AR WARME St
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: H|QI=2F (Nasopharyngeal cancer) A X|Z A| Tomotherapy= 0|&¢t IMRTE S Z2/0f|
FMZS M6 YYR2ol= 524t M ?:HEQI E3p7F UX[2EMUZL =10 Beam On TimeO| 7!
It 2 971= Helical IMRT (Tomotherapy)2t VMAT (Linac : 2Arc), Split VMAT (Linac : 4Arc)2]
= ARSI B A Feh 22, M M 229 iPOIE 25D Split VMATS| 284S FIt6H &2
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t
HAF 2 BhH . HoJo| H|QIEQt SiX| 10HE CHACZ sI9on] 37 X|Z2 A& (Helical IMRT, VMAT, Split
VMAT)E H|msIACE Helical IMRT X2 Al Precision® (Version 1.1.1.1, Accuray, USA)S 0|23
VMAT, Split VMAT X|2AE2 Pinnacle3® (Version 9.10, Philips, USA)2 0|23}RICt MZE2 Daily Dose
24 Gy (GTV+0.3cm)/2 Gy (CTV + 0.3 cm) 16 Fx2 2 Total Dose 38.4 Gy / 32 GyE M54 1 GTV
+ 0.3 cm (P_GTV)7} V3s.46,0| 95%7} === XMEHSIQICE VMATS 360° 2Arc, Split VMAT2 Z} 2, Ab 5}
2 FieldE LI+1360° 4Arc, BMVE ALSSIQICE TWote 3 2 FAEZR] N M2 PAo| XI0|E H|w5H0d
X2 AlElo| Quality2 75191 Beam On TimeS H|W5t0] 242 HIISIILCE

Z 1t thd SS9l 371 XIZAIE (Helical IMRT, VMAT, Split VMAT)S| It &t= T 242 P GTVe)
H.I (Homogeneity Index)= (1.04, 1.11, 1.1), P_CTVe| C.I (Conformity Index)= (1.03, 0.99, 1.00)0|%iLCk.
RT Parotid Gland2| T MZF (Gy)2 (14.54, 17.06, 14.76), LT Parotid Gland2| Z M2k (Gy)2 (14.32,
17.32, 15.09), P_Cord (Spinal Cord + 0.3 cm)2| Z[CH M2F (Gy)2 (20.57, 22.59, 21.06), Brain Stem2]
Z|CH M (Gy)2 (22.35, 23.99, 21.68)0|24Ct 50% isodose curve (co)= (1332, 1132.5, 1065.2)0|SCt
Beam On Time (sec)2 (373.7, 130.7, 254.4)0|QiCt,

Z 2: Split VMATS SZER|20] 20| ALR5H= Helical IMRTS f | o QA X|2A1E Quality=

HO[HME X M2 A2 Z0{F0 Beam On Time0| ESO{E ZALE HOIFQUD VMATELH £2 Zni=
HRACE Split VMATE H|QIS2F &0t OfL|2t CHE SHRANN = S 0tA0 (2t ALZEICE

» SHAILR0]: Helical IMRT, VMAT, Split VMAT

o
rn

[ |
Lo
a
.,.

A2 motherapy= 34 %= WA A& (Image—Guided

Radiotherapy) & Al7] Mz YA X & (Intensity—

o HS ¥83  Modulated Radiotherapy) ZH| = A 64712 o]F3

o /\]533 }‘— x] FHO 0 RS Holk Ao F Kl MLC (Binary Multi-Leaf Collimator)E &af UAd &
E|aL QITHY HIRIFRE WAL 2| =e o] o]-8%]s= To- = 1 Foll= A AF FxE ALsi 4
g 24 HBoll= A ARE Agdhs A=HoX|NHY

FHOUITIK}: ZIRIDE AN AL Beam On Time©®] 2™ MU (Monitor Unit)7} =0} 0]+=
NSz alglz g1 - . . .

2} OF b BB O o] Zr}0 AF 714y © 5

Tel: 02) 3410-2653 22} 9 trojErt 14:7] (Linac)& o]

E-mail: jmm.kim@samsung.com £3}o] thdZEdole] (MLC) 2, A& (Dose Rate),
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Table 1. Homogeneity Index (H.l)
Homogeneity Dinas/Dx
Index Dx: Prescription Dose

Table 2. Conformity Index (C.))

