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Abstract 
Background This substudy of the Cancer-VTE Registry 
estimated venous thromboembolism (VTE) incidence and 
risk factors in pancreatic cancer patients.
Methods The Cancer-VTE Registry was an observational 
study that collected VTE data from patients with solid 
tumors across Japan. We measured baseline VTE preva-
lence, and at 1-year follow-up, the cumulative incidence of 
symptomatic and composite VTE (symptomatic VTE and 
incidental VTE requiring treatment), bleeding, cerebral 
infarction/transient ischemic attack (TIA)/systemic embolic 
event (SEE), and all-cause death.
Results Of 1006 pancreatic cancer patients, 86 (8.5%) 
had VTE at baseline, and seven (0.7%) had symptomatic 
VTE. Significant risk factors of baseline VTE were Eastern 

Cooperative Oncology Group performance status (ECOG 
PS) of 1, body mass index (BMI) ≥ 25 kg/m2, history of 
VTE, D-dimer > 1.2 µg/mL, and hemoglobin < 10 g/dL. At 
1-year follow-up, the cumulative incidence of events was 
higher for pancreatic cancer vs other cancers. Pancreatic 
cancer patients with VTE vs those without VTE had sig-
nificantly higher incidences of bleeding, cerebral infarction/
TIA/SEE, and all-cause death. No significant risk factors for 
composite VTE were identified.
Conclusions The cumulative incidence of composite VTE 
during cancer treatment was higher in pancreatic cancer than 
in other cancer types. Some risk factors for VTE prevalence 
at cancer diagnosis were identified. Although VTE prev-
alence at cancer diagnosis did not predict the subsequent 
1-year incidence of composite VTE, it was a significant pre-
dictor of other events such as all-cause death in pancreatic 
cancer patients.
Trial registration UMIN Clinical Trials Registry; 
UMIN000024942

Keywords Incidence · Risk factors · Venous 
thromboembolism · Pancreatic cancer · Mortality

The data have been previously presented as an abstract at 
the joint congress of The 26th International Association of 
Pancreatology and The 53rd Annual Meeting of the Japan 
Pancreas Society, 7–9 July 2022.
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Abbreviations
BMI  Body mass index
CI  Confidence interval
CrCL  Creatinine clearance
CT  Computed tomography
DOAC  Direct oral anticoagulant
DVT  Deep vein thrombosis
ECOG PS  Eastern Cooperative Oncology Group perfor-

mance status
Hb  Hemoglobin
HR  Hazard ratio
OR  Odds ratio
PE  Pulmonary embolism
SEE  Systemic embolic event
TF  Tissue factor
TIA  Transient ischemic attack
VTE  Venous thromboembolism

Introduction

Cancer-associated thrombosis, which includes both arterial 
and venous thromboembolism (VTE), is a significant com-
plication. VTE is reported as the second most common cause 
of death in cancer patients [1]. The prognosis is worse for 
cancer patients with concomitant VTE compared with those 
without VTE.

Compared with other ethnic groups, Asian populations 
generally have a lower frequency of VTE, and VTE among 
Asian patients is more often asymptomatic than sympto-
matic [1, 2]. The Japanese Society of Cardiology first pub-
lished guidelines for the diagnosis, treatment, and preven-
tion of pulmonary embolism (PE) and deep vein thrombosis 
(DVT) in 2004 and the guidelines were subsequently revised 
in 2009 and 2017 [3]. Since then, VTE has been diagnosed 
more frequently in Japan, partly because of improvements 
in the recognition and diagnosis of the disease [4], resulting 
in increased interest in VTE in cancer patients.

Pancreatic cancer is the fourth leading cause of cancer-
related death in Japan. The prognosis of pancreatic cancer 
is poor, with only 8.5% of patients remaining alive 5 years 
after diagnosis [5]. Various assessments, such as Khorana, 
Vienna CATS, PROTECHT, and CONKO VTE, have been 
developed to predict the risk of VTE, all of which indicate 
that pancreatic cancer is among the most prothrombotic 
malignancies [6, 7]. Reportedly, the incidence of VTE can 
be four times higher in pancreatic cancer than in other cancer 
types [8].

Currently, there is a lack of comprehensive and prospec-
tive research on VTE in Japanese patients with pancreatic 
cancer. The incidence and impact of VTE complications, as 
well as the underlying risk factors, have yet to be thoroughly 
studied in this population.

The Cancer-VTE Registry was a Japanese, multicenter, 
prospective registry study that aimed to collect data on VTE 
in patients with colorectal, lung, stomach, breast, gyneco-
logical, or pancreatic cancer [9–11]. The present substudy 
of the Cancer-VTE Registry aimed to estimate the incidence 
and risk factors of VTE in patients with pancreatic cancer 
in the Cancer-VTE Registry. Additionally, we investigated 
how concurrent VTE affects mortality in patients with pan-
creatic cancer.

Methods

Study design

The rationale and design of the Cancer-VTE Registry 
(UMIN000024942) have been previously reported [9, 10]. 
Briefly, the Cancer-VTE Registry was a nationwide, large-
scale multicenter observational study undertaken in Japan 
between March 2017 and September 2020, with a 1-year 
follow-up.

All patients had undergone VTE screening via lower 
extremity venous ultrasonography or computed tomography 
(CT) angiography 2 months before enrollment. The Japan 
Society of Ultrasonics in Medicine guidelines were used as 
the standard for venous ultrasonography of the lower extrem-
ity [12]; however, this could be substituted by CT angiogra-
phy of the lower extremity. At the physician’s discretion, PE 
was confirmed via contrast CT or other diagnostic imaging 
tests. Additionally, if the D-dimer value measured after the 
cancer diagnosis was ≤ 1.2 µg/mL [13], VTE screening was 
not necessarily required, and the patient was considered to 
have no VTE.

The cutoffs for platelet count, hemoglobin, and white 
blood cell count used in this study were based on the Kho-
rana Risk Score for Venous Thromboembolism in Cancer 
Patients [14].

Patients

Enrolled patients included hospitalized patients or outpa-
tients aged ≥ 20 years with a diagnosis of pancreatic cancer, 
confirmed stage II–IV, with planned initiation of cancer ther-
apy (patients were enrolled regardless of whether they had 
primary or recurrent cancer), Eastern Cooperative Oncology 
Group performance status (ECOG PS) of 0–1, and a life 
expectancy of ≥ 3 months.

