
1786 Copyright © 2021 The Korean Society of Radiology

INTRODUCTION

Hepatic resection is a curative treatment option for 
single hepatocellular carcinoma (HCC) in patients with well-
preserved liver function [1-3]. However, surgical outcomes 
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remain unsatisfactory, with 5-year recurrence rates 
after hepatic resection up to 50–70% [4-6]. Presurgical 
identification of patients at high risk for tumor recurrence 
is important to help surgeons select surgical candidates and 
appropriate treatment options, including more aggressive 
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surgery (anatomic rather than non-anatomic resection, wide 
resection margins), adjuvant clinical trials, or transcatheter 
arterial chemoembolization [7,8]. Therefore, the risk factors 
after hepatic resection have been extensively studied [7,9-
11] and several imaging features have been reported to be 
associated with the prognosis of HCC [10,12-14].

The Liver Imaging Reporting and Data System (LI-RADS) 
was developed to facilitate a standardized imaging-based 
diagnosis of HCC [15]. Recent studies have suggested that 
LI-RADS categories are associated with the postoperative 
prognosis of primary liver cancer, independent of 
the pathologic diagnosis [16-18]. Rim arterial-phase 
hyperenhancement (APHE), a component of the LR-M 
(probably malignant, not specific for HCC) features, is also 
reportedly associated with poor HCC prognosis [10,18,19] 
as it is associated with aggressive histopathological 
features, including a more hypoxic and fibrotic tumor 
microenvironment. Thus, we hypothesized that the presence 
of rim APHE, among LR-M targetoid features, may play an 
important role in predicting the prognosis of HCC. 

Among the various prognostic factors for HCC, 
microvascular invasion (MVI) is a well-known 
prognostic factor for HCC after surgical resection or 
liver transplantation [20]. Although MVI of HCC is a 
pathologically determined tumor factor, studies have 
attempted to identify imaging features for predicting MVI 
[21,22]. Among these, tumor size [22], tumor margin 
[21,23], rim APHE [14], peritumoral arterial enhancement 
[21,24], and peritumoral hypointensity in the hepatobiliary 
phase (HBP) of gadoxetic acid-enhanced magnetic 
resonance imaging (MRI) [11,21] have been proposed 
as predictors of MVI in HCC. However, there remains 
controversy, and the generalization of imaging features 
for predicting MVI may be subjective. Therefore, there is 
an unmet need for a simple and standardized summary of 
observations that can correctly reflect aggressive tumor 
biology and encompass known prognostic factors. We 
assumed that the LI-RADS category focusing on targetoid 
appearance would be simple and clinically easy to apply 
for prognostic prediction and compared the usefulness of 
this method to that for known MVI imaging features. To our 
knowledge, no study has reported the combined use of LI-
RADS category and known MVI imaging features to predict 
the postoperative prognosis of HCCs. 

Thus, this study evaluated the prognostic implications of 
preoperative MRI features of HCC, with a focus on LI-RADS 
with a targetoid appearance along with known MVI imaging 

features. 

MATERIALS AND METHODS

The Institutional Review Board approved this study and 
waived the requirement for informed consent (IRB No. 
2020-04-032).

Patients
We retrospectively searched our institution’s surgico-

pathological database for cases between January 2012 and 
March 2015 to identify patients who met the following 
inclusion criteria: 1) liver cirrhosis from any cause or 
chronic hepatitis B, 2) surgically resected single HCC (≤ 5 
cm in maximal diameter), 3) preoperative gadoxetic acid-
enhanced liver MRI performed within 2 months of surgery, 
4) no history of HCC treatment, and 5) at least 6 months 
of postoperative follow-up. We excluded patients with 
observation categorized as LR-tumor in vein (TIV) (nodule 
with definite TIV). Finally, this study included a total of 
242 patients with HCC (Fig. 1). Among these patients, 185 
were previously reported in a study from our institution [25]. 
However, the previous study focused only on the comparison 

701 high-risk patients* with surgically resected HCC
between January 2012 and March 2015

242 patients with 242 HCCs

LR-M without rim APHE
(n = 27)

LR-M with rim APHE
(n = 25)

LR-4/5
(n = 190)

Inclusion criteria
  - Single HCC with less than 5 cm in maximal diameter
  - Gadoxetic acid-enhanced MRI within two months before surgery
  - No previous treatment history for HCC
  - At least 6 months of follow up after surgery