Vri/TVri
. Vi Total tissue volume that receives the
Conformity R
Index prescription isodose
TVri: Tumor volume that receives the
prescription isodose
Gantry £ 5 FAl0] 243lsto] 324 §2of WAAS
A 52 Qs BH A AYAAA R (Volumetric
Modulated Arc Thearapy, VMAT)+= F7 5.9} Sof A

S AR 27T 71531l MU Tomotherapy2] He—
lical IMRTRET} W 4= Qlet, oo VMATHT A7 A9
Quality S =0]HA Tomotherapy.J 71 Beam On Time
< £0|114} Fieldg &, % 4, o= Ure Split VMAT A
BAEE FHo® Al AY =Eolide =X 9
A ESISE APAY 2| JOA Split VMATYI} VMAT
& B]wslo] Split VMATO] VMATRL) 94251 Ap=S &
FoL6) AL sl2ut X3Pst Split VMATO|H F75 5
Sloll H8e =pe WIEA) kR 9lr, ofo] & A
TomotherapyS ©|-8-%F Helical IMRTS} Linacs ©|-8-3t
2Arc VMAT, 4Arc Split VMAT®] X 2A 212 A|85}9] 3
Ml A& A2 (Helical IMRT, VMAT, Split VMAT)®] tf
off T4 W A 24, A AF 2320 2ol Hlaste] A
2 AE QualityE 3

137}5}3 Beam On Time= =745}
o] Split VMATS] 2842 57519 c)

Oy 3

1. 2 M=

— Precision® Treatment Planning System (Version
1.1.1.1, Accuray, USA)

— Pinnacle3® Treatment Planning System (Version
9.10, Philips, USA)

14

— TomoHDA™ (Version 1,1.0.1, Accuray, USA)

— VitalBeam™ (Version 02.07.4001, Varian Medical
Systems, USA)

— SunCHECK™ (Version 2.2.2.31209, Sun Nuclear, USA)

— SPSS Data Analysis Software (Version 18.0.0, In—
ternational Business Machines, USA)

H e

2, A Y

oot

1) XIZ2AH|E

20209¥ 89~129714] 2 TomotherapyE ©]-85}¢]
Definitive Concurrent Chemo—RT=Z 2] SHRS H]Q1 %0}
A} 108S e = siglom AA| A &S Al Heli-
cal IMRT Z|g2A8E 7|2 & Hlwsiltt 37 A 8A1<
(Helical IMRT, VMAT, Split VMAT)-2 Daily Dose 2.4 Gy
(GTV + 03 cm) /2 Gy (CTV + 0.3 cm) 16 Fx© & Total
Dose 384 Gy / 32 GyQl BA] 37} Bl 4
taneous Integrated Boost, SIB)E Z-&35}%1L GTV + 0.3
cm (P_GTV)7} V38 4Gy©| 95%7} H == A|1}a}%.om p_
GTV, P_.CTV RS 2 AFe] 95%7} -§-219] 98%0)/do]
SIS X2 AES M$it] Helical IMRTS= Precision®
Treatment Planning System (Version 1.1.1.1, Accuray,
USA)Z X ZA|E-S AP} Plan Setup Parameter
+= Jaw Mode+= Dynamic, Field Width+= 2.5 cm, Pitch
= 0.287, Modulation Factor= 272 934 28313
o Dose Rate 850 (MU/min)2] TomoHDA™ (Ver—
sion 1,1.0.1, Accuray, USA)oA] 2| &5 31t} Linac 9|
|31 2719] A FAZ] (VMAT, Split VMAT)-2 Pinnacle®
Treatment Planning System (Version 9,10, Philips, USA)
O & AZAYE A =7
02.074001, Varian Medical Systems, USA)2 48513t}
E“’ ZAS 72 NEAPS H|wsl7] s 5Lt Structure
£ A&siSict (Fig. 1). VMATS Fejdo|e] Zw=7} 27}
95°, 355°, Gantry 2|%FH0] 360°Q1 2ArcE AH&SFAL
(Fig, 2), Split VMATS- Z&]H|o|e] Z}=7} 4, 3} Field=
95°, &, 2 Field= 355°, Gantry 3]7%E0] 360°Q1 4Arc
= ARgsRAT) (Fig, 3). olUA|+= 6MV, Dose Rate= 600
(MU/min)E -85ttt

el (Simul—

VitalBeam™ (Version



Fig. 1. Target and OAR structures (a) Axial image, (b)
Coronal image, (c) Sagittal image

