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ABSTRACT

Background: Venous thrombo­embolic events (VTE) frequently occur in patients 
with pancreatic ductal adenocarcinoma (PDAC) and contribute to high morbidity and 
mortality.

Objectives: To determine whether VTE biomarkers are related to cancer, 
inflammation or precancerous states and to assess their relevance to predict VTE in 
PDAC.

Patients and Methods: We compared VTE biomarkers in patients with PDAC  
(n = 42), intraductal papillary mucinous neoplasm of the pancreas (IPMN, n = 48) or 
chronic pancreatitis (n = 50). PDAC patients were followed­up for 6 months. 

Results: Factor VIII, D­dimers, von Willebrand factor, free tissue factor pathway 
inhibitor and microvesicle­tissue factor (MV­TF) activity were higher in PDAC 
patients compared to patients with IPMN or chronic pancreatitis. PDAC patients 
with metastasis presented higher D­dimers and MV­TF activity compared to patients 
with localized lesions, but elevation of D­dimers was dependent on tumor size. In 
multivariate analysis, elevated D-dimers (≥2.16 µg/mL) or MV-TF activity (≥2.37 
pg/mL) were significant risk factors for VTE in PDAC patients, after adjustment for 
age and sex (HR 4.9 [1.0–23.1] or HR 10.5 [1.5–72.4], mean [interquartile range], 
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respectively). Cumulative probability of VTE at 6 months was higher in patients with 
elevated D­dimers (56.3% vs 15.6%, p = 0.009) and in patients with high MV­TF 
activity (74.3% vs 21.7%, p = 0.01).

Conclusions: VTE biomarkers including D­dimers and MV­TF activity are not 
related to inflammation but rather to cancer process and dissemination. D­dimers and 
MV­TF activity are associated to future VTE in PDAC patients and could help identify 
patients who could benefit from thromboprophylaxis.

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is 
associated with the highest incidence rate of venous 
thromboembolic events (VTE) in comparison to other 
cancer types with 14 events per 100 patients per year 
[1]. Hence, VTE occur in over one third of patients 
with PDAC [2]. VTE is observed shortly after initiation 
of chemotherapy [3] and, whether symptomatic or 
incidental, is strongly associated with higher rate of 
mortality [2, 4]. Of importance, a significant proportion 
of patients have visceral VTE such as splanchnic vein 
thrombosis (SVT) involving the splenic, mesenteric and/
or portal veins that remain undiscovered until routine 
scans [2]. SVT are prognostic factors for short-term 
survival [5]. 

What makes PDAC such a thrombogenic lesion 
remains unclear. Vessel compression, reduced blood flow 
and stasis due to changes in the pancreas, together with 
vascular endothelial dysfunction due to inflammatory 
changes could explain local prothrombotic state but these 
pathophysiological mechanisms are not specific to cancer. 
Little is known about the respective roles of the neoplastic 
process and of the local/systemic inflammation in the 
prothrombotic state of patients with PDAC.

Other pancreatic diseases such as chronic 
pancreatitis (CP) are associated with vascular thrombotic 
complications. Thus, the prevalence of SVT in CP 
ranges from 3 to 41.7% [6]. On the other hand, although 
significantly higher than in the general population, the risk 
of thrombosis of the peripheral/pulmonary vasculature in 
CP patients remains lower than in PDAC patients with an 
overall incidence of 0.2% per year [7]. 

In CP patients, local inflammatory process in the 
pancreas appears to be the major predisposing condition 
for local visceral thrombosis, as inherited thrombophilia 
does not increase the risk of SVT [8]. Upregulated 
expression of tissue factor (TF), the main initiator 
of coagulation, in the pancreatic tissue might have a 
contributory role in the development of local thrombotic 
events in both PDAC and CP patients [9] but does not 
explain why thrombosis is typically found at sites distant 
from the primary tumor and its metastases in PDAC. 
The release of submicronic membrane fragments known 
as microvesicles (MV) from the tumor into the blood 
stream might be one of the mechanisms contributing to 

systemic blood activation in PDAC. Indeed, MV released 
by cultured pancreatic cancer cells exhibit TF-dependent 
procoagulant activity [10]. Also, cancer patients with VTE 
have significantly higher MV-TF activity or TF-positive 
MV than cancer patients without VTE [11, 12] and such a 
link between TF-bearing MV and VTE has been confirmed 
by mouse studies [13–15]. 

A better understanding of the pathophysiology 
of VTE in pancreatic cancer is of crucial importance 
to select biomarkers that could be useful to predict 
thrombotic risk in these patients and to identify 
ambulatory patients who could benefit from 
thromboprophylaxis with low-molecular-weight 
heparins [16]. Recently, one risk assessment model 
using baseline clinical (tumor entity and body mass 
index) and laboratory (hemoglobin level, platelet and 
leukocyte counts) parameters has been proposed to 
predict symptomatic VTE in cancer patients initiating 
chemotherapy [17]. The addition of biomarkers of the 
activation of the haemostatic system that have been 
associated to an increased VTE risk in patients with 
various types of cancer, such as soluble P-selectin and 
D-dimers, could improve the accuracy of this score [18, 
19]. However, the performance of these risk assessment 
models in specific types of cancer such as PDAC and 
their ability to predict asymptomatic incidental VTE 
is still uncertain [20, 21]. Also, the cancer specificity 
of these biomarkers remains unknown. A comparison 
between PDAC and predisposing inflammatory or 
premalignant pancreatic diseases has not yet been 
performed. Only one study compared the “procoagulant 
profile” of PDAC and CP patients and found elevated 
markers of thrombin formation (thrombin-antithrombin 
complexes complexes or TAT, prothrombin fragments 
F1 + 2) in the plasma of patients with PDAC and CP 
compared to healthy patients [9]. 

Therefore, the aims of this study were to search 
for VTE biomarkers in patients with PDAC at various 
stages and to compare these results to 2 groups of patients 
with other types of pancreatic disease: (1) patients with 
CP, a pancreatic inflammatory state and (2) patients 
with pancreatic precancerous lesions, such as branch 
duct-intraductal papillary and mucinous neoplasms of 
the pancreas (IPMN) in order to decipher the respective 
roles of inflammation and neoplasia in the process of 
coagulation activation.



Oncotarget26455www.oncotarget.com

RESULTS

Patient characteristics

Between February 2012 and June 2014, a total of 
152 patients were enrolled in the study. 12 were excluded 
for the following reasons: 1 patient received long term 
anticoagulant treatment for atrial fibrillation, 1 patient 
had already started chemotherapy, 1 had a primary tumor 
of the lung, 1 had a revised histological diagnosis of 
cholangiocarcinoma, 1 had a revised diagnosis of serous 
cystadenoma and 7 patients had no available adequate 
material for laboratory testing.

