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Explainable machine learning prediction model for the early identification

of patients with endometrial carcinoma
TONG Liyan', LIU Wei*, AN Yuepan® , MA Chong'
(1. Graduate School , Inner Mongolia Medical University , Inner Mongolia Hohhot 010110,China ;2. Department of
Gynecology , Inner Mongolia Maternal and Child Health Care Hospital , Inner Mongolia Hohhot 010020 ,China)

[ Abstract ] Objective This study aimed to develop a machine learning (ML) model based on clinical data obtained from noninvasive
examinations to predict the risk of endometrial carcinoma (EC) in women of all ages, thereby improving the efficiency of early
diagnosis of EC. Methods Clinical data were collected from 344 patients with EC and 344 patients with benign endometrial lesions
(including endometrial polyps and endometrial hyperplasia without atypia) treated at Inner Mongolia Maternal and Child Health
Care Hospital between January 2020 and March 2025. Sixteen relevant features were identified from the clinical dataset. The dataset
was divided into training and validation sets using 10-fold cross-validation. Four models-eXtreme gradient boosting (XGBoost) ,
random forest (RF), logistic regression (LR), and support vector machine (SVM)-were constructed. Model performance was
evaluated using the area under the curve (AUC) ,sensitivity.and specificity to determine the optimal model. In addition,an external
test set consisting of 142 patients from other hospitals was used to validate the optimal model and conduct sensitivity analysis.
Finally,SHapley Additive exPlanations (SHAP) were applied to interpret the model. Results Among the four models, the XGBoost
model demonstrated the best performance across all evaluation metrics and exhibited the strongest overall predictive ability. In the
training set,the AUC was 0. 96, while in the test set the AUC reached 0. 89. SHAP analysis indicated that age, platelet distribution
width (PDW) ,and the triglyceride-glucose index (TyG) were among the most important predictive factors. Conclusion This study
developed a predictive model for the early diagnosis of EC and identified several feature indicators associated with the risk of EC.
The model may effectively assist clinicians in identifying individuals at high risk and facilitate targeted clinical interventions.
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F B N g (endometrial cancer, EC) J& HEH
SRS = OB 2 — AE T R, 2022 4R YA B R
W 77 700 L BTG 13 500 HIT L T 2Bk
SRR AR T TR O L AR 5 i A A R LY
W FHEZ B R N B 2 ki E R 2R
FmE 52 EC 1 &0 R FIE TR N, JF H 2
AR B, TERR 3 45 R ik 4 X, EC & UK &
AR BE AR Gt UL P TR L 24 R R
KB 50 % T EC MU 5 16 R 5 814 % D)
KFRBWI2W EC, £ 258 i % AR & #Uil EC &9
AU o 32 10 >R RO XoF A T By 5036 7 4 it X Bl EC
s, w0 B EC 3 R S8 T 8RR oA R A
S TEHG e B ST AR AT ke bk O v i i TE R T
BRI e AU A4, DA i R IR R b i v 7 BT I K T
TR R . H . N T8 Rk 25 A REUE 42
i H ACKE B2 B v T T 2R e 1 A 45 10 U e 4
HAEMME W RFEE LT &R A RE. Plér ¥
(machine learning, ML) 7 $ J55 700 77 11 ¢ BE M B 4
HPERE A G R GE i 7 AR e, ML Al DL Ak B AT 2%
P RR AR T AN AR Sk 06 &R L BOLTE I R WF 92 iy 48
FHBR R 8 22, AT i e B N T8 Be 125 1Y) B o ik J8 ]
DLFS Bl e ML B RS, B (5 T Il K B2 A2 FLBIE 58 N B
HAR ML S0k G0 19 P o o A A th o AL A
SERHALAS 7 T L HIT & T —4 EC F 412 Wr il
DAEEAY, FF 0 H — SE 87 1 R AE T8 5

