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[ Abstract | Objective: To develop a dual-center magnetic resonance imaging (MRI) radiomics nomogram for preoperative
prediction of risk stratification in endometrial cancer (EC). Methods: Patients who underwent MRI examinations prior to surgery
were collected and anlyzed at Shaanxi Provincial Cancer Hospital (Institution 1) and Xi” an Central Hospital (Institution 2) between
September 2015 and February 2022 and were confirmed to have EC by postoperative pathological examination. Tumor segmentation
was performed manually on axial T2-weighted imaging (T2WI) and apparent diffusion coefficient (ADC) images using 3D Slicer
software. Radiomics features were extracted from intratumoral, peritumoral, and combined intratumoral and peritumoral regions.
Least absolute shrinkage and selection operator (LASSO) regression was applied for feature selection, and radiomics models were
constructed for different sequences (ADC and T2WI) and tumor regions. Diagnostic performance was evaluated via area under the
curve (AUC), and the optimal model was selected. Clinical parameters, tumor volume, tumor size, maximum anteroposterior tumor
diameter on sagittal T2WI (APsag), and tumor to uterine area ratio (TAR) were screened and integrated with radiomics features
using logistic regression (LR) to build a clinical model. A combined MRI radiomics nomogram was developed by integrating the
clinical and radiomics models. Model performance was assessed through receiver operating characteristic (ROC) curves, calibration
curves, and decision curve analysis. Results: A total of 293 patients with EC pathologically confirmed from two institutions who
underwent preoperative 1.5 T MRI were retrospectively enrolled. Institution 1 contributed 233 patients, randomly divided into
a training cohort (#n=163) and internal validation cohort (#=70) at a 7 : 3 ratio. Institution 2 provided 60 patients as an external
validation cohort. Finally, 9 radiomics features significantly associated with EC risk stratification were identified. The radiomics
model demonstrated high diagnostic efficacy across all cohorts (AUC,;,,ne=0.926, AUC;;cmat vatigation=0-912, AUC ernat vatidation=0-869).
Incorporation of clinical parameters into the nomogram further enhanced performance (AUC,;;5ing=0.949, AUC; cmat vatigation=0-951,
AUC . emal vatidation=0-932). Conclusion: The MRI-based radiomics nomogram exhibits robust predictive accuracy for preoperative EC
risk stratification, offering valuable guidance for clinical decision-making.

[ Key words | Endometrial cancer; Magnetic resonance imaging; Radiomics; Nomogram model; Preoperative prediction; Risk
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Fig.1 Methods for measuring tumor morphological parameters

A: I T2WIE, MEmRER (x) o BER (y) o B: JARMT2WIE, WHEIE F TR (2) RISIRM IR KHTG#E (APsag) . C: #il
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Ukige, WRIER., BE¥ SR EREGASR
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Fig.2 Flow chart of study design

F1 293BIECEEMIEKR R EREZER

Tab.1 Clinical and pathological data of 293 patients with endometrial cancer

Fks wn (%)

WAL (n=163)

NEBERIELL (n=70)

AN IEL (n=60 )

FHE IR (n=64) AR (#=99) XU (n=28)  ARAIRAWS (n=42) RAES (n=26) ARG (n=34)
R 523+7.0 56.1+8.1 0.003 50.5+7.0 563+7.9 522+82 56.4+83
iﬁﬁﬁJ) 3224738527  52.950+99.112  0.074  19.650+9.459  98.668 +333.807  21.753+12.600  31.679 +27.718
HEF 590

1% 6(9.4) 1(1.0) 4(143) 0(0) 3(11.5) 0(0)
24% 58 (90.6) 46 (46.5) 24 (85.7) 23 (54.8) 23 (88.5) 19 (55.9)
3% 0(0) 52 (52.5) 0(0) 19 (452) 0(0) 15 (44.1)
= e

EALZ 64 (100.0) 44 (44.4) 28 (100.0) 17 (40.5) 26 (100.0) 16 (47.1)
RILZ 0(0) 55 (55.6) 0(0) 25 (59.5) 0(0) 18 (52.9)
B ] R AL

FE 0(0) 36 (36.4) 0(0) 21 (50.0) 1(38) 2(59)
[ 64 (100.0) 63 (63.6) 28 (100.0) 21 (50.0) 25 (96.2) 32 (94.1)
LVSI

PR 0(0) 43 (43.4) 0(0) 28 (66.7) 0(0) 23 (67.6)
[ 64 (100.0) 56 (56.6) 28 (100.0) 14 (33.3) 26 (100.0) 11 (32.4)
NSk

M LA 0(0) 9 (9.1) 0(0) 0(0) 0(0) 4 (118)
MESNT o0 4(40) 0(0) 0(0) 0(0) 0(0)
AR /em® 7709 £ 13721 28.752+54.362  0.000  6.966 5.752 28.355 +36.165 8.241+10.454  20.254 +28.603
JiiE e KA /em  3.426 = 1.604 4.866 +2.525 0.000  3.350+ 1.207 5.288 +2.259 3.474 +1.828 4237 +1.905




