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Abstract  
Purpose: This study aims to investigate whether patients with breast cancer and a history of cardiovascular diseases (CADs) are at an increased incidence of acute coronary syndrome (ACS) after receiving radiation therapy (RT).
Methods: In Taiwan, 5,828 patients who had a history of CAD were newly diagnosed of breast cancer and received mastectomy between 1999 and 2009. Among these patients, 1,851 also received RT. The study cohort was prospectively followed to the end of 2010 for estimating the incidence of ACS in association with exposure to RT. A Cox proportional hazard model that was adjusted for covariates was used to estimate the hazard ratio (HR) of ACS. 
Results: Over the study period, the incident rates of ACS for RT and control patients were estimated at 1.51 and 1.77 per 100 person-years, respectively. Covariate adjusted regression analysis indicated that the hazard of ACS significantly increased in RT patients at an adjusted HR of 1.48 [95% confidence interval (CI): 1.18–1.87]. Both hypertension and diabetes significantly increased the hazard of ACS in this patient cohort, with adjusted HRs of 3.31 [95% CI: 1.94-5.66] and 1.50 [95% CI: 1.19-1.89], respectively. 
Conclusions: This 12-year follow-up study suggested excess of ACS events in association with RT exposure in patients with breast cancer who had a higher cardiovascular risk. In consideration of the benefit associated with RT, intensive cardiac care should be given to patients with breast cancer and high cardiovascular risk.
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Introduction
Breast cancer is the most common type and the leading cause of cancer death among females, accounting for 23% of the total cancer cases and 14% of the total cancer deaths [1]. Radiation therapy (RT) is one of the standard treatments after breast-conserving surgery or total mastectomy with lymph node metastasis [2]. Previous reports have shown that RT after mastectomy or breast conserving surgery reduces two thirds of local recurrence and improves overall survival by 5%–10%   [3,4]. However, RT of mediastinal tumors such as lymphoma and seminoma is associated with an elevated risk of cardiac mortality [5,6]. Long-term survivors of Hodgkin’s lymphoma and childhood cancers have twofold to more than sevenfold increased risk for late cardiac deaths after total tumor doses of 30–40 Gy, given in 2 Gy fractions, where a large volume of the heart is included in the irradiated field [7]. In addition, radiation exposure of the heart to an average equivalent single dose of approximately 2 Gy significantly increases the risk of developing ischemic heart disease 10 or more years after irradiation [8], and the risk is progressive [9,10]. Women irradiated for breast cancer were also observed to have increased cardiac mortality [7,11,12], but such observation was not replicated in other studies [13,14]. 
Some studies reported that excess cardiovascular morbidity and mortality are only associated with left breast irradiation [15,16], whereas others reported no such difference [13,17-19]. In addition, previous studies reported that inner-quadrant tumors with RT had higher risk of cardiovascular mortality than outer-quadrant tumors after irradiation [17]. Several reviews have investigated the relationship between RT associated with breast cancer and cardiovascular mortality, but the results remain inconclusive [2,20-22]. 
In this study, we aimed to investigate whether RT is associated with a higher incidence of acute coronary syndrome (ACS) in patients with breast cancer and a history of coronary artery disease (CAD). These patients are essentially a subgroup with higher cardiovascular risk. To the best of our knowledge, the risk of ACS in this high-risk segment of patients with breast cancer has never been investigated. 


