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[BZ) BB : 247 i Ae il 64 % BB T 08 77 B 18] An 3B A4 B AR 2P R 1142 4248 B A 4 (RGSC) 3| F £ 3L £ SUIE R )G
R AN A (DIBH) AT 89 16 RN, F7 ik : o 51148 2041 4% F) RGSC % I & U & RS DIBH 5 AR 8 32 I8 T% 207 49 93
151742 204 £ SUIR R R )G B d R (FB) K J7 #9915 , #2055 4] 0 Fe R AL 6L A B B R An 4 B K . 3ROSRV, D, . A7 il
Vios Vigr VsuDyos 24T 32 X Bt 25 R G0 R AR & 97 i 18] . 455 : DIBH A= FB 4L 77 69 S IV, 2 51 5% 2.36%+2.16%.
7.26%+3.66% (P<0.01) , & it D, ., % % 5% (3.52+1.10) Gy. (6.56+1.59) Gy (P<0.01) . £ Mt V,3. V4. V5. Dy 2 51 2
18.56%%4.51% vs 23.51%%4.37%(P=0.03) .30.48%%4.99% vs 37.99%+5.13%(P<0.01) .45.95%=5.81% vs 52.08%+12.74%
(P=0.02).(10.57+1.86) Gy vs (12.43+1.66) Gy(P=0.01) ; Z= V;.D, .., % #1 & 7.82%+3.59% vs 18.41%+11.44%(P<0.01) |
(1.97+0.36) Gy vs(3.08+1.12) Gy(P<0.01)., DIBH #F= FB#J7 #9777 B 8] % 181.00(151.00, 229.00) s,70.2(69.60, 70.20) s
(P<0.01), CBCT B{%34T 6 4Bt /5 , £ XY Z-F# 7 14 Rx Rz % 7 1, DIBH #% 77 44 B ofe 3% £ s F FB 47 , /£ Ry
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AR Fer o I G ) 2, AL 8] 2.3 Am i 77 B ]

[ 3E4237 ) 5L ; B AR ARSI 3R A7 5 PRI 38 R AR A

[ E 4 %S ]R815.6;R737.9 [ ZERARARRG A [ 322 %5 )1005-202X(2023)08-0933-05

Application and evaluation of DIBH radiotherapy using RGSC for left-sided breast cancer
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Abstract: Objective To evaluate the clinical value of RGSC-guided deep inspiration breath hold (DIBH) radiotherapy
following surgery for left-sided breast cancer by analyzing the exposure doses to heart and lung, treatment duration, and
positioning accuracy. Methods After surgery for left-sided breast cancer, 20 cases receiving RGSC-guided DIBH
volumetric modulated arc therapy and 20 cases treated with FB radiotherapy were enrolled, and the target areas contained
only the chest wall and the clavicle. The V,,, D, of the heart, and the V,, V,,, V,, D
target registration results were analyzed; and the duration of each treatment was recorded. Results The V,, and D, ,, of the
heart in DIBH radiotherapy and FB radiotherapy were 2.36%+2.16% vs 7.26%+3.66% (P<0.01), and (3.52+1.10) Gy vs
(6.56+1.59) Gy (P<0.01). The V,,, V,,, Vs and D, ., of the left lung in the two groups were 18.56%+4.51% vs 23.51%+4.37%
(P=0.03), 30.48%+4.99% vs 37.99%+5.13% (P<0.01), 45.95%+5.81% vs 52.08%=+12.74% (P=0.02), (10.57+1.86) Gy vs
(12.43£1.66) Gy (P=0.01), respectively. The V, and D, of the right lung were 7.82%+3.59% vs 18.41%=+11.44%
(P<0.01) and (1.97+0.36) Gy vs (3.08+1.12) Gy (P<0.01). The duration of DIBH radiotherapy and FB radiotherapy were
181.00 (151.00, 229.00) s and 70.20 (69.60, 70.20) s (P<0.01). After six-dimensional registration of CBCT images, the

registration errors of DIBH radiotherapy were less than those of FB radiotherapy in the X, Y, Z, Rx, Rz directions, but not in

e nean Of the lung were obtained; the

the Ry direction (P>0.05). Conclusion RGSC-guided DIBH radiotherapy following surgery for left-sided breast cancer can
achieve higher treatment accuracy than FB therapy, and reduce the doses exposed to the lung and heart, but increases
treatment duration.

