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IMRT(Intensity—Modulated Radiation Therapy)+=
QEFAQ] 32+ HIALAL X B KT} Prostate H 2747
(Organ At Risk, OAR)®] Tt WApA FA-8-S Folal
Prostate Cancer®] © @2 Asfk& FoAE 4= ¢
o] Prostate Cancer®] WA x| =] 4+
e} AR R AH]) 9 A5 7]e0) JEE QL) F
o] A& WHZE o= X &(Volumetric Modulated Arc
Therapy, VMAT)7} @8] AFgEo] .11 QIth? VMAT-S
AREAQ] IMRTO] vl A& AlZHE Zd 55 % 953
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Arc VAMT7} Aabsla, 2okxzlo] H&o] 2 #xe]
- Aleg A =of] e Two Arc VMATO] 2@kl 4= Sl
71 olfria= B A ' AR AR Az Z18]al MU gE
O] oA Zfo|7F A 4 17 wisme]et

B Ao A= One Arc VAMTT} Two Arc VMATS
0]8-3} Prostate Cancer 3HA}9] AaF Bz MU, DVH
(Dose—Volume Histogram)2 243}o] 3AE 2¢st
ARHE ARDSIA: sk w4 g
5171 $J8l DQA(Delivery Quality Assurance)>9E A3}

sl Avg Wl BAser
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1. Prostate Cancer Patients &l

20179 Prostate Cancer® AL X 27) =525
2+ 108 42 2 Only—Prostate(LN7} 2Z361A] ¢=
Group) 587} Pelvis LN7} 33 5T 0 & Uiro] A3
2 APt P2 Only—Prostate 1 Arc technique, Py
2 LN-Prostate 1 Arc technique, P-x= Only—Prostate 2
Arc technique, Pios= LN—Prostate 2 Arc technique= 4
Group= W0l 215419 9l A9l a1sHith(Table 1),
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Table 1, Patient Group 4

VMAT technique
Patient Group
One Arc Two Arc
Only—Prostate (n=5) P, P,
LN—Prostate (n=5) Pu P,

LN: Lymph node
Pi: Prostate Only—1 Arc, P»: Prostate Only—2 Arc
Pri: Prostate+LN—1 Arc, Pr2: Prostate+LN—2 Arc

8

1PTV 2. Pelvis LN, 3. Bladder 4. Rectum, 5. Bone, 6. Colon

Fig. 1. Only—Prostate, LN-Prostate Tumor and OAR

2. Prostate Arc Plan & DQA(Delivery Quality
Assurance) £

1) Tumor & OAR contouring

CT image°lA $¥ZA(PTV), LN 1,28, OAR
2 34569 =2 contourings}th PTVOA OARS]
Bladder®} Rectum< # PTV only©|t}, PTVE} OARY]
AAHA o] PTV&Bladder®} PTV&Rectumo©]|t}, PTV
Nzl K AA] cA} BeFO & Hojx|= Zo] Pelvis LN
ow], A= PTVS] 80 % A% AXIsICE 9t LNE 1t
1717} T3bNOZ seminal Vesicle o] 7}s4

o|th(Fig. 1).
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Tf;i

o] 7] w

2) Prostate Cancer X|2 XeiMzF gt

RTOG(Radiation Therapy Oncology Group) 7}0|=
of whepA] AP AT

(1) PTV_only: Dos ) 54 GY, Dmax (59 Gy

(2) Pelvic_LN: Dogs ) 44 Gy

(3) PTV and Bladder: Dos ) 50 Gy

(4) PTV and L—Rectum: Dos ) 50 Gy
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Fig.2. 10 MV & 6 MV ZAHI Of HX|E M& 2 Xt0|2 MU &t

(5) Bladder only: Vsocy {1 cc, Viecy {40 %
(6) L-Rectum only Vsocy {1 cc, Vagay {40 %
(7) U rectum nos Vsocy< 1 cc, Viocy {40 %
(8) Femoral head Dimax {30 Gy, Va56y< 10 %
(9) Colon Dimax {46 Gy, Vas ;{35 %

