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PROTONS OR PHOTONS  IN BREAST CANCER.
Anatomia de Importancia

Bradley J E et al Int J Radiat Oncol Bio Phys 95: 411, 2016

Contouring of LT Anterior Coronary artery and Cardiac Volumes



Breast Conservation therapy:
Standard Whole Breast + Lymphatics Irradiation



FACTORS ASSOCIATED WITH RISK OF RADIATION CARDIAC TOXICITY

▪Volume of Heart irradiated (>5 %)

▪Volume of Left Coronary Arteries/  Left Ventricle Irradiated

▪Radiation dose (> 5Gy) and dose per fraction

▪Radiation Therapy to lymph nodes, especially IMN

▪Administration of Anthracyclines, Trastuzumab, Cyclophosphamide,
Docetaxel, Aromatase Inhibitors (Anastrozole)

▪Patient Age at time of Treatment. Hx of Cardiovascula Disease

▪History of Smoking and other Comorbidities



CHEMOTHERAPEUTIC AGENTS AND

LEFT VENTRICULAR DYSFUNCTION



POTENTIAL RADIATION-INDUCED INJURY TO HEART

▪Arrythmia

▪Coronary Artery  Stenosis, Ischemia, Angina, Infarction
▪(Macro- and Micro-vascular injury, Macrophages)

▪Perfusion Defects

▪Myocardial damage (Cardiomyopathy, Fibrosis) 

▪Valvular  Injury

▪Congestive  Heart Failure

▪Pericardial Effusion, Pericarditis



HEART DISEASE AFTER RADIATION THERAPY
FOR BREAST CANCER

Darby SC et al
N Engl J Med 368: 987. 2013



RISK OF DEATH OR CORONARY DISEASE
AFTER RADIATION THERAPY FOR BREAST CANCER

Darby SC et al N Engl J Med 368: 987.  2013

Myocardial Infartion All Cardiac Events



HEART DISEASE AFTER RADIATION THERAPY
FOR BREAST CANCER

Darby SC et al N Engl J Med 368: 987. 2013



This  report agrees with 
Darby’s value of an 
increase in ACE of 16% 
per Gy of MHD over the 
first 9 years following 
radiation therapy

PREDICTION OF POST RADIATION ACUTE CARDIAC EVENTS MODEL





CARDIAC MORTALITY AFTER RIGHT-SIDED 
BREAST IRRADIATION

Chan EK et al Radiother & Oncol 114: 73, 2015



CARDIAC MORTALITY AFTER LEFT/ RIGHT-SIDED 
BREAST IRRADIATION

Chan EK et al Radiother & Oncol 114: 73,  2015



Effect of Breast Irradiation on Cardiac Disease in Women 
Enrolled in BCIRG-001 at 10-Year Follow-Up

RT PATIENTS NO RT PATIENTS

Ischemic H D  4      

Arrhytmia 20

15   Heart Failure/   Cartdiomegaly   3

18    Cardiac Disorder      9       

Wu S P et al Int J Radiat Oncol Bio Phys 99: 541, 2017

Heat Failure

Cardiomegaly



Effect of Breast Irradiation on Cardiac Disease in 
Women Enrolled in BCIRG-001 at 10-Year Follow-Up

Wu S P et al Int J Radiat Oncol Bio Phys 99: 541, 2017



LEFT BREAST IRRADIATION AND CARDIAC 
TOXICITY

Boero IJ et al Int J Rad Oncol Bio Phys 94: 700, 2016



Association Between Tangential Beam Treatment Parameters 
and Cardiac Abnormalities After Definitive Radiation 

Treatment for Left-Sided Breast Cancer

Correa C R et al Int J Radiat Oncol Bio Phys 72: 508, 2008



Association Between Tangential Beam Treatment Parameters 
and Cardiac Abnormalities After Definitive Radiation 

Treatment for Left-Sided Breast Cancer

Total number of patients studied 62

Framingham predicted cardiac event incidence 6/62 (9%) p = 0.001∗
Actual incidence of cardiac diagnostic study abnormalities 24/62 (39%)

Coronary artery territory of abnormality
Left anterior descending artery 21/24 (88%)
Left circumflex artery 1/24 (4%)
Right coronary artery 1/24 (4%)
Left circumflex plus right coronary artery 1/24 (4%)

Correa C R et al Int J Radiat Oncol Bio Phys 72: 508, 2008



Association Between Tangential Beam Treatment Parameters
Cardiac Abnormalities After Definitive Radiation Treatment

for Left-Sided Breast Cancer

Cardiac Diagnostic Abnormalities

Correa C R et al Int J Radiat Oncol Bio Phys 72: 508, 2008



Whole Heart Versus Coronary Artery Dosimetry in 
Predicting Risk of Cardiac Toxicity Following 

Breast Radiation Therapy

52 women with stage III Breast Cancer (36 Left, 16 Right).

