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Summary
We studied the occurrence of myocardial infarction (MI), ischaemic
stroke (IS) and pulmonary embolism (PE) before and after breast cancer
hospitalisation compared with cancer-free controls. For this, women
with a first breast cancer hospitalisation during 2000–2007 were se-
lected from the PHARMO Record Linkage System, including drug use
and hospitalisations of three million inhabitants in the Netherlands,
and matched 1:10 by age to cancer-free women.The occurrence of MI,
IS and PE were assessed in the 12 months before and after breast
cancer hospitalisation. The study included 11,473 breast cancer pa-
tients, with a mean (± SD) age of 59 (± 14) years. Breast cancer patients
were two to three times as likely as their cancer-free controls to have
had a hospitalisation for PE, MI or IS in the 12 months before diagnosis,
though prevalence was <1% in all groups. Breast cancer patients ex-
perienced an extreme high risk of PE in the first six months after diag-
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nosis (hazard ratio [HR] 23.5, 95% confidence interval [CI] 11.1–49.7
compared to controls), which declined gradually to a four times in-
creased risk (HR 3.6, 95%CI 2.4–5.5) more than 12 months after breast
cancer hospitalisation. However, incidence was low: less than five
events per 1,000 person years during all time periods. For MI and IS we
did not observe significant increased HRs after breast cancer hospitali-
sation compared to controls. Breast cancer patients seem to have a
higher risk profile to develop MI and IS, and receive treatment that in-
creases the risk of PE compared to cancer-free controls, although the
frequency of hospitalisations was low.
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Introduction

The association between cancer and thrombosis, especially venous
thrombosis, is well recognised (1–3). Cancer patients are at in-
creased risk for thromboembolic complications due to the release
of procoagulants, compression or invasion of blood vessels, or as a
result of prolonged immobilisation, surgery or treatment with
chemotherapeutic agents (3–6). Several studies suggest that the
frequency of thromboembolism in cancer patients, especially pul-
monary embolism (PE), is increasing (6, 7). This is alarming as
thrombotic complications among cancer patients are associated
with decreased survival (8, 9).

While the rate of venous thromboembolism (VTE) among
cancer patients has been determined in several retrospective co-
hort studies (6–8, 10–14), published epidemiologic data on the
incidence of the specific types of venous and arterial thromboem-

bolism (15) is scarce. Moreover, as the risk of thrombosis varies
within the cancer patient during the course of malignancy (1) tim-
ing of the occurrence of thrombotic events needs further research.
This study focused on the occurrence of specific thromboembolic
events in different time intervals among women with a hospitali-
sation for breast cancer. Although reported rates of VTE among
breast cancer patients are one of the lowest among cancer patients
(6–8), this highly prevalent cancer can contribute significantly to
the overall burden of venous thromboembolism (14). We studied
the more serious and well-defined venous and arterial throm-
boembolic events, which are myocardial infarction (MI), is-
chaemic stroke and PE. All three will result directly in a hospitali-
sation and may contribute significantly to the risk of mortality
among breast cancer patients. The rates of these three events were
determined before and after breast cancer hospitalisation and
compared with cancer-free controls. In addition, risk factors for
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developing MI, ischaemic stroke and PE after breast cancer hospi-
talisation were defined.

Methods

Data source

Data were obtained from the PHARMO Record Linkage System
(PHARMO RLS) which consists of multiple observational data-
bases linked on a patient level, covering three million inhabitants
of geographic defined areas in the Netherlands. Databases relevant
for this study include the Dutch National Medical Register (LMR)
(16) and the community pharmacy database (out-patient). The
hospital records contain detailed information concerning admis-
sions for more than 24 hours (h) and admissions for less than 24 h
for which a bed is required, including primary and secondary diag-
noses, procedures and dates of hospital admission and discharge.
All diagnoses are coded according to the International Classifi-
cation of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM). The drug dispensing histories from community phar-
macies contain data on the dispensed drug, prescriber, dispensing
date, amount dispensed, prescribed dose regimens, and thus the
duration of use. All drugs are coded according to the Anatomical
Therapeutic Chemical (ATC) Classification.

