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Abstract
Introduction: Pancreatic cancer (PC) is associated with a high risk of venous 
thromboembolic events (VTEs). We investigated the incidence of VTE before and 
after the diagnosis of PC and its association with overall survival.
Methods: We identified PC patients diagnosed in 2013–2016 from the Finnish 
Cancer Registry. Data on healthcare visits and death were collected, along with 
follow-up data through the end of 2020. We compared patients who underwent 
radical-intent surgery (RIS) to those who underwent palliative treatment (PT) 
alone.
Results: We identified 4086 PC patients, of whom 343 (8.4%) underwent RIS and 
3743 (91.6%) received PT. VTE incidence within 1 year before a PC diagnosis was 
higher in the PT (4.2%, n = 156) than in the RIS group (0.6%, n = 2; p < 0.001). The 
cumulative incidence of VTE at 12 and 24 months after a PC diagnosis was 6% 
(n = 21) and 9% (n = 31), respectively, within the RIS group, and 8% (n = 286) and 
8% (n = 304) within the PT group. In the PT group, a VTE within 1 year before a 
PC diagnosis was independently associated with a worse survival {hazard ratio, 
HR 1.9 [95% confidence interval (CI) 1.6–2.2]}. In both groups, VTE after a PC di-
agnosis was associated with a worse survival [RIS group: HR 2.6 (95%CI 1.8–3.7) 
vs. PT group: HR 2.2 (95%CI 1.9–2.4)].
Conclusions: A VTE within 1 year before a PC diagnosis more often occurred 
among PT PC patients than among patients who underwent RIS. VTE might 
serve as a diagnostic clue to detect PC at an earlier stage.
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1   |   INTRODUCTION

Pancreatic cancer (PC) is one of the deadliest cancers, 
with annual incidence and mortality increasing.1 The risk 
of venous thromboembolism (VTE) associated with PC is 
well known and among the highest of all solid tumors.2–4 
In PC patients, both symptomatic and asymptomatic VTEs 
are common.2,5–7 Patients undergoing chemotherapy for 
metastasized PC are at an even greater risk of VTE.4,8–11 
VTEs detected early following a PC diagnosis associate 
with a worse survival and are indicative of more aggres-
sive tumor pathology.2,12–15

Among various common cancers, the incidence of an 
unprovoked VTE in the year preceding a cancer diagno-
sis is higher compared with the incidence in the general 
population.16 Furthermore, around 10% of individuals 
with an idiopathic VTE receive a cancer diagnosis within 
1 year of the event.16–18 VTEs are also common preceding 
a PC diagnosis.2,9,13,16 Blom et al. reported an incidence of 
deep vein thrombosis (DVT) in 6 of 1000 persons within a 
year preceding a PC diagnosis, while the population-based 
incidence stood at 1–2 per 1000.8 In a French multicenter 
prospective study, 8% (91/1147) of newly diagnosed PC 
patients experienced a VTE at the time of enrolment or 
within the previous 3 months.

There is, however, a limited amount of existing liter-
ature specifically focused on VTEs that occur prior to a 
PC diagnosis. Thus, it remains unclear at what point in 
the progression of PC VTE incidence begins to increase 
and how often a VTE is indicative of occult PC. Moreover, 
it remains unclear whether the incidence of VTE pre-
ceding a PC diagnosis is prevalent among all patients or 
primarily observed among those with advanced disease. 
Additionally, there is a lack of knowledge regarding the 
impact of a VTE occurring before a PC diagnosis on over-
all survival (OS).

We, therefore, hypothesized that VTEs diagnosed 
prior to a PC diagnosis would associate with aggressive 
disease, and, thus, be more common in nonresectable 
cases and associate with a worse survival. This national 
register study aimed to investigate the incidence of VTE, 
the relationship between the temporal association of 
VTEs and establishing a PC diagnosis, and the impact on 
OS among PC patients in a population-based nationwide 
cohort.

2   |   METHODS

The study protocol was approved by the National Institute 
for Health and Welfare (THL/1255/5.05.00/2018), 
Statistics Finland (TK-52-832-19), and the Helsinki 
University Hospital (§91 HUS/419/2018).

