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Contrast-enhanced CT findings-based model =

to predict MVI in patients with hepatocellular
carcinoma
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Abstract

Background: Microvascular invasion (MVI) is important in early recurrence and leads to poor overall survival (OS) in
hepatocellular carcinoma (HCC). A number of studies have reported independent risk factors for MVI. In this retro-
spective study, we designed to develop a preoperative model for predicting the presence of MVIin HCC patients to
help surgeons in their surgical decision-making and improve patient management.

Patients and Methods: We developed a predictive model based on a nomogram in a training cohort of 225 HCC
patients. We analyzed patients’clinical information, laboratory examinations, and imaging features from contrast-
enhanced CT. Mann-Whitney U test and multiple logistic regression analysis were used to confirm independent risk
factors and develop the predictive model. Internal and external validation was performed on 75 and 77 HCC patients,
respectively. Moreover, the diagnostic performance of our model was evaluated using receiver operating characteris-
tic (ROC) curves.

Results: In the training cohort, maximum tumor diameter (> 50 mm), tumor margin, direct bilirubin (> 2.7 umol/L),
and AFP (>360.7 ng/mL) were confirmed as independent risk factors for MVI. In the internal and external validation
cohort, the developed nomogram model demonstrated good diagnostic ability for MVI with an area under the curve
(AUQ) of 0.723 and 0.829, respectively.

Conclusion: Based on routine clinical examinations, which may be helpful for clinical decision-making, we have
developed a nomogram model that can successfully assess the risk of MVI in HCC patients preoperatively. When pre-
dicting HCC patients with a high risk of MVI, the surgeons may perform an anatomical or wide-margin hepatectomy
on the patient.
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Introduction

Liver cancer is the fifth most prevalent of all malignancies
based on the latest data from the National Cancer Center,
and hepatocellular carcinoma (HCC) is the most com-
mon type of liver cancer [1]. Currently, curative partial
hepatectomy and liver transplantation are the primary
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is why its prognosis remains poor, despite liver cancer’s
decreasing incidence and death.

Unlike macrovascular invasion, which can be diag-
nosed by imaging, microvascular invasion (MVI) is a
histological finding that can only be diagnosed patho-
logically after surgery [4]. In the presence of MVI, tumor
cells can spread within the liver, eventually forming mul-
tiple lesions in the liver, portal vein cancer thrombosis,
or distant metastases. So MVI is an independent risk
factor for early recurrence and poor OS in HCC patients
[5-7]. Zhao H et al. showed that HCC patients with MVI
can benefit from anatomical liver resection in aspects of
disease-free survival compared to non-anatomical liver
resection [8]. Another study demonstrated that hepatic
resection with wide margins (> 1 c¢m) is superior to nar-
row margins in patients with good liver reserve function,
especially in patients with a high preoperative predicted
risk of MVI [9]. In addition, after liver resection, HCC
patients with MVI can benefit from adjuvant therapy
with transarterial chemoembolization and oral sorafenib
in aspects of OS, recurrence free survival or progression
free survival [10-12]. As histopathological diagnosis has
a limited impact on preoperative decision making, pre-
dicting the presence of MVI before surgery can help sur-
geons select the exact surgical approach then ultimately
improve the prognosis of HCC patients.

Nomogram is a reliable tool for integrating and quan-
tifying essential risk factors for disease prognosis [13].
A number of nomograms have been developed for
MVI prediction in HCC patients [14—16]. For instance,
Zhou Q et al. reported alkaline phosphatase (>125U/L),
alpha-fetoprotein (within 20-400 or>400 ng/mL), pro-
tein induced by vitamin K absence-II (within 40-400
or >400mAU/mL), tumor diameter, multiple tumors,
pseudo-capsule, the infiltrative border with an irregular
shape, and intratumor hemorrhage were independent
risk factors of MVI [16]. While the nomogram developed
by Mao S et al. identified only three independent risk fac-
tors for MVI (tumor diameter, serum AFP >400 ng/mL,
and total bilirubin > 23 umol/L) [17].

