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Individualized CTV-to-PTV margin dose and analysis of positioning errors in esophageal cancer

QI Yingnan, MAI Xiuying, JIANG Xiaobo, LIU Hongdong, ZHU Wenlong, ZHAO Lei, CHI Feng
State Key Laboratory of Oncology in South China, Guangdong Provincial Clinical Research Center for Cancer, Department of
Radiotherapy, Sun Yat-sen University Cancer Center, Guangzhou 510060, China

Abstract: Objective To analyze the individualized CTV-to-PTV margin dose and positioning errors in radiotherapy for
esophageal cancer for improving the treatment accuracy while meeting dose requirements. Methods Fifty-four esophageal
cancer patients admitted to Sun Yat-sen University Cancer Center at Huangpu District from June 2021 to June 2022 were
enrolled. All of the patients underwent CBCT scans in each fraction, and a total of 1283 CBCT images were collected. The
image registration between CBCT image before radiotherapy and planning CT image was carried out to obtain errors in
vertical (VRT), longitudinal (LNG), lateral (LAT), Roll, Pitch, and YAW directions. The mean values of six-dimensional
positioning errors in the first 5 fractions were calculated, and the results were compared with the total fractional errors using
the single sample #-test method for determining the differences. The CTV-to-PTV margin was calculated with the formula
(margin=2.5 ¥.+0.76), and the calculated margins were divided into 5 groups: Group A (5 mm expansion in all directions),

Group B (7.9 mm expansion in LAT direction, and 5 mm expansion in other directions), Group C (11.03 mm expansion in
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LNG direction, and 5 mm expansion in the other directions), Group D (6.36 mm expansion in VRT direction, and 5 mm
expansion in the other directions), and Group E (7.9 mm expansion in LAT direction, 11.03 mm expansion in LNG direction,
and 6.36 mm expansion in VRT direction). Simulation planning was conducted for 10 patients. Results The proportions of
differences between the mean values of six-dimensional errors in the first 5 fractions and the total fractional errors in 54
patients were analyzed. There was no significant difference in 192 out of the 324 directions in 54 patients, accounting for
59.26% (P>0.05). Among them, the LAT, LNG, VRT, Pitch, Roll and YAW directions accounted for 64.81%, 57.41%,
51.85%, 64.81%, 57.41% and 59.26% of the total cases. The calculated CTV-to-PTV margin was 7.90, 11.03 and 6.36 mm in
LAT, LNG and VRT directions. The statistical analysis showed that the differences in the coverage rates of organs-at-risk and
target areas among the 5 groups of CTV-to-PTV margins were trivial (P>0.05). Conclusion Using the positioning errors in
the first 5 fractions of radiotherapy for esophageal cancer to predict subsequent positioning errors is feasible. The reasonable
individualized margin in radiotherapy for esophageal cancer can reduce the inter-fractional off-target rate without increasing

the dose delivered to organs-at-risk. The study provides a reference for the target volume margin of esophageal cancer and an

important basis for precision treatment.

Keywords: esophageal cancer; six-dimensional direction; dosimetry; individualized target volume margin; error analysis
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Table 1 Dosimetric comparison of target areas and organs—at-risk in radiotherapy planning

with different margins for 10 cases (Mean+SD)

s 151l iili V5 /cm? Jifi V5/cm? HHED,,, /cGy DEV,/em® X R/ %
1 17.86+2.70 43.39+£2.07 4042.204+22.89 0.48+0.59 97.73+0.24
2 19.55+1.61 55.17=1.73  4446.78+24.01 27.61+1.39 94.13+0.61
3 21.29+1.11 47.72+1.12 3964.58+22.14 4.47+0.34 97.31+£0.24
4 17.56+1.07 46.23+1.72  3723.24+62.45 21.93+1.58 92.83+0.72
5 21.04+2.43 56.77+3.24 4046.20+28.12 21.01£1.26 96.25+0.68
6 16.25+1.06 38.00£0.97  4435.24+20.04 12.30+2.67 88.97+0.87
7 4.50+0.51 12.98+0.98 4450.72+75.61 2.05+0.78 95.02+1.21
8 15.79+0.42 49.84+132  3236.62+16.71 14.42+1.79 97.19+0.35
9 4.57+0.88 22.08+1.59 4460.78+12.51 1.24+0.35 96.34+1.35
10 22.34+1.89 5526£2.34  4455.52+32.09 28.59+2.92 94.65+0.43

