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raphy simulation, CT simulation)
g SA4S A FAAZIAL, Al WS AlRYs)

of A ) 18 AASKR A AL Haststol LR

¥4 A A (Internal Target Volume, ITV)S £0]= =8-S
511 9lek ol 2 94 719 ol 8- Hastel
Siatolck 59 AL SR8 B4 ] 3 shhw WA
Az FAgo 7 A5 &8, 73 34 522 Qs &4
O] 440] A5 Aok Al = qlom, A% 84 Wzt uket
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A8 A@ 74 A4 (Planning Target Volume, PTV)3} &~
A8 47](Organ At Risk, OAR)2] Alefo] A =
U= Haso] Qoks 9 A5 A gRRe) Ao} A
iﬂﬂLA 7} T 5 o] 8RR Qs A% 84
Ho/\}*h] =R 01‘% 717t &
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=HHR 910 AL e AE S sk S8 CT™,
General Electric Co, USA)E Al-&3}to] QA Hy MY
(Anderson Research Laboratories Inc, RANDO™
phantom, USA)9| HAkle5& J4= D531t

90

35 AL AL 120 kvp, IR 250 mA, éa}olé

57 2.5 mm, 094 Pitch, 0.5 sec/rotation & 3}

A e A8 ws0] we JYe B 9
3o] Yz ymph node}S EFEHA o= Bk 747
2 A% 23 491 B$J0)A pelvic heado]t}, femoral
head top, 8- 57+ Z1o](Mid depth)ol 5543 (iso—

-
center)2 4319},

1) Volume Contouring
354 AR W o) AishaSEe Aol Aikst
A FAZA| 2] (Eclipse™ Treatment planning System,
Varian, Palo Alto, version 15.6, USA) ©o]-&5}o] WY
#1 33 Body contour), A%, B4 5 OARZE A5}
o] volume contourings A&YsIAc) Aat 821 919
9] AHFAEFA)| A (Gross Tumor Volume, GTV)O. & %
OJ5lgal GTVE 32331l 0.5 cm 9 A|(margin)= 212+
UAFEA A4 (Clinical Target Volume, CTV), A& 344
Z(Planning Target Volume, PTV)Q AAE}Y E‘r

A= RO ¢ =)
9]0} 7kAs= 9 (Anterior) O & HXW | &4 “%ﬂfﬂ?‘i
oM 05 cm 9Y=E 2.0 cm 7] W3S Fo] A% 4.4
o] PTV, CTV, GTV ¢tof| 2= == 519 T} (Fig. 1). ]
9] 7}A= F7][air, Hounsfield Unit(HU) : —1000]§ H]
A(Assign)atal, A4 -2} gHitste] A%
o AR 2 AID FAPoF G4 9] P ‘:&% ’737}3}7 ]
8l et A] ok A 9ol Aol 7
2| Skt @lo)e] 7hA B4 WSk lsf H
2 gl 7k 842 o33t ZeH(Table 1),

2) TAtsix| =z A1l

55 ANSARAE G40 B0 AR
AP E protocoldl] Z4=810] HASIAEA1ES 4
It 97fje] WEE o] 83 AR A7 ZAUAX R A

2(Static Intensity Modulated Radiation Therapy, S—
IMRT)¥} Full arc® F 3Fo] A4z s gtz 24
2)(Volumetric Modulated Arc Therapy, VMAT)S 535}
At F AR R AIE] B 10 MV oUA|E ARSI
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PTVE] RS- 135]0]] 200 cGyX & AeF 4600 cGy=
PTVO] 95%% AT 100%7} 3£3FeE 4= A 3Tk =
RS 2 A S B AeFAARS: $18) AAA(Anisotropic
Analytical Algorithm)®} 2.5 mm<] A&} 27](Grid Size)
£ 0]8319aL, 5YUSH AgHConstrain)& A-&s}o] A5

Z#&3HDose optimization) S X5},

3. ol0| 7hA IS BIofE 7IE HMBIRIZAE
Q1] 712 Wsgel ool 2 §o] Frhstelehe
715 AR R AR} FUR SRR E 41 eto] 5]

(©

#49)

bl
A B7HS 180 AR %4 9) 23]