Study population

New hospitalised breast cancer women (ICD-9-CM code: 174) in
the period from January 1st 2000 to December 31st 2007 were se-
lected from the Dutch National Medical Register of the PHARMO
RLS. Date of first breast cancer hospitalisation was defined as the
cohort entry date and patients with any cancer hospitalisation
(ICD-9-CM codes: 140–239) in the period of 10 years before the
cohort entry date (or as far as history was available in the Dutch
National Medical Register of the PHARMO RLS) were excluded.
To be able to define co-morbidities in recent history based on drug
use – next to hospitalisations, patients needed to have at least 12
months of history in the community pharmacy database of the
PHARMO RLS. All patients were followed from cohort entry until
end of data-collection in the PHARMO RLS (i.e. the patient moves
out of the PHARMO RLS catchment area), death, or end of the
study period (December 31st 2008), whichever occurred first.

Cancer-free controls

Controls were selected from all women included in the PHARMO
RLS; a large, population-based cohort of cancer and cancer-free
patients with thorough and unbiased information on medications
and hospitalisations. The selection of the control cohort was step-

wise. First, for each breast cancer patient we matched randomly
1:20 by age with breast cancer-free women (i.e. never hospitalised
for breast cancer [ICD-9-CM code: 174]). Each of these potential
controls was assigned the cohort entry date of the cancer patient
case match. Second, we eliminated from the pool of 20 possible
controls per case, any control that did not have 12 months of his-
tory before cohort entry date in the PHARMO RLS and/or who
had a hospitalisation with a primary diagnosis for any cancer
(ICD-9-CM codes: 140–239) in the period from 10 years before the
cohort entry date (or as far as history is available in the Dutch
National Medical Register of the PHARMO RLS) until December
31st 2008. Finally, out of the remaining controls that fulfilled the
above criteria, ten per case were randomly selected and included in
the control cohort.

Outcomes

Only thromboembolic events that are likely to lead to a hospitali-
sation were included in this study and selected by using primary
discharge diagnosis codes: MI (ICD-9-CM: 410)(17), ischaemic
stroke (ICD-9-CM: 433, 434, 437.1)(18, 19) and PE (ICD-9-CM:
415.1)(20, 21). These three events were defined in 12 months of
history and during follow-up (0–6 months, 6–12 months and 12
months to total follow-up).

Patient characteristics

The following characteristics were determined: age, duration of
follow-up and use of the following cardiovascular drugs in the year
before cohort entry based on ATC codes: platelet aggregation in-
hibitors (B01AC), other antithrombotic drugs (including aspirin,
B01A excl. B01AC), lipid-lowering drugs (C10), antihypertensives
(C02, C03 [excl. C03C], C07, C08, C09 [excl. C09X]), other cardio-
vascular drugs (e.g. antiarrhytmics, vasodilators and vasoprotec-
tives; C01, C04, C05) and antidiabetic drugs (A10). In addition, in
the six months after cohort entry we also determined the use of
chemotherapy based on hospital discharge diagnoses (ICD-9-CM
code: V58.1) and/or oral chemotherapies supplied by community
pharmacies (ATC code: L01 excl. targeted drug therapies: L01XC
and L01XE), antineoplastic hormonal therapy (L02), breast
cancer-related surgery (hospital procedure codes: 5–860 to 5–869,
5–870 to 5–879 and 5–400 to 5–409) and cumulative duration of
any hospital stay (0–10, >10 days).