AT B AE 5 2H 2 RS 500 1 DA N R B B R A . 43
{7 R 22BN VR IT RO A2, R R UE S BRIG TT
X FRE , CTV 32 R0 a3k 2 2R, 78 i BT it
R E A7 A B AR X A . B8 i CTV Sk 2
PTV i}, BE 2% 0Tz 20 5 i i X iz 3y, 8%
JETICE IR T B 43 Uk TR A7 1R 22 , PR I A DX A (A R el
SMAR Bl RO DR R K, IE R AL 8L R i
(1) 52 HE et 2R N T 1 27
3.1 BAORESHT

i I B R 6 N YE B I R IR 2
LNG 75 [n] 5 22 B W v T HAB A Oy 1 2 22 . Horp
LNG J7 " 5 mm DL | 25 5 SR 37%, ¥ T
LAT J7'15] 18% . VRT J5 1] 6%, JEk% Pitch Jy [i] 1% 22 1
b T A AN T ), X b S B TR AR 25 R
L, LNG J5 1) f S4B 2R T A Ty ) o 485 SR 487 %
TEE I HOT AL E 726 LNG J7 [l iR 7% 3
DL Pitch Jy ] EF5 1R 22 008 75 iE— 2B 42 T, %5 ok ik
— SR B IR [ o AN R MR BB FE AR AL

R 2= BE AL R 2= MR X BV A — 22
S8 R B S e B B R B, T
3 ) R AR A S8 Tl 42 PR s A LNG 5 ] i) 2
o AT, s — 2P RS e o, W] LA/ N T
B PN 15 25, 48 fin ° A 4, A DX T R A, O
IINIE SRS A2 IR
3.2 MEW CTV-PTV SN FIEFA R

Ilfi B I 38 i i CBCT ¥631E , LA &% CTV-PTV 4}
PR SEIAEWEROT o (HAE I IR SE PR & B, 0T
T B IR i S g R 2 52 B P 0 Bk A A5 A A
Hizdhsgm, 5 o o Bk A i R SR AR b
X6 PR R AN S BOA T XK ) i A% R IE H A 2 R
SRR 0, DR O G ] o A TR AN R R S
AMFGE K B B AR LR 25 7E LNG J7 [n]15% 2% Fil Pitch
JiE 7t 7 1) ) i 2 34 v T A g T E R IR B
BIEEAIT ] CTV-PTV AN AN 5 mm, X AR A
PABEFSRENAIE R CTV-PTV ANIGh Ul . E44
W s B AT A0 5 mm B, R BB £ 90%



12 . -

>

- 1457 -

FBF 95% P IX PR BLGA B Ak 7 7l AU 23% B
(49 95% PN BB DX AR BLS B Ab T 8 . 24Nl Fad
INI VAT R AR HEAT CBCT B631E , 45 R R 14 i #L [X
AL RT . XA R LA i3 444 01 LNG J7 [ 7~
PP AR AR LAT DA K VRT J7 [ B9 AN 1 L. 45
NI B R B PTV BERSHAR 95% fifrJag $8 [X 432 52 4k 5 741
TEHOT, EK 3 T JE RO R 4L 20 T 5 KL
B0 T R AR R AR 2T B 22 5 r A Il
BIANy MR © A6 2 Tl R 2R . et ik
WF5T &I, AN R AL 30 R 136 7 R e K #s
BRI E SR G 2R 22 57 (P>0.05) . PILAR 4R
AN TR R 1l 2 A B A AR AL ST 31 0K B AR
R R B PR R i B A2 BRI R A . PR A
Fe AN FonT LASE RCRRFE 1 )i/ CBCT i FH Uk,
A BN EL ) 3% BEGRR . AR S A A AT R R R
R ZE A5 B FLL A A A X B T AN A
TR %S 2% I R A ER 1R 22 , A BRI A1 il s
ol DX Ak 7R S B R A R S R R
Z W, I, CTV-PTV (4N 3 BRS8Ny
I,
33 BISIRIRESESRREERN

