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Abstract

Aim: To compare the dosimetric advantage of staat body radiotherapy (SBRT) for localized lungnbr between
deep inspiration breath hold technique and freathieg technique.

Materials and methods: We retrospectively incluggdpreviously treated lung tumor patients in tlosimetric study.
All the ten patients underwent CT simulation us#iyCT free breathing (FB) and deep inspiration tirdenld (DIBH)

techniques. Plans were created using three copfatianodulated arc using 6 MV flattening filterele (FFF) bream
with a dose rate of 1400 MU/min. Same dose comgtdor the target and the critical structuresdqrarticular patient
were used during the plan optimization processlIBHDand FB datasets. We intend to deliver 50 G§ finactions for

all the patients. For standardization, all the plaere normalized at target mean of the plannirgetavolume (PTV).
Doses to the critical structures and targets wecerded from the dose volume histogram for evalnati

Results: The mean right and left lung volumes vieflated by 1.55 and 1.60 times in DIBH scans coragdo the FB
scans. The mean internal target volume (ITV) insedlain the FB datasets by 1.45 times comparedet®iBH data
sets. The mean dose followed by standard devigianoy) of ipsilateral lung for DIBH-SBRT and FB-SBRT pk&
were 7.48 + 3.57 (Gy) and 10.23 + 4.58 (Gy) respelt, with a mean reduction of 36.84% in DIBH-SBRIans.

Ipsilateral lung were reduced to 36.84% in DIBHnsl@ompared to FB plans.

Conclusion: Significant dose reduction in ipsilatelung due to the lung inflation and target moti@striction in

DIBH-SBRT plans were observed compare to FB-SBRIBHDSBRT plans demonstrate superior dose redudtighe

normal tissues and other critical structures.

Key words: DIBH; free breathing; SBRT; lung radiotherapytethSBRT.

Introduction in the primary and metastatic lung [3]. To safelsagtice
SBRT, we need to follow stringent criteria startonf
immobilization, delineation, treatment planning treatment
delivery. Motion management in moving organ is mpartant
step in the SBRT treatment process, precious katdin of the
tumor during the target delineation and treatmesiivdry has
to be in a high confidence level. To obtain thehhignfidence
level, we need to have a clear idea about utilizimgavailable
imaging technique to incorporate the tumor motion.
International commission on Radiation Units and
measurements (ICRU) report no 62 (Supplement toUCR
Report 50): Prescribing, Recording, and Reportirgptén
Beam Therapy released in 1999 [4] recommended m ter
Internal Target Volume (ITV) in the moving tumoid3.V is

Organ motion management in radiotherapy has evalvéaist

few decades along with technology development.eStactic
body radiation therapy (SBRT) requires precisengsiion of
patient anatomy, targets for planning, and cleaualization
for localization during treatment delivery [1]. SBRecame a
standard care of treatment for early stage lungerapatients
who are not fit for surgery [2]. In SBRT, preciselideation
and localization of target is vital for an effeitreatment.
SBRT methodology is to deliver a highly conformaladive

dose to the tumor in a hypo-fractionation radiatsminedule.
SBRT requires biological equivalent dose (BED)00 Gy to
achieve a tumor control of 85% irrespective of theor size
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described as a clinical target volume (CTV) withdiéidnal
margin which encompass the tumor motion. Deterronadf
accurate ITV become mandatory in SBRT; 4-dimengiona
computed tomography (4DCT) which is the combinatbithe

3D data of different respiratory phases enableoudetermine
the ITV. The maximum intensity projection (MIP) daset
derived from all the respiratory phases becomesthadard
golden data set for ITV delineation. There are edéht
approach used by several authors Rosenzweig ¢b]alised
deep inspiration breath hold (DIBH) technique whéuag
tumor can immobilized at a particular position anadiation
field will be the smallest, hence using DIBH thegncescalate
the average from dose from 69.4 Gy to 87.9 Gy, auth
increasing the risk of toxicity. In this dosimetstudy we try to
investigate the dosimetric advantages of DIBH-SBRT
compared to the FB-SBRT.

