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Abstract  

Purpose 

Whereas earlier research focused on specific patient groups, this study assessed the 
risk of cardiovascular disease (CVD) in an unselected population curatively treated for 
breast cancer (BC), compared with an age-matched random sample of controls. 
 
Methods  

Risks were determined in BC survivors and controls. CVD was divided into three 
categories: congestive heart failure, vascular cardiac diseases and ‘other’ cardiac 
diseases. Hazard ratios (HR) and 95% confidence intervals (95%CI) adjusted for age, 
CVD and CVD risk factors at baseline, were determined by Cox regression analyses. 
 
Results 
All 561 survivors of BC experienced surgery of whom 229 received (neo)adjuvant 
radiotherapy, 145 chemotherapy (with or without radiotherapy), and 187 received no 
adjuvant therapy. During follow-up (median 9; range 5-57 years), CVD occurred in 
176/561 (31%) survivors and in 398/1,635 (24%) controls. After radiotherapy, no 
increased risks of congestive heart failure (HR 0.5; 95%CI 0.2-1.8), vascular cardiac 
diseases (HR 1.1; 95%CI 0.7-1.7) or other cardiac diseases (HR 1.3; 95%CI 0.8-2.3) were 
found compared with controls. Similar results were found after chemotherapy for 
congestive heart failure (HR 1.8; 95%CI 0.6-5.8), vascular cardiac diseases (HR 1.1; 
95%CI 0.5-2.3) and other cardiac diseases (HR 1.2; 95%CI 0.3-5.5). 
 
Conclusions 
In an unselected population of BC survivors, no significant increased risk of CVD after 
radiotherapy and/or chemotherapy was found compared with controls. However, the 
HR after chemotherapy was in line with previous studies. Future studies should include 
more detailed information on treatment and more specific outcome measures. 
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Introduction 
The current lifetime risk for women in Western countries to develop breast cancer is 
about 1 in 8. Due to earlier detection through screening and advances in treatment, the 
overall survival of women with breast cancer has substantially increased.10, 11, 72 Most 
women with early breast cancer are treated with surgery combined with radiation.15 
Young women more often receive chemotherapy due to clinical preferences and 
biological factors of the tumor (e.g. in case of more advanced and aggressive tumors).17, 

18 As survival and incidence increases, the long-term effects of treatment have become 
apparent. Treatment with radiotherapy and chemotherapy, although very effective, 
carries the risk of increased cardiovascular morbidity and mortality, even many years 
after treatment.73-75 

Cardiovascular disease (CVD) after radiotherapy is mainly associated with acute 
myocardial infarction, arrhythmias, cardiomyopathy, coronary artery disease and 
cardiac valve disease.33, 67, 68 Much research has focused on the cardiotoxic effects of 
radiotherapy. Studies have shown that patients who received left-sided radiotherapy 
are at increased risk to develop CVD as compared with right-sided radiotherapy; this 
correlates with the probability of the inclusion of parts of the heart in the radiotherapy 
field.76-78 Furthermore, every few years a large meta-analysis is performed by the Early 
Breast Cancer Trialists' Collaborative Group (EBCTCG).75, 79 The 2005 meta-analysis 
showed an excessive mortality of CVD among women treated for breast cancer.43 A 
proportional 30% increase in cardiac mortality was seen in patients treated in the 1960s 
and 1970s. In these latter studies, most women had been treated with the older 
radiation schemes, which involved higher doses of radiation, and a larger proportion of 
the heart was positioned in the radiation field. However, the most recent study of the 
EBCTCG (published in 2010) did not detect an enhanced mortality due to CVD 10 years 
post treatment.79 

The increased incidence of CVD after chemotherapy is mostly due to the effects 
of anthracyclines.73, 80, 81 The use of anthracyclines may cause cardiomyopathy, which 
leads to a reduced left ventricular ejection fraction and is associated with heart failure, 
severe arrhythmias and heart valve damage.57-59 However, most studies on the long-
term cardiotoxic effects of chemotherapy in breast cancer survivors included a highly 
selected group of patients, which may limit the generalizability of these studies. In 

