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The Effect of Volume Reduction on Computed Treatment Planning during Head and
Neck IMRT and VMAT

Ki-Cheon Um"-Gha-Jung Kim?:Geum-Mun Back"

Y Department of Radiation Oncology, Asan Medical Center

? Department of Radiological Science, Far East University

Abstract In this study, we assessed the effect of reduction of tumor volume in the head and neck cancer by using
RANDO phantom in Static Intensity-Modulated Radiation Therapy (S-IMRT) and Volumetric-Modulated Arc Therapy (VMAT)
planning, RANDO phantom’s body and protruding volumes were delineated by using Contour menu of Eclipse™ (Varian
Medical System, Inc., Version 15.6, USA) treatment planning system. Inner margins of 2 mm to 10 mm from protruding
volumes of the reference were applied to generate the parameters of reduced volume. In addition, target volume and
Organ at Risk (OAR) volumes were delineated. S-IMRT plan and VMAT plan were designed in reference. These plans
were assigned in the reduced volumes and dose was calculated in reduced volumes using preset Monitor unit (MU),
Dose Volume Histogram (DVH) was generated to evaluate treatment planning, Conformity Index (CI) and R’ in reference
S-IMRT were 0.983 and 0.015, respectively. There was no significant relationship between CI and the reduced volume,
Homogeneity Index (HI) and R were 0.092 and 0,960, respectively, The HI increased when volume reduced. In refer-
ence VMAT, CI and R* were 0.992 and 0,259, respectively, There was no relationship between the volume reduction and
Cl. On the other hand, HI and R* were 0,078 and 0.895, respectively. The value of HI increased when the volume
reduced, There was significant difference (p(0.05) between parameters (Dipean and Di) of normal organs of S-IMRT and
VMAT except brain stem, Volume reduction affected the CI, HI and OAR dose. In the future, additional studies are nec-
essary to incorporate the reduction of the volume in the clinical setting.
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MED o] A2 tha] elsthin A AR Sgsto]
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2 3] B o] Tl HAHE A Deformation Vector
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od (g do rE

7t Qo] g mRkg st r.
B AL RN HSPAMARAY S| ofF
? AP AAIA 2 (Static

o 2|7] A A Azt A4
Intensity Modulated Radiation Therapy, S—IMRT)2} A&
HZ 3% & (Volumetric Modulated Arc Therapy, VMAT)
Al TIAE G WEE olgsto] Aask LA

o2 Yu=a

A gk,
. e & &
1 MASIEEEY Yy HS
FAR AASARALNE 295t A AE B

(Anderson Research Laboratories Inc, RANDO Phantom,
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W o] mEEoAFE 7| ¥REA R (Carina) o™, F74F &
5 202 WA 120 kVp, TAF 250 mA, HH £ 2.5

pitch 0,56, sec/rotation 0,55 Z-83}th
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S3(Body Contour)

SJSa SRS Gl TRE SIRAE 98] A
Al B A BIA 2 (Eclipse™ Treatment Planning System,
Varian Medical Systems, Inc., Version 15,6, USA)%] &
' AKContouring) W& ©]-&stict, HHS 7]+ FH
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Fig. 1. Structure delineation
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(Planning Target Volume, PTV)S s} tHFig, 1].
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Table 1, Volumes of bulging contour and PTV (cm?)

GAoll 28 wjX|(Structure Assign)slel
7)% AR 2 A1 1) Fdst &
FAA(Fluence) 2 AgF Ago] E|9E wjE HAFSIILA}; X
23} 714 glo] Table 22} Zo] MU (Monitor Unit)E
sto] A=k AlLkS skt Ak ALt 242 7+
S| A=} FAsHA A-gskaicHi2l.

