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Abstract

Volumetric Modulated Arc Therapy (VMAT) is one of the most common treatment techniques
for esophageal cancer, which can give the radiation dose to conform to the tumor shape. However,
the tumor dose and normal tissue dose depend on the photon energy. The purpose of the study
is to compare the dosimetric data of PTV and OARs using 6 MV and 10 MV photon beams for VMAT
plans for esophagus cancer. A retrospective data from the VMAT treatment plan of 17 esophageal
cancer cases was replanned using 6 and 10 MV photon beams. The dosimetric parameter of PTV
and OARs, skin dose, and monitor units were collected. The data was analyzed by using Wilcoxon
rank sums test. The p-value <0.05, the difference was considered statistically significant. The result
showed that the mean values of dosimetric data in PTV, OAR, Skin dose, and MU parameters were
not significantly different. The percentage difference varied between 0.02-6.41. However, skin doses
and MUs of 10 MV VMAT plans were less than 6 MV VMAT plans. In conclusion the tumor dose and
normal tissue dose between using 6 MV and 10 MV photon beams were not different. Furthermore,
skin doses and treatment time of 10 MV VMAT plans were reduced. Finally, the VMAT plan with a

10 MV photon beam can be selected to use for esophagus cancer.

Keywords: Volumetric Modulated Arc Therapy (VMAT); Esophageal cancer; Photon beam energy;

Treatment planning
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Figure 2 The VMAT treatment plan of esophageal cancer cases using (A) 6 MV photon beam and (B) 10 MV

photon beam.
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Figure 3  The example of dosimetric parameters from 6 MV plans including Dmax, Dmean and Dmin from

Dose volume histogram (DVH).

Clinical Goals
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Clinical Goal Summary
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D 2.0 % 2 5040 cGy
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V1100 % 2 100.0 %
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V95.0 % = 100.0 %
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D 5.0 % 2 5040 cGy
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@ heart P1
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Dmean = 2600 cGy

P1

V5.0 % 2 100.0 %

P1

V10.0 % = 100.0 %

@ Lung P

V20.0 % = 100.0 %

P

Dmean < 2700 cGy

Figure 4 The dosimetric parameters including Dn and Vn from clinical goal summary using in 6 and 10 MV

plans.
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Table 1 Patient demographics.

3. WAaNSANEN

nnsAnydeyavesiUieduiy 17 Ay
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41 % Juwame 94 % adadiinanigegsening
13.11 - 21.26 kg/m’ @wilugliusunused 5040
Gy 1w 53 % Usuasvestouliandaudien
N1 200 cc Taufls 800 cc Foyatimunvastitag
(Table 1)

Iunguiiege (N=17)

218 U, n (%)

<50 2(12)
50-59 7(41)
60-69 5(29)
> 70 3(18)
WA, n (%)
8 16 (94)
VAN 1(6)
BMI; kg/m?® , mean (range) 17.44 (13.11-21.26)
<18.5, n (%) 11 (65)
18.5-22.90, n (%) 6 (35)
USuSsd; cGy, n (%)
4500 1(6)
5000 6 (35)
5040 9 (53)
7000 1 (6)
Tumor volume; cm’, mean (range) 516.03 (145.27-888.42)
Depth; cm, mean (range)
AP 8.07 (5.10-11.10)
LAT 15.23 (12.70-19.90)

HALTISIFAAUDILEUNITINYINELS S
waonemIsTsmaila VMAT Aldassdlnneou 6
MV uae 10 MV dlefinnsananaade dnudesuu
INTFIU UAE % AINWANAIITENINNSTIETAELN
AoU 6 MV uag 10 MV lulsaznisiiinesves PTV
Fauanslumsned 2 WUt % AnuuAnAfsUes D98,
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D95, D50, D2, V110, V95, Tumor coverage (TC)
wazA1 Cl winAu 0.30 (0.02-0.84) %, 0.23 (0-0.67)
%, 0.22 (0.01-1.15) %, 0.14 (0.02-1.32) %, 6.41
(0-100) %, 0.02 (0-0.09) %, 1.27 (0.03-5.44) % wag
1.01 (0.04-6.02) % mud U usdmsuAadeves

HI §AYINAUNI@09EUN15N9 A 1.05 + 0.02
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Table 2 The dosimetric data of tumor (PTV) between using 6 MV and 10 MV photon beams for VMAT

plans for esophagus cancer. Significant relative difference tested at p-value < 0.05.