459 patients
  - �173 without appropriate gadoxetic-acid enhanced 

MRI
  - 253 with multiple or larger than 5 cm HCCs
  - 18 with LR-TIV
  - 15 with insufficient follow-up less than 6 months

Fig. 1. Flowchart of the study population.
*Liver cirrhosis of any cause or chronic hepatitis B. Liver Imaging 
Reporting and Data System categories were defined as LR-4 (probably 
HCC), LR-5 (definitely HCC), LR-M (probably malignant, not specific 
for HCC), and LR-TIV (nodule with definite tumor in vein). APHE = 
arterial-phase hyperenhancement, HCC = hepatocellular carcinoma,  
TIV = tumor in vein
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of preoperative factors and both pre-/postoperative factors 
in the prediction of the early recurrence of HCC and did not 
consider LI-RADS categories. The current study evaluated 
the prognostic role of LI-RADS category after additional 
categorization of LR-M, as well as the known MRI features 
of MVI in HCC.

Image Acquisition
MRI was performed using a 3Tesla MR system (Intera 

Achieva; Philips Healthcare). The routine protocol included 
T1-weighted, T2-weighted, and diffusion-weighted images 
at b-values of 0, 100, and 800 s/mm2. For dynamic contrast-
enhanced imaging, T1-weighted three-dimensional turbo 
field-echo images were obtained before and after the 
intravenous administration of gadoxetic acid (Primovist; 
Bayer Healthcare) using a power injector at 1–2 mL/s for a 
total dose of 0.025 mmoL/kg body weight. The arterial phase 
(AP, 25–30 seconds), portal venous phase (60 seconds), 
transitional phase (TP, 3 minutes), and HBP (20 minutes) 
images were obtained; the AP timing was determined using 
an MR fluoroscopic bolus detection technique. The details 
are provided in Supplementary Table 1.

Image Analysis
The image analysis was performed retrospectively by two 

abdominal radiologists (with 10 and 11 years of experience, 
respectively). The reviewers were aware of the presence of 
HCC but were blinded to the clinical, pathologic, and follow-
up outcomes. They independently evaluated the presence 
of the following imaging features for each HCC: major 
features (size, non-rim APHE, non-peripheral washout, 
and enhancing capsule) and targetoid features (rim APHE, 
peripheral washout, delayed central enhancement, targetoid 
restriction, and targetoid appearance on TP or HBP images) 
based on LI-RADS v2018 [15]. Their observations were 
classified as category LR-4 (probably HCC), LR-5 (definitely 
HCC), or LR-M according to the major, ancillary, and LR-M 
features. The LR-M category was strictly assigned to nodules 
exhibiting any of the LR-M features. The LR-M group was 
further categorized as LR-M with and without rim APHE. 
Threshold growth was not evaluated because the analysis 
included only one examination per patient. 

The reviewers also evaluated the following imaging 
features associated with MVI of HCC [21]: 1) non-smooth 
tumor margin, presenting as non-nodular tumors with a 
budding portion at the periphery [21,23]; 2) peritumoral 
enhancement on AP images, defined as a detectable portion 

of a crescent- or polygonal-shaped enhancement outside 
the tumor margin with broad contact to the tumor border 
[21,24]; and 3) peritumoral hypointensity on HBP images, 
defined as a wedge-shaped or flame-like hypointense areas 
of hepatic parenchyma located outside the tumor margin 
[21,26]. 

After independent image review, the interobserver 
agreement was calculated. Discrepancies between the two 
reviewers were resolved by joint review with a third observer 
(with 20 years of experience in liver MRI) until a consensus 
was reached.

Clinical-Pathologic Evaluation 
The following characteristics were recorded from the 

patients’ electronic medical records: the underlying cause 
of chronic liver disease, Child-Pugh grade, albumin-
bilirubin (ALBI) grade, and serum alpha-fetoprotein (AFP) 
and protein induced by vitamin K absence or antagonist-II 
(PIVKA-II) levels within 2 months of hepatic resection. The 
histopathologic data of HCC, including tumor differentiation 
(Edmonson grade I, II, III, or IV) and MVI were acquired 
from the pathologic reports. MVI was defined as a tumor 
within a vascular space lined with endothelial cells that was 
visible by microscopy [27].