Analyses

Prior drug use was compared between breast cancer patients and
their controls using the Chi-square test. Prevalence proportions in
the 12 months before cohort entry were assessed for each throm-
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boembolic event and expressed with accompanying 95% con-
fidence intervals (CI). Conditional logistic regression was used to
calculate odds ratios (OR) with 95% CI. For patients with five year
history in the PHARMO RLS sensitivity analyses were performed
including prevalence proportions in five years before cohort entry.
For incidence calculations, patients with a previous event (i.e. MI,
ischaemic stroke or PE in the 12 months prior to cohort entry)
were removed from the at-risk population for that specific event.
Incidence rates per 1,000 person-years with accompanying 95% CI
based on Byar's approximation(22) were calculated for the three
distinct periods of follow-up time. Cox proportional hazards re-
gression analysis was used to compare the incidence of the throm-
boembolic events between breast cancer patients and their cancer-
free controls including correction for possible confounders. To vis-
ualise the time course of PE among breast cancer patients the pro-
portion of patients with PE (including 95% CI) was determined at
0–6 and 6–12 months before breast cancer hospitalisation and 0–6
and 6–12 months after breast cancer hospitalisation among pa-
tients with complete follow-up during these four periods. Cox pro-
portional hazards regression models were also fit to identify inde-
pendent risk factors for developing MI, ischaemic stroke or PE in
the complete follow-up after hospitalisation for breast cancer. The
above mentioned patient characteristics were considered as poten-
tial risk factors. All risk factors associated with the outcome in the
univariate analyses were included in the multivariate analyses.
Statistical significance was defined at an alpha level of 0.05. Data
were analysed using SAS (SAS Institute Inc., Cary, NC, USA).

Results

A total of 11,473 women with a first hospitalisation for breast
cancer during 20002007 was selected from the PHARMO RLS and
matched to 114,730 cancer-free women. Mean (± standard devi-
ation: SD) age of patients was 59 (± 14) years. The mean (± SD) du-
ration of follow-up was 3.7 (± 2.2) years for breast cancer patients
and 3.9 (± 2.2) years for the cancer-free controls. Use of the various
types of cardiovascular drugs and antidiabetic drugs prior to
breast cancer hospitalisation as presented in �Table 1 was signifi-
cantly higher among breast cancer patients compared to their
cancer-free controls (p<0.0001). Similar use of these drugs was
found during the first six months after breast cancer hospitali-
sation (data not shown). Of the breast cancer patients, 20% receiv-
ed chemotherapy, 32% received antineoplastic hormonal therapy
and 92% received breast cancer-related surgery during or within
six months after the first breast cancer hospitalisation. Data on
radiation therapy was not available in the PHARMO RLS. Median
duration of breast cancer hospitalisation at cohort entry was 2 days
(interquartile range=1–5 days).

�Table 2 presents the proportion of patients with MI, is-
chaemic stroke or PE in the 12 months before breast cancer hospi-
talisation compared to cancer-free controls. Breast cancer patients
were three times as likely as their cancer-free controls to have had a
MI or PE and two times as likely to have had an ischaemic stroke.
However, frequency of events was low: less than 1% in both the
breast cancer cohort and their cancer-free controls. Sensitivity

Table 1: Age and prior drug use of breast
cancer patients and cancer-free controls.

Patients with breast cancer
(N=11,473)

Cancer-free control cohort
(N=114,730)

N (%) N (%)

Age in years (mean ± SD) 59 (± 14) 59 (± 14)

Prior drug use 1,2

Platelet aggregation inhibitors 1,166 (10) 7,912 (7)

Other antithrombotic drugs 524 (5) 2,684 (2)

Lipid-lowering drugs 1,292 (11) 8,765 (8)

Antihypertensives 3,914 (34) 23,353 (20)

Other cardiovascular drugs* 1,096 (10) 6,270 (6)

Antidiabetic drugs 808 (7) 4,779 (4)

SD: standard deviation; 1In the 12 months before cohort entry; 2Results on prior drug use differ significantly
between patients with breast cancer and their cancer-free controls (p<0.0001); * Other cardiovascular
drugs, such as antiarrhytmics, vasodilators and vasoprotectives.