Keywords: breast cancer; volumetric modulated arc therapy; respiratory gating; deep inspiration breath hold
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TP 2 L e R I 1Y E BR7 Jr =0, H En
T A I RAE , WS AF GO O il ¢ 4 2 5
e 8 3 AR A N TS M S B R R 2 R, AR
Y 1N o AN OB o e 2 WAl S e i o
PEEIT RN AR E 2 — W YA AL E AR S
T RIS I s 2 2 BT, AR IR R IO T
(Volumetric Modulated Arc Therapy, VMAT) £ K B2
Iz T L R S T, e B RE R X S R
JEE RIS 51 Pk B R, SURE R ARG K 2% B 1Y 52 BRI
IS A ELIR T B B S IR YT AR IR R G
K (Deep Inspiration Breath Hold, DIBH) £ R4 K T
Jifg g R IX 0 T 2 R B S BTG 10 I 1) 37 ER
R RIS TR DAY R B

FULHLZ S RO PRI ] ¥ A R 4
(Respiratory Gating for Scanners, RGSC V1.1 )i i 2T
AN S R RS R PR TR 1 4k, SR I B IR A B
&4 2 1T ML 2 B 1% (Computed Tomography, CT)
FGIF A sh R AL B2 8 3 W IR R R ik
YT AT ARGE CT LU E 7 I RGSC L 55 iYW I TP
2, ff1 F TrueBeam 1.4 il 5 (9 W 0 1 5 HE T2 ST
BHL W JZ A% 1% (Cone Beam Computed Tomography,
CBCT) RAE &35 (1) DIBH BG4 AT 07 BB IS
JF e DIBH G YT« A 5838 i RGSC 7k CT L5 8
DIBH ### , 7¢ TrueBeam 2.7 L& N 2% L4047 A2 7L
JiR 9 A S5 DIBH LS, 73 A 82 A% 0 HIE A 14 750
T[] FT ] 4% CBCT {5 BE iR XA HER M , DA
RGSC S BRIl RANE -

FH 5%

1.1 AR EEEF

B SE (8 B B 22 1) TrueBeam?2.7 F 2k il 3
% L RGSC, if 97 it % & 4t (Treatment Planning
Systems, TPS) & FL B & (1) Eclipse V15.6, £ #6132 i/
CT A VY[ ]F 1) SOMATOM Confidence P 4k K L 42
APl E A CTo 28 )™ M b BE 24 K2 4 v I B2 B
20204F 5 H 11 H % 202245 A 11 H # 20 #5122 LA
Je AR J5 DIBH JFUIT H & A1 20 ) 42 FLAR e AR e A el Iep
% (Free Breathing, FB) iy7 B & o A RRARAE X AR
KNI R R G B 8% B A2 e R 52 e, A ik
F189 2 L5 191 79 S DX AL 5 M DRI X, L 2 21
PR X AR TR/ N2 AN A S22 2 L(P=0.95)
1.2 CTHEILE L

Fr A7 BB AR, e — R W T 2 A RN &
e b, B RE bR — B 5 mm B AR FEd P A
3 R[] R o R A RV F T, U1 S AR A S
TSR T DIBH, [R5 1k #4588 JEE S 4 75 18 55 5% i)
BERW Y, e R G, 7
BH IR AL T E RGSC RGE S an Pl SR 5 78
RGSC R4 Lk #iz & 1 193540 DIBH 494 .
TEI746 DIBH CT #1448 AT , i SE W 3% FB it R A I
WEAE , SR J5 PR 3 4% 10 FB il 4k 10 I8 04 150 o+ R 1
(B, BXAEA BRI 15 2 B B B A ok B RO R S
Jeg B B BE RS o AN 1, AR B R A i e i 2
{24 0.2 cm, K DIBH (14 H SR B2 B {5 4 0.9 em,
FFORHFTE 0.9~1.1 cm i BE(E Z 18] 5, 3697 I i Jg iz
Sl BE R 248 HIAE 0.2 cm LAY, 6 BN 28 3 2L AR AR
X7 B2, Y A 8k A — B, g 18 R
R, 7 1) i S B 1 0.2 om A9 BIAELYS [T, sk
iR S Rl L oA K2
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Figure 1 Breath curve of a patient recorded by RGSC
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J 2 3 Yk, (£ K A DIBH B i fe , Ml
DIBH i [8] KT 25 s, LA AR iE — YR 4 5¢ B DIBH f9
CT i . 1 RGSC R G Iy i i A8 & 1 W 1 1 £k
Ji o B E T If DIBH, Y W W ity 20 00 i 2 i 56 ) 3%
PIBES , F6 CT 4. &R 120 kV,400 mA,
JZE 2 mm,

