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did significantly less well with extended-field ra-
diotherapy than with involved-field radiotherapy; 
no such effect was observed in younger patients.36

Acute toxic effects are more likely to develop in 
elderly patients, and they have a higher relapse 
rate and a lower overall survival rate.36 Elderly pa-
tients are less often included in clinical trials, 
and many have coexisting conditions that affect 
their ability to tolerate standard treatments. It has 
been proposed that Hodgkin’s lymphoma in el-
derly patients is different from the disease in 
young people.37,38 In fact, it has been proposed 
that in elderly patients Hodgkin’s lymphoma 
should be viewed as a unique, uncommon dis-
ease that warrants specific study in clinical tri-
als.39

In general, however, healthy elderly patients can 
benefit from, and should receive, the treatments 
that are effective in younger patients. Elderly pa-
tients seem to benefit proportionally more than 
younger patients from the inclusion of doxorubi-
cin in the treatment regimen.40

HIV Infection
Hodgkin’s lymphoma is one of the defining ill-
nesses of the acquired immunodeficiency syn-
drome (AIDS). Patients with HIV infection in whom 
Hodgkin’s lymphoma develops typically have the 
mixed-cellularity or lymphocyte-depletion histo-
logic subtype, and they tend to have widespread 
disease, involvement of extranodal sites, and sys-
temic symptoms. The availability of highly active 
antiretroviral therapy has dramatically improved 

the survival rate among patients with HIV infec-
tion who also have Hodgkin’s lymphoma.41 Today, 
HIV-infected patients with early-stage Hodgkin’s 
lymphoma should receive the same treatment as 
patients with early-stage disease who are not in-
fected with HIV.

Nodular Lymphocyte-Predominant Hodgkin’s 
Lymphoma

At least 95% of patients who receive a diagnosis 
of Hodgkin’s lymphoma have classic Hodgkin’s 
lymphoma, not nodular lymphocyte-predominant 
Hodgkin’s lymphoma.42 The latter is a low-grade, 
monoclonal B-cell, malignant condition that is 
usually manifested as early-stage disease. Like 
other low-grade B-cell cancers, nodular lympho-
cyte-predominant Hodgkin’s lymphoma can un-
dergo transformation to diffuse, large B-cell 
lymphoma.43 In the early stages, nodular lympho-
cyte-predominant Hodgkin’s lymphoma can be 
managed with watchful waiting, radiotherapy, a 
combination of radiotherapy and chemotherapy, 
chemotherapy alone, or treatment with ritux-
imab. Radiotherapy appears to be a particularly 
important component of treatment for early-
stage disease and can induce a durable remis-
sion.44

Tr e atmen t Selec tion

The optimal treatment for a patient with early-
stage Hodgkin’s lymphoma is not clear. An effec-
tive chemotherapy regimen (e.g., ABVD) used alone 
or various combinations of chemotherapy and ra-
diotherapy are associated with high overall sur-
vival rates. The facts that adverse treatment-relat-
ed events that can be fatal continue to occur (and 
in some cases steadily increase in frequency) 20 to 
30 years after treatment and that most recent 
studies have a median follow-up of less than a de-
cade do not make the choice easy. A study of how 
oncologists make treatment recommendations for 
patients with early-stage Hodgkin’s lymphoma is 
enlightening, but the findings are not surpris-
ing.45 Radiation oncologists were more likely than 
medical oncologists to recommend the use of ra-
diotherapy. Oncologists who had been in practice 
for a long time and had seen late complications 
of treatment were less likely than radiotherapists 
to recommend radiotherapy. Physicians identified 
as “experts” in the treatment of Hodgkin’s lym-
phoma were more likely to select chemotherapy 

Figure 1. Approximate Cumulative Risk of Recurrent Hodgkin’s Lymphoma, 
Second Malignant Conditions, and Cardiovascular Events among Patients 
Receiving Both Radiotherapy and Chemotherapy for Early-Stage Hodgkin’s 
Lymphoma.
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The price of success: Long term complications 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Taunk et al. Pathophysiology of radiation-induced heart disease

The endothelial cells respond with inflammatory markers and
adhesion molecules to recruit peripheral leukocytes with doses
as little as �2 Gy. Once monocytes enter the subendothelial

FIGURE 2 | Proposed mechanism of involvement of NF-kB in
radiation-induced vascular disease (28)

.

space, they may transform into activated macrophages. Activated
macrophages can ingest lipids, forming fatty streak in the intima
leading to early atherosclerotic lesions. Late proliferation of myofi-
broblasts can further the growth of these luminal-narrowing
lesions. Dose of RT �8 Gy are associated with increased size
and number of these lesions in the major arteries. In addition,
the plaques that result may be more unstable and macrophage-
laden (34). Unlike stable collagenous plaques, radiation-related
plaques tend to grow, rupture, and lead to a myocardial infarc-
tion or cerebrovascular accident more often (35). It is impor-
tant to note that these dose–response data include series from
in vitro models and limited autopsy assessment. Although the data
appear to confirm clinical suspicion, further assessment would be

FIGURE 4 | Significant fibrosis of the left anterior descending (LAD)
artery after chest radiation (58).

FIGURE 3 | Overview of complex pathways in tissue fibrosis (27).
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Pathogenesis of RIHD 

1 - Fibrosis 

2 - Inflammation 



RIHD: the “enhancing” role of combined systemic therapies  

Lenneman CG. & Sawyer DB. Circ. Res. 2016 
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Treatment Related Cardiac Events In Long Term Cancer Survivors…  

Who Is The Guilty One? 