A1%F B]aL 7} — Phantom Study

(International Commission on Radiation Units and

Measurements, ICRU) 2114 625 7|&0 & 5}o] PTV

Table. 1. Expanded rectal volume(cm?) and Air cavity in rectum(cc)

(d)
Fig. 1. Assigned to 4 parameters a) 0.5 cm, b) 1.0 cm, ©) 1.5 cm, d) 2.0 cm air cavity in rectal volume

Reference +0.5cm +1.0cm +1.5cm +2.0cm
Rectal volume 209 28.1 35 411 48 4
Air cavity 0 11 18 24 31
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9] 7R AHPAEFA] 4> (Conformity Index, CI) [4]
1]¢} AeF-2x]4=(Homogeneity Index, HI) [4] 2]& ©]
$3}] 242} Tokk
e (A1 1
Vep - A% (Prescribed Dose, PD)o] 3£3HE]= -84
(cm?)

Vpry & PTVQ 27 (Cma)

Dsy
Dosos
Dsy : PTVE] 5% |24 (cGy)

Doses - PTVE] 95% 22413 (cGy)

H = —— -~ [4] 2]

= 1.00)] 7ML E4E o)A Q] AR

= T Stk 9)9] ZhAehE B
FEAE B7FsE] Sl 28A4=(R?, Coefficient of
£ AbEsIelom 1.00] 7S AR
A7} rgEts] HHYE Tk onjolt}, T3t 7% HAlsA|
FA20] Hlasl HhAFFARE B7FELA PTV Dinaxer
B7Fskart.

2) &ASZ7 [(OAR)OY| CHEH ot

OAR H7}ARS A& (Rectum), A4 ¥ (Rectal an—
terior wall), =& (Bladder) . 2 A3} a1, A
(Minimum Dose, Dmin) 2} SB++A12 (Mean Dose, Dimean),
HAAZ(Maximum Dose, Dmax)S AlAFslo] H| w5}
t}, Ak g7ke] o] §o)& Elsh| 98l T-A78= A

=
Alsto] p-valueE 7510 o2 0052 2433

Determination)

Table. 2. Comparison of S-IMRT Cl and HI

AeFA 28] 2 E22(Dose Volume Histogram,

DVH)-& o]83}o] ¢lolo] 7tAaR Q18 2713t 24 84

e

1. EXof chet @t

1) MEMEX|(CHF MEFRRX|(HI)

S-IMRTS] ZASIA| 2 A8
A42(ChHA= 0.999=2 EHRIE|QITE +0.5 cm, +1.0 cm, +1.5
cm 7k G2 ST 4] 0,998 % ERR1EIA, +2.0 cm 7}
A 84 F7H|A 09972 ERIEQTE A 7EA 824 W
slof] w2 ALAFA(CDO] Btk 0.998 + 38152
IRIFULE 71E AFtEA G (HD) = 1.0442 2R1=Y
o} +0.5 cm, +1,0 cm 7k 84 F7olA 1.045% 241
a1, +1.5 cm 7} 84 =74 1,049, +2.0 cm 7}
% Z7}o A 1.0512 Zl=Egct AA7FA 82 W

of| W2 AeFFAA=(H) Q] Bk 1.046 + 00022
Zol=|QitH(Table 2).

VMATE] AABIA| & A49-&
A5=(CD2) AAFETE 09992 FHRIFQIEE +0.5 cm, +1.0
cm, +1.5 cm 7k 4 F7FOA 09992 FRIEA,
+2.0 cm 7k 84 F7HlA] 0.998% ZRIEIT, A7t
2 84 wste] whE APARFAG(CDY Btk 0.999
+ 10732 1= 718 A AR (HD Q] ALt
A} 1.048% RI=ICE +0.5 cm 7k &4 F7Ho)A]
1.049, +1.0 cm 7} 84 =714 1,050, +1.5 cm 7}

|>Jﬁ

l?l

THE F 7|E APAF

Table. 3. Comparison of VMAT Cl and Hi

S=IMRT Cl HI VMAT cl HI

Reference 0.999 1.044 Reference 0.999 1.048
+0.5 cm 0.998 1.045 +0.5cm 0.999 1049

