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1

Background

Breast cancer is the most frequently diagnosed cancer in women worldwide, and accounts 
for 25% of all female cancer cases1. In 2012, almost 1.7 million people were diagnosed with 
breast cancer worldwide1. Breast cancer incidence rates are high in more developed areas 
including North America, Northern and Western Europe, Singapore, and Australia (Figure 
1)1.

Figure 1. Breast cancer incidence worldwide in 2012. Estimated age-standardized rates per 100,000 
(data source: reference1).

Global breast cancer incidence rates vary by prevalence of risk factors and access to 
mammography screening programs2. The risk of breast cancer increases with age and 
is affected by long-term exposure to female hormones and reproductive factors such as 
early age at menarche, higher age at menopause, nulliparity, higher age at first childbirth, 
breast feeding, and recent use of hormone replacement therapy (combined estrogen and 
progestin)2. Early age at full-term pregnancy, multiparity, and breastfeeding are associated 
with a lower risk of breast cancer2. Lifestyle related risk factors include adult weight gain 
and high body mass index (for postmenopausal breast cancer), physical inactivity, and high 
alcohol intake2. Furthermore, around 5% to 10% of breast cancers are caused by genetic 
factors including mutations in the BReast CAncer (BRCA) genes 1 and 23.
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Breast cancer death rates have decreased in North America and in Northern and Western 
Europe since approximately 1990 (Figure 2). This has been mostly attributed to the 
introduction of breast cancer screening, improved diagnostic breast imaging (digital 
mammography, magnetic resonance imaging), and improved treatment modalities 
including more effective and increased use of systemic treatment4-6. In contrast to the West, 
breast cancer death rates have increased in most Asian countries over the last two decades 
(Figure 2)7.

The combination of high breast cancer incidence rates and decreased breast cancer 
mortality rates in more developed countries has resulted in a large group of breast cancer 
survivors. In 2012, there were over 3 million women who survived breast cancer at least 
five years worldwide1. Many of these women will die of conditions other than breast cancer. 
Cardiovascular disease (CVD) is one of the most important causes of death in the general 
population worldwide8, and is also an important cause of death following breast cancer9.

Cardiovascular disease in breast cancer patients

The risk of CVD in breast cancer patients is increased by exposure to cardiotoxic cancer 
therapies including radiation therapy10,11, chemotherapy12,13, trastuzumab14,15, and aromatase 
inhibitors16. Breast cancer patients with pre-existing cardiovascular risk factors have the 
highest risk of treatment induced cardiotoxicity17,18.

The majority (>60%) of breast cancer patients undergo radiation therapy after surgery. 
The goal of radiation therapy is eradication of malignant cancer cells with a minimum 
amount of damage to surrounding normal tissue. Inevitably, however, radiation therapy 
involves some radiation exposure to normal tissue within the chest including the heart, 
particularly in the case of irradiation of left-sided breast cancer and/or internal mammary 
lymph nodes19. Radiation-induced heart damage is characterized by both acute and chronic 
changes in cardiac tissue, including cardiomyopathy, coronary artery disease, valvular 
disease, pericardial disease, and arrhythmias20. The incidence and onset of coronary artery 
disease linearly increases with the mean heart radiation dose: 7.4% increase per Gray 
irradiation without an apparent threshold21. Generally, the relative risk of death from 
circulatory disease is increased with 25% due to radiation therapy10,11,21. Radiation-induced 
CVD can result in symptoms within five years after radiation therapy for breast cancer, 
however, mostly after more than ten years after irradiation10,11,21.

Breast cancer patients considered for adjuvant chemotherapy may undergo treatment with 
anthracycline-based chemotherapy including doxorubicin and epirubicin. Anthracyclines 
are associated with an increased risk of decreased left ventricular ejection fraction 
(LVEF) and clinical heart failure, starting during therapy, or early or late after therapy12,22.
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Anthracyclines can cause type I irreversible cardiotoxicity characterized by cardiomyocyte 
loss23. The most commonly accepted pathophysiological mechanism of anthracycline-
induced cardiotoxicity is the oxidative stress hypothesis: free oxygen radicals are 
generated and through peroxidation of the cell membrane, cardiomyocytes are damaged23. 
Anthracycline-induced cardiotoxicity is dose-dependent12. For example, the percentage of 
congestive heart failure after doxorubicin was 2% among patients with a cumulative dose of 
300 mg/m2 and 8% among patients with a cumulative dose of 500 mg/m2 24. In a systematic 
review on cardiotoxicity of anthracycline-based regimens, it was reported that therapy with 
anthracyclines increase the risk of cardiotoxicity fivefold compared to therapy without 
anthracyclines12.

Trastuzumab is a targeted therapy used to treat women with human epidermal growth 
factor receptor 2 (HER2) positive breast cancer (approximately one in five patients)25. 
Trastuzumab was the first HER2 monoclonal antibody approved by the United States Food 
and Drug Administration in 199826. Initially, it was used to treat metastatic HER2 positive 
breast cancer. Since 2004, trastuzumab is also used as adjuvant therapy for early breast 
cancer and has substantially improved survival for women with HER2 positive breast 
cancer26. Cardiotoxicity, however, is a serious adverse effect27,28. Trastuzumab is associated 
with a decrease in LVEF and heart failure, especially during the course of therapy27,28. The 
risk of heart failure is four times higher in patients treated with trastuzumab alone and 
seven times higher in patients treated with anthracycline plus trastuzumab29,30. The exact 
mechanisms of trastuzumab-induced cardiotoxicity are unclear. Trastuzumab-induced 
cardiotoxicity is often reversible with trastuzumab interruption and clinical manifestations 
of trastuzumab-induced cardiotoxicity can be reduced with heart failure therapies29,31. 

Aromatase inhibitors can be indicated as adjuvant treatment for postmenopausal women 
with estrogen-receptor and/or progesterone-receptor positive early breast cancer32. 
Aromatase inhibitors reduce estrogen concentrations by inhibiting the conversion of 
androgens to estradiol by the aromatase enzyme, mainly in fat tissue16. Treatment with 
aromatase inhibitors is associated with 30% higher risk of CVD compared to treatment 
with tamoxifen33. Tamoxifen (a selective estrogen-receptor modulator) is, however, thought 
to have a cardioprotective effect as it is associated with reduced low-density lipoprotein 
cholesterol and homocysteine levels16,34. Therefore, it is unclear if the increased risk of CVD 
observed in trials with aromatase inhibitors is due to the cardiotoxic effect of aromatase 
inhibitors or due to the cardioprotective effect of tamoxifen16.

Traditional risk factors of CVD, associated with a higher risk of therapy-induced 
cardiotoxicity, include higher age, present smoking, diabetes, hypercholesterolemia, 
hypertension, physical inactivity, obesity, family with CVD, and a history of CVD17,18,35.
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Calcification scoring on planning CT scans 

Coronary artery calcification (CAC) and thoracic aortic calcification (TAC) are markers 
of atherosclerosis36,37. CAC, measured on cardiac computed tomography (CT) scans, has 
been shown to be an independent predictor of CVD events and mortality38. CAC can be 
detected in the left main coronary artery, as well as the left descending, the left circumflex, 
and the right coronary artery39. The amount of CAC is most commonly expressed as the 
Agatston score and categorized scores are clinically used to express the risk of a CVD 
event40,41. Asymptomatic individuals with CAC (Agatston) scores of 100 or higher, and 
without other CVD risk factors, have a ten-year risk of a CVD event of 20% compared 
to 1% in asymptomatic individuals without CAC and no other CVD risk factors38. TAC, 
measured on cardiac CT scans, is associated with an increased risk of coronary heart 
disease, independent of CAC and other CVD risk factors42,43. Women with TAC have a 
nearly threefold higher risk of coronary heart disease compared to women without TAC42. 

Mostly, CAC and TAC are quantified on cardiac CT scans. Electrocardiogram (ECG)-
triggering minimizes cardiac motion and enables good visualization. CAC and TAC can 
also be quantified by the use of chest CT scans that visualize the heart. Previous studies 
have shown that CAC scores determined on low radiation dose diagnostic CT scans 
(not ECG-triggered, performed for lung cancer screening) are predictive of future CVD 
events44-46. All breast cancer patients that receive radiation therapy routinely undergo a non-
contrast non-ECG-triggered enhanced CT scan of the breasts for radiotherapy planning, 
on which the heart is visible. As the coronary arteries and aorta are visualized on these 
scans, calcifications in these areas can be quantified without exposing patients to additional 
radiation and without additional costs (Figure 3).

Figure 3. Radiotherapy planning CT scans with calcifications (shown white and highlighted with 
a red arrow) in the left anterior descending artery (A, highest red arrow), left circumflex artery (A, 
lowest red arrow), right coronary artery (B), and thoracic aorta (C).

A B C
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In clinical practice, CAC and TAC scoring is performed manually by radiologists using a 
threshold of 130 Hounsfield Units. Manual calcification annotation is time-consuming and 
tedious. Also, in the case of non-ECG-triggered planning CT scans, the presence of artifacts 
caused by cardiac motion, high noise levels caused by lower radiation dose, and partial 
volume effects caused by decreased image resolution may impede calcification scoring47,48. 
Several algorithms for automatic coronary calcification scoring have been proposed to 
overcome these issues49-51. Before the investigations described in this thesis, it was unknown 
if planning CT scans of the breasts can reliably be used for automatic calcification scoring. 
Also, the prevalence of CAC and TAC was unknown among breast cancer patients.

Cardiovascular disease risk in Asian breast cancer patients (Singapore)

The multi-ethnic population of Singapore comprises mainly Chinese, Malay, and Indian 
people. Like in the West, breast cancer is the most common diagnosed cancer in women, 
and breast cancer survival rate is high with over 70% of patients, diagnosed between 2008 
and 2012, surviving at least five years1. Ethnic differences in breast cancer survival have 
been reported. Malay patients have a higher risk of all-cause mortality compared to Chinese 
patients, regardless of age at diagnosis, and tumor and treatment characteristics52. In 
addition, ethnic differences in the risk of CVD have been reported. The risk of death from 
CVD among patients with acute myocardial infarction (without breast cancer) in Singapore 
is highest among Malay followed by Chinese and Indian53. Indians have the highest rate of 
diabetes54, while the rate of obesity is highest among Malay55. Moreover, Indians have the 
highest level of lipoprotein A which is a causal genetic risk factor for CVD56. Variation in the 
risk of death from CVD by ethnic origin in Singapore may be due to genetic and/or lifestyle 
differences57. Before the start of the investigation described in this thesis, it was unknown if 
ethnic differences exist in the risk of CVD in breast cancer patients from Singapore.
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1

Objectives of the thesis

In the light of the above, this thesis has the following main objectives:

1. To examine the absolute risk of hospitalization or death due to CVD in breast cancer 
patients in different ethnic settings.

2. To investigate determinants of death from CVD following breast cancer in different 
ethnic settings.

3. To examine the risk of hospitalization or death due to CVD in breast cancer patients 
compared to women without breast cancer, accounting for the baseline CVD risk, in 
the Netherlands.

4. To examine the prevalence and reproducibility of automatically detected CAC and 
TAC on radiotherapy planning CT scans in Western (i.e. the Netherlands) and Asian 
(i.e. Singapore) breast cancer patients.
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Outline of the thesis

In Chapter 2, the literature on the risk and risk factors of death from CVD following breast 
cancer is systematically reviewed. In Chapter 3, trends trends in the risk of hospitalization 
or death due to CVD following breast cancer in the Netherlands are investigated. In 
Chapter 4, the risk of hospitalization or death due to CVD following breast cancer in the 
Netherlands is evaluated while accounting for a woman’s baseline risk of CVD. In Chapter 
5, the risk of death from CVD following breast cancer among women living in Singapore 
is investigated, and it is studied whether the risk varied by age and ethnic orgin. Chapter 
6 included 1) the reproducibility of automatic CAC scoring compared to manual CAC 
scoring, and 2) the association between automatically detected CAC and traditional CVD 
risk factors. In Chapter 7, the prevalence and quantity of automatically detected CAC and 
TAC on radiotherapy planning CT scans are investigated using a new software based on 
deep learning in Western (i.e. the Netherlands) and Asian (i.e. Singapore) breast cancer 
patients. Finally, in Chapter 8, the results are summarized and future perspectives are 
discussed.

Knowledge obtained in this thesis on the risk of CVD following breast cancer is expected to 
give insight in the magnitude of the problem and may provide clues to further optimize and 
personalize breast cancer treatment by systematically taking a breast cancer patient’s risk of 
CVD into account before, during, and after treatment. In addition, knowledge obtained in 
this thesis may be used to design studies to improve identification of breast cancer patients 
who are at increased risk of CVD, for whom it is important to weigh the benefits of systemic 
therapy and radiotherapy in terms of tumor control against the risks of toxicity, including 
cardiotoxicity.
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Abstract

Purpose

Breast cancer incidence and survival is high, which results in high prevalence of breast 
cancer survivors. The risk of cardiovascular disease (CVD) is higher in patients exposed to 
cardiotoxic treatments, in particular if they have pre-existing CVD risk factors. This study 
systematically summarized the risk of death from CVD following breast cancer.

Methods

Databases of Medline, Embase, and the Cochrane Library were systematically searched 
using the following terms and synonyms: breast cancer, cardiovascular disease, and cause 
of death. Articles reporting on both risk and risk factors of CVD mortality following breast 
cancer were eligible for inclusion. The methodological quality of each article was assessed 
using the Newcastle Ottawa scale for cohort studies.

Results

Fourteen articles were included assessing the risk of CVD mortality among 1,217,910 
women with breast cancer. The methodological quality was high for the majority of the 
studies. Studies were heterogeneous in design, study population, length of follow-up, 
CVD outcomes, and risk factors. 1.6% to 10.4% of all women with breast cancer died of 
CVD. Women with breast cancer had a higher risk of CVD mortality than women from 
the general population. The risk of CVD mortality was higher among women with breast 
cancer with older age at diagnosis, left-sided tumor, diagnosis in an earlier calendar period, 
and black ethnic origin.

Conclusions

CVD is an important cause of death following breast cancer. Identification of patients at high 
risk of CVD is important to optimize CVD prevention and tailor breast cancer treatment.
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Introduction

Breast cancer incidence has increased substantially over the last decades1,2, which, in 
combination with improved survival rates attributable to the availability of screening 
methods and effective treatments of early and more advance breast cancer3,4, leads to 
an increasing number of breast cancer survivors. Cardiovascular disease (CVD) is an 
important cause of death among these women as the risk of CVD may be increased by 
cardiotoxic treatments and CVD risk factors5-8.

The risk of CVD following breast cancer is increased in women exposed to cardiotoxic 
treatments such as (left-sided) radiotherapy, anthracycline-based chemotherapy, and 
trastuzumab, and is even higher in patients with pre-existing CVD risk factors such as 
diabetes and hypertension9-12. With the current high breast cancer survival rates, especially 
for women with lower stages, and the large number of women with breast cancer receiving 
intensive treatment regimens, it is increasingly important to identify patients at high risk 
of CVD and to balance the benefits of breast cancer treatment for achieving tumor control 
with the risks of cardiotoxicity inducing CVD.

As an overview of the available evidence on the risk of dying of CVD in women with breast 
cancer is currently lacking, we systematically reviewed the literature on the risk and risk 
factors of death from CVD following breast cancer.
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Methods and materials

This systematic review was conducted in accordance with the Preferred Reporting Item 
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines13. A systematic search 
was performed, and last updated on April 1, 2017, to identify all studies reporting on the 
risk and risk factors of death from CVD following breast cancer. Databases of Medline 
(via PubMed), Embase, and the Cochrane Library were systematically searched using the 
following terms and their synonyms in the search strategy: breast cancer, cardiovascular 
disease, and cause of death (Table 1). No limits were used. Articles reporting on both risk 
and risk factors of CVD mortality in breast cancer patients were eligible for inclusion. 
Articles with the following criteria were excluded: (1) published before 1990, (2) written 
in another language than English or Dutch, (3) case reports, reviews or abstracts. Cross-
referencing was performed.

Selection of studies and data extraction

After removal of duplicates, all titles and abstracts of the remained retrieved articles were 
screened. Abstracts that seemed potentially relevant, based on the in- and exclusion criteria, 
were screened for full text. Full text articles were assessed for eligibility by three investigators 
independently (S.A.M. Gernaat, P.J. Ho, and N. Rijnberg). Data were extracted using 
standardized data extraction forms and any disagreements were resolved by discussion. 
We extracted data on study size, characteristics of breast cancer patients (age, ethnic origin, 
year of diagnosis, years of follow-up), study design, International Classification of Diseases 
(ICD) codes for CVD mortality, absolute risk of death from CVD, absolute risk of death 
from breast cancer, absolute risk of death from any cause, statistical methods used to assess 
which factors increase the risk of death from CVD, and the risk of CVD mortality per risk 
factor.

Quality assessment

The methodological quality for each article was assessed by two authors independently 
(S.A.M. Gernaat and P.J. Ho) using the Newcastle Ottawa Scale (NOS) for cohort 
studies14. The NOS consists of six multiple-choice questions that address subject selection, 
comparability, and the assessment of the outcome (CVD mortality), which sum up to 
a maximum score of seven. In the present study, a high score on one of these sections 
indicated that the maximum score, i.e. two for selection and comparability and three for 
outcome, was achieved. In all other cases, the study received a low score on that particular 
section.
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Table 1. Search strategy performed in Medline (via Pubmed) a

Search strategy (Medline via Pubmed)

#1 (Breast Neoplasms[Mesh Terms] OR cancer[Title/Abstract] OR cancers[Title/Abstract] OR 
carcinoma[Title/Abstract] OR carcinomas[Title/Abstract] OR tumor[Title/Abstract] OR tumors[Title/
Abstract] OR tumour[Title/Abstract] OR tumours[Title/Abstract] OR malignancy[Title/Abstract] 
OR malignancies[Title/Abstract] OR neoplasm[Title/Abstract] OR neoplasms[Title/Abstract] OR 
neoplasms[Mesh Terms]) AND (breast[Title/Abstract] OR breasts[Title/Abstract] OR mamma[Title/
Abstract] OR mamma*[Title/Abstract])

#2 (Cardiovascular Diseases[Mesh] OR heart[Title/Abstract] OR cardiac[Title/Abstract] OR cardio[Title/
Abstract] OR cardiovascular[Title/Abstract] OR coronary[Title/Abstract] OR ventricular[Title/
Abstract] OR valvular[Title/Abstract] OR circulatory[Title/Abstract]) AND (disease[Title/
Abstract] OR diseases[Title/Abstract] OR complication[Title/Abstract] OR complications[Title/
Abstract] OR failure[Title/Abstract] OR failures[Title/Abstract] OR dysfunction[Title/Abstract] 
OR dysfunctions[Title/Abstract] OR mortality[Title/Abstract] OR mortalities[Title/Abstract] OR 
death[Title/Abstract] OR deaths[Title/Abstract] OR arrhythmias[Title/Abstract] OR arrhythmia[Title/
Abstract] OR cardiomyopathy[Title/Abstract] OR cardiomyopathies[Title/Abstract] OR Ischemia[Title/
Abstract] OR Ischemia’s[Title/Abstract] OR all[Title/Abstract]) AND (cause[Title/Abstract] or 
causes[Title/Abstract] OR other[Title/Abstract])

#3 (Cause of Death[Mesh Terms] OR mortality[Title/Abstract] OR mortalities[Title/Abstract] OR 
death[Title/Abstract] OR deaths[Title/Abstract] OR fatality[Title/Abstract] OR fatalities[Title/Abstract] 
OR dying[Title/Abstract])

#4 #1 AND #2 AND #3
a Comparable search strategies have been conducted for Embase and the Cochrane Library
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Results

The systematic search yielded 10,170 citations including 5,911 unique articles, which were 
screened for title and abstract using the predefined inclusion and exclusion criteria (Figure 
1). After screening the full-text of 39 articles, 27 were excluded for the following reasons: 
published before the year 1990 (n = 3) or articles that did not report the risk and risk factors 
of death from CVD (n = 24). Cross-referencing identified two additional papers. In total, 
14 articles were included in the current systematic review, including 4,773,576 women of 
which 1,217,910 were diagnosed with breast cancer5,6,8,15-25.

Quality assessment 

The majority of studies had the maximum score on the quality assessment for selection, 
comparability, and outcome5,8,17,18,20-22,26 (Figure 2). Nichols et al. (2009)15 article scored low 
on selection as the study population was a selected group of in situ or invasive breast cancer 
patients and breast cancer ascertainment was by written self-report15. Berkman et al. (2014)6, 
Darby et al. (2005)23, and Giordano et al. (2005)24 scored low on comparability as the hazard 
ratios were not adjusted for factors other than age at diagnosis, the CVD mortality rates 
were unadjusted, and the hazard ratios were only adjusted for other factors than age at 
diagnosis, respectively. Hooning et al. (2006)25 and McCullough et al. (2016)16 scored low 
on the outcome attainment as the assessment of CVD deaths was by hospital records and 
subjects were lost to follow-up or the follow-up rate was less than 70%, respectively.

Cardiovascular disease mortality in breast cancer patients compared with the general 
population

Bradshaw et al. (2016)8 included 1,413 women with primary in situ or invasive breast cancer 
diagnosed in the United States (US) between 1996 and 1997, and 1,411 age-matched women 
from the general population (Table 2). Mean age at breast cancer diagnosis and reference 
date for women from the general population was 59 years and 57 years respectively. During 
the follow-up time, which ranged between 0.2 to 13.5 years for both groups, 9.4% of women 
with breast cancer and 7.4% of women from the general population died of CVD. After 
adjusting for age, menopausal status, and other CVD risk factors, women with breast cancer 
had a 1.9 (95% confidence interval (CI) = 1.4-2.7) times higher risk to die of CVD after at 
least seven years post-diagnosis than women from the general population (Table 3). 

Riihimäki et al. (2012)5 included all 3,676,472 female Swedish residents born before 1977 
(Table 2). Of these, 122,217 were diagnosed with primary invasive breast cancer between 
1987 and 2006. During a maximum follow-up of 19 years, 10.4% and 7.5% of women died 
of CVD respectively. Women with breast cancer had a 1.14 (95% CI = 1.10-1.19) times 
higher risk to die of coronary heart disease, a 1.29 (95% CI = 1.22-1.37) times higher risk 
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to die of heart failure, and a 1.24 (95% CI = 1.17-1.32) times higher risk to die of other 
heart disease than women from the general population, independent of age, socioeconomic 
index and geographical region of residence in Sweden (Table 3). 

