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Highlights 

 Risk of cancer-associated thrombosis in Denmark increased during 2006-2017 

 Mortality after cancer-associated thrombosis has decreased in the same period 

 The mortality reduction was observed across cancer types, stages, and treatment 

 

 

ABSTRACT 

PURPOSE: The incidence of cancer-associated venous thrombosis has increased, but whether 

short-term mortality after cancer-associated thrombosis has changed remains uncertain. We 

investigated whether the increasing incidence of venous thromboembolism in cancer patients is 

associated with a change in mortality. 

METHODS: We used administrative medical registries to identify a cohort of all Danish patients 

diagnosed with a first primary cancer from 2006 to 2017. We examined temporal changes in one-

year risks of cancer-associated thrombosis and in mortality risks at 30 days and 1 year after cancer-

associated thrombosis. Cox regression was used to assess changes in mortality rate ratios over time.  

RESULTS: We included 350,272 cancer patients (median age 68 years, 49.1% female), of whom 

8167 developed cancer-associated thrombosis within one year after cancer diagnosis. The 

cumulative 1-year risk of cancer-associated thrombosis was 1.8% in 2006-2008, increasing to 

2.8% for patients diagnosed in 2015-2017. The 30-day mortality after cancer-associated 

                  



thrombosis declined from 15.1% in 2006-2008 to 12.7% in 2015-2017, and the 1-year 

mortality decreased from 52.4% to 45.8%, equivalent to a hazard ratio=0.83 (95% CI: 0.75- 

0.90). This pattern of declining one-year mortality was consistent for patients with pulmonary 

embolism, hazard ratio=0.79 (95% CI: 0.69- 0.90) and deep venous thrombosis, hazard ratio=0.76 

(95% CI: 0.67- 0.87). Lower mortality over time was evident across all strata of cancer stage, 

cancer type, and cancer treatment. 

CONCLUSIONS: The 1-year risk of cancer-associated thrombosis after a first primary cancer 

diagnosis in Denmark increased during 2006-2017. This increase was accompanied by declining 

mortality. 

 

INTRODUCTION 

Venous thromboembolism is a frequent and serious complication of cancer, associated with 

frequent recurrence, premature mortality, poorer cancer prognosis and long-term patient distress [1–

4]. The prothrombotic state of cancer is multifactorial but primarily driven by the direct release of 

tumour related procoagulants. The risk varies according to cancer primary and is further 

exacerbated by immobility, disease progression,  surgery, venous catheters and systemic anti-cancer 

therapies [5,6]. 

The risk of cancer-associated thrombosis will vary according to disease status, treatments and other 

associated comorbidities which may or may not be cancer related [7–11]. The incidence of cancer-

associated thrombosis has been increasing over time [12–14]. This is largely a reflection of the 

changing natural history of cancer following the progression of anticancer therapies, which has 

facilitated the treatment of patients longer through metastatic disease and progressive age. Other 

reasons for this increase may include patients living with an increasing burden of comorbidities, 

vascular effects of newer cancer-targeted therapies [15], suboptimal use of thromboprophylaxis 

                  



[16], and improvement in cancer survival [16–18]. More frequent use of computed tomography 

chest scans may also increase the number of incidentally diagnosed pulmonary embolisms cases 

[12,19]. Hence, the characteristics of cancer patients presenting with venous thromboembolism are 

evolving, but whether this is accompanied by a change in mortality following cancer-associated 

venous thromboembolism remains uncertain. 

We performed a nationwide Danish cohort to examine time trends after 2006 in changes in 1-year 

incidence of cancer-associated thrombosis and changes in subsequent 30-day and 1-year mortality 

after cancer-associated thrombosis.  

 

MATERIALS AND METHODS 

 

We used a prospective nationwide cohort, design including all patients with a first-time, primary 

cancer in Denmark during 2006-2017. Through linkage of nationwide health registries, we collected 

individual-level information about cancer characteristics, anticancer treatments, diagnoses of 

venous thromboembolism, comorbidities, and vital status. This design allowed us to follow all 

Danish cancer patients for venous thromboembolism and subsequently to follow patients with 

cancer and venous thromboembolism to assess mortality.   

 

Setting and data sources 

The Danish National Health Service is tax-supported and provides health care to all residents free of 

additional charge [20]. Nationwide registries track vital status, hospital diagnoses, and procedures 

for the entire population, allowing for continuous population surveillance. Data can be linked 

accurately among the registries using the unique civil registration number assigned to all Danish 

residents at birth or upon immigration, which is recorded in the registries during each encounter. 

                  



The Danish Cancer Registry maintains compulsory information on all incident cancers diagnosed in 

Denmark since 1943, including morphology and stage at diagnosis [21]. The Danish National 

Patient Registry has recorded all inpatient hospitalizations in Denmark since 1977 and all outpatient 

and emergency department visits since 1995 [22]. The Danish National Prescription Database 

contains information on utilization of reimbursed prescriptions from pharmacies since 1995 [23]. 

Migration and vital status are tracked by the Civil Registration System since 1968 [24].  

 

Cancer cohort 

We established a cancer cohort including all patients ≥18 years of age at date of first-time incident 

cancer diagnosis recorded in the Danish Cancer Registry during 2006-2017. Non-melanoma skin 

cancer was not included. We excluded all patients diagnosed with a primary or secondary inpatient 

or outpatient diagnosis of pulmonary embolism or deep venous thrombosis, splanchnic thrombosis 

and cerebral venous thrombosis recorded in the Danish National Patient Registry within six months 

prior or on the same date as the cancer diagnosis.  

We included information on patient birth year, sex, cancer diagnosis year, cancer type, stage, and 

comorbidity defined with the Charlson Comorbidity Index [25], and diagnoses of obesity and 

alcohol-related disorders. Cancer treatment recorded in the Danish National Patient Registry within 

four months after cancer diagnosis included surgery, chemotherapy, radiotherapy, endocrine 

therapy, immune-based, protein kinase inhibitors, and other targeted therapies.  