Fifty patients with CP, 48 patients with IPMN and 
42 patients with PDAC were evaluable for procoagulant 
biomarkers. Baseline characteristics of the study 
population are presented in Table 1.

Patients with CP were significantly younger than 
patients with IPMN and PDAC (p < 0.0001). There 
were more men in the PC group compared to IPMN  
(p < 0.0001) and to PDAC (p = 0.03) groups of patients. 
There were also more men in the PDAC compared to 
IPMN group (p = 0.01). 33% of patients with PDAC had 
a previous history of SVT compared to only 8% with PC 
(p = 0.002) and 2% with IPMN (p < 0.0001).

Biomarker profiles according to pancreatic 
disease type

To decipher the respective roles of neoplastic 
process and of local/systemic inflammation in the 
prothrombotic state of patients with PDAC, we compared 
the levels of various biomarkers related to coagulation 
or to inflammation in patients with PDAC and in two 
groups of patients with other types of pancreatic disease: 
1/ patients with CP and 2/ patients with IPMN.

Age of patients was significantly correlated to 
levels of procoagulant factor VIII (r = 0.3, p = 0.001), 
TAT complexes (r = 0.2, p = 0.04) and VWF (r = 0.2, 
p = 0.008). Baseline biomarker levels according to 
pancreatic disease subgroup are presented in Table 1 and 
in Figure 1. Compared to IPMN and to CP patients, PDAC 
patients had significant higher levels of fibrinogen (p < 
0.0001 and p = 0.01), interleukin-6 (p < 0.0001 and p =  
0.009), factor VIII (p = 0.0003 and p < 0.0001), D-dimers 
(p < 0.0001 and p = 0.0001), VWF (p < 0.0001 and  
p < 0.0001), free TFPI (p < 0.0001 and p < 0.0001) and 
extracellular DNA (p < 0.0001 and p < 0.0001). Levels 
of TAT complexes and MV-TF activity were significantly 
higher in the PDAC group only in comparison with the 
IPMN group (p = 0.002 and p = 0.004, respectively). The 
cellular origin of circulating MV did not differ between 
the 3 types of pancreatic disease (Supplementary Table 1).

As fibrinogen and interleukin-6 are relevant markers 
of systemic inflammation, we evaluated the correlation 
coefficient between their levels and the other biomarkers 

and found a significant correlation of fibrinogen and 
interleukin-6 with factor VIII, D-dimers, VWF, free TFPI 
and extracellular DNA (Supplementary Table 2). In a 
regression analysis, levels of factor VIII, D-dimers, VWF, 
free TFPI remained significantly higher in cancer patients 
compared to IPMN and to CP groups, after adjustment for 
age, sex, fibrinogen and interleukin-6 levels (Figure 1), 
suggesting that the elevation of these biomarkers in PDAC 
patients is independent of any systemic inflammation.

Biomarker profiles in PDAC according to 
metastasis

Clinical characteristics of the cancer population 
according to metastatic status are presented in Table 2.  
At the time of recruitment, metastases were found 
in 25 patients (59%). Locally advanced lesions were 
preferentially located in the pancreatic head, even if 
this did not reach statistical significance compared to 
metastatic lesions. The average size of the primary 
tumor was significantly larger in patients with metastatic 
tumors. Levels of cancer antigen 19-9 (CA 19–9) were 
more elevated in patients with metastatic tumors. 
Metastatic status was also associated with high levels of 
TAT complexes, D-dimers and MV-TF activity (Table 2,  
Supplementary Figure 1). Levels of MV measured by 
flow cytometry, whatever their cellular origin, were not 
different between patients with metastatic and patients 
with localized or locally advanced lesions (Supplementary 
Table 1).

We evaluated the correlation coefficient between 
tumor size or CA 19-9 levels and the other biomarkers 
and found a significant correlation of tumor size only 
with D-dimers (Spearman r = 0.5, p = 0.008). In a 
regression analysis, levels of D-dimers were not anymore 
significantly associated to metastasis after adjustment 
for tumor size, suggesting that their elevation in PDAC 
patients with metastasis is dependent on tumor size.

Biomarker profiles in PDAC according to 
thromboembolic events

Forty-one of the patients with PDAC (98%) 
were prospectively followed for a median of 169 [IQR 
68–180] days. During the 6-month observation period, 
38 (93%) patients received chemotherapy, 3 (7.3%) 
patients were treated by radiotherapy, and 9 (22%) 
patients underwent pancreatic surgery. 8 patients were 
treated by both chemotherapy and surgery, 3 patients by 
both chemotherapy and radiotherapy and 2 patients by 
chemotherapy, radiotherapy, and surgery. 5 patients died 
during the follow-up.

During this follow-up period, VTE occurred in 
9 (22%) patients. Clinical characteristics of the cancer 
population according to occurrence of VTE in the follow-
up period are presented in Table 3. All patients with VTE 
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had metastatic cancer at diagnosis. An isolated deep 
vein thrombosis (DVT) was diagnosed in 3, an isolated 
pulmonary embolism (PE) in 2, and a combined DVT and 
PE in 1 patient. One patient developed thrombosis of the 
portal vein, and one patient a thrombosis of the jugular 
vein. Four of the events (2 PE, thromboses of the portal 
vein and of the jugular vein) were detected incidentally 
on routine imaging. Levels of TAT complexes, D-dimers,  
MV-TF activity and CA19-9 were significantly higher 
among cancer patients with VTE (Table 3). These 
differences were not significant anymore if adjusted on 
the presence of metastasis.

The risk for VTE was not statistically significant 
between patients with TAT levels above the 75th percentile 
(≥6.7 ng/mL, n = 8) and patients with TAT levels under 
the 75th percentile. The HR of VTE in patients with 
D-dimers levels higher than the 75th percentile (≥ 2.16 
µg/mL, n = 8) compared with patients with levels lower 
than the 75th percentile was 5.8 (95% CI, 1.3–26.1, p = 
0.02) and 4.9 (95% CI, 1.0–23.1, p = 0.05) in multivariate 
analysis including age and sex (Table 4). The cumulative 
probability of developing VTE after 6 months was 56.3% 
among patients with elevated D-dimer levels compared 
with 15.6% in those with lower levels (log-rank test, p = 

0.009) (Figure 2). In patients with levels of MV-TF activity 
higher than the 75th percentile (≥ 2.37 pg/mL, n = 8),  
the HR for VTE was 4.6 (95% CI, 1.2–17.2), compared 
to patients with levels lower than the 75th percentile and 
10.5 (95% CI 1.5–72.4, p = 0.02) after adjustment for age 
and sex. The cumulative probability of developing VTE 
after 6 months was 74.3% among patients with elevated 
MV-TF activity compared with 21.7% in those with lower 
MV-TF activity (log-rank test, p = 0.01). The HR of VTE 
in patients with levels of CA 19-9 higher than the 75th 
percentile (≥ 2153 U/mL, n = 7) compared with patients 
with lower levels was 7.2 (95% CI, 1.4–37.9, p = 0.02) 
and 9.5 (95% CI, 1.5–60.2, p = 0.02) in multivariate 
analysis including age and sex (Table 4). The cumulative 
probability of developing VTE after 6 months was 78.6% 
among patients with elevated levels of CA 19-9 compared 
with 12.5% in those with lower levels (log-rank test, p < 
0.0001) (Figure 2).