Table 2: Proportion of patients with MI,
ischaemic stroke or PE 12 months before
breast cancer hospitalisation, compared to
a non-cancer population.

Patients with breast cancer
(N=11,473)

Cancer-free control cohort
(N=114,730)

Odds ratio
(OR)

N % (95% CI) N % (95% CI) (95% CI)

Myocardial infarction 32 0.28 (0.19–0.39) 112 0.10 (0.08–0.12) 2.9 (1.9–4.2)

Ischaemic stroke 15 0.13 (0.07–0.22) 85 0.07 (0.06–0.09) 1.8 (1.0–3.1)

Pulmonary embolism 11 0.10 (0.05–0.17) 33 0.03 (0.02–0.04) 3.4 (1.7–6.7)

95% CI: 95% confidence interval.
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analysis including proportions over a period of five years before
cohort entry showed similar results, with OR=1.8 (95%CI:
1.3–2.6) for MI, OR=1.7 (95%CI: 1.1–2.5) for ischaemic stroke
and OR=3.0 (95%CI: 1.7–5.1) for PE.

Incidence rates of MI, ischaemic stroke or PE are presented for
three distinct periods of follow-up time (�Table 3). The incidence
of MI and ischaemic stroke among hospitalised breast cancer pa-
tients ranged from 1.5 to 1.8 per 1,000 person years (py) for the
various follow-up periods. Compared to the cancer-free control
cohort after correction for possible confounders, the hazard ratio
(HR) for MI was 1.0 (95%CI: 0.5–2.0) in 0–6 months, 1.5 (95%CI:
0.7–3.1) in 6–12 months and 1.3 (95% CI: 1.0–1.7) in 12 months to
total follow-up. For ischaemic stroke these were 1.1 (95%CI:
0.5–2.5), 1.8 (95%CI: 0.8–3.9) and 1.2 (95% CI: 0.9–1.6), respect-
ively. In contrast, the incidence of PE decreased over time from 4.7
per 1,000 py in 0–6 months after breast cancer hospitalisation, to
1.0 per 1,000 py in 12 months to total follow-up. Compared to the
controls, the risk of PE was largely increased, especially shortly
after hospitalisation. In the first six months, the adjusted HR was
23.5 (95%CI: 11.1–49.7), while the HR was 9.0 (95%CI: 4.2–19.5)
between 6–12 months, and 3.6 (95%CI: 2.4–5.5) 12 months and
later after breast cancer hospitalisation. This change in the propor-
tion of breast cancer patients with PE over time is visualised in
�Figure 1. The proportion of patients with PE increased over time
before breast cancer diagnosis, with the highest peak directly after
diagnosis and a decrease thereafter.

Multivariate analyses in �Table 4 show that independent risk
factors for developing MI in the complete follow-up after hospi-
talisation for breast cancer were: older age (≥70 years vs. ≤49 years;

HR=5.9; 95%CI: 2.0–17.2), prior use of antihypertensives
(HR=1.6; 95%CI: 1.0–2.8) and cumulative duration of hospital
stay longer than 10 days (irrespective of type of hospitalisation)
during the first six months of follow-up (HR=1.6; 95%CI:
1.0–2.6). Independent risk factors for developing ischaemic stroke
were: older age (≥70 years vs. ≤49 years; HR=5.8; 95%CI: 1.7–20.0)
and prior use of platelet aggregation inhibitors (HR=1.9; 95%CI:
1.1–3.4), antihypertensives (HR=2.6; 95%CI: 1.4–4.8) or antidia-
betic drugs (HR=2.4; 95%CI: 1.3–4.3). Independent risk factors
for developing PE in complete follow-up after correction for other
risk factors were: older age (≥70 years vs. ≤49 years; HR=3.0;
95%CI: 1.3–6.7), use of chemotherapy (HR=2.4; 95%CI: 1.3–4.5)
or antineoplastic hormonal therapy (HR=2.1; 95%CI: 1.3–3.4)
and total hospital stay >10 days (HR=2.6; 95%CI: 1.6–4.3) during
the first six months of follow-up.