The main exclusion criteria were the presence of active 
double cancer, patients who were difficult to follow-up, or 
patients the investigator deemed inappropriate to participate 
in the study.
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Outcomes

The outcome was the prevalence of VTE at baseline, 
including symptomatic/incidental PE and symptomatic/
asymptomatic DVT (both proximal and distal), among 
patients with pancreatic cancer.

At 1-year follow-up, the incidence and cumulative inci-
dence of symptomatic VTE, composite VTE (symptomatic 
VTE events and incidental [asymptomatic] VTE events 
requiring treatment), bleeding (major or clinically relevant 
non-major bleeding), cerebral infarction/transient ischemic 
attack (TIA)/systemic embolic event (SEE), and all-cause 
death were calculated. The following events indicated inci-
dental VTE requiring treatment: (1) incidentally discov-
ered asymptomatic VTE for which patients started treat-
ment during the follow-up period; or (2) asymptomatic 
VTE that was detected at baseline screening, had remained 
untreated, and for which patients initiated therapy during 
the follow-up period based on clinical indication, such as 
the onset of an exacerbation. The incidence of each event 
was compared between patients with and those without 
VTE at baseline and patients with other cancer types (i.e., 
colorectal, lung, stomach, breast, and gynecologic cancers, 
including endometrial, cervical, ovarian, fallopian tube, 
and peritoneal cancers).

Statistical analysis

Details of the statistical analysis, including sample size 
calculations, have been reported previously [9, 10]. For 
this substudy, the incidence of VTE at baseline was cal-
culated as a proportion. Univariable and multivariable 
logistic regression analyses were conducted to detect the 
risk factors for VTE at baseline.

The cumulative incidence rate of each event during the 
follow-up period among patients with pancreatic cancer 
and the other five cancer types enrolled in the Cancer-
VTE Registry were estimated, and hazard ratios (HRs) and 
95% confidence intervals (CIs) were calculated using Fine 
and Gray’s model (for VTE, bleeding, and cerebral infarc-
tion/TIA/SEE) or the Cox model (for all-cause death). P 
values were calculated using Gray’s test (for VTE, bleed-
ing, and cerebral infarction/TIA/SEE) or the log-rank test 
(for all-cause death). The same methodology was used to 
determine the between-group differences of these events 
during follow-up by VTE status using all-cause death as a 
competing event. Risk factors for composite VTE during 
the follow-up period were explored using the Fine and 
Gray models, with all-cause death as a competing event. 
The data analysis was conducted using SAS software ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA).

Ethical approval

The ethics committee at each participating institution 
approved the protocol. The study adhered to the Declara-
tion of Helsinki and the Ethical Guidelines for Medical Sci-
ence Studies on Human Subjects by the Japanese Ministry 
of Education, Culture, Sports, Science and Technology and 
the Ministry of Health, Labour and Welfare. All patients 
provided written informed consent.

Results

The prevalence of VTE at baseline among patients with pan-
creatic cancer from the Cancer-VTE Registry is summarized 
in Table 1. Of the 1006 patients with pancreatic cancer in the 
Cancer-VTE Registry (N = 9630 in total), 86 (8.5%) patients 
had VTE at baseline. Most patients with VTE at baseline 
had asymptomatic VTE (n = 79; 7.9%), and the remaining 
patients had symptomatic VTE (n = 7; 0.7%). Ten patients 
(1.0%) had PE (with or without DVT), and all PE cases were 
asymptomatic. Most patients (n = 84; 8.3%) had DVT.

Table 2 shows the characteristics of pancreatic cancer 
patients with and without VTE at baseline. Overall, 56.2% 
of patients were male, and the mean age was 67.6 years. 
Most patients had stage IV pancreatic cancer, which was 
present in 41.5% of patients. The most common cancer 
subtype was exocrine neoplasms (91.9%), with most cases 
being invasive ductal carcinoma (86.4%). When compar-
ing the backgrounds of patients with and without VTE at 
baseline, more patients with VTE at baseline had distant 
metastasis, stage IV, and ECOG PS 1 cancer than those with-
out VTE at baseline. There were no differences in cancer 
subtypes between patients with and without VTE at base-
line, although the number of patients with a cancer subtype 
other than intraductal papillary neoplasm or invasive ductal 
carcinoma was small. Additionally, patients with VTE had 
higher oral anticoagulant use and D-dimer level than those 
without VTE (Table 2).

Table 1  Summary of VTE prevalence at baseline in patients with 
pancreatic cancer

Data are calculated based on N = 1006. DVT deep vein thrombosis, 
PE pulmonary embolism, VTE venous thromboembolism

n (%) All Symptomatic Asymptomatic

All VTE 86 (8.5) 7 (0.7) 79 (7.9)
 PE (with/without DVT) 10 (1.0) 0 (0.0) 10 (1.0)
 DVT (with/without PE) 84 (8.3) 7 (0.7) 77 (7.7)
  Proximal DVT 17 (1.7) 4 (0.4) 13 (1.3)
  Distal DVT 67 (6.7) 3 (0.3) 64 (6.4)
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Table 2  Patient characteristics

Percentages shown in the table calculated based on the total in each column unless otherwise specified
a Oral anticoagulant treatment that started before enrollment
BMI body mass index, CrCL creatinine clearance, DOAC direct oral anticoagulant, ECOG PS Eastern 
Cooperative Oncology Group performance status, G grade, Hb hemoglobin, NEC neuroendocrine carci-
noma, NET neuroendocrine tumor, SD standard deviation, VTE venous thromboembolism, WBC white 
blood cell

Pancreatic cancer 
patients (n = 1006)

With VTE
at baseline (n = 86)

Without VTE
at baseline (n = 920)

Male sex, n (%) 565 (56.2) 36 (41.9) 529 (57.5)
Age, years
 Mean (median) ± SD 67.6 (69.0) ± 9.8 70.6 (72.0) ± 9.6 67.3 (69.0) ± 9.7
  ≥ 65, n (%) 680 (67.6) 69 (80.2) 611 (66.4)