Follow-Up after Surgical Resection
Routine postoperative surveillance at our institution 

consisted of physical examination and laboratory tests for 
AFP and PIVKA-II, with multiphasic abdominal CT or MRI 
performed every 1–3 months for the first 2 years and every 
3–6 months thereafter. Overall survival (OS) and recurrence-
free survival (RFS) were calculated as the time interval from 
surgery to death and the interval from surgery to tumor 
recurrence or death, respectively. After surgical resection, 
the patients were followed up until death or until the last 
follow-up date (May 31, 2019). 

Statistical Analysis
The baseline characteristics were analyzed using chi-

squared or Fisher’s exact tests (categorical variables) 
or Kruskal-Wallis tests with Wilcoxon rank-sum tests 
(continuous variables). Bonferroni corrections were used 
for pairwise comparisons between subgroups. Two-sided 
adjusted p values are reported. The Kaplan-Meier method 
and log-rank tests were used to evaluate the cumulative 
rates of HCC recurrence and death. Predictive factors for 
HCC recurrence and death were identified using a Cox 
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proportional hazard model. Variables with p < 0.1 in 
univariable analysis were included in the multivariable 
regression analysis. Interobserver agreement for the 
presence of MRI features and LI-RADS category was 
evaluated using kappa (κ) tests. The κ values were defined 
as follows: poor (< 0.20), fair (0.21–0.40), moderate 
(0.41–0.60), good (0.61–0.80), and excellent (0.81–0.99) 
agreement. p < 0.05 was considered statistically significant. 
Statistical analysis was performed using SAS version 9.4 (SAS 
Institute Inc.) and IBM SPSS Statistics for Windows, version 
20.0 (IBM Corp.).

RESULTS

Patient Characteristics
The patient characteristics are summarized in Table 1. 

The study cohort consisted of 242 patients (mean age, 
57.1 ± 9.8 years [range, 31–84 years], including 190 male 
and 52 female). Chronic hepatitis B viral infection was the 
predominant cause of the underlying liver disease (82.2%, 
199/242). A total of 108 (44.6%) patients had liver 
cirrhosis on histopathological specimens. 

Among the 242 HCCs, 190 (78.5%) and 52 (21.5%) 

were classified as LR-4/5 and LR-M, respectively. The LR-M 
category was reclassified into two groups according to the 
presence of rim APHE, with 25 (10.3%) HCCs classified 
as LR-M with rim APHE (Fig. 2) and 27 (11.2%) as LR-M 
without rim APHE (Fig. 3). Except for the higher serum 
PIVKA-II level in the LR-M with rim APHE group and the 
higher ratio of women in the LR-M without rim APHE 
group, the other clinical factors did not differ significantly 
(Supplementary Table 2). 

MRI and Pathologic Features of HCC 
MRI features: Supplementary Tables 2 and 3 summarize 

the MRI features of the HCCs. HCCs categorized as LR-4/5 
(median size, 2.5 cm) were smaller than those categorized 
as either LR-M with rim APHE (median 3 cm, p = 0.031) or 
LR-M without rim APHE (median 2.8 cm; p = 0.021). 

The three MVI imaging features (non-smooth tumor 
margin, peritumoral enhancement on AP, and peritumoral 
hypointensity on HBP) were more frequently observed in the 
LR-M with rim APHE group (84.0% [21/25], 36.0% [9/25], 
and 52.0% [13/25], respectively) than in the LR-4/5 group 
(47.9% [91/190], 16.3% [31/190], and 21.1% [40/190], 
respectively; all p < 0.05). Interobserver agreement for 

Table 1. Baseline Characteristics of the Study Patients

Variable
LR-4/5

(n = 190)
LR-M with Rim APHE 

(n = 25)
LR-M without Rim APHE 

(n = 27)
P

Age, years* 57.1 ± 9.8 (31–84) 55.2 ± 9.6 (37–74) 59.5 ± 9.9 (41–76) 0.295
Sex 0.018

Male 156 (82.1) 18 (72.0) 16 (59.3)
Female 34 (17.9) 7 (28.0) 11 (40.7)

Etiology of liver disease 0.968
Hepatitis B 155 (81.5) 22 (88.0) 22 (81.5)
Hepatitis C 17 (9.0) 1 (4.0) 2 (7.4)
Alcohol 1 (0.5) 0 (0) 0 (0)
Others 17 (9.0) 2 (8.0) 3 (11.1)

