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 Meta analysis of all randomized breast cancer trials initiated before 1975 in 

which radiotherapy was the randomized option and surgery was the same 

for both treatment arms. 

 No chemo

 Patients who underwent radical mastectomies and received 

postmastectomy radiation had poorer outcomes. 

 62% increase in cardiac deaths in women who received radiation

 “A divergence in favor of patients not given radiotherapy is apparent in 

the radical mastectomy trials after approximately 15 years”

Cuzick JCO 1994



Cuzick JCO 1994



Takeaways

 Risk appeared to be related to the 

large doses and extensive fields

 The three big studies showing the 

most dramatic cardiac impact  

utilized Cobalt 60 units which 

delivers large doses to the 

myocardium especially for those 

who underwent radical mast.  

 Several studies treated 

comprehensive nodes thus 

increasing exposure to the heart 

and coronary arteries.

ResearchGate.net





 SEER data from 1973–2000

 Women (n = 27,283) treated with adjuvant 
radiation for breast cancer diagnosed in 1973–
1989 were included in the study.

 Ischemic heart disease mortality was calculated 
at 15 years and compared for women 
diagnosed during 1973– 1979, 1980–1984, and 
1985–1989.

 13,998 women with left-sided and 13,285 with 
right-sided cancer

Giordano. JNCI 2005



 No differences in age, race/ethnicity, disease stage, or follow-up 

time.

 Dx in 1973– 1979, there was a statistically significant difference in 15-

year mortality from ischemic heart disease between patients with left-

sided (13.1%, 95% confidence interval [CI] = 11.6 to 14.6) and those 

with right-sided (10.2%, 95% CI = 8.9 to 11.5) breast cancer (P = .02).

 No such difference was found for women diagnosed in 1980–1984 or 

1985–1989. 

 In the Cox model, the hazard ratio [HR] for ischemic heart disease 

mortality for women with left-sided versus women with right-sided 

disease was 1.50 (95% CI = 1.19 to 1.87) in 1979. 

 This declined by 6% with each succeeding year after 1979.

Giordano. JNCI 2005



Not so fast…





 Population-based case-control study of major coronary events (i.e., 

myocardial infarction, coronary revascularization, or death from 

ischemic heart disease)

 2168 women who underwent radiotherapy for breast cancer 

between 1958 and 2001 in Sweden and Denmark

 963 women had known major coronary events and 1205 served as 

controls.

Darby. NEJM 2013



 Women irradiated for cancer of 

the left breast had higher rates of 

major coronary events than 

women irradiated for cancer of 

the right breast (P=0.002)

 The overall average of the mean 

doses to the whole heart was 4.9 

Gy (range, 0.03 to 27.72). 

 Rates of major coronary events 

increased linearly with the mean 

dose to the heart by 7.4% per gray 

(95% confidence interval, 2.9 to 

14.5; P<0.001), with no apparent 

threshold.

Darby. NEJM 2013



 The risk started to increase within the first 5 years after exposure and 

continued for at least 20 years. 

 The rate of major coronary events was higher among women with 

cardiac risk factors than among those without such risk factors

Darby. NEJM 2013



 The increase is proportional to the mean dose to the heart with no 

threshold in sight.

 Begins within a few years after exposure and continues into the third 

decade after completing radiation therapy.

 Women with preexisting cardiac risk factors have greater absolute 

increases in risk from radiotherapy than other women

Darby. NEJM 2013





Ways to mitigate cardiac exposure

@ FHCC 

 Accelerated partial breast irradiation (APBI)

High dose rate Brachytherapy

External beam radiotherapy

 Deep Inspiration Breath Hold with daily Surface 

Guided Radiation therapy

 Prone technique

 Proton therapy



APBI



APBI
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DIBH with daily SGRT

Mayo



DIBH with daily SGRT

Left: Axial image of a whole breast plan. Right: Coronal image of a whole breast plan. 
Free breathing heart orange, Breath hold heart pink

FHCC



DIBH with daily SGRT
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DIBH with daily SGRT

 Patient treatment setup and real 

time monitoring with C-RAD

 Entire treatment completed 6.5 min

FHCC



DIBH with daily SGRT

Left: Patient setup with SGRT. Right: Snippet from monitoring report. Shortly after the beam 
comes on at t»3 min, sudden patient movement takes place. Once the pre-

determined motion threshold of 5 mm was reached the motion vector turns red and the 

beam automatically shuts off.
FHCC



Prone

FHCC



Prone
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Protons (PBS)



Protons (PBS)

 Highly conformal targeting of dose 

to the high risk tissues with 

dramatic sparing of the organs at 

risk.

AAMD



Protons (PBS)

FHCC



conclusions

 We have learned from the past

 Several modalities to mitigate cardiac exposure 

 APBI, DIBH with SGRT, prone and protons

 Post therapy surveillance?

 No consensus at this time however consider long term 

surveillance if patient manifests with cardiac symptoms 




