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BACKGROUND The relation between cancer and arterial thromboembolism (ATE) remains unclear.

OBJECTIVES The purpose of this study was to evaluate ATE risk in cancer patients.

METHODS Danish registries were used to identify all cancer patients between 1997 and 2017, each matched to three

cancer-free comparator individuals. ATE was defined as the composite of myocardial infarction, ischemic/unspecified

stroke, and peripheral arterial occlusion. A competing risk approach was used to compute cumulative incidences and

subdistribution hazard ratios (SHRs). Cause-specific hazard ratios (HRs) were calculated using Cox regression. Among

cancer patients, mortality risk was estimated in Cox regression analysis by treating ATE as a time-varying exposure.

Patients were followed for 12 months.

RESULTS The study included 458,462 cancer patients and 1,375,386 comparator individuals. In the 6-month period

following cancer diagnosis/index date, the cumulative incidence for ATE was 1.50% (95% confidence interval [CI]: 1.47%

to 1.54%) in cancer patients and 0.76% (95% CI: 0.75% to 0.77%) in comparator individuals (HR: 2.36; 95% CI: 2.28 to

2.44). Among cancer patients age <65 years, 65 to 75 years, and >75 years, this was 0.79% (95% CI: 0.74% to 0.83%),

1.61% (95% CI: 1.55% to 1.67%), and 2.30% (95% CI: 2.22% to 2.38%), respectively. Other predictors for ATE among

cancer patients were prior ATE (SHR: 2.96; 95% CI: 2.77 to 3.17), distant metastasis (adjusted SHR: 1.21; 95% CI: 1.12 to

1.30), and chemotherapy (SHR: 1.47; 95% CI: 1.33 to 1.61). Among cancer patients, ATE was associated with an increased

risk of mortality (HR: 3.28; 95% CI: 3.18 to 3.38).

CONCLUSIONS Cancer patients are at increased risk of ATE. Clinicians should be aware of this risk, which is

associated with mortality. (J Am Coll Cardiol CardioOnc 2021;3:205–18) © 2021 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
N 2666-0873 https://doi.org/10.1016/j.jaccao.2021.02.007

m the aDepartment of Vascular Medicine, Amsterdam Cardiovascular Sciences, Amsterdam UMC, University of Amsterdam,

sterdam, the Netherlands; bDepartment of Internal Medicine, Tergooi Hospitals, Hilversum, the Netherlands; cDepartment of

nical Epidemiology, Aarhus University Hospital, Aarhus, Denmark; and the dDepartment of Cardiology, Aarhus University

spital, Aarhus, Denmark.

e authors attest they are in compliance with human studies committees and animal welfare regulations of the authors’

titutions and Food and Drug Administration guidelines, including patient consent where appropriate. For more information,

it the Author Center.

nuscript received December 18, 2020; revised manuscript received February 11, 2021, accepted February 12, 2021.

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaccao.2021.02.007
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaccao.2021.02.007&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


ABBR EV I A T I ON S
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CI = confidence interval

HR = hazard ratio

SHR = subdistribution hazard

ratio
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T he relation between cancer and
venous thromboembolism, due to
the prothrombotic state induced by

cancer and systemic cancer therapies, is
well established (1). However, it is less clear
whether cancer also increases the risk of arte-
rial thromboembolism. Emerging data based
on cohort studies suggest that risks of myocardial
infarction, ischemic stroke, and peripheral arterial oc-
clusion are higher in cancer patients than in the gen-
eral population (2–9). However, these data were often
restricted due to specific cancer types, not reporting
on all types of arterial thromboembolism, providing
only relative risks, or having a limited sample size.

Large population-based databases permit evalua-
tion of the relation between cancer and arterial
thromboembolism with high precision in subgroups
and for various subtypes of this outcome. For
example, a study using Medicare health care data
demonstrated that the risk of cancer-associated
arterial thromboembolism was 4.7% in the 6 months
following cancer diagnosis (10). However, Medicare
data only include insured patients older than 65
years, and may therefore not be generalizable to all
cancer patients (10).

A better understanding of the risk of arterial
thromboembolism in cancer patients is needed to
increase awareness among clinicians and to advance
the development of prediction models and preventive
measures. Danish population-based national health
registries are well known for their completeness and
for the validity of clinical outcomes, including car-
diovascular diseases. The positive predictive value of
the diagnosis codes for myocardial infarction,
ischemic stroke, and peripheral arterial occlusion are
97%, 88%, and 91%, respectively (11,12). Therefore,
they represent a unique resource for evaluating the
association between cancer and arterial thromboem-
bolism. We aimed to examine the absolute and rela-
tive risks of arterial thromboembolism in cancer
patients compared to the general population. Addi-
tionally, we evaluated several predictors for arterial
thromboembolism in cancer patients.

