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Abstract

Objective: To explore the feasibility of contrast-enhanced CT-based radiomics analysis in preo-
perative prediction of the pathological classification of nephroblastoma in children, to avoid the
interference of biopsy and preoperative chemotherapy on the pathological classification and clin-
ical staging of children and to provide more accurate guidance for clinical treatment. Methods:
The abdominal contrast-enhanced CT imaging data of 113 children were retrospectively analyzed,
ROI intervals were delineated, and 944 radiomics features were extracted. LASSO regression was
used to select radiomics features, and SVM, Random Forest, and Logistic prediction models were
built. The receiver operating characteristic (ROC) curve is drawn to evaluate the predictive effica-
cy. Results: The areas under the ROC curve (AUC) of the three prediction models were 0.934 for
random forest, 0.869 for SVM, and 0.739 for Logistic. Delong test was conducted in pairs of the
three. Long runs showed significant differences between any two of the three predictive models
(all p < 0.05). Conclusions: Based on contrast-enhanced CT imaging data, radiomics can be used to
identify pathological types of Wilms tumor prior to surgery, with the Random Forest algorithm
having the best performance. This approach can provide decision support for personalized diag-
nosis and treatment of children.

Keywords

Wilms Tumor, Pathological Classification, Radiomics

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518
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RS W75 % s AR 22 M 7T, JERIUH T R ik 3 5 R U [2] [3] [4]-

LB U S bR SRR R 098 (Wilmss tumours, W), ARVE T 5 B IR FEZE A, g ) L3 30 I fe
DLFASEAE PR, L6 5Bl ) L3 5 R M B T S ek g R R 4 26 A, DR TR BEARME, 5 % LLRTR IR
B REZ IR 240 1 ' BT PR R AL T5%, RO RIIETE 2~3 %, [RI R S M B G B R R [5]

TE B RELH IR (K S AR AL 22400k, U 08 I RAR 2 0347 1 RN BB (I PR 0 30, A 9N, BB
S PRIR 1 PR 23 AR S U 2 e I S R 36 2 —, o1 B BRI IR 1067 7 A W E AT REA R
Jo P R 2R AT FU I PR 20 S A B AR AR, T B AT SR A SRR B RO TR R R AR
R0 EEAS 7 A A PR 20 390 el 33T S = I XURG:, FLDA AR A 5 VA7 ARt R RS i R (3R
707 Z 5 IWER D BAING 5Bk . SR 24T LUk LA 1Bl A5 [6].
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K2t A Hifth: )L IR BE 4 (Children Oncology Group, COG) LA 554 Hded s P 23 3 K g 343 70 3 ]
YeaE, i R )L B 2% 43 (International Society of Paediatric Oncology, SIOP) I DAY 3 2 751 Ay JXU K 45 4%
SRMIE[T]. [FINFE COG My @, AREWITTT R HWE A R BRI, R RN a5
ZJ7 R E[8]; 7E Umbrella SIOP RTSG 2016 77 % (SIOP 5T 5 RELN AR (297 7 )W, RIEtIT i %
HimR > AREEG . RN BB A R[] B, WES R ST IR T M EEER

B BEAH R SR A A SR R LT DA JURR[O]: WRZE . bR ARG o AR AR e oK 4L 23470 B
ANFHGERR SR AR ZEN R ERCAER, BN ER, RAERGHSERR, AaRHL,
W75 5 B 5 v R H R G H . SRR FT T S BB 4 i 58 20800, IFR N 58 AR A8 [10].

B BRI 17 B RS R TR AR SR EUY) R A kA, IR BURTTE 2. 7R SIOP YRIT T R,
B AT ARATTT , A6I7 JE A AE B R SR I AR IS K, ToikA 0Pl LI s B 2R 2 (1) n] REME . 7£ COG
Y897 T EH FEREAAAEARTT ST HRAE[11]: © XUN'E B : @ JOLE S B4R @ T IsElikE
ey R BERFOKTLL L, @ MW CKEICEIFALT A NEEE T, UIBR ST 8 i 5 25007 ik FE At U 2% (ln
e AR 7, HE ERRRRSL): © TEFARMEEMIME: © Iz, Mosesst: FHER
BT < BT 75 34T 28 e A TR BTE A T BB A e s A . SO R BT BOER, TERE 5) S 8L
WL RN TE B2 R AR RE, I BLIEA S B R I IR 2 1 2820 9 =01, AT B3R R R2 T T 2R
DAL, AT 75— b G A1 R 0l B B e T BE 28 A A - B

AL B AR IE AR 22X — W R R S v T o 5 0os A B4 1Y, AT 38 S v Ko S AR AT AL
70T R 73 30 S B4 B4, NI R IR TR VR 7 SR AL 5 B4R

ARSI T NN A BRG], RGBS B RE, A ROI X 8], $EHUAH 22 IE, fJaT4
AL, PRI R .

