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Dose verification of constant dose rate-volumetric modulated arc therapy plan on Varian clinical

23EX linear accelerator through MapCheck phantom

DU Fenglei, ZHAO Kai, SHI Guodong, SHAO Kainan, CHEN Weijun, DI Xiaoyun

Department of Radiotherapy Physics/Key Laboratory of Tumor Radiation Therapy, Zhejiang Cancer Hospital, Hangzhou 310022, China

Abstract: Objective To verify the dose of constant dose rate (CDR)-volumetric modulated arc therapy (VMAT) plan on Varian
clinical 23EX linear accelerator using MapCheck phantom (Sun Nuclear Company). Methods RayStation treatment planning
system was used to design CDR-VMAT plans on Varian clinical 23EX linear accelerator for randomly selected 10 lung cancer
patients and 10 rectum cancan patients, with dose rate of 200 MU/min. Two dual arcs from 182 to 178 degrees of 6 MV were
used for lung cancer patients, while two dual arcs from 230 to 130 degrees of 10 MV were applied for rectum cancer patients.
The coronal and sagittal setups of MapCheck phantom were used separately for measuring coronal and sagittal dose distributions.
The gamma passing rates on coronal and sagittal planes were evaluated. Results Based on the 3 mm/3% criteria, the distance
to agreement and gamma passing rates of 6 MV plans for lung cancer were (95.30+2.91)% and (96.82+2.40)%, respectively, and
those of 10 MV plans for rectum cancer were (95.03+4.05)% and (97.48+2.78)%, respectively. The delivery time for each
treatment plan was about 3 minutes. Conclusion Using the coronal and sagittal setups of MapCheck phantom separately for the
verification of coronal and sagittal dose distributions has potential for the dose verification of CDR-VMAT plan on Varian clinical

23EX linear accelerator.
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Beams = Control Points  Jaw Assignment  Beam Dose Specification Points

Beam: 1

MNo. Gantr | Cumulative MU = MU/fx | Doserate  Weight

[deg] [MU/min] | [%]
182.00 0. 3,14 200.00 1.12
186.00 3.1 3.14 200.00 1.12
190.00 6.29 3.14 200.00 1.12
194.00 9.41 3,14 200.00 1.12
198.00 12.5: 3.14 200.00 1.12
202.00 3.14 200.00 1.12
206.00 3.14 200.00

210.00 3.14 200.00

CDR: Constant dose rate; VMAT: Volumetric modulated arc therapy

Delivery ime | Gantry speed = law positions [cm Non-IEC]
[s] [deg/s] X1 (x2 [¥y1 |[¥2

r r r

0.94 4.25 5.506 5.36 7.00 ) 8.00
0.94 4,25 5.56 5.36 7.00
0.54 4,25 5.56 536 7.00
0.94 4.25 5.56 536 7.00
0.54 4.25 556 5.36 7.00
0.54 4.25 5.56 7.00
0.54 4.25 5.56 7.00

(.94 4.25 5.56 5.3

1 14IFHER CDR-VMAT it%| (RayStation 1+ &% , HHFE 285> I PTV)
Fig.1 CDR-VMAT plan for a lung cancer patient (RayStation system; the filling area was planning target volume)
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Fig.2 Sagittal setup of MapCheck phantom for the sagittal dose

distribution measurement
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Fig.4 Sagittal dose comparison of a CDR-VMAT plan




- 780 - Hh Ry

Pys

ARG $34%

RO 25 S U B L . 5 I3 AR
T R Z IR S S S5 52 i Ak,
AL T AR S A T LA o 3 A FH AL ) L
#: 7 (Distance To Agreement, DTA) "'l Gamma J7
AT T EAL o DTA SEHRTER — bR R T, LU
S A PR — A SR LB R b B A
A T) 50 (LR 25 5 3 1 s 2 ) B 2, A SCasE
1Y) DTA 7] 75 2 BE B R 24510 3 mm. Gamma 737
DORTHRRIXT NS A 7, FER LR o A
AHTE] A AR B ) A B X i — i 7 SRR 5 2% S
R ) 22 53 O, 7,) FIBE RS 22 r(r . 7) , WLRAFAE S
I, a)=j’ Car) T <o b 0
85 p v, B IE . AN SCIE U DTA B 55 3% 22 A5
e Ad =3 mm , FEX )i 22 4RI AD = 3% , RIVE I
(9 (3 mm, 3% ) bRifE . DTA 50 M i 76 7 it 43 A - %
DX 2 i R 1R 22 , /N B 391 o 22 S P B 1
BORBYPE S THRA5 R & R 22 K kidE T
F A3 A R KA X3k . Gamma 73 W25 5 B 1E T
T B 2 AR B DR R 7 v B AR B2 ) 1 XA AN

