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Abstract

Aim: Advances in therapy have resulted in improved cure rates and an increasing number of long-term Hodgkin's
lymphoma (HL) survivors. However, radiotherapy (RT)-related late effects are still a significant issue, particularly for
younger patients with mediastinal disease (secondary cancers, heart diseases). In many Centers, technological
evolution has substantially changed RT planning and delivery. This consensus document aims to analyze the
current knowledge of Intensity-Modulated Radiation Therapy (IMRT) and Image-Guided Radiation Therapy (IGRT) for
mediastinal HL and formulate practical recommendations based on scientific evidence and expert opinions.

Methods: A dedicated working group was set up within the Fondazione Italiana Linfomi (FIL) Radiotherapy
Committee in May 2018. After a first meeting, the group adopted a dedicated platform to share retrieved articles
and other material. Two group coordinators redacted a first document draft, that was further discussed and
finalized in two subsequent meetings. Topics of interest were: 1) Published data comparing 3D-conformal
radiotherapy (3D-CRT) and IMRT 2) dose objectives for the organs at risk 3) IGRT protocols and motion
management.
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Results: Data review showed that IMRT might allow for an essential reduction in the high-dose regions for all
different thoracic OAR. As very few studies included specific dose constraints for lungs and breasts, the low-dose
component for these OAR resulted slightly higher with IMRT vs. 3D-CRT, depending on the technique used. We
propose a set of dose objectives for the heart, breasts, lungs, and thyroid. The use of IGRT is advised for margin
reduction without specific indications, such as the use of breath-holding techniques. An individual approach,
including comparative planning and considering different risk factors for late morbidity, is recommended for each
patient.

Conclusions: As HL therapy continues to evolve, with an emphasis on treatment reduction, radiation oncologists
should use at best all the available tools to minimize the dose to organs at risk and optimize treatment plans. This
document provides indications on the use of IMRT/IGRT based on expert consensus, providing a basis for clinical
implementation and future development.

Keywords: Lymphoma, Intensity-modulated radiotherapy, Image-guided radiotherapy,

Background
The combination of brief chemotherapy followed by ra-
diation therapy (RT), based on a risk-adapted and
response-adapted strategy, is a therapeutic standard for
early-stage Hodgkin lymphoma (HL) [1]; nonetheless,
the role of radiation is still debated, with some concerns
for late toxicity (second malignancies, cardiac disease).
Advances in imaging, treatment planning, and RT deliv-
ery have made it possible to better define and further re-
duce RT fields in many situations [2]. Current RT
protocols combine limited radiation volumes with ad-
vanced planning and delivery techniques, such as
intensity-modulated RT (IMRT) and Image-Guided
Radiotherapy (IGRT) [2].

Various IMRT solutions have been implemented over
the years, generally obtaining superior target coverage
and better OAR sparing, mainly heart and coronary ar-
teries, and reducing the lung volumes treated at high-
dose (see next paragraph for a comprehensive review).
The benefit achievable on heart structures is usually
counterbalanced by a more significant proportion of
breasts and lungs receiving low-dose (below 5 Gy). Given
this unique dose distribution, the appropriateness of
IMRT in young HL patients has been questioned, as-
suming a potential increase in radiation-induced malig-
nancies [3]. Several comparative planning studies for
mediastinal lymphomas, including secondary cancer risk
modeling, have been conducted over the last decade [4].
Recent modeling studies partially overturned this hy-
pothesis, assuming for low-dose a slight risk of second
malignancy induction with fractionated radiotherapy in
adults [5, 6]. The second-generation comparative plan-
ning studies have further optimized heart sparing, adopt-
ing various technical solutions. In studies integrating
radiobiological models, the dose distribution on breasts
and lungs did not translate in an increased risk of sec-
ondary cancer or a reduction of life expectancy [7, 8].

The variable anatomic presentation of early-stage HL
may significantly affect second cancer and cardiac risk of
HL survivors on an individual basis, a factor that often
steers the selection of the appropriate planning solution.
Cardiac toxicity further emerged as a critical point, given
its linear correlation with mean heart dose [9] and with
some non-treatment related risk factors. A few studies
have investigated the dose-response relationship of sin-
gle heart substructures [10, 11], suggesting that the
mean heart is probably inadequate for predicting all
types of radiation-related heart diseases. However, we
still do not have explicit dose constraints on single heart
substructures to be implemented in clinical use. Al-
though the advantages of IMRT include the tightly con-
formal doses and steep gradient next to healthy tissues,
target definition and treatment delivery verification need
even more attention than with conventional RT to avoid
the risk of geographic miss and subsequent decrease in
tumor control. IGRT protocols assume an essential role
in ensuring full target coverage during the whole
treatment.

Methods
A dedicated working group was set up within the Fonda-
zione Italiana Linfomi (FIL) Radiotherapy Committee in
May 2018. After a first meeting, the group adopted a
dedicated platform to share retrieved articles and other
material. Two group coordinators redacted a first docu-
ment draft, that was further discussed and finalized in
two subsequent meetings. We here report the final
document, consisting of a) an extensive review of pub-
lished literature on modern volumes definition and dosi-
metric studies comparing 3D-conformal radiotherapy
(3D-CRT) and different IMRT solutions b) a proposal
for mediastinal organs at risk contouring, individualized
risk estimation and dose objectives and c) IGRT proto-
cols and motion management. The final indications were
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discussed and approved by the expert panel, and repre-
sent the opinion of expert radiation oncologists from dif-
ferent Centers affiliated to the Italian FIL network.

Results
Modern treatment volumes definition
Modern contouring protocols recommend limited RT
volumes, based on the principles of involved node radi-
ation therapy (INRT) and Involved Site Radiation Ther-
apy (ISRT) [12]. Volumes reduction started with the
advent of CT simulation and 3D reconstruction soft-
ware, which laid the groundwork for a new way of con-
sidering lymphoma radiation fields in comparison with
the 2D era. Baseline imaging (CT and PET-CT), ob-
tained before chemotherapy, then became the basis for
target volumes delineation (corresponding to involved
lymphatic sites at diagnosis) [2]. This approach is behind
the concept of INRT, developed by the EORTC in H10
trial [13] and involved-site radiation therapy (ISRT), ide-
ated by the International Lymphoma Radiation Oncol-
ogy Group (ILROG) and described in details in
dedicated guidelines [14]. In both INRT and ISRT, the
pre-chemotherapy disease extension determines the clin-
ical target volume, and the resulting treated volume is
significantly smaller than with involved-field radiother-
apy (IFRT). INRT represents a particular case of ISRT,
in which pre-chemotherapy imaging is obtained in ideal
conditions for post-chemotherapy treatment planning
(e.g., same position). High-quality retrospective clinical
data show that INRT/ISRT is safe and effective in terms
of disease control, though the median follow-up time is
< 5 years, and the sample size small [15–18]. The defini-
tive results of the H10 prospective trial confirmed INRT
safety for both favorable or unfavorable presentations
(EORTC criteria). Thus, both INRT and ISRT are now
considered as the standard of care for Hodgkin’s Lymph-
oma patients [1].

