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Abstract
Macroscopic vascular invasion cannot be properly predicted in advance in hepatocellular carcinoma patients based on clinical
characteristics and imaging features.
To develop a predictive scoring model of macroscopic vascular invasion in hepatocellular carcinoma patients after transcatheter

arterial chemoembolization combined with radiofrequency ablation based on specific laboratory and tumor indicators.
A predictive scoring model, which estimates the incidence of macroscopic vascular invasion at 1-year follow-up, was constructed

based on a derivation cohort of 324 patients with hepatocellular carcinoma; a validation cohort of 120 patients was prospectively
included. The prognostic value of the scoring model was determined by concordance index, time-dependent receiver operating
characteristics, and calibration curves.
Coxmultivariate analysis of the derivation cohort identified prothrombin time, aspartate aminotransferase, and Barcelona clinic liver

cancer (BCLC) staging as independent predictive factors of macroscopic vascular invasion. The areas under the receiver operating
characteristic curves of the predictive scoring model were 0.832 and 0.785 in the derivation and validation cohorts, respectively, and
the calibration curves fitted well. Kaplan–Meier analysis showed that the incidence of macroscopic vascular invasion was significantly
higher in the high-risk group (score 0–2) than in the low-risk group (score 3–4) in both the derivation and validation cohorts (P< .0001
and P= .0008, respectively).
The predictive scoring model enables the accurate prediction of macroscopic vascular invasion incidence 1 year in advance in

hepatocellular carcinoma patients who undergo transcatheter arterial chemoembolization combined with radiofrequency ablation.

Abbreviations: AFP = alpha-fetoprotein, ALB = serum albumin, ALT = alanine aminotransferase, AST = aspartate
aminotransferase, BCLC = Barcelona clinic liver cancer, CI = confidence interval, CT = computed tomography, GGT = ɣ-glutamyl
transpeptidase, HCC = hepatocellular carcinoma, LT = liver transplantation, MRI = magnetic resonance imaging, MVI =
macroscopic vascular invasion, NRI = net reclassification index, OS = overall survival, PT = prothrombin time, PVTT = portal vein
tumor thrombosis, RFA = radiofrequency ablation, ROC = receiver operating curve, TACE = transcatheter arterial
chemoembolization, TBIL = total bilirubin, tdAUC = area under time dependent ROC curve, tdROC = time-dependent receiver
operating characteristics curve, WBC = white blood cell.
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1. Introduction

Hepatocellular carcinoma (HCC) is the 5th most common
malignant tumor worldwide.[1,2] Surgical resection and liver
transplantation are the main approaches for treating patients
with HCC. Unfortunately, resection is only available for
approximately 20% patients with HCC.[3] Radiofrequency
ablation (RFA) has been proposed as a new therapy owing to
its safety and effectiveness for patients with early-intermediate
stage HCC.[4,5] Transcatheter arterial chemoembolization
(TACE) has also been used to treat unresectable HCC with high
accuracy, minimal invasiveness, reduplicated operation, and
good tolerance.[6] However, both RFA and TACE have
limitations. Compared with the use of TACE or RFA alone,
the combination of TACE and RFA for treating HCC is reported
to have a relatively high local response rate.[5] Therefore, the
combination of TACE and RFA has been widely applied as the
main treatment approach for patients with early-intermediate
stage HCC. However, approximately 68.9% of patients show
tumor recurrence after RFA, which is higher than the rate for liver
transplantation and surgical resection.[7–9]
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Macroscopic vascular invasion (MVI) into the portal vein,
hepatic vein, and inferior vena cava appear to be highly
correlated with the degree of tumor malignancy,[10,11] which
plays an important role in the prognosis of HCC patients. Many
studies have shown that MVI is an independent predictor of
recurrence and poor outcomes in patients with HCC.[12,13] Portal
vein tumor thrombosis (PVTT) is observed in 10% to 60% of
HCC patients and can lead to liver dysfunction, portal
hypertension, ascites formation, variceal rupture, hepatic
encephalopathy, and/or death.[14–17] According to the American
Association for the Study of Liver Diseases and the Barcelona
clinic liver cancer (BCLC) staging system and treatment strategy,
HCC that is associated withMVI is considered an advanced stage
that requires aggressive treatment.[18] Sorafenib, a small tyrosine
kinase inhibitor molecule, has been used as a palliative treatment,
and the median survival time of patients with MVI who are
treated with this drug is only 8.1 months.[16,19] Therefore, it is
essential to accurately predict the occurrence of MVI before
treatment.
Currently, MVI can only be diagnosed by medical imaging

