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Abstract
Introduction: We conducted a longitudinal study in patients with pancreatic and 
colorectal cancer. We determined the effect of chemotherapy on extracellular vesi-
cle tissue factor (EVTF) activity and the association of plasma EVTF activity with 
venous thromboembolism (VTE) and survival.
Material and Methods: We enrolled 13 patients with pancreatic and 22 patients with 
colorectal cancer. Plasma samples were collected during the 85-day study period. 
Patients were followed for 3 months after the study period. We recorded sympto-
matic VTE during the study period (3 months) or asymptomatic deep vein thrombo-
sis detected by ultrasound at day 85. We measured EVTF activity before and after 
chemotherapy.
Results and Conclusions: In the pancreatic cancer group, 2 patients had elevated 
levels of EVTF activity. One of these patients developed symptomatic VTE and died, 
and the second patient did not have a VTE but died. Chemotherapy decreased EVTF 
activity in 2 pancreatic patients with high levels. In the colorectal cancer group, 4 
patients developed VTE, but EVTF activity was not elevated in any patient and no 
patient died. We observed a borderline significant correlation between EVTF activity 
and D-dimer in the patients with pancreatic but not colorectal cancer. In this small 
descriptive study, 2 patients with pancreatic cancer had an elevated level of EVTF ac-
tivity. Both patients died during the study period, and one had a VTE. Chemotherapy 
decreased EVTF activity in these patients. In contrast, elevated levels of EVTF activ-
ity were not observed in patients with colorectal cancer with or without VTE.
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Essentials

• Longitudinal prospective study to measure plasma extracellular vesicle tissue factor (EVTF) activity in patients with cancer.
• Plasma samples were collected before and after chemotherapy.
• Only 17% of the target number of patients with pancreatic and colorectal cancer were enrolled.
• Chemotherapy decreased EVTF activity in the 2 patients with pancreatic cancer with high levels.

1  | INTRODUCTION

Patients with cancer have an increased risk for the development of ve-
nous thromboembolism (VTE).1 The use of cytotoxic therapies further 
increases the thrombotic risk.2‒4 Patients with cancer and VTE also 
have a worse prognosis and decreased overall survival compared to 
those without VTE.5,6 Several factors determine risk for VTE in cancer. 
These include site, stage, and grade of cancer.7,8 Brain and pancreatic 
cancers confer the highest risk for VTE.1,9‒11 Metastatic disease, either 
regional or distant, is also associated with greater risk for VTE com-
pared to local disease.6,12

Many studies have determined the association between dif-
ferent clinical characteristics and/or biomarkers and VTE in an at-
tempt to predict VTE in patients with cancer.13 This has led to the 
development of several risk assessment scores. The Khorana score 
is the most commonly used tool in ambulatory patients who are 
at increased risk for chemotherapy-associated thrombosis.14 The 
score includes 5 components (cancer site, leukocytosis, throm-
bocytosis, body mass index, and low hemoglobin and/or use of 
erythropoiesis-stimulating agents). Ay and colleagues15 improved 
the predictive value of the Khorana score by adding the circulating 
biomarkers D-dimer and soluble P-selectin. However, cancer site 
seems to be the dominant factor in the Khorana score, and one 
study found that only 37.5% of patients with pancreatic cancer 
with VTE had a high risk score (≥3).16 More recently, a new score 
was proposed for predicting VTE in ambulatory patients with can-
cer with solid tumors that includes only cancer site and D-dimer.17

The mechanisms by which cancer increases VTE risk is likely mul-
tifactorial, and there may be different pathways in different cancer 
types.8,18 Tissue factor (TF) is a potent procoagulant protein that is 
not normally present in blood.19 Tumors release TF-positive extra-
cellular vesicles (EVs) into the circulation.20 Cytotoxic chemotherapy 
might be expected to increase circulating levels of EVTF in patients 
with cancer by killing TF-positive tumors cells. However, an explor-
atory, prospective study found that chemotherapy did not induce 
detectable levels of EVTF activity in metastatic testicular cancer.21 
Further, another study found that chemotherapy paradoxically re-
duced plasma levels of EVTF activity in multiple myeloma.22

