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Abstract

Purpose: Hodgkin lymphoma (HL) is one of the mosgéient malignancies among pediatric patients. @fnene
common causes of death in HL survivors after raahiatherapy (RT), is radiation-induced heart dise@®IHD). The
aim of this study was to compare several dosimgtaiameters for two methods of early stage Hodgkinphoma
radiotherapy with reference to potential risk oHRI

Materials and Methods: Using a series of compubedography slices of 40 young patients, treatmeanmhg was
done in two methods of HL RT, including involvedlfi (IFRT) and involved site (ISRT) in doses of 20, and 35 Gy.
Contouring of clinical target volume as well as tivgans at risk, including the heart, was perforrhgda radiation
oncologist. The mean and maximum dose of heat.{Rean@nd Deart-ma), the volume of heart receiving a dose more
than 25 Gy (V25), and the standard deviation okedas a dose homogeneity index in heart, were wsedmpare the
RIHD risk.

Results: The mean value fohdaimeain ISRT method in all doses was less compare RIIFMaximum reduction in
mean value of Rarmean0ccurred at moving from 30 Gy IFRT to ISRT by 968 (p < 0.001) and minimum was
between 35 Gy IFRT and ISRT. The mean value feiDhaxWas fewer in IFRT rather than ISRT and the maximum
difference was between 35 Gy IFRT and ISRT (1.3% Glhie mean of V25 of heart was 26.66% and 23.135i Gy
IFRT and ISRT, respectively, and dose distributi@s more homogeneous in IFRT.

Conclusions: If Qeatmaxand V25 of heart or homogeneity of dose distritnutin heart are considered as determining
factors in RIHD, then IFRT can be considered optmaspecially in 35 Gy IFRT; while, assuming theRmea2S the
most important factor in RIHD, superiority of ISRVer IFRT is observed.
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Introduction

Hodgkin lymphoma (HL) is
malignancy among children. Radiotherapy alone or
combination with chemotherapy is widely used
management of HL, and it is the most effective ttrest
modality for local controlling of these patientg.[About 80
percent of patients survive Hodgkin lymphoma evees; and
the 10-year overall survival rate is predicted &t between
85% to 97%, depending on sex, for early-stage atdiden
70% to 90% for advanced-stage pediatric HL [2]. ptesthe
existing efficient treatment regimes, there are esarancerns
about radiotherapy-induced acute and chronic camiins
which may reduce patients’ quality of life and ewarvival
after the treatment [3]. Cardiovascular diseaden@®vn as one
of the mortality causes induced by radiotherapy Hh

survivors [1,4,5]. Different dosimetric parametdrave been

the third most common

in

in the
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reported as indexes of cardiac toxicity risk, sashmaximum
and mean dose of heart, inhomogeneity in doseildision of
heart and the volume of heart that receives higtesl¢6-11].
There has been extensive research regarding eelasi (RR)
of radiation induced heart-related deaths amongbtients of
different age ranges. In the age range of 15-2@sy&R range
is reported as 2.8-6.8 [4,12-14]. Hence, to imprtheeoverall
treatment, RT is mostly used in combination withemlo-
therapy [1, 3]. Moreover, different treatment methin RT are
used in order to reduce the irradiated volume angduce the
dose delivered to the heart and the risk of dantadke heart
can be decreased [15]. The clinical target volu@e&\() is
defined differently in different HL radiotherapy theds.
These methods include extended field radiotherdfiyR({),
involved field radiotherapy (IFRT), involved sitadiotherapy
(ISRT), and involved node radiotherapy (INRT). Bxcef
EFRT, the other methods are used after chemothejHpy
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In IFRT, the recommended method in combined treatme
modality from German Hodgkin Study Group (GHSG)][16
CTV generally includes the regions initially bearidisease
defined through the prechemotherapy computerized
tomography (CT) or positron emission tomography TPE
images [17]. In INRT, the CTV encompasses onlyitivelved
nodes plus a margin and Gross tumor volume (GTV) is
outlined using images of prechemotherapy high guélir and
PET/CT and planning is performed by fused imagegsrefand
postchemotherapy. However, when fusing pre and post
chemotherapy images is not possible, the clinigialsRT can
specify CTV by adding a larger margin in the preobtherapy
images to include all uncertainties in GTV defimiti [3,18].
Implementation of INRT and ISRT reduces the treatme
volume considerably, and there are recommendatitns
replace INRT and ISRT instead of IFRT. However,cading
to some studies, the available evidences are ingmrff to
support or refute the definite advantage of INRTSRT over
IFRT [19]. It was also demonstrated there is ndedénce in
progression-free survival (PFS) and overall sut{@s) when
applying INRT compared to IFRT or EFRT [20].