 

Follow-up for cancer associated thrombosis 

Follow-up began on the date of cancer diagnosis and continued for one year until the first diagnosis 

of venous thromboembolism, death, emigration, or censoring on December 31, 2018, whichever 

came first. Outcomes were cancer-associated venous thromboembolism, and deep venous 

                  



thrombosis and pulmonary embolism as separate endpoints. Occurrence of cancer-associated 

thrombosis was defined by both primary and secondary inpatient or outpatient diagnoses. 

Emergency diagnoses were not considered due to a documented low positive predictive value of 

31% [26]. If a patient had a diagnosis of both pulmonary embolism and deep venous thrombosis, 

preference was given to the pulmonary embolism diagnosis.  

Cancer-associated thrombosis cohort and follow-up for mortality 

Cancer patients who developed venous thromboembolism within one year after the cancer diagnosis 

were included in the cancer-associated thrombosis cohort. We collected information on any 

anticancer treatments received within 4 months before diagnosis of venous thromboembolism. 

Follow-up began on the date of diagnosis of the venous thromboembolic event, and the vital status 

of all patients in the cancer-associated thrombosis cohort was followed until death, migration, or 31 

December 2019, whichever came first. 

 

Statistical analysis 

We used summary statistics to describe baseline characteristics of the cancer cohort and the cancer-

associated thrombosis cohort. Patient inclusion in each cohort was stratified in four periods (2006-

2008, 2009-2011, 2012-2014, and 2015-2017), which were applied as study exposure. Discrete 

variables are expressed as proportions; continuous variables are expressed as medians and 

interquartile range for each study period.  

For the cancer cohort, we then estimated the 1-year risks of cancer-associated thrombosis in each 

study period using the Aalen-Johansen estimator, assuming death as a competing risk. 

Next, we assessed changes in 1-year mortality over time in the cancer-associated thrombosis cohort. 

We computed Kaplan-Meier curves for survival up to 1 year and calculated 30-day and 1-year 

mortality risks for venous thromboembolism, pulmonary embolism and deep venous thrombosis by 

                  



study period. Cox proportional hazards regression was used to measure changes in 1-year hazard 

rate ratios for mortality over time using 2006-2008 as the reference period. Analyses were adjusted 

for age, sex, Charlson comorbidity index score, obesity, and alcohol-related comorbidities. Since 

changes in prognosis may differ according to cancer stage, type, and treatment, we repeated the 

analyses within strata of cancer type, cancer stage, and receipt of chemotherapy within four months 

before the diagnosis of cancer-associated thrombosis. To increase the positive predictive value of 

the diagnoses, we conducted sensitivity analyses restricted to patients with a chest computed 

tomography scan or ultrasound of the leg recorded within 2 weeks before or 10 days after cancer-

associated thrombosis diagnosis. 

 

Analyses were conducted using SAS software version 9.4 (SAS Institute, Cary, NC, USA) and 

Stata MP version 16 (StataCorp, College Station, TX, USA). 

 

Ethics 

The study was conducted in compliance with the General Data Protection Regulation Article 30, 

recorded at Aalborg University Hospital and Aalborg University (record no:  2017-509-00006). 

Danish law does not require ethical approval or informed consent from patients in studies based on 

routinely collected registry data. The analyzed data were provided by the Danish Health Data 

Authority. 

  

                  



RESULTS 

We identified 355,756 patients with incident cancer during 2006-2017. After exclusion of 

patients aged <18 years (N=1814), and patients with record of venous thrombosis in the six 

months before or on cancer diagnosis (N=3670), the final cancer cohort included 350,272 

cancer patients. 

 

Trends in baseline characteristics of the cancer cohort 

Table 1 summarizes the baseline characteristics of the cancer cohort across study periods. The 

median age increased from 67.0 years (IQR: 59.0, 76.0 years) in 2006-2008 to 69.0 years 

(IQR: 59.0, 76.0 years) in 2015-2017, mainly driven by an increase in patients aged 70-79 

years, whereas the proportion of patients aged 80 years and older declined. The distribution of 

cancer types remained relatively stable over time, whereas the proportion with distant cancer at 

diagnosis decreased from 19.5% in 2006-2008 to 10.9% in 2015-2017. Concurrently, the 

proportion of patients receiving targeted therapy increased. The comorbidity burden as defined 

by the Charlson Comorbidity Index increased slightly over time; in 2006-2008, 62.7% had no 

recorded comorbidity versus 60.2% in 2015-2017.  

Trends in incidence and characteristics of cancer-associated thrombosis 

In total, 8167 patients were diagnosed with cancer-associated thrombosis (4191 with 

pulmonary embolism and 3976 with deep venous thrombosis, and 819 with both deep venous 

thrombosis and pulmonary embolism) during the first year after cancer diagnosis. Figure 1 

displays the one-year cumulative incidence of cancer-associated thrombosis, pulmonary 

embolism, and deep venous thrombosis, by study period. As shown, the cumulative incidence 

was progressively higher in each successive study period; the 1-year cumulative risk of cancer-

associated thromboembolism risk was 1.8% for patients with a cancer diagnosis in 2006-2008 

                  



versus 2.8% for those diagnosed in 2015—2017. This risk increase occurred predominantly for 

pulmonary embolism, which rose from 0.7% to 1.6%, while the one-year risk of deep venous 

thromboembolism over time was essentially unchanged (from 1.1% in 2006-2008 to 1.2% in 

2015-2017) (Figure 1). 

The characteristics of patients with cancer-associated thrombosis changed over time (Table 2). The 

median age at cancer-associated thrombosis diagnosis increased from 67 years in 2006-2008 to 70 

years in 2015-2017, whereas the proportion of females declined from 48.1% to 45.5%. 

Concurrently, the proportion of patients with no comorbidities defined with the Charlson 

Comorbidity Index decreased from 58.5% to 53.2%.  