From the Finnish Cancer Registry (FCR), we identi-
fied patients with PC (ICD-10 code: C25) diagnosed be-
tween 2013 and 2016. Cause and time of death data were 
available until the end of 2020 and were collected from 
Statistics Finland. Healthcare visits from 2000 to 2018 were 
collected from the Care Register for Health Care (HILMO) 
from the National Institute for Health and Welfare. Data 
on primary healthcare outpatient visits were limited to 
the period 2011–2018. The register data include medical 
visit diagnoses and procedures, but do not include com-
plete patient records. All VTEs, including ICD-10 codes 
I80 [deep vein thrombosis (DVT)], I26 [pulmonary embo-
lism (PE)], and IDC-10 I81–82 [other venous thromboem-
bolism (OVT)], occurring in 2000–2018 were identified. 
VTEs were categorized into three groups according to 
the time of occurrence: >1 year before a PC diagnosis, 
≤1 year before a PC diagnosis, and after a PC diagnosis. 
We established a baseline for the incidence of VTE from 
the period 2–5 years prior to a PC diagnosis, considering 
the age-related increase in VTE risk in the general popu-
lation.19 If there were multiple visits related to a specific 
VTE diagnosis, only the first was included because it was 
not possible to distinguish whether these visits represent 
separate VTE events or if they are multiple visits related to 
the same initial VTE event.

Based on the Nordic Classification of Surgical 
Procedures, patients who underwent pancreatic surgery 
were identified from the HILMO data. Similarly, chemo- 
and radiation therapies were identified from the HILMO 
data and from a local register specific to the Helsinki 
and Uusimaa Hospital District (n = 491 patients). These 
datasets were, then, merged. By comparing the dates of 
oncological treatments and surgeries, we determined 
whether the oncological treatment was only preoper-
ative, only postoperative, or perioperative for patients 
who underwent surgery. Information about specific 
chemotherapy agents was not available. Comorbidities 
according to the Charlson Comorbidity Index (CCI) 
were identified from visits preceding a PC diagno-
sis.20,21 Disease stage information corresponding to the 
American Joint Committee on Cancer (AJCC)/Union 
for International Cancer Control (UICC) TNM staging 
system is not included in the FCR data. Preliminary 
analyses revealed inconsistencies and poor quality in 
the stage data reported in the registry, thus it was not 
used. We compared patients who underwent radical-
intent surgery (RIS) to those who underwent palliative 
treatment (PT) only. We calculated OS, censoring pa-
tients still living as of 31 December 2020. In 107 cases, 
the initiation of chemo- or radiation therapy preceded 
the date of diagnosis, and among 75 patients who un-
derwent RIS, surgery was performed prior to the date of 
a PC diagnosis in the FCR.



      |  3 of 12AALTONEN et al.

We excluded patients younger than 18 years of age (n = 3) 
or who received a diagnosis of a neuroendocrine tumor 
(ICD-10 code C25.4) or pancreatic tumor enucleation pro-
cedure (n = 189). We also excluded cases in which a PC diag-
nosis was assigned post-mortem [based on death certificate 
(n = 172) or autopsy (n = 228)]. In addition, the following 
exclusion criteria relied on the histology report: neuroen-
docrine carcinoma (n = 27), carcinoid tumor (n = 154), solid 
pseudopapillary tumor (n = 3), and sarcoma (n = 3).

Statistical analyses were performed using IBM's SPSS 
Statistics for Windows, version 27.0.1 (IBM Corp, Armonk, 
NY, USA) and R, version 4.2.0 with survival package.22 The 
Fisher's exact test or the chi-squared test were used to ana-
lyze categorical variables. The Mann–Whitney U-test was 
used to compare continuous variables. Survival among 
different groups was analyzed using the Kaplan–Meier 
method, and the log-rank test was used to determine sta-
tistical significance. We considered p < 0.05 statistically 
significant applying two-tailed tests.

