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Dosimetric evaluation of dynamical conformal arc and rapid arc in stereotactic body

radiotherapy for lung metastases
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Department of Radiation Oncology, Shenzhen People's Hospital/the Second Clinical Medical College, Ji'nan University/the First
Affiliated Hospital, Southern University of Science and Technology, Shenzhen 518020, China

Abstract: Objective To compare dosimetric differences between dynamic conformal arc (DCA) and rapid arc (RA) in
stereotactic body radiotherapy (SBRT) for lung metastases, and to evaluate their advantages and clinical application value.
Methods Twenty cases of lung metastases were selected retrospectively, and two kinds of SBRT plans were generated using
RA and DCA techniques, separately. Based on the RTOGO0813 protocol criteria, the plan metrics such as PTV dosimetric
parameters and organs-at-risk doses were compared between two groups of SBRT plans. In addition, the execution efficiency
was evaluated by planning time, MU and delivery time. Results All RA and DCA plans met the PTV coverage requirements
in the RTOGO0813 protocol. RA plans performed better than DCA plans in conformity index, intermediate dose spillage Ry,
and D,_,(0.998+0.039 vs 1.357+0.138, 4.90+0.93 vs 6.04+1.09, 47.3%+6.7% vs 54.5%+10.8%; P<0.05). Compared with
DCA plans, RA plans provided a lower V ;5. Viss56,0 Vo, to lungs, and less D, .., V5, to the chest wall [(148.60+114.24)
cm®vs (176.25+152.16) cm?, (135.52+107.25) cm® vs (162.10£141.21) em?, 2.83%+3.38% vs 3.52%+4.29%, (3 734.42+1 229.7)
cGy vs (4 230.31+1 510.60) cGy, (0.51£0.81) cm?® vs (0.93£1.25) cm?; P<0.05]. There was no statistical difference between

the two kindsof plans in the dosimetric parameters of the heart, spinal cord, esophagus, vessels and skin (P>0.05). The
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comparison of execution efficiency showed that DCA plans saved 81.1% planning time, reduced 41.1% MU and 56.5%

delivery time than RA plans. Conclusion Compared with DCA plan, RA plan has better conformability and can better control

the dose drop gradient outside the target area, and it is more beneficial in protecting organs-at-risk close to the target area.

Compared with RA plan, DCA plan can significantly improve the planning and treatment efficiencies while overcoming the

interaction effect between the moving target area and the blade. When the difference in dose distribution between them is

trivial, attention should be paid to the improvement of treatment efficiency, and DCA technique can be regarded as an

effective treatment alternative to RA.

Keywords: dynamical conformal arc; rapid arc; stereotactic body radiotherapy; lung metastasis
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Table 1 General information of enrolled patients (n=20)
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Figure 1 Comparison of isodose curves of RA and DCA plans
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Table 2 Comparison of target dose distribution between
RA and DCA plans (Mean+SD)

e RA {141 DCA 141 PH
D,,/cGy 5826.4+263.8 5860.5+206.4  0.672
Dygo,/cGy 4895.8+32.7  4879.7x44.6  0.208
Ds,,,/cGy 543831523 5465.9+100.3  0.408
Vogoi/ % 99.95+0.03 99.91+0.07  0.705
V050,/% 58.93+6.45 64.35+8.45  0.058

2.3 CL.Ryy,\D,, tE%

%% 3 5 T RTOGO0813 #fz & X CI. Ry, YA X D, ,
S VEAR X TR AR R A 30 X, CL A 3ARL(E LY
INF 12, SRiF i 22 0 1.2~1.5, I3 3 TR, Fif A RA
T4 3473l 2 RTOGO813 fiz & i JE J& 225K, H CI
{8 4 0.998+0.039, T DCA i % f CI {8 H 1.357+
0.138, P 22 S HA G127 58 L (P<0.05) . 5341
3a b /n , RA TR CHE AR & 431 T 1 B, Ifii DCA
TR CIE U 32345 T 1.24~1.48, 43 A AR EC 55
B, CHE S /IMA 5 e R 22 AR R . 25 | L RA
TR CHE tecta e , 1&E BE W R AL T DCA T .

