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WE: BN ETVSFEIEEMBEREFRAIREBHMAELCESE 24N AT RETUNER, 7 5% 58 Child-Pugh 745>
MAKRIAFFRIER (MELD ) A H#TEE R . ik AAN2022F 1 B—2024F 4 AT EHHHE = AR ER{ER A 490 A
FRRREBEFELES BIHE2024F 128, REBEHHARBEZFNEFRRE, D AXTAH(n=81) MEFFA (n=409) .
WEEENAOZER AFELIRRE IR, TTERR 2 A B LR ARA #3185 Mann-Whitney U638 ; 1A R 4A )
ELE R Y 305K Fisher SEHMEER L, WITB B AR FEHLFRMAREL X CBoost 3 FHR BT EIBE A TI1%, FR A 1097
TXWIE, 452N B R R (ROCHLE) ITERBE FRE . ROCHL TER(AUC) RBEE, DUFHRE A TTUN 88
Bo R 490HEE B 339451(69.2%) . % 15141 (30.8%) , £ FA SR T- A8 & FF AT MBI PRSP
B R RS- REAMERR, MEBEKERKREZAMABERLEREFYWBERITZERX(PEN<0.05), 7E3M5
S SRR TN BE 11T L BEVL AR MAE R AUC &R S (0.811) , B ER T2 4B E VA4 A (0.676) F1 XGBoost #5(0.798) ; 45
BAUCHESFE, EEBVLFMEREARETNEE, TESEUINET, BN I0MTE(EZEBI R BHEES.
FREA.RNBENE. ZELR SR EREAEEE . BMEHERE. REREAEBEIE 19-9 RIEEIFE 125)X35%E
TR TN TR S BIE ROC B4 & AUC XY EEFE VL FRMAZEL . MELD 343 # Child-Pugh 7> S R B fF R R R EBEHIERE
TR TN EE, ERETHEINAREENAVICK BB ER/N, REMEERTERITES . £t HEBIXR ERH
s FRRER RS ER A R R SHEEREQBERE WMHERE. R RREQEBEDE 19-9 REXHFE 125
HARBFREAREHFELCBZ 24NART AT E, BTN ER T BEZRZEBZILTRE TN EE,
P F £ 5 H Child-Pugh TEH F1MELD ¥4
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Establishment and evaluation of a predictive model for the risk of death in patients with decompensated hepatitis

C cirrhosis
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Abstract: Objective To construct a predictive model for the risk of 24-month mortality in patients with hepatitis C-related
decompensated liver cirrhosis based on machine learning algorithms, and to compare this model with traditional Child-Pugh score
and Model for End-Stage Liver Disease (MELD) score. Methods A total of 490 patients with hepatitis C-related decompensated
liver cirrhosis who were hospitalized in The Third People’s Hospital of Kunming from January 2022 to April 2024 were enrolled and
followed up to December 2024. According to the survival status of the patients during follow-up, they were divided into death group
with 81 patients and survival group with 409 patients. Demographic data, comorbidities, and biochemical parameters were

collected from all patients. The independent-samples ¢ test or the Mann-Whitney U test was used for comparison of continuous data
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between two groups, and the chi-square test or the Fisher’ s exact test was used for comparison of categorical data between groups. The
Logistic regression model, the random forest model, and the XGBoost model were used for dataset training, and 10-fold cross validation
was performed. The receiver operating characteristic (ROC) curve was plotted, and sensitivity, specificity, area under the ROC curve
(AUC), and recall rate were calculated to assess the predictive value of the model. Results  Among the 490 patients, there were 339
male patients (69.2%) and 151 female patients (30.8%). There were significant differences between the survival group and the death
group in the proportion of patients comorbid with malignant liver tumor, chronic liver failure, hepatic encephalopathy, AIDS or
hypocalcemia/hypoproteinemia, as well as the amount of ascites and the proportion of patients without medication (all P<0.05). The
assessment of the predictive ability of the three machine learning models showed that the random forest model had the largest AUC of
0.811, which was significantly better than that of the Logistic regression model (0.676) and the XGBoost model (0.798) , and based on
both AUC and specificity, the random forest model was selected as the optimal predictive model. The variable importance analysis
showed that the top 10 variables (i.e., direct bilirubin, cholinesterase, alpha-fetoprotein, prothrombin time, total bilirubin, high-
density lipoprotein cholesterol, alkaline phosphatase, immunoglobulin E, carbohydrate antigen 19-9, and carbohydrate antigen 125)
had relatively high contributions to predicting the risk of death. The ROC curve and AUC were used to compare the random forest model
with MELD score and Child-Pugh score in terms of their ability to predict the risk of death in patients with hepatitis C-related
decompensated liver cirrhosis, and the results showed that the random forest model had had the smallest AUC interval span, suggesting
that this model had a significantly better stability than traditional scores. Conclusion Direct bilirubin, cholinesterase, alpha-
fetoprotein, prothrombin time, total bilirubin, high-density lipoprotein cholesterol, alkaline phosphatase, immunoglobulin E,
carbohydrate antigen 19-9, and carbohydrate antigen 125 are characteristic variables for the risk of 24-month death in patients with