Patients and Methods
Data Sources
The data analyzed in this study were retrospectively retrieved from the claims of the National Health Insurance Research Database (NHIRD) provided by the National Health Insurance Administration (NHIA), Ministry of Health and Welfare of Taiwan. The NHIRD provided all inpatient and ambulatory medical claims for around 99% of Taiwanese people [23]. The NHIRD covered all inpatient and outpatient claims and medical orders, as well as the information on health care providers, including medical institutions and health care workers. The identification numbers of all health care providers are encrypted to ensure privacy. To ensure the accuracy of claim files, the NHIA performs expert reviews quarterly on a random sample for every 50 to 100 ambulatory and inpatient claims [24]. In Taiwan, the NHIA issues major illness/injury certificates to all patients who suffer from malignant neoplasm, and these patients are exempt from copayment to the NHI if they are admitted for the illness associated with the related malignancy. A major illness/injury certificate can be issued only when the cancer diagnosis is pathologically confirmed. To ensure the accuracy of the diagnosis of malignant neoplasm, we enrolled only those patients with breast cancer by using major illness/injury certificates for the particular admissions or ambulatory cares. Access to research data has been granted by the Review Committee of the National Health Research Institutes. The research protocol has also obtained the IRB approval from Taipei City Hospital (TCHIRB-1020408-E).  
Study cohort
    On the basis of the NHIRD report, a total of 84,657 patients with breast cancer were newly diagnosed (as per the International Classification of Disease, 9th Revision, Clinical Modification, ICD-9-CM code 174.0 to 174.9) between January 1, 1999 and December 31, 2010.We searched the medical claims of all breast cancer patients between 1997 and 2010 to identify those who had a history of coronary artery disease (CAD) (ICD-9-CM code: 410.XX to 414.XX or ICD-9-CM procedure codes: 36.00-36.06 and 36.10-36.19) prior to breast cancer diagnosis. Breast cancer patients who had specific diagnostic codes of ACS including angina (413.9), acute myocardial infarction (AMI) (410.XX), and intermediate syndrome (411.1) or ACS-related procedures, including coronary artery bypass graft, stent insertion, or percutaneous coronary intervention were excluded, resulting in 6,484 patients with first-ever breast cancer diagnosis and had a history of CAD (excluding ACS) included in the study cohort. Exclusion of patients with prior specific diagnosis of ACS was to ensure that any ACS diagnosed after RT was an incident event. We further excluded 875 patients who received no breast surgery and 327 patients who underwent RT (medical order codes: 36011B, 36012B, 36012BA, 36012BB, and 36012BC) at >1 year after breast cancer diagnosis. Finally, 5,282 patients were left in the analysis. Among the study patients, 1,851 had received RT within 1 year after breast surgery (RT group), and 3,431 received no RT. Finally, 5,282 patients were left in the analysis. Among the study patients, 1,851 had received RT within 1 year after breast surgery (RT group), and 3,431 received no RT (control group).  
Follow-up and ascertainment of ACS events 
    All study participants were followed from the date of breast cancer diagnosis to the date of the following 3 events whichever came first, i.e., incidence of ACS, death, and end-of-follow-up (i.e., December 31, 2010).The occurrence of ACS was determined by a discharge diagnosis of unstable angina (ICD-9 CM code: 413.9), acute myocardial infarction (AMI) (ICD-9 CM code, 410.XX), intermediate syndrome (ICD-9 CM code: 411.1), or ACS-related procedures, including coronary artery bypass graft, stent insertion, or percutaneous coronary intervention [25]. The ACS-related procedures were determined by the following ICD-9-CM procedure codes: coronary artery intervention (360.0 to 363.9), percutaneous coronary dilatation (one vessel: 33076B, two vessels: 33077B, and three vessels: 33078B) and implantation of heart assist system (376.0 to 376.7). 
Statistical Analysis
We first compared the characteristics between RT and non-RT groups. A Cox proportional hazard model with adjustment for covariates was conducted to assess the independent effect of RT on the incidence of ACS. In the regression model, the follow-up period was calculated as the time interval between date of breast cancer diagnosis to the date of the following 3 events whichever came first, i.e., incidence of ACS, death, and end-of-follow-up (i.e., December 31, 2010). The assumption of proportionality for the Cox model was graphically examined and verified. We also constructed a life table that demonstrates the ACS-free survival rates for each of the two study groups. 
The covariates considered in the multiple regression model included age, sex, and co-morbidities known to pose risk to cardiovascular disease, including hypertension (ICD-9-CM codes: 401.0 to 405.99), diabetes (ICD-9-CM codes: 250.xx), and hyperlipidemia (ICD-9-CM codes: 272.xx). The analyses were performed with SAS (ver. 9.3, The SAS Institute, Cary, NC.), and a two-side p< 0.05 was considered statistically significant.

