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WE: BN RITETARIRRIEREENV 2 SIEERETUN B2 IBRAFREE A MAEREXE RN BNE,
Fik RABMMHRTE, KE2018F 1 B—2023F 1 BTFEAERKXZER A ERITIES VIR AR A 857 B £& A9k K
TR, /A SITEER  ERMERE BRI RIS R =B BEFAREIE R, 1273 L BB TF R BRI D A%
E5NRE, EAHHNITERR 2ABEERAMA R ;RS BITE R 2 H8 th i R AR IR A9 Wilcoxon
ML ITEARR 2 HE LR A Y AW S Fisher YR . N AT/ B UL FEFE F (LASSO) Bl V3 45 1F &
2, XAZEEEOREN ATHZME KIEWR(KNN)  ZFEEV RESERANZERFEERANL 7 FHVEES
BEXMETNER, XAZRERERTHELTER(AUC) HEEEXHE, R Delong W LLEERI AUC, RAK
HHRESEARBED T EEANREENIERLBAYE, F58E8-BAR(ALB)FH A KREPIPHHFREE (MELD) 14 #
fTELE , FF R LR N B L (SHAP) BERERENXBYWE R, £R8 BLWAT0FES, AERERAER
ME B 2831 (40.42%) . LASSO ElJATHLE HERE . 2 BUFF 2 RGBT FERTASE] . RATEZEA (AIb) FARNK . APHME
MAKRELERITELBE (AST) £ SNMTUNE Fo 77 Y[ ZIER S, KNNBE B RS TN RL, MK &6
AUC 4 0.835(95%CI:0.781 ~ 0.889) , B & 41 84.0% , 15 5 J& 41 65.5%. ALBI 4> F1 MELD i¥43 A9 AUC 43 51 9 0.652 F0
0.524, KNN AR BV S FUN 30 68 B &L T E R AIUES (Z B4 54 5.309.8.945, P{EIY<0.001) , KA L B 7R, KNNHEE A
FUNE S LA AR —B M RIF; RRMED TR, KNNERARKBECERNEG R SRZE, SHAPAOHER, K
BAb . ZEFR FARK FRAFEZNTMAR, BEZEFAEERRFANKGFEDBRRX. &it ETFTRFE
PRIEFRIGEEAY KNN A28 5 SR BV O] G RUHUN AT S A VIR R R IR B B A MIEM R4 K, Mt TSR EL, o] A Iin Ik H#A
RAE RS BERESEAKIE

K FEAHYRA; EAEE ME; NBET

HEETH: EXEARFESE FIE (82270661, 82570721); I RE B AR ZE S (2024A1515013204)

Establishment of a predictive model for the risk of hypoalbuminemia after partial hepatectomy based on machine

learning methods

CAI Dongqing , TANG Shanhua, XIAO Yuancan, LEI Xiru, LI Suicheng, ZHOU Jie

Department of Hepatobiliary Surgery, Nanfang Hospital, Southern Medical University , Guangzhou 510445, China
Corresponding author: ZHOU Jie, jacky@smu.cn (ORCID: 0009-0009-2722-4489)

Abstract: Objective To investigate the application value of a machine learning model based on preoperative clinical indicators in
predicting the risk of hypoalbuminemia after partial hepatectomy. Methods A retrospective analysis was performed for the clinical
data of 700 patients who underwent partial hepatectomy in Nanfang Hospital, Southern Medical University, from January 2018 to
January 2023, including demographic data, history of underlying diseases, tumor characteristics, preoperative laboratory