34, 35, 37, whereas 
chemotherapy is often prescribed to younger women. Other studies included women 
who participated in large randomized controlled trials with strict inclusion  

2
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criteria26, 82, 83, or did not compare the risks of developing CVD in breast cancer patients 
with a control group without a history of cancer.25 

The present study assesses the risk of CVD in an unselected population of 
women curatively treated for breast cancer, compared with an age- and general-
practice matched random sample of women. In addition, different regimens of breast 
cancer treatment are compared with each other. 
 
Methods 
Context 
The study included 10 general (group) practices in the northern part of the Netherlands 
with a total population of ± 94,000 patients. In the Netherlands every citizen should be 
registered with one primary care practice. Most patients have a long-standing 
relationship with their practice and general practitioner (GP).84 All primary care 
practices in the Netherlands have a high level of information technology and store 
information encrypted. Furthermore, an electronic medical record is at their disposal 
in which referral letters to and from medical specialists, admission and discharge 
information from hospitals, communication with pharmacies, and information 
exchange with the after-hours cooperatives are available.84 

Data for the present study included patient contacts recorded by participating 
GPs using the International Classification of Primary Care (ICPC) version 185 and 
referrals by specialty. The ICPC codes are linked to each patient based on information 
from the specialist, or on a diagnosis made by the GP (e.g. clinical symptoms, radiology 
and laboratory tests). 

 
Patients and controls  
Women were included in the study if they were diagnosed with breast cancer and 
received a curative treatment before 2007 (minimal follow-up period of 5 years) and 
after 1970 (due to outdated treatment or incomplete data). Patients were excluded if 

chemotherapy for other indications. When the therapy regimen for breast cancer was 
unknown, these patients were also excluded (n=8). 

Of the total population, 561 women with breast cancer met the inclusion and 
exclusion criteria and were included in the present study. Three female patients 
(controls) without a previous diagnosis of cancer enlisted in the same general practice 
were matched (using a random generator) with each eligible patient for age at inclusion 
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(in 5-year intervals). For controls, the same exclusion criteria were applied as for 
included patients. Relevant data were retrieved from patients’ medical records and 
entered into a separate, anonymous, password-protected database. According to 
Dutch law this means that no further approval from our Institutional Review Board was 
required.86 

 
Data and definitions 
Cardiovascular diagnoses (and the date of their first occurrence) were extracted from 
the electronic medical records of the GPs and divided into three categories based on 
the ICPC codes: congestive heart failure, vascular cardiac diseases, and other cardiac 
diseases.  

‘Congestive heart failure’ includes acute and chronic congestive heart failure. 
‘Vascular cardiac diseases’ include unstable and stable angina pectoris, acute 
myocardial infarction, other chronic ischemic heart diseases (coronary artery sclerosis), 
transient ischemic attack (TIA) and cerebrovascular attack (CVA). The ‘other cardiac 
diseases’ category includes atrial fibrillation, paroxysmal tachycardia, non-rheumatic 
valve disease, and other CVD (e.g. cardiomyopathy, aneurysm aorta, and 
arteriosclerosis). Hypertension, diabetes, hyperlipidemia and CVD before baseline were 
considered to be risk factors for CVD. The presence of any of these factors, as well as 
the date of occurrence, was noted on a predefined form. 

Letters sent by medical specialists to GPs were read to assess the stage of the 
cancer and the treatment received. This treatment, the date of diagnosis, TNM stage, 
and localization of the tumor (left or right) were registered. 

In general, because the electronic patient files of GPs do not contain 
information on deceased patients, the main analysis focused on patients who were 
alive at the date of inclusion at end 2011. However, 3 of the 10 participating general 
(group) practices take part in the Registration Network Groningen (RNG), which 
contains information on about 30,000 patients. The database of the RNG contains 
information on the cause of death for patients who died before the inclusion date and 
after the start of the registration network in 1998; these latter data were used for an 
additional analysis.  
 