Materials and methods

We retrospectively selected ten previously tredtszhlized
lung cancer patients stage (T1/T2, NO, MO) in 8tisdy. Out

of the ten patients two patients were treated wddep
inspiration breath hold technique and remainindhiefatients
treated with free breathing technique using 4D-@lI. the
patients were underwent CT simulation with both 4-
dimensional
inspiration breath hold. The patient’'s demograpdéta were
listed below in thélable 1 Ten patients with mean age of 54.7
years (range, 44 to 67 years) were retrospectivelyded in
this study from our previously treated SBRT patiemtord.
Out of ten patients six were right sided and foereMeft sided
lung tumors. Among the ten patients six were mfer(out of
six were smokers) and four were female. The saletiag
patients were mostly peripheral localized lung tammostly
had co-morbidities (i.e., COPD, Hypertension, gtnd not fit
for surgery. The gender, age, stage and the lgcaifothe
primary tumor along with the co-morbidities werstéid in the
Table 1

CT simulation

All the patients were immobilized with custom maekcloc
(M/S Civco, USA) fixed with ‘T’ shaped wing boarddexed
to the couch. A computed tomography (CT) with aesli
thickness of 2.5 mm was obtained for all the pasiersing GE
Discovery 600 16-slice PET-CT scanner. Varian reale
position management (RPM) equipped with infra-resnera
and 6 dot reflective markers, which are integratéth the GE
CT was used for all the patients to obtain the DIgtdns and
4D-CT scans. DIBH scans were acquired by helicalenavith
2.5 mm slice thickness, 16 rows detectors, 20 seath hold,
400 mm field of view and without any inter slicepgaill the
patients were evaluated for the compliance of tgbth hold
the breath for 20 sec. Prior to the DIBH scan,gagents were
explained, coached, and assessed the upper andttreshold
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cut off for all the patients. During the breath chadcan the
upper and lower threshold cut off were set and denited.

During the simulation three sets of DIBH scansen&ken
for a patient to determine the ITV for the DIBH dsét. The
4DCT scans were acquired using a cine mode acguisitith
2.5 mm slice thickness, 8 row detectors, 400 mid fé view,
cine acquisition duration (breathing period of individual
patient + 0.5 sec), cine acquisition gap 0.45 st without
any inter slice gap. Once the cine acquisition deted the
breath pattern with CT data acquisition informatide was
automatically transfer from the RPM system to tAeddnsole.
Using this file the cine acquisition data were dad into ten
bins of respiratory phases (CTO, CT10, CT20, CT G040,
CT50, CT60, CT70, CT80 and CT90). From the teniragpy
bins the MIP and the average intensity projectiwve(P) were
also derived for all the patientsigure 1 shows the DIBH and
FB datasets, which clearly illustrates the lundaitidn and
reduced GTV volume. Once the patient CT data aeduithe
CT images were imported into Eclipse treatment mlaog
system, Ver. 11.0 (M/S Varian Medical Systems, Palm,
CA, USA). The body structure was segmented autaalti
by the treatment planning system.

Table 1. Patient demographic data

S No. Stage Age  Sex Location Co—MorbiditiesTZLiﬁ:ﬂe
1 T2aNOMO 44 M Rt. Lower Hypertension FB
2 T2bNOMO 62 F Lt. Lower COPD FB
3 T2aNOMO 48 M Lt. Upper Heart Disease FB
4 T2aNOMO 53 M Lt. Lower DIBH
5 T1cNOMO 65 F Rt. Upper Hypertension FB
6 T2aNOMO 49 M Rt. Lower COPD FB
7 T1cNOMO 51 F Lt. Upper Heart Disease FB
8 T1bNOMO 67 M Rt. Middle - DIBH
9 T2aNOMO 49 M Rt. Lower Heart Disease FB
10 T2aNOMO 59 F Rt. Upper FB

(b)
Figure 1. Comparison of a) DIBH dataset and b) FredBreathing
dataset
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Critical structures contouring

All the critical structures were contoured as pee RTOG
0915 report [6] guidelines. The spinal cord hashbeantoured
in every slice, starting at least 10 cm above thgesor extend
of the PTV and finish at least 10 cm below the rigieextend
of the PTV. Mediastinal window level was set on fi@nning
CT to delineate the esophagus slice by slice,istpdt least
10 cm above the superior extend of the PTV andgHiit least
10cm below the inferior extend of the PTV. The Hesas
contoured beside the pericardial sac; the supdsiodmarks
were the level of the inferior aspects of aorticharand
inferiorly extend up to the apex of the heart. Tiga and main
bronchus which include the entire trachea, carim @oximal
bronchial tree were delineated as a single stract@poth the
right and left lungs has been contoured separatebstimate
the dosimetric advantage in the ipsilateral lungween the
DIBH and FB technique.

