1838 W FRBTRE G A 55 425 % 812026 £8 H  J Clin Hepatol, Vol. 42 No. 8, Aug. 2026

- B REHFR - DOI: 10.12449/JCH260816

T AN A 1 T AR P PN 5
5 T et A S T

TAH?, EFED, BRR D, XMW, #RE, X #°

1 B KFEFK, L7 @id 226001
2 B KEWMEHBE ZER(HBETH ZARER)AE FEH, /27 did 226006

BTV R, ntsywj@163.com (ORCID: 0000-0002-4037-3712)

WE: B Z#5VNEEMMRKR(2D-SWE) B A B ZHEBIMIEVSRZIER  RITHE R R A M HAEE % (PBC)
5E8Z5ME(0S)MIRRNE, iz BEFMAN2021FE1B—2025F 2 THEETE=ZARERZHBIZILIA 1995
PBCE OS BE AR SR, P PBCA 12561 . 0SB 746, % 7:3 BILLBIREHL D Al (n=139) 5K & (n=60), Y&
BFER BN ABER2D-SWES B YIRERE (VS) HA%KER(LF)F], FEaESTHmATERRNMARL
BR A Y FESS BT ERRFHAE LR B Mann-Whitney U5, TR FABE LR R A VKK, BT
BREMEZE X Logistic B ATFEIR S TN E F, B iFiE HAT2WN 6 A ZEIRE, Bt STRXKWIE A SE, T
MREF L BZHABFRIEFMERE TER(AUC) FIERFHERMAZE, R L5 0 M ERF (SHAP) E D IEMAEEL,
HR WABEYULHAE(0SHS7.8%,PBCHTI2%), OSHBENER VS.LFIRHER . KLTRAIELBE.
BEELR RMEEFERE. . EFEREA (Ig)C R IgMKEYBZS T PBCAH(ZED 7 H-2.883.-6.524.-4.000.-3.061.
-2.194.-2.372.-4.079.-6.964.-2.709, P {E15<0.05) , /MR ITEUE T PBC 42 (Z=4.098, P<0.001 ) ; FiAZ I A LL 61l L BT T 41K
PR REDREMABZFYERITFEEX (CEDFH3.458.63.198.101.038, P1E1Y<0.05) . BARFEAESEHLE M
TEMHANE AP, ZEE Logistic AR B 7=, VS[ELELE (OR) =4.503,95% B =X (8] (CI) : 1.698 ~ 11.943, P=0.003] .
LFI(OR=1.813,95%CI; 1.050 ~ 3.132, P=0.033) . IgG (OR=1.121,95%CI: 1.026 ~ 1.226, P=0.012) 2 X 4> PBC 5 0S 9%t 37
NEAF, BEF ERTENE TS IRE H B 480 T8 5 7 MK & P A FUN R AE & £, AUC 4 0.881(95%CI ;
0.788 ~0.974) , &K E 4 0.731, 7 E 45 0.794, SHAP T E R, IgC N BERTUNRMER K. &it B S 2D-SWESH
(VS.LFI) 51eC BN LRI SRS AZF IRBTH LR PBC 5 08, TR AFKEB/H—FHTHIEARKETRES
AR

KR FAMBETMEELX; EREE; VIS8FS; BEMGEAR; BRREBCGC
E4TH: 8T P4 RREZASHFHER TN (MS2025049) ; BB AF K ESETTABT A (20251.Y030)

Value of two-dimensional shear wave elastography combined with serological markers in the differential diagnosis

of primary biliary cholangitis and overlap syndrome
Sun Yanan'*?, Wang Zixian'?, Gu Yichen''?, Wu Binbin®, Xie Shuhui®, Wu ]ingz

1. Medical School of Nantong University , Nantong , Jiangsu 226001, China; 2. Department of Ultrasound , Nantong Third Hospital
Affiliated to Nantong University (Nantong Third People’s Hospital) , Nantong, Jiangsu 226006, China

Corresponding author: Wu Jing , ntsywj@163.com (ORCID : 0000-0002-4037-3712)

Abstract: Objective To construct a machine learning model combining two-dimensional shear wave elastography (2D-SWE) and
serological markers, and to investigate its clinical value in differentiating primary biliary cholangitis (PBC) from overlap syndrome