Data analyses 
The selected patients treated for breast cancer were divided into three groups based 
on therapy regimes: surgery combined with adjuvant radiotherapy (without 
chemotherapy), surgery combined with (neo)adjuvant chemotherapy (with or without 

2
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radiotherapy), and surgery alone. Prevalence of risk factors for CVD, and CVD at time 
of diagnosis, as well as age at time of diagnosis were determined for these groups and 
the matched controls. 

Follow-up times were calculated. For patients the baseline was date of 
diagnosis of breast cancer; for controls without a history of cancer this was set at the 
median time of diagnosis of breast cancer of their matched (5-year) patient group. The 
endpoint was the date of the first cardiovascular event of the specific cardiac category 
after the date of diagnosis of breast cancer, or the date of data retrieval. Cox regression 
analyses were used to determine the hazard ratios (HR) and 95% confidence intervals 
(95% CI) to assess the time to CVD for patients compared with controls. 

In the first analysis, patients treated with radiotherapy were compared with 
controls without a history of cancer. Secondly, the same patients were compared with 
patients with breast cancer who did not receive radiotherapy. We focused on vascular 
and other cardiac diseases as these are mainly associated with radiotherapy. In the 
third and fourth analyses, patients treated with chemotherapy were compared with 
controls without a history of cancer and with patients with breast cancer who did not 
undergo chemotherapy. In these analyses we focused on heart failure, as this is mainly 
associated with chemotherapy. 

All HRs are adjusted for age at the time of diagnosis of breast cancer, the 
presence of CVD, and risk factors for CVD at baseline. All analyses are performed in 
total groups as well as in subgroups of patients treated 5-
ago. 

In an additional analysis, the cause of death and median age at time of death is 
reported of the deceased breast cancer patients and controls. Furthermore, HRs were 
determined for the population recruited in these practices, including data from the 
deceased patients, in the same way as described before.  

The proportional hazard assumption of the Cox analysis was tested and held 
true. All analyses were performed with SPSS version 20.0. 
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Results 
Of the 561 patients with breast cancer, 229 received adjuvant radiotherapy (without 
chemotherapy), 145 received (neo)adjuvant chemotherapy (with or without 
radiotherapy), and 187 received surgery alone (Table 1). Furthermore, larger tumor size 
and more lymph node involvement were more often present in women who received 
(neo)adjuvant chemotherapy (Table 1). 
 
Table 1 Tumor and therapy characteristics of the breast cancer patients (n=561) 

  Radiotherapy only 
 

(n=229) 

Chemotherapy ± 
radiotherapy 

(n=145) 

Surgery alone 
 

(n=187) 
  n (%) n (%) n (%) 
Tumor size      

1 156 (72.2) 58(42.0) 97 (72.9) 
2 56 (25.9) 63 (45.7) 33 (24.8) 
3 1 (0.5) 11 (8.0) 3 (2.3) 
4 3 (1.4) 6 (4.3) 0 (0) 
Unknown 13 (-) 7 (-) 54 (-) 

Involved lymph nodes     
0 176 (81.1) 36 (25.9) 132 (89.2) 
1 39 (18.0) 94 (67.6) 16 (10.8) 
>2 2 (0.9) 9(6.5) 0 (0) 
Unknown  12 (-) 6(-) 39 (-) 

Side    
Left 107 (46.9) 72 (49.7) 89 (49.2) 
Right 120 (52.6) 73 (50.3) 90 (49.7) 
Both 1 (0.4) 0(0) 2 (1.1) 
Unknown 1 (-) 0(-) 6 (-) 

Surgery    
Lumpectomy 200 (87.3) 72 (49.7) 22 (11.8) 
Mastectomy 27 (11.8) 72 (49.7) 165 (88.2) 
None 2 (0.9) 1 (0.6) 0 (0) 