Contouring has been carried out using pulmonarndeivs.
All inflated and collapsed lung has been included this
structures. The pulmonary trunk delineated from dnéerior
and medial wall of the right atrium, overlaps rodtaorta and
include the right and left pulmonary arteries. A @Bw of the
all the critical structures and the target werasiltated in the
Figure 2.

Target delineation

ADCT MIP datasets were used for the internal tavgpéime
delineation in the free breathing mode and theyewarified
by running the cine mode of the 10 phases CT dets t®
ensure the target is inside the delineated ITV fritw MIP
data sets. We have acquired three DIBH data setl wi
common Dicom origin during the CT simulation prozds
include the uncertainty of the target within thepepand the
lower threshold of the deep inspiration breath hdlde ITV
was derived by delineating the target in all thee¢hdatasets
which were shared a common Dicom origin as showth@n
Figure 3. Both the DIBH and FB ITV’'s were expanded with 4
mm 3-dimensional margin to obtain the PTV.

Figure 3. GTV variation in the DIBH dataset within the set upper and lower threshold done at three inahces
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Treatment planning and optimization

Eclipse treatment planning system (Varian Medicg$t&ns,
USA) was used for SBRT treatment planning for bbtBH
and FB techniques. All the SBRT plans were plannith
coplanar volumetric modulated arc therapy (VMATQheique
with 3 complete arcs. TrueBeam linear acceleravtarian
Medical Systems, USA) with 6 MV flattening filterele beam
(FFF) using Millennium -120 multi-leaf collimatorese used
in all the plans. The DIBH-SBRT plans were don®IBH CT
datasets whereas FB-SBRT plans were done in th&€®BD-
(AvelP) data sets. Progressive resolution optironat
algorithm ver. 11.0 was used for the VMAT optimirat Dose
calculation of both DIBH-SBRT and FB-SBRT plans wer
calculated using analytical anisotropic algorithrAARQ)
ver.11.0. All the patients were planned to deli@érGy in 5
fractions to the PTV. The dose constraints for ati@dar
patient were kept identical during the optimizatfmocess for
both DIBH-SBRT and FB-SBRT plan. To standardizatiba
treatment plans, all the plans were normalizedh® target
mean of the PTV.

Figure 2. 3D-view of the critical structures and tagets
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technique
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Figure 5. Determination of homogeneity index paranters from
DVH

Vr(Ref. Isodose volume 120cc)

TV (PTV)
Volume 100cc
v, 120cc
CI =& -_"""-120
®OC TV 100ce

Figure 6. Example of Conformity Index

Plan evaluation

In the report ICRU report 83 [7], prescribing, regiog and
reporting photon beam intensity-modulated radiatibarapy
describes the dose homogeneity and dose conforarity
independent specifications of the quality of theabed dose
distribution. Dose homogeneity characterizes théotmity of
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the absorbed-dose distribution within the targdune. Dose
conformity characterizes the degree to which thghtdose
region conforms to the target volume, usually th&/P

Homogeneity index (HI)

Dz% B Dgs)/a

Hl =——=— Eqg. 1
D50’/o

Where, By, Dogy and By, are the dose received by 2%, 98%

and 50% volumes respectively. HI = 0 (zero) is idedue.

The Figure 5 illustrates how to determine the,k) Dogy, and

Dsgyfrom the PTV in the dose volume histogram.

Conformity index (CI)

In 1993, Radiation Therapy Oncology Group recomreein@l

as a ratio of the reference isodose volume toatget volume.
_VRI

Clgros = TV Eqg. 2

Where, Vi reference isodose volume, ai¥ is the target

volume (i.e., PTV).

Figure 6illustrates the example of computing the confoymit
index, for example if the PTV volume is 100 cc, wheour
reference isodose line (if the prescription is 50 Gour
reference isodose is 95%, 47.5 Gy volume will lerdference
isodose volume) is 120 cc, then the conformity nde
calculated to be 1.20, which describes there is 2@%me
outside PTV receiving the prescribed dose.

Patient specific quality assurance

Patient specific quality assurances for DIBH-SBRY &B-
SBRT plans (total 20 plans) were performed usimgRIT
MatriXX 2-dimensional ion chamber array (Scanditron
Wellhofer, Freiburg, Germany). The fluence were soeed
using the I'mrt matrix attached to the linear aecalor head
using the gantry mount with 5 cm of slab phantoravaband
below the detector to enable the buildup and batiesc
radiation. With the same geometry we created tHp&Ee TPS
predicted fluence for all the patients. The TPSdjuted
fluence and the measured fluence from the machieee w
compared using the Omnipro IMRT software. All tt@ [#ans
were compared between the TPS predicted and measure
fluence using the gamma evaluation method withceptance
criteria of 95% of the pixel within the region oftérest has to
pass 3% dose difference and 3 mm distance to agrgem
(DTA).

