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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).
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2.4 NMSAATIZHNANISEDRA
waniA1vetoyaA LTI dntinlaann
wunsSnwlagliinadin VMAT fissiundsa 6 MV
way 10 MV sheAade dumﬁmwummgm uay
AN % AULANANTENINNSIUILAUNGRINU 6 MV
waz 10 MV yhn1snaaeun1snsEemiveddeya
18 Shapiro-Wilk normality test g
IATITEAULANANBENTTE A Ay n1satfne
TUsuN3a R 75z p-value < 0.05 #8735 Wilcoxon

Rank sums test [14]

Table 1 Patient demographics.

3. WaNSANEN

nNsAnydeyavesrUieduiy 17 Ay
e 36 weunsine Sadussunissne
99NTIITAUNGIU 6 MV 91U 17 UNUNIT
N1 WarndIy 10 MV 979U 17 WHUNIS
$nwn nuengvesUigegsening 50-59 U uiu
41 % Juwame 94 % edadiutaniegsening
13.11 - 21.26 kg/m’ @ilugliusunused 5040
Gy 1w 53 % Usuasvestouliandaudiien
N1 200 cc Taufls 800 cc Foyatimunvasiae
(Table 1)

Junguiiege (N=17)

218 U, n (%)

<50 2(12)
50-59 7(41)
60-69 5(29)
> 70 3(18)
LA, n (%)
48 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)
USUuSIE; 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)

HALTISIFAMMUDILEUNTITSNYINELS S
waonemsEBmailan VMAT Aldassdlnneu 6
MV uae 10 MV dlefinnsananaade dnudesuu
INTFIU UAE % AIUWANAIITENINNSTIETAELN
AoU 6 MV uag 10 MV lulsaznisifiinesves PTV
Fauanslumsned 2 wuin % 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 usdmsuaLadeves
HI Sl Auksaesununssnw fo 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 drudosvuninigu
WAT % AINULANAIITENINNNSIT S lnnau
6 MV uaz 10 MV luldagnisilinesyes OAR
Taun lvdunds Uom wazsila wudndlan % Au
upnA1ewas Dmax Tulvdundayingu 1.52 (0-6.84) %
A1 % ANULANANSYBY V5, V10, V20 wag MLD Tu
Uaainfiu 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 % AULANEINTBY V30, VA0 uay
Dmean Tuiala iAviniu 0.59 (0.07-2.67) %, 2.58
(0.39-14.37) % wag 0.92 (0.00-3.59) % AU6IU
Faandlunsnedl 3 dmsue Skin dose way MU
WU % AMULANGTT L11AU 8.51 (0.21-28.77) %
Az 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
\Y ) (%) 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

NuATeiunisAnwniteniuuiniely
N5 donnaseueessedildlunisineusida
VaeneMsEemAlA VMAT wsludhulSunased
wazdSunsiilasussdvastounziSuazetonsd
e Inedinsifivfeyaununssnwvesithenss
Waanems 31U 17 8 dadSeuiisunanieded
AfA PTV wag OAR annslosednasanulnnou
6 uaz 10 MV HansAnwinudl Jeyanseisdndin
Y94 PTV 91nununssnenild 6 MV uaz 10 MV
fianuuandeglutig 0.02-6.41 % Fadletun
Aasizvimeana wunldianuuenaisiuegnsdl
fodAil pvalue < 0.05 warfinuaenndosiu
NUITHUee Guo wavane [14] ISeudiou 6 MV
uaz 10 MV TunsumsinwiuziSsongnuanniily
wAlla VMAT

AN Cl WA BUDIMNLNTSNENSEAUNS 391U 10
MV ﬁ@h@aﬂdwmLqumi%“ﬂmﬁizﬁuwé“wu 6 MV
Wiy 0.01 Fedenndasiunudsuves Yaday uas
anz7] Tladnwndsouiiounaraandasuiian
e 9 lumsshwuzsahnuagniemnatin VMAT
fsedundanu 6, 10 wag 15 MV @anuinan Cl
YDITEAUNRNNU 6 MV UANA19IN 10 MV 1111AU
0.008 atslsfnunadiladinnuwanaisiuiuanu
34vee Onal wazanz[15] MSsuifisunisarssed
ShvwzSaeugnrunnmemada IMRT way VMAT
fiszsundsau 6, 10 wag 15 MV danwuinen Cl e
yoamada VMAT fisssundanu 6 waz 10 MV &
Ainiu andiulddnssiundsuiinanseduens
Tk CI iy iseuansneiutios (ounin 0.01)
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A HI wasannslESadndsnulnneuy 6
war 10 MV dAihfuvsaemdny fe 1.05 +
0.01 Feaonadosiuauisuves Onal uazaAn[15]
Afsuiisumsane3edinumeSsongnmannde
waflA IMRT waz VMAT fissdundasu 6, 10 uas
15 MV 3slgen HI wisvesmadin VMAT fiszdu
WENY 6 way 10 MV flawiniu Ssaunnanetuy
fuaudseues Yadav wazanz(7] AldanwUSeu
Weunavemdsnuasig 9 lumsihwiuzidauin
ungnAmeEAla VMAT fiszeundanu 6, 10 way
15 MV Fawudnan HI 9995sfundssiy 6 MV uan
fnafu 10 MV winfu 0.006 aghalsianuaziiulain
sedunguiiunnssiueialien H ity wie
wanENAuLeY (Wesni 0.01)

Toyan1eSedntinued PTV 21nuxun155nw
74 6 MV waz 10 MV fanuuansisegluyie 0.02-
6.41 % Falorhundasizimeadn nuildiino
uansnsiuegeiiiuddnyil pvalue < 0.05 doya
M95@nfinves OAR laifinuunnanaiuegnsditey
ddnyil pvalue < 0.05 Tnsanuuansseglutag
0.23-2.58 % Tavnmsnfiinasves OAR fiAadeet
Tu Constraint #13 Global Quality Assurance of
Radiation Therapy (RTQA) Clinical Trials Harmoni-
zation Group (GHG) contouring guidelines [16] Tu
Yz Tirnadeves Skin dose MNUNUNTSNETI 10
MV flFnanas 8.51 + 6.96 % Tsdenadosiuauia
993 Kry wazaniz[17] AldaneUsuasdifm
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YonanALeas MU fisssundsau 10 MV anas
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