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Summary
Background Despite recent improvements in the treatment of cancer, little is known about the long-term survival in
patients with cancer and venous thromboembolism. We aimed to examine the five-year mortality of venous
thromboembolism in cancer patients in a large population-based cohort study.

Methods Using Danish healthcare registries from 1995 to 2020, we obtained data on cancer patients with venous
thromboembolism and comparison cohorts of cancer patients without venous thromboembolism, matched in terms
of cancer type, age, sex, and year of cancer diagnosis, and adjusted for level of comorbidity and frailty using the
Charlson Comorbidity Index Score and Hospital Frailty Risk Score, marital status, use of selected medications, and
recent surgery (<90 days).

Findings During the study period, 886,536 patients were diagnosed with cancer. Of 1882 cancer patients diagnosed at
the time of their venous thromboembolism, 44.4% (835/1882) had distant metastases. In this cohort, the one- and
five-year mortality cumulative incidences were 68% (1284/1882) and 84% (1578/1882), respectively, in contrast to 38%
(2135/5549) and 67% (3653/5549) in the comparison cohort. The mortality rate ratio was 4.34 (95% confidence
interval [CI], 3.95–4.78) for the first year of follow-up and 3.44 (95% CI 3.17–3.73) for the five-year follow-up
period. Of the 23,366 patients diagnosed with venous thromboembolism after cancer diagnosis, 18% (4183/
23,366) had distant metastases at the time of cancer diagnosis. The cumulative incidence of death at one year was
45% (10,465/23,366; mortality rate ratio 3.48, 95% CI 3.37–3.60) and at five years 69% (15,669/23,366; mortality
rate ratio 2.57, 95% CI 2.50–2.63).

Interpretation Despite improved cancer treatment, venous thromboembolism in cancer patients is strongly associated
with a poor prognosis.
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and the Karen Elise Jensen Foundation.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Cancer; Cohort study; Prognosis; Pulmonary embolism; Venous thrombosis
Introduction
Venous thromboembolism encompasses deep venous
thrombosis and pulmonary embolism. It is predomi-
nantly a disease of elderly people. The association be-
tween venous thromboembolism and cancer has been
known for almost 200 years.1 Specifically, cancer pa-
tients have a nine-fold higher venous thromboembolism
risk than the general population,2 as well as significantly
higher rates of bleeding and recurrence during
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anticoagulant treatment than venous thromboembolism
patients without cancer.3–5 The occurrence of venous
thromboembolism is associated with interruption of
cancer treatment, decreased quality of life, and
increased morbidity and mortality.6–9

Cancer patients with venous thromboembolism have
shorter survival than cancer patients without venous
thromboembolism.10,11 However, the majority of existing
studies evaluating mortality associated with venous
versity Hospital and Aarhus University, Olof Palmes Allé 43-45, 8200
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Research in context

Evidence before this study
We considered the evidence from cohort studies on the
association between venous thromboembolism and survival in
cancer patients. We searched MEDLINE on March 23, 2023, with
no date or language restriction, using the terms ‘cancer’, ‘venous
thromboembolism’, and ‘survival’. Current literature has
unequivocally shown that venous thromboembolism is associated
with a poor prognosis in cancer patients, independent of the
cancer type. Studies have demonstrated a two to three-fold
increased risk of death in cancer patients with venous
thromboembolism compared to those without venous
thromboembolism. However, it is unknownwhether the strength
of the association has changed over the past decades with the
advent of new cancer therapies and overall improved survival.

Added value of this study
This nationwide cohort study provides contemporary
evidence that venous thromboembolism remains a strong

predictor for a worse prognosis. The mortality rate ratio was
4.34 (95% confidence interval [CI] 3.95–4.78) for the first year
of follow-up and 3.44 (95% CI 3.17–3.73) for the five-year
follow-up period, adjusted for a broad set of potential
confounders. These data demonstrate that cancer associated
venous thromboembolism remains a serious complication in
cancer patients despite substantial improvements in cancer
treatment in recent decades.

