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Objective: This study aimed to investigate how dynamic contrast-enhanced CT imaging signs correlate with the differentiation grade
and microvascular invasion (MVI) of hepatocellular carcinoma (HCC), and to assess their predictive value for MVI when combined
with clinical characteristics.

Methods: We conducted a retrospective analysis of clinical data from 232 patients diagnosed with HCC at our hospital between 2021
and 2022. All patients underwent preoperative enhanced CT scans, laboratory tests, and postoperative pathological examinations.
Among the 232 patients, 89 were identified as MVI-positive and 143 as MVI-negative. Regarding tumor differentiation, 56 patients
were well-differentiated, 145 moderately, and 31 poorly. Multivariate logistic regression analysis was employed to establish a
prediction model for variables showing significant differences. Additionally, the diagnostic performance of various indicators were
evaluated using ROC analysis.

Results: Among the qualitative data, significant differences (P<0.05) were observed between the MVI-positive and MVI-negative
groups in 5 items such as peritumoral enhancement. In terms of quantitative data, the MVI-positive group exhibited higher maximum
tumor length, AST, ALT, AFP levels and the ALBI score (P<0.05). Conversely, CT values in the arterial phase (AP), portal venous
phase (PVP), and PT levels were lower in the MVI-positive group (P<0.05). Multivariate Logistic regression analysis identified ALBI
score, PT level, CT value in PVP, and tumor capsule as independent risk factors for MVI occurrence (AUC: 0.71, 0.58, 0.66, and
0.60). The combined diagnostic AUC value was 0.82 (95% CI: 0.76-0.87). Significant differences were found among different
differentiation grade groups in 10 items such as non-smooth tumor margin (P<0.05).

Conclusion: Preoperative dynamic contrast-enhanced CT examination in patients with HCC can be utilized to predict the presence of
MVI. When combined with clinical characteristics, these imaging signs demonstrate good predictive performance for MVI status.
Furthermore, this approach has significant implications for determining the differentiation grade of tumors.
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Introduction

Primary liver cancer (PLC) is a prevalent malignant tumor of the digestive system, ranking fourth in terms of new cancer
cases, yet it holds the second position among causes of death." Among PLCs, hepatocellular carcinoma (HCC)
constitutes approximately 75% to 85%.%* The recurrence rate after HCC surgery can be as high as 50% to 70% within
five years.* Key factors influencing the biological behavior of HCC include microvascular invasion (MVI) and the degree
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of tumor differentiation, known as histological grade.”° The incidence of MVI in HCC can range from 15% to 57%."® Its
presence indicates a more aggressive biological behavior of the tumor with increased risk of metastasis, serving as an
independent prognostic factor affecting both early recurrence and long-term survival rates following surgery.”®
Predicting MVI preoperatively holds significant importance for precise treatment strategies in HCC patients.
Radiofrequency ablation (RFA) is recommended by the European Association for the Study of the Liver (EASL) clinical
practice guidelines (2018) as a first-line treatment for small liver cancers, offering an alternative to surgical resection.
However, RFA is not advised for patients with MVI-positive tumors due to a higher recurrence risk compared to surgical
resection.”'’ The degree of pathological differentiation in HCC significantly impacts patient prognosis, with poorer
clinical outcomes associated with lower differentiation levels.'"'? Currently, the definitive diagnosis of MVI status and
tumor pathological staging typically relies on postoperative histopathological examination. However, this approach
hinders the timely formulation of treatment plans and assessment of postoperative survival. Therefore, non-invasive
and rapid preoperative evaluation of MVI status and tumor differentiation grade holds immense value. Such evaluations
are crucial for selecting appropriate treatment strategies, predicting disease progression, and enhancing overall survival
rates.

In patients with abnormal liver ultrasound findings or elevated alpha-fetoprotein (AFP) levels, dynamic contrast-
enhanced CT plays a crucial role as a primary imaging method in diagnosing HCC. It holds significant research value in
evaluating the pathological information of HCC.”'""'? Currently, there is a lack of comprehensive evaluation of the
traditional imaging features and clinical factors related to the differentiation and MVI in HCC.”'""'? Qur study aimed to
explore the correlation between dynamic contrast-enhanced CT imaging signs and the pathological grade of HCC, as well
as the status of MVL.