Liver cirrhosis 87 (45.8) 11 (44.0) 10 (37.0) 0.692
Child-Pugh grade > 0.999

A 190 (100) 25 (100) 27 (100)
ALBI grade 0.733

Grade 1 175 (92.1) 24 (96.0) 26 (96.3)
Grade 2 15 (7.9) 1 (4.0) 1 (3.7)

AFP, ng/mL† 13.9 (1.3–47524.4) 20.4 (1.3–3081.1) 10.9 (1.3–10569.6) 0.519
PIVKA-II, AU/mL† 32 (12–4231) 168 (13–35940) 33 (16–19176) 0.024
Tumor size, cm† 2.5 (0.9–4.8) 3.0 (1.5–4.7) 2.8 (1.9–4.7) 0.003

Except where indicated, data indicate the numbers of patients, with percentages in parentheses. p values were determined by comparing 
characteristics across the three LR categories. *Data indicates means ± standard deviations, with ranges in parentheses, †Data indicate 
medians, with ranges in parentheses. AFP = alpha-fetoprotein, ALBI = albumin–bilirubin, APHE = arterial-phase hyperenhancement, 
PIVKA-II = protein induced by vitamin K absence or antagonist-II



1790

Moon et al.

https://doi.org/10.3348/kjr.2020.1428 kjronline.org

the MRI features and the LI-RADS categories was good to 
excellent (κ = 0.71–0.87). A detailed description of the 
interobserver agreements is provided in Supplementary 
Table 4.

Pathologic features: Histopathological examination 
revealed that the LR-M with rim APHE group tended to 
show poor tumor differentiation of HCCs (LR-4/5 vs. LR-M 
with rim APHE vs. LR-M without rim APHE; 8.4% [16/190] 
vs. 20.0% [5/25] vs. 3.7% [1/27], p = 0.095) and more 
frequent MVI (35.8% [68/190] vs. 76.0% [19/25] vs. 59.3 
[16/27], p < 0.001) compared to those in the LR-4/5 group 
or the LR-M without rim APHE group (Table 2).

 
Prognostic Factor Analysis

Table 3 summarizes the results of the univariable and 
multivariable analyses of the factors affecting OS and RFS. 
Multivariable analyses identified that the presence of liver 
cirrhosis (hazard ratio [HR] 5.16, 95% confidence interval 
[CI] 1.89–14.09; p = 0.001), tumor size (HR 6.04, 95% 
CI 1.56–23.45; p = 0.009), and LR-M with rim APHE (HR 
5.48, 95% CI 1.72–17.50; p = 0.002) were associated with 
OS. ALBI grade 2 (HR 2.15; 95% CI 1.05–4.42; p = 0.037), 
tumor size (HR 1.77; 95% CI 1.13–2.79; p = 0.014), and 

LR-M with rim APHE (HR 2.09; 95% CI 1.02–4.27; p = 0.042) 
were independent predictors of RFS.

 
Survival Outcomes

The median follow-up period was 65 months (range, 7–83 
months). At the time of analysis, 24 (9.9%) of the 242 
patients had died (LR-4/5 vs. LR-M with rim APHE vs. LR-M 
without rim APHE, 7.4% [14/190] vs. 32.0% [8/25] vs. 
7.4% [2/27], p < 0.002). In addition, 81 (33.5%) of the 
242 patients showed recurrence (33.2% [63/190] vs. 52.0% 
[13/25] vs. 18.5% [5/27], p = 0.037).

OS and RFS differed according to LI-RADS category (Fig. 
4). The 1-, 3-, and 5-year OS (92.0%, 76.0%, and 68.0%) 
and RFS (66.7%, 50.0%, and 45.8%) rates in the LR-M with 
rim APHE group were lower than those in the LR-4/5 group 
(OS: 99.5%, 97.3%, and 93.9%, p < 0.001; RFS: 88.3%, 
72.1%, and 66.8%, p = 0.047 for RFS). However, the LR-M 
without rim APHE group (OS: 100%, 95.8%, and 91.3%  
p > 0.99; RFS: 92.3%, 84.4%, and 80.2%, p = 0.448) did 
not show significant differences in the 1-, 3-, and 5-year 
OS and RFS rates compared to those in the LR-4/5 group. 
There were no significant differences in OS rates between 
the LR-M with rim APHE and LR-M without rim APHE groups 