SRAERZE . FRTIERIGY T ) 04 B I
LR AR X IR Tk

2 & B

B 10 LHL R RN 10 21 & iRl B 45 R S A
MapCheck ST 8K (131 51X = E AT Hxd, 4 IR
(3 mm, 3%)HiEFHTT DTA 2081 Al Gamma 534 .
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AR < AR AT (95.43+3.52) % F1(96.75+3.13) %,
RARA (93.91.43£2.45)% Fl1 (96.28+2.14) % ; i3 i 1
7l (Beam 2) -3 MU & 338.8+46.6, DTA f1 Gamma
SPATT I SR A3 R < R A (96.41+2.23) % F1(97.96+
1.50)% , 2% 4R A7 (94.38+2.53)% 1 (96.30+14.00) % .
L5 2 B DTA A Gamma J7 325 38 353 R 5 51l R
(95.03+2.91)% F1 (96.82+2.40)% , LA | & % 200
MU/min HH5. , BRI 3432 1785 (8] 2524 3.3 min,
10 44311 th 55 146 (Patient 6 ) B I 41 9K 5 5 3%
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#1 1051FHE8 CDR-VMAT (6 MV) 31+ XIAI DTA F1 Gamma i@id %
Tab.1 DTA and Gamma passing rate of CDR-VMAT plan (6 MV) for 10 lung cancer patients

Beam 1 (Clock wise)

Beam 2 (Counter clock wise)

Rectum cancer Coronal/% Sagittal/% Coronal/% Sagittal/%
S MU Gamma Gamma MU Gamma Gamma
DTA DTA DTA DTA
passing rate passing rate passing rate passing rate

1 279 98.2 99.7 94.8 98.4 295 95.6 97.9 94.2 96.3
2 391 98.2 98.9 95.6 97.6 310 98.2 99.6 96.9 98.5
3 292 97.1 98.7 95.8 97.9 384 95.9 98.0 93.9 95.7
4 371 98.1 98.8 95.1 96.6 389 95.5 97.4 96.9 98.5
5 347 94.0 95.9 94.7 96.6 350 98.4 98.8 97.3 98.1

6 365 85.7 88.1 88.0 91.2 298 93.8 96.3 92.2 95.1

7 288 94.9 96.0 95.4 96.9 249 96.5 97.5 94.8 97.3
8 300 96.7 97.3 95.1 97.0 387 99.0 99.7 90.7 94.0
9 397 95.6 97.4 94.7 97.3 340 99.2 99.6 96.8 97.9
10 199 95.8 96.7 89.9 93.3 386 92.0 94.8 90.1 91.6
Average 32290 9543 96.75 93.91 96.28 338.80 96.41 97.96 94.38 96.30

DTA: Distance to agreement; MU: Monitor unit

10 %9 L i CDR-VMAT (10 MV) i%1l i) DTA #l
Gamma 73 Hr i R UL 2, Hodr, At &1 9K (Beam
1) MU 4 255.2+13.6, DTA il Gamma 43 #73 12

AN 2 TR (96.51+1.57) % F1(98.20+0.94) % ,
JMRAT (98.814£0.74)% F1(99.67+0.41)% 5 355 Bf 41 9K
(Beam 2) - MU 4 271.6+23.5, DTA 1 Gamma %%
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4 7% [& , DTA Fl Gamma J7 %3 32 %4351 24 (95.30 £
4.05)%H1(97.48+2.78)% ., VA7 & % 200 MU/min i1
B RN E AT I I 294 2.6 min, 10 314
WA S 1] R A A Y SR 467 DTA 38 i %6/ T
90% , {H Gamma id i:f &34 KT 90% ; [A] I, iZ A7 IR

JRARAL ) DTA A Gamma i 13 K F 90% . H
X LS5 AT BE SR IZ AR B i o ()8, A A R
T2 T /K2 MapCheck VAT RS2 %K, 5%
IZIGTT IGEER A 7 2 53 A1 6 B2 I B D TA A i
MR, ARG A Tk — 2. A, A T
PRES B UL, 38 5 B B X R4 T 2 — 21k
AL, A BE JE IR R

#2 1051E % CDR-VMAT (10 MV)3tXI/A) DTA 71 Gamma & i3
Tab.2 DTA and Gamma passing rate of CDR—-VMAT plan (10 MV) for 10 rectum cancer patients

Beam 1 (Clock wise) Beam 2 (Counter clock wise)

Rectum cancer Coronal/% Sagittal/% Coronal/% Sagittal/%
LTS MU Gamma Gamma MU Gamma Gamma

DTA DTA DTA DTA

passing rate passing rate passing rate passing rate

1 236 94.4 96.9 98.8 99.4 255 91.5 95.7 97.0 98.5
2 252 98.1 97.7 99.0 100.0 280 85.4 90.7 95.3 98.0
3 277 95.3 98.0 99.7 100.0 316 92.9 96.0 96.5 99.1
4 241 95.4 97.5 97.4 98.7 245 91.5 94.9 96.8 98.4
5 256 98.2 99.1 98.5 100.0 242 84.2 89.0 97.8 99.4
6 255 94.5 96.9 98.7 99.7 268 91.5 95.6 97.6 99.1
7 260 96.6 98.6 99.4 100.0 281 87.8 91.8 98.7 99.7
8 275 99.4 100.0 99.7 100.0 279 86.7 90.3 97.4 99.0
9 263 96.6 98.9 97.7 99.4 302 89.0 96.3 92.1 94.7
10 237 96.6 98.4 99.2 99.5 248 93.9 96.8 95.3 97.5
Average 25520  96.51 98.20 98.81 99.67 271.60  89.44 93.71 96.45 98.34
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AR IEEIR EAED R E S ME R T
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