BMI, kg/m2

 Mean (median) ± SD 21.8 (21.6) ± 3.3 22.0 (21.9) ± 3.3 21.8 (21.5) ± 3.4
  ≥ 25, n (%) 147 (14.6) 17 (19.8) 130 (14.1)

Primary cancer, n (%) 982 (97.6) 83 (96.5) 899 (97.7)
With lymph-node metastasis, n (%) 365 (36.3) 43 (50.0) 322 (35.0)
With distant metastasis, n (%) 401 (39.9) 61 (70.9) 340 (37.0)
Cancer stage, n (%)
 II 384 (38.2) 17 (19.8) 367 (39.9)
 III 205 (20.4) 9 (10.5) 196 (21.3)
 IV 417 (41.5) 60 (69.8) 357 (38.8)

ECOG PS
 0 738 (73.4) 41 (47.7) 697 (75.8)
 1 268 (26.6) 45 (52.3) 223 (24.2)

Cancer subtype, n (%)
 Exocrine neoplasms 925 (91.9) 80 (93.0) 845 (91.8)

  Serous cystadenocarcinoma 1 (0.1) 0 (0.0) 1 (0.1)
  Mucinous cystic neoplasms 3 (0.3) 0 (0.0) 3 (0.3)
  Intraductal papillary neoplasms 46 (4.6) 2 (2.3) 44 (4.8)
  Invasive ductal carcinomas 869 (86.4) 78 (90.7) 791 (86.0)
  Acinar cell adenocarcinoma 6 (0.6) 0 (0.0) 6 (0.7)

 Neuroendocrine tumors 7 (0.7) 0 (0.0) 7 (0.8)
  NET G1/G2 6 (0.6) 0 (0.0) 6 (0.7)
  NEC 1 (0.1) 0 (0.0) 1 (0.1)

 Other 73 (7.3) 6 (7.0) 67 (7.3)
History of VTE 12 (1.2) 8 (9.3) 4 (0.4)
Bed rest for 4 days or more 6 (0.6) 0 (0.0) 6 (0.7)
DOAC or warfarin  usea, n (%) 82 (8.2) 44 (51.2) 38 (4.1)
D-dimer, µg/mL
 Mean (median) ± SD 2.0 (0.8) ± 4.1 8.7 (4.9) ± 10.6 1.3 (0.8) ± 1.9
 > 1.2, n (%) 311 (30.9) 73 (84.9) 238 (25.9)

Platelet count, ×  109/L
 Mean (median) ± SD 236 (224) ± 83 243 (220) ± 86 236 (224) ± 83
 ≥ 350, n (%) 75 (7.5) 11 (12.8) 64 (7.0)

Hb, g/dL
 Mean (median) ± SD 12.8 (12.8) ± 1.6 12.0 (12.3) ± 1.9 12.9 (12.9) ± 1.5

 < 10, n (%) 35 (3.5) 14 (16.3) 21 (2.3)

WBC count, ×  109/L
 Mean (median) ± SD 6.4 (5.8) ± 4.4 8.7 (6.4) ± 12.7 6.1 (5.8) ± 2.2
 > 11, n (%) 28 (2.8) 8 (9.3) 20 (2.2)

CrCL, mL/min
 Mean (median) ± SD 78 (74) ± 26 76 (73) ± 27 79 (75) ± 26
 ≤ 50, n (%) 83 (8.3) 8 (9.3) 75 (8.2)
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We analyzed the outcomes during the follow-up period 
for patients with (n = 86) and without (n = 920) VTE at base-
line, stratified by direct oral anticoagulant (DOAC) or war-
farin use (Supplementary Table 1). In the 44 patients with 
VTE who received DOACs or warfarin and 42 patients with 
VTE who did not, the incidence of VTE during the follow-
up period was low (0–2) in both groups, with no apparent 
difference between groups. The population that received 
DOAC or warfarin showed a suggested trend toward a higher 
incidence of bleeding, irrespective of with VTE at baseline 
or without.

In total, the proportions of bleeding, major bleeding, and 
clinically relevant non-major bleeding events were 3.8, 1.5, 
and 2.4%, respectively. Bleeding events were predominantly 
gastrointestinal in nature (e.g., gastrointestinal bleeding, 
melena, small intestinal hemorrhage, intra-abdominal hem-
orrhage, hematemesis, and gastric hemorrhage; Supplemen-
tary Table 2).

The multivariable analysis revealed that significant 
factors that correlated with VTE prevalence at baseline 
were ECOG PS 1 vs PS 0 (odds ratio [OR]: 1.85, 95% CI: 
1.02–3.38; p = 0.044), body mass index (BMI) of ≥ 25 kg/m2 

(OR: 2.20, 95% CI: 1.03–4.71; p = 0.042), history of VTE 
(OR: 135.40, 95% CI: 24.09–761.13; p < 0.001), D-dimer 
of > 1.2 μg/mL (OR: 24.80, 95% CI: 9.57–64.30; p < 0.001), 
and Hb of < 10  g/dL (OR: 3.64, 95% CI: 1.42–9.35; 
p = 0.007) (Table 3).

To examine the characteristics of the event incidence in 
patients with pancreatic cancer, we compared it with the 
cumulative incidence of VTE in five other cancer types 
among patients enrolled in the Cancer-VTE Registry. The 
mean follow-up period was 315.7 days in patients with pan-
creatic cancer and 358.0 days in the five other cancer types.

