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Abstract 
 
Multiple myeloma (MM) is associated with an increased risk of venous 
thromboembolic (VTE) complications. Aim of this study was to measure 
microparticle-associated tissue factor (MP-TF) activity in patients with newly 
diagnosed MM before and after chemotherapy and to investigate whether MP-TF 
activity is associated with VTE. MP-TF activity was assessed in 122 newly 
diagnosed MM patients who were eligible for combination chemotherapy. MP-TF 
activity levels (17.6 fM Xa/min [8.6-33.2] (median [IQR]) were higher in untreated 
MM patients compared to normal healthy volunteers (4.1 fM Xa/min [2.3-6.6], p 
<0.001). MP-TF activity prior to the start of treatment was not different between 
patients who developed a VTE during follow-up (n=15) and those who did not 
(n=107). In 75 patients in whom plasma was obtained before and after 
chemotherapy, MP-TF activity decreased significantly (from 17.4 [10.2-32.8] to 
12.0 [7.0-18.5] fM Xa/min, P=0.006). MP-TF activity remained, however, elevated 
in patients who developed VTE (15.1 [10.3-25.2]), in contrast to patients not 
developing VTE (11.4 [7.0-25.2], P<0.001). In conclusion, MP-TF activity is 
increased in patients with MM. Whether MP-TF activity has a pathogenetic role in 
VTE in MM patients remains to be established in future studies.  
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Introduction 
 
An increased risk of venous thrombo-embolism (VTE) is observed in multiple 
myeloma (MM), especially when these patients are treated with combination 
treatment including high dose dexamethasone, doxorubicin or multi-agent 
chemotherapy in combination with thalidomide or lenalidomide (1-2). The exact 
mechanism of the increased risk of VTE is not yet fully understood, but a number of 
mechanisms have been proposed to contribute to the development of the 
hypercoagulable state in these patients. These include increased levels of factor 
VIII or von Willebrand factor and hypofibrinolysis (3-6). Furthermore, an association 
between acquired APC resistance and the occurrence of VTE in MM has also been 
reported (5, 7).  
 
Tissue factor is the principal initiator of the coagulation cascade and can be 
demonstrated on circulating microparticles that are released from cells following 
activation or during apoptosis (8-9). In addition tissue factor is expressed on the 
surface of cells in many tumour types and the expression appears to correlate with 
grade of malignancy and with tumour progression (10-12) TF expression of various 
tumour types has been associated with the risk of development of VTE 
complications (13). Tesselaar et al. observed an association of microparticle 
associated-tissue factor (MP-TF) activity and VTE using a functional assay to 
measure TF activity in the MP fraction of plasma (MP-TF activity) in patients with 
disseminated mucinous adenocarcinoma (14). More recent studies have shown 
similar results for other types of cancer (15-17). Zwicker et al showed that elevated 
levels of TF-MP were associated with an increased cumulative incidence of VTE 
(16, 18). Also Khorana et al. found an association between TF antigen levels, TF 
MP procoagulant activity and development of VTE (19). Some of these studies 
indicate that at least part of the TF+ MP is derived from tumour cells, but also 
platelet-derived and monocyte-derived MPs are increased (16, 20-21). Despite the 
fact that several patient groups with different types of cancer have been studied, no 
data are available on MP-TF activity in MM patients, who have a very high risk of 
developing VTE. 
 
Therefore the aim of the current study was to investigate MP-TF activity in MM 
patients and to assess a possible association with the development of VTE. 
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METHODS 
 
