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Abstract

Background: Cancer, especially pancreatic cancer, is frequently 
associated with thrombosis which is one of the causes of poor out-
comes; moreover hypercoagulability can be present in cancer pa-
tients. Hypercoagulability is considered to be caused by a thrombin 
burst.

Methods: Activated Partial Tthromboplastin Time (APTT), small 
amount of tissue factor induced FIX activation assay (sTF/FIXa) 
and Thrombin Time (TT) assessment using Clot Waveform Analysis 
(CWA) were performed in 138 patients with malignant neoplasms, 
including pancreatic cancer.

Results: The first derivative peak (1st DP) time (1st DPT), 1st DP 
height (1st DPH) and 1st DPH/1st DPT ratio were increased in a clot-
ting-factor-FVIII-dependent manner. Thrombosis was frequently 
associated with pancreatic cancer and was observed in the early 
stage. CWA-APTT and CWA-sTF/FIXa indicated that the peak times 
and heights were markedly longer and higher, respectively, in can-
cer patients, especially pancreas cancer patients, than in patients 
without cancer. The 1st DPH/1st DPT ratios of CWA-sTF/FIXa were 
significantly high in patients with pancreas cancer (median value 
1.5). CWA-TT showed that the peak times were significantly short-
er in cancer patients than in healthy volunteers and that the peak 
heights were significantly higher in cancer than in benign pancreas 
diseases. The cutoff value of the 1st DPH/ 1st DPT of sTF/FIXa for 
cancer patients with thrombosis vs. all patients without cancer was 
1.3.

Conclusions: Cancer patients, including those with pancreatic 
cancer were frequently associated with thrombosis due to hyper-
coagulability caused by thrombin burst detected by CWA. A high 
1st DPH/1st DPT ratio of sTF/FIXa may suggest an association with 
cancer or thrombosis.

Keywords: Cancer; Pancreatic cancer; CWA; sTF/FIXa; 1st DPH/ 
1st DPT; sTF/FIXa ratio

Introduction

Thrombotic complications such as Venous Thromboem-
bolism (VTE), Acute Cerebral Infarction (ACI) and Acute Coro-
nary Syndrome (ACS) have often been reported and studied as 
Cancer-Associated Thrombosis (CAT) by many physicians and 
researchers [1-3]. The incidence of VTE is <0.1% in the gen-
eral population; it has been reported that approximately 20% 
of the overall VTE incidence might be caused by active cancer 
[4]. CAT, including ACS, ACI and VTE, is considered a main cause 
of noncancer death in patients with cancer [5]. VTE is one of 

the most important thrombotic complications in patients with 
cancer [6,7], and ACS and ACI are arterial thromboses that are 
mainly caused by platelet activation and atherosclerosis [8,9]. 
Trousseau syndrome [10,11] is a well-known thrombotic syn-
drome in cancer patients. CAT, including Trousseau syndrome 
is associated with various thrombotic diseases and has various 
factors, including leukocytosis, thrombocytosis, physical factors 
and increased coagulation factors, which have been proposed 
as risk factors for CAT [1].
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Hypercoagulability including increased levels of coagulation 
factors, such as Tissue Factor (TF) and clotting factor VIII (FVIII), 
activated coagulation factors and TF-positive microparticles was 
proposed as a risk factor for CAT [1]. Activation of the coagula-
tion cascade and platelets which is related to tumor growth and 
metastasis, may cause CAT [12,13]. Therefore, early diagnosis of 
hypercoagulability and prophylaxis for CAT may be important in 
the management of cancer [10]. 

