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Treatment of Cancer, Tokyo, Japan O Abe, T Ikeda, K Inokuchi, K Kikuchi, K Sawa. Kawasaki 
Medical School, Japan H Sonoo. Krakow Institute of Oncology, Poland S Korzeniowski,  
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University Medical Center, Netherlands E Bastiaannet, C J H van de Velde, W van de Water, 
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Genoa, Italy on behalf of GROCTA trialists F Boccardo, A Rubagotti. University College 
London, UK M Baum, S Forsyth, A Hackshaw, J Houghton, J Ledermann, K Monson, JS Tobias. 
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Germany H Caffier.  

Lancet 2011; 378:771 



4 

Breast cancer mortality in 17 randomised trials  of   
radiotherapy (RT) after breast conserving surgery (BCS)  

 
1050 pN+ women                                 7287 pN0 women 

 
 

EBCTCG. Lancet 2011; 378:1707 
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Irradiating heart  
  

Shielding breast 

Need to balance absolute benefit and absolute risk  



To produce clinically useful results on 
the absolute risk of radiotherapy 
related heart disease we need: 

ÅData on large numbers of women  

ÅData on non-fatal as well as fatal events 

ÅMore detailed studies: 

ïMedical history at time of cancer diagnosis 

ïInformation on dose of radiation to the heart 

 



Cardiac mortality in 300 000 breast cancer patients in the US SEER 
cancer registries: mortality ratios, irradiated vs. not (95 % CIs) 

 

Calendar year 

of diagnosis  

 

Certified cause of death:  heart disease 

Breast conserving 

surgery 

Mastectomy All women 

All years 0.53 (0.48-0.58) 1.41 (1.34-1.48) 1.03 (0.98-1.07) 

ï  308 861 US women with breast cancer 1973-2001 followed until 1 Jan 2002 
ï-12,000 deaths from heart disease 
ï  37% irradiated 
ï  Analyses stratified for age, year of diagnosis, time since diagnosis and race 
 

                                                                                                          McGale & Darby Int J Epidemiol 2008; 37:518-523 
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***** WARNING *****  
The comparison of irradiated and unirradiated women outside the context of a randomised 

trial does not provide information about the risk of radiation-related heart disease 

 



Breast and nodal radiotherapy fields 
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SEER data: Left versus right-sided breast cancer: 
subsequent mortality ratios by radiotherapy status 

 

 

 
 

Darby et  al, Lancet  Oncology 2005;  6:557-65 



To produce clinically useful results on 
the absolute risk of radiotherapy 
related heart disease we need: 

ÅData on large numbers of women  
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ÅMore detailed studies: 

ïMedical history at time of cancer diagnosis 

ïInformation on dose of radiation to the heart 

 



13 

Supported by funding to the Oxford University Clinical Trial Service Unit from Cancer Research UK, the British Heart 

Foundation, and the UK Medical Research Council and by grants from the European Commission (FI6R-012796), the UK 

Department of Health (RRX 108), the British Heart Foundation Centre for Research Excellence (CRE RE/08/004, to DC), 

and the Oxford National Institute for Health Research Biomedical Research Centre (to KR). 



Left-sided versus right-sided breast cancer: heart disease incidence ratios 
in women given adjuvant radiotherapy for breast cancer 

     
    Radiotherapy   

  
Number of  Incidence  ratio,  

 Disease category  events left/right left vs. right  (95% CI) P 

  

 
n=17,912/16,913 

  
          

     

    Ischaemic heart disease 878/712 1.18 (1.07-1.30) 0.001 

    Hypertensive heart disease 209/182 1.11 (0.91-1.35) 0.32 

    Pulmonary embolism  165/148 1.08 (0.86-1.35) 0.51 

    Pericarditis  60/36 1.61 (1.06-2.43) 0.03 

    Valvular heart disease  94/60 1.54 (1.11-2.13) 0.009 

    Other rheumatic heart disease  2/2 0.82 (0.11-5.90) 0.84 

    Acute endocarditis  8/7 1.07 (0.39-2.97) 0.89 

    Myocardial disease  37/37 0.99 (0.63-1.57) 0.97 

    Conduction disorders & arrythmias  445/453 0.94 (0.82-1.07) 0.35 

    Cardiac arrest  36/27 1.28 (0.78-2.12) 0.33 

    Heart failure  310/315 0.95 (0.81-1.11) 0.51 

    Other & ill defined heart disease   31/37 0.78 (0.48-1.26) 0.30 

    All heart disease 2275/2016 1.08 (1.02-1.15) 0.01 
          

  

Analyses based on first diagnosis of any type of heart disease after diagnosis of breast cancer. 