Results
	The characteristics of patients are shown in Table 1. There were 1,851 patients had received radiation therapy within 1 year after breast cancer diagnosis. None of them had ever received radiation therapy before breast cancer diagnosis and 288 out of 1,851 patients had received radiation therapy in one year after breast cancer diagnosis as well. The RT group comprised patients who were younger and had a lower percentage of total mastectomy than the non-RT group. The percentages of hypertension, diabetes, and hyperlipidemia were also lower in the RT group than in the non-RT group.
After a maximum of 12 years of follow-up, 110 patients with RT and 266 patients without RT experienced ACS events, with an incidence rate of 1.51 and 1.77 per 100 person-years, respectively (Table 2). The cumulative ACS-free rate for the RT group was estimated at 0.6528 after the follow-up period. The corresponding figure for the non-RT group was lower, at 0.6160 (Table 3).
The multiple regression indicated that the patients with RT were significantly associated with an increased hazard of ACS, with an adjusted HR of 1.48 (95% confidence interval (CI): 1.18–1.87). It also indicated that both hypertension and diabetes were associated with significantly increased hazards of ACS events, with an adjusted HR of 3.31 (95% CI: 1.94–5.66) and 1.50 (95% CI: 1.19–1.89), respectively. (Table 2) We also noted that approximately 25% (305 out of 1242 patients) of patients did not receive RT after partial mastectomy.


Discussion
This cohort study demonstrated that patients with breast cancer and a history of CAD had a 1.49-fold higher incidence of ACS after RT. Such increased incidence was independent of patient age and co-morbid diabetes, hypertension, and hyperlipidemia. Older age, diabetes, and hypertension were also associated with increased incidence of ACS in breast cancer survivors. Diabetes was associated with 1.52 higher incidence of ACS, which is similar to previous Framingham Heart Study results [26]. These findings suggested that RT may pose equal contribution as diabetes to the incidence of ACS in patients with breast cancer and a CAD history, which warrants careful administration of RT. 
Several previous studies showed that radiation may increase cardiovascular morbidity and mortality [11,12,16,27]. Clarke et al. [3] conducted a meta-analysis of randomized trials that assessed the effects of RT in patients with early-stage breast cancer on local cancer recurrence and 15-year survival; they reported 1.27 excess mortality of heart disease from radiation exposure and 4.4% increase in overall survival. In addition, Cuzick et al. [28] found an excess risk of CAD associated with exposure of left breast to radiation. Paszat et al. [29] also reported a significantly higher risk of AMI associated with RT to the left breast, with an HR of 1.96 among patients aged ≥60 years. The strengths of the study by Paszat et al. included adjustment for history of smoking and knowledge of anterior internal mammary node radiation status. Although we were unable to account for the role of smoking in our analysis, the prevalence of smoking among women in Taiwan is considered low (<5%) [30]. 
Darby et al. reported that the risk of ischemic heart disease increases within the first 5 years after RT for women with breast cancer and that the risk persists into the third decade after RT [16]. Our study showed similar results where the ACS event rate dramatically increased from 1.1 per 1,000 person-years in the first 2 years after RT to 18.8 and 47.0 per 1,000 person-years in 2 to 4 years and 4 to 6 years after RT, respectively.
   Despite the above similarities, our results contradict with findings from several previous studies. Darby et al. [31] analyzed the SEER data and reported excess mortality of AMI and other ischemic heart disease associated with exposure to radiation on the left-sided breast tumor during 1973 to 1982, but no such findings were obtained after 1983. They reported that the standardized cardiac mortality ratio after RT for early breast cancer decreased from 1.20 in 1983 to 0.96 in 2001 [31]. Vallis et al. [13] also compared the potential cardiovascular effect from radiation exposure between left-sided versus right-sided breast cancer. They concluded no evidence for excess AMI after RT at 10.2 years of follow-up. Comparison of study findings between our study and previous ones is difficult because of dissimilarity in eligibility of study patients. Previous studies focused on various types of heart diseases, such as diseases of pulmonary circulation and acute rheumatic fever, before breast cancer diagnosis [3]. The present study primarily focused on the history of CAD in patients with breast cancer. Besides, most previous studies assessed the risk of heart disease from exposure to RT in general patients with breast cancer [3,10,12,13,23,27,29]. The present study focused on a subgroup of breast cancer patients who are believed to be at a greater risk of ACS. This subgroup of patients was frequently encountered during daily clinic practices because of the high prevalence of CAD [32], and concern over these patients is of particular imperative.
