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• Breast cancer is one of the most common 
malignancies among women (1.4 million cases/year) 

• Long-term cause-specific survival has improved 
significantly over the past few decades 

• More patients at risk of developing chronic toxicities 
associated with their care 

• Cardiac toxicity could reduce their survival 

BACKGROUND 

Lee MS et al. Cardiovascular complications of radiotherapy. Am J Cardiol 2013;112:1688–96. 
Kanapuru B et al. Long-term survival of older breast cancer patients: population-based estimates over three decades.  

Breast Cancer Res Treat 2012;134:853–7. 



BACKGROUND 

 Duma  MN et al.  From heart to heart for breast cancer patients—cardiovascular toxicities in 
breast cancer radiotherapy.  Strahlenther Onkol 2014 · 190:5–7 
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• Heart atlas and Cardiac radiation dose 

• Reduction in cardiac exposure: 

    Which technique? 

– IMRT and Arc Therapy 

– Proton Beam Therapy 

– Prone breast radiotherapy 

– Deep-inspiratory Breath-hold 

OUTLINE 



Heart Contouring 

 Feng M et al. Development and validation of a heart atlas to study cardiac exposure to radiation following treatment for 
breast cancer.  J. Radiation Oncology Biol. Phys., Vol. 79, No. 1, pp. 10–18, 2011 



Heart Contouring 

 Nielsen MH et al. Delineation of target volumes and organs at risk in adjuvant radiotherapy of early breast cancer: National guidelines and 
contouring atlas by the Danish Breast Cancer Cooperative Group. Acta Oncologica; 52: 703–710. 2013 



Heart Contouring 

2013 



Cardiac dose constraints 

 Nielsen MH et al. Delineation of target volumes and organs at risk in adjuvant radiotherapy of early breast cancer: National guidelines and 
contouring atlas by the Danish Breast Cancer Cooperative Group. Acta Oncologica; 52: 703–710. 2013 



Cardiac dose constraints 



Heart dose from breast cancer RT 

2015 

Variability affected by:  
• Tecnique 
• More extensive targets 
• Unfavorable anatomy 
• Interobserver variation in cardiac contouring 

Whole-heart dose:  the most commonly reported measure 



Heart dose from breast cancer RT 

PBI WBI WBI+SCF WBI+SCF+IMC 

Average mean heart dose 

1.1 Gy 3.7 Gy 6.1 Gy 8.5 Gy 



• Heart atlas and Cardiac radiation dose 

• Reduction in cardiac exposure: 

    Which technique? 

– IMRT and Arc Therapy 

– Proton Beam Therapy 

– Prone breast radiotherapy 

– Deep-inspiratory Breath-hold 

OUTLINE 



IMRT and Arc Therapy 

… “2-F IMRT plan has demonstrated 
the combined advantages in PTV dose 
coverage and dose drop to most 
normal tissue involved in our research, 
besides for the heart and coronary 
artery. So we suggest employing 2 F-
IMRT plan for left breast cancer 
radiotherapy after breast-conserving 
surgery”. 



IMRT and Arc Therapy 

Taylor CW, Wang Z, Macaulay E et al. Exposure of the Heart in Breast Cancer Radiation Therapy: A Systematic Review of 
Heart Doses Published During 2003 to 2013 .Int J Radiation Oncol Biol Phys, Vol. 93, No. 4, pp. 845e853, 2015 



IMRT and Arc Therapy 

The high doses 
delivered to the heart 
and the LCA (illustrated 
by the D2%) were 
reduced using the 
VMAT plans. The mean 
dose to the heart was 
acceptable using the 
VMAT plans, but this 
was even lower using a 
forward-planned multi-
segment technique 
with a monoisocenter 



IMRT and Arc Therapy 

… “VMAT improved PTV coverage and dose homogeneity, but 
clinical benefits remain unclear. Decreased dose exposure of 
the LCA may be clinically relevant. VMAT could be used for 
complex treatments difficult with conventional techniques. 
Patient age should be considered because of uncertainties 
concerning secondary malignancies”. 