Although increased D-dimer or Soluble Fibrin (SF) levels are 
useful for detecting thrombosis in patients with CAT [14-16], 
routine coagulation tests, such as Activation Partial Thrombo-
plastin Time (APTT) and Prothrombin Time (PT), cannot detect 
hypercoagulable states [17]. A Clot Waveform Analysis (CWA) 
of APTT (CWA-APTT) has been developed to evaluate hemo-
static abnormalities in patients with bleeding tendencies and to 
monitor anticoagulant therapy [17-19]. Furthermore, the use of 
a small scale of TF-induced FIX activation (sTF/FIXa) (CWA-sTF/
FIXa) assay can evaluate hemostatic abnormalities including 
platelet abnormalities [17]. Hypercoagulability is considered to 
be caused by a thrombin burst [20,21] which is evaluated by 
thrombin time using a small amount of thrombin with a CWA 
(CWA-TT) [22].

In the present study, hypercoagulability and complications 
of thrombosis in patients with malignant neoplasms including 
pancreatic cancer were investigated using a CWA-APTT, CWA-
sTF/FIXa and CWA-TT in comparison to patients without cancer 
or those with benign pancreatic diseases.

Materials and Methods

The study population included 138 patients with cancer and 
66 patients without cancer who were managed at Mie Pre-
fectural General Medical Center from August 21, 2020 to De-
cember 31, 2022. Cancer types were pancreatic cancer (n=30), 
uterine cancer (n=4), prostate cancer (n=7), hepatocellular 
carcinoma (n=15), malignant lymphoma (n=9), leukemia and 
myelodysplastic syndrome (leukemia/MDS) (n=11), lung cancer 
(n=11), breast cancer (n=5), biliary tract cancer (n=11), colon 
cancer (n=10), stomach cancer (n=12), esophageal cancer (n=5) 
and other cancer (n=8; origin unknown, n=3; bladder cancer, 
n=2; kidney cancer, n=2 and ovarian cancer, n=1) (Table 1). Non-
cancer patients included those with chronic hepatitis (n=31), 
anemia (n=9), bone marrow proliferative disease (n=6), preg-
nancy loss (n=3), fatty liver (n=3), carrier of hepatitis B virus 
(n=4), alcoholic liver damage (n=2), hepatic hemangioma (n=2), 
pancreatic cyst (n=3), benign pancreatic tumor (n=2) and pan-
creatitis (n=1). CWA was also performed in 20 healthy volun-
teers as controls. Disseminated intravascular coagulation (DIC) 
was diagnosed using the Japanese Ministry of Health Labor and 
Welfare criteria for DIC [23]. Acute cerebral infarction was di-
agnosed using computed tomography or magnetic resonance 
imaging, acute coronary syndrome was diagnosed using coro-
nary angiography, electrocardiography was based on elevated 
troponin levels, and venous thromboembolism was diagnosed 
using computed tomography or venous ultrasound [24]. The 
stage of pancreatic cancer was determined in accordance with 
the established guidelines [25,26].

The study protocol (2019-K9) was approved by the Human 
Ethics Review Committee of Mie Prefectural General Medical 
Center, and informed consent was obtained from each partici-
pant. This study was carried out in accordance with the prin-
ciples of the Declaration of Helsinki.

The CWA-APTT was performed using APTT-SP®, which uses 
silica as an activator of FXII and synthetic phospholipids (Wer-
fen; Bedford, MA, USA) and platelet-poor plasma (PPP), with an 
ACL-TOP® system (Werfen) as previously reported [17,27]. The 
CWA- sTF/FIXa assay was performed using Platelet-Rich Plasma 
(PRP) and 2000-fold diluted HemosIL RecombiPlasTin 2G (TF 
concentration <0.1 pg/ml; Werfen) [28]. One curve and two 
Derivative Peaks (DPs) are shown on the monitor of this sys-
tem [17]; one shows the changes in the absorbance observed 
while measuring the APTT, corresponding to the Fibrin Forma-
tion Curve (FFC); the second (first derivative peak 1st DP) corre-
sponds to the coagulation velocity; and the third (second deriv-
ative peak 2nd DP) corresponds to the coagulation acceleration. 
The respective height and time of the 1st DP, 2nd DP, and fibrin 
formation are called the 1st DP height (1st DPH) and 1st DP time 
(1st DPT), 2nd DPH and 2nd DPT, and Fibrin Formation Height (FFH) 
and fibrin formation time (FFT), respectively (Figure 1). PRP was 
prepared by centrifugation at 900 rpm for 15 minutes (platelet 
count, 40 x 1010 /L), and PPP was prepared by centrifugation at 
3000 rpm for 15 minutes (platelet count, <0.5 x 1010 /L) [29]. 