FRURAT CBCT £13 ] LAt — 2 Ay s i L0
JE BN N BRR S o I IR TP AR R R AT — IR
CBCT HH i 3, Jig kIR 2 R 22 5 [ A i A% 41X
AR R o e SR A O 2 s e R T R
RN IR A 0 A w4 T Ll i g
TR %R A GMM S RL S0 A1 bR AR, SEBIH R 2
BE 53 A AR 1 A S R R S BT L SR RIS A
FNBIT IR RIS . AR SO & B0, i i S
ARG R 2250 B, AT LUK i e 42 07 15 22 oE A7 T il 9
AT A RO /IMEAL R 22, 0] 15 36 77 I B A8 iR
HHE A, s E R ] DL s i ia
ST, PRI 22 BARAEAEBEHLME B E 1, (H X
A g B R R B sV sl e SO B B 3
B i 25 B A A SO ST R B, — R
A DARRE AT TLU AR 1R 25 0 5 SR iR 25 . IR
W L 1 2 B9 3 R RS AR R A 7R 25 T, AR Sl
T HT S AR 8T, A5 AT S IR ZEBE S5 5 824
PR 25 22 R i, A2 CBCT il R B ik =
% | R AR 3 AN B2 A 37 AR
3.4 KRARKBRE

ARG RAFAE— RE MR BRE o R A A 12 7 9
R R =2 N Y e ot S e e SR PN
5% 5 R B ACK S A AR o 1 1) 4 T i A
PR 22 B R N DA% 1 . HEAT 25 S e M
S B BT S YRR 12 22 HEA FAIF AT I S0 AN I, e BN

PEAT 73 Boidh 3 s 5, A WL B B A IR0 1R 22 46
R FEAT 22 AT o BB I i VR T3l i, 2
AT ) B B D 5 SR T SR A 8L 56 ik T K

25 LTk BT BORS TR R 22 D R
S, ARG 7 1% 25 m] LA [ JBE 1 s 465 0 B [ Oy 2
T B RLXCAMN L AR T A B, LU B iR 2
] LAEA T BOE T 305 . [R]AARAR SM 12 5 n]
AR A [F] £ 1 A , X SRR I PR32 4k

(%% k]

(1] RFH, Fiddn, Rk, 5201357 BREBASAI LT [T].
AR Je &, 2017, 39(4): 315-320.

He YT, Li DJ, Liang D, et al. Estimated of esophageal cancer incidence

and mortality in China, 2013[J]. Chinese Journal of Oncology, 2017,
39(4): 315-320.

(2] o BA. o if o) RNA-4ST 38 S AL 7 2OR A MALT ], AY
TG 52 &, 2019, 25(10): 896-899.

Qu RC. Value of serum micro RNA-451 in efficacy evaluation for
patients with esophageal cancer undergoing radiochemotherapy[ J].
Journal of Chinese Oncology, 2019, 25(10): 896-899.

[3] #km,iE&, B2, F . HEHMRRIARL RRENHT £
RETRAT PR F AR (T]. RE #, 2018, 39(9): 1048-1051.
Zhang L, Wang Z, Cui ZZ, et al. Dosimetric comparison between
simplified intensity-modulation radiotherapy and intensity-modulation
radiotherapy for patients with thoracic esophageal carcinoma[J].
Anhui Medical Journal, 2018, 39(9): 1048-1051.

(4] MR, 34, 2R, 5 R ERAITE AL FARRAIT 0977
A T[], S E 5, 2019, 40(4): 399-402.

Chen C, Li C, Wu CE, et al. Analysis of the efficacy and safety of
intensity modulated radiotherapy for local recurrence of esophageal
cancer after radiotherapy[ J ]. Anhui Medical Journal, 2019, 40(4): 399-
402.

[5] UM, St R & RS IT 105 A A DA AT R G5 7 Xid
J5 A AR [T, BB B s B, 2015, 42(1): 56-61.

Kong Y, Gao HM. Long outcome of radiotherapy for esophageal
carcinoma and efficacy comparison of different treatment methods|[J].
Cancer Research on Prevention and Treatment, 2015, 42(1): 56-61.

(6] AT, 25, kshsh, F . 3074 U-UIHRF S B AT FUE &

AL b BB A AP TG 5 42 &, 2018, 27(2): 140-144.
Cheng XY, Wu H, Zhang RR, et al. Analysis of outcomes and
prognostic factors in 307 stages II-III esophageal cancer patients
treated with concurrent chemoradiotherapy[J]. Chinese Journal of
Radiation Oncology, 2018, 27(2): 140-144.

(7] ZFR. Z5REBAERRMITE T TIELIRZGFR[I]. M5
Ze &, 2018, 24(8): 832-837.

Li Q. Study on set-up errors in intensity-modulated radiotherapy for
elderly patients with esophageal cancer [J]. Journal of Chinese
Oncology, 2018, 24(8): 832-837.

[8] B, fkix, 422, 5. 1304307 IAAIRALIR £ 547 [T ], IARAY
9B &5, 2015, 23(17): 2500-2502.

