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Two-Trait Predictor of Venous
Invasion on Contrast-Enhanced
CT as a Preoperative Predictor
of Outcomes for Early-Stage
Hepatocellular Carcinoma
After Hepatectomy

Xinming Li"?, Xuchang Zhang'", Zhipeng Li?!, Chuanmiao Xie?, Shuping Qin’,
Meng Yan', Qiying Ke', Xuan Jin’, Ting Lin", Muyao Zhou', Wen Liang ", Zhendong Qi ",
Zhijun Geng?* and Xianyue Quan™*

" Department of Radiology, Zhujiang Hospital, Southern Medical University, Guangzhou, China, 2 Department of Radiology,
Sun Yat-sen University Cancer Center, Guangzhou, China

Objectives: This study aimed to assess the effectiveness of the two-trait predictor of
venous invasion (TTPVI) on contrast-enhanced computed tomography (CECT) for the
preoperative prediction of clinical outcomes in patients with early-stage hepatocellular
carcinoma (HCC) after hepatectomy.

Methods: This retrospective study included 280 patients with surgically resected HCC
who underwent preoperative CECT between 2012 and 2013. CT imaging features of
HCC were assessed, and univariate and multivariate Cox regression analyses were
used to evaluate the CT features associated with disease-free survival (DFS) and overall
survival (OS). Subgroup analyses were used to summarized the hazard ratios (HRs)
between patients in whom TTPVI was present and those in whom TTPVI was absent using
a forest plot.

Results: Capsule appearance [HR, 0.504; 95% confidence interval (Cl), 0.341-0.745; p <
0.001], TTPVI (HR, 1.842; 95% ClI, 1.319-2.572; p < 0.001) and high level of alanine
aminotransferase (HR, 1.620; 95% ClI, 1.180-2.225, p = 0.003) were independent risk
factors for DFS, and TTPVI (HR, 2.509; 95% ClI, 1.518-4.147; p < 0.001), high level of
alpha-fetoprotein (HR, 1.722; 95% ClI, 1.067-2.788; p = 0.026), and gamma-glutamy!
transpeptidase (HR, 1.787; 95% ClI, 1.134-2.814; p = 0.026) were independent risk
factors for OS. A forest plot revealed that the TTPVI present group had lower DFS and OS
rates in most subgroups. Patients in whom TTPVI was present in stages | and Il had a
lower DFS and OS than those in whom TTPVI was absent. Moreover, there were
significant differences in DFS (p < 0.001) and OS (p < 0.001) between patients
classified as Barcelona Clinic Liver Cancer stage A in whom TTPVI was absent and in
whom TTPVI was present.
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Lietal Imaging Predictor of HCC Survival
Conclusions: TTPVI may be used as a preoperative biomarker for predicting
postoperative outcomes for patients with early-stage HCC.

Keywords: hepatocellular carcinoma, tomography, x-ray computed, two-trait predictor of venous invasion,
hepatectomy, biomarkers, prognosis

INTRODUCTION MATERIALS AND METHODS

Hepatocellular carcinoma (HCC) is the sixth most commonly
diagnosed tumor and the fourth leading cause of cancer-related
death worldwide (1). Hepatectomy and liver transplantation are
the most effective treatments for HCC, and early-stage HCC has
better prognosis after resection (2, 3). However, reports suggest
that the 5-year recurrence rates after hepatectomy and liver
transplantation are 75% and 25%, respectively (4). Therefore,
an effective indicator for predicting and monitoring HCC in
order to select the best candidates for surgical resection is
urgently needed.

In addition to staging, tumor differentiation and
microvascular invasion (MVI) are well-known accepted
independent predictors of HCC (5-7). However, these
pathological markers of tumor behavior can only be evaluated
after surgery. Therefore, preoperative markers of tumor
aggressiveness would help with patient selection before surgery.
Serum alpha-fetoprotein (AFP) has been proposed as a routine
clinical parameter to aid in the diagnosis of HCC and for
monitoring recurrence and prognostic factors (8, 9). Computed
tomography (CT) and magnetic resonance imaging (MRI) are
routine examination methods in clinical practice, and they play
important roles in diagnosis, staging, follow-up, and efficacy
evaluation of HCC. However, the usefulness of preoperative CT
and MRI has been greatly undervalued (8-10).