The CWA-TT was measured using 0.5 IU thrombin (Thrombin 
500 units Mochida Pharmaceutical CO., LTD, Tokyo, Japan) with 
an ACL-TOP® system (Instrumentation Laboratory) [17]. Three 
types of curves are shown on this system monitor [22]. The 1st 
DP showed two peaks and the second peak height of the 1ST DP 
(1st DPH-2) reflected the thrombin burst.

In total, 10 units, 1 unit and 0.1 unit of clotting factor VIII 
(FVIII) concentration in plasma were prepared through the dilu-
tion of recombinant FVIII concentrate (efraloctocog alfa, Sanofi 
in Japan, Tokyo, Japan) using FVIII-deficient plasma (Werfen) to 
examine the relationship between the peak time, peak height, 
or peak height/time ratio of the CWA and FVIII concentration. 

Statistical Analyses

The data are expressed as the median (range). The signifi-
cance of differences between groups was examined using the 
Mann-Whitney U test. The cutoff values, determined as the 
point at which the sensitivity curve and specificity curve inter-
sected, were examined through Receiver Operating Characteris-
tic (ROC) analysis. P values of <0.05 were considered to indicate 
a statistical significance. All statistical analyses were performed 
using the Stat-Flex software program (version 6; Artec Co., Ltd, 
Osaka, Japan).

Results

The frequency of thrombotic complications was high in cases 
of pancreatic cancer (36.7%), prostate cancer (43.0%), malig-
nant lymphoma (44.4%), and others (37.5%) (Table 1). Throm-
botic complications were seen in 18 patients with VTE (pan-
creatic cancer, 8, and other cancer, 10), 6 patients with acute 
cerebral infarction (pancreatic cancer, 1, and other cancer, 5), 4 
patients with DIC (pancreatic cancer, 1, and other cancer, 3), 1 
patient with acute coronary syndrome (pancreatic cancer), and 
1 patient with thrombotic microangiopathy (other cancer). The 
frequency of thrombosis tended to be higher in patients with 
pancreatic cancer than in those with other cancers (19.4%), al-
though this difference was not significant. The thrombotic com-
plications in patients with other cancers gradually increased as 
the stage of cancer progressed; however, a high frequency of 
thrombotic complications (60%) was observed in stage I pancre-
atic cancer (Table 2). 

Figure 1 showed the 1st DP of CWA-sTF/FIXa in 10 IU, 1 IU, 
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or 0.1 IU of the FVIII concentration in plasma. Peak times, peak 
heights or peak height/time ratios of 1st DP in CWA-sTF/FIXa 
FVIII-dependently prolonged or decreased from 10 IU to 0.1 IU 
of FVIII concentrate. Figure 2 shows the results of the CWA-APTT 
in a patient with pancreatic cancer (a), esophageal cancer (b), 
chronic hepatitis (c), and pancreas cyst (d). The peak heights of 
the FFC, 1st DP and 2nd DP were highest in the patient with pan-
creatic cancer, followed by the  patient with esophageal cancer.  