&, 71& AL EAE 2]o] 2 mm, 4 mm, 6 mm, 8
FHR| A B E ARESE Aojot,

a4
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A4t

mm, 10 mm 4%

5 M EHIt

1) #2of izt F7}

2 Aup AREAA L] dhat BNE 918 FA) A
] 24 93] (International Commission on Radiation
Units and Measurements, ICRU) E1L4 62¢} t]= HFA}
Xz 2F9Fst 15 (Radiation Therapy Oncology Group,

RTOG)©] 7Jo]=etel S elgsgnt AAs Ao 4
A3t 23 (Conformation)©] o]Fo1F =] tt H7} |
Q1 AAFA > (Conformity Index, CDe} & F(Hot
Spot) ¥} YH(Cold Spot)o] AHgHA|of thgt H7F A2
A2 X 4>(Homogeneity Index, HI)S AASlo] v s}
FohA] 1, 2)[13,14].

v
cl = 95%

A(1)
VPT |4 K

Vosslz A% A17E0] 95% Alako] Solrkz AHOIAL, Vi
= AGEAA L] sdsie Aol

A
Z]
l

Structure Reference -2 mm -4 mm -6 mm -8 mm -10 mm
Bulging Contour 136.8 113.4 91.0 72.1 55.1 40.2
PTV 792.4 771.3 741.1 726.8 709.4 698.1
PTV: Planning Target Volume
Table 2, Calculate with preset value (MU)
Plan Preset Field 1 Field 2 Field 3 Field 4 Field 5 Field 6 Field 7
S-IMRT MU 198.0 161.1 120.8 249.7 232.3 121.8 162.0
VMAT 329.0 303.3 - - - - -

S-IMRT: Static Intensity Modulated Radiation Therapy, VMAT: Volumetric Modulated Arc Therapy
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A4 S| AE 1 (Dose Volume Histogram, DVH)2 ©]-8-3]
Tk, SA9IE718) Brgeze Fanel Qg wet
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s, ¥, 2L 95 olehile] Ao HF(Maximum Dose,

Dia) T+ B-A1% (Mean Dose, Dypean)= B7F5FATE Al A
o A 405 o] RIS A2lsl) 90 Y Aot

pvalues AHESHR oM, [-0] £ 0.05%2 A5,

2 1

1. BEXof et 7t
1) S-IMRT

S—-IMRT®] HAFS}2] =248

+ 0.983°]3{ct XJHWEWTA 854
2 Zacof| A Fdf 2poli= 0.0020]%13L, 10 mm] A& A
oflA] 2|4 Zpoli= 0.0000]%t}, = AJA FrazollA] R4l
Aol HAZES 0,984 £ 0.0010]31c),

71 ARt d Ao At Aik= 0.092%0, AR=tE
A0 - AA o] wste] thsf Zth 10 mmo] A& 4
of|A] Ztff Zpoli= 0.014%03L, 2 mmO] A& FrasofA] XA

P2 0.098 £ 0.0040]cHTable 3],
R*= 24 A4x(Coefficient of Determination)©|™, 1.0
ol 7hesE X5 YEO AT JeelA wrdEs

ofujgtc}, S-IMRTOIA AgAFR|4=9] 49 R*=0.0152
A 7hAao) Aakglo] B2t Auprt Yehgtt dhE, A

SRt AR 420] A9 R’=0,960% A 7 Al Z7leklch

[Fig. 2].
Conformity Index : S-IMRT
1 y = -3E-05x+ 0.9843
R*=0.0152
u é [ ] [ ] L ] Y .
2 4 [ g 1
Volume reduction (mm)
(a) Conformity Index in S-IMRT
Homogeity Index : S-IMRT
0.108
0.105 ! N
0.102 s
E 0.099 -
& —5

Volume reduction (mm)

(b) Homogeneity Index in S-IMRT

Fig. 2, Conformity Index and Homogeneity Index in S-IMRT

2) VMAT

VMAT®] HAketA] 2419 =9
0 9920114 kA EER]4=0] 410 mm #|4] 7

mm, 4 mm, 6 mm, 8 me—] A A

2po]= 0.0000|Q0TE HE HA o)A HekalR] 4o .0000]3ict, = A|A oA A
Table 3, Comparison of S-IMRT Cl and HI
S-IMRT Reference -2 mm -4 mm -6 mm -8 mm -10 mm
CI 0.983 0.985 0.985 0.985 0.984 0.983
HI 0.092 0.094 0.096 0.098 0.101 0.106