Implications of all the available evidence
This study provides clinicians with contemporary estimates
on the prognostic significance of cancer-associated venous
thromboembolism for mortality in the era of modern
cancer therapy, in particular when venous
thromboembolism is diagnosed concurrently with cancer.
These data can be used for the purpose of prognostication
and to inform patients.
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thromboembolism among cancer patients are relatively
old, based on small sample sizes or selected pop-
ulations, or focused on short-term mortality.10–15 Cancer
therapy has evolved tremendously in recent decades
with the advent of targeted therapies and immuno-
therapy, as well as novel cancer screening tools and
better diagnostic modalities.16,17 Concurrently with
improved cancer outcomes, the one-year venous
thromboembolism incidence among cancer patients has
increased from 1% to more than 3% in recent decades,
which may be the result of ageing of the oncology
population, frequent detection of asymptomatic clots on
diagnostic or staging scans, and use of prothrombotic
cancer therapies.2 Notably, targeted therapy and immu-
notherapy have been identified as a strong risk factor for
venous thromboembolism in addition to distant me-
tastases and chemotherapy.2

Therefore, data on the relation between venous
thromboembolism and cancer are important as they
could foster better understanding of both and provide
further insight into the clinical course of patients with
venous thromboembolism and cancer in the context of
new therapies. Accordingly, we undertook a large
population-based cohort study to examine the current
five-year mortality of venous thromboembolism in can-
cer patients.
Methods
Study design and setting
We conducted this cohort study based on the entire
Danish population including 7,859,209 residents alive
between January 1, 1995 and December 31, 2018.
The Danish National Health Service provides universal
tax-supported health care with free access to general
practitioners and hospitals.18 At birth, each Danish citi-
zen (and residents upon immigration) is assigned a
unique personal identification number that links them
to all health registries.18 We used the Danish Cancer
Registry18 to identify all cancer patients with venous
thromboembolism during the study period. The Cancer
Registry has recorded all incident cases of cancer in
Denmark since 1943. In this registry, the extent of tu-
mor spread at the time of diagnosis is classified as
localized, regional, metastatic to distant sites, or un-
known. Venous thromboembolism cases were identified
through the Danish National Patient Registry, which
contains records of all discharges and surgical proced-
ures from all Danish hospitals since 1977, and on
emergency room and outpatient clinic visits since
1994.18 A description of the registries used in this study
can be found in the Supplementary Material.

Venous thromboembolism and comparison cancer
cohorts
We identified two venous thromboembolism cancer
cohorts: 1) venous thromboembolism with concurrent
cancer diagnosis, and 2) venous thromboembolism after
a cancer diagnosis. The cohort with venous thrombo-
embolism with concurrent cancer diagnosis included
patients diagnosed with cancer during the venous
thromboembolism hospitalization (median length of
hospitalization: 11 days [interquartile range, IQR,
4–23]). The cohort with venous thromboembolism after
a cancer diagnosis included patients with venous
thromboembolism diagnosed after the cancer date
(median time between cancer diagnosis and venous
thromboembolism: 2.6 years (IQR, 0.5–8.1). Two com-
parison cohorts of cancer patients without a venous
thromboembolism diagnosis were randomly sampled in
www.thelancet.com Vol 34 November, 2023
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a ratio as high as 3:1, matched on year of birth (ten-year
intervals), sex, year of cancer diagnosis (ten-year in-
tervals), cancer types (23 subgroups according to the
papers by Mulder et al.2,19), and cancer stage (localized,
regional, metastatic to distant sites, or unknown). In-
formation on cancer stage was missing for 18% of the
patients but they were included in the analysis, and
unknown stage was considered a separate stage category
during the matching process. We defined the index date
as the venous thromboembolism admission date in the
venous thromboembolism cohort and as the matching
date in the comparison cancer cohorts.

Outcome
We obtained data on all-cause mortality from the Danish
Civil Registration System, which has recorded all
changes in vital status and immigration since 1968.18

Covariates
Information on comorbidities was obtained using the
Charlson Comorbidity Index, which includes 19 major
medical conditions, all surgical procedures, use of
central venous catheter, and frailty according to the
Hospital Frailty Risk Score, which is based on 109
frailty-related diagnostic codes20 from the National Pa-
tient Registry.21 Cancer treatment in the first four
months after cancer diagnosis, including chemo-
therapy, radiotherapy, surgical procedures, hormonal
therapy, and targeted therapy, was defined from the
Danish Cancer Registry until 2004, and from the
Danish National Patient Registry and the Danish Na-
tional Prescription Registry thereafter.2 Recent surgery
was defined as a surgical procedure within 90 days
prior to the index date in the National Patient Registry.
Marital status was defined from the Danish Civil
Registration System. We also obtained information on
the use of other selected medications with potential
impact on the coagulation system (vitamin K antago-
nists, direct oral anticoagulants, low-molecular-weight
heparins, statins, aspirin, opioids, glucocorticoids,
antihypertensive agents, and loop diuretics) within 60
days before the index date. Supplementary Table S1
lists all diagnostic, medication, and treatment codes
used in the study.