T

L1 BFRkE

AHIF S [ B P M 4 T 2020 4F 1 A & 2025 4F 3
HAAEWN S AR XA 4 P4 Be £ 52 T R 97 . Hw
HOZ Wy EC 8075 B R R 2 CRLAG T8 R
PR A TS A O S i ARG A ) 1) 688 5] f8 Y
Il PR » 73 b ik W6 N 527 AR XN R BE BE 2020
A1 HE 2025 4F 3 H 19 142 BHR L2 W EC 5T
B PR E R 7 R A I R R A Sy T

3 3 A 158 SCHR B 25 B i K S B, A BIF T A A L)
TARRAEAS B AT TN A AL A A A IR BT i K
(body mass index,BMD ¥ 4E# R B/ 44 2w
AR CREARERN L 2B AR SA
B 5 AL PN T R e 2 A P R A G I U

E5; Wik PL )7 125 Cendometrial carcinoma 125,
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CA125), At %% 9 4 C(human epididymis protein
4, HE4) BiZHT R 153 (endometrial carcinoma 153,
CA153) B2 PrR 199 (endometrial carcinoma 199,
CA199) ., 8 & ¥t J& (carcinoembryonic antigen,
CEA) | IfiL /N 5 9k B 40 ifg 1L (platelet-to-lympho-
cyte ratio, PLR) . A bz 40 Jif 55 96k E2 40 Jfd L f (neu-
trophil-to-lymphocyte ratio, NLR) . Ifil. /N 43 i B &
(platelet distribution width, PDW) . £ 48 Jfl 43 4 &
JE-A5 5 Z B (red cell distribution width-coefficient
of variation, RDW-CV) , H il = [ig 55 & % J¥ i§ & 1
JIH [ P He A (triglyceride to high-density lipoprotein
cholesterol ratio, TG/HDL-C) | H i = g % % ¥4 35
B (triglyceride-glucose index, TyG) , AWFIE3E T
PN ST FR DX IE 2 O it e 12 B 2= O3 2 B it ofe (2 B
FHS (2025 18 K 4 [007-2]15 ). 40 A bx i
ORJGHEIZ N EC 1Y B A 5 % BE S R
PELOR BB E (FARIBT AL T EURARS LT
B U1 R AU B B0 IR AR, T I A Al LA S E
M Ik L 2 A RN /B Bl Bk 55 R A5 L BT 12
WP e B B N IR ) s @ B R TR 2 3
HOT AT R R YT BRI . HEER bR e O HE
W A A A 2R 0 0 M b R L A R I D) B B A SR L A
By e M | TS D BE AN 42 5 R A 2 A 58
e B QW T GRS 58 35 L Bk R 5 O I VR A
RARTT I — A A A 52 W6 5 0E 16 b5 L W8 48 b5 09 25 9
M B s @ ARTTA 4 5 B0UR TR AE , 50 5256 %
R S
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K HI SPSS 25. 0 #RAR A B 28 08 BHHEAT GE 124 4
Br s T SR DL R £ AR i 25 (X £ )RR R AT
BEA ¢ K3, 1T B 78Rk DB ER (n) R (20) 3R, ok
X K5, SR 10 Hr 38 SUEGIE R 43 1 55 N 8GHIE
£, 43 500+ B A BR B BE 42 F+ (eXtreme gradient boost-
ing, XGBoost) . Ffi ¥l #F # (random forest, RF).
Logistic [8 I (logistic regression, LR) | 37 ¥ [] H #L
(support vector machine, SVM) PUFfiis 5, i 5 52 38
# TAVEHRME (receiver operating characteristic, ROC)
2k F i A (area under the curve, AUC) | 7 f{ & |
SR HEAT DU R A R P BE DT AN 1 e LA A,
A, U A = B 142 6195 B2 W EC 805 N K
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REPE AT

BRI AB AL B BB HE R T 30 06 i AR 4, %o
FoAR AR AT 22 5 b O ) P SE0RD 1) 504 4 A B
R SRAG I TEAT BR800 4R 23 ) A AR A T U 20 A

ZRRAG < (08 O A% 48 5% 1, 7 T 2 AR UH
RPGRBE (2 2] 38 43 BT 5 04 B /N 450 2% sl /b it COE T
SO RRAERAE LB 5 5 B/ A QE L2
O LA B BEA R EE X 7 A S EO LY 144 Fhdl &
L, FHE IS B G R A AL

