. 
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Another major issue is the duration of anticoagulant treatment. The CLOT study 

evaluated a 6 month course with LMWH. However, no study has assessed longer durations 

of LMWH nor compared 6 months with shorter treatment periods. As a consequence, 

physicians can only rely on expert-based recommendations which suggest to continue 

anticoagulants after 6 months in case of active tumour load or ongoing chemotherapy. 

Whether treatment should be continued with LMWH or switched to VKA as an alternative 

has not been investigated. Lastly, it is not clear how recurrent VTE, upper extremity DVT 

and unsuspected VTE diagnosed on staging imaging should be approached.

To summarize, the lack of solid evidence and clear recommendations leave physicians 

with substantial uncertainty concerning the treatment of cancer patients with VTE. 

Therefore, this multinational survey was designed to assess the current approach to the 

treatment of patients with cancer and VTE around the world.

 |MATERIALS AND METHODS

An electronic survey tool (surveymonkey.com) was used to build a questionnaire containing 49 

questions on different aspects of the treatment of VTE in patients with cancer. The survey was 

tested before the distribution by approx. 10 different physicians in Europe and the US, in order 

to prevent ambiguous questions. Physicians were asked to answer the questions visualising 

how they had treated the last 3 cancer patients with VTE. The questionnaire contained mainly 

multiple-choice questions, and the survey and the definitions used in the survey are available 

as an online supplement. Importantly, the initial treatment involves the first 5-10 days of 

anticoagulant treatment; whereas long-term treatment period was defined as the time frame 

between the initial treatment and the first evaluation moment 3-12 months after VTE. 

Both in-hospital physicians specialised on thrombosis as well as physicians with other 

specialisations (if they treated patients with cancer associated VTE) were invited to 

participate in this survey. Thrombosis experts were defined as being either members of 

the International Society on Thrombosis and Haemostasis (ISTH) or as having one or more 

publications on thrombosis within the last decade. Thrombosis experts were recruited 

principally from the network of two multicenter thrombosis trials (the Longheva study, 

clinical trials.gov number NCT01164046 and the Armour study, number NCT01324037). 

These experts were asked to propose two or more colleagues from the same hospital, 

preferably non-thrombosis experts working in another discipline, to join the survey. In the 

United States, the survey was spread among different specialists from the Veterans Affairs 

Hospital DC Medical Center (VADCMC) and The George Washington University, both in 

Washington, DC. Physicians were always given the choice to opt out, in which case they did 

not receive any further emails. All other physicians were sent two reminders in case they 

did not respond to the first invitation. In the United States, the Institutional Review Board 

and the Research and Development Committee of the VADCMC approved the protocol, 

whereas in Europe, ethical approval was not required.
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Statistical methods

All results were directly exported from surveymonkey to PASW statistics version 18 (Inc., 2009, 

Chicago, IL) for analysis. Distributions were expressed as percentages and the corresponding 

confidence intervals were calculated with the programme Confidence Interval Analysis 

version 1 (20). Differences between groups were analysed with the Student’s t-test or with 

the Mann-Whitney U-test, whichever was appropriate for the specific continuous variable, 

whereas differences in categorical variables were tested using the 2-sided Fisher’s exact test. 

Factors associated with the choice of LWMH for the treatment of VTE in cancer patients in 

the first 6 months, were assessed in a multivariate logistic model. 

 |RESULTS

A total of 229 invitations for the survey were sent between December 2010 and March 

2012. One hundred forty one (141) surveys (60%) were completed and available for the 

analysis. Fifty-eight percent of the respondents were from Europe, 35% from the US and 

the remaining 7% from other countries around the world. Of the 88 non-respondents, 

53% were from Europe, 43% from the US, and 3.4% from other continents, which was not 

significantly different from the responders (p=0.32; Figure 1). Respondent’s specialties 

(self-identified) included haematology (23%), oncology (18%), pulmonology (15%) and 

general internal medicine (15%). Nearly half of the respondents (46%) were considered 

thrombosis experts, compared to 26% of the non-respondents (p=0.003). 

Initial and long-term treatment (Figure 2)

LMWH was indicated as the anticoagulant of first choice for the long-term treatment of 

VTE in cancer patients by 82% (95% CI 76 – 89%) of the respondents. The remaining 18% 

switched from initial treatment with LMWH to long-term VKA. A minority (0.7%) chose for 

initial treatment with unfractionated heparin, followed by long-term use of VKA. 

In univariate analyses, the long-term use of LMWH was significantly higher among 

European respondents (90%) compared to respondents from the United States (69%), 

an odds ratio (OR) of 4.1 (95%CI 1.6-11; p=0.004). Moreover, 95% of the experts in 

thrombosis prescribed LMWH, an unadjusted OR of 5.8 (1.8-18; p=0.001), when compared 

to non-experts. Similarly, physicians treating more than 10 patients with cancer and VTE 

per year were more likely to prescribe long-term LMWH (86%), an unadjusted OR of 3.1 

(1.2-8.0; p=0.022) compared to physicians who treat less than 10 patients per year. These 

variables, however, did not remain as independent predictors for LMWH prescription in a 

multivariate logistic model; for Europe vs. US, experts vs. non-experts and more vs. less 

than 10 patients per year, respectively, adjusted ORs (95%CI) decreased to 2.5 (0.9-7.2), 3.7 

(0.9-15) and 2.4 (0.84-7.1). 

Of all specialists for whom LMWH was the first or second choice anticoagulant for 

long-term treatment, 60% used full therapeutic doses throughout the treatment period. 
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Figure 1. Characteristics of respondents and non-respondents. The self-reported country of origin (A) and 
specialties (B) of respondents (grey bars) and non-respondents (black bars). 

A. Country of origin 

B. Specialty 

170



Management of cancer-related venous thrombosis

12

The other 40% chose a dose reduction after a variable amount of time following the initial 

treatment, in most cases (93%) the dose was reduced to 75% of therapeutic doses (as 

utilized in the CLOT study (10)), while in the  remaining cases (7%) the dose was lowered to 

half of the therapeutic dose after 1 month. Dose reduction of LMWH was more frequently 

adopted by thrombosis specialists (59%) than non-thrombosis specialists (24%; p<0.001). 

After 3-12 months, 32% of the respondents indicated they would continue anticoagulant 

treatment in every patient, 49% would do it in most cases,  17% in some, and 2% would 

never continue anticoagulation beyond 1 year. Reasons to continue included metastatic 

disease (86%), local unresectable disease (59%) and use of chemotherapy (52%). When 

continuing anticoagulants after the long-term treatment period, 44% of respondents 

preferred LMWH, 10% VKA, while the remaining 45% chose between LMWH or VKA on an 

individual patient basis. 

Recurrent VTE during treatment

In patients developing recurrent VTE during treatment with LMWH, 42% of the respondents 

continued LWMH with a higher dose, 8.2% gave combination therapy with LMWH and 

A

C

B

Figure 2. Long-term treatment with low molecular weight heparin. A. The type of anticoagulant chosen for 
the initial and long-term treatment of VTE in patients with cancer: 83% chose for LMWH both initially and 
in the long-term phase, 17% initially treated with LMWH and switched to VKA for the long-term, whereas 
0.7% initially treated with unfractionated heparin and then switched to VKA. B. The dose of LMWH for 
long-term treatment: 60% chose full therapeutic doses, 37% a dose reduction according to the Clot study 
regimen (i.e. 75% of therapeutic doses), and 3% chose for another dose reduction. C. If the anticoagulant 
treatment was continued after 3-6 months, 45% chose for LMWH, 10% for VKA and another 45% chose per 
individual patient for either LMWH or VKA.  
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VKA, and 4.3% switched from LMWH to VKA. Lastly, 30% inserted a vena cava filter, 

most often (90%) together with anticoagulants, whereas the remaining 15% consulted a 

vascular / haematology specialist or did not know what to do.  

In patients with recurrent VTE during VKA treatment, the large majority of the 

respondents (84%) switched to LMWH, while another 8.6% chose a vena cava filter and 

3.6% for dual therapy with LMWH and VKA, whereas 4.2% continued VKA with a higher INR 

target range or had another approach.  

Side-effects and monitoring of VKA and LMWH

In general, long-term use of VKA in cancer patients was often regarded as problematic, 

when compared to LMWH (respectively 48% and 14%, absolute difference 34%; 95% CI 

24-44%). With VKA use, most important problems reported were monitoring (89%), poor 

compliance (30%), side-effects (30%), costs/reimbursement (2.1%), and other (11%; drug 

interactions most often mentioned). Most frequently reported problems with LMWH use 

were: difficulty in administration (55%), poor compliance (26%), costs/reimbursement 

(38%) and side-effects (26%). Of the respondents who answered ‘side-effects’ to these two 

questions, bleeding was indicated by 7 of the 37 respondents (19%) as an important side-

effect of LMWH and in 33 of the 42 respondents (79%) as an important side-effect of VKA. 

Respondents from the USA more often reported problems with reimbursement (63% of 

all US respondents), as did respondents from other continents (50%), when compared to 

European respondents (21%). With regard to patients with frequent hematomas on LMWH 

use, the approaches chosen were changing to VKA (29%), switching to another brand 

of LMWH (22%), lowering the dose (21%), changing injection technique (24%), nothing/

reassurance (3.6%) and in one case switching to fondaparinux. 

Of all specialists using long-term treatment VKA routinely or as second choice, 89% 

used a target INR of 2.0 to 3.0, while the remaining 11% indicated a target of 2.5 to 3.5. The 

majority of all patients on VKA (63%) were monitored via a specific anticoagulation clinic, 

Table 1. Characteristics of the respondents 

Cancer patients with VTE per year (estimated)

Less than 10 27 (19%)
10-50 92 (65%)
50-100 15 (11%)
More than 100 7 (5.0%)

Expertise on VTE 

Membership of ISTH 22 (16%)
At least one publication on thrombosis in last decade 63 (45%)
Expert on VTE by study definition† 65 (46%)

ISTH: International Society for Thrombosis and Haemostasis; †Expert on VTE was defined as either being 
a member of the ISTH or having at least one publication on thrombosis in the last decade 
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20% via a primary care or general practitioner and 9.9% via the hospital with 7.0% via other 

ways or by self-measurement. 

In patients on long-tem LMWH use, physicians routinely monitored renal function 

(87%), platelet count (75%), anti-Xa levels (32%) and bone density (9.2%). In patients 

with cancer and moderately impaired renal function (estimated glomerular filtration 

rate (eGFR) of 30-60 ml/min), 46% of the physicians did not make any dose adjustments, 

53% decreased the dose and 1.4% stopped LMWH. In patients with severe renal disease 

(eGFR below 30 ml/min), 48% would decrease the dose and 48% would stop LMWH, while 

4.3% would continue LMWH without changing the dose. In these hypothetical cases, 

respectively 48% (eGFR 30-60) and 65% (eGFR < 30) of the respondents, who continued 

LMWH (full or reduced dose), measured anti-Xa levels.