Trends in mortality after cancer-associated thrombosis 

The overall mortality risk after cancer associated thrombosis was 13.6% at 30 days and 48.3% at 

one year. For those with pulmonary embolism the corresponding risks were 16.8% and 52.2%, 

respectively, and 10.4% and 44.2% for deep venous thrombosis. Both 30-day and 1-year mortality 

declined over time. For patients with cancer-associated thrombosis, the 30-day mortality declined 

from 15.1% in 2006-2008 to 12.7% in 2015-2017, whereas 1-year mortality declined from 52.4% to 

45.8%. Similar patterns of declining mortality risks were observed for pulmonary embolism and 

deep venous thrombosis separately (Figure 2). The hazard ratios for 1-year mortality comparing the 

years 2015-2017 with 2006-2008 after adjustment for sex, age, and comorbidity were 0.83 (95% CI: 

0.75- 0.90) after cancer-associated thrombosis, 0.79 (95% CI: 0.69- 0.90) after pulmonary 

embolism, and 0.76 (95% CI: 0.67- 0.87) after deep venous thrombosis. The adjusted hazard ratios 

for 1-year mortality declined over time across all strata of cancer stage, cancer type, and cancer 

treatment when compared with 2006-2008 (Figure 3).  

 

 

                  



Sensitivity analyses 

The cumulative incidence of cancer-associated thrombosis was lower when restricting to imaging 

confirmed cases; the incidence increased from 1.2% in 2006-2006 to 1.9% in 2015- 2017 (from 

0.4% to 1.2% for pulmonary embolism, and 0.8% to 0.7% for deep venous thrombosis) 

(Supplementary Figure 1). The number of patients with an imaging examination nearly doubled 

from 942 patients in 2006-2008 to 1748 in 2005-2018, but descriptive characteristics were similar 

for the patients with imaging verified cancer-associated thromboembolism (data not shown). The 

subsequent 30-day mortality was 13.2% in 2006-2008 and 13.5% in 2015-2017, whereas 1-year 

mortality declined from 53.1% in 2006-2008 to 49.4% in 2016-2018, hazard ratio=0.92 (95% CI: 

0.82- 1.03) (Supplemental Figure 2 and 3). For imaging-verified pulmonary embolism, 1-year 

mortality declined from 59.0% to 53.8%, hazard ratio= 0.87 (05% CI: 0.74- 1.04); for deep venous 

thrombosis mortality declined from 50.4% to 42.0%, hazard ratio= 0.79 (95% CI: 0.67- 0.93). 

 

DISCUSSION 

Cancer-associated thrombosis is a serious complication among cancer patients and often considered 

the harbinger of poor prognosis. This nationwide cohort study provided insights into temporal 

changes in cancer-associated venous thrombosis in Denmark. The 1-year risk of cancer-associated 

thrombosis after first primary cancer diagnosis increased during 2006-2017. This increase was 

predominantly driven by increasing risks of pulmonary embolism over time, whereas risks of deep 

venous thrombosis remained relatively stable. At the same time, the 30-day and 1-year mortality 

after cancer-associated thrombosis declined over time. These improvements in prognosis were 

observed for both pulmonary embolism and deep venous thrombosis, and across cancer types, 

cancer stages, and cancer treatments.  

                  



 

Previous studies have established a trend toward higher incidence of venous thromboembolism in 

both the general population [27,28], and among cancer patients [12–14]. Our results extend these 

observations by showing a simultaneous decline in mortality following cancer-associated 

thrombosis. These findings may have several explanations. Similar to previous studies [12], we 

demonstrated the largest incidence increase for pulmonary embolism. Increasing use of imaging 

procedures for monitoring response to cancer treatment is likely to partially explain the observed 

time-trends in incidence of venous thromboembolism [29]. Indeed, we mainly observed a rise in 

incidence of pulmonary embolism and not deep vein thrombosis. If a ‘true’ rise in incidence of 

venous thrombosis had emerged over time, we would expect this to be reflected in a rise in 

incidence of both pulmonary embolism and deep vein thrombosis. Hence, our observations may 

merely reflect a time-trend in diagnosed venous thrombotic events and not necessarily a trend in 

actual incidence. Nonetheless, increasing use of more targeted cancer-therapies may have 

contributed to more incident venous thrombotic events [30]. 

Incidental pulmonary embolism without accompanying symptoms has been associated with much 

low 30-day mortality (3%). In contrast, the mortality rate was much higher among patient diagnosed 

due to symptoms (21% mortality) and among patients with incidental pulmonary embolism who in 

retrospect reported symptoms (20% mortality) [31]. 

The intensification of cancer therapy, new drugs, dosages, and routes of administration has changed 

over the years. Some new cancer chemotherapy drugs have thrombogenic effects on the hemostatic 

system [15] but improve cancer survival. Oral anticoagulation as primary venous thromboembolism 

prevention has been suggested in Danish guidelines since 2017 and is rarely used [16].  

We demonstrated a reduction in mortality during the study period for all patient subgroups, 

including those who received chemotherapy up to four months prior to the diagnosis of venous 

                  



thrombosis and those with metastatic cancer. These findings may reflect improvements in overall 

supportive care for cancer patients. Nonetheless, mortality after cancer-associated venous 

thromboembolism remains high. It is the second leading cause of death after the cancer itself 

[32,33]. 

Strengths and limitations 

Our study has several strengths. We used nationwide administrative and medical registries covering 

the entire Danish population. Data in the Danish Cancer Registry are nearly complete and valid due 

to compulsory reporting of malignancies except for non-melanoma skin cancer. Most tumors are 

histologically confirmed since 2009 [21]. All Danish hospitals and hospital clinics report data on 

diagnoses including venous thromboembolism the Danish National Patient Registry [22]. The 

positive predictive value of venous thromboembolism in the Danish National Patient Registry 

overall has been shown to be more than 90% in conjunction with an imaging procedure [26,34]. 

Follow-up of all study participants was virtually complete, as patients were identified using 

comprehensive hospital-based registries in a healthcare system providing free access to health care, 

and patients could be tracked easily through the Civil Registration System [22,24].  