In a study that IFRT method was used instead aitimdield
with the same prescribed dose, 35 and 20 Gy, ttenrdeses
of the whole heart were 17.2 and 9.9 Gy, respdgtii&i]. In
another study, the results indicated the dose drthés
considerably decreased by moving from IFRT to INRZ].
Using imaging information such as pre and postclieerapy
CT and PET/CT images, a TPS with accurate algoritfunal
patient immobilizing devices, different treatmetans can be
designed and delivered. Although the lowest mease dio
heart has been reported for INRT [22], the requdidjnostic
and treatment modalities may not be available mesof the
developing countries. In such cases, the treatmptibns are
ISRT and IFRT. In our department, HL patients haweess to
PET-CT imaging modality but there are limited reses for
accurate fusion of PET-CT images for treatment mlagn
purposes. Hence the INRT method is not an availapten.
The goal of this study was to evaluate and to compaveral
dosimetric parameters for two methods of earlyestdgdgkin
lymphoma radiotherapy (patients who had both médias
and cervical nodes involvement with or without ki nodes
involvement) with reference to potential risk ofdiaion
induced heart disease.

Materials and Methods

Patient selection

In this study 40 young patients (with an average afj 21
years) with mediastinum and cervical nodes involerniwith
or without axillary nodes involvement) (stage 2sdxh on Ann
Arbor staging system [23]) were chosen. They weewipusly
treated and their archived CT scan images were dged
treatment planning.
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Figure 1. An example of beam’s eye view (BEV). Corah and
sagittal plane in ISRT.

Prescribed dose

Doses of 35, 30, and 20 Gy were prescribed atsiheeinter in
each methods. The isocenter point and dose weijleiach
fields were specified based on obtaining a unifodose
coverage in the PT\>05% of the prescribed dose) [24].

Contouring and treatment planning

An ISOgray, version: 4.3.1.23L commercial treatmganning
system (TPS) which had been commissioned for 618V
photons generated by an Elekta Synergy Platfornealin
accelerator was used for contour delineations, trireat
planning and dose calculations. The TPS uses apsalt cone
convolution algorithm for computing the dose.

As discussed earlier, the CTV is defined diffelenin
different HL radiotherapy methods. These methoddude
EFRT, IFRT, ISRT, and INRT. In IFRT, CTV generally
includes the regions initially bearing disease mdi through
the prechemotherapy images (CT or PET) [17]. In T\NEhe
CTV encompasses only the involved nodes plus a imangg
Gross tumor volume (GTV) is outlined using imageks o
prechemotherapy high quality CT and PET/CT and mlanis
performed by fused images of pre and postchemqifiera
However, when fusing pre and post chemotherapy énag
not possible, the clinician in ISRT can specify Cby adding
a larger margin in the prechemotherapy images dude all
uncertainties in GTV definition [3,18].

According to available facilities, two methods I6ERT and
ISRT were applied in the study. The contouring dMCand
OAR'’s including heart was done by an experiencetiatan
oncologist. CTV for ISRT (CTVIS) encompassed thigiaity
involved sites, detected based on the prechemgthémrsaging
(CT and PET/CT); Then, it was expanded cranio-chyidbey
1.5 cm in the lymphatic spread direction which heslin a
coplanar AP/PA field as shown Figure 1. In the transverse
plane, it was not necessary to include the entigahregions
and 1 cm margin was enough [18].