Both contrast-enhanced CT and laboratory tests are an
integral part of the routine management of HCC patients.
So, it is meaningful to analyze these clinical examinations
to obtain variables of predictive value. The purpose of
our study is to develop a non-invasive predictive model
for preoperative assessment of the risk of MVI in HCC
patients based on the patient characteristics of our center.

Methods

Participants

In this study, we retrospectively analyzed the medical
data of HCC patients who had partial hepatectomy or
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liver transplantation from two hospitals. We analyzed
data on HCC patients from January 2017 to August
2020 at Nanjing Drum Tower Hospital and from Janu-
ary 2017 to June 2019 at The Affiliated Changzhou No.2
People’s Hospital of Nanjing Medical University. The
ethics committees of both hospitals have approved this
study. Because of the retrospective nature of this study,
the request for written informed consent from patients
was waived.

Patients who met the below criteria were included:
(a) contrast-enhanced CT imaging within one month
before biopsy; (b) tumor specimens were histologi-
cally confirmed to be HCC with MVI; and (c) had par-
tial hepatectomy or liver transplantation. The exclusion
criteria were: (a) with other tumors; (b) incomplete
clinical data; (c) contrast-enhanced CT imaging over
one month before biopsy; (d) missing pathological
data; (e) poor image quality; and (f) had received other
treatments.

Clinical and pathological data were collected from
medical records. Basic patient information included sex
and age. Liver disease included hepatitis B virus (HBV)
infection, hepatitis C virus (HCV) infection, and other.
Laboratory measurements included aspartate ami-
notransferase (AST), alanine transferase (ALT), red blood
cell (RBC), hemoglobin, platelet, total bilirubin (TBil),
direct bilirubin (DBil), total protein, albumin, C-reactive
protein (CRP), Albumin-Bilirubin (ALBI) grade, carbo-
hydrate antigen 242 (CA242), carcinoembryonic antigen
(CEA), and alpha-fetoprotein (AFP). Imaging features are
described below.

The recommended criteria for our protocol require-
ments and contrast-enhanced CT are used according to
the guidance of the American Association for the Study
of Liver Diseases (AASLD) (Fig. 1).

Contrast-enhanced CT technique and radiological
evaluation

Contrast-enhanced CT scans were obtained supine with
0.75-1.5-mm-thick sections and a 0.75-1.5-mm recon-
struction interval. Iohexol (a contrast agent) was infused
via peripheral vein before examinations. Two radiolo-
gists independently evaluated each patient’s CT images,
including the following features: (a) maximum tumor
diameter; (b) tumor margin; (c) cirrhosis; (d) arterial
peritumoral enhancement; and (e) tumor number. The
diameters of the tumors were recorded as mean values
(measured by two independent radiologists), and Fig. 2
shows the diagnostic criteria and representative CT
images. We resolve any controversies in feature assess-
ment through discussion.
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Patients with HCC in Nanjing Drum
Tower Hospital between January
2017 and August 2020 (n=393)

Patients with HCC in The Affiliated

Changzhou No.2 People's Hospital of
Nanjing Medical University between
January 2017 and June 2019 (n=104)

30 patients excluded
- Incomplete clinical data (n=7)
- Missing pathological data (n=23)

8 patients excluded
- Incomplete clinical data (n=2)
- Missing pathological data (n=6)

21 patients excluded
- With other tumors (n=13)
- Had received other treatments (n=8)

6 patients excluded
- With other tumors (n=3)
- Had received other treatments (n=3)

42 patients excluded

- Poor image quality (n=18)

- Contrast-enhanced CT imaging
over one month before biopsy (n=24)

13 patients excluded

- Poor image quality (n=5)

- Contrast-enhanced CT imaging
over one month before biopsy (n=8)

n=300

Patients enrolled in this retrospective study

| External validation (n=77) |

l

l

l

Training cohort (From
January 2017 to January
2020, n=225)

Internal validation (From
January 2020 to August
2020, n=75)

Model establishment |

Fig. 1 Patient selection flowchart. HCC, hepatocellular carcinoma; CT, computed tomography

Histopathological assessment

Surgical specimens from each patient were examined
independently by two pathologists for the presence
of MVI, defined as a nesting mass of cancer cells seen
microscopically in the lumen of the endothelium-lined
vasculature. They were unaware of any patient’s clinical
features and imaging data and used hematoxylin—eosin
staining and immunohistochemistry to confirm the
pathological diagnosis.

