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= A ZpENS ZEs MM AT A 7|E X Ze ol 2T A 82 J2|7I3 28| |24 (0[5t Conventional VMAT plan)zt 2|
ol MES SHE7| 2/5t0] ALRQL PR L0 82 T2|7|8 257 X|2A|21(0]3} Split VMAT plan)2| A4S H| i, BJ|5t0A} B,

A gl ’heH 2 =2910fM TrueBeam STX(Varian Medical Systems, USA)S 0|€3}04, Split VMAT planQzZ HAIMA|Z S ghe MElMet shx} 9
2 HASZ ofiCt, MASIX|EA &2 Eclipse(Ver 10,042, Varian, USA), PRO3(Progressive Resolution Optimizer 10.0.28),
AAA(Anisotropic Analytic Algorithm Ver 10.0.28) Z112|52 AIE3IICt.
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504 Gy} | =E 51SiCt, Split VMAT plang Salf =& M| 2122| DmeanE Conventional VMAT planoi|Af & &1&o| MekSM x|t 4t
&7510{ Conventional VMAT plang $/512, 1 9/0f 2E 242 SUohi| MFeic BE XBA S 28t BYolM LiEHE 42
QNS | 251517 5to] ZH2t 25]0| £| X510} M2k Al A IHE S 73 on MBIM PTV100% = 90% = 95%2 Normalize 5}SiCt,
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[E Il
rz -

(Gamma test)E AlA|
4 1= x2H 242 H| w3t 21} MA| XES 2|0) 134.4 ¢Gy, £|2 435 cGy, B 75.6 cGyZ, 5t XA ()l 100.5 cGy, 2

2 -34.6 cGy, Wit 34 3 cCy=, AR 2% 2 #[0 11135 cGy, &2 87 2 cGy, Bt 5505 cCy=, &2 2|0 271 cGy, &2 7555 cCy, Wt
117 8 cGyE 25 Split VMAT plan0| %2 z+& ESiCt A8 2&0| V50% T 2T 63.4%, &2 3 2%, Bt 23 2% Split VMAT plano]| St2
Ao LIERICE Total MU Split VMAT plan0| Z[CH 148, #(2 72, Wi 77 o Z0| AlZsl= A 2=Z HERCt PTVY| Chst HI1 2L Cl= F A

Jtok
1o

S 25 MZ H|E Aot LIERHCE Split VMAT pland]| CHSH IMRT verification QA Z2t 2 mm / 2%, Gamma pass rate 90.0% 7|&=S
= sS4k,

A 2 o2z Me 25 MEIMe X2 Al Split VMAT plan2 Conventional VMAT planz} H| 1610 CHEE0| HIIX|FA RE|TH Aoz
LERHON AZESS £0IRA S5 AR N MBS 22AZ MA| N 422 SRE0| SHEst 21E UED| B2 012 HBAH Al
M AZSTE =0|= 20| S A0l2t ALZEIC

SHAZO| | YMFEEHAME| R, GAMEE F2|MEEH|, CBDI(Cone Beam Dose Index)

=
ol 20108744 =] A
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= [e RSN 1
A # M ek (Prostate cancer)2 A A A|Ho 2 FAJe = F S7VeF A, AA o o] 3.8%E 2}AEte] GAAY WY
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=2 =00 00159 112 202 M25l0] 20151 1221 142! MBS Ayxeto] oJF WA X & (External Beam Radiation
MOUX|A}: BT, MSOHSIH 2 ghAIM S ekstnt Therapy, EBRT)= AHAUS A3tetzom EA5a 3t
MEA| E27 S 28HX| o = o _
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Apgo] WHH Ag-ol|= A HH o2 At

