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A B S T R A C T

Introduction and Objectives: In hepatocellular carcinoma (HCC), the prognosis of patients with microvascular

invasion (MVI) is poor. Therefore, in this study, we established and evaluated the performance of a novel

nomogram to predict MVI in patients with HCC.

Materials and Methods: We retrospectively obtained clinical data of 497 patients with HCC who underwent

hepatectomy at Liaoning Cancer Hospital from November 1, 2018, to November 4, 2021. The patients

(n = 497) were randomized in a 7:3 ratio into the training cohort (TC, n = 349) and the validation cohort (VC,

n = 148). We performed Least Absolute Shrinkage and Selection Operator (LASSO) and univariate as well as

multivariate logistic regression analyses (ULRA, MRLA) on patients in the TC to identify factors independently

predicting MVI.

Results: Preoperative FIB-4, AFU, AFP levels, liver cirrhosis, and non-smooth tumor margin were independent

risk factors for preoperative MVI prediction. The C-index of the TC, VC, and the entire cohort was 0.846,

0.786, and 0.829, respectively. The calibration curves demonstrated the outstanding agreement between pre-

dicted MVI incidences by our model and the actual MVI risk. Decision curve analysis (DCA) confirmed the sig-

nificance of our predictive model in clinical settings. The Kaplan�Meier (KM) survival curve showed that the

recurrence-free survival (RFS) and overall survival (OS) of patients in the high-MVI risk group were poor

compared to those in the low-MVI risk group.

Conclusions: We constructed and evaluated the performance of the novel nomogram for predicting MVI risk.

Our predictive model could adequately predict MVI risk and aid clinicians in selecting appropriate therapeu-

tic strategies for patients.

© 2023 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Recent studies have shown that liver cancer is the sixth most

prevalent type of malignancy and the third leading cause of mortality

due to cancer globally. The most common type of primary liver

cancer (PLC) is hepatocellular carcinoma (HCC) [1]. Liver transplanta-

tion and hepatectomy are excellent therapeutic approaches for treat-

ing patients with HCC. However, the risk of cancer recurrence after

surgery is still high [2].

Microvascular invasion (MVI) indicates aggressive tumor behavior

and is a marker for postoperative metastasis in patients with PLC [3].

The prognosis of patients with HCC suffering from MVI differs based

on different surgical methods used to treat patients. Compared to

non-anatomic hepatectomy, anatomic hepatectomy reduces postop-

erative cancer recurrence and mortality in patients with MVI-positive

HCC [4]. Additionally, the presence of MVI poses a severe threat to the

prognosis of people undergoing liver transplantation and the rate of

cancer recurrence among patients with MVI-positive HCC undergoing

liver transplantation [5]. Therefore, it is important to exercise caution

while selecting a surgical approach for patients with a high risk of

preoperative MVI. Currently, postoperative histopathology serves as

the gold standard for the diagnosis of MVI [6]. Unfortunately, this
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method provides limited benefits in making decisions prior to the

surgery. Thus, accurately predicting MVI risk before surgery could aid

doctors in selecting an appropriate surgical approach to improve the

patient’s prognosis.

Recent studies have used preoperative clinical data to predict the

risk of MVI in patients [7,8]. In addition, several hematological data

and imaging tumor features have been identified as MVI predictors

[9,10]. However, these studies have identified only a few clinical indi-

cators, and their predictive abilities are yet to be determined.

Therefore, in this study, we retrospectively analyzed preoperative

imaging and hematological data of patients to determine if they could

independently predict MVI among patients with HCC. Additionally,

we constructed a novel nomogram for estimating MVI risk and

explored the potential role of MVI risk in stratifying patients based

on their outcomes.

2. Materials and Methods

2.1. Patients

Preoperative clinical data were obtained from patients with HCC

who underwent hepatectomy at Liaoning Cancer Hospital from

November 1, 2018, to November 4, 2021. The inclusion criteria were

as follows: (1) patients who underwent a standard-compliant R0 rad-

ical resection; (2) patients aged 18 or above, (3) HCC diagnosis con-

firmed using histology; (4) Child-Pugh A or B liver function; and (5)

Magnetic resonance imaging (MRI)-enhanced liver scan performed

two weeks prior to hepatectomy. The patient exclusion criteria were

as follows: (1) patients who underwent anticancer treatment prior to

surgery; (2) history of prior malignancies; (3) missing clinical infor-

mation; (4) extrahepatic metastasis; (5) ambiguous diagnosis of MVI;

and (6) MVI. Finally, we included 497 patients with HCC (Fig. 1). The

patients were randomized in the 7:3 ratio in the training cohort (TC,

n = 349) and the validation cohort (VC, n = 148). All patients were

regularly followed up after discharge from the hospital. Cancer recur-

rence in patients was diagnosed by the presence of a new local or dis-

tant metastatic lesion detected via imaging. The primary endpoints of

the study were overall survival (OS) and recurrence-free survival

(RFS). We calculated the patient’s OS as follows: the date of surgery

to either the date of death due to any reason or the last follow-up.