Materials and Methods

Patients and Materials
The clinical data of 232 patients diagnosed with HCC who underwent surgery in Sichuan Provincial People’s Hospital
between January 1, 2021 and December 31, 2022 were analyzed retrospectively. All patients received confirmation of
HCC through postoperative pathology. The study received ethical approval from the hospital’s Ethics Committee, and
informed consent was waived.

Inclusion criteria were as follows:' Dynamic contrast-enhanced CT examination conducted within 2 weeks before
surgery with acceptable image quality;®> Pathologically confirmed MVI and tumor differentiation results;’> Complete
preoperative clinical markers data. Exclusion criteria included:' History of prior liver surgery, transcatheter arterial
chemoembolization, radiofrequency ablation, or systemic chemotherapy;” Presence of recurrent or metastatic tumors;’
Evidence of macroscopic vascular invasion or extrahepatic metastasis on CT images;* Extensive tumor necrosis.” For
multifocal HCC, non-largest tumors were proven to be MVI (+).

Clinical data encompassed demographic details such as age, gender, pathological diagnosis of liver cirrhosis, hepatitis
virus infection status, and serological markers.

Acquisition Protocol

The standardized scanning of multiphasic imaging was emphasized, the same imaging parameters, scanning protocols
and data analysis methods were adopt to ensure the comparability of different imaging results. A Siemens SOMATOM
Perspective 64-slice CT scanner was used with the following parameters: tube voltage 120kV, tube current 104mAs.
Patients were scanned in a supine position, after a 6—8 hour fast. The scan range extended from the diaphragmatic dome
to the inferior liver pole. The scan protocol included a non-contrast scan, followed by intravenous injection of the
contrast agent iohexol injection (iodine content 300 mg I/mL) at a rate of 2.5 mL/s, with doses calculated at 1.0 mL/kg of
body weight. Late arterial phase (AP), portal venous phase (PVP), and delayed phase (DP) scans were performed 35s,
60s, and 3 minutes post-contrast injection, respectively. Images were reconstructed with a slice thickness of 2—5 mm, and

an interslice distance of 0.625 mm, using a standard reconstruction algorithm.
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Image Analysis

The images underwent post-processing on the Siemens SyngoVia workstation. The evaluation was conducted by two
radiologists with 3 years and 30 years of experience, respectively. They performed the analysis without prior knowledge
of the patients’ clinical information, serological markers, or histopathological results. A re-check was carried out two
weeks later. Both doctors were members of the research group, and the junior doctor also had read more than 2000 liver
CT studies. Before the study, they received practical guidance together and mastered the structural liver imaging scoring
system proficiently. After training, practical cases from the imaging system were randomly selected for assessment. In
case of disagreement between the two radiologists, the results of discussion shall prevail. When there is still disagree-
ment, it will be examined by another radiologist with 30 years of experience in liver image-reading. The two radiologists
assessed the following imaging features:' Quantitative data: They selected the transverse section of the largest tumor in
the late AP and PVP, measuring the maximum tumor length, average CT values in AP and PVP, while excluding visible
blood vessels, bile ducts, cystic degeneration, necrosis, bleeding, and artifacts.” Qualitative data: Tumor margin,
peritumoral enhancement, intratumoral artery, tumor capsule, peritumoral hypodensity, typical enhancement patterns,
cyst degeneration/necrosis. For multifocal HCC, the analysis focused on the largest tumor.

Pathological Diagnosis

According to the Standardized Pathological Diagnosis Guidelines for Primary Liver Cancer (2015 Edition),'*'*

speci-
mens were obtained and diagnosed. In cases where microvascular thrombosis was identified under the microscope, it was
categorized as MVI-positive; otherwise, it was categorized as MVI-negative. Pathological grading was performed
according to the WHO-recommended method of high, moderate, and low differentiation. Evaluation of each patient’s
tumor histopathological characteristics, including pathological findings, differentiation grade, MVI status, and peritu-
moral cirrhosis, was conducted by one junior and one senior pathologist, who had access to clinical information. In cases
of discordance in results, a consensus was reached through discussion between the two pathologists.