METHODS

STUDY DESIGN AND USE OF DANISH REGISTRIES.We
studied a cohort of cancer patients and matched
comparator individuals from the general population
using data from Danish population-based health
registries, which contain high-quality health care
data that can be linked using a unique identifier
assigned to each Danish resident (13). Clinical data
for this study were obtained from the DNPR (Danish
National Patient Registry) (14), cancer-specific data
from the DCR (Danish Cancer Registry) (15), and data
on medication use from the Danish National Pre-
scription Registry (16). All codes for disease diagnoses
and medication use that were used in this study are
provided in Supplemental Table 1. This study was
approved by the Danish Data Protection Agency (re-
cord number 2016-051-000001), which does not
require informed consent from subjects when they are
not contacted or assigned to an intervention.

CANCER AND GENERAL POPULATION COMPARATOR

COHORTS. Danish residents age 18 years or older with
a first-time diagnosis of cancer between 1997 and 2017
were included in the cancer cohort. Patients with all
cancer types were eligible, except for those with skin
cancer. Information on cancer stage and treatment
during the first 4 months following cancer diagnosis
was obtained from the DCR, which defines cancer
stage as localized, regional, or distant (15). For each
cancer patient, three comparator individuals who
were alive and free of cancer at the time of the
matched person’s cancer diagnosis (defined as the
index date) were randomly selected with replacement
(17) from the general population by means of the Civil
Registration System, which tracks the vital status of
all Danish residents (13). Comparator individuals
were matched to cancer patients on year of birth, sex,
and date of the cancer diagnosis/index date.

FOLLOW-UP. Cancer patients and members of the
comparator cohort were followed from the date of
cancer diagnosis/index date until a first diagnosis of
arterial thromboembolism, death, emigration, loss to
follow-up, or end of study follow-up (December 2017),
whichever occurred first. Follow-up of members of
the comparator cohort was stopped in the event of a
cancer diagnosis, after which the affected individual
was censored in the comparator cohort and shifted to
the cancer cohort. The maximum follow-up duration
was 12 months.

STUDY OUTCOMES. The primary outcome was a pri-
mary or secondary inpatient diagnosis of arterial
thromboembolism, defined as the composite of
myocardial infarction, ischemic stroke, unspecified
stroke, and peripheral arterial occlusion. Unspecified
stroke was included in the primary outcome, because
the majority of strokes in the DNPR are classified as
unspecified and more than two-thirds of these events
are ischemic in nature (18). Secondary study out-
comes were myocardial infarction, the combination
of ischemic and unspecified stroke, and additionally,
all-cause mortality in the cancer cohort.

Outcomes were evaluated at 6 months after cancer
diagnosis/index date in the main analysis because the
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risk was assumed to be highest during this period. In
a secondary analysis, outcomes were also evaluated
at 12 months. To evaluate the period prevalence of
arterial thromboembolism prior to the diagnosis of
cancer, an additional analysis was performed in
which patients were followed from 6 months pre-
ceding the cancer diagnosis/index date up until the
cancer diagnosis/index date. Fatal arterial thrombo-
embolic events in this period were thus not included
in this analysis by definition. The association be-
tween arterial thromboembolism and all-cause mor-
tality was evaluated during the period between
cancer diagnosis and 12-month follow-up.

CONFOUNDING FACTORS. The following variables
were identified from the DNPR from 1977 onward
because they were considered potential confounders:
prior arterial thromboembolism, atrial fibrillation or
flutter, venous thromboembolism, heart failure,
atherosclerosis and peripheral vascular disease, hu-
man immune deficiency virus, inflammatory bowel
disease, chronic obstructive pulmonary disease, liver
disease, renal disease, diabetes, alcoholism and
alcoholism-related conditions, obesity, rheumatoid
arthritis, and hypertension.

STATISTICAL ANALYSES. Cumulative incidences
among cancer patients and members of the compar-
ator cohort were calculated with 95% confidence in-
tervals (CIs) in a competing risk analysis, in which
death was regarded as a competing event for arterial
thromboembolism (19). Cause-specific hazard ratios
(HRs) for arterial thromboembolism were calculated
in a Cox proportional hazards regression analysis to
compare cancer patients with comparator in-
dividuals. These HRs were adjusted for matching
variables by study design and were adjusted for the
potential confounders listed in the previous text. Vi-
sual inspection of log-log plots indicated no violation
of the assumption of proportionality. Additionally,
incidence rates were calculated per 1,000 person-
years of follow-up. The robust Poisson regression
model was used to estimate the period prevalence of
arterial thromboembolism in the 6 months prior
cancer/index date, and the adjusted prevalence ratios
between the cohorts (20).

Study results were reported separately for in-
dividuals age younger than 65 years, 65 to 75 years,
and older than 75 years. Because myocardial infarc-
tion and ischemic stroke are almost never treated in
the outpatient setting, and to reduce misclassifica-
tion, only in-hospital diagnoses were used in these
analyses. An additional analysis was performed in
which both inpatient and outpatient clinic diagnoses
were included. Another subgroup analysis was
performed for both cohorts excluding cancer patients
and comparator individuals receiving anticoagulant
or antiplatelet therapy at cancer diagnosis/index
date.

Within the cancer cohort, predictors for arterial
thromboembolism were evaluated by calculating
crude and adjusted subdistribution hazard ratios
(SHRs) using the Fine & Gray subdistribution hazard
model (19), which focuses on prediction rather than
causation, and takes the competing risk of death into
account.