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

CLINICAL TRIALS AND OBSERVATIONS
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We assessed cardiovascular disease
(CVD) incidence in 1474 survivors of
Hodgkin lymphoma (HL) younger than 41
years at treatment (1965-1995). Multivari-
able Cox regression and competing risk
analyses were used to quantify treatment
effects on CVD risk. After a median fol-
low-up of 18.7 years, risks of myocardial
infarction (MI) and congestive heart fail-
ure (CHF) were strongly increased com-
pared with the general population (stan-
dardized incidence ratios [SIRs] ! 3.6 and
4.9, respectively), resulting in 35.7 excess

cases of MI and 25.6 excess cases of CHF
per 10 000 patients/year. SIRs of all CVDs
combined remained increased for at least
25 years and were more strongly elevated
in younger patients. Mediastinal radio-
therapy significantly increased the risks
of MI, angina pectoris, CHF, and valvular
disorders (2- to 7-fold). Anthracyclines
significantly added to the elevated risks
of CHF and valvular disorders from medi-
astinal RT (hazard ratios [HRs] were 2.81
and 2.10, respectively). The 25-year cumu-
lative incidence of CHF after mediastinal

radiotherapy and anthracyclines in com-
peting risk analyses was 7.9%. In conclu-
sion, risks of several CVDs are 3- to 5-fold
increased in survivors of HL compared
with the general population, even after
prolonged follow-up, leading to increas-
ing absolute excess risks over time. An-
thracyclines further increase the elevated
risks of CHF and valvular disorders from
mediastinal radiotherapy. (Blood. 2007;
109:1878-1886)

© 2007 by The American Society of Hematology

Introduction

Over the past decades, survival of patients treated for Hodgkin
lymphoma (HL) has improved dramatically, as a result of the
development of multiagent chemotherapy (CT), more accurate
radiotherapy (RT), and enhanced possibilities to reduce treatment
complications.1 Unfortunately, the improved prognosis of HL has
been accompanied by long-term toxicity, such as elevated risks of
second primary malignancies,2-9 cardiovascular disease (CVD),2,3,8-10

and infections.2,8,9 Increased mortality of cardiac disease after
mediastinal radiotherapy for HL has been reported in several
studies.2,3,8-10 Dose-dependent anthracycline-induced cardiotoxic-
ity has been observed in survivors of malignancies other than HL,
who were usually treated with higher anthracycline doses.11,12 It is
not known, therefore, whether anthracyclines add to the increased
risk of CVD from mediastinal RT for survivors of HL. This is an
important clinical question because most patients with HL now
receive anthracycline-containing chemotherapy. Although a few
studies reported on nonfatal cardiac events, comparisons with the
general population were usually not made, because in most
countries CVD incidence rates are not available.13-18 The purpose
of our study was to assess the long-term risk of various CVDs in a
cohort of 1474 five-year survivors of HL treated between 1965 and
1995.

Unique features of this study include long and near complete
follow-up and the availability of complete treatment data, including
radiation fields and chemotherapeutic agents. In addition, we

compared the incidence of various CVDs with population-based
reference rates from the general population, we accounted for
competing risk of death from any cause, and we incorporated
cardiac risk factors in the analyses.

Patients and methods

Data collection procedures

We included all 5-year survivors of HL diagnosed before age 41 years
(n ! 1486) from our late-effects HL cohort comprising 2689 patients with
HL as the first malignancy.6,9,19 Patients were treated between 1965 and
1995 and identified through the hospital-based cancer registries of The
Netherlands Cancer Institute, Amsterdam, or the Erasmus MC–Daniel den
Hoed Cancer Center, Rotterdam. Patient selection and methods of data
collection have been described in detail previously.6,9,19 Data were collected
on date of birth, date of HL diagnosis, histology, clinical stage, cytostatic
agents in primary and salvage treatment, radiation fields in primary and
salvage treatment, dates and treatments of relapses, dates of diagnoses of
cardiovascular events, cardiovascular risk factors at HL diagnosis and at
end of follow-up, date of most recent medical information or date of death,
vital status, and cause of death. Smoking was scored positive when the
patient was smoking at the end of follow-up or had stopped smoking less
than 1 year before the end of follow-up. Hypertension, hypercholesterol-
emia, and diabetes mellitus were scored positive when stated in the medical
information or when treated. Data were collected directly from the medical
records, through general practitioners (GPs) and attending physicians.
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Chemotherapy VS Radiotherapy… What is more toxic? 

Es#mated	HR	for	cardiovascular	events	according	to	mean	heart	RT	dose	and	cumula#ve	dose	of	anthracyclines	

RT	dose	 Doxorubicin	dose	

Example: an increase in mean heart dose of 5 Gy yields the same 
excess risk of cardiac events as an increase in cumulative 

anthracycline dose of 50 mg/m2 (≈1 cycle of ABVD or R-CHOP) 

Maraldo MV et al. Lancet Haematol 2015 



Long Term Cardiac Mortality 

Ø  If we consider Heart Dose, response curves are 
unstable and variable due to: 

•  Different radiated substructures 

•  Concomitant cardiovascular risk factors 

Gagliardi G. et al. IJROBP 2010 

DOSE-RESPONSE	RELATIONSHIP:	complex	and	heterogeneous	models	



van Nimwegen et al. JCO 2016 

Risk Factors RR 95% CI p value 
NONE 1 - - 

Diabetes mellitus 1.98 1.41 to 2.77 < 0.001 

Hypercholesterolemia 2.08 1.60 to 2.72 < 0.001 

Hypertension 1.52 1.18 to 1.96 < 0.001 

>1 risk factors 2.51 1.84 to 3.44 < 0.001 

Impact of Cardiovascular risk factors 



Prevention Of Treatment Related Cardiac Events Is Pivotal, So… 
How Can We Prevent Radiation-Induced Cardiac Complications ?   

q Diagnostic tools 
1. Biomarkers (Troponine, NTproBNP, miRNA) 
2. Echocardiography 
3. Cardiac MRI 
4. Coronary angiography CT scan 

q Avoidance/reduction of cardiotoxic treatments 

q Technical improvement 

q Management of cardiac risk factors 

q Cardioprotective drugs 

PRIMARY PREVENTION SECONDARY PREVENTION 
(early diagnosis) 
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PROSPECTIVE AND 
DETAILED CONTOURING OF 
THE HEART STRUCTURES 



Old concept 
Estimation of Whole Heart dose 

Modern concept 
Estimation of the dose received by: 

1)  Chambers (atria and ventricles) 

2)  Coronary arteries (LM, LAD, CX, RCA) 

3)  Valves (mitral, tricuspid, aortic, pulmonary) 

all observers. Segment doses were between 17.3 and 28.1 Gy for all
observers, and the difference between the minimum and maxi-
mum doses was always less than 2 Gy. For the other 23 regimen/
segment combinations, segments were on or near field borders
(Table 3, Supplementary Table 1 bold type), resulting in differences
of 2.2 to 21.8 Gy between the minimum and maximum estimated
doses, with standard deviations ranging from 0.4 to 8.8 Gy.

