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Courtesy S. Darby, 

Mastectomie+ CA + RT vs. Mast+CA

Isolated local recurrence by pathological nodal status (pN)

49 events in 1277 women      399 events in 3316 women       487 events in 2813 women    



Courtesy S. Darby,

Mastectomie + CA + RT vs. Mast + CA

Breast cancer mortality by pathological nodal status (pN)

414 events in 1354 women    1552 events in 3344 women   1986 events in 2876 women    



No consensus on RT to pN1-3

Old data

Outdated surgical techniques

Outdated systemic therapy

Today´s patients do much better

But we have new data on modern treated patients



MA 20

2000-2007: 1832 pts

Breast-conserving surgery + Whole Breast Irradiation

Randomisation

Breast RT 50 Gy/25f

vs. Breast RT & nodes 45 Gy/25f

IMN

Supra and infraclavicular ± inferior axilla

Whelan T et al. N Engl J Med, 2015



MA 20. 

Results

Median follow-up: 9.5 

years

Whelan T et al. N Engl J Med, 2015



EORTC 22922/10925

1996-2004

4004 patients

Breast-conserving surgery (76%) or Mastectomy

Randomisation

• Breast/CW RT 50 Gy/25f

• vs Breast/CW + IM-MS RT

Poortmans P. et al. N Engl J Med, 2015



EORTC RT Trial. Patients distribution

No IM-MS IM-MS

(N=2002) (N=2002)

Median age (yrs.) 54 54

% %

Breast-conserving surgery 76.1 76.2

pT1 60.1 60.2

pN0 44.5 44.4

pN+ 1-3 43.3 42.9

pN+ > 3 12.2 12.6

ER+ve 73 74

Chemotherapy 55.1 54.6

Endocrine treatment 60 59.6

Poortmans P. et al. N Engl J Med, 2015



EORTC

Poortmans P. et al. N Engl J Med, 2015

Cardiac toxicity 6.5% in LN irradiation group, NS



EORTC RT Trial: OS, DFS

Poortmans P. et al. N Engl J Med, 2015



But one of the 

most discussed…
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Case-control study



Population-based case-control study of 

major coronary events (MCEs)

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

963 Major Coronary Events (MCEs)

1205 controls also irradiated for breast cancer                                                   
(matched for country, age, calendar period & time since cancer diagnosis)

 Information from oncology records                                                   
(tumor characteristics, medical history, treatment)

Cardiology records sought for all cases to verify diagnoses

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

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

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

• Physical dose to whole heart estimated from dose-volume histogram 

• Mean heart dose in study subjects: 4.9 Gy



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

Same slope for women

with and without

cardiac risk factors

at time of breast

cancer diagnosis



Improved Outcome in RT comes at the Cost of Higher Cardiac Toxicity

RCTs conducted over the last 30 years demonstrated beneficial local 

control and survival after BCT/mastectomy RT. 

With dose-sparing modern approaches, the absolute benefits of radiation 

may be increased

Laterality after dx, RR (95% CI)

Diagnosis <10 y 10 - 14 y

1973-1982 1.2 (1.04-1.38) 1.52 (1.11-1.82)

1983-1992 1.04 (0.91-1.18) 1.27 (0.99-1.63)

1993-2001 0.96 (0.82-1.12) NA

Relative risk (RR) of cardiac death after RT for left versus right breast cancer 

(laterality)

Bird, Swain Clin Cancer Res. 2008;14(1):14-24.



…not so simple because the cardiac toxicity is 

multifactorial



BREAST P1: Main objective

 To assess the superiority of the proton locoregional 

radiotherapy to currently used photon-electrons 3D 

conformal or IMRT radiotherapy in term of cardiac 

toxicity at 10 years.



BREAST P1: SECONDARY OBJECTIVES

 To show that the proton locoregional radiotherapy is not inferior to 

currently used photon-electrons 3D conformal or IMRT radiotherapy in 

early breast cancer with an indication for irradiation of regional lymph 

nodes in terms of local-regional recurrence

 to assess loco-regional events: acute and late toxicities 

(radiodermatitis, arm motion and function, cosmetic result, lung 

events) 

 to assess cancer related-events: locoregional relapse-free survival, 

distant disease-free survival, overall survival, causes of death,

 to assess the contralateral breast cancer incidence, as well as the 

incidence of other second malignancies

 to assess and compare health related quality of life between arms

 to conduct a cost-utility analysis

 Translational research



BREAST P1: 
Stratification

Proton RT of 

breast/chest wall 

+ LN

Photon 

RTbreast/chest w 

all + LN





Statistics



Dosimetric work: best photons vs protons 

Photons using IMRT by Tomotherapy

-Homogeneous dose distribution

-Optimal couverage but higher dose to 

heart, corronaries and lung

-Low but increased dose to contralateral 

breast

Photons using 2 fields

-Homogeneous dose distribution

-Optimal couverage and lower dose to heart 

and corronaries

-No dose delivered  to contralateral breast 

(young high risk patients+++)



Dosimetric work: best photons vs protons 

Photons using IMRT by Tomotherapy

-Homogeneous dose distribution

-Optimal couverage but higher dose to 

heart, corronaries and lung

Photons using 2 fields

-Homogeneous dose distribution

-Optimal couverage and lower dose to heart 

and corronaries



Dosimetric work: best photons vs protons 

Photons using IMRT by Tomotherapy

-Homogeneous dose distribution

-Low but increased dose to contralateral 

breast

Photons using 2 fields

-Homogeneous dose distribution

-No dose delivered  to contralateral breast 

(young high risk patients+++)



Dosimetric work



TRIAL DURATIONS

INCLUSION PERIOD : 3-5 YEARS

TREATMENT PERIOD: :5-7 WEEKS

FOLLOW-UP: 10 years

DURATION UNTIL PRIMARY ENDPOINT EVALUATION: INCLUSION PERIOD : 5 YEARS

ESTIMATED TIME OF INTERIM ANALYSIS: WHEN THE 5 YEARS MEDIAN FOLLOW-UP WILL BE REACHED

ESTIMATED TIME OF FINAL ANALYSIS: WHEN THE 10 YEARS MEDIAN FOLLOW-UP WILL BE REACHED

OVERALL TRIAL DURATION (INCLUDING FOLLOW-UP): ABOUT 13 YEARS WITH THE HYPOTHESIS OF AN

UNIFORM INCLUSION RATE.
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