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INTRODUCTION

Breast cancer is the most common cancer in women, and 
its incidence is rising [1,2]. Radiotherapy (RT) is an essential 
treatment to improve local control and survival in patients 
who undergo breast-conserving surgery for breast cancer [3-
5]. As approximately 90% of patients with localized breast 
cancer are alive at 5 years after treatment, late RT toxicity is an 
important consideration. For more than 20 years, a number of 
studies have suggested a possible association between left 
breast RT and cardiac morbidity or mortality [6-8]. A large 
population-based case control study in Sweden and Denmark 
confirmed that women who received radiation for left breast 
cancer had higher rates of major coronary events and the risk 
of these events showed a linear relationship with mean heart 

dose [9,10].
Nevertheless, controversy still exists regarding cardiac tox-

icities and RT for left breast cancer, as RT technique and che-
motherapy regimens have changed over time. One study indi-
cated that modern conformal RT does not increase cardiac 
toxicities in patients with left breast cancer [11]. Other studies 
also reported that patients treated with left breast RT after the 
1990s do not have a higher risk of cardiovascular disease [12-
14]. On the other hand, the results of several studies suggest 
that the use of modern anthracycline-based chemotherapy 
regimens enhances RT-associated cardiac disease in patients 
with left breast cancer [15,16]. Such conflicting conclusions 
are likely the result of the heterogeneity in cardiac risk among 
patients included in these studies. Certain subsets of patients 
with genetic or lifestyle risk factors or those treated with car-
diotoxic agents might be more vulnerable to cardiac irradia-
tion than others who have fewer risk factors [17].

Efforts to reduce cardiac radiation doses in patients with 
breast cancer have been widely implemented to reduce subse-
quent cardiovascular disease [18]. Various techniques such as 
deep inspiration breath-hold, prone position, or intensity 
modulating RT [19,20] are used, but these methods require 
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considerable time and human resources. To justify the trade-
off, it is necessary to select the patients who will most benefit 
from heart-sparing RT among those with left breast cancer. 

Therefore, this study aimed to identify the risk factors that 
exacerbate the risk of RT-associated cardiac toxicities, and 
consequently to determine candidates for heart-sparing RT 
among women with left breast cancer. 

METHODS

Data sources and patient selection
This study was approved by the Institutional Review Board 

of Samsung Medical Center (IRB No. 2017-12-117), and 
waived the requirement for obtaining informed consent. Data 
were extracted from the Clinical Data Warehouse Darwin-C 
of Samsung Medical Center. We identified 4,879 patients 
treated with adjuvant RT following breast-conserving surgery 
for in situ or invasive breast cancer from 1996 to 2010. Patients 
with bilateral tumors, metastatic disease, unknown laterality, 
incomplete RT, lack of information, or history of ischemic 
heart disease prior to RT were excluded from analysis, leaving 
a total of 4,333 patients (Figure 1). Cardiovascular disease in-
cluded acute myocardial infarction (International Classifica-
tion of Diseases, 10th Revision [ICD-10] code I21), angina 
(ICD-10 code I20), and other ischemic heart disease (ICD-10 
codes I24-25). Patients with metabolic syndrome were identi-
fied by ICD-10 codes; hyperlipidemia was classified by ICD-
10 code E78, hypertension by I10, and diabetes by E10, E11, 
or E14. Body mass index (BMI, kg/m2) was calculated as 
weight (kg) divided by height (m) squared.

Treatment
During the study period, patients were treated with whole 

breast irradiation following breast-conserving surgery. Supra-
clavicular irradiation and/or axillary irradiation were applied 
in cases of N2 disease or high risk N1 disease according to our 
institutional policy [21,22]. Internal mammary lymph node 
(IMN) irradiation was applied in cases with IMN involve-
ment. The dose to the whole breast was 50.0–50.4 Gy in 25–28 
fractions using 2 tangential photon beams with an electron 
beam boost to the tumor bed. Two-dimensional simulation 
and planning was performed until 2005, with three-dimen-
sional conformal RT with computed tomography (CT) simul-
ation performed after 2006. Adjuvant chemotherapy was ad-
ministered to 2,606 patients (60.1%), and anthracycline and 
trastuzumab were utilized in 1,992 (46.0%) and 206 (4.8%) of 
analyzed patients, respectively.