Patients 
 
A total of 122 patients with newly diagnosed MM according to the Mayo Clinic 
criteria who were eligible for chemotherapy followed by autologous stem cell 
transplantation were included in the study (22). The patients were admitted to the 
department of Haematology of the Erasmus MC Rotterdam, an academic tertiary 
referral hospital in the Netherlands. These patients were recruited from the 
HOVON-50 MM (METC no 01/080) and HOVON-65 MM/GMMG-HD4 (EUDRACT 
no 2004-000944-26) studies. Only patients who were eligible for intensive 
chemotherapy with high dose melphalan and autologous stem cell support were 
included. The Central Medical Ethical Committee of the Erasmus MC approved the 
study and written informed consent was obtained from all patients before 
performing the investigation. Patients were randomized to  received either 3 
courses of VAD (doxorubicin [9 mg/m2 i.v., day 1-4], dexamethasone [40mg orally, 
day 1-4, 9-12, 17-20] and vincristine [0.4 mg i.v., day 1-4]), or TAD (thalidomide 
200 mg orally daily, doxorubicin [9 mg/m2 i.v., day 1-4], dexamethasone [40 mg 
orally, day 1-4, 9-12, 17-20] or PAD (bortezomib [1.3 mg/m2 i.v., days 1,4,8,11], 
doxorubicin [9 mg/m2 i.v., day 1], dexamethasone [40 mg orally day 1-4, 9-12, 17-
20]). During thalidomide treatment, patients received a prophylactic dose of LMWH 
(nadroparin 2850 IE anti-Xa (body weight < 90kg) or 5700 IE anti-Xa (body weight 
≥ 90kg) subcutaneously. At entry in the study the patients were staged according to 
the criteria of Salmon and Durie, as well as to the recently introduced prognostic 
International Staging System (ISS) (23-24). Plasma levels of MP-TF activity were 
also determined in twenty healthy volunteers (median age 48 years [range 31-69], 
45% males). 
 
In case patients had complaints suggestive of pulmonary embolism, standardized 
diagnostic strategies were used, including computed tomography of the chest and 
compression ultrasonography in case of complaints suggestive for deep venous 
thrombosis of the leg or arm in order to confirm or exclude the VTE. When a VTE 
was confirmed oral anticoagulant (coumarin) was initiated in therapeutic dose (INR 
2.5-3.5). 
  
Materials & methods 
 
Venous blood was collected using a vacutainer system in citrate (0.105 M, Becton-
Dickinson, Plymouth, UK). The first five mL of blood were discarded. Platelet-free 
plasma (PFP) was prepared by double centrifugation (4°C at 2,000g for 10 minutes 
[min] followed by 10 min at 4°C at 21,475g) and sto red in small aliquots at –70°C 
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until use. The blood samples were collected at time of diagnosis (time point 1) and 
after three courses of multi-agent chemotherapy (time point 2). Plasma was 
immediately snap frozen in liquid nitrogen and stored at –70oC until use. The same 
procedure was used for the preparation of plasma of patients and of healthy 
volunteers. Plasma was obtained at entry of the study of 122 patients, and plasma 
was collected at the second time point (after induction chemotherapy) in 75 of the 
122 patients. Of the 122 patients 15 developed a VTE during follow-up, of whom 
plasma samples were available of 11 patients at the second time point. 
 
Dioleoylphosphatidlyserine (DOPS) and Dioleoylphosphatidylcholine (DOPC) were 
purchased from Avanti Polar Lipids (Alabaster, AL). Hirudin was from Sigma 
(Germany). The human Factor VII (FVII) and Factor X (FX) were obtained from 
Kordia Life Sciences (Leiden, NL). Sheep anti-human Tissue Factor IgG1 (TF) was 
from Affinity Biologicals (Ancaster, Canada). Chromogenic substrate S-2765 was 
from Instrumentation Laboratory Company (Milano, Italy). Innovin was obtained 
from Dade Behring (Eschborn, Germany).  
 
