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Lung dose prediction model in coplanar intensity-modulated radiotherapy for thoracic esophageal

carcinoma

QIU Minmin, DENG Yongjin, ZHONG Jiajian, XIAO Zhenhua, BAO Yong
Department of Radiation Oncology, the First Affiliated Hospital, Sun Yat-sen University, Guangzhou 510080, China

Abstract: Objective To construct a lung dose prediction model in coplanar intensity-modulated radiotherapy for thoracic
esophageal carcinoma by comprehensively considering planning target volume and lung volume, and the spatial and
anatomical relationships between target areas and lungs. Methods The prescription doses of target areas (PGTV, PCTV),
target volume, lung volume, and the spatial and position relationships between target areas and lungs in 28 patients with

thoracic esophageal carcinoma were selected as the input, while lung dosimetric indexes (Vs, V,,, V,, V5, and D, ,,) were

selected as the predicted output. After principal component analysis, multiple nonlinear regression analysis was carried out
for obtaining the regression equation to establish the prediction model. Results The predicted values of lung doses were close
were from -4.37% to 2.08%, -6.53% to 1.09%, -8.99% to

7.17%, -15.93% to 11.75%, and -2.73% to 2.68%, respectively, and the corresponding absolute errors were less than 2.3%,

to the actual values. The relative errors of Vs, V ,, V,,, Vy,and D,

mean

2.3%, 1.6%, 0.9% and 31.7 cGy, respectively. Conclusion The prediction model which has a high accuracy in lung dose
prediction in coplanar intensity-modulated radiotherapy for thoracic esophageal carcinoma can be used as a guidance and
planning evaluation tool for esophageal carcinoma radiotherapy planning.
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Tab.1 Dose limits for organs—at-risk

f& BeAts B T 4 BRAF
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D,.<50 Gy
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V,,<30%
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D, <28 Gy
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Fig.1 Schematic diagram of the overlapped between the expansion
of PTV and lungs
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Fig.2 Relationships between expansion distance and overlapped volume
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Tab.2 Statistics of PGTV and PCTV (cm?)

ZH Max Min P,s Py, P YT
Min_PGTV 13.5 0.0 2.4 3.5 5.8 3.55+3.62
Max_PGTV 3249.2 856.6 1545.0 18250 21965 1 872.6+631.87
Min_PCTV 97.6 8.7 13.6 17.5 30.3 18+23.25
Max_PCTV 3.900.5 1618.2 23183 2637.0 3030.1 2 637+784.52
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Tab.3 Mean value and standard deviation of input matrix
Wb 5 7 /e Gy S AR em? SN AR R E T
GiiHE EOVHO- EOVHn-  kEOVH- EOVHO- EOVHn- kEOVH-
PGTV  PCTV PGTV  PCTV Jiili

PGTV PGTV PGTV PCTV PCTV PCTV
I 5305.00 4560.00 13530 36540 3 302.00 4.50 1 883.10 192.90 28.80 2598.20 259.10
FRifE2  799.65  500.95 4830 12723  698.61 4.01 564.52 52.61 24.51 658.50 63.36
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Tab.4 Eigenvectors of principal components

b 5 /e Gy L5 B em? SN AR A E T
FE s EOVHO-  EOVHn- kEOVH- EOVHO- EOVHn- kEOVH-
PGTV  PCTV PGTV  PCTV i
PGTV PGTV PGTV PCTV PCTV PCTV
a, 0.0506 0.0385  -0.0894 -0.1533 -0.3714 -0.207 8 -0.408 1 -0.4097 02805 -0.4432  -0.4170
a, 03746 03739  -0.3623 -0.4760 -0.0473 -0.308 5 0.200 5 02155  -0.3444  0.1531 0.1895
a, 05521 -0.5681  -03413 -0.1723 -0.2555 -0.3270 0.067 2 0.1221  -0.0501 0.101 5 0.147 8
a, 0.0390 0.0039  -0.6465 -0.2756 0.160 4 0.436 8 02261  -0.2075 0.440 1 0.000 9 0.012 7
5 MEZELTIFLMEREAFUNRE N R
Tab.5 Coefficients of multiple nonlinear regression model of lung doses
ZH C, C, C, C, C, (o} C, Cy G, Cy C, C, Cy
V,  -1.0428 03987 0.1277 42449 13705 -03546 32201 -1.1185 0.0057 -1.1811 45503 -0.3252 48.6627
Vi, 06933 03667 00214 46873 08178 -05595 20966 -04228 -0.1114 1.9637 22021 -1.1944 342016
V,, -0.4994 02755 0.0916 32406 0.6618 -02491 48409 -1.9400 -1.5901 -2.1382 20271 1.1441 19.5343
Vi, -03721 02858 0.0705 09981 03804 -0.0776 0.0309 -02886 -02528 0.4497 09575 0.0832 48721
D, 204141 123680 2.6708 1133451 24.5763 -10.7492 79.6258 -31.7424 -19.8577 -5.1771 738649 14695 978.1955

mean
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Fig.4 Comparison of predicted values of lung V.~V with actual values
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Fig.5 Comparison of predicted values of mean lung dose with actual values
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