In the cancer cohort, the association between
arterial thromboembolism and subsequent mortality
was evaluated by calculating the HR using Cox pro-
portional hazards regression analysis, in which arte-
rial thromboembolism was treated as a time-varying
exposure. The analysis was adjusted for age, sex,
calendar year, cancer type, and the potentially con-
founding factors listed in the previous text. Statistical
analyses were performed using SAS version 9.4 (SAS
Institute, Cary, North Carolina).

RESULTS

The cancer cohort comprised 458,462 patients with a
first-time cancer diagnosis between 1997 and 2017.
The median age was 69 years (25th to 75th percen-
tiles: 60 to 77 years) at cancer diagnosis, and 51% were
women. Among cancer patients with solid cancer,
143,282 (34%) had localized cancer, 112,837 (27%) had
regional cancer, and 91,202 (22%) had distant metas-
tasis; for 68,675 (17%), the cancer stage was unknown.
The comparator cohort comprised 1,375,386 persons
from the general population with similar baseline
characteristics, except for a slightly lower prevalence
of comorbid conditions (Table 1).

ARTERIAL THROMBOEMBOLISM. In the 6 months
prior to the cancer diagnosis/index date, the period
prevalence of arterial thromboembolism was 1.52%
(95% CI: 1.48% to 1.55%) in the cancer cohort and
0.62% (95% CI: 0.61% to 0.63%) in the comparator
cohort (prevalence ratio 2.40; 95% CI: 2.32 to 2.48)
(Table 2).

During the 6-month period after the cancer diag-
nosis/index date, the cumulative incidence of arterial
thromboembolism was 1.50% (95% CI: 1.47% to 1.54%)
in the cancer cohort and 0.76% (95% CI: 0.75% to
0.77%) in the comparator cohort (HR: 2.36; 95% CI:
2.28 to 2.44). During the 12-month study period after
the cancer diagnosis/index date, the cumulative
incidence was 2.11% (95% CI: 2.06% to 2.15%) in the
cancer cohort and 1.48% (95% CI: 1.46% to 1.50%) in
the matched comparator cohort (HR: 1.87; 95% CI:
1.82 to 1.92) (Figure 1). The risk of arterial



TABLE 1 Baseline Characteristics of the Cancer and Comparator Cohorts

Cancer Cohort
(n ¼ 458,462)

Comparator Cohort
(n ¼ 1,375,386)

Female 234,915 (51.2) 704,745 (51.2)

Age, yrs 69 (60–77) 69 (60–77)

Age group, yrs

<65 168,807 (36.8) 506,421 (36.8)

65–75 159,538 (34.8) 478,614 (34.8)

>75 130,117 (28.4) 390,351 (28.4)

Cancer stage at diagnosis*

Localized 143,282 (34.4) —

Regional 112,837 (27.1) —

Distant 91,202 (21.9) —

Missing 68,675 (16.5) —

Comorbidities

Atrial fibrillation or flutter 31,311 (6.8) 81,237(5.9)

Heart failure 20,132 (4.4) 51,689 (3.8)

Atherosclerosis and peripheral vascular disease 11,243 (2.5) 23,525 (1.7)

COPD 43,608 (9.5) 94,765 (6.9)

IBD 9,595 (2.1) 24,066 (1.7)

Liver disease 8,887 (1.9) 15,914 (1.2)

Chronic kidney disease 8,548 (1.9) 19,567 (1.4)

Diabetes 31,821 (6.9) 79,112 (5.8)

Obesity 16,776 (3.7) 42,145 (3.1)

Alcoholism and alcoholism-related conditions 20,307 (4.4) 44,525 (3.2)

Hypertension 75,204 (16.4) 197,871 (14.4)

Rheumatoid arthritis 6,816 (1.5) 18,356 (1.3)

HIV 327 (0.1) 606 (0.0)

Previous ATE 47,712 (10.4) 128,893 (9.4)

Previous VTE 13,227 (2.9) 30,971 (2.3)

Antiplatelet therapy 96,759 (21.1) 270,468 (19.7)

Anticoagulant therapy 24,679 (5.4) 60,692 (4.4)

Lipid-lowering therapy 85,940 (18.7) 249,009 (18.1)

Values are n (%) or median (25th to 75th percentiles). *For solid cancers and lymphoma.

ATE ¼ arterial thromboembolism; COPD ¼ chronic obstructive pulmonary disease; HIV ¼ human immune
deficiency virus; IBD ¼ inflammatory bowel disease; VTE ¼ venous thromboembolism.
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thromboembolism in the cancer cohort was slightly
lower when patients receiving anticoagulant/anti-
platelet therapy at cancer diagnosis were excluded (6-
month cumulative incidence 1.06% [95% CI: 1.03% to
1.10%]) (Supplemental Table 2). In contrast, the
analysis in which both inpatient and outpatient di-
agnoses of the primary outcome were used yielded a
somewhat higher incidence among the cancer pa-
tients (6-month cumulative incidence 1.68% [95% CI:
1.65% to 1.72%]) (Supplemental Table 3). The
increased risk of arterial thromboembolism in the
cancer cohort diminished during 24 months. The cu-
mulative incidence of arterial thromboembolism in
the 24 months after cancer diagnosis/index date is
shown in Supplemental Figure 1.

