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Intratumoral and peritumoral magnetic resonance imaging radiomics combined with clinical

characteristics to predict lymphovascular space invasion in cervical cancer
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1. Department of Radiotherapy Physical Technology, the People's Hospital of Guangxi Zhuang Autonomous Region, Nanning 530021,
China; 2. Department of Engineering Physics, Tsinghua University, Beijing 100084, China

Abstract: Objective To investigate the value of a nomogram model constructed from intratumoral and peritumoral magnetic
resonance imaging radiomics combined with clinical characteristics in predicting the status of lymphovascular space invasion
(LVSI) in cervical cancer. Methods A retrospective analysis was conducted on 178 cervical cancer patients confirmed by
postoperative pathology, with 70 cases of LVSI (+) and 108 cases of LVSI (-). The patients were divided into a training set
[ 142 cases, including 54 cases of LVSI (+) and 88 cases of LVSI (-)] and a test set [36 cases, including 16 cases of LVSI (+)
and 20 cases of LVSI (-)] at a ratio of 8:2. All underwent magnetic resonance imaging before surgery, and regions of interest
were manually delineated layer by layer on the T,WI sequence, with the peritumoral region being uniformly expanded
outward. Univariate logistic analysis was performed on clinical factors to select independent factors for cervical cancer LVSI
(+). Radiomic features were extracted separately from the intratumoral region, the peritumoral region, and the intratumoral-
peritumoral region to construct radiomics models, and the differences between the peritumoral and the intratumoral-
peritumoral models were compared. A combined model was established based on the radiomics scores of the optimal
intratumoral-peritumoral model and clinical independent predictive factors, and a nomogram was plotted. Receiver operating
characteristic curves were used to evaluate the diagnostic performance of each model, and decision curve analysis was used
to assess the clinical value of the models. Results The combined model demonstrated the best performance among the
various models, with AUC of 0.970 in the training set and 0.803 in the test set. Conclusion Intratumoral and peritumoral
magnetic resonance imaging radiomics combined with clinical characteristics can effectively predict LVSI in cervical cancer.

Keywords: cervical cancer; radiomics; magnetic resonance imaging; lymphovascular space invasion

[ 48 B #312024-02-01

[EETE VI 94 X TR R R (Z-A20230042) ;) P4 BESF TADE BHARIT & S BT H (52022014)
[1EE BN Ik 4 Lo AR, R FN 58 I < SR A A6 8 Bt vh ¥ 17 L E-mail: 921389005@qq.com

(@15 1?%‘]%%% ,E-mail: th0624@163.com.



L850 - i B S A $41%
s PREERGAT 12 R B S0 ; @R FE MRS 2 i A 4257

BV AT R G iR DR —,
TEBR A PSR S Bt T Ee b HER A = T
RSO B I WL Ik EL kA AT iR (LVS D
W FR N WA T, 2 G P g B — I R HE 42

AR AR 2% T A AR ELAE R GE. LVSIYAAAEXS
Jihea e AT FE B R L, kL 5 A R g
AR =, BURBE UG A R o MRS E S ELR A
% 2% (National Comprehensive Cancer Network ) & Afi Y
2023 41~ B BRI RS EAE ), LV ST Ry B s )
PR Z —o MAM, WFFEUESE LVSTZ B 8 & AE ik
ELEE SRS I ST FE IS PR 2R, T DAAE— s R L 4T
SR ELZE e RS VA RS o DA By S o 2 22
OCTE IR AR B AR, /0 7% SR e Jo] Rl ) R IR 2=
SRTAH AT B R RO X TPk g 4= 28 1A=
YA A EEAE ™ L, AR B 7R
T N S i MR A ARk 55 1 R AR AL S rry K
A THOMAS Y | 7 S50 $50988 AR T LV SRS A MIME

1 BARETE

1.1 RIS

B ST 2019 4F 1 H ~20224F 12 A ) PRH:% A
1A XN B E B 2R 5 R FRRIZ 1Y 178 151 5 05 5 %
BE, BEFW 27~82 4 X514, Hodh 70 4 LVST BHM:
[LVSI(+) 1,108 {7 LVSI F [ LVSI(-) ] 5 #2216 8 : 2 A7)
R INZREE [ 142051, 54 ) LVSI(+) .88 451 LVSI(-) | Al
RAE[36 41, 16 ] LVSI(+) 20 LVSI(-) ], it H#H
(G R GERE, CLFRARIE 2T 8 (1 R S5 56 RS ks
MAEEE 18I H o gIAFRIE: OE SUEARTAA G i

a:MR T,WI

b: ffJE ROI(LI &)

A BA YT S AIGTT s @ARHT 14~ H N#:5Z2 3.0T MRI
Koy s IR A Bkt HEBRARE : OIGIRTORAN A
QENG BT AERF K s IR AL 78 s AR T
ZARIT s @G I AN . A RS GRS
T AP AR XN R B B B St (Gt
WESCS 1 KY-ZC-2023-053) , ik 32 18 0 W) &
1.2 MEHEA

% H Siemens Magnetom Trio 3.0 T #Z3:HR1Y, 14
W 8 38 1 AH A MRk B, R AR 45 MR, ML S
B P [ e B T, W, M8 (Field of View, FOV)
400 mm=400 mm, 5 %2 i} [i1] ( Time of Repetition, TR)
500 ms, [AIJ% 5 [E] (Echo Time, TE) 13 ms, JZ/5 4 mm,
[A]FE 1 mm, 04 202x384 , JURH UKL 2 5 DRk 1 T [l g
T,WI,FOV 400 mmx400 mm, TR /550 ms,TE &3 ms,
JZJE 4 mm, [A]5 1 mm, iP5 202x384 Ak E 2.
1.3 BGmAZEFNE &S E