Fig. 2. Hepatocellular carcinoma categorized as Liver Imaging Reporting and Data System category LR-M with rim APHE in a 
55-year-old male. 
A. Gadoxetic acid-enhanced arterial-phase image shows a 2.8-cm-sized mass (arrow) with rim APHE in hepatic segment VIII. There was no 
peritumoral parenchymal enhancement on the arterial-phase images. B. The rim APHE (arrowheads) is obvious on the arterial subtraction image.  
C. Portal venous phase image shows a hypointense mass (arrow) compared to the surrounding liver parenchyma. D. Hepatobiliary phase images 
show hypointense mass (arrow). There was no peritumoral hypointensity. E, F. Diffusion-weighted image (E) and apparent diffusion coefficient 
map (F) showing the targetoid appearance (arrows). Multiple pulmonary metastases were noted 9.5 months after curative resection. APHE = 
arterial-phase hyperenhancement

A

D

B

E

C

F
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(p = 0.143), whereas the RFS rates were worse in the 
LR-M with rim APHE group compared to those in the LR-M 
without rim APHE group (p = 0.022).

DISCUSSION

Our results suggest that the LI-RADS category on 
gadoxetic acid-enhanced MRI and tumor size were 

Fig. 3. Hepatocellular carcinoma categorized as Liver Imaging Reporting and Data System category LR-M without rim APHE in a 
62-year-old female. 
A. Gadoxetic acid-enhanced arterial-phase image shows a 2.9 cm-sized mass (arrow) with APHE in hepatic segment VII. There was no peritumoral 
parenchymal enhancement on the arterial-phase images. B. On the portal venous phase image, the mass shows washout. An enhancing 
capsule was noted (arrowheads). C. Transitional-phase image showing a mass with delayed central enhancement and a targetoid appearance 
(arrow). D. On the hepatobiliary phase image, the mass shows a targetoid appearance (arrow). Diffusion-weighted images show a hyperintense 
mass (not shown). Tumor recurrence was not noted during the 78.3-month follow-up period after curative resection. APHE = arterial-phase 
hyperenhancement

A

C

B

D

Table 2. Pathologic Features of HCCs according to LI-RADS Category

Variable
LR-4/5

(n = 190)
LR-M with Rim APHE

(n = 25)
LR-M without Rim APHE

(n = 27)
P

Differentiation 0.095
Grade I–II 174 (91.6) 20 (80.0) 26 (96.3)
Grade III–IV 16 (8.4) 5 (20.0) 1 (3.7)

MVI* < 0.001
Yes 68 (35.8) 19 (76.0) 16 (59.3)
No 122 (64.2) 6 (24.0) 11 (40.7)

*Two-sided adjusted p values for pairwise comparisons between the LI-RADS categories of HCCs were < 0.001 for LR-4/5 vs. LR-M with 
rim APHE, 0.033 for LR-4/5 vs. LR-M without rim APHE, and 0.322 for LR-M with rim APHE vs. LR-M without rim APHE. APHE = arterial-
phase hyperenhancement, HCC = hepatocellular carcinoma, LI-RADS = Liver Imaging Reporting and Data System, MVI = microvascular 
invasion
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significant factors associated with OS and RFS after 
resection of a single HCC (≤ 5 cm) in patients with chronic 
liver disease. In our study, HCCs categorized as LR-M due to 
rim APHE had the worst prognosis after surgical resection. 
The postoperative prognosis of HCC classified as LR-M 
because of other targetoid features (especially TP or HBP 
targetoid appearance) without rim APHE did not differ 
from that of HCCs classified as LR-4/5. Thus, rim APHE may 
predict the postoperative prognosis of HCC after further 
stratification of LR-M on preoperative MRI. The three 
known MVI imaging features (non-smooth tumor margin, 
peritumoral enhancement on AP image, and peritumoral 
hypointensity on HBP image) were not significantly 
associated with OS and RFS. 