We measured EVTF activity in a small longitudinal prospective 
study of 10 patients with pancreatic cancer, 2 of whom developed 
VTE.23 Interestingly, EVTF activity increased in a stepwise manner 
prior to VTE in these 2 patients. In subsequent prospective studies 
with single samples, we observed an association between EVTF ac-
tivity and VTE in 117 patients with pancreaticobiliary cancer, and a 
borderline association of EVTF activity and VTE in 60 patients with 

pancreatic cancer.24,25 Another study with 79 patients with pancre-
atic cancer also observed an association between EVTF activity and 
VTE.26 However, plasma EVTF activity was not associated with VTE 
in the general cancer population (multiple tumor types included), 
nor in patients with colorectal, gastric, brain, or ovarian cancer or 
multiple myeloma.22,24,27,28 We and others have also observed an 
association between EVTF activity and survival in a general cancer 
population and also specifically in pancreatic cancer.24,25,27

The vast majority of studies evaluating biomarkers of thrombotic 
risk in cancer have used blood samples obtained at a single time point.13 
There are very few longitudinal studies evaluating biomarkers in pa-
tients with cancer over the course of their treatment.29,30 One study 
collected samples monthly from 112 patients with cancer and found 
that increased levels of factor VIII, D-dimer, and soluble P-selectin 
were associated with VTE and decreased survival.30

We conducted a longitudinal, multicenter observational study in 
patients with pancreatic and colorectal cancer receiving standard-
of-care chemotherapy. Plasma samples were collected before and 
after chemotherapy. The objectives of the study were to (1) deter-
mine whether chemotherapy led to an increase in circulating EVTF 
activity and (2) determine if EVTF activity is associated with VTE 
and survival in the study population.

2  | METHODS

2.1 | Study design and sample collection

We conducted a prospective, observational study in patients with 
newly diagnosed, local or metastatic pancreatic ductal adenocarci-
noma (PDAC) or colorectal cancer (CRC). Patients were enrolled prior 
to initiation of chemotherapy. The study was conducted following 
approval from the University of North Carolina Institutional Review 
Board at all 4 participating sites within the UNC HealthCare sys-
tem (UNC, Rex, Nash County and Southeastern Medical Oncology 
Center), and informed consent was obtained from all participants. 
Specific demographic and disease-related information was collected 
from all subjects. Patient enrollment and study-related follow-up 
occurred between October 2009 and December 2013. Specific 
demographic and disease-related information was collected from 
all subjects. Lower extremity venous duplex ultrasound (CUS) was 
performed on all study subjects at enrollment (prior to initiation of 
chemotherapy) and at 3 months (day 85 ± 5 days; ie, end of study 
period). Symptomatic or asymptomatic ultrasound-identified deep 
vein thrombosis (DVT) was recorded. Pulmonary emboli (PE) that 
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were clinically apparent or asymptomatic (eg, during staging com-
puted tomography scanning) were also recorded. The study sche-
matic is outlined in Figure 1. The schematic was developed based on 
the standard first-line therapy for pancreatic cancer (gemcitabine) 
and colorectal cancer (FOLFOX ± bevacizumab) at the time that the 
study was initiated. All study subjects were followed for 3 months 
after completion of study period, and data on clinical outcomes were 
recorded.

2.1.1 | Inclusion criteria

Inclusion criteria included age > 18 years and pancreatic or colorec-
tal cancer.

2.1.2 | Exclusion criteria

Exclusion criteria included (1) surgery within the past month (exclud-
ing diagnostic biopsies); (2) hospitalization for >2 days in the past 
month; (3) prior chemotherapy; (4) history of VTE; (5) currently on 
anticoagulation therapy; (6) inferior vena cava filter; (7) patient re-
fuses, or is deemed unsuitable for, chemotherapy; or (8) currently 
pregnant.

Presence/placement of central venous catheters and use of anti-
platelet agents was allowed.

2.1.3 | Outcomes

The primary study outcome was symptomatic VTE during the study 
period (first 3 months) or asymptomatic, ultrasound-detected proxi-
mal or distal DVT at day 85. Secondary outcomes included (1) death; 
(2) arterial thrombosis (ischemic stroke, myocardial infarction, or pe-
ripheral arterial occlusion); and (3) symptomatic VTE occurring be-
yond day 85 but before the end of the total study period (6 months 
total).