Statistical analysis
Members of the four cohorts were categorized by cancer
type and stage, cancer treatment determined at time of
cancer diagnosis, age group, sex, calendar period,
marital status, surgery, central venous catheter, use of
selected other medications, Charlson Comorbidity Index
Score and the Hospital Frailty Risk Score measured at
time of venous thromboembolism/index date. The four
cohorts were followed from the index date until five-
years of follow up or December 31st, 2020, death, or
emigration, whichever came first. We used the Kaplan–
Meier method to compute mortality incidences.
www.thelancet.com Vol 34 November, 2023
Mortality rates per 1000 person-years were also calcu-
lated. We used Cox proportional hazards regression
analysis to compute hazard ratio as a measure of mor-
tality rate ratio when comparing the venous thrombo-
embolism cohort with the comparison cohort. No major
violation of the proportional hazards assumption was
observed by visual inspection of log-minus-log plots,
although the initially higher differences appeared to
decline over time. Therefore, we present a series of
average hazard ratios for increasingly longer periods of
follow-up (0–1 month, 0–3 months, 0–1 year, and 0–5
years).22

We included the matching factors, age (as a contin-
uous variable), marital status, Charlson Comorbidity
Index Score (0, 1, 2, 3+), Hospital Frailty Risk Score
(0, 1–5, 6+), recent surgery, and use of selected other
medications within 60 days prior to the index date in the
regression model. The matching factors were controlled
by the study design. We also performed stratified ana-
lyses by venous thromboembolism type (pulmonary
embolism, deep venous thrombosis), by cancer stage
and site, and by calendar period of venous thrombo-
embolism diagnosis.

In a sensitivity analysis, we started the follow-up one
month after the index date, using the landmark
approach to ascertain the robustness of our estimates.
This analysis excluded the initial follow-up period with
higher mortality and therefore ensured better fulfill-
ment of the proportionality of hazards assumption.

All analyses were conducted using SAS version 9.4
(SAS Institute, INC, Cary, NC, USA). The study was
reported to the Danish Data Protection Agency (record
number 2016-051-000001-811). We followed the
reporting guidelines recommended by Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) (please see the STROBE statement).

Role of the funding source
None of the funding organizations had any role in the
design and conduct of the study; in the collection, man-
agement, and analysis of the data; or in the preparation,
review, and approval of the manuscript. The correspond-
ing author had full access to all the data in the study and
had final responsibility for the decision to submit.
Results
During the study period, 886,536 patients were diag-
nosed with cancer. A total of 100,532 patients with a
cancer diagnosis were included in the analysis, 25,248
(25.1%) of whom had venous thromboembolism, and
75,284 (74.9%) were included in the comparison cohort.
Venous thromboembolism was diagnosed concurrently
with cancer in 1882 patients (7.5%), while venous
thromboembolism was diagnosed after cancer diagnosis
in 23,366 patients (92.5%) (Fig. 1). In the group with
venous thromboembolism after cancer diagnosis, the
3
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Fig. 1: Study flowchart illustrating the cohorts.
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median time between cancer diagnosis and venous
thromboembolism was 2.6 years (interquartile range
[IQR], 0.5–8.1).

Table 1 summarizes the demographics, characteris-
tics, comorbidities, surgery, other treatments, and types
of cancer in the four cohorts. More than half of the
patients were older than 70 years, and the majority was
female. Overall, the most common cancer types were
lung (25.2%), colorectal (18.7%), pancreatic (13.4%), and
ovarian (7.2%) in the venous thromboembolism with
concurrent cancer diagnosis and comparison cohorts,
and 44.4% had distant metastases.

In the venous thromboembolism after cancer diag-
nosis and comparison cohorts, the most common can-
cer types were breast (18.4%), colorectal (17.0%),
prostate (11.8%), and lung (11.7%), and 17.9% had
distant metastases.

Venous thromboembolism with a concurrent
cancer diagnosis
Fig. 2 shows the survival curves for patients in whom
cancer was diagnosed at the time of an episode of venous
thromboembolism and the comparison cohort. In the
venous thromboembolism cohort, the cumulative mortal-
ity incidence after one month was 27.7% in contrast to
7.5% in the comparison cancer cohort (mortality rate ratio
6.30, 95% confidence interval [CI], 5.31–7.48), after three
months 48.7% in contrast to 17% (mortality rate ratio 5.80,
95% CI 5.12–6.57), at one year 68.2% in contrast to 38.5%
(mortality rate ratio 4.34, 95% CI 3.95–4.78), and 84.1%
after 5 years in contrast to 66.6% (mortality rate ratio 3.44,
95% CI 3.17–3.73) (Table 2).