Dosimetric studies of IMRT vs. 3D-CRT
Two members of the expert panel performed a literature
review using the keywords “Intensity-Modulated Radi-
ation Therapy” or“ IMRT” or “Volumetric Modulated
Arc Therapy” or “VMAT” and “mediastinal (or mediasti-
num) lymphoma,” without time restriction (last updated
August 30th, 2019) across PubMed, EMBASE, and Sco-
pus. They identified a total of 121 records, and a first se-
lection was performed based on the titles and abstracts,
including only articles published in English, and exclud-
ing duplicates, case reports, reviews without original data
and letters to the editor. Publications reporting on IMRT
only, proton therapy only, or comparing different vol-
umes (i.e., IFRT vs. INRT or mantle-field) without com-
paring different techniques were then excluded. The
panel finally selected 21 publications, reporting on a

comparison between 3D-CRT and IMRT, independently
of the IMRT technique used (static fields, volumetric) or
the definition of the target volumes (IFRT, INRT or
ISRT).

Heart, lungs, breasts, thyroid
Table 1 summarizes the main findings of these studies,
focusing on the dose distribution on the heart, lungs,
breasts, and thyroid [7, 19–38].

Integral dose
IMRT usually increased the so-called “low-dose bath” to
the rest of the body when compared to the antero-
posterior/postero-anterior (AP-PA) approach and 3D-
CRT [20, 22, 38]. However, a few techniques, including
non-coplanar IMRT [31], allowed for a reduction of the
mean integral dose. Conversely, a reduction of the vol-
ume exposed to high-dose was repeatedly reported. The
dose to the rest of the body in the study by Girinsky
et al. [20] was significantly lower with AP-PA and 3D-
CRT than with IMRT (the mean dose was 0.4 Gy, 1.3
Gy, and 2.8 Gy, respectively). Chera et al. [22] reported a
significant decrease in total body V30 and V24 with
IMRT vs. AP-PA. In a comparison of 3D-CRT vs. Hel-
ical Tomotherapy (HT), Higby et al. [38] identified an
increase of body V5 from 23.3 to 32.7%, while V10 was
almost equal (20.6% vs. 20.5%, respectively). Hoppe et al.
[25] reported a 22% increase of body V4 for IMRT com-
pared to 3D-CRT, while V10 was similar, and V20 and
V30 were reduced by 41 and 63%, as was the mean dose
(7.7 Gy vs. 9.5 Gy, respectively). No significative differ-
ences were found in terms of integral dose among all
techniques (HT, VMAT, Butterfly-VMAT, TomoDirect,
and 3D-CRT) in the article by Fiandra et al. [29].

PTV coverage with IMRT
IMRT allowed superior or at least equivalent Planning
Target Volume (PTV) coverage compared to AP-PA
plans or multi-fields 3D-CRT [19, 21–23, 26, 28–30, 32,
33, 35, 36, 38]. Dosimetric parameters relative to PTV
coverage, from studies reporting these data, are summa-
rized in Table 2.

Estimated late effects
As indicated by Maraldo and Specht [4], the application
of late complications risk modeling into the planning
process appears of high interest. This can be done
through normal tissue complication probability (NTCP)
models, which are mathematic models that seek to de-
scribe a dose-response relationship (i.e., the probability
of a particular endpoint occurring as a function of radi-
ation dose).
Many research groups attempted to model 3D-CRT vs.

IMRT (and vs. proton therapy) effects on heart, secondary
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Table 1 Main dosimetric findings from studies comparing 3D-CRT vs. IMRT

Heart
AP-PA

Heart
3D-
CRT

Heart
IMRT

LAD
AP-
PA

LAD
3D-
CRT

LAD
IMRT

Lung
AP-
PA

Lung
3D-
CRT

Lung
IMRT

Breast
AP-PA

Breast
3D-
CRT

Breast
IMRT

Thyroid
AP-PA

Thyroid
3D-CRT

Thyroid
IMRT

Goodman et al 2005
[19]: 11 pts HL and 5
pts NHL; 18–45 Gy
(median 36 Gy).
IMRT: 3–6 beams

MD
19.1
Dmax
35.4

MD
19.3
Dmax
36.2

MD
16.5
Dmax
37.2

MD
16.7
V20
51

MD
16.2
V20 68

MD
13.7
V20 64

Girinsky et al 2006
[20]: 12 pts HL with
residual disease; 2/
40 Gy IMRT: 5
beams, different
angles

MeD
7.8
V30
24.7

MeD
9,1
V30
19.7

MeD
7.7
V30
14

MD
33

MD
32

MD
30

MD
11.2
V20
24.7

MD 14
V20
27.5

MD
12.8
V20
24.5

MeD
0.3
V20
4.8
V5 8

MeD
0.7
V20
4.2
V5 17

MeD
1.2
V20
3.5
V5 26

Nieder et al 2007
[21]: IMRT: 7-field
coplanar
2/30 Gy

Med
0.1–
30;
V30
2–46;
V7.5
27–94;
V4.5
29–96

Med
0.1–
18.6;
V30
4–20;
V7.5
26–93;
V4.5
31–96

Med
0.1–
12.6;
V30
4–9;
V7.5
20–67;
V4.5
25–80

Med
23.4–
28.5;
V30
0–90;
V7.5
69–
100

Med
21.3–
28.5;
V30
0–23;
V7.5
72–
100

Med
11.1–
15.9;
V30
0–3;
V7.5
70–
88

Right-
left:
MD
1.5–
2.4;
V20
24–
32;
V30
15–
20

Right-
left
MD
16.2–
16.2;
V20
20–26;
V30 8–
11

Right-
left
MD
13.8–
13.2;
V20
23–27;
V30 3–
6

Right:
MeD
0.9,
V25 5,
V5 12.
Left:
MeD
0.9,
V25 7,
V5 15

Right:
MeD
1.5,
V25
19, V5
46.
Left:
MeD
1.5,
V25
24, V5
48

Right:
MeD
5.1,
V25 1,
V5
100.
Left:
MeD
4.8,
V25 1,
V5
100

Chera et al 2009
[22]: nine stage II
HL; INRT 2/30 Gy.
IMRT: 5 equally
spaced beams