3709] A8AE (Helical IMRT, VMAT, Split VMAT)o]|
tjgt @7k= P_GTVel tfgt H.I (Homogeneity Index), P_
CTVe] gt CI (Conformity Index)& %7151t} (Table
1,2), Cla= A Adego] Hh2- 5ok -8-2of| tjgh 2 Aol
HES- - 2219 825 UL H 1= A Aol thgh 2]
RS etk HIL € CL g6 10 7= ol
Q1 Zholth® £=/4919%7] (Organ At Risk)ollAl+= RT/LT
Parotid Gland ¥ RT/LT SubMandibular Gland H++ A&F
(Mean Dose), Spinal Cord + 0.3 cm (P_Cord) & Brain
Stem |t A% (Max Dose)= B7FaFlrh A g G
H7HE Y3t A E 2= 50% AFF H32 G (50% Isodose
Curve)®] 8215 Hlwslth A=A Quality thHH] &
&7 B7H $18 beamo] On/OffE= AlfE 7o =
Beam On Time< 7450} BlasiGint, F7F2 7F A5

3] ¥ Total MU H| w5}t

=

3) DQA (Delivery Quality Assurance)

2= AFe] AAA L MLC Performance =432 9

Fig. 2. VMAT field (a) Gantry angle 181° ~ 179°, Col-
limator angle 355°, (b) Gantry angle 179° ~ 181°,
Collimator angle 95°

Fig.3. Split VMAT field (a) Gantry angle 181 £ ~
179 i £, Collimator angle 355° (Left field), (b)
Gantry angle 181° ~ 179°, Collimator angle 355°
(Right field), (c) Gantry angle 179° ~ 181°, Col-
limator angle 95° (Upper field), (d) Gantry angle
179° ~ 181°, Collimator angle 95° (Lower field)

3 DQA (Delivery Quality Assurance)& a5}t
Helical IMRT+= Phantom DQAE A]3)5}3it) Linacs
083+ VMAT, Split VMATS SunCHECK™ (Version
2.2.2.31209, Sun Nuclear, USA)2. 2 DQAE 345}t
Absolute 7152 +3%, Relative 7152 3% / 3 mm 90%

oVgo = St
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LT Paratid

Fig. 4. Comparison of DVH Helical IMRT, VMAT and Split VMAT (A : Helical IMRT, ® : VMAT,

B Spilt VMAT)

IMRT, VMAT, Split VMAT)-& Split VMAT-VMAT, Split
VMAT—Helical IMRT, VMAT-Helical IMRTZ} B+ H]al
£ oA BAA ol d< 71kt SPSS Data Analy—
sis Software (Version 18.0.0, International Business
Machines, USA)& o83} Shapiro—wilk test® A
3 A7 A ARSI = sl sl -FolehE (p—
value) ) 0055 Fol AHdS tEn e Bpd JAgS Al
Esteint, KA A7 Bt vl i Sofl shukel - 3

2~ (Paired t—test) ©]-8-53Ick

4 if

1. TARGET : HI (P_GTV), C.I(P_CTV)

37} X EA1E (Helical IMRT, VMAT, Split VMAT)®]|
Al P_GTVO] H.I 8+t 72 ZH2F (1.04, 1.11, 1.10)°]9ck
Helical IMRT7Z} 191 7F& 7P7h8- 2HS HoJZ9l1l VMAT
7} Split VMATL- H]S=3t 7S H T} P.CTVE] CI Ht
== 271 (1,03, 0.99, 1.00)0131t}. CIi= VMATZ} Split
VMAT®] H]$3} 7% Kol A] Helical IMRTEL} 19] H
TV e HojEqinh, $A| AatollA HIolAl= Split
VMAT-Helical IMRT p (p—value) < 0.0012 H+t2]
OJulgt 2t F KL ClollAl= AA| Fat ghe Zfoleh=