We unexpectedly found that approximately 25% (305 out of 1,242 patients) of patients with breast cancer did not receive RT after partial mastectomy. Breast cancer surgery followed by RT decreases local recurrence by a magnitude from 39.2% to 14.3% after a 20 year follow-up period as compared with operation alone [33] and is now considered to be a standard therapy. Tuttle et al. [34] reported that omission of RT significantly increases from 1992 (15.5%) to 2007 (25.0%); RT has also been associated with increased disease-free and overall survivals. The reason for not receiving RT for such a large number of patients remains unknown. One possible reason might be the fear of patients from being at a higher risk of cardiovascular disease. Our study suggests an excess incidence of ACS in breast cancer patients with a CAD history, which could compromise, at least to some extent, the benefit of RT after breast cancer surgery. 
Mediastinal radiation could be broadly separated into three parts, namely, extensive (Hodgkin disease), variable (e.g., non-Hodgkin lymphoma and lung cancer), and tangential (breast cancer). The mechanisms by which long-term RT interacts with cardiovascular system are largely unknown [7]. Certain cytokines and growth factors have been implicated to play roles [35]. RT exerts detrimental effects on systolic and diastolic cardiac function at 4 to 6 weeks after RT [36]. Other studies reported that radiation for breast cancer is linked to narrowing of the coronary arteries [37,38] or cardiac perfusion defects 6 months later [39]. Novel techniques have been studied to decrease the radiation dosage to the heart, including end-inspiration-gated radiotherapy [40] or other respiratory maneuvers [41]. An increasing trend was also observed for omission of the internal mammary field, which presumably increases the dose to the heart [42]. Experimental evidence showed that radiation doses >2 Gy, in combination with elevated cholesterol levels, might initiate atherosclerosis and predispose to an inflammatory plaque phenotype [7]. However, the average heart doses <5 Gy are not associated with significantly increased risk of cardiovascular morbidity [31, 43]. Modern radiotherapy, especially with deep inspiration breath–hold techniques, can reduce the averaged doses over the whole heart from 3 Gy to 17 Gy[21] to < 2Gy [44].
[bookmark: _GoBack] To the best of our knowledge, this study is the first to investigate the incidence of ACS in patients with breast cancer and a history of CAD. The strengths of our study included a large and representative study sample. The claim data-based population study also had minimal chance for loss to follow-up of the study sample. Nevertheless, some limitations should be noted. First, we ascertained the ACS events from medical claims, which could under-report the incidence of ACS because some patients who developed first-time ACS events might die before they can be sent to emergency rooms. Such under-report may occur to both patients with or without RT, and such non-differential misclassification would lead to an underestimation rather than overestimation of HR. Second, we used solely diagnostic codes to determine ACS, which may entail, at least to some extent, certain degrees of information bias. Again, the chance of over- or under-ascertainment of ACS is likely to be similar in both RT and non-RT groups (i.e., non-differential), which would bias the relative risk estimate toward the null, and should not be a valid argument for the observed positive association of RT with incidence of ACS. Third, we were unable to completely adjust for some important risk factors for ACS such as exercise, smoking, and overweight, which are not available from medical claims. Fourth, we could not evaluate the cardiovascular effects associated with trade and doses of radiation because details about the irradiated volume, such as internal mammary lymph nodes and anterior boost volume to the left breast, were not be available from medical claims. We also did not separately assess the effect of RT on left- and right-sided breast cancer. Fifth, we could not obtain information on cancer staging from medical claims. However, most of our study samples are believed to be early-stage breast cancer patients, who normally require surgery. Moreover, chemotherapy may cause premature menopause, which might consequently increase the incidence of CAD. Failure to include the specific chemotherapy drugs in the analyses also warrants further investigation. 
In summary, this study involving nearly 12 years of follow-up noted an excess of ACS events in patients who had a history of CAD and received RT for breast cancer. Careful management of RT in this high-risk segment of patients with breast cancer should be evaluated for the potential survival benefit. 
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Table 1. Characteristics of patients with breast cancer and with or without RT within one year after operation.
	