Cardiovascular disease mortality in breast cancer patients by patient, tumor, and treatment 
characteristics

Colzani et al. (2011)18 included 12,850 Swedish women younger than 75 years of age at 
diagnosis with primary invasive stage I to III breast cancer between 1990 and 2006 (Table 2). 
During a maximum follow-up of ten years, 1.8% of all women died of CVD. After adjusting 
for clinical, tumor and treatment characteristics, except the one of interest, women with 
breast cancer were at increased risk of CVD mortality if they were older at diagnosis (65-
74 years vs. 45-54 years: hazard ratio (HR) = 17.9, 95% CI = 8.0-39.7), if diagnosed in 
an earlier calendar period (1990-1994 vs. 2000-2006: HR = 2.1, 95% CI = 1.2-3.6), and 
treated with only surgery (HR = 2.1, 95% CI = 1.2-3.8) or surgery in combination with 
hormonal therapy (HR = 2.2, 95% CI = 1.5-3.2) compared with surgery in combination 
with radiotherapy and hormonal therapy (Table 3).

Hooning et al. (2006)25 included 7,425 women younger than 71 years of age at diagnosis 
with primary invasive stage I to IIIA breast cancer in the Netherlands between 1970 and 
1986 (Table 2). During a median follow-up of 13.8 years, 5.3% of all women died of CVD. 
After adjusting for clinical, tumor and treatment characteristics, women with breast cancer 
were at increased risk of CVD mortality with each year increase in age at diagnosis (HR 
= 1.12, 95% CI = 1.10-1.14), if diagnosed in an earlier calendar period (1976-1980 vs. 
1981-1986: HR = 1.54, 95% CI = 1.11-2.14), and treated with a combination of surgery and 
radiotherapy compared with only surgery (HR = 2.03, 95% CI = 1.33-3.10) (Table 3).

Cardiovascular disease mortality in breast cancer patients by laterality of the tumor

Bouchardy et al. (2009)20 included 1,245 women with a mean age of 57.4 years at diagnosis 
with primary lymph node-negative breast cancer in Switzerland between 1980 and 2004 
(Table 2). During a mean follow-up of 7.7 years, 2.2% of all women died of CVD. Among 
women treated with radiotherapy, an inner quadrant tumor was associated with a 2.46 
(95% CI = 1.13-5.37) times higher risk of dying of CVD, adjusted for clinical, tumor, and 
treatment characteristic (Table 3).

Darby et al. (2005)23 included 308,861 women between 20 and 79 years of age at diagnosis 
with primary in situ or invasive breast cancer in the US between 1973 and 2001 (Table 2). 
During a maximum follow-up of 29 years, 4.2% of all women died of CVD. In women 
treated with radiotherapy and diagnosed between 1973 and 1982, left-sided breast cancer 
led to higher mortality ratios (MR) ten to 14 years post diagnosis (unadjusted MR = 1.42, 
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95% CI = 1.11-1.82) and over 15 years post-diagnosis (unadjusted MR = 1.58, 95% CI = 
1.29-1.95) compared with right-sided breast cancer (Table 3). Over ten years post-diagnosis, 
women with left-sided breast cancer had a higher risk of death from CVD (unadjusted MR 
= 1.44, 95% CI = 1.26-1.65), acute myocardial infarction (unadjusted MR = 1.43, 95% CI = 
1.10-1.87), and other ischemic CVD (unadjusted MR = 1.60, 95% CI = 1.26-2.02) compared 
with women with right-sided breast cancer.

Giordano et al. (2005)24 included 24,785 women with primary in situ or invasive breast 
cancer diagnosed in the US between 1973 and 1988 (Table 2). Mean age at diagnosis was 
56.9 years (standard deviation (SD) = 13.2) at diagnosis. Eight years post-diagnosis, women 
with left-sided breast cancer who were diagnosed in 1979 had a (unadjusted) 1.50 (95% CI 
= 1.15-1.87) times higher risk to die of CVD compared with women with right-sided breast 
cancer diagnosed in the same year (Table 3).

Haque et al. (2017)26 included 140,914 women of all ages with ductal carcinoma in situ 
(DCIS) in the US between 1973 and 2002 (Table 2).The median follow-up was 11.5 years 
(interquartile range = 6.8-15.1). Among women diagnosed between 1973 and 1982, a left-
sided tumor was associated with a 1.30 (95% CI = 1.18-1.42) higher risk of dying of CVD 
than a right-sided tumor, independent of clinical, tumor, and treatment characteristics. 
This association was not found for women diagnosed in a more recent calendar period.

Merzenich et al. (2016)21 included 11,982 women with a mean age of 59 years (range = 18-
101) at primary diagnosis of in situ or invasive breast cancer in Germany between 1998 and 
2008 (Table 2)21. During a median follow-up of 6.5 years (range = 0-15), 2.3% of all women 
died of CVD. Women with left-sided breast cancer did not have a higher risk of dying of 
CVD than women with right-sided breast cancer, irrespectively of radiotherapy treatment 
(Table 3). Among women treated with radiotherapy, women with a history of CVD had a 
1.73 times (95% CI = 1.11-2.68) higher risk of dying of CVD than women without a history 
of CVD. 

CVD mortality in breast cancer patient by ethnic origin

Berkman et al. (2014)6 included 54,518 white and 6,113 black women over 40 years of age 
at diagnosis with primary DCIS in the US between 1978 and 2010 (Table 2). During a 
median follow-up of 9.2 years, 6.0% of all women died of CVD. Among women diagnosed 
with breast cancer between 1990 and 2010, black women had a (unadjusted) 6.43 (95% 
CI = 3.61-11.45) times higher risk of death from CVD compared to white women (Table 
3). Unadjusted HRs of CVD death in black compared to white women decreased with 
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increasing age at diagnosis: 9.83 (95% CI = 4.56-21.17), 3.35 (95% CI = 2.14-5.24), 2.13 
(95% CI = 1.65-2.74), and 1.07 (95% CI = 0.93-1.23) for women of ages 40 to 49, 50 to 59, 
60 to 69, and ≥70 years, respectively.

Solanki et al. (2016)17 included 462,005 non-Hispanic white and 44,531 Asian and Pacific 
Islander women diagnosed with breast cancer in the US between 1991 and 2001 (Table 
2). Median age at breast cancer diagnosis was 61.2 years (SD = 13.7) for non-Hispanic 
white women and 56.3 years (SD = 13.1) for Asian and Pacific Islander women. The median 
follow-up for non-Hispanic white women was 4 years (range = 2-6), during which 5.5% of 
women died of CVD. The median follow-up for Asian and Pacific Islander women was 3 
years (range = 2-5), during which 2.6% of women died of CVD. After adjusting for patient, 
tumor and registry characteristics, Asian and Pacific Islander women with breast cancer 
had a HR of 0.77 (95% CI = 0.71-0.83) for death from CVD compared to non-Hispanic 
white women with breast cancer (Table 2). Furthermore, US born Asian and Pacific Islander 
women with breast cancer had a 1.29 (95% CI = 1.08-1.54) times higher risk of death from 
CVD compared to non-US born Asian and Pacific Islander women with breast cancer. 

CVD mortality in breast cancer patients by diet, body weight, and health-behaviors

McCullough et al. (2016)16 included 4,452 women diagnosed with primary invasive breast 
cancer in Switzerland between 1992 and 2011 who had scored their diet according to the 
American Cancer Society (ACS) guidelines before breast cancer diagnosis, and of these, 
2,152 women scored their diet also at least one year after breast cancer diagnosis (Table 2). 
The ACS guidelines recommend following the general food-based guidelines for primary 
cancer prevention, which includes eating a plant-based diet rich in vegetables and fruits, 
whole grains, and which is limited in red and processed meats27. Mean age at diagnosis was 
70.7 years (SD = 7.2). During a mean follow-up of 9.8 years (SD = 4.9), 5.2% of all women 
died of CVD. After adjusting for tumor, treatment and patient characteristics, both pre-
diagnostic and post-diagnostic higher ACS diet scores, indicating an unhealthier diet, were 
not associated with a higher risk of CVD mortality following breast cancer compared with 
the lowest diet score category (0-2), indicating a healthier diet (Table 3). 

Nichols et al. (2009)15 included 5,791 women with primary in situ or invasive breast cancer 
diagnosed in the US between 1988 and 1999 (Table 2). Mean age at diagnosis was 58.4 
years (SD = 10.0). During a mean follow-up of 6.4 years (SD = 1.2), 1.6% of all women died 
of CVD. After correcting for age, menopausal status, and CVD risk factors, Nichols et al. 
(2009) found a 4.15 (95% CI = 1.44-12.0) and 2.45 (95% CI = 1.46-4.11) times higher risk 
of death from CVD in women with a pre-diagnosis underweight (body mass index (BMI; 
kg/m²): <18.5) and obesity (BMI: ≥30) respectively, compared with women with a pre-
diagnosis normal weight (BMI: 18.5-24.9) (Table 3).
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Veal et al. (2017)22 included 1,925 women aged between 20 and 74 years at diagnosis of 
DCIS in the US between 1997 and 2006 (Table 2). During a mean follow-up of 6.7 years, 
1.8% of all women died of CVD. More hours per week of physical activity before the breast 
cancer diagnosis was associated with 0.83 (95% CI = 0.70-0.98) lower risk of dying of CVD 
(Table 3).

Figure 1. Flowchart of the systematic review on the risk of death from cardiovascular disease in 
breast cancer patients
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Figure 2. Quality assessment by the Newcastle Ottawa Quality Assessment Scale Selection. 
Based on the representativeness of the breast cancer cohort and ascertainment of breast cancer. 
Comparability was based on the comparability of cohorts on the basis of the design or analysis 
(corrected for age at diagnosis). Outcome was based on the assessment of death from cardiovascular 
disease, on the length of follow-up (≥10 years), and adequacy of follow-up of the cohorts. A high 
score on one of these sections indicated that the maximum score on that particular section (i.e. two 
for selection and comparability, and three for outcome) was achieved. In all other cases, the study 
received a low score on that particular section.
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Discussion

In this review, we systematically summarized the evidence on the risk and risk factors of 
death from CVD following breast cancer. The absolute risk of dying of CVD following 
breast cancer ranged from 1.6%15 to 10.4%5, and the risk of CVD mortality was higher 
in women with breast cancer than women from the general population5,8. Higher age at 
diagnosis6,18,19,25, left-sided tumor23,24,26, diagnosis in an earlier calendar period18,25, and black 
ethnic origin6 were risk factors of CVD mortality following breast cancer.

Several mechanisms are proposed for the increased risk of CVD mortality in women with 
breast cancer. CVD risk factors, such as obesity and diabetes, may be more present among 
breast cancer survivors than women from the general population as breast cancer and CVD 
have shared risk factors28. Also, cardiotoxic effects of breast cancer treatments, specifically 
left-sided radiotherapy, anthracycline-based chemotherapy, and trastuzumab, are well 
documented to increase the risk of CVD29-32. 

In the current review, studies with longer follow-up, i.e. over ten years5,6,8, reported higher 
absolute risks of CVD mortality. The risk of CVD increases with time since diagnosis 
probably due to increasing age and cardiotoxicity of breast cancer treatments that become 
apparent after several years29. Age is a well-known risk factor for CVD33-36, and therefore, 
expected to be found as a risk factor in women with breast cancer6,18,19,25. Schonberg et al. 
(2011)37 found that 26% to 40% of older women diagnosed with early stage breast cancer 
died of CVD, indicating that the risk of CVD is high in specific subgroups and particular 
in older women. 

The association between left-sided breast cancer and radiotherapy treatment with a higher 
risk of CVD mortality was found among women diagnosed in the early 1980’s23,24,26. 
Radiotherapy treatment was more cardiotoxic in these years as it usually involved higher 
doses with large irradiation fields irradiating parts of the heart38,39. This may also explain 
the increased risk of CVD mortality among breast cancer patients diagnosed in an earlier 
calendar period18,25. Colzani et al. (2011)18 did not found an increased risk of CVD mortality 
among women treated with radiotherapy and/ or chemotherapy. Although the baseline risk 
of CVD was not reported, this result is probably due to patient selection, i.e. women who 
did not undergo radiotherapy and/ or chemotherapy probably had a higher risk of CVD at 
baseline. The lower risk of CVD in Asian populations17 and the higher risk of CVD in black 
populations6 are reported by several studies and can be explained by the lower and higher 
presence of CVD risk factors, respectively, such as high blood pressure, obesity, and lipid 
levels40-43. 
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The present systematic review shows that there are only a limited number of studies 
investigating the risk and risk factors of CVD mortality following breast cancer, and 
that these studies are heterogeneous in design, study population, and length of follow-
up. Also, the determinants and outcomes, in terms of CVD risk factors and death due to 
CVD respectively, vary. We acknowledge that, due to the heterogeneous designs of the 
included studies, we were unable to perform a meta-analysis, which limited the strength of 
evidence. Besides limitations, the current review has strengths. This is the first study that 
systematically summarized the literature on the risk and risk factors of death from CVD 
following breast cancer. Furthermore, the current systematic review includes a large variety 
of risk factors of death from CVD in women with breast cancer. 

To conclude, the combination of high breast cancer incidence, improved breast cancer 
survival, presence of CVD risk factors, and cardiotoxic breast cancer treatments, has 
resulted into many breast cancer survivors at risk of CVD. Therefore, it is important 
to understand the incidence and etiology of CVD in these survivors. Furthermore, 
identification of women with breast cancer at high risk of CVD is important to minimize 
the number of women suffering and/ or dying of CVD after breast cancer treatment and 
improve quality of life and long-term prognosis. Clinicians should be able to identify 
breast cancer patients at increased risk of CVD and provide accurate recommendations 
for CVD risk reduction strategies specifically for breast cancer survivors at high risk of 
CVD. The current systematic review, in combination with a recent guideline by Armenian 
et al. (2017)29 on the prevention and monitoring of cardiac dysfunction in survivors of 
adult cancers, may help clinicians with such a recommendation. In addition, there are 
studies investigating the identification of women with breast cancer at high risk of CVD 
using other measurements, for example, by measuring the coronary artery calcification on 
radiotherapy planning computed tomography scans44. This may further help clinicians with 
identification of breast cancer patients at high risk of CVD. Identification of breast cancer 
patients at high risk of CVD is important to optimize CVD prevention of (irreversible) 
cardiac damage, by adjusting breast cancer treatments accordingly and initializing CVD 
(preventative) treatment. Furthermore, a tailored individual approach with early and late 
monitoring of cardiac dysfunction in breast cancer survivors should be implemented in 
routine care45.
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Abstract

Purpose

Cardiovascular disease (CVD) is an important cause of death in breast cancer patients. 
The present study investigated trends in the risk of CVD in breast cancer patients in the 
Netherlands, and a comparison is made with the Dutch general female population.

Methods

163,881 women admitted for in situ (7.6%) or invasive (92.4%) breast cancer between 1996 
and 2010 in the Netherlands were identified in the Hospital Discharge Register (HDR). 
Data on death from CVD and hospitalization for CVD were obtained from the Cause 
of Death Registry and the HDR, respectively. Standardized absolute risks of death from 
CVD in women with and without breast cancer were calculated for the years 1996-2010. 
The relative risk decrease or increase in absolute risks of hospitalization or death due to 
CVD was calculated between 1996 and 2010. CVD mortality rates after breast cancer were 
calculated by age group (<50, 50-64, ≥65), and a cox proportional hazard analysis was 
applied to calculate the age-adjusted relative risk of death from CVD within five years after 
breast cancer admission for each year (1997-2010) compared to 1996.

Results

After median follow-up of 4.3 years following breast cancer admission, 5.6% patients died 
of CVD and 19.7% patients were hospitalized for CVD. The absolute ten-year risk of death 
from CVD following breast cancer decreased from 56 per 1,000 women in 1996 to 41 per 
1,000 women in 2005 (relative decrease of 23.9%). In the general population, the absolute 
ten-year risk of death from CVD decreased from 73 per 1,000 women in 1996 to 55 per 
1,000 women in 2005 (relative decrease of 27.8%). The absolute risk of hospitalization for 
CVD within the first year following breast cancer increased from 54 per 1,000 women in 
1996 to 67 per 1,000 women in 2009 (relative increase of 23.6%). The majority of deaths 
from CVD occurred among breast cancer patients over 60 years (93.4%). The relative risk 
of death from CVD was 0.58 (95% confidence interval (CI) = 0.48-0.70) times lower for 
patients admitted for breast cancer in 2010 compared to 1996.

Conclusions

Like in the general population, the risk of death from CVD has decreased in breast cancer 
patients between 1996 and 2010, and mainly occurred among patients aged over 60 years. 
Breast cancer patients have a lower absolute risk of death from CVD than women from the 
general population. Over time, the absolute burden of CVD in terms of hospitalization has 
increased and is considerable with nearly one out of five women having a CVD hospital 
admission.
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Introduction

Breast cancer is the most frequently diagnosed cancer among women worldwide1. 
Breast cancer survival is high in developed countries due to early detection and effective 
treatments1-3. The combination of high breast cancer incidence rates and high survival 
rates, has resulted in a large group of breast cancer survivors1. In 2012, there were over 3 
million five-year breast cancer survivors worldwide1. Many of these survivors will die of 
other medical conditions than breast cancer. Cardiovascular disease (CVD) is an important 
cause of death in the general population4, and also in breast cancer patients5.

The risk of CVD is increased in breast cancer patients who have been exposed to 
cardiotoxic treatments including radiotherapy9-11, anthracycline-based chemotherapy6,7, 
and trastuzumab8. The highest risks of treatment-induced cardiotoxicity are seen in patients 
with pre-existing CVD risk factors such as hypertension and high age12,13.

Many efforts have been made to reduce the risk of CVD induced by breast cancer 
treatments. Cancer therapies with a lower risk of cardiotoxicity are increasingly being 
chosen for patients with a high risk of CVD if this does not impair cancer-specific 
outcomes14,15. Cardiac monitoring before, during, and after treatment with trastuzumab 
to detect reversible cardiotoxicity is standard of care14,15. In parallel, breast cancer patients 
have also been exposed to improvements in pharmacological prevention of CVD with 
antihypertensive and statins, to anti-tobacco programmes, and campaigns focusing on the 
importance of physical activity16,17.

The present study investigated trends in the risk of hospitalization and death due to CVD 
in breast cancer patients in the Netherlands, and made a comparison with the Dutch female 
general population.
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Methods and Materials

Study population

Data for the present study were obtained from the Dutch Population Register (PR), Hospital 
Discharge Register (HDR), and the Cause of Death Registry. These registries were used to 
obtain data on demographic characteristics (PR), to identify women admitted for breast 
cancer and subsequently CVD (HDR), and to obtain data on causes of death, i.e. CVD, 
breast cancer, any cause (Cause of Death Registry).

Details of the registries and linkage procedures used to obtain data for this study have been 
described previously18. Briefly, all registries have an unique record identification number, 
which is assigned to each resident in the Netherlands. This number is a combination of 
birth date, sex, and postal code, and is unique for 84% of the Dutch population19. HDR 
data was available from 1995 to 2010, and data from PR and Cause of Death Registry 
were available until 2015. All linkages and analyses were performed in agreement with the 
privacy legislation in the Netherlands and performed in a secured environment of Statistics 
Netherlands.

For the present study, women with a first hospital admission for in situ (ICD-9: 233, ICD-
10: D05) and invasive breast cancer (ICD-9: 174, ICD-10: C50) between 1996 and 2010 
were identified. For every identified woman with a breast cancer hospital admission, it was 
examined if she had a previous hospital admission for breast cancer in the preceding year. 
In total, the breast cancer study population consisted of 163,881 women, 12,378 (7.6%) were 
diagnosed with in situ and 151,503 (92.4%) with invasive breast cancer. For comparison, 
women from the general population aged over 40 years were identified, ranging from 
3,661,141 in 1996 to 4,566,573 in 2010.

Outcome assessment

Patients were followed for death from CVD and hospitalization due to CVD. Causes of 
death were coded according to the International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD-10): death from CVD (A18.2, A52.0,D18, G45, I00 – I99, K55, 
M30 – M31, P29.3, Q20-Q28, R00-R02, R07.1–R07.4, R09.8, R16.1, R23.0, R55, R57.0, R58, 
R59, R60, R94.3), death from breast cancer (C50, D05), and death from any cause. Causes of 
death were based on the primary cause of death, i.e. the underlying disease that led to death. 
Hospitalization due to CVD was coded according to ICD-9: 017.2, 093, 228, 289.1-289.3, 
390-459, 557, 745-747, 780.2, 782.3, 7825, 7826, 785, 786.50-786.59, 789.2, 794.30-794.39.
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Validation of breast cancer hospital discharge codes

A validation study was performed to assess the accuracy of breast cancer discharge codes 
notified in the HDR. 90 patients with a breast cancer discharge code for in situ (ICD-9: 
233) or invasive breast cancer (ICD-9: 174) at the University Medical Center Utrecht were 
randomly selected (five to six patients per year from 1996 to 2010). Medical records of these 
patients were manually checked for discharge ICD-9 code and discharge date. 

Data analysis

Median (interquartile range (IQR)) was calculated to describe variables with skewed 
distribution. Time at risk started at date of breast cancer admission until date of death, date 
of CVD hospitalization, or end of study (December 31, 2010 for CVD hospitalization and 
December 31, 2015 for death), whichever occurred first. 