examination, such as ultrasound, computed tomography (CT),
magnetic resonance imaging (MRI), and angiography. Previous
studies have shown that tumor size, Edmondson–Steiner
histological grade, number of nodules, and alpha-fetoprotein
(AFP) level are associated with PVTT.[20] While low albumin
levels, tumor size >5cm, metastases, ascites, AFP >1000ng/mL,
and hypersplenism have been found to be independent predictive
factors ofMVI,[21–23] these indicators cannot properly predict the
risk of MVI. In our study, we retrospectively investigated clinical
characteristics and imaging features of HCC patients and
established a predictive scoring model through measurement
of independent predictors of MVI. Our predictive scoring
model allows more accurate individualized risk estimates
for the incidence of MVI in HCC patients after TACE combined
with RFA.
2. Methods

2.1. Patient selection

Patients with an initial diagnosis of HCC in BCLC A or B stages
who underwent TACE combined with RFA were included in our
study. Indications for using TACE combined with RFA for HCC
patients were presence of Child–Pugh A or B liver function. A
total of 324 patients were enrolled in the derivation cohort at the
Beijing Ditan Hospital (Beijing), Capital Medical University
between June 2008 and May 2014, and 120 patients were
prospectively enrolled in the validation cohort between June
2014 and May 2016. The diagnosis of HCC relied on the
recommendations of the American Association for the Study of
Liver Diseases.[24] The diagnosis of MVI was made using
contrast-enhanced imaging (CT scan or MRI) when a filling
defect was shown in the portal vein, hepatic vein, or inferior vena
cava, and the emboli was enhanced in the same or similar way as
the primary liver cancer.[25] Patients with autoimmune liver
disease, hepatitis A, D, or E, syphilis, acquired immune deficiency
syndrome, or other primary malignancies, were excluded from
our study. Patients were also excluded if they had incomplete data
or lacked follow-up. Patient data was anonymized before
analysis. This project was approved by the ethics committee of
the Beijing Ditan Hospital, Capital Medical University. As this
study had a retrospective design, we could not obtain informed
consent from all patients. However, to protect patient privacy, we
2

anonymized and deidentified all patient records and information
before the analysis.
Indications for using TACE combined with RFA for HCC

patients were as follows: presence of Child–Pugh A or B liver
function, a total bilirubin level of 42mmol/L, and normal serum
creatinine level. A CT scan was conducted one week later to
estimate the treatment effect of TACE. Patients with active local
tumor lesions underwent RFA therapy.
2.2. Data collection

Clinical data included demographic status (age, sex, and family
history of HCC), etiology (HBV-Ag, anti-HCV, and alcohol
consumption), liver function (alanine aminotransferase [ALT],
aspartate aminotransferase [AST], ɣ-glutamyl transpeptidase
[GGT], total bilirubin [TBIL], serum albumin [ALB], prothrom-
bin time [PT], Child–Pugh class), routine blood tests (white blood
cell [WBC] count), complications (ascites, hypersplenism), and
tumor-related indicators (AFP, tumor number, largest tumor
diameter, and BCLC staging). The data were collected at the time
of HCC diagnosis.
2.3. Follow-up

Clinical evaluation included liver function, AFP, and contrast-
enhanced CT orMRI scan every 2 to 3months for 1 year, starting
from the baseline. In terms of local lesion recurrence, intrahepatic
distant recurrence and extrahepatic recurrence were further
developed subsequently. Thus, the corresponding treatment
methods, such as RFA, TACE, and conservative treatments, were
proposed according to the features of recurrent tumors and the
patient’s liver function condition based on the individual’s
requirements.
2.4. Determination of cut-off value

Using 1-year incidence of MVI as an endpoint, grading of ALT,
AST, GGT, TBIL, ALB, WBC count, and PT were determined by
receiver operating curve (ROC) curve analyses. The results
showed optimal cut-off values of 70IU/L, 93 IU/L, 87IU/L, 23m
mol/L, 34g/L, 2.6�109/L, and 13.4 seconds, respectively,
corresponding to the maximum Youden index value (Table 1).
2.5. Statistical analysis