To compare the performance of biomarkers 
for predicting VTE in PDAC patients, we performed 
receiver operating characteristic (ROC) curve analysis 
(Supplementary Figure 3) and found that CA 19-9 had 
a better sensitivity and specificity than TAT complexes, 
D-dimers or MV-TF activity (Table 5).

Table 1: Baseline demographic, clinical and biological characteristics of the total study population

Pancreatic disease
CP 

(n = 50)
IPMN 

(n = 48)
PDAC  

(n = 42) P-value

Age, years 47 (39–53) 65 (56–71) 66 (54–72) <0.0001
Gender, male, n (%) 41 (82) 17 (35) 26 (62) <0.0001
History of VTE, n (%)
 Systemic
 SVT

0 (0)
4 (8)

0 (0)
1 (2)

1 (2)
14 (33)

NS
<0.0001

Leukocyte count, 109/L 7.3 (13.3–9.1) 6.9 (5.5–8.0) 7.5 (6.6–8.9) 0.04
Haemoglobin, g/dL 14.1 (13.3–15.1) 13.7 (13–14.4) 13.1 (11.7–14.3) 0.002
Platelet count, 109/L 233 (198–283) 232 (206–277) 212 (170–311) NS
Fibrinogen, g/L 3.3 (2.6–4.2) 3.1 (2.9–3.4) 3.9 (3.4–4.6) <0.0001
Interleukin-6, pg/mL 0.4 (0–2.4) 0 (0–0.8) 3.5 (0–12.3) <0.0001
Factor VIII, % 134 (110–169) 135 (118–177) 192 (140–244) <0.0001
TAT, ng/mL 3.6 (2.9–4.4) 3.2 (2.6–3.9) 4 (3.2–6.7) 0.003
D-dimers, µg/mL 0.38 (0.22–0.92) 0.27 (0.22–0.44) 0.91 (0.57–2.16) <0.0001
Soluble P-selectin, ng/mL 30 (20–35) 27 (20–36) 28 (24–39) NS
Von Willebrand factor, % 131 (87.5–161) 145 (95–178) 231 (160–392) <0.0001
Free TFPI, ng/mL 11 (8–14) 12 (9–16) 16 (12–24) <0.0001
Extracellular DNA, ng/mL 0 (0–11) 0 (0–5) 16 (8–34) <0.0001
MV-TF activity, pg/mL 0.69 (0.42–0.97) 0.50 (0.38–0.80) 1.00 (0.47–2.37) 0.01
Thrombin peak, nM 194 (151–225) 226 (194–262) 214 (174–253) 0.006

CP: chronic pancreatitis, IPNM: intraductal papillary mucinous neoplasm, PDAC: pancreatic ductal adenocarcinoma, SVT: 
splanchnic vein thrombosis. Results are presented as number (percentage) for categorical variables or as median (IQR) for 
continuous variables; p-value for Chi-square test or Kruskal-Wallis test.
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As all patients who presented a thrombotic event 
during the follow-up period had a metastatic tumor at 
diagnosis, same analysis was performed in the subgroup of 
PDAC patients with metastasis (Supplementary Figure 2),  
the association between elevated D-dimers, MV-TF 
activity or CA 19-9 with VTE was not significant anymore 
(HR, 3.5; 95% CI, 0.8–38.8; p = 0.08; HR, 1.0; 95% CI, 
0.2–4.8; p = 1.0 and HR, 2.5; 95% CI, 0.5–11.4; p = 0.2; 
respectively).

DISCUSSION

Cancer-associated thrombosis is a major clinical 
problem, especially in pancreatic cancer, with no clear 
understanding of the pathophysiological mechanisms. 
Many key protagonists have been proposed to explain this 
high rate of thrombosis along with the development of 
cancer, including TF, mucins, MV, neutrophil extracellular 
traps, leukocytes and platelets [22]. However, the precise 
mechanisms of cellular activation resulting in the release 
of these pro-coagulant factors remain poorly studied. In 
the first part of this study, we attempted to clarify the 
respective roles of neoplastic or inflammatory processes 

in the pro-thrombotic state of patients with PDAC, by 
comparing the profile of circulating biomarkers in patients 
with PDAC to 2 groups of patients with other types of 
pancreatic disease, i.e. predisposing inflammatory CP 
or pre-invasive IPMN. We showed that fibrinogen, 
interleukin-6, factor VIII, D-dimers, VWF, free TFPI 
and extracellular DNA were higher in cancer patients 
than in both CP and IPMN patients. As fibrinogen 
and interleukin-6 are a reliable markers of systemic 
inflammation, we adjusted these results on fibrinogen and 
interleukin-6 levels and found that factor VIII, D-dimers, 
VWF, free TFPI and MV-TF activity were specifically 
elevated in PDAC patients, independently of fibrinogen 
and interleukin-6 levels. These results suggest that 
elevation of these markers was not related to systemic 
inflammation but rather to invasive neoplastic process. 
Surprisingly, markers of platelet activation, soluble 
P-selectin and platelet-derived MV, were not increased in 
PDAC patients. This is consistent with recent observations 
in mice. Indeed, the injection of tumor-derived MV to 
reach 10-fold higher plasma levels of MV-TF activity than 
the levels measured in pancreatic tumor-bearing mice was 
necessary to obtain an increase in plasma platelet factor 

Figure 1: Pairwise comparison of baseline biomarker levels according to pancreatic disease subgroup: chronic 
pancreatitis (CP), intraductal papillary mucinous neoplasm (IPMN), pancreatic ductal adenocarcinoma (PDAC). 
P-values for *Mann-Whitney test or Ψlogistic regression analysis adjusted on age, sex, fibrinogen and interleukin-6 levels.
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4 [23], suggesting that platelet activation might not be a 
major mechanism in the pathophysiological of PDAC-
associated VTE.