Adjuvant therapy    
Chemotherapy 0 (0) 145 (100) 0 (0) 
Radiotherapy 229 (100) 105 (72.4) 0 (0) 
Hormone therapy 49 (21.5) 85 (58.6) 25 (13.3) 
Trastuzumab 0 (0) 4 (2.8) 0 (0) 

Decade of treatment    
1970-1979 2 (0.9) 2 (1.4) 17 (9.1) 
1980-1989 15 (6.5) 7 (4.8) 25 (13.4) 
1990-1999 72 (31.4) 39 (26.9) 89 (47.6 ) 
2000-2006 140 (61.1) 97 (66.9) 55 (29) 

 

Women who received (neo)adjuvant chemotherapy (with or without 
radiotherapy) were on average 8 years younger than patients with breast cancer who 
did not receive this therapy. Women who received chemotherapy (with or without 

2
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radiotherapy) had less cardiovascular risk factors at baseline compared with the other 
treatment groups and with controls. However, the prevalence of hypertension was 
higher in women in this group compared with the other treatment groups and with 
controls (Table 2). 
 
Table 2 Baseline risk factors of the patients (n=561) and controls (n=1635) 

  Radiotherapy 
only 

(n=229) 

Chemotherapy 
± radiotherapy 

(n=145) 

Surgery alone 
 

(n=187) 

Controls 
 

(n=1635) 
Median age in years at 
time of diagnosis (range) 

56 47 53 54 
(22-77) (27-67) (27-79) (27-67) 

  n (%) n (%) n (% ) n (%) 
Risk factors for CVD- 
combined 

 
44 (19.2) 

 
25(17.2) 

 
25 (13.5) 

 
269 (16.5) 

Lipid dysfunction 13 (5.7) 6 (4.1) 13 (7.0) 74 (4.5) 
Diabetes mellitus 15 (6.6) 4 (2.8) 3 (1.6) 50 (3.1) 
Hypertension 26 (11.4) 21 (14.5) 17 (9.2) 199 (12.2) 

Total CVD at baseline 11 (4.8) 5 (3.4) 14 (7.5) 72 (4.4) 
     

In the chemotherapy group (the youngest age group), after diagnosis of breast 
cancer 3.5% developed congestive heart failure, 6.9% vascular cardiac diseases, and 
7.6% developed other cardiac diseases. The percentages of CVD found in the 
radiotherapy group and control group were similar. On average, the surgical group (the 
oldest age group) developed the highest number of CVD (Table 3). 
 
Table 3 Cardiovascular events of patients (n=561) and controls (n=1635) at inclusion 

 Radiotherapy 
only 

(n=229) 

Chemotherapy 
± radiotherapy 

(n=145) 

Surgery 
alone 

 
(n=187) 

Controls 
 

(n=1635) 

 n (%) n (%) n (%) n (%) 
Congestive heart failure  5 (2.2) 5 (3.5) 20 (10.7) 49 (3.0) 
Vascular cardiac diseases 27 (11.8) 10 (6.9) 43 (23.0) 198 (12.1) 

Other cardiac diseases 24 (10.5) 11 (7.6) 31 (16.6) 151 (9.2) 

 
Radiotherapy group 
The risk ratio to develop a vascular cardiac disease was not increased in the 
radiotherapy group compared with controls without a history of cancer (HR 1.1; 95%CI 
0.7-1.7) and with other breast cancer patients without radiotherapy (HR 0.7; 95%CI 0.4-
1.1). For the group treated 5-10 years ago, the HR was 2.2 (95%CI 0.2-22.5); however, 
due to this wide CI this HR cannot be seen as enhanced. The risk ratio for patients 
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s ago was also not enhanced (HR 1.0; 95% CI 0.6-1.6). The risk ratio 
for other cardiac diseases was also not enhanced compared with controls without a 
history of cancer and with other breast cancer patients; the same applies for the risk 
ratio of congestive heart failure (Table 4).   
The risk ratio to develop a vascular cardiac disease was non-significantly higher in 
patients treated with radiotherapy with or without chemotherapy compared with the 
other breast cancer patients without radiotherapy (HR 1.5; 95% CI 0.9-2.4); the same 
applies to the risk ratio to develop congestive heart failure (HR 1.7; 95% CI 0.8-3.6) 
(Table 4). When comparing left-sided and right-sided treated patients in the group 
treated with radiotherapy with or without chemotherapy, no increased risk of 
congestive heart failure (HR 0.98; 95%CI 0.3-3.6), vascular cardiac diseases (HR 0.7; 
95%CI 0.3-1.4) or other cardiac diseases (HR 0.8; 95%CI 0.4-1.7) was found.   
 