Model development and validation

In the training cohort, multiple logistic regression anal-
ysis was performed to build a model for predicting the
presence of MVI in HCC patients. A nomogram was
also constructed to provide a more coherent approach
to risk assessment. The diagnostic performance of our
model is evaluated in the internal and external valida-
tion cohorts using threshold values and weighted val-
ues formula obtained from the training cohort.

Statistical analysis

The 2 and Mann—Whitney U tests were used to com-
pare categorical and continuous variables. These two
tests were used to identify factors with significant differ-
ences between the MVI=0 and MVI=1 cohorts for fol-
low-up multiple logistic regression analysis. Factors with
a p-value <0.05 were identified as independent predictors
in the multiple logistic regression analysis. Nomogram
was used to demonstrate the predictive model based
on the B coefficients of each factor. R software (version
3.5.1) completed all statistical analyses. The prediction
model’s performance was assessed using ROC curves and
the AUC. A p-value<0.05 was thought to be statistically
significant.

Results

Participants enrolled and baseline characteristics

393 and 104 HCC patients from Nanjing Drum Tower
Hospital and The Affiliated Changzhou No.2 People’s
Hospital of Nanjing Medical University were included
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Imaging feature

Definition

Example

Maximum tumor

The maximum
distance from outer

diameter edge to outer edge
Detectable vascular
Arterial enhancement
peritumoral adjacent to the
enhancement tumor border ln the

arterial phase

Tumor margin

Presenting as
nonnodular tumor
with smooth border
or nodular tumor
with irregular
contour

A nodular, irregular,

or shrunken liver,
Liver cirrhosis |as well as ascites in
decompensated -
stage Absent Present
Fig. 2 Definitions of major semantic features and representative CT images
in the initial analysis, respectively. Figure 1 shows the Risk factors for MVI

flow chart for patient selection in detail. Finally, 225
of the 300 patients between January 2017 and Janu-
ary 2020 were distributed to the training cohort, and
the remaining 75 patients between January 2020 and
August 2020 were for internal validation. 77 patients
were for external validation.

Table 1 shows the baseline characteristics of patients
in the training and validation cohorts. There were no
significant differences in age, gender, liver disease,
imaging features, laboratory tests (including tumor
markers), or the presence of MVI between these three
groups. In the training and validation cohorts, the inci-
dence of MVI in HCC patients was 29.3%, 38.7%, and
26%, respectively. These rates suggested that predicting
MVI preoperatively is essential.

In the training cohort, maximum tumor diameter, tumor
margin, arterial peritumoral enhancement, tumor number,
hemoglobin, total bilirubin, direct bilirubin, and AFP were
predictive clinical and imaging variables for the presence of
MVI in HCC patients (p<0.05) (Table 2). Multiple logistic
regression analysis identified tumor margin, direct bilirubin,
maximum tumor diameter, and AFP as independent risk fac-
tors associated with the risk of MVI (Table 3). Based on ROC
curve analysis, we determined the best threshold values for
maximum tumor diameter, direct bilirubin, and AFP to be
50 mm, 2.7 umol/L, and 360.7 ng/mL, respectively. Mean-
while, in conjunction with the upper limits of normal val-
ues for direct bilirubin and AFP (6.8 pmol/L and 10 ng/mL,
respectively), we defined the threshold values for the three-
way classification in the nomogram, as described below.
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Characteristics Training (n =225) Internal validation (n=75) External validation (n=77) P-value
Agein years” 58 (51-65) 59 (50-66.5) 60 (54-70) 070
Sex 833
No. of men 181 (80.4) 62 (82.7) 64 (83.1)

No. of women 44 (19.6) 13(17.3) 13(16.9)

Liver disease 964
HBV infection 202 (89.8) 66 (88.0) 67 (87.0)

HCV infection 9 (4.0) 4(53) 4(5.2)

Other 14 (6.2) 5(6.7) 6(7.8)

Maximum diameter” 46 (28-72) 49 (34-64) 41 (26-65) 652
Tumor margin 060
Non-smooth 109 (48.4) 46 (61.3) 33(42.9)