 Tyran M et al. Volumetric-modulated arc therapy for left-sided breast cancer and all regional nodes improves target 
volumes coverage and reduces treatment time and doses to the heart and left coronary artery, compared with a field-in-

field technique Journal of Radiation Research, Vol. 56, No. 6, 2015, pp. 927–937 



IMRT and Arc Therapy 

Taylor CW, Wang Z, Macaulay E et al. Exposure of the Heart in Breast Cancer Radiation Therapy: A Systematic Review of 
Heart Doses Published During 2003 to 2013 .Int J Radiation Oncol Biol Phys, Vol. 93, No. 4, pp. 845e853, 2015 
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Proton Beam Therapy 

2015 

… “These patients were not part of a clinical trial. Patients were 
generally referred because of unfavorable cardiopulmonary 
anatomy. Postlumpectomy patients were not offered treatment 
if large breast size (defined as having breast anatomy that was 
prone to significant interfraction mobility) would preclude 
accurate setup”. 



Proton Beam Therapy 

Cuaron JJ et al. Early Toxicity in Patients Treated With Postoperative Proton Therapy for Locally 
Advanced Breast Cancer. Int J Radiation Oncol Biol Phys, Vol. 92, No. 2, pp. 284-291, 2015 



Proton Beam Therapy 

Taylor CW, Wang Z, Macaulay E et al. Exposure of the Heart in Breast Cancer Radiation Therapy: A Systematic Review of 
Heart Doses Published During 2003 to 2013 .Int J Radiation Oncol Biol Phys, Vol. 93, No. 4, pp. 845e853, 2015 
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Prone breast radiotherapy 

2015 



Prone breast radiotherapy 

“Our data suggest that, in larger-breasted women, supine VBH treatment is better at 
sparing cardiac tissues and more reproducible than treatment using a free-breathing 
prone technique. Patients find VBH more comfortable than the prone position. 
Treatment setup and total treatment session times are shorter with VBH”. 

Results (sVBH vs. pFB) 
 
- Heart NTDmean 0.44 vs. 0.66 
(p < 0.001) 
- LAD NTDmean 2.9 vs. 7.8 
(p < 0.001) 
- LAD max 21.0 vs. 36.8  
(p < 0.001) 

Bartlett FR et al. The UK HeartSpare Study (Stage IB): Randomised comparison of a voluntary breath-hold technique 
and prone radiotherapy after breast conserving surgery. Radiotherapy and Oncology 114 (2015) 66–72 



Prone breast radiotherapy 

2015 

Materials and methods 
 

12 pts (EC) received four computed tomography (CT) scans: 
supine and prone position, both with and without the DIBH maneuver 
These pts were treated in supine position with the breath hold maneuver if indicated. 
38 pts  (VC) received only two planning CT scans: 
prone SB and prone DIBH. 
8 were treated  in prone SB, the last 30 patients were accepted for prone DIBH treatment. 



Prone breast radiotherapy 

Reductions in heart Dmean with prone 
DIBH compared to prone SB according to 
breast volume <750 cc (18 patients), 750–
1500 cc (22 patients) and >1500 cc (10 
patients) were 1.3, 0.7 and 0.4 Gy, respectively. 
 
Conclusion: Prone position has already shown 
to be superior for heart sparing in the majority 
of patients, but prone DIBH seems to even 
further reduce the heart dose. This opens the 
window for prone treatment in a specific 
subgroup of (small breasted) patients in which 
higher heart doses in prone than supine 
position were observed. 



Prone breast radiotherapy 

Taylor CW, Wang Z, Macaulay E et al. Exposure of the Heart in Breast Cancer Radiation Therapy: A Systematic Review of 
Heart Doses Published During 2003 to 2013 .Int J Radiation Oncol Biol Phys, Vol. 93, No. 4, pp. 845e853, 2015 



• Heart atlas and Cardiac radiation dose 

• Reduction in cardiac exposure: 

    Which technique? 