Treatment localization

All the DIBH-SBRT and FB-SBRT plans were added with
three setup fields, two fields with orthogonal KWKmages

for 2D-2D bony match and the third field for the -3D
matching using CBCT. During the DIBH treatment
localization, lower and upper threshold of the davéndow

was set as per the values documented during the CT
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simulation. DIBH gated KV-KV image were acquireddan
match with the planning CT digitally reconstructedliograph
(DRR), by enabling the PTV outline. Verified that/Kmages
tumour shadows were within the PTV outline in th&m
(Figure 7).

The two patients treated with DIBH-SBRT targetdlization
also verified using the breath hold gated CBCT apti
available with the TrueBeam Linear Accelerator. Tireath
hold gated CBCT gave us enough confident abouatieeracy
of the tumor immobilized in the set upper and loweeshold
by visualizing the tumor within the planning PTV gt®own in
theFigure 8.

Statistical analysis:

All the statistical data were presented in studyttes mean
followed by the standard deviation £xa;). The DIBH-SBRT
plans dosimetric data were compared with the FB-BBRns
data using the paired sample t-test performed ushey
Microsoft Excel version 2010 with p value < 0.05nhsilered
as significant.

Results and Discussion o« P
ITV and PTV volume Figure 8. 3D-3D gated DIBH CBCT verification

L wes

The mean followed by standard deviationt(o;) of DIBH-
ITV and DIBH — PTV volume (cc) of all the patientgere
51.29 £ 47.13 (range: 5.40 — 131.70) and 92.01.6Z @ange:

350.00

300.00

15.60 — 246.30), whereas FB -ITV and FB — PTV vaurere :LTT"V'E:’B“H’)
74.42 + 69.06 (range: 6.40 — 211.50) and 112.6642® 250,00 TV (F8)
(range: 18.50 — 323.30). We found that mean FB-0T¥ll the ~=PTV (FB)

200.00

patients were 1.45 times of DIBH-ITV and FB-PTV welr.22
times larger than the DIBH-PTV. The volume variatif ITV
and PTV between the two techniques were illustratethe
Figure 9.The reductions of the ITV in the DIBH datasets aver 10000
mainly due to immobilize the target within the ghtgper and

lower threshold window.

150.00

Volume (CC)

50.00

0.00
1 2 3 4 5 6 7 8 9 10

Conformity index and homogeneity index for Patients

PTV Figure 9: DIBH versus FB (ITV & PTV)
The treatment plan quality of the DIBH-SBRT and-§BRT
techniques were compared using the dose homogeineligx
(HI) and dose conformity index (ClI) using tBgquation 1 and

. . Table 2. Conformity and homogeneity index for DIBH-BRT and
2. The calculated dose homogeneity and conformityexn Y g Y

: _ _ FB-SBRT
between the two techniques were listedrable 2 The mean
followed by standard deviatior (¥ ox) of Cl in the DIBH- P;fafpg‘?r Ds'g'gs(i E (éi 5F254§f%*>38
20 (GY, 200, 48 =+ 0.
SBRT and FB-SBRT plans were 1.22 + 0.09 and 1.2109, Deges (GY) 5010 + 0.17 50.13 + 0.20
HI for the the DIBH-SBRT and FB-SBRT plans were D4 Dogse(GY) 44.96 + 1.02 45.95 + 0.89
0.03 and 0.13 + 0.02. 95% isodose vol. (cc) 109.02 + 103.07 125.99 + 120.54
PTV vol. (cc) 91.55 + 86.87 107.98 + 106.21
Clrroe 1.22 +0.09 1.21+0.09
HI 0.17 £0.03 0.13 £0.02
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Normal tissue (Body)

The dose comparison of the whole body low dose lEgd
dose volumes for the DIBH-SBRT and FB-SBRT wergetls

in the Table 3. The DIBH-SBRT plans shows significant dose
reduction in the low dose as well as high dose mels
compared to the FB-SBRT technique. The @; of Vs, Vi,
Voo, Va0, Va0 and Vg represented in percentage of volume (%)
for the DIBH-SBRT were 12.37 + 5.17, 6.01 + 3.4732+
1.83,1.19+£0.98,0.71 £ 0.59 and 0.26 + 0.22@aebpely. The