Discussion

In this study we present an atlas for contouring segments of the
left ventricle and the coronary arterial tree on radiotherapy plan-
ning CT scans. This will facilitate consistent reporting of cardiac
doses in radiotherapy research studies and in clinical trials so that
radiation doses to these parts of the heart may be related to clinical
outcome data. Such dose–response relationships may help clini-
cians assess the risks of damage to particular cardiac segments.

Spatial overlap averaged over the six observers was more than
60% for left ventricular segments but less than 50% for most coro-
nary artery segments and the separation between the contours
averaged over the six observers was larger for coronary artery seg-
ments (1.3–5.1 mm) than for left ventricle segments (1.5–2.2 mm).
Poor overlap of the coronary arterial segment contours was
expected because they are (1) difficult to outline reproducibly
being long, narrow, irregularly-shaped structures and (2) small in
volume. As small contours cover a smaller area for a given CT area
they are less likely to overlap. Assessing the effects of differences in
contours on radiotherapy dose we found that dose variation was
much greater for segments near a field edge than for other seg-
ments. Our findings are similar to those of Lorenzen [23] and Feng
[10] who also reported inter-observer variability in contouring was
much larger for cardiac structures that were near field edges than
for other structures that were further away. Similar cardiac seg-
ment dose variation is likely to occur in modern regimens which

Fig. 3. Coronary artery segmentation. 3D representation of the segments of the three main coronary arteries in relation to the atrial and ventricular chambers, ascending
aorta and pulmonary artery. Abbreviations: PA: pulmonary artery, AA: ascending aorta, RA: right atrium, LA: left atrium, LV: left ventricle, RV: right ventricle.

F. Duane et al. / Radiotherapy and Oncology xxx (2017) xxx–xxx 5

Please cite this article in press as: Duane F et al. A cardiac contouring atlas for radiotherapy. Radiother Oncol (2017), http://dx.doi.org/10.1016/j.
radonc.2017.01.008
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Correlation between heart (substructures) dose and cardiac events 

van Nimwegen et al. JCO 2016 

MHD  
and development of CAD 

MLVD  
and development of CHF 

van Nimwegen et al. Blood 2017 

8 of 9 | JNCI J Natl Cancer Inst, 2015, Vol. 107, No. 4

Hypertension and hypercholesterolaemia at the end of fol-
low-up were both associated with an increase in VHD, as were 
an increasing number of cardiac risk factors in total (Table 3). 
However, it is not possible to conclude that these associations 
are causal as patients with known VHD (including grade 1 VHD) 
are likely to be closely monitored for cardiac risk factors and 
the risk factors for VHD and atherosclerosis are similar (32). 
Nevertheless, these findings highlight the need to monitor and 
treat HL patients for conventional cardiovascular risk factors, 
as they are also at increased risk of coronary artery disease (2).

Obesity at diagnosis, but not at the end of follow-up, was also 
associated with VHD risk, but again the association may not be 
causal as mediastinal separation is greater in obese patients, 
possibly leading to increased inhomogeneity in radiation dose 

and to areas of increased dose to the heart valves. This dosi-
metric effect would not have been accounted for by our dose 
reconstruction methods.

This study confirms that radiation dose to the heart valves 
is the main risk factor for the development of clinically signifi-
cant VHD following treatment for HL. It is the first time that a 
dose-response relationship has been derived in terms that can 
be easily translated into clinical practice. It will help clinicians 
assess the risk of VHD for patients treated in the future and 
will assist in guiding the appropriate follow-up of HL survivors.
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CONTOURING OF THE HEART STRUCTURES 

Feng M et al. IJROBP 2011 Duane F. et al. Radiother Oncol 2018 



TREATMENT PLANNING 

1 – Deformable registration 2 – Accurate contouring of cardiac structures 

Automatic	segmentation	of	cardiac	sub-structures
in	the	treatment	of	HL	

C.	Fiandra¹,	M.	Levis¹,	F.	Cadoni¹,	V.	De	Luca¹,	F.	Procacci¹,	A.	Cannizzaro¹,	R.	Ragona¹,	U.	Ricardi¹
¹University	of	Torino,	Radiation	Oncology,	Torino,	Italy

Methods

Objective To validate, in the context of treatment of Hodgkin Lymphoma, three commercial software solutions for
atlas-based segmentation of cardiac sub-structures.

Results

The data obtained from the values of Dice Index were compared structure by structure among the
commercial platforms.
The structures delineated by MIM have higher values of Dice Index (with respect to the contours delineated
by the clinicians) compared to those of Velocity and RayStation, with respectively 0.03 and 0.01 p-value,
while the difference between Velocity and RayStation is not statistically significant (p-value = 0.8).
Regarding the clinical evaluation of the Radiation Oncologist, values show that RayStation is the software
that realizes contours more applicable in clinical practice, with statistically significant differences from
Velocity and MIM, with p-value respectively of 0.038 and 0.046. In this particular clinical context, the
difference between Velocity and MIM is not statistically significant (p-value = 0.083).

Conclusion The contours applied by atlases in this contest may be considered as a valid starting point for contouring,
useful to speed up this process; based on the values of Dice Index collected in this study, MIM performs a
little better, while RayStation appears , in general, as the best solution from a clinical point of view.

Figure 1 – Cardiac sub-structures contouring of CT imaging 
with contrast.

Figure 2 - Results in terms of both Dice Index and clinical evaluation regarding eight structures with a 
Dice Index more than 0.5.