Chemotherapy group 
Breast cancer survivors treated with chemotherapy (with or without radiotherapy) had 
a risk ratio of 1.8 (95%CI 0.6-5.8) to develop congestive heart failure compared with 
controls. This risk ratio was mainly present in the group of patients who were diagnosed 

 1.8; 95%CI 0.5-7.2). The risk ratio of developing 
congestive heart failure showed a non-significant increase compared with breast 
cancer patients without chemotherapy (HR 2.2; 95%CI 0.8-6.4). This risk ratio showed 
a non-significant increase at 5-10 years after diagnosis (HR 1.4; 95% CI 0.1-19.6) as well 

s thereafter (HR 2.9; 95%CI 0.9-9.7). The risk ratio for vascular and other 
cardiac diseases was also not enhanced (Table 5). 
 
Deceased patients 
In the general practices of the RNG, 249 women with breast cancer were found of 
whom 50 died before the inclusion date and after 1998; 9 (18%) died due to a 
cerebrovascular accident (mean age 83 years) and 7 (14%) died of another CVD (mean 
age 84 years). The risk ratio for congestive heart failure after chemotherapy decreased 
from 1.8 (95%CI 0.6-5.8) to 0.9 (95%CI 0.3-2.9) after analysing the group including 
deceased women compared with controls without a history of cancer. Other calculated 
HRs did not differ from earlier reported HRs. 
  

2
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Table 4 Hazard ratios (HR) of patients who received adjuvant radiotherapy (n=229) and patients who 
received radiotherapy±chemotherapy (n=334) compared with controls without a history of cancer 
(n=694) and with breast cancer(BC) survivors who did not receive adjuvant radiotherapy (n=227)  

CVD Comparison Patients Radiotherapy 
only 

HR (95% CI) 

Radiotherapy ± 
chemotherapy 

HR (95%  CI) 
Congestive 
heart failure 

Radiotherapy 
patients vs. 
controls 

Total  Controls 1 1 
 Radiotherapy  0.5 (0.2- 1.8) 0.8 (0.4 -1.8) 
5-10 yr. Controls 1 1 
 Radiotherapy  Not calculated† Not calculated† 

 Controls 1 1 
 Radiotherapy  0.4 (0.1-1.7) 0.8 (0.4-2.0) 

Radiotherapy 
patients vs. 
breast cancer 
patients 
without 
radiotherapy  
 

Total Other BC patients  1 1 
 Radiotherapy  0.4 (0.2-1.1) 1.7 (0.8-3.6) 
5-10 yr. Other BC patients 1 1 
  Radiotherapy  0.5 (0.1-4.1) 1.4 (0.2- 8.9) 

 Other BC patients  1 1 
  Radiotherapy  0.3 (0.1-1.0) 1.7 (0.7-4.2) 

Vascular 
cardiac 
diseases 

Radiotherapy 
patients vs. 
controls 

Total  Controls 1 1 
  Radiotherapy  1.1 (0.7-1.7) 1.0 (0.7-1.5) 
5-10 yr. Controls 1 1 
  Radiotherapy  2.2 (0.2-22.5) 0.3 (0.03-3.0) 

 Controls 1 1 
  Radiotherapy  1.0 (0.6-1.6) 1.0 (0.6-1.6) 

