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Abstract: Objective To investigate the influencing factors for portal vein tumor thrombus (PVTT) in patients with primary liver
cancer (PHC), to establish a nomogram predictive model, and to assess the performance of this model. Methods A retrospective

analysis was performed for 664 patients with the initial diagnosis of PHC who were admitted to The Third People’ s Hospital of Kunming
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from January 2018 to December 2022, and according to the presence or absence of PVTT, they were divided into case group with 368
patients and control group with 296 patients. Related data were collected from all subjects, including general information, blood biochemical
parameters,, T lymphocyte subsets, routine blood test results, cytokines, thyroid function parameters, Child-Pugh score, and China Liver
Cancer Staging (CNLC) stage. The t-test was used for comparison of normally distributed quantitative data between two groups, and the
Mann-Whitney U test was used for comparison of non-normally distributed quantitative data between two groups ; the chi-square test or the
Fisher’ s exact test was used for comparison of qualitative data between two groups. The Lasso regression analysis was performed for the
variables with statistical significance in the univariate analysis, and the binary logistic regression analysis was performed for the screened
variables to determine the influencing factors for PVTT in patients with PHC. The “rms” package was used to establish a nomogram model ;
the “pROC” package was used to plot the receiver operating characteristic (ROC) curve and calculate the area under the ROC curve
(AUC) ; the “Calibration Curves” package was used to plot calibration curves, and the “rmda” package was used to plot clinical decision
curves and clinical impact curves for the assessment of the predictive model. Results Among the 664 patients with PHC, 368 (55.42%)
developed PVTT. As for the etiology of PHC,, there were 575 patients with hepatitis B (86.60% ) and 89 with other causes (13.40%) , with
hepatitis B as the main cause of PHC. Compared with the case group, the control group had significantly higher age, prealbumin (PA),
cholinesterase, CD3'T cells, CD8'T cells, carcinoembryonic antigen , triiodothyronine, and free triiodothyronine (all P<0.05) ; compared
with the control group, the case group had a significantly higher proportion of patients with Child-Pugh class B/C PHC and significantly
higher levels of white blood cell count, platelet count, aspartate aminotransferase, alanine aminotransferase, gamma-glutamyl
transpeptidase, alkaline phosphatase, abnormal prothrombin (PIVKA-II ) , total bile acid, high-sensitivity C-reactive protein, free
thyroxine (FT4) , thyroxine, alpha-fetoprotein, interleukin-6, interleukin-10, and tumor necrosis factor- o (TNF-a) (all P<0.05). The
logistic regression analysis showed that PIVKA- I (odds ratio [OR]=1.968, 95% confidence interval [ CI]: 1.633—2.370, P<0.001),
PA (OR=0.994, 95% CI: 0.991—0.998, P=0.002), FT, (OR=1.092, 95% CI: 1.030—1.159, P=0.003), and TNF-a (OR=
1.085, 95% CI: 1.053—1.119, P<0.001) were independent influencing factors for PVTT in patients with PHC , and a nomogram model
was established based on these factors. The nomogram model had an AUC of 0.816 (95% CI: 0.783—0.849) , a sensitivity of 0.834, and a
specificity of 0.652. The calibration curve showed that this model had good consistency in predicting the onset of PVTT in patients with
PHC, while the clinical decision curve and the clinical impact curve showed that this model had good clinical practicability within a certain
threshold. Conclusion PIVKA-TI , PA, FT,, and TNF-a are independent influencing factors for the onset of PVTT in patients with PHC ,

and combined measurement of these four indicators can effectively predict the risk of PVTT in patients with PHC.
Key words: Liver Neoplasms; Portal Vein Tumor Thrombus; Risk Factors; Nomograms
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Table 1 Comparison of clinical baseline characteristics between the two groups of patients