XF T A SR () FE 3 MR B T A B, 8 5, %o
PR IEAT N4 fii B AL IE LA KRt 22 [0, 1177, H, #s
FHGE R E AR 1 mmx] mmx1 mm", 55, 7EHikb
PRI EUG L T X A) i, f— 24 R R BRI
(HAT SR 15 256 [l ] 3DSlicer4.10.2 414+,
TETRAL T, WI L5kt 2502 J 2T 50y ) 1 e Jek
X (Region of Interest, ROL) 345 — 4k 25 FUB S BRIX.
(Volume of Interest, VOI) , WL 1. HeJi th 55— &4 i
FHRI FAT BRI (A 10 4E AR 2295 ) (5 HIAR R 4
X /2] 1 ) ROTHEA T IA RS i (AnF52E) o FARFA7E
CL A TA ) I A2 1) ROTCIEE ) By | [ 3l FLa Aok
PRI 2.4 .6 .8 mm) BN 1) X e 298 Y
DX B A5 38096 & X35

c: [ VOI

1 &EF T,WIAH L %ZE B E VOl R EE

Figure 1 Schematic illustration of delineating the volume of interest layer by layer along the lesion margin based on T,WI
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Table 1 Basic clinical information of cervical cancer patients

FHAIE A (n=178)  YIZdE(n=142) Mk (n=36) x* PAH
e (Rs)/ % 51.91+10.39 51.114£9.90 55.06£11.75 -2.052 0.042
BB 199 (F+s)/p-mL! 11.05+12.75 11.24+12.79 10.55+13.14 -0.552 0.638
PP 125 (F+s)/p - mL! 12.87+12.87 12.49+12.80 14.78+15.49 -0.013 0.421
28 1 4(&+s) /pmol - L 60.85+20.87 60.45+21.10 61.50+21.72 -0.816 0.434
AR b B TR (% £ 5)/ng - mL! 0.90+2.04 0.87+1.86 1.16+2.33 0.345 0.306
21 i (x+s)/g L 3.2140.92 3.18+0.91 3.54+1.22 -2.256 0.147
M (Z+s)/g L 39.47+3.36 39.57+3.34 39.06+3.42 0.803 0.451
218 1 (F+5)/g- L 122.50+20.00 122.50+21.00 122.56+14.32 -0.553 0.769
kLA A (x£5)/107- L 4.1142.54 4234255 3.4842.76 0.888 0.134
IML/MR (Z+5)/102- L1 287.00+78.00 293.44+68.61 289.89+93.08 0.215 0.488
RLANA LR (R25)/% 58.60+14.45 58.70+15.00 59.41+12.60 0.589 0.567
TR EL 200 A LG (e+5)/% 28.80+10.63 28.46+10.40 30.13+11.54 -0.792 0.353
WL AN A (R £5)/107- L 2.09+0.71 2.10+0.73 2.07+0.64 0.235 0.686
LT (R +5)/1012- L) 4.32+0.62 4.36+0.59 4.29+0.61 0.592 0.411
P40 T4 (R +5)/10°- L 7.25+3.07 7.45+2.86 6.70+4.07 0.802 0.252
A E R (R+5) kg - m? 23.57+3.23 23.59+3.25 23.52+3.16 0.123 0.904
WS R [B(%) ] 0.079 0.984

T 151(84.83) 121(85.21) 30(83.33)

H 27(15.17) 21(14.79) 6(16.67)
NFL I EE (%) ] 0.049 >0.999
e 37(20.79) 30(21.13) 7(19.44)

e} 141(79.21) 112(78.87) 29(80.56)
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Table 2 Predictive performance of peritumoral radiomics models in cervical cancer

TR HiE s AUC(95%CT) b U S R
" YISE 0.802(0.730~0.873)  0.725 0.759 0.721
JER N o
MERSE 0.741(0.578~0.903)  0.694 0.812 0.600
» YIZEE  0.765(0.686~0.844)  0.662 0.704 0.636
2 mmJg
MREE  0.675(0.493~0.857) 0.639 0.625 0.650
B Y4 0.826(0.760~0.893)  0.761 0.685 0.807
4 mmBEBA
MEAEE  0.675(0.491~0.859)  0.667 0.625 0.700
4 0.812(0.738~0.886) 0.782 0.685 0.841
6 mm AR
MHREE  0.725(0.550~0.900) 0.722 0.750 0.700
" WLkt 0.827(0.755~0.899)  0.768 0.704 0.807
8 mmJEH AL
MHREE 0.716(0.534~0.897) 0.722 0.687 0.750
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Table 3 Predictive performance of various fusion models in cervical cancer

Rl A PAGITE S AUC(95%CI) WEfabE  BUEE RRERE
Y& 0.948(0.912~0.985) 0.908 0.926 0.898
JENA2 mm B A
MExAE 0.728(0.557~0.899) 0.722 0.625 0.800
. YZE  0.901(0.853~0.949) 0.824 0.769 0.841
JE N4 mm B AR
MR 0.694(0.512~0.876) 0.75 0.625 0.895
B YIggE 0.875(0.815~0.935) 0.796 0.889 0.739
N6 mmg RS
MR 0.669(0.484~0.853) 0.639 0.562 0.750
Yk  0.784(0.705~0.864) 0.761 0.685 0.807
JeA AI+8 mum 57 JR] 45 5 .
MR 0.738(0.574~0.901) 0.694 0.875 0.550
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Figure 2 Radiomic features of cervical cancer patients and correlation coefficients
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Figure 3 Receiver operating characteristic curve of each peritumoral model
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Figure 4 Receiver operating characteristic curve of each model
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Figure 6 Receiver operating characteristic curve of the combined model
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Figure 7 Decision curve analysis graph for the combined model on
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