markers, and perioperative indicators. The research data were divided into a training set and a test set at a ratio of 7: 3. The two-
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independent-samples ¢ test was used for comparison of normally distributed continuous data between two groups; the two-
independent-samples Wilcoxon rank-sum test was used for comparison of continuous data with skewed distribution between two
groups; the chi-square test or the Fisher’ s exact test was used for comparison of categorical data between two groups. The least
absolute shrinkage and selection operator (LASSO) regression analysis was used to identify characteristic variables, and 7 machine
learning algorithms were used to construct predictive models, i.e., logistic regression, decision tree, artificial neural network, K-
nearest neighbors (KNN), support vector machine, eXtreme gradient boosting, and light gradient boosting machine. The receiver
operating characteristic (ROC) curve and the area under the ROC curve (AUC) were used to assess the discriminatory ability of
models, and the DeLong test was used for comparison of AUC. The calibration curve and decision curve analysis were used to
assess the calibration and clinical practicability of models, and the models were compared with albumin-bilirubin (ALBI) score
and Model for End-Stage Liver Disease (MELD) score. SHapley Additive exPlanations (SHAP) were used to interpret the key
A total of 700 patients were finally enrolled, 283 (40.42%) developed

hypoalbuminemia after surgery. The LASSO regression analysis identified 8 predictive factors of age, hepatitis B, fatty liver,

influencing factors for the optimal model. Results

blockade time, preoperative albumin (Alb) , time of operation, intraoperative blood loss, and preoperative aspartate
aminotransferase (AST). Among the 7 machine learning models, the KNN model showed the best overall predictive performance,
with an AUC of 0.835 (95% confidence interval: 0.781—0.889), a sensitivity of 84.0%, and a specificity of 65.5% in the test set.
ALBI and MELD scores had an AUC of 0.652 and 0.524, respectively, and the KNN model had a better predictive performance
than these two scores (Z=5.309 and 8.945, both P <0.001). The calibration curve showed good consistency between predicted
probabilities and actual incidence rates, and the decision curve analysis showed that the KNN model had net clinical benefit across
a wide threshold range. The SHAP analysis showed that preoperative Alb, hepatitis B, time of operation, and age were the most
significant influencing factors, and a synergistic effect was observed between hepatitis B and age/time of operation. Conclusion
The KNN machine learning model constructed based on preoperative clinical indicators can effectively predict the risk of
hypoalbuminemia after partial hepatectomy and has a better performance than traditional scoring models, which provides a

reference for the early identification of high-risk patients in clinical practice.
Key words: Partial Hepatectomy; Hypoalbuminemia; Machine Learning

Research funding: General Project of National Natural Science Foundation of China (82270661, 82570721) ; Natural Science
Foundation of Guangdong Province(2024A1515013204)
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R1 FMAIVIBRAREEENERAR

Table 1 Baseline characteristics of patients after partial hepatectomy

I H 3t (n=700) R M4 (n=283) E#H (n=417) GiiH P{H
[ (%) ] Y=0.011 0984

& 184(26.29) 75(26.50) 109(26.14)

% 516(73.71) 208(73.50) 308(73.86)
L (%) 50.9+12.1 487+12.3 524+11.6 t=4.114  <0.001
IR FEHL (kg/m®) 23.1+3.2 23.4+32 229+32 t=-1.809  0.071
FEBERE(d) 143+7.5 13.3+6.1 15.0£8.2 t=2911  0.002
IR [H1(%) ] 433(61.86) 150(53.00) 283(67.87) X'=15.783 <0.001
PR 5[5 (%) ] 20(2.86) 6(2.12) 14(3.36) Y=0.831 0.464
SR (%) ] 305(43.57) 103(36.40) 202(48.44) ¥'=9.949  0.002
RERG 451 (%) ] 91(13.00) 48(16.97) 43(10.31) X=6.591 0014
R (%) ] 100(14.29) 41(14.49) 59(14.15) x¥'=0.016  0.987
Wb [ (%) ] 65(9.29) 19(6.71) 46(11.03) X=3731 0.072
I T i v (61 (9% ) 143(20.43) 51(18.02) 92(22.06) X'=1.694 0.228
a6 (%) ] 15(2.14) 4(1.41) 11(2.64) X=1205  0.405
K[ 1(%) ] 28(4.00) 8(2.83) 20(4.80) X=1703  0.268
S i 451 (%) ] 1(0.14) 0(0.00) 1(0.24) X'=0.680 >0.999
A i[5 (%) ] 117(16.71) 33(11.67) 84(20.14) Y=8.715  0.004
R (%) ] 10(1.43) 4(1.41) 6(1.44) ¥=0.001 >0.999
UM EARIC R (%) ] X=21.769 <0.001