Demographic and clinical characteristics were summarized as the
median and range, number. Most experimental data had been
converted to categorical variables based on cut-off values, which
were calculated based on maximum Youden index (Sensitivity+
Specificity -1) values. Categorical variables were compared
between the 2 periods using the Pearson chi-squared test (all
of the theoretical number ≥5 and the total sample size ≥40).
Continuous variable age was compared between samples using
the Student t test, as data were normally distributed. The
occurrence time ofMVI was calculated from the date of diagnosis
of HCC toMVI positive or the last day of follow-up, according to
the Kaplan–Meier method, and compared using log-rank test.
Univariate and multivariate Cox proportional hazards regression
analyses (stepwise forward method) were performed to identify
significant factors predicting the risk of MVI, at a P< .05 (2-
tailed). The predictive scoring model was established by each
predictor according to the b coefficient in the multivariate Cox
regression analyses. The predictive accuracy of the scoring model



Table 1

Clinical characteristics of the HCC patients.

Variables
Derivation

Cohort n=324
Validation

Cohort n=120 P Value

Median age (range) 57 (28–81) 56 (38–77) .719
Sex (M/F) 252/72 93/27 .950
Family history of HCC (yes/no) 48/276 13/107 .279
HBV related 270/54 101/19 .833
Cirrhosis (yes/no) 305/19 98/22 < .001
Ascites (yes/no) 96/228 33/87 .661
Hypersplenism (yes/no) 38/286 53/67 < .001
ALT (≥ 70 IU/L/< 70 IU/L) 49/275 16/104 .636
AST (≥ 93 IU/L/< 93 IU/L) 29/295 6/114 .170
GGT (≥ 87 IU/L/< 87 IU/L) 84/240 29/91 .705
TBIL (≥ 23mmol/L/< 23mmol/L) 92/232 21/99 .019
ALB (≥ 34 g/L/< 34 g/L) 229/95 91/29 .282
WBC (≥ 2.6�109/L/< 2.6�109/L) 274/50 96/24 .251
PT (≥ 13.4 s/< 13.4 s) 125/199 29/91 .005
AFP (≥ 400ng/mL/< 400 ng/mL) 45/279 16/104 .880
Tumor number (≥ 3/< 3) 72/252 26/94 .900
Largest tumor diameter

(≥ 5cm /< 5 cm)
52/272 24/96 .326

Child–Pugh class (A/B) 247/77 94/26 .642
BCLC staging (A/B) 236/88 75/45 .035

Data are presented as number, or median (interquartile range).
Age were compared between the 2 periods using t test, the others using Chi-square test or Fisher’s
exact test.
AFP=a-fetoprotein, ALB= albumin, ALT= alanine transaminase, AST= aspartate aminotransferase,
BCLC=Barcelona clinic liver cancer, GGT=gamma-glutamyl transferase, HBV=hepatitis B virus,
PT=prothrombin time, TBIL= total bilirubin, WBC=white blood cell count.

Table 2

Predictors for MVI of patients with HCC on univariate cox
regression analysis in the derivation cohort.

Univariate Cox

Variable HR 95% CI P value

Median age 0.991 (0.941–1.043) .733
Sex (M/F) 0.611 (0.075–4.967) .645
Family history of HCC (yes/no) 0.039 (0.000–191.590) .454
HBV related 3.062 (0.404–23.178) .279
Cirrhosis (yes/no) 0.139 (0.000–251.430) .735
Ascites (yes/no) 3.135 (1.168–8.419) .023
Hypersplenism (yes/no) 0.901 (0.111–7.324) .922
ALT (≥ 70 IU/L/< 70 IU/L) 4.611 (1.717–12.383) .002
AST (≥ 93 IU/L/< 93 IU/L) 6.476 (2.353–17.826) <.001
GGT (≥ 87 IU/L/< 87 IU/L) 2.304 (0.858–6.186) .098
TBIL (≥ 23mmol/L/< 23mmol/L) 4.351 (1.581–11.973) .004
ALB (≥ 34 g/L/< 34 g/L) 2.250 (0.297–17.038) .432
WBC (≥ 2.57�109/L/< 2.57�109/L) 6.007 (1.711–21.091) .005
PT (≥ 13.4 s/< 13.4 s) 7.093 (2.021–24.894) .002
AFP (≥ 400 ng/mL/< 400 ng/mL) 2.113 (0.682–6.552) .195
Tumor number (≥ 3/< 3) 1.629 (0.566–4.688) .366
Largest tumor diameter (≥ 5 cm/< 5 cm) 1.207 (0.344–4.234) .769
BCLC staging (A/B) 2.016 (1.335–3.045) .001