X + 0y of V5, V1o, Voo, V3o, Vo and g represent in percentage
of volume (%) for the FB-SBRT were 13.10 + 5.7/ +
3.62, 2.62 + 1.12, 1.39 + 1.12, 0.87 * 0.72 and3(:30.28
respectively. The DIBH-SBRT shows significant dose
reduction in Mg, Voo, V3o, V4o and ko which are statistically
significant, with a mean dose reduction of 7.96%hi&m normal
tissue compared to the FB-SBRT. The dose volumedriam
comparison of normal tissue (Body) for a patientwaen
DIBH-SBRT and FB-SBRT is shown in tiiégure 10.

Ipsilateral Lung

The dosimetric comparison parameters of the igsitiung
were tabulated in th&able 3. The X+ oy of Vs, Vig, Va0, Vao,

V40 and \ky represented in percentage of volume (%) for the
DIBH-SBRT were 33.40 + 11.88, 25.31 + 11.67, 12499.08,
7.28 £ 6.22, 4.22 + 4.01 and 1.33 % 1.45 respelgtivEhe
percentage mean + standard deviatior: %) of Vs, Vig, Voo,

V30, Vi and kg for the FB-SBRT were 40.94 + 15.38, 33.34 +
15.01, 18.85 + 10.88, 11.60 + 7.42, 7.43 + 5.30 268 + 2.28
respectively. The dose volume comparison of thdaigsal
lung between the DIBH-SBRT and FB-SBRT technique is
shown in theFigure 11. The X+ oy of ipsilateral lungmean
dose forDIBH-SBRT and FB-SBRT plans were 7.48 + 3.57
and 10.23 + 4.58 respectively, with a mean redactif
36.84% in the DIBH-SBRT and they were highly statad
significant (p value 0.00).

Contralateral Lung

We have not observed any high dose volume in the
contralateral lung. The dosimetric comparisons othbthe
techniques for the contralateral lung were listetheTable 3.
The X+ ox represented in percentage of volume (%) for DIBH-
SBRT plans were ¥(17.27+10.36) and ) (1.29 + 0.79) and
whereas for FB-SBRT plans werg Y19.47 £14.87) and ¥
(2.31 £ 1.31).The DIBH-SBRT plans show a mean rédoof
12.73% in \{ and 78.75% in Y compared to the FB-SBRT
plans. The mean (x oy) dose (Gy) of the contralateral lufay

the DIBH-SBRT and FB-SBRT were 2.09 + 0.89 and 2.41 +
1.14 with a mean reduction of 15.21% and they vséadstical
significant (p value 0.08). The dose volume hising
comparison of contralateral lung for a patient ket DIBH-
SBRT and FB-SBRT plans is shown in fiigure 11
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Esophagus

Since all the patients included in this study wpegipheral
tumors, we have not observed any high dose volumthe
esophagus. The dosimetric comparisons of bothettientques
for the esophagus were listed in fhagble 3. We found™t oy
represented in percentage (%) of volume for DIBHRSB
plans were Y (26.34 + 12.80) and ) (14.20 + 7.94), whereas
FB-SBRT plans resulted ins\(31.21 £10.35) and )(18.46 +
9.21). The DIBH-SBRT plans show a mean reduction of
15.60% in \{ and 23.06% in Y compared to the FB-SBRT.
The mean dose of esophagus for DIBH-SBRT and FB-
SBRT were 3.15 £ 1.39 and 4.04 £ 1.45 (Gy) with eam
reduction of 22.02% and they were highly statistgignificant
(p value 0.001). The dose volume histogram corspariof
esophagus for a patient between DIBH-SBRT and FBGB
plan is shown in th&igure 11

Pulmonary Trunk

As the pulmonary trunk is a midline structure thghhdose
volumes were not found, only the low dose volumes Wi
Vo, V3o and the mean dose (Gy) were listed for the DIBH-
SBRT and FB-SBRT in thelTable 3. The X+ o; of the
pulmonary trunk were ¥(30.54 + 12.12) , %(20.59 + 12.52),
Voo (2.06 + 1.23) , ¥, (0.56 + 0.32) and mean dose (4.31 +
2.78) for the DIBH-SBRT, whereas for FB-SBRT thg V
(49.76 + 33.56) , W (26.64 £ 16.69), W (5.35 £ 3.56), Y
(1.21 £ 0.68) and mean dose (6.57 + 4.75). The DEBRT
plans show a mean reduction of 38.62% i 22.71%, in \,
61.55% in Vb, 53.79% in \{, and 34.38% in mean dose
compared to the FB-SBRT. The dose volume histogram
comparison of pulmonary trunk for a patient betw&dBH-
SBRT and FB-SBRT plan is shown in thigure 11