Microparticle isolation 
 
The isolation of MP was performed as previously described (25). In order to reduce 
the contamination with plasma proteins MPs were washed extensively (<0.5% in 
the final MP preparation). In brief, two vials (each 250 µL) of frozen plasma were 
thawed at 37°C and then vortexed thoroughly. The vi als were centrifuged at 
18,890g, 20°C for 30 min. The supernatants were rem oved carefully except for 25 
µL containing the MP pellet. Subsequently, each pellet was washed with 475 µL 
PBS containing 0.32% citrate (pH 7.45) and centrifuged (18,890g, 20°C, 30 min). 
This wash and centrifugation step was repeated once with 225 µL PBS-citrate. The 
supernatants were removed carefully except for the 25 µL containing the MP pellet. 
Finally, the two MP pellets were resuspended, pooled, and directly assayed for TF 
activity. The number of platelets in platelet-free plasma (PFP) is 1.72x106/L 
plasma, which is 16-fold lower than in platelet-poor plasma (PPP) prepared by a 
single centrifugation of 1,550g for 20 min. The MP fraction isolated form 
frozen/thawed PFP contains 10-fold less MPs when compared to MP fraction 
isolated from frozen/thawed PPP (1.3 x 108/L and 1.4x109/L, respectively). This 
conclusion is based on the results of flow cytometry measurements (scatter) on 
MPs isolated from PFP and PPP (Figure 1). 
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Figure 1: FACS analysis of MPs isolated from PFP (B) and PPP (C). The MP gate (R1) was defined 
using Hepes buffer (pH 7.45) containing 137 mM NaCl, 4 mM KCl (A.). MPs were isolated from 250 µL 
plasma and resuspended in 100 µL Hepes buffer; 5 µL of this suspension was diluted to 350 µL for 
FACS analysis; the Figures show duplicates of the scatter events in 74 µL of the measured suspension. 
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Tissue factor activity assay 
 
MP-associated TF activity was measured at room temperature by determining the 
FVII-dependent factor Xa (FXa) generation in the presence of excess negatively 
charged phospholipids. MP-TF activity is expressed as fM FXa/min. This relates to 
the activity of the TF-VIIa complex when all TF has been saturated with FVIIa. In all 
samples, FXa generation was measured both in the presence and absence of FVII 
and in the presence and absence of sheep anti-human TF IgG1 to confirm the FVII-
and TF-dependence of the FXa generation. Twenty five µM DOPS: DOPC (10:90) 
were incubated for 15 min in 10 mM Hepes buffer (pH 7.45) containing 137 mM 
NaCl, 4 mM KCl, 5 mg/mL Ovalbumine, 6 mM CaCl2, and 50 nM Hirudin. In 100 µL 
of this solution, 20 µL of MP-suspension was added and incubated for 15 min 
before 40 µL of 1.1 nM FVII (or buffer) was added. After 10 min, 25 µL S2765 was 
added and the reaction was started by adding 40 µL of 250 nM FX. The rate of p-
Nitroaniline (pNA) formation as a product of the reaction was measured at 405 nm 
(expressed in mAbs) for 90 min, plotted as a function of time (t) and, after 
correction for the absorbance in the absence of FVII, as a function of t2. The slope 
of the latter curve is a measure for the rate of FXa generation and expressed as 
mAbs/min2 or as fM FXa/min. The MP-associated TF activity was calculated from 
the difference in the rate of Xa generation in the absence and presence of 11.1 
µg/mL anti-TF antibody and reported as fM Xa/min in the assay. Dilutions of a 
recombinant full length TF (Innovin, 750 pg/mL and 150 pg/mL) were used as 
positive controls and to monitor interassay variation of the TF activity assay. 
Plasma of a patient with elevated MP-TF activity was used for the measurement of 
the interassay variation of the complete procedure, including the isolation of MP 
from plasma and the measurement of TF activity. Both CVs were <10% (N=9). This 
variation includes the MP isolation from plasma and the MP-TF activity 
measurement. The lower detection limit of the assay is about 2 fM Xa/min 
 
Statistical analysis 
 
Since the levels of MP-TF activity are not normally distributed, also not after 
transformation, the basic descriptive statistics are presented as median and 
interquartile range for continuous variables and as count (percentages) for 
categorical variables. Differences between two groups were tested with the Mann-
Whitney test. Comparisons over time were evaluated with a paired analysis using 
the Wilcoxon signed rank test. The association between VTE risk and MP-TF 
activity was assessed by logistic regression analysis. All statistical analyses were 
performed using SPSS for windows, version 14 (SPSS Inc, Chicago, USA).  
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RESULTS 
 
Patient characteristics 
 
A total of 122 patients with MM were included in this prospective study, of whom 39 
(32%) had stage I, 66 (54%) stage II and 16 (13%) had stage III disease according 
to the ISS criteria (23). The median age was 55 years (range 29-71) and 58% were 
males. Seventy patients received VAD, thirty-six TAD and fifteen PAD induction 
chemotherapy. The baseline patient characteristics are summarized in Table 1. Of 
the 122 included patients a post-treatment blood sample was obtained of 75 
patients. The baseline characteristics were not different between these 75 patients 
and the 47 of whom only a pre-treatment plasma sample was obtained, with the 
exception of a slightly lower hemoglobin level at diagnosis (7.1 [6.4-7.9] vs 6.5 [5.7-
7.2], p=0.01 (Table 2).  
 
