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Application of RayArc in volumetric modulated arc therapy planning of chest cancer

SHAO Kainan, DU Fenglei, LI Jianlong
Department of Radiotherapy Physics/Key Laboratory of Tumor Radiation Therapy, Zhejiang Cancer Hospital, Hangzhou 310022, China

Abstract: Objective To design a volumetric modulated arc therapy (VMAT) plan of chest cancer on Varian Trilogy linear
accelerator with the use of RayArc module of RayStation treatment planning system, and evaluate the results of VMAT and
static intensity-modulated radiotherapy (SIMRT) of chest cancer. Methods Before designing VMAT plan in RayStation system,
the parameters of accelerator model and plan were configured correctly. The direct machine parameter optimization (DMPO)
algorithm used in IMRT plan was also used in VMAT plan, with the objective functions according to the similar standards of
SsIMRT plan. RayArc module was used to design VMAT plans. VMAT plans and sIMRT plans were designed for 10 randomly
selected patients with chest cancer (including 5 patients with esophageal cancer and 5 with lung cancer), respectively. The dose
distribution, conformal index, and the dose of organs-at-risk (OARs) were compared between VMAT plan and sSIMRT plan.
The VMAT plan used two full arcs with a range from 182° to 178°, while SIMRT plan used 7 beams with 50 segments and
different degrees (182°, 220°, 310°, 345°, 15°, 50°, 150°). The same objective functions were chosen for two plans. Results
After several times of optimization, VMAT plan was completed in 30 minutes, and reached the clinical goals made by radiation
therapists. Compared with 7-beam sIMRT plan, the two-arc VMAT planswith 356° had better conformity index, and larger
lower dose areas of lung (Vs). The treatment of VMAT plan on linear accelerator was more efficient than sSIMRT plan, and the

treatment time of VMAT plan was 2-3 minutes, as compared with 6-8 minutes in sSIMRT plan. Conclusion Using the RayArc

(s BHA]2016-10-11

(E£TE 19T B2y DRI E (2017PY014)

(1EE B 1AL, T+, TR, WESE 7 I« U AT |, E-mail:shaokn@zjec.org.on; #1847 18, TR, 0F5E 05 1] O BIAYT , E-mail:
dufl@zjce.org.on; 2280 JE , A, TR, WFFET5 1) B HAYY , E-mail: lijl@zjcc.org.cn



-132-

HhE BR e B 2l

34

module of RayStation system can design VMAT plans rapidly and efficiently. Both the VMAT plan with two full arcs made by

RayArc module and the 7-beam sIMRT plan for chest cancer can meet the clinical goals of radiation therapists, but VMAT plan

show better conformity index of target areas and higher treatment efficiency.

Keywords: RayArc; esophageal cancer; lung cancer; volumetric modulated arc therapy; static intensity-modulated radiotherapy
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antry angle | Cumulative MU MU/fc | Doserate | Weight Deliverytime | Gantryspeed  Jlaw positions [cm Non-IEC] Coll. angle

leg] [MU/min] | [%] [s]

Leaf center pos. | Width [em] | X1
[deg] [cm Non-IEC] | [em Non-
0.5 035
0.5 042

057

Show MLC table €3

237
271

2.35

3.08

VMAT: Volumetric modulated arc therapy; MLC: Multi-leaf collimator; The right is the MLC positions for point 6.
1 VMAT i %I B4 ) s 25651
Fig.1 Example of control points in VMAT plan
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ROI/POI Clinical goal Value Re:

IMRT (CT1) I Heart
B Heart

Lung

Lung

Lung

Lung

Fo nt

F v

PV

F PV

F FIv
IMRT (CT1) |
] W Stomach At most 5200

Spinal Cord At most 4

The column "value" is the actual dose statistics.
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Fig.2 Clinical goals of a plan for esophageal cancer

sIMRT: Static intensity-modulated radiotherapy
3 RERMITEEEREITEREEIEE
Fig.3 Objective functions of SIMRT/VMAT planning for

esophageal cancer
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Fig.4 Dose Fall-Off of the target value of normal tissues

etting;
Cre template... Add MCO tion

Constraint | Dose | ROI Description

Max EUD 2
Dose Fall-Off Pla all-Off [H]5050 cGy [L14000 Gy, Low dose distance 1.50¢cm 5
ax EUD Pla ID 750 cG
ax EUD
ax EUD
ax DVH
Max Dose
Max EUD
Max Dose
Max EUD la .4 Max EUD 5000 cGy, Par:
Max EUD Plan W Heal Max EUD 1600 cG
Max Dose r

Min DVH

B 5 i EiEET I RI&REA A FE T - BRRBIRE
Fig.5 Objective functions of the final dose normalization
for SIMRT/VMAT plan
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b: SIMRT (7 beams with different degrees, including 182°,
220°, 310°, 345°, 15°, 50°, 150°, 50°)
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Fig.6 Dose distribution of VMAT and sIMRT plans for esophageal cancer (The prescription dose is 5 040 cGy)
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© Absolute values

Dose axis display options:
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Fig.7 Dose-volume histogram for VMAT and sIMRT plans of

esophageal cancer
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Tab.1 Comparison of target dose in VMAT and sIMRT plan for esophageal cancer

1 (4263 cm) 2 (492.5 cm’) 3 (285.6 cm’) 4(713.7 cm’) 5 (635.9 cm’)

PTV (Volume) -

VMAT  sIMRT  VMAT sSIMRT VMAT sIMRT VMAT sSIMRT VMAT  sIMRT
D../cGy 5617 5660 5552 5608 5565 5573 5940 6072 5772 5864
Dysi/cGy 5140 5040 4908 482 5040 5040 5040 5040 5040 5040
HI 0.136  0.152  0.187  0.233 0130  0.137 0246  0.83 0.193 0.220
CI 0.87 0.80 0.77 0.77 0.89 0.86 0.59 0.50 0.83 0.76
Normal tissue-Dye/cGy 429 447 689 676 514 505 651 662 642 646