Absolute risks were standardized according to the age distribution of women from the 
general population aged 40 years and older in 1996, with five year age groups, and presented 
per year of breast cancer admission (1996-2010). The relative risk decrease or increase in 
absolute risks of hospitalization or death due to CVD between 1996 and last year of follow-
up (depending on the time interval) was calculated. Absolute risks of death from CVD 
(per 1,000 women) were calculated within five, seven, and ten years after breast cancer 
admission or reference year for women from the general population. Absolute risks of CVD 
hospitalization (per 1,000 women) were calculated within one, three, and five years after 
breast cancer admission. The underlying causes of hospitalization for CVD were investigated 
to assess if these hospitalizations were caused by heart failure or coronary heart disease as 
cardiotoxic breast cancer treatments including radiation therapy9,10, anthracycline-based 
chemotherapy20,21, and trastuzumab22,23 are associated with an increased risk of these 
diseases. CVD mortality rates (per 10,000 person-years) were calculated within five and ten 
years after breast cancer admission by age group (<50, 50-64, ≥65), and a cox proportional 
hazard model was applied to estimate the age-adjusted hazard ratio (HR) of death from 
CVD and death from breast cancer for each year (1997-2010) compared to 1996. All 
analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL, USA).
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Results

Approximately half of patients (51.3%) were 60 years or older at time of breast cancer 
admission (Table 1). After median follow-up of 4.3 years (IQR = 1.7-8.0) following breast 
cancer, 5.6% of patients had died of CVD, 19.7% of patients had been hospitalized for CVD, 
and 22.7% of patients had died of breast cancer. Death from CVD mainly occurred among 
patients aged 60 years or older (93.4%).

The absolute ten-year risk of death from CVD following breast cancer decreased from 56 
per 1,000 women in 1996 to 41 per 1,000 women in 2005 (relative decrease of 23.9%, Figure 
1). In the general population, the absolute ten-year risk of death from CVD decreased from 
73 per 1,000 women in 1996 to 55 per 1,000 women in 2005 (relative decrease of 27.8%). 
The absolute risk of death from CVD is lower in women with breast cancer compared to 
women from the general population.

The ten-year CVD mortality rate after breast cancer admission in 2005 was 139 per 10,000 
person-years for patients aged 65 years or older, 11 per 10,000 person-years for patients 
aged between 50 and 64 years, and 3 per 10,000 person-years for patients younger than 50 
years (Figure 2). Death from CVD after breast cancer admission decreased among all age 
groups. The ten-year CVD mortality rate decreased from 218 per 10,000 person-years in 
1996 to 139 per 10,000 person-years in 2005 (relative decrease of 36.2%) for patients aged 
65 years or older, from 21 to 11 (relative decrease of 48%) for patients aged between 50 
and 64 years, and from 5 to 3 (relative decrease of 44.1%) for patients aged younger than 
50 years. The age-adjusted relative risk of death from CVD within five years was 0.58 (95% 
confidence interval (CI) = 0.48-0.70) times lower for patients admitted for breast cancer 
in 2010 compared to 1996 (Table 2). The relative risk of death from breast cancer was 0.49 
(95% CI = 0.45-0.52) times lower for patients admitted for breast cancer in 2010 compared 
to 1996.

The absolute risk of hospitalization for CVD in the first year after breast cancer increased 
from 54 per 1,000 women in 1996 to 67 per 1,000 women in 2009 (relative increase of 
23.6%, Figure 3). The increase in hospitalization for CVD mainly occurred after 2001 and 
was attributable to high blood pressure (29%), pulmonary embolism (15%), rheumatic 
heart disease/valve disease (8%), and heart failure (7%).
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Validation of breast cancer discharge codes

In total, 90 patients were used for validation including five patients with in situ breast cancer. 
In all patients, breast cancer was confirmed in the respective hospital (Supplementary Table 
A). Six HDR codes were slightly incorrect as the date of discharge differed with the correct 
date: one day (n = 1), two weeks (n = 2), two months (n = 2), and five months (n = 1).

Table 1. Cardiovascular disease hospitalizations and causes of death among 163,881 breast cancer 
patients

 

Total breast 
cancer 

population (%)

CVD 
hospitalization 

(%) 
Death from 

CVD (%) 

Death from 
breast 

cancer (%) 

Percentage of total breast cancer 
population*

100.0 19.7 5.6 22.7

Type of breast cancer

In situ 7.6 6.6 5.3 1.6

Invasive 92.4 93.4 94.7  98.4

Calendar period of breast cancer admission

1996-1999 24.1 34.5 38.8 34.1

2000-2003 27.0 32.7 32.2 29.4

2004-2007 27.7 23.8 20.0 23.9

2008-2010 21.2 9.0 8.9 12.5

Age at breast cancer admission in years

<50 22.4 12.9 1.3 23.6

50-59 26.3 20.2 5.3 23.3

60-69 23.9 26.6 17.7 21.5

70-79 18.0 27.0 39.9 19.1

>79 9.4 13.4 35.8 12.5

Follow-up time in years

Median (IQR) 4.3 (1.7-8.0) 4.3 (3.3-10.0) 3.2 (1.1-6.6) 3.1 (1.2-6.2)

Follow-up time intervals in years

<1 16.6 23.6 16.2 21.6

1-4 39.1 41.4 39.2 45.4

5-9 29.1 24.9 29.5 23.3

>9 15.1 10.1 15.1 9.6

Abbreviations: CVD = cardiovascular disease, IQR = Interquartile range 
*n = 163,881 (row percentage) 
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Table 2. Age-adjusted relative risk of death from cardiovascular disease and breast cancer among 
163,881 breast cancer patients

 
Year of breast cancer 
admission

Death from cardiovascular disease Death from breast cancer

Hazard ratio*
(95% confidence interval)

Hazard ratio*
(95% confidence interval)

1996 1.00 (ref) 1.00 (ref)

1997 1.04 (0.88-1.23) 1.02 (0.96-1.09)

1998 0.91 (0.77-1.01) 0.92 (0.86-0.98)

1999 0.97 (0.82-1.14) 0.84 (0.79-0.90)

2000 0.79 (0.66-0.94) 0.75 (0.71-0.80)

2001 0.86 (0.73-1.02) 0.74 (0.70-0.79)

2002 0.81 (0.69-0.96) 0.73 (0.68-0.78)

2003 0.75 (0.63-0.89) 0.66 (0.62-0.71)

2004 0.73 (0.61-0.86) 0.71 (0.66-0.75)

2005 0.58 (0.48-0.70) 0.66 (0.62-0.70)

2006 0.63 (0.52-0.75) 0.63 (0.59-0.68)

2007 0.60 (0.50-0.75) 0.58 (0.54-0.62)

2008 0.62 (0.52-0.74) 0.54 (0.51-0.58)

2009 0.55 (0.46-0.66) 0.54 (0.50-0.58) 

2010 0.58 (0.48-0.70) 0.49 (0.45-0.52)

*Hazard ratios are adjusted for age
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Figure 1. Age-standardized cardiovascular disease mortality in patients with breast cancer patients 
and in women from the general population. Relative decrease (%) in cardiovascular disease 
mortality rates within five, seven, and ten years after year of breast cancer admission of reference 
year between 1996-2010, 1996-2008, and 1996-2005 respectively (∆), for breast cancer patients and 
women from the general population.
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Figure 2. Cardiovascular disease mortality rates by age group among 163,881 breast cancer patients. 
Relative decrease (%) in cardiovascular disease mortality rates within five and ten years after year 
of breast cancer admission between 1996-2010 and 1996-2005 respectively (∆), for patients aged 
<50, 50-64, and ≥65 years.
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Figure 3. Age-standardized number of hospitalizations for cardiovascular disease per 1,000 breast 
cancer patients. Relative increase (%) in cardiovascular disease hospitalizations within one, thee, 
and five years after year of breast cancer admission between 1996-2009, 1996-2007, and 1996-2005 
respectively (∆).
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Discussion

Like in the general population, the risk of death from CVD has decreased in breast cancer 
patients between 1996 and 2010, and mainly occurred among patients aged over 60 years. 
Breast cancer patients have a lower absolute risk of death from CVD than women from the 
general population. Over time, the absolute burden of CVD in terms of hospitalization has 
increased and is considerable with nearly one out of five women having a CVD hospital 
admission.

In developed parts of the world, including United States and Europe, the absolute risk of 
death from CVD has decreased17,25. The decrease in deaths from coronary artery disease 
was for around 50% attributable to the increased use of pharmacological treatments such as 
secondary prevention after heart failure and myocardial infarction26,27. The other half was 
explained by reductions in risk factors like hypertension, hyperlipidaemia, smoking, and 
physical activity26,27.

Like us, Riihimäki et al. (2011) showed that the absolute risk of death from CVD is lower 
in breast cancer patients than in women from the general population28. They investigated 
the risk of death from CVD using nationwide registration data and comparing all women 
diagnosed with breast cancer with women from the general population without a breast 
cancer diagnosis28. After a maximum follow up of 19 years, 27.1% of breast cancer patients 
died of CVD and 44.0% of women from the general population died of CVD28. This risk 
of death from CVD in patients and the general population reported by Riihimäki et al. 
(2011) is higher than in our study, and this can be explained by the longer follow-up (1987-
2006 versus 1996-2015) and the higher risks of CVD in the earlier years28. Bradshaw et al. 
(2016) reported a higher absolute risk of death from CVD in women with breast cancer 
(9.4%) than in women from the general population (7.4%) after a maximum follow-up of 
13.5 years (from 1996 to 2010)29. They also found a higher relative risk of death from CVD 
in women with breast cancer after seven years following diagnosis compared to women 
from the general population (HR = 1.8, 95% CI = 1.3-2.5), adjusted for age and CVD risk 
factors29. In this study, breast cancer patients were invited to participate, which may have 
resulted in a selected study population of patients with good prognosis. Patients with good 
prognosis have a higher risk of death from CVD than patients with poor prognosis as breast 
cancer is a competing risk30.

In the current study, we found that death from CVD mainly occurred among older women 
with breast cancer. This is in line with a study from Sweden on the prognosis of breast 
cancer patients30. They showed that 24% of women aged 65 years and above died of CVD 
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within ten years after breast cancer30. High age is one of the most important risk factors of 
CVD31, and therefore, older women with breast cancer have a higher risk of dying of CVD 
than younger women with breast cancer14,15.

The results of our study showed that the absolute risk of hospitalization for CVD in the first 
year after breast cancer increased with 23.6% between 1996 and 2009. Seven percentage of 
this increase was caused by heart failure which is less than expected as heart failure shortly 
after therapy is a well-known side effect of systemic treatment, including trastuzumab8 
and anthracycline-based chemotherapies6,7. Trastuzumab is a targeted therapy used to 
treat women with human epidermal growth factor receptor 2 positive breast cancer 
(approximately one in five patients)32. Since 2004, trastuzumab is used as adjuvant therapy 
for early breast cancer33. This therapy may have resulted in more hospital admissions for 
heart failure as cardiotoxicity is its most concerning adverse effect in particular reduced 
left ventricular ejection fraction and heart failure34. The risk of heart failure is four times 
higher in patients treated with trastuzumab alone and seven times higher in patients treated 
with anthracycline plus trastuzumab35,36. Another 34% of the increase in hospitalization for 
CVD was caused by high blood pressure. Blood pressure elevation is a common side effect 
of cancer treatments with vascular endothelial growth factor signaling pathway inhibitors 
as for example bevacizumab. Bevacizumab is used to treat metastatic breast cancer and 
was introduced in Europe after 200437,38. However, since an extremely small proportion of 
patients are treated with bevacizumab, it is unlikely to explain the 34% increase in hospital 
admissions due to hypertension. Pulmonary embolism explained 15% of the increased 
number of CVD hospitalizations, is often caused by venous thromboembolism39. The 
selective estrogen-receptor modulator tamoxifen has a thrombotic effect40,41. A Danish study 
reported that women treated with tamoxifen had a higher risk of pulmonary embolism 
during the first two years after exposure compared to women not receiving tamoxifen (risk 
ratio = 3.5, 95% CI = 2.1-6.0)40. Similar results have been reported by Cuzick et al. (2007): 
risk ratio of 2.26 (95% CI = 1.36-3.87) comparing women treated with tamoxifen with 
women receiving placebo41.

We acknowledge that this study has limitations. For every woman with a breast cancer 
hospital admission between 1996 and 2010, it was examined if she had a previous hospital 
admission for breast cancer in the preceding year. This method reduced the percentage of 
women with a previous hospital admission for breast cancer to 7%. This implies, however, 
that we have included women with a readmission for breast cancer in the present study. 
Women who have been readmitted for breast cancer may have a worse breast cancer 
prognosis and therefore a lower risk of death from CVD. The risk of hospitalization for 
CVD, however, may be higher among these women with a readmission for breast cancer, 
as they may have undergo previously (potential cardiotoxic) cancer therapy that resulted 
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in CVD. Another limitation is that from 2005 onwards, the participation of hospitals in 
registering patients’ discharges decreased from 100% coverage to 89% in 2010. As a result, 
it not all breast cancer patients in the Netherlands were identified. Furthermore, the present 
study had no information on breast cancer characteristics and CVD risk factors other than 
age. 

To conclude, the current study shows that the risk of death from CVD in breast cancer 
patients and in women from the general population decreased in the last decades. Yet, we 
find an increase in the number of CVD hospitalizations after breast cancer. Future studies 
should investigate whether the increase in CVD hospitalizations within the first year 
continues to rise and assess the underlying processes of this increase in more detail.
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Supplementary Table A. Validation of breast cancer discharge codes of the Dutch Hospital 
Discharge Register among 90 patients

%

Known with breast cancer?  

Yes 100.0

No 0.0

Discharge diagnosis correct?  

Yes 93.7

No 6.6

Reasons for incorrect discharge codes (n = 6)  

Date of discharge differed one day 1.1

Date of discharge differed two weeks 2.2

Date of discharge differed two months 2.2

Date of discharge differed five months 1.1
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Abstract

Purpose 

This study evaluates the risk of cardiovascular disease (CVD) following breast cancer, 
accounting for a woman’s baseline risk of CVD.

Methods 

Within the EPIC-NL (Dutch contribution of the European Prospective Investigation into 
Nutrition and Cancer) cohort, 1,103 women were diagnosed with breast cancer. For every 
breast cancer patient, three to four controls (n = 4,328) were selected matched for age, year, 
and time since cohort enrollment. Based on CVD risk factors at cohort enrollment, the ten-
year risk of CVD was calculated and categorized as low (<10%), intermediate (10%-20%), 
or high (>20%). Cox proportional hazard models were used to assess the risk of a CVD 
event (hospitalization or death) or death from CVD of women with versus without breast 
cancer, adjusted for baseline CVD risk.

Results

After a median follow-up of five and six years,  92 (8.3%) and 325 (7.5%) CVD events 
occurred in women with and without breast cancer respectively. In the low CVD risk group, 
women with breast cancer had a 1.44 (95% CI = 1.00-2.06) times higher adjusted risk of 
a CVD event than women without breast cancer. In the intermediate and high CVD risk 
categories, the risk of a CVD event was similar in women with and without breast cancer. 
Overall, women with breast cancer had a 1.77 (95% CI = 1.10-2.86) times higher risk of 
death from CVD than women without breast cancer.

Conclusions 

Among women with a low CVD risk, women with breast cancer have a higher risk of a 
CVD event than women without breast cancer. Overall, women with breast cancer were at 
a higher risk of CVD mortality than women without breast cancer.



73

Cardiovascular disease risk after breast cancer by baseline risk

4

Introduction

Breast cancer incidence and survival are high in developed countries1. Survival has 
substantially improved due to early detection by screening programs and improved 
treatments2-4. This has resulted in over 3 million 5-year breast cancer survivors worldwide1. 
Many of these women will die of conditions other than breast cancer5,6. Cardiovascular 
disease (CVD) is an important cause of death in the general population, also following 
breast cancer, with 24% of patients over 65 years dying of this disease7,8.

Breast cancer patients may have a higher CVD risk compared to the general population. 
Although cancer treatments such as anthracycline-based regimens, trastuzumab, and 
radiotherapy reduce the risk of cancer recurrence and death, they have been associated with 
an increased risk of CVD9-16. Anthracycline-based chemotherapy and trastuzumab increase 
the risk of heart failure by 5-fold compared to regimens without these components17,18. 
Furthermore, radiotherapy increases the risk of death from circulatory disease with 25%11. 
Another reason that breast cancer patients may have a higher CVD risk is because risk 
factors for both diseases overlap, especially risk factors as obesity and physical inactivity19. 
Breast cancer patients may have a higher prevalence of CVD risk factors than the general 
population. Pre-existing CVD risk factors have also been associated with a higher risk of 
cancer treatment-induced cardiotoxicity20,21. 

Traditional CVD risk factors are used to compute the Framingham risk score22. Based 
on age, sex, current smoking, diabetes, and high systolic blood pressure, the ten-year 
future risk for a CVD event is predicted22. Except for a few studies7,23,24, the majority did 
not adjust for traditional CVD risk factors when investigating the risk of CVD following 
breast cancer. None of the studies have taken into account the Framingham risk score22. We 
assessed the risk of CVD for women with a low (<10%), intermediate (10%-20%), and high 
(>20%) Framingham risk score. Next, we assessed the risk of death from CVD, adjusted for 
Framingham risk score.
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Methods and materials

Study design and population

The current study included women participating in the Dutch contribution to the European 
Prospective Investigation into Cancer and Nutrition (EPIC-NL), which consists of the 
MORGEN and Prospect cohorts25. Details on the design and rationale of the EPIC-NL 
study have been described elsewhere26. Briefly, Prospect is a prospective cohort study that 
was set up to investigate the role of nutrition and biomarkers in the etiology of cancer. The 
MORGEN cohort was set up to monitor risk factors for chronic diseases in the Netherlands. 
MORGEN includes 22,654 men (45%) and women aged 20 to 64 years residing in three 
Dutch towns (Amsterdam, Doetinchem, and Maastricht) between 1993 and 199727. 
Prospect includes 17,357 women aged 49 to 70 living in the city of Utrecht or its vicinity 
who participated in the nationwide Dutch breast cancer screening program between 1993 
and 199728. The ethics committees of the respective institutions approved both studies, and 
all participants gave their written informed consent.

Women with prevalent cancer at t0 were not eligible for the current study. Furthermore, 
women were not included if they had not given consent for linkage with vital status or 
morbidity registries (n = 2,717) or had missing information on hospital admission or cause 
of death (n = 55). The current study included all women diagnosed with a first (non-) 
invasive breast cancer during follow-up in the EPIC-NL cohort until December 31, 2010 
(referred to as ‘exposed’ in the current study). Subsequently four women without breast 
cancer during follow-up were matched to the exposed women on age at breast cancer 
diagnosis (t1), year of breast cancer diagnosis (t1), and time between EPIC-NL enrolment 
(t0) and breast cancer diagnosis (t1) (the ‘unexposed’ group). We would like to stress that 
this is not a matched case-control study, but rather a prospective follow-up study, matched 
on the exposure status (breast cancer). The final study population consisted of 1,103 women 
diagnosed with breast cancer and 4,328 women without breast cancer.

Exposure (breast cancer) assessment

(Non-) invasive breast cancers in the EPIC-NL study were identified through regular 
linkages to the Dutch Cancer Registry. Details on the registry linkage have been described 
elsewhere26. Briefly, the Dutch Cancer Registry identifies incident cancer cases by hospital 
records and is 95% complete since 1989.
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Framingham risk score

The Framingham risk score was calculated for the total study population based on the 
following characteristics at t0: age, smoking behavior (current or past/never), diabetes 
(presence or absence), systolic blood pressure (mmHg), total cholesterol (mmol/L), and 
high-density lipoprotein (HDL) cholesterol (mmol/L)22. The Framingham risk score ranges 
from -2 to 21, indicating a ten-year risk of a CVD event of lower than 1% to over 30% 
respectively. The current study categorized the Framingham risk score into three categories: 
low (score: <13, risk: <10%), intermediate (score: 13-17, risk: 10%-20%), high (score: >17, 
risk: >20%). 

Characteristics

At t0, a general questionnaire was filled out by all participants including questions on 
demographic characteristics, presence of chronic diseases, and risk factors for chronic 
diseases. Educational level was categorized into low (primary school and lower vocational 
education) and other (advanced elementary education, intermediate vocational education, 
higher general secondary education, higher vocational education, and university). Physical 
activity was assessed by questions on occupational and recreational physical activity 
during the past year29. The Cambridge Physical Activity Index combined these activities 
and categorized them into active, moderately active, moderately inactive, and inactive30,31. 
Smoking behavior was categorized into current, former, or never. Alcohol consumption 
(gram ethanol per day) was assessed with the Food Frequency Questionnaire. The body 
mass index was calculated as weight divided by height squared, which were measured 
during physical examination. At this contact, blood pressure was measured twice in supine 
position on the left arm using a random zero sphygmomanometer (MORGEN) and on 
the right arm using a Boso Oscillomat (Prospect), from which the mean was taken. The 
comparability of both measurement procedures is reported in more detail elsewhere32. 
In MORGEN, serum cholesterol levels were assessed from ethylene-diamine-tetra-acetic 
acid (EDTA) serum samples drawn during physical examination at t0 using an enzymatic 
method26. In Prospect, cholesterol values are measured with EDTA using serum samples 
and/or with citrate plasma. 

History of CVD before t1 was determined by combining data from the general questionnaire 
at t0 and data from the Dutch Centre for Health Care Information on hospital discharge 
diagnosis. The Dutch Centre for Health Care Information holds a standardized computerized 
register of hospital discharge diagnoses coded according to the International Classification 
of Diseases, Ninth Revision, Clinical Modification (ICD-9).



76

Chapter 4

Outcome assessment

The outcomes were a CVD event, defined as a hospitalization for CVD or death from CVD, 
and death from CVD. Follow-up data on the outcomes was complete until December 31, 
2010. Follow-up data on CVD hospitalizations was obtained from the Dutch Centre for 
Health Care Information. The database was linked to the cohort on the basis of birth date, 
gender, postal code and general practitioner with a validated probabilistic method33. Causes 
of death were obtained from the Statistics Netherlands and have been coded according 
to the Ninth Revision of the International Classification of Diseases (ICD-9) until 1996, 
and after that, according to the Tenth Revision of the International Statistical Classification 
of Diseases (ICD-10). Death from CVD was based on primary and secondary causes of 
death. The primary cause of death is defined as the underlying disease that led to death. The 
secondary cause of death is either a complication of the primary cause, or another disease 
which might have contributed to the death. 

Data analyses

Multiple imputation of missing values was performed using 20 imputed datasets to deal 
with missing values of demographics and cardiovascular risk factors at t034. In the current 
study, determinants with missing values were educational level (n = 16, 0.3%), smoking 
behavior (n = 4, 0.1%), diabetes (n = 6, 0.1%), systolic blood pressure (n = 21, 0.4%), total 
cholesterol (n = 289, 5.3%), HDL cholesterol (n = 296, 5.5%), alcohol consumption (n = 16, 
0.3%), and body mass index (n = 6, 0.1%).