A notable aspect of our study was that among the 
targetoid features, rim APHE was a more reliable predictor 
of worse prognosis than the other targetoid appearances. 
This finding may be attributable to the higher proportion 
of HCCs with poor tumor differentiation (20.0% [5/25]) 
and the more frequent MVI (76.0% [19/25]) in the LR-M 
with rim APHE group than in the LR-4/5 (8.4% [16/190] 
and 35.8% [68/190], respectively) and LR-M without rim 
APHE (3.7% [1/27] and 59.3% [16/27], respectively) 
groups. Most studies have consistently found that rim APHE 
of HCC is related to poor tumor grade, MVI, or cytokeratin 
19-positive HCC; hence, it is related to worse prognosis 
[13,14,28,29]. Our results are similar to those of Rhee et 

al. [14], who reported aggressive histopathologic features 
of HCCs with rim APHE compared to HCCs without rim APHE. 
Thus, rim APHE may be a more reliable imaging biomarker 
for aggressive HCC than other targetoid features. 

In addition, our results were consistent with those 
of previous reports showing the usefulness of LI-
RADS category as a prognostic imaging biomarker for 
primary liver carcinomas, including HCCs, intrahepatic 
cholangiocarcinomas, and combined hepatocellular-
cholangiocarcinomas [17,18]. Unlike previous studies, 
however, we focused on the capability of each targetoid 
feature of the LR-M category to enable further stratification 
of HCC prognosis. Furthermore, we evaluated the 
pathological mechanism of the prognostic value of the LI-
RADS category.

MVI, which is histopathologically diagnosed only 
after surgical resection, is a well-known independent 
prognostic factor in patients with HCC after resection 
or liver transplantation [9,30]. In our study, the known 
imaging features predictive of MVI were not associated with 
postoperative prognosis, contrary to a previous report [21]. 
Lee et al. [21] reported that the presence of two or more of 
the three MVI imaging features could serve as a preoperative 
imaging biomarker for predicting MVI with a specificity > 90% 
and that this finding was associated with early recurrence 
after curative resection of a single HCC. This difference 
may be due to the different primary outcomes (presence 

Fig. 4. Survival analysis in 242 patients according to Liver Imaging Reporting and Data System category. 
A. Overall survival. B. Recurrence-free survival. APHE = arterial-phase hyperenhancement
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of early recurrence vs. OS and RFS not limited to the early 
postoperative period in our study) and the combination of 
significant findings or whether each was used independently. 
Therefore, our results require further validation in prospective 
studies with larger numbers of patients. 

Our study evaluated both LI-RADS category and MVI 
imaging features not incorporated in the LI-RADS in terms 
of postoperative prognosis. Our results suggested that 
further stratification using LI-RADS categories based on 
rim APHE could be a more relevant prognostic imaging 
biomarker than each MVI feature alone. Thus, the LI-RADS 
category might provide more comprehensive information 
using known imaging features that are related to the 
pathological characteristics of HCCs compared to individual 
MVI imaging features. 

Our results also showed that tumor size was a significant 
predictor of postoperative prognosis. These findings agree 
with those of previous studies in which large tumor size 
was associated with more frequent vascular invasion, 
advanced histologic grade, intrahepatic metastasis, and 
early tumor recurrence [10,12,31,32]. In a large study of 
57920 HCC patients, Wu et al. [33] reported that tumor size 
at diagnosis was an independent prognostic factor for the 
survival of patients with HCC. 

The ALBI grade has been validated as a prognostic factor 
for OS in HCC [34]. Several studies have also reported 
that the ALBI grade is a feasible predictive marker for 
tumor recurrence in post-resection HCC [35,36]. Consistent 
with previous studies, ALBI grade 2 was an independent 
predictor of RFS in our study. We speculate that impaired 
liver function may be associated with early HCC recurrence.

Our study had several limitations. First, we included 
only surgically resected single HCCs, possibly creating a 
selection bias and precluding generalization to patients 
with multiple HCCs. Second, there is a potential risk of 
selection bias because we excluded patients with less 
than 6 months of follow-up. This may have resulted in the 
exclusion of patients with early postoperative deaths. Third, 
our study population mostly consisted of Child-Pugh class 
A cases, preventing the generalization of the study findings 
to cases with advanced liver cirrhosis. Fourth, we did not 
include non-HCC primary liver cancers because we focused 
on the postsurgical prognosis of HCC. Finally, the cases 
were obtained from a single center in an area endemic 
for hepatitis B virus infection. Therefore, a prospective, 
confirmatory follow-up study should include stratification 
of liver function and validation of patients with disease 

etiology from multiple centers. 
In conclusion, further classification of the LR-M category 

by imaging according to the presence of rim APHE may help 
to noninvasively predict the postoperative prognosis of 
patients with a single HCC. 
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