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Trattamenti radianti”
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1970 – 1980 knowledge…



Yahalom J et al. Cancer 1983; 53: 637-641 

August 15, 1983 – “Myocardial infarction due to coronary artery disease is a rare
complication of radiotherapy involving the heart”



DISCOVERING RADIATION INDUCED HEART DISEASE…

1990 – 2000



Hancock SL et al. JAMA 1993; 270: 1949-1955 

DOSE RELATED SIDE EFFECTS

ü 2232 pts
ü Enrollement: 1960-1991



ü 1474 pts
ü Enrollement: 1965-1995 (median follow-up 18,7 years)
ü 1241 mediastinal RT  (87%)
ü 40 Gy/20 fr (RT) or 30-36 Gy (RT-CT)

Aleman B et al. Blood 2007;109(5):1878-1886



Heidenreich PA et al. JACC 2003;42(4):743-749

Echocardiographic Finding

Years Following I rradiation

p Value*
All Patients

n 294
2–10

n 89
11–20

n 132
> 20

n 73

Aortic regurgitation
Trace (%) 27 (9) 9 (10) 13 (10) 5 (7) 0.71
M ild (%) 62 (21) 3 (3.4) 26 (20) 33 (45) 0.0001
M oderate or severe (%) 15 (5.1) 1 (1.1) 3 (2.3) 11 (15) 0.0001

M itral regurgitation
Trace (%) 87 (30) 27 (30) 44 (33) 16 (22) 0.21
M ild (%) 105 (36) 21 (24) 49 (37) 35 (48) 0.005
M oderate or severe (%) 10 (3.4) 2 (2.3) 5 (3.8) 3 (4.1) 0.71

ü 294 asymptomatic patients
ü Previous RT for Hodgkin Lymphoma
ü RT dose ≥ 35 Gy
ü Each patient underwent TT Echocardiography

• Asymptomatic valve disease are more frequent in irradiated cohort than in the Framingham population.
• The latency period following irradiation is the most important risk factor for development of valvular abnormalities.
• These findings suggest that echocardiography should be considered during follow-up care for asymptomatic patients

who have received more than 35 Gy of mediastinal irradiation.



Cutter et al JNCI 2015;107(4):djv008

This study confirms that radiation dose to the heart valves is the main risk factor for the development
of clinically significant VHD following treatment for HL.

ü 1852 patients
ü Median follow up: 20 years



Darby SC et al. NEJM 2013;368(11): 987-998

ü Population-based case–control study of
major coronary events

ü 2168 women who underwent radiotherapy
for breast cancer between 1958 and 2001

ü 963 women with major coronary events and
1205 controls.



December 10, 2009 – “Most of the late complications of treatment 
seen in HL survivors are related to RT.” 

Straus D.J.



RT IN EARLY STAGE HODGKIN LYMPHOMA



Parikh et al. IJROBP 2015, in press

5-year OS: 94.5% vs 88.9%
p value < 0.01



Pugh TJ et al. IJROBP 2010; 76(3): 845-849

CARDIAC MORTALITY IN PATIENTSWITH STAGE I AND II DIFFUSE LARGE B-CELL
LYMPHOMA TREATED WITH AND WITHOUT RADIATION: A SURVEILLANCE,

EPIDEMIOLOGY, AND END-RESULTS ANALYSIS

ü > 15.000 pts
ü Enrollement: 1988-2004



STRENGTHS AND WEAKNESSES
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Radiation-associated cardiac disease is seen in patients treated for:

1) Breast cancer à 50 Gy/25 fractions 
(HYPO-RT 46 Gy/20 fr or 40Gy/15 fr)

2) Lymphoma à 30–36 Gy/ 15–18 fractions

4) Esophageal cancer à 50 Gy/25 fractions3) Lung cancer à 60–66 Gy/ 30–33 fractions
(SBRT 54 Gy/3 fr or 55 Gy/5 fr or 60 Gy/8 fr )



PATHOPHYSIOLOGY OF RADIATION INDUCED HEART DISEASE

Taunk NK et al. Front Oncol 2015;5:39





Radiation-Induced Heart Disease

• Early toxicity (within 6 months)
– Pericarditis

• Late toxicity (>5-10 yrs)
– Functional valvular injury
– Congestive heart failure
– Cardiomyopathy
– Coronary artery disease
– Conduction defects