The risk varied substantially across cancer types
and age groups. The cumulative incidence of arterial
thromboembolism in the 6 months following a cancer
diagnosis was highest in patients with bladder cancer
(2.49%; 95% CI: 2.25% to 2.74%), lung cancer (2.08%;
95% CI: 1.98% to 2.18%), and colon cancer (2.08%;
95% CI: 1.96% to 2.21%), and was lowest in those with
breast cancer (0.58%; 95% CI: 0.54% to 0.64%). In the
group younger than age 65 years, the 6-month cu-
mulative incidence of arterial thromboembolism was
0.79% (95% CI: 0.74% to 0.83%) in the cancer cohort
and 0.23% (95% CI: 0.22% to 0.24%) in the comparator
cohort (HR: 3.61; 95% CI: 3.31 to 3.95). In the group
age 65 to 75 years, this was 1.61% (95% CI: 1.55% to
1.67%) in the cancer cohort and 0.71% (95% CI: 0.68%
to 0.73%) in the comparator cohort (HR: 2.56; 95% CI:
2.42 to 2.71). In the group older than age 75 years, the
6-month cumulative incidence of arterial thrombo-
embolism was 2.30% (95% CI: 2.22% to 2.38%) in the
cancer cohort and 1.52% (95% CI: 1.48% to 1.55%) in
the comparator cohort (HR: 1.93; 95% CI: 1.84 to 2.03).
Study outcomes for the three age groups are reported
separately in Supplemental Tables 4, 5, and 6.
Figure 2 graphically depicts the incidence rate of
arterial thromboembolism per 1,000 person-years in
the three age groups during the first six months after
cancer diagnosis, for each cancer type separately.

The risk of arterial thromboembolism decreased
over calendar time in the comparator cohort, but not
in the cancer cohort. The 12-month cumulative inci-
dence of arterial thromboembolism was 1.70 (95% CI:
1.59 to 1.82) in 1997 and 0.96 (95% CI: 0.84 to 1.09) in
2017 in the comparator cohort. In the cancer cohort, it
was 1.72 (95% CI: 1.54 to 1.93) in 1997 and 1.76 (95% CI:
1.44 to 2.14) in 2017 (Supplemental Figure 2).

In the analysis among cancer patients, in which
arterial thromboembolism was treated as a time-
varying exposure, there was a significant association
with mortality (time-varying HR: 3.28; 95% CI: 3.18 to
3.38).

MYOCARDIAL INFARCTION. The period prevalence
of myocardial infarction in the 6 months preceding
the cancer diagnosis/index date was 0.53% (95% CI:
0.51% to 0.55%) in the cancer cohort and 0.24% (95%
CI: 0.23% to 0.25%) in the comparator cohort (preva-
lence ratio 2.13; 95% CI: 2.02 to 2.25). Similarly, the
cumulative incidence of myocardial infarction in the
6-month period after the cancer diagnosis/index date
was 0.53% (95% CI: 0.51% to 0.55%) in the cancer
cohort and 0.31% (95% CI: 0.30% to 0.32%) in the
comparator cohort (HR: 2.08; 95% CI: 1.96 to 2.19).
The 12-month cumulative incidence was 0.75% (95%
CI: 0.73% to 0.78%) in the cancer cohort and 0.60%
(95% CI: 0.58% to 0.61%) in the comparator cohort
(HR: 1.66; 95% CI: 1.59 to 1.73) (Figure 1, Supplemental
Table 7). Figure 3 shows the incidence rate of
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TABLE 2 Incidence of Arterial Thromboembolism During Follow-Up Intervals, Overall and by Cancer Type

n

6 Months Prior Cancer
Diagnosis/Index Date

6 Months After Cancer
Diagnosis/Index Date

12 Months After Cancer
Diagnosis/Index Date

Period
Prevalence (95% CI)

Prevalence
Ratio* (95% CI)

Cumulative
Incidence (95% CI)

Hazard
Ratio* (95% CI)

Cumulative
Incidence (95% CI)

Hazard
Ratio* (95% CI)

Matched comparator cohort 1,375,386 0.62 (0.61–0.63) Reference 0.76 (0.75–0.77) Reference 1.48 (1.46–1.50) Reference

Cancer cohort 458,462 1.52 (1.48–1.55) 2.40 (2.32–2.48) 1.50 (1.47–1.54) 2.36 (2.28–2.44) 2.11 (2.06–2.15) 1.87 (1.82–1.92)

Cancer types

Bladder 16,051 1.60 (1.41–1.81) 1.68 (1.44–1.97) 2.49 (2.25–2.74) 2.61 (2.27–3.02) 3.49 (3.21–3.79) 2.14 (1.90–2.40)

Lung cancer 75,084 2.33 (2.22–2.44) 3.39 (3.15–3.65) 2.08 (1.98–2.18) 3.76 (3.46–4.08) 2.70 (2.59–2.82) 3.10 (2.89–3.32)