Venous thromboembolism after a cancer diagnosis
Fig. 3 shows the survival curves for patients in whom
venous thromboembolism was diagnosed after the cancer
diagnosis and the corresponding comparison cohort. In
the venous thromboembolism cohort, the mortality after
one month was 13.8% in contrast to 2.2% in the com-
parison cohort (mortality rate ratio 6.08, 95% CI
5.66–6.54), after three months 25.4% in contrast to 5.7%
(mortality rate ratio 4.72, 95% CI 4.49–4.95), one year
44.8% in contrast to 16.8% (mortality rate ratio 3.48, 95%
CI 3.37–3.60) and 68.6% after five years in contrast to
42.3% (mortality rate ratio 2.57, 95% CI 2.50–2.63)
(Table 2).

The mortality was much higher in patients with
pulmonary embolism than patients with deep venous
thrombosis (Supplementary Table S3), for patients with
pulmonary embolism concurrent with a cancer
www.thelancet.com Vol 34 November, 2023
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Venous thromboembolism concurrent with a cancer
diagnosis

Venous thromboembolism after a cancer diagnosis

Venous thromboembolism cohort
N = 1882

Comparison cancer cohort
N = 5549

Venous thromboembolism cohort
N = 23,366

Comparison cancer cohort
N = 69,735

Female, n (%) 1006 (53.5) 2955 (53.3) 12,666 (54.2) 37,797 (54.2)

Age at VTE/index date, median (IQR), years 71.2 (62.5–79.1) 71.3 (62.7–78.4) 71.8 (63.9–79.4) 71.6 (63.6–79.1)

Age at VTE/index date, years

<65 584 (31.0) 1729 (31.2) 6533 (28.0) 19,954 (28.6)

65–69 288 (15.3) 838 (15.1) 3652 (15.6) 10,935 (15.7)

70–79 614 (32.6) 1878 (33.8) 7778 (33.3) 23,203 (33.3)

80+ 396 (21.0) 1104 (19.9) 5403 (23.1) 15,643 (22.4)

Year of VTE diagnosis/index date, n (%)

1995–1999 316 (16.8) 930 (16.8) 1814 (7.8) 5414 (7.8)

2000–2004 417 (22.2) 1223 (22.0) 2856 (12.2) 8505 (12.2)

2005–2009 359 (19.1) 1067 (19.2) 4611 (19.7) 13,766 (19.7)

2010–2014 464 (24.7) 1362 (24.5) 7106 (30.4) 21,217 (30.4)

2015–2018 326 (17.3) 967 (17.4) 6979 (29.9) 20,833 (29.9)

Overall follow-up time, median (IQR), years 0.3 (0.1–1.8) 1.9 (0.5–5.0) 1.5 (0.2–4.7) 4.3 (1.9–5.0)

Marital status at VTE/index date

Married/registered partnership 919 (48.8) 3076 (55.4) 12,624 (54.0) 37,050 (53.1)

Single/divorced 273 (14.5) 732 (13.2) 3055 (13.1) 9563 (13.7)

Widow 457 (24.3) 1286 (23.2) 5591 (23.9) 16,260 (23.3)

Unknown 233 (12.4) 455 (8.2) 2096 (9.0) 6862 (9.8)

Cancer type, n (%)

Esophageal 27 (1.4) 77 (1.4) 253 (1.1) 737 (1.1)

Stomach 56 (3.0) 159 (2.9) 408 (1.7) 1205 (1.7)

Colon 268 (14.2) 798 (14.4) 2519 (10.8) 7543 (10.8)

Rectal 82 (4.4) 244 (4.4) 1451 (6.2) 4345 (6.2)

Liver 48 (2.6) 124 (2.2) 111 (0.5) 310 (0.4)

Pancreas 254 (13.5) 741 (13.4) 723 (3.1) 2140 (3.1)

Non-small cell lung 443 (23.5) 1324 (23.9) 2449 (10.5) 7321 (10.5)

Breast 69 (3.7) 206 (3.7) 4288 (18.4) 12,847 (18.4)

Cervix 23 (1.2) 65 (1.2) 551 (2.4) 1642 (2.4)

Uterus 39 (2.1) 117 (2.1) 1136 (4.9) 3395 (4.9)

Ovary 135 (7.2) 401 (7.2) 794 (3.4) 2371 (3.4)

Prostate 104 (5.5) 312 (5.6) 2752 (11.8) 8251 (11.8)

Kidney 61 (3.2) 180 (3.2) 537 (2.3) 1600 (2.3)

Bladder 33 (1.8) 99 (1.8) 943 (4.0) 2810 (4.0)

Brain 14 (0.7) 40 (0.7) 383 (1.6) 1144 (1.6)

Hodgkin’s lymphoma <5 150 (0.6) 423 (0.6)