Smooth 116 (51.6) 29 (38.7) 44 (57.1)

Cirrhosis 673
Cirrhosis-negative 143 (63.6) 50 (66.7) 46 (59.7)

Cirrhosis-positive 82 (364) 25(33.3) 31(40.3)

Arterial peritumoral enhancement 091
Arterial peritumoral enhancement-negative 48 (21.3) 22 (147 26 (33.8)

Arterial peritumoral enhancement-positive 177 (78.7) 64 (85.3) 51 (66.2)

Tumor number 655
Solitary 175(77.8) 62 (82.7) 60 (77.9)

Multiple 50(22.2) 13( 17 (22.1)

Laboratory findings*

AST (IU/mL) 31.5(25.0-48.0) 484 (31.9-62.8) 26.5(20.6-39.3) 191
ALT (IU/mL) 31.7 (27.0-40.9) 48.1 (31.7-48.1) 286 (17.7-41.6) 131
RBC (107 12/1) 45 (4.2-4.7) 4.5 (4.2-4.6) 4.5 (4.1-4.8) .500
Hemoglobin (g/L) 141 (130.7-148) 142.2 (130.0-142.2) 146.0 (130.0-153.0) 458
Platelet (10A9/L) 1495 (116.0-174.0) 137.5(137.5-146.6) 137.0(102.0-177.0) 319
TBil (umol/L) 14.1 (11.6-16.8) 19.9 (12.0-24.6) 12.1(10.0-16.3) 220
DBil (umol/L) 43(3.3-5.2) 43(3.2-5.2) 3.7 (28-47) 082
Total protein (g/L) 67.2 (64.1-70.4) 624 (62.4-65.7) 65.7 (61.8-69.0) 185
Albumin (g/L) 39.5(38.0-41.1) 38.3(38.3-39.7) 394 (37.5-41.3) 210
CRP (mg/L) 46 (34-6.3) 11.4(4.9-114) 4.5(25-83) 457
ALBI grade 432
1 118 (52.4) 35 ( ) 44 (57.1)

20r3 107 (47.6) 40 (53.3) 33(429)

Tumor markers*

AFP (ng/mL) 239.1 (8.5-3483) 2379(10.0-472.2) 6.5 (2.8-201.9) 059
CEA (ng/mL) 1.7 (0.9-1.9) 1.7 (1.0-1.9) 1.3(0.6-2.3) 138
CA242 (U/mL) 512.7-6.7) 49 (3.2-9.6) 4.2(34-6.2) 259
mvi 197
MVI=0 159 (70.7) 46 (61.3) 57 (74.0)

MVI=1 66 (29.3) 29 (38.7) 20 (26.0)

Except where indicated, data are numbers of patients, with percentages in parentheses.

# Data are medians, with interquartile range in parentheses

HBV Hepatitis B virus, HCV Hepatitis C virus, AST Aspartate aminotransferase, ALT Alanine transferase, RBC Red blood cells, TBil Total bilirubin, DBl Direct bilirubin, CRP
C-reactive protein, ALBI grade Albumin-Bilirubin (ALBI) grade, AFP Alpha-fetoprotein, CEA Carcinoembryonic, CA242 Carbohydrate antigen 242, MVI Microvascular

invasion
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Table 2 Comparison between MVI=0and MVI=1 in the training cohort

Characteristics MVI=0 (n=159) MVI=1 (n=66) P-value
Age in years" 60 (53-65) 58 (50-63) 128
Sex 440
No. of men 130(81.8) 51(77.3)

No. of women 29(18.2) 15(22.7)

Liver disease 434
HBV infection 141 (88.7) 61(92.4)

HCV infection 6(3.8) 3 (4.5)

Other 12(7.5) 2(3.0)

Maximum diameter” 41 (26.5-63.5) 55 (34.3-88.5) .002*
Tumor margin <.001*
Non-smooth 65 (40.9) 44 (59.1)

Smooth 94 (66.7) 22 (33.3)

Cirrhosis 916
Cirrhosis-negative 100 (62.9) 42 (63.6)

Cirrhosis-positive 59(37.1) 24 (364)