hepatitis C-related decompensated liver cirrhosis. The random forest model can significantly improve the predictive efficacy of the risk of

death in such patients, with a better performance than traditional Child-Pugh score and MELD score.
Key words: Hepatitis C; Liver Cirrhosis; Prognosis; Machine Learning
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®1 HCVEAREHFBEULBREBERTHELARSITER

Table 1 Baseline statistical table of potential mortality in patients with HCV decompensated cirrhosis

i H HEAF4H (n=409) BET 4 (n=81) GiiHE Pia
P[5 (%) ] X'=6.884 0.009

% 273(66.7) 66(81.5)

‘e 136(33.3) 15(18.5)
fEBERHERS (%) 53(48 ~58) 52(48 ~ 58) 7=0.296 0.767
1A (kg) 63(55~70) 63(55~70) 7=-0.094 0.853
HCV ZE R 432[ 5] (%) ] 0.250

1h %l 14(7.4) 2(5.9)

2a %l 5(2.7) 0(0.0)

3a Tl 35(18.6) 11(32.4)

3b % 121(64.4) 21(61.8)

61 13(6.9) 0(0.0)
JHAE A4 B Rk sk [E] (%) ] 205(50.1) 35(43.2) X=1293 0.256
JHF B e [ 610 (9% ) 88(21.5) 39(48.1) X'=24.975 <0.001
P PERT v [ ] (%) ] 106(25.9) 30(37.0) X=4.170 0.041
JHPE R [ 5] (% ) | 26(6.4) 16(19.8) X'=15.482 <0.001
ke (%) ] 36(8.8) 15(18.5) X'=6.845 0.009
Pk 8 R (%) ] 34(8.3) 5(6.2) X'=0.423 0.516
fr i L (%) ] 104(25.4) 18(22.2) X=0.372 0.542
2 RIBEBR I [ (%) ] 106(25.9) 22(27.2) X'=0.054 0.816
T PR LAE 51 (%) ] 61(14.9) 6(7.4) X'=3.228 0.072
HUR RS [ (%) ] 31(7.6) 3(3.7) X=1573 0.210
Bk BES ] (%) ] 12(2.9) 1(1.2) 0.704
RS AE S AT [ (%) ] 4(1.0) 1(1.2) >0.999
R4 AR 2 11 i [ (%) 169(41.3) 44(54.3) X'=4.650 0.031
JHRE FEAE 1] (% ) ] 0.408

<7.3 kPa 31(18.2) 3(16.7)

>73~93kPa 11(6.5) 1(5.6)

>9.3 ~ 14.6 kPa 22(12.9) 0(0.0)

>14.6 kPa 106(62.4) 14(77.8)
MK [ 491(%) ] X=6.555 0.038

%N 94(61.0) 21(42.0)

h 43(27.9) 18(36.0)

K 17(11.0) 11(22.0)
KA 259697 1 (%) ] 148(36.2) 40(49.4) X=4.979 0.026
MELD 343 (43) 7.68(4.45 ~11.37) 10.73(7.48 ~ 14.42) Z=-3.981 <0.001
Child-Pugh #F-43-(43) 8.00(7.00 ~ 9.00) 9.00(8.00 ~ 10.00) 7=-7.356 <0.001

HHCV, N BRI 99927 ; MELD , R i A
SEPE R 0.817, AR I H 55  XGBoost 15 K (1) 45 53 J&
0.966, 422 it B AL AR ARASEAY  (H R B 0.257 75 m f1%
BE AL AR AR AR B BE P 50000 1 0.733, 1 2 & 132 B vl
IHRERIAY 0341 (K1 1.4 3) . £ AUC FIFRE 5 B, 4%
Wil WL AR RASE A Sy S A T A Y A i 2 40 B
7N (1 2) , HE£4 i 10 19248 5543 ] DBl ,ChE . AFP (PT,

TBil \HDL . ALP .IgE .CA19-9 ,CA 125, X} FE T XU il 5
Fik e K, L BRI A R B RTHRA  (&12) .