16

22 37N ARAE 7 H= BlaolA SAR SR Fom|eh

Z}o]2 Ro)x] 9k} (Table 3),

2. Organ At Risk (OAR) : RT/LT Parotid Gland,
RT/LT SubMandibular Gland, Spinal Cord +

0.3 cm (P_Cord), Brain Stem
370 X2 AE (Helical IMRT, VMAT, Split VMAT)o]|
/] RT/LT Parotid Gland v A% (Gy)-2 22} (14.54,
17.06, 14.76), (14,32, 17.32, 15.09)°]31t}, Helical IMRT2}
Split VMATE gko] & Apol= Holx] eigtom 27 A&
A% B VMATHETE Fot Awfo] WA Veplict RT/LT

Table 3. H.I, C.|I value and Statistics

Target
H.I* (P_GTV) Clt (P_CTV)
Helical IMRT 1.04 1.03
VMAT 1.11 0.99
Split VMAT 1.10 1.00
Statistics (p—value)
H.I* (P_GTV) Clt (P_CTV)
Split VMAT—
VMAT 0.342 0.660
Split VMAT—
Helical IMRT €0.001 0.140
VMAT-
Helical IMRT €0,001 0.167

*Homogeneity Index, T Conformity Index



Table 4. OAR (Organ At Risk) Dose (Gy) and Statistics

HFEfOF 9] 491: H|Q1ES) Split VMAT 2| 2418 &

o
ot
N
-

OAR (Organ At Risk)
RT Parotid* LT Parotid* RT SMG* LT SMG* P_Cordt Brain Stem*
Helical IMRT 14,54 14,32 24.43 2352 20.57 22.35
VMAT 17.06 17.32 23.69 22,79 22.59 23.99
Split VMAT 14,76 15.09 22,13 21,17 21.06 21.68
Statistics (p—value)
RT Parotid LT Parotid RT SMG LT SMG P_Cord Brain Stem
Split VMAT-VMAT {0,001 {0,001 0.003 {0,001 0.002 {0,001
fﬁgtTVMAT_Hehcal 0412 0.001 0.002 0.051 0.623 0.522
VMAT- Helical IMRT {0,001 0.001 0.132 0.465 0.118 0.127

*Mean dose, TMax dose

SubMandibular Gland S+t A15F (Gy)= (24.43, 23.69,
22.13), (23,52, 22.79, 21.17)°I31c}. Split VMAT©o] A|Y
w3 ok VMAT, Helical IMRT =0 2 Hqt Algo] ¢
2ttt Spinal Cord + 0.3 cm (P_Cord) o A% (Gy)
12} (20,57, 22.59, 21.06)°]It}. Helical IMRT®] A
£ Split VMAT, VMAT <=0 & Z|tjj Algo] o] &
Yo Helical IMRTS} Split VMATS ko] &2 2jolE W
o] ] 9kSkt}. Brain Stem FHoh A% (Gy)2 (22.35, 23.99,
21.68)0]91t}. Split VMATo] A|Y @il thS Helical
IMRT, VMAT =0 & Xt Agfo] 2oith 54 A=
RT Parotid Gland®JlA] Split VMAT-VMAT:= p < 0,001
2 B9 §-ou]gt 2o]S Hr} LT Parotid Glandol

J
N

o]

T rlo g
N

A

al
[

b

Table 5. Low Dose Area Volume (cc) and Statistics

Low Dose Area

50% Isodose Curve

Helical IMRT 1332
VMAT 1132.5
Split VMAT 1065.2

Statistics (p—value)

50% Isodose Curve

Split VMAT—-VMAT 0.012
Split VMAT—-Helical
IMRT {0.001

VMAT- Helical IMRT {0.001

Ae s HlaoA BFete] Fofu|gk ZRelE B (p <
0.001). RT/LT SubMandibular Gland|A4] Split VMAT
o] th& AuAE thH] AAA 2 [oJu]gt ZpolE HL
4] LT SubMandibular Glando||A] Helical IMRTS} H]
WS W p=0.059 FARE A5 EH (p = 0.051).
P_Cord, Brain Stemo|4] Split VMAT®] VMAT tijH] &
= §ojulg o] HSIT} (Table 4)

3. Low Dose Area : 50% Isodose Curve

37 &A% (Helical IMRT, VMAT, Split VMAT)
oA 50% Isodose Curve 849 Hat 7} (co)+= (1332,
1132.5, 1065.2)Slth. Split VMATo] Al 21l th-&
VMAT, Helical IMRT 40 & 80| ZAgfom 24 A}
of| M= FoJugt ZFolE BTt (Split VMAT-VMAT (p :
0.012), Split VMAT-Helical IMRT (p < 0,001)) (Table 5).