Table 1. MM patient characteristics 

 

 
 
MP-TF activity at baseline and after induction chemotherapy 
 
The results of the MP-associated tissue factor activity levels are summarized in 
Table 3. The median MP-TF activity of the total group of patients with MM was 17.6 
fM Xa/min (IQR 8.6-33.2), which was significantly higher than that in healthy 
volunteers (4.1 fM Xa/min (IQR 2.3-6.6); P<0.001, range 0-11.8) (Figure 2).  
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Table 2. Baseline characteristics of MM patients 

 

 
 

 
 
Figure 2: MP-Tissue factor activity in fM Xa/min in MM patients, before (n=122) and after induction 
chemotherapy (n=75) and in healthy subjects (n=20). The horizontal line indicates the median level. P-
value denotes the difference between both before and after treatment versus healthy subjects. The p-
values of paired analysis between before and after treatment are given in Table 3. 
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We observed significantly lower MP-TF activity levels in MM patients with light 
chain lambda (12.1 fM Xa/min [IQR 5.7-18.4] than in MM patients with light chain 
kappa (24.0 fM Xa/min [11.8-37.9]; p<0.05). None of the clinical patient 
characteristics (sex, beta-2 microglobulin, albumin, calcium, hemoglobin, platelets 
or disease stage) correlated with the MP-TF activity levels. MP-TF levels were not 
associated with age (r2 =0.102). There was no significant difference in TF-MP 
activity at baseline between the 47 patients of whom no second blood sample was 
obtained (17.8 fM Xa/min [6.7-36.1]) and the 75 patients of whom also blood was 
drawn after chemotherapy (17.4 fM Xa/min [10.2-32.8], p=0.45). 
 
Table 3. MP-TF activity in fM Xa/min 
 

 
 
Paired analysis in 75 patients of whom plasma was obtained at two time points, 
before and after chemotherapy, of MP-TF activity revealed a significant reduction 
of MP-TF activity following induction treatment (from 17.4 fM Xa/min [10.2-32.8] to 
12.0 fM Xa/min [7.0-18.5], P=0.006, Table 3). This reduction was observed in all 
ISS stages of disease. Subgroup analysis for the different induction treatments 
revealed that VAD, TAD and PAD induced similar decrease of MP-TF activity 
levels (data not shown). When comparing MP-TF activity at the moment of 
response evaluation after the induction chemotherapy, no relationship between the 
change in MP-TF activity and the remission status (CR versus PR versus SD/PD) 
could be observed (data not shown). In addition the MP-TF activity levels were 
independent from the absolute or relative M-protein levels before and after 
induction therapy. 
  
MP-TF activity and venous thrombosis 
 
Fifteen of the 122 patients (12%) developed a VTE complication during the 
induction treatment (n=13) or high dose melphalan treatment and autologous stem 
cell transplantation (n=2). The baseline characteristics were similar for patients 
who did and did not develop VTE (Table 1). The incidence of VTE was 10% in the 
VAD treated patients, 16.7% in patients treated with thalidomide (TAD) and 13% in 
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patients who received Bortezomib (PAD).  The MP-TF activity prior to the start of 
treatment was not different between patients who developed VTE (16.8 [11.4-36.1]; 
n= 15), and those who did not (17.8 [8.1-32.5]; n=107). In the 75 patients of whom 
plasma was obtained before and after chemotherapy we found that in the patients 
who did not develop VTE (n=64) during the course of treatment, the MP-TF activity 
levels decreased significantly (from 18.3 [IQR 9.8-32.6]) to 11.4 [IQR 7.0-25.2]; 
P<0.001). In contrast, in patients who did develop VTE (n=11) the MP-TF activity 
levels remained unchanged after induction chemotherapy (from 16.8 [IQR 11.4-
34.6]) to 15.1 [IQR 10.3-25.2]; P=0.71, Figure 3). We calculated the risk of VTE in 
MM patients based on MP-TF activity levels below (n=40) and above (n=82) the 
upper limit in the healthy volunteers (11.8 fM Xa/min). The calculated risk for VTE 
in individuals with high MP-TF levels was 1.4 (0.4-4.7) [OR (95% CI)], for TF levels 
measured before start of induction and 3.0 (0.7-12.4) for MP-TF levels measured 
after induction therapy. 
 