Arterial peritumoral enhancement .030*
Arterial peritumoral enhancement-negative 40 (25.2) 8(12.1)

Arterial peritumoral enhancement-positive 119 (74.8) 58(87.9)

Tumor number .005*
Solitary 132(83.0) 43(65.2)

Multiple 27 (17.0) 23 (34.8)

Laboratory findings*

AST (IU/mL) 30.6 (27-40.6) 31.9 (26.9-40.5) 343
ALT (IU/mL) 33.4(25.2-48.0) 30.6 (24.2-39.6) 643
RBC (107 12/1) 4.5 (4.2-4.6) 4.5 (4.3-4.7) 057
Hemoglobin (g/L) 139.5 (129.0-146.8) 142.0 (135.0-148.5) 017*
Platelet (10A9/L) 149.7 (112.7-173.0) 1495 (116.2-182.5) 657
TBil (umol/L) 14.0 (11.4-16.6) 14.6 (12.0-17.5) .043*
DBil (umol/L) 43(32-52) 4.5 (3.5-5.5) .040*
Total protein (g/L) 67.3 (64.1-70.7) 67.1 (64.2-70.0) 597
Albumin (g/L) 39.8 (38.0-41.1) 38.8(37.9-40.9) 517
CRP (mg/L) 4.5(3.3-5.6) 49 (3.5-10.9) 199
ALBI grade 110

1 89 (56.0) 29 (43.9)

20r3 70 (44.0) 37 (56.1)

Tumor markers*

AFP (ng/mL) 181.3(5.1-325.2) 325.2 (36.1-1000.0) .002*
CEA (ng/mL) 1.8(0.9-1.9) 1.5(0.7-2.1) 671
CA242 (U/mL) 5.6 (3.1-6.6) 39(2.5-6.6) 698

Except where indicated, data are numbers of patients, with percentages in parentheses

HBV Hepeatitis B virus, HCV Hepatitis C virus, AST Aspartate aminotransferase, ALT Alanine transferase, RBC Red blood cells, TBil Total bilirubin, DBil direct bilirubin, CRP
C-reactive protein, ALBI grade Albumin-Bilirubin (ALBI) grade, AFP Alpha-fetoprotein, CEA Carcinoembryonic, CA242 Carbohydrate antigen 242, MVI Microvascular

invasion

# Data are medians, with interquartile range in parentheses

Development and validation of the prediction nomogram

Using the outcomes of univariate and multivariate
analyses, we developed a nomogram that included pre-
operative predictor variables for the presence of MVI
in HCC patients. Figure 3A shows the score points

for the nomogram, including maximum tumor diam-
eter (0,<19 mm; 1,>19 mm and <50 mm; 2,>50 mm),
tumor margin (0, smooth; 1, non-smooth), direct biliru-
bin (0,<2.7 pmol/L; 1,>2.7 pmol/L and <6.8 pmol/L;
2,>6.8 umol/L), and AFP (0, 0-10 ng/mL; 1,
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Table 3 ROC analysis and multivariate analysis of MVI presence in the training cohort
Variables Multivariate analysis ROC analysis

B OR P-value AUC Cutoff
Maximum diameter 0.015 1.015 (1.006,1.025) 002 0.639 (0.558,0.719) 50
Tumor margin 1.259 3.523(1.806,6.873) <.001 0.632 (0.563,0.701) NA
Arterial peritumoral enhance- NA NA 999 NA NA
ment
Tumor number NA NA 081 NA NA
Hemoglobin NA NA 083 NA NA
TBIl NA NA 581 NA NA
DBil 0.043 1.044 (1.012,1.076) 007 0.567 (0.485,0.65) 2.7
AFP 0.001 1.001 (1.000,1.002) 032 0.629(0.547,0.711) 360.7

NA Not applicable, TBil Total bilirubin, DBil Direct bilirubin, AFP Alpha-fetoprotein, OR Odds ratio, ROC Receiver operating characteristic, AUC Area under the curve

10-360.7 ng/mL; 2,>360.7 ng/mL). The formula for
the weighted value is: Y=0.693 x [maximum tumor
diameter]| +0.961 x [tumor margin+ 0.652 X [direct
bilirubin] +0.736 x [AFP] — 5.859. Using thresholds
determined in the training cohort, the internal and exter-
nal validation cohort had a sensitivity range of 67.9-70%,
specificity range of 68.1-75.4%, and accuracy range of
68-74% in diagnosing MVI (Table 4). We plotted ROC
curves, and our nomogram model exhibited good diag-
nostic performance with AUC=0.723 and AUC=0.829
in the internal and external validation cohort, respec-
tively (Fig. 3B and 3C).