b Xif B (n=296) I (n=368) giiHE P{E
() 55.00(50.00 ~ 63.00) 53.00(48.00 ~ 60.00) 7=-2.361 0.018
BMI(kg/m®) 22.42(20.07 ~ 25.10) 21.81(19.93 ~ 24.25) 7=-1.792 0.073
Child-Pugh 234 [ 1 (%) ] X'=22.804 <0.001
A 133(44.93) 101(27.44)
B4 105(35.47) 160(43.48)
C# 58(19.59) 107(29.08)
CNLC /#1451 (%) ] ¥'=0.349 0.608
I 91/ 11 9] 150(50.68) 178(48.37)
T 381/1V 1Y) 146(49.32) 190(51.63)
P[5 (%) ] X'=0.132 0.776
5 153(51.69) 185(50.27)
& 143(48.31) 183(49.73)
LRI RF G [5(%) ] Y=1.777 0.249
¥ 285(96.28) 346(94.02)
H 11(3.72) 22(5.98)
I [ 1(%) ] X=0.251 0.616
I 157(53.04) 188(51.09)
H 139(46.96) 180(48.91)
W AR s [45](% ) ] X'=0.634 0.473
" 138(46.62) 183(49.73)
H 158(53.38) 185(50.27)
A ARIICN Y'=3.594 0.079
Jc 277(93.58) 329(89.40)
H 19(6.42) 39(10.60)
iR L (%) ] X*=0.709 0.400
A5 260(87.84) 315(85.60)
HAth 36(12.16) 53(14.40)
2.4 l.8 ? A.‘ .l (.) 19 1816 11976 54421111000
1.40
0.6 - 1.35
1.30 A
0.4
ﬁ % 1.25 A
v 027 'ﬁ 1.20 -
0.0 - - 1.15 A
1.10 - |
-0.2 111
1.05 A
s 5 4 3 2 S
log(A) log(A)