HI: Heterogeneous index; CI: Conformal index; PTV: Planning target volume

K2REABEREEL. HTEEELREN
B IXH A, JLT- 53 2R 3 Al i L6 T S0 bk £ 245
TRy, BRI VAR L s . ERX LA,
SIMRT 151 (19 4= fili Vs Ft VMAT BEAIG , (B 2B 56 1Y D,
Lt VMAT W 55 o 3% B/ 42 PR A sSIMRT € H A e 5 7
F B A RS T 1R X il 45 ) B R
A~ 360°7697IRAY VMAT HH-81/N [RIEERYEE H , VMAT
THRII LG SIMRT TR0 525 &) 4 o A ) s 0] o X

i AR 15 i 265 5 M s 8 38 18) B ALk T 5 4t 2R 200
cGy, 73 ENRE— M ]y 25 Fal 30 F, 523 42 5 10 i
BB AR AE A . VMAT F1sSIMRT H-R) # A L)
Tl 2 0 DX o A oK, (EU2: VMAT T3 938 T8 B
[t SIMRT %4,

FA4RfERAAE AR, VMAT filsIMRT it
R AT L3k 31 PR = VIR 25 7 1) i B B 791 B
S R AR e iR AR DR XK A R, —
NS BLEEREA MR, B LA 1) Vs FLEE 2 5 45 il
5 IMRT R e, VMAT 151 (19 i 35 Vs 30 57 7
X2 A A IMRT 1400 2R FH 04 BE S B R AR h 7 BB
HIJG 7 1), 5 FH A FH 5 2 28 il 1) 1) FRS 8
VMAT iR A 360°H0 453K, R RGEAEA AL 7
AT T DX A T AR AP o DX [ A — A A

33 ig

KT VMAT Fl SIMRT FY 57t 24 X6 FEFEAS 72D SCRik
HFEAMGE . SCH[8] HL# T sSIMRT . VMAT 1 TO-



524

APEILRE, 55 RayArc 75 MR 58 UM IR Y T B R

-137-

xR2 ABEEEE VMATHISIMRT B RIEBEFE
Tab.2 Comparison of organs—at-risk dose in VMAT and sIMRT for esophageal cancer

1573

1 (426.3 cm’) 2 (492.5 cm’) 3 (285.6 cm’) 4 (713.7 cm’) 5 (635.9 cm’)
PTV (Volume)
VMAT sIMRT VMAT SIMRT VMAT SIMRT VMAT sIMRT VMAT SIMRT
Lung-Dye/cGy 755 801 612 673 921 967 1180 1213 1191 1233
Lung Vs 5.00% 4.84% 12.29% 14.91% 5.03% 7.76% 12.04% 13.74% 13.04% 13.69%
Lung Vy 9.02% 10.96% 21.62% 22.61% 15.81% 15.09% 18.90% 21.18% 22.27% 22.58%
Lung Vs 42.19% 43.94% 60.83% 60.20% 45.49% 48.10% 56.91% 51.50% 53.80% 54.58%
Heart-Dyea/cGy 1674 1758 2859 2 836 2011 2072 2487 2591 2301 2201
Spinal cord D.,/cGy 3984 3904 4131 4223 3 460 3355 3579 3533 3485 3548
3 fiEEE VMAT #1 sIMRT $EX Fl £ b3
Tab.3 Comparison of target dose in VMAT and sIMRT plan for lung cancer
1(422.1 cm’) 2 (427.8 cm’) 3 (110.7 cm’) 4(236.9 cm’) 5(241.43 cm’)
PTV (Volume)
VMAT sIMRT VMAT sIMRT VMAT sIMRT VMAT sIMRT VMAT SIMRT
Dy/cGy 6653 6 634 6131 6135 6451 6439 6 540 6102 6276 6264
Dys:/cGy 6 000 6 000 5104 5043 6 000 6 000 6 000 6 006 5600 5600
HI 0.134 0.131 0.286 0.314 0.0878 0.0807 0.116 0.136 0.164 0.179
CI 0.91 0.88 0.82 0.7 0.91 0.91 0.85 0.71 0.84 0.8
Normal tissue-Dye/cGy 338 347 503 490 181 181 471 539 395 386
4 FiEEE VMAT #sIMRT ERB[BEFELR
Tab.4 C omparison of organs—at-risk dose in VMAT and sIMRT for lung cancer
1 (426.3 cm’) 2 (492.5 cm’) 3 (285.6 cm’) 4 (713.7 em’) 5(635.9 cm’)
PTV (Volume)
VMAT sIMRT VMAT sIMRT VMAT sIMRT VMAT sIMRT VMAT sIMRT
Lung-Dye/cGy 1238 1220 1263 1249 744 718 1294 1359 1387 1390
Lung V3 16.90%  17.99% 14.71% 15.57% 7.46% 8.64% 16.65% 17.95% 17.08% 17.10%
Lung Vy 20.59%  22.63% 21.94% 23.27% 12.44% 15.55% 23.91% 26.71% 24.38% 26.85%
Lung Vs 43.43%  34.08% 54.56% 49.51% 32.08% 25.76% 47.51% 44.98% 56.57% 53.55%
Heart-Dye/cGy 506 513 2385 2395 765 830 1834 1955 1 699 1 666
Spinal cord D»/cGy 3 679 3811 4197 4184 3293 3530 3714 4079 4050 4239
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