Figure 3 depicts the results of statistical analysis for the CWA-
APTT in patients with cancer, cancer patients with and without 
pancreatic cancer, patients with benign pancreatic diseases, pa-
tients without cancer and healthy volunteers. The peak times of 

the CWA-APTT in patients with cancer were significantly longer 
than those in patients without cancer and healthy volunteers. 
The peak times of the CWA-APTT were significantly longer in 
patients with pancreatic cancer than patients with benign pan-
creatic diseases (median, 2nd DPT 34.8 sec vs. 29.1 sec, p<0.05; 
1st DPT 38.4 sec vs. 31.5 sec, p<0.05; FFC 38.9 sec vs. 33.7 sec, 
p<0.05). There were no significant differences in the peak times 
between patients with pancreatic cancer and those with other 
cancers and between patients without cancer and healthy vol-
unteers.

The peak heights in patients with cancer (median, 2nd DPH 
953 mm absorbance; 1st DPH 345 mm absorbance; FFC 285 mm 
absorbance) were also significantly higher than those in pa-
tients without cancer (median, 2nd DPH 761 mm absorbance, 
p<0.001; 1st DPH 255 mm absorbance, p<0.001; FFC 201 mm 
absorbance, p<0.001) and healthy volunteers (median, 2nd DPH 
734 mm absorbance, p<0.001; 1st DPH 235 mm absorbance, 
p<0.001; FFC 187 mm absorbance, p<0.001). There were no 
significant differences in the peak heights of the CWA-APTT be-
tween patients without cancer and healthy volunteers. The 1st 
DPH of CWA-APTT was significantly higher in patients with pan-
creatic cancer (median, 353 mm absorbance) than in patients 
with other cancers (median, 331 mm absorbance, p<0.05) and 
patients with benign pancreatic diseases (median, 325 mm ab-
sorbance, p<0.01). The FFC was significantly higher in patients 
with pancreatic cancer (median, 355 mm absorbance) than in 
patients with benign pancreatic diseases (median, 211 mm ab-
sorbance, p<0.01).

Regarding CWA-sTF/FIXa in PRP (Figure 4), the peak times of 
CWA-sTF/FIXa were shorter in patients without cancer than in 
patients with cancers and healthy volunteers. The peak heights 
of FFC, 1st DP and 2nd DP were highest in patient with pancreatic 
cancer followed by patient with esophageal cancer. In the sta-
tistical analysis (Figure 5), the peak times of the CWA-sTF/FIXa 
were shorter in patients without cancer (median, 2nd DPT 70.2 
sec; 1st DPT 85.0 sec; FFC 86.2 sec) than in patients with cancer 
(median, 2nd DPT 78.3 sec, p<0.001; 1st DPT 95.9 sec, p<0.001 
and FFC 97.2 sec, p <0.001) and healthy volunteers (median, 
2nd DPT 76.9 sec, p<0.01; 1st DPT 95.3 sec, p<0.001 and FFC 94.6 
sec, p <0.01). The 2nd DPT values of patients with pancreatic 
cancer (median, 78.1 sec, p<0.05) and with other cancers (me-
dian, 78.3 sec, p<0.05) were significantly longer than those of 
patients with benign pancreatic diseases (median, 59.7 sec). 

Figure 1: First derivative (a), 1st DPT (b), 1st DPH (c) or 1st DPH/DPT 
ratio (d) of CWA-sTF/FIXa in FVIII 10 IU, 1IU or 0.1 IU. pink, FVIII 10 
IU; blue, FVIII 1 IU; purple, FVIII 0.1 IU; 1st DPT, first derivative peak 
time; 1st DPH, first derivative peak height; ***, p<0.001.

Table 1: Subjects’ details.

