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Abstract: Objective To evaluate dosimetric changes of target areas and organs-at-risk caused by positioning error, respiratory
movement and anatomical structure displacement during radiotherapy for locally advanced esophageal squamous cell carcinoma
using simulated CT images obtained by repeated scanning, and to explore the demands of adaptive radiotherapy for esophageal
cancer. Methods Thirteen patients with locally advanced esophageal squamous cell carcinoma were enrolled, including 7 treated
with intensity-modulated radiotherapy and 6 receiving three-dimensional conformal radiotherapy. The prescribed doses to PTV,
and PTV, were 64 Gy/32 F and 46 Gy/23F, respectively. Simulated CT scanning was repeated at the end of the 5th, 10th, 15th,
20th and 25th treatments, and the target area and organs-at-risk were delineated, and the dose profile of treatment plan was calculated
in the repeated CT image. The treated dose (D,,.) Was tracked and accumulated by deformation registration method for obtaining
the actual accumulated dose profile which was then compared with that in the original plan (D). Results Along with
radiotherapy, the prescribed dose coverage rates of PTV, and PTV, were decreased accordingly, while the D,
Dy
and -1.88%+1.44%, respectively (P<0.05). There were 2 cases in which the V., of PTV, had a decrease more than 5%, with

to lungs and the

mean

to spinal cord were increased significantly. At the end of treatment, the V,,,, of PTV,and PTV, were decreased by -2.73%+2.82%
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a maximum deviation of -9.16%. The D, to lungs and the D, to spinal cord in treatment practice were increased

1lcc
from (17.90+2.78) Gy and (47.04+3.21) Gy to (18.27+3.18) Gy and (49.02+3.96) Gy, respectively, increasing by 1.84%+3.83%
and 4.25%+5.72%, respectively, and the difference in the D, . to spinal cord was statistically significant (P<0.05). The

number of cases with spinal cord D, .. deviations greater than 3% and 5% was 6 and 5, respectively. The change in the D, ., to the

lee ‘mean

heart was trivial. Conclusion During radiotherapy for locally advanced esophageal squamous cell carcinoma, the prescribed dose
coverage rate of target area is decreased, and the radiation doses to lungs and spinal cord are increased in more than 50% cases.
Dose evaluation during the course of treatment and the implementation of adaptive radiotherapy at the end of the 10th treatment
may have clinical benefits.

Keywords: locally advanced esophageal squamous cell carcinoma; adaptive radiotherapy; target coverage; dose deviation ratio
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Tab.1 Clinical characteristics of patients
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Tab.2 Comparison of accumulated target dose with that in the original plan

BX HiI 10 7% IRER/N HiT 20 4% HI 251K TRITEE R
PTV,
D,.. -0.02%%0.28% -0.29%+1.36% 0.22%+1.01% -0.13%+0.85% -0.01%0.78%
Vosy, -0.72%+1.43%* -1.30%+2.16% -1.65%+2.09%* -2.14%+2.62%** -2.73%+2.82%*
A\ -1.57%+2.46%* -1.68%+3.04%* -2.35%+2.82%* -2.37%+3.98% -3.32%+4.15%*
PTV,
D, ean -0.24%+0.44% -0.73%=+1.34%* -0.78%+1.03%* -0.56%=+0.21% -0.21%=+1.11%
Vosoo  -1.67%£2.27%%* -3.30%+3.00%* 3.23%%4.64%*  -2.49%+1.78%**  -1.88%++1.44%**
Voo -2.27%2.76%* -3.849%:+3.68%* -5.39%+4.16%*  -3.32%2.48%**  -1.94%%1.45%**

*FOR GRS, P<0.05, = &R 511050 & H i, P<0.001, Wilcoxon i A4 5 Bk A 45
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I3k #-4.48% (PTV,) F1-4.63%(PTV,) . 7E55 101K
BIT I PTV, AL J5 77 57 55 R S8 Vs, Bl Vg, 53
A 1R 2 6 BR T 5% A9 7 M 22, B K D 22 43
K -5.31% (V) FI-7.14% (Vo) s PTV, F A 7 7] 5
T35 A 2 kKT 5% B G 22, e K A 22 4371

H-8.33% (Vo) F1-9.97% (Vo) o B 20 IGIT )5,
PTV, FIPTV, 1 Vs, T fhi 22 8 1 3% 59535045 4 1 Fi1 7
], T 22 8 5% B9 3 A LIRS B Bl B
it PlanB B PAT, PTV, B4 5 70048 758 56 A Fir
T, B BIRIT S R AU 2 B 1Y Vs, KA
3% B 22, 4 491 BB B 1Y) Vg, R AR R T 3% B 12
T2 s (A2 PTV, B4 J5 7 578 26 A AE AT AL, &2
TRIT S5 SRS, Vs, B Vo, T3 2 51 11 4 451 171 4 25
T 5% A DR T 330 B S5 K D 2 43 38 511-9.16%
(Vo) F1-11.44% (Vo) o