S-IMRT: Static Intensity Modulated Radiation Therapy, CI: Conformity Index, HI: Homogeneity Index
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FZE IMRT ¥ VMAT A

AA gzt SR EA g vjA= 9%

Table 4, Comparison of VMAT ClI and HI

VMAT Reference -2 mm -4 mm -6 mm -8 mm -10 mm
CI 0.992 0.992 0,992 0.992 0.992 0.990
HI 0.078 0.079 0.079 0.081 0.083 0.086

VMAT: Volumetric Modulated Arc Therapy, CI: Conformity Index, HI: Homogeneity Index

WA= Htg> 0,992 £ 0.0010] 90t

7] AR|4=2] AXE A= 0.0780]%0t). A%
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Fig. 3. Conformity Index and Homogeneity Index in VMAT
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S-IMRTS] AABA =AY 47 T H40) 7|2

meaniq'

1

X1

87.5, 108.0 cGy©o|Qtt BE A& 7hioA] Hit
88.4 + 0.23 cGy, B Dpaxs= 109.5 £ 0.33 cGy

O

01 3L, Dyean®] 78-F- 10 mmoJlA 2l 2}0]= 1.2 Gy, D,
9] 78-¢- 10 mmoflA Zdf Zol= 2.0 cGyol it =9 7]1[‘

Dinean} Dinei= 12,9, 178.8 c¢Gyo|iet, W= H|A o)A
B3 Dueane 12.9 ¢Gy, B Doari= 179.4 £ 0,05 cGy©] %)
O, Dypean®] HE A|A ZHA0)A] ZFo]7F 1AL, Diax®] 73
-2 mm, 4 mmof|A |t Zel= 0.7 cGyol et HIH
713 Dimeant Dinaxi= 51.9, 124.6 cGy©|Qith H= A4 7
2204 5t Dreans> 51.9 £ 0,05 cGy, Bt Dpari= 124.8
1 0.05 cGy YL, Dumean®] 4% 2 mm, 4 mmojjA] X[t Z}o]
+ 0.1 cGy, Dmax4 78%- 2 mm, 4 mmof|A] Zdff Zpoli= 0.3
Gyl 3t} 5 ©]5Hd9] 7] Dmeant Duaxi= 95.7, 220.2
cGyolqlth, HE A1 o4 Bt Dpeanss 96.0 £ 0,19
cGy, B Dpax= 223.6 = 0,44 cGy¥Il, Dpean] A5 2
mmoj| 4] 2|t Z}o]i= 0.6 cGy, Dmax®] 79~ 10 mmojA] 2]
tff Z}ol= 3.9 cGyel3ltHTable 5].

9] Dpeant> = AT gho] Zom = FAKS2=0)0]
o] A t—Aol| el AFo] glon, = Dueans: A9
Ak 7} 2| Fo| 4] p-value= 0,05 0]e}2 EAH o=
o3t ztolE RIHItHTable 6],

Jo & =2

2) VMAT

VMAT®] AR 5A4E 8 & 49| 7| Dueant

Dnar= 83.8, 99.5 cGyo|qlth BE A& oA Bt
Diean 84.3 & 0,23 ¢Gy, B Dpaxs= 100.0 *+ 0,23 cGy
O]3L, Dmean®] 7% 10 mmoflA] Xt} z}o]= 0.8 Gy,

m4 73%- 10 mmoj|A] Z|tf Z}oli= 0.8 cGy©|3ltt. 2
712 Diean®} Dinax= 12.7, 197.3 cGyolith =E A& 2
20| 4] Hat Dpean 12.6 ¢Gy, Bt Do 1972 £ 0.06
cGyO|SaL, Duean®] 2= AA Aol A 5 YsHA 0.1 Gy
O] ZFo|%ITt, Dinean} Dinaxi= 46.7, 118.4 c¢Gyo|3ltt, H=
A& Aol A Ht Diean 46.6 £ 0,04 cGy, Ha Duaxe
118.3 £ 0.05 cGy©l2 1L, Dyean®] A9 2 mmE A3t A
2 ZacollA FYSHA 0.1 cGy 9 AFI AT}, Duax®] B2
mm, 8 mm, 10 mmo|A F| 2}o|= 0.1 cGyo|Utt &=
0]8}419] 71Z Diean}t Dmax= 101.4, 220.4 cGy©] ME} =
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Table 5, Comparison of S-IMRT OAR dose (cGy)