A 7] Mz WA 2] & (Intensity Modulated Radiation
Therapy, ©]3} IMRT)& 33 WARA X 5xHoh Fdz22
of Abd FAES Fola AHA ] e A7s JEd
T o] dHAGe] AN X 5ol RHA o Z ARE-E o] §F
CFY shARE H Aol A 5T)se] wER Qs 84 ¥
Z WA X 8 (Volumetric Modulated Arc Therapy, ©]3}
VMAT)7} #o] AR&-5|3L gk, VMATE IMRTHY A8 A
e A 55% FAaAA A7 F AL BE A4S F
423} & 4= 2, Monitor Unit(o]8} MU)S ZAAIA F
A AR U 7 7] witel 23F o A 9

S Ao

Ak WA A8 A A8 AFE 83 (Planning
Target Volume, ©]3} PTV)2] W ¢jol| w2} VMATS} IMRT
£ vugh AFAARTE YR Q) o] AFtel WEW
PTVZ} AP A7} A (Seminal vesicles)S E3FH VMAT

v

7} IMRTETF MUS} x| 8A)7FS 7F
EE BT BpA PTVIE A
=W Y XA (Pelvic lymph node)7}4]
7} IMRTREE} 1 ZA77](Organs At Risk, ©]3} OAR)SI
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Fig 1. Anatomic relationship with the pelvic lymph nodes and upper rectum,
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Fig 2. There are structures that showing prostate, pelvic lymph nodes and rectum divided into an upper and a lower,
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=22 4 1)
Dos%

Dso @ Target 82 5%<] &

Dosw : Target &2 95%2] A&

CI.= Vo950 (4] 2]
Vperv

Vosoo © A3 #F o] 95%7F Z2AMEE A4
Very @ PTVE] A4

2 3
A 27 et el a7 A8AH Aol HTh

134.4 Gy, # 4 43.5 cGy &, Split VMAT plano] Bt 75.6
cGy Y& ZES B9}, (Table 1, Fig. 3.)

sk 2 Hadgel digh 7 XNEAE Aol H
100.5 cGy, &4 -34.6 cGyE, Split VMAT plano]| 3t
34.3 cGy S Zlo g yeigton, A7 2% FHdd s
A 1113.5 Gy, &4 87.2 cGyZ, Split VMAT plano] ¥
T 550.5 ¢Gy S 7S B ok, 1] g3 27| vso%
= H 63.4%, A 3.2%=, Split VMAT plano] Hf
23.2% $r-& 7 o 2 YEdT), (Table 2, Fig, 4, Fig, 5.)

W PGt wkel gk F A 8AE 2holi= A 271 <Gy,
2> -55.5 cGyE, Split VMAT plan©] H3 117.8 cGy &
Ao 2 et (Table 3, Fig. 6.)

Total MU= Split VMAT plano] o 148 MU, H4 7
MUE, 3 77 MU o o] Ahgah Ao tehut
(Table 4.)

PTV| ek #2 A& Yehdl= HIL 9 7+ X878 Aol
= AP 29 Fz2 oA 2 A 0.01, H4 0, Ht
002 M2 H|5d A3k ekt (Table 5.)

PTVO] gk A=FE3S Uehll= CLY F+ X8AE A

Drean of whole rectum
4500
=
(]
<
4000
3500
3000
2500
2000
P1 P2 P3 P4 P5 P6 P7 P8 P9
B Conv. VMAT plan| 3904.1 | 4142.1 | 3981.4 | 3575.9 | 3272.5 | 3854.7 | 3447.9 | 3342.2 | 3349.8
1 Split VMAT plan 3850 | 4090.4 | 3937.9 | 3441.5 | 3147.6 | 3766 | 3400.3 | 3265.7 | 3290.4
m Conv. VMAT plan  m Split VMAT plan

Fig 3. Comparison of Dmean of whole rectum.
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Table 1, Comparison of Dmean of whole rectum (Unit in cGy)

Whole rectum

Conventional VMAT plan Split VMAT plan Difference
P1 3904.1 3850.0 54.1
p2 41421 4090.4 51.7
P3 3981.4 3937.9 43.5
P4 3575.9 3441.5 134.4
P5 32725 3147.6 124.9
PG 3854.7 3766.0 88.7
pP7 3447.9 3400.3 47.6
P8 33422 3265.7 76.5
P9 3349.8 3290.4 59.4
Mean 75.6