RFS was calculated from the date of surgery to the date of initial

recurrence diagnosis or the date of death caused by any reason or the

last follow-up.

2.2. Histopathology

All patients underwent a radical hepatectomy. The MVI grade was

determined by the histopathological examination of postoperative

tissue samples performed independently by two excellent patholo-

gists.

2.3. Preoperative clinicopathological indicators

We evaluated the following laboratory indicators: Total bilirubin

(TB), aspartate aminotransferase (AST), albumin, alanine aminotrans-

ferase (ALT), prothrombin time (PT), alkaline phosphatase (ALP), pla-

telets, white blood cells (WBCs), g-glutamyl transferase (GGT),

monocytes, lymphocytes, platelet-to-lymphocyte ratio (PLR), neutro-

phils, aspartate transaminase-to-platelet ratio index (APRI), platelet-

to-monocyte ratio (PMR), AST-to- albumin ratio (AAR), albumin-to-

GGT ratio (AGR), systemic inflammation response index (SIRI), fibro-

sis-4 index (FIB-4 index), prognostic nutritional index (PNI), alpha-

fetoprotein (AFP), carcinoembryonic antigen, alpha-L-fucosidase

(AFU), systemic immune inflammation (SII), carbohydrate anti-

gen199, and hepatitis B surface antigen (HBsAg). We calculated APRI,

FIB-4, AAR, AGR, PMR, PLR, SIRI, PNI, and SII based on the formulas

mentioned in the table of references (Table S1). Furthermore, preop-

erative enhanced MRI data, including tumor size, tumor margin, liver

cirrhosis, tumor number, and clinical TNM stage, were evaluated.

These routine tests were performed two weeks prior to the surgery.

These potential MVI risk indicators were screened based on pub-

lished papers, pathophysiological inferences, clinical knowledge, and

practical considerations for clinical implementation.

2.4. Calculation of cut-off values for the factors

We determined the optimal cut-off values of AFP, AFU, FIB-4, AAR,

AGR, PLR, PMR, APRI, SII, SIRI, and PNI using receiver operating char-

acteristics (ROC) curves and the maximum Youden index. P < 0.05

indicated a significant difference. In addition, we calculated the cutoff

values of other continuous variables based on their respective medi-

cal reference ranges.

2.5. Statistical analysis

We measured differences using chi-squared or Fisher’s exact test

and presented categorical variables as numbers and percentages.

Next, we presented continuous variables as median and interquar-

tile range, or mean § standard deviation, and performed the t-test

or Kruskal−Wallis test to calculate differences. We compared and

estimated survival probabilities using the log-rank test and the

Kaplan−Meier (KM) survival analysis. Next, we performed univari-

ate logistic regression analysis (ULRA) to determine the variables

predicting MVI risk with P < 0.05. Next, we performed the Least

Absolute Shrinkage and Selection Operator (LASSO) regression anal-

ysis on these variables for screening variables and dimensionality

reduction. The most significant factors with non-zero coefficients

were selected and incorporated into the multivariate logistic regres-

sion analysis (MLRA). Next, variables with P < 0.05 were selected as

factors independently predicting MVI risk. We constructed the pre-

dictive model based on these factors and visualized it using a nomo-

gram. The weighted MVI risk score was calculated based on the

b-coefficients of the selected significant values obtained during the

last step of the MLRA. We calculated the cut-off values for estimat-

ing the low and high-MVI risk using the median value of the MVI

risk score. We evaluated the reliability of the nomogram by con-

structing the ROC curves and calculating the area under the ROC

curve (AUC) values. Next, we constructed calibration curves to

assess the accuracy of our model and decision curve analysis (DCA)

to evaluate the significance of the model in clinical settings. Finally,

we determined the utility of the model for hepatitis B virus (HBV)-

negative and HBV-positive patients. P < 0.05 indicated a significant

difference. We statistically analyzed the data using R version 4.0.3

and SPSS version 25.0 (IBM Corp., NY, USA).

2.6. Ethical statement

Written informed consent was obtained from each patient

included in the study and the study protocol conforms to the ethical

guidelines of the 1975 Declaration of Helsinki as reflected in a priori

approval by the Medical Ethics Committee of Liaoning Provincial Can-

cer Hospital (20200802yg).

3. Results

3.1. Comparing clinicopathological characteristics of patients

We included 497 patients in the study, of which 349 patients were

in the TC, and 148 in the VC underwent hepatectomy. Table 1

presents the clinicopathological characteristics of the patients at

baseline. No significant difference in the baseline clinicopathological

characteristics between both cohorts was observed.
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3.2. Establishing the cut-off value of indicators in the TC

We used the ROC curve to determine the cut-off values of indica-

tors, including AFP, AFU, FIB-4, APRI, AAR, PLR, PMR, SII, AGR, SIRI,

and PNI for predicting MVI (Fig. 2). The optimal cut-off values of AFP,

AFU, FIB-4, APRI, AAR, PLR, PMR, and SII predicting MVI were 240.25,

38.95, 2.59, 0.54, 0.56, 75.92, 359.64, and 244.58 (Table 2). These indi-

cators could significantly predict MVI risk (P < 0.05).