Radiotherapy 
patients vs. 
breast cancer 
patients 
without 
radiotherapy 
 

Total   Other BC patients  1 1 
  Radiotherapy  0.7 (0.4-1.1) 1.5 (0.9- 2.4) 
5-10 yr.  Other BC patients 1 1 
  Radiotherapy  0.9 (0.3-2.5) 1.3 (0.5-3.5) 

 Other BC patients  1 1 
  Radiotherapy  0.6 (0.3-1.1) 1.6 (0.9-2.7) 

Other 
cardiac 
diseases 

Radiotherapy 
patients vs. 
controls 

Total Controls 1 1 

 Radiotherapy  1.3 (0.8-2.3) 0.7 (0.5-1.1) 
5-10 yr. Controls 1 1 
 Radiotherapy  Not calculated† 0.5 (0.1-1.9) 

 Controls 1 1 
 Radiotherapy  1.3 (0.7-2.3) 0.7 (0.4-1.2) 

Radiotherapy 
patients vs. 
breast cancer 
patients 
without 
radiotherapy 
 

Total   Other BC patients  1 1 
 Radiotherapy  0.9 (0.5-1.6) 0.9 (0.5-1.6) 
5-10 yr.  Other BC patients 1 1 
 Radiotherapy  1.2 (0.3-4.2) 0.8 (0.3-2.6) 

 Other BC  1 1 
 Radiotherapy  0.9 (0.5-1.7) 0.9 (0.5-1.7) 

* HRs are adjusted for age, risk factors for cardiovascular disease, and cardiovascular disease at the time of diagnosis 
†Not calculated because of no significant numbers of events 
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Table 5 Hazard ratios (HR) of patients who received (neo) adjuvant chemotherapy (n=145) compared 
with controls without a history of cancer (n=417) and with breast cancer survivors who did not receive 
(neo) adjuvant chemotherapy (n=416) 

CVD  Comparison  Patients Chemotherapy 
± radiotherapy 

HR (95% CI)  
Congestive heart 
failure 

Chemotherapy 
patients vs. 
controls 

Total  Controls  1 
 Chemotherapy  1.8 (0.6-5.8) 
5-10 yr. Controls  1 
 Chemotherapy  Not calculated†  

 Controls  1 
 Chemotherapy  1.8 (0.5-7.2) 

Chemotherapy 
patients vs. 
breast cancer 
patients without 
chemotherapy 
 

Total Other breast cancer patients  1 
 Chemotherapy  2.2 (0.8- 6.4) 
5-10 yr. Other breast cancer patients  1 
  Chemotherapy  1.4 (0.1 -19.6) 

 10 yr. Other breast cancer patients  1 
  Chemotherapy  2.9 (0.9-9.7) 

Vascular cardiac 
diseases 

Chemotherapy 
patients vs. 
controls 

Total  Controls  1 
  Chemotherapy  1.1 (0.5-2.3) 
5-10 yr. Controls  1 
  Chemotherapy  Not calculated† 

 Controls  1 
  Chemotherapy  1.7 (0.7-3.8)  

Chemotherapy 
patients vs. 
breast cancer 
patients without 
chemotherapy 
 

Total   Other breast cancer patients  1 
  Chemotherapy  0.8 (0.4-1.6) 
5-10 yr.  Other breast cancer patients  1 
  Chemotherapy  0.2 (0.03-1.7) 

 yr. Other breast cancer patients  1 
  Chemotherapy  1.3 (0.6-2.8) 

Other cardiac 
diseases 

Chemotherapy 
patients vs. 
controls 

Total Controls  1 
 Chemotherapy  1.2 (0.3-5.5) 
5-10 yr. Controls  1 
 Chemotherapy  1.3 (0.3-5.5) 

 Controls  1 
 Chemotherapy  1.7 (0.6-4.8) 