2.1, FREIEE

AT QI AC B B B A S i A, SR [l BRI 7T 20 2013 4E~2022 4 (ML 1277 1 BEAH IR
N 113 B, INARHE: 1) BOLBEAARMEEN, BITCHIR IS 2 BV A0 T 5 BRI R 4L 2100 T A B o
B, WABIEIERZESRE; 2) BILT TRECE Mg CT; 3) BLW TREAT FABIT IS ARG EE
LG BV R S e G et HEBRARTE: 1) RATTHITIRIT . 2) SRZ B N RF 0Tk, 3) %
BERHER, T 5.

2.2. SRk

AHEFCR =02k, WRIEIRELRI SRR G 70 NP, — AN 4L, A5 5Rig 1) A8 R B R4 R
PR Ja ik () 7R AR S BEAR R, 3 — 4RI AR AL, A0 BR A IR IZ R) A2 R BRAR R B J e 1) 28 L B
SR AR EEE A, il dn b B oy RS REAR R L [RDH O R R R R L TR AT R R G

2.3. ROI X8 &JiH

ROl 2Jii: {8 ] 3Dslicer [12]HEAT MR X 18] (11 T3 ) ], /2] 1 38 G Sl A FiRa Imafs 4120, T i s
% 1~2 mm 2) i ROI, /2) i 5 5 5 o1 53 — A U BHER T A o

2.4, BRI IFIE

1 3Dslicer {4 radiomics HEHUH FRFE, RFAERAETE: 1) —4EE 5 BIRHIE, SFERKEME. &
KAl /M TTZEFNE AL 2) TOIRESAE, A045: 3) SUHHAFE, (045 GLCM 454E. GLSZM 454E. GLRLM
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FFIE.NGTDM ik, GLDM FffiE. 5T J5 o UG AT hr s iy i A8k S /INBAR 4, 43 0] T84k JE R
PSR ISUBAFAE, —FEFRIBURFAE 955 Ao

DG A, AR AR 8 SR FH AR A A 23 B 25 B I 5 P R A1 LA AR LA PR ARFAE
TSR FH 5 /N W4 A 3%k 3% 241 (least absolute shrinkage and selection operator, LASSO)fiiik, #4453 41
FRRFIE AR

25. MEER

Kbz A AHRFAE 0 A FIBEHLAR AR . SVM. 28R [ml A Skt AT MR vy, SR B — 38 Rk,
[RETAERR, B RIS RPN R AL R . FEX =R R S5 RAT delong £ 56, PPAS = A4
TEARIRNE -

3. SKHER

ghER EE] 113 F), SEECHZERRAE 944 B, ZRERFHEAR S b (IE 0.6) &% LASSO [H]JH 7k
J& T AL 41 R N A

IRYEFENLARA . SVM. ZH[EE =R A IRIES R IR 1. & 1. B L aTLUEH, FEPLARMK
RO AF 25 Brh AUC 0.934, 1 T LAl g A i Y

[FJ A =R BB TR 45 S HEAT delong K6, K045 5 W3 2, ARSI 45 SR nT A w2 [ i3 22 5

Table 1. Comparison of experimental results among random forest, SVM, and logistic regression validation sets
= 1. BEHLARM . SVM. 1B1EEVIIEE LI LA RITEE

Sy ACC AUC Feitifn

Randomforest 0.85 0.934 0.9459

SVM 0.82 0.869 0.7789
LogisticRegression 0.65 0.739 0.5

ROC for label = 812

1.00
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ROC
2
> —— RandomForest-261305(AUC=0.934)
= 0.50 4
S —— SVM-261306(AUC=0.869)
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Figure 1. Random forest, SVM, logistic regression ROC curve
1. BEHLER#R. SVM. 1B38EY3 ROC #h%k
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Table 2. Delong test for experimental results of random forest, SVM, and logistic regression
= 2. BEHLARMR. SVM. 1BIBEYASLIGLER delong 436