3.3. ULRA of main clinical indicators

Table 3 presents the results of the ULRA performed on the TC.

The results showed that age, FIB-4, APRI, AAR, PLR, PMR, SII, AFP,

AFU, tumor margin, and liver cirrhosis (P < 0.05) were MVI risk

factors.

3.4. Risk factor screened using LASSO regression analysis

Next, we performed a LASSO regression analysis on these 11 risk

factors. The results revealed that age, FIB-4, AAR, PLR, AFP, AFU,

tumor margin, and liver cirrhosis were closely correlated with MVI in

the TC (Fig. 3).

3.5. MLRA of risk factors

We performed MLRA on these eight risk factors. The results

revealed that FIB-4 ≥ 2.59 [OR=4.82, 95% CI: 2.48−9.36, P < 0.001],

AFU ≥ 38.95 U/mL (OR=1.91, 95% CI: 1.11−3.28, P = 0.019), AFP ≥

240.25 ng/mL (OR=2.21, 95% CI: 1.18−4.12, P=0.013), liver cirrhosis

(OR=3.68, 95% CI: 2.10−6.48, P < 0.001), and non-smooth tumor mar-

gin (OR=7.27, 95% CI: 3.96−13.36, P < 0.001) could independently

Fig. 1. Flowchart of the study population and processing.

DCA, decision curve analysis; HCC, hepatocellular carcinoma; KM, Kaplan-Meier; LASSO, absolute shrinkage and selection operator; MLRA, multivariate logistic regression anal-

ysis; MVI, microvascular invasion; ROC, receiver operating characteristic; TC, training cohort; ULRA, univariate logistic regression analysis; VC, validation cohort.
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predict MVI (Table 3). Fig. 4 presents the forest plot of these indepen-

dent risk factors. Finally, we calculated MVI risk score based on the

b-coefficients of these independent risk factors using the formula

shown in Table S2.

3.6. Construction and evaluation of a novel nomogram for

predicting MVI

Based on the results of MLRA on the TC, we selected FIB-4 ≥ 2.59,

AFP ≥ 240.25 ng/mL, AFU ≥ 38.95 U/mL, non-smooth tumor margin,

and liver cirrhosis to construct a nomogram for predicting MVI

(Fig. 4). Next, we validated the effectiveness of the nomogram on

patients in the VC and entire cohorts. The results revealed that our

nomogram demonstrated excellent performance in predicting MVI in

the TC, and the C-index was 0.846 (95% CI: 0.807−0.885). The C-index

of the nomogram in the VC was 0.786 (95% CI: 0.714−0.858), and the

entire cohort was 0.829 (95% CI: 0.794−0.864, Fig. 5). In all cohorts,

calibration curves demonstrated a significant level of conformance in

predicted MVI incidence by the nomogram and postoperative MVI

diagnosis based on pathology (Fig 6). DCA showed that our nomo-

gram exhibited a substantial net benefit over the "treat-none" and

"treat-all" strategies across an entire range of threshold probabilities

(Fig. 7). The specificity, sensitivity, and negative as well as positive

predictive value of the model were 92.5%, 59.8%, 66.1%, and 90.4% in

the TC; 73.5%, 72.5%, 69.4%, and 76.3% in the VC; and 92.1%, 56.5%,

64.2%, and 89.4% in the entire cohort, respectively (Table 4).

HBV infection is the leading cause of PLC in China (1). Considering

the possible influence of HBV infection on MVI risk, we evaluated the

significance of the nomogram in predicting MVI among patients with

and without HBV. The patients in all cohorts were classified into the

HBV-negative and HBV-positive groups based on HBsAg status. The

AUC values of patients in the HBV-positive group in the TC, VC, and

the entire cohort were 0.829, 0.779, and 0.818, respectively (Fig. 8).

Additionally, the AUC values of patients in the HBV-negative group in

Table 1

Clinical characteristics of HCC patients.

