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Objective: This study aims to evaluate the prognostic predictive efficacy of Gadobenate dimeglumine (Gd-BOPTA)-enhanced
magnetic resonance imaging (MRI) in patients with solitary hepatocellular carcinoma (HCC) without microvascular invasion (MVI)
and to investigate the potential clinical and imaging parameters for stratifying the risk of recurrence following hepatectomy.
Methods: This retrospective study included 134 patients with histopathologically confirmed solitary HCC without microvascular
invasion (MVI) from two hospital districts, which divided into the training cohort and validation cohort. MRI features were
independently assessed by two radiologists. Univariate and multivariate Cox regression analyses were conducted to identify
independent risk factors associated with recurrence-free survival (RFS). A nomogram was developed based on these factors, and its
performance was validated in the validation cohort. RFS was analyzed using Kaplan—Meier curves and the Log rank test.

Results: The median RFS for the 134 patients was 45.7 months, with 41.8% of patients experiencing tumor recurrence after
hepatectomy. Univariate Cox regression analysis identified hepatitis Be antigen (HBeAg) positivity, tumor size, tumor growth subtype,
non-peripheral washout, nodule-in-nodule architecture, mosaic architecture, and intratumoral arteries as significant risk factors for
RFS. Multivariate Cox regression analysis revealed that HBeAg positive, tumor growth subtype, non-peripheral washout, mosaic
architecture, and internal arteries were independent prognostic factors for RFS in patients with solitary HCC without MVI. The
nomogram based on these variables demonstrated good predictive accuracy, with concordance indices (C-index) of 0.740 and 0.701 in
the training and validation cohorts, respectively. Additionally, patients in the high-risk group exhibited significantly lower RFS
compared to those in the low-risk group.

Conclusion: A model incorporating Gd-BOPTA-enhanced MRI and clinical features can effectively predict RFS in solitary HCC
patients without MVI and assist in risk stratification for recurrence after hepatectomy.

Keywords: hepatocellular carcinoma, magnetic resonance imaging, recurrence

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common malignant tumor globally and ranks third in cancer-related
mortality." Surgical resection remains the primary treatment for HCC; however, the 5-year postoperative recurrence rate
is alarmingly high, ranging from 50% to 70%.> Although liver transplantation and ablation are also considered potentially
curative treatments, many patients still experience recurrence due to local invasion or metastatic spread.” The current
studies focus on predicting microvascular invasion (MVI) status and evaluating the prognosis of patients with MVI-
positive HCC, with expanded surgical and ablative margin often recommended for MVI-positive patients.* However,
many MVI-negative patients still develop postoperative recurrence with unfavorable prognosis, yet the prognostic factors
for this population remain poorly investigated.
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Several studies have identified magnetic resonance imaging (MRI) features—such as tumor size, multiplicity, mosaic
architecture, corona enhancement, and peritumoral hypointensity on the hepatobiliary phase—as significant prognostic
indicators for HCC.>® Gadobenate dimeglumine (Gd-BOPTA) is a contrast agent that enters hepatocytes via organic
anion-transporting polypeptides (OATP1/3) and is subsequently excreted into the biliary tree during the hepatobiliary
phase.” Gd-BOPTA offers advantages over other agents, including distinct hepatobiliary and dynamic phases® and
hepatic uptake that is independent of age.” Previous studies have demonstrated the utility of Gd-BOPTA in assessing
liver function,'® cirrhosis progression,” HCC pathological grading,'' and the prediction of MVIL.® However, to our
knowledge, the predictive value of Gd-BOPTA-enhanced MRI for the prognosis in HCC patients without MVI has not
been reported.

Thus, this study aims to evaluate the prognostic efficacy of preoperative clinical parameters and Gd-BOPTA-
enhanced MRI features in HCC patients without MVI, with the potential to develop a risk stratification model for
recurrence prediction.

Materials and Methods

Patients

The study was conducted by the Declaration of Helsinki. The study protocol was approved by the Ethics Committee of
the Third Affiliated Hospital of Naval Medical University (approval code: EHBHKY2022-H-P002). As this study was
a retrospective analysis that did not involve active patient participation or any intervention in patient therapy, the
requirement for informed consent was waived. We retrospectively collected data from 301 patients with hepatocellular
carcinoma (HCC) who underwent Gd-BOPTA-enhanced MRI within 2 weeks prior to curative resection between
January 2016 and August 2019. The inclusion criteria were as follows: (1) a solitary tumor, (2) MRI examination within
two weeks before surgery, and (3) liver resection with pathological confirmation of HCC without microvascular invasion
(MVI), (4) no history of any related treatment before surgery. The exclusion criteria were as follows: (1) multiple tumors,
(2) pathological confirmation of MVI-positive HCC, (3) history of prior treatments, (4) inadequate MR image quality,
and (5) incomplete clinical or follow-up data after curative resection.

