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Background
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• Radiation Therapy (RT) has contributed to significant improvements in disease-specific
survival for patients with early stage Breast Cancer, Hodgkin Lymphoma (HL), and other
malignancies involving the thoracic region

• Irradiation of a substantial volume of the heart to a sufficiently high dose can damage
virtually any component of the heart, including the pericardium, myocardium, heart
valves, coronary arteries, capillaries, and conducting system

• The data on the late cardiovascular toxicity of RT come primarily from survivors of
breast cancer and HL, diseases in which RT is a frequent component of the initial
management and in which survival is often prolonged. Similar effects may be present in
other cancer survivors who receive thoracic RT, although data are more limited.



PATHWAYS IN RADIATION-INDUCED HEART DISEASE

1. Cardiomyocyte

2. Smooth muscle cells

3. Endothelial cells

Topio. J Radiat Res. 2016 Sep; 57(5): 439–448
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RADIATION-INDUCED HEART DISEASE

Lessons from the past in the era of “modern” radiation therapy

Cancer patients who received therapeutic doses (30-50 Gy in 2 Gy fractions) of
thoracic radiotherapy before 2000 have an increased risk of cardiac mortality at >10
years after treatment.
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Nitsche et al. 2015

Increased cardiac mortality in Old Studies

RADIATION-INDUCED HEART DISEASE

Lessons from the past in the era of “modern” radiation therapy
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Nitsche et al. 2015

RADIATION-INDUCED HEART DISEASE

Lessons from the past in the era of “modern” radiation therapy

The Example of Breast Cancer RT 
(Early Breast Cancer Trailists’ Collaborative Group data)



RADIATION-INDUCED HEART DISEASE

Lessons from the past in the era of “modern” radiation therapy

I CONGRESSO NAZIONALE CARDIO-ONCOLOGIA, Negrar 25,26 Gennaio 2019



I CONGRESSO NAZIONALE CARDIO-ONCOLOGIA, Negrar 25,26 Gennaio 2019

An Example of 3D-conformal Radiotherapy (3DCRT) and Intensity Modulated

Radiotherapy (IMRT)

2 Gy

Exposure 2 Gy

Exposure

3DCRT IMRT
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1. Is It possible to estimate a Cut-off value of radiation-associated heart 

damage?

2. How to reduce radiation-heart exposure?

3. How to predict radiation-associated heart damage?
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1. Is It possible to estimate a Cut-off value of radiation-associated heart damage?
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Reductions in mean heart dose from 13.3Gy in

the 1970s, to 4.7Gy in the 1990s, and 2.3Gy

in 2006

This decrease seems to have resulted in a

very low risk of death caused by radiation-

induced heart disease (RIHD), at least for

women without cardiac risk factors
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2. How to reduce radiation-heart exposure?
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TRACKING

GATING

MANAGEMENT BY TRACKING OR GATING

Courtesy of Prof Alongi

2. How to reduce radiation-heart exposure?
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TC-SIM Free-Breathing

> 1 cm 

TC-SIM Breath-Hold

2. How to reduce radiation-heart exposure?

Breath-Hold Irradiation for left side BC



Dosimetric parameters for Organs at Risk
Heart

V(cm3) D2% DMEAN V5GY

FB 500 (373-724) 5,3 (2,2-25,2) 1,1 (0,5-2,8) 2,4 (0,0-9,7)

BH 503 (338-725) 2,4 (1,6-5,4) 0,8 (0,4-1,5) 0 (0-2,3)

p-value 0,1082 <0,0001 <0,0001 <0,0001

Left lung

V(cm3) D2% DMEAN V20GY V5GY

FB 1340 (924-1693) 38,4 (19,7-47,7) 4,6 (2,7-7,0) 6 (2,0-11,3) 18,1 (12,1-29,0)

BH 2347 (1564-3030) 42,9 (28,2-48,1) 4,4 (2,8-7,1) 6,6 (3,1-11,7) 16,3 (10,7-25,8)

p-value <0,0001 0,0001 0,5 0,1931 0,0214

Unpublished data

IRCCS, Sacro Cuore Don Calabria Experience
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2. How to reduce radiation-heart exposure?

Breath-Hold Irradiation for left side BC



Zagar, et al. International Journal of Radiation 
Oncology*Biology*Physics, In press

Utility of Deep Inspiration Breath Hold for Left-Sided Breast Radiation Therapy in 

Preventing Early Cardiac Perfusion Defects 

I CONGRESSO NAZIONALE CARDIO-ONCOLOGIA, Negrar 25,26 Gennaio 2019



I CONGRESSO NAZIONALE CARDIO-ONCOLOGIA, Negrar 25,26 Gennaio 2019

1. Is It possible to estimate a Cut-off value of radiation-associated heart 

damage?

2. How to reduce radiation-heart exposure?

3. How to predict radiation-associated heart damage?



I CONGRESSO NAZIONALE CARDIO-ONCOLOGIA, Negrar 25,26 Gennaio 2019

3.  How to predict radiation-associated heart damage?



Courtesy of S. Naccarato. Unpublished data
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Arterioscler Thromb Vasc Biol. 2018 Dec;38(12):2854-2861
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CONCLUSION

In the Modern Radiation Therapy the dose reduction of heart exposure should 

represent a primary objective to guarantee long-term heart health

This last point is high relevant for young patients potentially long-survivors

Future predictive biomarkers could help radiation oncologists to adapt the 

treatment planning based on the hearth damage risk

THANK YOU FOR THE ATTENTION… 