Statistic Analysis

Statistical analysis was conducted using SPSS Statistics 28.0 software. Cohen’s kappa was used to evaluate interobserver
agreement on image features. Features with substantial or nearly perfect interobserver agreement (k>0.6) were selected
for inclusion in the research. Quantitative data were presented as mean + standard deviation (X £ s). The T-test was
employed for comparisons between two groups, while one-way ANOVA was utilized for comparisons among multiple
groups. For non-normally distributed data, median and Interquartile Range (IQR) (M (P25, P75)) were used, with the
Mann—Whitney U-test for two-group comparisons and the Kruskal-Wallis H-test for comparisons among multiple
groups. Qualitative data were expressed as frequencies (n) and percentages (%). Pearson’s chi-square test or Fisher’s
exact test was used for comparisons of non-ordered categorical variables, and the rank-sum test was used for ordinal
categorical variables. Multivariate logistic regression analysis was performed to identify independent risk factors
associated with MVI. The area under the curve (AUC) of the receiver operating characteristic (ROC) curve was used
as an evaluation index, with corresponding sensitivity, specificity, positive predictive value, and negative predictive value
calculated. A significance level of P < 0.05 was considered statistically significant.

Results

Patient Characteristics

According to the histopathological results, the patients were divided into the MVI (+) group (89 cases) and the MVI (-)
group (143 cases). There were no significant differences in gender, age, HBV infection, and liver cirrhosis between the
MVI (+) and MVI (-) groups (P>0.05) (Table 1). According to the histopathological results, the patients were divided into
well differentiated (56 cases), moderately differentiated (145 cases), and poorly differentiated (31 cases) groups. There
were no significant differences in gender, age, HBV infection, and liver cirrhosis between the groups (P>0.05) (Table 2).
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Table | Comparison of Characteristics Between the MVI (+) Group and
the MVI (-) Group

Characteristics | MVI (+) (n=89) | MVI (-) (n=143) | y%t | P value
Sex 0.031 0.861
Male 72(80.9) 117(81.8)
Female 17(19.1) 26(18.2)
Age (y) 58.2%10.7 59.6£12.0 0.901 0.369
HBsAg 0.387 | 0.534
Positive 68(76.4) 104(72.7)
Negative 21(23.6) 39(27.3)
Cirrhosis 1.8 0.18
Yes 52(58.4) 96(67.1)
No 37(41.6) 47(32.9)

Notes: Unless otherwise specified, data in the tables represent patient counts, with percen-
tages in parentheses. *Data are presented as mean * standard deviation.

Table 2 Comparison of Characteristics of Well, Moderately, and Poorly
Differentiated Groups

Characteristics | Well (n=56) | Moderate (n=145) | Poorly (n=31) | P value
Sex 0.794
Male 44(78.6) 119(82.1) 26(83.9)
Female 12(21.4) 26(17.9) 5(16.1)
Age (y) 60.4+9.9 584+12.2 59.6+11.0 0.506
HBsAg 0.145
Positive 38(67.6) 107(73.8) 27(87.1)
Negative 18(32.1) 38(26.2) 4(12.9)
Cirrhosis 0.532
Yes 37(66.1) 94(64.8) 17(54.8)
No 19(33.9) 51(35.2) 14(45.2)

Dynamic Contrast-Enhanced CT Imaging Signs of HCC

Dynamic contrast-enhanced CT images revealed the characteristic enhancement pattern of HCC: hyperenhancement in
the AP and washout appearance in the PVP and/or DP compared to the surrounding liver tissue (Figure 1A—C). Among
the study participants, 206 (89%) exhibited this typical enhancement pattern. Additionally, 169 (73%) patients presented
with a tumor capsule (Figure 1C), 102 (44%) had an irregular tumor margin (Figure 1D and E), 155 (67%) showed
intratumoral arteries (Figure 1F), 35 (15%) displayed peritumoral enhancement (Figure 1G), 91 (39%) had peritumoral
hypodensity (Figure 1H), and 161 (70%) exhibited cystic degeneration or necrosis (Figure 1I).

Comeparison of Dynamic Contrast-Enhanced CT Image Signs Between the MVI (+)
Group and the MVI (-) Group

There were statistically significant differences in tumor margin, peritumoral enhancement, cystic degeneration or
necrosis, tumor capsule, maximum tumor length, CT values in AP and PVP between MVI-positive and negative groups
(P<0.05). There were no significant differences in the intratumoral artery, peritumoral hypodensity, and typical enhance-
ment pattern between the two groups (P>0.05) (Table 3 and Figure 2).
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Figure | (IA-1C) show the typical enhancement pattern of HCC, known as “rapid enhancement and rapid washout” (white arrows); (1D and |E) represent smooth and
irregular tumor margins, respectively (black arrows); (I1F) displays the intratumoral arteries of HCC (black arrow); (1 G) illustrates peritumoral enhancement in HCC (black
arrow); (IH) demonstrates peritumoral hypodensity in HCC (black arrow); (1) reveals cystic degeneration or necrosis areas in HCC (black arrow).