Colon 51,436 1.95 (1.84–2.08) 2.62 (2.40–2.85) 2.08 (1.96–2.21) 2.64 (2.41–2.90) 2.66 (2.52–2.80) 1.97 (1.83–2.12)

Rectal 26,191 1.40 (1.26–1.55) 2.13 (1.86–2.44) 2.07 (1.90–2.25) 3.15 (2.76–3.58) 2.81 (2.61–3.02) 2.31 (2.08–2.56)

Pancreatic 16,044 1.99 (1.78–2.22) 2.65 (2.27–3.09) 1.94 (1.74–2.17) 4.78 (3.93–5.83) 2.46 (2.23–2.71) 4.14 (3.51–4.89)

Esophageal 7,956 1.32 (1.09–1.59) 1.83 (1.41–2.36) 1.92 (1.63–2.24) 2.83 (2.21–3.62) 2.34 (2.02–2.69) 2.18 (1.77–2.68)

Stomach 10,296 1.97 (1.71–2.26) 2.64 (2.18–3.20) 1.79 (1.55–2.06) 2.35 (1.90–2.91) 2.35 (2.07–2.66) 2.08 (1.74–2.49)

Brain 8,500 5.97 (5.48–6.50) 13.31 (10.89–16.27) 1.74 (1.48–2.04) 4.56 (3.44–6.05) 2.18 (1.88–2.51) 3.87 (3.05–4.89)

Hematological† 42,466 1.51 (1.40–1.64) 2.48 (2.23–2.75) 1.42 (1.31–1.53) 2.32 (2.07–2.60) 2.02 (1.89–2.16) 1.79 (1.63–1.96)

Renal 12,333 1.99 (1.75–2.25) 3.28 (2.70–3.98) 1.35 (1.16–1.57) 2.29 (1.82–2.88) 2.09 (1.85–2.36) 1.93 (1.62–2.31)

Liver 6,103 1.80 (1.49–2.16) 2.81 (2.11–3.75) 1.31 (1.05–1.62) 2.64 (1.75–3.98) 1.59 (1.30–1.93) 2.41 (1.71–3.39)

Prostate 68,334 1.09 (1.01–1.17) 1.32 (1.21–1.43) 1.26 (1.18–1.35) 1.30 (1.19–1.41) 2.14 (2.03–2.25) 1.16 (1.09–1.23)

Gynecological‡ 31,922 0.96 (0.85–1.07) 2.50 (2.14–2.91) 0.97 (0.86–1.08) 2.44 (2.06–2.89) 1.42 (1.29–1.55) 1.93 (1.69–2.20)

Breast 85,746 0.47 (0.43–0.52) 1.38 (1.22–1.55) 0.58 (0.54–0.64) 1.37 (1.22–1.54) 0.97 (0.90–1.03) 1.14 (1.05–1.24)

*Matching factors controlled for by study design and adjusted for prior arterial thromboembolism, venous thromboembolism, atrial fibrillation or flutter, heart failure, atherosclerosis and peripheral vascular
disease, chronic obstructive pulmonary disease, inflammatory bowel disease, liver disease, renal disease, diabetes, obesity, alcoholism and alcoholism-related conditions, rheumatoid arthritis, human immune
deficiency virus, and hypertension. †Hematological malignancies included multiple myeloma, Hodgkin lymphoma, non-Hodgkin lymphoma, and leukemia. ‡Gynecological cancers included ovarian, uterine,
and endometrial cancer.

CI ¼ confidence interval.
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myocardial infarction in the first 6 months after can-
cer diagnosis, stratified by age group.
STROKE. The period prevalence of the combination
of ischemic and unspecified stroke was 0.93% (95%
CI: 0.91% to 0.96%) for members of the cancer
cohort in the 6 months preceding cancer diagnosis
and 0.36% (95% CI: 0.35% to 0.37%) for members of
the comparator cohort in the 6 months preceding the
index date (prevalence ratio 2.51; 95% CI: 2.41 to
2.62). In the 6 months after the cancer diagnosis/
index date, the cumulative incidence was 0.87%
(95% CI: 0.85% to 0.90%) in the cancer cohort and
0.43% (95% CI: 0.42% to 0.44%) in the comparator
cohort (HR: 2.39; 95% CI: 2.28 to 2.50). The 12-month
cumulative incidence was 1.22% (95% CI: 1.19% to
1.26%) in the cancer cohort and 0.85% (95% CI:
0.83% to 0.86%) in the comparator cohort (HR: 1.89;
95% CI: 1.82 to 1.96) (Figure 1, Supplemental
Table 8). Figure 4 shows the incidence rate of
stroke in the first 6 months after cancer diagnosis,
stratified by age group.

Just as for stroke and myocardial infarction, the
risk of peripheral arterial occlusions was increased in
cancer patients. The risk of peripheral arterial occlu-
sions in the cancer and comparator cohorts are shown
in Supplemental Table 9.
PREDICTORS FOR ARTERIAL THROMBOEMBOLISM.