1.3 ayrit kgt

XF T DIBH ST (19955 151, 318 DX 20 1 RG] 15
113478 DIBH 1) CT EIM& L #E 47 5 X1 F FB BT 199
5], B DX ) T FE T TR T4 7E FB (1 CT B4R
P47 . T RIFE X AAFE (Planning Target Volume, PTV)
4T 70 50 Gy/25 UK, THI R 100% 4b 77 71
A5 95% I PTV , & M a8 B BR A7 A Il R 22K, B

ZEfili V,0<30% . V5<60% , 47 ili V<15% 5 0 IE -3 5] 1
(Do) <8 Gy, Horft | V ARG K AR x Gy 71 52 X [
A REL 2 495 BT TR R SR ] VMAT # R
6X-FFF BE1, 1400 MU/min 77 55, {ff FHAY T BR Bt 4%
AR T FUMRIE 00 XOR B 2%, 7E ML AR JE % 1o 7
rp, B0 X S Y 7 1) W (Beam Eyes View, BEV) H1[7
TEARAEAE K, R /NLL 9 Y AN RE AT TR X K
B, S RECCETT TR , 1IE 42052 3 0 AN =R
S5, DR 5 R B 43y 4 2% 9K, ORI S i
M/INILk F DS 4 2 FIRMI AL R A 3 /DL Sk
AR A1 E R 2 R . DIBHHRISE RS , 21T
KR35 7 1 25 S 18 b FH DIBH I IE

Fields Dose |[! Field Alignments | [] Pplan Objectives | Optimization Objectives | Dose Statistics  Reference Points ~ Calculation Models  Plan Sum

Group | FieldiD | Technique Machine/Energy Field Weight ol Rtn|| Eorch BEn | ny s e F'E:',:]“ [fn"] [ﬁl F::,':]' [;'“] IZ] X fem] | ¥ fomi | Z foml C;;g’;:::l MU
| CBCT | STATIC- | TrueBeamSN4112 - 6X-FFF 0.000] IEC61217 0.0 00| None | 150] -7.0| +80| 240] -13.0| +11.0| 3.45| &65| -1.95 96.5
|| 300cw30 | ARCH 112 - 6X-FFF | Arc Dynamic 0.424| IEC61217 | 3000CW300| 200 00| Mone | 163] -9.1| +7.2| 255| -134| +12.1| 345| 865 -195 917
|| 30cwiso | AR 112 - 6X-FFE | Arc Dynamic 0679| IEC61217 | 300 CW 1500| 3400 00| Mone | 151] -62| 89| 260| -135| +125| 345| 865 -1.95 %66
| 150CCW30 ARC-| 4112 - 6X-FFF | Arc Dynamic 0.633 | IEC61217 150.0 CCW 30.0 350.0 0.0| Mone 14.7| 66| +8.1 249| -13.0| +11.9| 345( 865| -1.95 877| |
||| 30ccwsoo | aRCH 112 - 6X-FFF | Arc Dynamic 0.281] IEC61217 | 30.0 CCW3000| 100 00| None | 143| -7.9| +64| 245| -130] +11.5 3.25| 865| -195 9.6

2 VMAT iHXIBSHER E
Figure 2 Beam setup of VMAT plan

1.4 DIBH&¥F

P T R a1 I B Y T
CBCT Bt # DX A B, XY R0 3 I R I 4 38 310
CT & {1 B} RGSC FR &t HL 15 & 1Y I & (3 {i i), CBCT
A R AR AR G SR gt £k R X X ], CBCT
AT IR A BRI AEIAYTY IR T LU i Sk T 1y
(1) PR AT 6 5 24 S S 0L O U R, S sl il B
P W52 1 o 4 Y15 1 R SR B (B 22 P, JLYR DIBH BV AT 4k
HU5E #4109 CBCT M4 . k4% DIBH 9 CBCT Bl = ,
{ifi F§ TrueBeam %) 6 2 PR >k 4% B8 PTV & H bR 47 IE
fic . M IX DU HERG IS, I 6 4 PRORAE IE RO R 25
PHAT DIBH ST B, MLAR 19 RGSC £ Go ks i 1 £ 34 119
P i 286 35 3 o B FS , LR s k25 i, 4
TR 1 i £ B O T A A B AE X ], ALt 4 45 1k
R
1.5 Git=H%E

fd ] SPSS 23.0 GE 127243 3547 o3 B Bl A 30 2
255 051) ) P DX AR B R /NI A B e B 50 2 5 4 Ml
MIEZS A A7, P SR FH A 7 B A £ 46 56 43 BT, 500808 DA
PIRabR e 22678 o A3 HT IR 2 AU 9 3R 97 1) )
AR 22 B AR AR M IE 25004 , SR FHAE S Bk 56 v
AT A 2 - BRI Uk SR 73BT, B L M(01, 03)3R
7N, P<0.05 TR ZERA G FE L