+1.0 cm 0.998 1.045
+1.0cm 0.999 1.050

+1.5cm 0.998 1.049
+2.0cm 0.997 1.051 +1.5cm 0.999 1.051
S—IMRT : Static Intensity Modulated Radiation Therapy, HI : Ho— +2.0cm 0.998 1.052

mogeneity Index,
CI : Conformity Index
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VMAT=Volumetric Modulated Arc Therapy, HI : Homogeneity In—
dex, CI : Conformity Index
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£ Z7101A 1,051, 42.0 cm 72 82 Z7101A 1,052
SRIEIY, A7t 84 Wsto] tE At A4
(HDC] FwgHS 1.051 + 0,0012 E1=QIcH(Table 3),
S—IMRT AHA=A5(C) 2] R*E= 0,5255(y=0.0003x +
0.9997)¢] A3} 75 At Ak AA4(HD R3A=
0.9423(y=0.0007x + 1.0473)2 ¥2]9] 7} & o] =
Va2 Z715190h VMAT AHAEER4(C) 9] R*=
0.2995(y==2E~0.5x + 0.9992)¢] A} £1-& At A=
A (HD 2] R* = 0.8223(y=0.0008x + 0.0495)= 949
O] 7k B-Ao] S7V= SVt S-IMRT AAKEHA
2AE VMAT AR 2418 & of APARA5(CI)
Hop At A2 HD7F 019 7k 84 S7F A S71o}
Rl A= B S UERIAEE, 21 2poli= njulsieich

fu

2) PTV Drmax

0] 74 &4 Wsto] WhE PTV Dmacs 75101 4
T} ZES vl wskItH(Table 4). SSIMRTE] 712 PTV Dinax
= 4926 cGyR ZRI=|9lom A% W 7k 84 F7F Al
+2.0 cm &4 F7FollA Hf 5106 cGy7HA] S718ek= A
O2 eIt VMATE] 7] PTV Dmai= 4886 cGy=

Table. 4, Comparison of PTV Dmad(cGy)

siEgon] A4 1 712 84 371 Al 420 cm §4

7l A Zd 5056 cGy7HA] E7Vsl= A0 = Vet

=
o

2. 242EE7|(0OAR)0] CHSH Tt

S—IMRT 248 A9 et & AA| 279 7]
7= Duin?} Dimean, Dmax<> 212} 1555 ¢Gy, 3230 cGy, 4830
cGy= RIS d99] 7tAE A&t A3t 72 3
7 Dmin 1539 ¢Gy, 83t Dimean 3872 cGy, Bt Dimax 4962
cGy 2 & UEPIT} Diean +2.0 cm 82 Z7}ollA] Ao
865.1 cGy®] Ao]7} A5} O, D> +2.0 cm -§-4]
S7FollA 2l 189.1 cGy 9] &Ko7} 853, PTVOl| 32
3l %) 8 Z(Rectal anterior wall)oll thal] H71st 4
3} 715 Dumin?} Dmean, Dmax= 212} 4301 ¢Gy, 4642 cGy,
4830 cGy= SIS, A9 7tAs 485 Ayt ¢f
2 383t Diin 4089 Gy, Bt Dmean 4776 Gy, Bt Dmax
4962 cGy S = YEIHITY, Diin® -4 #axdt= A2
EPAT Diean +2.0 cm 22 27104 ) 189.3 cGy
9] zpo]7}F WAYSFA O Dimax> +2.0 cm 84 57 ol|A]
2t 190 cGy9] Apol7} EAEsHIEE W3] 71 Dinindt
Dmean, Dmax= 22} 1612 ¢Gy, 3767 cGy, 4816 cGy= &

PTV Drmax Reference +05cm +1.0cm +15cm +2.0cm
S— IMRT 4926 4939 5001 5068 5106
VMAT 4886 4898 4976 5012 5056
PTV : Planning Target Volume, Dmax : Maximum Dose
Table. 5. Comparison of OAR Diin, Diean, Dmax With S—IMRT plan(cGy), T-test results(p{0.05)
S-IMRT pa[?'G";ter Reference | +05cm | +10cm | +15cm | +2.0cm t p-value
Dhmin 1555 1551 1550 1550 1506 5.93 0.01
Rectum Dmean 3230 3593 3826 3973 4095 —5.94 0.00
Dinax 4830 4874 4968 4989 5020 -6.55 0.00
Rectal ant Dmin 4301 4092 4092 4089 4082 11,95 0.00
wall ’ Dmean 4642 4685 4788 4801 4832 -5.33 0.01
Dimax 4830 4874 4968 4989 5020 -6.55 0.00
Dmin 1612 1612 1611 1611 1611 7.2 0.00
Bladder Dmean 3767 3768 3769 3770 3772 -1.9 0.15
Dinax 4816 4827 4840 4851 4860 -39 0.02