In the second part of this study, to further 
characterize the association of biomarkers to the neoplastic 
process, we compared their levels between patients with 
metastasis and those with localized or locally advanced 
disease and found that patients with disseminated tumor 
stages had higher levels of TAT complexes, D-dimers 
and MV-TF activity. The role of TF in PDAC is of 
particular interest. TF, the principal physiologic initiator 
of coagulation, is expressed in pancreatic cells upon 
malignant transformation and its expression correlates 
with poor histologic grade and worsens prognosis [24–
26]. In a cohort study of 73 PDAC patients, elevated 
MV-TF activity was present only in those with poorly 
differentiated metastatic non resectable tumors and was 
correlated with CA 19-9 and D-dimer levels [27]. MV-
TF activity might thus represent a biomarker for poorly 
differentiated and invasive PDAC phenotype but the 
cellular origin of these TF-positive MV is still unclear. 

In a prospective cohort study on 79 PDAC patients, MV-
TF activity did not correlate with the intensity of TF 
expression in adenocarcinoma cells but to the number 
of TF-positive macrophages in the surrounding stroma. 
These data suggest that pro-inflammatory state in the 
tumor environment activates macrophages expressing 
high amounts of TF and forming a significant source of 
pro-coagulant MV-TF activity [26]. Another study showed 
that levels of circulating TF-positive MV present in 
cancer patients were dramatically reduced after resection. 
Approximately 50% of TF-positive MV were also positive 
for MUC-1 antigen, suggesting that they derived from 
underlying malignancy [12].

In the third part of this prospective study, we 
analyzed the association between biomarkers and 
the risk of future VTE in PDAC patients and we 
showed that both D-dimers and MV-TF activity were 
associated with the occurrence of future VTE in PDAC 
patients. D-dimers are robust/reliable biomarkers of 
hypercoagulable state, as they are fibrin degradation 
products, reflecting both activation of coagulation and 

Table 2: Clinical and biological characteristics of the cancer population according to the metastatic status

No metastasis  
(n = 17)

Metastasis  
(n = 25) P-value(a/b)

Age, years 66 (62–78) 62 (53–71) NS
Gender, male, n (%) 10 (59) 16 (64) NS
Location of tumor, n (%)
 Head
 Isthmus
 Body
 Tail
 Bifocal

11 (65)
1 (6)
4 (23)
0 (0)
1 (6)

8 (33)
1 (4)
6 (25)
5 (21)
4 (17)

NS

Median tumor size (mm) 28 (22–35) 43 (37–55) <0.0001
CA 19-9, U/mL 112 (56–197) 1561 (242–7402) 0.008/0.09
Leukocyte count, 109/L 7.2 (6.3–8.6) 7.8 (6.7–9.4) NS
Haemoglobin, g/dL 13.1 (11.8–14.4) 13.1 (11.6–14.2) NS
Platelet count, 109/L 204 (173–337) 215 (166–311) NS
Fibrinogen, g/L 3.6 (3.3–4.2) 4.1 (3.4–4.7) NS
Interleukin-6, pg/mL 2.5 (0.5–18.3) 6.3 (0–12.3) NS
Factor VIII, % 163 (134–240) 200 (149–244) NS
TAT, ng/mL 3.2 (2.6–3.8) 5.6 (4.2–7.9) 0.006/0.1
D-dimers, µg/mL 0.6 (0.3–0.8) 1.4 (0.7–2.9) 0.004/0.1
Soluble P-selectin, ng/mL 31 (27–34) 28 (20–41) NS
Von Willebrand factor, % 227 (147–435) 251 (160–304) NS
Free TFPI, ng/mL 14 (11–23) 17 (13–25) NS
Extracellular DNA, ng/mL 12 (0–34) 20 (9–35) NS
MV-TF activity, pg/mL 0.49 (0.39–0.65) 1.69 (0.62–4.07) 0.002/0.04
Thrombin peak, nM 212 (178–256) 215 (170–253) NS

Results are presented as median (IQR) for continuous variables or as number (percentage) for categorical variables; p-value 
for Chi-square test or aMann-Whitney test or blogistic regression analysis after adjustment for tumor size.
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fibrinolysis and are easily measured in most routine 
laboratories. High D-dimer levels were proved to be 
associated with poor overall survival and increased 
mortality risk in cancer patients [28]. In PDAC patients, 
plasma D-dimer levels were elevated in patients with 
higher tumor stage, metastasis and worse differentiation 
grade and were associated to tumor unresectability and 
overall survival [29, 30]. However, their predictive 
value for VTE had not been established in a specific 
PDAC population yet.

Also, we showed that MV-TF activity was 
predictive of VTE in PDAC patients confirming the 
results of previous prospective cohort studies [26, 31, 32]. 
Whether the correlation of MV-TF activity with markers 
of coagulation activation, such as TAT complexes and 
D-dimers, really reflects the pro-coagulant potential of 
TF-positive MV remains to be elucidated. In pancreatic 
tumor-bearing mice, injection of exogenous TF-
positive MV derived from pancreatic cancer cell lines 
enhanced thrombosis in a TF and thrombin-dependent 

Table 3: Demographic, clinical and biological characteristics of cancer patients according to VTE occurrence

No VTE  
(n = 32)

VTE  
(n = 9) p-value(a/b)

Age at study entry, years 66 (58–74) 57 (52–71) NS
Gender, male, n (%) 20 (62.5) 5 (55.5) NS
Distant metastasis, n (%) 15 (47) 9 (100) 0.004
Median tumor size (mm) 35 (26–49.5) 43.5 (37.5–51) NS
CA 19-9, U/mL 194 (56–920) 7789 (229–22900) 0.03/0.1
Body Mass Index, kg/m2 22.0 (18.8–24.3) 22.7 (21.4–23.6) NS
Cancer treatment, n (%)
 Chemotherapy
 Surgery
 Radiotherapy

29 (91)
9 (28)
3 (9)

9 (100)
0 (0)
0 (0)

NS
NS
NS

Observation time, days 180 (78–180) 94 (61–134) 0.04/1.0
Site of thrombotic event, n (%)
 Isolated DVT
 Isolated PE,
 Combined DVT + PE, 
 Jugular vein thrombosis
 Brachial vein thrombosis
 Portal vein thrombosis

3 (37.5)
2 (25)

1 (12.5)
1 (12.5)
1 (12.5)
1 (12.5)

