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 RT beginning in the 1950  
 
 Techniques for measuring cardiac (mean) 
dose 
 
 Average anatomy  

…increased efforts to minimaze cardiac dose in breast cancer 
radiotherapy may be beneficial to patients! 

BACKGROUND 



  558.871 pts 
  1973-2008 
  left vs right 

BACKGROUND 



2015 

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

Whole-heart dose:  the most commonly reported measure 

1.1  8.5 Gy 
Average mean heart dose 

Heart dose from breast cancer RT 



Heart Contouring 



Heart Contouring 

 In breast cancer patients, the most commonly affected vessel is the left 
anterior descendent coronary artery, usually encompassed by the 
highest dose volume, both in post-mastectomy and breast-conserving 
treatment setting 

• Gagliardi D et al. Partial irradiation of the heart. Seminars in Radiation Oncology, 
Vol. 11, No. 3, pp. 224e233, 2001 

 Data are conflicting regarding the association of RT with valvular 
dysfunction 

• Larris EE et al. Late cardiac mortality and morbidity in early-stage breast cancer patients after breast 
conservation treatment . JCO 2006, Vol. 1, No. 24, pp. 4100-6, 2006 

• Borger JH et al. Cardiotoxic effects of tangential breast irradiation in early breast cancer patients: the role of 
irradiated heart volume. Int J Radiat Oncol Biol Phys. 2007 Nov 15;69(4):1131-8. Epub 2007 Jul 2   



Heart Contouring 

CV in the estimated doses to the 
heart:  
 mean dose 7.5% without and 

3.6% with guidelines 
 maximum dose 8.7% without 

and 4.0% with guidelines.  
 
CV in the estimated doses to the 
LADCA :  
 mean dose 27% without and 

29% with guidelines 
 maximum dose 39% without 

and 31% with guidelines 

For the heart   little inter-observer variation in the estimated dose especially when guidelines is used 
For LADCA   substantial variation in the estimated dose, which  is not reduced with guidelines 



• Cardiac radiation dose and Heart atlas  

• Reduction in cardiac exposure: 

    Which technique? 

– Deep-inspiratory Breath-hold 

– IMRT and Arc Therapy 

– Prone breast radiotherapy 

– Proton Beam Therapy 

 

2015 

OUTLINE 



 Chen Ting et al. Tagged MRI based cardiac motion modeling and toxicity evaluation in breast cancer radiotherapy. 
Frontiers in Oncology; 5:1-4.2015 

 Conventional CT is a fundamentally static imaging modality without the 
capability to capture and depict the cardiac motion. Instead, heart is usually 
blurred in CT images due to the motion artifacts 

 
 

 Without special contrast dye, CT provides limited contrast between blood in 
heart chambers and the surrounding myocardium. The heart region in TPS is 
actually a mixture of myocardium and blood, although only the radiation 
dose to the myocardium is accountable for heart risks 

Cardiac Radiation Dose 



 Chen Ting et al. Tagged MRI based cardiac motion modeling and toxicity evaluation in breast cancer radiotherapy. 
Frontiers in Oncology; 5:1-4.2015 

 
 There is significant intra- and inter-fractional heart motion. As heart beats 

involuntarily during and between radiation treatments, myocardium 
deforms and moves non-rigidly against the fixed radiation beam so that the 
static dose distribution calculated  in CT based TPS does not reflect the 
accurate radiation dose distribution in heart 
 

 Based on radiation beam geometry, only part of the heart will receive 
clinically significant level of radiation during breast cancer treatment. It is 
possible that the global heart function remains stable temporarily while 
cells in the irradiated part of the myocardium lose part or all of their 
functions. Regional heart function, which can be derived from regional 
heart wall motion and strain analysis, is a better indication of heart damage 
corresponding to radiation dose 
 

Cardiac Radiation Dose 



 Establishing a 
correlation between 
myocardium dam- 
age and radiation 
dose for breast 
cancer pts using MRI 

 
 Using MRI, regional 

heart function loss 
could be detected 
and the radiation 
dose can be adjusted 
by generating the 
accumulative dose 
during cardiac cycle 

Cardiac Radiation Dose 

 Intra-fr motion 1.3±0.3cm (kV-fluoroscopy)  
 Inter-fr location 1.5cm (CBCT) 



Heart Contouring 

 
1) Serie planari risemplificate di immagini RMN x 

creare un volume 3D 
2) Algoritmo di registrazione deformabile di 

immagini per determinare il dislocamento del 
tessuto durante il ciclo cardiaco 

3) I movimenti misurati  poi usati come limite 
spaziale per caratterizzare le “sbavature” nella 
delineazione della LAD da parte dei clinici 
(radiologi) 

4) Gli artefatti di movimento coronale sono stati 
quantificati applicando un filtro x accentuare la 
struttura della LAD rispetto alle sbavature di 
movimento 

5) Co-registrato sulla 4D-CT la massima insp ed esp 
per quantificare il movimento della LAD 



Heart Contouring 

 The LAD volume overestimation had the 
dosimetric impact of decreasing the 
reported mean LAD dose contour by 23% 
+/- 9% on average in the DIBH. 
 An anisotropic margin of 2.7 mm (LR), 
4.1 mm (SI), and 2.4 mm (AP) was 
quantitatively determined to account for 
motion blurring and patient setup  error 



Reduction in cardiac exposure: Which technique? 