Chemotherapy 
patients vs. 
breast cancer 
patients without 
chemotherapy 
 

Total   Other breast cancer patients  1 
 Chemotherapy  1.4 (0.7-2.7) 
5-10 yr.  Other breast cancer patients  1 
 Chemotherapy  0.7 (0.2-2.6) 

 Other breast cancer patients  1 
 Chemotherapy  1.8 (0.8-4.4) 

* HRs are adjusted for age, risk factors for cardiovascular disease and cardiovascular disease at the time of diagnosis 
†Not calculated because of no significant numbers of events 
  

2
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Discussion 
To our knowledge this is the first study of its kind in an unselected population of 
patients from general practice with breast cancer, to assess the risk of CVD among 
women who received chemotherapy and/or radiotherapy, compared with age- and 
general practice matched controls. 

The radiotherapy group had no increased risk of developing congestive heart 
failure or vascular cardiac diseases (HR 1.1; 95%CI 0.7-1.7). In women treated with 
chemotherapy (with or without radiotherapy) we found a risk of congestive heart 
failure of 1.8 (95%CI 0.6-5.8) compared to controls without a history of cancer. This risk 
showed no significant change when deceased women were included, i.e. 0.9 (95%CI 
0.3-2.9).  

 
Radiotherapy 
In the present study, the risk of vascular cardiac disease for women treated with 
radiotherapy was not increased (HR:1.1; 95%CI:0.7-1.7). Earlier studies of women 
treated before 1980 found an increased risk ratio of dying of CVD ranging from 1.20-
1.76 (95%CI:1.04-2.31)32, 43, 76, 78, 79, 87-89 and another study found an increased risk of 
ischemic heart disease in women mainly treated before 1990.46 After 1980, the risk of 
CVD declined towards uniformity32, 36, 77, probably due to the advances in radiotherapy 
techniques.51, 90, 91  

In the present study, women treated with radiotherapy showed no overall 
increased risk of congestive heart failure if they were treated 5-
ago, compared with controls without a history of cancer and other women with breast 
cancer. Another study reported a risk ratio of 1.72-2.66 (95%CI 1.22-5.61)36; however, 
all these latter patients were treated between 1970 and 1986, whereas in our 
population 92% of all breast cancer survivors were treated after 1990; therefore, these 
data on risks are probably not comparable. 

Comparison of our entire radiotherapy group (i.e. including patients who 
received chemotherapy) and the other breast cancer patients (i.e. receiving only 
chemotherapy, or only surgery) shows that the HR are higher than those of patients 
treated with radiotherapy alone. This is in line with earlier studies in suggesting that 
chemotherapy and radiotherapy influence each other in enhancing the risk of CVD.36 
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Chemotherapy 
The most frequently mentioned side-effect in relation to chemotherapy is congestive 
heart failure. In the present study, there was a non-significant increased risk of 
congestive heart failure of 1.8 (95% CI 0.6-5.8) compared with controls without a 
history of cancer. Although in this study the enhanced risk is non-significant, the 
magnitude of the HR is in line with earlier studies reporting a significant risk ranging 
from 1.25 to 1.85 (95% CI 1.07-2.73).34-37  

Among women with breast cancer, those selected to receive chemotherapy are 
often a healthier group.35, 92 From that viewpoint, a hazard ratio of 1.8 may indicate a 
clinically relevant increased risk. Future research on this topic should include larger 
numbers of women treated with chemotherapy and focus on other determinants of 
CVD (e.g. smoking); it should also be noted that the dose and type of some 
chemotherapeutic agent (e.g. anthracyclines) may be more cardiotoxic than other 
types of chemotherapy (e.g. cyclophosphamide and taxanes).57 Also, there is a large 
inter-individual variability of sensitivity to chemotherapy, as some women react 
strongly to a small dose while others receive high doses without consequences. As this 
inter-individual variability is probably due to genetic predisposition93, this factor should 
also be taken into consideration. 