– IMRT and Arc Therapy 

– Proton Beam Therapy 

– Prone breast radiotherapy 

– Deep-inspiratory Breath-hold 

OUTLINE 



Deep-inspiratory Breath-hold 

2015 

10 studies 
The largest with 87 pts 
Mean heart reductions similar when comparing IMRT and 3DRCT 
3 studies with more extensive targets (SCF or IMC) 



Deep-inspiratory Breath-hold 

Smyth LM et al. The cardiac dose-sparing benefits of deep inspiration 
breath-hold in left breast irradiation: a systematic review. J Med Radiat Sci 62 (2015) 66–73 

• There are no studies to date investigating the clinical outcomes of 
using DIBH for left breast irradiation. Therefore, there are no data 
available to assess the impact of DIBH on the rate of late cardiac 
toxicities 
• The mean heart dose in the DIBH plans ranged from 1.3 Gy to 3.9 
Gy which may equate to an increased heart disease risk of only 5.2–
15.6% 
• The dosimetry of these plans must be accurately translated to the 
delivered dosimetry during treatment in order for these benefits to 
be realised 
• A limited number of studies reporting on small cohorts have 
investigated the reproducibility and stability of DIBH. These studies 
agree that the inter-fraction and intra-fraction variability in set up 
position when using DIBH is small 



Deep-inspiratory Breath-hold 

2015 

All patients receiving WBRT alone met the mean heart dose constraint of <4 Gy 
on free breathing planning, while only slightly over half of patients receiving 
regional nodal irradiation were able to meet this constraint in free breathing. 
DIBH is justified for all patients receiving RT for left-sided breast cancer, but as a 
minimum, should be used regularly for all left-sided breast cancer patients 
receiving breast/chest wall RT plus nodal RT. 



Deep-inspiratory Breath-hold 

Taylor CW, Wang Z, Macaulay E et al. Exposure of the Heart in Breast Cancer Radiation Therapy: A Systematic Review of 
Heart Doses Published During 2003 to 2013 .Int J Radiation Oncol Biol Phys, Vol. 93, No. 4, pp. 845e853, 2015 



Risks against benefits 

Taylor CW, Wang Z, Macaulay E et al. Exposure of the Heart in Breast Cancer Radiation Therapy: A Systematic Review of 
Heart Doses Published During 2003 to 2013 .Int J Radiation Oncol Biol Phys, Vol. 93, No. 4, pp. 845e853, 2015 

Benefits 
After BCS, RT reduces 

the absolute risk of 
breast cancer death  

at 15 years by 4% 

Risks 
50 years of age at RT ,  
no cardiac risk factors 

mean heart dose of 4 Gy 
the absolute risk of 

radiation-related ischemic 
heart disease would be 0,6% 

for mortality 

Benefits 
In node-positive disease,  

PMRT reduces 
the absolute risk of 

breast cancer death  
at 15 years by 7% 

Risks 
50 years of age at RT ,  
no cardiac risk factors 

mean heart dose of 8 Gy (including IMC) 
the absolute risk of 

radiation-related ischemic 
heart disease would be 1,2% 

for mortality 



Risks against benefits 

Taylor CW, Wang Z, Macaulay E et al. Exposure of the Heart in Breast Cancer Radiation Therapy: A Systematic Review of 
Heart Doses Published During 2003 to 2013 .Int J Radiation Oncol Biol Phys, Vol. 93, No. 4, pp. 845e853, 2015 

… “However, the risk-benefit analysis may not be favourable for all women”. 
 
 
 

DCIS 
Elderly patients  



Conclusions 

• Even in modern studies cardiac dose is often substantial 

• Cardiac dose is affected by tecnique, targets irradiated and  

interobserver heart contouring 

• In different studies, whole heart dose is the most commonly  

reported measure 

• Breathing control seems to be the best tecnique to reduce 

mean heart dose mostly for patients with LA BC 



Open issues 

• Other cardiac constraints 
(LAD, Mean dose or Dmax?) 

• Patients selection for 
heart-sparing radiotherapy 
tecniques  
(unfavorable anatomy, individual 
cardiac risk factors) 

• Risk adapted breast 
radiotherapy  
(NO radiotherapy or PBI in Low 
risk patients) 