3 IHNEXFIEFREHED T

Tab.3 Threshold analysis on dosimetric deviations of PTV

R X IDF Voso, Vogo,
>3%  >5%  EoKIRZE >3%  >5%  EKIEZ%E >3%  >5%  ERfEE
PTV,
H 10 0 0 NA 1 1 -5.31% 2 2 -7.14%
EIRER/N 1 0 -4.48% 2 1 -7.06% 4 2 -9.46%
20 ¢ 1 0 -3.19% 4 1 -6.61% 5 2 -8.60%
W25 7% 0 0 -2.37% 4 2 -8.40% 5 3 -10.63%
TRIT R 0 0 0 5 2 -9.16% 6 4 -11.44%
PTV,
10 4% 0 0 NA 2 -8.33% 3 2 -9.97%
CIRER/N 1 0 -4.63% 6 3 -9.94% 7 3 -12.14%
HiT 20 4% 1 0 -3.42% 7 5 -9.38% 10 6 -11.33%
25 % 0 0 -2.64% 2 2 -6.45% 4 3 -8.39%
IRITSS 0 0 -2.12% 2 0 -4.86% 4 0 -4.86%

NA KR TR T B i 22 9 11
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BN % (18.27+3.18) Gy #1(49.02+3.96) Gy; DDR 43
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Fig.1 Average change trend of organs—at-risk dose parameters during radiotherapy for esophageal carcinoma

4 OARFIEZHREREL

Tab.4 Dose deviation rate of organs—at-risk dose

OAR  FIEZH  HBI0KIAITIR  BISWIAITE  F200IRTE 25 KIRITE IRIT 4

LE D, 0.14%2.24%  -0.95%3.62%  -1.04%+4.06%  -0.70%+4.27%  -0.13%%3.84%
B D, 0.14%+0.76%  0.52%+2.11%  1.03%+3.26%  147%=3.61%  1.84%+3.83%

i D, 0.09%+1.46%  0.65%=3.03%  1.02%£3.13%  1.94%£3.67%  4.25%%5.72%*

cc

*Zn 5iHR5HE AR, P<0.05, Wilcoxon 5 #4555 Rk 4G 16

232 OARFIEZFREFED T E XU D, A
HE D, o AL E Dypn» X 13 51 £ 35 5 S 1) 52 U] i 2
AT PEAL , 43 e it 1A 22 A& A= KT 3% i 5% F i 151
(K 5) . FERT 15 KIGIT fa , WU D, A #ED,
YA 1B IR T 5% B IE R 22 , 4351 5.20%
H15.09%. FifidE BT AT, Hof 22 Bk K, 2k

H

>~

745, B KR 25 3 il ik B 13.35% Fi115.21%.
H 0 E D, FEIR YT 20 U H B 1B 22 KT 5%
B . BEE IR YT B UEAT B B D, . B I 25 BOk B
K, HAW2ZE KT 3% F1 5% 995 01 BOR W7 38, 23R
57 45 AR, 43 B 2 6 41 (32 3T 50% A 9k 91 550
15651

#5 OARFIZZREFES

Tab.5 Threshold analysis on dosimetric deviations of organs—at-risk

U D,an HHED, DHED,e0n
bepaging il
>3%  >5%  EKfRZE >3%  >5% KW >3%  >5%  EeRfRE

TRSTHT 0 0 0 0 0 0 0 0 0

R 107 0 0 NA 1 0 3.22% 1 0 3.74%
IRER/ 1 1 5.20% 4 1 5.09% 2 0 4.96%
il 20 7k 1 1 10.56% 4 1 5.31% 1 1 5.74%
25K 1 1 12.56% 5 3 7.74% 1 1 6.38%
BITHEHR 3 1 13.35% 6 5 15.21% 1 1 6.27%

NA F7R IaR T B {E i 22 9 1
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PRI A28 il B A7 B SO 25 B HE X I OAR Fil
2%, 7EIGRT 0l I, Yan 252045 HY ART BOMES:, 285
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KRB IR T BRI T RCR TP UESS . Nuver
ZERUXT 19 R s R FH Bk ART, 254 /R CTV-
PTV (AN 11 54 AT A 10 mm ZE 2 7 mm, PTV AR />
30% ., BT A7 i 1A X5 o 7 2 R I AR 08D, T B D
AT LA SIFET. Brabbins 45 26 ART K T+ 280 51 i
SRR i B AR AR 1) CT R A 15 B
UG E SRR FEANIE I AR T WA IR R G N E
EREERENT AR A S A B 2R T
Burridge % *Yifl i kV-CBCT 5| 3 7E £k ART 397 20 f5i]
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F33 YR FF HEA TR, CT 4948, A BER 4 B3 1Y
PTV A5 A aa el i T ealch o i1 TR SE OAR
(1) 52 BEA) St 8 LR I R FRTIEL, 47 65%(15/23) iy A1l
FAEIRYT B AT E R T