Variables Total (n=497) Training Cohort (n=349) Validation Cohort (n=148) P Value

Age, years 55.64 § 8.74 55.52 § 8.62 55.93 § 9.06 0.636

Sex 0.927

Female 75 (15.09%) 53 (15.19%) 22 (14.86%)

Male 422 (84.91%) 296 (84.81%) 126 (85.14%)

PT, seconds 12.20 (11.60-12.80) 12.20 (11.60-12.80) 12.20 (11.60-12.80) 0.979

ALT, U/L 36.00 (26.00-49.00) 37.00 (26.00-49.00) 35.00 (24.75-48.25) 0.314

AST, U/L 34.00 (25.00-44.00) 34.00 (25.00-44.00) 34.00 (25.00-44.25) 0.611

ALP, U/L 94.28 § 39.53 95.45 § 39.45 91.53 § 39.73 0.313

GGT, U/L 52.00 (30.00-98.00) 54.00 (30.00-101.00) 46.00 (28.75-93.25) 0.468

TB,mmol/L 15.23 (11.05-20.18) 15.22 (11.21-20.18) 15.29 (10.67-19.72) 0.594

Albumin, g/L 43.29 § 5.84 43.06 § 5.53 43.83 § 6.50 0.181

Platelet, £ 109 /L 175.63 § 70.80 178.12 § 71.18 169.76 § 69.78 0.229

WBC, £ 109 /L 5.67 § 2.33 5.74 § 2.45 5.51 § 2.01 0.311

Neutrophil, £ 109 /L 3.25 (2.43-4.23) 3.27 (2.44-4.23) 3.19 (2.42-4.22) 0.639

Lymphocyte, £ 109 /L 1.58 § 0.57 1.59 § 0.56 1.53 § 0.60 0.245

Monocyte, £ 109 /L 0.34 (0.26-0.44) 0.34 (0.27-0.43) 0.34 (0.24-0.44) 0.364

FIB-4 index 2.10 § 0.82 2.08 § 0.84 2.17 § 0.74 0.254

APRI 0.57 (0.36-0.78) 0.55 (0.34-0.79) 0.59 (0.38-0.75) 0.656

AAR 0.79 (0.58-1.04) 0.80 (0.58-1.05) 0.78 (0.56-1.02) 0.462

AGR 0.82 (0.42-1.47) 0.79 (0.41-1.43) 0.95 (0.44-1.53) 0.382

PLR 109.18 (74.12-161.54) 109.41 (74.12-162.91) 108.50 (75.34-150.86) 0.993

PMR 484.21 (336.36-712.50) 490.70 (339.39-726.32) 461.45 (313.13-692.70) 0.555

SII 359.76 (224.64-536.32) 355.37 (226.37-536.32) 366.55 (222.89-532.91) 0.786

SIRI 0.70 (0.47-1.10) 0.71 (0.48-1.08) 0.67 (0.46-1.19) 0.736

PNI 51.16 § 6.62 51.03 § 6.55 51.47 § 6.80 0.497

AFP, ng/mL 36.36 (5.16-433.24) 42.05 (5.53-435.20) 23.29 (4.38-426.61) 0.384

CEA, ng/mL 2.60 (1.67-3.81) 2.65 (1.67-3.68) 2.56 (1.68-3.95) 0.612

AFU, U/ml 40.90 § 13.56 41.20 § 13.67 40.20 § 13.31 0.453

CA199, ng/mL 27.00 § 50.22 17.35 (9.84-30.31) 15.98 (9.50-26.16) 0.403

Tumor size, cm 4.50 (3.00-7.50) 4.50 (3.00-7.00) 4.50 (3.00-7.50) 0.627

MVI 228 (45.88%) 160 (45.85%) 68 (45.95%) 0.984

269 (54.12%) 189 (54.15%) 80 (54.05%)

HBsAg 138 (27.77%) 100 (28.65%) 38 (25.68%) 0.498

359 (72.23%) 249 (71.35%) 110 (74.32%)

Tumor number 372 (74.85%) 262 (75.07%) 110 (74.32%) 0.861

125 (25.15%) 87 (24.93%) 38 (25.68%)

Tumor margin 281 (56.54%) 199 (57.02%) 82 (55.41%) 0.74

216 (43.46%) 150 (42.98%) 66 (44.59%)

Liver cirrhosis 268 (53.92%) 185 (53.01%) 83 (56.08%) 0.53

229 (46.08%) 164 (46.99%) 65 (43.92%)

Clinical TNM stage 287 (57.75%) 206 (59.03%) 81 (54.73%) 0.744

88 (17.71%) 59 (16.91%) 29 (19.59%)

113 (22.74%) 77 (22.06%) 36 (24.32%)

9 (1.81%) 7 (2.01%) 2 (1.35%)

PT, prothrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT,

g-glutamyltransferase; TB, total bilirubin; WBC, white blood cell; FIB-4 index, fibrosis-4 index; APRI, aspartate transami-

nase-to-platelet ratio index; AAR, AST-to- albumin ratio; AGR, albumin-to- GGT ratio; PLR, platelet-to-lymphocyte ratio;

PMR, platelet-to-monocyte ratio; SII, systemic immune inflammation; SIRI, systemic inflammation response index; PNI,

prognostic nutritional index; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; AFU, alpha-L-fucosidase; CA199, Car-

bohydrate antigen 199; MVI, microvascular invasion; HBsAg, hepatitis B surface antigen; TNM, tumor-node-metastasis,

according to the eighth edition of the AJCC (American Joint Committee on Cancer) cancer staging manual.
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the TC, VC, and the entire cohort was 0.894, 0.786, and 0.877, respec-

tively (Fig. 8). ROC curves demonstrated that our model had high

accuracy in both HBV-negative and HBV-positive patients.

