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Abstract

Objective: To investigate the displacement of target area in patients with esophageal cancer dur-
ing radiotherapy by CBCT, and to find out a more appropriate frequency to carry out CBCT during
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a complete course of radiotherapy. Methods: Eight-five patients who received simple radiotherapy
or chemo-radiotherapy in Yantai Yuhuangding Hospital from November 2017 to December 2020
were enrolled. CBCT scans were performed for the first time and every 5 times for the following
treatment. The original positioning image was compared with the positioning image in the Aria
system for reference, and the relative changes in the position of the entire mediastinum can be
calculated according to the position of the target area. Results: A total of 64 patients completed all
CBCT scannings, of which 2 patients underwent secondary localization due to tremendous change
of the target location. CBCT showed that the maximum displacement of the whole course of radio-
therapy occurred at the 16th time. Conclusion: CBCT reflects the changes of target position in pa-
tients with esophageal cancer during radiotherapy, and make adjustments in time. The combina-
tion of CBCT can reflect the changes in the target area during radiotherapy in patients with eso-
phageal cancer and make timely adjustments. It was found that at the 16th time of radiotherapy, it
is more likely to have a large shift, which means the preventive CBCT scan should be ordered for
target displacement precaution.
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1. By

BE AR AL 25 40 R EH N, HREMEMR. W52, ERERHEERL] [2]. BET
S R A 1) R B IR YT . T S UG BOR A R MBS 5] S G A YT (Image: Guided Ra-
diotherapy, IGRT) i 57157 B RAEA JCHIIX K 88 B 18 ) 5545 BN 8 MG T F- B3], IEM T4\, 3
B BNFGEE) . OIEES) . W [4], JF BAERYTHATE, BT R A 5] 5 IR B X R AL
BRI BN RS . RRSE AT 4Eb . AR . Il AR AR AL, #RRE S BUM I A SR 25 TR
B X B IR U2 BIANE S R B, i CRUE AR 0 AR S IR YR ST AL I — BUR AT B B U
TRIT B B AE[5]. H TN, B8 RTINS 25 R 7 1 58 75077 (Volumetric Modulated Arc Therapy,
VMAT), FHE T [ 52 B 18 55 507 H2 AR (Intensity-Modulated Radiotherapy, IMRT). 28R jig ¥ /2 5077 (TOMO
Therapy Hi-Art, TOMO), &85 &, A¥SIHRECEAR[6] [7] [8] [9]-

TARRHEF SR+ S LT 24938 (Cone Beam CT, CBCT), {EN—Fh=4EE1{5 5] SHOAR, fefEfEmksg
B RAGARRIAET, > T R A B AR SRR E R P, ORUEEEN BT U R R S [ 10] . KT
H# 2 H0807 Ho0 R T 17 RisoT i RIvet, 3R R T BT IR

AT H R TEBUR R I R, R 2 AN 18] 2 CBCT BUR, WS R X B8 AL, 1 5 {1 f¥ CBCT
AR, 57 1 ERE DX R o AT R B0 2 28 I o DA — e B R B — 25 e 1 i 2 E R e A T Bt
R

2. MRI57%
2.1 IKmPRBER
ficfE 2017 4 11 3 % 2020 4F 12 FFEN 3 BRI TIULR i B2 52 VA S8 0T 1) 85 1 8 0 sl 5 L AT B 9,
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110 1 BT S AR R & G775 Bl SE R CBCT $34H. Forb 2 ) 53 DD B IX Ao B ARG R AT
TGN, 9 B EE B R EE BRI GE i . IETEIN T T 64 H1EE B0IGYT 8l . 64 B
BBV R B, EFOIDhREIER, JoR T s, A Bk 61 ], Lotk 3 B, ARk 39~83
G (TAER 64 &), B AR HRBUIATT (VMAT). 577 R i AT & e UA T 1 B /R
AN, EAIIRIER . BFH A RALAT CBCT HIF T ME R+, 16 T E#F Bk
AHMEMARL, SKIErh# B RUE B, A OB ST 2, XUT A AR TE TR M AT T 8 [
FIBBIREB MG FEAS, IR 6 B B e B 2% 3 2 fHLk