MD
4.8
V4
20.7
V10
15.3
V20
11.2
V30
6.2

MD
5.4
V4
37.5
V10
21.1
V20
6.8
V30
0.8

MD
1.9
V4 7.9
V10
6.5
V24
3.6
V30
0.8

MD
3.7
V4
25.3
V10
16.8
V24
1.6
V30
0.3

MD 7.1
V4 28.2
V10 21
V24 14
V30 5.3

MD 9.1
V4 44.6
V10
34.4
V24
15.9
V30 4.6

Cella et al 2010 [23]:
10 pts supra-
diaphragmatic HL;
1.5/30 Gy.
Forward planned
IMRT

MD
21.2
Dmax
32.3

MD
21.8
Dmax
32.4

MD
16.5
V20
45.4
V30
28.5

MD
16.2
V20
45.1
V30
23.4

MD
8.9
V20
21.2
Dmax
34.2

MD
7.4
V20
20.7
Dmax
33

MD
27.7
V30 79
Dmax
33.3

MD
25.3
V30
20.8
Dmax
30.8

Weber et al [24]: 10
early-stage supra-
diaphragmatic HD
female patients; 2/
30 Gy IFRT vs INRT
IMRT: 9 equally-
spaced beams vs
Rapidarc

IFRT-
INRT
MD
9.1–
9.1; V3
46.7–
33.3;
V10
33.2–
21.5

IFRT-
INRT
MD
8.5/
8.3–
6.9/
6.5; V3
67.4/
67.7–
57.9/
18.8;
V10
34.2/
31.4–
25.9/
3.7

IFRT-
INRT
MD
4.9–
2.5; V3
6.6–
2.9;
V10
3.9–
1.5

IFRT-
INRT
MD
2.9/
2.9–
1.6/
1.5; V3
25.1/
24.1–
14.2/
13.6;
V10
9.2/
6.6–
3.5/2.2

IFRT-
INRT
MD
22.6–
15.2; V3
91.7–
67.5;
V10
83.5–
49.4

IFRT-
INRT
MD
23.7/
23.3–
17.5/
16.8; V3
90.8/
91.7–
84.1/
84.3;
V10
88.2/
85.8–
74.3/
65.1

Hoppe et al 2012
[25]: 12 pts St I-III
HL; 1.8/30.6–39.6
Gy. IMRT: 5–7
beams coplanar or
non-coplanar

MD
19.4;
V4
79.1;
V10
70.5;
V20
56.5;

MD
12.2;
V4
70.6;
V10
47.4;
V20
28.1;

MD
13.2;
V4
56.2;
V10
44.6;
V20
34.9;

MD
10.6;
V4
65.4;
V10
41.4;
V20
19.9;

MD
5.4; V4
23.3;
V10
18.8;
V20
13.3;
V30

MD
5.5; V4
37.4;
V10
21.8;
V20
8.5;
V30

MD
18.8; V4
77.5 V10
62.4 V20
53.5 V30
25.8

MD
19.3; V4
98.8 V10
78.5 V20
49.8 V30
11
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Table 1 Main dosimetric findings from studies comparing 3D-CRT vs. IMRT (Continued)

Heart
AP-PA

Heart
3D-
CRT

Heart
IMRT

LAD
AP-
PA

LAD
3D-
CRT

LAD
IMRT

Lung
AP-
PA

Lung
3D-
CRT

Lung
IMRT

Breast
AP-PA

Breast
3D-
CRT

Breast
IMRT

Thyroid
AP-PA

Thyroid
3D-CRT

Thyroid
IMRT

V30
38.1

V30
13.6

V30
21.6

V30
3.6

8.5 0.8

Koeck et al 2012
[26]: 20 pts (10M,
10 F) early
mediastinal HD;
dose 2/30 Gy. IF vs
IN. Coplanar IMRT

MD
17.9–
9.2; V4
74.8–
39.5;
V10
66.9–
32.6,
V25
49.6–
21.7

MD
13.8–
7.4; V4
94.2–
50.4,
V10
61.7–
27.8;
V25
12.4–
6.7

MD
10.6–
8.6;
V10
37.7–
30.2;
V20
27.8–
21.9

DM
12.8–
9.6;
V10
58.5–
39.7;
V20
16–
11.3

DM
4.4–
3.4; V4
22.6–
17.1;
V10
17.1–
13;
V25
3.8–
3.3

DM
6–4.6;
V4
61.8–
38.6,
V10
15.8–
13.7,
V25
0.8–
0.6

Campbell et al 2012
[27]: 10 females,
stage I–IIA supra-
diaphragmatic HL.
INRT 1.8/30.6 Gy.
IMRT: VMAT

MD
6.9;
V30
11.1

MD
4.3;
V30
1.6

MD
25

MD
24.7

MD
7.3; V5
28.1;
V20
18.6

MD
6.9; V5
45.3;
V20
8.1

MD
1.6; V5
6.1;
V20
3.3

MD
2.1; V5
19.6;
V20
0.2

MD
13.5; V4
53.4;
V20
37.9

MD
15.5; V4
75; V20
37.7

De Sanctis et al
2012 [28]: 10 supra-
diaphragmatic St. II
HL. IFRT 2/30 Gy.
IMRT: 5 equally
spaced beams.

MD
4.3; V5
15.8;
V10
12.9;
V20
7.6;
V30
1.3

MD
4.2; V5
25.7;
V10
15.3;
V20
6.5;
V30
0.2

MD
9.9;
V5
44;
V10
39.2;
V20
25.7;
V30
6.2

MD
9; V5
52.8;
V10
44.5;
V20
23;
V30
0.9

MD
6.8;
Left-
Right:
V5
28.9–
30.3;
V10
20.5–
23.2;
V20
13.2–
14.7;
V30
4.7–2.6

MD
8.7;
Left-
Right:
V5
48.1–
44.8;
V10
30–
32.8;
V20
7.8–
7.9;
V30
0.1–
0.1

MD 1;
Left-
Right:
V5
4.1–
3.3;
V10
2.1–
1.7;
V20
1.1–
0.9;
V30
0.2–
0.8

MD
2.3;
Left-
Right:
V5
20.6–
17;
V10
13.6–
11;
V20
0–0;
V30
0–0

MD
15.3;
V10
64.8;
V20
46.4;
V30
16.2

MD
21.4;
V10 95;
V20
54.6;
V30 9.6

Fiandra et al 2012
[29]: 10 female
mediastinal HL
patients. INRT 2/30
Gy. IMRT: VMAT vs
TD vs HT