Parameters 6 MV VMAT 10 MV VMAT % difference p-value
(mean + SD) (mean % SD) (mean + SD)
D98 (cGy) 5111.00 + 1422.56 5103.72 + 1426.08 0.30 + 0.28 0.74
D95 (cGy) 5195.46 + 1399.66 5187.76 + 1398.63 0.23 + 0.20 0.71
D50 (cGy) 5348.24 + 1405.15 5352.73 + 1398.59 0.22 + 0.26 0.84
D. (cGy) 5478.17 + 1404.51 5483.48 + 1402.97 0.14 + 0.31 0.74
V110 (%) 4.24 + 0.01 4.33 + 0.00 6.41 + 24.16 0.97
V95 (%) 99.73 + 0.28 99.71 + 0.27 0.02 + 0.03 0.77
TC 0.91+ 0.07 0.90 + 0.06 1.27 + 1.40 0.83
HI 1.05 + 0.02 1.05 + 0.02 0.00 0.84
Cl 0.95 + 0.16 0.96 + 0.17 1.01 + 0.95 0.77

defansandnade drudosuuninigu
LAY % ANULANAIITENINNNSIT Sl nnau
6 MV waz 10 MV lulsagnisilinesyes OAR
Taun lvdunds Uom wagsila wuandlan % Au
upnA19was Dmax Tulvdundayingu 1.52 (0-6.84) %
A1 % ANULANANSYBY V5, V10, V20 way MLD Tu
UaaLinfiu 0.23 (0.00-0.93) %, 0.44 (0.00-1.97) %,

1.37 (0.06-7.91) % wag 0.69 (0.05-2.28) % MU
410U WATAT % AULANEINTDY V30, VA0 uay
Dmean Tuiala dAviniu 0.59 (0.07-2.67) %, 2.58
(0.39-14.37) % wag 0.92 (0.00-3.59) % AU&6IU
Faanslunsnedl 3 dmsue Skin dose way MU
WU % AMULANGTT L11AU 8.51 (0.21-28.77) %
Laz 6.44 (2.08-16.23) % sua1aU (Table 4)

Table 3 The dosimetric data of normal tissue (OAR) between using 6 MV and 10 MV photon beams

for VMAT plans for esophagus cancer. Significant relative difference tested at p-value < 0.05.

Parameters 6 MV VMAT 10 MV VMAT % difference p-value
(mean + SD) (mean + SD) (mean + SD)
Spinal cord
Dmax (cGy) 4162.78 + 40.68 4131.46 + 45.24 1.52 + 1.99 0.82
Lung
V5 (%) 89.21 + 30.09 89.12 + 30.17 0.29 £ 0.29 0.97
v, (%) 82.99 + 28.54 83.30 + 28.69 0.44 + 0.48 0.73
\/20 (%) 69.28 + 27.72 69.29 + 27.80 0.06 + 1.92 0.98
MLD (cGy) 1587.26 + 378.48 1595.81 + 382.57 0.69 = 0.77 0.76
Heart
V ) (%) 67.57 £ 36.07 67.33 + 36.39 0.59 + 0.63 0.79
V(%) 50.99 + 30.70 51.87 + 30.91 2.58 + 3.26 0.74
Dmean (cGy) 2308.24 + 992.46 2320.72 + 1011.23 0.92 + 1.18 0.82
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Table 4 The skin dose (cGy) and MU between using 6 MV and 10 MV photon beams for VMAT plans

for esophagus cancer. Significant relative difference tested at p-value < 0.05.