Statistical analysis
The distributions of categorical variables between the pa-

tients who received right-sided RT and those who received 
left-sided RT were compared using chi-square tests. The base-
line date was defined as the last day of adjuvant RT for breast 
cancer. Time to disease was defined as the time between the 
last day of RT for breast cancer and the date of diagnosis. To 
estimate the cumulative incidence of subsequent cardiac dis-
ease after exposure, accounting for the follow-up period, haz-
ard plots were generated using the Kaplan-Meier method. 
Cumulative incidence curves according to risk factors were 
compared with the log-rank test. The Cox proportional haz-
ards model was used to estimate hazard ratios (HRs) and 95% 

4,879 Patients who received radiation therapy 
following lumpectomy for breast cancer 

(C50, D05), 1996−2010

4,333 Patients

2,256 (52.1%) Right-sided RT 2,077 (47.9%) Left-sided RT

546 Excluded
180 Unknown laterality
  58 Bilateral radiation therapy
  15 Distant metastasis
274 Incomplete information
  19 History of ischemic heart disease

Figure 1. Patient selection process.
RT=radiotherapy.
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confidence intervals (CIs) to control covariates and differenc-
es in follow-up periods. All analyses were conducted using 
SPSS Statistics version 20 (IBM Corp., Armonk, USA). 

RESULTS

Patient characteristics
Patient characteristics and tumor characteristics of all pa-

tients are described in Table 1. Among all patients, 733 
(16.9%) were under 40 years, 1,900 (43.8%) were 40–49 years, 
1,199 (27.7%) were 50–59 years, and 501 (11.6%) were 60 
years or older. BMI was available in 3,894 (89.9%), and obese 
women (BMI ≥ 25) were 1,099 (25.4%) of all patients. Smok-
ing history was available in 3,477 (80.2%) patients and 92 
(2.1%) of all patients were smokers. Diagnoses of hyperlipid-
emia, hypertension, and diabetes were identified in 335 
(7.7%), 254 (5.9%), and 201 (4.6%) patients, respectively. Of 
all patients, 2,256 patients were treated with right-sided RT 
and 2,077 patients were treated with left-sided RT. Character-
istics of the patients and tumors did not differ between the pa-
tients who received left breast RT and those who received 
right breast RT (Table 1). 

Incidence of cardiovascular disease and risk factor analysis
Median follow-up was 8.1 years (range, 0.2–21.5 years). 

During the follow-up period, 69 patients experienced cardio-
vascular disease; the median time to development of disease 
was 5.5 years (range, 0.5–15.1 years). Among these patients, 
45 developed angina and 24 developed other ischemic heart 
diseases; the median time to disease onset was 5.9 and 3.5 
years, respectively. The cumulative incidences of cardiovascu-
lar disease were 0.8%, 2.0%, and 3.1% at 5, 10, and 15 years, 
respectively (Table 2). Table 3 shows the cumulative incidence 
of cardiovascular disease according to the risk factors and es-
timated HR of factors by univariate and multivariate analysis. 
In univariate analysis, age of 50 years or more (p < 0.001), 
BMI ≥ 25 kg/m2 (p< 0.001), smoking (p= 0.042), hyperlipid-
emia (p< 0.001), hypertension (p< 0.001), diabetes (p< 0.001), 
and administration of trastuzumab (p= 0.010) were the sig-
nificant risk factors associated with higher risk of cardiovas-
cular disease. The significant risk factors (p< 0.05) in univari-
ate analysis and tumor laterality were included in the multi-
variate analysis. Multivariate analysis showed that an age of 50 
or more (HR, 1.073; 95% CI, 1.048–4.099; p< 0.001), smoking 

Table 1. Characteristics of patients by tumor laterality

Characteristic
All patients
(n=4,333)

No. (%)

Right-sided
(n=2,256)

No. (%)

Left-sided
(n=2,077)