 
 
Figure 3: MP-Tissue factor activity in fM/Xa/min before and after induction chemotherapy in 75 MM 
patients, of whom plasma was available for two time points who did (VTE, n=11) and who did not (no 
VTE, n=64) develop VTE. 
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DISCUSSION 
 
In this study we have shown that MP-TF activity levels are increased in patients 
with MM. The MP-TF activity levels in these patients decrease after induction 
chemotherapy. In patients experiencing VTE during or following treatment of MM, 
MP-TF activity levels did not decrease in contrast to the non-VTE patients in whom 
MP-TF activity decreased significantly compared to baseline.  
 
Tissue factor is commonly regarded as the main determinant of a hypercoagulable 
state in patients with cancer (26). We measured tissue factor activity on circulating 
microparticles, small membrane vesicles derived from different cell types, including 
monocytes, platelets and tumour cells (14). In patients with untreated MM we 
observed increased MP-TF activity levels compared to healthy controls. From 
previous studies it is well known that several tumour types express high levels of 
tissue factor on their surface (13, 27). In addition, Kakkar et al. have shown that 
plasma tissue factor levels are increased in patients with malignancy (28). Also in 
patients with haematological disease, including acute myeloid leukaemia and 
malignant lymphoma, high plasma tissue factor antigen levels have been observed 
(29). Tissue factor messenger RNA levels in leukocytes from patients with 
hematopoietic tumours are increased compared to healthy controls (30). More 
recently plasma levels of tissue factor antigen were not found to be elevated in a 
small number of MM patients and also tissue factor mRNA levels measured in 
peripheral blood mononuclear cells were not elevated in these patients (31).  In a 
recent study Shimizu described tissue factor production by clonal plasma cells in a 
patient with MM. In these plasma cells the cytoplasm stained positive for TF, which 
disappeared after chemotherapy (32).  Since membrane-bound tissue factor exists 
both in an encrypted, inactive form as in an active form, tissue factor plasma 
antigen levels may not be representative of tissue factor activity in plasma, and 
therefore measurement of plasma tissue factor activity levels is preferred. We 
measured increased MP-TF levels in myeloma patients compared to healthy 
individuals. The levels of MP-TF activity in our study are lower in patients and 
control subjects than those reported previously by Tesselaar et al. (14). 
Centrifugation speed during plasma preparation has an effect on the number MPs 
in the final preparation. In the present study we used platelet-free plasma for the 
MP isolation (10 min at 2,000g followed by 10 min at 21,475g), while Tesselaar et 
al. used platelet-poor plasma (single centrifugation, at 1,550g for 20 min). This 
double centrifugation resulted in an about tenfold reduction of MP numbers in the 
isolated MP preparation as measured by FACS analysis (see methods section and 
Figure 1).  
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At present we do not know the cellular source of the MPs carrying active TF. 
Previously it has been shown that TF bearing MPs may be derived form cancer 
cells, platelets and leucocytes (14, 21, 33). Information on the cellular source of the 
MPs that carry TF activity would be extremely helpful to determine the 
pathogenetic role of these MPs in the development of thrombosis.  
 
The stage of disease according to Salmon-Durie or the prognostic ISS stages were 
not correlated with the levels of MP-TF activity, suggesting that the tumour load is 
not associated with MP-TF activity levels.  Remarkably, patients with a lambda type 
M-component exhibited significantly lower MP-TF activity compared to the kappa 
type M-component. The clinical significance of this observation is not yet clear 
since there are no data in the literature, which indicate a different incidence of 
thrombo-embolic complications.  
 