Discussion

This study developed and validated a nomogram model
for preoperative prediction of MVI in HCC patients.
Tumor margin, direct bilirubin, maximum tumor diam-
eter, and AFP integrated into the nomogram model
were confirmed as independent predictors of MVI risk.
Subsequently, ROC curves for the internal and external
validation cohorts demonstrated the excellent diagnostic
performance of our model.

MVI is an independent risk factor for HCC prognosis
and indicates a higher likelihood of tumor aggressive-
ness and metastasis [18, 19]. The factors included in our
model have also been reported associated with MVI in
other studies [16, 17, 20-22], demonstrating the reliabil-
ity and reproducibility of our model. He YZ et al. devel-
oped the MVI preoperative scoring system based on
tumor margin, maximum tumor diameter, AST, circulat-
ing tumor cells, Des-y-carboxy-prothrombin (DCP), and
AFP, which demonstrated better diagnostic performance
than our model, with an AUC of 0.922 [22]. Xu X et al.
developed a nomogram including eight independent risk
factors based on radiomic analysis of contrast-enhanced
CT [21]. However, these radiological features need to be
got with specific computers and software, which is not

practical for the surgeon’s clinical work. Thus, perhaps
the greatest strength of our model is its ease of applica-
tion by clinicians. We used the image features (tumor
size and tumor margins) obtained by subjective evalua-
tion on contrast-enhanced CT to construct the model.
This allows the radiologists or surgeons to quickly record
the image features in clinical practice without taking too
much time. Moreover, the fact is that many of the mod-
els that exist have not been externally validated. And in
predictive research, external validation is necessary as
the overfitting problem (prediction models tend to per-
form better on data on which the model was developed
than on new data). Although a recent prospective study
showed that the use of a ‘hepatocyte-specific’ contrast
agent, Gadoxetic acid (Gd-EOB-DTPA), in magnetic res-
onance significantly improved the sensitivity of diagnos-
ing small hepatocellular carcinoma (1-2 c¢m) in patients
with cirrhosis, this examination is two to three times
more expensive than contrast-enhanced CT [23]. We
have developed a user-friendly, non-invasive, and exter-
nally validated predictive model. In addition to consid-
ering diagnostic performance, cost and applicability are
also important. The independent predictors in our model
can all be got through an outpatient examination.

Similar to tumor size and peripheral enhancement,
non-smooth tumor margins are also an essential marker
for assessing malignancy, as this often means the tumor
has invaded the liver more [24]. In a systematic review
and meta-analysis conducted by Song L et al., MVI was
significantly associated with non-smooth tumor mar-
gins (DOR=4.62 [2.73, 7.81]) with an AUC of 0.72 [0.60,
0.77] [20]. The maximum tumor diameter greater than
or equal to 59 mm is an independent risk factor in the
MVI preoperative scoring system developed by He YZ
et al. [22]. Some recent studies have confirmed that the
larger the diameter, the greater the likelihood of MVI
[16, 17]. Unconjugated bilirubin is transported through
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Fig. 3 Developed nomogram presented with ROC. A The nomogram was established due to the training cohort, with tumor margin, direct
bilirubin, maximum tumor diameter and AFP. B The ROC curve in the internal validation cohort. C The ROC curve in the external validation cohort.
Abbreviations: AFP, alpha-fetoprotein; ROC, receiver operating characteristic; AUC, area under the curve

the bloodstream to the liver and forms direct bilirubin.
Elevated bilirubin levels indicate underlying liver func-
tion abnormalities, and changes in total bilirubin are sig-
nificantly associated with the progression of HCC [25].