Figure 1 shows the cumulative incidence of sympto-
matic VTE, incidental VTE requiring treatment, composite 
VTE, cerebral infarction/TIA/SEE, bleeding, and all-cause 
death in patients with pancreatic cancer vs patients with 
the other five types of cancer. During the 1-year follow-
up period, the overall cumulative incidence of each event 
was higher in the pancreatic cancer subgroup than the 
five other cancers: symptomatic VTE (1.1% vs 0.5%; HR 
[95% CI], 2.34 [1.20–4.54], Gray’s test p = 0.010), inciden-
tal VTE requiring treatment (2.5% vs 1.2%; HR [95% CI] 
1.86 [1.17–2.98]; Gray’s test p = 0.009), composite VTE 

Table 3  Univariable and multivariable analysis of factors correlated with VTE prevalence at baseline

The multivariable analysis used variables listed in this table as explanatory variables
BMI body mass index, CI confidence interval, ECOG PS Eastern Cooperative Oncology Group performance status, Hb hemoglobin, OR odds 
ratio, VTE venous thromboembolism, WBC white blood cell

Items N Events,
n (%)

Univariable Multivariable

OR 95% CI p value OR 95% CI p value

Sex Male 565 36 (6.4) Reference – – Reference – –
Female 441 50 (11.3) 1.88 1.20–2.94 0.006 1.52 0.85–2.72 0.157

Age, years  < 65 326 17 (5.2) Reference – – Reference – –
 ≥ 65 680 69 (10.1) 2.05 1.19–3.55 0.010 1.48 0.73–2.99 0.279

Cancer stage II 384 17 (4.4) Reference – – Reference – –
III 205 9 (4.4) 0.99 0.43–2.27 0.984 1.22 0.45–3.28 0.694
IV 417 60 (14.4) 3.63 2.08–6.34  < 0.001 1.73 0.83–3.58 0.142

ECOG PS 0 738 41 (5.6) Reference – – Reference – –
1 268 45 (16.8) 3.43 2.19–5.38  < 0.001 1.85 1.02–3.38 0.044

BMI, kg/m2  < 18.5 144 14 (9.7) 1.28 0.69–2.38 0.429 1.61 0.71–3.64 0.256
18.5 to < 25 710 55 (7.7) Reference – – Reference – –
 ≥ 25 147 17 (11.6) 1.56 0.88–2.77 0.131 2.20 1.03–4.71 0.042

History of VTE No 994 78 (7.8) Reference – – Reference – –
Yes 12 8 (66.7) 23.49 6.92–79.73  < 0.001 135.40 24.09–761.13  < 0.001

D-dimer, μg/mL  ≤ 1.2 675 9 (1.3) Reference – – Reference – –
 > 1.2 311 73 (23.5) 22.70 11.18–46.08  < 0.001 24.80 9.57–64.30  < 0.001

Platelet count, ×  109/L  < 350 813 66 (8.1) Reference – – Reference – –
 ≥ 350 75 11 (14.7) 1.95 0.98–3.87 0.058 0.91 0.35–2.37 0.844

Hb, g/dL  ≥ 10 853 63 (7.4) Reference – – Reference – –
 < 10 35 14 (40.0) 8.36 4.06–17.23  < 0.001 3.64 1.42–9.35 0.007

WBC count, ×  109/L  ≤ 11 860 69 (8.0) Reference – – Reference – –
 > 11 28 8 (28.6) 4.59 1.95–10.80 0.001 3.06 0.89–10.51 0.075
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(3.6% vs 1.6%; HR [95% CI], 2.08 [1.41–3.08], Gray’s test 
p < 0.001), cerebral infarction/TIA/SEE (1.8% vs 0.7%; HR 
[95% CI] 2.00 [1.12–3.58]; Gray’s test p = 0.017), bleeding 
(3.9% vs 1.2%; HR [95% CI] 3.52 [2.42–5.12]; Gray’s test 
p < 0.001), and all-cause death (40.6% vs 13.4%; HR [95% 
CI], 3.38 [2.97–3.84], log-rank test p < 0.001) (Fig. 1a). 
Among patients with VTE at baseline, there was no signifi-
cant difference between pancreatic and other cancers in the 
incidence of symptomatic VTE, incidental VTE requiring 
treatment, and composite VTE. However, the incidence of 
cerebral infarction/TIA/SEE (9.5% vs 1.3%; HR [95% CI] 
6.87 [2.32–20.35]; Gray’s test p < 0.001), bleeding (13.4% vs 
4.7%; HR [95% CI] 2.93 [1.42–6.01]; Gray’s test p = 0.003), 
and all-cause death (71.7% vs 30.6%; HR [95% CI] 3.71 
[2.69–5.12]; log-rank test p < 0.001) was significantly higher 
among patients with pancreatic vs other types of cancer and 
VTE at baseline (Fig. 1b). For patients without VTE at base-
line, the incidence of symptomatic VTE, incidental VTE 
requiring treatment, composite VTE, bleeding, and all-cause 
death was significantly higher among patients with pancre-
atic cancer than those with other cancers, except for cerebral 
infarction/TIA/SEE (Fig. 1c).

Figure 2 shows the cumulative incidence of sympto-
matic VTE, composite VTE, bleeding, cerebral infarction/
TIA/SEE, and all-cause death in patients with and without 

VTE at baseline. The cumulative incidence of symptomatic 
VTE (unadjusted HR [95% CI], 2.43 [0.53–11.20], Gray’s 
test p = 0.242; Fig. 2a) and that of composite VTE (1.19 
[0.36–3.93], Gray’s test p = 0.775; Fig. 2b) were not signifi-
cantly higher among pancreatic cancer patients with VTE vs 
those without VTE. However, patients with VTE vs those 
without VTE had significantly higher incidences of bleed-
ing (4.80 [2.37–9.73], Gray’s test p < 0.001; Fig. 2c), cer-
ebral infarction/TIA/SEE (11.53 [4.08–32.64], Gray’s test 
p < 0.001; Fig. 2d) and all-cause death (3.66 [2.73–4.91], 
log-rank test p < 0.001; Fig. 2e).

Table 4 shows univariable and multivariable analyses of 
risk factors for composite VTE during the follow-up period. 
Multivariable analysis showed that the HRs of female 
sex, age ≥ 65 years, cancer stage III or IV, and D-dimer 
of > 1.2 µg/mL were greater than 1, but none of the differ-
ences reached statistical significance.