Dosimetric
S-IMRT Reference -2 mm -4 mm -6 mm -8 mm -10 mm
parameters
Dinean 87.5 88.2 88.1 88.5 88.6 88.7
Spinal cord
Dinax 108.0 109.1 109.3 109.5 109.8 110.0
Diean 12,9 12.9 12.9 12,9 129 129
Brain
Dinax 178.8 179.5 179.5 179.4 179.4 179.4
Disean 51.9 52,0 52,0 51.9 51.9 51.9
Brain stem
Dinax 124.6 124.9 124.9 124.8 124.8 124.8
ngh[ parotid Dmc;m 957 965 961 960 958 958
gland Dinax 220,2 2228 223 4 2238 2237 2241

S-IMRT: Static Intensity Modulated Radiation Therapy, Dyeun: Mean dose, Dya: Maximum dose

Table 6, S-IMRT OAR dose t-test results (0<0.05)

OAR Spinal cord Brain Brain stem Right parotid gland
DOSiInetriC parameters Dﬂ]e“ln Dﬂ]“lX Dﬂ]e“lﬂ Dﬂ]“lX Dme;m Dlﬂ:lX D]ﬂe:lﬂ D]ﬂ“l\'
pvalue p€0.01 0,01 N/A p0.01 0.17 p<0.01 0.03 p€0.01
OAR: Organ at Risk, N/A: Not Applicable
Table 7, Comparison of VMAT OAR dose (cGy)
Dosimetric
S-IMRT Reference -2 mm -4 mm -6 mm -8 mm -10 mm
parameters
Dinean 83.8 84.0 84.0 84.3 84.4 84.6
Spinal cord
Dimax 99.5 99.7 99.8 100.0 100.2 100.2
Dinean 12,7 12.6 12.6 12.6 12.6 12.6
Brain
Dinax 197.3 197.3 197.2 197.2 197.2 197.1
Dinean 46,7 46,7 46.6 46.6 46.6 46.6
Brain stem
Dinax 118.4 118.4 118.3 118.3 118.3 118.3
Right parotid Dinean 101.4 101.4 101.4 101.3 101.2 101.1
gland D 220.4 221.1 221.6 222.0 222 4 2225
VMAT: Volumetric Modulated Arc Therapy, Dipesn: Mean dose; Dyt Maximum dose
Table 8, VMAT OAR dose t-test results (0<0.05)
OAR Spinal cord Brain Brain stem Right parotid gland
DOSiInetriC parameters Dﬂ]e“ln Dﬂ]“lX Dﬂ]e“lﬂ Dﬂ]“lX Dﬂ]e:lﬂ DHTA,\' D]ﬂe:lﬂ D]ﬂ:l\'
pvalue 0.02 0.01 N/A 0.02 0.02 0.07 0.03 p€0.01

OAR: Organ at Risk, N/A: Not Applicable

= A" Z2oA BF Dper 1013 £ 0,12 cGy, B
Dmax}i‘ 221.9 t 0.52 CGYO]‘?iJ—i, Dmeang 7(:)]—?‘ 10 mmoﬂ}\‘i
2|t} Zfol= 0.3 ¢Gy, Duax®] 78-F- 10 mmof|A] Z|ff 2tol=
2.1 cGy©|SltHTable 7].

