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Dosimetric comparing four kinds of radiation treatment planning for esophagus cancer
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ABSTRACT Dose differences among TomoHelical (TH), TomoDirect (TD), Volumetric modulated arc therapy
(VMAT) and intensity modulated radiation therapy (IMRT) for esophagus cancer were compared. Eighteen
esophageal patients were chosen. The Pinnacle 9.2 treatment planning system was used to generate the VMAT plan

and the five field IMRT plan. For comparison, the TH plan and five field TD plan were generated by TomoHDTM
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2.0.7 treatment planning system. It was available to adopt the dose volume histograms to investigate the dose
parameters of target, the statistics of conformity index (Cl), the heterogeneity index (HI) of planning target volume
(PTV), the dose volumetric parameters of lung, and the spinal cord and heart, total accelerator output monitor units
and total treatment time. The results showed that the Cl and HI of TH plan was better than TD plan, and VMAT plan
was better than IMRT plans, and the first two plans were better than the latter two; the lung’s Vg, and V3ygy, heart’s
V3o6y and Vyogy of TH plan and VMAT plan were better than those of TD plan and IMRT plan. However, the lung’s
Vsgy of TD plan had a greater advantage among them. The TH plan was better than TD plan, TD plan was better than
VMAT plan, VMAT plan was better than IMRT plan. Taken the cost into consideration, the esophageal VMAT plan is
preferred, and considering the therapeutic effect and quality of survival, the TH plan is preferred. When the target
volume is relatively large, the low-dose lung is unavailable to achieve the clinical requirements. Therefore it is
proposed to use the TD plans to cure the patients. Dose volume histograms are adopted for the statistics of Cl, HI of

PTV, dose volumetric parameters of lung, spinal cord and heart, total accelerator output monitor units and total

treatment time.
KEYWORDS
modulated radiation therapy, Dosimetric comparison

CLC TL72

BUREIT R B E RN EERT TR —, (HE
H TR 5HH. M EZERTRA, I
25 F& 1 25 558 U YA 9T (Intensity modulated radia-
tion therapy, IMRT) I 2% # Ji€ % I 5% 5 5 46 97
(Volumetric modulated arc therapy, VMAT), £ < F
TR 7B B B At 2 U, R AR
VMAT &I & AT IMRT oF&il, Hegwbib
T RO PR G S 2% B (32 B0, B T BRI
K&, BRI I V69T (Tomotherapy) A H 1 %
SR TIOT EARY, S 55 4 Tomotherapy
LS B H B, & A RE B2 1 5 BB 2= 505 1 o
(TomoHelical, TH), BIALEE 360° Jed i [ VA 97 IR
S F 5, 1 H e 1 4L B 2 42 B 4T (TomoDirect,
TD), BINLEL[EEAELS E B n AN EERIR T IR SR
gt n k®. 2%E MD Anderson & 0
LANGEN P g e W 2 7 2000 2 4% Ry
A 7L F AR O IR TE R O A e b R B, ERE
XHETEE b, Rl = R S m e E g, (H2
W = A FELE () 00 fie 1) PR 9 b WY 2 o R e BT = 7
o TH tHRIRES T R IR AR &0 A, H2H
T 360° EFRITIEMRRE R, T EE A E K
FIE KRR, AT 0 51 e O i 26 o 00,
%5 AR Tomotherapy A 1] TD FHARALFFERESS
T AERG AH B R B oA, T L R B A ARG = 1 4
i, iZsE e CE R B AR, AT Tt

Esophagus cancer, TomoHelical, TomoDirect, Volumetric modulated arc therapy, Intensity

Eb#: TH. TD. VMAT #1 IMRT PUFRh R va 7 %
(1) X ) B A R0 s % 2% B 52 B 7 =R O B e
B PR RS YA 7 B 2 FH e A 3

1 MRAGE
1.1 —R&ER

e WL 32E LT e 4 e g 125 B 2015 4 1~10 H (1) 18
BRI B E R RS, Kb S 1561, &
PE 3]s rh AL AR RS 62 (46~72) % 4 UICC2002TNM
4330, P T3NIMO 8 5. T3N2MO 5 . T2N1MO
1 1. T3MONO 3 5], T4NONO 1 ;=& 25
PRI 5, AMEMXUE B2k, £ GE BY CT #
P05 LML AT B T 5 I TR R i P 5 ik 1 i 4
i, 2E 5 mm, AfiLE. . FEEEE, KE
CT BG4 2 UHaIT iF R R Gk T =4 H 2