Dosimetry to the LAwas calculated based on the individual RT  Tmnt plan.

Median follow-up time from RT to CTA was 5.1 years .
LAD Dmax was more strongly associated  with the onset of any CAC  
andLAD stenosis (≥25% lumen).

For any CAC, O R was 1.15 and 2.21 for MHD and LAD Dmax, respectively.
For moderate/severe CAC, OR was 1.04 (p=0.24) and 2.57 (p=0.04) for MHD
and LAD Dmax,  respectively.

LAD Dmax > 10 Gy was a significant threshold for increased odds of developing
any CAC (OR 10.21 (p=0.03), moderate/severe CAC (OR 5.21, p=0.04),
and LAD stenosis (OR 6.52, p=0.03).

Patel SA et al Int J Radiat Oncol Bio Phys 102 (3): S46, Nov 2018



ECOCARDIOGRAM SCREENING:
:ENFERMEDAD CARDIACA INDUCIDA POR RADIACIÓN

• Screening recomendado (ASE y Europea)

» ETT a los 5 años de exposición a RT en 
aquellos con riesgo

» ETT a los 10 años de exposición sin riesgo

» Eco stress a los 5 – 10 años después 
exposición en aquellos con riesgo de 
enfermedad coronaria  

Courtesy, Dr. Hugo Marsiglia



TECHNIQUES TO DECREASE/ ELIMINATE RADIATION CARDIAC INJURY

•Reduce volume of heart irradiated (<5 %)/ Dose to the Heart (< 5Gy)

•Optimize RT Treatment Planning, including use of Electrons

•Use IMRT (Although lower doses to more normal tissue is noted)

•Use Heart Customized Shielding Blocks (Identify Tumor Bed)

•Use Prone Patient Position, Deep Inspiration Breath Holding Techniques

•Selective use of techniques to irradiate Lymph Nodes

•Select Patients for Accelerated Partial Breast Irradiation

•Avoid Concurrent Chemo-Radiation Therapy



Approximation of 
prior medial tangent



Association Between Tangential Beam Treatment Parameters 
and Cardiac Abnormalities After Definitive Radiation 

Treatment for Left-Sided Breast Cancer

Correa C R et al Int J Radiat Oncol Bio Phys 72: 508, 2008



BREAST RT: TECHNIQUE TO AVOID RADIATION 
DOSE TO THE HEART



BREAST RT: TECHNIQUE TO AVOID RADIATION 
DOSE TO THE HEART



LEFT BREAST 3D CONFORMAL SEGMENTED 
RADIATION THERAPY



PRONE POSITION BREAST IRRADIATION

Merchant TE, McCormick B
Int J Rad Oncol Bio Phys
30: 197, 1994



PRONE POSITIONING CAUSES THE HEART TO BE 
DISPLACED ANTERIORLY WITHIN THE THORAX:

Chino, Marks LB Int J Radiat Oncol Bio Phys 70: 916, 2008



PRONE POSITIONING CAUSES THE HEART TO BE 
DISPLACED ANTERIORLY WITHIN THE THORAX:

Chino, Marks LB Int J Radiat Oncol Bio Phys 70: 916, 2008



BREATHING CONTROL TECHNIQUES

LCD Monitor

Headphones

Marker



Randomized Comparison of Radiation Therapy Techniques
in Management of Node-Positive Breast Cancer:

Primary Outcomes Analysis

Of 62 patients randomized, 54 who completed all follow-up procedures
were analyzed.
Mean doses to the ipsilateral lung, left ventricle, whole heart, and
left anterior descending coronary artery were lower with IMRT-DIBH;
The percent of left ventricle receiving ≥5 Gy averaged 15.8% with standard
radiotherapy and 5.6% with IMRT-DIBH (P < .001).
SPECT revealed no differences in perfusion defects in the left anterior
descending coronary artery territory, the study's primary endpoint,
but did reveal statistically significant differences (P = .02) in left ventricular
ejection fraction (LVEF), a secondary endpoint.