Comparison of Dynamic Contrast-Enhanced CT Image Indicators Between WVell,
Moderately, and Poorly Differentiated Groups

There were statistically significant differences in the smooth margin, tumor capsule, peritumoral hypodensity, typical
enhancement pattern, CT value in AP, CT value in PVP, and maximum diameter among the different differentiation grade
groups (P<0.05). There was no significant difference in peritumoral enhancement, intratumoral artery, cyst degeneration,

or necrosis between the groups (P>0.05) (Table 4 and Figure 3).

Table 3 Comparison of Contrast-Enhanced CT Image Signs Between MVI (+) Group and MVI (-)

Group
Characteristics MVI (+) (n=89) | MVI (-) (n=143) | Statistic | P value
Qualitative indicators
Tumor margin 16.363 <0.001
Smooth 35(39.3) 95(66.4)
Irregular 54(60.7) 48(33.6)
Peritumoral enhancement 8.162 0.004
Yes 21(23.6) 14(9.8)
No 68(76.4) 129(90.2)
(Continued)
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Table 3 (Continued).

Characteristics MVI (+) (n=89) | MVI () (n=143) | Statistic | P value

Intratumoral artery 3.135 0.077
Yes 66(74.2) 90(62.9)
No 23(25.8) 53(37.1)

Tumor capsule 10.812 0.001
Yes 54(60.7) 115(80.4)
No 35(39.3) 28(19.6)

Peritumoral hypodensity 0.179 0.672
Yes 33(37.1) 57(39.9)
No 56(62.9) 86(60.1)

Typical enhancement 1.677 0.195
Yes 76(85.4) 130(90.9)
No 13(14.6) 13(9.1)

Cystic degeneration or necrosis 84 0.004
Yes 72(80.9) 90(62.9)
No 17(19.1) 53(37.1)

Quantitative indicators

CT values in AP (Hu) 71(62.5, 87.0) 83.0(71.8, 95.5) —-3.735 <0.001

CT values in PVP (Hu) 76.0(66.5, 86.5) 85.0(75.8, 94.3) —4.132 <0.001

Maximum tumor length (mm) 54(34, 85) 39(28, 64) —-3.378 0.001

Note: *Data are for median and IQR.

Other Clinical Factors Influencing HCC MVI or Pathologic Grade
The levels of AST, ALT, AFP, ALBI score, and worse differentiation in the MVI (+) group were significantly higher than
those in the MVI (-) group, and the PT level in the MVI (+) group was lower than those in the MVI (-) group, with a

Figure 2 MVI-related imaging. (2A and 2B) A 82-year-old man with HCC, MVI (-). AP (2A) and PVP (2B) images show smooth tumor margin, tumor capsule, intratumoral
artery, and typical enhancement pattern. The maximum tumor length is 4lmm. The CT value in AP and PVP are 157Hu and 104Hu respectively. (2C and 2D): A 65-year-old
man with HCC, MVI (+). AP (2C) and PVP (2D) images show irregular tumor margin, intratumoral artery, cystic, degeneration or necrosis, and typical enhancement pattern.
The maximum tumor length is 76mm. The CT value in AP and PVP are 97Hu and 104Hu respectively.
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Table 4 Comparison of Contrast-Enhanced CT Image Indicators Among Well, Moderately, and
Poorly Differentiated Groups