A two-trait predictor of venous invasion (TTPVI) consisting
of “internal arteries” and “hypodense halos” was proposed by
Segal et al. (11). It has been reported that TTPVI correlates to a
specific HCC molecular profile, derived from a microscopic
venous invasion gene profile associated with cellular
proliferation, angiogenesis, and MVI (12). In fact, several
studies have confirmed that TTPVI is strongly associated with
MVT and has a high diagnostic performance in predicting MVI
(12-16). However, to the best of our knowledge, whether the
presence of TTPVI on contrast-enhanced CT (CECT) can serve
as a prognostic factor in HCC after hepatectomy treatment has
not been fully investigated.

Therefore, in the present study, we attempted to evaluate the
impact of TTPVI detected on preoperative CECT on disease-free
survival (DFS) and overall survival (OS) in patients with early-
stage HCC who underwent hepatectomy.

Abbreviations: AFP, alpha-fetoprotein; AJCC, American Joint Committee on
Cancer; BCLC, Barcelona Clinic Liver Cancer; CECT, contrast-enhanced
computed tomography; CI, confidence interval; DFS, disease-free survival; GGT,
gamma-glutamyl transpeptidase; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratios; MVI, microvascular invasion; OS, overall survival;
TTPVI, two-trait predictor of venous invasion.

This retrospective clinical study was approved by the
institutional ethics review board of Zhujiang Hospital of
Southern Medical University (2019-KY-021-01) and Sun Yat-
sen University Cancer Center (B2021-214-01), and the
requirement for written informed consent was waived.

Patients

Our surgical and histological database was reviewed to identify
patients who underwent hepatic resection for HCC and
preoperative CECT between January 2012 and December 2013.
The inclusion criteria were as follows: (a) patients who underwent a
CT scan not earlier than 1 month before surgery; (b) patients who
were classified as early-stage HCC (stage 0 or A) based on the
Barcelona Clinic Liver Cancer (BCLC) classification (17); and
(c) patients with pathological confirmation of primary HCC and
reported MVI status. Patients with prior surgical or medical
treatment were excluded. A total of 280 patients (280 single
HCCs) were included (248 male and 32 female; mean age, 50.8
years; range, 18-82 years), as shown in Supplementary Figure 1.

We collected preoperative laboratory data on the
following: levels of albumin, alkaline phosphatase, aspartate
aminotransferase, alanine aminotransferase (ALT), total
bilirubin, gamma-glutamyl transpeptidase (GGT), AFP, and
carbohydrate antigen 19-9, prothrombin time, hepatitis B virus
(HBV) deoxyribonucleic acid, and immunology of HBV and
hepatitis C virus.

Our protocol requirements for CECT met the criteria
recommended by the American Association for the Study of
Liver Diseases guidelines. Precontrast and CECT images were
acquired by three CT scanners with multidetectors at both
hospitals. CECT images including hepatic arterial, portal
venous, and delayed phase images were obtained 30, 60, and
180 s after the injection of contrast enhancement material
(Ultravist Iopromide 370 mgl/ml, Bayer-Schering Pharma; or
Lopamicro 370 mgl/ml, Brocca Pharma) at a rate of 2-3 ml/s
with a dose of 1-1.5 ml/kg bodyweight. The scanning parameters
of each CT scanner are shown in Supplementary Table 1. The
mean time between CT imaging and surgery was 10.9 + 12.6 days
(range, 0-90 days).

Histopathological Evaluation

We collected the following pathologic data: Edmondson-Steiner
grade, histological type, cell type, capsule invasion, presence of
MVT, and bile duct invasion. We defined MVT as the presence of
tumor emboli in a vascular space lined by endothelial cells that
was visible only by microscopy (18, 19). We also evaluated the
patients’ cancer stage based on the American Joint Committee on
Cancer (AJCC) and BCLC stages.
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Image Analysis

All CT images were retrospectively assessed by two radiologists with
4 (QZ) and 9 (GZ) years of experience in hepatic imaging. The
radiologists were aware that the patients had HCC but were blinded
to the clinical and other pathological findings. The two reviewers
independently evaluated the following imaging features for each
HCC: (a) tumor diameter, (b) intratumor necrosis, (c) internal
arteries (11, 12), (d) hypoattenuating halos (11, 12, 20), (e)
radiological capsule appearance, (f) margin (12), and (g) TTPVI,
which was defined as the presence of internal arteries in the arterial
phase and hypoattenuating halos in the portal venous or delayed
phases (11, 12). Imaging examples are shown in Supplementary
Figures 2-6.