Means (standard deviation (SD)) and medians (interquartile range (IQR)) were used to 
describe continuous variables with and without normally distributed data, respectively. 
Time at risk started at t1 and ended at the date of a CVD event (primary outcome) or date of 
death from CVD (secondary outcome), death from any other cause, end of study (December 
31, 2010), or loss to follow-up (n = 29), whichever occurred first. Cox proportional hazard 
models35 were used to estimate (adjusted) hazard ratios (HR) and 95% confidence intervals, 
comparing women with breast cancer to women without breast cancer. In addition, a 
competing risk analysis36 was performed to deal with breast cancer as a competing risk: 
here the HR estimated by the Fine-Gray model account for the fact that women who died 
of breast cancer are no longer eligible of experiencing the event of interest.

The analyses on the risk of a CVD event (hospitalization or death due to CVD) were 
performed for the total study population and stratified by low (<10%), intermediate (10%-
20%), or high (>20%) Framingham risk category. The analysis including the total study 
population was adjusted for Framingham risk score and body mass index. The analysis 
stratified by Framingham risk category was adjusted for age at t1, i.e. the stratification 
by Framingham risk created new groups and therefore women within these groups were 
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no longer age-matched, and body mass. The analysis on the risk of death from CVD was 
performed only for the total study population and adjusted for Framingham risk score; 
the low number of deaths did not allow for stratification by Framingham risk category. In 
addition, a sensitivity analysis was performed excluding women with a history of CVD to 
test the hypothesis that women with a known risk of CVD at breast cancer diagnosis receive 
less cardiac toxic breast cancer treatments.

Statistical analyses were conducted using IBM SPSS statistics version 23, except for the 
competing risk analyses which were conducted with SAS version 9.4.
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Results

At EPIC-NL cohort enrolment (t0), median age of the study population was 54 years (IQR 
= 50-60) for women with breast cancer and women without breast cancer (Table 1). At t0, 
median Framingham risk score was not different for women who would develop breast 
cancer (13, IQR = 9-16) than for women who would not develop breast cancer (12, IQR 
= 9-16) (Table 1). The majority of women with and without breast cancer were in the low 
Framingham risk category: 61.3% and 66.0%, respectively. The mean body mass index at 
t0 was comparable for women with and without breast cancer in the low Framingham risk 
category: 25.2 (SD = 3.7) and 25.1 (SD = 3.8), respectively (Supplemental material Table 
A). In the intermediate and high Framingham risk categories, the mean body index was 
also comparable between women with breast cancer (27.3, SD = 4.2 and 28.5, SD = 3.8, 
respectively) and without breast cancer (27.2, SD = 4.2 and 28.1, SD = 4.5, respectively).

Breast cancer patients had 5 years (IQR = 2-9) median follow up (since t1) and this was 
6 years (IQR = 3-10) for women without breast cancer (Table 1). During this period, 72 
women with breast cancer (6.5%) and 290 without breast cancer (6.7%) were hospitalized 
for CVD (Table 2). Hospitalizations for acute pulmonary heart disease and heart failure were 
more common in women with breast cancer than in women without breast cancer. There 
were 24 women with breast cancer (2.2%) and 57 women without breast cancer (1.3%) who 
died of CVD as primary or secondary cause. Coronary heart disease and cerebrovascular 
accident were the most common causes of death from CVD in both groups. Death from 
breast cancer was the most prevalent cause of death among women with breast cancer (n = 
115, 10.4%).

The risk of a CVD event (hospitalization or death due to CVD) did not differ between 
women with breast cancer and women without breast cancer: adjusted HR = 1.16 (95% CI = 
0.92-1.47) (Table 3). However, in the low Framingham risk category the risk of a CVD event 
was higher in women with breast cancer than in women without breast cancer: adjusted HR 
= 1.44 (95% CI = 1.00-2.06). Excluding women with a history of CVD slightly increased this 
risk (Supplemental material Table B). Furthermore, in the total study population the risk of 
death from CVD was higher in women with breast cancer than in women without breast 
cancer: adjusted HR = 1.77 (95% CI = 1.10-2.86). The competing risk analyses did not 
change the interpretation of the results described above (Supplemental material Table C).
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Table 1. Characteristics of 1,103 women with breast cancer and 4,328 matched* women without 
breast cancer at time of original cohort (EPIC-NL) enrolment (t0) and at time of breast cancer 
diagnosis or reference (t1) 

 

Women with 
breast cancer

Women without 
breast cancer

n = 1,103 n = 4,328

At time of original cohort enrolment (t0)

Original cohort, % (n)  

Prospect 70.4 (776) 68.9 (2,984)

MORGEN 29.6 (327) 31.1 (1,344)

Age at t0, yr, median (IQR) 50-60 (54) 50-60 (54)

Low education, % (n)† 45.2 (499) 43.9 (1,898)

Physical activity, % (n)  

Inactive 8.2 (90) 6.2 (270)

Moderately inactive 26.5 (292) 25.0 (1,080)

Moderately active 25.7 (284) 27.1 (1,174)

Active 39.6 (437) 41.7 (1,804)

Smoking behavior, % (n)  

Current 25.5 (281) 24.7 (1,069)

Former 36.2 (400) 32.6 (1,413)

Never 38.3 (422) 42.7 (1,846)

Alcohol consumption, g/day, mean (sd) 10.3 (13.7) 9.1 (12.4)

Diabetes, % (n) 2.4 (27) 2.0 (86)

Systolic blood pressure, mmHg, mean (sd) 130.8 (20.3) 128.6 (20.0)

Total cholesterol, mmol/L, mean (sd) 5.9 (1.1) 5.9 (1.1)

HDL cholesterol, mmol/L, mean (sd) 1.5 (0.4) 1.5 (0.4)

Body mass index, kg/m², mean (sd) 25.7 (4.1) 25.2 (4.1)

Framingham risk score, median (IQR)‡ 13 (9-16) 12 (9-16)

Framingham risk categories, % (n)‡  

<10% 61.3 (676) 66.0 (2,856)

10%-20% 29.1 (321) 26.1 (1,131)

>20% 9.6 (106) 7.9 (341)

At time of breast cancer diagnosis or reference (t1)

Age at t1, yr, median (IQR) 63 (56-68) 63 (56-68)

Calendar year of t1, n (%)

1993-1999 26.7 (294) 26.6 (1,153)

2000-2005 38.3 (422) 38.3 (1,658)

2006-2010 35.1 (387) 35.1 (1,517)
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Women with 
breast cancer

Women without 
breast cancer

n = 1,103 n = 4,328

History of cardiovascular disease at t1, % (n) 6.2 (68) 5.1 (219)

Time between t0 and t1, yr, median (IQR) 8 (4-11) 8 (4-11)

Follow-up time since t1 (until end of study), yr, median (IQR) 5 (2-9) 6 (3-10)

Abbreviations: IQR = Interquartile Range, sd = standard deviation, yr = years
*Women were matched by 1. age at original cohort enrolment (t0) and 2. time between original cohort enrolment and breast 
cancer diagnosis (t1-t0)
†Low educational level: lower vocational training or primary school 
‡Framingham risk score is based on age at original cohort enrolment, smoking behavior, diabetes, systolic blood pressure, and 
total and HDL cholesterol
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Discussion

The results of this study indicated that the risk of a CVD event (hospitalization or death) 
among women with a low Framingham risk (<10%) was 44% higher in women with breast 
cancer compared to women without breast cancer. No difference was observed in the total 
study population. We did find that women with breast cancer have a 77% higher risk of 
death from CVD than women without breast cancer.

Although breast cancer is the main cause of death in women with breast cancer, CVD 
is increasingly recognized as an important contributor to mortality in breast cancer 
survivors37-39. CVD may be related to cardiac toxic or metabolic effects of some breast cancer 
treatments such as trastuzumab, anthracycline-based regimens, and radiotherapy9,40-42.

Several CVD disorders may contribute to a higher CVD risk following breast cancer. Women 
with breast cancer in the low Framingham risk category were more often hospitalized with 
heart failure or acute pulmonary heart disease than low-risk women without breast cancer. 
Heart failure is a known complication induced by anthracycline-based chemotherapies, 
trastuzumab, and radiotherapy-induced cardiomyopathy due to coronary artery 
calcifications caused by high radiotherapy heart dose43-45. Acute pulmonary heart disease 
can be caused by vascular changes as a result of tissue damage due to radiotherapy, as part 
of the lungs is irradiated46. Both heart failure and radiation-induced pulmonary damage 
may become evident during the first year after treatment or later46,47. We also observed 
that women with breast cancer died more often due to a cerebrovascular accident. Women 
who received hormonal treatment (tamoxifen) had a 90% higher risk of a cerebrovascular 
accident48. Studies reported conflicting results on the association between cerebrovascular 
accident and radiotherapy to the supraclavicular lymph nodes: Nilsson et al. (2005) found a 
12% higher risk for women with a history of breast cancer, while Hooning et al. (2006) did 
not found a higher risk in women with breast cancer48,49.

A study that stratified women by CVD risk at breast cancer diagnosis showed that in the 
low CVD risk group, women treated with radiotherapy were not at increased risk of CVD50. 
However, CVD risk was increased for women with an intermediate or high CVD risk50. 
These results are, however, difficult to compare with ours as a comparison with women 
without breast cancer is lacking. Our finding of a higher risk of CVD death in women with 
breast cancer is in line with many other studies7,37,51,52. Riihimaki et al. (2012) showed that 
women with breast cancer have a 1.29 time higher risk of dying of heart failure51. They did, 
however, not correct for CVD risk factors other than age. Bradshaw et al. (2016) reported 
a 1.9 times increased risk of CVD death in women with breast cancer, after adjustment 
for traditional CVD risk factors7. This risk manifested approximately seven years after 
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diagnosis. Furthermore, studies have found increased risk of CVD events up to and beyond 
20 years after diagnosis8,9,53. Age is a well-known CVD risk factor54 and cardiac toxicity 
induced by radiotherapy manifest itself many years following treatment15,55. As the current 
study has a relative short follow-up time (median of five to six years), this may indicate that 
the risk of death from CVD in breast cancer patients may become larger over time. 

There is also a suggestive clarification for the observations in our study. The sensitivity 
analysis shows that the risk of a CVD event in women with breast cancer with a low 
Framingham risk score was higher when women with a history of CVD were excluded. 
This may indicate that in clinical practice women with a higher CVD risk, i.e. history of 
CVD, receive less cardiac toxic cancer treatments than women without a higher CVD 
risk56. As such, women with breast cancer in the low Framingham risk category may have 
received more often systemic therapy, i.e. anthracyclines and trastuzumab, and radiotherapy 
(including differences in laterality of the irradiated breast and targeted volumes) than 
women with an intermediate or high Framingham risk. Unfortunately, we were not able to 
test other hypotheses related to cancer treatment as this information is missing for over one 
third of patients.

We were not able to account for changes in CVD risk factors after EPIC enrolment. We 
assume that these factors used for calculating the Framingham risk score remained more 
or less similar until time of breast cancer diagnosis (t1) and thereafter. However, CVD risk 
factors may have changed between t0 and t1 (median time of eight years) and after t0. This 
would result in women shifting to another Framingham risk category. It’s unclear how this 
would affect our results. Another concern is that we likely have missed women with CVD. 
The use of hospital discharge registry underestimates the true incidence rates, especially for 
coronary heart disease and heart failure57. This underestimation is most likely nondifferential 
and therefore not creating bias, as it can be expected that the underestimated incidences are 
not different for women with breast cancer than for women without breast cancer.

To conclude, this study shows that among women with a low Framingham risk, women 
with breast cancer have a higher risk of a CVD event (hospitalization or death) than women 
without breast cancer. Overall, women with breast cancer have a higher risk of death from 
CVD than women without breast cancer adjusted for Framingham risk score. Future 
research may investigate an individualized approach for breast cancer patients to optimize 
the balance between high breast cancer tumor control and minimal cancer treatment-
induced CVD risk.
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Chapter 5

Abstract

Breast cancer incidence and survival is high in Southeast Asia. As such, many women 
diagnosed with breast cancer are at risk of dying of other causes. Given the increased risk 
of cardiac toxicity induced by breast cancer treatments, it is important to identify patients 
at high risk of death from cardiovascular disease (CVD). The aim of this study was to 
investigate if this risk varies by age and ethnicity. Patient details were obtained from 5,868 
Chinese, Malay, and Indian women diagnosed with in situ or non-metastasized invasive 
breast cancer at the National University Hospital of Singapore and KK Women’s and 
Children’s Hospital in Singapore. Death causes were obtained from the National Registry 
of Births and Deaths. Flexible parametric survival models estimated CVD mortality rates 
and hazard ratios. During a median follow-up of six years, 1,010 deaths occurred of which 
6.8% were due to CVD. CVD mortality rates of older women peaked within the first year 
following diagnosis and increased over time since diagnosis. Indian had more than double 
the risk of CVD mortality than Chinese, independent of age at diagnosis and stage. Taking 
ethnicity and age into account may promote CVD risk stratification and management in 
(Southeast Asian) women with breast cancer.
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Introduction

Breast cancer incidence is rising dramatically in Southeast Asia, which, in combination 
with improved survival rates due to earlier detection and improved treatments, leads to an 
increasing number of women living with or after breast cancer1,2. Many of these women 
are at risk of dying of other causes than breast cancer3-5. Breast cancer patients treated with 
adjuvant treatments such as radiotherapy or chemotherapy may be at increased absolute 
risk of treatment-induced cardiac toxicity, and therefore, to develop CVD6-9. As such, CVD 
is now the second most important cause of death among women with breast cancer, with up 
to 24% of breast cancer patients dying of CVD4,5.

In the multi-ethnic population of Southeast Asia, comprising mainly of Chinese, Malay, 
and Indian people, there are ethnic differences in breast cancer survival10. Malay breast 
cancer patients have a higher risk of overall death following breast cancer compared to 
Chinese, regardless of age at diagnosis, tumor and treatment characteristics10. Furthermore, 
ethnic differences in severity of and death due to CVD is observed in high risk Southeast 
Asian patients, though not in breast cancer patients, with lowest severity of CVD in Chinese 
and highest CVD-specific mortality rates in Malay11,12.

Given the increased risk of cardiac toxicity induced by breast cancer treatments, it is 
important to identify patients at high risk of CVD mortality. Taking the risk (factors) 
of CVD into account with breast cancer treatment decision will promote personalized 
CVD risk stratification and management of (Southeast Asian) breast cancer patients. The 
objective of the present study was to investigate the risk of CVD mortality following breast 
cancer in Southeast Asia, and to assess if these risks vary by age at diagnosis and ethnicity.
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Methods and materials

Cohort study

This prospective cohort study was conducted within the context of two hospital-based 
breast cancer registries from the National University Hospital (NUH) and KK Women’s 
and Children’s Hospital (KKH) in Singapore. All methods were carried out in accordance 
with the guidelines and regulations of NUH and KKH. The National University Hospital 
of Singapore received ethic approval from the National Healthcare Group Domain Specific 
Review Board and KK Hospital in Singapore received approval from SingHealth Centralized 
Institutional Review Board. The need for informed consent from all patients was waived by 
these ethics review boards.

The NUH breast cancer registry contains data of all 4,122 women diagnosed with breast 
cancer 1990 and 2011. Details of the registry have been described elsewhere13. Data 
were collected retrospectively for 492 patients diagnosed between 1990 and 1995, and 
prospectively for 3,630 patients diagnosed after 1995. The KKH breast cancer registry 
contains prospectively collected data of all 2,192 women diagnosed with breast cancer 
between 2005 and 2015. Both registries from NUH and KKH include data on patient’s 
socio-demographic characteristics, tumor and treatment profile. 

For the present study, breast cancer patients with distant metastases at diagnosis (n = 
431) were excluded, leaving 5,868 women with in situ or non-metastasized invasive breast 
cancer. Ethnicity was categorized into four groups: Chinese, Malay, Indian, and Other 
(e.g. Eurasian, Caucasian). Other variables of interest included age at diagnosis, year of 
diagnosis, tumor stage at diagnosis according to the classification of malignant tumors 
(TNM)14, tumor differentiation (good, moderate, poor, unknown), estrogen-receptor status 
(positive >1% of tumor cells expressing estrogen receptors, negative, unknown), breast 
cancer treatment including surgery (yes, no, unknown), chemotherapy (yes, no, unknown), 
radiotherapy (yes, no, unknown) and hormonal therapy (yes, no, unknown). 

Outcomes

For the NUH breast cancer registry, information on vital status and cause of death was 
obtained from the National Registry of Births and Deaths in Singapore on April 30, 2015, 
and was complete for all 3,841 breast cancer patients from NUH. For the KKH breast 
cancer registry, vital status of each patient was known until last clinical follow-up visit, and 
cause of death was verified from the National Registry of Births and Deaths in Singapore 
for patients who did not show up at the follow-up visit and could not be contacted. The 
National Registry of Births and Deaths has certificates on causes of death issued by doctors 
or authorized medical practitioners within 24 hours after death. Causes of death were 



99

Cardiovascular disease death after breast cancer in Southeast Asia

5

classified according to the International Classification of Diseases (ICD) versions 8, 9 or 10 
codes, and regrouped into: death as a result of CVD (ICD8: 390 to 459; ICD9: 390 to 459; 
ICD10: 100 to 199), death as a result of breast cancer (ICD8: 174; ICD9: 174; ICD10: C50), 
death as a result of all other cause (all ICD codes except those already listed). 

Statistical analysis

Demographics, tumor characteristics, treatment details and survival time were described 
for the total population and for the total number of deaths, deaths from CVD, deaths from 
breast cancer and deaths from all other cause within ten years of diagnosis. Time at risk 
for specific causes of death, i.e. CVD, breast cancer, and all other causes, was calculated 
as the minimum of time between date of breast cancer diagnosis and date of death, end of 
study (April 30, 2015), last clinical follow-up visit, or ten years post diagnosis, whichever 
occurred first.

Flexible parametric survival models were used to estimate both mortality rates and hazard 
ratios (HRs) for death from CVD, death from breast cancer, and death from all other cause 
within 10 years after diagnosis, using restricted cubic spline functions15. First, we estimated 
unadjusted mortality rates for death from CVD, breast cancer and other causes within 10 
years after diagnosis for age at diagnosis in three categories (< 50, 50-69, ≥70 years). This 
model used three internal knots in total: two internal knots for the association between age 
at diagnosis in categories and follow-up time, and one knot for the time varying effect of 
age. Mortality rates were reported per 1,000 person-years, using days as underlying time. 
Second, (crude) HRs with 95% confidence intervals (CI) were estimated as a measure of 
association between the main determinant ethnicity – Chinese, Malay, and Indian; other 
ethnicities were excluded due to the small number of 104 patients with heterogeneous 
origins – and outcomes (death from CVD, breast cancer, or other causes). These HRs are 
similar to those estimated by the Cox’s proportional hazard models. Flexible parametric 
survival models, however, have the ability to estimate the baseline mortality rates allowing 
the HRs to change over time. Crude HRs for determinants other than ethnicity and age 
were estimated in a similar manner. Those that were statistically significant were included 
in the multivariable model. Due to having only 67 CVD-specific deaths, the maximum 
degrees of freedom used was limited to six for CVD-specific mortality. The following 
models were used for the analysis: (1) CVD-specific mortality model which has zero 
internal knots assuming proportional hazards over 10 years of follow-up and is adjusted for 
age at diagnosis (per ten year increase) and stage (in situ to stage II, stage III or unknown, 
women with unknown stage showed similar mortality risks as those with stage III), (2) 
breast cancer-specific mortality model which has two internal knots and is adjusted for age 
at diagnosis (per 10 year increase), categorized year of diagnosis (1990-2005, 2006-2010, 
2011-2015), stage (in situ to stage II, stage III or unknown), tumor differentiation grade, 
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chemotherapy, radiotherapy, and hormonal therapy, and (3) the model for all other cause-
specific mortality which has zero internal knots and is adjusted for age at diagnosis (per 
10 year increase), categorized TNM stage (in situ to stage II, stage III or unknown), and 
radiotherapy.
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5

Results

Of the 5,868 women with breast cancer in the study, median age at diagnosis was 52 years 
(interquartile range: 45-60) and median follow-up was six years (interquartile range: 3-10) 
(Table 1). Of these women, 79.5% (n = 4,663) were Chinese, 11.9% (n = 694) were Malay, 
6.0% (n = 351) were Indian, and 2.6% (n = 160) were women with another ethnicity. 
The majority of women (85.9%, n = 5,024) were diagnosed with breast cancer after 1999. 
Thirteen percent of women (n = 764) were diagnosed with carcinoma in situ, 23.5% (n = 
1,381) with stage I, 37.2% (n = 2,181) with stage II, 12.9% (n = 756) with stage III, and stage 
was unknown for 13.4% (n = 786).

In total, 1,010 deaths occurred within 10 years of follow-up of which 6.8% (n = 67) were due 
to CVD (Table 1). Of these, 24 deaths were due to acute myocardial infarction, 4 deaths were 
due to congestive heart failure, 16 deaths were due to acute ischemic heart disease, 3 deaths 
were due to coronary artery disease, 11 deaths were due to cerebrovascular death (anoxic 
brain damage), and 9 deaths were due to other heart disease problems (cardiorespiratory 
failure) (data not presented). The most common cause of death was breast cancer accounting 
for 76.6% (n = 774) of all deaths, and in 16.7% (n = 169), death was due to other causes than 
breast cancer or CVD. Of the 740 Chinese women with breast cancer who died, 6.8% (n = 
50) died of CVD, 75.0% (n = 555) died of breast cancer, and 18.2% (n = 135) died of other 
causes. Of the 178 Malay women with breast cancer who died, 4.4% (n = 8) died of CVD, 
86.0% (n = 153) died of breast cancer, and 9.6% (n = 47) died of other causes. Furthermore, 
of the 61 Indian women with breast cancer who died, 13.1% (n = 8) died of CVD, 77.0% (n 
= 47) died of breast cancer, and 9.9% (n = 6) died of other causes.