2.2. CBCT B{&R&E

a4 FH 55 [ BG B 2 0 W) AR P2 Trilogy HD EL26 s 85 M1 OBI 3579 CBCT B4 . S triayr Ik 4 e
X T 7E 2 AN IEOSEIX B 3h 51k CT RMEICEL, BFEA A (LR). L F(AP). 15 (S)J7 AL #
RZE, P R A AR X AR AT B O R B L E MRS, TR ZE . R AR RO R
FIEE 6. 11, 16, 21. 26, RUBUTATEAT CBCT MG REMLLXT. 56—k CBCT 4T & kG y7 aidt
17, Ja ST FER R AT 1 Ik CBCT 43# o 4B A AR i IE R V6T THRIT S5 oty DIRAIARIE NS, CBCT
iR =4E CT B4,

23. MEAFZE

FTA e AT VMAT, S5E 60 Gy (30 7K)/56 Gy (28 ¥K), £ 5 IRk J ¢ Ja — AT TRUT B CBCT,
ZE 5 mm. UMEARASIE, fTHRIBEX (PTV). MURHEX(GTV), KA A B TAS IEH
BhRZE, HEEN CT HHTHE, MR KEE, MEABERAIREE KNI,
A B LU 1 ke AL B S 7 5Kk CBCT EI&, TE & 3dE .

24. Gt FRE

KA SPSS 25 AT Gt M, AR UIIME L ARHEZE(X+£S) R, R CBCT i rfs =477 Inl AL
AT FE A Kolmogorov-Smirnov a4, AHLEI IRFHE 45 F R Wilcoxon 75 #kAGES, 4237 R H
Friedman #56, DA p<0.05 AZEFEEGH#E L.

3. &R
3.1 SEREESEENTRERBE=SAENABKE

64 & B AT 5E K 7 I CBCT H4, /alfeimyr FHMSE 1. 6. 11, 16, 21. 26. FIKIX.
=TT R R AL RS L K EN MK IO LR AP RS (55 1),

311 ERFBEEL

SEEE LR 7SS 1. 6. 11, 16+ 21, 26, MURIRITE MR A% K/ 73J3) 0 0.28 +£0.26 cm, 0.31
+0.26 cm, 0.34+0.36 cm, 0.40+0.36cm, 0.37+0.35cm, 0.33+0.29cm, 0.37+0.28 cm, LRI
G515 (P = 0.004, 0.006, <0.001, <0.001, <0.001, <0.001, 0.017), AH&EH K ALREARAL T A Giilt S5
X (P =0.700, 0.347, 0.115, 0.534, 0.538, 0.009), 4=l XA EIEA St 8 L (P = 0.191). H+h,
B KA RS AR SR 16 1.

31.2. FTFEEETEWR
EEREE AP JTMEE 1. 6+ 11, 16+ 21, 26 FURIKHFEIMRALR K /N5 0.21 £ 0.15 cm, 0.25
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P, #E

+0.19cm, 0.25+0.23cm, 0.29+0.24cm, 0.28+0.26cm, 0.29 +0.24cm, 0.29 +0.24 cm, frFEA (LY
B4t (P < 0.001, 0.001, 0.005, <0.001, 0.002, <0.001, <0.001), HHARHIIALFE AL I BEA Gt 2% =
X (P =0.112, 0.615, 0.060, 0.821, 0.240, 0.288), 4=/ RS LA ISIEEA Guit 25 L (P = 0.244). Hrh,
BOALFHBLTESE 16 IR, 5 26 IRFTARIR.

3.13. AiEAEEKL

AR SIS 1. 6. 11, 16, 21, 26, FURKIEIIMEAL R K /N33 0.25 £ 0.24 cm, 0.24
+0.20cm, 0.26 +0.23cm, 0.23+0.22cm, 0.23+0.22cm, 0.24+0.23cm, 0.25+0.25cm, f7f31L
B4 it (P < 0.001, <0.001, <0.001,0.001,<0.001, <0.001, <0.001), HHARHIVALFE Ak AT G it
X (P =0.842, 0.512, 0.300, 0.813, 0.775, 0.408), =¥ X8RI A Guit 5 L (P = 0.951). FHr,
RO BITESS 11 K.