MD
5.1

MD
3.1–
4.3

MD
22.1;
V20
73.5

MD
15.7–
19.8;
V20
43.1–
59.1

MD
6.6; V5
29.3;
V10
22.6;
V20
15.2;
V30
3.5

MD
5.9–
6.4; V5
26.4–
39;
V10
20.6–
25.6;
V20
7.6–
15.6;
V30
0.1–
0.7

MD 1
Gy, V4
4.5;
V10
2.5;
V20
0.9;
V30
0.2

MD
0.7–
1.2; V4
3.7–
6.2;
V10
1.1–
2.4;
V20
0.1–
1.3;
V30
0–0.6

MD
17.7;
V18
45.9;
V25 32

MD
13.5–
17.3;
V18
33.4–
51.3;
V25
21.3–
32.9

Chen et al 2012 [30]:
19 pts mediastinal
HD or NHL; dose 2/
36 Gy.
IMRT. Coplanar vs
non-coplanar

MD
17;
V30
34.5

MD
14.5–
15,
V30
22.4–
22.1

MD
13.3;
V5
50,
V10
42.5
V20
32.2

MD
13.8–
12.9;
V5
61.2–
53.9;
V10
48–
43.2;
V20
27.9–
26.9

MD
2.8; V5
12,
V10
8.1,
V20
6.4

MD
3.3–
2.9; V5
16%,
V10
8.4–8,
V20
4–4

Cella et al 2013 [31]:
three PTV scenarios,

V25
22.5–

V25
from

V20
12.1–

V20
from

V30 49–
93.9

V30
from
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Table 1 Main dosimetric findings from studies comparing 3D-CRT vs. IMRT (Continued)

Heart
AP-PA

Heart
3D-
CRT

Heart
IMRT

LAD
AP-
PA

LAD
3D-
CRT

LAD
IMRT

Lung
AP-
PA

Lung
3D-
CRT

Lung
IMRT

Breast
AP-PA

Breast
3D-
CRT

Breast
IMRT

Thyroid
AP-PA

Thyroid
3D-CRT

Thyroid
IMRT

supra-
diaphragmatic HD.
1.5/30 Gy.
IMRT: forward,
inverse or Tomo

60.5 21 to
4.5 to
8.7–
67.5

30.7;
MD
5.3–
11.9

15
10.1–
15 to
23–
28.8;
MD
from
4.9–
8.1 to
11.1–
13.5

16.9–48
to 45–
60

Antoni et al 2013
[32]: 13 pts
supradiaphragmatic
St. II HL. INRT 2/30
Gy + 2/6 Gy boost.
IMRT: Helical
Tomotherapy

MD
13;
V20
32.2;
V30
23.1

MD
11.2;
V20
20.7;
V30
11.1

MD 12;
V5
47.1;
V20
28.2;
V30
19.4

MD
9.2; V5
56.4;
V20
12.2;
V30
4.9

MD
2.7; V5
27;
V20
5.7;
V25
5.1;
V30
4.1

MD
4.7; V5
9.9
V20
3.9;
V25
1.2;
V30
0.2

MD
34.6;
V30
87.7

MD
31.6;
V30
72.7

Maraldo et al 2013
[7]: 27 patients, St I-
II supra-
diaphragmatic HL.
INRT 1.8/30.6 Gy.
IMRT: VMAT

MD
9.9

MD
10.1

MD 8.6 MD
11.4

MD
3.0

MD
7.5

Voong et al 2014
[33]: 9 female pts
with mediastinal HL;
INRT 1.8/30.6 Gy.
IMRT: butterfly,
multiple arcs

MD
14.3
V30
29
V20
38.8
V5 46

MD
11.5
V30
16.8
V20
28.3
V5
42.5

MD
14.5
V30
28.5
V20
42.2
V5
51.7

MD
10.4
V30
21.5
V20
28
V5
51.8

MD
11.3
V30
19.5
V20
29.9
V5
41.1

MD
9.3
V30
4.8
V20
22.2
V5 54

Right:
MD
1.9,
V30
1.9,
V20
3.7, V5
7.5.
Left:
MD
2.4,
V30
2.9,
V20
4.9, V5
8.4

Right:
MD
2.3,
V30
0.5,
V20
3.8, V5
13.7.
Left:
MD
2.4,
V30
1.2,
V20 4,
V5
11.2

Aznar et al 2015
[34]: 22 pts early-
stage mediastinal
HL; INRT 1.8/30.6 Gy
free breath vs
breath hold; IMRT:
different techniques

FB vs
DIBH
MD:
8.7–
5.4;
V20
19.8–
14.5

FB vs
DIBH
MD:
8.1–
4.5;
V20
15.7–
7.9

FB vs
DIBH
MD:
10.3–
8.2;
V20
20.8–
20.7

FB vs
DIBH
MD:
9.8–
8.2;
V20
17.9–
13.7

FB vs
DIBH
MD:
2.3–
3.2

FB vs
DIBH
MD:
4.2–
4.8

FB vs
DIBH
MD:
22.1–
25.9

FB vs
DIBH
MD:
25.4–
28.2

Kriz et al 2015 [35]:
11 pts mediastinal
early HL; 1.8/30.6 Gy
INRTvs IFRT, DIBH vs
free breath. IMRT: 5
beams vs 7 equally
spaced beams.

MD
4–12.6

MD
4.1–
15.4

MD
5.9–
9.1;
V10
18.3–
32.6;
V20
14.1–
25.4

MD
6.5–
13;
V10
25.8–
57.8;
V20
9.5–
24.1

Left:
MD
2–4.5;
Right:
0.6–
1.5

Left:
MD
2.4–
7.4;
Right:
1.2–
5.5

Besson et al 2016
[36]: 69 pts with HL
or NHL; doses
calculated for 2/30

MD
11.7
MeD
8.4 V4

MD 9
MeD
7
V4

MD
9.6
MeD
8.7 V4

MD
9.5
MeD
11.1
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cancer, thyroid, and vessels. The NTCP of pneumonitis,
pericarditis, myelitis/spinal cord necrosis, thyroiditis,
esophageal stricture/perforation, and breast tissue fibrosis
was investigated by Cella et al. [39] and De Sanctis et al.
[28] and fractional lung damage by Goodman et al. [19].
However, these clinical endpoints are not the most fre-
quently observed in HL survivors, and are not the most
relevant concerning morbidity and mortality. Individual-
ized estimates for the risk of development of secondary
cancers and cardiovascular disease have been calculated
by Koh et al. [40] Hodgson et al. [41], Weber et al. [24],
Maraldo et al. [7] and Filippi et al. [8]. The potential for
risk reduction with more conformal therapy was investi-
gated by Weber et al. [42] Filippi et al. [8], Levis et al. [43]
and Maraldo et al. [34]. Across these studies, IMRT tech-
niques were not associated with an increased risk of
radiation-induced secondary cancers, except for Maraldo
et al. [7], where full-arc VMAT without low-dose con-
straints for breasts and lungs was tested. For cardiovascu-
lar disease, again, Maraldo et al. compared 3D-CRT with
VMAT and found that risk estimates for cardiovascular
disease were not significantly reduced with VMAT com-
pared with 3D-CRT [7, 44]. Filippi et al. [8] and Levis
et al. [43] subsequently showed that optimized multi-arcs

VMAT, including low-dose constraints, was able to re-
duce heart disease risk in comparison with 3D-CRT, inde-
pendently of the anatomical presentation (mediastinal
disease alone or plus neck or unilateral axilla).