Among women over 70 years at breast cancer diagnosis, CVD mortality rates peaked in the 
first year after diagnosis followed by a decrease until approximately three years after breast 
cancer diagnosis (Figure 1). Thereafter, CVD mortality rates rose until approximately 12 
per 1,000 person-years after 10 years of follow-up. CVD mortality rates among women 
aged 50 to 69 years at breast cancer diagnosis gradually increased with follow-up until 
approximately 4 per 1,000 person-years after 10 years of follow-up. In women younger than 
50 years, CVD mortality remained almost constant at less than 1 per 1,000 person years 
during the 10 years of follow-up. Breast cancer-specific mortality rates peaked at one to three 
years after diagnoses for all breast cancer patients. Women over 70 years had substantially 
higher breast cancer specific mortality rates within the first five years after diagnosis than 
younger women. After eight years since diagnosis, similar breast cancer-specific mortality 
rates (approximately 20 per 1,000 person-years) were seen in all age groups. Mortality 
rates from other causes were highest among women aged over 70 years, and showed an 
early peak within the first year after breast cancer diagnosis followed by a steady increase 
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over time until approximately 25 per 1,000 person-years after ten years of follow-up. In the 
younger age groups, mortality rates from other causes remained stable over follow-up time 
at approximately five per 1,000 person-years for women aged between 50-69 years and less 
than one per 1,000 person-years for women younger than 50 years.

The risk of death from CVD within ten years of diagnosis in Indian women was more 
than double the risk of Chinese women (HR = 2.5, 95% CI = 1.2-5.2), independent of 
age at diagnosis and stage (Table 2). Furthermore, the risk of death from breast cancer in 
Malay women was almost double the risk of Chinese women (HR = 1.9, 95% CI = 1.6-2.3) 
independent of age at diagnosis, tumor stage, tumor differentiation grade, chemotherapy, 
radiotherapy, and hormonal therapy.
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Discussion

Breast cancer survival is improving in Southeast Asia. As such, an increasing amount 
of women diagnosed with breast cancer are at risk of dying of other causes. Given the 
increased risk of cardiac toxicity induced by breast cancer treatments, it is important to 
identify patients at high risk of CVD mortality. The present study showed that the risk of 
CVD mortality following breast cancer in multi-ethnic Southeast Asia was generally low 
during the first decade after diagnosis. Breast cancer was the main cause of death. The risk 
of CVD mortality increased in women with higher age at breast cancer diagnosis and in 
Indian women.

Among women with a higher age at breast cancer diagnosis, CVD mortality rates peaked 
within the first year following diagnosis and showed an overall increase during the ten 
years of follow-up. Similar results have been reported among Caucasian women with 
breast cancer4. Our unadjusted survival analysis showed that women who have been 
treated with chemotherapy or radiotherapy had a lower risk of dying of CVD than women 
who did not receive those therapies. Moreover, women with a positive estrogen-receptor 
status had a higher risk of dying of CVD than women with a negative receptor status. A 
possible explanation is the phenomenon is that women with breast cancer who received 
chemotherapy, radiotherapy, and/or had a negative estrogen-receptor status had a higher 
TNM stage, and therefore died more often due to breast cancer than due to CVD. Also, some 
selection may have taken place, as women who are at increased risk of CVD were less likely 
to be treated with cardiac toxic chemotherapy or (left sided) radiotherapy. Furthermore, 
our study showed that Indian women had an increased risk of CVD mortality following 
breast cancer compared to Chinese women. Variation in the risk of CVD mortality by 
ethnicity in our population may be due to genetic differences and/or differences in lifestyle 
associated comorbidities like obesity and diabetes and dietary habits16,17. Differences in the 
presence of CVD risk factors between Chinese, Malay, and Indian in Southeast Asia have 
been reported16,18-21. Indian women had the highest rate of central obesity and diabetes20, 
while the rate of obesity was highest among Malay followed by Indian and Chinese18,19. 
These differences, however, were not fully explained by dietary intake22 Moreover, Indians 
had the highest level of lipoprotein a, which is a causal genetic risk factor for cardiovascular 
disease21.

In the current study, CVD mortality rates of women with breast cancer aged over 70 years 
were over 10 per 1,000 person-years shortly after diagnosis until 10 years after diagnosis, 
however, CVD mortality rates of women from the general population in Singapore aged 
over 70 years ranged from 19 per 1,000 person-years in 2005 to 17 per 1,000 person-years in 
2015 (data not presented)23. Furthermore, in this study, CVD mortality rates of women with 
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breast cancer aged 50 to 69 years were approximately 0.3 per 1,000 person-years throughout 
the 10 years follow-up while the CVD mortality rates of women from the general population 
in Singapore aged 50 to 69 years ranged from 1.4 per 1,000 person-years in 2005 to 0.9 per 
1,000 person-years in 2015 (data not presented)23. These numbers showed that mortality 
rates of CVD among women with breast cancer patients in Singapore were somewhat lower 
than that of women from the general population in Singapore.

In the present study, CVD mortality rates increased over time while breast cancer mortality 
rates decreased after three years since diagnosis. Colzani et al. (2011) found similar results 
among Caucasian women with breast cancer: CVD-specific mortality rates increased after 
three years since diagnoses in women aged over 55 years at diagnosis, while breast cancer-
specific mortality rates decreased after four years since diagnosis among all ages4. These 
results were not surprising as age is a well-known important risk factor of CVD24, and the 
majority of deaths from breast cancer within the first four years following diagnosis in our 
prospective cohort were women diagnosed with more severe stages i.e. II and III.

We acknowledge that the present study has limitations. The follow-up time of our study 
population was relatively short, which explains (part of) the low absolute risk of CVD 
mortality. Previous research has shown that the risk of CVD mortality increases up to 
and beyond 20 years after diagnosis4,25,26, as age is a well-known CVD risk factor27 and 
cardiac toxicity induced by radiotherapy manifest itself many years following treatment28,29. 
Furthermore, misclassification of cause of death due to CVD could have occurred, especially 
in cases of sudden death from CVD outside a hospital, for example at home, were it is 
difficult to state the proper cause of death by doctors or authorized medical practitioners 
that are not familiar with this particular women.

In conclusion, the risk of CVD mortality was generally low in the first decade following breast 
cancer diagnosis in Southeast Asia. Women with higher age at breast cancer diagnosis and 
Indian women are at increased risk of CVD mortality following breast cancer. The notion 
that women who survived breast cancer will subsequently be at risk for CVD is important 
in their management and in addition, taking ethnic-specific risks and age into account, 
may promote optimal prevention of CVD in (Southeast Asian) women with breast cancer. 
Future research may assess factors, dependent or independent of breast cancer, explaining 
the variation in risk of CVD mortality according to ethnicity. Furthermore, breast cancer 
patients would benefit from a personalized CVD risk prediction short after breast cancer 
diagnosis so that treatment can be adjusted accordingly and CVD management can be 
initialized.
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Abstract

Purpose

Coronary artery calcium (CAC) is a strong and independent predictor of cardiovascular 
disease (CVD) risk. This study assessed reproducibility of automatic CAC scoring on 
radiotherapy planning computed tomography (CT) scans of breast cancer patients, and 
examined its association with traditional cardiovascular risk factors.

Methods

This study included 561 breast cancer patients undergoing radiotherapy between 2013 
and 2015. CAC was automatically scored with an algorithm using supervised pattern 
recognition, expressed as Agatston scores and categorized into five categories (0, 1-10, 11-
100, 101-400, >400). Reproducibility between automatic and manual expert scoring was 
assessed in 79 patients with automatically determined CAC above zero and 84 randomly 
selected patients without automatically determined CAC. Interscan reproducibility of 
automatic scoring was assessed in 294 patients having received two scans (82% on the same 
day). Association between CAC and CVD risk factors was assessed in 36 patients with CAC 
scores >100, 72 randomly selected patients with scores 1-100, and 72 randomly selected 
patients without CAC. Reliability was assessed with linearly weighted kappa and agreement 
with proportional agreement.

Results

134 out of 561 (24%) patients had a CAC score above zero. Reliability of CVD risk 
categorization between automatic and manual scoring was 0.80 (95% Confidence Interval 
(CI) = 0.74-0.87), and slightly higher for scans with breath-hold. Agreement was 0.79 (95% 
CI = 0.72-0.85). Interscan reliability was 0.61 (95% CI = 0.50-0.72) with an agreement of 
0.84 (95% CI = 0.80-0.89). Ten out of 36 (27.8%) patients with CAC scores above 100 did 
not have other cardiovascular risk factors.

Conclusions

Automatic CAC scoring on radiotherapy planning CT scans is a reliable method to 
assess CVD risk based on Agatston scores. One in four breast cancer patients planned for 
radiotherapy had elevated CAC score. One in three patients with high CAC scores didn’t 
had other CVD risk factors and wouldn't have been identified as high risk.
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Introduction

Breast cancer patients treated with adjuvant treatments such as radiotherapy or chemotherapy 
may be at increased absolute risk of treatment-induced cardiotoxicity1-4. This risk is higher 
in patients with pre-existing cardiovascular disease (CVD) risk factors5,6. One of the 
strongest individual predictive factors of CVD risk is the presence and amount of coronary 
artery calcium (CAC), representing the extent of coronary atherosclerosis, independent 
of traditional CVD risk factors like hypercholesterolemia, hypertension or diabetes7. The 
amount of CAC is most commonly expressed as Agatston score, and categorized Agatston 
scores are clinically used to express the risk of CVD events8. Asymptomatic individuals with 
Agatston scores of 100 and higher, and without other CVD risk factors, have a 20% ten-year 
risk of a CVD event, compared to 1% in asymptomatic individuals without CAC8,9.

CAC is quantified in the main coronary arteries, namely left main (LM), left anterior 
descending (LAD), left circumflex (LCX) and right coronary artery (RCA). Standardly, 
CAC is quantified on cardiac computed tomography (CT) scans that are made using 
electrocardiography (ECG)-triggering, which minimizes cardiac motion and thus enabling 
good visualization of the CAC. Nevertheless, CAC can also be quantified using any CT 
scans visualizing the heart, and previous studies have shown that CAC scores determined 
using non-dedicated acquisition protocols, i.e. without ECG-synchronization and using low 
radiation dose, are predictive of future CVD events10-15. In clinic, CAC scoring is performed 
by manual expert annotation, which is time-consuming and tedious when performed 
using non-dedicated CT scans due to presence of artefacts caused by cardiac motion, high 
noise levels caused by lower radiation dose, and partial volume effect caused by decreased 
image resolution16,17. To overcome this and enable large scale studies, several algorithms for 
automatic CAC scoring in both dedicated cardiac, and non-dedicated chest CT scans have 
been proposed18-23.

All breast cancer patients treated with radiotherapy routinely undergo low-dose planning 
CT scans of the chest. As the coronary arteries are visualized on these scans, CAC can be 
quantified without exposing patients to additional radiation and without additional costs. 
It is, however, unknown whether radiotherapy planning CT scans of breast cancer patients 
can reliably be used for (automatic) CAC scoring. 

The objective of this study was to evaluate reproducibility of automatic CAC scoring on 
breast radiotherapy planning CT scans and to examine the association between CAC scores 
and traditional CVD risk factors.
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Methods and materials

Study design and patients

This study was conducted within the prospective Utrecht cohort for Multiple BReast cancer 
intErvention studies and Long-term evaLuAtion (UMBRELLA). The UMBRELLA cohort 
was approved by the Medical Ethics Review Committee of the University Medical Center 
Utrecht (UMBRELLA protocol number = 15-165). Recruitment in the cohort started in 
October 2013 and all breast cancer patients planned for radiotherapy were eligible for 
participation. Until March 2015, 628 consecutive breast cancer patients signed informed 
consent of the UMBRELLA study and were enrolled. Six patients withdrew informed 
consent, 60 patients did not undergo a planning CT scan, and one patient was excluded due 
to CT image artifacts caused by metal implants, leaving 561 patients for inclusion.

Patient and treatment characteristics, i.e. age at time of CT scan, tumor stage at diagnosis 
according to the International Union against Cancer (UICC) classification of malignant 
tumors (TNM)24 and type of treatments, were systematically collected within the context 
of the UMBRELLA cohort and based on clinical records and national cancer registry data. 
Traditional CVD risk factors, including diabetes, hypertension, hypercholesterolemia, 
smoking status, and history of CVD, were extracted from electronic medical files at the 
radiotherapy department. As for diabetes, hypertension, hypercholesterolemia, smoking 
status, and history of CVD, patients were scored as positive when medication had been 
prescribed or when it had been explicitly noted in the electronic files. Smoking status was 
categorized as never or not reported, former, or current. History of CVD was scored as 
positive in case patients had experienced ischemic heart disease, heart failure, stroke, atrial 
fibrillation, or angina pectoris before start of the radiotherapy.

Procedures

Radiotherapy planning CT scans were performed with a Brilliance CT (Philips Medical 
Systems) scanner with 16 x 0.75mm collimation, 120 kVp, 3mm section thickness, without 
contrast enhancement, without ECG-synchronization. All patients underwent a planning 
CT scan without breath-hold, and patients with left-sided breast cancer underwent an 
additional planning CT scan with breath-hold.

Automatic CAC scoring was performed in all patients to assess presence and the amount 
of CAC. CAC was automatically scored in the LM, LAD, LCX and RCA with the algorithm 
described by Isgum et al23. Briefly, CAC was identified using a supervised machine learning 
approach. Following clinical procedure, three-dimensional connected components 
above the standard threshold of 130 Hounsfield Units (HU) were considered candidate 
calcifications. Based on their volume, spatial, and texture characteristics, CAC was 
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identified using supervised classification and expressed as Agatston scores, volume (mm³) 
and number of CAC8. The scan with the highest Agatston score was selected for patients 
with multiple CT scans. Scans with automatically determined CAC scores of 1000 and 
above (n = 6) were manually inspected and corrected if needed. Each patient was assigned 
to one of five CVD risk categories based on Agatston score: low (0), fair (1-10), moderate 
(11-100), intermediate (101-400), high (> 400)17,25,26.

In the current study, we assessed (1) reproducibility between automatic and manual expert 
scoring, (2) interscan reproducibility of automatic CAC scoring, and (3) associations 
between CAC scores and other traditional CVD risk factors.

Automatic and manual CAC scores were compared in 163 patients. Manual scoring was 
performed in the first 79 consecutive patients with automatically determined CAC scores 
above 0 and in 84 randomly selected patients without CAC. CAC was manually annotated 
by a radiologist in training with experience in over 1,000 scans, who was blinded to the 
automatically determined CAC scores and patient’s characteristics, except for date of birth. 
Interscan reproducibility of automatic CAC scoring was assessed in all 294 patients having 
received (at least) two CT scans, either on the same day (82%) or within a maximum of five 
months (18%)27. Associations between CAC scores and traditional CVD risk factors were 
assessed in all 36 patients with automatic CAC scores above 100, 72 randomly selected 
patients with scores 1-100, and 72 randomly selected patients without CAC.

Statistical analysis

Demographics, tumor characteristics, treatment details and CAC scores were described 
for all patients. Reproducibility between automatic and manual CAC scoring as well as 
the interscan reproducibility of automatic CAC scoring was assessed with reliability and 
agreement analyses28. Reliability – agreement beyond chance - of CAC score categories 
was assessed with Cohen’s linearly weighted kappa (κ)29. Reliability of continuous CAC 
score was measured with Intraclass Correlation Coefficient (ICC). The two-way random 
effects and absolute agreement ICC was used to assess reliability between automatic and 
manual CAC scoring, taking into account the variance between patients and structural 
differences between automatic and manual CAC scoring. The two-way random consistency 
ICC was used to assess reliability between two automatically scored scans. Agreement - 
degree to which CAC scores are identical between methods (i.e. automatic versus manual 
CAC scoring and automatic versus automatic CAC scoring) - of CAC score categories was 
assessed with proportional agreement. Agreement of continuous CAC score was assessed 
with Bland-Altman plots and its back log transformed 95% limits of agreement due to 
inconsistent variances, which increase with higher CAC scores.
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Overall associations between CAC scores and traditional CVD risk factors were assessed 
with Chi-Square and Kruskal-Walles tests for categorical and continuous variables 
respectively. Analyses were performed with IMB SPSS statistics version 20 and an online 
statistical tool30.
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Results

Median age at time of CT scan of all 561 breast cancer patients in the present study was 
61 years (interquartile range: 54-68), and 355 (63%) patients were diagnosed with stage 1 
disease (Table 1). Almost all patients were treated with surgery and radiotherapy (n = 556, 
99%), and 427 (76%) patients had a CAC score of zero. Of the 134 (24%) patients with 
a CAC score above zero, 36 (27%) patients had a score above 100. Six CT scans had an 
automatically determined CAC score of 1,000 and above, and these high CAC scores were 
caused by large CAC depositions in the mitral annulus. Three of those were corrected to a 
CAC score of zero, and two were corrected to a score between 50 and 100. One scan was 
corrected to a CAC score above 2,000.

Automatic versus manual CAC scoring

Reproducibility between automatic and manual CAC scoring was assessed in 163 patients, 
including 58 scans performed with breath-hold and 105 without breath-hold. The reliability 
of CAC score categories was 0.80 (95% Confidence Interval (CI) = 0.74-0.87), and slightly 
higher for scans performed with breath-hold (0.86, 95% CI = 0.77-0.96) than for those 
without breath-hold (0.77, 95% CI = 0.68-0.85, Tables 2 and 3). The proportion of agreement 
for CVD risk categories was also high at 0.79 (95% CI = 0.72-0.85), and higher for scans 
performed with breath-hold (0.88, 95% CI = 0.76-0.95) than for those without breath-hold 
(0.74, 95% CI = 0.65-0.82). The reliability of continuous CAC score (ICC) was 0.86 (95% CI 
= 0.81-0.89), and higher for scans performed with breath-hold (0.95, 95% CI = 0.91-0.97) 
than for those without breath-hold (0.66, 95% CI = 0.54-0.76, Table 3). For continuous CAC 
scores a Bland-Altman plot showed a mean difference between the automatic and manual 
scored scans of -29.3 with back log transformed 95% limits of agreement as a function of 
the average (X) of -1.5X and 1.5X (Figs 1A and 1B). 

Interscan reproducibility of automatic CAC scoring

Interscan reproducibility of automatic CAC scoring was assessed in all 294 patients who 
underwent two CT scans: 237 (81%) patients underwent one CT scan performed with 
breath-hold and one without, 50 (17%) underwent two scans performed without breath-
hold, and 7 (2%) underwent two scans performed with breath-hold. Reliability of CVD risk 
categories was 0.61 (95% CI = 0.50-0.72), and the proportion of agreement for CVD risk 
categories was 0.84 (95% CI = 0.80-0.89, Tables 4 and 3). Reliability of continuous CAC 
score (ICC) was 0.34 (95% CI = 0.23-0.44, Table 3). For continuous CAC scores a Bland-
Altman plot showed a mean difference between the two automatically scored scans of 8.6 
with back log transformed 95% limits of agreement as a function of the average (X) of -1.4X 
and 1.4X (Figs 2A and 2B).
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Associations between categorized CAC scores and traditional CVD risk factors

Diabetes was significantly more prevalent among patients with CAC scores above 100 than 
in those with CAC scores of zero: 27.8% versus 5.6% (p = 0.001) (Table 5). Patients with 
CAC scores above 100 had more often three to five CVD risk factors compared to patients 
with scores between 1-100 or with CAC scores of zero: 33.3%, 16.7%, and 9.7% respectively 
(p = 0.023). Interestingly, ten of the 36 patients (27.8%) with CAC scores above 100 did not 
have any other traditional CVD risk factor and would have been missed evaluating the risk 
clinically.
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Table 1. Demographics, tumor and treatment characteristics, and CAC (Agatston) scores of 561 
breast cancer patients

 n (%)

Median age at time of scan in years (interquartile range) 61 (54-68)

Tumor stage at diagnosis  

In situ 65 (11)

1 354 (63)

2 118 (21)

3 21 (4)

4 3 (1)

Combination of treatments  

Surgery + RT 216 (39)

Surgery + RT + CT 69 (12)

Surgery + RT + HT 101 (18)

Surgery + RT + CT + HT 170 (30)

Othera 5 (1)

Median CAC in Agatston score (interquartile range) 3 (0-55)

CAC in Agatston score categories  

0 427 (76)

1-10 46 (8)

11-100 52 (9)

101-400 28 (5)

>400 8 (2)

Median volume of CAC in mm³ (interquartile range) 7 (0-86)

Median number of CAC (interquartile range) 1 (0-2)

Abbreviations: CAC = coronary artery calcification; RT= radiotherapy; CT = chemotherapy; HT = hormonal treatment; 
mm³ = cubic millimeter
aNo surgery + CT + HT and/ or RT, only surgery, or surgery with CT or HT
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Table 2. Agreement between automatically and manually determined Agatston scores on 163 
breast planning CT scans

Manual coronary artery calcium in 
Agatston score categories 

Automatic coronary artery calcium in Agatston score categories 

0 1-10 11-100 101-400 > 400 Total

0 75 1 5 0 0 81

1-10 4 2 1 1 0 8

11-100 4 2 31 2 0 39

101-400 1 0 7 14 0 22

>400 0 0 0 6 7 13

Total 84 5 44 23 7 163

Table 3. Reproducibility of automatic coronary artery calcium scoring versus manual, and interscan 
reproducibility of automatic scoring, on breast planning CT

 
 

Categoricala Continuous 

Linearly 
weighted kappa 

(95% CI)

Proportion 
of agreement 

(95% CI)

Intraclass correlation 
coefficient of CAC (Agatston) 

scores (95% CI)

Automatic vs. manual (n = 163) 0.80 (0.74-0.87) 0.79 (0.72-0.85) 0.86 (0.81-0.89)

Breath-hold (n = 58) 0.86 (0.77-0.96) 0.88 (0.76-0.95) 0.95 (0.91-0.97) 

Without breath-hold (n = 105) 0.77 (0.68-0.85) 0.74 (0.65-0.82) 0.66 (0.54-0.76)

Automatic vs. automatic(n = 294) 0.61 (0.50-0.72) 0.84 (0.80-0.89) 0.34 (0.23-0.44)

Abbreviations: CAC = coronary artery calcium; CI = Confidence Interval 
aCardiovascular disease risk categories of coronary artery calcium based on Agatston score: 0, 1-10, 11-100, 101-400, >400

Table 4. Agreement of automatically determined Agatston scores on radiotherapy planning CT of 
294 breast cancer patients

Automatic coronary artery calcium 
in Agatston score categories

Automatic coronary artery calcium in Agatston score categories

0 1-10 11-100 101-400 > 400 Total

0 228 10 6 1 0 245

1-10 8 9 4 0 0 21

11-100 4 2 6 3 0 15

101-400 1 2 1 6 1 11

> 400 1a 0 0 1 0 2

Total 242 23 17 11 1 294
aPatient underwent one CT scan with breath-hold and one without breath-hold. The scan with breath-hold had an automatic 
coronary artery calcium score of 423, which was in agreement with the manual coronary artery calcium score after inspection. 
The scan without breath-hold had an automatic coronary artery calcium score of zero, which was manually inspected and 
corrected to a score of 885. The disagreement is caused by missed coronary artery calcium in the left anterior descending artery.
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Table 5. Cardiovascular risk factors in relation to coronary artery calcium (Agatston) scores of 108 
breast cancer patients.