Selection of 15 patients with mediastinal HL

Delineation on “contrast enhanced” CT scans of a dataset of 15 cardiac structures

3 commercial solutions: Velocity, MIM, RayStation

Comparison between the structures delineated by the Radiation
Oncologists and those automatically drown by the atlases on the 5 control
patients, adopting the conformality function “Dice Index” (DI)

•10 patients contributed to the definition of a personalized atlas

•5 patients were used as “controls” for the application of the atlases

A Radiation Oncologist gave a score from clinical point of view to each
commercial solution

!
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Original article

Plan optimization for mediastinal radiotherapy: Estimation of coronary
arteries motion with ECG-gated cardiac imaging and creation of
compensatory expansion margins
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a b s t r a c t

Background and purpose: Inadvertent heart and coronary arteries (CA) irradiation may increase the risk of
coronary artery disease (CAD) in patients receiving thoracic irradiation. To date, the entity of cardiac-
related CA displacement and the possible margins to be used for planning organs at risk volume (PRV)
have been poorly described. Aim of this study was to quantify CA displacement and to estimate PRV
through the use of ECG-gated computed tomography (CT) scans.
Material and methods: Eight patients received an ECG-gated intravenous contrast enhanced CT for non-
cancer related reasons. Nine data sets were reconstructed over the entire R–R cycle with a dedicated ret-
rospective algorithm and the following structures were delineated: Left main trunk (LM), left anterior
descending (LAD), left circumflex (CX) and right coronary artery (RCA). CA displacements across the dif-
ferent cardiac phases were evaluated in left–right (X), cranio-caudal (Y) and anteroposterior (Z) direc-
tions using the McKenzie–van Herk formula (1.3 * R + 0.5 * r).
Results: The following CA displacements were found in X, Y and Z coordinates: 3.6, 2.7 and 2.7 mm for
LMT, respectively; 2.6, 5.0 and 6.8 mm for LAD, respectively; 3.5, 4.5 and 3.7 mm for CX, respectively;
3.6, 4.6 and 6.9 mm for RCA, respectively. Based on the mean displacements, we created a PRV of 3
mm for LM, 4 mm for CX and 5 mm for LAD and RCA.
Conclusion: CA showed relevant displacements over the heart cycle, suggesting the need for a specific
PRV margin to accurately estimate the dose received by these structures and optimize the planning
process.

! 2018 Elsevier B.V. All rights reserved. Radiotherapy and Oncology xxx (2018) xxx–xxx

Radiation therapy (RT) for mediastinal lymphomas and other
thoracic tumors frequently entails the involuntary exposure of
the whole heart and its substructures. Several studies, conducted
on large cohorts of Hodgkin lymphoma and breast cancer long-
term survivors, have reported an increased risk of cardiovascular
complications and death for those patients who received thoracic
RT [1–4]. All these studies indicated a clear relationship between
the dose received by the whole heart and the incidence of long-
term cardiovascular complications, particularly ischemic events
[5,6]. Mean and maximum heart dose have been largely used as
dose-volumetric parameters for RT treatment optimization; how-

ever, these constraints do not account for the different dose
received by important cardiac substructures such as coronary
arteries (CA). This dose may be strictly dependent on the definition
of the target and organs at risk volume, and modern contouring
attitudes include the separate delineation of CA, with the aim of
maximally sparing these structures [7]. To date, very few studies
[8,9] have explored the correlation between the dose received by
CA and long-term events such as coronary stenosis, and CA dose
was essentially derived from retrospective studies based on ‘‘a pos-
teriori” reconstruction of the treated thoracic volumes. A prospec-
tive contouring of CA has not been routinely incorporated into RT
treatment flow, mostly due to: (a) the absence of clear dose-
constraints; (b) the complexity and time-consuming contouring
procedure; (c) the blurring effect, even when adopting intravenous
contrast; (d) the difficulty in locating such thin vessels; (e) the
uncertainties in quantifying heart-beating related motion.
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a b s t r a c t

Background and purpose: Inadvertent heart and coronary arteries (CA) irradiation may increase the risk of
coronary artery disease (CAD) in patients receiving thoracic irradiation. To date, the entity of cardiac-
related CA displacement and the possible margins to be used for planning organs at risk volume (PRV)
have been poorly described. Aim of this study was to quantify CA displacement and to estimate PRV
through the use of ECG-gated computed tomography (CT) scans.
Material and methods: Eight patients received an ECG-gated intravenous contrast enhanced CT for non-
cancer related reasons. Nine data sets were reconstructed over the entire R–R cycle with a dedicated ret-
rospective algorithm and the following structures were delineated: Left main trunk (LM), left anterior
descending (LAD), left circumflex (CX) and right coronary artery (RCA). CA displacements across the dif-
ferent cardiac phases were evaluated in left–right (X), cranio-caudal (Y) and anteroposterior (Z) direc-
tions using the McKenzie–van Herk formula (1.3 * R + 0.5 * r).
Results: The following CA displacements were found in X, Y and Z coordinates: 3.6, 2.7 and 2.7 mm for
LMT, respectively; 2.6, 5.0 and 6.8 mm for LAD, respectively; 3.5, 4.5 and 3.7 mm for CX, respectively;
3.6, 4.6 and 6.9 mm for RCA, respectively. Based on the mean displacements, we created a PRV of 3
mm for LM, 4 mm for CX and 5 mm for LAD and RCA.
Conclusion: CA showed relevant displacements over the heart cycle, suggesting the need for a specific
PRV margin to accurately estimate the dose received by these structures and optimize the planning
process.