3.7. Analyzing the survival of patients with HCC and different MVI risk

score

Based on the risk model, the median probability of MVI incidences

was 44.7%. All patients were categorized into low-MVI risk (n = 249,

50.1%) and high-MVI risk (n = 248, 49.9%) groups. In addition, the

MVI risk model could classify patients as per their prognosis. The 1-,

and 2-year OS rates of patients in the low-MVI risk group were 98.4%

and 92.5%, and in the high-MVI risk were 90.7% and 76.6%, respec-

tively. In the high-MVI risk group, the patient’s OS was significantly

poor compared to that in the low-MVI risk group (P < 0.001). The 1-,

and 2-year RFS rates of patients in the high-MVI risk group were

66.5% and 49.5%, and in the low-MVI risk group were 80.7% and

63.5%, respectively. The RFS of patients in the low-MVI risk group

was significantly better (P < 0.001, Fig. 9)

4. Discussion

MVI is prevalent among patients with PLC, and the incidence of

MVI is about 15%−57% [11]. A study has shown that MVI is an impor-

tant marker of HCC invasion and metastasis, which could be related

to intrahepatic metastasis of early tumor cells [12]. Therefore, the

presence of MVI poses a threat to the prognosis of patients with HCC.

The prognosis of patients with HCC suffering from MVI treated using

different surgical approaches is different [13]. When surgeons sus-

pect that HCC patients are at significant risk for MVI before surgery,

they should choose surgical options carefully. Thus, it is essential to

construct a model for accurately predicting MVI before surgery. Our

results revealed that independent risk factors, including FIB-4 ≥ 2.59,

AFP ≥ 240.25 ng/mL, AFU ≥ 38.95 U/mL, non-smooth tumor margin,

and liver cirrhosis, are significantly associated with MVI. Additionally,

a nomogram was constructed based on these risk factors and verified

the nomogram. Furthermore, patients were stratified based on the

MVI risk model, and the OS and RFS of patients in the high-MVI risk

were poor.

Our results revealed that the risk of MVI was 1.91 times higher in

people with AFU ≥38.95 U/mL compared to patients with

AFU<38.95 U/mL. To the best of our knowledge, our results are the

first to demonstrate that higher AFU levels could predict MVI. AFU is

an important lysosomal hydrolytic enzyme [14]. Deugnier et al. dem-

onstrated a significant increase in the AFU levels in the serum of

patients with HCC [15]. A study has shown that AFU could be an ideal

diagnostic marker for patients with HCC [16]. Previous studies have

shown that patients with HCC have a reduced ability to degrade and

scavenge AFU, which leads to an increase in AFU levels among these

patients [17]. In HCC, patients with high AFU levels had poor OS and

increased incidences of vascular invasion [18]. HCC progression is sig-

nificantly influenced by invasive inflammation [19]. Chemokines pro-

duced by the liver during inflammatory responses promote AFU

production [20]. This prevents WBCs from penetrating the endothe-

lial cells in the inflamed region during blood transmission. Such an

immunosuppressive response could promote the invasion and

metastasis of HCC cells [21]. However, the underlying mechanism of

high AFU levels and MVI is unclear and should be further explored.

Studies have shown that the FIB-4 index could independently pre-

dict liver fibrosis risk [22]. However, the FIB-4 index has never been

used to construct a model for predicting MVI risk. Our results showed

that FIB-4 ≥ 2.59 could predict MVI risk. Sterling et al. used the com-

bination of the FIB-4 index, AST, ALT, age, and platelets and demon-

strated that the FIB-4 index could accurately predict advanced liver

fibrosis in patients [23]. Xiao et al. showed that the FIB-4 index was

Fig. 2. The receiver operating characteristic (ROC) curve for preoperative FIB-4 index,

APRI, AAR, PLR, PMR, SII, AFP, AFU, AGR, SIRI, and PNI for predicting MVI.

Abbreviations: FIB-4 index, fibrosis-4 index; APRI, aspartate transaminase-to-

platelet ratio index; AAR, AST-to- albumin ratio; PLR, platelet-to-lymphocyte ratio;

PMR, platelet-to-monocyte ratio; SII, systemic immune inflammation; AFP, alpha-feto-

protein; AFU, alpha-L-fucosidase; AGR, albumin-to- GGT ratio; SIRI, systemic inflam-

mation response index; PNI, prognostic nutritional index.