In the cancer cohort, age was a predictor for arterial
thromboembolism during the first 6 months after
cancer diagnosis. Compared with patients younger
than 65 years, the risk was higher in patients age 65
to 75 years (adjusted SHR: 1.53; 95% CI: 1.43 to 1.65)
and in those older than 75 years (adjusted SHR:
1.88; 95% CI: 1.75 to 2.02). Other predictors were
male sex (adjusted SHR: 1.15; 95% CI: 1.08 to 1.22),
prior arterial thromboembolism (adjusted SHR: 2.96;
95% CI: 2.77 to 3.17), hypertension (adjusted SHR:
1.29; 95% CI: 1.21 to 1.37), and diabetes mellitus
(adjusted SHR: 1.20; 95% CI: 1.10 to 1.29). Compared
with patients with localized cancer, the risk was
higher in patients with regional cancer (adjusted
SHR: 1.16; 95% CI: 1.08 to 1.25) and in those with
distant cancer (adjusted SHR: 1.21; 95% CI: 1.12 to
1.30). Patients who received chemotherapy
(adjusted SHR: 1.47; 95% CI: 1.33 to 1.61) and sur-
gery (adjusted SHR: 1.16; 95% CI: 1.09 to 1.24) dur-
ing the first 4 months of follow-up had a higher risk
compared with patients receiving no treatment. All
predictors are presented in Table 3. Predictors for
myocardial infarction and ischemic and unspecified
stroke separately are shown in Supplemental
Tables 10 and 11.
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FIGURE 1 12-Month Cumulative Incidence Curves for ATE, Myocardial Infarction, and Ischemic Stroke

Cumulative arterial thromboembolism (ATE) (A), myocardial infarction (B), and ischemic stroke (C) incidence for patients with cancer and for

the matched comparator cohort in the 12 months after cancer diagnosis/index date. The cumulative incidence was calculated with a

competing risk approach.
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FIGURE 2 Incidence Rate of ATE for Each Cancer Type During the First 6 Months After Cancer Diagnosis for Patients <65, 65 to 75, and

>75 Years

The incidence rate was calculated as number of events per 1,000 person years. The gray bar depicts the 95% confidence interval.

ATE ¼ arterial thromboembolism.
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DISCUSSION

In this Danish population-based cohort study, the risk
of arterial thromboembolism in cancer patients was
evaluated using data from almost one-half million
cancer patients (Central Illustration). We found that
risk of myocardial infarction, ischemic stroke, and
peripheral arterial embolism was approximately two-
fold higher in cancer patients than in matched
members of the general population. This risk was
increased before the cancer diagnosis and during the
12 months after the cancer diagnosis. Elderly patients
and those with bladder, lung, and colon cancer were
at highest risk. Arterial thromboembolic events were
strongly associated with increased mortality in cancer
patients. These findings underscore the relevance of
this disease complication in cancer patients, for
which preventive efforts might be considered in high-
risk patients. International guidelines propose
several possible preventive measures, including a



FIGURE 3 Incidence Rate of Myocardial Infarction for Each Cancer Type During the First 6 Months After Cancer Diagnosis for

Patients <65, 65 to 75, and >75 Years

The incidence rate was calculated as number of events per 1,000 person years. The gray bar depicts the 95% confidence interval.
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thorough cardiovascular risk assessment, early iden-
tification and treatment of comorbidities, minimiza-
tion of cardiac irradiation, the limitation of the
cumulative dose of several systemic cancer treat-
ments, and promoting exercise and positive lifestyle
behavior (21,22).

It is well known that cancer patients are at
increased risk of venous thromboembolism, which
develops in approximately 3% of the total cancer
population (23). This study identified a somewhat
lower 1.5% 6-month risk of arterial
thromboembolism. However, it is important to note
that the case fatality rate of arterial events is sub-
stantially higher than that of venous thromboembolic
events (24–26). This is reflected by the strong associ-
ation of arterial events with mortality in our study.
Several studies showed that venous thromboembo-
lism is associated with systemic anticancer therapies,
such as cisplatin and angiogenesis inhibitors
(23,27,28). Large-scale studies are needed to evaluate
whether a similar association exists between cancer
and arterial thromboembolism.



FIGURE 4 Incidence Rate of Stroke for Each Cancer Type During the First 6 Months After Cancer Diagnosis for Patients <65, 65 to 75,

and >75 Years

The incidence rate was calculated as number of events per 1,000 person years. The gray bar depicts the 95% confidence interval.
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Although the risk of arterial thromboembolism in
the overall cancer population was modest, the risk
appeared to be substantial in certain patient groups.
For instance, the 6-month incidence of arterial
thromboembolism among men older than age 75
years with diabetes mellitus and a diagnosis of
bladder cancer was 4.09% (95% CI: 2.48% to 6.32%)
compared with only 0.12% (95% CI: 0.09% to 0.16%)
among women younger than age 65 years with no
comorbidities and a diagnosis of breast cancer.
Risk stratification scores are available to select
cancer patients at high risk of venous thromboem-
bolism for thromboprophylaxis. Such tools allow cli-
nicians to identify cancer patients with a 6-month
incidence of venous thromboembolism of roughly 9%
(29,30). Consequently, international guidelines now
suggest 6 months of outpatient primary thrombo-
prophylaxis to prevent venous thromboembolism in
high-risk cancer patients (31–33). To the best of our
knowledge, no such validated risk scores exist to