0% 450(64.29) 209(73.85) 241(57.80)

14 142(20.29) 36(12.72) 106(25.42)

2% 100(14.29) 36(12.72) 64(15.35)

34 8(1.14) 2(0.71) 6(1.44)
H & (ng/mL) 5.49(2.20 ~ 68.20) 3.70(2.00 ~ 33.00) 7.30(2.44 ~114.00)  Z=-3.377  0.050
AR (ng/mL) 1.57(0.86 ~ 2.45) 1.50(0.82 ~ 2.46) 1.58(0.91 ~ 2.44) 7=-1218 0.132
CA19-9(U/mL) 12.63(6.64 ~ 20.59) 11.90(6.65 ~ 20.61) 13.09(6.63 ~20.57)  Z=-0.323  0.618
Jibggd R/ (em) 5.0+0.3 47+04 52402 (=2.544  0.008
R BRE o 8 i S 1) () 11.3+1.1 11.1+1.1 11.4+1.1 t=3.566  <0.001
At E PrprEfk LA 1.0+0.4 1.0+0.6 1.0+0.1 =-0.387 0.747
ARETH A5 x 10°/L) 6.0+0.3 6.2+0.5 5.9+0.2 1=-1.228  0.294
ARATWREL A5 x 10°/1) 1.77(1.36 ~ 2.19) 1.83(1.51 ~2.22) 1.64(1.24~2.13) 7=-1.548 0.231
ARG H R AT AE T2 (X 10°/1) 3.21(2.48 ~ 4.25) 3.16(2.48 ~ 4.19) 3.25(2.48 ~4.27) Z=-0.650 0.287
ARATLLANM 4L x 10"/1) 4.6+0.7 4.6+0.6 4.6+0.7 1=-0.490  0.612
AL (/L) 134.3+20.2 136.2+20.6 133.0+19.9 t=-2.034  0.044
ARAT LML x 10°/1) 203.2 + 86.5 210.8 +94.9 198.0+79.9 =-1.923  0.063
ARATH AR Z IR M (U/L) 23(15 ~35) 20(13 ~ 30) 25(18 ~38) Z=-4216 0.004
ARHBTAST(U/L) 23(17 ~33) 20016 ~27) 25(18 ~ 38) Z=-5.784 <0.001
ARHTEE A (L) 67.3+5.7 67.5+5.6 67.1%5.8 t=-0.854  0.391
AT Alb(g/L) 39.8+4.2 41.1+4.4 38.9+3.9 t=—6.910  <0.001
ARG EIRLL ZE (wmol/L) 133+1.6 132+1.5 133+1.3 1=0.132  0.895
ARH A IELLZE (wmol/L) 52405 49+0.6 5504 1=2.245 0016
ARHTIUET (wmol/L) 75.3+19.8 75.5+16.5 75.1+21.7 =-0.221 0816
ARATER (mmol/L) 3.96(3.74 ~ 4.16) 3.96(3.72 ~ 4.16) 3.96(3.75 ~ 4.17) 7=-0.283  0.321
AFT4H (mmol/L) 140.3 + 8.6 139.9+11.8 140.6 + 5.4 (=1.113 0327
FARBHE (min) 196.0 +28.0 166.3 +24.7 216.2+31.5 t=7.136  <0.001
A (mL) 100.00(50.00 ~ 200.00)  55.87(30.00 ~ 150.00)  100.00(50.00 ~ 300.00) Z=-5.988 <0.001
FELIBTHSS ] (min) 9(0 ~35) 0(0~18) 14(0 ~ 42) 7Z=-4.633  0.005