Proposed dose objectives for organs at risk
An integral part of calculating conformal treatment
plans, particularly for inverse planning IMRT, is the use
of dose constraints/dose objectives for different healthy
tissues. However, the dose constraints used for treat-
ment planning of solid tumors are, in most cases, not
well suited for RT planning for lymphomas, because the
prescribed dose to the target is much lower than the tol-
erance dose for most OAR. Therefore, we preferred the
term “dose objectives” as they refer to what it is the de-
sired dose distribution to be achieved through the use of
inverse planning. In general, radiation doses to all OAR
should be kept as low as possible to minimize the risk of
long-term complications, but some structures are more
critical than others. Ideally, NTCP models for all rele-
vant risk organs with a particular focus on the low-dose
region of 20 to 40 Gy should be used for comparing each
treatment plan. At present, no validated guidelines exist
that allow optimization based on weighted estimates of

Table 1 Main dosimetric findings from studies comparing 3D-CRT vs. IMRT (Continued)

Heart
AP-PA

Heart
3D-
CRT

Heart
IMRT

LAD
AP-
PA

LAD
3D-
CRT

LAD
IMRT

Lung
AP-
PA

Lung
3D-
CRT

Lung
IMRT

Breast
AP-PA

Breast
3D-
CRT

Breast
IMRT

Thyroid
AP-PA

Thyroid
3D-CRT

Thyroid
IMRT

Gy. IMRT:
Tomotherapy

45
V20
34.1
V30
16.6

51.2
V20
18.6
V30
3.4

42.4
V20
25.6
V30
9.8

V4 62
V20
16.2
V30
2.3

Horn et al 2016 [37]:
14 females with
stage II mediastinal
HL. ISRT 2/30 Gy.
IMRT: Tomotherapy

MD
11.3;
Dmax
30.9;
V4
41.8;
V10
36.7;
V20
31.1;
V30
11.8

MD
8.5;
Dmax
30.8;
V4
46.2;
V10
33.8;
V20
23.4;
V30
10.1

Left-
Right
MD
9.4–
7.5; V4
41.3–
33.6;
V10
31.7–
24.7;
V20
25.4–
18.6;
V30
10.1–
6.5

Left-
Right
MD
8.6–
7.8; V4
56.4–
55.2;
V10
36.2–
30.8;
V20
13.8–
12;
V30
0.3–
0.7

Left
MD
5.6; V4
22.8;
V10
18.6;
V20
14.6;
V30
4.9
Right
MD
3.6; V4
14.8

Left
MD
4.9; V4
36;
V10
19.9;
V20
4.2;
V30
0.2
Right
MD
3.8; V4
33.4

Higby et al 2016
[38]: 11 pts HL st. I-
II; ISRT 1.8/30.6–36
Gy.
IMRT: VMAT

MD
15.8
V30
24.7

MD
12.8
V30
17.7

MD
13 V20
35.4
V5
52.6

MD
11.9
V20
20.8
V5
67.8

Left:V5
5.3,
V10
4.5
Right:
V5 4.6,
V10
1.3

Left:
V5
39.5,
V10
17.7
Right:
V5
32.4,
V10
11.2%.

Abbreviations: MD mean dose, MeD median dose, V volume

Filippi et al. Radiation Oncology           (2020) 15:62 Page 7 of 16



risks of different long-term complications. We here
propose a list of suggested dose objectives for critical or-
gans at risk (heart, breasts, lungs, thyroid) to be used for
IMRT optimization. Table 3 summarizes the expert
panel indications for dose objectives.

Heart
The association between RT and cardiac complications is
now well known for patients treated for mediastinal
lymphomas. However, cardiac complications due to chest
irradiation have been considered rare and insignificant

[45] for quite a long time, though the first report on po-
tential adverse effects of cardiac irradiation was published
in 1897 [46]. The first detailed and reliable description of
radio-induced heart disease (RIHD) dates back to occa-
sional clinical observations published 40 to 50 years ago
[47, 48]. Two subsequent publications by Hancock et al.
from Stanford University, in a large cohort of adult and
pediatric patients cured for HL, established that the risk of
heart disease is related to the dose received [49, 50]. Since
then, several studies confirmed the existence of a causal
link between thoracic irradiation and heart toxicity in

Table 2 PTV coverage in studies comparing 3D-CRT vs. IMRT
AP-PA 3D-CRT IMRT

Goodman et al [19]: IMRT 3–6 beams V95 93%;D95 90%; Dmax 117%; Dmin
78%; MD 103%

V95 95%; D95 98%; Dmax 118%; Dmin
80%; MD 106%

V95 98%; D95 101%; Dmax 120%; Dmin
76%
MD 107%

Nieder et al [21]: IMRT: 7-field
coplanar

V95 97% V95 95% V95 96%

Chera et al [22]: 5 equally spaced
beams IMRT

MD 31.9 Gy; V30 96.5%; Dmax 34.2 Gy;
Dmin 28.1

MD 31.7 Gy; V30 97.5%; Dmax 32.7 Gy;
Dmin 29.1

Cella et al [23]: Forward planned IMRT V95 95.9%, Dmax 118%, Dmin 77%,
DM 105%, IC 0.40