2.1 BTN EREEFE
2 211 4t 40 151 £ 11 DIBH i1 %1 F1 FB 1% % PTV
PRFRLL K 2Rt A I ARLC I A 3 2 1 PR .

®1 FIEFSHG )

Table 1 Dosimetric parameters (Mean+SD)

Zify  BH

PTV  {RFl/em?

DIBH 141 FB 41 tH  PME

583.88+199.16 580.50+161.83  0.06 0.95

Ll Vy/% 18.56+4.51 23.51+437  -3.15  0.03
V% 30.48+4.99 37.9945.13  -5.16  <0.01
V% 45.95+5 81 52.08+12.74  -2.42  0.02
D,../Gy  10.57+1.86 12.43+1.66  -3.78  0.01

HE V% 7.82+3.59 18.41+11.44  -3.98 <0.01
D, ../Gy 1.97+0.36 3.08t1.12  -425  <0.01

DEE V% 2.362.16 7.26£3.66  -4.99 <0.01
D, .../Gy 3.52+1.10 6.56£1.59  -6.83 <0.01

2 5 ) PTV AR AR, 22 5% R4 15 3 X
(P=0.95) . f& X #% 5 J7 1 , DIBH i %1 1 22 i V.
Vior VDo £ Vi D AU E Vo D BRI T
FB 1141 (P<0.05) .
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MOATTIT R A B 2 LA 40 BB F I e
DIBH S BRifyy7 I [ FLFB SEFRIATF I T SERRIATY g 047 :
TS24 0 T SRR R S :
7R AL ] . DIBH 33 9 16 /7 16 ] 2 181.00 1;2«5—0.2- "
(151.00, 229.00) s, FBHHIMTAI P 70.20(69.60, ¢
70.20) s, DIBH -4l (9367 I L K T FBHRIM9H -08 :

-1.0

Y7 I [) AR S ) 2 1 PR T 42252 13 BBl N
23 BXIBITHRE

1€ CBCT BUL L E Hh DL PTV S H b o 52 W - 1%
Jic 7 , 20 {51 DIBH i 57 955 491 1 20 5] FB il 7 9 ) 1)
453 RATUKIA YT CBCT 1% 6 2 PRI e 25 e 4n 26 2
7R . DIBHYRYT 1 6 48R R BCIE IR 22 7E X Y .\ Z.
Rx fl Rz J 0] AR T FBIRYT , ZRA G E L
(P<0.01) , 1 DIBHAYT /Y 6 4E K EHR ECHETE Ry J71n]
HFBIRYT S G248 L (P=0.58)

%2 DIBH 5 FB {71 CBCT B4 RELE [ M(01, 03)]
Table 2 Comparison of CBCT registration results between
DIBH therapy and FB therapy [M(Q1, 03)]

6 AEPRALRA DIBH FB ZH  PfH
X/em 0.10(0.04,0.17) 0.23(0.11,0.39) 12.50 <0.01
Y/em 0.09(0.03,0.18) 0.38(0.18,0.65) 16.53 <0.01
Z/em 0.05(0.02,0.11) 0.22(0.11,0.42) 16.82 <0.01
Rx/° 0.40(0.20, 0.70)  0.85(0.30,1.70)  9.47  <0.01
Ry/° 0.70(0.30,1.20)  0.60(0.30,1.20) -0.55  0.58
Rz/° 0.30(0.20, 0.70)  0.70(0.30, 1.30)  9.70  <0.01

X RBELATT,Y R BFE T, Z 8 B E T T, Rx h5eds
X e Ry WEEE Y e , Rz 5edh Z ek

& 3 F1E 4 43 514 DIBH &8 97 il FB 1897 -8
IREIM T HUE L FBIG T A% T DIBH AT , HEM%
Fie e G XY Z %8 B al.