Follow-Up After Surgical Resection

The patients were followed up with AFP examinations and
CECT or MRI at intervals of 3-6 months after surgery. The
duration of DFES or time until death was recorded. The patients
were censored on the date on which communication was lost or
on May 15, 2019, whichever came first. OS was calculated from
the date of liver resection to the last follow-up or until death. DFS
was defined as the interval between surgery and recurrence,
metastasis (confirmed by CECT or MRI), or death from
any cause.

Statistical Analysis

All statistical tests were performed using R statistical software
version 3.6.1 (http://www.r-project.org/). Continuous variables
are expressed as the mean and standard deviation and were
compared using the two-tailed -test or Mann-Whitney U-test.
Categorical variables are shown as the number of cases and were
analyzed using the chi-square test or Fisher’s exact test. The
interobserver agreement between the two reviewers assessing the
CT imaging features was evaluated. The cumulative DFS and OS
rates were estimated using the Kaplan-Meier method, and the
differences between curves were evaluated using the log-rank test
using the “survminer” package and “survival” package. A Cox
proportional hazards regression analysis was used to assess the
imaging features and clinical findings associated with DFS and
OS in HCC. Variables with a p < 0.1 in the univariable analysis
were included in the multivariable analysis. The “forestplot”
package was used to perform forest plots.

RESULTS

Patient Characteristics

Demographic data and baseline clinical characteristics of the
study patients are presented in Table 1. TTPVI was detected on
preoperative CECT in 124 (44.3%) patients, 162 (57.9%) patients
had a radiological necrosis appearance, 96 patients had a
radiological capsule appearance, and 154 (77.9%) patients had
a smooth tumor margin. The median follow-up time was 1,991
days [interquartile range (IQR), 809-2,260 days]. In total, 76
patients died during follow-up (median time, 742 days; IQR,
359-1,337 days), and 158 patients had a recurrence (median
time, 322 days; IQR, 136-738 days).

TABLE 1 | Demographic data and baseline clinical characteristics of the study patients.

Variable Value
Age (years) 50.8 + 11.1
Gender, n (%)

Female 32 (11.4)

Male 248 (88.6)
MV, n (%) 115 (41.1)
Edmondson-Steiner, n (%)

- 178 (63.6)

Hn-v 102 (36.4)
Cirrhosis, n (%) 168 (60.0)
Etiology, n (%)

HBV 255 (91.1)

HCV 1(0.4)

HBV and HCV 2(0.7)

Other disease origins 22 (7.9)
PLT (10°/L) 1822 £70.5
ALB (g/L) 41.3+43
ALP (U/L) 95.8 + 58.4
ALT (U/L) 61.7 £ 781
AST (U/L) 55.5 + 66.8
GGT (U/L) 83.1 £ 116.2
TB (umol/L) 1562 +7.2
PT (s) 121 +£1.0
AFP (ng/ml) 6,266.3 + 19,939.1
CA19-9 (kU/L) 29.7 £+ 55.9
Diameter (cm) 5.7 + 3.1
Necrosis, n (%) 162 (57.9)
Capsule appearance, n (%) 96 (34.3)
Margin, n (%) 126 (45.0)
TTPVI, n (%) 124 (44.3)
BCLC, n (%)

Stage 0 17 6.1)

Stage A 263 (93.9)
AJCC, n (%)

Stage | 157 (56.1)

Stage Il 123 (43.9)
Postoperative TACE 59 (21.1)

AFP, alpha-fetoprotein; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; CA19-9, carbohydrate antigen 19-
9, GGT, gamma-glutamyl transpeptidase; HBV, hepatitis B virus; HCV, hepatitis C virus;
MVI, microvascular invasion; PLT, platelets; PT, prothrombin time; TACE, trans-catheter
arterial chemoembolization; TB, total bilirubin; TTPVI, two-trait predictor of

venous invasion.