Our study also has limitations. We were unable to control for several risk factors such as body mass 

index, lifestyle factors, and use of central venous catheters. Autopsy studies have indicated that 

clinicians may underdiagnose pulmonary embolism as a cause of death [35,36]. Deaths due to 

undiagnosed cancer-associated thrombosis may have led to underestimating the incidence of 

cancer-associated thrombosis and associated mortality. Our results may not be generalizable to 

other countries with different health care systems. Direct oral anticoagulants are increasingly used 

as first line treatment for cancer-associated thrombosis and this may also impact survival. 

 

 

                  



Conclusion 

This nationwide study provides an overview of the temporal changes in the incidence and prognosis 

of cancer-associated venous thrombosis. We found an increasing incidence of cancer-associated 

thrombosis, especially pulmonary embolism, in Denmark from 2006 through 2017. Concurrently, 

mortality after incident cancer-associated venous thrombosis remains high but has declined over 

time, across venous thrombosis subtypes, cancer type, stage, and treatment modalities. Most 

importantly for clinicians, cancer associated thrombosis is a problem that is not going away, but 

rather is on the increase. These data support the assertion that the prevention, early detection and 

timely treatment of cancer associated thrombosis remains a clinical priority for those involved in 

cancer or thrombosis care. 
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Figure 1. Cumulative incidence for venous thromboembolism, pulmonary embolism 

and deep venous thrombosis after cancer diagnosis, stratified by study period. 

  

                  



 

Figure 2. Cumulative 1-year mortality risk after venous thromboembolism, 

pulmonary embolism and deep venous thrombosis by year of cancer diagnosis. 

  

                  



 

Figure 3. Temporal changes in 1-year mortality after cancer-associated 

thromboembolism, pulmonary embolism and deep venous thromboembolism.  

  

                  



 

 

 

2006-2008 2009-2011 2012-2014 2015-2017 

Number 80915 87255 89545 92557 

Median follow-up, days (IQR) 365.0 (274, 365) 365.0 (365, 365) 365.0 (365, 365) 365 (365, 365) 

Females 49.3 (39872) 49.9 (43528) 48.7 (43586) 48.5 (44911) 

Median age, years (IQR) 67.0 (59.0-76.0) 67.0 (59.0-76.0) 68.0 (59.0-76.0) 69.0 (59.0-76.0) 

Age group, years      

18-39 4.2 (3365) 4.1 (3619) 4.0 (3591) 3.9 (3582) 

40-49 6.8 (5538) 6.8 (5928) 6.8 (6079) 6.5 (5971) 

50-59 15.6 (12614) 15.5 (13485) 14.9 (13314) 15.1 (14009) 

60-69 29.7 (24004) 31.5 (27495) 30.3 (27117) 28.1 (25978) 

70-79 26.6 (21519) 26.2 (22855) 28.0 (25060) 30.7 (28415) 

80-89 15.0 (12126) 13.9 (12127) 13.9 (12422) 13.7 (12684) 

90+ 2.2 (1749) 2.0 (1746) 2.2 (1962) 2.1 (1918) 

Cancer type     

Gastrointestinal 21.2 (17125) 20.3 (17711) 21.7 (19441) 22.9 (21151) 

Lung, oral and oropharyngeal 

cancer 

14.7 (11891) 13.9 (12150) 13.7 (12290) 13.2 (12220) 

Other type 64.1 (5189) 65.8 (57394) 64.6 (57814 63.9 (59186) 

Cancer stage, solid tumors*     

Localized 29.9 (24184) 32.5 (28326) 31.5 (28226) 32.2 (29790) 

Regional 13.7 (11050) 13.4 (11661) 11.6 (10370) 10.9 (10128) 

Distant 19.5 (15799) 13.6 (11856) 10.9 (9746) 10.1 (9345) 

Missing/unknown 29.5 (23886) 33.2 (28978) 38.0 (34057) 38.5 (35626) 

Cancer treatment**     

Surgery 62.2 (50342) 68.6 (59871) 74.6 (66768) 79.5 (73580) 

Chemotherapy 27.5 (22217) 30.6 (26666) 32.4 (29029) 31.7 (29301) 

Radiotherapy 18.6 (15034) 20.9 (18252) 20.2 (18105) 19.5 (18009) 

Endocrine therapy 6.1 (4941) 8.4 (7291) 9.6 (8560) 10.0 (9258) 

Immunotherapy 2.3 (1901) 4.4 (3877) 5.9 (5321) 5.3 (4908) 

Protein kinase inhibitors 0.0 (0) 0.3 (256) 1.0 (882) 1.1 (985) 

Other targeted treatment 1.1 (867) 1.3 (1128) 1.4 (1259) 1.3 (1212) 

Charlson comorbidity index 

score 

    

0  62.7 (50705) 62.4 (54412) 60.8 (54404) 60.2 (55757) 

1  21.2 (17193) 20.9 (18219) 21.5 (19273) 21.6 (19965) 

2+ 16.1 (13017) 16.8 (14624) 17.7 (15868) 18.2 (16835) 

Specific comorbidities     

Myocardial infarction 5.7 (4635) 5.7 (4947) 5.4 (4840) 5.3 (4875) 

Congestive heart failure 4.7 (3834) 4.4 (3806) 4.5 (4009) 4.4 (4065) 

Peripheral vascular disease 5.6 (4553) 5.8 (5077) 6.5 (5813) 6.7 (6208) 

Cerebrovascular disease 9.2 (7436) 9.3 (8157) 10.0 (8933) 10.0 (9216) 

Dementia 1.8 (1442) 1.6 (1395) 1.4 (1265) 1.3 (1229) 

Chronic pulmonary disease 10.1 (8137) 10.5 (9129) 11.2 (10018) 11.6 (10731) 

Connective tissue disease 3.6 (2902) 3.7 (3265) 4.0 (3574) 4.3 (4023) 

Ulcer disease 6.0 (4858) 5.5 (4795) 5.2 (4678) 4.9 (4492) 

Mild liver disease 1.9 (1509) 2.0 (1731) 2.1 (1921) 2.3 (2088) 

Diabetes 6.7 (5445) 7.4 (6449) 8.3 (7451) 8.6 (7964) 