2.2 | Collection of blood samples

We collected prechemotherapy (days 1 and 43) blood samples and 
blood samples 1-hour after chemotherapy on day 2 cycle 1, and 1 
hour after chemotherapy on day 44 cycle 3 for the patients with 
PDAC. We also collected prechemotherapy (days 1 and 57) sam-
ples and 1-hour samples on day 2, and day 3 postchemotherapy 
samples at cycle 1, and 1-hour day 58 and day 59 postchemother-
apy samples at cycle 5 for the patients with CRC. Blood samples 
were collected into citrate anticoagulant at baseline and at subse-
quent prespecified time points. Blood samples were kept at room 
temperature and processed within 2 hours of collection. Platelet-
poor plasma was prepared by centrifugation of blood at 1500 g 
for 15 minutes, then divided into 0.5-mL aliquots and frozen for 
batch analysis.

F I G U R E  1   Study schema. The chemotherapy cycle for patients with pancreatic cancer is 21 days. We collected samples before cycles 
1, 2, 3, and 4 and in the middle of cycles 1 and 3. We also collected samples 1 hour after chemotherapy in cycles 1 and 3 (labeled with P). 
The chemotherapy cycle for patients with colorectal cancer is 14 days. We collected samples before cycles 1, 2, 5, and 6. We also collected 
samples 1 hour after chemotherapy in cycles 1 and 5 (labeled with a P). CUS was performed at baseline to exclude any patients with 
asymptomatic deep vein thrombosis, and also at day 85. CUS, venous duplex ultrasound; US, ultrasound

Pancreatic

2P

1 8 22 43

44P

51 64

85

Blood draws (d)

Blood draws (d)

Chemotherapy

Chemotherapy

Colorectal

Cycle 1

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6

Cycle 2 Cycle 3

58P

59P 715715

2P

3P1

85

Cycle 4

US

CUS

US

CUS



     |  639KASTHURI eT Al.

2.3 | Plasma extracellular vesicle tissue factor 
activity assay

Plasma ETF activity was measured as previously described.31

2.4 | Plasma D-dimer

Plasma D-dimer levels were measured using ELISA kits (Abcam, 
Cambridge, MA, USA).

2.5 | Statistical methods

The Shapiro-Wilk test was used for assessment of normality. For 
the 2-group comparisons, the paired 2-tailed Student’s t-test or 
the Wilcoxon signed-rank test was used, depending on the data 
distribution. For the 3-group comparisons, the Kruskal-Wallis 
test with Dunn’s multiple comparison was used. To test the cor-
relation between EVTF activity and D-dimer, Spearman’s rank 
correlation coefficient was used. These statistical analyses were 
performed with Prism version 7.03 (GraphPad Software, La Jolla, 
CA, USA).

3  | RESULTS

3.1 | Patient characteristics

Our goal was to recruit 100 patients with PDAC and 100 patients 
with CRC. Once the necessary sample size was calculated, we per-
formed a feasibility analysis prior to conducting the study. A total 
of 95 new patients with advanced pancreatic cancer and 154 new 
patients with advanced colorectal cancer were evaluated among 
the 3 primary enrollment centers in 2006. Thus, it was deemed 
feasible to enroll 25 patients each with pancreatic and colorectal 
cancer per year (total of 100 each over 4 years), accounting for 
ineligibility and lack of interest and allowing for loss to follow-up. 
Despite these calculations, we failed to meet enrollment goals in 
spite of opening the trial at an additional center. In fact, we en-
rolled only 13 patients with PDAC and 22 patients with CRC in 
the period between 2009 and 2013. The main reason for this was 
competing clinical trials evaluating different therapeutic agents/
combinations that were targeting the same patient population, and 
which were prioritized over our observational study. Therefore, 
the study is underpowered for determining associations between 
EVTF activity and VTE.

Patient demographics are summarized in Table 1. The mean ages 
of the PDAC and CRC groups were 71 and 63, respectively. Subjects 
were predominantly male in the PDAC group. The majority of the 
patients in the PDAC group received gemcitabine-based treatment 
regimens (9/13), and the majority of the CRC group were treated with 
FOLFOX or another 5-fluorouracil–based regimen (20/22) (Table 2).

