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Sl0oj|A H MZFO| OFX|A| ==, B AA7E H|AM E T2 shxjo] 3R Q1A =& X| Z(Three dimensional conformal radiotherapy, 3D CRT), H|
stEl ZHEE 0|88 M7|BREIAMMA| Z(Intensity modulated radiotherapy, IMRT)2l Xt 5| XX Z(Volumetric Modulated Arc therapy,
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BHEE ML, 5 M2 66 Gy/30 Fx XUtS W, MR
Target Volume, PTV), ®#| & 12|31 &%) Soj7te Mg I
(Homogeneity index, HI), X
dose)2 H7tst1, M0| ZHME 743 HIIS

Z 1} : PTVol| thgt CI, HI, PCIo| HA7te

ACt.

STx(Varian™, USA) 10 MV 0f|L{X|E 0|Z25}0] 48| &txtof CHstoi 3D CRT, M|§tel Z=E 0| &8t IMRT2E VMAT X|
S|AE I (Dose Volume Histogram, DVH)S 0|25}0] X| 24|22
7ksieict, PTVO Chst iy
HhMEEE SEX|4=(Paddick’ s Conformity Index, PCI)S 71511, H2| 30 Gy % (Vao), Voo, Vio, Vs, HrtMZkHMean

(Planning
X etMEkx|a=(Conformity Index, Cl), MEkRZX|4=

5t
242+ 0,944+0,009, 1,106+0,027, 1.084+0.01622 H7}=|QICt MA| Tof CHEH 3 ¢ Xt

V202 3D CRT, IMRT, VMAT 242+ 30.7%, 20.2%, 21.2%, T W1Aj BHX}O| Vao2 33 0%, 29.2%. 31.5%, M| #imf 2Hx12| V202 51.3%, 34 3%.
36.9%, | B1R ZHAt] V202 56.9%, 33.7%. 40%= Mot =S 0|&8H IMRT X EA oM 7HS %Al BI1=| A0t H=of| Cht 2{LHME 2k
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SHAIZ0{ : 2B TS| M K| Z(Volumetric modulated arc therapy, VMAT), M|Hel Ztz | M2t2 5| AE D2 (Dose Volume Histogram, DVH), &
gEMEEESER|4(Paddick’ s Conformity Index, PCl)
N £ carcinoma), 24| ¥ (Small cell carcinoma), thA|E9}
(Large cell carcinoma), A19F(Adenocarcinoma)o| 2-8-%
B A |9 (Non-small cell lung cancer, NSCLC)°l| A o 2% A Aol HSte] BlAAE At B £
A W0l ALY, 558 8 5 g ASd ey o IaANE f8 Bt T UARIRe] o =t o=
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oh ) AR R B o] B 2ok A o](Local control)  HIRAE e WAPIAIRE dubH o F AR 60 ~
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= =22 20141 38 212 B0l 201411 48 302 HEHS S, o 2EFopd F2471(Organ at risk) 2 A, H, 4
HOIX R} Q0|, MBSOHHE Y WA B 5 at =, 4% ol e, 53] AWad®F 60 Gy ~ 70 GyE A
%%/(k)l;%%%%?i%@ 88 St FH o] Eojrte AiFe] 387 (Tolerance
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- Eclipse treatment planning system (Version 10.0,
Varian™, USA)
- TrueBeam STx(Varian™, USA) 10 MV
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- 4 cases of Non-small cell lung cancer

- DVH(Dose Volume Histogram)
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FAYLS MYt Eclipse X BA8 Al 2" [Eclipse
treatment planning system, (Version 10.0, Varian™
USA)IE AHE3te] Aatstx| A1 8S Aldst e, A
Ab &4 2]E-& Anisotropic Analytic Algorithm(AAA) Q. 2
AAF 3Fdtk. TrueBeam STx(Varian™, USA) 10 MV ol
A& o]83te] 3D CRT, Algd z2t=E ©]-§3 IMRTS}
VMAT &A1 8E& Al¢aL, & A% 66 Gy / 30 Fx A3}
o] A EAEE Algstdnt. 48] Sk At e WAL
AA=E st A2 A5g4e] a7y F ¥ &4
o] Zra1 Ho] AHXMo| £ A3+ a]/\zq]ﬁ HIAMA X B E ¢
&lo] &2 (Fraction size) 2.2 Gy, & A& (Total dose)
06 Gy #] Jé}% S W Vool 30%0]7 Elh A= tFow
e B9 WS dpow Aol HEUTE WA U
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3 #g}(Optimization) 271 27} th2A] At
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o pebr] A LEE Zte s} th2 7] wio 4
&} 3D CRT, IMRT, VMAT X| 2748 9] Zt%