Interobserver Agreement of CT

Imaging Features

The interobserver agreement of CT imaging features is shown in
Supplementary Table 2, which was good or excellent (x = 0.818
for necrosis, K = 0.843 for internal arteries, k = 0.748 for halo, x =
0.808 for capsule, k = 0.799 for margin, k = 0.787 for TTPVI).

Prognostic Factors of DFS and

OS for HCC

All preoperative clinical and imaging features were included in
the univariate and multivariate Cox regression analyses of DFS
and OS. The hazard ratios (HRs) and 95% confidence intervals
(CIs) and corresponding p-values of the univariate and
multivariate analyses of DFS and OS are shown in Tables 2, 3,
respectively. On multivariate analysis, radiological capsule
appearance (HR, 0.504; 95% CI, 0.341-0.745; p < 0.001),
TTPVI (HR, 1.842; 95% CI, 1.319-2.572; p < 0.001), and high

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 688087


http://www.r-project.org/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lietal

Imaging Predictor of HCC Survival

TABLE 2 | Univariate and multivariate Cox analysis of DFS.

Variable

HR (95% CI)

Age, year (>55 vs. <55) 0.965 (0.700-1.330)
Gender (female vs. male) 1.767 (1.001-3.116)
Cirrhosis (present vs. absent) 0.987 (0.717-1.359)
PLT, 10°%/L (>200 vs. <200) 0.666 (0.481-0.922)
ALB, g/L (<35 vs. >35) 1.406 (0.838-2.359)
ALP, U/L (>160 vs. <160) 1.050 (0.568-1.939)
ALT, U/L (>40 vs. <40) 1.668 (1.217-2.288)
AST, U/L (>40 vs. <40) 1.419 (1.038-1.941)
GGT, U/L (>75 vs. <75) 1.519 (1.104-2.090)
TB, umol/L (>17.1 vs. <17.1) 1.146 (0.820-1.603)
PT, s (>13 vs. <13) 1.059 (0.708-1.585)
AFP, ng/ml (>200 vs. <200) 1.441 (1.053-1.972)
CA19-9, kU/L (>34 vs. <34) 1.310 (0.925-1.856)
Diameter, cm 1.132 (1.080-1.187)
Necrosis (present vs. absent) 2.193 (1.568-3.069)
Capsule (present vs. absent) 0.413 (0.286-0.598)
Margin (non-smooth vs. smooth) 1.636 (1.196-2.236)
TTPVI (present vs. absent) 2.368 (1.728-3.245)
BCLC (Stage 0 vs. Stage A) 1.954 (0.915-4.172)

Univariate

Multivariate
p HR (95% CI) p

0.827 - -
0.050 - -
0.934 - -
0.014 - -
0.197 - -
0.876 - -
0.001 1.620 (1.180-2.225) 0.003
0.028 - -
0.010 - -
0.426 - -
0.779 - -
0.022 - -
0.129 - -
<0.001 - -
<0.001 - -
<0.001 0.504 (0.341-0.745) <0.001
<0.001 - -
<0.001 1.842 (1.319-2.572) <0.001
0.083 - -

AFP, alpha-fetoprotein; AJCC, American Joint Committee on Cancer; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC,
Barcelona Clinic Liver Cancer; CA19-9, carbohydrate antigen 19-9; DFS, disease-free survival; GGT, gamma-glutamyl transpeptidase; HR, hazard ratio; PLT, platelets; PT, prothrombin

time; TB, total bilirubin; TTPVI, two-trait predictor of venous invasion.

level of ALT (HR, 1.620; 95% CI, 1.180-2.225; p = 0.003) were
independent risk factors for DFS, while TTPVI (HR, 2.509; 95%
CI, 1.518-4.147; p < 0.001), high level of AFP (HR, 1.722; 95%
CI, 1.067-2.788; p = 0.026), and GGT (HR, 1.787; 95% CI, 1.134-
2.814; p = 0.026) were independent risk factors for OS.
Recurrence of HCC was observed in 85 patients (68.6%) of the
TTPVI present group (Figure 1) and 73 patients (46.79%) of the