Discussion

Prior to our study, there was a lack of extensive research 
on VTE in Japanese pancreatic cancer patients. The occur-
rence of VTE complications, its correlation with mortal-
ity, and the risk factors for VTE had not been adequately 

Symptomatic 
VTE 

Incidental VTE 
requiring treatment

Composite
VTE

Cerebral infarction/
TIA/SEE

Bleeding All-cause death

Pancreatic cancer (Overall, N = 1006; With VTE at baseline, n = 86; Without VTE at baseline, n = 920) Other cancers (Overall, N = 8624; With VTE at baseline, n = 479; Without VTE at baseline, n = 8145)

(b) With VTE at baseline

HR 1.26 [0.27–5.81] 
Gray's test p = 0.763

Cumulative incidence (%)
0 5321 4

2.4%
[0.4–7.5]
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[3.2–7.2]

0 10642 8
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HR 6.87 [2.32–20.35] 
Gray's test p < 0.001
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[3.9–18.2]

1.3%
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Cumulative incidence (%)
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Gray's test p = 0.003

0 15963 12
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HR 3.71 [2.69–5.12] 
Log-rank test p < 0.001

0 8040 6020
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(c) Without VTE at baseline
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Gray's test p = 0.011
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Fig. 1  Cumulative incidence of events during the follow-up period 
(a) overall; (b) in patients with VTE at baseline screening; and (c) 
patients without VTE at baseline screening. The reference is the other 
five cancer types. “Other cancers” was a composite of cancers other 
than pancreatic cancer in the Cancer-VTE Registry (colorectal, lung, 
stomach, breast, and gynecologic cancer). p values in pancreatic can-

cer patients vs patients with the five other cancer types were calcu-
lated using Gray’s test for events other than all-cause death and the 
log-rank test for all-cause death. Error bars denote 95% CIs. CI con-
fidence interval, HR hazard ratio, SEE systemic embolic event, TIA 
transient ischemic attack, VTE venous thromboembolism
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studied. Our novel study aimed to address these gaps by 
comprehensively investigating Japanese pancreatic can-
cer patients, and assessing the impact of the presence or 
absence of concomitant VTE on events during cancer 
treatment.

Among Japanese patients with pancreatic cancer enrolled 
in the Cancer-VTE Registry, the VTE prevalence at the 

baseline screening was 8.5%, of which the prevalence of 
symptomatic VTE was low at 0.7%. Risk factors of VTE at 
baseline among pancreatic cancer patients were ECOG PS, 
BMI, D-dimer, Hb, and history of VTE. The prevalence of 
VTE in this cohort of patients with pancreatic cancer (8.5%) 
was higher than that overall (5.9%), and pancreatic cancer 
was the cancer type with the highest VTE frequency in the 

Fig. 2  Cumulative incidence of (a) symptomatic VTE; (b) composite 
VTE; (c) bleeding events; (d) cerebral infarction/TIA/SEE; (e) all-
cause death events (time-to-event analysis) in patients with and with-
out VTE at baseline. p values were calculated using Gray’s test (a–d) 

or log-rank test (e). Lightly shaded areas represent 95% CIs. CI con-
fidence interval, HR hazard ratio, SEE systemic embolic event, TIA 
transient ischemic attack, VTE venous thromboembolism
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Cancer-VTE Registry compared with stomach (6.9%), colo-
rectal (6.4%), gynecologic (5.5%), lung (5.1%), and breast 
(2.0%) cancer [10].

During cancer therapy (1-year follow-up period), the 
cumulative incidence was 1.1% for symptomatic VTE, 2.5% 
for incidental VTE requiring treatment, 3.6% for composite 
VTE, 1.8% for cerebral infarction/TIA/SEE, and 40.6% for 
all-cause death for patients with pancreatic cancer, all of 
which were also higher than those of patients with other can-
cer types from the Cancer-VTE Registry. These results were 
similar to those reported in non-Japanese studies [15, 16].

VTE is generally understood to be less common in Asian 
people than in Caucasians [2, 17]. Indeed, the present find-
ings are consistent with previous reports, as the incidence 
of VTE in our study (3.6%) was lower than that reported 
at 12 months in pancreatic cancer patients in observational 
studies in France (19.2%) and the United States (10.7%) [18, 
19].

Comparing the findings with other Japanese studies, the 
prevalence and incidence of VTE in the present study (8.5 
and 3.6%, respectively) were generally lower than those 
reported in other Japanese studies [20–22]. However, it must 
be noted that these studies had important differences com-
pared with the current study, including the study design and 
diagnostic criteria for VTE.

VTE prevalence at baseline was not determined as a sta-
tistically significant risk factor for composite VTE during 
the follow-up period, which is different from the results of 
the Cancer-VTE Registry subanalysis in colorectal and lung 
cancers [23, 24]. This difference may be attributable to the 
poor prognosis of pancreatic cancer patients with VTE at 
baseline. In fact, the incidences of all-cause death in pan-
creatic cancer patients with VTE at baseline was very high 
(71.7%), which leads us to speculate that death may have 

occurred before recurrent VTE and recurrent VTE could 
not have been detected during the 1-year follow-up. Thus, 
our results indicate that pancreatic cancer patients with VTE 
at the time of cancer diagnosis are not at low risk of VTE 
recurrence, but rather represent a population with a poor 
prognosis.

Pancreatic cancer patients with VTE at baseline had 
a higher risk of death (unadjusted HR [95% CI], 3.66 
[2.73–4.91]), but the severity of VTE at baseline in most 
cases was mild, including asymptomatic (n = 79/86) and dis-
tal DVT (n = 67/84). Relationships between VTE and death 
may be attributable to similarities in the mechanisms of 
coagulation and cancer metastasis. For example, tissue fac-
tor (TF) is the initiator of the extrinsic coagulation cascade, 
but it is also present in cancer cells [25]. Hematogenous 
metastasis involves the release of microvesicles containing 
TF [26]. TF is highly expressed in pancreatic cancer [27], 
and this is thought to contribute to the higher expression 
of VTE in pancreatic cancer. In a previous study of resect-
able pancreatic cancer, death occurred 2.9–3.7 times more 
frequently in patients with VTE [28], which was consistent 
with the present study findings. Thus, the presence of VTE 
may not only induce thrombosis and directly increase mor-
tality but may also be reflective of cancer progression and 
worsening.