The Cox's proportional hazards model was used for 
univariable and multivariable analyses of prognostic 
factors for survival using VTEs after diagnosis and on-
cological treatments as time-dependent variables. The 
Simon–Makuch method was used to create plots from sur-
vival data with the time-dependent variables. Competing 
Cox models were used to evaluate the risk for VTE using 
overall death as a competing event. The Aalen–Johansen 
method was used to create plots from competing time to 
event data and to evaluate cumulative incidence func-
tions. One patient who underwent chemotherapy for PC 
over a year before RIS was excluded from the Cox models. 
Furthermore, among RIS patients if oncological treatment 
was initiated more than 1 year after RIS, they were identi-
fied as having undergone no chemo- or radiation therapy 
in the multivariable model to address the effect of the pri-
mary treatment. An immortal time bias was corrected for 
oncological treatment using the time-dependent variables 
to classify patients into treatment groups in a timely man-
ner. The Cox regression assumption of a constant hazard 
ratio over time (proportional hazards) was assessed using 
the Schoenfeld residuals plotted over time and testing for 
a trend. A split time axis was used if necessary to account 
for deviances from the proportional hazard assumption. 
Interactions were considered.

3   |   RESULTS

3.1  |  Cohort characteristics

We identified 4086 PC patients, of whom 8% (n = 343) un-
derwent RIS. Table 1 summarizes the patient characteris-
tics. Patients in the PT group were older, with a median 

age of 74 [interquartile range (IQR) 66–81] years com-
pared to 68 (IQR 62–74) years in the RIS group (p < 0.001). 
Twenty-nine percent (n = 1086) of patients among the PT 
and 3% (n = 11) of patients among the RIS group were 
80 years old or older.

Additionally, the PT group had a higher prevalence 
of chronic illnesses. Specifically, 20% of patients in the 
PT group had a CCI score ≥3, compared with 13% in 
the RIS group (p = 0.002). Furthermore, fewer patients 
in the PT group had a CCI score of 0 than the propor-
tion in the RIS group (40% vs. 48%). Table S1 provides 
the distribution of CCI comorbidities among treatment 
groups. In total, 13.5% (n = 550) of all patients had a his-
tory of other malignancies. More specifically, prostate 
cancer (n = 139), breast cancer (n = 132), colorectal can-
cer (n = 80), endometrial cancer (n = 32), and melanoma 
(n = 31) stood out as the most frequent other malignan-
cies. In addition, 18.8% (n = 770) of patients had a his-
tory of atrial fibrillation, which was more common in 
the PT group (19.3%, n = 723) than the RIS group (13.7%, 
0 = 47; p = 0.011).

RIS consisted of a pancreatoduodenectomy in 280 
(82%) patients, a distal pancreatectomy in 37 (11%) pa-
tients, a total pancreatoduodenectomy in 22 (6%) patients, 
and other pancreatic resection in 4 (1%) patients.

3.2  |  Venous thromboembolism prior to a 
PC diagnosis

Table 2 captures all VTEs in the study population, strati-
fied by the timing relative to a PC diagnosis. Considering 
VTEs that occurred >1 year before a PC diagnosis, there 
were no differences between the groups given that 5% 
(n = 16) of patients in the RIS group and 4% (n = 165) of 
patients in the PT group experienced a VTE >1 year before 
a PC diagnosis (p = 0.825). The annual incidence of VTE at 
2, 3, 4, and 5 years before a PC diagnosis was 534, 508, 508, 
and 481 per 100,000, respectively, in the PT group, and 
292, 583, 292, and 583 per 100,000, respectively, in the RIS 
group (p = 0.666). The average annual incidence of VTE in 
the period 2–5 years prior to a PC diagnosis stood at 502 
per 100,000. The incidence ratio of VTE in two-month 
increments in the year before a PC diagnosis appears in 
Figure 1.

In the PT group, a larger proportion of patients expe-
rienced a VTE ≤1 year before a cancer diagnosis, consist-
ing of 0.6% (95% CI 0.1%–2.1%) in the RIS group and 4.2% 
(95% CI 3.6%–4.9%) in the PT group (p < 0.001). More spe-
cifically, ≤1 year before a PC diagnosis, there were 78 PEs, 
78 DVTs, and 28 OVTs in the PT group, while there was 
only 1 PE and 1 DVT in the RIS group. To further explore 
this, ≤1 year before PC diagnosis VTEs were stratified by 
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age groups in Table S2. A logistic regression investigating 
the odds of venous thromboembolism within 1 year before 
the diagnosis of PC is presented in Table S3. While CCI 
sum three or over and age were independent risk factors, 
RIS group (odds ratio 0.18) was an independent factor for 
lower VTE risk. In Table S1, we compared comorbidities 
between the PT and RIS groups, and the only significant 
differences were in congestive heart failure and cerebro-
vascular disease.