In case of thrombocytopenia, physicians stopped anticoagulants when the platelet 

count dropped below the following margins: below 80 x 109/L (8.6%), 50 x 109/L (50%), 

20 x 109/L (25%), 10 x 109/L (6.5%), or other (8.6%). In this latter group, reasons indicated to 

decide on whether to stop anticoagulants, included: the time elapsed since the thrombotic 

event, cause of the thrombocytopenia, the estimated bleeding risk and another margin, 

namely a platelet count below 30 x 109. A small group of respondents (2.8%) indicated they 

would not stop anticoagulant treatment at any value of the platelet count.

Upper extremity DVT and unsuspected pulmonary embolism 

In case of catheter-related upper extremity DVT in cancer patients, 12.5% chose for 

thrombolysis as the primary treatment approach, while 68.4% chose LMWH, and 19.1% 

VKA. Half of the respondents removed the catheter. The duration of the treatment was 

variable ranging from 3 months (49%) to 6 months (25%) to 12 months (0.7%). Twenty-six 

percent reported that the decision depended on various factors including whether the 

cancer was still active and whether the catheter remained in situ. 

Patients with unsuspected pulmonary embolism diagnosed on a staging CT-scan were 

treated by respondents with LMWH (77%), VKA (20%) or no anticoagulant treatment 

(2.2%), for a duration of 3 months (7.4%), 6 months (33%), 12 months (13%), or, as with 

symptomatic PE, indefinitely in patients with active malignancy (46%). Respondents 

specified that there is ‘a lack of specific data’ and therefore ‘the attitude to unsuspected 

PE is the same as to symptomatic PE’, as they assumed that ‘this is the same process as 

symptomatic VTE’.

 |DISCUSSION

In this worldwide survey, we observed a relatively high observance of the guidelines, with 

respect to the type of anticoagulant used for the long-term treatment of VTE in cancer 

patients, as 82% used LMWH. In contrast, the dose and duration of LMWH treatment as 

well as the type of anticoagulant chosen after the initial 3 to 12 months varied substantially, 
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which may reflect the limited available clinical evidence. Several aspects and findings of 

the present study require comment. 

When compared to the results of the large Frontline survey, conducted in 2001, the reported 

use of LMWH has dramatically improved from 11% in North-America and 22% in Western Europe 

to respectively 69% and 90% in the present study (21). Interestingly, both in 2001 as well as in 

the current dataset, a lower percentage of the physicians in the US chose LMWH for use in 

patients with cancer compared to their European colleagues, possibly because of problems 

with the reimbursement of LMWH for the long-term use, an issue reported by over 60% of the 

US respondents. Not surprisingly, experts in the field of thrombosis were more aware of the 

superior efficacy of LMWH and therefore had the highest rates of LMWH use for long-term 

treatment. The lower proportion of non-experts using LMWH, while they frequently treat 

these patients, stresses the potential importance of the centralisation of VTE treatment within 

the hospital or, alternatively, hospital-wide recommendations on this topic which are available 

and known to all specialists who treat these patients. 

Potential limitations of our study include the sample size, which was modest when 

compared to the large Frontline study, but was somewhat larger than a survey on 

thromboprophylaxis among oncologists in the United Kingdom (21;22). Strengths of our 

present study, however, are that we chose for individual invitations rather than providing 

the survey at a central easy accessible side. We wanted to be able to monitor the response 

rate, as this type of study is susceptible to inclusion bias (23). Furthermore, we took care 

to assess practices from all parts of the world, and from different specialists, experts on 

thrombosis as well as non-experts. We approached non-experts via thrombosis-experts 

in the same hospital to reach an optimal response rate among non-experts; however, this 

might also have lead to selection bias. Our current response rate of 60% is comparable to 

the survey on prophylaxis use among UK oncologists, whereas the method of the Frontline 

survey did not allow for the calculation of response rate (21;22). Although no scientifically 

proven acceptable margin of response rate is available in the survey literature, 60% is 

usually considered reasonable (23). Lastly, inherent to assessing treatment approaches in a 

survey is that answers might not always resemble actual clinical practise.

The heterogeneous responses on the optimal dose of LMWH to be used for long-term 

treatment reflect the paucity of the evidence. Given the serious consequences of under-

treatment (recurrent VTE) and over-treatment (bleeding) (8;9;15;24), new data is urgently 

needed to inform the discussion of this subject. A related topic is the monitoring in 

patients on long-term LMWH, especially, anti-Xa measurements in patients with severely 

reduced kidney function, and monitoring of platelet levels. The results of our survey 

suggest that, in these vulnerable patients, monitoring of platelet counts, anti-Xa levels or 

kidney function is far from standard practice. 

Of interest, almost half of the respondents chose to continue LMWH treatment after the 

initial 3-12 months (most often for life-long), whereas the remaining physicians considered 

VKA and LMWH equal and chose one of the alternatives on an individual  patient basis. In 
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fact,  no studies have assessed the efficacy and safety of LMWH versus VKA  beyond 6 months 

and ongoing studies will hopefully provide an answer to this important question (25). 

While most participants agreed on switching to LMWH in patients who experienced 

recurrent VTE while on VKA treatment, the approach to recurrent VTE in patients on 

LMWH treatment varied significantly. A substantial percentage (33%) of physicians chose 

placement of a vena cava filter in this group of patients, despite the lack of evidence for 

such an approach in patients with cancer and recurrent VTE. A randomised comparison in 

this field may be very difficult since these patients are rare, however, valuable information 

is expected from an ongoing registry (26). 

Only 1 respondent reported on using fondaparinux, i.e. one of the newer anticoagulants, 

as an alternative to LMWH for initial and long-term treatment of VTE in patients with 

cancer. After publication of the CLOT study, the proportion of cancer patients in studies 

of new anticoagulants has decreased steadily, making it more difficult to ask physicians 

to consider these agents in the absence of an adequate subset of cancer patients in the 

studies.  For example, in the most recent studies (e.g. Hokusai, using edoxaban) active 

malignancy is even among the exclusion criteria (10;27-29). Thus, the efficacy and safety 

of these agents in cancer patients, who often present with relevant co-morbidities and 

multiple concurrent treatments, is presently unknown. 

Our study illustrates that most physicians feel comfortable in stopping anticoagulant 

treatment in patients with cancer and (catheter-related) upper extremity DVT after 3-6 months, 

also when the catheter is not removed. Whether or not this confidence is justified, is a question 

to which presently no definitive answer is possible, as only small studies are available (30-32). 

Asymptomatic PE is often treated as if symptomatic, while the increasingly sensitive 

CT-scans currently available, detect also very small thrombi of which the clinical significance 

and natural history are unknown (19;33;34). Randomized trials are needed to determine 

if anticoagulant treatment of patients with unsuspected and truly asymptomatic PE – 

especially in those patients with subsegmental PE - is superior to watchful waiting. 

In conclusion, the first decade of this century has been important for establishing and 

implementing the use of LMWH in the long-term treatment of patients with cancer and VTE. 

However, the results of this survey underscore the many challenges that still remain and 

calls attention to the need for additional studies on these various topics, to guide physicians 

where, at present, they are often adopting a highly heterogeneous empirical approach.
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 | SUPPLEMENTARY INFORMATION: SURVEY TEXT

Used definitions & abbreviations 

1. Initial treatment = first 5-10 days 

2. Long-term treatment = first 3-12 months after VTE, the period during which 

all patients are treated (i.e. the time frame between initial treatment and first 

evaluation moment)

3. Recent VTE = within 1-2 months of the initial thrombotic event

4. Non-recent VTE = within 2-6 months of the initial thrombotic event

VTE = Venous Thrombo-Embolism

VKA = Vitamin K antagonists (e.g. warfarin or marcoumar)

LMWH = low molecular weight heparin 

UFH = unfractionated heparin 

GFR = glomerular filtration ratio

IVC = Inferior Vena Cava filter

General information

1. Country 

City/town: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

State/province: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Country: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2. Specialty:  

Oncologist 

Hematologist 

Vascular specialist 

Pulmonologist 

If other, please specify. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3. How many cancer patients with thrombosis do you see annually (estimation) 

<10 

10- 50 

50-100 

>100 

When answering these questions, please keep in mind how you treated your last 3 cancer 

patients with thrombosis. 
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Long-term treatment period (including initial treatment (1)) 

4. How do you treat patients with active malignancy and a first episode of acute DVT or 

PE preferably?

Entire long-term treatment period (including initial treatment) with LMWH 

Initial treatment with LMWH, followed by VKA 

Initial treatment with UFH, followed by VKA 

Thrombolysis  

5. What is your second choice for the treatment of cancer patients with DVT or PE? 

Entire long-term treatment period (including initial treatment) with LMWH 

Initial treatment with LMWH, followed by VKA 

Initial treatment with UFH, followed by VKA 

Thrombolysis  

6. In case of LMWH treatment, what is the usual dosage? 

Full therapeutic 

CLOT regimen (reduction of dose to 75% after 1 month) 

Other 

If other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7. In case of VKA treatment, what is the target INR?

2-3 

5-3.5 

Other 

If other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8. What is the minimum duration of the anticoagulant treatment in cancer patients? (time 

until re-evaluation; decide to stop or continue)

3 months   

6 months 

12 months 

Other 

If other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Continuation of treatment after long-term treatment period (2)

9.  Do you continue anticoagulant treatment in case of active malignancy or chemotherapy, 

after the long-term treatment period has been completed?

Always continue 

Mostly continue 

Sometimes continue 

Never continue à question 12 
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10. What are reasons to continue anticoagulant treatment after the long-term treatment 

period has been completed in patients with cancer? (multiple options possible)

Metastastatic disease 

Local unresectable disease 

Use of all chemotherapy 

Use of chemotherapy in association with anti-angiogenesis Rx 

Use of hormonal therapy 

Patient’s preference 

Low bleeding risk 

Other 

If other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11. Which medication do you prescribe if the anticoagulant therapy is continued after the 

long-term treatment period has been completed?