0] Dy AH 742 A]0) E A gho] gouz 3

= —

AK(s2=0)0] GlolAl t- Aol S ARl glon, wizte)
D ASI3E M B7E X ZONA p-valuet 0,05 o]5}=
Ko Relet Aolg BRlsigHTable 8],

244 Journal of Radiological Science and Technology 46(3), 2023



735 IMRT 3! VMAT A A4 a7t At eA g vjx]= g3

v. o &

e
re
-
rir
r
o,
-
a2
1o
o
S~
_‘;

A2 F AA o] bE
A gAT)) Aok A M 2 e ske
L oppsr} R
SRRl A1 gl e B a5l AgEs)
A AT 919 3 SR S
Ao] BE3E Fato] SISl & A=
A A ek WS Agekn SR A
FAo] gitk= A0 R Mk AAXRS stal 43 AR
A719] e BASLAA stk Sl F F%(Major
Tumor) ] ulg Ae] S HALEAR  oFel A
(Recurrence)& 4o 4= Qlth= 9 A77F @aLl ¢4
B EENCE AR
(16, 17]. & A= AA ek
VMAT ZAAEekx| 2 81 2] A4
A7 Aol oudt FFE vAI=Aof el
dAytetgon, EHst At s AL ERlstart
Chk S-IMRT} VMAT 7= AMeRx| 241919 223} 27,
A5 AL BA H(Control Point) 2] $]%|(Position), 7i4=
(Numbers) o] Deba| ofHl HAASIR] m Aol A A4 2F
/\Oﬂ o 2 ol WAsk=Alof tigt FeiAE EAsh=
A A7 ASIh E3L WS o837 Ato]7] wiEe]
@494 EAQ1 A Aol Nk E ] Ststo] ofgle it
o U}, FF 00@ W5 d7gsto] —r7W°] A7+ ]

Ir
d

o

o

fo

&t

ko

B

o
Ks)

o 7227} S—IMRT2}
A% 9 Mgzt

¢

[0
Oﬁ

A ] olstold - 818 Ao Al HA) Y4
A AF 7w A o] tigk AAT oAt ol5elX

2SI, RS UTE B F o e AL A
oo} Aok 3 o]
& HEEZom % S
ol Qlste] Mapiel
A o Ee] ASuALA RS B A|mo] Hetdt AE
He e 5 9 Row ARH

g
I
bl ﬁ
%
=
l"_l.,
)
. HU
N
\I
[
H1
O
[
2
o
oN
oy

FARA WAA R B A e mhE vE R
AR BA RG] ATFehd HekE AWAgAset AR
wAA PR BRI, AP AR ] - S-IMRTO]
A] R?=0,0152, VMATO||A] R*=0,2595=2 G0 ulH|5}%]

749~ R’=0.9602, R’=0.8955%

A} A BE, A e TAe Y
(Conformation)©|L} x| 2)7} AATH AW (%) ol FFS 1]
A7) Hk= 2|t (Dmax) o] obA GFlo] A7AY &
Z Y vl AeH(Under Dose) o] A2 4= Qlth= 2ln]
ojm, EZF EALAY7IY B F S mAE HF
AA Zazol Bl ggFo] A2 1Al Hef HlolA 2t
o] Qo7 ¢19lT, A& 7kl vlmA dgro] 2 olxel A
S, 92 ofshle] A% ol A Aol(p0.05)7h Ay
Sk, E=3F A1A] a7 WSk 913 SSD (Source to
Surface Distance)?] W3} §JZlo|(Effective Depth)2]
H3l S0 3 y7ke 2AFelsI Rl o] Mgk zjo]7} BiEk

o ZAMOLS uHol o|Hdle] 9|5}y wjitel A&t

Agste] A £ WgsHA 2H8 & 4= Qlek & A
A7E Bl 1Y AR71ES 8% AR A
ARSI E2AE = B A BYXE(Re Simulation) ] A

7€ A%shed %IY_??__,_ 22 9)e Aolr} #A e wWelo

T (Image Guidance)E E3}o] &
o Astel, AR IS el Ao 915
of Legstar Sk, w22 9] Wzt whE HAtekx|wA|
512 B gap 17 AUROR ofelgo] YT, Lo YA
oA HZHOR WS SIat S 7] Golo
o, G TN BAE ez A 2

'/J\— -
FHHl Qab AT A FuEHos B89 4 UL Ao
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