Leukocytes, 109/L 7.6 (6.6–8.9) 7.2 (6.6–8.8) NS
Haemoglobin, g/dL 13.1 (11.6–14.3) 13.2 (11.65–14.6) NS
Platelets, 109/L 232 (175–330) 160 (145–262) NS
Fibrinogen, g/L 3.9 (3.5–4.6) 3.6 (3.3–4.2) NS
Interleukin-6 (pg/mL) 3.1 (0.2–7.6) 11 (0–14.2) NS
Factor VIII, % 189 (140–225) 200 (154–247) NS
TAT, ng/mL 3.5 (2.8–5.6) 6.6 (4.5–8.3) 0.02/0.8
D-dimers, µg/mL 0.71 (0.53–1.26) 2.19 (1.16–3.26) 0.04/0.2
Soluble P-selectin, ng/mL 28 (23–36) 33 (27–52) NS
Von Willebrand factor, % 223 (158–396) 283 (167–300) NS
Free TFPI, ng/mL 16.0 (11.7–23.5) 17.2 (14.5–25.5) NS
Extracellular DNA, ng/mL 11.9 (4.2–28.8) 22.0 (12.5–34.2) NS
MV-TF activity, pg/mL 0.61 (0.44–1,48) 2.23 (0.84–4.26) 0.03/0.3
Thrombin peak, nM 213 (174–244) 218 (165–264) NS

VTE: venous thrombo-embolic event. Results presented as median (IQR) for continuous variables or as number (percentage) 
for categorical variables; p-value for aMann-Whitney test or blogistic regression analysis after adjustment for metastasis.
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manner [23, 33] and tumor-derived TF was contained 
in clots and increased clot size [14]. Compared to non 
malignant TF-positive MV, cancer TF-positive MV 
were able to synergize with TF from the vessel wall 
and to support FXa generation via the expression of 
phosphatidylethanolamine. Cancer TF-positive MV 
also altered leukocyte and platelet trafficking, resulting 
in thrombi primarily composed of fibrin [15]. One 
limitation on the use of MV-TF activity as a biomarker 
for VTE in clinical practice is the important source of 

variability and artifacts in their analysis relative to pre-
analytical steps [34].

We also found that CA 19-9 levels were 
significantly associated to the occurrence of future VTE 
in PDAC patients and that the performance of CA 19-9 
in predicting VTE was even better than both D-dimers 
and MV-TF activity. Similarly to D-dimers and MV-TF 
activity, the association between elevated levels of CA 
19-9 and future VTE was strongly dependent on the 
metastatic status of patients.

Table 4: Univariate and multivariate Cox proportional hazards model for association of VTE in PDAC patients with 
thrombin-antithrombin complexes (TAT), D-dimers, microvesicle-tissue factor (MV-TF) activity or CA 19-9

Univariate analysis Multivariate analysis*

HR 95% CI P HR 95% CI P
TAT, ≥ 6.7 ng/mL 3.5 0.8–13.5 0.09 4.4 0.7–29.0 0.1
D-dimers, ≥ 2.16 µg/mL 5.8 1.3–26.1 0.02 4.9 1.0–23.1 0.05
MV-TF activity, ≥ 2.37 pg/mL 4.6 1.2–17.2 0.02 10.5 1.5–72.4 0.02
CA 19-9, ≥ 2153 U/mL 7.2 1.4–37.9 0.02 9.5 1.5–60.2 0.02

*In multivariate analysis, each risk factor was adjusted for age and sex.

Figure 2: Cumulative incidence of VTE among cancer patients according to levels of D-dimers, MV-TF activity, TAT 
or CA-19-9 (<75th percentile or ≥75th percentile). P-values for log-rank test.
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Taken together, our results suggest that the 
hypercoagulable state observed in PDAC patients and 
the elevation of VTE biomarkers are related to tumor 
characteristics and dissemination rate. This is in line with 
a previous work by Woei et al. who showed that plasma 
CA19-9 levels correlated with cancer stage, short survival 
and with the severity of VTE [26]. 

Some limitations of our study should be noted. 
First, although our patient groups are representative 
of the overall population of patients with CP, IPMN 
or PDAC, the samples are small and heterogeneous 
including different tumor stages and differentiation grades. 
Second, patients with CP were significantly younger 
than patients with IPMN and PDAC and the overall 
differences of biomarker levels among the 3 groups of 
patients could be dependent on age. However, pairwise 
comparison of biomarkers (Figure 1) has been adjusted 
for this confounding factor using logistic regression 
analysis. Third, no routine screening test for VTE with 
serial ultrasonography or CT scan was performed, thus 
potentially underestimating the rate of incidental VTE in 
our cohort.

In conclusion, many biomarkers including factor 
VIII, D-dimers, VWF, free-TFPI and MV-TF activity 
are related to cancer process and elevated levels 
of D-dimers, MV-FT activity and CA 19-9 are risk 
factors for VTE in PDAC. If corroborated in further 
larger studies, these findings could be helpful in the 
identification of patients with PDAC who could benefit 
from thromboprophylaxis.

MATERIALS AND METHODS

Patients and study design

Patients with newly diagnosed pancreatic 
adenocarcinoma were enrolled in this prospective study 
in Beaujon Hospital (Clichy, France) between February 
2012 and June 2014. 

Two groups of patients with other types of 
pancreatic disease were composed according to the 
inclusion criteria as follows: (group 1) patients with 
alcoholic or non-alcoholic CP; (group 2) patients with 
branch duct IPMN with no worrisomes nor high risk 
stigmata of malignancy [35]. 

Exclusion criteria were defined as age <18 years, 
venous or arterial thrombosis within the last 6 months 
before inclusion, ongoing anticoagulant treatment or 
chemotherapy or sepsis, revised histological classification. 
Patients were also excluded when blood sample processing 
within 2 h after venipuncture was not possible. All patients 
underwent a structured interview on their medical history 
at inclusion.

This study protocol was approved by the local 
Ethics Committee. All patients were informed and gave 
written informed consent.

Group definitions

Pancreatic adenocarcinoma diagnosis was confirmed 
by pathological data (pancreatic or liver metastasis 
biopsies) for all patients. Cancer stage was assessed by 
CT scan analysis.

Diagnosis of CP was based on the presence of at 
least one of the following: pancreatic calcifications as 
evidenced by CT scan or endoscopic ultrasonography, 
moderate to marked pancreatic ductal lesions on 
pancreatography obtained by endoscopic retrograde 
or magnetic resonance pancreatography (Cambridge 
classification) [8]. All causes of CP were considered.

Branch duct IPMN diagnosis relied on one or several 
branch duct dilatation(s) with normal main pancreatic 
duct, or pancreatic cystic lesions communicating with 
pancreatic ducts on at least two imaging techniques 
(MRI, CTscan or endoscopic ultrasound). Patients with no 
worrisomes nor high risk stigmata features were selected 
according to the SENDAI guidelines [35]. 

Data collection

The following clinical data were collected at 
inclusion: body mass index, tobacco and alcohol 
consumption, dyslipidemia, diabetes mellitus, arterial 
hypertension, past medical history of venous or arterial 
thrombosis and consequent antithrombotic therapy used. 