Characteristics Well (n=56) | Moderately (n=145) | Poorly (n=31) | P value
Qualitative indicators
Smooth margin 0.002
Smooth 40(71.4) 80(55.2) 10(32.3)
Unsmooth 16(28.6) 65(44.8) 21(67.7)
Peritumoral enhancement 0.061
Yes 4(7.1) 23(15.9) 8(25.8)
No 52(92.1) 123(84.1) 23(74.2)
Intratumoral artery 0.304
Yes 33(58.9) 102(70.3) 21(67.7)
No 23(41.1) 43(29.7) 10(32.3)
Tumor capsule 0014
Yes 47(83.9) 105(72.4) 17(54.8)
No 9(l6.1) 40(27.6) 14(45.2)
Peritumoral hypodensity 0.02
Yes 28(50.0) 56(38.6) 6(19.4)
No 28(50.0) 89(61.4) 25(80.6)
Typical enhancement 0.026
Yes 54(96.4) 128(88.3) 24(77.4)
No 2(3.6) 17(11.7) 7(22.6)
Cyst degeneration or necrosis 0.078
Yes 33(58.9) 104(71.7) 25(80.6)
No 23(41.1) 41(28.3) 6(19.4)
Quantitative indicators
CT values in AP(Hu) 88.0£25.2 79.7£18.4 72.3%184 0.002
CT values in PVP(Hu) 87.7£15.4 81.9£13.3 74.0£16.2 <0.001
Maximum tumor length(mm) 81.711.4 77.4x11.1 70.9£12.4 0.008

significant difference (P<0.05). There was no significant difference in the levels of albumin, total bilirubin, PLT,
lymphocyte count, APTT, CA199, and CEA between the two groups (P>0.05) (Table 5).

There were statistically significant differences in PLT, AFP levels, and MVI status among different differentiation
groups (P<0.05). There were no significant differences in AST, ALT, albumin, total bilirubin, ALBI score, lymphocyte
count, PT, APTT, CA199, and CEA between groups (P>0.05) (Table 6).

Multivariate Logistic Regression Analysis Results and Predictive Value of MVI

Using MVI status as the dependent variable, and combining the variables listed in Tables 1, 3, and 5 as independent
variables, multivariate logistic regression analysis was conducted using stepwise regression. The results indicated that
ALBI score, PT value, tumor capsule, and PVP CT value are independent risk factors for MVI occurrence in HCC
patients (P < 0.05) (see Table 7).

The statistically significant indicators (ALBI score, PT value, PVP CT value, tumor capsule) selected from the
multivariate logistic regression analysis were further analyzed using ROC curve analysis to assess their predictive
performance for MVI occurrence (Figure 4). The study results demonstrated moderate to low predictive values (AUC
values of 0.71, 0.58, 0.66, 0.60, respectively) for these indicators. Their combined application significantly improved
predictive value (AUC value of 0.82) (Table 8).

In the multivariate logistic regression analysis, using AFP raw values or the cut-off value obtained from the ROC
curve (300 ng/mL) showed no significant statistical difference between the two groups (P > 0.05).
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Figure 3 Differentiation-related imaging. (3A and 3B) A 70-year-old man with HCC, well differentiated. AP (3A) and PVP (3B) images show smooth tumor margin, tumor
capsule, peritumoral enhancement, and typical enhancement pattern. The maximum tumor length is 33mm. The CT value in AP and PVP are 97Hu and 85Hu respectively.
(3C and 3D) A 75-year-old man with HCC, moderately differentiated. AP (3C) and PVP (3D) images show smooth tumor margin, intratumoral artery, tumor capsule, cystic,
degeneration or necrosis, and typical enhancement pattern. The maximum tumor length is 64mm. The CT value in AP and PVP are 77Hu and 83Hu respectively. (3E and 3F)
A 58-year-old man with HCC, poorly differentiated. AP (3E) and PVP (3F) images show irregular tumor margin, intratumoral artery, peritumoral enhancement, cystic,
degeneration or necrosis, and typical enhancement pattern. The maximum tumor length is 4lmm. The CT value in AP and PVP are 101Hu and 79Hu respectively.

Results of Multivariate Logistic Regression Analysis of Pathological Grade

Selecting pathological grading as the dependent variable, and combining the variables listed in Tables 2, 4, and 6 as
independent variables, a multivariate logistic regression analysis was conducted. The results showed that PVP CT value
is an independent risk factor for different pathological grades in HCC patients (P < 0.05) (Table 9).

Table 5 Comparison of Clinical Characteristics Between the MVI (+) and MVI (-)

Groups
Characteristics MVI (+) (n=89) | MVI () (n=143) | Statistic | P value
AST (IUL) 40(29.5, 59.5) 31(21, 51) -3.127 0.002
ALT (IU/L) 35(23.5, 52.5) 29(18, 48) —2.033 0.042
Albumin (g/L) 38.5(35.8, 41.0) 39.8(36.3, 42.4) -1.690 0.093
Total bilirubin (umol/L) 16.9(11.9, 22.6) 15(10.8, 21.2) -1.219 0.223
ALBI score —2.74+0.36 —2.45+0.4| —-5.431 <0.001
PLT (x10°/L) 133.0(99.5, 197.5) | 129.5(89.8, 189.5) -0.801 0.423
(Continued)
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Table 5 (Continued).