MRI Examination

All MRI examinations were performed using a GE Optima MR360 1.5T system (GE Healthcare, USA) with an eight-
channel abdominal coil. Patients fasted for 4 hours prior to the scan. The non-contrast MRI protocol included axial in-
phase and opposed-phase T1-weighted imaging, axial fat-suppressed T2-weighted imaging, and diffusion-weighted
imaging (DWI) with b-values of 0 and 600 s/mm?, using a slice thickness of 6 mm. Contrast-enhanced imaging consisted
of arterial phase (AP) scans at 20-30 seconds, portal venous phase (PVP) at 50-60 seconds, and delayed phase (DP) at
90-120 seconds after contrast injection. Hepatobiliary phase (HBP) images were acquired 60 minutes post-contrast with
a slice thickness of 2.5 mm. The field of view (FOV) was set to 420x420 mm. Gd-BOPTA (MultiHance, Bracco) was
administered using a power injector at a dose of 0.1 mL/kg, with an injection rate of 2.0 mL/s, followed by a 20 mL flush
of 0.9% sterile saline.

Imaging Analysis

All MR images were independently reviewed by two radiologists (ZJ and PXP, with 9 and 19 years of experience in liver
MRI, respectively), who were blinded to clinical and follow-up information. Interobserver agreement for MRI features
was assessed during the first independent analysis. In cases of disagreement, the two radiologists convened to reach
consensus.

According to the Liver Imaging Reporting and Data System (LI-RADS) criteria (Version 2018), the following Gd-
BOPTA MRI features were evaluated: (a) Non-rim arterial phase hyperenhancement: Non-rim-like enhancement in the
arterial phase; (b) Nonperipheral washout: Tumor enhancement that attenuates relative to adjacent liver tissue in the
portal or delayed phase; (c) Enhancing capsule: Enhancement of the tissue rim during the portal venous and delayed
phases; (d) Nodule-in-nodule architecture: Smaller inner nodules within larger nodules, with distinct imaging
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characteristics; (e) Mosaic architecture: Presence of internal nodules with varying components or combinations within
a mass; (f) Fat in mass: Excess fat within the mass compared to adjacent liver tissue; (g) Blood products in mass:
Evidence of intra-tumor hemorrhage, excluding other confounding factors; (h) Rim arterial phase hyperenhancement:
Peripheral enhancement most pronounced in the arterial phase; (i) Delayed central enhancement: Progressive enhance-
ment in the central region during the delayed phase; (j) Corona enhancement: Peritumoral enhancement in the late arterial
or early portal venous phases; (k) Hepatobiliary phase hypointensity: Signal intensity lower in tumors than in the liver
during the hepatobiliary phase; (1) Mild-moderate T2 hyperintensity: Tumors with higher intensity on T2-weighted
imaging than the surrounding liver; (m) Targetoid restriction: Diffusion restriction in the tumor periphery, with less
restricted diffusion at the center; (n) Restricted diffusion: Intensity on DWI that is definitively higher than liver and not
solely attributable to T2 shine-through; (o) Tumor growth subtype: Single nodular type, single nodular type with
extranodular growth, and multiple confluent nodules;'* (p) Non-smooth tumor margin: Defined by tumor margins with
budding portions; (q) Internal arteries: Enhanced vascularity within the tumor during the arterial phase; (r) Peritumoral
hypointensity on HBP: Irregular or wedge-shaped areas of ypointensity beyond the tumor edge during the hepatobiliary
phase.

Clinical Data and Histopathology Analysis

Clinical data were extracted from the electronic medical record system, including variables such as gender, age, hepatitis
B surface antigen(HBsAg), hepatitis Be antigen(HBeAg), alpha-fetoprotein (AFP), alanine aminotransferase, aspartate
aminotransferase, gamma-glutamyl transpeptidase, alkaline phosphatase, total bilirubin, direct bilirubin, and albumin
levels.

Follow-up and Study Endpoint

The primary endpoint of this study was tumor recurrence. Patients were followed up starting 1 month after radical
resection, with follow-up every 3 months for the first 2 years, and annually thereafter. Follow-up evaluations included
serum AFP testing and imaging assessments, such as contrast-enhanced ultrasound, CT, or MRI. Data recorded included
the date of surgery, recurrence, metastasis, or last follow-up to calculate recurrence-free survival (RFS). The diagnosis of
recurrence was based on positive imaging findings and persistently elevated AFP levels postoperatively. The follow-up
period ended in September 2024.