No. (%)
p-value

Year of RT 0.434
   1996–2000 367 (8.5) 202 (9.0) 165 (7.9)
   2001–2005 1,333 (30.8) 683 (30.3) 650 (31.3)
   2006–2010 2,633 (60.8) 1,371 (60.8) 1,262 (60.8)
Age (yr) 0.981
   <40 733 (16.9) 379 (16.8) 354 (17.0)
   40–49 1,900 (43.8) 996 (44.1) 904 (43.5)
   50–59 1,199 (27.7) 622 (27.6) 577 (27.8)
   ≥60 501 (11.6) 259 (11.5) 242 (11.7)
BMI (kg/m2) 0.567
   Unknown 439 (10.1) 218 (9.7) 221 (10.6)
   <25 2,795 (64.5) 1,463 (64.8) 1,332 (64.1)
   ≥25 1,099 (25.4) 575 (25.5) 524 (25.2)
Smoking 0.247
   Unknown 856 (19.8) 454 (20.1) 402 (19.4)
   Yes 92 (2.1) 55 (2.4) 37 (1.8)
   No 3,385 (78.1) 1,747 (77.4) 1,638 (78.9)
Hyperlipidemia 0.465
   Yes 335 (7.7) 168 (7.4) 167 (8.0)
   No 3,998 (92.3) 2,088 (92.6) 1,910 (92.0)
Hypertension 0.257
   Yes 254 (5.9) 141 (6.3) 113 (5.4)
   No 4,079 (94.1) 2,115 (93.8) 1,964 (94.6)
Diabetes 0.845
   Yes 201 (4.6) 106 (4.7) 95 (4.6)
   No 4,132 (95.4) 2,150 (95.3) 1,982 (95.4)
pT stage 0.643
   Tis 510 (11.8) 264 (11.7) 246 (11.8)
   T1 2,571 (59.3) 1,327 (58.8) 1,244 (59.9)
   T2 1,158 (26.7) 609 (27.0) 549 (26.4)
   T3 86 (2.0) 51 (2.3) 35 (1.7)
   T4 8 (0.2) 5 (0.2) 3 (0.1)
pN stage 0.592
   N0 3,041 (70.2) 1,578 (69.9) 1,463 (70.4)
   N1 967 (22.3) 506 (22.4) 461 (22.2)
   N2 244 (5.6) 134 (5.9) 110 (5.3)
   N3 81 (1.9)  38 (1.7) 43 (2.1)
Chemotherapy 0.234
   Yes 2,606 (60.1) 1,376 (61.0) 1,230 (59.2)
   No 1,727 (39.9) 880 (39.0) 847 (40.8)
Anthracycline 0.250
   Yes 1,992 (46.0) 1,056 (46.8) 936 (45.1)
   No 2,341 (54.0) 1,200 (53.2) 1,141 (54.9)
Trastuzumab 0.593
   Yes 206 (4.8) 111 (4.9) 95 (4.6)
   No 4,127 (95.2) 2,145 (95.1) 1,982 (95.4)

RT=radiotherapy; BMI=body mass index.

Table 2. Subsequent incidence of cardiovascular disease 

Cardiovascular disease category  
(ICD-10 code)

Events 
(no.)

Median 
time (yr)

Cumulative 
incidence (%)

5 yr 10 yr 15 yr

Angina (I20) 45 5.9 0.5 1.4 2.0
Other ischemic heart disease (I24-25) 24 3.5 0.4 0.7 1.2
All cardiovascular disease 69 5.5 0.8 2.0 3.1

ICD-10= International Classification of Diseases, 10th Revision. 
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Table 3. Five-, 10-, and 15-year cumulative incidence according to risk factors and hazard ratio in multivariate analysis

Characteristic
5 yr
(%)

10 yr
(%)