For patients with PDAC, presence and location 
of metastasis at inclusion, chemotherapy protocol and 
number of lines during follow-up were collected.

Follow-up period started at the time of inclusion 
and a regular follow-up was performed every 3 months 

Table 5: Receiver operating characteristic (ROC) curve analysis for the performance of thrombin-antithrombin 
complexes (TAT), D-dimers, microvesicle-tissue factor (MV-TF) activity and CA 19-9 in predicting VTE

AUC Sensitivity (%) 95% CI Specificity (%) 95% CI
TAT, ≥ 6.7 ng/mL 0.78 84.0 63.9–95.5 50.0 15.7–84.3
D-dimers, ≥ 2.16 µg/mL 0.76 85.7 67.3–96 57.1 18.4–90.1
MV-TF activity, ≥ 2.37 pg/mL 0.74 85.7 67.3–96 44.4 13.7–78.8
CA 19-9, ≥ 2153 U/mL 0.78 90.9 70.8–98.9 71.4 29.0–96.3

AUC: area under the curve
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regarding the occurrence of VTE. The observation period 
ended after a 6-month period or until the occurrence 
of VTE, death or loss of follow up. No systematic 
screening for VTE was performed during the follow-
up. All symptomatic VTE were confirmed by either 
doppler sonography, venography, or CT-scan. Incidentally 
discovered VTE (eg, pulmonary embolism or visceral 
thrombosis detected in a routine CT-scan) were also 
considered. 

Blood sampling

Venous blood samples were drawn into 3.2% 
(0.109M) citrate vacuum tubes (Vacuette®, 3.5 mL, 
Greiner-Bio One). The first 5 milliliters of blood were 
discarded. All samples were processed within 2 hours. 
Whole blood samples were centrifuged once at 2500 g 
for 15 min at room temperature (RT). From each tube, 
the platelet-poor plasma was collected and was then 
centrifuged a second time at 2500 g for 15 min at RT 
to obtain platelet-free plasma (PFP). PFP aliquots were 
stored at –80° C until analysis. 

Laboratory measurements

Fibrinogen (Dade® Thrombin reagent, Siemens, 
Marburg, Germany) and coagulation factor VIII 
(TriniCLOT automated aPTT, Diagnostica Stago, 
Asnières, France) were determined by chronometric 
coagulation assays on BCS (Dade Behring, Deerfield, 
IL, USA). D-dimer levels were measured by quantitative 
latex assay (STA-Liatest D-Di®, Diagnostica Stago) 
on a STA-R analyzer (Diagnostica Stago). Soluble 
P-selectin (R&D Systems, Minneapolis, MN, USA), 
interleukin-6 (R&D Systems), von Willebrand factor 
antigen (Asserachrom® VWF:Ag, Diagnostica Stago) 
and free TFPI (Asserachrom® Free TFPI, Diagnostica 
Stago) were measured by immunoassay following the 
manufacturer’s instructions. Circulating extracellular 
DNA was extracted from plasma samples using 
QIAamp® UltraSens Virus Kit (Qiagen) and measured 
using the PicoGreen Quant-iT dsDNA Assay Kit (Life 
Technologies). The measurement of MV-TF activity 
was performed according to standardized protocol for a 
chromogenic endpoint assay measuring TF-dependent Xa 
generation as reported previously [36]. Plasma thrombin 
generation was measured in PFP using the Calibrated 
Automated Thrombogram (CAT®, Diagnostica Stago) at 
a final concentration of 1 pM TF and 4 mM phospholipids 
(PPP-Reagent LOW®, Diagnostica Stago). 

Measurement of circulating MV by flow 
cytometry

Circulating MV were labelled directly in PFP with 
fluorescein isothiocyanate (FITC)-conjugated annexin V 
(Beckman Coulter) and one of the following phycoerythrin 

(PE)-conjugated mouse monoclonal antibody to specific 
human cell surface markers : anti-platelet CD41 (IgG1, 
clone P2, Beckman Coulter), anti-erythrocyte CD235a 
(glycophorin A, IgG1, clone 11E4B-7-6, Beckman 
Coulter), anti-leukocyte CD15 (IgM, clone 80H5, 
Beckman Coulter), anti-endothelial CD144 (VE-cadherin, 
IgG1, clone TEA 1/31, Beckman Coulter), anti-epithelial 
CD227 (MUC1, IgG1, clone VU4H5, Santa Cruz) or 
corresponding isotype control (IgG1, clone 679.1Mc7, 
Beckman Coulter). MV were analyzed by flow cytometry 
with an EPICS XL (Beckman Coulter) over a 60 sec period 
of time. 0.9-µm latex beads (Diagnostica Stago) were 
used to calibrate MV size. MV absolute numbers were 
calculated using a flow rate based calibration method.

Statistical analysis

Categorical variables are presented as number 
of subjects with percentage. Continuous variables are 
presented as median with interquartile range (25th-75th 
percentiles). Comparisons between the 3 groups were 
made using Kruskal-Wallis test for continuous variables 
and chi-square test for categorical variables. Post-hoc 
pairwise comparison of biomarkers was performed 
using Mann-Whitney U test and a logistic regression 
analysis was used to adjust for age, sex, fibrinogen and 
interleukin-6 levels. Cancer patients were then further 
categorized according to metastasis; comparisons of 
biomarkers were done by Mann-Whitney U test and 
a logistic regression analysis was used to adjust for 
tumor size. Univariate correlation between continuous 
variables was performed by Spearman correlation. Each 
biomarker level was analyzed as a continuous variable 
and as a binary variable with a cut-off value set at the 
75th percentile of the cancer population. Univariate 
and multivariate Cox regression analyses were used for 
calculating the risk of VTE from study inclusion until 
first VTE, loss to follow-up, patient’s death or maximal 
length of follow-up of 6 months (end of the study). The 
analyses were adjusted for age at study inclusion and 
sex. Kaplan-Meier analysis was used to visualize the risk 
of developing VTE in PDAC patients with biomarker 
levels below and above the threshold. A log-rank test was 
used to assess differences in developing VTE in these 
two groups. The predictive performance of biomarkers 
for VTE was evaluated using ROC curve analysis. 
Sensitivities and specificities were calculated using 
a cut-off value set at the 75th percentile of the cancer 
population. P-values smaller than 0.05 were regarded 
as statistically significant. All analyses were performed 
using Statview® 5.0.  (SAS Institute Inc, Cary, NC, USA).