3) 10 MV & 6 MV ZXH OfX |8 MERE E4

10 MV} 6 MV FAHA Alolofli= Fig, 29} o] DHVO
A ZHe 2794 OAR(Organ at risk)o] 210|5 Bone®}
Colon 718]3! Rectumdl|A] & 4= 91%loH, 6 MVe] MU
ZHe 642 MUS HOlR|gH 10 MVOIAE 546 MU7} 1o
96 MU z}o]7} ¥EOo. L& 10 MV 7} Prostate 2|39 T
A3t (Fig. 2).

4) Prostate Cancer0f AFZE X|Z 71712t X|= A&
JNEN=

o] Ay ALE-H WA A& 7]7]+= Novalis Tx
(Varian, Palo Alto, USA)%l Rapid Arc Radiation
Therapy 7]710]H, o] A%FE(Dose Rate) 1400 MU/
min®|il FAA 6 MV E 10 MVollAl= o] 600 MU/

ming AFESIAL Qlt}, H3F Cone Beam Computed

Tomography(CBCT)+= KV EnergyS AF8-35}0] 3D 9]
0|z ARE 22K5l= o] AFR51 QA Brain—Laboll=
o] X—A1 AA|7F g2t o] Qlom 4] AE71e] o]
= TAlsl] 918l WEshs o] ARkE o] qirt o]y
Sk AP Wk ohy2) IMRTO] Bl8f Arc A&7} 75}
AR A5 AR R Ae Fa e ef 2 Ao HL: 4
SHct AR A& AR Eclipse(MA 13.0.26, Var—
ian Medical Systems, USA) A|AE1S 7]HEO 2 g om
AeF At daefE2 o A darglE(AAA, WA
13.0.26)0]c}, & A-tollA= Eclipses ©]8-81o] AgS
AlAFSIA. o, DQA A5 Al o) ARgsel,

Hjx &

s

5) DQA ZX%| % DQA X|2 A2 Hh

DQA &% #d 7]7]|2+= ArcCHECK(Sunnuclear,
USA), MapCHECK(Sunnuclear, USA), CC04 Ion—
Chamber(IBA), Electrometer 7]7]Q1 DOSE1(IBA)2 At
|oto] AYE sidict A= AZE0 2 ALk AR 4k
A3t DQA A8 Plano 2 thA] ALK & Novalis
Txo| A AeF B3 MUZL, Point DoseZS 2Hela}gich
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6) DQA =X 1td 7) ArcCHECK & MapCHECK &H data 244 2 MU
Fig. 34™ MapCHECK¥} AcrCHECKE AX|3}% ZF ALt

t}, Couch $jol MapCHECK Phantom= Ax|s}al 1 MapCHECK¥} ArcCHECK®] £4 2 = Baa
S %A} T AFEC AxE L2 aHE o]fsle] 7 t} Fig. 49} Zo] Solid Detector ArrayS ©]-&3F Abso—
ul B4 Array rate AAF S A2 4= QL Gan- lute Dose(®)°]al & 3} lon—chambere} #$] A=F
try WaFol= CC04 lon—-Chambergs YA A7l & A(DOSEDE ]33t 3 A= (Point dose)©]t}, Absolute
Electrometer(DOSE1)o)|A] & A2F(Point dose)S =4 9] Gamma Evaluation& AA|Z Novalis Tx 2| 2A10]
et A A=F(Point dose) 7 Al A= ALHS: flal 2% A SAE AgF 29} RTPOA] DICOMO. & A%t
Ak, 719A= AHEEITHEFig, 3). A B2 datas o]-83sto] 481921, Percentage