TH R R4, 4.3 FEATHCHE A B 5 B, R
mice G AT Bk 2 (H AN, R caret £ g i I 452
LR M pROC A2 PF Al 5 50 1 fiE . R ) geplot2,

patchwork f1 2 €, & 1 SHAPforxgboost f, #f 17
SHAP 4 #7 .
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2.1 —f&ER

B AL U HE T 830 1] A 1 AH G HU 4l B R,
Hf EC B3 O B4 455 . F 5 9 iR K g AR
W HRAL) 375 i, WZH FEZRWER LA AT AR B bR T
PIAH A Jo 28 ™ L A T8 E IE 5 AL NLR 48 FR .
RDW-CV 48 b5 U A4~ 5 1iF L 42 22 5 6 48 i 2 8 X
(P>0.05), R 48 bR ¥ 47 W 35 25 5 (P <<0. 05), Il
1., AMREREA R KB 28 CE 57 NLR
T+ JRDW-CV FHE kit EC 19 % 4 A 5 W, #UAS BF 58
W T A R A AR iS4 A T AR AR

x1 FHELZEMEE[xLs.n()0)]
Table 1 Comparison of baseline characteristics between the two groups [x +s,n(%) ]
FRAE il 97 111 41 Xt BE 41 /X" P
FEA R
ESED) 830 57.3949. 24 43.69+10. 14 20.153 <<0. 001
BMI(kg/m?) 827 26.84-+3.74 24.20+3. 54 10. 367 <20. 001
HIAE I () 830 13.3540. 80 14.05+0. 78 —12. 896 <0. 001
BB E 211. 952 <<0. 001
5 485 163(35.8) 322(85.9)
e 345 292(64. 2) 53(14. 1)
AL 0. 660 0. 520
G 41 25(5.5) 16(4.3)
£ 789 430(94. 5) 359(95.7)
A TEHE PR L 30. 996 <0. 001
B 755 391(85.9) 364(97. 1)
H 75 64(14. 1) 11(2.9)
A bR
A IE AL 5.383 0. 056
¥ 475 245(54.0) 230(61. 3)
H 354 209(46.0) 145(38.7)
PAY I R 7 73 4 ) 48. 468 <<0. 001
7w 570 358(78.9) 212(56.5)
e 259 96(21. 1) 163(43.5)
(T3
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FRAE Bi%L 97 1 21 Xt B 41 t/X* P
P IR B o A7 A TG I O A S 66.548 <<0. 001
T 556 250(55. 1) 306(81. 8)
Fel 272 204(44.9) 68(18.2)
MLV 2% 48 A
CA125(U/mL) 815 34.77+67.11 17.66416.18 5.210 <0. 001
HE4 (pmol/L) 464 100. 97+97. 68 45.80+14. 06 9.971 <<0. 001
CA153(U/mL) 255 12.7749. 22 10. 0444, 54 2. 902 0. 004
CA199(U/mL) 392 27.67461.18 10.2746.77 4.195 <<0. 001
CEA(ng/mL) 320 2.00E2. 27 1.2040.58 4.793 <<0. 001
PLR 821 151. 9065, 47 170. 4377, 23 —3.637 <0. 001
NLR 820 2.48+£2.12 2.4842.41 —0.020 0. 984
PDW ({L) 814 13.3142.78 11.6541. 93 10. 007 <<0. 001
RDW-CV (%) 822 14.0544. 25 14.2043.12 —0.559 0.576
TG/HDL-C 660 1.50+1.11 1.134+0.94 4,569 <20. 001
TyG 658 8.84+0.57 8.41-40.50 10. 312 <<0. 001
2.2 RREKERE HEA PUA~78 5, X HAR AR BEE T 2 8 i Ah
L >30% 8 CA153.CEALCA199,
F2 HBEBHRER
Table 2 Summary of missing data
s Yl -3 E 4R R A s Ve S e 3 42
B H (%) R B0 B LB 20 Bl H B (%)
AR 0. 000 0. 000 PDW 1. 890 2.113
BMI 0. 000 2.113 RDW-CV 0.727 2.113
B A I 0. 000 0. 000 TG/HDL-C 20. 349 21.127
CA125 2. 180 0. 000 TyG 20. 640 21.127
HE4 40. 988 59. 155 BEA TS AL 0. 000 0.704
CA153 64. 826 90. 845 PR i 7 R T 1) 0. 000 0. 704
CA199 51.453 59.155 AR ER 5 6 A T LI A 5 0. 145 0.704
CEA 61.483 61.268 o= Y 2 0. 000 0. 000
PLR 0.872 2.113 2y g 0. 000 0. 000
NLR 1.017 2.113 R s 0. 000 0. 000