! 2018 Elsevier B.V. All rights reserved. Radiotherapy and Oncology xxx (2018) xxx–xxx

Radiation therapy (RT) for mediastinal lymphomas and other
thoracic tumors frequently entails the involuntary exposure of
the whole heart and its substructures. Several studies, conducted
on large cohorts of Hodgkin lymphoma and breast cancer long-
term survivors, have reported an increased risk of cardiovascular
complications and death for those patients who received thoracic
RT [1–4]. All these studies indicated a clear relationship between
the dose received by the whole heart and the incidence of long-
term cardiovascular complications, particularly ischemic events
[5,6]. Mean and maximum heart dose have been largely used as
dose-volumetric parameters for RT treatment optimization; how-

ever, these constraints do not account for the different dose
received by important cardiac substructures such as coronary
arteries (CA). This dose may be strictly dependent on the definition
of the target and organs at risk volume, and modern contouring
attitudes include the separate delineation of CA, with the aim of
maximally sparing these structures [7]. To date, very few studies
[8,9] have explored the correlation between the dose received by
CA and long-term events such as coronary stenosis, and CA dose
was essentially derived from retrospective studies based on ‘‘a pos-
teriori” reconstruction of the treated thoracic volumes. A prospec-
tive contouring of CA has not been routinely incorporated into RT
treatment flow, mostly due to: (a) the absence of clear dose-
constraints; (b) the complexity and time-consuming contouring
procedure; (c) the blurring effect, even when adopting intravenous
contrast; (d) the difficulty in locating such thin vessels; (e) the
uncertainties in quantifying heart-beating related motion.

https://doi.org/10.1016/j.radonc.2018.04.014
0167-8140/! 2018 Elsevier B.V. All rights reserved.

⇑ Corresponding author.
E-mail address: andreariccardo.filippi@unito.it (A.R. Filippi).

Radiotherapy and Oncology xxx (2018) xxx–xxx

Contents lists available at ScienceDirect

Radiotherapy and Oncology

journal homepage: www.thegreenjournal .com

Please cite this article in press as: Levis M et al. Plan optimization for mediastinal radiotherapy: Estimation of coronary arteries motion with ECG-gated
cardiac imaging and creation of compensatory expansion margins. Radiother Oncol (2018), https://doi.org/10.1016/j.radonc.2018.04.014

Levis M. et al. Radiot & Oncol 2018 



Levis M. et al. Radiot & Oncol 2018 



2 
 
“CHOOSING WISELY”…   
RT OFFER TAILORED TO THE 
PATIENTS BY ADOPTING 
COMPARATIVE PLANNING 



Involved site - Involved node 
2010-nowadays 

Mantle field 
1980-1990 

Involved field 
1990-2010 

Evolution in the definition of RT volumes for lymphoma patients 

Volume treated on the basis of anatomical borders Targets of treatment are only lymph nodes 
and/or extranodal sites involved at baseline 



1980s Late 1990s 2000s 

2D 3D-CRT IMRT/VMAT/TOMO 

TREND – Improving Precision 

2010s 

IGRT 

THE CONFORMALITY CONTINUUM 

2020s 

To be 
continued… 



A 

B 
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With VMAT we achieve a better sparing of:  

-  aortic valve 

-  Left main 

-  Proximal left descending 

-  Proximal circumflex 

MODERN TECHNIQUES PLAY A MAJOR ROLE SINCE WHOLE HEART DOSE 
CANNOT LONGER BE ENOUGH… 

Mean Heart dose similar for 3DCRT and VMAT but… 



IMRT in HL: which technique is preferable ? 

Fiandra et al, Radiation Oncology 2012 



Which technique is preferable?  

q  There is no single proven best planning and delivery RT technique 

q  No two lymphomas are the same with regard to localization and extent of disease  

q  The decision should be made at the individual patient level, depending on: 

Ø  Age 

Ø  Gender 

Ø  Comorbidities and risk factors for other diseases 

Ø  Dosimetric data adapted for lymphoma patients 



“Butterfly” VMAT 
(B-VMAT) 

Full Arc “Bufferfly” VMAT 
(FaB-VMAT) 

 2 coplanar arcs of 60° 
q  1 anterior  
q  1posterior 

1 no-coplanar arc of 60° 

1 coplanar arc of 360° 
1 no-coplanar arc of 60° 

A B 

Disease Presentation 

A – mediastinum + neck 
(10 patients) 

B – mediastinum + axilla 
(10 patients) 

C – mediastinum alone  
(10 patients) 

Levis M. et al. Oral Presentation – ESTRO37, Barcelona, Spain 



		 		 		 		 		

STRUCTURE PARAMETERS B-VMAT	(VMAT1) FA	(VMAT2) p-value 

CORONARY	ARTERIES 
          1) LEFT MAIN CORONARY DMEAN	(Gy) 19,5	±	7,7 15,9	±	7,5 0,0001 
	 DMAX	(Gy) 25,8	±	5,9 21,6	±	7,4 0,0001 
										2)	LEFT	ANTERIOR	DESCENDING DMEAN	(Gy) 15,6	±	9,0 13,2	±	8,9 0,0001 
	 DMAX	(Gy) 26,2	±	8,5 21,9	±	10,6 0,0001 
          3) LEFT CIRCUMFLEX DMEAN	(Gy) 14,0	±	8,6 10,7	±	7,8 0,0001 
	 DMAX	(Gy) 22,7	±	7,9 17,9	±	9,0 0,0001 
          4) RIGHT CORONARY DMEAN	(Gy) 17,0	±	11,4 15,8	±	11,6 0,005 
	 DMAX	(Gy) 23,1	±	11,5 20,9	±	12,6 0,006 
          5) CORONARY SUM (OVERALL) DMEAN	(Gy) 16.1	±	9,3 13.5	±	8,9 0,0001 
	 