A3t

3 WAl $Ake] 3D CRT A2A T e 07, 2507,
180° 2] 370} W& o] &shalaL, Agd 2teg o &3
IMRT 28718 2] 7t 2 W3 (Anterion) oA 340°

20°, 3 "FeF(Posterior) ol A 210° ~ 150° & A3k} o] 340
0°,20°,150°, 170°, 290°, 210° 9] 77h¢] HlS o] &3}
fiﬂ@%ﬁE%ﬂ%@VMWﬂEﬂQJQEEﬂﬂ‘
FellA 3007 ~ 60°, F WA 230° ~ 13079 A 2
3 (Are) WS o]83te] PTV A3} 2 5847
F 7}74 2 WEAZ Qe A EAEE AT

T WA B4e] 3D CRT A BA S ZteE= 0°, 290°,

oto| |3l
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180°¢] 37h¢] W& o] &3, AStH =g o] 83
IMRT X848 ZteE 210° ~ 150°9] 340°, 0°, 20°,
150° 170°, 290°, 210° 2] 7701 ¢] W& o] g3l om, A3t

242 o] 43k VMAT X 2A48e s
290° ~ 70°, ¥ ko] A] 240° ~ 120°9] 2 Arc W& o83}
o A ZAYE ATt

A WA gAte] 3D CR
40°,120°, 180°¢] 571¢] W&
o]&-3l IMRT 2 848 ¢ 745% W3k W 335° ~ 257,
S WakollA] 210° ~ 150°9] 3357, 07, 257, 1507, 1707,
290°, 210° ¢ 77 2] W& 01%‘6‘}2% ], AlgtE =g o]
43t VMAT A sAge] ZAxe A ka4l 3007 ~ 60°,
Hskol 4] 230° ~ 130° 2] 2 Arc o]-gste] A5
< A
Ao 2 vl M4 $2}e] 3D CRT i]iﬁlﬂfﬂ A A=t
0°,80°,120°, 180°, 270°¢] 57§ ¢] W& o] &3} aL, Al
d Zt=E o] 848 IMRT X8A89 4xE 7 ¥
335° ~ 25°, F wWgFollA] 210° ~ 150° 2] 335°,
1507, 170°, 290°, 210°2] 7782} Hl& o]%—a}gap_tr], Agk
H 452 o] g3 VMAT A 8489 Ztx= A wako)A
3007 ~ 607, T WA 230° ~ 130°9] 2 Arc §l-& o]§3}F
o] X8 A 85 M tHTable. 1], [Fig. 11.
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Table 1, The restricted angle using 3D CRT, IMRT, VAMT

plans

Patient Plan Angle

First 3D CRT 0°,250°, 180
IMRT 340° ~20° / 2107 ~ 150°
VMAT 300° ~ 60° / 230° ~ 130°

Second 3D CRT 0°,290°, 180
IMRT 340° ~ 20" / 210° ~ 150°
VMAT 290° ~70° / 2407 ~ 120°

Third 3D CRT 295°,0°,40°,120°, 180°
IMRT 335° ~25°/210° ~ 150°
VMAT 300° ~ 60° /230" ~ 130°

Forth 3D CRT 0°,80°,120° ,180°, 270°
IMRT 335° ~25° /210° ~ 150°
VMAT 300° ~ 60° / 230° ~ 130°