Table 2

Value of preoperative FIB-4 index, APRI, AAR, PLR, PMR, SII, AFP, AFU, AGR, SIRI and PNI in the diagnosis of

MVI

Indicator ROC area (AUC) 95%CI low Specificity Sensitivity Cut-off value P-value

FIB-4 index 0.664 0.607-0.722 0.750 0.635 2.59 <0.001

APRI 0.618 0.559-0.677 0.619 0.630 0.54 <0.001

AAR 0.567 0.506-0.627 0.306 0.836 0.56 0.032

PLR 0.580 0.520-0.640 0.819 0.365 75.92 0.010

PMR 0.570 0.510-0.630 0.800 0.376 359.64 0.025

SII 0.565 0.505-0.625 0.781 0.360 244.58 0.036

AFP 0.613 0.555-0.672 0.825 0.413 240.25 <0.001

AFU 0.621 0.561-0.680 0.581 0.640 38.95 <0.001

AGR 0.552 0.492-0.613 / / / 0.092

SIRI 0.507 0.446-0.568 / / / 0.828

PNI 0.514 0.453-0.574 / / / 0.664

FIB-4 index, fibrosis-4 index; APRI, aspartate transaminase-to-platelet ratio index; AAR, AST-to- albumin

ratio; PLR, platelet-to-lymphocyte ratio; PMR, platelet-to-monocyte ratio; SII, systemic immune inflamma-

tion; AFP, alpha-fetoprotein; AFU, alpha-L-fucosidase; AGR, albumin-to- GGT ratio; SIRI, systemic inflamma-

tion response index; PNI, prognostic nutritional index;
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Table 3

Univariate and multivariate logistic regression analysis of MVI presence based on preoperative data in the

training cohort.

Variables Univariate Analysis Multivariate Analysis

OR (95%CI) P value OR (95%CI) P value

Sex Female Reference

Male 1.27 (0.71, 2.28) 0.4193

Age, years <60 Reference Reference

≥60 1.61 (1.04, 2.51) 0.0335 1.36 (0.76, 2.44) 0.2926

PT, seconds <14 Reference

≥14 2.64 (0.84, 8.37) 0.0980

ALT, U/L <40 Reference

≥40 0.87 (0.57, 1.34) 0.5261

AST, U/L <40 Reference

≥40 1.02 (0.65, 1.58) 0.9452

ALP, U/L <125 Reference

≥125 1.18 (0.65, 2.15) 0.5792

GGT, U/L <60 Reference

≥60 1.38 (0.90, 2.11) 0.1374

TB,mmol/L <20.5 Reference

≥20.5 1.58 (0.95, 2.62) 0.0764

Albumin, g/L >37 Reference

≤37 0.93 (0.48, 1.79) 0.8234

Platelet, £ 109 /L >100 Reference

≤100 1.47 (0.84, 2.58) 0.1742

WBC, £ 109 /L >3.5 Reference

≤3.5 0.67 (0.32, 1.41) 0.2948

Neutrophil, £ 109 /L <6.3 Reference

≥6.3 0.75 (0.30, 1.89) 0.5427

Lymphocyte, £ 109 /L >1.1 Reference

≤1.1 1.10 (0.65, 1.87) 0.7124

Monocyte, £ 109 /L <0.6 Reference

≥0.6 2.05 (0.77, 5.47) 0.1504

FIB-4 index <2.59 Reference Reference

≥2.59 5.22 (3.28, 8.30) <0.0001 4.82 (2.48, 9.36) <0.0001

APRI <0.54 Reference

≥0.54 2.70 (1.75, 4.16) <0.0001

AAR <0.56 Reference Reference

≥0.56 2.18 (1.31, 3.65) 0.0028 1.82 (0.91, 3.64) 0.0917

PLR <75.92 Reference Reference

≥75.92 0.38 (0.23, 0.63) 0.0002 0.75 (0.36, 1.55) 0.4320

PMR <359.64 Reference

≥359.64 0.42 (0.26, 0.68) 0.0004

SII <244.58 Reference

≥244.58 0.50 (0.31, 0.80) 0.0043

HbsAg Negative Reference

Positive 0.80 (0.50, 1.28) 0.3613

AFP, ng/mL <240.25 Reference Reference

≥240.25 3.31 (2.01, 5.46) <0.0001 2.21 (1.18, 4.12) 0.0128

CEA, ng/mL <5 Reference

≥5 0.88 (0.46, 1.68) 0.6882

AFU, U/ml <38.95 Reference Reference

≥38.95 2.47 (1.60, 3.81) <0.0001 1.91 (1.11, 3.28) 0.0193

CA199, ng/mL <34 Reference

≥34 1.04 (0.62, 1.76) 0.8833

Tumor size, cm <5 Reference

≥5 1.10 (0.72, 1.67) 0.6641

Tumor number Solitary Reference

Multiple 0.99 (0.61, 1.62) 0.9773

Tumor margin Smooth Reference Reference

Non-smooth 5.24 (3.27, 8.39) <0.0001 7.27 (3.96, 13.36) <0.0001

Liver cirrhosis No Reference Reference

Yes 2.36 (1.53, 3.64) 0.0001 3.68 (2.10, 6.48) <0.0001

Clinical TNM stage I−II Reference

Ⅲ-Ⅳ 0.91 (0.56, 1.49) 0.7081

PT, prothrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phos-

phatase; GGT, g-glutamyltransferase; TB, total bilirubin; WBC, white blood cell; FIB-4 index, fibrosis-4 index;