Author contributions

D. Faille, N. Ajzenberg and V. Rebours designed 
the study and interpreted the data; D. Faille collected the 



Oncotarget26463www.oncotarget.com

data, wrote the manuscript and performed the statistical 
analysis; E. De Raucourt supervised sample collection; D. 
Faille, L. De Chaisemartin, V. Granger, R. Lacroix and 
L. Panicot-Dubois performed some of the experiments; 
P. Hammel, P. Lévy, P. Ruszniewski and V. Rebours 
performed patient management and follow-up; M.C. 
Bourrienne, P. Lévy, N. Ajzenberg and V. Rebours revised 
the manuscript critically; all the authors had full access to 
the data and approved the final version of the manuscript.

ACKNOWLEDGMENTS

The authors thank all the technicians from the 
Department of Hematology at Bichat and Beaujon 
Hospitals for technical assistance.

CONFLICTS OF INTEREST

The authors declare no potential conflicts of interest.

FUNDING

Financial support was obtained by the SNFGE 
(French National Gastroenterology Society), LEO Pharma 
and Diagnostica Stago. The funders had no role in study 
design, data collection and analysis, decision to publish, or 
preparation of the manuscript.

REFERENCES

1. Wun T, White RH. Venous thromboembolism (VTE) 
in patients with cancer: epidemiology and risk factors. 
Cancer Invest. 2009 (Suppl 1); 27:63–74. https://doi.
org/10.1080/07357900802656681.

2. Menapace LA, Peterson DR, Berry A, Sousou T, Khorana 
AA. Symptomatic and incidental thromboembolism are 
both associated with mortality in pancreatic cancer. Thromb 
Haemost. 2011; 106:371–78. https://doi.org/10.1160/
TH10-12-0789.

3. Khorana AA, Dalal M, Lin J, Connolly GC. Incidence 
and predictors of venous thromboembolism (VTE) 
among ambulatory high-risk cancer patients undergoing 
chemotherapy in the United States. Cancer. 2013; 119:648–
55. https://doi.org/10.1002/cncr.27772.

4. Larsen AC, Brøndum Frøkjaer J, Wishwanath Iyer V, 
Vincents Fisker R, Sall M, Yilmaz MK, Kuno Møller B, 
Kristensen SR, Thorlacius-Ussing O. Venous thrombosis 
in pancreaticobiliary tract cancer: outcome and prognostic 
factors. J Thromb Haemost. 2015; 13:555–62. https://doi.
org/10.1111/jth.12843.

5. Søgaard KK, Farkas DK, Pedersen L, Sørensen HT. 
Splanchnic venous thrombosis is a marker of cancer and 
a prognostic factor for cancer survival. Blood. 2015; 
126:957–63. https://doi.org/10.1182/blood-2015-03-631119.

 6. Xu W, Qi X, Chen J, Su C, Guo X. Prevalence of 
Splanchnic Vein Thrombosis in Pancreatitis: A Systematic 
Review and Meta-Analysis of Observational Studies. 
Gastroenterol Res Pract. 2015; 2015:245460. https://doi.
org/10.1155/2015/245460.

 7. Chung WS, Lin CL. Comorbid risks of deep vein thrombosis 
and pulmonary thromboembolism in patients with chronic 
pancreatitis: a nationwide cohort study. J Thromb Haemost. 
2016; 14:98–104. https://doi.org/10.1111/jth.13195.

 8. Rebours V, Boudaoud L, Vullierme MP, Vidaud D, Condat 
B, Hentic O, Maire F, Hammel P, Ruszniewski P, Lévy P. 
Extrahepatic portal venous system thrombosis in recurrent 
acute and chronic alcoholic pancreatitis is caused by local 
inflammation and not thrombophilia. Am J Gastroenterol. 
2012; 107:1579–85. https://doi.org/10.1038/ajg.2012.231.

 9. Haas SL, Jesnowski R, Steiner M, Hummel F, Ringel J, 
Burstein C, Nizze H, Liebe S, Löhr JM. Expression of 
tissue factor in pancreatic adenocarcinoma is associated 
with activation of coagulation. World J Gastroenterol. 2006; 
12:4843–49.

10. Davila M, Amirkhosravi A, Coll E, Desai H, Robles L, 
Colon J, Baker CH, Francis JL. Tissue factor-bearing 
microparticles derived from tumor cells: impact on 
coagulation activation. J Thromb Haemost. 2008; 6:1517–
24. https://doi.org/10.1111/j.1538-7836.2008.02987.x.

11. 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; 5:520–27. https://doi.
org/10.1111/j.1538-7836.2007.02369.x.

12. Zwicker JI, Liebman HA, Neuberg D, Lacroix R, Bauer 
KA, Furie BC, Furie B. Tumor-derived tissue factor-bearing 
microparticles are associated with venous thromboembolic 
events in malignancy. Clin Cancer Res. 2009; 15:6830–40. 
https://doi.org/10.1158/1078-0432.CCR-09-0371.

13. Thomas GM, Panicot-Dubois L, Lacroix R, Dignat-
George F, Lombardo D, Dubois C. Cancer cell-derived 
microparticles bearing P-selectin glycoprotein ligand 1 
accelerate thrombus formation in vivo. J Exp Med. 2009; 
206:1913–27. https://doi.org/10.1084/jem.20082297.

14. Hisada Y, Ay C, Auriemma AC, Cooley BC, Mackman N. 
Human pancreatic tumors grown in mice release tissue 
factor-positive microvesicles that increase venous clot 
size. J Thromb Haemost. 2017; 15:2208–17. https://doi.
org/10.1111/jth.13809.

15. Stark K, Schubert I, Joshi U, Kilani B, Hoseinpour P, Thakur 
M, Grünauer P, Pfeiler S, Schmidergall T, Stockhausen S, 
Bäumer M, Chandraratne S, von Brühl ML, et al. Distinct 
Pathogenesis of Pancreatic Cancer Microvesicle-Associated 
Venous Thrombosis Identifies New Antithrombotic Targets 
In Vivo. Arterioscler Thromb Vasc Biol. 2018; 38:772–86. 
https://doi.org/10.1161/ATVBAHA.117.310262.

16. Tun NM, Guevara E, Oo TH. Benefit and risk of primary 
thromboprophylaxis in ambulatory patients with advanced 



Oncotarget26464www.oncotarget.com

pancreatic cancer receiving chemotherapy: a systematic 
review and meta-analysis of randomized controlled trials. 
Blood Coagul Fibrinolysis. 2016; 27:270–74. https://doi.
org/10.1097/MBC.0000000000000413.

17. Khorana AA, Kuderer NM, Culakova E, Lyman GH, 
Francis CW. Development and validation of a predictive 
model for chemotherapy-associated thrombosis. 
Blood. 2008; 111:4902–07. https://doi.org/10.1182/
blood-2007-10-116327.

18. Pabinger I, Thaler J, Ay C. Biomarkers for prediction 
of venous thromboembolism in cancer. Blood. 
2013; 122:2011–18. https://doi.org/10.1182/
blood-2013-04-460147.