of passed points with Gamma Evaluation> Dose 3
%, Distance 3 mm, Threshold 10.0 %2 & AAl5}o]
dlolg] 7k Aot A AFH(Point Dose)S CC04 Ion—
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1. Analysis of Target & OAR distribution of patients
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cGy, Colon Djss %= 75 cGy Z12]2l Bone Dig wi= 1560
cGyo°]H Upper rectum Dig o= 1731 cGy©]thFig, 5).
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Fig. 9. 4 Group?Q| H# Mzt 2L

der_only Diow”} 3095 cGy, Rectum only Dio«©] 2796
cGy, Colon Dss %= 75 cGy Z18]1l Bone Dy wi= 1477
cGy®]™ Upper rectum Dio o= 1715 cGy©|thFig, 6).
Fig. 72 1 Arc plan AH6¥~10%)9] Py Group
O A R Eof A FatghS Hol5=al Qi) Target
O] 3t ATF G2 Dimaxi= 5958 Gy, PTV(only) Dog s
+ 5398 cGy, PTV&Bladder Dog = 5026 cGy, 18]l
PTV&Rectum Dog = 4995 cGy©|t}, T18]aL Pelvis_LN
Dog ui= 4477 cGy©|t}, OAR B+t A FrojlAl, Blad—
der_only Do w7} 3524 cGy, Rectum_only Dio»= 2866
cGy, Colon Dss y= 2120 cGy 18|31 Bone Dig o= 1867
cGy©]™ Upper rectum Dao o= 2741 cGy©|tH(Fig, 7).
Fig. 82 2 Arc plan AH6¥~10%)2] P> Group

o] AeF R wol A% HghS Bo5al Qlok Target
o] it A% G2 Dmaxi= 5927 Gy, PTV(only) Dos s
+ 5414 cGy, PTV&Bladder Dos = 5055 cGy, Z18]aL
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PTV&Rectum Dos = 5005 cGy©]t}, 18]al Pelvis_ LN
Dos = 4524 cGy©]th. OAR Bt A% ghollAlis, Blad-
der_only Do w7} 3489 cGy, Rectum_only Do w2875
cGy, Colon Djssy= 2071 cGy Z18]al Bone Digur= 1893
cGyol Upper rectum Dy o= 2765 cGy©]tHFig, 8).

Fig. 9= 4 Group?] H+t A& R = ZHS vlugct,
Only—Prostate®] A1 HZZOA= Dyax’} P1 Group
oA =QkoH, Target®] AgF Hirse iAo p,
Group©] =3ttt OAROAI= Py Group®] P, Group&r}
AA o R =2 A g B3k LN-Prostate®] A%k
EE A= Dinai= Pl B 23521, Target®] A% &2
AESE Pu7t B =010 P A AR gt A2 A
7S BYTh OAROAIE PL9) PLo] AR O 2 H]Z6]A
u Aol Bo] U] gk A0 2 BTk Fig, O



Table 2. DQA &&= Gamma evaluation pass rate 4t

W2 9] 491 Prostate Cancer 240l T8t One Arc®} Two Arc VMAT Plan®] A& &4 v)w 1

i)

Patient 1 2 3 4 5 Average
MapCHECK 1 Arc 99.4 % 100.0 % 99.8 % 99.4 % 99.4 % 99.6 %
ArcCHECK 1 Arc 100.0 % 100.0 % 98.6 % 99.2 % 99.5 % 99.5 %

Patient 6 7 8 9 10 Average
MapCHECK 2 Arc 99.4 % 99.1 % 99.8 % 99.5 % 99.1 % 99.4 %
ArcCHECK 2 Arc 99.7 % 100.0 % 100.0 % 100.0 % 99.7 % 99.9 %

Table 3. =& DQA & M&(Point Dose) 24t

Patient 1 2 3 4 5 Average
MapCHECK 1 Arc -0.62 % -0.13 % -0.14 % 0.00 % -0.71 % —0.44 %
ArcCHECK 1 Arc 0.00 % 0.00 % -0.22% 0.00 % 0.62 % 0.08 %