TABLE 3 Analysis of Predictors for Arterial Thromboembolism During the 6-Month Period Following Cancer Diagnosis

Cumulative
Incidence (95% CI)

Unadjusted Subdistribution
Hazard Ratio (95% CI)

Adjusted Subdistribution
Hazard Ratio* (95% CI)

Female 1.18 (1.14–1.23) Reference Reference

Male 1.84 (1.78–1.90) 1.56 (1.49–1.64) 1.15 (1.08–1.22)

Age groups, yrs

<65 0.79 (0.74–0.83) Reference Reference

65–75 1.61 (1.55–1.67) 2.06 (1.92–2.20) 1.53 (1.43–1.65)

>75 2.30 (2.22–2.38) 2.96 (2.77–3.15) 1.88 (1.75–2.02)

Prior arterial thromboembolism

No 1.10 (1.07–1.14) Reference Reference

Yes 4.94 (4.74–5.13) 4.59 (4.36–4.82) 2.96 (2.77–3.17)

Cancer stage at diagnosis†

Localized 1.15 (1.09–1.20) Reference Reference

Regional 1.54 (1.47–1.61) 1.34 (1.25–1.44) 1.16 (1.08–1.25)

Distant 1.87 (1.78–1.96) 1.64 (1.53–1.75) 1.21 (1.12–1.30)

Unknown 1.75 (1.65–1.85) 1.53 (1.42–1.65) 1.07 (0.98–1.16)

Cancer treatment during first 4 months
after cancer diagnosis‡

No treatment 1.67 (1.60–1.74) Reference Reference

Included chemotherapy 1.30 (1.23–1.37) 0.77 (0.72–0.83) 1.47 (1.33–1.61)

Included radiotherapy 1.23 (1.14–1.32) 0.73 (0.67–0.79) 1.20 (1.08–1.33)

Included surgery 1.36 (1.32–1.41) 0.81 (0.77–0.86) 1.16 (1.09–1.24)

Included hormonal therapy 1.00 (0.90–1.11) 0.59 (0.53–0.66) 1.05 (0.91–1.22)

Atrial fibrillation or flutter

No 1.41 (1.37–1.44) Reference Reference

Yes 2.83 (2.65–3.02) 2.03 (1.89–2.18) 1.06 (0.96–1.16)

Hypertension

No 1.29 (1.25–1.33) Reference Reference

Yes 2.60 (2.49–2.72) 2.03 (1.93–2.14) 1.29 (1.21–1.37)

Lipid-lowering therapy

No 1.33 (1.30–1.37) Reference Reference

Yes 2.24 (2.14–2.34) 1.69 (1.60–1.78) 0.96 (0.89–1.02)

Diabetes mellitus

No 1.42 (1.38–1.45) Reference Reference

Yes 2.64 (2.47–2.82) 1.88 (1.74–2.02) 1.20 (1.10–1.29)

Antiplatelet therapy

No 1.14 (1.10–1.17) Reference Reference

Yes 2.88 (2.77–2.98) 2.56 (2.44–2.69) 1.23 (1.16–1.31)

Anticoagulant therapy

No 1.43 (1.40–1.47) Reference Reference

Yes 2.77 (2.57–2.98) 1.95 (1.80–2.11) 1.23 (1.11–1.36)

*Adjusted for age, sex, calendar year, prior arterial thromboembolism, prior venous thromboembolism, atrial fibrillation or flutter, heart failure, atherosclerosis and peripheral
vascular disease, chronic obstructive pulmonary disease, inflammatory bowel disease, liver disease, renal disease, diabetes, obesity, alcoholism and alcoholism-related con-
ditions, rheumatoid arthritis, HIV, hypertension, cancer type, lipid-lowering therapy, antiplatelet use, and anticoagulant use. †For solid cancers only. ‡Only estimated for
patients that were still alive at 4 months to avoid immortal time bias.

CI ¼ confidence interval.

Mulder et al. J A C C : C A R D I O O N C O L O G Y , V O L . 3 , N O . 2 , 2 0 2 1

Arterial Thrombosis in Cancer J U N E 2 0 2 1 : 2 0 5 – 1 8

214
identify cancer patients at high risk for arterial
thromboembolism. In the present study, we identi-
fied several predictors (Table 3), which can aid iden-
tification of patients for whom intensive preventive
measures, such as antiplatelet or lipid-lowering
therapy, might be beneficial.

Navi et al. (10) evaluated the risk of arterial
thromboembolism in a cohort of 279,719 cancer pa-
tients and a matched comparator cohort using
Medicare data, which include health care data for
Americans older than age 65 years. In their study, the
6-month incidence of arterial thromboembolism was
4.7% (95% CI: 4.6% to 4.8%) in the cancer cohort, and
2.2% (95% CI: 2.1% to 2.2%) in the comparator cohort
(HR: 2.2; 95% CI: 2.1 to 2.3). Although the 2-fold
increased relative risk for cancer patients is consis-
tent with the present study, we observed a substan-
tially lower absolute risk in the cancer cohort overall



CENTRAL ILLUSTRATION Cancer Patients at Increased Risk of Arterial Thromboembolism

Mulder, F.I. et al. J Am Coll Cardiol CardioOnc. 2021;3(2):205–18.