CHAMBERS 
          1) LEFT ATRIUM DMEAN	(Gy) 13,10	±	6,73 11,11	±	6,56 0,364 
	 DMAX	(Gy) 29,25	±	6,04 28,40	±	7,13 0,775 
          2) LEFT VENTRICLE DMEAN	(Gy) 4,2	±	4,7 3,4	±	3,7 0,007 
	 DMAX	(Gy) 25,6	±	9,8 21,9	±	11,1 0,0001 
          3) RIGHT ATRIUM DMEAN	(Gy) 12,58	±	7,29 11,9	±	7,69 0,095 
	 DMAX	(Gy) 30,76	±	5,46 30,74	±	5,34 0,899 
          4) RIGHT VENTRICLE DMEAN	(Gy) 7,3	±	6,2 7,0	±	6,1 0,17 
	 DMAX	(Gy) 31,1	±	5,7 30,2	±	6,9 0,08 
VALVES 
          1) AORTIC VALVE DMEAN	(Gy) 15,7	±	9,0 13,2	±	8,7	 0,0004 
	 DMAX	(Gy) 23,3	±	9,1 22,8	±	10,0 0,42 
          2) PULMONIC VALVE DMEAN	(Gy) 19,91	±	7,75 18,69	±	7,92 0,153 
	 DMAX	(Gy) 28,35	±	6,42 26,77	±	7,06 0,135 
      3) MITRAL VALVE DMEAN	(Gy) 8,97	±	4,93 8,76	±	7,48 0,939 
	 DMAX	(Gy) 19,94	±	6,02 14,95	±	10,37 0,232 
          4) TRICUSPID VALVE DMEAN	(Gy) 9,74	±	8,5 9,40	±	9,70 0,809 
	 DMAX	(Gy) 16,86	±	10,82 15,02	±	11,7 0,068 
		 		 		 		 		

RESULTS (Heart structures) 

In	favor	of		
FA-VMAT	

In	favor	of		
FA-VMAT	

In	favor	of		
FA-VMAT	
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CAD risk CHF risk 

P < 0.01 
P < 0.01 

Long term cardiac risk 



		 		 		 		 		

STRUCTURE PARAMETERS B-VMAT	(VMAT1) FaB	(VMAT2) p-value 
	 

PTV DMEAN	(Gy) 30,4	±	1,9 30,4	±	1,8 0,694 
	 DMAX	(Gy) 34,7	±	2,1 34,6	±	1,8 0,545 
	 V95 (%) 5,7	±	5,2 5,4	±	2,9 0,8 
	 V107(%) 2,0	±	1,0 2,0	±	1,5 0,875 

LUNG D	MEAN	(Gy) 7,5	±	1,9 7,5	±	1,7 0,954 
	 DMAX	(Gy) 33,4	±	2,2 33,7	±	1,9 0,407 
	 V5 (%) 39,8	±	9,5 41,1	±	7,4 0,157 
	 V10 (%) 27,9	±	7,3 27,5	±	7,1 0,393 
	 V20 (%) 15,4	±	5,9 14,4	±	5,4 0,008 

BREAST D	MEAN	(Gy) 2,8	±	3,0 3,5	±	2,7 0,033 
	 DMAX	(Gy) 27,2	±	9,5 27,7	±	9,4 0,53 
	 V4 (%) 16,6	±	16,1 22,2	±	15,5 0,041 

HEART D	MEAN	(Gy) 7,6	±	5,1 6,9	±	4,8 0,0028 
	 DMAX	(Gy) 32,8	±	3,6 42,5	±	55 0,34 

RESULTS (PTV and OARs) 

In	favor	of		
FA-VMAT	

In	favor	of		
FA-VMAT	

In	favor	of		
B-VMAT	

Levis et al. Oral Presentation – ESTRO37, Barcelona, Spain 
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RESPIRATORY GATING (DIBH) 
INTEGRATED TO MODERN 
TECHNIQUES 
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using 6 MV photon beams. For POP, 18 MV supple-
mentary fi elds were occasionally used in order to 
reduce hot spots. After evaluating the DIBH-RT and 
FB-RT plan, the plan determined to be the best in 
terms of target coverage (i.e. PTV) and sparing 
organs at risk (heart, lungs and female breast) was 
chosen for the RT delivery. PTV coverage, defi ned 
as% of PTV receiving at least 95% dose level (V95%), 
mean dose to the lungs, heart, female breasts, coro-
nary arteries, and heart valves were calculated for 
each patient in both DIBH and FB, as well as lung 
and heart volume receiving  !    30 Gy (V30) or 
   !    20 Gy (V20). The plan determined to be the best 
in terms of target coverage (i.e. PTV) and sparing 
organs at risk was chosen for the RT delivery. 

 Position verifi cation was performed before each 
treatment using x-ray imaging, either daily or for 
three fi rst days and thereafter weekly, with subse-
quent adjusting of the set up if systematic errors in 
positioning were seen [19]. If the treatment was 
delivered in DIBH, position verifi cation was also 
performed at DIBH in order to verify the level of 
inspiration.   

 Statistical analyses 

 This protocol was designed as an exploratory study 
with the primary endpoint being the reduction in 
mean lung and heart dose. Although no formal power 
calculation was performed prior to the initiation 
of the protocol, four patients were planned in DIBH 
as a pilot study which indicated that the mean heart 

dose could be reduced from 11.6 Gy in FB to 8.7 Gy 
in DIBH. For practical considerations, we included 
as many patients as possible within a two-year period. 
Based on the pilot study, the current 22 patients 
would give the study a power of over 0.9 (std    "    4 
Gy, alpha    "    0.05, two-tailed). Wilcoxon signed rank 
test for non-parametric paired data was used to 
compare differences for the dependent variables in 
the DIBH and FB RT plans with a two-tailed sig-
nifi cance level of 0.05. Mann-Whitney U-test for 
non-parametric independent samples was used to 
retrospectively analyse the doses to the lungs and 
heart in patients with involvement of the whole 
mediastinum (WM), defi ned as CTV extending 3 cm 
or more below carina in FB, and compared to 
patients with only upper mediastinal disease (UM), 
defi ned as no CTV 3 cm or more below carina in 
FB. All statistical analyses were performed with the 
SPSS statistical software v. 19.   

 Ethical considerations 

 The study was approved by the regional ethics 
committee for Copenhagen H-D-2007-0069.    