LMWH   

VKA 

Sometimes VKA, sometimes LMWH 

Please specify dose and/or target INR: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Recurrent VTE

12. For patients with a recurrent VTE during VKA treatment, what is your policy? 

Continue VKA 

Continue VKA, with higher INR target 

Switch to LMWH, therapeutic dose 

IVC* filter, go to 13 

Double treatment with LWMH and VKA, go to 14 

Other 

If other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

13. In case of IVC filter, do you give anticoagulant treatment? 

Yes   

No 

14.  In case of double treatment with LMWH and VKA, please specify duration:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

15. For patients with a recurrent VTE during LMWH treatment, what is your policy?

Continue same dose LMWH 

Continue LMWH, with a higher dose > go to 16 

Switch to VKA 

Double treatment with LMWH and VKA > go to 17 

IVC filter > go to 18 

Other 
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If other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

16. If you continue LMWH with a higher dose, please specify exact dose:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

17.  In case of double treatment with LMWH and VKA, please specify duration: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

18. In case of IVC filter, do you give anticoagulant treatment? 

Yes   

No 

Problems for patients 

19. LMWH: 

Problematic 

Acceptable 

Easy to use 

20. Most important problem(s): 

Problems with the administration 

Problems with the monitoring 

Compliance 

Costs/Reimbursement 

Side-effects >21 

Other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21.  In case of side-effects, please specify: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

22.  VKA: 

Problematic 

Acceptable 

Easy to use 

23. Most important problem(s): 

Problems with the administration 

Problems with the monitoring 

Compliance 

Costs/Reimbursement 

Side-effects >21 

Other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

24. In case of side-effects, please specify: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Side effects and monitoring

25. What is your action in patients with frequent hematomas or induration of the skin 

because of LMWH treatment? 

Switch to another brand of LMWH 

Lower the dose of LMWH 

Change to VKA 

Other, please specify. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

26. How do you monitor vitamin K antagonist treatment (INR)?

Hospital 

General practitioner 

Specific anticoagulant clinic   

Self measurement by the patient 

Other, please specify. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

27. What is your action in patients with frequent INR values out of the therapeutic range? 

Switch to other VKA (not an option in U.S.) 

Insertion of IVC filter 

Change to LMWH 

Other, please specify . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28. Is there a difference in treating major bleeding in oncology patients compared to other 

patients, if yes, explain?

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

29. What do you generally monitor in cancer patients on LMWH treatment? (multiple 

options possible)

Renal function 

Platelet count 

Osteopenia 

Anti – Xa levels  

If so, please specify frequency and timing of blood draw:

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

30. What do you do in case of an estimated GFR of 30-60 ml/min during LMWH treatment?

No alteration in treatment 

Decrease the dose  

Stop LMWH 
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31. Do you check anti-Xa levels?  

32. What do you do in case of an estimated GFR of < 30 ml/min during LMWH treatment?

No alteration in treatment     

Decrease the dose  

Stop LMWH 

33. Do you check anti-Xa levels?  

34.  At which platelet count do you stop anticoagulant treatment? 

Never 

Below 10 x 109 

Below 20 x 109 

Below 50 x 109 

Below 80 x 109 

Other 

If other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

35. What is your preferred action in cancer patients with a recent VTE (3) using LMWH, 

who need surgery? 

Stop temporarily without bridging 

Bridge with unfractionated heparin 

Insertion of an IVC filter 

36.  What is your preferred action in cancer patients with a non-recent VTE (4) using 

LMWH, who need surgery? 

Stop temporarily without bridging 

Bridge with unfractionated heparin 

Insertion of an IVC filter 

37.  What is your preferred action in cancer patients with a recent VTE (3) using VKA, who 

need surgery? 

Stop temporarily without bridging 

Bridge with unfractionated heparin 

Bridge with LMWH  

Insertion of an IVC filter 

38.  What is your preferred action in cancer patients with a non-recent VTE (4) using VKA, 

who need surgery? 

Stop temporarily without bridging 

Bridge with unfractionated heparin 

Bridge with LMWH  

Insertion of an IVC filter 
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Specific situations

39. What is your preferred type of treatment in a patient with cancer who develops a 

catheter related upper extremity DVT? 

Thrombolysis 

Unfractionated heparin followed by VKA 

Unfractionated heparin followed by LMWH 

LMWH followed by VKA 

LMWH monotherapy 

40. What is your second choice of treatment in a patient with cancer who develops a 

catheter related upper extremity DVT? 

Thrombolysis 

Unfractionated heparin followed by VKA 

Unfractionated heparin followed by LMWH 

LMWH followed by VKA 

LMWH monotherapy 

41. Do you remove the catheter? 

Yes 

No  

42. Usual duration of treatment 

3 months 

6 months 

12 months 

Other  

If other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

43. Please specify reasons for duration: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

44.  What is your preferred type of treatment of patients with cancer and asymptomatic 

pulmonary emboli on CT-scan? 

No treatment 

Thrombolysis, eventually followed by anticoagulants 

Unfractionated heparin followed by VKA 

Unfractionated heparin followed by LMWH 

LMWH followed by VKA 

LMWH monotherapy 
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45. Usual duration of treatment 

3 months 

6 months 

12 months 

Other  

If other, please specify: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

46. Please specify reasons for duration: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Case 

Woman, 62 years of age, presents at the vascular department with an idiopathic deep 

vein thrombosis of the leg. Initial treatment is given with LMWH and VKA (until twice INR 

value >2), with a duration of 6 months. 

After she has been treated with a VKA for 3 months, she discovers a small nodule in her 

breast, which turns out to be a breast carcinoma. Stage: T4N1M1. Oncological treatment: 

palliative chemotherapy. 

47.  Would you change the type of treatment, after the underlying malignancy has become 

apparent? 

Yes 

No 

48.  Would you change the duration of treatment, after the underlying malignancy has 

become apparent? 

Yes 

No 

49.  Depending on what variables; please specify

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

185





C

H

A

P

T

E

R

13.
Anticoagulant treatment of cancer patients  
with pulmonary embolism in the real world

Ankie Kleinjan 
Barbara A. Hutten 
Marcello Di Nisio 
Harry R. Büller 
Pieter W. Kamphuisen

Submitted



Chapter 13

 |ABSTRACT

Introduction

Since 2004, guidelines provide specific recommendations for patients with cancer and 

pulmonary embolism (PE), namely long-term treatment with low-molecular-weight 

heparin (LMWH). 

Objectives

We aimed to assess the proportion of cancer patients with PE actually treated with LMWH 

and the duration of treatment in the real world. 

Methods

This was a retrospective cohort study. Patients with PE were selected from national hospital 

discharge records, after linkage to a large national pharmacy database. Cancer patients 

with PE were identified and matched to subjects with PE without cancer; for age, sex and 

year of diagnosis of PE. 

Results

Six-hundred cancer patients with PE and 1200 patients with PE without cancer were 

identified. Long-term LMWH was prescribed in 82 (13.7%) of the cancer patients and in 8 

(0.7%) of the cancer free patients (p<0.001). From 1998 to 2008, there was an increase in 

the use of LMWH in cancer patients, but not in controls (p<0.001 and p=0.76, respectively). 

In patients with cancer and PE in 2007/2008, LMWH was prescribed in 42 (32%) cases, 

compared to 1 (1.7%) of the cancer patients with PE in 1998/1999. Median duration of 

treatment was 5.8 months (interquartile range 3.1-8.8) in cancer patients, compared to 7.0 

months (4.9-11) in patients without cancer (p<0.001). 

Conclusions

Although the use of LMWH in patients with cancer and PE is increasing, in 2008, patients are 

still mostly treated with VKA, and not with LMWH as recommended by guidelines. Cancer 

patients with PE on average receive shorter treatment than matched patients without cancer. 
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 | INTRODUCTION

Almost two centuries ago Bouillaud associated the presence of cancer to the development 

of venous thromboembolism (VTE) (1). Since then, many studies have confirmed that 

malignancy increases the risk of VTE, and to a lesser extent also of arterial thrombosis 

(2-5). The consequences of VTE in cancer patients cannot be underestimated, since it 

causes morbidity and pulmonary embolism (PE) related mortality (6;7). 

While patients with VTE are usually treated with vitamin K antagonists (VKA) for 3 to 

12 months, since 2004, international guidelines provide specific recommendations for 

patients with cancer and VTE, namely long-term treatment with low-molecular-weight 

heparin (LMWH) (8-10). These recommendations are based primarily on the results of the 

pivotal Clot study, which showed a 50% reduction in the risk for recurrent VTE in the LMWH 

group, when compared to the VKA group (11). Other smaller studies and two meta-analyses 

confirmed these findings (12-15). Next to the superior efficacy, there are other advantages of 

LMWH use in cancer patients, including the more stable anticoagulant effect and the lack of 

need for monitoring, when compared to VKA. However, it is unclear whether the bleeding 

risk is lower with LMWH compared to VKA, as most studies are relatively underpowered to 

adequately assess this clinically important question. In general, VKA-associated bleeding risk 

is twofold increased in cancer patients as compared to patients without cancer (16-18). 

Although the recommendations regarding LMWH date from 8 years ago, recent studies 

indicate that the use of LMWH mono-therapy in cancer patients is far from optimal. Using 

the medical records of four hospitals in the United States, Delate and colleagues showed 

that the use of LMWH – although increasing over the years – is still as low as 31% for cancer 

patients diagnosed with VTE in 2008 (19). Recent data from a cohort of 144 cancer patients 

with PE suggested that the use of LMWH is not much higher in Europe (20). 

An important area of uncertainty in the management of PE in cancer patients is the 

duration of the anticoagulant treatment. Guidelines - based on expert opinion - advice 

to continue treatment as long as the cancer is active (10;21). However, no study has 

specifically evaluated the use of anticoagulants in cancer patients beyond 6 months. In the 

absence of supporting evidence, the choice on the duration and type of anticoagulants 

is left to the treating physicians who are often posed with the dilemma of a patient in the 

terminal phase, with a high risk for both bleeding and recurrent VTE. 

The aim of this study was to evaluate the type and duration of anticoagulant treatment 

used in the real world in cancer patients with PE relative to PE patients without cancer. 

 |MATERIALS AND METHODS

Study design and population

Data for this retrospective cohort study were derived from the Pharmo Record Linkage 

System (Pharmo Institute, Utrecht, The Netherlands; available at www.pharmo.nl). The 
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registry includes demographic details and complete medical histories of more than 2 million 

Dutch patients based on data from community pharmacies. These medication histories 

were linked to hospital admission and discharge records from the Dutch National Medical 

register (LMR). Drugs were coded according to the Anatomic Therapeutic Chemical 

(ATC) classification. The hospital admission and discharge codes were coded according 

to the International Classification of Diseases Ninth Revision Clinical Modification (ICD9 

CM). Data on all-cause mortality was retrieved from the Dutch registry for mortality, 

coordinated by the Central Bureau for Genealogy (www.cbg.nl). 