3.3  |  Venous thromboembolism after a 
PC diagnosis

A total of 367 (9%) patients experienced a VTE after a PC 
diagnosis. In total, there were 193 PEs, 143 DVTs, and 77 
OVTs following a PC diagnosis. In addition, 42 (12%) pa-
tients in the RIS and 325 (9%) patients in the PT group 
experienced a VTE after a PC diagnosis. The cumulative 
incidence of VTE at 12 and 24 months after a PC diagnosis 

Variable
All 
patients

Radical 
surgery

Palliative 
treatment pa

Total cases, n (%) 4086 343 (8) 3743 (92)

Median age (IQR) 73 (66–81) 68 (62–74) 74 (66–81) <0.001

Female, n (%) 2143 (52) 174 (51) 1969 (53) 0.534

Median follow-up, in 
months (IQR)

4 (1–11) 27 (14–51) 3 (1–9) <0.001

Charlson Comorbidity Index, n (%)

0 1672 (41) 166 (48) 1506 (40) 0.002

1 926 (23) 78 (23) 848 (23)

2 683 (17) 56 (16) 627 (17)

≥ 3 805 (20) 43 (13) 762 (20)

Histology

Unknown 1939 (47) 1939 (52) <0.001

Adenocarcinoma, NOS 1751 (43) 207 (60) 1544 (41)

Ductal adenocarcinoma 294 (7) 120 (35) 174 (5)

Mucinous 
adenocarcinoma

42 (1) 5 (1) 37 (1)

Other 60 (1) 11 (3) 49 (1)

Oncological treatment, n (%)

Chemotherapy 1327 (33) 239 (70) 1088 (29) <0.001

Radiotherapy 210 (5) 36 (11) 174 (5) <0.001

Preoperative 55 (1) 55 (16) NA

Only postoperative 186 (5) 186 (54) NA
aThe p-value compares the radical surgery group to the palliative treatment group.
Abbreviations: IQR, interquartile range; NA, not applicable; NOS, not otherwise specified.

T A B L E  1   Patient characteristics.

T A B L E  2   Venous thromboembolisms among radical-intent surgery and palliative treatment patients before and after the diagnosis of 
pancreatic cancer.

Venous thromboembolism (VTE)a

All patients 
(n = 4086)

Radical-intent surgery 
(n = 343)

Palliative treatment 
(n = 3743)

pbNo. of VTE (%) No. of VTE (%) No. of VTE (%)

>1 year before PC diagnosis 181 (4.4) 16 (4.7) 165 (4.4) 0.825

≤1 year before PC diagnosis 158 (3.9) 2 (0.6) 156 (4.2) <0.001

After PC diagnosis 367 (9.0) 42 (12.2) 325 (8.7) 0.027
aAny venous thromboembolism including deep venous thrombosis, pulmonary embolism, or visceral vein thromboembolism.
bRadical-intent surgery versus palliative treatment.
Abbreviations: No, number; PC, pancreatic cancer.
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was 6% (n = 21) and 9% (n = 31), respectively, among the 
RIS group, and 8% (n = 286) and 8% (n = 304), respectively, 
in the PT group. The median time from a PC diagnosis 
until a VTE was 65 (IQR 21–170) days among the PT 
group and 355 (IQR 153–566) days among the RIS group. 
Figure 2 illustrates the cumulative incidence function of 
VTE following a PC diagnosis stratified by the RIS and PT 
groups.

Among the RIS group, the cumulative VTE incidence 
at 3, 12, and 24 months was 1.0% (n = 1), 5.5% (n = 3), and 
7.3% (n = 4) for those receiving neoadjuvant treatment; 
1.1% (n = 2), 5.9% (n = 11), and 9.1% (n = 17) for those re-
ceiving only adjuvant treatment; and 2.9% (n = 3), 7.8% 
(n = 8), and 10.8% (n = 11) for those receiving no chemo- 
or radiation therapy in addition to surgery (p = 0.923). The 
cumulative VTE incidence at 3 months after RIS was 2.0% 
(n = 8).