V95 96.8%, Dmax 111%, Dmin 79%, DM
101%, CI 0.31

Koeck et al [26]: IF vs IN. Coplanar
IMRT

DM 29.7–29.8 Gy; V95% 85.3–90.5; V107%
0.4–0.5; CI 2.77–2.8, HI 0.82–0.85

DM 28.8–29.8 Gy; V95% 86.4–87.7, V107%
2.7–2.9; CI 1.24–1.25; HI 0.77–0.78

De Sanctis et al [28]: 5 equally spaced
beams IMRT

MD 101.4%; Dmax 108.8%; Dmin 41.4% MD 100%: Dmax 106.6 Gy; Dmin 71.4 Gy

Fiandra et al [29]. IMRT: VMAT vs
Tomodirect vs Helical Tomotherapy

MD 30.6 Gy; V95 94.8%; V107 5%; HI 0.3 MD 29.9–30.4 Gy; V95 95.4–97.4%; V107
0–5.5%;
HI 0.07–0.2

Chen et al [30]: IMRT Coplanar vs Non-
coplanar

D98% 34.4 Gy, MD 39.1 Gy; CI 0.47; HI
1.19

D98% 34.2–34.1 Gy, MD 38.4–38.3 Gy; CI
0.72–0.71; HI 1.13

Antoni et al [32]: Helical Tomotherapy CI 2.4; HI 1.1; V95 93.7% CI 1.2; HI 1.1; V95 95.8%

Voong et al [33]: butterfly IMRT,
multiple arcs

CI 1.66, HI 1.14, PTV dose 32.02 Gy, V107
801.5 cm3

CI 1.10, HI 1.15, PTV dose 31.39 Gy

Kriz et al [35]: 5 beams vs 7 equally
spaced beams.

D98 92–93.5%; HI 0.14–0.47; CI 2.61–
2.84

D98 92.6–93.9%; HI 0.11–0.16; CI 0.99–
1.24

Besson et al [36]: Tomotherapy MD 30.1 Gy, CI 2.9, HI 2.9; V90 98.1%,
V95 94.7%, V100 63%, V107 1.2%.

MD 30.3 Gy, CI 1.4, HI 0.5;V90 99.9%, V95
98.7%, V100 52.2%, V107 0%

Higby et al [38]: VMAT V20 35.4%, V5 52.6%, MD 13 Gy V20 20.8%, V5 67.8%, MD 11.9 Gy

Abbreviations: V volume, D dose, MD mean dose, HI homogeneity index, CI conformity index

Table 3 Suggested dose objectives for organs at risk

Structures Recommended Required Avoid maximum dose in

Heart

Whole organ Mean < 5 Gy Mean, 5–15 Gy Coronary vessels

Left ventricle Mean < 2 Gy Mean, 5–10 Gy Coronary vessels

Breasts (whole breasts) Mean dose < 4 Gy V4 < 50% Glandular tissue

Lungs (minus PTV) V5 < 55% V5 55–60%

V20 < 30% V20 < 35%

Mean dose < 10 Gy Mean < 13.5 Gy

Thyroid V5 < 93%
V20 < 82%
V25 < 63%
V30 < 62%
2.2 ml < 25 Gy

V25 < 70% Whole thyroid
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long-term survivors treated at a young age for lymphopro-
liferative disorders or pediatric neoplasms [51, 52], and for
breast cancer [53]. Acute effects (within 6 months of com-
pletion of treatment) are mainly represented by pericardi-
tis, which is usually transient and easily treatable with
anti-inflammatory therapy. Late complications are entirely
different events, such as chronic heart failure, unstable an-
gina, myocardial infarction, valve failure, and arrhythmia;
late effects occur many years after RT completion, usually
after 20–30 years [54, 55]. Based on these historical re-
ports, the long-term risk of coronary artery disease and
chronic heart failure for HL patients receiving combined
chemo-radiotherapy is increased 5 and 7 times, respect-
ively, compared to healthy people. The occurrence of late
radiation-induced heart disease led to an intense debate
about the risk-benefit balance of the use of RT for medias-
tinal lymphomas. A few randomized trials have attempted
to omit RT from the first-line therapy, intending to reduce
life-threatening long-term complications (mainly heart
events and second neoplasms), while accepting a slight (al-
beit statistically significant) reduction in disease control
[56–59]. However, the constant improvement of RT tech-
niques, the reduction of treatment volumes through the
introduction of the ISRT and INRT concepts, and the sig-
nificant decrease in prescription doses, from 40 to 44Gy
to the current 20–30Gy dose range, have partially modi-
fied the clinical risk of RIHD [60]. In particular, the use of
IMRT and daily image-guidance with IGRT techniques, as
well as the integration of respiratory gating, emerged as
factors that could drastically reduce mean and maximum
heart dose. When a modern planning and dose delivery is
adopted, it seems reasonable to keep the mean heart dose
(MHD) below 5 Gy, as suggested by Maraldo and Ng [60].
The recent advances in the identification of the heart

substructures, guided by dedicated atlases [61, 62] and
in the accurate estimation of their displacement related
to the heart motion [63, 64], suggest performing detailed
contouring of valves, chambers and coronary arteries.
Given the irregular and variable shape of HL PTV, which
is unique for every single patient in relation to the vari-
able extension of mediastinal involvement and its prox-
imity to the heart, the adoption of more conformal
techniques allows a steep dose gradient. It may lead to a
more heterogeneous dose distribution across heart sub-
structures. As a result, the relationship between MHD
and mean substructures dose is weak, and the adoption
of MHD alone is becoming inadequate, if not meaning-
less, in the modern radiotherapy era [65].
A recent contribution from Princess Margaret Hospital

Cancer Center in Toronto has firstly shown that a risk
model for ischemic disease, including coronary artery
variables, is superior to a model purely based on the
mean heart dose [66]. In that report, V5 of left anterior
descending and V20Gy of left circumflex were the best

predictors of coronary artery disease. Unfortunately, no
specific constraints were provided by the authors.
The ongoing CARDIOCARE project (Clinical Trial

identifier: NCT03480087) has firstly shown a significant
impairment of left ventricular systolic function, evalu-
ated with global longitudinal strain, in patients receiving
an MHD > 5 Gy and a mean left ventricular dose > 2 Gy
[67], thus suggesting an indicative dose limit for ven-
tricular dysfunction.
There is no best IMRT solution to spare the heart and

its substructures. Many reports have compared different
approaches (HT, static IMRT, multiple arcs VMAT), all
concluding that the plans should be tailored to every
single patient and his/her clinical features. In general, a
multi-arc solution appears more effective in reducing
the doses to the heart substructures, in particular to the
coronary arteries, compared to static IMRT or HT, with
a slight increase of the low-dose component for the
breasts and the lungs [29, 33]. Therefore, comparative
planning between different IMRT solutions is strongly
advised in order to guide the clinical judgment and cali-
brate the treatment to patients’ needs, adopting a per-
sonalized approach.
The following are practical indications on contouring,

radiation technique, and dose objectives derived from
different studies and expert consensus:

– We recommend the contouring of the heart as a
whole and all cardiac sub-structures (coronary arter-
ies, valves, and cardiac chambers), as indicated in
the atlas published by Feng et al. [61] from Michigan
University. An expansion margin for coronary arter-
ies could be considered, as published by Levis et al.
(left main trunk: 3 mm; left anterior descending: 5
mm; circumflex: 4 mm; right coronary artery: 5 mm)
[63].