 Results 

 Forty patients were eligible for the study. Of these a 
total of 22 patients completed all procedures while 
13 patients were excluded due to stage III/IV disease 
or no mediastinal disease, two patients due to techni-
cal errors and three patients due to various reasons 
(Supplementary Figure 1 to be found online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.932435). The characteristics of the participat-
ing 22 patients are shown in Table I. Twenty-one of 
22 patients had extension of disease below the carina, 
and 14 of 22 patients had disease 3 cm or more 
below carina. The FB RT plan was chosen for three 
patients, and 19 patients had treatment in DIBH. 
Ten patients were treated using POP and 12 patients 
using IMRT. Figure 1 illustrates the dose distribution 
for two patients treated with POP and IMRT, respec-
tively. 

 The DIBH PET/CT scan was done in four 
breath-holds and the planning CT in one. Patients 
treated with IMRT had treatment in one breath-hold 
per fi eld. Patients treated with POP had treatment in 
one to two breath-holds per fi eld. 

 The resulting dose estimates with FB and DIBH, 
respectively, are presented in Table II. There was no 
statistically signifi cant difference in neither the sizes of 
CTV or PTV, nor in estimated PTV coverage (V95%), 
between FB and DIBH plans. However, a trend was 
seen towards a smaller PTV with DIBH. A statistically 
signifi cant reduction of the estimated mean doses to 

Patient 1: FB

Patient 2: FB Patient 2: DIBH

Patient 2: DIBH

  Figure 1.     Volume receiving 20 Gy or more with free breathing (FB) 
and deep inspiration breath-hold (DIBH) in a patient treated with 
conventional parallel opposing fi elds (upper panel) and a patient 
treated with intensity-modulated radiotherapy (lower panel). 
These coronal views illustrate that the lung volume increases with 
DIBH and that the heart is pulled caudally with deep inspiration. 
This results in lower radiation doses to the lungs and heart.  
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using 6 MV photon beams. For POP, 18 MV supple-
mentary fi elds were occasionally used in order to 
reduce hot spots. After evaluating the DIBH-RT and 
FB-RT plan, the plan determined to be the best in 
terms of target coverage (i.e. PTV) and sparing 
organs at risk (heart, lungs and female breast) was 
chosen for the RT delivery. PTV coverage, defi ned 
as% of PTV receiving at least 95% dose level (V95%), 
mean dose to the lungs, heart, female breasts, coro-
nary arteries, and heart valves were calculated for 
each patient in both DIBH and FB, as well as lung 
and heart volume receiving  !    30 Gy (V30) or 
   !    20 Gy (V20). The plan determined to be the best 
in terms of target coverage (i.e. PTV) and sparing 
organs at risk was chosen for the RT delivery. 

 Position verifi cation was performed before each 
treatment using x-ray imaging, either daily or for 
three fi rst days and thereafter weekly, with subse-
quent adjusting of the set up if systematic errors in 
positioning were seen [19]. If the treatment was 
delivered in DIBH, position verifi cation was also 
performed at DIBH in order to verify the level of 
inspiration.   

 Statistical analyses 

 This protocol was designed as an exploratory study 
with the primary endpoint being the reduction in 
mean lung and heart dose. Although no formal power 
calculation was performed prior to the initiation 
of the protocol, four patients were planned in DIBH 
as a pilot study which indicated that the mean heart 

dose could be reduced from 11.6 Gy in FB to 8.7 Gy 
in DIBH. For practical considerations, we included 
as many patients as possible within a two-year period. 
Based on the pilot study, the current 22 patients 
would give the study a power of over 0.9 (std    "    4 
Gy, alpha    "    0.05, two-tailed). Wilcoxon signed rank 
test for non-parametric paired data was used to 
compare differences for the dependent variables in 
the DIBH and FB RT plans with a two-tailed sig-
nifi cance level of 0.05. Mann-Whitney U-test for 
non-parametric independent samples was used to 
retrospectively analyse the doses to the lungs and 
heart in patients with involvement of the whole 
mediastinum (WM), defi ned as CTV extending 3 cm 
or more below carina in FB, and compared to 
patients with only upper mediastinal disease (UM), 
defi ned as no CTV 3 cm or more below carina in 
FB. All statistical analyses were performed with the 
SPSS statistical software v. 19.   

 Ethical considerations 

 The study was approved by the regional ethics 
committee for Copenhagen H-D-2007-0069.    

 Results 

 Forty patients were eligible for the study. Of these a 
total of 22 patients completed all procedures while 
13 patients were excluded due to stage III/IV disease 
or no mediastinal disease, two patients due to techni-
cal errors and three patients due to various reasons 
(Supplementary Figure 1 to be found online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2014.932435). The characteristics of the participat-
ing 22 patients are shown in Table I. Twenty-one of 
22 patients had extension of disease below the carina, 
and 14 of 22 patients had disease 3 cm or more 
below carina. The FB RT plan was chosen for three 
patients, and 19 patients had treatment in DIBH. 
Ten patients were treated using POP and 12 patients 
using IMRT. Figure 1 illustrates the dose distribution 
for two patients treated with POP and IMRT, respec-
tively. 

 The DIBH PET/CT scan was done in four 
breath-holds and the planning CT in one. Patients 
treated with IMRT had treatment in one breath-hold 
per fi eld. Patients treated with POP had treatment in 
one to two breath-holds per fi eld. 

 The resulting dose estimates with FB and DIBH, 
respectively, are presented in Table II. There was no 
statistically signifi cant difference in neither the sizes of 
CTV or PTV, nor in estimated PTV coverage (V95%), 
between FB and DIBH plans. However, a trend was 
seen towards a smaller PTV with DIBH. A statistically 
signifi cant reduction of the estimated mean doses to 

Patient 1: FB

Patient 2: FB Patient 2: DIBH

Patient 2: DIBH

  Figure 1.     Volume receiving 20 Gy or more with free breathing (FB) 
and deep inspiration breath-hold (DIBH) in a patient treated with 
conventional parallel opposing fi elds (upper panel) and a patient 
treated with intensity-modulated radiotherapy (lower panel). 
These coronal views illustrate that the lung volume increases with 
DIBH and that the heart is pulled caudally with deep inspiration. 
This results in lower radiation doses to the lungs and heart.  
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FREE BREATHING DIBH 