Jagsi R et al Int J Radiat Oncol Bio Phys 101: 1149, 2018



Radiation Effect on Late Cardiopulmonary Toxicity: An 
Analysis Comparing DIBH versus Prone Techniques for Breast 

Treatment

34 patients with left-sided DCIS or breast cancer who have undergone lumpectomy
and breast irradiation, enrolled on a prospective trial comparing prone breast with
supine DIBH planning (NCI-2017-00219).
Patients underwent CT simulation in both positions, and two treatment plans
were generated for each patient.
Mean heart dose was 79.7 cGy and 76.5 cGy (p=0.37),
Estimated mean) absolute (EMA) risk of death from IHD by age 80 was 0.1%
for both plans (p = 1.0).
EMA absolute risk of at least one radiation-related ACE by age 80 was 0.3%
for both plans (p = 0.6).

There was no observed difference in mean cardiac dose between supine DIBH and
prone techniques, and a low absolute risk of both radiation-related ACE and
risk of death from IHD.

Yan S X et al Int J Radiat oncol Bio Phys 102 (Suppl 3): e616, 2018



ANTERIOR MYOCARDIAL TERRITORY IN IMRT FOR 
LT-SIDED BREAST CANCER

Tan W et al Int J Rad Oncol Bio Phys 83: 1689, 2012



ANTERIOR MYOCARDIAL TERRITORY IN IMRT FOR 
LT-SIDED BREAST CANCER

Tan W et al Int J Rad Oncol Bio Phys 83: 1689, 2012



ANTERIOR MYOCARDIAL TERRITORY IN IMRT FOR 
LT-SIDED BREAST CANCER

Tan W et al
Int J Rad Oncol Bio Phys
83: 1689, 2012



Comparison 3D plan:  Note that the medial tangent is a partially deep tangent 
and enters through the contralateral tissue expander



IMRT treatment plan results in improved lung and cardiac sparing.



IMRT TO LEFT CHEST WALL AND REGIONAL LYMPH NODES



RT TECHNIQUES IN LEFT BREAST CANCER

3D-CRT TANGENTIAL BEAMS IM PORTAL (PHOTONS-EB)
AND TANGENTIALBEAMS

Dess RT et al Int J Radiat Oncol Bio Phys 99: 1146, 2017



TOMO-DIRECT SIMULTANEOUS INTEGRATED 
BOOST IN LEFT BREAST CANCER

Lee HC et al Radiation  Oncol 9: 244, 2014



VIEWRAY RADIATION THERAPY



Left panel:  ViewRay planning MRI for partial breast radiation.  
Aqua colorwash:  target volume (130 cc).  Right panel:  Traditional 
planning CT for the same patient (290 cc,).  

VIEWRAY F0R  PARTIAL BREAST IRRADIATION



– External Beam :

» 3D Conformal / Intensity Modulated (IMRT)

» Tomotherapy / Topotherapy

-Intra Operative
•Electron Beam
•X-Ray beam
•Interstitial brachytherapy

– Brachytherapy:

Interstitial:
•Low Dose
•High Dose

PARTIAL BREAST IRRADIATION



Partial Breast Radiation

Interstitial implants



ACCELERATED PARTIAL BREAST RT-
Washington University, St, Louis, USA

Grouping Outcome
Suitable (%)N 5 63       Cautionary (%) N 5 86      Unsuitable (%) N 526

I BTC                                       92.                             1 90.2                              100          0.462
RC 100.0 95.0 95.2 0.271
CSS                                           98.3                             98. 5                                         87.8           0.075
OS                                            85.4                              79.3                                         76.8           0.587

ASTRO 5 American Society for Radiation Oncology; CSS 5 cancerspecific survival;
IBTC 5  yr ipsilateral breast tumor control; OS 5 yr  overall survival; RC  regional control;

Prashant Gabani et al, Brachytherapy 17: 171, 2018



ACCELERATED PARTIAL BREAST  RT-
Washington University, St, Louis, USA

Prashant Gabani et al,  
Brachytherapy, 17: 171, 2018



SITEMAN CANCER CENTER

Single Fraction High-gradient Partial Breast Irradiatio with MRI_Guided
Radiation Therapy (ViewRay)for Low-risk Stage 0 and I Breast Carcinoma



COMPARISON OF PROTONS AND PHOTONS 
IN BREAST CANCER

Bradley J E et al Int J Radiat Oncol Bio Phys 95: 411, 2016

Examples of Protons Treatment Volumes



PROTONS VS PHOTONS IN BREAST CANCER

Stick, L B et al Int J Radiat Oncol Biol Phys, 97:761, 2017   

Photons Protons



COMPARISON OF PROTONS AND PHOTONS 
IN BREAST CANCER

Key: Chest wall A- Protons, B Electrons and Photos,
Whole Breast C Protons D Photons

Bradley J E et al Int J Radiat Oncol Bio Phys 95: 411, 2016



Proton radiation therapy to the left chest and regional nodes 
in the setting of prior left breast radiation treatment.