Non-Hodgkin’s lymphoma 79 (4.2) 235 (4.2) 1035 (4.4) 3093 (4.4)

Leukemia 61 (3.2) 183 (3.3) 692 (3.0) 2068 (3.0)

Melanoma <10 1089 (4.7) 3257 (4.7)

Multiple myeloma 23 (1.2) 68 (1.2) 474 (2.0) 1404 (2.0)

Testicular 8 (0.4) 23 (0.4) 255 (1.1) 762 (1.1)

Biliary 17 (0.9) 40 (0.7) 93 (0.4) 248 (0.4)

Small cell lung 27 (1.4) 80 (1.4) 280 (1.2) 819 (1.2)

Cancer stage at diagnosis, n (%)a

Localized 253 (13.4) 755 (13.6) 8538 (36.5) 25,548 (36.6)

Regional 375 (19.9) 1116 (20.1) 6421 (27.5) 19,178 (27.5)

Distant 835 (44.4) 2439 (44.0) 4183 (17.9) 12,425 (17.8)

Missing 419 (22.3) 1239 (22.3) 4224 (18.1) 12,584 (18.0)

Cancer treatment, n (%)b

No treatment 783 (41.6) 1114 (20.1) 3008 (12.9) 9720 (13.9)

Hormone therapy 76 (4.0) 223 (4.0) 1928 (8.3) 5457 (7.8)

(Table 1 continues on next page)
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Venous thromboembolism concurrent with a cancer
diagnosis

Venous thromboembolism after a cancer diagnosis

Venous thromboembolism cohort
N = 1882

Comparison cancer cohort
N = 5549

Venous thromboembolism cohort
N = 23,366

Comparison cancer cohort
N = 69,735

(Continued from previous page)

Surgery 701 (37.2) 2986 (53.8) 15,476 (66.2) 46,848 (67.2)

Radiotherapy 164 (8.7) 730 (13.2) 4335 (18.6) 12,201 (17.5)

Chemotherapy 466 (24.8) 2099 (37.8) 7698 (32.9) 20,537 (29.5)

Targeted therapy 77 (4.1) 244 (4.4) 1373 (5.9) 2942 (4.2)

Surgical procedure, n (%)c 271 (14.4) 1114 (20.1) 6330 (27.1) 8964 (12.9)

Central venous catheter, n (%)d 34 (1.8) 285 (5.1) 1914 (8.2) 3980 (5.7)

Charlson Comorbidity Index at VTE/index date, n (%)

0 1215 (64.6) 3239 (58.4) 12,758 (54.6) 42,568 (61.0)

1 392 (20.8) 1311 (23.6) 5727 (24.5) 15,381 (22.1)

2 169 (9.0) 566 (10.2) 2676 (11.5) 6752 (9.7)

3+ 106 (5.6) 433 (7.8) 2205 (9.4) 5034 (7.2)

Hospital Frailty Risk Score at VTE/index date, n (%) 946 (50.3) 2204 (39.7) 6508 (27.9) 24,478 (35.1)

No comorbidity burden (0)

Low comorbidity burden (1–5) 728 (38.7) 2563 (46.2) 11,572 (49.5) 33,198 (47.6)

Moderate/severe comorbidity burden (≥6) 208 (11.1) 782 (14.1) 5286 (22.6) 12,059 (17.3)

Use of selected medications, n (%)e

Antihypertensives 560 (29.8) 1522 (27.4) 7568 (32.4) 21,646 (31.0)

Vitamin K antagonist 71 (3.8) 99 (1.8) 706 (3.0) 1930 (2.8)

Direct oral anticoagulants 13 (0.7) 44 (0.8) 321 (1.4) 883 (1.3)

Low-molecular-weight heparin 12 (0.6) 42 (0.8) 355 (1.5) 265 (0.4)

Statins 160 (8.5) 480 (8.7) 2276 (9.7) 8220 (11.8)

Aspirin 210 (11.2) 542 (9.8) 2458 (10.5) 7661 (11.0)

Opioids 356 (18.9) 1497 (27.0) 7289 (31.2) 10,909 (15.6)

Glucocorticoids 116 (6.2) 556 (10.0) 3557 (15.2) 3613 (5.2)

Loop diuretics 216 (11.5) 573 (10.3) 3389 (14.5) 5324 (7.6)

Abbreviations: VTE, venous thromboembolism; IQR, interquartile range. aFor solid cancers and lymphoma. bTreatments received during the first 4 months after cancer diagnosis. Treatments were not
mutually exclusive. Targeted therapy treatments available from 2004 to onwards. cWithin three months prior VTE date/index date. dCentral venous catheter data available from 1999 to onwards. eWithin
60 days prior to VTE date/index date.