We observed 1 VTE in the pancreatic cancer group (PDAC8) 
(event rate of 7.7%). This patient developed a right upper extrem-
ity DVT 12 days after initiation of therapy. He developed progres-
sive disease and died 35 days after initiation of therapy, having 
received only 1 cycle of chemotherapy. Four VTEs (CRC1, CRC5, 
CRC12, and CRC19) were recorded in the colorectal cancer group 
(event rate of 18.1%), including 1 PE (CRC1, day 54), 1 symptom-
atic DVT (CRC5 on day 20), 1 catheter-associated upper extremity 
thrombus (CRC12 on day 36), and 1 asymptomatic DVT (CRC19 on 
day 85 CUS).

There were 2 deaths during the 85-day study period. Both 
subjects (PDAC8, day 35; and PDAC10, day 34) had advanced 
pancreatic cancer and died within 5 weeks after initiation of che-
motherapy from progressive disease. No arterial events were ob-
served in either group.

3.2 | EVTF activity

Two of the patients with PDAC (PDAC8 and PDAC10) had elevated 
levels of EVTF activity at baseline (Table 2). In contrast, none of the 
patients with CRC had elevated levels of EVTF activity at baseline or 
during the study (Table 2 and Figures 2 and 3).

There was a trend toward decreased levels of EVTF activ-
ity after chemotherapy (Figure 2). We observed a decrease in 
EVTF activity 1 hour after chemotherapy in the 2 patients with 
PDAC with a high level of EVTF activity, but the number is too 
small for statistical analysis (Figure 2A). Chemotherapy signifi-
cantly decreased EVTF activity in patients with CRC at cycle 5, 
but the values were below the baseline level of EVTF activity 
(Figure 2B).

PDAC8 had the highest level of EVTF activity at entry and exhib-
ited an even higher level 4 days prior to the development of a DVT 
(Figure 3). PDAC10 had the second-highest level of EVTF activity 
at entry (Figure 3). Both PDAC8 and PDAC10 died of progressive 
disease at day 35 and day 34, respectively. EVTF activity was not in-
creased in any of the colorectal cancer group, regardless of whether 
VTE ensued (Figure 3).

TA B L E  1   Patient characteristics

 Pancreatic cancer Colorectal cancer

Number 13 22

Mean age (range) 71 (54-86) 63 (46-92)

Sex 9 male, 4 female 11 male, 11 female

Race 9 white, 3 black, 1 
Asian

13 white, 9 black

VTE events 1 DVT 1PE, 2 DVT, 
1 Catheter 
thrombus

Number of death 2 on study 0

DVT, deep vein thrombosis; PE, pulmonary embolism; VTE, venous 
thromboembolism.
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TA B L E  2   Khorana Score, D-dimer, EVTF activity, VTE, and death in patients with pancreatic and colorectal cancer