4, Beam On Time

37§ X7 A8 (Helical IMRT, VMAT, Split VMAT){| 4]
Beam On Time2] H+t 3 (sec) (3737, 1307, 254.4)%
a1 10789] A@lt/dellA 25 Helical IMRTZF Al AL
T} Split VMAT, VMAT £=° & Beam On Time©] Z
$1.0™ Total MU Helical IMRT7} A|Y 4l tF2 Split
VMAT, VMAT =2 & =9}t} (Table 6),
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Table 6, Beam On Time (sec) and Total MU

Beam On Time Total MU
Helical IMRT 373.7 5443
VMAT 130.7 723.3
Split VMAT 2544 1149.5

H QIS agtsto] TRt o] =2 A-85h= To—
motherapy+= Binary MLCE ©]-83F WAg AaF A
Ao 7 Ay 24 0] AeF 74 &yt Hold o]
t}, o= 3 AR} BlEo] #WE MLCO 219 wio
73k A0 7 7]1£9] Linac®] VMAT Ao 7= v
Field Sizeo|A] tha =71 MLC 2422 Qaf A =
2| o] A=F 744 gapt Akt oo & A= Tomo—
therapy®} FARE A =2A48 23t A7] 8l 7|9
VMATY} 2PH5}e] 019)24] 0 2 Field SizeS A|gtsfod i
£ MLC oJ5°] 7Fs?t Split-VMAT A &A%< LeYs}
ot 37) X EA2 (Helical IMRT, VMAT, Split VMAT)
of| B7}FEo)A P_.GTVE H.I:= Helical IMRT X & 7|
Fo| ¢ £L& Z3E B3 P CTVY Cl= Linac A&
AE (VMAT, Split VMAT)®| ©] £ A3E Bt 3}
Ak A C 2= Cles A& Al & Zo|7h fick
=AW= YeEPi o TargetS Helical IMRTZF 4|4
© & Linac A|ZA1%] (VMAT, Split VMAT) ¥ th= -4~}
thehs 2428 9 4= Q13 VMATH Split VMATS] H|a
A= EAA O R o)z} §ISIth OAROA] RT/LT Pa—
rotid Gland Mean Dose= A& S & Helical IMRT7}
(AT LT Parotid Glandol4l+= Helical IMRTS} Split
VMAT 7t &A1 zpo|7} gltk= 215 B3t o= 7|2
VMATXE} Split VMATOA 4% A% 47t 731
7] WE0] 1 Helical IMRT= YAIS -G 419 o) o
& Parotid Gland A%< ¢ = d A2 ket
P Cord, Brain Stem Max Dose+ Helical IMRT tjjH]
Split VMATZFe] EAA 0 & Zjol7l §Igal 7]1& VMAT
R} £2 A7E Bt (Fig 4). Max Dose& &90]of 3}
L Aol Al Split VMATO] 7|15 VMATHTE B 214