CI=confidence interval, HR=hazard ratios.
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was measured using the concordance index (c-index). The time-
dependent receiver operating characteristics curve (tdROC)
evaluated the accuracy of quantitative markers for time-varying
outcomes. The area under time dependent ROC curve (tdAUC)
and the calibration curves were also estimated to assess the
performance of the scoring model. MVI incidence curves were
constructed by the Kaplan–Meier method and compared by log-
rank test. Analyses were performed using SPSS 22.0 statistical
package (IBM, Armonk, NY) and RMS packages in R version
3.0.2.
Table 3

Predictors for MVI of derivation cohort on multivariate cox
regression analysis.
3. Results

3.1. Characteristics of the derivation and validation
cohorts

A total of 444 patients diagnosed with HCC without MVI after
TACE combined with RFA were included in the study. In the
derivation cohort, most individuals were male, with median age
of 57 years (range: 28–81 years) and were positive for HBV
surface antigen (83.3%). The clinical characteristics of the
derivation and validation cohorts are summarized in Table 1.
Most subjects had<3 tumors, tumors<5cm in diameter, AFP<
400ng/mL, Child–Pugh class A, and no ascites. The number of
patients with optimal cut-off values for ALT, AST, GGT, TBIL,
ALB, WBC, and PT are presented in Table 1.
Variable b HR 95% CI P value Score

PT (≥ 13.4 s) 1.828 6.219 (1.741–22.217) .005 2
AST (≥ 93 IU/L) 1.484 4.413 (1.584–12.295) .005 1
BCLC staging (B) 1.103 3.012 (1.128–8.043) .028 1

b=partial regression coefficient.
3.2. Prognostic factors for MVI

Results of univariate Cox regression analyses showed that ascites,
ALT, AST, TBIL, WBC, PT, and BCLC obtained from the
derivation cohort were predictive factors ofMVI (Table 2). These
3

factors were included in the multivariate Cox regression analyses.
Furthermore, PT, AST, and BCLC B stage were selected as
significant prognostic factors of MVI by forward selection. The
cut-off values of PT and AST were 13.4 seconds and ≥93IU/L,
respectively, according to ROC analysis (Table 3).
3.3. Establishment and validation of a predictive scoring
model for MVI

Kaplan–Meier analysis showed that the MVI incidence in
patients who received combination therapy of TACE with
RFA were similar in the derivation and validation cohorts after
one year (P= .4702) (Fig. 1). We established a predictive scoring
model for MVI according to the b value of each independent
predictive factor in the derivation cohort (the b coefficient of
each predictor divided by 1.103). Points were assigned to each
predictive factor as follows (Table 3): PT ≥13.4 seconds (b=
1.828, score=2), AST ≥93IU/L (b=1.484, score=1), and BCLC
B stage (b=1.103, score=1). The total predictive score of each
HCC patient was defined as the sum of scores for each prediction
factor, which ranged from 0 to 4 points. Based on ROC curve
analysis, the AUROC was 0.832 (95% CI, 0.787–0.871) in the
derivation cohort (Fig. 2). In the validation cohort, the AUROC
for the predictive scoring model was 0.785 (95% CI, 0.700–
0.854) (Fig. 2).
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Figure 1. Kaplan–Meier analysis for the incidence of macroscopic vascular
invasion (MVI). The incidence of MVI in the derivation cohort at 1-year follow-up
was similar to that in the validation cohort (P= .4702). MVI = macroscopic
vascular invasion.

Figure 2. Receiver operating characteristic (ROC) curves of the predictive scoring
operating characteristic.

Figure 3. The bars show the proportion of macroscopic vascular invasion (MVI)
incidence of MVI in the high-risk group (score 3–4) was significantly higher than th
derivation (B) and the validation (C) cohorts (P< .0001 and P= .0008, respective
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To further assess the relationship between the scoringmodel and
MVI rate, all patients were analyzed. Based on observations, MVI
rates increased as scores increased, from 0.00%, when the score
value was 0, to 4.92%, 3.53%, 22.50%, and 25.00%, when score
values were 1, 2, 3, and 4, respectively, in the derivation cohort
(Fig.3A).Kaplan–Meier analysis showed that theMVI incidence in
patients of the high-risk group (score 3–4), was significantly higher
at 12 months after diagnosis of HCC than that found in patients
with a score of 0–2 in both the derivation and validation cohorts
(P< .0001 and P= .0008, respectively, Fig. 3B, C).