Thrombo-embolic complications were observed in 15 patients (12%) and occurred 
with a similar frequency during all three chemotherapeutic regimens. It should be 
noted that patients, who were treated with chemotherapy in combination with the 
anti-angiogenic drug thalidomide, also received thromboprophylaxis with LMWH. 
Despite this thromboprophylaxis, 17% of patients treated with TAD experienced a 
thrombo-embolic complication. Interestingly, in patients who developed VTE, MP-
TF activity levels remained elevated after induction treatment, while in patients who 
did not develop VTE the levels decreased significantly.  
 
The high levels of MP-TF activity measured after induction treatment may suggest 
a pathogenetic role of MP-TF in the development of VTE in patients with MM. 
However the persistent high MP-TF levels may also be a result of thrombus 
formation. Because we measured MP-TF activity only twice it is difficult to establish 
that the highest levels of MP TF activity were observed at a time associated with 
thrombosis. It is known from previous studies that VTE in MM patients is most 
frequently observed during the first months of treatment (3, 34-35). This coincides 
with the highest MP-TF activity levels in plasma, as found in our study. It is also 
possible that MP-TF activity levels remained high as a consequence of the 
development of VTE. A causative role of MP-TF activity in the development of VTE 
can therefore not be established from our study. This should be assessed in larger 
studies, in which MP-TF activity is measured more frequently during induction 
treatment of MM. 
 
The results of our study may have implications for prophylactic antithrombotic 
treatment of MM patients to prevent VTE during chemotherapy. So far no 
consensus on the optimal prophylactic antithrombotic regimen has been reached 
(2). Nowadays MM patients receive no prophylaxis, LMWH, fixed low-dose warfarin 
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or aspirin as prophylaxis (2, 35-36).  The observation that MM patients have 
increased levels of MP-TF activity may suggest that antithrombotic agents targeted 
at inhibition of TF-initiated secondary hemostasis by LMWH or vitamin K 
antagonists is preferable to aspirin. 
  
Our patients were treated with multi-agent chemotherapy and after three courses 
the MP-TF activity levels decreased irrespective of the therapeutic regimen (VAD 
or TAD or PAD). Chemotherapy in combination with anti-angiogenic drugs in MM is 
associated with the highest risk of thrombo-embolic complications. Our results 
indicate that this high risk in the TAD treated patients cannot be attributed to an 
increase of MP-TF activity (37).  
 
In conclusion, MP-TF activity levels are increased in patients with MM and 
decrease significantly after induction chemotherapy. MP-TF activity levels after 
chemotherapy remained high in patients developing VTE. Whether MP-TF activity 
levels have a pathogenetic role in VTE in MM patients remains to be established. 
 
Acknowledgment 
  
This work was supported by the Dutch Cancer Society (KWF UL 2006-3618). 
 
References 
 
(1)  Zangari M, Elice F, Fink L, Tricot G. Thrombosis in multiple myeloma. Expert Rev Anticancer 

Ther. 2007 Mar;7(3):307-315. 
(2)  Palumbo A, Rajkumar SV, Dimopoulos MA, Richardson PG, San Miguel J, Barlogie B, et al. 

Prevention of thalidomide- and lenalidomide-associated thrombosis in myeloma. Leukemia. 
2008 Feb;22(2):414-423. 

(3)  Auwerda JJ, Sonneveld P, de Maat MP, Leebeek FW. Prothrombotic coagulation abnormalities 
in patients with newly diagnosed multiple myeloma. Haematologica. 2007 Feb;92(2):279-280.  

(4)  Minnema MC, Fijnheer R, De Groot PG, Lokhorst HM. Extremely high levels of von Willebrand 
factor antigen and of procoagulant factor VIII found in multiple myeloma patients are associated 
with activity status but not with thalidomide treatment. J Thromb Haemost. 2003 Mar;1(3):445-
449. 

(5)  Elice F, Fink L, Tricot G, Barlogie B, Zangari M. Acquired resistance to activated protein C 
(aAPCR) in multiple myeloma is a transitory abnormality associated with an increased risk of 
venous thromboembolism. Br J Haematol. 2006 Aug;134(4):399-405. 