 
 

CAC score:
0

n = 72 (%)

CAC score:
1-100 

n = 72 (%)

CAC score:
 >100

n = 36 (%) P value

Median CAC (Agatston) score (IQR) 0 (0-0) 12 (3-30) 257 (134-389)  <0.001

Median age at time of scan in years (IQR) 57 (50-64) 62 (55-67) 70 (63-74) <0.001

Diabetes 0.001

Yes 4 (5.6) 5 (6.9) 10 (27.8)  

No 68 (94.4) 67 (93.1) 26 (72.2)  

Hypertension  0.007

Yes 15 (20.8) 31 (43.1) 16 (44.4)  

No 57 (79.2) 41 (56.9) 20 (55.6)  

Hypercholesterolemia 0.492

Yes 9 (12.5) 14 (19.4) 5 (13.9)  

No 63 (87.5) 58 (80.6) 31 (86.1)  

Smoking status  0.437

Current 8 (11.1) 12 (16.7) 3 (8.3)  

Former 11 (15.3) 15 (20.8) 10 (27.8)  

Never/ not reported 53 (73.6) 45 (62.5) 23 (63.9)  

History of CVD  0.019

Yes 15 (20.8) 13 (18.1) 15 (41.7)  

No 57 (79.2) 59 (81.9) 21 (58.3)  

Number of CVD risk factors  0.023

0 34 (47.3) 20 (27.7) 10 (27.8)  

1 16 (22.2) 19 (26.4) 8 22.2)  

2 15 (20.8) 21 (29.2) 6 (16.7)  

3-5 7 (9.7) 12 (16.7) 12 (33.3)  

Abbreviations: CAC = coronary artery calcium, CVD = cardiovascular disease, IQR = interquartile range
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Figure 1A and 1B. Bland-Altman plot for the agreement between automatically and manually 
determined CAC on planning breast CT. CAC (Agatston) scores were assessed automatically and 
manually of 163 breast cancer patients using radiotherapy planning CT scans. Mean (X) = -29.3, 
standard deviation = 131.2, back log transformed upper limit of agreement = 1.5*X, back log 
transformed lower limit of agreement = -1.5*X. 1A is full plot and 1B is zoomed plot.
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Figure 2A and 2B. Bland-Altman plot for the agreement of automatically determined CAC on 
planning breast CT. CAC (Agatston) scores were assessed in two scans of the same patient in a 
set of 294 breast cancer patients using radiotherapy planning CT scans. Mean (X) = 7.6, standard 
deviation = 128.7, back log transformed upper limit of agreement = 1.4*X, back log transformed 
lower limit of agreement = -1.4*X. 2A is full plot and 2B is zoomed plot.
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Discussion

This study showed that automatic CAC scoring on radiotherapy planning CT scans is a 
reliable method to assess CVD risk categories based on CAC scores. One in four breast 
cancer patients planned for radiotherapy had elevated CAC score. In a small study of breast 
cancer patients, one in three patients with high CAC did not have any other CVD risk factor 
and may hence be missed in the cardiac morbidity risk evaluation.

The algorithm to automatically score CAC was developed for low-dose, non-dedicated 
CT scans acquired in a lung cancer screening trial23. In this context, Takx et al. evaluated 
reproducibility of the algorithm in 1749 participants by comparing it to manual scoring by 
a radiologist17. This study showed a very good reliability between automatic and manual 
CAC scoring, with a κ of 0.85 for CVD risk categorization and ICC of 0.90 for continuous 
CAC score. Our study showed comparable, albeit slightly lower, reliability results for 
automatic versus manual CAC scoring, with a linearly weighted kappa of 0.80 for CVD risk 
categorizaties and ICC of 0.86 for continuous CAC score. This was not surprising since the 
algorithm was trained with non-representative training data, namely low-dose chest CT 
scans23. Retraining the algorithm with representative radiotherapy planning CT scans of 
breast cancer patients will most likely increase its performance.

In this study, CT scans with an automatically determined CAC score of 1,000 and higher 
were inspected. Five scans contained large false positives representing CAC in the mitral 
annulus that were strongly affected by cardiac motion and difficult to differentiate from 
CAC in LCX in non-dedicated CT scans31. Please note that such calcifications are also 
predictive of future CVD events32. Reproducibility between automatic and manual CAC 
scoring was much higher in CT scans performed with breath-hold than in those without. 
Breath-holding technique is often used for patients who receive left-sided radiotherapy in 
order to minimize heart radiation exposure33. CT scans with breath-hold show reduced 
respiration motion artifacts allowed for more accurate automatic CAC scoring, and 
enhanced reproducibility between automatic and manual CAC scoring. The interscan 
reliability of CVD risk categories based on CAC scores between two automatically scored 
scans was much lower than the reliability between automatic and manual CAC scoring 
(0.61 versus 0.80, respectively). Difference in respiratory motion artifacts between CT scans 
performed with and without breath-hold has very likely contributed to this lower reliability 
of automatic CAC scoring, since 237 out of 294 (81%) patients had one CT scan performed 
with breath-hold and one scan without. Around 50% of all breast cancer patients were 
treated with radiotherapy and therefore routinely undergo planning CT scans33,34.
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Previous studies have shown that CAC is a stronger risk factor than traditional CVD risk 
factors, such as diabetes, hypertension and smoking status35-37. CAC scores of 100 and above 
are related to an increased risk of multivessel disease, coronary heart disease and overall 
CVD events9,36,38. In our study, 10 out of 36 patients (27.8%) with CAC scores above 100 
did not have any other CVD risk factor. Though these patients are at increased CVD risk, 
they would not have been detected as high risk based on traditional CVD risk factors only.

We acknowledge that this study has limitations. Information on traditional CVD risk factors 
of breast cancer patients were retrieved from medical files at the radiotherapy department. 
These files are filled out by radiation oncologists or oncology nurses and may have resulted 
in underreporting of smoking and other traditional CVD risk factors. Moreover, we were 
not able to provide a cardiovascular risk score as blood pressure and cholesterol levels, 
which were necessary for, were not routinely measured in clinic. Another limitation is that 
we cannot assume an association between the presence and amount of CAC measured on 
non-dedicated radiotherapy planning CT scans and increased CVD risk. The Multi-Ethnic 
Study of Atherosclerosis (MESA) showed a strong association between the presence and 
amount of CAC and increased CVD risk. However, MESA measured CAC on dedicated 
cardiac CT scans and included a different study population as our study with different 
ethnicities (white, black, Hispanic, Asian), males and females, and without active cancer 
treatment9,35,37. Moreover, presence and amount of CAC have shown to be predictive in 
distinguishing patients with increased CVD risk based on CAC scores using non-dedicated 
chest CT scans of subjects in lung cancer screening trials12,39,40. Furthermore, so far there 
are no treatments to slow down or arrest the progression of CAC, and trial results have to 
be waited for. A randomized placebo-controlled trial is investigating the effect of 24-month 
treatment with menaquinon-7 supplementation (vitamin K antagonist) on the progression 
of CAC41. Moreover, a Dutch randomized-controlled trial is investigating whether early 
detection of CVD risk based on CAC score with subsequent lifestyle and/ or treatment 
intervention will reduce CVD morbidity and mortality in a high-risk population.

To conclude, automatic CAC scoring on radiotherapy planning CT scans is a reliable method 
to assess CVD risk categories based on CAC scores, preferably at breath-hold examinations, 
without additional radiation exposure or costs involved. In this prospective cohort study of 
561 patients, we demonstrated that one in four patients has elevated CAC, and that one in 
three patients with high CAC scores didn’t have other CVD risk factors and would therefore 
not have been identified as high risk. Knowing a patient’s baseline CVD risk is essential 
when evaluating a left-sided radiotherapy planning CT scan, given the dose received by 
the heart during radiotherapy is associated with an increased risk of major CVD events43. 
The clinical relevance of automatic CAC scoring on planning CT scans in relation to 
increased absolute risk of a major CVD event still needs to be evaluated. The future clinical 
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application of the presence and amount of CAC measured on planning CT scans, and the 
patient’s corresponding CVD risk, may be twofold. Radiation and medical oncologists may 
use it to identify patients who are candidates for less cardiotoxic treatments, and may refer 
patients with high cardiac morbidity to cardiologists for further diagnostic evaluation and 
treatment. General practitioners may use the information to start lifestyle interventions 
and/or treatments such as antihypertensive, to reduce the patient’s CVD risk.

In a follow-up study, the automatic CAC scoring software will be adapted and optimized for 
radiotherapy planning CT scans of breast cancer patients. Moreover, associations between 
CAC assessed on radiotherapy planning CT scans and CVD risk (factors) of breast cancer 
patients will be investigated including patient’s preferences and needs regarding disclosure 
of their CAC scores.
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Abstract

Purpose

Coronary artery calcification (CAC) and thoracic aortic calcification (TAC) are predictors 
of cardiovascular disease (CVD) events. This study quantified the prevalence of CAC and 
TAC based CVD risk on radiotherapy planning computed tomography (CT) scans of Dutch 
and Singaporean breast cancer patients. In addition, reproducibility and generalizability of 
software based on deep learning for automatic calcification scoring in these populations 
was assessed.

Methods

Women with in situ or invasive breast cancer from the Netherlands (n = 1,199) and 
Singapore (n = 1,090) with a radiotherapy planning CT scan were included. CAC and TAC 
were automatically scored using software based on deep learning. CAC was categorized 
into 0, 1-10, 11-100, 101-400 and >400 Agatston scores. Differences in CAC and TAC score 
between both populations were assessed using Chi-Square Test (categorical variables) 
or Mann-Whitney U Test (continuous variables with skewed distributions). Reliability 
between automatic and manual scoring was assessed in 240 randomly CT scans from both 
populations (120 each), and assessed with linearly weighted kappa for CAC categories and 
intraclass correlation coefficient for TAC. 

Results

The median age at time of CT scan was higher in patients from the Netherlands than 
Singapore: 57 (interquartile range (IQR)= 50-66) versus 52 years (IQR = 45-60), p<0.01. The 
automatic software detected CAC in more patients from the Netherlands than Singapore: 
24.2% versus 17.3%, p<0.01. TAC was more present in patients from the Netherlands than 
Singapore: 73.0% versus 62.2%, p<0.01. In both populations, CAC and TAC increased with 
age. Reliability of CAC categories was excellent in the Netherlands and Singapore: 0.85 
(95% confidence interval (CI) = 0.77-0.93) and 0.90 (95% CI = 0.84-0.96) respectively. Also, 
reliability of TAC was very high in the Netherlands and Singapore: 0.98 (95% CI = 0.96-
0.98) and 0.99 (95% CI = 0.98-0.99) respectively.

Conclusions

The prevalence of CAC and TAC in breast cancer patients from the Netherlands and 
Singapore was considerable and increased with age. Automatic scoring using deep learning 
software is a reliable method to measure CAC and TAC on breast planning CT scans, and 
generalizable to other populations.
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Introduction

Cardiovascular disease (CVD) is an important cause of death in women with breast cancer 
with 24% of patients over 65 years dying of this disease1,2. The risk of CVD following breast 
cancer is increased by exposure of cardiotoxic breast cancer therapies such as radiation 
therapy3-5, anthracycline-based chemotherapy6, and trastuzumab7,8. Breast cancer patients 
with pre-existing CVD risk factors have the highest risk of treatment induced cardiotoxicity9.

Coronary artery calcification (CAC) and thoracic aorta calcification (TAC) are markers 
of atherosclerosis10-13. In clinical practice, these calcifications are measured on chest or 
cardiac computed tomography (CT) scans14,15. CAC, measured on cardiac CT scans, is 
an independent predictor of CVD events and mortality16,17. Similarly, TAC, measured on 
cardiac CT scans, is associated with an increased risk of coronary heart disease, independent 
of CAC and other CVD risk factors18,19. The majority (>60%) of breast cancer patients 
undergoes radiation therapy after surgery and receives a non-contrast enhanced CT scan of 
the breasts including the heart for individual radiation treatment planning. CAC and TAC 
can be visualized and quantified on these scans20. Information on CAC and TAC can be 
used to estimate the risk of CVD in the individual breast cancer patient.

In the present study, we applied a new deep learning software for automated quantification of 
CAC and TAC on planning CT scans21. We aim to investigate the prevalence and quantity of 
CAC and TAC based CVD risk in Western (i.e. the Netherlands) and Asian (i.e. Singapore) 
breast cancer patients. In addition, we assessed reproducibility and generalizability of the 
software in these populations.
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Methods

Design and study population

This cross-sectional study included women diagnosed with in situ or invasive breast cancer 
who underwent a radiotherapy planning CT scan at the Radiation Oncology Departments 
of the University Medical Center Utrecht (UMCU) in the Netherlands or the National 
University Hospital of Singapore (NUHS) in Singapore. At the UMCU, breast cancer patients 
were included in the context of the Utrecht cohort for Multiple BReast cancer intErvention 
studies and Long-term evaLuAtion (UMBRELLA) study, which includes all breast cancer 
patients referred to the Radiation Oncology Department of the UMCU since 201322. Here, 
patients gave informed consent for use of their routine clinical, imaging, pathology, and 
follow up data. 1,199 patients were enrolled in UMBRELLA between 2013 and 2016. At 
NUHS, 1,090 breast cancer patients with a radiotherapy planning CT scan were included 
from January 2005 (date of introduction of digital planning CT scan) to September 2015. 
We excluded one patient’s CT scan as severe anatomical deformities of the chest limited the 
calcification detection. Information on date of birth was extracted from the patient’s CT 
scan. The Medical Ethical Review Board waived the need of informed consent of patients 
in Singapore. 

Imaging data

At the UMCU, planning CT scans were conducted with a Philips Brilliance Big Bore CT 
scanner using 16 x 0.75mm collimation, 120 kVp, 3mm slice thickness. At NUHS, all 
planning CT scans were conducted with a Philips Brilliance Big Bore CT scanner using 
16 x 1.5 collimation, 120 kVp, 5mm slice thickness. All breast cancer patients received a 
CT scan during free breathing, without contrast enhancement or ECG-synchronization. At 
the UMCU, the majority of patients planned for left-sided and/or parasternal irradiation 
underwent an additional deep inspiration breath-hold scan. For patients with multiple CT 
scans (49.5% at UMCU and 2.1% at NUHS), the first CT scan if possible with application of 
the deep inspiration breath-hold technique, was used.

Automatic calcification quantification

All CT scans were automatically scored for atherosclerotic calcifications in the thoracic 
aorta and coronary arteries, i.e. left coronary artery (LAD) including the left main coronary 
artery, left circumflex (LCX), and right coronary artery (RCA), using a method based on 
deep learning described by Lessmann et al (2017)21. Briefly, the algorithm consists of two 
consecutive convolutional neural networks (CNN) labeling calcified voxels. To enable 
learning from contextual spatial information, the first CNN exploits a large field of view and 
is hence able to identify potential calcifications and determine their anatomical label. To 
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analyze detailed local texture, the second CNN exploits a smaller field of view. This network 
identifies true calcifications among the previously detected potential calcifications. The 
algorithm was developed to analyze low-dose chest CT scans. First, all scans were cropped 
to a standardized field of view prior similar to the field of view of chest CT scans, using 
CNN based localization to enable analysis of radiotherapy planning CT scan images23. 
The algorithm was trained with data originally used to develop the algorithm (1,181 low-
dose chest CT scans from the National Lung Screening Trial)24 and with 563 radiotherapy 
planning CT scans of breast cancer patients within UMBRELLA. Calcifications were 
identified as voxels above 130 Hounsfield Unit (HU). Therefore, 3D region growing with 
a threshold of 130 HU was performed on all automatically identified calcification voxels.

CAC was expressed in the Agatston score and each patient was assigned to one of five CVD 
risk categories: 0, 1-10, 11-100, 101-400, >40025-28. TAC was expressed in volume scores 
(mm3). Scans with extremely high automatically detected CAC score (>1,000) (n = 10) and 
TAC volume (>10,000) (n = 4) were manually inspected and corrected if needed. 

Manual calcification quantification

To quantitatively evaluate reproducibility of the automatic and manual calcification scoring 
method, CT scans were randomly selected from UMCU and NUHS (120 each). Manual 
annotation of CAC and TAC on these scans by using a threshold of 130 HU defined the 
reference. Calcifications in the coronary arteries were labeled as LAD, LCX, RCA. The 
reference annotation was conducted by trained medical students (AJ and SM) and PhD 
students (SGMvV and SAMG), each with experience in over 500 CT scans.

Statistical analysis

Median (interquartile range (IQR)) was used to describe continuous variables with skewed 
distributions. The number of breast cancer patients with CAC Agatston scores above 
zero and above 100 were calculated per age category for Dutch and Singaporean patients 
separately. In addition, median (IQR) volume (in mm3) of TAC was calculated per age 
category. Differences between breast cancer patients from the Netherlands and Singapore 
were tested with Chi-Square Test (or Fisher’s exact test when the cell count was less than 
five) in case of categorical variables, and with Mann-Whitney U Test in case of continuous 
variables with skewed distributions.

The performance of the software, i.e. reproducibility, was evaluated with reliability and 
agreement measures. Reliability (agreement beyond chance) of CAC categories was 
assessed with Cohen’s linearly weighted kappa29. Reliability of continuous CAC Agatston 
score and TAC volume were assessed with intraclass correlation coefficient (ICC). The 
two-way random effects and absolute agreement ICC was used to assess reliability between 
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automatic and manual calcification scoring, taking into account the variance between 
patients and structural differences between automatic and manual calcification scoring. 
Agreement (degree to which CAC categories are identical between automatic versus 
manual CAC scoring method) was assessed with proportional agreement. Analyses were 
performed with IBM SPSS statistics version 23 and an online statistical tool30.
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Results

Median age at time of planning CT scan was higher in breast cancer patients from the 
Netherlands than from Singapore: 57 (IQR = 50-66) versus 52 (IQR = 45-60), p<0.01 (Table 
1). The prevalence of CAC was higher in patients from the Netherlands than Singapore: 
24.2% versus 17.3% (p<0.01). Among these, 6.5% and 6.2% of patients from the Netherlands 
and Singapore had a CAC score above 100. Similarly, the prevalence of TAC was higher 
among patients from the Netherlands than Singapore (73.0% versus 62.2%, p<0.01). Three 
CT scans had an automatically determined CAC score of 1,000 and above. Two were 
corrected to a higher CAC score (from 4,761 to 5,473 and from 1,243 to 1,310) and one CT 
scan was corrected to a lower CAC score (from 1,191 to 721).

The prevalence of CAC increased with higher age from 3% for patients younger than 41 
years to 38% for patients between 41 and 70 years (Figure 1). The prevalence of CAC was 
higher in breast cancer patients of 70 years or older from Singapore than the Netherlands 
(70% versus 55%, p<0.05). CAC scores over 100 were present in 10% to 15% for patients 
between 61 and 70 years, and in 18% to 29% for patients of 70 years and older (Figure 2). 
Median TAC volumes (mm3) increased with age from 41 mm3 for patients between 51 to 60 
years to almost 2,000 mm3 for patients of 70 years or older (Figure 3). 

Performance of automatic analysis

For the Dutch population, reliability of CAC categories assessed with linearly weighted 
kappa was 0.85 (95% confidence interval (CI) = 0.77-0.93) and slightly higher for scans with 
deep inspiration breath-hold (Table 2). Proportion of agreement for CAC categories was 
0.87 (95% CI = 0.79-0.92) and slightly higher for scans with deep inspiration breath-hold. 
For continuous CAC score, the ICC was 0.95 (95% CI = 0.93-0.97) and slightly higher for 
scans with deep inspiration breath-hold. For TAC score, the ICC was 0.98 (95% CI = 0.96-
0.98) and slightly higher for scans with deep inspiration breath-hold. For the Singaporean 
population, linearly weighted kappa was 0.90 (95% CI = 0.84-0.96) and proportion of 
agreement was 0.90 (95% CI = 0.84-0.95) for CAC categories (Table 2). The ICC was 0.99 
(95%CI = 0.98-.99) for TAC score.
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Table 1. Distribution of age and cardiac calcification in 2,288 breast cancer patients by country of 
residence

 
 

The Netherlands
(Western population)

n = 1,199

Singapore
(Asian population)

n = 1,089
P value*

 

Age at time of CT scan, years, median (IQR) 57 (50-66) 52 (45-60) <0.01

Age at time of CT scan in categories, years, % (n) <0.01†

<41 5.7 (68) 12.6 (137)  

41-50 20.9 (250) 32.2 (351)  

51-60 32.8 (393) 32.4 (353)  

61-70 28.9 (346) 16.1 (174)  

>70 11.8 (142) 6.7 (73)  

Coronary artery calcification into Agatston score categories, % (n) <0.01‡

0 75.8 (909) 82.7 (901)  

1-10 8.8 (106) 3.9 (43)  

11-100 8.8 (106) 7.1 (77)  

101-400 4.4 (53) 3.9 (43)  

>400 2.1 (25) 2.3 (25)  

Thoracic aortic calcification  

Median (IQR) in volume (mm3) 91 (0-692) 41 (0-495) <0.01

Patients with calcifications, % (n) 73.0 (875) 62.2 (677) <0.01

Abbreviations: CT = computed tomography, IQR = interquartile range
*Statistically significant differences between countries were tested with the Chi-Square Test in case of a categorical variable (or 
Fisher’s exact test when the cell count was less than five) and with the Mann-Whitney U Test in case of a continuous variable.
†All categories except for 51-60
‡Categories 0 and 1-10 



143

Coronary and aorta calcium on planning breast CT in Western and Asian patients

7

Ta
bl

e 
2.