I T4 A AL (XGBoost Al RF) . ZEAKGLE I, 4
B AR 25 T AL G (Logistic [BIIH AT SVM),
TR ZAR L 56 R TR £ F WAE 5 . XGBoost
{14 P S5 2 B {7 L 18y AR WF 5 14 1 0

2.3 B MERITMH
459 : XGBoost fE T A1 48 b5 I R M EcfE, AUC
S} 0. 9563, RN 0. 8866, 5 5 E Ky 0. 8780, Hi#k
T IBE 1 Fc i . Logistic 815 F1 SVM P RERY i
AUC 05124 0. 9371 F1 0. 9320, 5 5§ B Fi 45 5 i 44
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Table 3 Comparison of the mean performance

of the four models

Hm AUC A 55 g
LR 0.9371 0. 8579 0.8725
RF 0.9489 0. 8897 0.8548
XGBoost 0.9563 0. 8866 0. 8780
SVM 0.9320 0. 8657 0.8518

2.4 SEEMR

x4 EASUEHEBMERELER
Table 4 Comparison of model performance before

and after hyperparameter tuning

| AUC RAE e 7
XGBoost-Tuned 0.9425 0. 8838 0. 8553
XGBoost-Untuned 0.9563 0. 8866 0. 8780

MG I — 2 A 2518 3E 2 XGBoost 1E b Jk Rl 45
RIS AT S BOR AL L 3 5 W A% 8 R X XGBoost 51 A 1

A
1.00F
0.75}
Fg
& 0.50}
®
0.25}
AUC=0.8899
0.00 B I"’ 1 1 1 1
0.00 0.25 0.50 0.75 1.00
1455

A (48 S B0 5 e B, 5 oA LB T A L, P RE 4R
THEF AR . RBOANSEC 50 8 R 0 o5 v
RE - 45 T IR Y W g B0 7E 2 — 2D 9 AF S PR TR
PR B XGBoost #E R,

2.5 EEWIF 55 A ME S

R T VTAR AR ¥ 5% S5 A AR AR A AN [w) e 2 {1 Ak 8
T AR A M, A BF 5 8 T I SE T SO S BT
M 3o L R A A AN EOHE 5 I R SR AT s B I
{18 T A A AR 000 3k 4 ) I A 2R T LA O e
1 A2 35 w6 S 75 X A5 D M i B R o, DA T B
SRAFTEAS IO I A S S Ui R . Ak BURE S B
0 B i 3 B R A AL BT VR SR AL T ARTE . 1
SN IR UE 4 b, F HE R R (XGBoost) 16 A [a] Bk 45 1
A BRI T T BE SR — BOR A, S5 R
1L HANECHE BN 2R B R AUC 24 0. 8899, il Bk
BrRATEE EUIZRRIELLE AUC K 0. 8774,

B
1.00F
0.75}
i
& 0.50F
™
0.25}
AUC=0.8774
0.00 B I,/ 1 1 1 1
0.00 0.25 0.50 0.75 1.00
1455 B
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Fig. 1

MBS S ] DL AN [ fi 2 Ah B 5 ik
Xof R ) T BE 3 52 /DN o AR X fke R A A B SR
W B A B i AR A P . BEORD ECHE T AR Sy R
T d5e IAR A T AE A, [ if O 457 450 B P R, 0%
SI TSR] A ) e 2 R A R T AR AU 1 B 22
SN R B R YRR R