Among the PT group, the cumulative VTE incidence at 
3, 12, and 24 months was 6.9% (n = 115), 13.2% (n = 160), 
and 14.6% (n = 164) for those receiving chemotherapy and 
4.4% (n = 73), 6.1% (n = 139), and 6.2% (n = 154) for those 
not receiving chemotherapy (p < 0.001).

3.4  |  Venous thromboembolism as 
cause of death

When we investigated the underlying and immediate 
causes of death as well as any contributing conditions 
recorded, we found that VTE was not defined as the 
underlying cause of death for any of the patients in this 

series. However, VTE was listed as an immediate cause of 
death in 22 (0.5%) cases and a contributing condition in 
83 (2.0%) cases. PE was recorded as the immediate cause 
of death in 22 (0.5%) patients and a contributing factor in 
another 71 patients (1.7%). DVT was a contributing factor 
in 15 (0.4%) cases, while OVT was a contributing factor 
in 2 (0.05%) cases. Results S4 provides the cause of death 
among cases excluded due to the post-mortem report.

3.5  |  Survival and predictors

Among all patients, median OS was 3.7 months (95% CI 
3.5–4.0), the 1-year survival rate was 22%, the 3-year sur-
vival rate was 5.7%, and the 5-year survival rate was 3.1%. 
Median OS was 27 months (95% CI 23–31) among patients 
in the RIS group and 3.1 months (95% CI 2.9–3.3) among 
those in the PT group (p < 0.001). The respective 1-, 3-, and 
5-year survival rates were 79%, 38%, and 22% among the 
RIS group, and 16%, 2.9%, and 1.3% among the PT group.

The multivariate model (Table  3) revealed that VTE 
following a PC diagnosis represented a significant prog-
nostic factor for a worse OS (HR 2.11 [95%CI 1.88–2.38], 
p < 0.001 among the RIS group; HR 2.57 [95%CI 1.79–
3.69], p < 0.001 among the PT group). However, neither a 
VTE >1 year before a PC diagnosis (HR 0.87 [95%CI 0.47–
1.60], p = 0.655) nor ≤1 year before a PC diagnosis (HR 
1.90 [95%CI 0.59–6.15], p = 0.283) associated with survival 
in the RIS group. However, we identified only two patients 
who experienced a VTE ≤1 year before a PC diagnosis in 
this group. By contrast, in the PT group, a VTE ≤1 year 
prior to a PC diagnosis associated with a worse survival 
(HR 1.86 [95%CI 1.58–2.19], p < 0.001). A higher age (HR 
1.03 [95%CI 1.02–1.03], p < 0.001) and a CCI score ≥3 (HR 
1.24 [95%CI 1.13–1.36], p < 0.001) also associated with a 
higher risk of death. Female sex (HR 0.90 [95%CI 0.84–
0.96], p = 0.002) associated with a better survival. In both 
groups, oncological therapies associated with a lower risk 
of death during the first year of follow-up, but this effect 
was subsequently nullified.

The Simon–Makuch analysis in Figure 3 illustrates the 
impact of VTE after a PC diagnosis on OS among the RIS 
group and the PT group. VTE associated with a signifi-
cantly worse survival in both groups (Figure 3, Table 3).

4   |   DISCUSSION

In this nationwide, population-based, cohort study, we 
found that patients who underwent PT for PC had a sig-
nificantly higher VTE incidence (4.2%) in the year be-
fore a PC diagnosis compared with the RIS group (0.6%). 
These VTEs significantly affected prognosis in the PT 

F I G U R E  1   Incidence of venous thromboembolism events 
1 year before a pancreatic cancer diagnosis in two-month 
increments. PT, palliative treatment; RIS, radical-intent surgery; 
baseline, average incidence of VTE in the 2–5 years before a 
pancreatic cancer diagnosis (502 per 100,000 annually) in the 
cohort. The incidence ratio was calculated comparing the baseline 
incidence to the observed incidence among groups.
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group (HR 1.9 for death), but were not a significant fac-
tor in the RIS group, although the limited number of 
observations (n = 2) in this group reduced the statistical 
power in the survival analysis. VTE incidence among 
PC patients was elevated as early as 8 months before the 
diagnosis, indicating a potential association with an oc-
cult PC.