3D CRT, A8t =& ]88 IMRT} VMAT X 24| g

S v $J3}e] PTV Doswoll & A3 66 Gy *Wsle] A3
23| 2~2E T (Dose Volume Histogram, DVH)S ©o]-&
ko] N BEA Y-S Hrrskek. pTvel tish AFxsa) o
AE H7et7] flste] Aiad A4 (Conformity index,
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Fig 1. 3D CRT, IMRT and VMAT Plans using restricted angle,

Cn?, At A A4 (Homogeneity index, HI)”, x]8}A =
¥R 4= (Paddick’ s conformity index, PCI)”"E, T3}
oA 1,2, 3]

Vv

Clicruez = 211
Vrrv
Dsoe
HI = 212
Dosw
Vrrescription™ VPTV
PCI = rt‘s(rlp on . _ z\—]l 3

Verv *Vl‘rescription

AR 9 A%E WA 5kl o] 300 SA(Vao),
20% 83 (Va0), 10% & (Vio), 5% X (Vs), HyA =k
(Mean dose)E H7}} Ak, &k BE 2| 5 A 8 of| A
of s8] WA oA Frs] slske] Aol
0% e BRI

5

=l

4

=
3D CRT, At Z1=5 o|&3gh IMRT, VMAT X541
o] PTVOl W3l Cigkel He 49e] A} 447 0,94+
0.0093, 0.940.0097, 0.95%0.0152, 0.9510.0026 0.2 3
ZhE AL, HIF S B 247 1.12+0.0071, 1,13+
0.0210, 1,11£0.0029, 1,14+0.0407, PCIZEe] H1+< 747}
1.080,0234, 1,08%0.0221, 1.08+0.0069, 1,09+0,0177

Table 2, Average value of CI, HI and PCI for PTV

Patient CI HI PCI

First 0.9410.0093 1.11£0.0076 1.08%0.0234
Second 0.94£0.0097 1.11£0.0250 1.08%0.0221
Third 0.95+0.0152 1.09£0.0037 1.08%0.0069
Forth 0.95£0.0026 1.13£0.0442 1.094+0.0177

24

o2 FrtE AT, 4] A} BT PTV Doswol] 2173191
u] 3712 X 2AE 9] CI, HI, PCIZe] HF TFAzt
0.0149= J7}=| AT}, [Table, 2]

A HA FAbe] AA Fof Wit Vie> 3D CRT, AlgHE 2+
T2 0|83 IMRT, VAMT Z}zF 22.7%, 14.7%, 14.6%, Vo
£ 30.7%, 20.2%, 21.2%, Vie 43.%, 26.9%, 32.4%, V5=
51.5%, 37.2%, 44.7%, Mean doset™ 16.25 Gy, 12.03 Gy,
12,40 Gy= H7}=E ek, 7 HA $kzfe] HA| o g
Vi 3D CRT, AgtE ZI=Z o]-8-3F IMRT, VAMT Z}z}
23.3%, 24.4%, 22.4%, V20 33.0%, 29.2%, 31.5%, Vi
48.1.%, 36.7%, 43.7%, V5= 58.5%, 46.3%, 55.2%, Mean
dose= 18.23 Gy, 17.55 Gy, 16.82 Gy= H7}= it} Al
HA zle] A Aol gk Vs 3D CRT, A|gHd =&
0]-&-3}F IMRT, VAMT Z+Z} 31.7%, 25.2%, 27.1%, Ve
51.3%, 34.3%, 36.9%, Vio 64.9.%, 46.4%, 51.3%, Vs
72.9%, 60.7%, 64.7%, Mean dosei= 23.22 Gy, 19.17 Gy,
19.40 Gy H7F= Aok, Ul WA xbe] AA| Aol ois
Vi 3D CRT, AstE ZtEE 0]83 IMRT, VAMT z}z}
45.7%, 24.2%, 27.5%, Vo 56.9%, 33.7%, 40.0%, Vio
71.1.%, 46.9%, 55.6%, Vsi= 80.2%, 61.8%, 69.0%, Mean
dose 26.27 Gy, 18.58 Gy, 19.89 GyZ H7}= 2t}
[Table. 3], [Fig. 2]
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Table 3, Evaluation of lung dose to V3o, V20, Vio, Vs and Mean dose for 3D CRT, IMRT and VMAT plans.