N
Age 

(years)
Sex 

(F:M)
Thrombosis

Pancreatic cancer 30 70.3±10.7 12:18 11/30(36.7%)

Uterine cancer 4 60.5±9.7 4:0 1/4(25.0%)

Prostate cancer 7 76.9±6.3 0:7 3/7(43.0%)

Hepatocellular carcinoma 15 72.3±8.1 0:15 3/15(20.0%)

Malignant lymphoma 9 68.2±19.1 6:3 4/9(44.4%)

Leukemia/myelodysplastic 
syndrome

11 74.3±14.1 4:7 1/11(6.7%)

Lung cancer 11 69.6±11.0 3:8 3/11(27.3%)

Breast cancer 5 69.8±11.9 5:0 0/5(0%)

Biliary tract cancer 11 78.7±6.2 6:5 1/11(9.1%)

Colon cancer 10 73.6±11.6 4:6 0/10(0%)

Gastric cancer 12 76.8±10.9 0:12 3/12(25.0%)

Esophageal cancer 5 66.8±9.5 0:5 1/5(20.0%)

Others 8 77.4±10.5 1:7 3/8(37.5%)

Total 138 72.4±11.4 45:93 34/138(24.6%)

Table 2: Stage and thrombosis in patients with pancreatic cancer and 
other cancers.

Stage n
Age 

(years)
Sex 

(F:M)
Thrombosis 

(n, %)

Pancreatic cancer

I 5 73.5±13.0 3:2 3$1, 60%

II 4 80.7±5.7 1:3 0, 0%

III 3 72.5±13.4 2:1 2$3, 66.7%

IV 18 67.4±11.1 6:12 6$4, 33.3%

Total 30 70.2±11.4 12:18 11, 36.7%

Other
cancers

I 24 76.4±8.9 7:30 3#1, 12.5%

II 19 71.6±9.0 4:14 3#2, 15.8%

III 18 73.0±11.2 5:14 4#3, 22.2%

IV 37 69.5±11.1 10:14 9#4, 24.3%

Total 98 73.2±10.2 26:72 19, 19.4%
$1, two with VTE and one with acute coronary syndrome; $3, two with VTE; $4, 
four with VTE, one with DIC and one with ACI; #1, two with VTE and one with ACI; 
#2, two with VTE and one with ACI; #3, two with VTE, one with DIC and one with 
ACI; #4, four with VTE, two with ACI, two with DIC and one with thrombotic mi-
croangiopathy; VTE, venous thromboembolism; DIC, disseminated intravascular 
coagulation; ACI, acute cerebral infarction.
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There were no significant differences in peak times among 
patients with pancreatic cancer, other cancers and benign pan-
creatic diseases. The 2nd DPH (median, 47.1 mm absorbance vs. 
36.9 mm absorbance, p<0.01), 1st DPH (median 95.9 mm absor-
bance vs. 85.0 mm absorbance, p<0.001) and FFH (median, 384 
mm absorbance vs. 324 mm absorbance, p<0.001) were signifi-
cantly higher in patients with cancer than in those without can-
cer. The 1st DPH was significantly higher in patients with pancre-
atic cancer (median, 127 mm absorbance) than in patients with 
other cancers (median, 96.1 mm absorbance, p<0.05) and pa-
tients with benign pancreatic diseases (median, 74.7 mm absor-

Table 3: Receiver operating characteristic analysis of the first deriva-
tive peak height/time ratio of small-scale tissue- factor-induced FIX 
activation assay for the diagnosis of cancer or thrombosis.

AUC Cutoff value
Sensitivity

(specificity)
Odds ratio

All patients with 
cancer vs. all patients 
without cancer

0.674 0.9 63.8% 1.6

Patients with CAT vs. 
cancer patients with-
out thrombosis

0.702 1.3 61.4% 2.5

Patients with CAT vs. 
all patients without 
thrombosis

0.786 1.3 72.2% 6.7

Patients with CAT vs. 
non-cancer patients 
without thrombosis

0.915 1.0 84.5% 36.7

Patients treated with anticoagulants were excluded from this analysis; AUC, 
area under the curve; CAT, cancer-associated thrombosis.

Figure 3: The peak times (a) and peak heights (b) of CWA-APTT in 
patients with cancer, with non-PC cancer, PC, BPD, and patients 
without cancers and HVs. PC, pancreas cancer; BPD, benign pancre-
atic disease; HVs, healthy volunteers; CWA, clot wave form; APTT, 
activated partial thromboplastin time; ***, p<0.001; **, p<0.01; *, 
p<0.05.