Hu ZG, Zhang H, Ren J, et al. Analysis of setup errors for 130 patients
treated with radiotherapy[J]. Journal of Modern Oncology, 2015, 23
(17): 2500-2502.

[9] ®oF 3, A&E, Kk, & AT CBCTH R P _LBAE AT BLIR
Z R CTV Sr3 AR A% [T, b 40t 95 176 2 &, 2019, 26(8): 545-
548.

Shi Y, Zhu JG, Zhang L, et al. Analysis of the upper and middle
segment esophageal setup errors and planning target margin based on
CBCT for esophageal radiation with thermoplastic film immobilized
[J]. Chinese Journal of Oncology Prevention and Treatment, 2019, 26
(8): 545-548.

[10] @35, RER, 3, & AR LTT A RELE A 7 X 09324537
E454r[T]. F B E 7% 4, 2015, 30(12): 120-122.

Tian CM, Zhang YQ, Liu GM, et al. Analysis of set-up errors of two



- 1458 -

N e

5540 %:

body membrane usage methods in radiotherapy for lung cancers[J].
China Medical Devices, 2015, 30(12): 120-122.

(1] ¥4, Fhanma, AR, 5. Y@ AP kAT R 204 [T].
b E E I A & 2008, 25(3): 641-642.

Xiao F, Sun CY, Hu MM, et al. Analyzing of set-up errors in three-
dimensional conformal and intensity modulated radiotherapy [J].
Chinese Journal of Medical Physics, 2008, 25(3): 641-642.

[12] RRAE, 30, 2F0edm, 5 . AP R B o) A L A H e 4 T].
&5 5 ¥ 5, 2015, 36(20): 1-4.

Zhao CH, Wei Y, Niu XN, et al. A novel strategy towards the
understanding of cancer[J]. Medicine & Philosophy, 2015, 36(20):
1-4.

(13] #)g i@, vt so &, 4h, . TR CBCT 31 3 F M3 A3 4557 48
1542 £ B A IR 5[ T]. B K, 2015, 27(4): 55-56.

Wei ZF, Ye BY, Mo W, et al. Analysis of positioning errors and external
radiation boundaries in kilovolt level CBCT guided thoracic tumor
radiotherapy[ J ]. Image Technology, 2015, 27(4): 55-56.

[14] Altunbas C, Zheng D, Weiss E, et al. SU-FF-T-490: the effect of daily
cone beam CT imaging dose on the secondary cancer risk for patients
receiving prostate IMRT treatments[J]. Med Phys, 2009, 36(6 Part
16): 2636.

[15] Spezi E, Downes P, Jarvis R, et al. Patient-specific three-dimensional

concomitant dose from cone beam computed tomography exposure in

image-guided radiotherapy[ J]. Int J Radiat Oncol, 2012, 83(1): 419-

426.

B, R, kA, 5 K TR 5 3] 7 ik 643507 % R4 1R £ T

[J]. e A EF T4, 2020, 39(4): 380-388.

Gao X, Song S, Zhang W, et al. Prediction of setup errors for patients

treated with radiotherapy based on deep learning method[J . Beijing

Biomedical Engineering, 2020, 39(4): 380-388.

[17] 2t B4, F94F, § . 54 B4 R CTRLM Y ELR
ZxF SRR R AT M EHa [T P A S 4 &, 2011, 20
(5): 379-383.

Wu RY, Gao L, Li MH, et al. Using non-daily cone-beam computed
tomography reduce dosimetric effect of set-up errors in intensity-

—
—_
(=)

[

modulated radiotherapy for nasopharyngeal cancer [J]. Chinese
Journal of Radiation Oncology, 2011, 20(5): 379-383.

(18] sLshsh, 24k, R4, F RGILSABHTHY RCTIF A%

JEAT IR 2 TR 6 TATHEAF LT ], P4 Ak B s 22 &, 2013, 20(12):
949-952.
Kong LL, Cheng J, Li BS, et al. Feasibility study on positioning error
prediction of cone beam CT guided radiotherapy system after breast
preservation surgery[J]. Chinese Journal of Cancer Prevention and
Treatment, 2013, 20(12): 949-952.

[19] 3, MW, 8 & 4B R CT 51 F2LARAITEEIRZ A
iE e TR B AR GE[T]. o 4 Bb o 26 &, 2016, 38(3): 197-201.
Wang W, Li JB, Xu M, et al. Cone beam CT-derived adaptive
radiotherapy for setup error assessment and correction in whole breast
intensity modulated radiotherapy[J]. Chinese Journal of Oncology,
2016, 38(3): 197-201.