348 X, A ZBEIMRIEARG 25 L AR FT 0 T8 PR XU 53 2 1 A
&gk
» YA (n=163) NI (n=70) AMREHIELL (n=60 )
i MRARE: (n=64) AEMRAE: (n=99) Hit TR (n=28)  AEMRMUS: (n=42) IR (n=26) RS (n=34)
APsag/cm 1.406 + 0.674 2.626+1.366  0.000  1.484+0.597 2.835+1.545 1.628 + 0.986 2216+ 1271
TAR/% 23.041£10.977  41.278£18.663  0.000 26.804+14.517  50.396+23.153  20.128 +13.23  33.487  20.060
FIGO434
1 64 (100) 53 (53.5) 28 (100) 17 (40.5) 25(96.2) 20 (58.8)
la 64 (100) 24 (242) 28 (100) 6 (14.3) 25 (96.2) 7 (20.6)
Ib 0(0) 29 (29.3) 0(0) 11 (26.2) 0(0) 13 (382)
1 0(0) 24 (242) 0(0) 13 (31.0) 1(3.8) 4(11.8)
m 0(0) 21 (21.2) 0(0) 10 (23.8) 0(0) 8 (23.5)
Ma 0(0) 8 (8.1) 0(0) 1(24) 0(0) 2(59)
b 0(0) 0(0) 0(0) 0(0) 0(0) 1(29)
Mecl 0(0) 9 (9.1) 0(0) 6 (14.3) 0(0) 5(14.7)
Mc2 0(0) 4(4.0) 0(0) 3(7.1) 0(0) 0(0)
v 0(0) 1(1.0) 0(0) 2(48) 0(0) 2(59)
Va 0(0) 1(1.0) 0(0) 1(24) 0(0) 0(0)
Vb 0(0) 0(0) 0(0) 1(24) 0(0) 2(59)
ESMONX; 432
RIS 64 (100.0) 0(0) 28 (100.0) 0(0) 26 (1100.0) 0(0)
rhUXUR: 0(0) 6 (6.1) 0(0) 4(95) 0(0) 4 (11.8)
e XU 0(0) 24 (24.2) 0(0) 8 (19.1) 0(0) 12 (35.3)
TR AL 0(0) 69 (69.7) 0(0) 30 (71.4) 0(0) 18 (52.9)
2.2 HGREFRFEREUR ik Z UK . R0, P<0.05AYFRNE w07 H

T T2WILKADCKE], MT2Wly, . T2WI
jv ADCyypy . ADCyy I VOIH AT 1 036
AR FRE, A5 PR E . ZBRHE . =
BYREIE . (1 FHLASSOIRIHRELE, T2Wly, . T2WI
s~ ADCopyy« ADCop 3 3 O B BYRFIEBCH 74 |
64~ ST

FRAFWY, R IARFR, M K4E, APsag, TAR
(#£2) .

BAELRE /N, BEFR, MmEiAR,
J i K1E, APsag, TARET»WEECJXLI@%E?T@
ZRAGIE XL

ZHNZLRE N, 11%?—@\ APsag. TARN%

2.3 IaERRESFESHLRIHIE SECKUS 53 J2 B faps 2R (3R3)
TR 5 AR R EC IR R X IE 2522281
%2 ECEAMRESIERRKEERAABNSHLILE
Tab.2 Comparison of parameters between low-risk and non-low-risk groups among patients with EC
28 HUE1E T (n=233) TR (n=92) AR LL (n=141) Pl PfE°
ik 54.41+7.99 51.77 +7.26 56.14£7.97 <0.001 <0.001
R AR em’ 20.282 + 40.433 7.483 + 11.779 28.634 +49.339 <0.001 <0.001
J¥E e R A /om 4.364 +2.252 3.402 + 1.480 4.992 + 2.440 <0.001 <0.001
APsag/cm 2.191+1.324 1.429 + 0.645 2.688 + 1.414 <0.001 <0.001
TAR/% 36.149 +20.093 24125 +12.127 43.994 + 20.380 <0.001 <0.001

a: UKiS:; b: tfige.
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Tab.3 Univariate and multivariate LR analysis for the selection of clinical parameters

S HHELR ZHELR

OR 95% CI PfH OR 95% CI PfH
AR 1.078 1.039~1.121 <0.001 1.066 1.019~1.120 0.007
JiEg A 1.077 1.045~1.116 <0.001 0.993 0.971~1.032 0.682
Ji e e KA 1.576 1.332~1.903 <0.001 1.084 0.836~1.415 0.548
APsag 4723 3.084~7.693 <0.001 2.927 1.507~5.953 0.002
TAR 1.080 1.056~1.107 <0.001 1.034 1.006~1.066 0.019