 

– Deep-inspiratory Breath-hold 

– IMRT and Arc Therapy 

– Prone breast radiotherapy 

– Proton Beam Therapy 

 

OUTLINE 

Dosimetric studies 
 

 Small n° of pts 
 

Many retrospective  
 
No clinical impact 

data 
 
 

2015 



Deep-inspiratory Breath-hold 

2014 

 V- Breath Hold 
 Breathing cycle management:  

• ABC  
• Respiratory gating 

Median Cardiac Mortality NTCP 0.1%  
(Korreman SS- Int J Radist Oncol Biol Phys 2006) 



268 

3D-CRT 1.9 Gy 
IMRT 2.2 Gy 

3D-CRT 8.8 Gy 
IMRT 9.5 Gy 

Deep-inspiratory Breath-hold 



Riproducibilità Instabilità 

Deep-inspiratory Breath-hold 



-AlignRT: 30 pts, ≠ fx, breast ± IMN (10 pts), tangential fields 

- To quantify the degree of breath-hold motion and its dosimetric consequences 

Real Time Deltas-RTD: tolerance level ±3mm, ±3° 

Deep-inspiratory Breath-hold 



 Averaged mean motion during 
DIBH was smaller than or nearly  
1mm and 1°  relative 
reproducibility 

 
 Mean heart dose and lungs V20 

reasonable close to what planned 

Deep-inspiratory Breath-hold 



1) Rigid body model  

2) No PTV DVH comparison 

Deep-inspiratory Breath-hold 

 Inter-fraction DIBH motion of the heart had reproducibility  of 3 mm in 
the A-P, 7 mm in the S-I, and 3 mm in the L-R directions 



Deep-inspiratory Breath-hold 

CMI+SVC+AXILLA Tg fields +/-  AP / AP+PA 

…during DIBH lung density is decreased, reducing the relative lung volume irradiated! 



Reduction in cardiac exposure: Which technique? 

 

– Deep-inspiratory Breath-hold 

– Prone breast radiotherapy 

– IMRT and Arc Therapy 

– Proton Beam Therapy 

OUTLINE 



Prone breast radiotherapy 

2014 



Reduction in cardiac exposure: Which technique? 

 

– Deep-inspiratory Breath-hold 

– Prone breast radiotherapy 

– IMRT and Arc Therapy 

– Proton Beam Therapy 

OUTLINE 

2015 



Prone breast radiotherapy 

2015 



Prone breast radiotherapy 

2015 

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) 

34 pts  28 pts data available 
Large breast (>750cc) 
 



DIBH 

 V-DIBH vs ABC 

 23 pz 

 Studio di fattibilità, riproducibilità, risparmio OAR…comfort pz, delivery time! 



Reduction in cardiac exposure: Which technique? 

 

– Deep-inspiratory Breath-hold 

– Prone breast radiotherapy 

– IMRT and Arc Therapy 

– Proton Beam Therapy 

OUTLINE 



IMRT and Arc Therapy 

2014 

 Field in field (con modulazione…o anche senza) 

 Step and Shoot 

 VMAT 

 TomoTherapy (Direct-Helical) 



IMRT and Arc Therapy 

MONOISO VMAT 

 VMAT improved PTV coverage and HI 
 Decreased dose exposure of the LCA  
 VMAT could be used for complex treatments  
 Patient age should be considered 



IMRT and Arc Therapy 

Lung cancer IMRT:  

 controlateral lung V5 < 17% 

 lungs V5 < 50% 



IMRT and Arc Therapy 

 11 “relatively” small breast 
 (296cc mean volume) 
  exclusive IMRT 



Reduction in cardiac exposure: Which technique? 

 

– Deep-inspiratory Breath-hold 

– Prone breast radiotherapy 

– IMRT and Arc Therapy 

– Proton Beam Therapy 

OUTLINE 



Proton Beam Therapy 

2014 



Proton Beam Therapy 

… “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 

 In-silico studies show a clear advantage in terms of dose homogeneity to the 
target and dose reduction to the non-target structures including heart, lungs, and 
healthy breast tissues  

 
 Clinical studies have shown the feasibility of proton therapy in breast cancer and 

allowed optimizing the technique by using multiple beams and intensity 
modulation 

Conclusion:  Few phase I/II clinical studies on proton therapy have been published with 
relatively short follow-up.  Thus it is too early to draw definitive conclusions  on the utility of 
proton therapy in breast cancer 



Reduction in cardiac exposure: Which technique? 

 

– Deep-inspiratory Breath-hold 

– Prone breast radiotherapy 

– IMRT and Arc Therapy 

– Proton Beam Therapy 

– APBI 

OUTLINE 



APBI 

2014 

 
 Interstitial brachytherapy has the longest follow up of any APBI technique to date. Dosimetric studies 

have demonstrated low cardiac doses with modern, image-guided techniques 
 

 In light of higher rates of local recurrence noted with IORT, this technique is not recommended to be 
used off-protocol despite the potential for improved cardiac sparing 



APBI 

15 pts 



CONCLUSIONS 

CONTOURING:  
 Nuove co-registrazioni di immagini per pz selezionate 
 MdC  
 Applicabilità clinica e costi  
 
BH:  
 Fattibilità (tutti i centri e maggior % delle pz) 
 Riproducibilità 
 Costi (DIBH vs ABC/Gating) 
 Associabile altre tecniche 
 Nota negativa: discomfort e delivery time ?!   
 
PRONE: 
 Mammelle voluminose 
 Associabile a v-DIBH  
 
IMRT: 
 Anatomia “complicata” 
 Linfonodi (CMI) 
 NO giovani  



 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) 

 Blood tests (i.e. BPN) for cardiac monitoring of patients (risk factors for 

CAD, high dose RT despite modern technique, regional nodal irradiation 

including IMC) 

Open issues 



…GRAZIE! 