TTPVI absent group (Figure 2). The 1-, 2-, and 3-year DFS rates
were 54.84%, 37.52%, and 33.67%, respectively, for patients in
whom TTPVI was present and 81.08%, 69.99%, and 65.54%,
respectively, for patients in whom TTPVI was absent (log-rank
test, p < 0.001; Figure 3A). The 1-, 3-, and 5-year OS rates were
88.50%, 66.39%, and 57.32%, respectively, for patients in whom
TTPVI was present and 95.92%, 89.57%, and 83.05%,

TABLE 3 | Univariate and multivariate Cox analysis of OS.

Variable Univariate Multivariate

HR (95% CI) P HR (95% CI) P
Age, year (>55 vs. <55) 0.710 (0.438-1.152) 0.165 - -
Gender (female vs. male) 1.634 (0.710-3.761) 0.249 - -
Cirrhosis (present vs. absent) 0.844 (0.536-1.329) 0.465 - -
PLT, 10%/L (>200 vs. <200) 0.567 (0.359-0.897) 0.015 - -
ALB, g/L (<35 vs. >35) 1.898 (1.001-3.599) 0.007 - -
ALP, U/L (>160 vs. <160) 1.324 (0.575-3.049) 0.510 - -
ALT, U/L (>40 vs. <40) 1.703 (1.075-2.699) 0.023 - -
AST, U/L (>40 vs. <40) 1.798 (1.143-2.826) 0.011 - -
GGT, U/L (>75 vs. <75) 1.927 (1.227-3.026) 0.004 1.787 (1.134-2.814) 0.012
TB, umol/L (>17.1 vs. <17.1) 1.030 (0.6275-1.692) 0.907 - -
PT, s (>13 vs. <13) 1.015 (0.558-1.843) 0.962 - -
AFP, ng/ml (>200 vs. <200) 2.273 (1.444-3.580) <0.001 1.722 (1.067-2.788) 0.026
CA19-9, kU/L (>34 vs. <34) 1.448 (0.892-2.348) 0.134 - -
Diameter, cm 1.159 (1.084-1.240) <0.001 - -
Necrosis (present vs. absent) 2.737 (1.627-4.605) <0.001 - -
Capsule (present vs. absent) 0.420 (0.242-0.729) <0.001 - -
Margin (non-smooth vs. smooth) 2.143 (1.360-3.376) <0.001 - -
TTPVI (present vs. absent) 3.133 (1.948-5.038) <0.001 2.509 (1.518-4.147) <0.001
BCLC (Stage 0 vs. Stage A) 2.900 (0.712-11.816) 0.137 - -

AFP, alpha-fetoprotein; AJCC, American Joint Committee on Cancer; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC,
Barcelona Clinic Liver Cancer; CA19-9, carbohydrate antigen 19-9; GGT, gamma-glutamyl transpeptidase; HR, hazard ratio; OS, overall survival; PLT, platelets; PT, prothrombin time; TB,

total bilirubin; TTPVI, two-trait predictor of venous invasion.
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FIGURE 1 | A 57-year-old man underwent surgery resection for HCC. (A) In the arterial phase image, the 71-mm liver mass shows hyperenhancement. (B) In the
balanced phase image, the mass shows washout. HCC with TTPVI absent on the preoperative contrast-enhanced computed tomography was diagnosed. On
histopathology after surgery resection, the tumor was classified as HCC without microvascular invasion. Tumor recurrence did not occur during the 75 months of
follow-up after surgery resection. HCC, hepatocellular carcinoma; TTPVI, two-trait predictor of venous invasion.

respectively, for those in whom TTPVI was absent (log-rank test,
p < 0.001; Figure 3B). TTPVI was significantly associated with
MVI (p < 0.001) (Supplementary Table 3).

Subgroup Analyses

Subgroup analyses were performed to further investigate the
preoperative significance of TTPVI. Forest plots displaying the
impact of TTPVI are shown in Figures 4 and 5. There was no
interaction detected between TTPVI and these factors. However,
the presence of TTPVI indicated a lower rate of DFS and OS in
most subgroups.