1 CA19-9 BERALIF 19-9; AST, KA H MR L RS/ ; Alb, B .
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Figure 1 10-fold cross-validation curve for variable
selection by LASSO regression
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Table 2 Baseline characteristics of training and test sets

Ex=:= TR AE

R OED oy A i
AEIE (%) 51.00+11.80 50.80+12.60 ¢=0.174 0.862
IIRT (%) ] Y'=2.245 0.135

ES 178(36.25)  89(42.58)

= 313(63.74)  120(57.42)
Jig s (451 (% ) ] ¥'=0.107 0.744

i 429(87.37)  180(86.12)

= 62(12.63)  29(13.88)
BETHT 1] (min) 9(0~82) 9(0~71) Z=0.510 0.609
ARHT Alb(g/L) 39.70+£3.97 3990+379 1=0.778 0.438
FARMK (min)  191.37+20.42 187.33 + 18.56 1=0.593 0.554
A (mlL) 10005 ~850) 100(5 ~800) Z=1.138 0.255
ARHiT AST(U/L) 23(19~93) 21(15~88) Z=0.919 0.358

T Alb, U5 AST, RA BRI R il o
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— JREE(AUC=0.671)
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Figure 2 ROC curves of different machine learning models
in the test set
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Figure 3 ROC curves of different machine learning models
in the training set
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Table 3 Performance comparison of different machine learning models in the test set

kil AUC(95%CI) HEWRR RS BURE  PEPERONE BIERINE P10
AR (A5 0.819(0.754 ~ 0.872) 0.742 0.631 0.816 0.767 0.697 0.791
KNN 0.835(0.781 ~ 0.889) 0.766 0.655 0.840 0.784 0.733 0.811
ek 0.671(0.598 ~ 0.743) 0.679 0.595 0.736 0.736 0.602 0.736
LA S 0.813(0.754 ~ 0.872) 0.766 0.559 0.904 0.753 0.797 0.821
KHEM AL 0.812(0.754 ~ 0.870) 0.756 0.595 0.864 0.761 0.746 0.809
XGBoost 0.809(0.749 ~ 0.868) 0.737 0.571 0.848 0.747 0.716 0.749
LightGBM 0.777(0.714 ~ 0.841) 0.713 0.631 0.768 0.756 0.646 0.762

1 KNN, K2R ; XGBoost, R EHETE s LightCBM , FE g b FEHETHL; AUC, 4R T AL 95%C1, 95% B AF X 7]
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F4 NEEPLTRNBFF IR ERELL R

Table 4 Performance comparison of different machine learning models in the training set

(el AUC(95%CI) HETR R MURIE  PRETRINE PR FLrEK
Stz A M| 0.726(0.682 ~ 0.771) 0.682 0.513 0.798 0.706 0.633 0.749
KNN 0.938(0.918 ~ 0.958) 0.872 0.789 0.928 0.866 0.882 0.896
oSk 0.722(0.678 ~ 0.766) 0.713 0.633 0.767 0.754 0.649 0.760
125 D) 264 0.824(0.786 ~ 0.861) 0.782 0.877 0.643 0.783 0.780 0.706
HRF AL 0.727(0.682 ~ 0.772) 0.678 0.462 0.825 0.693 0.643 0.753
XGBoost 0.871(0.841 ~ 0.902) 0.786 0.643 0.884 0.784 0.790 0.831
LightGBM 0.944(0.925 ~ 0.963) 0.860 0.764 0.925 0.852 0.874 0.887

T KNN, K2R ; XGBoost, # A6 EHE T Light GBM , Bt e df L H2THHL; AUC, 4k T AL 95%C1, 95% B AR X [A]
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SREREER

0.4

0.2

0.0
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TR

4 KOm4RREEEY pY B 2k
Figure 4 Calibration curves of the KNN models
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Figure 5 Decision curves of the machine learning models
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