24 BEFIRESFIESRBAFRENHE

ER A T2W Ly L T2W L iy M T2 WHR A X 5k
ZH2FRR A ADCyyp A ADC g P ADCIR &
IR 2, 23 LASSOA S, T2WHES
X I 2H A B RLR B O FEIE , ADCIR A X34 2%
BEAL LR BE 8 IRHAIF o

KA T2WIFIADCIR & X 4] 2= S50,
P2 TP AR A IR 2R, 285 LASSO
BIEJE, AR MFIESE (R4) .
2.5 HGEAFEENHE

LRI HEMRIAR A A58, AUFEADCy,
sr ADCy T2WIy o T2Wlyy . ADCo s -
T2Wlpyonn (25) o HEMRIZAGA FAEAI
Joie Nk rhik E N ER I IEAL, T2WILEADCHH
JEAIZ W Re S I8 N o I8 N B TR B 1) 12

W REOL T FR kR N B8 ] . FIHIADCyyp+ADC
s T T2W L+ T2W K, WEZ P I8 41
SRR, BUAS EAIZWRLEE ( AUC44=0.926,
AUC yyi=0.912) o

R4 MBPRALERNSY

Tab.4 Parameters for constructing the radiomics model

527 [X 45, FEIE

ADC JEN original shape LeastAxisLength
ADC RN wavelet-HHH_firstorder Skewness
ADC JE original glem Imcl

ADC J@JE  wavelet-LHL _firstorder Minimum
T2WI JEIN  original_glem_Contrast

T2WI JEN wavelet-HLH_firstorder Skewness
T2WI JEN original firstorder Kurtosis

T2WI | original _shape LeastAxisLength
T2WI I JEl original _shape LeastAxisLength

&5 MRIZGEFREWSHEGAR NEPRITARIISH AL

Tab.5 Diagnostic efficacy of MRI radiomics model parameters in the training and validation cohorts

Pl I UEL
Y
AUC (95% CI) WERRRE /% HRREE%  REUEY%  AUC (95%CL) HERIRE /% 55 EE/% 2%

ADCyp 0.794 (0.773~0.845 ) 73.1 77.78 6837  0.765 (0.743~0.804 ) 70.59 71.43 69.77
ADCyyy 0.842 (0.809~0.876) 79.19 80.61 77.78 0.828 (0.788~0.865 ) 74.12 76.74 71.43
T2Wly 0.821 (0.788~0.845) 73.6 76.77 70.41 0.818 (0.769~0.853 ) 71.76 73.81 69.77
T2Wly 0.851 (0.817~0.892) 7411 77.78 70.41 0.851 (0.813~0.876) 72.94 83.33 62.79
ADCpisrm 0.858 (0.842~0.897) 77.16 76.60 77.67  0.841 (0.823~0.892) 72.94 65.96 81.58
T2Wlgpy 0.871 (0.858~0.911) 80.2 81.25 7921  0.863 (0.835~0.896) 75.29 73.33 77.5
AR 2R 0.926 (0.889~0.965 ) 85.79 88.42 83.33 0.912 (0.876~0.934 ) 82.35 76.09 89.74

SR ERN ADCogyy - ADC gt T2 Wi+ T2 WL MR 22 PSSR .
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Fig.3 Radiomics nomogram

*6 IaKEDR, HRAFERKPGAFINEERERAEISGH. NEBKIELARIMRIIEARIS BT 8E
Tab.6 Diagnostic efficacy of clinical model, radiomics model, and radiomics nomogram model in the training, validation and external

validation cohorts

Pl PRI HIRYEIE
B e (osecr)  MEE BRSSO oo o oy MER AR R AuC e 48R R Pl
’ K% JEI%  JEI% ’ BE% Y% FE% (95%CL) % FE% %

IR 0.850 0.846 0.771 a
e (0.812~0.886 ) 78.17 79.8 76.53 (0.810~0.877 ) 75.29 71.43 79.07 (0.736~0.825 ) 76.67 80.77 73.53 0.042
AL 0.926 0.912 0.869 b
ST (0.889~0.965 ) 85.79 88.42 83.33 (0.876-0.934 ) 82.35 76.09 89.74 (0.786~0.867 ) 86.67 88.46 8529 0.216
w1841

Aty 0.949 0.951 0.932 :
AL c
%{ﬁ (0.912~0.978 ) 88.32 84.88 90.99 (0.916-0.982 ) 85.88 92.36 82.44 (0.894~0.988 ) 93.33 94.12 9231 0.013

a. b, cyDeLonghGl, allli KHRL S QA FARI LA bISIRAL P RIRL S SR P IR IR LA, cRARZE " ) 2R IR 5 1 PRAE
TILERL
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