15 yr
(%)

p-value* HR (95% CI) p-value

Age at diagnosis (yr) <0.001†

   <50 0.4 0.8 1.7 <0.001 1 <0.001
   ≥50 1.5 4.3 5.7 1.073 (1.048–4.099)
Laterality 0.443 0.428
   Right 0.6 1.9 2.8 1
   Left 1.0 2.3 3.5 1.212 (0.753–1.950)
Year of radiotherapy 0.491
   1996–2000 0.9 2.3 2.3
   2001–2005 0.6 1.6 1.6
   2006–2010 0.9 2.2 3.5
BMI (kg/m2)  <0.001† 1.005 (0.962–1.051) 0.816
   <25 0.6 1.6 2.2 <0.001 1 0.151
   ≥25 1.5 3.5 5.8 1.764 (0.607–5.128)
Smoking 0.042 0.002
   No 0.8 2.2 3.4 1
   Yes 3.3 6.2 6.2   5.991 (2.109–17.022)
Hyperlipidemia <0.001 <0.001
   No 0.4 1.2 1.7 1
   Yes 5.2 10.6 15.3 5.567 (3.235–9.580)
Hypertension <0.001 0.228
   No 0.7 1.7 2.4 1
   Yes 3.0 7.5 12.1 1.460 (0.789–2.703)
Diabetes <0.001 0.068
   No 0.7 1.6 2.2 1
   Yes 3.7 8.8 16.0 1.786 (0.957–3.331)
Anthracycline 0.079
   No 0.7 1.3 2.5
   Yes 0.9 3.0 3.7
Trastuzumab   0.010 0.039
   No 0.8 1.8 2.9 1
   Yes 1.0 4.7 6.7 2.214 (1.040–4.711)

HR=hazard ratio; CI=confidence interval; BMI=body mass index.
*p-value obtained from univariate Cox regression analysis; †p-value obtained from univariate Cox regression analysis calculated as continuous variables.

Figure 2. Cumulative incidence of cardiovascular disease in patients who received radiotherapy for breast cancer according to laterality. Incidence of 
cardiovascular disease in all patients according to tumor laterality (A), hyperlipidemia and tumor laterality (B), smoking and tumor laterality (C).
Lt= left; Rt= right; HyL=hyperlipidemia. 
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(HR, 5.991; 95% CI, 2.109–17.022; p= 0.002), hyperlipidemia 
(HR, 5.567; 95% CI, 3.235–9.580; p< 0.001), and trastuzumab 
(HR, 2.214; 95% CI, 1.040–4.711; p= 0.039) were the signifi-
cant risk factors for cardiovascular disease. Tumor laterality 
was not a significant risk factor for cardiovascular disease in 
either uni- or multivariate analysis (p= 0.443 and p= 0.428, 
respectively).

Risk of cardiovascular disease in left breast cancer (versus 
right breast cancer)

In the entire patient group, the cumulative hazard of cardio-
vascular disease was numerically greater in patients treated 
with left-sided RT than those treated with right-sided RT, but 
the difference was not significant (p= 0.443) (Figure 2A). The 
cumulative incidence of cardiovascular disease was 0.6% at 5 
years and 1.9% at 10 years in patients treated with right breast 
RT and 1.0% at 5 years and 2.3% at 10 years in patients treated 
with left breast RT (Table 3). Figure 2B shows the hazard plots 
for cardiovascular disease according to tumor laterality and 
hyperlipidemia. Regardless of hyperlipidemia, patients treated 
with left breast RT showed slightly higher incidence of cardio-
vascular disease than those treated with right breast RT, but 
the difference was not significant. Figure 2C shows the hazard 

plots for incidence of cardiovascular disease according to tu-
mor laterality and smoking. Although smokers have a higher 
risk of cardiovascular disease, no difference was observed be-
tween left and right breast cancer in either group, the smokers 
or the nonsmokers. Table 4 indicates incidence rates and un-
adjusted HRs for cardiovascular disease in patients with left 
breast cancer relative to right breast cancer in various sub-
groups. None of the subgroups were identified to have a high-
er risk of cardiovascular disease in left breast cancer compared 
to right breast cancer.