Hemiplegia 0.3 (210) 0.3 (228) 0.3 (256) 0.3 (266) 

Moderate to severe renal 

disease 

2.4 (1908) 2.7 (2399) 3.3 (2979) 3.7 (3440) 

Diabetes with end organ 

damage 

3.1 (2535) 3.5 (3016) 3.7 (3320) 3.7 (3436) 

Moderate to severe liver 

disease 

0.6 (498) 0.7 (649) 0.7 (670) 0.8 (718) 

                  



Obesity 3.0 (2414) 4.0 (3514) 5.7 (5091) 6.6 (6148) 

Alcohol-related diseases 3.7 (3033) 4.2 (3678) 4.7 (4203) 4.8 (4448) 

Atrial fibrillation 

 

6.9 (5584) 7.3 (6386) 8.2 (7356) 8.9 (8233) 

Valvular disease 0.6 (497) 0.7 (576) 0.8 (716) 0.9 (842) 

Medication in the past year     

Vitamin K antagonists 4.9 (3963) 5.1 (4408) 5.3 (4764) 4.8 (4454) 

Direct oral anticoagulants 0.0 (0) 0.1 (121) 1.6 (1473) 3.8 (3535) 

Aspirin 22.8 (18430) 23.5 (20509) 21.5 (19291) 17.6 (16315) 

Platelet inhibitors     

Lipid-lowering drugs 20.2 (16327) 27.0 (23558) 29.3 (26268) 30.2 (27968) 

Data are percentages (number) unless otherwise indicated. 

*Proportions calculated for patients with solid tumors. 

**Within four months after cancer diagnosis  

Table 1. Descriptive characteristics of cancer patients stratified by study period. 
  

                  



 2006-2008 2009-2011 2012-2014 2015-2017 

Number 1474 1843 2301 2549 

Median follow-up, days (IQR) 365.0 (222-365) 365.0 (223-365) 365.0 (237-365) 365.0 (253-365) 

Females 48.1 (709) 48.6 (896) 46.2 (1063) 45.5 (1159) 

Median age, years (IQR) 67.0 (60.0-75.0) 68.0 (61.0-75.0) 68.0 (61.0-75.0) 70.0 (62.0-76.0) 

Age group, years     

18-39 2.8 (41) 2.0 (37) 1.9 (43) 1.9 (49) 

40-49 6.5 (96) 6.6 (122) 5.7 (131) 4.8 (123) 

50-59 16.4 (242) 15.2 (281) 14.7 (339) 13.4 (342) 

60-69 34.0 (501) 34.2 (631) 33.5 (771) 31.3 (797) 

70-79 27.9 (411) 30.4 (561) 31.1 (716) 34.4 (878) 

80-89 11.4 (168) 10.4 (192) 11.6 (267) 12.6 (321) 

90+ 1.0 (15) 1.0 (19) 1.5 (34) 1.5 (39) 

Cancer type     

Gastrointestinal 29.2 (431) 33.0 (609) 32.1 (738) 35.0 (893) 

Lung, oral and oropharyngeal cancer 19.2 (283) 20.9 (385) 21.5 (495) 18.7 (476) 

Other type 51.6 (760) 46.1 (849) 46.4 (1068) 46.3 (1180) 

Cancer stage, solid tumors*     

Localized 19.2 (283) 18.8 (346) 17.9 (413) 18.0 (460) 

Regional 15.5 (229) 18.0 (332) 14.7 (339) 15.0 (383) 

Distant 32.4 (478) 24.5 (451) 19.3 (443) 20.2 (515) 

Missing/unknown 22.5 (331) 29.2 (539) 38.2 (880) 37.3 (952) 

Cancer treatment**     

Surgery 86.5 (1275) 87.3 (1609) 89.9 (2069) 90.9 (2316) 

Chemotherapy 53.5 (789) 60.1 (1108) 60.5 (1392) 58.4 (1488) 

Radiotherapy 24.4 (359) 25.2 (465) 26.2 (604) 23.2 (592) 

Endocrine therapy 6.9 (101) 7.4 (137) 6.5 (149) 8.2 (209) 

Immunotherapy 7.3 (108) 12.4 (229) 13.9 (320) 12.0 (306) 

Protein kinase inhibitors 0.0 (0) 1.4 (26) 3.3 (77) 2.1 (53) 

Other targeted treatment 1.4 (21) 1.6 (30) 1.8 (42) 1.5 (38) 

Charlson comorbidity index score     

0 58.5 (863) 56.6 (1043) 55.3 (1272) 53.2 (1357) 

1 22.5 (332) 25.1 (463) 22.3 (513) 24.0 (612) 

2+ 18.9 (279) 18.3 (337) 22.4 (516) 22.8 (580) 

Specific comorbidities     

Myocardial infarction 5.2 (77) 5.8 (106) 5.6 (130) 5.8 (148) 

Congestive heart failure 5.2 (77) 5.3 (97) 5.8 (133) 4.6 (117) 

Peripheral vascular disease 6.7 (99) 6.4 (118) 7.3 (169) 7.8 (200) 

Cerebrovascular disease 8.8 (129) 10.6 (196) 10.1 (232) 10.5 (267) 

Dementia 1.4 (21) 1.2 (23) 0.8 (19) 0.7 (19) 

Chronic pulmonary disease 12.3 (181) 12.4 (228) 14.0 (321) 14.9 (380) 

Connective tissue disease 4.2 (62) 4.4 (81) 3.8 (88) 5.5 (139) 

Ulcer disease 6.1 (90) 5.7 (105) 5.5 (126) 5.9 (150) 

                  



Mild liver disease 1.6 (23) 1.5 (27) 1.7 (39) 2.4 (60) 

Diabetes 8.1 (119) 9.9 (183) 11.5 (264) 10.9 (278) 

Hemiplegia - (<5) 0.3 (6) 0.6 (14) 0.5 (14) 

Moderate to severe renal disease 4.0 (59) 3.7 (68) 5.0 (115) 6.0 (152) 