(6)  van Marion AM, Auwerda JJ, Minnema MC, van Oosterom R, Adelmeijer J, de Groot PG, et al. 
Hypofibrinolysis during induction treatment of multiple myeloma may increase the risk of venous 
thrombosis. Thromb Haemost. 2005 Dec;94(6):1341-1343. 

(7)  Jimenez VHs, Dominguez VJs. Acquired activated protein C resistance and thrombosis in 
multiple myeloma patients. Thromb J. 2006 Aug 21;4(1):11. 

(8)  Giesen PL, Rauch U, Bohrmann B, Kling D, Roque M, Fallon JT, et al. Blood-borne tissue factor: 
another view of thrombosis. Proc Natl Acad Sci U S A. 1999 Mar 2;96(5):2311-2315. 

(9)  Morel O, Toti F, Hugel B, Freyssinet JM. Cellular microparticles: a disseminated storage pool of 
bioactive vascular effectors. Curr Opin Hematol. 2004 May;11(3):156-164. 



Microparticle-associated tissue factor activity 

 153 

(10)  Kakkar AK, Lemoine NR, Scully MF, Tebbutt S, Williamson RC. Tissue factor expression 
correlates with histological grade in human pancreatic cancer. Br J Surg. 1995 Aug;82(8):1101-
1104. 

(11)  Uno K, Homma S, Satoh T, Nakanishi K, Abe D, Matsumoto K, et al. Tissue factor expression as 
a possible determinant of thromboembolism in ovarian cancer. Br J Cancer. 2007 Jan 
29;96(2):290-295. 

(12)  Wojtukiewicz MZ, Sierko E, Klement P, Rak J. The hemostatic system and angiogenesis in 
malignancy. Neoplasia. 2001 Sep-Oct;3(5):371-384. 

(13)  Khorana AA, Ahrendt SA, Ryan CK, Francis CW, Hruban RH, Hu YC, et al. Tissue factor 
expression, angiogenesis, and thrombosis in pancreatic cancer. Clin Cancer Res. 2007 May 
15;13(10):2870-2875. 

(14)  Tesselaar ME, Romijn FP, Van Der Linden IK, Prins FA, Bertina RM, Osanto S. Microparticle-
associated tissue factor activity: a link between cancer and thrombosis? J Thromb Haemost. 
2007 Mar;5(3):520-527. 

(15)  Manly DA, Wang J, Glover SL, Kasthuri R, Liebman HA, Key NS, et al. Increased microparticle 
tissue factor activity in cancer patients with Venous Thromboembolism. Thromb Res. 2010 
Jun;125(6):511-512. 

(16)  Zwicker JI, Liebman HA, Neuberg D, Lacroix R, Bauer KA, Furie BC, et al. Tumor-derived tissue 
factor-bearing microparticles are associated with venous thromboembolic events in malignancy. 
Clin Cancer Res. 2009 Nov 15;15(22):6830-6840. 

(17)  Toth B, Liebhardt S, Steinig K, Ditsch N, Rank A, Bauerfeind I, et al. Platelet-derived 
microparticles and coagulation activation in breast cancer patients. Thromb Haemost. 2008 
Oct;100(4):663-669. 

(18)  Zwicker JI. Predictive value of tissue factor bearing microparticles in cancer associated 
thrombosis. Thromb Res. 2010 Apr;125 Suppl 2:S89-91. 

(19)  Khorana AA, Francis CW, Menzies KE, Wang JG, Hyrien O, Hathcock J, et al. Plasma tissue 
factor may be predictive of venous thromboembolism in pancreatic cancer. J Thromb Haemost. 
2008 Nov;6(11):1983-1985. 

(20)  Tesselaar ME, Osanto S. Risk of venous thromboembolism in lung cancer. Curr Opin Pulm Med. 
2007 Sep;13(5):362-367. 

(21)  Hron G, Kollars M, Weber H, Sagaster V, Quehenberger P, Eichinger S, et al. Tissue factor-
positive microparticles: cellular origin and association with coagulation activation in patients with 
colorectal cancer. Thromb Haemost. 2007 Jan;97(1):119-123. 