Patient Khorana score D-dimer (ng/mL) EVTF (pg/mL) VTE Death Treatment

Pancreatic cancer

PDAC1 2 0.90 0.10 N N Gemcitabine, nab-
paclitaxel, erlotinib

PDAC2 2 0.62 0.08 N N Gemcitabine

PDAC3 2 1.31 0.32 N N 5-FU and RT

PDAC4 2 0.80 0.16 N N FOLFIRINOX then 
capecitabine

PDAC5 3 (EPO) 0.74 0.06 N N Gemcitabine

PDAC6 2 0.74 0.16 N N Gemcitabine

PDAC7 2 1.12 0.01 N N Gemcitabine

PDAC8 4 (Hgb, WBC) 36.42 1.23 Y (d12) Y (d35) Gemcitabine

PDAC9 2 2.24 0.39 N N FOLFIRINOX

PDAC10 4 (Hgb, WBC) 12.34 0.94 N Y (d34) Gemcitabine

PDAC11 2 0.85 – N N FOLFOX

PDAC12 2 0.76 0.03 N N Gemcitabine

PDAC13 2 0.96 0.02 N N Gemcitabine

Colorectal cancer

CRC1 0 7.07 0.11 Y (d54) N FOLFOX

CRC2 1 (Hgb) 5.45 0.05 N N FOLFOX

CRC3 1 (Plts) 0.85 0.06 N N FOLFOX

CRC4 0 5.15 0.03 N N 5-FU, irinotecan and 
oxaliplatin

CRC5 0 1.93 0.01 Y (d20) N FOLFOX

CRC6 2 (Hgb, Plts) 1.34 0.02 N N FOLFOX

CRC7 0 2.92 0.00 N N FOLFOX

CRC8 1 (BMI) 0.42 0.15 N N FOLFOX

CRC9 1 (BMI) 0.25 0.00 N N FOLFOX

CRC10 1 (EPO) 1.24 0.01 N N FOLFOX + panitumumab

CRC11 1 (Plts) 0.12 0.12 N N FOLFOX then dropped 
oxaliplatin last cycle

CRC12 0 0.22 0.01 Y (d36) N FOLFOX + bevacizumab

CRC13 0 0.19 0.03 N N FOLFOX

CRC14 0 0.40 0.37 N N FOLFOX

CRC15 1 (Hgb) 2.96 0.07 N N FOLFOX + bevacizumab

CRC16 0 0.03 0.07 N N 5-FU + oxaliplatin then 
adding leucovorin

CRC17 0 1.51 0.03 N N FOLFOX

CRC18 1 (Plts) 4.02 0.08 N N FOLFOX

CRC19 0 0.03 0.01 Y (d85) N FOLFOX

CRC20 0 3.63 0.00 N N FOLFOX

CRC21 0 2.43 0.14 N N Oxaliplatin + capecitabine

CRC22 0 0.43 0.00 N N 5-FU + bevacizumab 
+leukovorin

5-FU, 5 fluorouracil; BMI, body mass index; CRC, colorectal cancer; EPO, erythropoietin; EVTF, extracellular vesicle tissue factor; Hgb, hemoglobin; 
N, no; PDAC, pancreatic ductal adenocarcinoma; plts, platelets; VTE, venous thromboembolism; WBC, white blood cell; Y, yes.
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3.3 | Comparison of the levels of EVTF activity and 
D-dimer

We observed a borderline significant correlation between EVTF ac-
tivity and D-dimer in the patients with PDAC (r = 0.563, P = 0.059) 
but not patients with CRC (r = 0.035, P = 0.878) (Figure 4). Patients 
with CRC who developed a VTE did not have significantly higher lev-
els of D-dimer compared with those without VTE (2.31 ± 3.29 vs 
1.85 ± 1.78, mean ± SD, P = 0.78).

3.4 | Comparison of the EVTF activity and the 
Khorana score

The Khorana score divides patients into 3 categories: low risk 
(score = 0), intermediate risk (score 1-2), and high risk (score ≥ 3). 
We calculated the Khorana score for all study patients at baseline 
(Table 2). Among the pancreatic cancer group, 3 patients had a 
high-risk score ≥3. PDAC8 had an elevated white blood cell count 
and low hemoglobin. This patient also had elevated levels of EVTF 

F I G U R E  2   Effect of chemotherapy on 
levels of plasma extracellular vesicle tissue 
factor (EVTF) activity in pancreatic and 
colorectal cancer patients. EVTF activity 
is shown for patients with pancreatic 
cancer (PDAC) before (1) and 1 hour after 
(2P) in cycle 1 (n = 12), as well as before 
(43) and 1 hour (44P) after chemotherapy 
in cycle 3 (n = 8). The dashed line indicates 
the upper limit of healthy individuals 0.0
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shown for patients with pancreatic (PDAC) 
and colorectal (CRC) cancer. Patients with 
venous thromboembolism (VTE) (1 in the 
pancreatic group and 4 in the CRC group) 
are shown in red. The timing of VTE 
occurrences are shown
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activity and D-dimer and died during the study. PDAC10 also had an 
elevated white blood cell count and low hemoglobin. This patient 
had elevated EVTF activity and D-dimer and died during the study. 
PDAC5 received erythropoietin but did not have elevated EVTF 
activity or D-dimer and survived to study completion. Among the 
colorectal cancer group, no patients had a high-risk Khorana score 
(Table 2).