6 MV VMAT 10 MV VMAT % difference
Parameters p-value
(mean + SD) (mean + SD) (mean + SD)
Skin dose (cGy) 1287.57 + 1372.85 1220.74 + 1415.27 8.51 + 6.96 0.72
Monitor units 581.12 + 3.54 549.18 + 19.80 6.44 + 3.23 0.56

4. nseAUTIENa
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VaeneMSEemATA VMAT MsludhulSunased
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wAlla VMAT
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YDITEAUNRINU 6 MV UANA19IN 10 MV 1111AU
0.008 atslsfnunadilafinnuwanaisiuiuanu
34evos Onal wazame [15] MSeudisunsanssed
ShwwzSaeugnunnmemada IMRT way VMAT
fiszsundanu 6, 10 wag 15 MV dawuinen Cl e
Yoamadln VMAT fissundanu 6 waz 10 MV &
Awiniu andiuladnseiundsnuiinanseduens
Toien CI iy veeunnsadutios (Heunin 0.01)
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A HI wasannslESdndsnulnneuy 6
wag 10 MV Sewhfuisaemdeny fo 1.05 +
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15 MV 3algan HI wwdsveanadia VMAT fiszdu
WENY 6 way 10 MV Slawindu Sesnaunnanetu
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Tu Constraint 113 Global Quality Assurance of
Radiation Therapy (RTQA) Clinical Trials Harmoni-
zation Group (GHG) contouring guidelines [16] Tu
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YonanbANeas MU fisssundssu 10 MV anas
6.44 + 3.23 % FedenndoItUIIUITIVEY Guo
wazAny [14] uazuideues Yadav wavaug [7]
auiuldusdayldndrnuiiunnmedy wiusunased
warUSimsiilasusediialndlAuetu aglsfnu
WHunSSNTlE 10 MV aglduSunasdfiaamls
anatas MU Sr1anas 83 MU flanasaziiliszes
nalunsaedidduacdae

5. ayUnan1sAnen

nsanedadmemetia VMAT gnauunly
lunisanededlutagu ngssezusninisliansed
TnausEAundau 6 MV aeunlalinsAnwilay
th¥dlnmeufissiundeeu 10 MV unldifiusnntu
?quﬂmﬁﬁﬂmﬁwudﬂmLa?ﬂlamm%@yjamﬁﬁﬂﬂm
PNUHLNTSNIUTISUaeRDWNIMEmALA VIMAT
Plaigssdlnlnou 6 MV waz 10 MV inadwsiiliuan
siseghaiifuddny Tautunun1sSeilld 10 My
flen Skin dose waz MU fosnimununissnunild
6 MV fatlunsnaununssnensidmaenens
mewaila VMAT anansaidenldanssdiinen 10 MV
Iguiums e liUS s ad7 PTV was OAR liusn
#19970 6 MV wazdsliian Skin dose fianas szez
naedidtosas eglsAimulunsinuisonds
hdumsfinyifouuudounds Tasnisérsdatoya
LLmuﬂﬁ%ﬂmﬁﬁagjLﬁmﬂwﬁﬂ ATINUHUNITING
FresEiundsIy 10 MV fiihanuieuiieuisdios
Sadouly (Priority/Constraint) wazn1s Normalize
fwiiu Fedrdnisidsuwdaaieuly Priority/
Constraint TULKUAITSAMITEAUNRIU 10 MV
o19ldunumssnuiifdeyamaadadinfunndedu
6. AaAnIsuUIEZNA

AMEAITEVRVDUAMANVITIATNYILAY
ULI59INET @191359EINYT ANTUNNAIERS

76

uinedasaruaiuniildideioanuiiuas
gUnsaliildlunis@nuiide saufadmiiniinn
yhuiiAeadestunisinuidelundsd wavane
N35UMI3E5TIUNTITeTuNYYd AnUNNeans
uingrdoasvauaiuns Aldeyaliviaide
PNALBNANTSUTONAVT REC.65-514-7-2
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