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Abstract: Objective To study the effects of different registration algorithms on the cumulative dose of adaptive radiation
therapy for advanced esophageal cancer and to provide guidance for clinical application. Methods Eleven patients with
inoperable advanced esophageal cancer were selected and their two-course radiotherapy plans were imported in Velocity
sofware, with CTA image obtained in the second course of treatment as primary image and CTB obtained in the first course of
treatment as secondary image. Four registration algorithms, namely Rigid (Rd), Deformable Multi Pass (DMP), Rigid+
Deformable Multi Pass (Rd+DMP), Rigid+Extended Deformable Multi Pass (Rd+EDMP), were chosen for image
registration and dose accumulation. The registration accuracies of different registration algorithms were evaluated by the

Dice similarity index (DSC) of organs-at-risk (OAR), and the differences in the cumulative dose of target areas and OAR
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under the registrations by different algorithms were analyzed by paired-7 test and rank sum test. Results The DSC of liver,
spinal cord and spinal cord with an expansion of 3 mm (spinal cord03) under the registration by DMP and Rd+DMP were
higher than those obtained by RdA+EDMP and Rd (P<0.05), and the heart DSC obtained by Rd was slightly higher than that
obtained by RA+EDMP (P=0.02). The cumulative dose of target areas under the registrations by different algorithms showed
that the D, and D, ,, of PGTV under the registrations by Rd+DMP and Rd+EDMP were slightly lower than those under the
registration by Rd (P=0.035, P=0.044). The V,,,, of PGTV obtained by Rd+DMP was slightly higher than that obtained by
DMP (P=0.026) and was 0.653% higher than that obtained by RdA+EDMP (P=0.008). The D, and V., of PGTV-nd
obtained by Rd+DMP were slightly higher than those obtained by DMP (P=0.046, P=0.023), and the PGTV-nd V,,,, under
the registration by Rd were 2.118% and 2.137% higher than that under the registration by DMP and Rd+DMP, respectively (P
=0.028, P=0.037). There was no significant difference in the cumulative dose of PTV1 among all registrations (P>0.05). The
cumulative doses of OAR under the 4 different registration algorithms were relatively consistent. The V., Vagap Vioay Vaoay
D,,.., of the lungs and the V¢, Vipgp Vagay and D,
the registration by Rd (£<0.05). Similarly, the D,,,,
obtained by Rd+DMP and Rd+EDMP (P<0.05). Moreover, there was no statistical difference in the cumulative doses of liver

of the heart under the registration by DMP were lower than those under

of the heart and spinal cord obtained by DMP was lower than that

and spinal cord03. Conclusion DMP and Rd+DMP have a relatively high registration accuracy, and the consistence of OAR
cumulative dose under the registration by DMP was the lowest. Therefore, DMP can be used for the evaluation of cumulative

dose of adaptive radiotherapy for advanced esophageal cancer.
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®1 OARAENFELEF A THIDSC(x £ 5)
Tab.1 Dice similiarity coefficients of OAR under different registration algorithms (Mean+SD)

ok 0.863+0.042 0.856+0.091 0.850+0.096 0.812+0.056
-———
0.888+0.034 0.911+0.054 0.895+0.085 0.858+0.019
-———
0.918+0.026 0.950+0.029¢ 0.949+0.027¢ 0.898+0.026
-———
03 0.676+0.048 0.772+0.047* 0.717+0.042 0.637+0.073"

aFR 5 RA ik AL, P<0.05;b R 5 DMP Fik thEr, P<0.05 ;¢ /R 5 RAd+DMP Jr ik HEs, P<0.05

®2 FRIEERETREXZRFENFBFLLER (=)

Tab.2 Dosimetric comparison of cumulative doses of target areas under different registration algorithms (Mean+SD)

PGTV D,,/Gy 68.001+2.329 67.881+2.450 67.911+2.446 67.880+2.463
D,,,/Gy 67.680+2.391 67.667+2.409 67.67242.395 67.660+2.408
Dy, /Gy 65.696+2.109 65.602+2.121 65.642+2.125% 65.635+2.112
Dy, /Gy 63.192+2.138 62.933+2.231 62.958+2.205 62.8544+2.301
Dy, /Gy 62.207+2.295 61.915+2.517 61.948+2.474 61.848+2.407*
Voso,/ % 99.519+0.943 99.234+1.210 99.836+1.178 99.049+1.356

v 1 OO%/%

95.213+4.451

93.735+6.748

93.836+6.630

93.183+7.667%

V 050,/ %0 30.885+22.918 29.945+21.855 30.365+22.183 32.067+19.574
D,../Gy 68.833+2.546 68.933+2.583 68.911£2.594 68.862+2.590
D,car/GY 65.573+2.101 65.485+2.117 65.49542.109 65.464+2.126°