Patient Plan V30 V20 Vio Vs Mean dsoe
First 3D CRT 22.7% 30.7% 43.3% 51.5% 1625 cGy
IMRT 14.7% 20.2% 26.9% 37.2% 1203 cGy
VMAT 14.6% 21.2% 32.4% 44. 7% 1240 cGy
Second 3D CRT 23.3% 33.0% 48.1% 58.5% 1823 cGy
IMRT 24.4% 29.2% 36.7% 46.3% 1755 cGy
VMAT 22.4% 31.5% 43.7% 55.2% 1682 cGy
Third 3D CRT 31.7% 51.3% 64.9% 72.9% 2322 cGy
IMRT 25.2% 34.3% 46.4% 60.7% 1917 cGy
VMAT 27.1% 36.9% 51.3% 64.7% 1940 cGy
Forth 3D CRT 45.7% 56.9% 71.1% 80.2% 2627 cGy
IMRT 24.2% 33.7% 46.9% 61.8% 1858 cGy
VMAT 27.5% 40.0% 55.6% 69.0% 1989 cGy
Cumulative Dose Volume Histogram
100 w’
%
ol % Plan Id Plan Status Course Id
\{ -4 3D CRT Unapproved  LUNG
| \
< 80 =N -4 IMRT Unapproved  LUNG
o ESNES -9 VMAT Unapproved  LUNG
= 701 A\ V\\
= | i\“ \s\
= 60 | \\\ L £
o | "\\\ = 7S
> | S ==
© 50 | s ‘\ t"u\
E | \‘\ S \\\
5 “wTve 53
— S
= w0 \.:::“\ ES
kS - =L XL
o | e ralvel N
é zo: \Em?“-
S S
101 ‘~‘\‘::: 1111 Smee
BT T
SIS
o o 00 o0 000 5000 6000 T 7000
V2o
Dose [cGy]

Structure Structure Status Coverage [%/%] Volume MinDose MaxDose Mean Dose Modal Dose Median Dose Std Dev
——a—-"RTLUNG" or “LT LUNG" - 100.0/100.0 344660 295 cGy 74083cGy 16257cGy 809 cGy 567.0 cGy 19269 cGy
—-a—-"RT LUNG" or “LT LUNG" - 100.0/100.0 344660 25,1 cGy 72293cGy  12035cGy  1135cCy 284 9 cGy 1866.8 cGy
—-o--"RTLUNG" or “LT LUNG" - 100.0/100.0 344660 235 cGy 73633cGy  1239.7cGy 777 cGy 386.5 cGy 1733 4 cGy

Fig 2. DVHs of whole lung dose. Triangle marker means 3D CRT plan, circular marker means IMRT plan and rectangular
marker means VMAT plan that using restricted angle.

T = A=) We AR st d dFo] AupA]  AFE EHHoR SoE g 9lo] ¥ Aol XMiUﬂ %
A wobAA T TaAlolE A T WIS A 2 SRl HEFemA FY TaA s % F

sk dlell AlgAd o] & = Qlek ShAIRE IMRTY VAMT A & dLshs Aol 7hesxtt.” spA|Rt IMRTY VMAT
BAYE ot Ho TS FA oM ¥ ABAY MR Z4rE of YA Akl whebA Vs
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AZS AY 7 aRHo R #E BT F %lt =)
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Het A 55 22 gk B9tk o] 3D CRT X 84|82
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IMRTS} VMAT A 218l Alghd 4=g 44 3k )
A 9% Zeg ALY vl PTV AFEF el A5
e ngs W 28] Avhs A ggiet PTv
AT HpdFe LA 88 P& o) VMAT A=
AZelA o W2 izl W Hgsfor YL, o= <