DFS and OS according to the AJCC and BCLC stage and the
corresponding stratified analysis are shown in Figures 6, 7,
respectively. Patients in stage II had a lower DEFS (p < 0.001;
Figure 6A) and OS (p < 0.001; Figure 6B) than patients in stage L.
There were no significant differences in DFES (p = 0.078;
Figure 7A) and OS (p = 0.120; Figure 7B) between patients in
stage BCLC 0 and BCLC A. Figure 6 shows the comparison in
DES and OS between patients with TTPVI absent in stage I (group
1, 120 patients) and stage II (group 3, 36 patients) and patients
with TTPVI present in stage I (group 2, 37 patients) and stage II
(group 4, 87 patients). Interestingly, patients in groups 2 and 4 had
lower DFS (Figure 6C) and OS (Figure 6D) rates than those in
groups 1 and 3. Moreover, patients in whom TTPVI was present
in stage I had a similar DFS (p = 0.695, Figure 6C) and OS

(p = 0.735, Figure 6D) compared with patients in whom TTPVI
was absent in stage II. Figure 5 shows the comparison in DFS and
OS between patients in whom TTPVI was absent in BCLC 0
(subgroup 1, 17 patients), BCLC A (subgroup 2, 139 patients), and
patients in whom TTPVI was present in BCLC A (subgroup 3, 124
patients). There were significant differences in DFS (p < 0.001;
Figure 7C) and OS (p < 0.001; Figure 7D) between subgroups 2
and 3. There were no patients with TTPVI in BCLC stage 0.

DISCUSSION

In the present study, we sought to investigate the ability of
TTPVI detected on preoperative CECT to predict DFS and OS
after surgical resection in patients with early-stage HCC. We
found that TTPVI is an independent preoperative predictor of
early-stage HCC after hepatectomy. Furthermore, it remained a
strong independent preoperative predictor of survival even after
adjusting for other clinical and imaging variables. Moreover,
TTPVI can provide added prognostic information when
integrated into the BCLC and AJCC staging systems.
Identification of poorly differentiated HCC plays an
important role in ensuring effective therapeutic progress and
improving the management of these patients. In addition to its
roles in diagnosis and localization, CECT may also be used to

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 688087


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lietal

Imaging Predictor of HCC Survival

Disease Free Survival
1.00 5 TPV absent
B PV present
075
2
¥y
8
3
2
s 050
®
2
2
5
@
025
p <0.0001
000

0 365 730 1095 1460 1825 2190 2555
Follow up time (Days)
Number at risk
TPViab 156 121 101 94 82 72 33 8
TTPVI present 124 59 39 35 27 25
o 365 730 109! 1460 1825 2190 2555
Follow up time (Days)

venous invasion.

FIGURE 2 | A 46-year-old man underwent surgery resection for HCC. (A) In the arterial phase image, the 72-mm liver mass shows hyperenhancement. (B) In the
delayed phase image, the mass shows washout. HCC with TTPVI present on the preoperative contrast-enhanced computed tomography was diagnosed. On
histopathology after surgery resection, the tumor was classified as HCC with microvascular invasion. Tumor recurrence occurred 6 months after surgery resection.
The patient died 20 months after surgery resection. HCC, hepatocellular carcinoma; TTPVI, two-trait predictor of venous invasion.
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FIGURE 3 | Kaplan-Meier curves of (A) disease-free survival and (B) overall survival between TTPVI present and absent groups. TTPVI, two-trait predictor of

characterize tumor biology. In the present study, the univariate
analysis indicated that diameter, necrosis, and margin were
associated with DFS and OS, which is consistent with several
previous reports (20-24).