Table 1: Baseline characteristics of the venous thromboembolism and comparison cancer cohorts, Denmark, 1995–2018.
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diagnosis or with pulmonary embolism after a cancer
diagnosis. In the pulmonary embolism cohort, the
mortality after one year in patients with pulmonary
embolism concurrent with a cancer diagnosis was 73%,
in contrast to 39.3% in the comparison cohort (mortality
rate ratio 5.10, 95% CI 4.51–5.78). In patients with
pulmonary embolism after a cancer diagnosis, the one-
year mortality was 49.3%, in contrast to 17.3% in the
comparison cohort (mortality rate ratio 4.00, 95% CI
3.82–4.18). In the deep venous thrombosis cohort, the
one-year mortality was 60.9%, in contrast to 37.3% in
the comparison cohort (mortality rate ratio 3.50, 95% CI
3.00–4.10). In the cohort with deep venous thrombosis
after a cancer diagnosis, the one-year mortality was
39.6%, in contrast to 16.2% in the comparison cohort
(mortality rate ratio 2.93, 95% CI 2.78–3.07).

The sensitivity analysis showed that the results were
consistent with those of our main analyses when we
excluded the first month of follow-up after the index
date (Supplementary Table S5).
Venous thromboembolism, cancer stage, and
cancer site
Figs. 4 and 5 show the survival curves stratified ac-
cording to the cancer stage for the venous thrombo-
embolism and comparison cohorts. The prognosis was,
as expected, better for patients with local and regional
cancer stages compared to those with distant metasta-
ses, where very few patients were alive after two years of
follow-up. Notably, within all strata of cancer stage,
venous thromboembolism was a strong predictor for
poor survival (Supplementary Figures S1 and S2).

For patients with venous thromboembolism concur-
rent with a cancer diagnosis and the comparison cohort,
the five-year adjusted mortality rate ratio was 3.17 (95% CI
2.45–4.10) for localized disease, 2.84 (95% CI 2.36–3.41)
for regional spread, and 3.39 (95% CI 3.01–3.82) for
distant metastases (Supplementary Figure S1).

The corresponding mortality rate ratios for patients
with venous thromboembolism after a cancer diagnosis
and the comparison cohorts were 2.69 (95% CI
www.thelancet.com Vol 34 November, 2023
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Fig. 2: Survival curves for patients with venous thromboembolism concurrent with a cancer diagnosis and a matched comparison cancer
cohort.
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2.57–2.82) for no spread, 2.84 (95% CI 2.70–2.99) for
regional spread, and 2.14 (95% CI 2.04–2.26) for distant
metastases (Supplementary Figure S2).

The mortality risk for the major individual cancer
sites can be found in Supplementary Table S4. The
highest one-year mortality was 97.6% for patients with
pancreatic cancer and lowest for non-Hodgkin’s lym-
phoma (44.3%) in the cohort with venous thromboem-
bolism concurrent with a cancer diagnosis. The one-year
Venous thromboembolism concurrent with a canc

Follow-up time No. of
persons

Mortality risk
(95% CI)

Mortality rate per 1000
person-years (95% CI)

0–1 month

Comparison cohort 5549 7.5 (6.9–8.3) 939 (849–1029)

VTE cohort 1882 27.7 (25.7–29.8) 3944 (3605–4282)

0–3 months

Comparison cohort 5549 17.0 (16.0–18.0) 762 (713–810)

VTE cohort 1882 48.7 (46.5–51.0) 2935 (2745–3125)

0–1 year

Comparison cohort 5549 38.5 (37.2–39.8) 510 (488–532)

VTE cohort 1882 68.2 (66.1–70.3) 1472 (1391–1552)

0–5 years

Comparison cohort 5549 66.6 (65.3–67.8) 270 (261–278)

VTE cohort 1882 84.1 (82.4–85.8) 662 (629–694)

Table 2: Mortality risks, rates, and mortality rate ratios overall and by follow

www.thelancet.com Vol 34 November, 2023
mortality risks in the venous thromboembolism after a
cancer diagnosis cohort were 88.7% for pancreatic can-
cer and 32.0% for breast cancer with the lowest risk.