OAR : Organ at Risk, Dmin=Minimum Dose, Dmean=Mean Dose, Dmax=Maximum Dose
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A=t D)9 7tAE X85t A3t F12 et Dimin 1611
cGy, B Dmean 3769 cGy, B3t Dimax 4844 cGy 22 Lt
EPFTE Dimin?t Diean, Dimax 525 gEoll A 2}o]glo] F-ARSH
#ro] HAEIGITHTable 5).

VMAT A4 g A19S 433t & HA] 27349 7]
Dmin?} Dmean, Dimaxe 212} 1568 Gy, 3351 cGy, 4869
cGyE ZRIFIT) 1219 7kAE 483 A} g2 Fat
Dmin 1566 ¢Gy, 83t Dmean 3982 ¢Gy, B3t Dimax 4960
cGy S & YEIHITY, Duin®] -9 nlu|gtk 2po]7} HAgs1e]
3L Dmeani> +2.0 cm 82 Z7Ho A Xt 814 cGy<] 2
o7} HAYSHH O™, Dinax> +2.0 cm 82 F7HollA Fof
1217 cGy®] Zpo|7F s}, PTVO] 3rohe= A% &
Z(Rectal anterior wall)oll thal] B7}st A1} 715 Dyin 2t
Dinean, Dimax 212} 4217 cGy, 4651 cGy, 4869 cGy= 2}
A=At Ao 7tAE A-ggt At gh2 Fat Diin 4152
cGY, B Dumean 4771 cGy, B+ Dmax 4960 cGyS. & o}
EPSATE Dimind] 79 #46l= 32 UEFAL Dineans>
+2.0 cm &4 F7kellA Ao 150 Gyl Zo]7} Ay
O, Dimax 2.0 cm -§4] F7FolA 2t 122 Gy A}
o7} STt W2l 715 Dinin®F Dincan, Dimax 242}
2150 cGy, 3929 cGy, 4899 cGy= 1=}, ¢lo]e) 7}
A5 AL A} 7HS Hit Duin 2147 cGy, B Dmean
3929 cGy, B Dmax 4904 cGy 2 & UEFITE Duind}
Dinean, Dinax Ha= gEOllA] ZFoglo] FARSE gho] gsial
CHTable 6). T-testE Al A} F HASIA S A1E] &
T 1529 Dmeang A5kl p—value 0050|512 54|
Ao & {3t xfolE RISt E3l F HARIAEA
3] B Q1oJo) ZpA R Qlef| A -840 FtrE A

o that Aol Z71eHe ARSI AE IBDVH) O

2 AALS Slal, PTVE OARS] A3FS HASkIA} 319
o}, S-IMRT2} VMATE] WA 4=(CI) 2-A(R?)
= 274 05255, 029958 7k 84 Wzt wE Y-S
H]2|A] o= A0 &2 UER) et Axa(H) 2] 27A
(RY+= 09423, 082235 7k 84 A7|17F ALDSE A

DA} | Patsiglont Aol lulsigih s
PTV Duax A3 219] 7k §-2j0] AL45 S-IMRT A
AP RAAA He 180 cGy7A] Z7kshe Ao 1}t
ERtTh B3 91ojo) 7R FHO 7 A ARFo] 2]

L 9J9(Under dose area)©] Y2 3+l
t}, o]= 7| AR 2 A1 §lE @1o)9] 7k = Sls|
re build—up @Aro] BRSO 24 7} = PTV Dyax
9] =7} 4 Under dose area TAJ S 2 Tt=C}13 OAR

o 39 F ANSARA T PPl 7 Hol}

AA] o=

2] Apol7k ARk ol B
Probability, TCP)%] A4 & 2 At 7}5A0] w=old
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Fig. 2.
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Table. 6. Comparison of OAR Dmin, Dinean, Dmax With VMAT plan(cGy), T—test results(p¢0.05)