Diabetes with end organ damage 3.3 (49) 3.4 (63) 5.0 (116) 3.6 (92) 

Moderate to severe liver disease 0.6 (9) 0.6 (11) 0.7 (17) 0.6 (15) 

Obesity 4.1 (61) 5.5 (102) 8.5 (196) 8.3 (211) 

Alcohol-related diseases 3.1 (46) 3.1 (58) 4.0 (92) 4.2 (106) 

Atrial fibrillation 

 

7.5 (110) 9.5 (176) 9.7 (223) 9.0 (229) 

Valvular disease 0.4 (6) 0.4 (8) 0.7 (16) 0.7 (19) 

Medication use within the past year     

Vitamin K antagonists 7.7 (113) 8.9 (164) 7.1 (163) 5.6 (143) 

Direct oral anticoagulants 0.0 (0) - (<5) 2.0 (47) 6.0 (154) 

Aspirin 22.0 (325) 24.1 (445) 21.5 (494) 17.8 (453) 

Platelet inhibitors     

Lipid-lowering drugs 19.8 (292) 25.8 (476) 31.0 (713) 29.1 (742) 

Data are percentages (number) unless otherwise indicated. 

*Proportions calculated for patients with solid tumors. 

**Within four months before cancer-associated thrombosis diagnosis. 

Table 2. Descriptive characteristics of 8167 cancer patients diagnosed with venous 

thromboembolism within one year after cancer diagnosis, stratified by study period. 

  

                  



SUPPLEMENTAL MATERIAL 

Obesity E66 

Alcohol related 

diseases 

E244 E529A F101 F102 F103 F104 F105 F106 F107 F108 F109 G312 G621 

G721 I426 K292 K70 K852 K860 T500A Z502 Z714 Z721 

Atrial fibrillation I48 

Mitral stenosis I05 

Mechanical heart 

valve 

Z952 Z953 Z954 

Venous 

thromboembolism 

I26 I801 I802 I803 I808 I809 I828 I829 I822 I823 O223 O229 O871 O879 

O882 

Pulmonary 

embolism 

I26 

Deep venous 

thrombosis 

I801 I802 I803 I808 I809 I829 I822 I823 

Other venous 

thrombosis 

I636 O225 I810 I820 K550H 

Surgery KA KB KC KD KE KF KG KH KJ KK KL KM KM KN KP KQ KX KY 

Chemotherapy BAHL BBHL BCHL BDHL BEHL BGHL BHHL BIHL BJHL BLHL BNHL 

BOHL BWHA1 BWHA2 BWHA3 ZWCC0 ML01A ML01B ML01C ML01D 

Radio therapy BAG BCG BDG BEG BGG BHG BIG BJG BLG BOG BWGC BWGE 

BWGG BWGJ BNGE BNGF KAAG50 

Immunotherapy BOHJ11 ML01XC10 BOHJ13 ML01XC03 ML01XC14 BOHJ14 ML01XC05 

ML01XC26 BOHJ17 BOHJ19B BOHJ19C BOHJ19D ML01XC11 BOHJ19E 

ML01XC12 BOHJ19F ML01XC25 BOHJ19G BOHJ19H1 BOHJ19H2 

BOHJ19H3 ML01XC13 BOHJ19H5 ML01XC15 BOHJ19H7 BOHJ19H8 

ML01XC24 BOHJ19H9 ML01XC23 BOHJ19JB BOHJ19K BOHJ19L 

ML01XC27 BOHJ3 BOHJ19B ML01XX44 BWHA407 ML01XE44 

BWHA407 ML01XE05 BWHB81 ML04AX02 BWHAB86 ML04AX06 

BOHJ19K1 ML01XC19 BOHJ19E1 ML01XC12 ML01XC09 ML01XC16 

ML01XC01 ML01XC05 ML01XC26 ML01XC22 BWHA437 ML01XX54 

ML01XC02 

Protein kinase 

inhibitors 

ML01XE ML01XX48 ML01XX61 ML01XX63 BWHA441 BWHA450 

BWHA449 BWHA448 BWHA447 BWHA446 BWHA444 BWHA442 

BWHA440 BWHA436 BWHHA434 BWHA431 BWHA430 BWHA429 

BWHA411 BWHA410 BWHA409 BWHA408 BWHA407 BWHA406 

BWHA405 BWHA404 BWHA401 BWHA428 BWHA426 BWHA427 

BWHA425 BWHA424 BWHA423 BWHA422 BWHA421 BWHA420 

                  



BWHA419 BWHA418 BWHA417 BWHA416 BWHA414 BWHA413 

BOHJ24 ML04AA18 

Other cancer 

treatment 

BWHA402 ML01XX32 BWHA439 ML01XX50 BWHA438 ML01XX52 

BWHA435 BWHA432 ML01XX45 BWHA415 ML01XX35 BWHA403 

BWHA443 ML01XX27 BWHA445 ML01XX42 BWHA433 ML01XX46 

BWHA412 ML01XX38 ZWCC4 BWHB10 ML03AC01 ML01XX22 

ML01XX49 ML01XC29 ML01XX25 ML01XX29 ML01XX59 ML01XX64 

ML01XX58 ML01XX62 ML01XX07 ML01XX16 ML01XX36 ML01XX40 

ML01XX57 ML01XX39 ML01XX55 ML01XX66 ML01XX67 ML01XX60 

ML01XX18 ML01XX14 ML01XX43 

Endocrine therapy BWHC BBHJ BHHK BJHK BWCC1 ML02BA ML02AB02 ML02BB 

ML02BX MM03CB02 ML02AA MG03AA MG03AB01 MG03AC05 

MG03FA08 MG03FB04 MG02AB01 MG03DA01 ML02AB03 ML02AE01 

Ultrasound of leg UXUG 

Chest CT UXCC 

Cancer C-chapter (except C44 non-melanoma skin cancer) 

Medication ATC 

Vitamin K 

antagonists 

B01AA03 B01AA04 

Direct oral 

anticoagulants 

B01AF02 B01AE07 B01AF01 B01AF03 

Lipid-lowering 

drugs 

C10 

Aspirin B01AC06 

 

Supplemental Table S1. Diagnostic codes and definitions. 
  