Stratified analysis by calendar period of venous
thromboembolism
In an analysis of venous thromboembolism diagnosis
stratified by calendar period, we observed that the
mortality risk slightly decreased in recent years in
er diagnosis Venous thromboembolism after a cancer diagnosis

Mortality rate ratio
(95% CI)

No. of
persons

Mortality risk
(95% CI)

Mortality rate per 1000
person-years (95% CI)

Mortality rate ratio
(95% CI)

69,735 2.2 (2.1–2.3) 262 (248–275)

6.30 (5.31–7.48) 23,366 13.8 (13.3–14.2) 1790 (1728–1852) 6.08 (5.66–6.54)

69,735 5.7 (5.6–5.9) 240 (233–248)

5.80 (5.12–6.57) 23,366 25.4 (24.8–26.0) 1229 (1197–1260) 4.72 (4.49–4.95)

69,735 16.8 (16.5–17.1) 186 (182–189)

4.34 (3.95–4.78) 23,366 44.8 (44.2–45.4) 657 (644–670) 3.48 (3.37–3.60)

69,735 42.3 (41.9–42.7) 118 (117–120)

3.44 (3.17–3.73) 23,366 68.6 (68.0–69.2) 308 (303–313) 2.57 (2.50–2.63)

-up time.
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Fig. 3: Survival curves for patients with venous thromboembolism after a cancer diagnosis and a matched comparison cancer cohort.

Fig. 4: Survival curves for patients with venous thromboembolism concurrent with a cancer diagnosis and a matched comparison cancer
cohort, by cancer stage.
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Fig. 5: Survival curves for patients with venous thromboembolism after a cancer diagnosis and a matched comparison cancer cohort, by
cancer stage.
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patients in whom venous thromboembolism was diag-
nosed after the cancer diagnosis. The five-year cumula-
tive mortality incidence was 72.0% between 1995 and
1999, and 65.6% between 2015 and 2018. In the
matched comparison cancer cohort, the five-year mor-
tality risk was 46.8% between 1995 and 1999, and 39.5%
between 2015 and 2018. This trend was less pronounced
in patients with venous thromboembolism diagnosed
concurrently with cancer (five-year mortality 85.4% be-
tween 1995 and 1999 vs. 81.3% between 2015 and 2018).
However, regardless of the absolute risks, venous
thromboembolism remained a strong and stable pre-
dictor of five-year mortality in both the cohort with
venous thromboembolism after cancer diagnosis (mor-
tality rate ratio 2.63 [95% CI 2.41–2.87] between 1995
and 1999 vs. 2.55 [95% CI 2.43–2.68] between 2015 and
2018) and the cohort with venous thromboembolism
diagnosed concurrently with cancer (mortality rate ratio
4.02 [95% CI 3.27–4.93] between 1995 and 1999 vs. 3.26
[95% CI 2.66–3.99] between 2015 and 2018)
(Supplementary Table S2).
Discussion
In this large population-based study of more than 25,000
patients with cancer-associated venous thromboembo-
lism, venous thromboembolism was associated with a
poor prognosis compared to cancer patients without
www.thelancet.com Vol 34 November, 2023
venous thromboembolism. The mortality risk was
particularly high when cancer was diagnosed concur-
rently with a thromboembolic event; only approximately
32% and 16% of these patients were alive after one and
five years, respectively. Furthermore, within strata of
cancer stage, venous thromboembolism was a strong
predictor for an adverse prognosis. Pulmonary embo-
lism was associated with poorer prognosis than venous
thrombosis. Some cancers such as pancreatic cancer
and lung cancer had a particularly poor prognosis. Our
findings could not be explained by age, gender, marital
status, major comorbidities, frailty, or recent surgery or
co-medications. Although survival improved during the
study period, venous thromboembolism remained
associated with a poor prognosis in recent years.

This study shows that cancer associated venous
thromboembolism remains a serious complication in
cancer patients despite substantial improvements in
cancer treatment in recent decades. Our data are
consistent with the limited data available on the short-
term and long-term prognoses of patients with both
cancer and venous thromboembolism. A slightly higher
survival was reported by Ording et al. in a Danish study
focusing on patients who developed venous thrombo-
embolism one year after cancer diagnosis with a one-
year mortality of 48%.12 Small studies have shown that
venous thromboembolism is a common cause of death
among patients with cancer,23,24 but it is unclear what
9
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proportion of deaths in our study were directly caused
by venous thromboembolism.

Our data are also consistent with those from a
recently published analysis from the Scandinavian
Thrombosis and Cancer (STAC) cohort, which has
indicated a 3.4-fold greater mortality risk in cancer pa-
tients with than without venous thromboembolism.15

However, the study did not report data beyond one
year, trends over time, or analyses stratified by timing of
venous thromboembolism (i.e., concurrently with a
cancer diagnosis or thereafter).