– The contouring of all cardiac structures allows
customizing the radiotherapy treatment plan and
optimizing the saving of areas considered most
relevant from the clinical point of view. In this
regard, the saving of coronary arteries and left
ventricle are considered a priority for their clinical
relevance (risk of coronary artery disease and
chronic heart failure in the medium to long term).

– The risk of radio-induced cardiotoxicity is higher for
patients aged > 35 years, for whom maximum atten-
tion must be paid to saving the heart and its
structures.

– There is an Excess Relative Risk (ERR) per Gy of
7.4% in ischemic heart disease risk [9] for the dose
received by the heart and an ERR per Gy of 9% in
heart failure for the dose received by the left
ventricle [68]. These data indicate a clear dose-
response effect, and suggest that doses should be
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kept as low as reasonable to every cardiac substruc-
ture. For valvular dysfunction, the dose-response re-
lationship is exponential, increasing steeply above
20 Gy [11]

– Multi-arcs VMAT solutions seem to provide the
best dosimetric benefit to the heart and its
substructures. Comparative planning between
different IMRT solutions is strongly recommended
in every single case to tailor the treatment to
patients’ needs.

Breasts
Longitudinal epidemiological studies on large patients’
cohorts treated with chemotherapy and radiation ther-
apy for early-stage Hodgkin’s lymphoma revealed the
carcinogenic potential of fractionated mediastinal RT,
recording a substantial increase in the risk of secondary
breast and lung cancers, especially for young women
(under 30 years old) [5, 69–72]. The risk is maximum
with the use of broad fields (mantle) and high-dose. Ex-
posure of the breast tissue to high-intermediate dose, es-
pecially on the inner quadrants, is associated with
cellular damage that is not easily repairable and, with a
multifactorial etiology, may lead to developing a
radiation-induced breast tumor.
While a reduction in volumes is associated with an ap-

parent reduction in carcinogenic damage (from mantle
fields to involved fields), the exact dose distribution to
mammary glands plays an important role. Progressive
dose reduction from 44 to 36 Gy, and then from 30 to
20 Gy is also associated with substantial risk reduction,
as suggested by various biological models and confirmed
by early clinical data. The irradiation technique can have
an impact as dose distribution is modified, reducing the
proportion of parenchyma receiving therapeutic doses
(30 Gy, as was the case with the AP-PA approach) but
increasing the proportion receiving doses below 5 Gy.
The risk of carcinogenesis at fractionated low-dose radi-
ation is difficult to model; however, most studies con-
verge on a linear relationship, with apparent reduction
at low-dose given the partial exposure [5, 6, 73–75].
With the use of various IMRT techniques, breasts

DVHs change shape, increasing the low-dose component
and reducing the high-dose component, even with the
same average dose. Here, we propose the adoption of
specific dose objectives for the mammary glands, based
on the low-dose limit of 4 Gy (below which the relative
risk of carcinogenesis, in pediatric cohorts and therefore
at higher intrinsic risk, is about 1.3) [76]. By applying
this low-dose constraint, the risk associated with IMRT
appears similar to what expected with more classical 3D
approaches: this is possible because the linear model as-
signs a proportionally lower carcinogenic risk to low-
dose than to high-dose. In other words, it is acceptable

to expose larger volumes of the breast to doses below 4
Gy when reducing the proportion of tissue receiving
doses of 20–30 Gy. The main advantage is to achieve a
better heart sparing without increasing carcinogenic risk.
The following are some practical indications:

– We recommend the contouring of both breasts as a
single OAR

– Patients under 20 years old are at the higher risk; the
risk is still elevated compared with baseline for
patients aged 20–30 years [73]. For patients above
30 years old, the risk is lower and cardiac sparing
may take precedence.

– It is preferable a technical approach that avoids a
direct entrance through the mammary glands,
preferring anteroposterior non-coplanar arches plus
a small anterior arc (also to the benefit of the lungs
bilaterally), or single arc but with constraints on the
lung and breasts such as to avoid low-dose spread
bilaterally.

– It is recommended to compare rival plans, in light of
the desired balance between the risk of cardiac,
pulmonary, and breast toxicity. This customization
is essential, given the tremendous anatomical
variability of the target volumes in HL.

Lungs
The correlation between the occurrence and grade of
lung toxicity and irradiated lung volumes in lymphomas
has been initially assessed in patients treated with IFRT
in the dose range 30–45 Gy [77]. In these studies, the
dosimetric parameters that emerged as mostly related to
the risk of pneumonia were mean lung dose (MLD),
V20, and V30, similarly to what found for lung cancer.
Most of the patients were treated with anteroposterior
techniques, exposing to full dose areas around the medi-
astinum and the apexes. In all these studies, the risk of
toxicity was significantly increased in the subgroup of re-
fractory/relapsed patients. Pinnix et al. analyzed 150 pts.
with mediastinal lymphomas treated with ISRT/IMRT
[78]. Symptomatic pneumonia was found in 14% of pa-
tients, with 6.7% G3, after a median follow-up of 2.04
months (range 0.33–9.18). The incidence was 10% in pa-
tients treated with first-line RT and 25% in patients in
whom RT was performed at relapse/salvage. V20 > 30%,
as well as MLD > 13.5 Gy and V5 > 55%, were all associ-
ated with a higher risk of pneumonia. Other factors such
as age, race, disease stage, gender, type of chemotherapy,
previous bleomycin toxicity, bulky disease, tobacco habit,
previous asthmatic disease, or chronic obstructive pul-
monary disease, were not significant. We recommend to
delineate both lungs and consider both as a single OAR,
subtracting the planning target volume (PTV).
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Thyroid
Hypothyroidism was a quite common late effect after
the irradiation of the upper chest and neck areas at
doses of above 30 Gy, with a cumulative risk of 40–60%
[79–81]. A study including patients treated with two op-
posing AP-PA fields [82] showed that the best predictor
for hypothyroidism was V30, with a 62.5% cut-off. In de-
tail, the risk of hypothyroidism was 11.5%, with a V30 <
62.5 and 70.8% with a V30 above this threshold. The
same study also identified a threshold value for V20: in
patients with a V20 higher or lower than 82.4%, the risk
of hypothyroidism was 60.7 and 13.6%, respectively. A
more recent study [83] assessed the risk of
hypothyroidism in patients treated with IMRT: for V25,
the threshold value was 63.5% (37% vs. 80%
hypothyroidism), while the cut-off for V30 was 62%. An-
other parameter found to be related to the risk of func-
tional damage was the amount of thyroid tissue
receiving less than 25Gy, with a threshold value at 2.2
ml. Patients with a smaller thyroid gland appeared to be
at higher risk, with a cut-off value of 11.2 ml.