B3 AUC iR 95% ClI z p
Random Forest-SVM
Label = [A]35 0.934 0.012 0.911~0.957 4.452 0.000™
Label = |7 0.869 0.019 0.831~0.907
Random Forest-Logistic Regression
Label = [a]48 0.934 0.012 0.911~0.957 8.624 0.000™
Label = [a]3g 0.739 0.025 0.689~0.788
SVM-Logistic Regression
Label = [a]48 0.869 0.019 0.831~0.907 5.439 0.000™
Label = jaj7s 0.739 0.025 0.689~0.788
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RUHEFLF, BT 115 BRI CT S8 5 S0k, $REUH SAFME 944 Fh, 225 RRAEAR DA 23 #r (1
{8 0.6) &% LASSO [al A7 16 5 Tl RAFAE 41 B, G2 FHBENLARAR . SVM. HR R H =FhpLa8 2 ) B0k, Mgk
S SRR TN BRI A S R, R LA R 2 (A 2 5 R EE , BEALAR AR
MLAS SLF0 TR ) 1 R4 MR XS 2 4 P iRl R R B £ (ACC 0.85; AUC 0.934; F&ffiJ 0.9459), H =¥
HEHBEES . ULIRE T8 F B A AR Tl 5 BRI ARR 0 B R VA AT 4T

EZIEA A b SR ) 1) AT IR 113 1], R, AR R AR
5 o A ANIEI 5], 38 T AN AR 45 5 PR 25 . 2) DKM IR 2, A S SR P ) 2 B — 28 XU BRIE
ZAMRIGUESE, TSy I, FEEARIGIE, YRS A R S

W3S 2 5] P B A T AR SR AW 2 T R S D RS Ak,  IE HEE e, By AT\ 781X TR o
Wz ik, MARHSENRSISE CEF 2R, XS R AIE AW — DR R I e B AR A A
I R s FH BV BB R AT B, Rk, Bl N TR BEARE A SRR, DL B2 24 A% R B8 (O T R b
AL, NG 244G 5180 )5 171 [13]-[20] -

SE 0w

[1] Lambin, P., Rios-Velazquez, E., Leijenaar, R., et al. (2012) Radiomics: Extracting More Information from Medical
Images Using Advanced Feature Analysis. European Journal of Cancer, 48, 441-446.
https://doi.org/10.1016/j.ejca.2011.11.036

[21 EXK, EHFE, E5F, S0, 281, EHMW, 2R, A, RET ET CT AR5 2k PSR T fiti 5 i
Je SLARSE IR TR T T R3], DAXR 22 27, 2023, 31(5): 898-904.

[81 i&RMIZR, Z'VedE, FEGEE, SKEOTE, SKE, T30OW, BRGE, £, W8S, Bkt CT AR TS 2 i g
RS g AR B ROI /) SRS [J]. T8O 27 52k, 2022, 37(12): 1542-1547.
https://doi.org/10.13609/j.cnki.1000-0313.2022.12.014

[4] Avanzo, M., Stancanello, J., Pirrone, G. and Sartor, G. (2020) Radiomics and Deep Learning in Lung Cancer. Strah-
lentherapie und Onkologie, 196, 879-887. https://doi.org/10.1007/s00066-020-01625-9

[5] Breslow, N., Olshan, A., Beckwith, J.B., et al. (1993) Epidemiology of Wilms Tumor. Medical and Pediatric Oncolo-
gy, 21, 172-181. https://doi.org/10.1002/mp0.2950210305

[6] SN, T E3E, %iE, xieEeE, A0, 2 B, skiy, AiE, &5, S, BTN AZ N AR
5 SRR ) LB B REAH IR I PR 2 W RE 71 9T [3]. IR PR ISR 22 4% &, 2022, 41(2): 319-324.

(7] E&l, S5, 2=IC0, #Fam. LW RRAN AR [ b & E 296 J7 RS ISR/ LSRR, 2020, 19(9):
765-774.