Characteristics MVI (+) (n=89) | MVI (-) (n=143) | Statistic | P value
Lymphocyte count 1.3(1.0, 1.6) 1.4(1.0, 1.7) —1.183 0.237
PT (s) 11.7(11.2, 12.2) 11.9(11.4, 12.5) —2.141 0.032
APTT (s) 28.3%2.0 28.1%2.1 —0.639 0.523
Tumor markers

AFP (ng/mL) 39.6(4.64, 613.4) 1.4(4.0, 181.1) -3.191 0.001

CAI199 (ng/mL) 8.6(4.4, 21.8) 8.7(4.0, 14.0) —1.346 0.178

CEA (ng/mL) 2.5(1.7, 3.5) 2.2(1.5, 3.4) —0.836 0.403
Differentiation grade 7.226 0.027

Well 13(14.6) 43(30.1)

Moderately 62(69.7) 83(58.0)

Poorly 14(15.7) 17(11.9)

Abbreviations: MVI, microvascular invasion; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
ALBI score, serum albumin-bilirubin score, PLT, platelet count; PT, prothrombin time; APTT, activated partial
thromboplastin time; AFP, alpha-fetoprotein; CA199, cancer antigen 19-9; CEA, carcinoembryonic antigen.

Table 6 Comparison of Clinical Characteristics Between Well, Moderately, and Poorly
Differentiation Groups
Characteristics Well (n=56) Moderately (n=145) Poorly (n=31) P value
AST (IU/L) 34.0(25.0, 51.8) 36.0(26.0, 55.5) 28.5(25.0, 55.0) 0.258
ALT (IU/L) 28.0(20.3, 43.5) 34.0(21.0, 50.5) 26.0(19.0, 38.0) 0.107
Albumin (g/L) 39.6+4.7 39.2+4.4 39.914.6 0.617
Total bilirubin (umol/L) 16.2(12.7, 23.6) 15.2(11.3, 21.3) 11.6(9.2, 20.7) 0.078
ALBI score —2.56+0.43 —2.54+0.41 —2.65+0.44 0.406
PLT (x10°/L) 123.5(77.3, 172.0) 126.5(92.0, 175.5) 195.0(121.0, 228.0) 0.001
Lymphocyte count 1.2(0.9, 1.6) 1.4(1.0, 1.7) 1.4(1.0, 1.9) 0.112
PT (s) 11.8(11.4, 12.4) 11.8(11.4, 12.5) 11.7(11.4, 12.1) 0.655
APTT (s) 28.0+1.9 28.3+2.2 28.2+2.0 0.759
Tumor markers
AFP (ug/mL) 10.0(3.4, 146.7) 48.3(5.8, 627.4) 43.6(13.2, 955.4) 0.012
CAI199 (ng/mL) 9.2(3.8, 14.2) 8.5(3.6, 18.0) 7.7(5.3, 17.1) 0.826
CEA (ng/mL) 25(1.7, 4.1) 2.3(1.7, 34) 2.1(1.7, 2.8) 0.456
MVI 0.037
Positive 13(23.2) 62(42.8) 14(45.2)
Negative 43(76.8) 83(57.2) 17(54.8)

Table 7 Results of Multivariate Logistic Regression Analysis of MVI Status

Factors B SE z P OR (95% CI)

ALBI score 206 | 046 | 445 | <0.001 | 7.87 (3.17 ~ 19.53)
PT (s) 0.58 | 0.2l 28 0.005 1.78 (1.19 ~ 2.68)
CT value in PVP (Hu) 0.04 | 0.01 | 3.02 0.002 1.04 (1.01 ~ 1.06)
Maximum length (mm) —0.01 | 0.0 | —1.47 | 0.14] 0.99 (0.98 ~ 1.00)
Peritumoral enhancement | —0.81 | 0.44 | —1.86 | 0.063 0.44 (0.19 ~ 1.04)
Tumor capsule 123 | 037 33 <0.001 3.42 (1.65 ~ 7.10)

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval.
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Figure 4 Receiver operating characteristic curve of MVI occurrence.