Only a limited number of studies have addressed 
the increased VTE incidence preceding a PC diagno-
sis. A California Cancer Registry–based study observed 
remarkably lower rates than in our study. In their data, 
0.2% (n = 34/13731) of PC patients had an unprovoked 
VTE within a year prior to diagnosis.16 They found that 
incidence was significantly elevated in the 4 months 

F I G U R E  2   Cumulative incidence function of venous thromboembolism among (A) radical surgery (n = 342 patients) and (B) palliative 
treatment (n = 3718 patients) groups after a pancreatic cancer diagnosis. Death analyzed as a competing factor. OS, overall survival; VTE, 
venous thromboembolism.
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immediately preceding a cancer diagnosis and that VTEs 
associated with metastatic disease. In another register 
study from the United States, the incidence of venous and 
arterial thromboembolisms among cancer patients was 
highest between 90 days before and 240 days after a can-
cer diagnosis, peaking at 14 days following a diagnosis.23 
In a study by Riedl et al. among patients with advanced 
PC, 13% had a cancer-associated VTE prior to the initia-
tion of first-line palliative chemotherapy, while 5% had a 
previous medical history of VTE.24 In our study, the base-
line incidence of VTE (502 per 100,000) we observed in 
the 2–5 years before a PC diagnosis corresponds with the 
reported incidence in the general population at a similar 
age range as that from a US register study, which reported 

an incidence of 480 per 100,000 among individuals aged 
70–74.25

Our data revealed that 9% of patients had a VTE follow-
ing a PC diagnosis. A British register study of 67,801 can-
cer patients indicated that cancer-associated VTE occurred 
in 2.2% of patients, while the VTE rate among PC patients 
was 4.7% (n = 47/999).4 A Japanese nationwide multicenter 
observational study reported a VTE incide of 8.5% among 
stage II–IV PC patients with planned cancer treatment.6 In 
their data, VTE prevalence was lower in other cancer types: 
6.9% in stomach cancer, 6.4% in colorectal cancer, 5.5% in 
gynecologic cancer, 5.1% in lung cancer, and 2.0% in breast 
cancer. Furthermore, 1-year cumulative VTE incidence 
was 3.6% among PC patients compared to 1.6% among 

Multivariable
HR for OS 
death

95% CI 
Lower

95% CI 
Upper p

(A) Radical-intent surgery

Age 1.002 0.987 1.017 0.775

Sex (female)b 0.888 0.698 1.131 0.336

CCI 1 0.951 0.697 1.296 0.748

CCI 2 1.029 0.721 1.469 0.876

CCI 3+ 1.099 0.751 1.608 0.628

VTE >1 year before PC dg 0.870 0.472 1.604 0.655

VTE ≤1 year before PC dg 1.902 0.589 6.145 0.283

VTE after PC dg 2.571 1.791 3.691 <0.001

Chemo- and/or radiation therapyc

0–12 months 0.491 0.295 0.818 0.006

>12 months 1.042 0.7622 1.423 0.798

(B) Palliative treatment

Age 1.026 1.023 1.030 <0.001

Sex (female)b 0.900 0.843 0.962 0.002

CCI 1 1.038 0.953 1.131 0.397

CCI 2 1.028 0.934 1.131 0.572

CCI 3+ 1.239 1.130 1.358 <0.001

VTE >1 year before PC dg 1.061 0.905 1.242 0.467

VTE ≤1 year before PC dg 1.857 1.576 2.188 <0.001

VTE after PC dg 2.111 1.875 2.377 <0.001

Chemo- and/or radiation therapyc

0–12 months 0.633 0.578 0.693 <0.001

>12 months 0.863 0.726 1.025 0.092
aOne radical-intent surgery patient who underwent oncological treatment for pancreatic cancer over 
1 year before the radical-intent surgery was excluded from the model. In addition, radical surgery patients 
who underwent oncological treatment only over 1 year after surgery were considered no chemotherapy 
or no radiation therapy in this model. Patients who had died at the start of the follow-up period were 
excluded from this model (n = 25 among the palliative treatment group).
bA minor deviance from the proportional hazard assumption for sex was ignored.
cThe time axis was split to account for deviances from the proportional hazard assumption. Chemo- and/
or radiation therapy and VTE following a pancreatic cancer diagnosis represent time-dependent variables.
Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence interval; dg, diagnosis; HR, hazard ratio; 
OS, overall survival; PC, pancreatic cancer; VTE, venous thromboembolism.