2.6 SHAP St 5T # 4k

T 2,78 A P A R B T = AR
Y G248 % SHAP {H 1. 557) \PDW (3F- 2 4 %
SHAP fH 0. 841), TyG #8 %t (F ¥4 45 X} SHAP {H

24

R 5 1B 4b 72 3 & 3T AR B 14 BE B9 2 I

Impact of missing-value handling strategies on model performance

0.690) , i B I IR0 2 - A7 W DR A sl (O 34 48 %6F
SHAP {4 0. 035) , BE%& & .PDW.TyG.CA125 %
38 K EC % A g JRUBS th 38 K

AR 5 RO RS KR - IR R SESE R . B R
WEACAT I 1) T 7 A5 R 0I5 k4 5 L 4R 4T
I 2 B ) EC O KUK (9 5 N B X 5 I R 52 PR
R A 3,

TyG 5B ME 2 EAHE LR, MK TyG frifE
ARAE 7T BE 5 B MK A4 R KU 4 G, T = Ty G A i1k
B O H 2 T 0) i W B R L 4,
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TyG |0.690 o e -
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BMI (0.295 - A o
g4z (G/”) (0.279 C (-
PLR |0.241

NLR |0.174
TG/HDL-C [0-170
REHS(E/R) |0-153
Bk GA B/A) [0.114
RDW-CV |0.079
Zap= s (Jo/H) |0.054

BE R 52 (B/A) [0.035
-4 -2

7Y [B] P
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SHAP{E (A8 28 i th #7511
RFEAE
i

It

B 2 SHAP ¥R
Fig. 2 SHAP beeswarm plot
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Fig. 3 SHAP dependence plot for age Fig.4 SHAP dependence plot for TyG
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D3 PEI2 W (4 BT 46 B 7E — 8 B B b BRI T LR
F s BRI 45— 0 43 L A SE R . R , AT
R S R T & AR QI 455 P 2 W 5 kL SEEL EC 0 TR
T B LI T L 9 S B R RS I R R FH L A R A
BT A N IR B A5 B BE HLAR bk (RF) ke 0
Y2t 5 EC W A KUK . H T B G L b DCORn A= 3 2
B b 25 5, ZAR A IR AR e S T rh E a4
Pergialiotis %5 JF & BA5 B XA 46 28 I 4 1L i R Y
EC 52 W00 A 4 i 1 o 6 1 o (R A BF 5 A0 7 oK
B 7 A HE (8 46 28 i 2 M) T 9 B0 T B8 e I 25 6
BE(AUC=0. 96) , H.id it M Bl (AUC=0. 89) ik 5
TR AR AR M TR R S M T A% G U A 0 4 28 0k
A5 R SR AR . o EC 1Y R R T %
W T A,

3.1 B E S HEEIEM

AT T T ASE A B R A T 16 AN AR AR
LGN I GETF 2 RRAE B 75 38 B A1 S5 56 % 48 b, X 2
RSSO T N2 TSI RN YN Y
o M AZR AR AR B NS . A A T R
Gi 2 MR o B (10 XU R 2R 1 AN AR i 4 2R3
A BMI 45, BRI LLAb 38 6L 455 52 30 %8 48 b S 75 4
B, PDW ., TyG ., CA125 . N B 8 5 {0 A4 6 I 3 15
S RIS UK TyG 8 50 A U A R, HF 5%
45 R W], XGBoost #1876 T M 6e 1 1 3 L T 2
LT (AUC=0. 96) , Hili it SHAP 0] fif B4 53 #r
R T AR LI/ 53 AR 58 BE (PDW) FLH il = iR -
MR B (TyG) AE y ¢ 8 B0 B 7 iy 22 1,
SHAP #f [l i m AR I 3 K 5 EC KUK 2 1E A7 G,
6 EC @ & T Bl s 22 80 J 8 45 20 PR I WA 790 2 ¢
fiE, BEFEUESE T TyG 806 EC MBI (6, X 5
EC %9 i AL Can BE e W% B ) = W4
WRI T PDW ) 52 1000 A, 42 7 1/ Bz A 5
I RIE I BE AT 62 5 EC & 24E . 45 & IR 09 & e
FFAE