=
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O 7 FoFe= 22 & 7 U3k Low Dose AreafA]
50% Isodose Curve?] 82 2ol Split VMATO] A|Y
Z1 T2 VMAT, Helical IMRT £20 2 2R8 84 7]
oF F-oJugt 2folo) FA A& HAr) Split VMATE ¢l
H 22 Field Sizeg AIFF7] Wizel Field Size®] Al
oFo] §li= 71& VMATY} =4 Ao Zjo| 71 ihAget 2o
2 HojZr}l Beam On Timeo| 4% Helical IMRT®] A
23 ok Split VMAT, VMAT 0.2 Zlojx|= A}
H4+=d| beam delivery ®4]9] xjo|& 2H¥sE Ao &
lct A+E el X3yt HE A= AlE DQAE Al
YL 7S St o] =79 Ao 2= A
A, Helical IMRT 22 73-¢ Field Width, Modulation
Factor 24L& E4] Beam On TimeS ¢ 2|8 A=
H|L & = QIO 2 Ato A= XgskA] Eoiint &
A, EclipseollA] 283}= Jaw Trackingol tigt HlZ S
&0 Split VMAT "} vlwsl & 4= qlglovt & A+t
o= FYsHA] Hsksict H 7H] Algke] ey &
A2 AvE ¥501E o Split VMAT-S Helical IMRT H
H] OAR A% #ax0] Qlo] AR RabE HolHA] A Adwk
gL =051 F-E Beam On TimeS HoJFHA &
S2Q1 A 87} 7Ha8al Hojx]al 7]E VMATHE OAR
9 A A J9S aapd o 7 FolEql Split VMATE]
RIS SEIITHA HQIFRS Agheto] R0 A=

Aglel] glo] Tl Hio] B Holet Aslch

o ne
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Utility Evaluation of Split VMAT Treatment Planning for
Nasopharyngeal cancer

20

Department of Radiation Oncology, Samsung Medical Center

Tae Yang Park, Jin Man Kim, Dong Yeol Kwon,
Jun Taek Lim, Jong Sik Kim

Purpose : IMRT using Tomotherapy during nasopharyngeal cancer radiation therapy irradiate an accurate dose
to tumor tissues and is effective to reduce a dose rapidly in normal tissues. However, this has high MU and long
Beam On Time. This study aims to analyze differences in tumors, normal tissues and low-dose distributions and
the efficiency of Split VMAT after applying Helical IMRT (Tomotherapy), VMAT (Linac : 2Arc) and Split VMAT (Linac
- 4Arc]) plans.

Materials and Methods : This study targeted ten nasopharyngeal cancer patients of this hospital and compared
three treatment plans (Helical IMRT, VMAT, Split VMAT). For Helical IMRT planning, Precision® (Version 1.1.1.1,
Accuray, USA] was used, and for VMAT and Split VMAT planning, Pinnacle®® (Version 9.10, Philips, USA] was
used. The total dose applied was 38.4 Gy / 32 Gy (Daily Dose 2.4 Gy (GTV + 0.3 cm) / 2 Gy [CTV + 0.3 cm) 16FX),
and for GTV + 0.3 cm [P_GTV), 95% of Vas4e, was prescribed. VMAT with an angle of 360° 2Arc was applied, and
for Split VMAT, the field was divided into the right, the left, the top and the bottom and an angle of 360° 4Arc, 6MV
was set. For evaluating the quality of the treatment plans, differences in tumors, normal tissues and low-dose
area were compared, and Beam On Time was measured to analyze the efficiency.

Results : When calculating the mean values of evaluation items of the three treatment plans (Helical IMRT,
VMAT, Split VMAT] for the patients, the H.I (Homogeneity Index) of P_GTV was 1.04, 1.11 and 1.1 respectively, and
the C.I (Confomity Index) of P_CTV was 1.03, 0.99 and 1.00 respectively. The mean dose of RT Parotid Gland (Gy)
was 14.54, 17.06 and 14.76 respectively, the mean dose of LT Parotid Gland (Gy) was 14.32, 17.32 and 15.09 re-
spectively, the maximum dose of P_Cord (Spinal Cord + 0.3 cm) (Gy) was 20.57, 22.59 and 21.06 respectively, and
the maximum dose of Brain Stem (Gy) was 22.35, 23.99 and 21.68 respectively. The 50% isodose curve (cc] was
1332, 1132.5 and 1065.2 respectively. Beam On Time (sec) was 373.7, 130.7 and 254.4 respectively.

Conclusion : Displaying a similar treatment plan quality to Helical IMRT, which is used a lot for head and neck
treatment, Split VMAT reduced the low-dose area and Beam On Time and produced a better result than VMAT.
Therefore, it is considered that Split VMAT is effective not only for nasopharyngeal cancer but also for other head
and neck cancers.

»Key words: Helical IMRT, VMAT, Split VMAT