VMAT paE?anSter Reference +0.5cm +1.0cm +15cm +2.0cm t p-value
Dunin 1568 1566 1566 1567 1567 10.95 0.00
Rectum Dinean 3351 3695 3916 4153 4166 -5.99 0.00
Dimax 4869 4912 4960 4979 4991 -5.53 0.01
Rectal ant Dumin 4217 4155 4151 4152 4150 58.28 0.00
ecvjalf‘ : Dinean 4651 4710 4777 4798 4801 -6.26 0.00
Dinax 4869 4912 4960 4979 4991 -5.5 0.01
Dunin 2150 2148 2148 2147 2146 493 0.01
Bladder Dmean 3929 3929 3929 3930 3930 -2.1 0.11
Dimax 4899 4899 4900 4906 4912 -59 0.02
OAR : Organ at Risk, Dmin = Minimum Dose, Dimean = Mean Dose, Dmax = Maximum Dose
50 | ovH [[BEFTTAR [PlanCompDVHS - Dose Volume Histogram —
100 ana i 22 : ,\\; : - . - \’\\
\\\\.\ A
A \
’ S SasEEsTanN -
L . \‘\ T,
e
g = T =
L \. \'\\ \'\. Bt \ 1
% \ -\. e \ \s
S Ehee AR
e = SR S
k A\‘ \_ 3
\A !
(@)
501 oV [ 1880 [ AR PlanCompVHT - Dose olume Histogram —
v 10‘5-52 21739 32608 \:3 478 54347 65.217 76.087 86.956 97.826
=
f NS
8 \\\\ — ]
. \'\\v\\‘\-.\“\
d \ \\' e ER T \
E E .\ = \'\\\.\\A i
é .\- \ \ \‘\\. i
E \. \ v\ 1
‘z 40 \. \ 19
\- val
(b)

Dose Volume Histogram of PTV and Rectum between reference plan and a) Assign S—IMRT plan, b) Assign VMAT plan
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Comparative evaluation of dose according to changes in
rectal gas volume during radiation therapy for cervical
cancer : Phantom Study

Department of Radiation Oncology, ASAN Medical Center, Seoul, Korea

Choi So Young, Kim Tae Won, Kim Min Su, Song Heung Kwon, Yoon In Ha, Back Geum Mun

Purpose: The purpose of this study is to compare and evaluate the dose change according to the gas volume
variations in the rectum, which was not included in the treatment plan during radiation therapy for cervical can-
cer.

Materials and methods: Static Intensity Modulated Radiation Therapy (S-IMRT) using a 9-field and Volumetric
Modulated Arc Therapy (VMAT) using 2 full-arcs were established with treatment planning system on Com-
puted Tomography images of a human phantom. Random gas parameters were included in the Planning Target
Volume[PTV) with a maximum change of 2.0 cm in increments of 0.5 cm. Then, the Conformity Index (Cl), Homo-
geneity Index (HI) and PTV Dmax for the target volume were calculated, and the minimum dose (Dmin), mean dose
(Dmean) and Maximum Dose (Drmax) were calculated and compared for OAR(organs at risk]. For statistical analysis,
T-test was performed to obtain a p-value, where the significance level was set to 0.05.

Result: The HI coefficients of determination(R?) of S-IMRT and VMAT were 0.9423 and 0.8223, respectively, indi-
cating a relatively clear correlation, and PTV Drmax was found to increase up to 2.8% as the volume of a given gas
parameter increased. In case of OAR evaluation, the dose in the bladder did not change with gas volume while
a significant dose difference of more than Drean 700 cGy was confirmed in rectum using both treatment plans at
gas volumes of 1.0 cm or more. In all values except for Dmean of bladder, p-value was less than 0.05, confirming a
statistically significant difference.

Conclusion: In the case of gas generation not considered in the reference treatment plan, as the amount of gas
increased, the dose difference at PTV and the dose delivered to the rectum increased. Therefore, during radia-
tion therapy, it is necessary to make efforts to minimize the dose transmission error caused by a large amount
of gas volumes in the rectum. Further studies will be necessary to evaluate dose transmission by not only vary-
ing the gas volume but also where the gas was located in the treatment field.

» Key words: Cervical cancer, Rectal gas volume, Intensity Modulated Radiation Therapy, Volumetric Modulated Arc Therapy

97