Heart

The dosimetric parameters between the DIBH-SBRT Rd
SBRT plans were listed in theable 3. The X+ oy represented
in the dose (Gy) for the heart in DIBH-SBRT (4.22.89) and
FB-SBRT (4.81 + 3.20), with a mean reduction of9B% in
DIBH-SBRT compare to the FB-SBRT plans. The xwy of
heart in DIBH-SBRT plans represented in the pesgpnt(%)
of volume were ¥ (31.76 + 21.09), ¥ (13.87 + 15.97), %
(2.08 + 1.37) and ¥(0.32 + 0.21), whereas FB-SBRT plans
resulted in ¢ (33.05 £ 28.52), W (16.81 + 12.52), ¥, (2.90
1.85) and \, (0.80 + 0.46) for the. We found the mean heart
doses of DIBH-SBRT plans were significantly lessnpared
to the FB-SBRT plans with a statistical significang-value
0.017). The dose volume comparison of the heamI&H-
SBRT and FB-SBRT were shown in thigure 12
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Table 3. Dose comparison and statistical significaeoof low dose volume and OARs between DIBH and FB

DIBH (X * 0x) FB (X £ 0y) Difference (%) p - value
Body
Volume (cc) 19363.05+ 3296.86 19060.13+ 3624.04
V5 (%) 12.37+5.17 13.10+5.73 5.53% 0.200
V10 (%) 6.01+3.47 6.67+ 3.62 9.96% 0.022
V20 (%) 2.31+1.83 2.62+1.12 11.91% 0.003
V30 (%) 1.19+0.98 1.39+1.12 14.72% 0.017
V40 (%) 0.71+0.59 0.87£0.72 17.71% 0.024
V50 (%) 0.26+0.22 0.33+0.28 19.84% 0.029
Mean (Gy) 2.19+1.04 2.34+1.13 7.96% 0.026
Ipsilateral Lung
Volume(cc) 1875.90 £ 474.15 1198.24+ 371.62
V5 (%) 33.40+11.88 40.94 +15.38 22.59% 0.01
V10 (%) 25.31 +11.67 33.34 +15.01 31.73% 0.00
V20 (%) 12.90 £9.08 18.85+10.88 46.21% 0.00
V30 (%) 7.28+6.22 11.60 £ 7.42 59.45% 0.01
V40 (%) 422 +4.01 7.43+5.30 76.12% 0.01
V50 (%) 1.33+1.45 2.68 +2.28 100.48% 0.03
Mean (Gy) 7.48 £3.57 10.23 £4.58 36.84% 0.00
Contralateral Lung
Volume (cc) 1856.58 * 492.62 1168+ 351.21
V5 (%) 17.27 £10.36 19.47 £ 14.87 12.73% 0.27
V10 (%) 1.29+0.79 231+131 78.75% 0.26
Mean (Gy) 2.09 £0.89 241+1.14 15.21% 0.08
Heart
Volume (cc) 442.64 +120.40 481.06 +123.21
V5 (%) 31.76 + 21.09 33.05 +28.52 3.89% 0.785
V10 (%) 13.87 £15.97 16.81 £ 12.52 17.49% 0.129
V20 (%) 2.08+1.37 2.90+1.85 28.31% 0.276
V30 (%) 0.32+0.21 0.80 +£0.46 59.22% 0.242
Mean (Gy) 4.23+2.89 4.81+3.20 11.98% 0.017
Esophagus
Volume (cc) 36.96 £ 6.31 38.23 +6.87
V5 (%) 26.34+ 12.80 31.21+10.35 15.60% 0.034
V10 (%) 1420+ 7.94 18.46 £9.21 23.06% 0.005
Mean (Gy) 3.15+% 1.39 404+ 1.45 22.02% 0.001
Spinal Cord
Volume (cc) 23.91+£4.79 24.46 £6.30
V5 (%) 15.86 £ 6.00 18.23+7.44 13.01% 0.059
V10 (%) 6.00 £4.44 6.64 + 4.85 9.66% 0.273
Mean (Gy) 1.90+0.80 221+1.01 13.73% 0.023
Max. (Gy) 13.20+£3.85 13.91+4.44 5.10% 0.031
Pulmonary Trunk
Volume (cc) 35.85+13.85 34.74 +16.19
V5 (%) 30.54 +12.12 49.76 + 33.56 38.62% 0.052
V10 (%) 20.59 £12.52 26.64 +16.69 22.71% 0.05
V20 (%) 2.06 +1.23 5.35 + 3.56 61.55% 0.298
V30 (%) 0.56 £0.32 1.21+0.68 53.79% 0.342
Mean (Gy) 431+278 6.57 +4.75 34.38% 0.013
Main Bronchus + Trachea
Volume (cc) 36.25 +13.56 34.49 +16.30
V5 (%) 41.39 +26.72 44.15 +31.92 6.24% 0.573
V10 (%) 23.69 £ 15.69 28.44 +27.10 16.68% 0.041
V20 (%) 3.63+2.75 457 +3.75 20.68% 0.993
V30 (%) 0.33+0.21 0.45+0.23 27.32% 0.609
Mean (Gy) 5.72 £ 3.66 6.65 + 3.95 13.98% 0.004