DISCUSSION

The aim of the present study was to identify the factors hav-
ing an interaction with cardiac irradiation and resulting in a 
higher risk of cardiovascular disease. However, in this study, 
the risk of cardiovascular disease did not increase following 
left breast RT compared to right breast RT in Korean women. 
Similarly, a recent study failed to demonstrate an increased 
risk of cardiovascular disease following left breast RT in Korean 
women, most of whom have fewer risk factors for cardiovas-
cular disease [23]. Several other studies also reported that left 
breast RT did not increase the risk of acute coronary events or 

Table 4. Hazard ratio of cardiovascular disease by logistic regression analysis: left versus right

Variable
Incidence rate (Lt vs. Rt) (%) Unadjusted HR (95% CI)

(Lt vs. Rt)
p-value

5 yr 10 yr 15 yr

Age (yr)
   ≥50 2.0 vs. 1.1 4.1 vs. 3.7 6.3 vs. 5.1 1.223 (0.692–2.161) 0.488
   <50 0.4 vs. 0.3 0.7 vs. 0.8 1.9 vs. 1.5 1.094 (0.454–2.637) 0.842
BMI (kg/m2)
   <25 0.8 vs. 0.5 0.8 vs. 0.5 5.1 vs. 0.5 1.038 (0.533–2.022) 0.913
   ≥25 0.8 vs. 0.4 1.8 vs. 1.4 1.8 vs. 2.5 1.262 (0.610–2.612) 0.530
Smoking
   Yes 2.7 vs. 3.8 2.7 vs. 9.8 2.7 vs. 9.8 0.481 (0.048–4.815) 0.534
   No 1.1 vs. 0.6 2.7 vs. 1.7 6.7 vs. 2.7 1.385 (0.809–2.370) 0.235
Hyperlipidemia
   Yes 6.7 vs. 3.8 13.1 vs. 8.1 17.3 vs. 13.2 1.531 (0.730–3.210) 0.260
   No 0.5 vs. 0.4 1.1 vs. 1.3 1.1 vs. 1.7 0.929 (0.485–1.778) 0.823
Hypertension
   Yes 2.8 vs. 3.1 7.4 vs. 7.4 13.5 vs. 11.7 0.998 (0.380–2.618) 0.997
   No 0.9 vs. 0.5 1.9 vs. 1.5 2.6 vs. 2.2 1.315 (0.755–2.292) 0.333
Diabetes
   Yes 2.2 vs. 5.0 10.4 vs. 7.3 17.4 vs. 15.7 0.991 (0.366–2.682) 0.986
   No 1.0 vs. 0.4 1.7 vs. 1.6 2.4 vs. 2.0 1.269 (0.733–2.197) 0.394
Anthracycline 
   Yes 1.4 vs. 0.5 3.2 vs. 2.8 3.8 vs. 3.5 1.192 (0.632–2.247) 0.588
   No 0.8 vs. 0.7 1.5 vs. 1.1 2.9 vs. 2.1 1.205 (0.585–2.480) 0.613
Trastuzumab   
   Yes    0 vs. 1.9 1.7 vs. 4.3 11.2 vs. 4.3 1.176 (0.286–4.834) 0.822
   No 1.1 vs. 0.5 1.9 vs. 1.7 3.2 vs. 2.7 1.197 (0.722–1.987) 0.486

Lt= left; Rt= right; HR=hazard ratio; CI=confidence interval; BMI=body mass index.
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cardiac mortality in patients with breast cancer [11-14]. How-
ever, a numerically higher incidence of cardiovascular disease 
in patients with left breast cancer implies that left breast RT 
might enhance the risk of cardiovascular disease in certain 
subsets of patients.

Smoking was the strongest risk factor for cardiovascular 
disease, although an interaction with left breast RT was not 
proven in this study. Taylor et al. [24] reported that smoking 
was a powerful risk factor for cardiovascular disease in pa-
tients with breast cancer, while another study showed conflict-
ing results, finding that smoking was not a risk factor for car-
diovascular disease in Korean women [23]. In the present 
study, despite a large amount of missing data and lack of in-
formation regarding ex-smokers, smoking was the most sig-
nificant risk factor with the highest HR of 5.991 for cardiovas-
cular disease in patients with breast cancer, a finding consis-
tent with the results of Taylor et al. and with other studies in 
the general population [17,24]. 

Hyperlipidemia was the second most powerful risk factor 
for cardiovascular disease. The similarity in mechanisms of 
RT-induced vascular disease and hyperlipidemia-associated 
vascular disease implies a possible synergistic effect of the two 
factors: coronary vessels that receive radiation during breast 
RT are assumed to become susceptible to thrombus accumu-
lation provoked by cytokines from irradiated endothelial cells. 
Hyperlipidemia also promotes atherosclerotic change in the 
endothelium of coronary vessels. However, the present study 
failed to demonstrate an interaction between hyperlipidemia 
and RT-induced cardiovascular disease. 