23 #ALkA ilad ROC 4L K AUC BT L B AL AR AR
FERL MELD 343 Fl Child-Pugh 4378 150 75 %1 BT 48 26
AR B Ak B 3 S8 T XURS: 7 TR RE . 45 2R o, B
HLAR MRAR AL () AUC M 0.926 (95%CI - 0.885 ~ 0.959) , H:
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Table 2 Biochemical baseline data of potential mortality in patients with HCV decompensated cirrhosis

Wi H 1741 (n=409) SET-4H (n=81) GiiHE P1E

B HCV RNA BAMEL (%) ] 139(34) 31(38) x'=0.548 0.459
WBC( x 10°/1) 3.92(3.00 ~ 5.69) 4.68(3.21 ~5.92) 7=-1.697 0.141

NEUT( x 10°/L) 2.39(1.72 ~ 3.65) 3.13(1.89 ~ 4.52) 7=-2.654 0.016
NEUT% (%) 62.34+11.83 67.76+12.82 t=-3.474 <0.001
RBC( x 10"/L) 3.83+0.97 3.29+1.00 t=4.375 <0.001
Hb(g/L) 118.09 +34.29 106.59 + 33.45 t=2.778 0.006
PLT( x 10°/1) 83.00(58.50 ~ 121.00) 82.00(48.00 ~ 136.00) 7=0.037 0.962
PCT(L/L) 0.08(0.04 ~ 0.13) 0.10(0.06 ~ 0.14) 7=-2.428 0.028
TBil(Lmol/L) 21.00(13.50 ~ 33.70) 33.80(18.40~68.50) Z=—-4.273 <0.001
DBil(wmol/L) 8.50(5.30 ~ 14.90) 16.70(8.70 ~ 38.80) =-5.403 <0.001
IBil( wmol/L) 11.55(7.90 ~ 17.70) 14.60(8.20 ~ 25.70) 7=-2.703 0.007
ALT(U/L) 27.00(18.00 ~ 43.00) 31.00(23.00 ~ 55.00) =-2.120 0.032
AST(U/L) 40.00(28.00 ~ 66.00) 69.00(43.00 ~ 104.00) 7=-5.117 <0.001
TP(g/L) 64.90(57.90 ~ 72.00) 62.00(54.80 ~ 67.10) 7=3.181 0.002
Alb(g/L) 31.95(26.90 ~ 37.60) 25.70(22.10 ~ 29.70) 7=6.748 <0.001
PA(mg/L) 116.60(84.30 ~ 163.00) 75.40(55.80 ~ 111.90) 7=5.508 <0.001
GGT(U/L) 61.00(30.30 ~ 129.20) 103.00(39.90 ~ 196.00) =-2.672 0.003
ALP(U/L) 122.00(87.00 ~ 165.00) 148.00(99.00 ~ 221.00) Z=-3.305 <0.001
K*(mmol/L) 3.84(3.58 ~ 4.06) 3.77(3.50 ~ 3.98) 7=1.275 0.198
Na*(mmol/L) 139.70(137.70 ~ 141.20) 138.40(135.40 ~ 140.70) 7=2.955 0.003
CREA (pmol/L) 61.00(48.00 ~ 79.00) 62.00(46.00 ~ 75.50) 7=0.037 0.961