[8] van den Heuvel Eibrink, M.M., Hol, J.A., Pritchard, J.K., et al. (2017) Position Paper: Rationale for the Treatment of

DOI: 10.12677/acm.2023.133626 4372 I IR = =23t e


https://doi.org/10.12677/acm.2023.133626
https://doi.org/10.1016/j.ejca.2011.11.036
https://doi.org/10.13609/j.cnki.1000-0313.2022.12.014
https://doi.org/10.1007/s00066-020-01625-9
https://doi.org/10.1002/mpo.2950210305

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

Wilms Tumour in the Umbrella SIOP RTSG 2016 Protocol. Nature Reviews Urology, 14, 743-752.
https://doi.org/10.1038/nrurol.2017.163

Perlman, E.J. (2005) Pediatric Renal Tumors: Practical Updates for the Pathologist. Pediatric and Developmental Pa-
thology, 8, 320-338. https://doi.org/10.1007/s10024-005-1156-7

HRABEE 20N JUAMRNE Gy i JRAMRF AL L BE IR 2T B R ILIR). 4R/ LAMRHR &, 2020, 41(7):
585-590. https://doi.org/10.3760/cmajcn421158-20190805-00479
PDQ Pediatric Treatment Editorial Board (2022) Wilms Tumor and Other Childhood Kidney Tumors Treatment

(PDQ®): Health Professional Version. In: PDQ Cancer Information Summaries, National Cancer Institute (US), Be-
thesda.

Kikinis, R., Pieper, S.D. and Vosburgh, K.G. (2014) 3D Slicer: A Platform for Subject-Specific Image Analysis, Visu-
alization, and Clinical Support. In: Jolesz, F.A., Ed., Intraoperative Imaging and Image-Guided Therapy, Springer,
Berlin, 277-289. https://doi.org/10.1007/978-1-4614-7657-3 19

Zigte, BAEE, RV, BT, B, EXA. T T2WI KEhaSxT L MRI 5258 4 A5 R Tl 20
Mg w2 [3). A B I R AE 7T, 2023, 36(1): 34-39. https://doi.org/10.13429/j.cnki.cjcr.2023.01.007

T, XHAF, T, ESE, KR, KER, BREMR. BT CT AR 245 6 I PR R AGRR A T =) 30 e 44 45 0
FES AT T RLI]. TR A2k, 2023, 38(1): 20-26. https://doi.org/10.13609/j.cnki.1000-0313.2023.01.005
T, AT, TR, BOLI, %K, EHE. BT DCE-MRI FS154H 2% e & T i 1) e S i [ 25 Ak 7
SBANMEI]. WAL AE Ty R 2 (B AR AERR), 2023, 39(2): 11-17.

FIREE, XT=E, BRAULWE, S35 BN BT MRI R SR = MR R IR R[], 70 T R85
ek, 2023, 46(1): 164-169.

Wu, Y.J., Jiang, W.Y., Fu, L.Y, et al. (2023) Intra- and Peritumoral Radiomics for Predicting Early Recurrence in Pa-

tients with High-Grade Serous Ovarian Cancer. Abdominal Radiology (New York), 48, 733-743.
https://doi.org/10.1007/s00261-022-03717-9

X, R, A, AT, BN, B RIS R TR EOAD]. hE B SHEAg, 2018, 35(9):
1043-1049.

Sebastian, S., Alexander, Z., Karoline, L., et al. (2023) Longitudinal and Multimodal Radiomics Models for Head and
Neck Cancer Outcome Prediction. Cancers, 15, 673. https://doi.org/10.3390/cancers15030673

Ge, G. and Zhang, J. (2022) Feature Selection Methods and Predictive Models in CT Lung Cancer Radiomics. Journal
of Applied Clinical Medical Physics, 24, €13869. https://doi.org/10.1002/acm2.13869

DOI: 10.12677/acm.2023.133626 4373 I IR = =23t e


https://doi.org/10.12677/acm.2023.133626
https://doi.org/10.1038/nrurol.2017.163
https://doi.org/10.1007/s10024-005-1156-7
https://doi.org/10.3760/cmajcn421158-20190805-00479
https://doi.org/10.1007/978-1-4614-7657-3_19
https://doi.org/10.13429/j.cnki.cjcr.2023.01.007
https://doi.org/10.13609/j.cnki.1000-0313.2023.01.005
https://doi.org/10.1007/s00261-022-03717-9
https://doi.org/10.3390/cancers15030673
https://doi.org/10.1002/acm2.13869

	基于增强CT的影像组学用于术前儿童肾母细胞瘤病理分型鉴别可行性分析
	摘  要
	关键词
	To Study the Feasibility of Radiomics Based on Contrast-Enhanced CT for Preoperative Pathological Classification of Wilms Tumor in Children
	Abstract
	Keywords
	1. 引言
	2. 实验过程
	2.1. 病例选择
	2.2. 分组依据
	2.3. ROI区间勾画
	2.4. 影像特征提取及筛选
	2.5. 构建模型

	3. 实验结果
	4. 讨论
	参考文献