All subjects with a first hospitalization for PE (ICD 415.1) between 1998 and 2008 were 

identified. In a previous study which used the same patient data set, 10% of all PEs had been 

randomly verified, by checking whether the diagnosis had been objectively confirmed, 

which was the case in more than 95% of the events (22). We excluded patients without a 

prescription for anticoagulants after the PE diagnosis.

Among patients with PE, cancer patients were identified based on at least one 

hospitalization for cancer in the time period of 2 years prior to the PE and 1 year after 

the PE. Hospitalization for cancer was retrieved with ICD9 codes: 140-199 (excluding code 

176 and 181) and 200-208, including all admissions for solid and hematological cancer 

and melanoma and excluding all other skin cancers. Data were manually checked for all 

patients with a diagnosis of cancer outside the defined time range, to see if they received 

chemotherapeutic agents around the time of PE (2 years before to 1 year after PE). If so, 

these patients were also considered as cancer patients. Information on chemotherapy 

agents was available if prescribed via the local pharmacy. This included drugs under the 

classification ‘hormones and hormone antagonists’ (ATC L02...) and the anti-neoplastic 

agents (ATC L01...). 

For every patient with PE and cancer, two PE patients without cancer were matched for 

age (± 1 year), sex and year of diagnosis of PE. The last moment of follow-up was defined 

as either the last date of hospitalization in the database, or two months after the last 

prescription (for any indication), or the date of death, whichever date came last.  

Study objectives

The primary objective was to assess the type and duration of outpatient anticoagulant 

treatment for PE. Anticoagulants were divided into LMWH (enoxaparin, tinzaparin, 

dalteparin and nadroparin) and VKA (acenocoumarol and phenprocoumon), based on 

ATC codes B01AA07, B01AA04, B01AB05, B01AB04, B01AB10 and B01AB06. Warfarin is not 

approved for use in the Netherlands and the new anticoagulants were not approved yet 

at the time of the study. For LMWH prescriptions, we checked each dose to see whether it 

was indeed therapeutic, i.e. more than 5500 anti-Xa units per day.  

Normally, the duration of a medication prescription is approximately 2-3 months, 

therefore, conservatively; a patient was considered treated until 2 months after the last 

prescription. Subsequently, the duration of treatment was calculated by subtracting the 
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date of PE from this date. The treatment was considered (temporarily) stopped, if the time 

period between two prescriptions for anticoagulants exceeded 4 months. 

The secondary objective of the study was to evaluate the incidence of hospitalizations 

for bleeding during the entire follow-up. Bleeding was defined with ICD codes 430-432, 

578, 362.81, 379.23, 599.7, 786.3, 784.7, 459, 569.3, 929.92, 998.11, 719.1 and 287.9. Unadjusted 

rates of bleeding were calculated, and then expressed as incidence rate per 1000 patient-

years of follow-up. Furthermore, rates were assessed for untreated, LMWH-treated and 

VKA-treated patient-years. 

Data analysis

The analyses were performed with PASW statistics version 19 (Ill) statistical software. 

Groups were described using means and standard deviations for normally distributed 

continuous type of variables, and medians and interquartile ranges (IQR) for the non-

normally distributed data. Differences between groups were tested using the t-test for 

data with a normal distribution or the Mann-Whitney test for non-normally distributed 

data. Chi-square tests were applied for comparing dichotomous and nominal data. A 

p-value of less than 0.05 was considered to be statistically significant.

 |RESULTS

Between January 1998 and August 2008, 6988 patients were diagnosed with PE, of which 

947 with cancer at the time of PE. After excluding patients for whom no prescription for 

anticoagulants was present in the database, 600 cancer patients with PE were eligible for 

the analyses, 306 women and 294 men (Figure 1 and Table 1). These patients suffered from 

the following types of cancer: genital/urinary tract cancer (n=114; 19%), gastro-intestinal 

cancer (n=106; 18%), lung/bronchus cancer (n=106; 18%), breast cancer (n=99; 17%), 

hematological cancer (n=51; 8.5%), brain cancer (n=21; 3.5%), cancer of the gallbladder/

pancreas/liver (n=17; 2.8%) malignant melanoma (n=10; 1.7%), and cancer of the bone and 

soft tissue (n=6; 1.0%). Lastly, in 11 patients (1.8%) the cancer type was unspecified, or rare 

(lip, adrenal, conjunctivae), and 59 patients (9.8%) suffered from metastases of a non-

specified or unknown primary tumor.  

For comparison, 1200 PE patients without cancer, 612 women and 588 men, were 

enrolled. The median duration between the index PE event and the end of the follow-up 

was 14 months (IQR 6.1-36) for the cancer patients and 40 months (IQR 19-69) for those 

without cancer (p<0.001).  

Type of treatment prescribed for the first episode of PE

Long-term treatment of PE in cancer patients consisted of therapeutic doses of LMWH in 13.7% 

(82/600) of the cases, whereas this was 0.7% (8/1200) of the non-cancer patients (p<0.001). 

All other PE patients were treated with VKA. When the year of diagnosis of PE was taken into 
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Table 1. Characteristics of cancer patients with PE and control subjects with PE and without cancer

Cancer (n=600) No cancer (n=1200)

Mean age (SD)* 66.4 (12.1) 66.4 (12.1)
Female sex (n, %) 306 (51%) 612 (51%)

Year of diagnosis pulmonary embolism (n, %)
1998 27 (4.5%) 49 (4.1%)
1999 31 (5.2%) 71 (5.9%)
2000 39 (6.5%) 76 (6.3%)
2001 39 (6.5%) 76 (6.3%)
2002 48 (8.0%) 100 (8.3%)
2003 62 (10%) 118 (9.8%)
2004 78 (13%) 158 (13%)
2005 67 (11%) 134 (11%)
2006 76 (13%) 150 (13%)
2007 75 (13%) 150 (13%)
2008 58 (9.7%) 118 (9.8%)

*Age in years; SD standard deviation

PE patients in 
Pharmo database 

1998-2008

N=6988

Hospitalization 
for cancer

N=901

Chemotherapy 
prescription 

N=46

N=947

Incomplete 
information 

N=347
Patients with cancer 

N=600

Matched controls 

N=1200

Figure 1. Flow of patients in the study. 

account, there was a clear increase in the use of LMWH in cancer patients in the more recent 

years (Figure 2; p<0.001), but not for the patients without cancer (p=0.76). In 2007/2008, 42/133 

(32%) of the patients with cancer and PE were treated with LMWH monotherapy, compared 

to 1/58 (1.7%) of the cancer patients with PE in 1998/1999. Of all 82 cancer patients with a first 

prescription of LMWH, 14 (17%) switched to VKA, after a median time of 3.7 months (0.0-6.1), 
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after which they were treated with VKA for a median of 2.2 months (1.9-2.4). Of the 518 cancer 

patients treated with VKA, 40 (7.7%) switched to LMWH after a median of 3.9 months (3.1-5.9); 

subsequently they were treated with LMWH for 3.2 months (2.2-6.0).

Duration 

The median duration of treatment for PE was 5.8 months (3.1-8.8) in the patients with 

cancer, compared to 7.0 months (4.9-11) in the patients without cancer (p<0.001). One-

hundred and sixteen (19%) cancer patients died after a median time of 4.9 months (IQR: 

2.2-12), compared to 81 (7%) patients in the control population after a median time of 

26 months (9-40; p<0.001). Of all cancer patients who died, 69 (59%) died while using 

anticoagulant treatment. When patients who died during anticoagulant treatment were 

excluded from the analysis, the median duration of treatment did not significantly change 

(6.1 months for cancer patients vs. 7.0 months for patients without cancer, respectively). 

Cancer patients on long-term LMWH were treated for a median duration of 5.1 (3.4-9.7) 

months, compared to 5.9 months (3.0-8.7) in the cancer patients treated with long-term 

VKA (p=0.36). The year of PE diagnosis did not affect the treatment duration, neither in the 

cancer patients, nor in the control patients (p=0.98).

Bleeding

Patients with cancer were hospitalized for 29 bleeding episodes during a median follow-up 

of 14 months (IQR: 6.1-36), i.e. 22 hospitalizations for bleeding per 1000 patient-years of 

follow-up, compared to 43 bleedings in the control population during a median follow-up 

of 40 months (IQR: 19-69), i.e. 11 hospitalizations for bleeding per 1000 patient-years of 

follow-up (Table 2), corresponding with a twofold increased risk of major bleeding in 

          












 




 
 





 

 
 






Figure 2. Treatment with LMWH per year of diagnosis. The Y-axis indicates the percentage of patients with PE 
who are treated with therapeutic doses of LMWH, at the first prescription after discharge from the hospital. 
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patients with cancer (OR 1.9, 95% CI 1.2-3.1). Also, these major bleedings occurred after a 

median of 5.3 months (IQR 1.3-19) in cancer patients, compared to a median of 11 months 

(4.4-47) in the controls (p=0.026). Of the 29 major bleeding episodes in cancer patients, 

18 occurred during treatment with VKA, and subsequently these patients were switched 

to LMWH in 5 cases (28%), anticoagulants were stopped in 7 patients (39%) and in the 

remaining 6 patients (33%) VKA treatment was continued. Another six bleeding episodes 

occurred during LMWH treatment; 2 of these patients were switched to VKA, in 1 patient 

anticoagulants were stopped and 3 patients continued LMWH therapy. The remaining 5 

hospitalizations for bleeding occurred while off anticoagulant treatment. 

When excluding those patients who bled during anticoagulant treatment, the 

treatment duration remained unaffected, i.e. 5.7 months in the cancer patients versus 7.0 

months in the controls. 

Table 2. Rates of hospitalizations for bleeding in patients with and without cancer 

Cancer No cancer p-value 

Per 1000 patient-years, overall 22 11 0.0049
Per 1000 untreated-patient years 6.9 4.1 0.17
Per 1000 VKA treated patient-years 36 18 0.011
Per 1000 LMWH treated patient-years 68 0 0.018

VKA vitamin K antagonists; LMWH low-molecular-weight heparin

 |DISCUSSION

In this study, we evaluated the real world practice of anticoagulant treatment in a large 

cohort of cancer patients with PE, and found that the use of LMWH in cancer patients, 

although increasing significantly during the years 1998 to 2008, was still as low as 32% 

in 2008. Our findings are consistent with those of Delate and colleagues in a cohort of 

American patients. They found that in 2008, 31% of the cancer patients, received LMWH 

(19). Also, our results are in line with a recent cohort of 141 European cancer patients with 

PE in which 40% received LMWH (20). 