19. Ay C, Dunkler D, Marosi C, Chiriac AL, Vormittag R, 
Simanek R, Quehenberger P, Zielinski C, Pabinger I. 
Prediction of venous thromboembolism in cancer patients. 
Blood. 2010; 116:5377–82. https://doi.org/10.1182/
blood-2010-02-270116.

20. Kruger S, Haas M, Burkl C, Goehring P, Kleespies A, 
Roeder F, Gallmeier E, Ormanns S, Westphalen CB, 
Heinemann V, Rank A, Boeck S. Incidence, outcome and 
risk stratification tools for venous thromboembolism in 
advanced pancreatic cancer - A retrospective cohort study. 
Thromb Res. 2017; 157:9–15. https://doi.org/10.1016/j.
thromres.2017.06.021.

21. Muñoz Martín AJ, García Alfonso P, Rupérez Blanco 
AB, Pérez Ramírez S, Blanco Codesido M, Martín 
Jiménez M. Incidence of venous thromboembolism 
(VTE) in ambulatory pancreatic cancer patients receiving 
chemotherapy and analysis of Khorana’s predictive 
model. Clin Transl Oncol. 2014; 16:927–30. https://doi.
org/10.1007/s12094-014-1165-y.

22. Hisada Y, Geddings JE, Ay C, Mackman N. Venous 
thrombosis and cancer: from mouse models to clinical 
trials. J Thromb Haemost. 2015; 13:1372–82. https://doi.
org/10.1111/jth.13009.

23. Geddings JE, Hisada Y, Boulaftali Y, Getz TM, Whelihan 
M, Fuentes R, Dee R, Cooley BC, Key NS, Wolberg AS, 
Bergmeier W, Mackman N. Tissue factor-positive tumor 
microvesicles activate platelets and enhance thrombosis 
in mice. J Thromb Haemost. 2016; 14:153–66. https://doi.
org/10.1111/jth.13181.

24. 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; 82:1101–04. https://doi.org/10.1002/bjs.1800820831.

25. Nitori N, Ino Y, Nakanishi Y, Yamada T, Honda K, 
Yanagihara K, Kosuge T, Kanai Y, Kitajima M, Hirohashi S. 
Prognostic significance of tissue factor in pancreatic ductal 
adenocarcinoma. Clin Cancer Res. 2005; 11:2531–39. 
https://doi.org/10.1158/1078-0432.CCR-04-0866.

26. Woei-A-Jin FJ, Tesselaar ME, Garcia Rodriguez P, 
Romijn FP, Bertina RM, Osanto S. Tissue factor-bearing 
microparticles and CA19.9: two players in pancreatic 

cancer-associated thrombosis? Br J Cancer. 2016; 115:332–
38. https://doi.org/10.1038/bjc.2016.170.

27. Thaler J, Ay C, Mackman N, Metz-Schimmerl S, Stift J, 
Kaider A, Müllauer L, Gnant M, Scheithauer W, Pabinger 
I. Microparticle-associated tissue factor activity in patients 
with pancreatic cancer: correlation with clinicopathological 
features. Eur J Clin Invest. 2013; 43:277–85. https://doi.
org/10.1111/eci.12042.

28. Ay C, Dunkler D, Pirker R, Thaler J, Quehenberger P, 
Wagner O, Zielinski C, Pabinger I. High D-dimer levels 
are associated with poor prognosis in cancer patients. 
Haematologica. 2012; 97:1158–64. https://doi.org/10.3324/
haematol.2011.054718.

29. Durczynski A, Kumor A, Hogendorf P, Szymanski D, 
Grzelak P, Strzelczyk J. Preoperative high level of D-dimers 
predicts unresectability of pancreatic head cancer. World J 
Gastroenterol. 2014; 20:13167–71. https://doi.org/10.3748/
wjg.v20.i36.13167.

30. Sun W, Ren H, Gao CT, Ma WD, Luo L, Liu Y, Jin 
P, Hao JH. Clinical and Prognostic Significance of 
Coagulation Assays in Pancreatic Cancer Patients With 
Absence of Venous Thromboembolism. Am J Clin 
Oncol. 2015; 38:550–56. https://doi.org/10.1097/01.
coc.0000436088.69084.22.

31. Thaler J, Ay C, Mackman N, Bertina RM, Kaider A, 
Marosi C, Key NS, Barcel DA, Scheithauer W, Kornek 
G, Zielinski C, Pabinger I. Microparticle-associated tissue 
factor activity, venous thromboembolism and mortality in 
pancreatic, gastric, colorectal and brain cancer patients. 
J Thromb Haemost. 2012; 10:1363–70. https://doi.
org/10.1111/j.1538-7836.2012.04754.x.

32. Bharthuar A, Khorana AA, Hutson A, Wang JG, Key NS, 
Mackman N, Iyer RV. Circulating microparticle tissue 
factor, thromboembolism and survival in pancreaticobiliary 
cancers. Thromb Res. 2013; 132:180–84. https://doi.
org/10.1016/j.thromres.2013.06.026.

33. Thomas GM, Brill A, Mezouar S, Crescence L, Gallant 
M, Dubois C, Wagner DD. Tissue factor expressed by 
circulating cancer cell-derived microparticles drastically 
increases the incidence of deep vein thrombosis in mice. 
J Thromb Haemost. 2015; 13:1310–19. https://doi.
org/10.1111/jth.13002.

34. Lacroix R, Judicone C, Mooberry M, Boucekine M, Key 
NS, Dignat-George F, and The ISTH SSC Workshop. 
Standardization of pre-analytical variables in plasma 
microparticle determination: results of the International 
Society on Thrombosis and Haemostasis SSC Collaborative 
workshop. J Thromb Haemost. 2013 Apr 2. https://doi.
org/10.1111/jth.12207. [Epub ahead of print].

35. Tanaka M, Fernández-del Castillo C, Adsay V, Chari 
S, Falconi M, Jang JY, Kimura W, Levy P, Pitman MB, 
Schmidt CM, Shimizu M, Wolfgang CL, Yamaguchi K, 
Yamao K, and International Association of Pancreatology. 
International consensus guidelines 2012 for the management 



Oncotarget26465www.oncotarget.com

of IPMN and MCN of the pancreas. Pancreatology. 2012; 
12:183–97. https://doi.org/10.1016/j.pan.2012.04.004.

36. Khorana AA, Francis CW, Menzies KE, Wang JG, Hyrien 
O, Hathcock J, Mackman N, Taubman MB. Plasma tissue 

factor may be predictive of venous thromboembolism in 
pancreatic cancer. J Thromb Haemost. 2008; 6:1983–85. 
https://doi.org/10.1111/j.1538-7836.2008.03156.x.