Table 2, Comparison of Dmean of lower rectum, Dmean & V50% of upper rectum,

Dmean of lower rectum Dmean of upper rectum Vs0% of upper rectum
(Unit in ¢Gy) (Unit in ¢Gy) (Unit in %)

Conv. Split Diff. Conv., Split Diff. Conv., Split Diff,
P1 3895.3 3873.1 22.2 4048.1 3960.9 87.2 77.3 71.0 6.3
P2 4521.5 4467.9 53.6 41721 3633.5 538.6 80.3 52.6 27.7
P3 3801.3 3895.9 -34.6 4417.9 3410.9 1007.0 98.9 40.3 58.6
P4 3051.7 3609 42,7 2701.9 1613.3 1088.6 28.0 0.7 27.3
P5 3569.6 3548 .4 21.2 2703.0 2199.0 504.0 19.9 8.5 11.4
P6 3940.9 3879.6 61.3 4174.4 3060.9 1113.5 99.4 30.0 63.4
p7 3863.9 3847.6 16.3 3295.0 3174.6 120.4 42,8 38.2 4.6
P8 3759.4 3734.3 251 2727.3 2464.6 262.7 25.3 221 3.2
P9 3745.5 3645.0 100.5 2835.4 2602.6 232.8 223 15.8 6.5
Mean 34.3 550.5 23.2

% Conv, = Conventional, Diff, = difference,

Table 3, Comparison of Dmean of bladder (Unit in ¢Gy)
Conventional VMAT plan Split VMAT plan Difference
P1 4739.9 4620.3 119.6
p2 4671.5 4727.0 -55.5
P3 5105.8 5138.9 -33.1
P4 4980.5 4751.3 229.2
P5 4360.8 4274.0 86.8
P6 49255 4774.6 150.9
pP7 4049.5 3778.5 271.0
P8 4385.3 4363.1 222
P9 45429 4274.1 268.8
Mean 117.8
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Dmean Of upper rectum
4500
i~
o
< 4000
N I l ‘ I
N | I ‘ I ‘ ‘ |
- ‘ I ‘ I ‘ . ‘ ‘
- ‘ I ‘ I ‘ - ‘ ‘
- | ‘ | |
1000
P1 P2 P3 P4 P5 P6 P7 P8 P9
m Conv. VMAT plan| 4048.1 | 4172.1 | 4417.9 | 2701.9 | 2703 | 4174.4 | 3295 | 2727.3 | 2835.4
W Split VMAT plan | 3960.9 | 3633.5 | 3410.9 | 1613.3 | 2199 | 3060.9 | 3174.6 | 2464.6 | 2602.6
m Conv. VMAT plan  m Split VMAT plan

Fig 4, Comparison of Dmean of upper rectum,

ol&= H 2%, HA -4%E, Split VMAT plano] Hi 2o
1% S 20 2 eyttt (Table 6.)

Split VMAT plane] th&F IMRT verification Q
mm / 2%, Gamma pass rate 90.0% 7|5 B %33}

T3}t (Table 7.)