PTV1 Voso, /% 97.787+1.915 98.149+1.949 97.01742.900 96.629+3.073
V1000, %0 93.054+4.785 93.983+4.357 90.74346.655 90.603+6.935
V50! %0 72.450+13.918 75.040+8.729 69.604+15.037 69.584+15.023
D,.../Gy 67.847+2.231 68.031+2.590 68.03342.572 67.964+2.499
D, c0r/ Gy 62.839+1.584 62.963+1.390 62.666+1.710 62.630+1.753

ae7n 5 RA ik LA, P<0.05;b 3578 5 DMP J7 ik Hi, P<0.05 ;¢ 27/ 5 RA+DMP J5 i b4, P<0.05
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6 37%:

Hrfr, RA+DMP 1 RA+EDMP J5 % (1) V,,,, #8K T Rd
77 ¥ (P<0.05) , H RA+EDMP J7 ¥ 12 5] i V,,,
RA+DMP J7 ¥l (P=0.011) . Rd+DMP J5 ¥ 45 3 14
D, ... [t Rd 7514 0.389 Gy(P=0.01),

(2) X T JIE, DMP J7 3% B Vi, Vag oy Vig gy M
D,.. Y% T Rd J5 % (P<0.05) . H ', Rd+DMP #I
RA+EDMP J7¥: 18 V., ATV, #BE T Rd 75 (P=0.017,
0.007) . Rd+DMP #1 Rd+EDMP J5 %15 3 19 D,

RA 75435 1.159 Gy . 1.318 Gy,

(3) X} F¥# 45 , DMP J5 %45 2 19 D, .., A Ht Rd+
DMP Fll R&+EDMP J5 35 154 2 §) D, 73 H B A% 0.154
Gy.0.258 Gy, H:#' Rd+DMP J7 115 5% D, I Rd+
EDMP 771 0.104 Gy.

(4) X JFF1 6 86 03 76 A [F] Be o 7 i T 2R
WS D S Y AR A G 2#
B, ZRME3I PR,

&3 OARANFEEA AT RAFEMFIEFLRG +5)

Tab.3 Dosimetric comparison of cumulative doses of OAR under different registration algorithms (Mean+SD)

OAR SR Rd DMP Rd+DMP RA+EDMP
i Vs /% 68.813+7.599 69.439+7.665 69.868+7.898 69.695+8.036
Vigay/% 49.757+5.999 48.938+5.888" 49.258+6.446 49.144+6.634
Vaoo,/% 30.011+4.036 29.504+2.767 29.713+2.777 29.615+2.832
Vioa,/% 19.134+2.917 18.067+2.880° 18.151+2.851¢ 18.012:+2.822:
Ve /% 11.211+2.473 10.405+2.253¢ 9.744+3.667 10.387+2.231°
ear/ GY 16.404=1.483 15.868+1.464* 16.015+1.419 20.744+16.268
I Vaoa,/% 85.852:£12.288 81.602:13.424 83.504+11.845 83.173+12.186
Vi /% 70.645+12.323 65.525+12.482° 66.909+10.736° 66.612+10.726°
Vi ay/% 45.820+9.816 41.942+8.876" 42.588+8.136° 42 429+7.944"
D,. /Gy 66.961+:2.460 67.147+2.440 67.135+2.501 67.106+2.529
D, /Gy 37.794+4.977 35.977+5.043¢ 36.635+4.275 36.476+4.265
iin D,../Gy 46.198+1.660 47.135£6.161 45.410+1.552 45.487+1.566
nean/ GY 32.581+3.681 32.032+4.133 32.186+4.141° 32.290:4.140"
AT Vs /% 25.022+20.810 24.829+20.763 25.267+£20.211 24.772420.493
Vi 6/ % 8.400+8.459 8.221+8.499 8.262+8.449 8.002+8.400
Vioa,/% 4.366+4.465 4.381+4.563 4.393+4.587 4.110+4.433
Vioay/% 1.883+2.207 2.053+2.344 2.054+2.362 1.922+2.313
D, .../Gy 5.461+4.037 5.407+4.122 5.518+3.940 5.388+3.950
1603 D,,./Gy 49.507+2.031 48.792+1.415 49.115+1.572 49.132+1.501
Visa,/% 6.859+5.763 5.849+5.137 6.035+5.212 6.167+5.244
D,.../Gy 32.399:+4.062 31.952:+4.085 32.365+3.888 32.445+3.889

aZe/n 5 RAF I LE, P<0.05;b %R 5 DMP i L, P<0.05;¢ 7R 5 Rd+DMP 5 2k HE 4, P<0.05
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Fig.1 Comparison of OAR registration accuracy
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