In our study, the multivariate analysis indicated that TTPVI
was an independent risk factor of poor DFS and OS. Moreover,

the combined use of the BCLC and AJCC staging system
(morphological information) and TTPVI on preoperative
CECT (angiogenesis and cellular proliferation information)
improved the stratification of patients in terms of the risk of a
poor prognosis after hepatectomy. To improve prognosis in
patients undergoing surgical resection for HCC, postoperative
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FIGURE 4 | Forest plot of hazard ratios (HRs) for TTPVI present versus TTPVI absent of hepatocellular carcinoma in the subgroup analysis of disease-free survival.
TTPVI, two-trait predictor of venous invasion.
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FIGURE 5 | Forest plot of hazard ratios (HRs) for TTPVI present versus TTPVI absent of hepatocellular carcinoma in the subgroup analysis of overall survival. TTPVI,
two-trait predictor of venous invasion.
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adjuvant therapies are considered to be effective strategies (25).
Therefore, patients with TTPVI in AJCC stage I or BCLC A may
require a more meticulous follow-up plan for early identification
of the recurrence of HCCs. Importantly, TTPVI is associated
with a specific HCC molecular profile, derived from a
microscopic venous invasion gene profile correlated with
angiogenesis, cell proliferation, and MVI (11, 12). To the best
of our knowledge, this is the first study reporting TTPVI as an
independent preoperative predictor of DFS and OS in patients
with early-stage HCC. However, radiogenomic venous invasion,
which is a little different from TTPVI, defined as when internal
arteries and tumor-liver differences are observed in the absence
of a hypodense halo, has been reported as a significant predictor

of poor prognosis in several previous studies (20, 22, 26). This
further indicates that it is reasonable to assume that TTPVI is an
important preoperative factor for survival.

In our study, HCC with a capsule appearance was a favorable
prognostic factor in both the univariate and multivariate
analyses, as the DFS rates in these patients were higher than
those without capsule appearance. This is in accordance with
several previous reports (24, 27, 28). We also found that HCC
with a capsule appearance was related to lower recurrence rates
after surgery or ablation and more effective transcatheter
embolization. This may be partly due to the barrier impact of
the fibrous capsule that hinders HCC invasion. In addition, an
intact capsule appearance observed by CT is indicative of a lower
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probability of MVI being present in the surrounding liver
parenchyma (29, 30).

In this study, the multivariate analysis of AFP was adjusted
for clinical variables for OS confirmed in previous reports (31,
32). Notably, preoperative serum AFP may be an indirect indicator
of tumor burden. In fact, several studies have reported that an
elevated AFP serum level is one of the crucial factors heralding poor
survival after surgical resection, radiofrequency ablation, and trans-
catheter arterial chemoembolization of HCC (31-34).

In this study, both the univariate and multivariate analyses
revealed that an elevated level of GGT was a prognosis predictor
for patients with HCC after curative resection over a long-term
follow-up, and GGT was significantly correlated with shorter OS,

which is consistent with several previous reports (35-37). In
China, most HCCs develop in parallel to an underlying HBV
infection, which results in the accumulation of chronic liver
injury. In our study, which included 280 patients with HCC, 257
patients were hepatitis B surface antigen positive. Furthermore, it
has been demonstrated that the occurrence and progression of
HCC are closely associated with inflammatory and immune
factors. Previous studies have indicated that high expression
levels of GGT could break the oxidant/antioxidant balance,
subsequently leading to persistent oxidative stress in the tumor
thus promoting tumor progression (38). Furthermore, as a
marker of the inflamed liver microenvironment in patients
with hepatitis, GGT plays a critical role in tumor progression
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and metastasis (39, 40). These previously identified mechanisms
may support our finding that GGT has predictive value for
patients with early-stage HCC following hepatectomy.

This study had several limitations. First, its retrospective
design is a potential source of selection bias. Therefore, more
prospective studies including larger numbers of patients are needed to
validate our results. Second, our cohort largely included patients with
HBV; therefore, our results may not be broadly applicable to patients
with other liver diseases. Third, in the subgroup analysis, there were
no patients with TTPVI in BCLC stage 0, and the population with an
absence of TTPVI in BCLC stage 0 was small; thus, future studies to
include more patients in BCLC stage 0 are needed. Four, a clinical-
radiomic analysis have not been performed for prediction prognosis.
Finally, the prognostic value of TTPVI was not assessed in patients
undergoing other therapies, such as radiofrequency ablation and
trans-catheter arterial chemoembolization.

In conclusion, TTPVI detected with CECT can serve as a
preoperative prognostic marker for early-stage HCC after
hepatectomy. Moreover, CECT images obtained at the time of
diagnosis of HCC can provide additional information on the
prognosis of patients with early-stage HCC.
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