APRI, aspartate transaminase-to-platelet ratio index; AAR, AST-to- albumin ratio; PLR, platelet-to-lympho-

cyte ratio; PMR, platelet-to-monocyte ratio; SII, systemic immune inflammation; HBsAg, hepatitis B surface

antigen; AFP, alpha-fetoprotein; CEA, carcinoembryonic antigen; AFU, alpha-L-fucosidase; CA199, Carbohy-

drate antigen 199; TNM, tumor-node-metastasis, according to the eighth edition of the AJCC (American Joint

Committee on Cancer) cancer staging manual.
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Fig. 3. The LASSO regression model was employed for identifying risk factors. (A) The LASSO coefficient profiles of these 11 factors. Age, FIB-4 index, AAR, PLR, AFP, AFU, tumor mar-

gin, and liver cirrhosis were selected using LASSO regression analysis. (B) The optimum parameter (lambda) selection performed ten-fold cross-validation based on the minimum

criteria. The partial likelihood deviance (binomial deviance) curve versus the log (lambda) was presented. The optimum values obtained using the lambda are represented using the

dotted vertical lines. min and the lambda.1se. Finally, the optimum value, which corresponded to the minimum value of lambda, was selected.

Fig. 4. Forest plot shows factors independently predicting MVI risk by means of MLRA (A). Nomogram for predicting the preoperative MVI risk in patients with HCC (B). To use the

nomogram, the position of each variable on the corresponding axis was identified. Next, a line was drawn to the axis point to identify the number of points, and the points from all

variables were added. Finally, a line was drawn from the total points on the axis to determine the risk of MVI on the lower line of the nomogram.

Fig. 5. Receiver operating characteristic (ROC) curves of the nomogram total points for predicting MVI in the training (A), validation (B), and entire cohorts (C).
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positively correlated with the incidence of liver fibrosis. Moreover, in

HCC, the risk of combined cirrhosis in patients with FIB-4 > 1.45 was

higher [24]. Zhou et al. showed that the survival rate of patients with

FIB-4 > 4.16 post-hepatectomy was significantly low [25]. Addition-

ally, the FIB-4 index is considered a risk factor for the recurrence and

metastasis of HCC. A high FIB-4 index indicates higher incidences of

recurrence and metastasis in patients with HCC [26]. The specific

mechanisms underlying a higher FIB-4 index in patients with HCC

suffering from MVI are unclear; however, some of the reasons are as

follows: (1) MVI risk is directly proportional to the age of patients

with HCC [27]. In HCC, the incidences of metastasis and recurrence

are higher in patients with advanced age due to the rapid progression

of liver fibrosis in these patients [28]. (2) Platelets are critically

involved in cancer progression [29]. Low platelet counts are closely

correlated with the recurrence and metastasis of HCC cells. Moreover,

low platelet counts could predict MVI in patients [7]. Portal hyperten-

sion causes hypersplenism and increased platelet isolation, thereby

decreasing the platelet count. As the portal blood flow slows down,

HCC patients with low platelet counts increases the risk of MVI [30].

(3) A study showed that high AST levels could independently predict

Fig. 6. Calibration curves shows the TC (A), VC (B), and entire cohorts (C). The X-axis shows the MVI risk predicted by the nomogram. The Y-axis shows the actual postoperative

pathological MVI occurrence. A plot along the 45° line could indicate a perfect calibration model wherein the predicted MVI is identical to the actual MVI. The solid line indicates

the performance of the constructed nomogram.

Fig. 7. DCA shows the TC (A), VC (B), and entire cohorts (C). Black oblique and brown horizontal lines indicate the net clinical benefit of considering all patients as MVI (+) and

MVI (�), respectively. The oblique blue line indicates the net benefit of the nomogram at different threshold probabilities.

Table 4

Accuracy of the nomogram in predicting the risk of MVI.

Variable Training Cohort Validation Cohort Entire Cohort

AUC (95%CI) 0.846 (0.807, 0.885) 0.786 (0.714, 0.858) 0.829 (0.794, 0.864)

Accuracy (95%CI), % 74.8 (74.7, 74.9) 73.0 (72.7, 73.2) 72.8 (72.8, 72.9)

Sensitivity (95%CI), % 59.8 (52.8, 66.8) 72.5 (62.7, 82.3) 56.5 (50.6, 62.4)

Specificity (95%CI), % 92.5 (88.4, 96.6) 73.5 (63.0, 84.0) 92.1 (88.6, 95.6)

Positive Predictive Value (95%CI), % 90.4 (85.2, 92.5) 76.3 (66.8, 85.9) 89.4 (84.8, 94.0)