For patients in this study, CTV delineation forRIF
(CTVIF) was done in several phases. First, CTVuded all
cervical, infra and supraclavicular, mediastinatillary, and
hilar lymph nodes treated by using two coplanar@®mantle
fields. Hence, the whole heart, except for a patieart apex
(shielded based on the physician discretion) wasqdl in the
mantle field Figure 2a). In this step, 14.4 Gy was prescribed
to CTV. Afterwards, uninvolved paracardiac nodesrewve
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shielded and treatment dose was increased to 20an80
30.6 Gy for studies with prescribed doses of 20a86 35 Gy
(Figure 2b). For studies using dose of 35 Gy, after delivgrin
of 30.6 Gy to CTV, the whole heart was blocké&ig(re 2¢)
and the rest of the AP/PA mantle fields was treatetb 35 Gy
[17]. In each of the methods, PTV was constructechfCTV
by adding 1 cm margin in the cervical region, amnd the
mediastinum, 1.5 cm margin in the cranio-caudaaion and
1cm in the transverse direction [18,25]. In all huets, 6 MV
and 18 MV photon beams were chosen for AP and Blidj
respectively. ISRT shaping and shielding were donan 80-
leaf multileaf collimator (MLC) and because of ltations on
island blocking by MLC in the mantle field, IFRT ishling
was done by custom blocking.

(a)

(c)

Figure 2. An example of Beam's eye view (BEV). Corah and
sagittal plane, in IFRT. Mantle field in phase 1 (&) sparing
uninvolved paracardiac lymph nodes in phase 2 (b)and whole
heart blocking in phase 3 (for studies using dosef 85 Gy) of the
treatment (c).

Pol J Med Phys Eng 2018;24(3):121-126

Dosimetric parameters

Mean dose (Rart-mea) Maximum dose (LRartma), V25 of heart
(Vx: Volume of the organ receiving x Gy) and standard
deviation (Std. Deviation) of dose distribution (e

inhomogeneity index) were chosen as dosimetric mpaters

that can be used to express risk of radiation iadwzardiac
disease [6,8,10,11] in IFRT and ISRT method.

Statistical test

In this study, SPSS software package was usedtdtistical
analysis. For datasets with normal distributione thaired
sample t-test was used; and for those dataset$iwbigld not
be assumed to be normally distributed, the Wilcotest was
used.

Results

Using the dose volume histogram (DVH) of hearfesRmean
Dheart-max V25, and Std. deviation of heart dose distributio
each treatment plan were estimat€dlye 1).

Except for Rearmaxin IFRT and ISRT using total dose of
20 Gy (IFRT-20 and ISRT-20 respectively), and VAIFRT
and ISRT using 30 Gy (IFRT-30 and ISRT-30 respetyivy
significant differences were observed when compaodther
dosimetric parameters in different methods.

The mean of Ratmeanin ISRT method in all prescribed
doses (20, 30, and 35 Gy) was lower compared toTIFR
Maximum reduction in mean (.mean OCCUrred at moving
from IFRT-30 to ISRT-30 by 9.53Gy (p < 0.001) and
minimum was between 35 Gy IFRT and ISRT (IFRT-38l an
ISRT-35 respectively). The mean,&B.max Of heart in IFRT
was lower compared to ISRT and the maximum diffeearas
between IFRT-35 and ISRT-35 (1.35 Gy). The meav2§ of
heart was 26.66% and 23.74% in ISRT-35 and IFRT-35,
respectively. The mean of std. deviation of dostritution in
volume of heart in IFRT was lower compared to ISR all
prescribed doses (more detailsTable 1).

Volume (%)

et
0
Dose (Gy)

—e——r—r
0

ll5
Dose (Gy)

Figure 3. Examples of exported cumulative DVHs foreart in IFRT (a), and ISRT (b) in prescribed dose of35 Gy. DVH in IFRT is

computed as the net of three phases of treatment.
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Table 1. Dosimetric data related to the heart in edtmethod.

Pol J Med Phys Eng 2018;24(3):121-126

Dosimetric Parameter Method Minimum Maximum Mean SD? P-Value
ISRT-20 17.95 23.27 21.59 1.81 0.500°
IFRT-20 19.43 22.08 21.78 2.19 '
ISRT-30 26.78 34.67 31.52 1.30
Dhean—max (Gy) 0001°
IFRT-30 28.27 33.82 31.26 0.94
ISRT-35 31.04 40.15 36.44 1.63
< 0.00f
IFRT-35 31.66 38.72 35.09 1.66
ISRT-20 0.61 14.26 6.91 3.65
< 0.001°
IFRT-20 14.49 18.27 16.15 1.02
ISRT-30 0.91 21.35 9.64 5.37
Dhean—mean (Gy) < 0001°
IFRT-30 15.22 24.28 19.17 2.53
ISRT-35 1.06 24.75 11.82 6.56
< 0.001°
IFRT-35 15.54 25.57 19.75 2.72
ISRT-30 0.11 62.32 21.64 13.63 0676
IFRT-30 0.51 60.90 22.42 16.29 '
V25 (%)
ISRT-35 0.25 64.56 26.66 17.52 < 0.00¢
IFRT-35 1.27 61.60 23.74 16.22 '
ISRT-20 1.70 11.87 7.23 1.97 d
<0.00T
IFRT-20 1.78 5.21 3.06 0.75
oy ISRT-30 2.55 14.00 10.49 2.70 d
Std. Deviation® (Gy) <0.001
IFRT-30 2.60 8.73 5.84 1.53
ISRT-35 2.96 16.29 12.19 3.13 d
< 0.001
IFRT-35 2.88 9.66 6.30 1.64