o8 Fe Aol SAY9S Hasteta AP

2 vle] A s = = 3

VMATE ARg-8te] PTV a2 5417194 MUSH A

BARNE A AREES EolEe

2 g, 2V 92N S 23k

itk e o] gl

2 =woMeE A, =i 9

H= AR B2 gigo s
4k o

n: [

EEE =99 /IOl A S AT Aste] 2%
& B el &% 1e7)E A9s, o) 8l
of A% Aol Makg 7oA AA Aol Mg 7
A7) $ehe] welsheinh. 1 A% Split VMAT plan
Conventional VMAT plan¥} H]nIsle] PTVE} Q143 =
Sp2 {7y Make T 2aA7)A RERAR, AR 47
9 A7 A A3 A S S B4
Haoh 22a FH o OARSl 3o Age Har7]=
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Table 4, Comparison of Total MU
Conventional VMAT plan Split VMAT plan Difference
P1 450 479
P2 549 596
P3 506 513
P4 593 730
P5 582 730
P6 584 674
p7 606 729
P8 567 628
P9 588 642
Mean
A7E Yebith H19 CLE F A8A o] 2 Aol B I AES A% (Fig. 7.)
o]#] gkgko} split VMAT plano] vllalA obd Azkg  —LEI Split VMAT plane] =& Hejlr 2429l Aah2
Hom, Split VMAT planoﬂ )3k IMRT verification QA "]'E]'IH{ 23ttt Conventional VMAT plan} H|al8}e] 3=
Atz AgAde EAV} e Slatgla 94 A4 71 CL gh& vehdl S48 243k Ao gt =t 9=
Vsox Of upper rectum
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
P1 P2 P3 P4 PS5 P6 P7 P8 P9
m Conv. VMAT plan| 77.3% | 80.3% | 98.9% | 28.0% | 19.9% | 99.4% | 42.8% | 25.3% | 22.3%
W Split VMAT plan | 71.0% | 52.6% | 40.3% | 0.7% 85% | 36.0% | 38.2% | 22.1% | 15.8%

m Conv. VMAT plan

m Split VMAT plan

Fig 5. Comparison of V50% of upper rectum,
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Dnen Of bladder
5500
=
&)
9, 5000
4500
4000
3500
3000
2500
2000
P1 P2 P3 P4 PS5 P6 P7 P8 P9
H Conv. VMAT plan| 4739.9 | 4671.5 | 5105.8 | 4980.5 | 4360.8 | 4925.5 | 4049.5 | 4385.3 | 4542.9
W Split VMAT plan | 4620.3 | 4727 5138.9 | 4751.3 | 4274 | 4774.6 | 3778.5 | 4363.1 | 4274.1
m Conv. VMAT plan  m Split VMAT plan
Fig 6. Comparison of Dmean of bladder,
Table 5, Comparison of H.I.
Prostate Pelvic node
Conventional Split Difference Conventional Split Difference
P1 1.05 1.05 0.01 1.08 1.08 0.00
P2 1.08 1.07 0.00 1.13 1.12 0.01
P3 1.05 1.05 0.00 1.11 1.11 0.00
P4 1.05 1.05 0.00 1.13 1.13 0.00
P5 1.05 1.05 0.00 1.09 1.09 0.00
P6 1.08 1.08 0.00 1.04 1.03 0.01
P7 1,06 1.06 0.00 1.15 1.15 0.00
P8 1.06 1.05 0.00 1.14 1.13 0.00
P9 1.08 1.06 0.01 1.10 1.10 0.00
Mean 0.00 0.00
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Fig 7. There are differences in the DVH that comparing with Split VMAT plan and Conventional VMAT plan,

*Split VMAT plan : AProstate, APelvic node, AUpper rectum, AWhole rectum

*Conventional VMAT plan : ® Prostate, ® Pelvic node, m Upper rectum, ® Whole rectum

Table 6, Difference of C.1. Table 7, Gamma pass rate of Split VMAT plan
(Unit in ratio : %) (Unit in ratio : %)
*Difference of C.I. Split VMAT plan

P1 -2 P1 96.3

P2 2 P2 92.4

P3 0 P3 96.7

P4 0 P4 98.7

P5 -1 pP5 96.6

P6 -2 P6 99.1

p7 -4 p7 99.1

P8 1 P8 95.8

P9 -4 P9 98.4

Mean -1 (2 mm / 2% criteria)
*Difference(%)=100*(C.1.Split-C.1.Conv. )/C.1.Split. , Lower
is better,
Hol MFHE ZAME FEG NFREE 24 FahQch. 7 5% S0h 22 VAT IMRTS} ¥ 8ke] MU
Z18]3l Split VMAT plan®| Conventional VMAT plan®.t} 7} 2 32%, A 64% 7HAsHE S L siehE” Split
Total MUZ} B 12% 7kl AL & 4 9tk MU Z VMAT plan®] MU Z71= v]n|k Ao 2 geky o]z n