3.4. Predictive value of the new scoring model

The new scoring model had a c-index of 0.820 (95% CI, 0.737–
0.903) in the derivation cohort, and 0.786 (95% CI, 0.625–
0.947) in the validation cohort. The calibration curves showed
that the predicted MVI probabilities were in agreement with the
actual results observed in both the derivation (Fig. 4A) and
validation cohorts (Fig. 4B).
model for the (A) derivation cohort and (B) validation cohort. ROC = receiver

at 1-year follow-up for each score category in the derivation cohort (A). The
at in the low-risk group (score 0–2) over the 12-month follow-up period in the
ly). MVI = macroscopic vascular invasion.



Figure 4. Calibration plot of the scoring model for macroscopic vascular invasion (MVI) rates in the derivation cohort (A) and validation cohort (B), in which the
predicted probability of survival was compared with actual survival, MVI = macroscopic vascular invasion.
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Using tdROC curves, the predictive value of the new scoring
model for the incidence of MVI was compared to the predictive
value based on tumor number ≥3, tumor size ≥5cm, AFP ≥1000
ng/mL, hypersplenism, and ascites. As shown in Figure 5, we
found that the established model had the highest tdAUC (0.832)
for serum biochemical markers and tumor characteristics,
compared with that for previously reported indicators, including
tumor number ≥3 (0.547, P= .0005), tumor diameter ≥5cm
(0.514, P< .0001), AFP ≥1000ng/mL (0.583, P= .0020), hyper-
splenism (0.604, P= .0026), and ascites (0.640, P= .0031).[17–20]
Figure 5. ROC analysis of MVI incidence at 12 months in the derivation cohort.
The area under the curve (AUC) of the scoring model developed in the study
was greater than that of previously reported indicators. AUC = area under the
curve, MVI = macroscopic vascular invasion, ROC = receiver operating
characteristic.

5

3.5. Comparison of the new scoring model with BCLC
staging

In the derivation cohort, Kaplan–Meier analysis showed that the
MVI incidence for patients in the high-risk group (scores of 3–4)
was significantly higher at 12months after diagnosis of HCC than
that for patients with a score of 0–2 in the BCLC A and B stages
(P< .0001 and P= .0123, respectively, Fig. 6A, B). Univariate and
multivariate Cox regression analyses showed that BCLC staging
was a significantprognostic factorofMVI; tdAUCwas0.620 in the
derivation cohort and 0.701 in the validation cohort.
To compare the predictive effect of the new scoring model with

BCLC staging for MVI, we calculated the additive net
reclassification index (NRI) and absolute NRI, which are the
most widely used summary statistics to summarize the extent of
reclassification[26] (Table 4). An additive NRI of 27 suggested
improved prediction when prothrombin time and aspartate
aminotransferase were added to BCLC staging. An absolute NRI
was 48 of 324, or approximately 15%. The overall reclassifica-
tion after adding prothrombin time and aspartate aminotrans-
ferase to BCLC staging improved the risk prediction in 15% of
the patients, compared to the use of BCLC staging alone.
4. Discussion
The presence of MVI suggests poor prognosis for HCC patients
and has adverse effects on HCC recurrence. The formation of
PVTT is related to the blood supply, physiological function, and
anatomical position of portal vein. The liver function of HCC
patients is worse, the chance of portal hypertension is higher, the
tolerance to treatment is lower, and the prognosis is poor when
HCC is followed by PVTT.[27] Therefore, it is necessary to
achieve accurate prediction of MVI incidence in patients with
HCC, according to clinical features.
In the present research, clinical and radiologic characteristics of

HCC patients in BCLC stages A or B after TACE combined with
RFA were incorporated into the multivariate Cox regression
analyses. We found that PT, AST, and BCLC staging were
independent predictors of MVI, and that these predictors were
observed 1 year before MVI diagnosis. Based on these 3
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[35]