3.2 XEWHNE FM#HEIE

ARWFIEE UK TyG 48 B0ah A B0 A AL, [ i %
B TyG $8HO0 BRI T (¥ 57 8k B2 38 e H. TyG 54X
5 EC B MK RIEM G, TyG fREUR T4 R 51E
7z R — A AR P R B L AT 2 I PR A 5T
TR ZE B A EC k8 v iy F 8Om0k, 1

& -
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Hh e 1 R B A B0 T B v P SRR L
JE 23 S BUBE B AP, X S0 ok 4 R A
W AR Ak A8 P R ORE FIE 2R 08 5 ROK T e . FE R
B R ALY B b R A T 2 R LUk kb A
SR 8 38 R A4 A AT A5 B0 i B 3R Il AE L it
BRBE RESH5ME R, TyG HATC 8
AR IR T I e B RACPU A KA. B R
BUAR BOASIA] , LT 55 i) AN 7 BB I 2R (H » al aod aln ¥ H
T =R R KPS L R AR N TyG =
In[ TG(mg/dL) X FPG(mg/dL) /21", [H it TyG
FEBE R i B O 5E M. — TR A R R
BACY, JCIE 1 R R R E bR R . TyG #8805 EC
Z I B AF AR AR 5 9 A OC L TyG F5 80T fig & EC i
JEEFEREY . HERW TyG 8506 EC A M 3752
M, 55— 34 B NHANES % 48 Fe (9 5F 58 2 1],
TyG 485007 e WA 55 B Lo M A 58 R 4008 hE 1 —
FER W AR Y . AR T 5 4 SR 8 5 AR T
FELE RARLT .

EAME T, I — D FE RS 45 PDW s JE 7R th
TR Y T e L BE AR B 5 £ 6T T PDW FE
ik 88 50U 7 1RGO B T A 0 B S AR AR
T b VR . bR A b RORRAE b, I R R R Y
AR Ak 5 g A i PR AR G i ik i 1Y) & A % V1A
5% Hrp e PRk 20 M 9k B A0 A Kt /N AR ) B A AR Ak
Mg oA 2E 5 R R R BEAE R N R
SO NGRS R BE S R BE S 2
i 1) B b 9RE 27 B AR 08— 8 43 5 i A LS S ol /DN AR T
AT SR A 3T 5 SO IR 2 R AR 2R I AR L B
NG g2 b aRE T ot /N AR Sy B R RS B B XL FE
el R N A SN = WANY B PO O X B2 N
%) Jie 6 240 L O 47 #5221 U B U ) AR B e R
% o I /N AR A i /N Bl 56 Y R F- (platlet factor 4,
PF4) 45 41 ot A& 32F i 983 40 B 5 1 457 9 e 85 B, ek
EC imhh#81 , PDW T 42 /% 1 /N 3% 1k 5 i
PE. AR EC AHOCHY 48 5 W BLEE i 2 &L A ¢,
Ural " B8 58 ff EC 41 PDW & 3 7155 (P <
0.001) , GAHFELE RIEL, FUIESE T PDW A i
5 EC W ARAEBVIMXE,

.3MRBRESHLIT=

BRI 938 1 17 50 5 15 0 AR B 5 1 4 b i
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T B R A &jtﬁ FPER) EC 48
T A A ST A7 AE —Se R R 5 — W5 I 8 A B
%}é’ﬁféﬁ$#ll§%mm,Kﬁfﬁﬁaé’ﬂﬁﬁﬁéﬂxﬁﬂéﬁ
AR B R AR ) . B L AR 5 R [l
FE WO B 7 AR T B G BN S Al i A 41 dn
CA153,CEA,CA199 ,HE4 [H k2 &5 ol M 55 . He o
HE4 B9 HAb BF 72 3E 52 % EC W92 W & 2 &%
SC Fiy B AR Rl T8 A OB B 9E 7 58 LB IR AR o O i
PEIXA [, 55 =, 1A A o DR 9 e sk 1 2
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