The study revealed that the risk factors for VTE at the 
time of cancer diagnosis were poor ECOG PS, BMI ≥ 25 kg/
m2, previous history of VTE, D-dimer > 1.2 µg/mL, and 
Hb < 10 g/dL, and this was generally consistent with previ-
ous studies. A Taiwanese study of patients with lung, gastric, 
and pancreatic cancer and patients with lymphoma reported 
that either very low or very high BMI (male BMI ≤ 23.940 
and > 31.259 kg/m2, female BMI ≤ 19.424 and > 31.538 kg/
m2) and anemia (male Hb ≥ 8.785 and < 13.435 g/dL, female 

Table 4  Univariable and multivariable analysis of risk factors for composite VTE during the follow-up period

The multivariable analysis used variables listed in this table as explanatory variables
CI confidence interval, HR hazard ratio, VTE venous thromboembolism

Items N Events,
n (%)

Univariable Multivariable

HR 95% CI p value HR 95% CI p value

Sex Male 565 14 (2.5) Reference – – Reference
Female 441 17 (3.9) 1.55 0.76–3.14 0.225 1.45 0.69–3.05 0.324

Age, years  < 65 326 5 (1.5) Reference – – Reference
 ≥ 65 680 26 (3.8) 2.54 0.98–6.60 0.055 2.49 0.93–6.67 0.070

Cancer stage II 384 8 (2.1) Reference – – Reference
III 205 8 (3.9) 1.92 0.72–5.14 0.196 2.00 0.75–5.40 0.169
IV 417 15 (3.6) 1.75 0.74–4.13 0.201 1.66 0.67–4.11 0.276

VTE prevalence at baseline No 920 28 (3.0) Reference – – Reference
Yes 86 3 (3.5) 1.19 0.36–3.93 0.779 0.66 0.18–2.38 0.521

D-dimer, μg/mL  ≤ 1.2 675 16 (2.4) Reference – – Reference
 > 1.2 311 15 (4.8) 2.10 1.04–4.25 0.039 2.03 0.96–4.31 0.064
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Hb ≥ 6.963 and < 11.737 g/dL), which differed by sex, were 
significant risk factors [29]. A Japanese study of VTE 
among patients with pancreatic cancer reported that signifi-
cantly more patients with VTE had a BMI > 25 kg/m2, and 
a significantly higher proportion of patients had undergone 
chemotherapy, particularly with gemcitabine or paclitaxel 
[22]. Another recent study of Japanese patients with pre-
treated advanced pancreatic cancer reported that high levels 
of D-dimer, prothrombin fragment 1 + 2, fibrin degradation 
product, and thrombin/antithrombin III complex were asso-
ciated with VTE occurrence [20]. Among patients surgically 
treated for pancreatic cancer, a high BMI (≥ 30 kg/m2), pre-
vious anticoagulation treatment, and disease recurrence were 
risk factors for VTE [28].

The frequency of VTE at the time of cancer diagnosis 
was higher in patients with a history of VTE in the present 
study, which was consistent with previous studies [30, 31]. 
This suggests that collecting information on episodes related 
to VTE is important during the interview at the time of can-
cer diagnosis. In contrast, no significant factors were identi-
fied as risk factors for composite VTE during the follow-up 
period, but factors with HR ≥ 2 were age ≥ 65 years, cancer 
stage III, and D-dimer > 1.2 µg/mL at baseline. The inci-
dence of composite VTE during the follow-up period was 
low (31 events), which may have been insufficient to perform 
multivariate analysis.

This study showed that patients with pancreatic cancer 
had a higher incidence of bleeding events than patients with 
the other five cancer types (HR [95% CI], 3.52 [2.42–5.12]). 
Bleeding events in this study were collected according to 
the definition of bleeding severity only [9–11], without 
considering the cause (e.g., drug administration or sur-
gery). Although a detailed analysis of bleeding could not be 
performed, it was suggested that pancreatic cancer patients 
might be more prone to bleeding than other cancers. Addi-
tionally, pancreatic cancer is a cancer type associated with 
a high incidence of VTE; therefore, it is important to care-
fully consider the risk–benefit balance when anticoagulation 
therapy is initiated to treat VTE.

In this study, patients with VTE at cancer diagnosis, even 
those with asymptomatic VTE, had a higher incidence of 
cerebral infarction/TIA/SEE during the follow-up period 
(unadjusted HR [95% CI], 11.53 [4.08–32.64]). Trousseau 
syndrome is a known condition in which cancer patients 
exhibit cerebral infarction, and one of the mechanisms is 
thought to involve increased TF expression by tumor cells 
[32]. VTE and arterial thromboembolism in cancer patients 
are sometimes collectively referred to as cancer-associated 
thrombosis. Plasma TF levels have been reported to be an 
independent predictor of cancer-associated thrombosis in 
patients with pancreatic cancer [33]. However, the direct 
relationship between VTE and cerebral infarction/TIA/SEE 

in patients with pancreatic cancer remains unclear and is a 
subject for future studies.

In Japan, pancreatic cancer patients have a higher inci-
dence of VTE than other cancers. It was also shown that con-
comitant VTE has a poor prognosis. Because asymptomatic 
VTE is the main component, it suggests the importance of 
proactively evaluating VTE risk factors at the time of cancer 
diagnosis and performing VTE screening if necessary. In the 
Japanese Clinical Practice Guidelines for Pancreatic Cancer 
[34], VTE was mentioned for the first time in the 2022 edi-
tion. We hope that the results of this study will be useful for 
future guideline updates.

This study had some limitations. First, patients with 
more advanced cancer (life expectancy ≤ 3 months and 
ECOG PS ≥ 2) were not included in this study; thus, the 
findings cannot be generalized to these patients. Moreover, 
the population included patients who had undergone curative 
resection, and the frequency of events may differ between 
such patients and those with active cancer. Second, VTE 
treatment at the time of enrollment was at the attending phy-
sician’s discretion. Anticoagulants (warfarin or direct oral 
anticoagulants) may have been used for unrelated comorbidi-
ties, such as atrial fibrillation, but may also have been used 
for treating asymptomatic VTE, which might have led to 
fewer VTE events in the follow-up period. Third, we did not 
collect data on the cause of bleeding, tumor markers such as 
CA19-9, or D-dimer during the follow-up period or at the 
time of event occurrence. Any correlation between D-dimer 
values and the occurrence of events during the follow-up 
period unclear. Fourth, assessment of the impact of antico-
agulants on events in the follow-up period was done only 
stratified by the status of DOAC or warfarin use at baseline. 
The purpose and the actual dosage of anticoagulants admin-
istered during the follow-up period were not considered. It 
should be noted that this is a crude analysis and confound-
ing may occur. Finally, underestimation of the prevalence of 
VTE at baseline cannot be ruled out.