                  



 2006-2008 2009-2011 2012-2014 2015-2017 

Number 568 910 1252 1461 

Median follow-up, days (IQR) 365 (169-365) 365 (208-365) 365 (207-365) 365 (225-365) 

Females 47.7 (271) 49.6 (451) 45.4 (569) 46.2 (675) 

Median age, years (IQR) 68.0 (61.0-76.0) 69.0 (62.0-75.0) 69.0 (62.0-76.0) 70.0 (63.0-76.0) 

Age group, years     

18-39 1.9 (11) 0.9 (8) 1.6 (20) 1.4 (21) 

40-49 5.5 (31) 5.4 (49) 4.7 (59) 4.0 (59) 

50-59 14.3 (81) 13.3 (121) 13.3 (167) 12.6 (184) 

60-69 33.6 (191) 34.0 (309) 34.0 (426) 30.5 (445) 

70-79 31.2 (177) 35.5 (323) 32.1 (402) 36.3 (530) 

80-89 12.0 (68) 9.9 (90) 12.6 (158) 13.8 (202) 

90+ 1.6 (9) 1.1 (10) 1.6 (20) 1.4 (20) 

Cancer type     

Gastrointestinal 28.5 (162) 35.1 (319) 32.3 (405) 35.1 (513) 

Lung, oral and oropharyngeal 

cancer 

23.6 (134) 26.5 (241) 26.1 (327) 22.6 (330) 

Cancer stage, solid tumors* 47.9 (272) 38.5 (350) 41.5 (520) 42.3 (618) 

Localized 19.2 (109) 17.5 (159) 16.9 (212) 15.8 (231) 

Regional 15.3 (87) 18.6 (169) 15.4 (193) 14.8 (216) 

Distant 31.9 (181) 26.5 (241) 21.2 (266) 21.8 (318) 

Missing/unknown 22.5 (128) 30.9 (281) 38.0 (476) 38.9 (568) 

Cancer treatment     

Surgery 85.2 (484) 87.5 (796) 88.9 (1113) 90.1 (1316) 

Chemotherapy 53.7 (305) 61.1 (556) 61.4 (769) 59.3 (867) 

Radiotherapy 26.4 (150) 26.3 (239) 26.3 (329) 23.6 (345) 

Endocrine therapy 5.3 (30) 5.6 (51) 6.2 (77) 7.0 (102) 

Immunotherapy 10.0 (57) 12.7 (116) 13.8 (173) 12.3 (179) 

Protein kinase inhibitors 0.0 (0) 2.0 (18) 3.8 (48) 2.6 (38) 

Other targeted treatment 1.2 (7) 1.2 (11) 1.6 (20) 1.6 (24) 

Charlson comorbidity index 

score 

    

0 54.4 (309) 54.4 (495) 52.6 (658) 52.6 (768) 

1 25.2 (143) 26.7 (243) 24.0 (300) 24.3 (355) 

2+ 20.4 (116) 18.9 (172) 23.5 (294) 23.1 (338) 

Specific comorbidities     

Myocardial infarction 5.5 (31) 6.6 (60) 5.8 (72) 6.4 (93) 

Congestive heart failure 6.7 (38) 6.4 (58) 6.7 (84) 5.1 (74) 

Peripheral vascular disease 7.6 (43) 6.0 (55) 7.7 (96) 7.3 (106) 

Cerebrovascular disease 10.9 (62) 11.0 (100) 10.6 (133) 11.6 (170) 

Dementia 1.8 (10) 1.2 (11) 0.6 (7) 0.6 (9) 

Chronic pulmonary disease 13.9 (79) 15.3 (139) 16.0 (200) 16.0 (234) 

Connective tissue disease 4.2 (24) 4.6 (42) 4.2 (52) 5.3 (78) 

Ulcer disease 5.3 (30) 5.6 (51) 5.4 (68) 6.0 (87) 

                  



Mild liver disease 0.9 (5) 1.8 (16) 1.3 (16) 2.3 (34) 

Diabetes 8.8 (50) 9.7 (88) 12.3 (154) 9.9 (144) 

Hemiplegia - (<5) - (<5) 0.6 (7) 0.5 (8) 

Moderate to severe renal 

disease 

4.6 (26) 3.0 (27) 4.7 (59) 5.9 (86) 

Diabetes with end organ 

damage 

3.2 (18) 3.2 (29) 5.0 (63) 3.1 (45) 

Moderate to severe liver 

disease 

- (<5) - (<5) 0.7 (9) - (<5) 

Obesity 4.9 (28) 5.2 (47) 10.2 (128) 8.2 (120) 

Alcohol-related diseases 2.8 (16) 2.6 (24) 4.0 (50) 4.1 (60) 

Atrial fibrillation 

 

8.5 (48) 11.5 (105) 11.3 (141) 9.3 (136) 

Valvular disease 0.9 (5) 0.5 (5) 0.6 (8) 0.8 (11) 

Medication     

Vitamin K antagonists 6.2 (259) 6.2 (259) 6.2 (259) 6.2 (259) 

Direct oral anticoagulants 2.2 (92) 2.2 (92) 2.2 (92) 2.2 (92) 

Aspirin 22.3 (935) 22.3 (935) 22.3 (935) 22.3 (935) 

Platelet inhibitors     

Lipid-lowering drugs 28.8 (1207) 28.8 (1207) 28.8 (1207) 28.8 (1207) 

Data are percentages (number) unless otherwise indicated. 

*Within four months after cancer diagnosis  

 

Supplemental Table S2. Descriptive characteristics of patients with subsequent 

cancer-associated pulmonary embolism. 