Figure 2: CWA-APTT in patients with pancreatic cancer a), esopha-
geal cancer b), chronic hepatitis c) or pancreatic cysts d). FFC (navy 
line), fibrin formation curve; 1st DPH (pink line), first derivative peak 
height; 2nd DPH (light blue line), second derivative peak height.

Figure 4: CWA-sTF/FIXa in patients with pancreatic cancer a), 
esophageal cancer b), chronic hepatitis c) or pancreatic cysts d). 
FFC (navy line), fibrin formation curve; 1st DPH (pink line), first de-
rivative peak height; 2nd DPH (light blue line), second derivative 
peak height; CWA, clot waveform analysis; sTF/FIXa, small-scale 
of tissue-factor-induced FIX activation; navy line, fibrin formation 
curve; 1st derivative curve (velocity); light blue, 2nd derivative curve 
(acceleration); solid line, patient; dotted line, healthy volunteer.

Figure 5: The peak times (a) and peak heights (b) of CWA-sTF/FIXa 
in patients with cancer, patients with non-PC cancer, PC, BPD, and 
patients without cancers and HVs. PC, pancreas cancer; BPD, benign 
pancreatic disease; HVs, healthy volunteers; CWA, clot wave form; 
sTF/FIXa, small-scale tissue-factor-induced FIX activation; 1stDPT, 
first derivative peak time; 1stDPH, first derivative peak height; ***, 
p<0.001; **, p<0.01; *, p<0.05.
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Figure 6: The 1st DPH/1st DPT ratio of CWA-sTF/FIXa in patients with 
cancer, patients with non-PC cancer, PC, BPD, and patients with-
out cancers and HVs. PC, pancreas cancer; BPD, benign pancreatic 
disease; HVs, healthy volunteers; CWA, clot wave form; sTF/FIXa, 
small-scale tissue-factor-induced FIX activation; 1stDPT, first deriva-
tive peak time; 1stDPH, first derivative peak height; ***, p<0.001; 
**, p<0.01.

Figure 7: CWA-TT in patients with pancreatic cancer a), esophageal 
cancer b), chronic hepatitis c) or pancreatic cyst d). CWA, clot wave-
form; analysis TT, thrombin time; navy line, FFC, fibrin formation 
curve; pink line, 1st derivative curve (velocity); 1st DPH, first deriva-
tive peak height; light blue, 2nd derivative curve (acceleration); 2nd 
DPH, second derivative peak height; solid line, patient; dotted line, 
healthy volunteer.

Figure 8: First derivative peak time (a), peak height (b) and peak 
height/ time ratio of the small scale-tissue- factor-induced FIX acti-
vation assay in cancer patients, those with and without thrombo-
sis, those without cancer and those without thrombosis. *, p<0.05; 
**, p<0.01; ***, p<0.001.

Figure 9: Receiver operating characteristic analysis of the first de-
rivative peak height/time ratio on the small- scale tissue-factor-
induced FIXa activation assay for cancer patients with thrombosis 
vs. cancer patients without thrombosis (black circle), all patients 
without thrombosis (red triangle) or non-cancer patients without 
thrombosis (blue square).

bance, p<0.01). The FFH (median, 463 mm absorbance vs. 268 
mm absorbance, p<0.01) was significantly higher in patients 
with pancreatic cancer than in patients with benign pancreatic 
diseases. There were no significant differences in the 2nd DPH or 
FFH between patients with pancreatic cancer and patients with 
other cancers. The 1st DPH/1st DPT ratios of CWA-sTF/FIXa in pa-
tients with PC (1.4: 1.1-1.7) were significantly higher than those 
in patients with cancer (1.1: 0.7-1.6), non-PC cancer (1.1: 0.7-
1.5) or BPD (0.8: 0.6-1.1) and in patients without cancer (0.9: 
0.8-1.0) and in healthy volunteers (0.7: 0.6-0.8) - these were 
significantly higher in cancer patients than in patients without 
cancer (Figure 6).