Discussion

Our large population-based study showed that the proportion of
breast cancer patients hospitalised for PE changed remarkably over
time. Breast cancer patients were three times as likely as their
cancer-free controls to have had a hospitalisation for PEin the 12
months before breast cancer diagnosis. Directly after breast cancer
hospitalisation a 24-fold, significant increased risk for PE was
found and this risk declined gradually to a four times increased risk
for thromboembolism more than 12 months after breast cancer
hospitalisation. Regarding arterial thromboembolism, breast

Table 3: Incidence rates of MI, ischaemic stroke or PE during three periods of follow-up since breast cancer hospitalisation, compared to a non-
cancer population.

Patients with breast cancer Cancer-free control cohort Hazard ratio (HR)

Event N IR per 1000
PY (95% CI)

Event N Follow-up
PY

IR per 1000
PY (95% CI)

Crude
(95% CI)

0 to 6 months after breast cancer hospitalisation

Myocardial infarction 9 1.6 (0.7–3.1) 75 55,559 1.3 (1.1–1.7) 1.2 (0.6–2.5)

Ischaemic stroke 8 1.5 (0.5–2.9) 46 55,580 0.8 (0.6–1.1) 1.8 (0.8–3.8)

Pulmonary embolism 26 4.7 (3.1–6.9) 16 55,610 0.3 (0.2–0.5) 17.3 (9.2–32.6)

6 to 12 months after breast cancer hospitalisation

Ischaemic stroke 9 1.8 (0.8–3.3) 39 51,730 0.8 (0.5–1.0) 2.4 (1.1–4.9)

Pulmonary embolism 14 2.8 (1.6–4.5) 15 51,765 0.3 (0.2–0.5) 9.2 (4.4–19.1)

12 months to total follow-up after breast cancer hospitalisation

Myocardial infarction 55 1.8 (1.3–2.3) 404 334,133 1.2 (1.1–1.3) 1.5 (1.1–2.0)

Ischaemic stroke 50 1.6 (1.2–2.1) 349 334,624 1.0 (0.9–1.2) 1.5 (1.1–2.1)

Pulmonary embolism 31 1.0 (0.7–1.4) 93 335,363 0.3 (0.2–0.3) 3.6 (2.4–5.4)

Adjusted#
(95%CI)

1.0 (0.5–2.0)

1.1 (0.5–2.5)

23.5 (11.1–49.7)

1.8 (0.8–3.9)

9.0 (4.2–19.5)

1.3 (1.0–1.7)

1.2 (0.9–1.6)

3.6 (2.4–5.5)

PY: person years; IR: incidence rate; 95% CI: 95% confidence interval; # hazard ratio for myocardial infarction adjusted for prior use of antithrombotic drugs, lipid-
lowering drugs and antihypertensive drugs. Hazard ratio for ischaemic stroke adjusted for prior use of antithrombotic drugs, lipid-lowering drugs, antihypertensive
drugs and other cardiovascular drugs. Hazard ratio for pulmonary embolism adjusted for prior use of antithrombotic drugs, lipid-lowering drugs and other cardio-
vascular drugs.

Myocardial infarction 8 1.6 (0.6–3.1) 60 51,695 1.2 (0.9–1.5) 1.4 (0.7–3.0) 1.5 (0.7–3.1)

Follow-up
PY

5,497

5,505

5,506

5,082

5,089

5,085

31,360

31,438

31,430
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Figure 1: Patients with
PE (including 95% CIs)
in the 12 months be-
fore and 12 months
after breast cancer
hospitalisation.

Table 4: Risk factors for developing MI, ischaemic stroke or PE after hospitalisation for breast cancer.