 R
ep

ro
du

ci
bi

lit
y 

of
 c

al
ci

fic
at

io
ns

 i
n 

co
ro

na
ry

 a
rt

er
ie

s 
an

d 
th

or
ac

ic
 a

or
ta

 c
om

pa
rin

g 
au

to
m

at
ic

 v
er

su
s 

m
an

ua
l s

co
rin

g 
on

 r
ad

io
th

er
ap

y 
pl

an
ni

ng
 C

T 
sc

an
s o

f b
re

as
t c

an
ce

r p
at

ie
nt

s s
tr

at
ifi

ed
 b

y 
co

un
tr

y 
of

 re
sid

en
ce

C
or

on
ar

y 
ar

te
ry

 c
al

ci
fic

at
io

n 
(A

ga
ts

to
n)

 sc
or

es
Th

or
ac

ic
 a

or
ta

 c
al

ci
fic

at
io

n 
in

 v
ol

um
e 

(m
m

3 )

C
at

eg
or

ic
al

 
C

on
tin

uo
us

 
C

on
tin

uo
us

 

Li
ne

ar
ly

 w
ei

gh
te

d 
ka

pp
a 

(9
5%

 C
I)

Pr
op

or
tio

n 
of

 a
gr

ee
m

en
t 

(9
5%

 C
I)

In
tr

ac
la

ss
 co

rr
el

at
io

n 
co

effi
ci

en
t (

95
%

 C
I)

In
tr

ac
la

ss
 co

rr
el

at
io

n 
co

effi
ci

en
t (

95
%

 C
I)

Th
e 

N
et

he
rl

an
ds

Au
to

m
at

ic
 v

s. 
m

an
ua

l (
n 

= 
12

0)
 

0.
85

 (0
.7

7-
0.

93
)

0.
87

 (0
.7

9-
0.

92
)

0.
95

 (0
.9

3-
0.

97
)

0.
98

 (0
.9

6-
0.

98
)

 B
re

at
h-

ho
ld

 (n
 =

 4
0)

 
0.

88
 (0

.7
6-

1.
00

)
0.

90
 (0

.7
5-

0.
97

)
1.

00
 (0

.9
9-

1.
00

)
0.

97
 (0

.9
6-

0.
98

)

 W
ith

ou
t b

re
at

h-
ho

ld
 (n

 =
 8

0)
 

0.
84

 (0
.7

5-
0.

94
)

0.
85

 (0
.7

5-
0.

92
)

0.
94

 (0
.9

0-
0.

96
)

1.
00

 (0
.9

9-
1.

00
)

Si
ng

ap
or

e

Au
to

m
at

ic
 v

s. 
m

an
ua

l 

W
ith

ou
t b

re
at

h-
ho

ld
 (n

 =
 1

20
) 

0.
90

 (0
.8

4-
0.

96
)

0.
90

 (0
.8

4-
0.

95
)

0.
99

 (0
.9

9-
1.

00
)

0.
99

 (0
.9

8-
0.

99
)

A
bb

re
vi

at
io

n:
 C

I =
 co

nfi
de

nc
e 

in
te

rv
al



144

Chapter 7

< 4
1

41
-50

51
-60

61
-70 > 7

0
0

20

40

60

80

100
P

er
ce

nt
ag

e

The Netherlands
Singapore

NL = 68
SG = 137

NL = 250
SG = 351

NL = 393
SG = 353

NL = 346
SG = 175

NL = 142
SG = 73

*

Age category in years (number at risk)

*
*    p<0.05

Figure 1. Distribution of breast cancer patients with a coronary artery calcification (Agatston) 
score above zero by age category and country of residence.

<5
1

51
-60

61
-70 > 7

0
0

20

40

60

80

100
The Netherlands

Singapore

NL = 318
SG = 488

NL = 393
SG = 353

NL = 346
SG = 175

NL = 142
SG = 73

Age category in years (number at risk)

P
er

ce
nt

ag
e

p>0.05 for all categories

Figure 2. Distribution of breast cancer patients with a coronary artery calcification (Agatston) 
score above 100 by age category and country of residence.
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Discussion

The prevalence of CAC and TAC in breast cancer patients from the Netherlands and 
Singapore is considerable and increases with age. Up to one third of breast cancer patients 
aged under 70 years has CAC. More than half of patients aged over 70 years has CAC with 
higher prevalence in patients from Singapore than the Netherlands (70% versus 55%). TAC 
is present in two third of patients from the Netherlands and Singapore. This study also 
showed that the new deep learning automatic scoring is a reliable method to measure CAC 
and TAC on radiotherapy planning CT scans and generalizable to other populations.

Knowing a breast cancer patient’s CVD risk is important, especially when treatment with 
cardiotoxic chemotherapy is considered which is mainly among patients aged under 70 
years. In these cases, together with the patient, physicians may decide to timely start with 
cardioprotective medication or opt for cancer therapy with reduced cardiotoxicity31-33. 
Patients with a high risk of CVD can be monitored before, during, and after treatment, and 
may reduce their risk of CVD by treatment with antihypertensive or statins or adapting a 
healthier lifestyle31,32.

The present study found a higher prevalence of CAC in Singaporean patients compared 
to Dutch patients which was mainly originating from differences in CAC categories 0 
and 1-10. This may be explained by the difference in slice thickness which was larger in 
scans from Singapore (5mm) than the Netherlands (3mm). Therefore, the partial volume 
effect might have been more severe in scans from Singapore resulting in a lower detection 
rate of low CAC scores (i.e. <10) in these scans. Furthermore, the present study shows 
high reproducibility of automatic compared to manual CAC and TAC scoring on breast 
planning CT scans of both populations. As such, the deep learning method can be used 
to measure CAC and TAC in different populations with different disease characteristics 
and scan protocols. With a reliability between 0.94 and 1.00 for CAC continuous score, 
the software based on deep learning performed similar or better compared to previously 
reported inter-observer agreement for CAC scoring in chest CT using a software based on 
supervised pattern recognition (ICC = 0.95)27. Planning CT scans performed with deep 
inspiration breath-hold have a higher reproducibility of automatic calcification detection, 
probably due to the fact that these scans have less motion artifacts compared with scans 
performed during free breathing. The use of deep-inspiration breath-hold is a technique 
that significantly reduces the irradiated volume and dose to the heart compared to free 
breathing, especially for patients with left-sided local or internal mammary lymph node 
radiotherapy34.
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Our results are in contrast with those of another Dutch study looking at CAC in patients 
with noninvasive or invasive breast cancer treated with breast-conserving surgery between 
2008 and 201035. This study reported a CAC prevalence of 47% (unadjusted for age), which 
is almost double the prevalence reported in the current study. Both study populations were 
of comparable age. Unlike the present study, Mast et al. (2012) used cardiac CT scans to 
detect CAC manually35. It is however unlikely that the difference in scan type and CAC 
scoring (automatic versus manual) explains the difference in CAC prevalence between the 
current study and those reported by Mast et al. (2012)35, as we showed high reproducibility 
of automatic versus manual CAC scoring on radiotherapy planning CT scans. As the breast 
cancer population of Mast et al. (2012) consisted only of 80 patients, their reported CAC 
estimates are less precise than those CAC estimates reported in the current study35.

The Multi-Ethnic Study of Atherosclerosis (MESA) investigated CAC and TAC in women 
free from clinically apparent CVD with different ethnic origins living in the United States14. 
MESA used electrocardiogram (ECG)-triggered cardiac CT scans to detect calcifications14. 
CAC was more present in white women (44.6%) than in Chinese women (36.6%) 
(unadjusted for age)36. Compared to our study, this study population was older which may 
(partly) explain the higher CAC prevalence36. Kanaya et al. (2014) compared prevalence of 
CAC in white MESA women and in South Asian women using data from a community-
based cohort of asymptomatic women in the United States37. For the latter population, non-
ECG-triggered and non-contrast enhanced cardiac CT scans were used to assess the CAC37. 
Similarly to our study, South Asian women aged over 70 years had higher CAC scores than 
white women aged over 70 years. Furthermore, the prevalence of TAC has been evaluated 
in women aged between 42 and 50 years participating in the Health Women Study in the 
United States38. This study reported a prevalence of TAC (volume not specified) of 78% 
which is comparable to the prevalence of TAC reported in the current study (73%)38.

We acknowledge that the association between CAC and TAC (automatically) detected 
on radiotherapy planning CT scans and the risk of cardiovascular events has not been 
established. This knowledge gap will be filled by the BRAGATSTON study, a study on 
Automated Quantification of Coronary Artery Calcifications on Radiotherapy Planning 
CTs for Cardiovascular Risk Prediction in Breast Cancer Patients (NCT03206333). 
BRAGATSTON, is an ongoing multicenter study led by the University Medical Center 
Utrecht39, with the aim to quantify the association between TAC and CAC and risk of CVD, 
and to optimize and validate the newly UMCU developed automated software based on 
deep learning17.
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To conclude, the prevalence of CAC and TAC is considerable in breast cancer patients both 
from the Netherlands and Singapore, and increases with age. Up to one third of breast 
cancer patients aged under 70 years has CAC and these patients often receive cardiotoxic 
breast cancer treatments. Early identification of breast cancer patients at high risk of CVD 
may help physicians find a good balance between optimal tumor control and minimal 
treatment-induced CVD.
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Preamble

There were over three million five-year breast cancer survivors worldwide in 20121. Many 
of these women will die of conditions other than breast cancer. Cardiovascular disease 
(CVD) is an important cause of death in breast cancer patients. Breast cancer therapies 
such as radiation therapy2,3, chemotherapy4, trastuzumab5,6, and aromatase inhibitors7 are 
associated with an increased risk of CVD (Chapter 1). CVD can be accelerated by these 
cardiotoxic therapies, especially in patients with pre-existing CVD risk factors8,9. The risk 
of CVD in breast cancer patients is examined in this thesis. The main study results and 
methodological issues have been discussed in the preceding chapters. Therefore, in the 
present chapter, results will be summarized and future perspectives will be discussed.

Summary

In Chapter 2, the literature on the risk and risk factors of death from CVD in breast cancer 
patients is systematically reviewed. Fourteen articles were included assessing the risk of 
death from CVD among 1,217,910 breast cancer patients. The absolute risk of death from 
CVD ranged from 1.6% to 10.4%, with higher absolute risks with longer follow-up time. 
Breast cancer patients had a higher risk of death from CVD compared to women from the 
general population. Within the population of breast cancer patients, the risk of CVD was 
higher among patients with higher age at diagnosis and among those patients with left-
sided irradiation.

In Chapter 3, the risk of hospitalization and death due to CVD is investigated among 
163,881 women admitted for breast cancer in the Netherlands between 1996 and 2015. In 
addition, a comparison with women from the general population was made. Information 
on CVD was obtained from the Hospital Discharge Register and information on death from 
CVD was obtained from the Cause of Death Registry. After median follow-up of 4.3 years 
following breast cancer admission, 5.6% of patients had died of CVD and 19.7% of patients 
had been hospitalized for CVD. The majority (93.4%) of deaths from CVD occurred among 
patients of 60 years and over. The standardized absolute ten-year risk of death from CVD 
after breast cancer decreased from 56 per 1,000 women in 1996 to 41 per 1,000 women in 
2005 (relative decrease of 23.9%). Similarly, the absolute ten-year risk of death from CVD 
for women from the general population decreased from 73 per 1,000 women in 1996 to 
55 per 1,000 women in 2005 (relative decrease of 27.8%). The relative risk of death from 
CVD within five years after breast cancer decreased since 1996: the age-adjusted hazard 
ratio (HR) for women treated in 2010 was 0.58 (95% confidence interval (CI) = 0.48-0.70) 
compared to those treated in 1996. This effect can be explained by an increased use of CVD 
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treatments including secondary prevention after heart failure and myocardial infarction, 
and by reductions in CVD risk factors such as total cholesterol, smoking prevalence, and 
physical activity10. The absolute risk of CVD hospitalization within the first year after breast 
cancer increased from 54 per 1,000 women in 1996 to 67 per 1,000 women in 2009 (relative 
increase of 23.6%). This increase may be due to the introduction of trastuzumab11.

In Chapter 4, the risk of hospitalization and death due to CVD after breast cancer 
is investigated using data from the Dutch contribution to the European Prospective 
Investigation into Nutrition and Cancer (EPIC-NL) cohort, including 1,103 women 
diagnosed with breast cancer and 4,328 age-matched controls without breast cancer. Based 
on CVD risk factors at EPIC-NL cohort enrolment (age, smoking status, diabetes mellitus, 
systolic blood pressure, total cholesterol, high-density-lipoprotein cholesterol) women were 
categorized into low, intermediate, or high CVD risk. Information on CVD hospitalization 
was obtained from the Hospital Discharge Register and information on death from CVD 
was obtained from the Cause of Death Registry. Women with breast cancer had a 1.77 (95% 
CI = 1.10-2.86) times higher risk of death from CVD than women without breast cancer, 
after accounting for baseline CVD risk. In the low CVD risk group, breast cancer patients 
had an increased risk of hospitalization for CVD or death from CVD compared to women 
without breast cancer (adjusted hazard ratio = 1.44, 95% CI = 1.00-2.06).

In Chapter 5, the risk of death from CVD after breast cancer is investigated using the multi-
ethnic Asian Singapore breast cancer cohort, which consisted of 5,868 women from Chinese 
(79.5%), Malay (11.9%), Indian (6.0%), and other (2.6%) ethnic origin. Information on 
cause of death was obtained from the Singapore National Registry of Births and Deaths. 
After a median follow-up of six years, 1,101 deaths occurred of which 67 (6.8%) were due to 
CVD. Indian patients had a 2.5 (95% CI = 1.2-5.2) times higher adjusted risk of death from 
CVD than Chinese patients. Variation in the risk of death from CVD by ethnicity in this 
population may be due to genetic differences and/or differences in lifestyle. For example, 
Indian ethnicity is associated with the highest risk of diabetes mellitus13. Also, Indians have 
the highest level of lipoprotein A, a genetic risk factor for CVD14.

In Chapters 6 and 7, the prevalence and amount of automatically measured calcification 
is investigated on planning computed tomography (CT) scans of the breasts used for 
radiotherapy planning. In addition, the performance of automatic calcification scoring 
methods was examined: software based on supervised pattern recognition15 was examined 
in Chapter 6 and more recently developed software based on the state-of-the-art deep 
learning technique16 was investigated in Chapter 7.
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In Chapter 6, the reproducibility of automatic coronary artery calcification (CAC) scoring 
was evaluated on planning CT scans of the breasts used for radiotherapy planning, and the 
association between CAC scores and presence of traditional CVD risk factors (diabetes 
mellitus, hypertension, hypercholesterolemia, current smoking, history of CVD) was 
examined. We used data from the ongoing prospective Utrecht cohort for Multiple BReast 
cancer intErvention studies and Long-term evaLuAtion (UMBRELLA) study, in which 
breast cancer patients are included, who are referred to the Department of Radiation 
Oncology of the University Medical Center Utrecht (UMCU) in the Netherlands17. CAC 
was automatically measured on planning CT scans of 561 breast cancer patients, using 
software based on supervised pattern recognition15. CAC was expressed as Agatston 
score and categorized into five CVD risk groups: low (0), mild (1-10), moderate (11-100), 
intermediate (101-400), high (>400)18,19. The prevalence of CAC was 24%. Ten of 36 patients 
(27.8%) with severe CAC (Agatston score over 100) did not have any other CVD risk factor. 
The performance of automatic CAC scoring compared to manual CAC scoring for Agatston 
categories was good: the reliability assessed by linearly weighted kappa was 0.80 (95% CI = 
0.74-0.87) and was slightly higher for scans conducted with deep inspiration breath-hold 
(0.86, 95% CI = 0.77-0.96).

In Chapter 7, the prevalence and amount of CAC and thoracic aortic calcification (TAC) 
was compared between a Western (the Netherlands) and an Asian (Singapore) population 
of breast cancer patients, using new software based on deep learning16. 1,199 breast cancer 
patients from the UMBRELLA study17 and 1,089 breast cancer patients from the Radiation 
Oncology Department of the National University of Singapore were included. CAC was 
expressed as Agatston score and categorized into five CVD risk groups: low (0), mild (1-
10), moderate (11-100), intermediate (101-400), high (>400)18,19. Overall, the prevalence of 
CAC was 24.2% in patients from the Netherlands and 17.3% in patients from Singapore. 
The prevalence of CAC increased with age from 3% for patients aged under 41 to 38% 
for patients aged between 41 and 70. Among patients aged over 70 years, CAC was more 
prevalent in patients from Singapore (70%) than in patients from the Netherlands (55%). 
The prevalence of TAC was 73.0% in patients from the Netherlands and 62.2% in patients 
from Singapore. The performance of automatic CAC and TAC scoring was good compared 
to manual scoring. The reliability assessed by linearly weighted kappa of CAC in CVD 
risk categories assessed in scans from the Netherlands was 0.85 (95% CI = 0.77-0.93) and 
was slightly higher for scans with deep inspiration breath-hold. For scans from Singapore, 
the linearly weighted kappa was 0.90 (95% CI = 0.84-0.96). The reliability assessed with 
intraclass correlation coefficient for TAC was 0.98 (95% CI = 0.96-0.98) for scans from the 
Netherlands, and 0.99 (95% CI = 0.98-0.99) for scans from Singapore.
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Future perspectives

This thesis confirms previous studies, showing that the relative risk of death from CVD 
is higher in breast cancer patients compared to women without breast cancer, when pre-
existing CVD risk factors are taken into account. Below, the relevance of assessing the 
risk of CVD before breast cancer therapy and the potential role of automatic calcification 
detection on radiotherapy planning CT scans will be discussed. Finally, potential clinical 
approaches to reduce cardiotoxicity and the risk of CVD in breast cancer patients will be 
considered. 

Assessing the risk of cardiovascular disease before breast cancer therapy

The risk of CVD in breast cancer patients is increased by exposure to cardiotoxic treatments 
including radiation therapy2,3, anthracycline-based chemotherapy4, trastuzumab5,6, and 
aromatase inhibitors20 (Chapter 1). Radiation therapy inevitably involves some radiation 
exposure to surrounding normal tissue including the heart, particularly in case of irradiation 
of left-sided breast cancer and/or internal mammary lymph nodes21. The incidence and 
onset of coronary artery disease linearly increases with the mean heart radiation dose: 7.4% 
increase per Gray irradiation, without an apparent threshold22,23. Radiation-induced CVD 
can results in symptoms within five years after radiation therapy, however, mostly after more 
than ten years following irradiation23,24. Anthracyclines increase the risk of decreased left 
ventricular ejection fraction (LVEF) and clinical heart failure, during therapy, early or late 
after therapy4,25. Anthracycline-induced cardiotoxicity is dose-dependent4. Trastuzumab is 
associated with a decrease in LVEF and heart failure, mainly occurring during therapy26,27. 
The risk of heart failure is four times higher in patients treated with trastuzumab alone 
and seven times higher in patients treated with anthracycline plus trastuzumab28,29. 
Trastuzumab-induced cardiotoxicity is often reversible with trastuzumab interruption and 
clinical manifestations of trastuzumab-induced cardiotoxicity can be reduced with heart 
failure medications8. Treatment with aromatase inhibitor is associated with 30% higher risk 
of CVD compared to treatment with tamoxifen30. 

Patients with pre-existing CVD risk factors have a higher risk of cancer therapy-induced 
cardiotoxicity compared with patients without pre-existing CVD risk factors26,32-36. Risk 
factors of cancer therapy induced cardiotoxicity are: 1) history of CVD, 2) lifestyle related 
risk factors including smoking, high alcohol intake, and obesity, and 3) other CVD risk 
factors including high age, family history of CVD, and hypertension8,9. Estimating a 
patient’s CVD risk prior to initiation of breast cancer therapy is important to identify 
patients who could benefit from cancer therapy with reduced cardiotoxicity, cardiac 
monitoring, and/or cardioprotective medication8,9. For example, LVEF is monitored before, 
during, and after cancer therapy with trastuzumab, and if indicated with doxorubicin 
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for patients with a known high risk of CVD (i.e. history of CVD). LVEF is measured by 
echocardiography8,9. A 10% or greater reduction of LVEF below the lower limit (usually 
≥50%) suggests cardiotoxicity, and cardioprotective medication is started and/or treatment 
with trastuzumab is discontinued if necessary8.

In Chapter 4, it was reported that breast cancer patients with a low baseline risk of CVD 
had a 44% higher risk of a CVD event (hospitalization or death) compared to low CVD risk 
women without breast cancer. In the group of women (with or without breast cancer) with 
intermediate and high baseline risk of CVD, breast cancer patients did not have a higher 
risk of a CVD event. One possible explanation is that patients in the low baseline CVD risk 
group received more often cardiotoxic cancer therapy than patients in the intermediate 
and high baseline CVD risk groups, as physicians would be more careful with cardiotoxic 
cancer therapy among patients with pre-existing CVD risk factors. Also, it is very likely that 
there were patients in the low baseline CVD risk group with an unidentified increased risk 
of CVD. These patients could have been identified by coronary artery calcification (CAC) 
score automatically measured on radiotherapy planning CT scans. In Chapter 6, it was 
reported that almost 30% of breast cancer patients with severe CAC (Agatston score over 
100) did not have any other CVD risk factor37. Asymptomatic individuals with severe CAC, 
and without other CVD risk factors, have a ten-year risk of a CVD event of 20% compared 
to 1% in asymptomatic individuals without CAC and no other CVD risk factors38.