In conclusion, in this substudy of the Cancer-VTE Regis-
try, 8.5% of patients with pancreatic cancer had VTE at the 
time of cancer diagnosis, and poor ECOG PS, high BMI, 
history of VTE, high D-dimer, and low hemoglobin were 
identified as a risk factor. Additionally, the cumulative inci-
dence of composite VTE during cancer treatment was higher 
in patients with pancreatic cancer than in those with other 
cancer types. Although the presence of VTE at the time of 
cancer diagnosis was not a significant factor to indicate the 
subsequent 1-year incidence of VTE, it was a significant 
prognostic factor for other events, such as all-cause death, 
in patients with pancreatic cancer.

Acknowledgements The authors wish to express their condo-
lences in memory of the principal investigator of this study, Professor 
Yasuo Ohashi, who passed away on 11 Mar 2021. The authors thank 



1270 J Gastroenterol (2023) 58:1261–1271

1 3

EP-CRSU Co., Ltd. and Mediscience Planning Inc. for their partial sup-
port in the conduct of this Registry. Additionally, the authors wish to 
thank Helen Roberton and Keyra Martinez Dunn, MD, of Edanz (www. 
edanz. com) for providing medical writing support, which was funded 
by Daiichi Sankyo Co., Ltd., in accordance with Good Publication 
Practice (GPP 2022) guidelines (https:// www. ismpp. org/ gpp- 2022).

Author contributions All authors designed and conducted the study; 
MSO supervised statistical analyses; TO, TK, JH, AT, and MSO inter-
preted the data, and drafted the manuscript; all authors revised the 
manuscript and approved the final version.

Funding This research was supported by Daiichi Sankyo Co., Ltd. 
The study sponsor was involved in the study design, planning of the 
data analysis, data interpretation, and development of the manuscript 
but was not involved in data management and statistical analysis.

Data sharing The anonymized data underlying the results presented 
in this manuscript may be made available to researchers upon submis-
sion of a reasonable request to the corresponding author. The decision 
to disclose the data will be made by the corresponding author and the 
funder, Daiichi Sankyo Co., Ltd. The data disclosure can be requested 
for 36 months from the article publication.

Declarations 

Conflict of interest Takuji Okusaka received research grants from 
AstraZeneca K.K., Syneos Health Clinical K.K., and MSD K.K. Akio 
Saiura and Kazuaki Shimada have no conflicts of interest to disclose. 
Masafumi Ikeda received honoraria from AstraZeneca K.K., Chugai 
Pharmaceutical Co., Ltd., Eisai Co., Ltd., Eli Lilly Japan K.K., Incyte 
Biosciences Japan G.K., Novartis Pharma K.K., and Takeda Phar-
maceutical Co., Ltd.; research grants from AstraZeneca K.K., Bayer 
Yakuhin, Ltd., Bristol-Myers Squibb K.K., Chiome Bioscience Inc., 
Chugai Pharmaceutical Co., Ltd., Delta-Fly Pharma, Inc., Eisai Co., 
Ltd., Eli Lilly Japan K.K., J Pharma Co., Ltd., Merck BioPharma Co., 
Ltd., Merus. N.V., MSD K.K., Nihon Servier Co., Ltd., Novartis Phar-
ma K.K., Ono Pharmaceutical Co., Ltd., Syneos Health Clinical K.K., 
and Invitae Japan K.K. Tatsuya Ioka received honoraria from Taiho 
Pharmaceutical Co., Ltd., and AstraZeneca K.K. Tetsuya Kimura, Jun 
Hosokawa, and Atsushi Takita are employees of Daiichi Sankyo Co., 
Ltd. Mari S Oba has no conflicts of interest to disclose.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Khorana AA, Francis CW, Culakova E, et al. Thromboembolism 
is a leading cause of death in cancer patients receiving outpatient 
chemotherapy. J Thromb Haemost. 2007;5:632–4.

 2. White RH, Keenan CR. Effects of race and ethnicity on the inci-
dence of venous thromboembolism. Thromb Res. 2009;123(Suppl 
4):S11–7.

 3. The Japanese Circulation Society Joint Working Group. Guide-
lines for the diagnosis, treatment and prevention of pulmonary 
thromboembolism and deep vein thrombosis (JCS 2017). https:// 
www.j- circ. or. jp/ cms/ wp- conte nt/ uploa ds/ 2017/ 09/ JCS20 17_ 
ito_h. pdf (in Japanese). Accessed 15 Feb 2023.

 4. Nakamura M, Yamada N, Ito M. Current management of venous 
thromboembolism in Japan: current epidemiology and advances 
in anticoagulant therapy. J Cardiol. 2015;66:451–9.

 5. Cancer information service, National cancer center, Japan (Vital 
Statistics of Japan, Ministry of Health, Labour and Welfare). 
Cancer Statistics. https:// ganjo ho. jp/ reg_ stat/ stati stics/ stat/ can-
cer/ 10_ pancr eas. html (in Japanese). Accessed 20 Mar 2023.

 6. Gervaso L, Dave H, Khorana AA. Venous and arterial throm-
boembolism in patients with cancer: JACC: CardioOncology 
state-of-the-art review. JACC CardioOncol. 2021;3:173–90.

 7. Khorana AA, Connolly GC. Assessing risk of venous 
thromboembolism in the patient with cancer. J Clin Oncol. 
2009;27:4839–47.

 8. Horsted F, West J, Grainge MJ. Risk of venous thromboembolism 
in patients with cancer: a systematic review and meta-analysis. 
PloS Med. 2012;9: e1001275.

 9. Ohashi Y, Ikeda M, Kunitoh H, et al. Venous thromboembolism 
in patients with cancer: design and rationale of a multicentre, 
prospective registry (Cancer-VTE Registry). BMJ Open. 2018;8: 
e018910.

 10. Ohashi Y, Ikeda M, Kunitoh H, et al. Venous thromboembo-
lism in cancer patients: report of baseline data from the mul-
ticentre, prospective Cancer-VTE registry. Jpn J Clin Oncol. 
2020;50:1246–53.

 11. Ohashi Y, Ikeda M, Kunitoh H, et al. One-year incidence of 
venous thromboembolism, bleeding, and death in patients with 
solid tumors newly initiating cancer treatment: results from the 
cancer-VTE registry. Thromb Res. 2022;213:203–13.