64 11| FB 3 = 4k 7 W] {72 R AL A% B4 )4 0.34 £ 0.31 cm (LR). 0.27 £ 0.23 cm (AP). 0.24 + 0.23 cm
(SN), BEALEE IR R IR AR 2 12 28 16 IRJBUT 64 19 B8 B Je R g 5 I B CBCT 434t =
Hegd i SRS oA WP 1, B = 4E5 1A % B A R LA 2.

m— K 6 X HI1R 516K H21 K w26 K KK
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Figure 1. Three dimensional axial displacement distribution of primary tumor of esophageal cancer during CBCT scanning

1. BERELMESIE CBCT = HMEIB2H
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Table 1. Three-dimensional tumor displacement (cm) of 64 cases of esophageal cancer during radiotherapy (mean * stan-
dard deviation)

3 1 64 BIRERERTHEIER=HF R MBUBE(Cm) OE £ REE)

K (cm)
— SE
1 6 % 11k 16 X 21K 26 IX Rk

KA LRAFE 0.28+0.26 0.31+0.26 0.34+036 040+0.36 0.37+0.35 0.33+0.29 0.37+0.28 0.34+0.31
L TFAPfI# 021+015 025+0.19 025+0.23 0.29+0.24 0.28+0.26 0.29+0.24 0.29+0.24 0.27+0.23

A5 SIAf% 025+0.24 024+021 0.26+0.23 0.23+022 023+026 024023 025+0.25 0.24+0.23

32. 2AREBBEENTPERRMREENNER

EREEE 1, 6. 11, 16, 21, 26, AR IBREAE KN4 7374 0.38 £ 0.35 cm, 0.44 +0.40 cm,
0.48 £0.40 cm, 0.49+0.45cm, 0.51+0.44cm, 0.47 +0.44cm, 0.50 +0.41 cm, FiREARLIH Siit24
X (P =0.001, 0.002, 0.011, 0.002, 0.012, <0.001, 0.005), HI4RH KA AL EA Giit# 5 (P = 0.272,
0.184, 0.786, 0.318, 0.368, 0.276), 4=/ XM LW I EA Gt 2= L (P = 0.160). Hrr, HILRE K
NS 21 K, FLUCREE 16 ORIARIR, IR INBAGLETST 5 R A 3, W& 2.

Table 2. Mediastinum size changes (cm) in 64 cases of esophageal cancer during radiotherapy (mean + standard deviation)

3 2. 64 PIRERERTHPARNRHNMRBANE K (Ccm) (E + fFEE)

1 6 K 11 % 16 % 21 & 26 X Rk SE{E

HYHEK/N 038+0.35 044+040 048+040 049045 051+044 047+044 050041 0.46+041
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Figure 2. Broken line diagram of fractional displacement in 3D direction in 64 patients with
esophageal cancer

2. 64 BlREREEE ZHHEMRUBEINLE
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4. #ig

BEEAREE T BB ME, nEMEREFETEMIANE, SZRILMaLSN, wE
SCREM . WRRMRZ . IO EBIKEURIIL]. BT R X P R 5, TE SRR YT I R B R BT
STHY, AERITARE— YR, DB SR NN i, Bz Akt g, G i v R 100 I Ik
B & R i J R R RS 4 4] X KL T AL 5 K B S B TE AR AT I fE K 25 B (OARs), A& [, O
AR AE, IR 22 o &5 70 B AR S RURR, IX T R S BU™ B A O IR, A O 28 L RO BB
TR BB BIR SO NUESE, SR J5 OB [11] [12]. 54b, &8 R XA, b
BOTITRRAERE, BT R SR 4R R X AL, AT RE SRR A SR B PTV B IE w4152 FIAE
P HRG . DRII, AT E TEOTT AR B DXt 0 A 28 S R P (R B 9D 6k OARs 1) RS 2 T R 97 v 1)
— AN i i

VMAT 67 IR L X & T i, ReR B IX R 08 R S RS R AT, 7R HE AT AR AT L A 00 E, DA
TREEX 323248 8 FIa, FHRei/b fa R B, & H el &8 5w FHIBOT 772 [13] [14]. H 2RISR
VMAT, 8 SR A7 38 i )8 X Bl I 2 2R 52 B TROR A0  — AN AT S o AR ST I f, ANEE T e fr
CT BUGATIF R TE, JTAEZ 6 JA R a], I I) fided 7% A sl FLAth J5 A1 5 S50 8 DX AL B8 AR A oV S )
W, ERY2NE, RASBONESMIRE, SRBEE, Wi IRE T il e e X AR =707,
Dy & CUTUE S B B O . T AUAGE,  SEBRTBOT T BB RR B S O AR R AR AR L AR R A
A, SFEMREREXAL, U GTV M PTV WG L, 1% a R B SR WO f A A X [ 2 7 [15] [16].