T A B L E  3   Multivariable analysis 
of the risk of death among pancreatic 
cancer patients considering venous 
thromboembolic events at three different 
time intervals: Over 1 year before, within 
1 year before, and following a pancreatic 
cancer diagnosis. (A) Radical-intent 
surgery (n = 342). (B) Palliative treatment 
(n = 3718)a.
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other cancers. In a recent retrospective Finnish single-
center study from Turku University Hospital, the rate of 
VTE among PC patients in that catchment population 
during 2005–2013 was 5.5%.11 In the French, prospective, 
multicenter study among newly diagnosed PC patients at 
all stages of disease, at 6 months and 1 year, respectively, 
the cumulative rates of VTE were 13% and 20%.2 In a 
Korean population-based study, 2-year cumulative VTE in-
cidence among PC patients was 9.2%.5 Reported VTE rates 
among PC patients vary widely for many reasons, includ-
ing differences in the study population, follow-up, the defi-
nition of VTE, diagnostic techniques as well as data source 
integrity.26 Moreover, it is essential to acknowledge the sta-
tistical method used to estimate cumulative incidence.27 
Furthermore, a recent review and meta-analysis concluded 
that the study objectives may impact the incidence of VTE 

given that the rate of VTEs in PC chemotherapy trials is 
lower than in thromboprophylaxis trials.28 The pooled rate 
of PC-associated VTE in chemotherapy studies was 5.9%, 
climbing to 16.5% in thromboprophylaxis studies.

Among patients undergoing RIS, both surgery and 
chemotherapy were previously reported risk factors for 
VTE.29,30 Thus, the perioperative period is of special inter-
est. In our data, postoperative VTE incidence at 3 months 
following surgery stood at 2.0%. A recent meta-analysis re-
ported that the estimated four-week postoperative risk of 
symptomatic VTE without thromboprophylaxis was 6.2% 
following an open pancreatoduodenectomy for benign 
and malignant indications; yet, that estimate was deemed 
to have a low level of certainty.29 A US prospective single-
center study found that among pancreatic adenocarcinoma 
patients undergoing either curative or palliative surgery 

F I G U R E  3   The Simon–Makuch 
figures illustrating the impact of venous 
thromboembolism after a diagnosis of 
pancreatic cancer on overall survival 
among (A) radical-intent surgery (n = 342) 
and (B) palliative treatment (n = 3718) 
patients. VTE was used as a time-
dependent variable.
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exhibited a 12% postoperative cumulative incidence of 
VTE at 3 months following surgery despite thrombopro-
phylaxis lasting for 21 days post-operatively.30 While the 
specific stage distribution was not reported, 9% had meta-
static disease and the pre-operative chemotherapy rate of 
14.5% was similar to our data.

The role of neoadjuvant treatment on the risk of VTE 
has received increasing attention in recent years. In our 
data, we found no statistical difference in the VTE inci-
dence among RIS patients undergoing neoadjuvant or 
adjuvant therapy alone. In a single-center prospective US 
study, 10% of patients undergoing neoadjuvant treatment 
for resectable or borderline resectable PC experienced a 
VTE during neoadjuvant chemotherapy.31 VTE associated 
with the impaired completion of therapy as well as a worse 
OS. In a recent Finnish retrospective single-center study, 
neoadjuvant treatment was identified as an independent 
VTE risk factor.32 In their study, neoadjuvant treatment 
associated with an increased VTE incidence up to 2 years 
following surgery, and a HR of 1.61 for VTE compared 
with upfront surgery. Furthermore, a majority of VTEs 
(n = 58/87) followed disease recurrence and VTE was in-
frequent among patients who had no disease recurrence. 
Similarly, we found that a significant proportion of RIS 
patients developed a VTE as time passed. This can be rea-
sonably attributed to the recurrence of PC, as reflected by 
the poor prognosis among patients. Similar to other stud-
ies, PC recurrence has been associated with an increased 
VTE risk.24