Chan AWH et al. showed that high albumin-bilirubin
(ALBI) grade is a crucial parameter for early recurrence
of HCC [26]. Mao S et al. first identified total bilirubin
as a significant predictor of MVI when integrating tumor



Yue et al. BMC Gastroenterology (2022) 22:544

Table 4 Diagnostic performance of models for predicting MVI in
validation cohorts

Internal validation External validation cohort

cohort

Parameter

67.9 (19/28) [49.4, 86.3]
68.1(32/47) [54.3,81.9]
68.0 (51/75) [57.2,78.8]

70.0 (14/20) [48.0, 92.0]
754 (43/57) [63.9,87.0]
74.0 (57/77) [64.0, 84.0]

Sensitivity (%)
Specificity (%)
Accuracy (%)

Data in parenthesis are numerator/denominator and data in brackets are 95%
confidence interval

diameter and AFP [17]. In addition, total bilirubin has
been reported as a significant risk factor in predictive
models for OS and disease-free survival in patients with
early-stage HCC [27, 28]. For the first time, we have iden-
tified direct bilirubin as an independent risk factor for
MVI, but the interrelationship between the two is still
not well understood. AFP >400 ng/mL is highly sugges-
tive of HCC after excluding pregnancy, chronic or active
liver disease, tumors of embryonic origin in the gonads,
and tumors of the gastrointestinal tract, according to
the HCC management guidelines. However, it has been
shown that AFP> 158 ng/mL (AUC=0.752) is an inde-
pendent risk factor for MVI [22], suggesting that high
levels of AFP can also respond to tumor cell invasion
[29].

We found that close to 30.5% of the 377 patients
included had a postoperative pathological diagnosis of
MVI. Although there is no recognized adjuvant therapy
to reduce the recurrence of HCC after resection, patients
at high risk of recurrence are potential candidates for
clinical trials of adjuvant therapy [30]. Furthermore, it
is possible to explore neoadjuvant therapy for patients
at high risk of MVI. EASL also encouraged future clini-
cal trials with new agents. At the same time, liver trans-
plantation is the most effective treatment to prevent a
recurrence. Partial hepatectomy for initially resectable
HCC and salvage liver transplantation in transplantable
tumor recurrence is one strategy [31]. These require the
clinician to determine the patient’s risk of tumor recur-
rence early and accurately, so preoperative assessment
of the presence of MVI is necessary. We recommend
that patients judged to be at high risk of MVI preopera-
tively by our model require greater care by pathologists
in the postoperative assessment of pathological biopsies
to reduce the rate of missed diagnoses. In addition, these
patients should undergo a more prolonged and more
intensive individualized surveillance program to detect
possible tumor recurrence at an early stage.

However, there are limitations to this study that
are worth noting. Firstly, this is also a retrospective
study with selection bias despite internal and external
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validation to improve reliability. Secondly, we included
patients with HCC due to HCV infection or other eti-
ologies. However, the realities in China resulted in our
inclusion of mostly HBV-related HCC patients, which led
to some unavoidable bias. Thirdly, DCP was not meas-
ured in our study. DCP was not routinely tested preop-
eratively from 2017 to 2020 in our hospital. This is partly
because the EASL guidelines stated that DCP is subopti-
mal in terms of cost-effectiveness for routine surveillance
of early HCC [32]. At present, DCP is a routinely tested
tumor marker and will definitely be included in future
studies. Fourthly, our model has not been validated by
prospective clinical trials. Furthermore, the accuracy of
the pathological diagnosis of MVI depends mainly on the
experience of pathologists. We share this model to raise
awareness of risk factors for MVI in HCC and facilitate
the conduct of multi-center prospective studies to fur-
ther improve the diagnostic accuracy of the model.

Conclusion

This study developed and validated a preoperative pre-
diction model for MVI combining laboratory exami-
nations and contrast-enhanced CT imaging features,
which includes maximum tumor diameter (>50 mm),
tumor margin, direct bilirubin (>2.7 pumol/L), and AFP
(>360.7 ng/mL). The model helps in the early diagno-
sis of MVI. When predicting HCC patients with a high
risk of MVI, the surgeons may perform an anatomical or
wide-margin hepatectomy on the patient.
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