The question arises why LMWH is underused in cancer patients despite clear 

recommendations in guidelines which date from already 9 years ago. Barriers for LMWH 

long-term use were studied in a small cohort of North American patients which found that 

in 49% of the cases the problem was represented by the insurance coverage (23). Financial 

reimbursement is very unlikely to be the reason of LMWH prescription in our cohort as 

there is universal coverage of LMWH by insurance companies in the Netherlands. Another 

explanation could be that not all treating physicians are aware of the specific treatment 

guidelines for cancer patients with VTE, especially as these patients are treated by a large 

variety of medical specialists. Alternatively, patients might have a preference for oral VKA 
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instead of subcutaneous LMWH administration, which is not supported by evidence from 

qualitative studies in patients with terminal cancer, which showed that LMWH is more 

acceptable for these patients than VKA (24;25). Unfortunately, the impact of long-term 

LMWH on the quality of life in non-terminal cancer patients has not been investigated. 

The present data indicate that, unexpectedly, the duration of anticoagulant treatment 

in cancer patients is not longer, but on average one month shorter than matched non-

cancer patients with PE, which cannot be explained by a higher mortality of cancer patients 

while still on anticoagulants. Information on the stage of cancer and chemotherapeutic 

treatment was not available from the dataset, which precluded assessing whether 

anticoagulant treatment was stopped while patients were still receiving active oncological 

treatment or still had active cancer (10). Our findings appear, however, in line with those 

from previous studies reporting  a median duration of treatment of 200 days (19), with up 

to 77%  of cancer patients with PE being treated for 6 months or shorter (20). In the latter 

cohort of hospitalized patients, the reason for stopping in 41% of the patients was death, 

which is much higher than in our cohort of ambulant patients. In parallel with the relatively 

low observance of the guidelines with respect to LMWH long-term treatment, physicians 

might not be aware of the specific advices with regard to the duration of treatment in 

cancer patients, or possibly, they might feel that the beneficial effects of anticoagulants 

do not outweigh the bleeding risk after 6 months. Until now, no studies have assessed the 

benefits of prolonging anticoagulant therapy in cancer patients beyond 6 months. 

We confirmed the increased risk for major bleeding in cancer patients compared with 

age and sex matched patients without cancer, in agreement with earlier reports (16;18). 

Bleeding rates for cancer patients in our study were higher during LMWH compared to 

during VKA treatment, although this might be due to confounding by indication with 

patients with the highest perceived bleeding risk receiving preferably LMWH. 

Several aspects of the present study design and results require comment. First, we 

were only able to include patients with pulmonary embolism in the present analysis, and 

no patients with deep vein thrombosis. Patients with DVT nowadays are often treated at 

home, while in the Netherlands most patients with PE before 2009 were treated in the 

hospital, according to the Dutch guideline on thrombosis treatment (26;27). Delate and 

colleagues in their study looked into differences between the treatment of patients with 

cancer and DVT or PE, and did not find any (19). Second, the use of hospital discharge 

codes may lead to misclassification of patients. However, in a previous study with the same 

cohort, the validity of the ICD code for PE was confirmed (22). To identify cancer patients, 

we used the definition of a hospitalization for cancer within a time frame of 2 years prior 

to and 1 year after the PE. This time window was chosen to reduce the chance of missing 

or falsely identifying cancer patients. The approach is dependent on a hospitalization 

for cancer, and therefore, cannot give precise information on the date when the cancer 

diagnosis was made. In the present study, all patients with ICD codes for malignancy were 

manually checked to see whether they also received chemotherapy or had a hospitalization 
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for chemotherapy, and/or whether the description of the hospitalization supported the 

diagnosis of cancer. Third, some patients with PE were excluded from the analyses as no 

anticoagulants were started after the PE diagnosis. The reason for this is unclear. The 

date of death was available; therefore, these patients did not die before anticoagulant 

treatment could be started. Fourth, we were not able to relate the use of LMWH to the 

stage of disease. Lastly, the efficacy of anticoagulant treatment in cancer patients could 

not reliably be established in the present dataset, because of the lack of information about 

the occurrence of recurrent DVT and recurrent PE as possible cause of death. 

In conclusion, although the use of LMWH in patients with cancer and PE is increasing, 

patients in 2008 are still mostly treated with VKA rather than with LMWH as recommended 

by major guidelines. Moreover, more than 50% of cancer patients are not treated 

indefinitely, instead receive anticoagulants for 6 months or shorter. 
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This thesis focuses on venous thromboembolism (VTE) in patients with cancer. In the first 

part, we studied the roles of microparticles in cancer progression and venous thrombosis, 

and potential applications of microparticles as a predictive biomarker. Part two addressed 

the diagnosis of upper extremity deep vein thrombosis, whereas the last part concerned 

the management of venous thromboembolism in cancer patients. 

 |PART I: PREDICTION

Chapter 2 reviewed the different roles of microvesicles (microparticles and exosomes) in 

cancer, with a focus on cancer progression and the development of venous thrombosis. 

Intricately, microvesicles can contain active molecules including receptors or genetic 

material, or carry these molecules on their surface. Hereby, these small vesicles are able 

to convey messages or molecules to other cells, or can be used by a cell as a way to get 

eliminate  toxic substances (e.g. chemotherapeutics). In the (near) future, the list with 

various functions and roles of microvesicles in cancer will probably become much longer. 

Interesting, not only from a scientific point of view, but even more so if we can find ways 

to intervene with the production of (certain type of) microvesicles and thereby would be 

able to inhibit tumour growth, to prevent the development of venous thrombosis, or to 

increase the vulnerability of cancer cells to chemotherapeutics. Closer to implementation 

is the use of subtypes of microvesicles as a prognostic biomarker, e.g. the use of tissue 

factor bearing microparticles to predict the occurrence of VTE. 

In chapter 3, we focussed on a specific subtype of microparticles, namely CD24-bearing 

microparticles. Cancer patients have increased levels of CD24-bearing microparticles, 

when compared to healthy subjects (median 2.9 versus 1.2 x 105; p<0.001). Patients with 

high and low levels of CD24-bearing microparticles did not show differences in coagulation 

markers, nor in VTE, but the prognosis of patients with high CD24-bearing microparticles 

was poor (odds ratio to die within 15 months: 4.6; p=0.016), when compared to patients 

with low CD24-bearing microparticles. Therefore, these microparticles might prove a 

useful prognostic biomarker, if these findings can be confirmed in a larger population of 

cancer patients. 

Chapter 4 was an exploratory study in which patients with cancer were prospectively 

followed, to see whether markers of coagulation activation and microparticle dependent 

coagulant activity would be associated with the development of venous thrombosis. At 

baseline, markers of in vivo coagulation and the total number of microparticles were 

significantly elevated in cancer patients, when compared to healthy subjects. In those 

patients who developed VTE within 6 months, the baseline levels of coagulation activation 

markers and phospholipid dependent coagulant activity were comparable, however, the 

tissue factor and activated factor VII dependent microparticle coagulant activity were 

higher in the patients who developed VTE, when compared to those who did not. This 

suggests that the TF/factor VII dependent coagulant activity can be used to predict VTE.
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Chapter 5 described the characteristics and validation of the fibrin generation test 

(FGT), a plasma recalcification test. The test measured the presence of procoagulant 

phospholipids as well as procoagulant tissue factor. The FGT formed the result of an 

equilibrium reaction; therefore the reproducibility of the FGT was dependent on the type 

of test plasma employed. Using test plasma with high levels of endogenous TF, the intra-

assay variability was 276 (SD ± 13.5 seconds) with a variation coefficient of 4.9%. In the 

presence of antibody to activated factor VII, the variation coefficient increased to 9.9%. 

The inter-assay variation coefficients were 11.7% and 17.6% in the absence and presence of 

the antibody to factor VIIa, respectively. In normal pool plasma, high clotting times were 

measured with large variation coefficients. As this plasma recalcification test is easy to 

perform, cheap and the reproducibility is fair, it might become useful in clinical practise 

for measuring the inherent ability of the plasma to clot and the contribution of TF-bearing 

microparticles to haemostasis and thrombosis. 

Chapter 6 aimed to elucidate the relationship between number and coagulant activity 

of tissue factor (TF) bearing microparticles, and the cellular origin of these specific 

microparticles. Overall, we found no correlation between the number of TF-bearing 

microparticles and the TF-dependent coagulant activity (r=0.029; p=0.69). Even more 

so, in patients, a high number of TF-bearing microparticles and a high coagulant activity 

seemed almost mutually exclusive. Therefore, we postulated that there are two types 

of circulating TF-bearing microparticles, a coagulant and a non-coagulant form. More 

research is needed to clarify our findings on the cellular origin of TF-bearing microparticles, 

as there was a marked variation between patients. We could identify tumour derived TF-

bearing microparticles in 5 patients, however, these microparticles also stained double 

positive for blood cell markers. In 8 other patients, the cellular origin of only a minority of 

the TF-bearing microparticles could be determined; these microparticles originated from 

platelets. Multiple research groups are currently evaluating the use of the number and 

coagulant activity of TF-bearing microparticles as predictive biomarkers for VTE in cancer. 

The future will learn us whether one of these measurements proves useful. 

In chapter 7 we aimed to study the value of TF-dependent coagulant activity (via the 

FGT) in the prediction of VTE in cancer, and to compare it to previously studied biomarkers. 

The prospective cohort consisted of 443 patients, of whom in total 23 patients developed 

VTE within 6 months (incidence 5.2%). The FGT had a sensitivity of 61% (95%CI 31-84%) 

and a positive predictive value (PPV) of 4.7% (1.9-9.3%). None of the studied biomarkers 

or the Khorana clinical score was superior in the prediction for VTE, with sensitivities 

ranging from 44 (factor VIII; 61-97%) to 85% (P-selectin; 56-96%) and PPV’s ranging from 

4.7% (high Khorana score; 1.6-12) to 14% (P-selectin; 4.8-27). This chapter concerned an 

interim analysis of an ongoing study. Hopefully, the increase in sample size will provide 

more power to see differences among the studied biomarkers. Also, with the larger sample 

size, combinations of biomarkers, the Khorana score and the FGT can be analysed. As 

the various biomarkers and the score have a different pathophysiological background, a 
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combination of tests might prove a fruitful way to lift the PPV to a value above e.g. 20%, 

which would enable giving thromboprophylaxis in a randomized controlled trial to those 

patients with a high risk for VTE, the ultimate goal. 