CBCT #ARBIRIH KA K, ] LA I R BT I A2 o R X AL RS RRS A7 1) 1), $ v 1 07 St i)
WP, AR X Bl I 2R DA % G S 35 sz BRI R AR [9] . H A 2 80307 o0 Rk AT 1 0T RTOT
I, R TR BT R

AWRFERR, A5 7 5 AR KRR 8 mm, TS 7 ) A ECRHRE 9 18 mm, X% T 7843 I Fa i 7
AAMMERI[L7]. BHPRE, 8% BT 7RISR, AMERIEZERBOR[18] [19], Tang & AN KILBUT
723000 BB I AR D 3 (VRR) B 56 3 ) 2840 [20] . A FFE R BH, IR viR 51 ¥ X B A1 R AE
TEVRYT I RE AR e I TR [21] o DRIUL, AERA TN A RT SE X RS Bl B v B B X RN S 7 i, DACRUIE SR IX 1)
FIEARS, FEIK OAR BB EHRSS, R BuT v RIBE X R G

SR AEZESENT 30 Fli2i BB B E G T Z4BE R B0T, KU R X 150 A R AR, TR
AT 2 BN LMEIEREIX )& [22] [23]. T AFUESE[2410F 29 4] s ali £y B T s e b4 T il 22 sh A8 4k
FURANFEARFUR A EE, RIAETBOT 28 20 (RIS R (AR AR A e B 2, R G0 40 FR 3 e Bl — 0T T k- &l
& S IR B X SR S B R . T a2 SR [25]0) 32 151 i Bt £ 0 8 2 43 il T80T R & 10+ 20+ 30 YRRk
1T ADCT H4ssiadti, SRR RBUTE 20 RIS, MRS e J7 Ak 2 IEAE G, BEAE 50T A i,
JiprJe S AR 5 iR O B IR — e R AL .

A5 T Varian Trilogy HD BLZ e &%, @i S 45 IR, BUT ISR 64 A7 838 B IUAS [FIFE
BEIX R AL, Hoh 3 16 ¥R(32 Gy) I A AR (b 5 B 2 JBOT AT P AR A BB K, Ja PR RS B TP 4% .
WA, — AR E LT AR R S 800 E R IR, BT AR AT T SR S AT ROT
ARE M RN . 18 YUBUTIE, AR K, 17 UCehn, A BEE S CT BGHIT #is0T
THRIVEYT, 5 G SEIX I RIREE M, W3 —UGE LT e . R G RAE KK, RAIANGLit.

KUK T 61 #l, Ltk 3 4, BETL, MFEaEEAMEINEZ TLhMgEt. 5B, BT
CBCT EHZIEMT R 2, FEEURHRMEE T X 7 Mg 5 1w A2, mi ke K 32 3k i B AR [ e, i
T I SRR B E SRR HI WAL XA o TR BE 1A 2 R, 3 P 2 DU 4 PR (4Dof) X (8 34T IR YT
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R, B

USRS /S YRR (6Dof) N iZ B 1 HE BE 47 1 4518 . I HB R B S 1 K BB VBT I R], 38 hn 8 2 IR &,
WA BEBT AT CBCT.

AT SRR, BB BRSO AR, TEAS RO OB 5 R R A = 4k U n) B3 A
¥, TERUT 16 YK RO 8 i W i, R BRI /2 A 7 1) o K LU AR A 50 R K 22 B0 3 R e AT
PR R RIS, EIRT PR R R KA R R I TR e, R R R AT R SOTT A AR R 2 21
MEFE, MEL, BOTBUREEL, MIBARET: G FE M ROE s R, T8O BURE 2%,
PR RS o g ST R A AR AR K LT R BRI T e B B B S R, BB RO 16 KRTAT CBCT M
SRELIX L PR AR B e 275 T LLED B AAS SO TR, DUk S Bk i A o0 I IE S 2H 2R E AT
TR, T8 G 1 2 252 38055 v 711 TR S 7 8 0 H R 1 XU o g A AR A8 A AN AN TR 1 B 4
b, RS W EERIG AR ARV O S E R bR . BEE BUE RA AW R, BETER
SRR A2 UOREEMG, HEREIEE 228 2 RIS, X aMAH, W& 5 U7 HNT CBCT K
BIAENE . BHEBEFAAIR, RS ERUET BT TR AT BUR IR, TRIERITRCR, Wb IR

CBCT fENIGRFHHUEFB, BAMRE., @ S ZRAEMR, BB Ee. A RA
RS . BARRGITREARALS CT, (HXT R R IR A8 4k DL ARAIE Y7 T RI A St 2 AT A v
RITEH

&E 3k
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