Hyperlipidemia, diabetes, hypertension, and obesity, called 
metabolic syndrome, are the major risk factors for cardiovas-
cular disease, combined with old age and smoking [17]. The 
effect of metabolic syndrome on cardiovascular disease and 
cardiac mortality has been investigated in several studies. 
Obesity is the most frequently reported risk factor for cardio-
vascular disease, especially in Western studies [9]. However, 
in Asian women, most of whom are slim, the association be-
tween higher BMI and higher risk of cardiovascular disease 
seems to be not as great as that in Western women. Chang et 
al. [23] who investigated the effect of risk factors including 
high BMI, hypertension, and diabetes on cardiovascular dis-
ease in patients with breast cancer, showed that hypertension 
and diabetes were risk factors for cardiovascular disease, while 
higher BMI was not. The present study also demonstrated 
that hyperlipidemia was more associated with risk of cardio-
vascular disease than higher BMI in patients with breast can-
cer. Information regarding medication for hyperlipidemia 
could not be acquired for analysis since statin medications are 
usually prescribed by primary care physicians. If we had in-

formation about statin medications and disease control status, 
the interaction between hyperlipidemia and irradiation could 
be clarified.

Age is the most frequently reported risk factor for cardio-
vascular disease in patients treated with RT for breast cancer. 
Paszat et al. [8] reported that age over 60 is a significant risk 
factor for death from myocardial infarction in patients with 
breast cancer. Darby et al. [9] showed that the older the age of 
women at the time of cancer diagnosis, the greater the per-
centage of cardiac mortality in those treated with adjuvant RT 
for breast cancer. The present study also indicated that the risk 
of cardiovascular disease increases in patients older than 50 
years. We divided the patients into four age groups: < 40; 40 
to 49; 50 to 59; and ≥ 60 years, and found that the differentia-
tion between women under 50 years and those over 50 years 
was the most prominent.

The risk factors for cardiac disease differ according to which 
disease we define as the end point of RT-related cardiac toxici-
ties. A recent study in Denmark indicated that anthracycline-
based chemotherapy further raises the risk of heart disease in 
left-sided breast cancer compared to right sided breast cancer 
[25], when heart failure was defined as an RT-induced cardiac 
disease. Boekel et al. [26] also reported that anthracycline-
based chemotherapy increased the risk of heart failure in pa-
tients with breast cancer. The present study defined cardiovas-
cular disease as an end point excluding heart failure, and use 
of anthracycline-based chemotherapy was not related to car-
diovascular disease. 

A limitation of our study is that cardiovascular disease diag-
nosed outside the institution was not included in this analysis. 
Owing to potential missing events, the absolute incidence of 
cardiovascular disease might be underestimated; however, we 
can at least estimate the difference between left and right 
breast cancer if we hypothesize that the amount of missing 
data between the groups is similar. Furthermore, hyperlipid-
emia, hypertension, and diabetes are extracted by ICD codes, 
which can also result in underestimated incidence of the un-
derlying diseases. The lack of information about RT dose and 
field is another drawback of the current study. No difference 
in the incidence of cardiovascular disease among different 
time periods of RT in the present study, which can be a surro-
gate of irradiated heart dose, implies that the impact of heart 
dose on cardiovascular disease can be trivial. However, add-
itional studies including detailed dosimetric analysis are war-
ranted to clarify the relationship between heart dose and the 
risk of cardiovascular disease. Nevertheless, the present study 
is the first study highlighting the significance of hyperlipid-
emia on the risk of cardiovascular disease in patients with 
breast cancer, especially in Asian women, most of whom are 
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not obese. Further prospective studies addressing the associa-
tion between hyperlipidemia and RT-related cardiovascular 
disease are warranted.

In conclusion, none of the risk factors is proven to have an 
interaction with RT-related cardiovascular disease in patients 
with breast cancer. Adequate management of hyperlipidemia 
and smoking rather than heart-sparing RT might be more 
crucial for preventing cardiovascular disease, especially in 
Asian women. 
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