H H 5T X5 £ 45 9% ART B9 BF 5% 4 18 5 1R 20
Hawkins %>/ F| il CBCT 5| S 1B 2k ART £ AR , 1 1
IRITE A 4 CBCT KI5 38— 1) CBCT #H47
VAR IR AR AL 45 5 50 AT T ME 1F , 25 5%
R PTVARBIEE D T 51.6%, Al PTV 40 757
TR Vi, HH95.6% $2 5 51 96.8% , it Vo A0 IE
D,... 1 &t & W /> (15.6 Gy vs 10.2 Gy #126.9 Gy vs

20.7 Gy) . [R)#EH, Sriram %' $jzil T kV-CBCT 5| &
B R ART W] I 25 A ARG OUR R0 JUE 114) 52 BER) o

CBCT EMG BT b B 43 B RN 25 (] 43 e
X I DX 5 2 2 AR A ) i A — o A TR
AR A >R FH CBCT 51 5073, R AR AR 27 S ik
TRITEE I BB A TR, CT F148 e 20 ) i 1 T AR 4k
PR S A T 3 B BN, A5 B T B A S PRIA T
WM IS AT T R, PR AT R iR
A DXCFT OAR M2 Ak 85T ART b BEAC (R AR
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J& ) JE I DX AR AR AN B 5 Bt g ) A XA B i
BB 45, T 40 Gy (20 YRIGYT IR ) B SR e
5, GTVIEFE-46/:29.21%, CTV, 46/ 10.34% , Z )5
Jiega R R0 /N U % . B AR A 4 /N
HuL SRS A< i AD 2B, 1 OAR J LA 27
K EE RO IR EE DU AR /N, 55 DU SRR YT 45 15 (40 Gy ),
GTV.CTV JUfHutr PP 2E AD 7353104(0.7440.36) cm
F1(0.7120.35) cm. PRI EUTESE 2~4 [ i1 T IGRT, JF:
PEAG R 2 AR A, o e i B Em AT 25600
WA 5T SE Rl A 80 B RO B R 2 AR A T
AHT, G5 F R IR R X PTV, FPTV, b )5 e 2%
R (Vs T Voo, ) BEZE ST AOFEA THA R RIRE L Y TR
(AR, 72 20 IR T R, PTV, B34 40 5 57 7
RN 94.55%  ARAEBENEIARIGT T IITTEE(Vo5,>95%)
Nyeng %15 76 B HOTT R 1 o3 0aR 7 T
Ff S R 0 RS T 350 43 ARt LR DX 25 R T R LA
Fot WEAZ s 3 n, $2 297 R CTV I Vi, FRE>1%
% PTV 1 Vi, FFE>3% B, NI E R ART #6417 S )
THRIEREE, AN, ARG T AL FH PTV 55
KR ZERT 3% F1 5% I, 455 R, 7ERT 10 1K
EITIE A A L BIE PTV, AR 2 B PTV, KA T Vg,
1 71 i 2588 1 5% RO TE , 350135 310-5.31% F1-8.33%;
15 3RI7 5, PTV, FIPTV, 1 Vo, 53514 2 15111 6 £ £
TrZEE i 3%, 11N 3 B T w2 5% 20 IAY7 A ,
PTV, FIPTV, ) Vi, Tl 25 KT 3% BB 538 hin 2]
A7 9 G SRR 13 B0 50% ) , IF ELE R 2488
5% FRITIRR A3 500 R 14600 5 451, PTV2 1Y Vg, I R T 25
R FERE T 10%(-9.38%) . X4 RHLRTRAT, 78
BEROT I ANYF R, S 10 R BIEE 20 I Z 0],
A e ZAR BIFE S SE AR T BB 1 LT o7 R 2
PRZE AL, PP AT 2 T ART A BRI, DAGRHIE R
AR DA 2 R A Y 7 A

ABFFE I EE S BN 7 1 R OB D, A8
D, . WA AR A, o B8 D, AL A 5
TFRESL(P<0.05) 0 15 UIRYT A, WUl D, FIERED,
YA 1) 8 R AR T 5% A TEAR 22 s BEE 16 T IR
B, &4 OAR FI & IE AR 2= M BPEct B8 22, L HOR A i
D, SO 2SR, HLIE R 25 KT 3% F1 5% A ik
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