(0S). Methods A total of 199 patients with pathologically confirmed PBC or OS in Nantong Third People’s Hospital from
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January 2021 to December 2025 were retrospectively enrolled, with 125 patients in the PBC group and 74 in the OS group. The
patients were randomly divided into a training set with 139 patients and a test set with 60 patients at a ratio of 7: 3. Related data
were collected, including serological markers, conventional two-dimensional ultrasound parameters, and 2D-SWE parameters
(including velocity of shear wave [ VS] and liver fibrosis index [ LF1]). The independent-samples ¢ test was used for comparison of
normally distributed continuous data between two groups, and the Mann-Whitney U test was used for comparison of non-normally
distributed continuous data between two groups; the chi-square test was used for comparison of categorical data between two groups.
The univariate and multivariate Logistic regression analyses were used to identify independent predictive factors, which were then
incorporated into six machine learning models, and 5-fold cross-validation was used for optimization of parameters. The indicators
including the area under the receiver operating characteristic curve (AUC) were compared in the test set to determine the best
model, and the SHapley additive exPlanations (SHAP) analysis was used for model interpretation. Results Female patients
accounted for 87.8% in the OS group and 79.2% in the PBC group. Compared with the PBC group, the OS group had significantly
higher age, VS, LFI, splenic area, aspartate aminotransferase, total bilirubin, prothrombin time, immunoglobulin G (IgG), and
immunoglobulin M (Z=-2.883, -6.524, -4.000, -3.061, -2.194, -2.372, -4.079, -6.964, and —2.709, all P<0.05) and a
significantly lower platelet count (Z=4.098, P<0.001), and there were also significant differences between the two groups in the
proportion of patients with positive anti-nuclear antibody, fibrosis stage, and inflammation grade (}*=3.458, 63.198, and
101.038, all P<0.05). Variables without multicollinearity were included in the regression analysis, and the multivariate Logistic
regression analysis showed that VS (odds ratio [ OR ]1=4.503, 95% confidence interval [ CI]: 1.698—11.943, P=0.003), LFI (OR=
1.813, 95%CI: 1.050—3.132, P=0.033), and IgG (OR=1.121, 95%CI: 1.026—1.226, P=0.012) were independent predictive
factors for differentiating PBC from OS. Six machine learning models were constructed based on these variables, among which the
logistic regression model showed the best predictive performance in the test set, with an AUC of 0.881 (95%CI: 0.788—0.974), a
sensitivity of 0.731, and a specificity of 0.794. The SHAP analysis showed that IgG contributed the most to model prediction.
Conclusion The noninvasive multimodal machine learning model combining 2D-SWE parameters (VS, LFI) and serum IgG can

effectively differentiate PBC from OS, providing a reference for clinical decision-making regarding the need for liver biopsy.
Key words: Primary Biliary Cholangitis ; Overlap Syndrome ; Machine Learning; Elasticity Imaging Techniques ; Immunoglobulin G
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Table 1 Comparison of clinical characteristics between the PBC group and OS group

A PBC #(n=125) 0S4 (n=74) it P{H
A (% 54.00(22.00 ~ 74.00) 58.00(26.00 ~ 75.00) Z=-2.883 0.004
T&F%'JHFJ(% ] X'=1.834 0.177

5 26(20.8) 9(12.2)

& 99(79.2) 65(87.8)
PR FEHL (kg/m®) 22.72(15.40 ~ 43.25) 22.17(16.94 ~ 27.97) 7=1.568 0.117
VS(m/s) 1.72(0.96 ~ 3.28) 2.25(1.07 ~ 3.12) Z=-6.524 <0.001
ATT(dB+cm™' -MHz™") 0.54(0.33~0.91) 0.53(0.31~0.72) 7=1.287 0.198
LFI 3.01(0.54 ~ 5.06) 3.61(1.02~8.07) 7Z=-4.000 <0.001
U920 1A A (mm®) 2507.28(1226.40 ~ 10 267.20) 2 939.87(1402.20 ~ 8 437.63) Z=-3.061 0.002
I T K A% (mm) 11.44+1.34 11.61+1.37 t=-0.846 0.399
ALT(U/L) 90.00(4.00 ~ 4 079.00) 98.00(12.00 ~ 982.00) Z=-0.960 0.338
AST(U/L) 72.00(17.00 ~ 2 733.00) 96.00(25.00 ~ 1 094.00) Z=-2.194 0.028
TBil( wmol/L) 17.60(6.10 ~ 214.10) 21.85(8.20 ~ 165.30) Z=-2.372 0.018
GGT(U/L) 224.00(11.00 ~ 3 393.00) 206.50(19.00 ~ 1 654.00) Z=0.313 0.755
ALP(U/L) 184.00(33.00 ~ 1 549.00) 174.50(67.00 ~ 824.00) 7=0.065 0.949
R AL TR ] (s ) 11.40(9.00 ~ 15.60) 12.30(1.05 ~ 17.80) Z=-4.079 <0.001
iR T8 (< 10°/1) 177.00(33.00 ~ 423.00) 138.50(46.00 ~ 338.00) 7=4.098 <0.001
IgG(g/L) 14.30(7.66 ~ 42.30) 20.45(7.00 ~ 53.20) 7=-6.964 <0.001
IgM(g/L) 2.10(0.35 ~ 13.00) 3.24(0.42 ~ 12.30) Z=-2.709 0.007
i 6l(%) ] Y'=3.458 0.046

FH 99(79.2) 49(66.2)

3P 26(20.8) 25(33.8)
B iARpT AR 2 B[ 41 (%) ] ¥'=0.283 0.547

[{ER S 50(40.0) 26(35.1)

[ 75(60.0) 48(64.9)
JH2F Ak 53 1 461 (% ) ] X'=63.198 <0.001

0~1 60(48.0) 2(2.7)