Clinical Investigation

Minimizing Late Effects for Patients With
Mediastinal Hodgkin Lymphoma: Deep
Inspiration Breath-Hold, IMRT, or Both?
Marianne C. Aznar, PhD,*,y Maja V. Maraldo, MD, PhD,*
Deborah A. Schut, BSc,* Michael Lundemann, MSc,*,y
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Summary

Hodgkin lymphoma survi-
vors have a risk of late
effects after radiation ther-
apy (RT). We estimated the
risks associated with treat-
ment with deep inspiration
breath-hold (DIBH) versus
free-breathing using
3-dimensional conformal
radiation therapy (3DCRT)
and intensity modulated RT
(IMRT) by estimating the
life years lost from cardio-
vascular disease and from
lung, breast, and thyroid
cancer. 3DCRT-DIBH

Purpose: Hodgkin lymphoma (HL) survivors have an increased risk of cardiovascu-
lar disease (CD), lung cancer, and breast cancer. We investigated the risk for the
development of CD and secondary lung, breast, and thyroid cancer after radiation
therapy (RT) delivered with deep inspiration breath-hold (DIBH) compared with
free-breathing (FB) using 3-dimensional conformal RT (3DCRT) and intensity
modulated RT (IMRT). The aim of this study was to determine which treatment
modality best reduced the combined risk of life-threatening late effects in patients
with mediastinal HL.
Methods and Materials: Twenty-two patients with early-stage mediastinal HL were
eligible for the study. Treatment plans were calculated with both 3DCRT and
IMRT on both DIBH and FB planning computed tomographic scans. We reported
the estimated dose to the heart, lung, female breasts, and thyroid and calculated
the estimated life years lost attributable to CD and to lung, breast, and thyroid
cancer.
Results: DIBH lowered the estimated dose to heart and lung regardless of delivery
technique (P<.001). There was no significant difference between IMRT-FB and
3DCRT-DIBH in mean heart dose, heart V20Gy, and lung V20Gy. The mean breast
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q  CPAP has long been safely used in patients with 
respiratory failure, chronic obstructive pulmonary 
disease (COPD) and obstructive sleep apnea 
(OSAS) to maintain airway patency. 

q  It provides a constant stream of pressurized air to 
the upper airways and lungs. The physiologic 
effects expected during CPAP are hyperinflation of 
the lungs, stabilization and flattening of the 
diaphragm, and decrease in tidal volume.  

q  Components: air pump, tubing, facemask 

Continuous Positive Airway Pressure (C-PAP): 
A valuable alternative way for “respiratory gating”? 

A B 

C 



Respiratory gating @ UniTo: C-PAP & Radiotherapy 

q  Prospective observational study 

q  HL and PMBCL with mediastinal involvement 

q  Airway pressure: 18 cmH2O 

q  Dosimetric comparison of 2 different VMAT 

approaches: FREE-Breathing vs C-PAP 



Free-Breathing With C-PAP 



DOSIMETRIC COMPARISON (Lungs) 

p = 0.0001 

p = 0.013 

p = 0.0015 

Lungs Volume Lungs V20 Lungs V5 

Preliminary results (10 patients) – submitted to ESTRO38, Milan 2019 



DOSIMETRIC COMPARISON (Heart) 

p = 0.006 p = 0.046 

p = 0.05 

p = 0.009 

p = 0.05 

Intersection PTV/Heart (cc) Mean Heart Dose (Gy) 

Aortic Valve (mean dose) Circumflex (mean dose) Left descending (mean dose) 

Preliminary results (10 patients) – submitted to ESTRO38, Milan 2019 
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EARLY DIGNOSIS OF 
SUBCLINICAL “RIHD” 



DO WE HAVE ANY TOOL TO 
DETECT TREATMENT 

RELATED HEART TOXICITY 
IN A PRECLINICAL PHASE? 

THE ”ONE MILLION DOLLAR” QUESTION 



Advanced Ultrasound Imaging 
2D Global Longitudinal Strain – “SPECKLE TRACKING” 
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GLS systolic peak 



Cohort A: CHEMOTHERAPY ALONE 

Cohort B: COMBINED MODALITY TREATMENT 
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CARDIOCARE Project University of Torino



RESULTS (systolic parameters)  
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q  Interim results on 52 patients 
•  24 in cohort A: Chemo alone 
•  28 in cohort B: Chemo + ISRT 

Levis M, et al. Oral communication, ASTRO 2018, San Antonio, USA 
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RESULTS  
(GLS changes after chemo) 

Subgroup analysis p = 0.055 

Age at treatment 

# * 

#	median	anthracycline	dose:	500	mg	

*	median	anthracycline	dose:	400	mg	
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Levis M, et al. Oral communication, ASTRO 2018, San Antonio, USA 



RESULTS  
(GLS changes after ISRT) Subgroup analysis 

Left Ventricle Lateral Wall Interventricular Septum 

  BEFORE ISRT 

  AFTER ISRT 

Whole Heart 

Levis M, et al. Oral communication, ASTRO 2018, San Antonio, USA 
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RESULTS  
(GLS recovery 3 months after end of treatment) 

  END OF TREATMENT 
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Levis M, et al. Oral communication, ASTRO 2018, San Antonio, USA 
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CONCLUSIONS 

1)  Based on the published data, THORACIC RADIATION THERAPY REPRESENTS A RISK FACTOR FOR 
LONG TERM CARDIAC EVENTS, and all the clinicians involved in the management of these patients 
should be aware of this information 

2)  “Modern” radiotherapy is PROBABLY LESS TOXIC compared to “older” approaches, but we must 
wait many years to confirm this assumption  

3)  Actual and future directions include a strong effort to contour the organs at risk (particularly, the 
cardiac substructures) of patients receiving mediastinal irradiation in order to obtain SPECIFIC AND 
CLINICALLY MEANINGFUL DOSE CONSTRAINTS, based on a correlation with clinically relevant 
cardiac events. 

4)  Need for new tools to detect CHEMO/RT INDUCED heart toxicity in a PRECLINICAL PHASE 