MAFE 3 A%, 16 20> DCA TR, A A4S S8 1Y

CIUE, 40510 1.67 A1 1.58, 8 i T RTOG0813 4% 5 5%
F CUA 1 i 22 v B, JC A0 DR A 43 5310 R 1.6 em? Al
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W, SEOZ X IEIEE R R 25 1,80 XN it T m
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THRI BRI S I

P 3b. &l 3¢ FLOUL 7R T 7 o Bk 75 06 I 48 B R,
KD, FEP IR 5 2 5. N3 ATHT, Ry,
KD, FEFERZS I S BA G HEE L (P<0.05),
HZEF RN 0 1.14+0.44 .7.15%+8.12%., 7
ShETE B RA 1K) Ry, B A #R 3 2 RTOGO813 #5
#E , {5 DCA 1% H ik —2F R, # ) RTOG0813 fif 2=
W . X T D, ., , ISR A4 i 22 3
Mo Z8 ESRE , RATFRIAIXT DCA TR B o b fs
LR DX AR ) R VA B
24 BRBEFEFILER

AR AT XTI V560 Viss oy Vao oy STRE
D, Vao o, it , RA TR H DCA TIPS 4354 27.65
cm’,26.58 cm®.0.69% .496 cGy .0.42 cm’®, ISR 22 5
BAGH1E X (P<0.05) , (BP# 22 5 Bk 85 . X T
OE ERE B ORI K Rz i, P 22 5T
TGt E X (P>0.05),
2.5 PUTHELE

s Fros , FE R 1, DCA TRl FE AT
A4 RA $5 R4 81.1% (P<0.05) , AL % Bk ECE- 24
FEAK41.1%(P<0.05) . 7EHLES S ASH] |, DCA 1141
SR IRY T R] 56.5%(P<0.05)
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Table 3 Evaluation of CI of target area, Ry, D, ., using RTOG-0813 protocol criteria
CI RTOG0813 i/ Rsov RTOG0813 A.i% D, /% RTOG0813 A1/
ROIARS X A em? - n : »
RA DCA {23 RA DCA i 23 RA DCA {23 el
1 1.60 1.04  1.67 1.2~15 581  7.90 5.9~7.5 50 48 50~57
2 1.89 093  1.34 1.2~1.5 551 7.00 5.9~7.5 38 43 50~57
3 2.04 098 134 1.2~1.5 6.01  7.90 5.9~7.5 40 40 50~57
4 2.65 095 121 1.2~1.5 632 7.33 5.9~7.5 40 42 50~57
5 426 1.05 148 1.2~1.5 5.14  6.79 5.6~6.3 40 45 50~57
6 5.33 1.07  1.35 1.2~1.5 515  6.75 5.1~6.0 58 52 50~57
7 5.36 .03 1.27 1.2~15 636 6.88 5.5~6.3 48 45 50~57
8 5.54 097 121 1.2~1.5 531 6.26 5.5~6.3 46 50 50~57
9 6.26 099 132 1.2~15 577  6.99 5.3~6.0 40 45 50~57
10 7.68 095  1.48 1.2~1.5 531 638 5.1~6.0 45 58 50~58
11 8.60 099 1.3 1.2~1.5 496 538 5.0~5.9 44 46 50~58
12 9.23 1.04 134 1.2~1.5 485 5.44 5.1~5.9 42 52 50~58
13 11.79 096 1.8 1.2~15 420 5.4 4.9~5.9 47 60 50~58
14 19.81 1.03 139 1.2~1.5 445 539 4.5~5.5 63 68 52~61
15 24.15 1.00 148 1.2~15 455 525 4.5~5.5 45 60 54~63
16 34.29 098 1.19 1.2~1.5 371 470 43~53 52 59 58~68
17 46.03 1.00 158 1.2~1.5 403 524 43~53 50 80 60~74
18 60.42 097 112 1.2~1.5 3.53 448 4.0~5.0 50 65 64~83
19 128.48 1.05  1.46 1.2~1.5 3.78  5.09 3.1~4.0 54 65 73~91
20 132.97 098  1.48 1.2~1.5 328 453 3.1~4.0 55 67 73~91
SEME - 0.998 1.357 - 490 6.04 - 473 545 -
bRz - 0.039 0.138 = 0.93  1.09 5 6.7 108 s
P{H - <0.001 - <0.001 - <0.001 -
HRA HDCA W RrRA HDCA HRrRA EDCA
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Figure 3 Comparison of target conformity index, R;,, and D
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Figure 4 Dose distributionsin target areas with a volume of 1.6 cm? (a) and 46.03 cm? (b)
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Table 4 Dosimetric distribution in organs—at-risk between RA

and DCA plans
feMAsE RA I DCA 14l PfH
XUt
Visfem®  148.60+114.24 176.25£152.16  0.010
Visfem'  135.52£107.25 162.10£14121  0.030
Vaooy/% 2.8343.38 3.5244.29 0.010
O
D, ./cGy 1470.84+1555.78 1490.42+1 643.93  0.778
Vi, 6 /cm? 0.92+1.87 0.51+1.81 0.109
il
D, /cGy 925.18+686.80  928314693.26  0.260
Vs g /em? 0.60+1.58 1.00+3.03 0.249
fo]i:s
D, ./cGy 3734.42+1229.70  4230.31+1510.60  0.001
Vi o /em? 0.5140.81 0.93£1.25 0.028
g
D, /cGy 79934469128 841.624741.74  0.193
KA
D,.../cGy 1673.66+1959.98 1705.32+1 944.63  0.747
Vg /em? 0.43+1.62 0.85+2.80 0.180
Bk
D,../cGy 1843.29+535.42 1935.71+684.03 0.481
Vi g /em?® 0.19+0.26 1.55+2.01 0.180
V, oy 2o x Gy JIT di AR, F2 Bt om® 30, AR B F %R