1.2 HXMERBEENX

HI R 3 0T R AR AR 4R ICRUSO0 A 62 5 S04
Pinnacle9.2 THRIRGAE CT 4% b2y H 5 R e
[X (Gross target volume, GTV); Il AK#E[X (Clinical
target volume, CTV)HH GTV Y5l 75 [\ 7M™ 3~5 cm,
B JE 2 A A 0.5 eme CHIMBUS R 95 51 45 1 A5 1o
#), THRISEIX (Planning target volume, PTV)H CTV
AN 0.5 em 755, fili, HREFIOE G R E

050201-2



RRETNAE: R RBUHA YT U RIS LR

=

1.3 REHETItK

G RALT775IE Dy ZEK: Dpryv=60 Gy/30 K,
Vpr>95%, D <66 Gy, [ )48 5 A7 & 2K
fili Vsgy <60%~65%- Vaogy <30%- V3oay<20%; L
JIE Vioay < 40%- Vaocy <30%; Hiifi D1y, <45 Gy; 1%
FRIGR A 5 A EER B FLT 4 ditb®l: (1)
TomoHDTM?2.0.7 i1 &5, 77)&E %A 863 MU/min,
W2 e W 2 B8 5 7 2U(TH);  (2) TomoHDTM2.0.7 11l
ARG, FIEFE N 863 MU/min, 118 K E42 18 J7 1
(TD); (3) Pinnacle9.2 IFKI RS, 6MV-X £k, &K
FEFN 600 MU/min, I £ 2B BT
(VMAT): #EaFME 179° , Z&ibfE 181° , #EH
WA S, WITIKMO° , f4° —ANIUEE; 4)
Pinnacle9.2 it &%E, 6MV-X £k, FIEZN 600
MU/min, [# 5 B 58 5 ¥ 97 IMRT), REUS TD
THRIAH ) AR B 9 8T
1.4 HFEEE

RS ICRUS3[12] T4k &, I vl 71 = AR
77 El(Dose volume histogram, DVH) ¥ L T SRV
ERX R A (VR EE X B a8 B 2 24
KT xGy FIERHHIER, AL %: D&l
X B fENLA B X% MR 52 R R &, A
Gy; Diean 88 255D : Dsgosn Dosver Dimeans Vo
DA% 38 % P4 46 $(Conformity index, CHMPURIEY AT
5% (Heterogeneity index, HI)!',

Cl= Vbrery . Vorrry
Vir Very

fCEF‘: VDT-PTV l+ﬁU$E[XEPJ$§U5¢ﬁ%U%E(J{ZI§ R’ VDT

FoRIB B TTFIERIARL, Vorery Rt RIEEX [
(L
D D98%

Hi=—2% —08%
50%

BT A CIE ML 1, B THRIE T B R
s HUAEERSET 0, Ui BH I35 S ROl e o

J& A B VST Vsgys Vieoys Vaosys Vsocy
H1 Dineans FE Dioyf Dimeans ‘CHIE Viogys Vaogy M
Dineans  H1T- Tomotherapy 2K H H S [8] (min) >k %
TNTRTT AR, T I8 N A8 A R UG T Bk (MU)
REIRIGIT BRE BT AR AA4E TH 5 TD HUAL, VMAT
55 IMRT L4z

15  GZitESH

HHELLX £5 Fox, KH SPSS19.0 #7481
M, ATHECX t RS, p<0.05 FHANZEREAE ST
2 R
21 HEXFIENTH

DO bl 40 4 X 551) 8 4 AT 45 BTG R I PR 7 =
Ko W 1 AE 1 prs: BXGERERECL B35
PEFEE HI L Vpr 1 Doso, ] TH. TD+ VMAT F1 IMRT
T RIZE T BA vk 2272 5 DU TR Doso, A 24,
HERYBEAESG %2 . Dsgse TH iR TD it
RIAT VMAT 1R 2 BHAL T IMRT &1, (HESA
HEG AR L.

R1 WURBUTHRIFEXFIRES R LEE

Table 1 Target dosimetric parameters among the four kind of radiation treatment planning (Gy or %)

# TH i+%I TD 4 VMAT %l IMRT il P1 P2 Ps P4

Target TH planning TD planning VMAT planning IMRT planning

Dsoo, 62.96+0.616 62.96+0.695 62.9+0.363 62.1+2.259 0.283 0.943 0.817 0.793
Doso, 60.46+0.470 60.40+0.398 60.06+0.303 60.02+0.337 <0.05 <0.05 <0.05 <0.05
Dmean  62.98+0.569 62.93+0.635 62.89+0.329 62.66+0.314 0.484 0.654 0.339 0.510

Vpr 96.67+1.719 96.58+1.037 95.26+1.546 95.07+1.657 <0.05 <0.05 <0.05 <0.05

Cl 0.960+0.010 0.956+0.067 0.887+0.033 0.879+0.035 <0.05 <0.05 <0.05 <0.05

HI 0.090+0.116 0.090+0.022 0.103+0.017 0.104+0.018 <0.05 <0.05 <0.05 <0.05

E: p, THS TD Lb#;

Py, TH 5 VMAT Lt p;, TD 5 VMAT bhE:

ps» IMRT 5 VMAT Hh#%.