Discussion

This study retrospectively analyzed the clinical, pathological, and imaging data of 232 HCC patients. The results showed
that there were some significantly different imaging and clinical features among groups with different pathological
differentiation degrees and MVI statuses. This indicates that preoperative dynamic enhanced CT examination in HCC
patients can be used to predict MVI status, among which the combination of clinical features and imaging features has a
good predictive performance for MVI status and has important implications for the pathological differentiation degree of
tumors. Previous studies have also proven the important potential of imaging features applied to preoperative MVI

prediction, combining with clinical features can further improve the sensitivity and specificity of diagnosis.'>™"”

Table 8 The Predictive Value of Each Indicator for the Occurrence of MVI

Index AUC (95% CI) | Cut-off | SEN | SPE | PPV | NPV | Yoden index
ALBI score 0.71(0.64-0.78) —2.515 60 78 62 76 0.374
PT 0.58(0.51-0.66) 12.35 34 83 56 67 0.169
CT value in PVP | 0.66(0.59-0.73) 81.5 64 66 54 75 0.304
Tumor capsule 0.60(0.52-0.68) NA 80 6l 56 83 0.196
Combination 0.82(0.76-0.87) NA 66 84 72 80 0.498

Abbreviations: SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value; NA, not
applicable.
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Table 9 Results of Multivariate Logistic Regression Analysis of Pathological

Grade
Differentiation* SE wald P OR (95% CI)
Well CT value in PVP 0.032 | 4941 | 0.026 | 1.07(1.01-1.14)
ALBI score 0.761 | 1.291 | 0.256 | 2.37(0.53-10.56)
Typical enhancement | 0.972 | 1.404 | 0.236 | 3.17(0.47-21.29)
Tumor capsule 0.662 | 2.514 | 0.113 | 2.86(0.78-10.46)
Moderately | CT value in PVP 0.029 | 4.033 | 0.045 | 1.06(1.01-1.12)
ALBI score 0.667 | 0.825 | 0.364 | 1.83(0.50-6.77)
Typical enhancement | 0.661 | 0.343 | 0.558 1.47(0.40-5.37)
Tumor capsule 0.546 | 1.758 | 0.185 | 2.06(0.71-6.01)

Note: *Compared to the poorly differentiated group.