 12. Tanaka S, Nishigami K, Taniguchi N, et al. Criteria for ultrasound 
diagnosis of deep venous thrombosis of lower extremities. J Med 
Ultrason (2001). 2008;35:33–6.

 13. Nomura H, Wada H, Mizuno T, et al. Negative predictive value of 
D-dimer for diagnosis of venous thromboembolism. Int J Hema-
tol. 2008;87:250–5.

 14. Khorana AA, Kuderer NM, Culakova E, et al. Development and 
validation of a predictive model for chemotherapy-associated 
thrombosis. Blood. 2008;111:4902–7.

 15. Austin K, George J, Robinson EJ, et al. Retrospective cohort study 
of venous thromboembolism rates in ambulatory cancer patients: 
association with Khorana score and other risk factors. J Hematol. 
2019;8:17–25.

 16. Gade IL, Braekkan SK, Naess IA, et al. The impact of initial 
cancer stage on the incidence of venous thromboembolism: the 
Scandinavian Thrombosis and Cancer (STAC) Cohort. J Thromb 
Haemost. 2017;15:1567–75.

 17. Khorana AA, Francis CW, Culakova E, et al. Frequency, risk fac-
tors, and trends for venous thromboembolism among hospitalized 
cancer patients. Cancer. 2007;110:2339–46.

 18. Frere C, Bournet B, Gourgou S, et  al. Incidence of venous 
thromboembolism in patients with newly diagnosed pancreatic 
cancer and factors associated with outcomes. Gastroenterology. 
2020;158:1346-58.e4.

http://www.edanz.com
http://www.edanz.com
https://www.ismpp.org/gpp-2022
http://creativecommons.org/licenses/by/4.0/
https://www.j-circ.or.jp/cms/wp-content/uploads/2017/09/JCS2017_ito_h.pdf
https://www.j-circ.or.jp/cms/wp-content/uploads/2017/09/JCS2017_ito_h.pdf
https://www.j-circ.or.jp/cms/wp-content/uploads/2017/09/JCS2017_ito_h.pdf
https://ganjoho.jp/reg_stat/statistics/stat/cancer/10_pancreas.html
https://ganjoho.jp/reg_stat/statistics/stat/cancer/10_pancreas.html


1271J Gastroenterol (2023) 58:1261–1271 

1 3

 19. Mahajan A, Brunson A, Adesina O, et al. The incidence of can-
cer-associated thrombosis is increasing over time. Blood Adv. 
2022;6:307–20.

 20. Kondo S, Sasaki M, Hosoi H, et al. Incidence and risk factors for 
venous thromboembolism in patients with pretreated advanced 
pancreatic carcinoma. Oncotarget. 2018;9:16883–90.

 21. Yamai T, Ikezawa K, Hiraga E, et al. Early detection of venous 
thromboembolism after the initiation of chemotherapy predicts a 
poor prognosis in patients with unresectable metastatic pancreatic 
cancer who underwent first-line chemotherapy with gemcitabine 
plus nab-paclitaxel. PLoS ONE. 2022;17: e0264653.

 22. Suzuki T, Hori R, Takeuchi K, et al. Venous thromboembolism 
in Japanese patients with pancreatic cancer. Clin Appl Thromb 
Hemost. 2021;27:10760296211051766.

 23. Ikeda M, Uetake H, Yoshino T, et al. Incidence and risk factors 
for venous thromboembolism, bleeding, and death in colorectal 
cancer (Cancer-VTE registry). Cancer Sci. 2022;113:3901–11.

 24. Awano N, Okano T, Kawachi R, et al. One-year incidences of 
venous thromboembolism, bleeding, and death in patients with 
lung cancer (Cancer-VTE subanalysis). JTO Clin Res Rep. 
2022;3: 100392.

 25. Koizume S, Miyagi Y. Tissue factor in cancer-associated throm-
boembolism: possible mechanisms and clinical applications. Br J 
Cancer. 2022;127:2099–107.

 26. Grover SP, Mackman N. Tissue factor: an essential mediator of 
hemostasis and trigger of thrombosis. Arterioscler Thromb Vasc 
Biol. 2018;38:709–25.

 27. Thaler J, Koder S, Kornek G, et al. Microparticle-associated tissue 
factor activity in patients with metastatic pancreatic cancer and its 
effect on fibrin clot formation. Transl Res. 2014;163:145–50.

 28. Eurola A, Mustonen H, Mattila N, et al. Preoperative oncologic 
therapy and the prolonged risk of venous thromboembolism in 
resectable pancreatic cancer. Cancer Med. 2022;11:1605–16.

 29. Chou SC, Pai CH, Lin SW, et al. Incidence and risk factors for 
venous thromboembolism in a cohort of Taiwanese patients with 
lung, gastric, pancreatic cancers or lymphoma. J Formos Med 
Assoc. 2022;121(1 Pt 2):360–6.

 30. Königsbrügge O, Pabinger I, Ay C. Risk factors for venous throm-
boembolism in cancer: novel findings from the Vienna Cancer 
and Thrombosis Study (CATS). Thromb Res. 2014;133(Suppl 
2):S39-43.

 31. Mulder FI, Horváth-Puhó E, van Es N, et al. Venous thromboem-
bolism in cancer patients: a population-based cohort study. Blood. 
2021;137:1959–69.

 32. Varki A. Trousseau’s syndrome: multiple definitions and multiple 
mechanisms. Blood. 2007;110:1723–9.

 33. Kobayashi S, Koizume S, Takahashi T, et al. Tissue factor and its 
procoagulant activity on cancer-associated thromboembolism in 
pancreatic cancer. Cancer Sci. 2021;112:4679–91.

 34. Japan Pancreas Society. Clinical practice guidelines for pancreatic 
cancer 2022. Tokyo: Kanahara & Co, Ltd.; 2022.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Incidence and risk factors for venous thromboembolism in the Cancer-VTE Registry pancreatic cancer subcohort
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Introduction
	Methods
	Study design
	Patients
	Outcomes
	Statistical analysis
	Ethical approval

	Results
	Discussion
	Acknowledgements 
	Anchor 18
	References