Among the PT group, VTEs within 1 year before a PC 
diagnosis were prevalent and associated with a 1.9-fold 
risk of death. Furthermore, the absence of these VTEs 
among the RIS group casts doubt on whether VTE may 
have facilitated the earlier detection of PC among the PT 
group, resulting in improved survival outcomes. VTE has 
been reported to be associated with poorer overall and 
disease-specific survival among advanced PC patients, es-
pecially if VTE is detected early after diagnosis.7,15 In our 
data, the occurrence of VTE following a PC diagnosis as-
sociated with a HR of 2.1 for death among the PT group. 
However, VTE was rarely the cause of death. In agreement 
with the findings of Riedl et al., a diminished survival can-
not be attributed to direct VTE-related effects, but instead 
to an aggressive cancer pathology coupled with a hyper-
coagulable state.24 The presence of metastatic disease is a 
major risk factor for VTE in patients with PC.8 In several 
retrospective cohort studies, the incidence of VTE among 
advanced PC patients undergoing palliative chemother-
apy was high, ranging from 20% to 26%.9,12,24,33 Patients 
diagnosed with VTE around the initiation of chemother-
apy appear to experience a worse prognosis as well as a 
poor response to chemotherapy.12,33 However, in a recent 
singe-center retrospective Japanese study, unresectable 

metastatic pancreatic adenocarcinoma patients with VTE 
had similar response rates for first-line gemcitabine plus 
nab-paclitaxel combination chemotherapy, but the rate of 
second-line chemotherapy was lower in the VTE group.7

The abysmal prognosis of advanced PC highlights the 
crucial need for early detection methods. The association 
between new-onset diabetes mellitus and PC is well rec-
ognized, however, the absolute risk of PC among new-
onset diabetes patients is low (0.85% during a three-year 
follow-up).34–36 A model based on weight loss, blood glu-
cose, and age at the onset of diabetes has been suggested 
to identify new-onset diabetic individuals at risk of devel-
oping PC.37 Incorporating of venous thromboembolism in 
a screening tool has not been reported. The detection of 
altered thrombo-inflammatory mechanisms might con-
tribute to the diagnosis of early-stage PC and be used in 
combination with other factors to create a feasible and 
cost-effective screening protocol.38–43

We observed a high prevalence of comorbidities 
among both PT and RIS patient groups. The most nota-
ble among these were cardiovascular diseases, chronic 
pulmonary disease, diabetes, and a history of other 
malignancies. Interestingly, none of the comorbidities 
analyzed were significantly more prevalent among pa-
tients with a PC-associated VTE (Table S1). In the litera-
ture, obesity and cardiovascular diseases, encompassing 
atrial fibrillation/flutter, hypertension, cerebrovascular 
disease, and congestive heart failure, have been docu-
mented as factors associated with VTEs among hospital-
ized cancer patients.11

The strengths of this study are the large nationwide 
cohort and the high quality of nationwide Finnish regis-
ters.44,45 The limitations include the secondary nature of 
register data more generally. The use of anticoagulation 
or other medications is not included. In addition, CCI ad-
dresses only some comorbidities. Moreover, the register 
data may not provide a comprehensive overview of a pa-
tient's chronic conditions. While a histology was obtained 
for all patients who underwent RIS, the report remained 
unknown in a substantial proportion of PT patients. The 
Finnish Cancer Register does not include cancer staging 
corresponding to the AJCC/UICC TNM staging. Thus, 
surgical treatment was selected to categorize prognostic 
groups. There is a possibility of missing data on VTEs 
since diagnosing and documentation of VTEs in clinical 
settings might not be as efficient as desired. Furthermore, 
the rate at which patients underwent oncological treat-
ments remained low. A possible explanation lies in the 
incomplete recording of subsidiary diagnoses and sec-
ondary operations, especially related to outpatient vis-
its.44 Additionally, it was impossible to determine whether 
VTEs were incidental or symptomatic. Clinical and lab-
oratory variables necessary for calculating the Khorana 
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score were unavailable.3 Also, other laboratory data, such 
as carbohydrate antigen 19–9 or D-dimer levels, were 
unavailable.

VTE manifests as a frequent comorbidity among PC 
patients, bearing remarkable prognostic significance. VTE 
may provide an important diagnostic hint for detecting PC 
at an earlier stage. A better understanding of the pathways 
and biomarkers associated with an increased VTE risk 
may lead to earlier diagnosis and the development of new 
therapies for PC.
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