Finally, chapter 8 explored the effect of chemotherapy and anti-angiogenesis agents on 

the coagulant activity and composition of circulating microparticles. Treatment did not affect 

the overall procoagulant activity of the microparticles. The composition of microparticles did 

change after therapy: levels of microparticles bearing the receptor for vascular endothelial 

growth factor (VEGFR-1) decreased after therapy in glioma patients (p=0.021), whereas levels of 

endothelial microparticles tended to increase in glioma patients (p=0.041). These observations 

are merely hypothesis generating, as they suggest an association with prognosis or a response 

to treatment, however, this needs to be established by future studies. 

 |PART II: DIAGNOSIS

In chapter 9 we systematically reviewed the current literature for studies reporting on the 

diagnostic accuracy of ultrasonography for clinically suspected upper extremity deep vein 

thrombosis (UEDVT). In the analysis, 9 studies with 687 patients were included. Overall, the 

methodological quality was considered low, sample sizes were small and large between-study 

differences were observed. In most hospitals worldwide, ultrasonography has substituted 

venography as the first choice imaging technique. However, this review also revealed that the 

evidence concerning the diagnostic accuracy and therefore also the safety of ultrasonography 

is rather scarce, with wide confidence intervals around the summary estimates. Data on the 

diagnostic accuracy of ultrasonography for the detection of lower extremity DVT cannot 

be extrapolated to suspected upper extremity DVT without further studies, as the anatomy 

of the upper extremity might pose additional problems for ultrasonography and the patient 

population with suspected UEDVT differs from that with suspected leg DVT. Therefore, the use 

of ultrasonography for the diagnosis of UEDVT warrants more research.  

Chapter 10 described the Armour study, a multicenter diagnostic management study which 

aimed to evaluate the safety and efficacy of a new diagnostic algorithm for suspected UEDVT. 

This algorithm combined a clinical score (the Constans’ score), D-dimer and ultrasonography. 

The study population comprised of 406 patients with suspected UEDVT. The algorithm was 

feasible and completed in 390 of the 406 patients, i.e. 96%. In 87 patients (21%) an unlikely 

score combined with a normal D-dimer test result excluded UEDVT. In 103 (25%) and 54 (13%) 

patients a diagnosis of UEDVT or superficial vein thrombosis was made, respectively. Of the 

249 patients with a normal diagnostic work-up, one developed UEDVT during follow-up for an 

overall failure rate of 0.40% (95%CI: 0.0-2.2%), which is below the previously defined maximally 

allowed upper confidence interval of 3.0%. Therefore, this algorithm can safely and effectively 

exclude venous thrombosis of the upper extremity. Provided the safety can be confirmed by 

future studies, this approach would be very attractive for use in clinical practise, as it is relatively 

simple and resembles the algorithm for suspected leg DVT. 
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We concluded this part of the thesis with a planned sub-study of the Trousseau 

study. The main study demonstrated that extensive screening for cancer in patients 

with idiopathic venous thrombosis (using CT-scans of the chest and abdomen, plus 

mammography in women) did not increase overall survival, when compared to limited 

screening. Chapter 11 revealed that in as much as 30% of all extensively screened patients, 

abnormalities found by imaging necessitated further diagnostic work-up. This yielded 6 

malignancies and resulted in a positive predictive value of 6.6%, a sensitivity of 33% and 

a specificity of 70%. The mean costs for the total screening were €165 for the routine and 

€531 for the extensive screening. These findings underscore the problems associated 

with screening using CT-scans, namely the high proportion of abnormalities found which 

advocate further imaging and of which only a minority are relevant. In our present society, 

the costs which arise from such a strategy form an increasingly important topic. 

 |PART III: MANAGEMENT

In chapter 12, we aimed to assess strategies used for  the treatment of patients with 

cancer and venous thrombosis among physicians worldwide, experts on thrombosis as 

well as non-experts. A total of 229 invitations were sent, and 141 physicians completed 

the survey (60%). LMWH was indicated as the first choice for the long-term treatment by 

82% of the respondents, of whom 60% used full therapeutic doses and 40% chose a dose 

reduction. When continuing anticoagulants after the long-term treatment period, 44% 

of respondents preferred LMWH, 10% VKA, while the remaining 45% chose per individual 

patient for either LMWH or VKA. 

Finally, 600 cancer patients with pulmonary embolism (PE) and 1200 matched patients 

with PE without cancer were identified within a large pharmacy database in chapter 13. From 

1998 to 2008, we observed a clear increase in the use of long-term LMWH in cancer patients, 

but not in controls (p<0.001 and p=0.76, respectively). In 2007/2008, LMWH was prescribed 

to 32% of the patients with cancer and PE, compared to 1.7% of the patients in 1998/1999. 

Taken together, these two chapters indicate that the intended use of LMWH for the 

long-term treatment of cancer patients is relatively high, especially among experts on 

thrombosis. In contrast, at least in 2007/2008, the actual use of LMWH is still far from 

optimal. The question rises what can explain this underuse. Therefore, future studies 

should focus on the impact of long-term use of LMWH on the quality of life, and reasons 

for physicians and patients to choose for vitamin K antagonists (VKA) rather than LMWH. 

Also, the optimal dose of LMWH and the type of anticoagulant chosen varied substantially, 

probably reflecting the limited available evidence. In the future, the ongoing Longheva 

study might provide an answer to the question whether or not LMWH is also superior to VKA 

after completion of the first 6 months of anticoagulant treatment. Concerning the optimal 

dose of LMWH, probably, this will remain to be a decision made by individual physicians, 

in view of the unlikely possibility of a trial on this topic. The various new anticoagulants 
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are emerging factors in the treatment of VTE in the non-cancer population. However, the 

percentage of cancer patients enrolled in the trials with new anticoagulants is modest, 

with the last trials even excluding cancer patients. Therefore, studies specifically aimed 

at cancer patients with VTE need to provide an answer to the question whether the new 

anticoagulants are superior in efficacy and safety, when compared to long-term LMWH. 

Until then, long-term LMWH remains the drug of choice for the treatment of VTE in cancer 

patients, with all the associated advantages and disadvantages. 
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Beste lezer,

Dit proefschrift is het resultaat van vier jaar onderzoek op het gebied van veneuze 

trombose en kanker. Normaal gesproken blijft het bloed vloeibaar door een ingewikkeld 

samenspel tussen stoffen die de stolling bevorderen en stoffen die de stolling remmen. 

Als dit systeem faalt, kan een stolsel ontstaan in de aders (veneuze trombose). Veneuze 

trombose komt voor in de aders van de benen of armen (diep veneuze trombose) en in de 

slagaders van de longen (longembolie). Al langer dan een eeuw is bekend dat patiënten 

met kanker een hoog risico hebben op het ontwikkelen van veneuze trombose, vooral 

in de aders van de benen. Veneuze trombose is een belangrijke complicatie, omdat het 

stolsel kan losschieten en in de longen terecht kan komen, wat gevaarlijk is. Trombose in de 

aders leidt ook tot problemen als pijn en zwelling. Ongeveer 10% van alle kankerpatiënten 

krijgt met veneuze trombose te maken op een bepaald moment gedurende hun ziekte. 

Verschillende factoren spelen een rol bij het ontstaan van deze trombose. Ten eerste 

de tumor zelf, doordat de tumor direct of indirect het stollingssysteem activeert. Hoe 

uitgebreider de kanker, des te groter het risico is op trombose. Ook verschilt het risico op 

trombose per type kanker. Een tweede belangrijke factor is de behandeling van kanker, 

zoals chemotherapie, operatie, hormoontherapie en radiotherapie. Al deze behandelingen 

verhogen het risico op trombose in meer of mindere mate. 

Het proefschrift bestaat uit drie delen: deel I gaat over de mogelijkheden om te 

voorspellen welke patiënten trombose krijgen en welke patiënten de slechtste prognose 

hebben. Hierbij zijn we vooral geïnteresseerd in micropartikels, kleine van cellen 

afkomstige blaasjes die in bloed aanwezig zijn. Deel II gaat over de diagnostiek of te wel 

het vaststellen van trombose, in dit geval trombose van de arm. Tenslotte behandelt deel 

III de behandeling van veneuze trombose in kankerpatiënten. 

Deel I: predictie (voorspellen)

Het eerste hoofdstuk bevat de Engelstalige inleiding van het proefschrift. In hoofdstuk 

2 geven we een overzicht van de verschillende effecten van micropartikels in kanker. 

Micropartikels zijn kleine blaasjes, kleiner dan een micrometer, die circuleren in het bloed 

en welke ontstaan doordat ze worden afgesnoerd door de celmembraan. Hierdoor nemen 

de microparticles bepaalde eigenschappen en functies over van de ‘moeder’-cel. Dit geeft 

micropartikels de mogelijkheid effecten uit te oefenen in de omgeving van de tumor 

en op afstand in de bloedbaan. Er zijn vele effecten van micropartikels beschreven die 

in het algemeen positief zijn voor het uitgroeien van de tumor: het bevorderen van de 

bloedtoevoer van de tumor, het tegengaan van de afweerreactie van het lichaam tegen 

de tumor, het stimuleren van tumorgroei middels groeifactoren, enz. Tevens kunnen 

micropartikels de bloedstolling initiëren, onder andere omdat ze weefselfactor exposeren. 

Weefselfactor is het eiwit dat de bloedstolling in het lichaam start.
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Daarna, in hoofdstuk 3, beschrijven we een studie waarin de aanwezigheid van CD24-

exposerende microparticles is onderzocht. Bloed van kankerpatiënten bevat meer CD24-

exposerende micropartikels dan bloed van gezonde mensen. Patiënten met hoge aantallen 

CD24-exposerende micropartikels hebben een slechtere prognose dan patiënten met lage 

aantallen. Mogelijk kan het bepalen van CD24-exposerende micropartikels in de toekomst 

helpen bij het selecteren van patiënten met een slechte prognose. 

Hoofdstuk 4 bestudeert micropartikels en hun stollingsbevorderende eigenschappen in 

43 kankerpatiënten en 22 gezonde mensen. Na bloedafname zijn de patiënten 6 maanden 

vervolgd om te kijken of deze patiënten veneuze trombose ontwikkelden. De aantallen 

micropartikels en merkers van de stolling zijn verhoogd in bloed van kankerpatiënten 

ten opzichte van gezonde mensen. De kankerpatiënten die binnen 6 maanden trombose 

ontwikkelen, hebben micropartikels die meer stollingsbevorderend zijn dan micropartikels 

van patiënten die geen trombose ontwikkelen. Met name de stollingsactiviteit van 

weefselfactor op micropartikels is verhoogd bij patiënten die binnen 6 maanden trombose 

ontwikkelen. Mogelijk kan het meten van deze stollingsactiviteit helpen bij het identificeren 

van kankerpatiënten die een sterk verhoogd risico hebben op het ontstaan van trombose. 

Deze patiënten kunnen dan in de toekomst worden behandeld met bloedverdunners om 

trombose te voorkomen, onder het adagium ‘voorkomen is beter dan genezen’. 