Regarding CWA-TT, the peak heights were significantly high-
er in PRP than in PPP. The second 1st DPH was extremely high 
in patients with pancreatic cancer (Figure 7). The 2nd DPT, 1st 
DPT-1, and FFC were significantly shorter in cancer patients and 
patients without cancers than in healthy volunteers. Only the 1st 
DPT-2 was significantly shorter in patients with cancer than in 
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patients without cancer and healthy volunteers. The 2nd DPH, 1st 
DPH-1, 1st DPH-2, and FFH were significantly higher in patients 
with cancer than in healthy volunteers. The 2nd DPH, 1st DPH-2 
and FFH were significantly higher in patients with cancer than in 
patients without cancer. The 2nd DPH and 1st DPH-1 were signifi-
cantly lower in patients with benign pancreatic diseases than 
in patients with pancreatic cancer or other cancers (Figure 7). 

Among CAT patients, cancer patients without thrombosis, 
all cancer patients, all patients without cancer and all patients 
without thrombosis, there were no significant differences in 
the 1st DPT on sTF/FIXa among CAT patients, cancer patients 
without thrombosis, all cancer patients, and all patients with-
out thrombosis (Figure 8 (a). The 1st DPH on the CWA-sTF/FIXa 
was higher in CAT patients (136 mabs: 119-189 mabs) than in 
other groups (Figure 8 (b). The 1st DPH/DPT ratio in CAT patients 
(1.5: 1.2-2.0) was the highest among all groups (Figure 8 (c). Ad-
equate cutoff values of the 1st DPH/ 1st DPT ratio on sTF/FIXa for 
all cancer patients vs. all patients without cancer, and patients 
with CAT vs. cancer patients without thrombosis, all patients 
without thrombosis and non-cancer patients without thrombo-
sis were 0.9. 1.3, 1.3 and 1.0, respectively (Figure 9 and Table 3).

Discussion

CAT is a condition whose relevance has been recognized fre-
quently both among physicians who deal with VTE and oncolo-
gists [30]. The annual incidence of VTE is 0.5% in cancer patients 
compared with <0.1% in the general population, active cancer 
accounts for 20% of the overall incidence of VTE [30]. Several 
mechanisms underlying the prothrombotic state in these pa-
tients have been proposed. Increased levels of clotting factors, 
leukocytes, platelets, and TF-positive microparticles are all po-
tential factors that increase CAT either alone or in combination 
[31]. After activation of the coagulation system, fibrin- related 
markers, such as D-dimer, SF and FDP are increased; these bio-
markers are used for the diagnosis and exclusion of VTE [32, 
33]. The platelet activation receptor C-type lectin-like receptor 
2 (CLEC-2) and its endogenous ligand podoplanin have attracted 
the attention of many researchers [34]. 

In this study, 24.6% of patients with thrombotic diseases 
had malignant neoplasms, indicating that these cancer patients 
were in a hypercoagulable state. In particular, 36.7% of pancre-
atic cancer patients were associated with thrombosis, suggest-
ing that pancreatic cancer patients are markedly hypercoagula-
ble and have a high risk of thrombosis. Patients with pancreatic 
cancer have a very high risk of both venous and arterial throm-
bosis compared with those with other cancers, caused by their 
tumor-driven hypercoagulable state [35]. The present study 
also demonstrated the significant prolongation of peak times 
of CWA-APTT which is equal to routine APTT in cancer patients 
including those with pancreatic cancer. Although these findings 
may prompt misunderstanding that hypocoagulability exists in 
cancer patients, the markedly increased peak heights of the 
CWA-APTT and CWA- sTF/FIXa actually suggest a hypercoagula-
ble state in patients with cancer including those with pancreatic 
cancer. The APTT using massive phospholipids and substances 
that activate the contact system does not reflect physiological 
coagulation, whereas the sTF/FIXa using PRP instead of massive 
phospholipids does reflect physiological coagulation.