Abbreviations: DIBH — Deep Inspiration Breath HokB — Free Breathing, V5 (%), V10 (%),V20 (%),V3®)(V40 (%) and V50 (%) are the percentage of volume
receiving at-least 5 Gy, 10 Gy, 20 Gy, 30 Gy, 40a@d 50 Gy respectively.
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Figure 12. OAR’s DVH comparisons (DIBH versus FB)
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Main bronchus + Carina

The low dose volumessyVig V2o, Vapand the mean dose (Gy)
of the main bronchus + carina were listed for tHBHD SBRT
and FB-SBRT in thdable 3. The X+ oy of the main bronchus

+ carina were Y (41.39 + 26.72) , W (23.69 * 15.69), %
(3.63 £ 2.75) , ¥ (0.33 + 0.21) and mean dose (5.72 * 3.66)
for the DIBH-SBRT, whereas for FB-SBRT the Y44.15 +
31.92) , Mo (28.44 + 27.10), Y (4.57 + 3.75), ¥ (0.45
0.23) and mean dose (6.65 + 3.95). The DIBH-SBRangl
show a mean reduction of 6.24% ins, V16.68%, in \{o,
20.68% in Vs 27.32% in \{, and 13.98% in mean dose
compared to the FB-SBRT. The dose volume histogram
comparison of main bronchus + carina for a patlestiveen
DIBH-SBRT and FB-SBRT is shown in tiiégure 12

Spinal cord

The dosimetric parameters; W, mean dose and maximum
doses between the DIBH-SBRT and FB-SBRT were ligted
the Table 3. The maximum dose to the spinal cofd+(xoy)
represented in dose (Gy) were DIBH-SBRT (13.2085Band
FB-SBRT (13.91 + 4.44), which shows a mean reduacti®
5.1% in DIBH-SBRT compare to the FB-SBRT with a
statistical significance (p-value 0.031). The w; of DIBH-
SBRT plans were ¥(15.86 + 6.00), Y, (6.00 = 6.44) and
mean dose (1.90 + 0.80) for the DIBH-SBRT ang(18.23 +
7.44), Vo (6.64 + 4.85) and mean dose (2.21 + 1.01) for the
FB-SBRT. The dose volume comparison of the spinatl of
DIBH-SBRT and FB-SBRT plan were shown in fhigure 12

Patient specific quality assurance results

Patient specific quality assurance for all the DIBBRT and
FB-SBRT plans (total 20 plans) were performed usimRT
MatriXX 2-dimensional ion chamber (Scanditronix \ltieffer,
Freiburg, Germany). The treatment planning systeadipted
fluence and the machine delivered fluence were uatad
using gamma evaluation criteria of 3mm DTA and 3&ttad
dose difference. All the twenty plans passed theera, the
mean percentage (xo;) pixel passed in DIBH-SBRT plans
were 97.3 + 1.65, whereas FB-SBRT plans were 971732.
This result concludes that TPS predicted fluencd &me
machine delivered fluence for all the twenty plame within
the acceptable tolerance.