UREA (mmol/L) 4.63(3.58 ~ 6.37) 4.92(3.47~7.61) 7=-0.774 0.431

UA(pmol/L) 360.00(277.00 ~ 449.00) 358.50(288.00 ~ 439.50) 7=0.118 0.910
Clq(mg/L) 188.50(155.00 ~ 234.00) 168.50(140.00 ~ 210.00) 7=2.860 0.004
PT(s) 15.80(14.90 ~ 17.10) 17.50(15.60 ~ 19.90) 7=-4854 <0.001
INR 1.34(1.22 ~ 1.53) 151(1.33~1.72) 7=-3.945 <0.001
TG(mmol/L) 0.87(0.65 ~ 1.29) 0.77(0.56 ~ 1.23) 7=1.852 0.052
CHOL(mmol/L) 3.31(2.58 ~ 4.20) 2.87(2.02 ~ 3.58) 7=3.427 <0.001
HDL-C(mmol/L) 0.93(0.64 ~ 1.22) 0.58(0.35 ~ 0.85) 7=6.112 <0.001
LDL-C(mmol/L) 1.84(1.38 ~2.35) 1.62(1.02 ~ 2.35) 7=1.756 0.073
Lpa(mg/L) 23.20(10.80 ~ 53.10) 17.10(6.55 ~ 54.45) 7=1.567 0.117
IgE(U/mL) 44.00(28.00 ~ 95.00) 66.00(33.00 ~ 337.00) 7=-4.284 0.003
IgA(g/L) 2.45(1.81 ~3.64) 3.24(2.53 ~ 4.58) 7=-4330 0.002
T, (nmol/L) 1.65+0.51 1.46+0.45 =2.206 0.032
T,(nmol/L) 93.91(75.33 ~ 114.18) 97.74(69.51 ~ 122.87) 7=0.748 0.788
FT,(pmol/L) 423+1.11 3.69+0.88 =2.993 0.004
FT,(pmol/L.) 14.52(12.64 ~ 16.43) 16.36(13.58 ~ 17.39) 7=-2.641 0.042
TSH(IU/mL) 2.51(1.49 ~3.83) 2.45(1.60 ~ 3.45) Z=-1.110 0.853
CA125(U/mL) 29.16(13.69 ~ 128.44) 179.65(40.66 ~ 412.20) 7=-6211 <0.001
CA15-3(U/mL) 13.32(9.18 ~ 19.82) 16.76(12.96 ~ 23.50) 7=-3.847 0.002
CA19-9(U/mlL) 28.58(17.21 ~ 53.58) 49.76(21.29 ~ 77.67) Z=-4217 0.001

AFP(ng/mL) 5.50(3.10 ~ 15.15) 9.45(3.49 ~ 611.55) 7=-3.340 0.003
LDH(U/L) 212.00(170.00 ~ 261.00) 266.00(209.00 ~ 348.00) Z=-5.113 <0.001
CEA 3.43(2.42~5.01) 470(3.05~7.21) 7=-4.191 <0.001

HWBC, AT B0 NEUT, v 240 i 26 X ; NEUT% , H B2 408 & 4 e s RBC, Z0 403155 Hb, 2T 8 (4 s HOT, 040 i FE A PLT,
/N 40 PCT, it/ N B TBL, B IBLT 25 5 DBil, LI HLL 25 TBil, 4 IHLT 5 ALT, IN 2 TR A 2R RS i ; AST, K& &R 2 L5 S ; TP,
BRI Alb, IR PA TR 15 GOT, y- A R RS 1y ; ALP, SRR SRR ; UREA, JR 2 ; CREA, WLIF; UA, BRIR ; Clq, #MA 1q; PT, 3% 1 /il )5
HF 1E] 5 INR, B BRAR AR UAE ; TG, H i =g ; CHOL, S AR E ®E ;s HDL-C, /&5 %% g 25 AR & B 5 LDL-C , IG5 B i 25 AR E B ; Lpa, JE & H a3 1g, 2
FEBREE [ T,, HURBR 2 5 T,, ZHUHUIR IR 2 T, W B8 HUR IR 28 P, U 8 = MUHUIR AR 3¢ TSH, I HUIRBR IR s CEA @ IEHi R ; LDH, ZLIR A
fiti s AFP, IG5 1 ; CA 125, BESEHU IR 1255 CA15-3, BEZEHT I 15-3; CA19-9, 25471 5 19-9.,
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R3 IR F SIEB BTN GE ST
Table 3 Evaluation of the predictive power of three
machine learning models

FEiA AUC REJE 58 HMEBIME AR
B EIHAER 0.676 0518 0.817 0.341 0.518
FEMLARAMESEY  0.811 0.141  0.984 0.733 0.141
XGBoost #%!  0.798 0.257  0.966 0.257
1.00
0.75
o — EBIEEIER
& 0.50 - —— BaHAREE
LI —— XGBoosti#&#Y
0.25
0.004

0.(IJO 0.I25 0.%0 0.'I/5 l,(I)O
1-HRE
El1 AEERFHNEE S ROC H 2k
Figure 1 Comparison of ROC curves for prediction
capabilities of different models
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