	With RT
(n = 1,851)
	Without RT
(n = 3,431)
	p-value*

	
	n
	%
	n
	%
	

	Median age (years), range 
	59, (34-95)
	
	64, (28-99)
	
	<0.0001

	Female
	1848
	99.84
	3425
	99.83
	0.9143

	Partial mastectomy
	937
	50.62
	305
	8.89
	<0.0001

	Total mastectomy
	914
	49.38
	3126
	91.11
	<0.0001

	RT, linear accelerator teletherapy
	
	
	
	
	

	Each simple portal
	1841
	99.46
	0
	
	

	Each complex portal
	324
	17.50
	0
	
	

	CAD risk factors
	
	
	
	
	

	Hypertension
	1361
	73.53
	2852 
	83.12
	<0.0001

	  Diabetes mellitus
	896
	48.41
	1871
	54.53
	<0.0001

	  Hyperlipidemia 
	1281
	69.21
	2484
	72.40
	0.0144


* Based on Wilcoxon rank sum test or Pearson’s 2 test 


27


Table 2. Incidence rate and HRs of acute coronary syndrome for in relation to radiation and covariates. 
	Variables
	n
	Person-years
	Incidence rate a
	
	Adjusted HR b
	p-value

	
	
	
	Estimate
	95% CI
	
	Estimate
	95% CI
	

	Radiation
	
	
	
	
	
	
	
	

	 No
	266
	15070.36
	1.77
	1.56-1.99
	
	1.00
	
	

	 Yes
	110
	7269.62
	1.51
	1.24-1.82
	
	1.48
	1.18-1.87
	0.0007

	Hypertension
	
	
	
	
	
	
	
	

	 No
	15
	4425.98
	0.39
	0.19-0.56
	
	1.00
	
	

	 Yes
	361
	17913.99
	2.02
	1.81-2.23
	
	3.31
	1.94-5.66
	<.0001

	Diabetes mellitus
	
	
	
	
	
	
	
	

	 No
	112
	10334.92
	1.08
	0.89-1.30
	
	1.00
	
	

	 Yes
	264
	12005.05
	2.20
	1.94-2.48
	
	1.50
	1.19-1.89
	0.0005

	Hyperlipidemia
	
	
	
	
	
	
	
	

	 No
	66
	5968.26
	1.11
	0.86-1.41
	
	1.00
	
	

	 Yes
	310
	16371.72
	1.89
	1.69-2.12
	
	1.02
	0.77-1.35
	0.8845

	Age (years)
	
	
	
	
	
	
	
	

	<50
	21
	3555.38
	0.59
	0.37-0.90
	
	1.00
	
	

	  50－<65
	116
	9681.89
	1.20
	0.99-1.44
	
	1.62
	1.01-2.60
	0.0045

	≧65
	239
	9102.70
	2.63
	2.30-2.98
	
	3.45
	2.17-5.47
	<.0001

	
	
	
	
	
	
	
	
	

	Total
	376
	22339.97
	1.68
	1.52-1.86
	
	
	
	


a No. of cases per 100 p-y
b Estimated from the Cox model that simultaneously included radiation, hypertension, diabetes mellitus, and age in the model. 

Table 3. Cumulative event-free rate of patients with breast cancer who received RT.
	Follow-up (years)
	Radiation
	
	No radiation

	
	No. of ACS
	Event rate
	Cumulative event-free rate
	
	No. of ACS
	Event rate
	Cumulative event-free rate

	0–2
	2
	0.0011 
	0.9989 
	
	3
	0.0009 
	0.9989 

	2–4
	28
	0.0188 
	0.9801 
	
	57
	0.0207 
	0.9782 

	4–6
	35
	0.0470 
	0.9341 
	
	60
	0.0358 
	0.9432 

	6–8
	28
	0.0798 
	0.8595 
	
	63
	0.0664 
	0.8806 

	8–10
	12
	0.0870 
	0.7848 
	
	52
	0.1135 
	0.7806 

	10–12
	5
	0.1613 
	0.6582 
	
	31
	0.2109 
	0.6160 







 (
Patients with first-ever breast cancer diagnosis from Jan 1, 1999 to Dec 31, 2010 
n 
= 84,657
)

 (
Inclusion
:
Those with 
a 
history of coronary artery disease (CAD)
, but not acute coronary syndrome (ACS)
n
=
15,580
)
	
 (
Patients with first-ever breast cancer diagnosis from Jan 1, 1999 to Dec 31, 2010 and had a history of CAD, 
n
=6,484
n
=
15,580
)


 (
Exclusion
:
875 patients who received no breast surgery
327 patients who underwent radiation therapy (RT) at >1 y after breast cancer diagnosis
)


 (
Study cohort, 
n
=5,282
)


 (
Patients with breast cancer who 
received no RT
 after breast surgery,
 n 
= 3,431
) (
Patients with breast cancer who 
received RT
 within one year after breast surgery, 
n 
= 1,851
)


 (
Followed to the end of 2010
)

 (
Patients admitted for 
acute coronary syndrome
n
=266
) (
Patients admitted for 
acute coronary syndrome
n
=110
)


Figure 1. Flow chart of selection and follow-up of study participants.