Characteristics Myocardial infarction Ischaemic stroke Pulmonary embolism

HR Multivariate # 95% CI HR Multivariate # 95% CI HR Multivariate # 95% CI

Age at diagnosis

≤49 years 1 reference 1 reference 1 reference

50–69 years 3.5 (1.2–9.9) 2.5 (0.7–8.6) 2.3 (1.1–4.6)

≥70 years 5.9 (2.0–17.2) 5.8 (1.7–20.0) 3.0 (1.3–6.7)

Prior drug use*

Platelet aggregation inhibitors 1.5 (0.8–2.7) 1.9 (1.1–3.4)

Other antithrombotic drugs 1.6 (0.8–3.4)

Antineoplastic hormonal therapy 2.1 (1.3–3.4)

Duration of any hospitalisation§

0–10 days 1 reference 1 reference

>10 days 1.6 (1.0–2.6) 2.6 (1.6–4.3)

HR: hazard ratio; 95% CI: 95% confidence interval; # The multivariate model included all factors that were univariately associated with the outcome; * Defined in
the 12 months before breast cancer hospitalisation; ** Other cardiovascular drugs, such as antiarrhytmics, vasodilators and vasoprotectives; § Defined during the
first six months after breast cancer hospitalisation.

Lipid-lowering drugs 1.2 (0.6–2.2) 0.7 (0.4–1.5)

Antihypertensives 1.6 (1.0–2.8) 2.6 (1.4–4.8)

Other cardiovascular drugs** 1.0 (0.5–1.8) 1.0 (0.5–1.9)

Antidiabetic drugs 1.7 (0.9–3.2) 2.4 (1.3–4.3)

Treatment§

Chemotherapy 2.4 (1.3–4.5)
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cancer patients were three times as likely to have had a MI and two
times as likely as to have had an ischaemic stroke before breast
cancer hospitalisation compared to their cancer-free controls, but
we did not observe a significantly increased HR after breast cancer
hospitalisation.

Similar proportions of VTE before breast cancer diagnosis, i.e.
0.06%-0.1%, were found in previous studies (10, 12). However, in
the study of White et al., VTE rates before breast cancer diagnosis
among patients registered in the California Cancer registry were
similar to the age-, race- and sex-specific rates in California (12). A
higher incidence of PE in the first six months after breast cancer
hospitalisation and decrease in the periods afterwards was also
found by Chew et al. who reported 1.2 events of venous thrombo-
sis per 100 py during the first half-year and 0.6 per 100 py during
the second half-year of follow-up (11). When taking into account
that in the study of Chew et al. both deep-vein thrombosis (DVT)
and PE were included and that the former occurs two to three times
more often than the latter (6, 7), these incidences of venous throm-
bosis are similar to ours: 4.7 per 1,000 py in the first half-year and
2.8 per 1,000 py in the second half-year after breast cancer hospi-
talisation. Chew et al. also found a four-fold higher risk of VTE
among breast cancer patients in the first year after breast cancer di-
agnosis compared with the general population.(11)

The increased rate of PE before breast cancer hospitalisation
might be caused by the presence of occult cancer (23, 24). The in-
creased risk of PE directly after breast cancer hospitalisation can be
explained by the cancer itself and its related treatment, including
surgery, chemotherapy, radiotherapy, or hormone therapy and im-
mobilisation following treatment (3, 4, 13). The low proportion of
patients using antithrombotic drugs in the first six months after
breast cancer hospitalisation (16%) suggests that patients often did
not receive thromboprophylaxis after breast cancer hospitali-
sation. Independent risk factors for developing PE in complete fol-
low-up after correction for other risk factors were: older age and

breast cancer treatment-related factors: use of chemotherapy or
antineoplastic hormonal therapy and total hospital stay of more
than 10 days during the first six months of follow-up. To our know-
ledge, there are no previous studies reporting risk factors for only
PE among breast cancer patients. One study reported the following
risk factors for developing venous thrombosis, including PE as well
as DVT, within two years after breast cancer diagnosis: age, the
number of chronic co-morbidities and advancing cancer stage
(11). Other studies among various types of cancer found that next
to cancer site, the following factors influence the risk of cancer-as-
sociated thrombosis: tumour stage, age, gender, co-morbidities
(e.g. hypertension, diabetes, obesity and hyperlipidaemia) and
cancer treatment (e.g. surgery, radiation therapy, chemotherapy
and hormonal therapy) (6, 13, 25).