The 12-month cumulative incidence of arterial thromboembolism (ATE) is higher for cancer patients than for comparator individuals. In cancer

patients, ATE is associated with an increased risk of mortality. Age, prior arterial thromboembolism, distant metastasis, and chemotherapy

were important predictors for ATE. ATE was defined as the composite of myocardial infarction, ischemic and unspecified stroke, and pe-

ripheral arterial occlusion. CI ¼ confidence interval; HR ¼ hazard ratio.
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(1.50%; 95% CI: 1.47% to 1.54%), but also in the groups
of patients age 65 to 75 years (1.61%; 95% CI: 1.55% to
1.67%) and >75 years (2.30%; 95% CI: 2.22% to 2.38%).
A potential explanation, pointed out by Navi et al., is
that Medicare data might be prone to overcoding in
some situations due to diagnostic reclassifications
(34). The observation could also be explained by dif-
ferences between the study populations in unmea-
sured risk factors, such as smoking and body weight.
In contrast to Navi et al. (10), we did not include
outpatient diagnosis in our primary analysis, because
this might result in delayed entry of previous arterial
thromboembolic events. Nonetheless, our additional
analysis, in which we used both inpatient and
outpatient diagnoses, suggests that this explanation
does not fully explain the difference. An Austrian
prospective cohort study that included 1,880 cancer
patients yielded a 6-month cumulative incidence of
1.1% (95% CI: 0.7% to 1.7%), which was somewhat
lower than our finding (35). As in the present study,
male sex, older age, and hypertension were associ-
ated with arterial thromboembolism.

STUDY STRENGTHS AND LIMITATIONS. Strengths of
the current study include its use of comprehensive
routine clinical care data available for all Danish resi-
dents regardless of age, insurance status, sociodemo-
graphic factors, or ethnic background. The use of
competing risk analysis, which recently was shown to
be appropriate in this setting (36), mitigated over-
estimation of risks. However, some limitations also
need to be acknowledged. First, the higher risk of
arterial thromboembolism could, at least in part, be
due to differences between the patient and compar-
ator cohorts in unmeasured confounders, such as
smoking. Unfortunately, information on smoking was
not available in our dataset. However, we reduced the
effect of smoking by adjusting for chronic lung dis-
ease, and our findings were consistent for cancer types
that are not strongly associated with smoking, such as
breast cancer and hematological malignancies. Other
unmeasured potential confounders include obesity
and diet. Second, although transient ischemic attacks
also may be considered a type of arterial thromboem-
bolism, we excluded this diagnosis from the primary
outcome given its low positive predictive value in the
DNPR (37). This approach may potentially have resul-
ted in conservative estimates. Third, cancer patients
likely receive closer clinical surveillance after a cancer
diagnosis than persons in the comparator cohort,
leading to earlier detection of study outcomes. How-
ever, our analysis of outcomes before cancer diagnosis
yielded similar results. Fourth, the analysis focusing
on the 6 months prior to the cancer diagnosis intro-
duced immortal time bias for both cohorts, because
fatal events were excluded by definition. This resulted
in underestimated risks in this period, especially for
the cancer cohort. Fifth, cancer treatment was not
limited to a single modality and was recorded only
during the first 4 months following cancer diagnosis.
Sixth, data on comorbidities were available from 1977
onwards, meaning that comorbidities occurring before
that year were not available. Finally, our results do not
permit any inferences about the disease mechanism
underlying arterial thromboembolism in cancer pa-
tients. Cancer types with the highest risk of arterial
thromboembolism were bladder, lung, and colon
cancer, which are all associated with smoking. This
observation suggests that smoking (and potentially
other lifestyle factors) may contribute to the increased
risk in cancer patients. However, the higher risk in
patients with metastasized cancer and in those
receiving chemotherapy suggests that hypercoagula-
bility may play a role as well, as observed for cancer-
associated venous thromboembolism.

CONCLUSIONS

Our study showed that cancer patients are at
increased risk of arterial thromboembolic events,
including myocardial infarction and stroke. As these
events are associated with mortality, clinicians
should be aware of this disease complication, in
particular in risk groups including the elderly and
those with certain cancers such as bladder and lung
cancer.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Cancer

patients are at increased risk of arterial thromboembo-

lism, including myocardial infarction, ischemic stroke,

and peripheral arterial occlusion. Cancer patients should

be informed about their increased risk of arterial throm-

boembolism and preventive measures should be consid-

ered by clinicians.

TRANSLATIONAL OUTLOOK: Clinical prediction

models should be developed to identify cancer patients

at highest risk of arterial thromboembolism. This could

aid clinicians in selecting patients for preventive mea-

sures. A better understanding of the association between

arterial thromboembolism and specific anticancer sys-

temic agents is needed. Future population-based cohort

studies should address this need.
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