W7} A Agba ko) o8| 23t LAY EHE o) ~7} MUE 7RI AEd-aw S718907] wjo x| 8413t
A= Ae 18E wf) ¥)$23k o] x| g A & olgld MU o= oJdko] gl Lelal MUE A &3k F-Eo| A Split
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Abstract

Evaluating efficiency of Split VMAT plan for prostate
cancer radiotherapy involving pelvic lymph nodes.,

Department of Radiation Oncology, Seoul National University Hospital, Seoul, Korea

Mun Jun Ki, Son Sang Jun, Kim Dae Ho, Seo Seok Jin

Purpose : The purpose of this study is to evaluate the efficiency of Split VMAT planning(Contouring rectum divided into an
upper and a lower for reduce rectum dose) compare to Conventional VMAT planning(Contouring whole rectum) for prostate
cancer radiotherapy involving pelvic lymph nodes.

Materials and Methods : A total of 9 cases were enrolled, Each case received radiotherapy with Split VMAT planning to the
prostate involving pelvic lymph nodes, Treatment was delivered using TrueBeam STX(Varian Medical Systems, USA) and
planned on Eclipse(Ver, 10.0.42, Varian, USA), PRO3(Progressive Resolution Optimizer 10.0.28), AAA(Anisotropic Analytic
Algorithm Ver, 10.0.28).

Lower rectum contour was defined as starting 1cm superior and ending 1cm inferior to the prostate PTV, upper rectum is a
part, except lower rectum from the whole rectum, Split VMAT plan parameters consisted of 10MV coplanar 360° arcs, Each
arc had 30° and 330° collimator angle, respectively. An SIB(Simultaneous Integrated Boost) treatment prescription was
employed delivering 50 4Gy to pelvic lymph nodes and 63~70Gy to the prostate in 28 fractions, Dmean of whole rectum on Spilit
VMAT plan was applied for DVC(Dose Volume Constraint) of the whole rectum for Conventional VMAT plan, In addition, all
parameters were set to be the same of existing treatment plans, To minimize the dose difference that shows up randomly on
optimizing, all plans were optimized and calculated twice respectively using a 0.2cm grid. All plans were normalized to the
prostate PTV100% = 90% or 95%.

A comparison of Dmean Of whole rectum, upperr ectum, lower rectum, and bladder, Vso% of upper rectum, total MU and
H.I.(Homogeneity Index) and C.| (Conformity Index) of the PTV was used for technique evaluation, All Split VMAT plans were
verified by gamma test with portal dosimetry using EPID,

Results : Using DVH analysis, a difference between the Conventional and the Split VMAT plans was demonstrated, The Split
VMAT plan demonstrated better in the Dmean of whole rectum, Up to 134 4 cGy, at least 435 cGy, the average difference was
75,6 cGy and in the Dmean Of upper rectum, Up to 1113.5 cGy, at least 87 2 cGy, the average difference was 5505 cGy and in
the Dmean Of lower rectum, Up to 1005 cGy, at least -34 6 cGy, the average difference was 34 3 cGy and in the Dmean Of
bladder, Up to 271 cQy, at least -55.5 cGy, the average difference was 117 .8 cGy and in Vso% of upper rectum, Up to 63.4%,
at least 3.2%, the average difference was 23.2%. There was no significant difference on H I, and C |, of the PTV among two
plans, The Split VMAT plan is average 77 MU more than another, All IMRT verification gamma test results for the Split VMAT
plan passed over 90.0% at 2 mm / 2%.

Conclusion : As a result, the Split VMAT plan appeared to be more favorable in most cases than the Conventional VMAT plan
for prostate cancer radiotherapy involving pelvic lymph nodes. By using the split VMAT planning technique it was possible to
reduce the upper rectum dose, thus reducing whole rectal dose when compared to conventional VMAT planning. Also using
the split VMAT planning technique increase the treatment efficiency

Keyword : Prostate cancer, Pelvic lymph node, Rectum Contouring, VMAT, IMRT,
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