In hoofdstuk 5 wordt een stollingstest beschreven, de fibrine generatie test, die 

de weefselfactor activiteit meet van micropartikels. Het bloed van een kankerpatiënt 

wordt eerst ontdaan van bloedcellen, waarna de stolling wordt gestart in de resterende 

bloedvloeistof, ook wel plasma genoemd, die naast stollingsfactoren ook de micropartikels 

bevat. In deze test wordt de tijd tot het ontstaan van een stolsel gemeten. Door een 

remmende antistof toe te voegen tegen de eerste door weefselfactor geactiveerde 

stollingsfactor, stollingsfactor VIIa, kan de bijdrage van weefselfactor op micropartikels 

aan de stolling worden bepaald. Voordelen van de test zijn de makkelijke uitvoerbaarheid 

en geringe kosten, een nadeel is de soms matige reproduceerbaarheid. 

In Hoofdstuk 6 richt de aandacht zich verder op de weefselfactor exposerende 

micropartikels in het bloed van kankerpatiënten. Hierbij zijn we met name geïnteresseerd 

in (1) de relatie tussen de hoeveelheid aanwezig weefselfactor op micropartikels en 

het gemeten vermogen tot stollingsactivatie, en (2) de cellulaire herkomst van de 

weefselfactor exposerende micropartikels. Opvallend genoeg zijn er kankerpatiënten 

waarvan het bloed veel weefselfactor micropartikels bevat, welke echter niet of nauwelijks 

stollingsactief zijn. Tevens zijn er kankerpatiënten van wie het bloed veel weefselfactor-

gemedieerde stollingsactiviteit bevat, maar waarin nauwelijks weefselfactor-exposerende 

micropartikels meetbaar zijn. Er lijken dus 2 soorten weefselfactor-exposerende 

micropartikels te zijn, micropartikels die stollingsbevorderend en micropartikels welke 

niet-stollingsbevorderend weefselfactor exposeren. Toekomstig onderzoek moet 

uitwijzen wat de functie is van het niet-stollingsbevorderende weefselfactor, en of 
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het ontstaan van trombose het best wordt voorspeld door het meten van de aantallen 

weefselfactor-exposerende micropartikels, of hun vermogen om de stolling te starten. De 

cellulaire herkomst van de weefselfactor-exposerende micropartikels blijft onduidelijk, 

omdat bij een aantal kankerpatiënten de weefselfactor-exposerende micropartikels 

afkomstig lijken te zijn van zowel van kankercellen als van bloedcellen.

Vervolgens is in Hoofdstuk 7 onderzocht in hoeverre weefselfactor-exposerende 

micropartikels, zoals gemeten met de FGT (beschreven in Hoofdstuk 5) het ontstaan 

van veneuze trombose kunnen voorspellen. Deze resultaten zijn vergeleken met het 

voorspellend vermogen van eerder onderzochte biomerkers in bloed en een klinische 

beslisregel. In 6 verschillende ziekenhuizen is bloed afgenomen van kankerpatiënten die met 

chemotherapie worden behandeld. Alle patiënten zijn 6 maanden vervolgd op het ontstaan 

van veneuze trombose. Vervolgens is gekeken naar het voorspellend vermogen van de FGT, 

biomerkers en de klinische beslisregel. In totaal deden 443 kankerpatiënten mee aan het 

onderzoek, waarvan 23 patiënten trombose ontwikkelden binnen de 6 maanden van het 

onderzoek (5.2%). In totaal overleden 77 patiënten (18%) binnen deze 6 maanden. De positief 

voorspellende waarde van de FGT, na correctie voor overlijden, was 4.7%. Eenvoudig gezegd 

betekent dit dat mensen met een positieve FGT, na correctie voor overlijden, een kans van 

4.7% hebben op trombose. De andere testen presteerden niet veel beter. De komende tijd 

zal de groep van patiënten verder worden uitgebreid. Ook zullen we kijken of combinaties 

van testen beter voorspellen voor het ontwikkelen van trombose. 

Hoofdstuk 8 had als doel te onderzoeken wat het effect is van chemotherapie op 

aantallen en stollingsactiviteit van micropartikels. Om deze vraag te kunnen beantwoorden 

is  bloed onderzocht van patiënten met longkanker en van patiënten met een hersentumor, 

een glioblastoom, zowel voor en na het starten van de chemotherapie. Chemotherapie 

had geen meetbaar effect op de stollingsbevorderende activiteit van micropartikels, 

maar wel leken verschuivingen zichtbaar te worden in cellulaire herkomst en mogelijke 

eigenschappen van micropartikels. Micropartikels afkomstig van vaatwandcellen lijken in 

aantal toe te nemen bij patiënten met een hersentumor, terwijl er een afname plaats vindt 

van micropartikels die een receptor voor vaatnieuwvorming exposeren. De onderzochte 

groepen zijn te klein om conclusies te trekken tussen veranderingen in micropartikels of 

om een relatie met prognose of reactie op chemotherapie vast te stellen. 

Deel II. Diagnostiek van veneuze trombose 

In dit deel richtten we ons op de diagnostiek van veneuze trombose. Slechts 25 tot 50% van 

alle patiënten die naar een arts gaan vanwege klachten van een dikke arm of been blijken 

uiteindelijk trombose te hebben. Het is daarom van groot belang dat de diagnostiek naar 

trombose op een gedegen manier wordt uitgevoerd, waardoor niet alleen (vrijwel) geen 

trombose wordt gemist maar ook zo weinig mogelijk onnodig onderzoek wordt gedaan. 

In Hoofdstuk 9 wordt een overzicht gegeven van wat er bekend is op het gebied van 

de diagnostiek van trombose van de arm. Opvallend is dat er relatief weinig studies gedaan 
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zijn naar het correct vaststellen van trombose van de arm. Hierdoor is er ook relatief weinig 

zekerheid over de veiligheid van echografie, het meest gebruikte onderzoek. 

Hoofdstuk 10 beschrijft een studie waaraan in totaal 16 ziekenhuizen in Europa en de 

Verenigde Staten mee deden. Onderzocht werd of het veilig en effectief is om trombose 

van de arm te diagnosticeren door een combinatie van drie testen: een klinische beslisregel 

(optelsom van klachten), D-dimeer (een bloedtest) en echografie. Er deden in totaal 406 

patiënten mee, waarvan bij 249 patiënten geen trombose werd gevonden. Alle patiënten zijn 

3 maanden vervolgd op het ontstaan van trombose, kortom of de diagnostische strategie 

zou falen. Dit bleek het geval bij 1 patiënt, hetgeen overeen kwam met een “failure rate” van 

0.4% (95% betrouwbaarheidsinterval 0.0-2.2%). De combinatie van testen was uitvoerbaar in 

396 van de 406 patiënten (96%), waaruit mag worden geconcludeerd dat deze combinatie 

van testen een veilige en effectieve manier is om trombose van de arm vast te stellen. 

 Hoofdstuk 11 beschrijft een aanvullende analyse van de Trousseau studie. Deze studie 

onderzocht het nut van screening naar onderliggende kanker bij patiënten met een trombose 

zonder duidelijke oorzaak omdat bij 10% van de trombose patiënten, bij wie geen duidelijke 

onderliggende oorzaak kan worden vastgesteld, uiteindelijk een tumor de oorzaak blijkt te zijn. 

Uit het onderzoek blijkt dat screening naar kanker met CT-scan van de buik en borst veel kosten 

(€531) met zich meebrengt zonder dat dit leidt tot een betere overleving van de patiënten. In 91 

(30%) van de gescreende patiënten lieten de CT-scans afwijkingen zien waar verder onderzoek 

naar gedaan moest worden, terwijl hiervan slechts 6 patiënten kanker bleken te hebben. 

Deel III. De behandeling van veneuze trombose bij patiënten met kanker

Dit laatste deel van het proefschrift omvat de behandeling van veneuze trombose bij 

patiënten met kanker. In 2003 heeft een groot onderzoek dat is uitgevoerd bij meer 

dan 600 kankerpatiënten laten zien dat injecties met laag moleculair gewichtsheparine 

(LMWH) effectiever zijn in de behandeling van trombose dan de reguliere behandeling 

door de trombosedienst middels vitamine K-antagonisten (VKA; tabletten). Sindsdien 

adviseren belangrijke richtlijnen om kankerpatiënten met een trombose te behandelen 

met LMWH. Deze behandeling kent echter - zeker bij langdurig gebruik - ook nadelen 

zoals pijn en blauwe plekken door de dagelijkse injecties, bloedingsrisico enz. 

Dit is voor ons de reden om in Hoofdstuk 12 middels een vragenlijst te onderzoeken 

hoe medische specialisten wereldwijd patiënten met kanker en trombose behandelen. De 

belangrijkste vragen hierbij zijn: hoe vaak behandelen artsen met LMWH, hoe lang wordt 

trombose behandeld, en welke nadelen worden waargenomen bij behandeling met LMWH en 

de reguliere behandeling. In totaal vulden 141 artsen de vragenlijst in (60% van alle verstuurde 

vragenlijsten). De meerderheid van 82% van de artsen geeft aan LMWH voor te schrijven aan 

patiënten met kanker en een trombose. Van alle artsen behandelt 60% de hele periode met 

de volledige dosis LMWH en 40% geeft een verlaagde dosis na enkele weken tot maanden 

na de trombose. Bijna de helft van de artsen (48%) vindt de reguliere behandeling via de 

trombosedienst problematisch, in vergelijking met de behandeling middels LMWH (14%). 
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In het laatste hoofdstuk, Hoofdstuk 13, is onderzocht hoe kankerpatiënten met een 

longembolie werden behandeld tussen 1998 en 2008.Voor dit onderzoek is gebruik 

gemaakt van een database van patiënten met een longembolie. In totaal zijn 600 patiënten 

met kanker en een longembolie vergeleken met 1200 patiënten met een longembolie 

maar zonder kanker. Over de gehele periode zijn 82 kankerpatiënten (13.7%) behandeld 

met LMWH, ten opzichte van 8 patiënten (0.7%) in de groep van de niet-oncologische 

patiënten. Daarnaast werd in deze periode een duidelijke toename gezien van het aantal 

kankerpatiënten dat wordt behandeld werd met LMWH, tot maximaal 32% in 2007/2008. 

De rest van de kankerpatiënten wordt dus behandeld met vitamine K antagonisten, de 

reguliere behandeling via de trombosedienst. 