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

 

 

 

 

 

 

  

                  



 2006-2008 2009-2011 2012-2014 2015-2017 

Number 906 933 1049 1088 

Median follow-up, days (IQR) 365 (257-365) 365 (248-365) 365.0 (273-365) 365 (310-365) 

Females 48.3 (438) 47.7 (445) 47.1 (494) 44.5 (484) 

Median age, years (IQR) 66.0 (59.0-74.0) 66.0 (58.0-74.0) 68.0 (60.0-74.0) 69.0 (61.0-74.0) 

Age group, years     

18-39 3.3 (30) 3.1 (29) 2.2 (23) 2.6 (28) 

40-49 7.2 (65) 7.8 (73) 6.9 (72) 5.9 (64) 

50-59 17.8 (161) 17.1 (160) 16.4 (172) 14.5 (158) 

60-69 34.2 (310) 34.5 (322) 32.9 (345) 32.4 (352) 

70-79 25.8 (234) 25.5 (238) 29.9 (314) 32.0 (348) 

80-89 11.0 (100) 10.9 (102) 10.4 (109) 10.9 (119) 

90+ 0.7 (6) 1.0 (9) 1.3 (14) 1.7 (19) 

Cancer type     

Gastrointestinal 29.7 (269) 31.1 (290) 31.7 (333) 34.9 (380) 

Lung, oral and oropharyngeal 

cancer 

16.4 (149) 15.4 (144) 16.0 (168) 13.4 (146) 

Other type 53.9 (488) 53.5 (499) 52.2 (548) 51.7 (562) 

Cancer stage, solid tumors*     

Localized 19.2 (174) 20.0 (187) 19.2 (201) 21.0 (229) 

Regional 15.7 (142) 17.5 (163) 13.9 (146) 15.3 (167) 

Distant 32.8 (297) 22.5 (210) 16.9 (177) 18.1 (197) 

Missing/unknown 22.4 (203) 27.7 (258) 38.5 (404) 35.3 (384) 

Cancer treatment     

Surgery 87.3 (791) 87.1 (813) 91.1 (956) 91.9 (1000) 

Chemotherapy 53.4 (484) 59.2 (552) 59.4 (623) 57.1 (621) 

Radiotherapy 23.1 (209) 24.2 (226) 26.2 (275) 22.7 (247) 

Endocrine therapy 7.8 (71) 9.2 (86) 6.9 (72) 9.8 (107) 

Immunotherapy 5.6 (51) 12.1 (113) 14.0 (147) 11.7 (127) 

Protein kinase inhibitors 0.0 (0) 0.9 (8) 2.8 (29) 1.4 (15) 

Other targeted treatment 1.5 (14) 2.0 (19) 2.1 (22) 1.3 (14) 

Charlson comorbidity index 

score 

    

0 61.1 (554) 58.7 (548) 58.5 (614) 54.1 (589) 

1 20.9 (189) 23.6 (220) 20.3 (213) 23.6 (257) 

2+ 18.0 (163) 17.7 (165) 21.2 (222) 22.2 (242) 

Specific comorbidities     

Myocardial infarction 5.1 (46) 4.9 (46) 5.5 (58) 5.1 (55) 

Congestive heart failure 4.3 (39) 4.2 (39) 4.7 (49) 4.0 (43) 

Peripheral vascular disease 6.2 (56) 6.8 (63) 7.0 (73) 8.6 (94) 

Cerebrovascular disease 7.4 (67) 10.3 (96) 9.4 (99) 8.9 (97) 

Dementia 1.2 (11) 1.3 (12) 1.1 (12) 0.9 (10) 

Chronic pulmonary disease 11.3 (102) 9.5 (89) 11.5 (121) 13.4 (146) 

Connective tissue disease 4.2 (38) 4.2 (39) 3.4 (36) 5.6 (61) 

                  



Ulcer disease 6.6 (60) 5.8 (54) 5.5 (58) 5.8 (63) 

Mild liver disease 2.0 (18) 1.2 (11) 2.2 (23) 2.4 (26) 

Diabetes 7.6 (69) 10.2 (95) 10.5 (110) 12.3 (134) 

Hemiplegia - (<5) - (<5) 0.7 (7) 0.6 (6) 

Moderate to severe renal 

disease 

3.6 (33) 4.4 (41) 5.3 (56) 6.1 (66) 

Diabetes with end organ 

damage 

3.4 (31) 3.6 (34) 5.1 (53) 4.3 (47) 

Moderate to severe liver 

disease 

0.7 (6) 1.1 (10) 0.8 (8) 1.1 (12) 

Obesity 3.6 (33) 5.9 (55) 6.5 (68) 8.4 (91) 

Alcohol-related diseases 3.3 (30) 3.6 (34) 4.0 (42) 4.2 (46) 

Atrial fibrillation 

 

6.8 (62) 7.6 (71) 7.8 (82) 8.5 (93) 

Valvular disease - (<5) - (<5) 0.8 (8) 0.7 (8) 

Medication     

Vitamin K antagonists 8.1 (73) 10.1 (94) 7.9 (83) 6.8 (74) 

Direct oral anticoagulants 0.0 (0) - (<5) 2.4 (25) 7.8 (85) 

Aspirin 21.0 (190) 22.7 (212) 20.0 (210) 15.6 (170) 

Lipid-lowering drugs 19.3 (175) 23.8 (222) 30.7 (322) 27.3 (297) 

Data are percentages (number) unless otherwise indicated. 

*Within four months before cancer-associated thrombosis diagnosis 

Supplemental Table S3. Descriptive characteristics of cancer patients with 

subsequent cancer-associated deep venous thrombosis. 

 

  

                  



 

Supplemental Figure 1. Cumulative incidence for venous thromboembolism, 

pulmonary embolism and deep venous thrombosis after cancer diagnosis verified by 

imaging, stratified by study period. 

 

  

                  



 
Supplemental Figure 2. Cumulative 1-year mortality risk after cancer-associated 

venous thromboembolism, pulmonary embolism, and deep venous thrombosis 

verified by imaging, by year of cancer diagnosis. 
 

 

  

                  



 

 
Supplemental Figure 3. Temporal changes in 1-year mortality after verified cancer-

associated thromboembolism, pulmonary embolism and deep venous 

thromboembolis 

 

                  