7 7L IR AR J5 DIBH VMAT 73 2 0 X 78 35 R 1)
(] s P AR ARt 5 Co I Fg ) 7 s ey 7 s i
MR, BT, 530 DIBH BRI #5A r2  Wl
Z 5t (Optical Surface Monitoring System, OSMS ) . 3
I 42 i) 2 4t ( Active Breathing Control, ABC)  SZHJ i/
B H A 4t (Real-time Position Management, RPM) |
RGSC %5 . Jt # k£ 5] F i 51697 (Surface Guided
Radiation Therapy, SGRT ) 2 il FHEAZ LB 7 DIBH
IR ARRAT B AR AR AL B, O 5 S5 R0 B A 7 S

CBCT FUZ VAL IR AL

3 DIBHJATTHIX, Y\ ZEBIRE
Figure 3 Translation errors of X, Y and Z direction in DIBH radiotherapy

D= O =N W

TR 25 /mm
|

CBCT EHZ VEFL v EL
El4 FBATTHIX. Y. . ZFHBiRE

Figure 4 Translation errors of X, Y and Z direction in FB radiotherapy

PERC, 5| IR0 I F ARG b SEm) W45, 4 DIBH 52
RHAZRES B AESH B B EZ N, N as o, A
TR ZE BB, BN RS, 245 1EIRYT . SGRT %
AT e A A R T AN 1, AP Co AT 7 7

Liu %5 LA M Kiigele 46k #if 1F OSMS SEER 1) £ 3L
¥ DIBH W] LS IR HIE 5 mm AP, {HJ2 SGRT
eV AR VBUN oS p =R e VAL [E1 2 RN s (6P Y [
AR T FEsh il e <, JR A & 8 WP 1 OJF
Je i B AR L BRIE R P i AN TR I AT
DITE R4 & BB 0Pl th 42, Y B Wik
FIBEE BIERT , ABC BBt ik, IR URTRT T .

Ranger %2 & Bif# FHl ABC #E41ZL 46 DIBH 07 HA
RAF A M, {0 ABC 5iad AT 1G22 H Kk
BUHEE. RPM 2L /MRS AN i e R # 2 54b
ML RCIAR I RS AR A, 8 FLA A R B T 4
A IE 52 I 5 1 e B, W T 23k 3]t B {71
FBI P ERE, gt mT DA fiph &2 i R . Ravindran 45 G
T RPM 1Y T8 AR v , (R AR R A5 R IS
e R T TR 8 P SR8 T 0 X T N U
PERBASEM . ZEIGIRIGYT W 2 Y 2k R
W% 5, w2 EoR e R 2k . RPM RGHAERE
e M FIRFEAE TS . RGSC RYE FLHZE/AFI7TERPM
FEhl TR B ORI A PR SE , RGSC RGN B
=, EATREAL , CT AP (7 i RGSC R Ge R LR
W 1 £ B mT 19 B0 )20 20 %6 7 ) R AT R L
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W KA BRI B TAERCR

LIRSS R, FIFH RGSC 24583 5290 23 s
AR J DIBH ST ] DARSARZE AT A i AL Co U s 7 751 o
5B P A H, DIBH ISP 2V, V0 VD, 0 53
IFEAK 4.95% .7.51% .6.14% .1.86 Gy; 47 /il V, .D,.. 7
TFEAR 10.59% . 1.11 Gy ; .OMIE Vg D, 73 I A 4.9%
3.04 Gy, tHICHF T iRk IE T 28U 25 SR>, DIBH Y
1R YT BT REE K T FB BCIT , (AR I R Lk 3, 181.00
(151.00, 229.00) s H A E ] LI4EAZ 1. DIBHIA
JT B CBCT K444 PTV iy BAREA T 6 4ERCHE S , 3850715
ZEYUHEAE XY \Z VR 77 [ Bl Rx \Rz Jie % 77 1] Lt FB
YEIF A SRR T 0.13 cm.0.29 cm.0.17 cm ,0.45° .
0.40°, Ry 2= 5 WA e it2#38 3, iX 158 T DIBH 2 A
AR A R M A B 2 1 L (Rt 234 B 7E DIBH CT H
AT i E 2R DIBH MW AR R, . 7F DIBH A
I XY Z PR iR 2N B T, 376~380 Yk DIBH 1797
6], 72 Y 75 1) (Al 2 R S B 1)) A S YRR T iR
PRI, AT e BRI A 22 R A AR B TR T
JE T 5 UIBYT T, A CBCT 4% | & BRI 0 JoR e A 5%
RS el i T I AL 25, TR R b R I, S
TGIT PR S 5 R A T TE AR A e R 1R R
EWT T

ZE LRk i F RGSC R 4ok st A= AL AR5
DIBH Jit57 AT LA R AR 22 il A Bl R0 B A9 7 70 o
[vi] R v 0 DXIR Y7 A B, B SR YA S AR () 38 o
R LR I PR AT 42252 A3 RPN
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