Deze twee laatste hoofdstukken laten zien dat het merendeel van de artsen wel de 

intentie heeft om patiënten met kanker en een trombose te behandelen met LMWH, maar 

dat het daadwerkelijke voorschrijfgedrag anders is. Immers, in 2007/2008, dus een aantal 

jaren na het verschijnen van richtlijnen die LMWH adviseren, werd in Nederland aan de 

meeste patiënten nog geen LMWH voorgeschreven. Deze bevindingen komen overeen 

met een Amerikaanse studie. De vraag rijst wat de reden is voor het afwijken van de 

richtlijnen. Mogelijk vinden artsen of patiënten LMWH injecties te belastend, of zijn artsen 

onbekend met het bestaan van de richtlijnen. Toekomstig onderzoek zal meer duidelijkheid 

moeten verschaffen. Ook zullen nieuwe antistollingsmiddelen, in tabletvorm en niet via de 

trombosedienst, moeten worden onderzocht in kankerpatiënten met trombose. 
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 |CURRICULUM VITAE

Ankie werd geboren op 2 mei 1983 als dochter van Gerrit Kleinjan en Yvonne Kleinjan -Ter 

Meer. Zij groeide op in Den Ham, een brinkdorp in Overijssel. Na de middelbare school 

in Almelo te hebben voltooid, ging zij op haar 18e in Nijmegen geneeskunde studeren. 

Hier werkte ze ook bij de thuiszorg en het verzorgingstehuis. Via via hoorde zij tijdens 

haar studie van de afdeling Vasculaire geneeskunde in het AMC, waar veel onderzoek 

werd gedaan naar trombose. Het bleek mogelijk hier de afsluitende wetenschappelijke 

stage te doen. Na drie maanden te hebben geproefd aan het werken op het AMC en aan 

Amsterdam, kreeg zij de kans promotieonderzoek te doen naar de relatie tussen kanker 

en trombose op dezelfde afdeling. Alvorens op 1 juli 2008 met dit onderzoek te starten, 

werkte zij een half jaar met veel plezier als arts-assistent interne geneeskunde in Almelo. 

Tijdens de promotieperiode werkte ze ook als stollingsconsulent binnen het Academisch 

Medisch Centrum. Op 1 oktober 2012 startte zij met de opleiding interne geneeskunde in 

de Tergooiziekenhuizen in Hilversum/Blaricum, met als opleiders Dr. Lobatto en de Vries. 

Ankie is getrouwd met Richard en heeft 2 kinderen, Franca van 2 jaar en Twan van 2 

maanden. Ze wonen met veel plezier in Duivendrecht. 

Figure. Aan het werk in Paleyrac, wifi-bereik achter de heg. 
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8. Bagage cursus (life support), AMC, 2012. 
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1. Oral presentations (3x). International Society of Thrombosis and Haemostasis ISTH, 

Amsterdam, 2013. 

2. Oral presentation. American Society of Hematology, Atlanta, US, 2012. Abstract 

achievement award. 

3. Oral presentation. International Conference of Thrombosis and Haemostasis In 

Cancer, Bergamo, 2012. 

4. Oral presentation. International Society of Thrombosis and Haemostasis, Kyoto, 

Japan, 2011. Young Investigators Award.  

5. Presentatie Nederlandse Vereniging voor Trombose en Hemostase, Noordwijk, 

2010. Wetenschapsprijs 2010 (€2000). 
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International Conference of Thrombosis and Haemostasis In Cancer, 2009, Stresa. 
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 |DANKWOORD

“I feel a very unusual sensation – if it is not indigestion, I think it must be gratitude.” 

(Benjamin Disraeli)

Voor mij was ‘dankbaarheid’ de afgelopen vier jaar niet zo’n ongewoon gevoel. Elk van 

de voorgaande hoofdstukken is tot stand gekomen dankzij de hulp en inzet van (vele) 

anderen. Onderstaande opsomming vormt slechts de top van de ijsberg. 

Om bij het begin te beginnen: Marianna Veendorp, dank voor het introduceren bij 

Harry. Frederiek, bedankt voor de hulp tijdens mijn wetenschappelijke stage, de ‘inside-

information’ over promoveren en voor het inwerken op je projecten. Hetzelfde geldt voor 

mijn andere illustere voorganger, Geerte. Ik dank mijn (co)promotoren en stafleden van 

de afdeling vasculaire geneeskunde en experimentele klinische chemie dat ik onderzoek 

kon doen op dit klinisch zeer relevante onderwerp. 

De commissieleden ben ik erkentelijk voor hun bereidwilligheid om in mijn commissie 

plaats te nemen. Daarbovenop wil ik Dick Richel en Guus Sturk danken voor hun hulp en 

kritische blik bij enkele van de projecten in dit boekje en Dees Brandjes (en Harry) voor het huis 

in Paleyrac. Mijn vier begeleiders hebben me altijd het vertrouwen gegeven dat het – linksom 

of rechtsom - uiteindelijk wel goed zou komen. Harry, door zijn grote ervaring in het onderzoek 

en de begeleiding van promovendi. PW, door zijn laagdrempeligheid en grote netwerk. Rienk, 

door ruim de tijd te nemen voor het samen filosoferen over onderzoeksvragen en het schrijven 

van manuscripten. En tenslotte Marcello, door zijn inzet en energie om projecten op te zetten 

en er aan deel te nemen, en de gezelligheid tijdens congressen. 

Deze onderzoeken waren niet mogelijk geweest zonder de medewerking van andere 

afdelingen binnen het AMC. Ten eerste, de oncologen en oncologieverpleegkundigen voor 

de hulp bij het includeren van patiënten in studies, terwijl jullie vaak zo druk waren. Ik heb 

bewondering voor het harde werken en de goede sfeer op de oncologie dagverpleging. 

Ook Aline en collega’s op de afdeling longziekten, dank voor jullie bereidwilligheid om 

mee te denken en helpen met de inclusie van patiënten. Het vaatcentrum, Hadjra in het 

bijzonder, voor de belletjes als zich een patiënt met een verdenking armtrombose meldde. 

Het F1-lab, Chi, Marianne, Anita B, Anita G, Najat; deze dokter met twee linker handen 

had niet zonder jullie hulp gekund. René, dank voor de momenten waarop je de tijd nam 

om uitgebreid uitleg te geven over de FGT, of andere zaken. Edwin, voor de ingenieuze 

Excelsheet. Arnold Spek en Ron van Noorden, jammer dat de tijd ontbrak om meer met 

jullie samen te werken, dat had ik graag gedaan. 

De vele collega’s op de afdeling vasculaire geneeskunde vormen een bron van kennis, 

wat het promoveren een heel stuk gemakkelijker maakte. Maar bovenal was het ook heel 

gezellig, in het bijzonder met de ex-kamergenoten / fietsgezellen / life-event-genoten 

Corien, Suthesh, Aart, Meeike, Josien, Bregje, Anne, Andrea, Katrijn, Sara en Nanne. Zoals 

iedere afdeling, drijft ook de onze op de secretaresses: Henriette, Joyce, Debby en Nanet. 

223



Addendum

De ‘corvee’-studies werden leuker dankzij de gezelligheid op het trialbureau, in het bijzonder 

de samenwerking met Mia en Jet bij de Panacea studie en Michelle en Trees bij de Longheva 

studie. Ook wil ik Mieke bedanken voor haar zeer welkome hulp bij de Longheva studie.

I want to thank all international collaborators for the fruitful and pleasant collaboration, 

especially Jan Beyer, Giuseppe Camporese, Anita Aggarwal, Frederick Rickles, Alain 

Stephanian, Isabelle Mahé and Gabriela Cesarman-Maus. Some of the studies in my book, 

especially the Armour study and the microparticle study, would never have been possible 

without you. I am proud that we were able to perform and finalise the Armour study, 

without external funding. 

Ook de Nederlandse co-auteurs wil ik van harte bedanken. Hierbij wil ik specifiek Hans-

Martin Otten noemen, bij veel van de onderzoeken vanaf het begin betrokken. Veel succes 

met de nieuwe plannen. Prabath Nanayakkara en Peter Scheffer wil ik bedanken voor hun 

bereidwilligheid om samen te werken aan de micropartikelstudie. Barbara Hutten, dank 

voor de hulp bij de Pharmo database. Nick en Suzanne, mijn twee ‘halve’ opvolgers pakken 

hun promoties zo voortvarend op, dat ik alle vertrouwen heb in de goede afloop. In de 

loop van de jaren hebben Joy, Desirée, Annemarie en Mira als studenten meegewerkt aan 

verschillende onderzoeken, dit was gezellig en productief.

Het afgelopen jaar heb ik mijn eerste schreden gezet in de praktijk van de opleiding 

interne geneeskunde. Internisten en collega-assistenten in de Tergooiziekenhuizen, fijn 

om hier het perifere deel van de stage te kunnen doen, met jullie als opleiders en collega’s. 

‘I would thank you from the bottom of my heart, but for you my heart has no bottom’ 

(Anonymous)

In Hollywood series gebeurt het aan de lopende band, hier is het uitkomen van een boekje 

een goede reden om eens expliciet mensen op persoonlijk vlak te bedanken. 

Mijn vrienden: Marjolein, Rafke, Tessa, Josje, Lucie, Arjanne, Marieke, Chris. Ik ben blij 

dat we vrienden zijn gebleven ondanks de afstand en de drukke levens. Alice, bedankt voor 

de wandelingetjes en pauzetjes overdag, als we in slaap vielen achter onze computers. Fijn 

dat je mijn paranimf wilt zijn. 

Pap en mam, bedankt voor het bieden van de mogelijkheden om te studeren, en 

natuurlijk voor de fijne jeugd. Kampioen taartenbakken, Marijke, leuk dat je paranimf wilde 

zijn. Ik prijs mij gelukkig met een hechte familie, altijd gezellig en bereid om te helpen 

klussen, verhuizen, oppassen. Bovendien hebben we de luxe om weekendjes te kunnen 

‘bivakkeren’ in Den Ham. Ik ben trots op mijn kwieke opa en oma’s. Vervolgens mijn 

schoonfamilie, Pieter, Leonie, Emiel; bedankt voor de gezelligheid. Het is een gemis dat 

José alle nieuwe gebeurtenissen niet meer mee kan maken. 

Richard, jij had 5 jaar geleden gelukkig ook zin om een nieuw avontuur aan te gaan, 

samen naar Amsterdam! Nu zijn we een aantal ‘life-events’ en twee kinderen verder. Ik heb 

vertrouwen in onze toekomst samen. Lieve Twan en Franca, ik ben benieuwd wat voor een 

mensen jullie gaan worden. Laten we nu eerst eens genieten van een paar weken vakantie! 
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‘Ik dank u voor uw zo braaf geveinsde aandacht’ (L. Verbeeck) 

Dat u hier bent aangekomen, betekent dat u tenminste mijn dankwoord gelezen hebt, 

waarvoor dank! 
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