=5 RA SDCA HRIPUTHELL R

Table 5 Comparison of treatment efficiency between RA and

DCA plans
S8 RA I DCA %Il PfH
P11 1 /min 55.17+6.81 10.44+3.71 <0.001
MU 2741.97+442.43 1627.38+165.63  <0.001
A ] /min 2.65+0.79 1.1440.20 <0.001

2.6 TR E T =R

K H Deltad SRS Fr A TR 2EA T QA B, 35 iE
45 N2 6 FT 7N, 16 3%/3 mm K 2%/2 mm 4 45 7 70
Bl N, RA 1131 5 DCA TR 3 ) 50 ik ik S5 2475 2
Il R AT 2R B 22 R g8 X

MABFTELSRE , RA S DCA T Al 2 41X

AL R EOR, WA AR T 2 R SR X 7R3
JEHE I RATHRIAHAE T DCA TR #0 IX 35 )P B2 B4R

3% 6 Gamma BT ERLLE (%)

Table 6 Comparison of Gamma passing rate (%)

Gamma FrifE RA % DCA 3% P
3%/3 mm 96.95+1.36 97.31+1.28 0.127
2%/2 mm 94.75+1.75 95.21+1.54 0.079

Bree %52 LA J Dickey 55 ' A fF 5% Y E B RA 111 AH
BT IMRT 2 DCA iK1, B A B4 AL XGE T, A
R A5 5 WS AT A . X F DCA T4, #
XN FL 3k 1 o B3 50 DX ARAS H 0 3 25 7 — o 7
B E 520 DCA 113 () 8 DX 50 &2 if JE % . Morales-
Paliza %2/ BF 58 45 th Z2 A4~ E 2 0 S 4 IR G T XF
F—LE R UK sl 35 T RS HLU A9 8 X, DCA 3R] £
B XI5 Y B AAE Jegs B AR AP 7 T BRIA B S5 s 4]
AR ROCR o ABAS R 58 s kE AL B 22 R M e, %
JE B HLAL AR 55 S BRG YT IS LR FH T T 539K
50 O () SE E [ T TR gl Sl SR D S 7T = i g i D
i, EAL N 2% P8 T S PR A T I ) A 3G fin R R o7 B
AT T RES I A IR 221,

M X A1 5] i 2R 5 Ry, S D, o FT T, RA T
) 8 T G b A R DX AR ) R VR R R . XS AR
il 8 L Kz it BE AR 4 7 T, RA THRIE T DCA TR, 2
SR GRS B 2 RN HALAE
NMAR B UGN B A0 Rk, s 22
FIFTGE 22 Lo XTI R IR e N, HoAs M #s
B SRR 0 I AR OGBS IX T,
FHN & 2% B Az 38 . 7E Liu 552 R 58 ok k3t
ke D, fH7E RA 5 DCATF I it 25 ok
5k K2 e Bkt o A YA S8R k67
2 R, 5 EE A B AR AT, RA TE 45 il 2B 3T
frE AL T DCA .

MF 22 AR E  RATHRLEARZL T DCA i
K)o FESEBRIGYT I AR AN G ) 5 2
AL H . SBRT J&—F A BEUIHIG T , #5 B iz st
B X () RG E B STA R BUOR PR . RAJE —Fh 8 1 5F
JEAR 58 ALAE B T — IR0k iy v B2 R i Y &2
Feitd TR 2 it R s B X TR 28 BN 23
i 3, T HLER A SR R &7 , 1 DCA TR 7F
AT L B R R AT XIS IR, AT D 2
DA H N TR R B S O R /N
TR R

7E SBRT % v, i A 45 57 o 0 1k 22 OC o 22,
Morales-Paliza 55" B 55 4 1 RA i1 %] i 58 57 47 W 45
TR X5 1 15 M s B TA] A% 590 o i I B0 L (BT 2
YR IT R 158 25 18 B AY 0] £ e 22 P RE 2 W 35 A9,
DCA T3] (1) 58 X 7 35 38 52 430 15 2 10 A A= i 22 1) v
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REPETE /N, AR AS 2 mm X RA TR (4 40 X 5]
EE =S AL NS

15 SBRT I, i T3k b, LGN R, Bl
BRECR RSN, 3697 IR AR B E K 1 DCA TR AR X
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