The current findings extend our earlier comprehen-
sive analysis, which showed that only 12% of patients
with a cancer diagnosis at the time of venous throm-
boembolism were alive one year after being diagnosed
with cancer before 1993.11 There might be several ex-
planations for this increase in survival from 12% to 32%
over the last three decades. First and most importantly,
cancer treatment has improved significantly due to the
introduction of several novel classes of drugs, including
targeted therapies and immunotherapy.16 Secondly, un-
like our earlier analysis, our study also included out-
patients diagnosed with venous thrombosis. Thirdly, the
prognosis of venous thromboembolism itself may have
improved due to better treatment and management of
pulmonary embolism and its sequelae. Fourthly,
increased diagnostic sensitivity of imaging techniques
has led to detection of incidental and less extensive cases
of venous thromboembolism, which may be associated
with a better prognosis.25,26

Despite improvements in the survival of patients
with venous thromboembolism over the past three de-
cades, venous thromboembolism remained a strong and
stable predictor of mortality. The higher mortality risk in
the cohort of patients with venous thromboembolism
and a concurrent cancer diagnosis is likely to be
explained by a higher proportion of aggressive cancers
(e.g., pancreatic and non-small cell lung cancer), a
higher proportion of patients with metastatic disease,
and a higher proportion of patients identified in the
early time period (1995–1999), when novel cancer
treatments were not yet available. Our cancer site-
specific analysis showed a particularly poor prognosis
for these cancer sites.

The poor prognosis of venous thromboembolism in
cancer patients is incompletely understood. The highest
risk of venous thromboembolism is associated with
aggressive types of cancer such as those originating from
the pancreas, ovary, stomach, and lung.2 Our cancer site-
specific analysis also showed a particularly poor prog-
nosis for these cancer sites. An activated coagulation
system can help tumors metastasize by evading the im-
mune system.27 Venous thromboembolism is also more
frequent in patients with advanced disease than in those
with localized disease.2 Therefore, venous thromboem-
bolism may be merely an epiphenomenon mediated by
biologically aggressive cancers rather than a direct cause
of poor survival. This is supported by the notion that
clinical risk assessment tools for venous thromboembo-
lism and hemostatic biomarkers also identify patients
with poor survival.28 Patient-related risk factors for venous
thromboembolism, such as surgery, immobilization,
other complications and comorbidities, and co-
medications, might also contribute to poor prognosis.2

Nonetheless, the association between venous thrombo-
embolism and all-cause mortality persisted despite
matching and comprehensive adjusting for these factors
and was stronger among patients with pulmonary em-
bolism compared to deep venous thrombosis. This
observation suggests that at least some deaths may be
attributed to venous thromboembolism itself, interrup-
tion or cessation of cancer therapy, or the complications
of anticoagulant treatment.

Several guidelines now recommend using reduced-
dose apixaban or rivaroxaban or prophylactic-dose low-
molecular-weight heparin in ambulatory cancer patients
judged to be at high risk of venous thromboembolism.29–33

Although such an approach may mitigate the burden of
venous thromboembolism and its sequelae, no studies
have yet demonstrated a benefit in survival associated with
prophylactic anticoagulation therapy.34,35 The lack of clin-
ical detail and the inability to validly ascertain causes of
death in the present study precludes conclusions about a
potential causal relation between venous thromboembo-
lism and mortality.

Our study has several strengths and limitations. Our
cohort study was conducted in a setting in which health
care services are provided free of charge. The study had
the strength of being large and population-based with
virtually no loss to long-term follow-up. The validity of
our findings is dependent on the quality of the registry
data. The study included all patients with a hospital
diagnosis of cancer, venous thromboembolism, comor-
bidities, and procedures, thereby preventing distortion
of selection, referral, and diagnostic biases. The clinical
diagnosis of venous thromboembolism can be difficult,
and the recorded venous thromboembolism diagnosis
that we used might have included some misclassifica-
tion. However, the validity of the venous thromboem-
bolism diagnosis in the Danish National Patient
Registry has been confirmed to be 88–90% of cases.36

The same applies to procedure, comorbidity, and pre-
scription data.21,37,38 The validity of the cancer diagnosis
is high, and the completeness and positive predictive
value of cancer diagnoses in the Cancer Registry have
been shown to be as high as 95–98% in validation
against medical records.39,40 All these biases would tend
to be conservative and result in underestimation of the
strength of the associations among cancer, venous
thromboembolism, and mortality.

In conclusion, our contemporary data show that
venous thromboembolism is associated with a poor
prognosis in cancer patients, particularly when it is
diagnosed concomitantly with cancer. Despite
www.thelancet.com Vol 34 November, 2023
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improvements in cancer therapy, venous thromboem-
bolism remains a strong and consistent predictor of
all-cause mortality.
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