Negative Predictive Value (95%CI), % 66.1 (59.9, 72.3) 69.4 (58.8, 80.1) 64.2 (59.0,69.4)

Positive Likelihood Ratio (95%CI) 7.792 (4.569, 13.908) 2.739 (1.802, 4.162) 7.157 (4.538, 11.288)

Negative Likelihood Ratio (95%CI) 0.435 (0.363, 0.520) 0.374 (0.255, 0.549) 0.472 (0.410, 0.544)
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MVI [9]. AST is involved in glutamine metabolism. The energy gener-

ated via glutamine metabolism contributes to the metastasis of HCC

cells [31]. High AST levels are closely correlated to aggressive inflam-

matory responses. Invasive inflammatory responses promote the

cycle of hepatocyte necrosis and regeneration, thus leading to cancer

recurrence and metastasis in patients with HCC [32]. Thus, a high

FIB-4 index could promote the invasion of HCC cells and invasive

inflammatory responses of the body, thereby increasing the risk of

MVI.

Studies have shown that liver cirrhosis could significantly predict

metastasis and recurrence among patients with PLC [33,34]. Zhang et

al. showed that liver cirrhosis could predict MVI, consistent with our

results [35]. Cirrhosis development is usually accompanied by portal

hypertension, and the risk of microvascular tumor thrombus

Fig. 8. ROC curves and the AUC values in patients with positive HBsAg in the TC (A, n = 249), the VC (B, n = 110), and the entire cohort (C, n = 359), patients with negative HBsAg in

the TC (D, n = 100), the VC (E, n = 38), and entire cohort (F, n = 138).

Fig. 9. Long-term survival of HCC patients with different MVI risks. Kaplan−Meier curve of patients in the high and low-MVI risk groups. (A) RFS (B) OS.
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increases with a decrease in the velocity of portal blood [30]. Peng

et al revealed a close correlation between liver fibrosis and PLC from

the perspective of the tumor immune microenvironment. A close cor-

relation between MVI and an increase in fibronectin synthesis were

observed in patients with metastatic HCC [36]. Additionally, HCC

patients with cirrhosis have low antithrombin levels, which triggers

MVI [37].

Our results showed that the non-smooth tumor margin could pre-

dict MVI risk. Interestingly, Chen et al. showed a close correlation

between the non-smooth tumor margin and the M2 classification of

MVI [38]. A study performed histopathological analysis showed that

liver tumors with MVI were more likely to penetrate the tumor cap-

sule and infiltrate non-tumor tissues, thereby causing the develop-

ment of unsmooth tumor margins. A strong correlation was observed

between non-smooth tumor margin, tumor invasion, and poor cancer

cell differentiation, thus elevating MVI risk [39].

AFP is an important marker used for the diagnosis of patients with

HCC and is frequently used for predicting MVI. However, the optimal

cut-off value of AFP in the serum for predicting MVI remains unclear

[40−42]. Our results showed that the risk of MVI was 2.21 times

higher in patients with AFP ≥ 240.25 ng/mL compared to patients

with AFP<240.25 ng/mL. High AFP levels have been reported in other

cancer types; therefore, additional studies are required to determine

the optimal cut-off value of AFP for diagnosing MVI.

Moreover, we performed several analyses, and the results

revealed that our nomogram demonstrated excellent accuracy and

could be used in clinical settings for predicting MVI risk in patients.

Calibration curves demonstrated a significant level of agreement

between predicted MVI incidence by the nomogram and the actual

MVI risk. DCA showed that our nomogram had a greater net clinical

benefit and significant clinical value. Previous studies have only

included HBV-positive patients; however, we have included both

HBV-negative and HBV-positive patients [7,43]. Based on the HBsAg

status, all patients were divided into HBV-negative and HBV-positive

groups and constructed ROC curves. The results showed that our

model could accurately predict MVI risk in patients, irrespective of

the HBV status. In addition, ULRA revealed no clear correlation

between MVI and HBV. These results showed that our predictive

model demonstrated better predictive performance in patients. In

addition, our MVI risk model could accurately stratify patients based

on their prognosis.

In this study, we determine the correlation between the FIB-4

index and the AFU level in the serum of patients with HCC and MVI.

However, our study has a few limitations. First, we obtained data

from a single hospital, and the accuracy of the results should be vali-

dated in patients from other hospitals. Second, since we have per-

formed a retrospective analysis, additional prospective studies are

required to validate our model. Finally, the sample size of our study

was small. Hence, studies with larger sample sizes are required to

predict MVI risk.

5. Conclusions

In conclusion, we combined hematological indicators and imaging

tumor features (including the FIB-4 index, AFP levels, AFU levels,

tumor margin, and liver cirrhosis), followed by constructing and vali-

dating a model for predicting MVI risk. Our model demonstrated a

good performance in predicting preoperative MVI risk in patients

with HCC, thereby assisting clinicians in developing appropriate sur-

gical strategies for those patients.
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