*Results similar considering any diagnosis of acute myocardial infarction (rather than just first diagnosis): 
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McGale et al, Radiother  Onc 2011; 100: 167-75 
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Population-based case-control study of 

major coronary events (MCEs) 

ÅPopulation: Women irradiated for breast cancer       
(Denmark: 1977-2006, Stockholm: 1958-2002) 

Å963 MCEs (ie, incident MI, coronary revascularisation, or IHD death)   

Å1205 controls matched for country, age, calendar 
period and time since (ie with no MCE at least until the time since 
cancer diagnosis of the case MCE) 

Å Information on tumor characteristics and medical 
history at time of bc diagnosis 

ÅCardiology records sought for all cases to verify 
diagnoses 

 NEJM 2013; 368:987-98 
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Taylor et al,  Rad Onc  2011 

Å  Detailed dose-plan for each woman reconstructed on modern planning system  

Å  97 x 2 different regimens reconstructed using CT-scan for patient with typical anatomy  

Å  Mean physical dose to whole heart estimated from dose-volume histogram  

Å LAD coronary artery and mean EQD2 also estimated 
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Case-control study of MCEs in women irradiated for breast cancer 
Method of analysis 

 
 

 

¶ Data stratified by country, age at breast cancer diagnosis, year of breast cancer 
diagnosis, years from breast cancer diagnosis to first subsequent MCE (cases) 
or index date (controls) (all in 5-year groups) and presence of a cardiac risk 
factor.  

 

¶ Proportional increase in the MCE rate per Gy modelled as:   

Bs (1+ KX) 

where  

X is cardiac radiation dose  in Gy  

K is the percentage increase in MCE rate per Gy 

Bs is the stratum-specific MCE rate for women with no RT  
 

¶ Estimation K using logistic regression conditional on stratum totals. 

NEJM 2013; 368:987-98 



7.4% increase per Gy  
(95% CI 3-14; p=0.0001)  

Radiation Associated Cardiac Events (RACE) 

Dose-response relationship for major coronary events 

NEJM 2013; 368:987-98 



 

 

Association between cardiac risk factors and  
subsequent rate of major coronary events  

in women irradiated for breast cancer 
 

 
Rate ratio* 2p 

   
   History of IHD No 1.0À 0.00004 
 Yes 6.7  
    

   Circulatory disease 
   other than IHD 
   disease 

No 1.0 0.0003 
Yes 1.5  

    
    History of diabetes No 1.0 <0.00001 
 Yes 3.2  
    

    History of COPD No 1.0 0.00007 
 Yes 6.3  
    
   Current smoker  No 1.0 0.00002 

Yes 1.9  
       Body mass index  (kg/m

2
) <30 1.0 0.002 

30+ 1.6  
       Analgesic medication No 1.0 0.02 

Yes 1.6  
    

Any cardiac risk factor No 1.0 <0.00001 
 Yes 2.2  
    

 

*Estimated by logistic regression after stratification for country, age at cancer diagnosis,  
year of cancer diagnosis, and years from cancer diagnosis to first subsequent MCE (cases)  
or index date (controls) 
 

À Category listed first is baseline 
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Percentage increase in MCE rate per Gy mean heart 
dose for women with and without cardiac risk factors 

at time of breast cancer diagnosis 
 

 

Average 
dose to 

heart 
(Gy) 

% increase 
in MCE rate 

per Gy 
(95%CI) 

2p for 
difference 

     

  Cardiac risk factor  No 
 
 

5.1 7.4 (2.0-20.3) 0.99 

Yes 4.9 7.4 (1.2-20.1)  

     
 
*Estimated by regression after stratification for country, age at cancer diagnosis, year 
of cancer diagnosis, and years from cancer diagnosis to first subsequent MCE (cases) 
or index date (controls) 
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Percentage increase in rate of major coronary 
events (MCEs) per Gy mean dose to whole 
heart by years since exposure to radiation. 
 
 

  
Median time from breast cancer diagnosis to start of RT: 42 days 
 

Estimated by regression after stratification for country, age at breast cancer 
diagnosis, year of breast cancer diagnosis, and years from breast cancer 
diagnosis to first subsequent MCE (cases) or index date (controls) and with 
adjustment for presence of a cardiac risk  
 

ɢ
2
 for heterogeneity: 6.7 on 3 df, 2p=0.08 
ɢ

2
 for trend: 1.7 on 1 df, 2p=0.19 NEJM 2013; 368:987-98 



 

 

Excess rate ratios (ERRs) for a major coronary event (MCE) 
 

 

Mean heart dose                    Equivalent mean heart dose in 2 Gray fractions 

     
 

 

 

Doses estimated from dose-volume histograms.  Solid lines calculated using dose estimates for individual women. Circles calculated for 
categories of women. Vertical lines are 95% CIs. Baseline is 0 Gy  
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 (95% CI 3-14; p=0.0001) 
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 (95% CI 3-14; p=0.0001) 





 

 

Mean doses (Gy) to whole heart and LAD coronary artery 

 

    
Average 

mean 
dose 

Correlation  
with mean 

dose to 
whole heart 

  
 

 

 

Whole heart  4.9 - 

 
  

 

 

EQD2 to whole heart 3.9 0.98 

 
  

 

 

LAD 9.4 0.76 

     
 

 
Doses estimated from dose-volume histograms  
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7.4% increase per Gy  
(95% CI 3-14; p=0.0001)  

Radiation Associated Cardiac Events (RACE) 

Dose-response relationship for major coronary events 
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Radiation Associated Cardiac Events (RACE) 
 

1.9% 

2.4% 
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3.4% 

Illustrative calculations for a woman aged 50 at RT 
 

Death from IHD 

 

 



 

 

Radiation Associated Cardiac Events (RACE) 
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Illustrative calculations for a woman aged 50 at RT 
 

Incident IHD 

 

 

4.5% 

5.4% 

7.7% 