Note: p,, comparing TH and TD; p,, comparing TH and VMAT; p;, comparing TD and VMATB; p3;, comparing IMRT and VMAT.
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VORI AEREIRTTET S SR T AR T S5 A I (a)TH fria'J (b)TD P41,

(c)VMAT %I, (d)IMRT %1

Fig.1 Typical dose distribution in transverse, sagittal and coronal slice of the four kind of radiation treatment planning
(a)TH planning, (b)TD planning, (c)VMAT planning, (d)IMRT planning

22 RRERBEFENH
DOFLFRI i o R AR 3 114 751 = 38 e A 2 i

IRFIEE R . WK 2 Fiw, Bl Vsgys Vieoys Vaocy
1 Vsogy 19 TH. TD. VMAT Fl IMRT %) 22 535 A
A AR s I Dyean 22 TH AT TD #12, HILT

WA 241 VMAT 1 IMRT, H.[F: VMAT F1 IMRT tt
BERABA G FRE LI, HREE . LIE Vioey
F Vaogy 19 TH. TD. VMAT Fl IMRT &l 253

HAS 2 A4 Dy TH. TD. VMAT H
IMRT %22 7 5 BA Giit2 5 L

#2 WFITRINERSETEESHLE

Table 2 Risking organ dosimetry parameters between the four kind of radiation treatment planning (Gy or %)
¥ TH %! TD %! VMAT 4] IMRT %I [ P2 Ps P4
Parameters TH planning  TD planning =~ VMAT planning IMRT planning
fiti Lung
Dincan 12.30+£3.13 12.834£2.42 14.89+1.72 14.86+3.14 <0.05 <0.05 <0.05 0.72
Vsay 55.46+5.06 48.824+4.50 59.10+3.11 54.01£3.45 <0.05 <0.05 <0.05 <0.05
Viogy 38.48+8.62 32.89+7.41 41.95+£3.22 38.42+8.34 <0.05 <0.05 <0.05 <0.05
Vaocy 21.38+5.24 22.06+4.44 25.82+4.23 28.56+4.94 <0.05 <0.05 <0.05 <0.05
Viocy 11.42+3.18 14.04+2.65 16.25+3.46 19.48+6.55 <0.05 <0.05 <0.05 <0.05
(Lo Heart
Dinean 24.224+14.50  23.4249.30 21.69+9.61 22.4349.85 <0.05 <0.05 <0.05 <0.05
Viogy 26.62+8.97 28.84+8.25 28.37+8.10 32.39+8.96 <0.05 <0.05 <0.05 <0.05
Vaogy 14.39+3.44 18.7843.08 18.75£3.18 20.95+3.41 <0.05 <0.05 <0.05 <0.05
*5%& Spinal cord
Do, 39.91+1.80 39.01+1.54 42.824+2.03 42.09+2.27 <0.05 <0.05 <0.05 <0.05
Dinean 22.524+6.74 22.54+8.11 23.91+6.82 22.24+6.85 0.57 0.15 0.06 0.31

TE: pi, THS TD WG py, TH 5 VMAT Loz

p;» TD 5 VMAT LL#;

ps» IMRT 5 VMAT L,

Note: p;, comparing TH and TD; p,, comparing TH and VMAT; p;, comparing TD and VMATB; p4 comparing IMRT and VMAT.

2.3 HRATESBE

TH 1 TD T+ X1 80 H S 3] 73531 9(11.85 £ 4.112)
min F1(6.780+1.424) min, VMAT il IMRT %Ik
Hr 5  (459.33 £59.93) MU #1(862 + 150.945)
MU, HER¥AEGIHH#RE X

3 g
Bl Y A0 50 T BB TBUH R T T R 77 2 2 b
W%, {HZ&% N VMAT. IMRT #1 3D-CRT 2 [f]

518, R ERFA R Y], VMAT 5 IMRT it
AL, X8 KL A TE T B3 BRI T
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