In current practice, breast cancer patients at increased risk of CVD are not identified as 
such and many are exposed to cardiotoxic cancer therapies without cardiac monitoring. The 
CVD events in breast cancer patients assessed in this thesis by prevalence of hospitalizations 
and deaths due to CVD, are probably the tip of the proverbial iceberg as many patients with 
CVD will not be hospitalized for CVD or die of CVD. Also without a hospitalization for 
CVD, CVD may significantly affect patients as CVD is associated with lower levels of overall 
quality of life, and higher levels of fatigue and depression39,40. Tools to estimate an individual 
patient’s CVD risk may be helpful to distinguish patients with a high CVD risk from those 
patients with a low CVD risk. In this respect, we believe that automated measurement of 
CAC and thoracic aortic calcification (TAC) on computed tomography (CT) scans of breast 
cancer patients planned for radiation therapy may be of value.

Automatic calcification detection on planning CT scans

The newly developed software based on deep learning that automatically detects CAC and 
TAC on planning CT scans is promising16. Automatic calcification scoring performs well 
compared to manual calcification scoring, is fast (less than one minute per scan), and can 
be performed without additional radiation exposure or costs. The prevalence of CAC and 
TAC is considerable in breast cancer patients from the Netherlands and Singapore, and 
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increases with age. CAC occurred in up to one third of patients aged under 70 years and 
TAC was prevalent in two third of patients. According to current breast cancer guidelines, 
a substantial proportion of patients under 70 years are eligible for systemic treatment 
including anthracycline-based regimens and trastuzumab. In the future, calcification status 
may be used to screen patients for CVD risk, and thus to indicate who could benefit from 
cardiac monitoring, cancer therapy with reduced cardiotoxicity and/or cardioprotective 
medication8,9.

Although the automatic detection of CAC and TAC on planning CT scans is promising, 
it’s association with CVD in breast cancer patients has not yet been confirmed. The Multi-
Ethnic Study of Atherosclerosis (MESA) reported associations between CAC as well as TAC 
and risk of CVD. MESA used electrocardiogram (ECG)-gated cardiac CT scans to manually 
detect calcifications. MESA included males (60%) and females (40%) between 2000 and 2002 
(n = 6,814) from six communities in the United States who identified themselves as white, 
African-American, Hispanic, or Chinese38,41. They were between 45 and 84 years and had 
no clinical manifestations of CVD. The CVD risk profile of MESA participants is likely to 
be higher than breast cancer patients. Almost half of MESA participants had hypertension, 
their mean body mass index was 28 kg/m2, and more than 10% of MESA participants had 
diabetes mellitus and used lipid lowering medications41. Breast cancer patients are more 
likely to have a higher socioeconomic status which is associated with a low CVD risk 
profile42,43. In chapter 4, it was reported that two third of breast cancer patients had a low 
ten-year risk of CVD. Also, the type of CT scans that are used to automatically measure 
calcifications in breast cancer patients are different from those scans used in MESA: non-
ECG gated CT scans of the breasts including the heart versus ECG-gated cardiac CT scans. 
In a lung cancer screening setting, however, CAC has shown to be predictive for CVD risk 
using non-ECG gated chest CT scans44. 

The evidence for the association between automatically measured CAC and TAC on 
radiotherapy planning CT scans and CVD risk is aimed to be provided by BRAGATSTON, 
a study on ‘Automated Quantification of Coronary Artery Calcifications on Radiotherapy 
Planning CTs for Cardiovascular Risk Prediction in Breast Cancer Patients’45. BRAGATSTON 
is a multicenter historic study led by the UMC Utrecht. The aims of BRAGATSTON are 
threefold: 1) to optimize and validate the newly UMC Utrecht developed automated 
software based on deep learning16, 2) to assess the association between CAC on radiotherapy 
planning CT scans and the risk of CVD event (hospitalization or death) in breast cancer 
patients, and 3) to assess the added value of CAC measured automatically on radiotherapy 
planning CT scans over traditional CVD risk factors to predict CVD events in breast cancer 
patients45. 
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So far, the patient’s preferences on timing and way of disclosure of CVD risk have not been 
investigated, and neither their attitude towards cardio-prevention and lifestyle changes 
should calcifications be detected during their breast cancer treatment. Involving the breast 
cancer patient in research on these topics would be important, such as by means of patient 
reported outcomes including quality of life. In this way, further clues may be gathered 
to optimize and personalize breast cancer treatment, reduce the risk of cancer therapy-
induced cardiotoxicity, and improve breast cancer survivorship. 

Potential approaches to reduce cardiotoxicity and the risk of CVD in breast cancer patients

The main aim of breast cancer therapy is to optimize tumor control and breast cancer 
survival, while minimizing the risk of side effects including therapy-induced cardiotoxicity. 
One way to minimize the risk of therapy-induced cardiotoxicity in breast cancer patients 
is radiation dose reduction to the heart. The introduction of 3D planning in the 90’s has 
resulted in optimization of the target coverage and minimization of the dose to the normal 
tissues including the heart. Deep inspiration breath-hold has increasingly been used, since 
approximately ten years, for patients planned for left-sided and/or internal mammary 
node irradiation to reduce radiation dose to the heart46. Also, the introduction of modern 
radiotherapy techniques, including intensity modulated radiation therapy (IMRT) and 
volumetric modulated arc therapy (VMAT) especially for internal mammary lymph nodes 
irradiation, have resulted in significant radiation dose reduction to the heart46. There is still 
room for improvement in this field. For example, deep inspiration breath-hold technique in 
combination with VMAT may further reduce the radiation dose to the heart47. In addition, 
accelerated partial breast irradiation (APBI) is an even newer technique for low-risk breast 
cancer patients. With use of APBI it is often possible to significantly reduce radiation dose 
to the heart as compared with whole breast irradiation48. With the use of APBI, only the 
volume of breast tissue at highest risk of recurrence, i.e. the tumor bed, is irradiated46. 
External beam APBI can also be combined with VMAT and deep inspiration breath-hold49. 
In addition, magnetic resonance imaging (MRI) guidance for radiotherapy (MRI-Linac) 
is a future radiation treatment that can potentially reduce the risk of radiation-induced 
cardiotoxicty50,51. MRI-Linac combines MRI guidance with radiotherapy and has the 
potential of fast, high soft-tissue contrast visualization of tumors and organs at risk during 
radiation therapy51. In the future, MRI-Linac will be used for partial breast irradiation and 
could possibly further reduce irradiated heart volume. Although the use of MRI-Linac 
sound promising, evidence of potential benefits of this technique remain to be generated. 

Approaches to reduce the risk of cardiotoxicity induced by systematic treatments include 
switching to less cardiotoxic therapies or using a validated gene-expressing profile to 
identify patients in whom chemotherapy can be safely withheld8,9,52. The Dutch guidelines 
recommend the use of a validated gene expression profile in patients with an invasive ductal 
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carcinoma with estrogen-receptor and/or progesterone-receptor positive disease, HER2 
negative disease, and an indication for adjuvant chemotherapy based on conventional 
prognostic factors53. In addition, the use of cardioprotective drugs such as angiotensin-
converting enzyme (ACE) inhibitor and beta-blockers during cardiotoxic breast cancer 
therapy is recommended, if continuation with breast cancer therapy is necessary despite 
generated cardiotoxicity8,9. 

Increasingly more breast cancer patients at risk of CVD are referred to the cardiologist 
before, during, and/or after cancer treatment. Increasing awareness of cancer therapy-
induced cardiotoxicity and its symptoms among oncologists, cardiologists, and general 
practitioners is important to timely notice CVD and start with (preventive) treatment. The 
field of cardio-oncology has received increasing attention in recent years8,9,54-56. The complex 
issue of CVD as a consequence of cancer therapy requires teams of specialists in cardiology 
and oncology to improve cardiac health of cancer survivors. It has been suggested that 
cardio-oncology teams should develop guidelines to minimize occurrence and severity of 
cardiotoxicity of breast cancer patients8,9. Oncology and cardiology teams can work together 
to evaluate the patient’s risk of CVD as an integral part of the choice of cancer therapy8,9,56. 
Before, during, and after cancer therapy, the breast cancer patient should be monitored to 
detect CVD side effects timely and enable treatment by CVD medication, modulation of 
cancer therapy, or both8,9,56,57. In addition, adaptation of a healthy lifestyle including exercise 
and diet should be discussed with all patients8,9.

In the era of personalized medicine, looking beyond the tumor to the whole patient 
is important to find the optimal treatment for breast cancer. For each individual breast 
cancer patient, the benefits of cancer treatment in terms of tumor control and disease-free 
survival should be carefully weighed against the risks of toxicity, including cardiotoxicity, 
to optimize the possibility of a healthy life after breast cancer.
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Summary in Dutch – Nederlandse samenvatting

Borstkanker is wereldwijd de meest voorkomende vorm van kanker onder vrouwen1. 
De wereldwijde incidentie van borstkanker varieert door de aanwezigheid van 
risicofactoren, zoals hogere leeftijd en langdurige blootstelling aan vrouwelijke hormonen, 
en door toegang tot borstkankerscreening2. Sinds 1990 is sterfte aan borstkanker in 
de westerse wereld afgenomen1. Dit wordt voornamelijk geweten aan de introductie 
van borstkankerscreening, verbeterde diagnostische beeldvorming van de borsten en 
verbeterde borstkankerbehandelingen3-5. De combinatie van hoge incidentie en afgenomen 
sterfte heeft geresulteerd in een grote groep vrouwen die na de borstkankerdiagnose een 
geruime tijd leven1. In 2012 waren er wereldwijd meer dan drie miljoen vrouwen die 
borstkanker ten minste vijf jaar hadden overleefd1. Een groot deel van deze vrouwen zal 
komen te overlijden aan andere ziektes dan borstkanker. Hart- en vaatziekten (HVZ) zijn 
een belangrijke doodsoorzaak onder vrouwen met borstkanker. Borstkankerbehandelingen 
zoals radiotherapie6,7, chemotherapie8, trastuzumab9,10 en aromatase remmers11, worden 
geassocieerd met een verhoogd risico op HVZ (Hoofdstuk 1). De ontwikkeling van HVZ kan 
door deze cardiotoxische therapieën worden versneld, met name bij borstkankerpatiënten 
met reeds bestaande HVZ risicofactoren12,13. Het risico op HVZ bij borstkankerpatiënten is 
onderzocht in dit proefschrift.

In hoofdstuk 2 wordt de literatuur over het risico op en risicofactoren van sterfte aan 
HVZ bij vrouwen met borstkanker systematisch weergegeven. Veertien artikelen werden 
geïncludeerd met in totaal 1.217.910 borstkankerpatiënten. Het absolute risico op sterfte 
aan HVZ reikte van 1,6% tot 10,4%, waarbij studies met een langere studieduur een hoger 
absoluut risico rapporteerden. Borstkankerpatiënten hadden een hoger risico om te sterven 
aan HVZ in vergelijking tot vrouwen in de algemene populatie. Het risico op HVZ was hoger 
bij oudere borstkankerpatiënten en bij borstkankerpatiënten met linkszijdige bestraling. 

Hoofdstuk 3 bevat het onderzoek naar het risico op opnames wegens en sterfte aan 
HVZ onder 163.881 vrouwen met borstkanker tussen 1996 en 2010 in Nederland. Ook 
werd een vergelijking gemaakt met vrouwen van de algemene bevolking. Informatie 
over ziekenhuisopnames voor HVZ was afkomstig van het Landelijke Medisch Register 
en informatie over sterfte aan HVZ was afkomstig van het Doodsoorzaken Register. 
Na een mediane duur van 4,3 jaar sinds opname voor borstkanker, waren 5,6% van de 
borstkankerpatiënten gestorven aan HVZ en waren 19,7% van de borstkankerpatiënten 
opgenomen voor HVZ. De meerderheid (93,4%) van de borstkankerpatiënten die waren 
gestorven aan HVZ, waren 60 jaar of ouder. Het gestandaardiseerde absolute 10-jaars risico 
op sterfte aan HVZ na borstkanker, was gedaald van 56 per 1.000 vrouwen in 1996 naar 41 
per 1.000 vrouwen in 2005 (relatieve afname van 23,9%). In dezelfde periode is het absolute 
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10-jaars risico op sterfte aan HVZ onder vrouwen van de algemene bevolking afgenomen 
van 73 per 1.000 vrouwen naar 55 per 1.000 vrouwen (relatieve afname van 27,8%). Het 
relatieve risico om te sterven aan HVZ binnen vijf jaar na borstkankeropname, gecorrigeerd 
voor leeftijd, is sinds 1996 afgenomen: vrouwen die in 2010 waren opgenomen hadden een 
42% (95% betrouwbaarheidsinterval (BI) = 0,48-0,70) lager risico om te sterven aan HVZ in 
vergelijking tot vrouwen die in 1996 waren opgenomen. Dit verminderde risico kan worden 
verklaard door een toegenomen gebruik van HVZ behandelingen (inclusief secundaire 
preventie na hartfalen en myocardinfarct) en door een afname van risicofactoren voor HVZ 
zoals de waarde van totaal cholesterol, roken en weinig fysieke activiteit14. Het absolute 
risico op een opname voor HVZ binnen het eerste jaar na borstkanker is toegenomen van 
54 per 1.000 vrouwen in 1996 naar 67 per 1.000 vrouwen in 2009 (relatieve toename van 
23,6%). Deze toename zou kunnen komen door de introductie van trastuzumab15. 

In hoofdstuk 4 is het risico op opnames voor en sterfte aan HVZ na borstkanker onderzocht. 
Hierbij wordt gebruik gemaakt van een grootschalig prospectief onderzoek naar kanker 
en voeding: the Dutch contribution to the European Prospective Investigation into Nutrition 
and Cancer study (EPIC-NL). 1.103 vrouwen met borstkanker en 4.328 vrouwen zonder 
borstkanker werden geïncludeerd. Op basis van HVZ risicofactoren (leeftijd, roken, 
diabetes mellitus, systolische bloeddruk, totaal cholesterol en hoge-densiteit-lipoproteïne 
cholesterol) werden vrouwen in een lage, midden of hoge HVZ risicocategorie ingedeeld. 
Informatie over ziekenhuisopnames voor HVZ was afkomstig van het Landelijke Medisch 
Register en informatie over sterfte aan HVZ was afkomstig van het Doodsoorzaken 
Register. Vrouwen met borstkanker hadden een 1,77 (95% BI = 1,10-2,86) keer hoger risico 
om te overlijden aan HVZ in vergelijking met vrouwen zonder borstkanker, gecorrigeerd 
voor HVZ risicofactoren. In de laag HVZ risicogroep, hadden vrouwen met borstkanker 
een 1,44 (95% BI = 1,00-2,06) keer hoger risico om opgenomen te worden voor HVZ in 
vergelijking met vrouwen zonder borstkanker.

In hoofdstuk 5 wordt het risico op sterfte aan HVZ na borstkanker binnen een multi-etnisch 
borstkankercohort in Singapore onderzocht. Dit cohort bestond in totaal uit 5.868 vrouwen, 
waarvan 79,5% van Chinese afkomst, 11,9% van Maleise afkomst, 6,0% van Indiase afkomst 
en 2,6% van een andere etnische afkomst. Informatie over sterfte aan HVZ was afkomstig 
van de Nationale Registratie voor Geboorte en Sterfte in Singapore. Na een mediane duur 
van 6 jaar na borstkankerdiagnose, waren 1.101 borstkankerpatiënten gestorven waaronder 
67 (6,8%) door HVZ. Indiase borstkankerpatiënten hadden een 2,5 (95% BI = 1,2-5,2) 
keer hoger gecorrigeerd risico om te overlijden aan HVZ. Etnische variatie in het risico 
op sterfte aan HVZ, zou kunnen komen door genetische verschillen en/of verschillen in 
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levenswijze. De Indiase etniciteit wordt bijvoorbeeld geassocieerd met een hoog risico op 
diabetes mellitus16 en met een hoge lipoproteïne A waarde, een genetische risicofactor voor 
HVZ17.

In hoofdstuk 6 en 7 is de prevalentie en ernst van automatisch gemeten calcificaties op basis 
van radiotherapie planning computertomografie (CT) scans van de borsten onderzocht. 
Deze CT scans worden gebruikt voor het plannen van de bestraling. Tevens is de prestatie 
van automatische scoringmethoden onderzocht in hoofdstuk 6 en 7. Hoofdstuk 6 omvat de 
software gebaseerd op patroonherkenning18 en hoofdstuk 7 omvat een recent ontwikkelde 
software gebaseerd op een nieuwe techniek genaamd ‘deep learning’. 

In hoofdstuk 6 is de reproduceerbaarheid van automatisch gemeten calcificaties in de 
kransslagaders op basis van radiotherapie planning CT scans van de borsten geëvalueerd. 
Ook werd de associatie tussen calcificaties in de kransslagaders en de aanwezigheid van 
traditionele risicofactoren voor HVZ (diabetes mellitus, hypertensie, hypercholesterolemie, 
roken en HVZ voorgeschiedenis) onderzocht. Er werd gebruik gemaakt van data afkomstig 
van een lopend prospectief onderzoek naar de uitkomst van behandeling en kwaliteit 
van leven van borstkankerpatiënten (UMBRELLA). In UMBRELLA worden vrouwen 
met borstkanker geïncludeerd die worden verwezen naar de radiotherapie afdeling 
van het Universitair Medisch Centrum Utrecht (UMCU) in Nederland19. De mate van 
calcificatie in de kransslagaders werd automatisch gemeten op planning CT scans van 
561 borstkankerpatiënten met een software gebaseerd op patroonherkenning18. Dit werd 
uitgedrukt in een Agatston score en gecategoriseerd in vijf HVZ risicogroepen: laag (0), 
mild (1-10), matig (11-100), aanzienlijk (101-400) en hoog (>400)20,21. De prevalentie van 
calcificaties in de kransslagaders was 24%. Tien van de 36 borstkankerpatiënten met een 
hoge Agatston score (boven de 100) hadden geen andere risicofactoren voor HVZ. De 
prestatie van de automatische calcificatie scoringmethode, in vergelijking met de manuele 
methode, was goed voor de HVZ risicogroepen. De betrouwbaarheid geanalyseerd door 
een lineair gewogen kappa was 0,80 (95% BH = 0,74-0,87). Die voor CT scans uitgevoerd 
met ingehouden adem was iets hoger, namelijk 0,86 (95% BH = 0,77-0,96). 

In hoofdstuk 7 zijn de prevalentie en ernst van calcificaties in de kransslagaders en in 
de thoracale aorta in een westerse populatie (Nederland) en een Aziatische populatie 
(Singapore) van borstkankerpatiënten vergeleken. Hierbij werd gebruik gemaakt van een 
recent ontwikkelde software gebaseerd op ‘deep learning’22. 1.199 Borstkankerpatiënten 
van de UMBRELLA studie19 en 1.089 borstkankerpatiënten van de afdeling radiotherapie 
van het Nationale Universitair Ziekenhuis in Singapore werden geïncludeerd. De ernst van 
calcificatie in de kransslagaders werd uitgedrukt in een Agatston score en gecategoriseerd 
in vijf HVZ risicogroepen: laag (0), mild (1-10), matig (11-100), aanzienlijk (101-400) 

Summary in Dutch – Nederlandse samenvatting



174

Appendices

en hoog (>400)20,21. De prevalentie van calcificaties in de kransslagaders was 24,2% bij 
Nederlandse patiënten en 17,3% bij Singaporese patiënten. De prevalentie van calcificaties 
in de kransslagaders nam toe met de leeftijd, van 3% voor patiënten onder de 41 jaar tot 
aan 38% voor patiënten met een leeftijd tussen de 41 en 70 jaar. Onder patiënten boven de 
70 jaar waren calcificaties in de kransslagaders vaker aanwezig bij Singaporese patiënten 
(70%) dan bij Nederlandse patiënten (55%). De prevalentie van calcificatie in de thoracale 
aorta was 73,0% bij Nederlandse patiënten en 62,2% bij Singaporese patiënten. De prestatie 
van de automatische methode om calcificaties in de kransslagaders en de thoracale 
aorta te meten was goed in vergelijking met de manuele methode. De betrouwbaarheid, 
geanalyseerd met een lineair gewogen kappa, van HVZ risicogroepen voor calcificaties 
in de kransslagers gemeten op scans uit Nederland was 0,85 (95% BI = 0,77-0,93) en iets 
hoger voor scans uitgevoerd met ingehouden adem. Voor scans uit Singapore was de lineair 
gewogen kappa 0,90 (95% BI = 0,84-0,96). De betrouwbaarheid, geanalyseerd met een 
intra-klasse correlatiecoëfficiënt, voor calcificaties in de thoracale aorta was 0,98 (95% BI 
= 0,96-0,98) gemeten op scans uit Nederland. Voor scans uit Singapore was de intra-klasse 
correlatiecoëfficiënt 0,99 (95% BI = 0,98-0,99). 

Hoofdstuk 8 bevat de Engelstalige samenvatting en de discussie. De discussie spitst 
zich toe op de relevantie van het bepalen van het HVZ risico voorafgaand aan de 
borstkankerbehandeling, de potentiële toekomstige rol van de automatische methode om 
calcificaties te meten op radiotherapie planning CT scans en mogelijke manieren om het 
risico op HVZ te reduceren in de klinische praktijk. 

Concluderend, bevestigen de onderzoeken beschreven in dit proefschrift voorgaande 
studies die lieten zien dat het relatieve risico om te sterven aan HVZ (rekening houdend 
met reeds bestaande risicofactoren voor HVZ) hoger is voor vrouwen met borstkanker in 
vergelijking met vrouwen zonder borstkanker. Het bepalen van het HVZ risico voorafgaand 
aan de borstkankerbehandeling is belangrijk, omdat borstkankerpatiënten met reeds 
bestaande HVZ risicofactoren een hoger risico hebben op borstkankerbehandeling 
geïnduceerde cardiotoxiciteit in vergelijking met borstkankerpatiënten zonder reeds 
bestaande HVZ risicofactoren. Het automatisch meten van calcificaties in de kransslagaders 
en thoracale aorta, op radiotherapie planning CT scans, kan mogelijk in de toekomst 
worden gebruikt om het risico op HVZ te bepalen. De methode is snel en kan worden 
uitgevoerd zonder extra kosten of bestraling. Op deze manier kan worden ingeschat welke 
borstkankerpatiënten mogelijk voordeel kunnen hebben van aanvullende hartbewaking, 
een borstkankerbehandeling die minder cardiotoxisch is en/of het geven van medicatie 
voor het hart.
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