a: SD represents the Standard deviation of patietdt.b: Std. Deviation of heart dose distribution (asiaBhomogeneity index),
one of the dosimetric parameters in RIHD. Statidtiests: Paired t test] and Wilcoxon testdj

Discussion

In this study, using CT images of 40 young Hodgkin
lymphoma patients, dose distributions for two mdthmf
radiation treatment planning was calculated. Faolhow
dosimetric parameters; nRitmean Dheartmax V25, and dose
inhomogeneity index were calculated and were usedlan
evaluations.

Results showed that the mean of.fRmeanWas lowest in
ISRT method against IFRT method. Maximum differemée
mean of Reart-mearvas obtained between IFRT-30 and ISRT-30
(9.53 Gy), and minimum of it occurred in IFRT-35dalSRT-
35 (7.93 Gy). Except for far.mean Other dosimetric parameters
(Dheart-max V25, and Std. deviation) indicated the superyooift
IFRT to ISRT, especially in IFRT-35. Although ttgeperiority
was mild, these dosimetric parameters are consider®
dosimetric indexes in RIHD [6,8,10].

In a study, the relationship between radiationedoand the
relative risk (RR) of death were analyzed and thet llose
response model was reported as a functiong@fiRean(RR of
RIHD was 0.6 (95% confidence interval [CI], 0.2 2b) at
1 Gy of the mean dose delivered to the heart) [Alo, the
mean radiation dose to the heart has been indicasedn
important risk factor of the development of corgndreart
disease (CHD) in HL survivors [26,27]. However, the
importance of the volume of heart that receive$ higses has
been discussed as well; so that, in a study om@ora sample
of 125 HL patients treated with mediastinal RT, tlidume
effect was known as the major dosimetric paramatethe
CHD (Hazard Ratio [HZ] 0.98 and 1.03 for V5 of leftiterior

124

descending artery and V20 of left circumflex artery
respectively) [9]. As well, it is predicted thatthe volume of
heart receiving a dose more than 25 Gy is less 1@&6 of
heart (V25<10%), the probability of cardiac motialduring
15 years after radiotherapy is less than 1% [M&jreover,
there are studies indicating more inhomogeneity doke
distribution in the heart caused the greater rilate cardiac
effects and asymmetric development [9,10]; so, inbgeneity
of dose distribution is an another important paramie RIHD,
especially in young patients. By available evidenc is
difficult to judge what method is optimum (IFRT VSRT),
because the author(s) did not find any comprehensiodel to
explain contribution of each parameter to the inidinc of
RIHD. The results of this research are limited t phtients
with mediastinum and cervical nodes involvement.these
patients, IFRT planning is done in several treatnprases,
(IFRT-30 and IFRT-20 in two phases, and IFRT-35tree
phases) and CTV delineation and field design is edon
differently in each phase. A cohort study is regdim order to
assess the relationship between the dosimetrioriaeind the
risk of RIHD, and to select one factor among theamdose,
V25, or max dose as the most influential factor goedicting
the probability of RIHD.

Conclusions

Depending on the extent of disease and availahifitpatient
clinical information, such as pre and postchematpg!ICT and
PET/CT images, different radiation treatment plaas be
designed and delivered for HL patients. Although tbwest
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mean dose to heart has been reported in INRT aRd;I8e
required diagnostic and treatment modalities may be
available in developing countries. This study shadwleat the
comparison of two methods for radiotherapy of Hadgk
Lymphoma, i.e. ISRT and IFRT, produce differentues of
dosimetric parameters. Assuming the mean doseaot he the
most important factor in RIHD, potential risk of HRD is less
in ISRT. While, if Dear-max@nd V25 of heart or homogeneity of
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