FACTORS AFFECTING RISK

Patients risk factors

Treatment risk factors

AGE
GENDER
DIABETES MELLITUS
HYPERTENSION
ANEMIA
SMOKING
DYSLIPIDEMIA
PARENTAL HISTORY OF CAD

ANTHRACYCLINE THERAPY

PACLITAXEL (CHF in elderly)

SYNERGISTIC CT-RT EFFECT
MONOCLONAL ANTIBODIES
5-FLUOROURACIL

Gagliardi et al. Int J Rad Onc Biol Phys 2010



REVIEW OF DOSE/VOLUME FACTORS

Gagliardi G et al, 2001

QUANTEC: ORGAN SPECIFIC PAPER Thorax : Hear t



Gagliardi et al Int J Rad Onc Biol Phys 2010

Heart region functionally
most important for RT
induced toxicity…?

CHALLENGES IN DEFINING VOLUMES

QUANTEC: ORGAN SPECIFIC PAPER Thorax: Hear t



BASAL TC IV CONTRAST MEDIA INFUSION

Feng M et al. IJROBP 2011; 79(1): 10-18



TREATMENT PLANNING
(Image fusion)



HEART STRUCTURES CONTOURING

 
 
 
 
 
 

Structures 
 
Heart 

Left ventricle 

Right ventricle 

Left atrium 

Right atrium 

Left descending artery 

Circumflex coronary 

Right coronary 

Aortic valve 

PTV 

CHAMBERS AND VALVES DEFINITION

CORONARIES DEFINITION



THE THE CONFORMALITYCONFORMALITY CONTINUUMCONTINUUM

1980s Late 1990s 2000s

2D 3D-CRT IMRT/VMAT

TREND – Improving Precision

2010
s

IGRT



EVOLUTION OF RT VOLUME / DOSE IN LYMPHOMA

Total nodal Regional nodal Involved field Involved site

1970 1980 1995 2010

INRT
2005

Dose: 36-44 Gy 20-30 Gy



Filippi AR et al. Int J Rad Onc Biol Phys 2014



Filippi AR et al. IJROBP 2015;92(1):161-168



HODGKIN LYMPHOMA
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BREAST CANCER

TANGENTIAL FIELDS (3D-RT) IMRT

LADLAD



Hurkmans C et al. Int J Rad Onc Biol Phys 2005;63(1):282-289
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TECHNICAL IMPROVEMENT



Hoppe BS et al, IJROBP 2014;89(5):1053-1059 



Petersen PM et al. Acta Oncol. 2015;54:60-66
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CARDIOVASCULAR RISK FACTORS

Darby SC et al. NEJM 2013;368(11): 987-998



Mulrooney at al, Cancer; 2014
CAD prevalence: 39% (normal population: 8.5-11%)



ü 20 left sided and 10 right sided BC

ü 50 Gy/25 fr

ü Mean dose LV: - apical 12.8 Gy

- mid 5.4 Gy

- basal 4.5 Gy

Erven et al. Int J Rad Onc Biol Phys 2010



CARDIOCARE
“SUBCLINICAL CARDIOTOXICITY DETECTED BY STRAIN RATE AFTER CHEMOTHERAPY AND MEDIASTINAL 

RADIATION THERAPY IN LYMPHOMA (HL – DLCL –PMBCL)”
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THE FOLLOWING POINTS SHOULD BE KEPT IN MIND:

a) Additional work is needed to better evaluate whether the modern radiotherapy treatment
approaches for patients with cancer of the thoracic district are associated with significant cardiac
toxicity.

b) Additional study is needed to relate doses to subvolumes of the heart (e.g., coronary arteries) to
clinical outcomes.

c) Future studies should incorporate baseline cardiovascular risk factors, such as the Framingham. This
will allow consideration of potential interactive effects between RT and traditional cardiac risk factors.

a) A deeper understanding of the global physiological effects of thoracic RT is needed

FUTURE TOXICITY STUDIES



Thank you for your attention!



CLINICAL)CASE)CLINICAL CASE
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CLINICAL CASE
– March 2011 –



FOLLOW UP 
- September 2015 -

- Stable disease

- RTOG Chronic radiological toxicity G1

- December 2011: major ventricular arrythmia, correctly recognised and 
cardioverted by ICD