Discussion

Two of ten patients received DIBH-SBRT comfortaliyring
the treatment coursehe gated DIBH CBCT shows great
confidence in the tumor localization during theatreent
delivery. The DIBH mean followed by standard dewiat(x £
oy) of the right lung and left lung volume (cc) welr239.85 +
492.41 1792.63 * 461.72 compare to the FB meannvelof
1248.60 + 365.32 and 1117.96 + 344.97 respectivelythe
DIBH datasets the mean right lung and the left Iuntumes
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has been increased due to the inflation by 1.58g962a1.39 -
1.86) and 1.60 (range: 1.40 -1.99) times more titen FB.
Josipovic et al. [8] has also compared the DIBHasets with
FB data sets of ten patients and found that in DIBié lung
volume increase substantially for all patients,ngan of 57%
(range 35% to 85%), which is similar with our résul

The mean DIBH-ITV and DIBH-PTV volume (cc) of alie
patients (xt o) were 51.29 + 47.13 (range: 5.40 — 131.70) and
92.01 + 76.62 (range: 15.60 — 246.30), whereas-tavere
74.42 + 69.06 (range: 6.40 — 211.50) and 112.6642®
(range: 18.50 — 323.30) respectively. We found thaan FB-
ITV of all the patients were 1.45 times of DIBH-ITahd FB-
PTV were 1.22 times larger than the DIBH-PTV. Gdaat al
[9], conducted a non-standardized multicenter stwhich
includes 401 patients comparing the DIBH and FBaskis,
which resulted in the PTV volume (cc) of the DIBHasW282 +
176 and FB was 360 = 232 respectively (p value @ap.
This study shows that the DIBH-PTV was 1.28 timaxgér
than FB-PTV, which is comparable to our study.

We found that the increase in the PTV volume ia EB-
SBRT compare to the DIBH-SBRT, FB-SBRT resultedha
higher dose to the lung and the critical structutasDIBH-
SBRT the mean heart dose was reduced by 11.98% 20ty
28.31% (both the mean dose and V20 shows statistica
significance) compare to the FB-SBRT. Ipsilatetald for the
DIBH-SBRT plans shows a mean reduction of 36.84%@an
dose, 46.21% in V20 and 76.12% in the V40 comparthé
FB-SBRT plans. In this study we have not removes RV
from the ipsilateral lung volume, hence compardh® other
studies higher mean dose were documented.

The mean conformity index and the homogeneity inolethe
both DIBH-SBRT and FB-SBRT plans were comparable,
which shows both the techniques on target doseiramation
and dose homogeneity were similar.

All the patients included in this study were pagpal lung
tumors; hence the doses to the middle criticalcttnes were
comparatively less. The mean doses of esophaglreppary
trunk and main bronchus + carina in DIBH-SBRT were
22.02%, 34.38% and 13.98% less compare to the HBTSB
plans.

DIBH CT images characterizes a perfect absenaaation
artifacts due to the nature of the breath hold Catad
acquisition, which resulted in superior target baany
definition compare to the FB scans. To practice BIBased
SBRT, target re-localization during the treatmest an
important component. In this study we had verifibe re-
localization during the treatment by gated DIBH KVKV
imaging with the overlay of the PTV in the DRR aadjated
DIBH CBCT to verify the target position. Gated DIBEBCT
provides enough confidence about the DIBH-SBRT naqnke
delivery accuracy; hence to practice DIBH-SBRT ve=ch a
strong image guidance tool to validate the treatmen
localization of the target.
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We found that there is considerable amount of tumotion

within the upper and lower threshold of the DIBHss; hence
it is advisable to perform at-least three DIBH scdaring the
CT simulation with the same Dicom origin and Boolgae

target volume to form an ITV. This will avoid a lof residual
error in re-localization during the treatment defiy.

In this work, we have treated two patients usingHDbased
SBRT and the compliance of both the patients from €T-
simulation, treatment position verification to treant delivery
completion was satisfactory. We need to be carafuthe
patient selection and patient's compliance to pedcevith

Pol J Med Phys Eng 2018;24(1):15-24

Conclusion

DIBH-SBRT plans are much superior due to smalle¥ Rilie

to its capability of immobilizing the target motiaturing the
treatment within the threshold window. In this stude also
found that the DIBH based SBRT significantly redsidbe
doses to the ipsilateral lung due to lung inflati@rhich will

results in less lung toxicity compare to the FBdth§BRT.
We need well equipped advanced CT simulator wittinga
system and image guidance tool to practice safeHDbB@sed
SBRT treatment.

DIBH based SBRT.
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