In the present study the risk of congestive heart failure was enhanced mainly 
 

increased after the first decade after treatment.34, 35 We found a decreased risk for 
congestive heart failure in deceased patients; this might be explained by the old age of 
these patients (age >80 years) as the incidence of congestive heart failure is higher in 
older women.94 Another study reported that, among women aged 71-80 years treated 
with chemotherapy, there was no enhanced risk for congestive heart failure.35 

In the present study, the overall risk of developing other cardiac diseases in 
women treated with chemotherapy compared with controls without a history of cancer 
was 1.2 (95%CI 0.3-5.5). This was highest in the  1.7; 
95%CI 0.6-4.8). Other studies found a risk of cardiomyopathy of 1.95-2.48 (95%CI 1.44-
2.93).34, 37 However, these latter studies were performed in a population a
years in whom cardiomyopathy might more frequently be present. 
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Strengths and limitations 
The present study was performed in an unselected population of patients with breast 
cancer (in general practice), which means that the risks found are relatively unbiased 
and similar to ‘true’ risks. As only breast cancer survivors were included, our estimates 
might be biased because deceased patients could not be taken into account. However, 
the risks calculated with deceased patients included (whenever possible) did not differ 
from risks calculated without these deceased patients, except for the risk of congestive 
heart failure in the group that received chemotherapy (perhaps because of the older 
age of these deceased patients). Data on deceased patients are, however, limited to 
patients who died after 1998. Therefore, the risk of CVD we found might be 
underestimated because patients who died before 1998 could not be included in the 
analysis.   

The data were extracted from the electronic patient files of GPs. Information 
on CVD and CVD risk factors depends on the individual discipline of the GP to link a 
code to the diagnosis. Fortunately, almost all practices participating in this study are 
affiliated to the national coding network, which ensures and preserves excellence in 
data collection 84. If there were absent codes, this will apply equally to patients and 
controls and will therefore not seriously influence the results.  

Although risks found in the present study are adjusted for hypertension, 
hyperlipidemia and diabetes, we could not adjust for other risk factors such as smoking, 
body mass index, family history of CVD, lifestyle, type and dose of chemotherapeutic 
agents. Furthermore, the diagnosis of congestive heart failure and cardiomyopathy are 
based on the ICPC codes and not on echocardiography (the gold standard). Therefore, 
some of the women could have a reduced ejection fraction or diastolic dysfunction 
without being diagnosed by the GP; this implies that the risk of CVD may actually be 
higher than that calculated in this study . Furthermore, some of the women might 
exhibit symptoms of CVD (e.g. fatigue) that are misinterpreted by the GPs, as this is a 
common complaint after cancer diagnosis due to their past history of cancer 95. 
Moreover, (dilated) cardiomyopathy (which can lead to congestive heart failure in 
patients treated with chemotherapy) has been assigned to the ‘other CVD’ category 
because of the ICPC classification. Therefore, the risks may in fact be higher than those 
calculated in the present study. Due to these limitations, the lack of significant findings 
in this study does not necessarily rule out the clinically important risks of CVD related 
to breast cancer treatment. More detailed information on risks factors and more 
specific outcome measures (e.g. ECG or echocardiographic parameters) may be needed 
for future research to detect CVD as well as asymptomatic cardiac dysfunction. 
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Conclusion 
This is the first study in a large cohort of an unselected population of women in general 
practice with breast cancer to examine the cardiovascular effects of radiotherapy and 
chemotherapy, in which breast cancer survivors are compared with controls without 
cancer. No increased risk was found among women treated for breast cancer with 
radiotherapy. Because this finding is supported by earlier studies, it appears that 
treatment with radiotherapy is currently a relatively safe method of treatment with 
regard to CVD. In this study, the risk (HR 1.8) for congestive heart failure found after 
chemotherapy is not significantly increased and is in line with previous studies. 
However, the lack of significant findings in the present study does not necessarily rule 
out the clinically important risks of CVD related to breast cancer treatment. Future 
research should include more detailed information on treatment and more specific 
outcome measures.  
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