2 1 33(26.4) 14(18.9)

34 24(19.2) 33(44.6)

41 8(6.4) 25(33.8)
RIEFH ] (%) ] X=101.038 <0.001

0~1% 28(22.4) 0(0.0)

24 72(57.6) 5(6.8)

3% 25(20.0) 67(90.5)

42 0(0.0) 2(2.7)

1 PBC, JFUR PENBTHPEARAS 48 ; 0S, BB LA HE; VS, BN A ; ATT, 75 580k 22 50 LR, TSR AL 5550 ALT, INE IR E KL R Il ; AST, KA
SR IEE A TBIL, MHLT K ; GOT, y- A GBS 1 ; ALP, Bl EREIR G ; 1eG , P08 3R 1 G IgM , e E Bk 1 M,

R2 OSHXEZRMEBEEERS L EE Logistic @135

Table 2 Univariate and multivariate Logistic regression analysis of factors associated with overlap syndrome

FAIH 2 Logistic [1 54347 Z K 2 Logistic [FH 5387

OR(95%CI) P{i OR(95%CI) P
[ENEE =34 0.858(0.755 ~ 0.974) 0.018
VS 8.347(3.515 ~ 19.823) <0.001 4.503(1.698 ~ 11.943) 0.003
LFI 1.856(1.248 ~2.759) 0.002 1.813(1.050 ~ 3.132) 0.033
JIL I T AR 1.000(1.000 ~ 1.001) 0.016
TRE 1 )L P ] 1.313(1.020 ~ 1.689) 0.034
IR TR R 0.991(0.986 ~ 0.997) 0.004
IsG 1.183(1.092 ~ 1.281) <0.001 1.121(1.026 ~ 1.226) 0.012
IgM 1.223(1.051 ~ 1.424) 0.010

.08, EELEANE;OR, WAB L ; O BAS X 0] 5 VS, BT U1 5 ; LFT, IFEF4EAL AR B0 10G, Toe BREE 1 G5 oM, To i BREE 1 M.
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Table 3 Evaluation of predictive performance of six machine learning models across training and test sets

i £ 5 AUC 95%ClI CV_AUC  ffEmRE K ERE U ReS R F1{E
LR YILdE 0.844  0.769~0919  0.854 0.763 0.632 0.750 0.769 0.686
e 0.881  0.788 ~0.974 0.767 0.731 0.731 0.794 0.731
SVM VIR 0.874  0.806~0.942  0.824 0.849 0.776 0.792 0.879 0.784
kA 0.841  0.735~0.948 0.717 0.714 0.577 0.824 0.638
RF YIZdE 0.934  0.883~0.985  0.824 0.849 0.765 0.812 0.868 0.788
kA 0.826  0.715~0.937 0.800 0.792 0.731 0.853 0.760
ET Y ZidE 0.866  0.795~0.936  0.851 0.835 0.745 0.792 0.857 0.768
Mk A 0.867  0.768 ~ 0.965 0.767 0.750 0.692 0.824 0.720
XGBoost Vl[ER 0.992  0.974~1.000  0.798 0.957 0.920 0.958 0.956 0.939
Mk A 0.779  0.657 ~ 0.902 0.683 0.640 0.615 0.735 0.627
LightGBM Vl[ER 0.949  0.904~0994  0.797 0.885 0.833 0.833 0.912 0.833
A5 0.803  0.687 ~0.920 0.733 0.708 0.654 0.794 0.680

LR, B [H ; SVM, SCfF 1 4L RF, BEFLARAR  ET, 84 s XGBoost, B3k B 12 T ; Light GBM , 52 i B BE R THHL ; AUC, 32 iR E AR HE
M2 R AR ; ¢, BAS X A] s CV_AUC, VI ZR4E 53738 LIRIF 1Y AUC YA .
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Figure 1 Performance comparison between LR model and other algorithms in distinguishing PBC and OS in the test set
AR 1gGTI R RIS OS IR O AR IEZ — SRS 80 4R S — I 45 AR 7 2 ) OS I A7 e R R . VS,
UG A SHAP 2347 S 7 HO B8 i STk i LFL AT S WP E R B | 519G A3 A4 G 28 R0 175 3 EL A
o (HH 5 PBC B A G IF AIH B IR A 3 1eG F+ A B TS0 2 1 i T P4l . (AR E RN E, VSHES



T, 2% . B R A IS 2R B & IR RSk S ER s AL swne 1843

n

1gG UR PPoo o ? . P .
VS e g
LFI . &
1 2 3 4 &
SHAP {& ®
MIREE(OS)
FiEEE:0.997 f(x)=5.834
27567186
2.518=LFI
0 1 2 3 4 5 5
E[f(x)]=-0.157 ®

o, SHAPHFZEE b MLAE T 1R H B R . 19G, SRR
1G5 VS, B LI s B LFT, FEF b8 45 08, &L A1 LR, 2 45 1]
U s SHAP, 038 F i e Jee
E2 LR#EER SHAPHHES T
Figure 2 SHAP feature analysis of the LR model
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