The mechanism underlying hypercoagulability in pancreatic 
cancer [36-38] involves increased procoagulant factors, includ-
ing fibrinogen [39], FVIII [40], TF [41,42] and reduced anticoagu-
lant factors [37,43]. Fibrinogen is measured via clotting assays; 

therefore, the fibrinogen activity may be higher than fibrino-
gen antigen in the hypercoagulable state. Markedly high peak 
heights of the sTF/FIXa using small amount of TF suggest that 
intrinsic TF released from cancer cells exists in plasma. Throm-
bin causes an elevation in FVIII activity and increases the activa-
tion cycle from thrombin to FXIa, called the thrombin burst [22]. 
Elevated peak heights, especially the second peak of the 1st DPH 
(1st DPH-2) of CWA-TT suggest that the thrombin burst worsens 
hypercoagulability in cancer patients including those with pan-
creatic cancer. Platelet aggregation induced by tumor cells is a 
key contributor to the prothrombotic state in pancreatic can-
cer. Pancreatic cancer cell lines induce platelet aggregation in 
vitro via a thrombin-dependent mechanism [44]. In the present 
study, the CWA-sTF/FIXa assay in PRP showed hypercoagulabil-
ity and the CWA-TT showed that the peak heights were signifi-
cantly higher in PRP than in PPP, suggesting that platelets may 
play an important role in hypercoagulability in cancer patients. 
Human pancreatic tumors and cell lines have been shown to 
express Plasminogen Activator Inhibitor type 1 (PAI-1), a key 
inhibitor of fibrinolysis [45], suggesting that the evaluation of 
fibrinolysis is important. However, CAT with hyperfibrinolysis 
may cause DIC in patients with advanced stomach cancer [46], 
whereas DIC is rare in patients with pancreatic cancer. TF borne 
by circulating microparticles released from TF-expressing pan-
creatic cancer cells might contribute to thrombosis formation 
[47]. Elevated cytokines [48] and neutrophil extracellular traps 
[49] may cause inflammatory thrombosis. These reports sug-
gest that evaluations of white blood cells, including neutrophils 
and monocytes, might be important. 

In clinical practice, elevated 1st DPH on sTF/FIXa demon-
strates hypercoagulability, suggesting an association with can-
cer or thrombosis. In the present study, adequate cutoff values 
of the 1st DPH on sTF/FIXa for cancer or CAT were 81.0 mm 
absorbance and 118 mm absorbance, respectively. The cutoff 
value of the 1st DPH on sTF/FIXa for acute cerebral infarction 
was previously reported to be 83.8 mm absorbance [50]. These 
findings suggest that patients with CAT may be more hyperco-
agulable than patients without cancer. However, this value was 
not sufficient to perform clinical practice. The 1st DPT was  FVIII-
dependently shortened and the 1st DPH was FVIII-dependently 
increased, suggesting that the clotting ability depended on both 
peak time and peak height. As the 1st DPT was pronged in can-
cer patients, the 1st DPH/1st DPT ratio instead of only 1st DPH 
might be useful for detecting hypercoagulability. These find-
ings suggest that patients with pancreas cancer who exhibit 1st 
DPH/1st DPT ratio values may have hypercoagulability and are at 
risk of thrombosis.

In Conclusions, elevated peak heights of CWA-APTT, CWA-
sTF/FIXa and CWA-TT indicated marked hypercoagulability in-
duced by TF released from cancer cells, platelet activation and 
thrombin burst in patients with malignant neoplasms including 
pancreatic cancer. An elevated 1st DPH/1st DPT ratio on sTF/FIXa 
may suggest an association with cancer or thrombosis.
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