A gepne] 48 o ol S Ashe gt 2t
AN AFAZol B BAel thh AR 2hw o] MRTS}
VMAT AEA 80 488 2t VAT A2 A HolA o
W bl Wol Agslolol A, A A vl %A 3
A9let, AEH 02 IMKT ARA G Hek Fe 7
11:‘94 H]-S A}%O}Eﬂ/ﬂ.}_ PTV Hal:ﬁ-&hz} =] /“)\1 a];_q u]-z_
£ AmAGel A3 FL A5 A0
F 4 Sl ool ek, & AT
528245 27 S S B EA
BAE oz A9 Wl
gt ] AOJA VMAT 2| 57 & ol A] 1:1

A EAY AR EHe) 2} e
25 AHEEH IMRTSF VMAT X]E_ﬁ]QO]
B84 A= #A-o] AT A5 &
Z H84 A Aol 7] witel & ATl
}ﬂ% o= 75‘54 A7) Fde A= E o] &3 A7
o] 75 stAE AFskA Lt

# o] AP 2] 5 oA IMRTY VMAT 2] 571 €& 2838t
= ol S5l gk A=5829 2l thak ezt
sl shAY HZ AR A R gele) HHheR 35
HIARA X 27F IMRTY VMATO|®= & 7153 3L,
v E &) 2 (Matrix) 2} AA}FEE G A R] (Electronic portal
image device, EPID)E o]-&3} IMRTS} VMAT A H=

Bk

L

S
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(Quality Assurance, QA)SIA = AAPM TG-11994 #iL
sk 3871 3%, 3 mm o2 HAA| kg (Gamma
index)©] 18t} 22 ko] 95% o] o= 38-7]F oJu 9
2312 ehieh 0 wheb] 3D CRTE A=k do]
A ko] Wol Agto] © = = SHAlol|A] IMRTS} VMAT =]
25 Aesto A ks v 2o F 4 912 A
ojtt B Ao A= AlgtE 4 EE o] & IMRT 2|57
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Abstract

A Study on lung dose of Intensity modulated and
volumetric modulated arc therapy plans using
restricted angle of Non-small cell lung cancer

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

Yeom Misuk, Lee Woosuk , Kim Daesup , Back Geummun

Purpose : For non-small cell lung cancer, if the treatment volume is large or the total lung volume is small, and the tumor is
located in midline of patient’ s body, total lung dose tends to increase due to tolerance dose of spinal cord, The purpose of this
study is to compare and evaluate the total lung dose of three dimensional conformal radiotherapy(3D CRT), intensity modulated
radiotherapy(IMRT) and volumetric modulated arc therapy(VMAT) using restricted angle for non-small cell lung cancer patients,
Materials and Methods : The treatment plans for four patients, being treated on TrueBeam STx(Varian™, USA) with 10 MV
and prescribed dose of 60 Gy in 30 fractions, 3D CRT, restricted angle IMRT and VAMT radiotherapy plans were established,
Planning target volume(PTV), dose to total lung and spinal cord were evaluated using the dose volume histogram(DVH),
Conformity index(Cl), homogeneity index(Hl), Paddick’ s index(PCl) for the PTV, Vzo, V20, V1o, Vs, mean dose for total lung and
maximum dose for spinal cord was assessed,

Results : Average value of Cl, HI and PCI for PTV was 0,944 +0,009, 1,106 +0.027 and 1,084+0.016 respectively, Vzo values
from 3D CRT, IMRT and VMAT plans were 30.7%, 20.2% and 21 2% for the first patient, 33.0%, 29.2% and 31.5% for second
patient, 51.3%, 34 .3% and 36.9% for third patient, finally 56 9%, 33.7% and 40.0% for the last patient. It was noticed that the
V2o was lowest in the IMRT plan using restricted angle, Maximum dose for spinal cord was evaluated to lower than the
tolerance dose,

Conclusion : For non-small cell lung cancer, IMRT with restricted angle or VMAT could minimize the lung dose and lower the
dose to spinal cord below the tolerance level, Considering PTV coverage and tolerance dose to spinal cord, it was possible to
obtain IMRT plan with smaller angle and this could result in lower dose to lung when compared to VMAT,

Keyword : Volumetric modulated arc therapy(VMAT), restricted angle, dose volume histogram (DVH), Paddick’ s index(PCl)
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