E1 LASSOERAZRHEE
Figure 1 LASSO regression coefficient path

B2 LASSO @33 RIGIEL R
Figure 2 LASSO regression cross-validation results



FRkE,%. RRMMESERENBKERNZMERS T RIKELNE

2557

*x2

FARELREWEIRIRLER

Table 2 Comparison of laboratory test indicators between two groups of patients

it X AL (n=296) i 19120 (n=368) giita Pli
Ik R B M D REFE AR
WBC( x 10°/L) 5.06(3.66 ~ 6.62) 5.70(4.04 ~ 7.96) Z=-3.364 <0.001
Hb(g/L) 133.50(111.75 ~ 152.00) 129.00(108.75 ~ 149.00) Z=-1.812 0.070
PLT( x 10°/L) 101.00(68.00 ~ 164.25) 122.50(83.75 ~ 194.50) Z=-3.544 <0.001
FIB(g/L) 2.75(1.99 ~ 3.85) 2.95(2.15 ~4.07) Z=-1.841 0.066
JIREERvE 2
PIVKA-II (Ig mAU/mL) 2.14(1.48 ~3.57) 3.94(3.03 ~ 4.52) Z=-1.618 <0.001
AST(U/L) 51.00(33.00 ~ 90.00) 94.00(57.00 ~ 171.25) 7=-8.832 <0.001
ALT(U/L) 37.00(22.75 ~ 59.25) 45.00(30.00 ~ 81.00) 7Z=-3.994 <0.001
TP(g/L) 65.56 + 8.11 64.861+8.58 1=-1.432 0.278
PA(mg/L) 113.65(77.65 ~ 177.52) 92.85(66.47 ~ 120.75) Z=-5.973 <0.001
GGT(U/L) 87.00(49.00 ~ 188.25) 216.00(117.75 ~ 371.00) 7=-9.549 <0.001
ALP(U/L) 156.50(115.75 ~ 232.25) 213.50(143.00 ~ 331.00) 7Z=-5.976 <0.001
ChE(U/L) 3934.50(2 461.50 ~ 6 154.00) 3167.00(2 125.00 ~ 4 457.75) Z=-5.080 <0.001
TBA (pmol/L) 17.95(7.52 ~ 48.47) 25.40(10.20 ~ 61.68) Z=-2.857 0.004
TG (mmol/L) 0.92(0.62 ~ 1.28) 0.89(0.65 ~ 1.26) 7=-0.556 0.579
TC(mmol/L) 3.82(3.13 ~4.91) 3.78(3.00 ~ 4.75) Z=-0.646 0.518
LDL(mmol/L) 2.38(1.77 ~3.13) 2.48(1.82 ~3.33) Z=-1.206 0.228
Cr(pmol/L) 65.00(55.75 ~ 79.25) 66.00(57.00 ~ 81.00) 7=-0.829 0.407
UA (pmol/L) 317.50(256.75 ~ 409.25) 331.00(250.00 ~ 414.00) Z=-0.103 0.918
BG (mmol/L) 5.46(4.92 ~ 6.33) 5.40(4.77 ~ 6.20) Z=-1.375 0.169
hs-CRP(mg/L) 9.56(1.92 ~26.92) 24.54(9.18 ~ 49.92) 7=-17.205 <0.001
AFP(lg we/L) 1.22(0.61 ~2.67) 2.90(1.33 ~ 4.55) Z=-8.805 <0.001
CEA(pg/L) 3.30(2.30 ~5.07) 3.06(1.89 ~4.70) Z=-2.091 0.037
FAR BRI REAE bR
TSH(mIU/mL) 2.34(1.59 ~ 3.65) 2.34(1.59 ~ 3.32) Z=-0.947 0.344
T,(nmol/L) 1.59(1.23 ~ 1.90) 1.39(1.10 ~ 1.76) Z=-3.879 <0.001
T,(nmol/L) 99.38(85.06 ~ 116.53) 106.90(88.40 ~ 128.85) Z=-3.169 0.002
FT,(pmol/L) 3.91(3.11 ~ 4.57) 3.44(2.78 ~4.11) Z=-4.842 <0.001
FT,(pmol/L) 16.09(14.43 ~ 18.08) 16.91(15.13 ~ 18.91) Z=-3.394 <0.001
T Ik L A B 35
CD3"(4~/pL) 780.21(593.03 ~ 1 041.05) 729.42(573.33 ~ 924.39) Z=-2.229 0.026
CD4" (A~/pL) 440.92(316.78 ~ 569.59) 416.21(307.06 ~ 547.04) Z=-1.325 0.185
CD8" (4~/pL) 276.00(184.81 ~ 431.90) 260.40(168.04 ~ 360.96) Z=-2.309 0.021
AR
IL-6(pg/mL) 26.99(10.85 ~ 53.88) 41.89(23.09 ~ 81.07) Z=-5.902 <0.001
IL-10(pg/mL.) 4.57(3.34~7.18) 5.44(3.95~8.82) 7=-4.002 <0.001
TNF-a(pg/mL) 1.97(1.46 ~ 3.45) 4.35(2.29~9.05) 7Z=-10.174 <0.001
#3 PHCEEXZAEPVTT R I Logistic [B1V3 5 #7 45 R
Table 3 Results of binary Logistic regression analysis of PVTT in PHC patients
ET=tan BIE SE Wald OR 95%CI PAE
PIVKA-1I (Ig mAU/mL) 0.677 0.095 50.746 1.968 1.633 ~2.370 <0.001
PA(mg/L) -0.006 0.002 10.076 0.994 0.991 ~ 0.998 0.002
FT,(pmol/L) 0.088 0.030 8.540 1.092 1.030 ~ 1.159 0.003
TNF-a(pg/mL) 0.082 0.016 27.448 1.085 1.053 ~ 1.119 <0.001
i -3.483 0.624 31.175 0.031 <0.001
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Figure 3 Nomogram of PVTT in patients with PHC
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Figure 4 The ROC curve for predicting PVTT in patients
with PHC
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Figure 5 The nomogram model predicts the calibration
curve of PVTT in patients with PHC
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Table 4 ROC analysis of each variable and predictive model in assessing PVTT in patients with PHC

515 AUC 95%ClI Cut-off i REE RS P1H

PIVKA-1II (Ig mAU/mL) 0.762 0.725 ~ 0.799 2.633 0.829 0.605 <0.001
PA(mg/L) 0.365 0.322 ~ 0.409 147.100 0.101 0.632 <0.001
FT,(pmol/L) 0.577 0.533 ~ 0.620 16.301 0.620 0.537 <0.001
TNF-a(pg/mL) 0.729 0.691 ~ 0.768 2.830 0.677 0.693 <0.001
T AR 7R 0.816 0.783 ~ 0.849 0.834 0.652 <0.001
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Figure 6 The clinical decision curve of the nomogram
model for predicting PVTT in patients with PHC
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Figure 7 The clinical impact curve of the nomogram model
for predicting PVTT in patients with PHC
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