4  | DISCUSSION

We examined the effect of chemotherapy on EVTF activity in pa-
tients with PDAC and CRC. In addition, we determined the association 
between EVTF activity and either VTE or survival in a longitudinal 
study. We recruited only 17% of the target number of patients, so the 
study is underpowered. However, we observed that chemotherapy 
decreased EVTF activity and EVTF activity was associated with VTE 
and death in patients with PDAC but not patients with CRC. There 
was a borderline association between EVTF activity and D-dimer in 
the patients with PDAC but not the patients with CRC.

Despite a careful feasibility analysis of the number of patients 
with pancreatic and colorectal cancer seen at the 3 enrollment sites 
and the addition of a fourth site, we had difficulty recruiting patients 
for this prospective, observational study. We found that the major-
ity of patients were enrolled in competing clinical trials evaluating 
different therapeutic agents/combinations that were targeting the 
same patient population, and a low priority was given to our obser-
vational study.

We hypothesized that administration of chemotherapy would in-
crease levels of EVTF activity due to death of TF-positive tumor cells. 
However, there was a trend toward lower levels of EVTF activity after 
chemotherapy. Indeed, EVTF activity was reduced 1 hour after che-
motherapy in the 2 patients with PDAC with high levels of EVTF ac-
tivity. Two previous studies have analyzed the effect of chemotherapy 
on circulating EVTF activity. A study with testicular cancer observed 
no change in EVTF activity, whereas another found that chemother-
apy decreased EVTF activity.21,22 It is possible that chemotherapy in-
creases the clearance of EVs by activating the endothelium. Indeed, 
the endothelium expresses developmental endothelium locus 1 that 
has been shown to clear circulating platelet-derived EVs.32

Prospective single time point studies and a longitudinal study in-
dicate that EVTF activity is associated with VTE in pancreatic cancer 
but not other types of cancer, including CRC.22‒28 Our small study 
supports this conclusion, since we observed a time-dependent in-
crease in EVTF activity prior to a VTE in a patients with PDAC but 
no increase in EVTF activity in 4 patients with CRC who had a VTE. 
EVTF activity is also associated with decreased survival in patients 
with cancer.24,25,27,33 Similarly, we found that the 2 patients with 
PDAC who died had a high level of EVTF activity. These multiple ob-
servations suggest that EVTF activity may be a biomarker of cancer 
progression.

Patients with cancer are often prothrombotic and have ele-
vated levels of D-dimer. Indeed, D-dimer improved the predictive 

value of the Khorana score, and D-dimer is 1 of 2 parameters in the 
Vienna risk assessment score for VTE in patients with cancer.16,17 
We found a borderline significant correlation between EVTF and 
D-dimer in patients with PDAC but not patients with CRC. Our 
data are consistent with a previous study showing a correlation 
between EVTF activity and D-dimer in patients with pancreatic 
cancer (r = 0.51, P < 0.001) but not in patients with brain, stomach 
and colorectal cancer.24 One might expect an association between 
EVTF activity and D-dimer because TF activates the coagulation 
cascade whereas D-dimer is a degradation product of fibrin.

Interestingly, the 2 patients with PDAC with a high level of EVTF 
activity had a high-risk Khorana score due to elevated white blood 
cells and low hemoglobin. Activated monocytes express TF expres-
sion that may contribute to the elevated levels of EVTF observed in 
these 2 patients with PDAC.34

The strengths of our study are the collection of samples before 
and after chemotherapy, the longitudinal design, and the lessons 
learned about the difficulties of enrolling patients with cancer for an 
observational study. Longitudinal studies are superior to single time 
point studies because of the ability to observe changes over time, 
which facilitates identification of changes that precede development 
of adverse events. A weakness of the study is that we did not meet 
our targeted enrollment. Therefore, the study was underpowered to 
evaluate the stated outcomes because the number of patients with 
elevated levels of EVTF activity, VTE, and death was too small to 
allow statistical analysis to be performed.

5  | CONCLUSIONS

Our study reveals the difficultly in enrolling patients for an obser-
vational study. However, despite the limited number of samples, our 
data are consistent with other studies showing that chemotherapy 
decreases circulating EVTF activity and that EVTF activity is associ-
ated with VTE in patients with PDAC but not patients with CRC, is 
associated with death, and correlates with D-dimer. More studies 
are needed confirm these results.
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