[20] F %, #h3R, #rER, F . SRR P IBEIR £ 09 A
EFFRBHT R CT AT IEMEAT 7 [T]. A4 5 9%, 2017, 32(8):
870-875.

Li Q, Yin LB, Xie HQ, et al. Trends of inter-fractional setup errors in
intensity-modulated radiotherapy for nasopharyngeal carcinoma: a
prospective study based on kilovoltage cone-beam computed

tomography|[ J]. Radiologic Practice, 2017, 32(8): 870-875.

[21] Kim S, Losina E, Solomom DH, et al. Effectiveness of clinical
pathways for total knee and total hip arthroplasty: literature review([J].
Arthroplasty, 2003, 18(1): 69-74.

[22] Van Herk M, Remeijer P, Lebesgue JV. Inclusion of geometrical
uncertainties in treatment plan evaluation[J . Int J Radiat Oncol, 2002,
52(5): 1407-1422.

[23] Van Herk M. Errors and margins in radiotherapy[ J]. Semin Radiat
Oncol, 2004, 14(1): 52-64.

[24] &%, 48, Rk de, 5 RIT L FREBAUTRMLE THA K IR

Sk e B [T]. o A A Y 95 5 76 &, 2016, 25(9): 948-949.
Bai F, Li J, Zhang LH, et al. Exploring posture fixation techniques and
target external radiation distance for elderly esophageal cancer
radiotherapy|[ J |. Chinese Journal of Radiation Oncology, 2016, 25(9):
948-949.

[25] fRdk, 4075 S FRRERAT AT R QB R[1]. RIBES,
2018, 22(10): 1855-1859.

Xu'Y, Wei J. Development of the delineation of accurate radiotherapy
target for non-surgical esophageal carcinoma [J]. Anhui Medical
Journal, 2018, 22(10): 1855-1859.

[26] X5, FR 7% . Kk F030 @ EAm A 30K B 8 AT LB R AT I F
S Hm[T]. P B E SIS L E, 2022, 39(2): 157-161.
Wang Y, Chen F. Effects of immobilizations with head and neck mask
or chest body covering on dose distribution in the radiotherapy for
upper thoracic esophageal carcinomalJ]. Chinese Journal of Medical
Physics, 2022, 39(2): 157-161.

[27] #&uedk, R 3E, & LA, 5. A kKV-CBCT A28 5 R F B 2 4k 4z
AP RS R IBLR 2 B[], R R, 2021, 3(1): 39-42.
Xu XJ, Zhang RY, Lei YN, et al. Usage of kV-CBCT to measure the
influence of different fixed positions on the setup errors of dynamic
intensity modulation for esophageal cancer[J]. Journal of Esophageal
Disease, 2021, 3(1): 39-42.

(28] fk:B2R, & #i, Fritt, % . b/ MM CT R F HomaAa X bk
w16 AT )], B 54, 2015, 36(14): 54-56.

Zhang HC, Shi JB, Zheng J, et al. The correlation of CT and pathology
in origin site of non-small cell lung cancer [J]. Medicine and
Philosophy, 2015, 36(14): 54-56.

[29] Heijkoop ST, Langerak TR, Quint S, et al. Quantification of intra-
fraction changes during radiotherapy of cervical cancer assessed with
pre- and post-fraction Cone Beam CT scans|J]. Radiother Oncol,
2015, 117(3): 536-541.

[30] £ 325, X RE, #HAA4E, 2 5 ARTY R CT X F HB AT & W ELE

RIGHST 5 BBREGFRLI). FRES EFHH % E, 2014, 34
(7): 523-525.
Wang XY, Liu H, Xie CH, et al. The setup errors in postoperative
radiotherapy for endometrial and cervical cancer by cone beam CT[J].
Chinese Journal of Radiology Medicine and Protection, 2014, 34(7):
523-525.

[31] LA, b A4k, BFaK, 5. 3L T 3 75452 Varian Novalis TX

A& Amik B BRI AST B £ 5 AR AR a9 2 [T]. Pl
K FFR(EFAF M), 2019, 40(2): 284-290.
Qiu MM, Zhong JJ, Ouyang B, et al. Set-up errors distribution
prediction model for pelvic tumors radiotherapy of Varian Novalis TX
medical linear accelerator based on Gaussian mixtures|J]. Journal of
Sun Yat-sen University (Medical Science), 2019, 40(2): 284-290.

(HiE.TRmE)