Patient 6 7 8 9 10 Average
MapCHECK 2 Arc 1.23% 0.90 % 1.27 % 1.03 % 0.94 % 1.07 %
ArcCHECK 2 Arc -0.24 % —0.88 % 0.05 % —-0.09 % 0.00 % -0.23 %

Table 4. MU SH %
Patient 1 2 3 4 5 Average
1 Arc 566.0 MU 560.0 MU 550.0 MU 574.0 MU 523.0 MU 554.6 MU
2 Arc 570.0 MU 572.0 MU 638.0 MU 574.0 MU 544.0 MU 579.6 MU
Patient 6 7 8 9 10 Average
1 Arc 509.0 MU 498.0 MU 551.0 MU 487.0 MU 501.0 MU 509.2 MU
2 Arc 530.0 MU 517.0 MU 579.0 MU 509.0 MU 547.0 MU 536.4 MU

2. DQA Comparison Analysis

1) M2k 2 ez 2MZ I8t Gamma evaluation
pass rate Zat 2t

Table 2= MapCHECK¥} ArcCHECK®] Gamma
evaluation pass rate 7/} Hwt-#H2 Absolute Dose(%) 2
HojF=m Qleh, 47k thit 994 % ol =2 ¢t
S HojFql 9lom MapCHECKS] 1 Arcol A= Bt 99.6
%°]3. MapCHECK 2 ArcollA= 994 %= =7d=9]ct,
ArcCHECK®] 1 Arcoll A= 99.5 %, 2 ArcollAl= 99.9 %
£ S74% U (Table 2),

2) Point Dose(%) 2} 244

Table 3-& Z74% DQA & A& (Point dose)?] @2} Zk
I} FHtghS BojF3al 9k ArcCHECKS] Bt @4} gk
1 ArcollAli= 0.08 %, 2 ArcollAli= —0.23 % gto] vgict,

MapCHECK®] Hat 22} 312 1 Arcoll A= —0.44 %<2} 2
Arcol A= 1,07 %E ArcCHECKO] A7) 23 o] =9t
THTable 3),

3)MU &t

Table 4= A4 MU(Monitor Unit) 5 B4 &
o]l it} 1 Arc plan EAH1¥~5%)2] Py Group?] &
S 554.6 MUOIH, 2 Arc plan EAF1H~5H)2] P,
Group®] BgHe 579.5 MUe|t}, 2] 1 Arc plan $H4}
(651~1081)2] Py Group®] 4k 509.2 MU®|H, 2 Arc
plan $EAHER~109)2] P, Group®] Btk 536.4 MU
= UERttH(Table 4).
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2= g

B Lo A= Arc plang ©]-&3} Prostate Cancer #|
FolMe] AT B2t DQA Aol His) 4 3=
ok, B4 A2 = 47) Group B Dma= Hat 107
%A 109 % Afololm | 1 Arc®] Py Groupol|A 71 =
26016 cGy2] Dmaxs B0, 2 Arc?] Pi.2] Group
NAE 7P B 5927 cGyQ] Dumaes B} Target A
o & 44 PTV only Dos o= 47§ Group] Bt 4l
2k ZHS 5410 cGyoliL 7H4 =S AleF Zhe 5419 cGy?)
Only—Prostate 2 Arc(P,) Group®|eH, 74 22 A
F 42 LN—Prostate 1 Arc(Pr;) Group2 =2 5398 cGy
o]t} PTV&Bladder Dog o B2 5000 cGy ©]AHS.
2 A= A 7holl 25 AW LN—Prostate(Puy) o A1=
5000 cGy ©]3}3it}. Pelvis—LN Dog w= 1 Arc2} 2 Arco]|
Al 4400 cGy o= Ho A Asfol] 23t OARO]
A=, Bladder_only Dy = 4 Group Z45 3600 cGy ]
ko] Rectum_only Dao v
2800 cGy©|A|¥t LN—Prostate 1Arc(P1;) Group< A%
M-S ZIsALY thE Groupkth 32 Algko] yrteh
ColonT} Bonex= OAR R|& A4} A=k 2710 2=13] ub
2511 Ao h2 BodFa ik 1 Arc =2 Arc W]
AA|, Only—Prostate?] P13} P,9] AaF2 A A
o] = Group R4 S350}, 12y XLEU\VJ 4l Beam
timeo] = Hlj o]} Ae]7] ujizo] IRk o ® 1 Arc ®HHY
o] Aslsirtal £ 4~ 9Jr} LN—-Prostate®] 2 Arc®] 7%
S ARARIGE AR AZe] ER4S 12E AR
AlFo] =2 Target Dos o A5FO] 7] YEFEOH, OARS
Pui Group Xt WA UebeS H3ict