Regarding arterial thrombotic events, our data suggest that
women developing breast cancer are more likely to suffer from car-
diovascular co-morbidity: rates of arterial thrombosis before
breast cancer diagnosis as well as prior cardiovascular drug use
were higher among breast cancer patients than their cancer-free
controls. This might be explained by the fact that arterial throm-
boembolism and breast cancer share similar risk factors such as
obesity (26, 27).

The rate of arterial thrombotic events did not change over time
after breast cancer hospitalisation. Risk factors for developing MI
or ischaemic stroke were prior use of cardiovascular drugs, while
chemotherapy or hormonal therapy in the first six months after
breast cancer hospitalisation were not significantly related to the
risk of developing MI or ischaemic stroke. This might be due to the
fact that patients are treated less aggressively when cardiovascular
co-morbidities are present (28, 29); therefore, the increased risk of
arterial thrombosis after chemotherapy, or antineoplastic hor-
monal therapies which is seen in other studies (30–33), was not
seen in our study.

Our study has some limitations that need to be discussed. First
of all, we used a hospitalisation database to identify venous and ar-
terial thromboembolic events. Using an administrative database to
define these events is less accurate than clinical chart review. How-
ever, we included in our study only the more serious and well-de-
fined venous and arterial thromboembolic events that lead to a
hospitalisation (17–21). We did not include e.g. DVT as many of
these patients might be treated outside the hospital (34), resulting
in an underestimation of the incidence of DVT when using hospi-
talisation data. Another limitation is that we were not able to in-
clude risk factors such as tumour stage, radiation therapy, obesity,
positive family history of coronary artery disease, cigarette smok-
ing and increased psychological distress, as these were not recorded
in the used databases. We could have retrieved data on tumour
stage and radiation therapy for a subset of patients (35). However,
as the incidence of thromboembolism among breast cancer pa-
tients is low, the sample size was too small to study these risk factors
for MI, ischaemic stroke and PE separately. Furthermore, our
population was restricted to patients hospitalised for breast cancer.
Validation of a sub-cohort by linking the PHARMO RLS and the
Eindhoven Cancer Registry(35) showed more than 95% of the pa-
tients diagnosed with breast cancer in the Netherlands to have been

What is known about this topic?
● Cancer patients are at increased risk for thromboembolic compli-

cations compared to cancer-free controls.
● While the rate of venous thromboembolism among cancer patients

has been determined in several retrospective cohort studies, less is
known about the incidence of both venous and arterial thrombosis
and the timing of these events.

What does this paper add?
● Compared to cancer-free controls, breast cancer patients are at in-

creased risk to develop pulmonary embolism, with the highest risk
directly after diagnosis and a decrease thereafter.

● Breast cancer patients seem to have a higher risk profile to devel-
op myocardial infarction or ischaemic stroke compared to cancer-
free controls.

● The incidence of hospitalisation for myocardial infarction, is-
chaemic stroke or pulmonary embolism in breast cancer patients is
low (<1%).
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hospitalised. The small proportion of patients that are not hospita-
lised and therefore not in our current study population are more
likely to be 80 years or older, have metastatic breast cancer and in-
stitutionalised.

To achieve optimal treatment and prognosis among breast
cancer patients, this study contributes to the awareness of the inci-
dence of thromboembolic events among breast cancer patients
and the risk factors and risk periods of thrombosis. Breast cancer
patients seem to have a higher risk profile to develop arterial
thromboembolism and receive treatment that increases the risk of
VTE. However, incidence of hospitalisations for MI, ischaemic
stroke and PE was low.
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