Proton radiation therapy on the RADCOMP study



RADCOMP TRIAL COMPARING PROTONS TO PHOTONS
IN LOCALIZED BREAST CANCER

1,700 patients



Proton radiation therapy on the RADCOMP study



COST EFFECTIVENESS (CE)  OF PROTONS 
IN BREAST CANCER

Proton RT was not CE in women without CRFs or a mean heart dose (MHD) <5 Gy.
Base-case analysis noted cost-effectiveness for proton RT in women with ≥1 CRF
at  approximateminimum MHD of 6 Gy with a willingness-to-pay threshold of
$100,000/quality-adjusted life-year.
For women with ≥1 CRF, probabilistic sensitivity analysis noted preference of proton RT
for an MHD ≥5 Gy with a similar willingness-to-pay threshold.

Referral for proton therapy may be cost-effective for patients with ≥1 CRF in patinests for
whom photon plans are unable to achieve an MHD <5 Gy.

Given the assumed benefit that reduced MHD would connote a lower risk of CHD,
preference for proton therapy in younger patients is owing to more time living
free of CHDcompared with older patients with shorter baseline life expectancies.
The analysis did suggest greater benefit for proton RT in 50-year-old women over
40-year- old women this phenomenon is a function of outcomes data from Darby et al.

)

Mailhot Vega RB et al Int J Radiat Oncol Bio Phys 95: 11,2016



COST EFFECTIVENESS OF PROTONS 
IN BREAST CANCER

Mailhot Vega RB et al Int J Radiat Oncol Bio Phys 95: 11, 2016



Cardiac Toxicity is Not Increased 25 Years After Treatment 
of Early-stage Breast Carcinoma With Mastectomy or B C T

From the National Cancer Institute Randomized Trial

● Among BCT pts, radiation central lung distance >3 cm was similar for 
right- versus left-sided tumors (35.7% vs. 50.0%, p = 0.48). Cardiac 
interventions (CABG or PCI ) occurred in 4 MRM and 3 BCT pts. 
Framingham 10-yr risk of MI was similar between arms. Diastolic 
function, including peak filling rate (p = 0.29) and diastolic volume 
recovery (p = 0.28), was similar in between arms. No pt had evidence of 
myocardial fibrosis. One pt in each arm had pericardial thickening. 
Among BCT pts, cardiac structure and function were similar for right 
or left tumors.  BCT pts had no increase in visible atherosclerosis (HR 
= 1.12, p = 0.80) or luminal stenosis >50% (HR = 0.64, p = 0.62). 
Prevalence, severity and distribution of atherosclerosis were not 
different in BCT pts for right- or left-sided radiation, including LAD 
(close proximity to the chest wall, received the highest RT dose) 
(38.9% vs. 33.3%, p = 0.73).

Chemotherapy pts trended towards more visible atherosclerosis 
independent of

Siimone CB et al Int J Radiat Oncol Bio Phys 84: S35, 2012



A Randomized Comparison of Radiation Therapy Techniques 
in Management of Node-Positive Breast Cancer: 

Primary Outcomes Analysis

Jagsi R et al
Int J Radiat Oncol Bio Phys
101: 1149, 2018



Randomized Comparison of Radiation Therapy Techniques 
in  Management of Node-Positive Breast Cancer:

Primary Outcome Analysis

Jagsi R et al
Int J Rad Oncol Bio Phys
101: 1149, 2018



RADIATION-INDUCED CARDIAC TOXICITY
IN PATEINTS TREATED FOR BREAST CANCER

• Risk Factors that increase incidence of these events

• Screening Recommended in Hi-Risk Patients

• Limit Radiation dose to less than 5 Gy (Heart and

• Coronary vessels

• Limit Volume of Heart irradiated to less than 5 %

• Use Modern Radiation Therapy Techniques

• Follow patients (20 years or longer) and when indicated 
evaluate Cardiac Function (Perfusion/ other  studies)

Conclusions



MUCHAS GRACIAS POR VUETRA ATENCION
Y ESPLENDIDA HOSPITALIDAD