DQA A% A= ArcCHECK E+= MapCHECK %}
FAFIAY ArcCHECK £}°] Gamma evaluation pass
Ag¥(Point dose)e] @A} groA =
o O Agon, & A S0 2271 % oAl
1} Prostate DQA &749ll+= ArcCHECKS AF&3l= A
o] § Agsltlal Ho] 11 Jrk, MU(Monitor Unit) gk
2 AHEH o & | ArcErt 2 ArcollA] 25 MU(P1&P,)9t
272 MU(Pu&PL)7} B =2 21& & 4= et ol2fgt A ¥
A¥}E | Only—Prostate Cancer &A} X241+ 1 Arc

4! Upper_Rectum Dso o F

rate?] A3z 9 A
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Dosimetric Comparison of One Arc & Two Arc VMAT
Plan for Prostate cancer patients

Department of Radiation Oncology, Chonnam National University Hwa-Sun Hospital

Kim Byoung Chan, Kim Jong Deok, Kim Hyo Jung, Park Ho Chun, Baek Jeong Ok

Purpose : Intensity-modulated radiation therapy(IMRT) has been widely used for radiation therapy of Prostate
Cancer because it can reduce radiation adverse effects on normal tissues and deliver more dose to the Prostate
than 3D radiation therapy. Volumetric modulated arc therapy(VMAT) has been widely used due to recent advanc-
es in equipment and treatment techniques. VMAT can reduce treatment time by up to 55 % compared to IMRT,
minimizing motion error during treatment.

Materials and Methods : In this study, compared the MU and DVH values of 10 patients with prostate cancer
by classifying them into 4 groups with 5 LN-Prostate groups and 5 Only-Prostate. And DQA measurements were
performed using ArcCHECK and MapCHECK.

Results : The results of Target and OAR dose distribution of Prostate patients are as follows. Dmax Was in the
range of 100~110 % in 4 groups, and more than 110 % of hot spot was not seen. Only-Prostate (Ps, P2) without LN
had a satisfactory dose distribution for the target dose, but slightly better for 2 arc plan(P2) than 1 arc plan(Pi).
The target dose Dys s, distribution in the LN-Prostate (P, Pr2) group showed better 2 arc plan(P.2) than 1 arc
plan(P1), But in the case of 1 arc plan(Pwi), the target dose Dys % value was not enough. In OAR, the dose distribu-
tion of 1 Arc(Pi) Plan and 2 Arc(P2) Plan in the Only-Prostate (P;, P2) Group satisfied the prescribed dose value.
But, The dose distribution of 1 arc(Py) was slightly higher. In LN-Prostate OAR, 1 Arc(Pi1) Plan showed higher
dose than the prescribed dose. The Gamma evaluation pass rate of ArcCHECK and MapCHECK calculated from
the DQA measurements was slightly higher than 99 % and the mean error range of the point dose measure-
ments using the CCO4 ion chamber was less than 1 %.

Conclusion : In this study, Only-Prostate (P, P2) group, the dose of 2 Arc plan was better. However, consider-
ing the treatment time and MU value, 1 Arc treatment method was more suitable. In the LN-Prostate (Pu1, PLo)
group, 2 Arc(P2) treatment method showed better results and satisfied with Target Dss % and OAR prescription
dose.
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