(22)  Kyle RA. Diagnostic criteria of multiple myeloma. Hematol Oncol Clin North Am. 1992 
Apr;6(2):347-358. 

(23)  Greipp PR, San Miguel J, Durie BG, Crowley JJ, Barlogie B, Blade J, et al. International staging 
system for multiple myeloma. J Clin Oncol. 2005 May 20;23(15):3412-3420. 

(24)  Durie BG, Salmon SE. Cellular kinetics staging, and immunoglobulin synthesis in multiple 
myeloma. Annu Rev Med. 1975;26:283-288. 

(25)  Vanwijk MJ, Svedas E, Boer K, Nieuwland R, Vanbavel E, Kublickiene KR. Isolated 
microparticles, but not whole plasma, from women with preeclampsia impair endothelium-
dependent relaxation in isolated myometrial arteries from healthy pregnant women. Am J Obstet 
Gynecol. 2002 Dec;187(6):1686-1693. 

(26)  Rickles FR, Patierno S, Fernandez PM. Tissue factor, thrombin, and cancer. Chest. 2003 
Sep;124(3 Suppl):58S-68S. 

(27)  Mueller BM, Reisfeld RA, Edgington TS, Ruf W. Expression of tissue factor by melanoma cells 
promotes efficient hematogenous metastasis. Proc Natl Acad Sci U S A. 1992 Dec 
15;89(24):11832-11836. 

(28)  Kakkar AK, DeRuvo N, Chinswangwatanakul V, Tebbutt S, Williamson RC. Extrinsic-pathway 
activation in cancer with high factor VIIa and tissue factor. Lancet. 1995 Oct 14;346(8981):1004-
1005. 



Chapter 8 

 154 

(29)  Sase T, Wada H, Yamaguchi M, Ogawa S, Kamikura Y, Nishikawa M, et al. Haemostatic 
abnormalities and thrombotic disorders in malignant lymphoma. Thromb Haemost. 2005 
Jan;93(1):153-159. 

(30)  Sase T, Wada H, Kamikura Y, Kaneko T, Abe Y, Nishioka J, et al. Tissue factor messenger RNA 
levels in leukocytes compared with tissue factor antigens in plasma from patients in 
hypercoagulable state caused by various diseases. Thromb Haemost. 2004 Jul;92(1):132-139. 

(31)  Negaard HF, Iversen PO, Ostenstad B, Iversen N, Holme PA, Sandset PM. Hypercoagulability 
in patients with haematological neoplasia: No apparent initiation by tissue factor. Thromb 
Haemost. 2008 Jun;99(6):1040-1048. 

(32)  Shimizu K, Itoh J. A possible link between Trousseau's syndrome and tissue factor producing 
plasma cells. Am J Hematol. 2009 Jun;84(6):382-385. 

(33)  Key NS, Chantrathammachart P, Moody PW, Chang JY. Membrane microparticles in VTE and 
cancer. Thromb Res. 2010 Apr;125 Suppl 2:S80-83. 

(34)  Palumbo A, Bringhen S, Caravita T, Merla E, Capparella V, Callea V, et al. Oral melphalan and 
prednisone chemotherapy plus thalidomide compared with melphalan and prednisone alone in 
elderly patients with multiple myeloma: randomised controlled trial. Lancet. 2006 Mar 
11;367(9513):825-831. 

(35)  Zangari M, Barlogie B, Anaissie E, Saghafifar F, Eddlemon P, Jacobson J, et al. Deep vein 
thrombosis in patients with multiple myeloma treated with thalidomide and chemotherapy: 
effects of prophylactic and therapeutic anticoagulation. Br J Haematol. 2004 Sep;126(5):715-
721. 

(36)  Hussein MA. Thromboembolism risk reduction in multiple myeloma patients treated with 
immunomodulatory drug combinations. Thromb Haemost. 2006 Jun;95(6):924-930. 

(37)  Zangari M, Barlogie B, Thertulien R, Jacobson J, Eddleman P, Fink L, et al. Thalidomide and 
deep vein thrombosis in multiple myeloma: risk factors and effect on survival. Clin Lymphoma. 
2003 Jun;4(1):32-35. 

 