Figure 6. The MVI incidences of BCLC A and B stage. The incidence of MVI in the high-risk group was significantly higher than that in the low-risk group over the
12-month follow-up period for patients with BCLC A stage (A, P< .0001) and B stage (B, P= .0123). BCLC = Barcelona clinic liver cancer, MVI = macroscopic
vascular invasion.
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parameters, we established a scoring model for predicting MVI
risk. For clinical applications of the model, we summarized the
cut-off value. Patients with a score of 3–4 (44 of 324, 13.6%),
and 0–2 (280 of 324, 86.4%)were classified as high-risk and low-
risk subgroups, respectively. Furthermore, the predictive value of
the scoring model was found to be superior to that of previously
reported indicators, including tumor characteristics, hypersplen-
ism, and ascites. The new scoring model also improved the risk
prediction for 15% of patients, compared with BCLC staging,
which was an independent risk factor for MVI in this study.
Considering the MVI incidence, the negative and positive

predictive values were 93.8% and 47.2%, respectively, in the
derivation cohort, which means that the percentage of patients of
the low-risk group who will not develop MVI in 1 year accounts
for 93.8%. Likewise, the positive predictive value of 47.2%
means that, among patients of the high-risk group, 47.2% will
develop MVI in 1 year, which is acceptable. Therefore, it is of
great importance that nearly half of the patients (47.2%) in the
high-risk group receive a more suitable treatment. Liver
transplantation (LT) and RFA are not recommended as initial
treatments if there is a high risk of MVI occurrence in patients
with HCC because of the high HCC recurrence rate after such
therapies.[28,29] For patients with intermediate-stage (BCLC B)
HCC, the only recommended treatment strategy is TACE.[30]

However, Kamiyama et al evaluated 297 patients with BCLC B
HCC who underwent curative hepatectomy and observed a
recurrence of 71.0% and a 5-year overall survival (OS) rate of
54.3%, which are acceptable.[31] Moreover, studies[32–34] have
shown that liver resection can improve OS and reduce local
recurrence rate better than RFA in early-stage HCCs. Liu et al
showed that surgical resection resulted in better OS compared
with sequential treatment with TACE and RFA for HCC within
Table 4

Additive NRI and absolute NRI analysis.

Patients with
events, No.

Patients without
events, No.

Correct reclassification 4 56
Incorrect reclassification 2 10 Additive NRI 27.4%
Net reclassification 2 46 Absolute NRI 14.8%

NRI=net reclassification index.
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the Milan criteria. Therefore, surgical resection may be
recommended as a surrogate for TACE combined with RFA, to
prevent recurrence in patients with HCC and high risk of
MVI.[36] Based on the 3 predictors of our study, the scoring
model might serve as a tool to assess patients with different risks
ofMVI 1 year in advance after TACE combined with RFA, which
may help guide treatment decisions.
Aspartate aminotransferase (AST) is an enzyme found mainly

in the liver. Additional AST is released into the bloodstreamwhen
the liver is diseased or damaged, causing levels of the enzyme to
increase. Therefore, blood AST levels are directly related to the
extent of liver damage.[37] Moreover, studies have shown that
serum AST changes are closely correlated with HCC
growth.[38,39] Our study showed that a high AST level is a
predictive risk factor for MVI.
Moreover, our study showed that a high prothrombin time

(PT) is an independent predictive risk factor associated with MVI
in HCC patients. PT is an important indicator of hepatic
coagulation and reserve function. Hemostatic disturbance is
more complex in HCC patients with liver cirrhosis, especially
those with impaired liver function.[40,41] A retrospective study
observed that PT is an independent risk factor for HCC
prognosis: patients with increased PT had significantly shorter
OS times.[42] The exact relationship between PT and MVI is still
not clearly understood.
Our study has the following limitations: First, the scoring

model was established based on data from a single center, and
validation of the scoring model at other institutions will be
necessary. However, our validation cohort was prospectively
investigated, which allows a proper assessment of the scoring
model accuracy. Second, the limited follow-up time and the low
incidence ofMVI in the derivation cohort, which was about 5%
in 1 year, might have influenced the results of MVI predictors.
However, the establishment of a predictive MVI scoring system
may not be significant, since as follow-up duration increase,
mortality rates also increase, which about to reach 73% in the 5
years based on our study data. In addition, the median survival
time among HCC with MVI patients was only 2–4 months.
Therefore, the short-term MVI risk evaluation was indeed
valuable. Despite these limitations, we have established the 1st
scoring model for predicting MVI in HCC patients after
TACE combined with RFA, which may help guide treatment
decisions.
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