Motion management
Radiotherapy evolutions for mediastinal lymphomas
have seen the progressive spread of breathing control
methods, or so-called “breath-holding” techniques. This
approach encompasses two techniques: Active Breathing
Control (ABC) and Deep Inspiration Breath-Hold
(DIBH). The ABC system automatically synchronizes
breathing with the treatment unit, being able to hit the
target in a specific phase of the respiratory cycle, where
OAR are located in a more favorable position. The
DIBH system requires the patient to maintain the same
level of forced inhalation during the simulation and
treatment phases, intending to ensure RT delivery only
in a pre-defined and reproducible situation of OAR dis-
placement (heart, breasts). With both techniques, the re-
spiratory motion range may be reduced to less than 5
mm (rather than 10–15 mm).
The use of DIBH and image-guidance for mediastinal

lymphomas is limited but well supported by high-quality
studies [34, 84, 85]. All reports have shown that the
DIBH technique can reduce the dose to heart, breasts,
and lungs, and this effect is mainly due to the displace-
ment of OAR in the deep inhalation phase secondary to
the forced increase of the lung volume. The benefit
achievable with DIBH seems independent by the tech-
nique used [34]. A few Centers apply smaller margins
for PTV in the context of DIBH, further accentuating its
benefit for the heart and lungs.
The use of 4D-CT allows for an individualization of

PTV margins, according to the principle of “internal tar-
get volume” (ITV); even if mediastinal structures motion

is limited in comparison with lungs, this method may be
helpful.

Use of IGRT
Image-guided radiotherapy (IGRT) is a process involving
the use of imaging during RT delivery, intending to im-
prove the accuracy of treatment. IGRT allows for a real-
time or a near real-time visualization of anatomical de-
tails, as well as changes in tumor volume and position.
In general, IGRT uses different imaging modalities to lo-
cate the target before and during each treatment session.
IGRT has gained popularity and rapid spread over the
last decade, especially in some clinical scenarios such as
lung, prostate, head and neck, and gastrointestinal tract
cancers; however, the role of IGRT in the management
of lymphomas is not well defined. A prospective trial
tested the use of IGRT for HL, showing the benefit of
combining DIBH with IGRT [86].
The association between IGRT and IMRT seems ra-

tional and mandatory, especially Cone-beam CT (CBCT)
or MV-CT, as it allows for margin reduction, and ideally
could be combined with either 4D-CT individualized
margins or respiratory gating. A volumetric scan with
kV Cone-beam delivers on average an integral dose of
about 1–10 cGy per acquisition [87–89]. Recent radio-
biological models generally indicate a negligible impact
of these fractional dose levels on the risk of second
neoplasms.
Being aware that the most appropriate modalities for

IGRT are a prerogative of each Centre, as they strictly
depend on the CTV-PTV margins used and the
immobilization systems, extended use of IGRT is recom-
mended when using IMRT in combination with ISRT-
INRT for mediastinal lymphomas.

Discussion and conclusions
Hodgkin’s lymphoma clinical and anatomical presenta-
tions are widely variable, as are treatment volumes and
RT planning and delivery techniques. The expert panel
accounted for the difficulties in the correct interpret-
ation of independent studies applying different target
volume definitions, OAR definition and contouring, and
optimization priorities, which were often not defined.
This variability highlights the variation in OAR dose
based on the priority given to each structure during
planning, which varies on a case-by-case basis,
dependent on the individual’s health status, age, sex, and
life expectancy. Also, there is an inconsistent reporting
of dosimetric and plan evaluation parameters, and the
results of a single study may apply to only a limited sam-
ple of patients (e.g., favorable, females, young, medias-
tinal mass).
However, we observed that: a) IMRT provides a sub-

stantially lower dose to the healthy tissues compared with
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AP-PA or multi-fields 3D-CRT; however, the individual
variation is considerable, and some patients will still re-
ceive a high-dose because of the proximity of the target
volume to the OAR(s) investigated; b) IMRT should be
seen as one treatment modality of several possible, each
with different dose distributions; c) the choice should be
made individually, because of a lack of superiority of one

technique over the others when multiple OAR are consid-
ered simultaneously; d) in the majority of the reported ex-
periences, CTV-PTV margins were smaller than in the
past, according to the systematic use of IGRT, with a sig-
nificant impact on treated volumes and, consequently, on
the ability of IMRT to spare OAR, and e) organ motion
management techniques have been adopted by a few

Fig. 1 A multi-arcs VMAT plan in a male patient, in DIBH, where heart sparing has the highest priority: heart displacement combined with
optimized VMAT achieves low mean heart dose (MHD) (a) combined with low V20Gy (b)

Fig. 2 Comparative planning between AP-PA (a) and butterfly VMAT (b) in a male patient, showing the achievable dose distribution on single
heart substructures (the aortic valve in white, the left main trunk in green, the left anterior descending artery in orange and the circumflex artery
in pink)
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Centers but showed their potential in improving dose dis-
tribution, further reducing heart and breast dose.
In the near future, proton therapy (PT) will be an op-

tion, especially for younger patients. The use of PT for
lymphomas engaging the mediastinum is promising, and
treatment techniques continue to evolve. However, the
limited availability of PT calls for case selection based on a
clear understanding of which cases will derive most bene-
fit from protons therapy as compared to advanced photon
techniques, as underlined by Dabaja et al. [90]. Moreover,
the combination of photons with protons, the use of gat-
ing or breath-hold, the use of IGRT with IMPT (intensity-
modulated PT) might open a new window of opportunity,
particularly for cardiac substructures sparing.
Figures 1, 2 and 3 illustrate a few examples of the

achievable dose distributions with multi-arcs VMAT on
whole heart, heart substructures, lungs and breasts in
different clinical cases (male and female patients).
In conclusion, the FIL expert panel recommends the

use of IMRT for mediastinal lymphomas, with various
technical solutions, incorporating specific dose objectives
into the planning process, and considering individual
risks. The panel also recommends the use of daily IGRT
and, when feasible, support the implementation of
breath-control techniques.
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