Several studies have shown that imaging features such as irregular tumor margin, non-capsule, large tumor diameter,
and peritumoral enhancement are closely related to MVL'®!'? The results of our study also showed that there were
statistically significant differences in tumor margin, peritumoral enhancement, cystic degeneration or necrosis, tumor
capsule, tumor diameter and CT values in arterial phase (AP) and PVP between MVI-positive and negative groups
(P<0.05). Multivariate logistic regression analysis showed that tumor capsule and CT values in PVP were independent
predictors of MVI status. The tumor capsule structure mainly consists of an inner layer rich in fibrous components and an
outer layer enveloping the portal vein and newly formed bile ducts. When tumor cells infiltrate and disrupt the capsule
structure, imaging shows incomplete encapsulation and infiltrative border characteristics.'®?® The fibrous capsule of
HCC is considered a favorable prognostic factor, associated with lower recurrence rates following more effective
transarterial chemoembolization (TACE) and resection or ablation procedures, possibly due to the barrier effect of the
fibrous capsule.’>*' The pathological results show that in areas where the capsule is missing, tumor cells are adjacent to
normal liver cells, making it easier for tumor cells to infiltrate and invade surrounding vessels, thereby increasing the risk
of MVI. Irregular tumor margins manifest as unclear boundaries with the hepatic parenchyma, nodular or mass-like
external growth. The characteristics of tumor nodules are closely related to their blood supply status; tumors with
exceptionally rich blood supply often exhibit more significant invasiveness. On imaging, such tumors show irregular and
uneven edges with a nodular appearance, posing a higher risk of MVI, which most commonly occurs in the areas where
nodules extend beyond the periphery.'®~? The pathological mechanism of peritumoral enhancement is closely related to
compensatory arterial perfusion abnormalities in the liver. In cases of HCC with MVI, tumor cells invade and block
intrahepatic microvascular structures, triggering compensatory adjustments in hepatic arterial blood flow.'*** This
compensatory perfusion anomaly is characterized by late arterial or early PVP enhancement of the peritumoral liver
parenchyma, which decreases or disappears in the delayed phase (DP). Tumor size, as one of the important indicators for
assessing HCC prognosis, is closely associated with MVI. The size of the tumor is not a definitive limiting factor for
surgical resection or embolization therapy, but the risk of vascular invasion and tumor spread increases with increasing
diameter.*** Studies®*° have shown that tumor size is a key factor in the aggressiveness and prognostic outcome of
HCC, with larger tumor volumes often indicating a higher incidence of MVI, which is consistent with our findings.
Studies® have shown that poorly differentiated tumors are associated with a higher incidence rate of MVI, which is
consistent with our findings. Poorly differentiated HCC typically have dense and coarse tumor vessels, while well-
differentiated HCCs have more abundant intrahepatic sinusoids, suggesting that well-differentiated HCCs may have more
sources of venous blood supply compared to poorly differentiated HCC.?* Our study found that the decrease in CT values
in AP and PVP was associated with MVI positiveness and lower grade of differentiation. Multivariate logistic regression
analysis showed that CT values in PVP were independent predictors of MVI and pathological differentiation. This may
indicate that the risk of MVI increases with the decrease of the differentiation grade and blood supply especially the
venous supply. Our study found that CT values in PVP were statistically significant in predicting pathological
differentiation, but the increase in risk was relatively small (1.06, 1.07). Prospective studies are needed to evaluate its
clinical significance.
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AFP is the most commonly used serologic marker for screening HCC, but its sensitivity and specificity are only 60%
and 80%, respectively.zf”27 The results of this study showed that the preoperative serum AFP level in the MVI-positive
group was significantly higher than that in the MVI-negative group, and the lower the degree of tumor differentiation, the
higher the serum AFP levels (P<0.05). However, in the multivariate logistic regression analysis, both the original AFP
value and the cut-off value (300ng/mL) obtained by the ROC curve showed that there was no significant difference
between the two groups (P>0.05). This is inconsistent with the results of some studies'® and may be related to the lack of
stratification. In fact, AFP levels in adult blood are affected by multiple factors, and other tests need to be combined to
improve diagnostic or predictive efficiency. Research'® found that low PLT was a risk factor for preoperative MVI.
However, our study did not find an association between PLT and MVI events. We found that higher PLT was associated
with lower grade of differentiation, but no significant correlation was found in multivariate analysis. The conclusions of
PLT analysis may need to be further discussed. The ALBI score is often used for preoperative assessment of liver
function reserve and prognostic evaluation of postoperative liver failure after liver resection. Research®® found that the
recurrence rate of HCC transplantation significantly increased with the increase of ALBI grade, with ALBI grade 3
proven to be an independent predictor of MVI. The results of this study did not find a statistically significant relationship
between albumin or total bilirubin and MVI and differentiation grade, but the ALBI score obtained from both was an
independent predictor of MVI, which was consistent with the above study. The ALBI score may be a surrogate marker of
inflammation and immune dysfunction in liver cirrhosis. Although the ALBI score has been shown to be effective in
stratifying patients with HCC across different Barcelona Clinic Liver Cancer (BCLC) stages, its specific application
value as a stratification tool in clinical practice or scientific research needs to be further clarified.?’

There were no statistically significant differences in liver cirrhosis and HBV infection among different M VI status or
pathologic differentiation grade groups in this study, which is inconsistent with some studies.'®>° This inconsistency may
be related to the presence of selection bias. Furthermore, the effect of HBV titer or viral load was not further analyzed in
our study considering the impact of preoperative antiviral therapy.

The shortcomings of this study are mainly as follows: Firstly, it is a single-center retrospective study, and it is
necessary to verify the results from other centers. Secondly, the study did not track postoperative recurrence and survival
outcomes of patients. Thirdly, MVI was only classified into negative and positive groups without further grading.
Fourthly, only macroscopic imaging information that can be obtained was used, without deep data mining. In the future,
it is hoped to include a larger sample size and combine radiomics and deep learning to establish a predictive model for
MVI grading, thereby improving overall predictive performance.

Conclusion

In summary, preoperative dynamic contrast-enhanced CT examinations in HCC patients can be used to predict MVI
status and provide important hints regarding tumor pathological differentiation. The combination of clinical and
radiological features shows good predictive performance for MVI status, which is highly valuable for guiding persona-
lized treatment and further research.
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