Statistical Analysis

Statistical analyses were performed using SPSS software (version 26.0; IBM) and R software (version 3.6.1). Continuous
variables were compared using the Student’s #-test or Mann—Whitney U-test, which depended on the distribution of the
data. Categorical variables were analyzed using the y*-test. The Cox proportional hazard model was used to identify
potential predictors of recurrence. Survival analysis was performed using the Kaplan-Meier method, with differences
assessed by the Log rank test. P-values less than 0.05 were considered statistically significant. The consistency index
(C-index) was used to assess the predictive accuracy of recurrence.

Results

Patients Characteristics

Ultimately, 134 patients were included in the final study population, consisting of 107 patients from the main hospital and
37 from the branch hospital, all with pathologically confirmed HCC without MVI (Figure 1). The characteristics of the
study cohort are summarized in Table 1. A total of 134 patients (mean age: 55.0 £ 11.2 years; 111 males, 23 females)
with surgically confirmed solitary hepatocellular carcinoma (HCC) without microvascular invasion (MVI) were included.
Among these, 85.8% (115/134) were hepatitis B surface antigen (HBsAg)-positive, 25.4% (34/134) were hepatitis
B e-antigen (HBeAg)-positive, and 55.2% (74/134) had pathologically confirmed cirrhosis. Table 1 also summarizes
the clinical and MRI characteristics of the patients in both the training and validation cohorts, with no significant
differences found between the clinicopathologic and MRI features of the two cohorts (all p > 0.05).
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Patients underwent surgical resection for HCC with preoperative
Gd-BOPTA enhanced MRI between June 2016 and November 2019
(n=301)

Exclusion (n=167)

e Previous treatment history before surgery (n=25)
Pathological confirmation of MVI-positive (n=82)
Multiple lesions (n=13)

Inadequate MR image quality (n=5)

Incomplete clinical data and follow-up data (n=42)

solitary HCC without MVI
(n=134)

Training (n=107) Validaticn (n=27)

Figure | Flowchart of the study population.

Recurrence-Free Survival (RFS) in Solitary HCC Patients Without MVI

The median recurrence-free survival of the 134 patients was 45.7 months (1.0-75 months). 41.80% (56/134) of patients
experienced tumor recurrence during the period. Among them, the median RFS was 20.0 months in the training cohort
and 20.1 months in the validation cohort, respectively. Additionally, the 1-year, 3-year, and 5-year RFS rates were 80.4%,
65.4%, and 57.0% in the training cohort and 88.9%, 66.7%, and 63.0%in the validation cohort, respectively.

Identification Predictors for RFS
Univariate Cox regression analysis found that HBeAg, tumor size, tumor growth subtype, non-peripheral washout,
nodule-in-nodule architecture, mosaic architecture, delayed central enhancement, and internal arteries were significant

Table | Clinicopathologic Characteristics and MRI Features of the Training and Validation Cohort

Characteristic Total (n=134) | Training (n=107) | Validation (n=27) | p Value
Age (years) 55.0+ 11.2 550+ 11.1 553 % 12.1 0.909
Gender 0.717
Male 111 (82.8) 88 (82.2) 23 (85.2)
Female 23 (17.2) 19 (17.8) 4 (14.8)
HBsAg 0916
Absent 19 (14.2) 15 (14.0) 4 (14.8)
Present 115 (85.8) 92 (86.0) 23 (85.2)
HBeAg 0.941
Absent 100 (74.6) 80 (74.8) 20 (74.1)
Present 34 (25.4) 27 (25.2) 7 (25.9)
Cirrhosis 0.033
Absent 60 (44.8) 43 (40.2) 17 (63.0)
Present 74 (55.2) 64 (59.8) 10 (37.0)
Serum AFP level 0.362
<400 ng/mL 112 (83.6) 91 (85.0) 21 (77.8)
>400 ng/mL 22 (16.4) 16 (15.0) 6 (22.2)
(Continued)
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Table | (Continued).

Characteristic Total (n=134) | Training (n=107) | Validation (n=27) | p Value
Serum PT level 120+ 1.0 12.1 = 1.1 11.5+08 0.016
Serum ALT level 27 (19, 39) 27 (19, 38.3) 20 (16, 54) 0.478
Serum AST level 25 (19, 33) 25.5 (19, 32.3) 23 (16, 30) 0.579
Serum GGT level 38 (24, 77.3) 39 (23, 75.8) 32 (24, 79) 0.711
Serum ALB level 427 + 6.6 43.0 £ 6.0 41.1 £ 85 0.170
Serum pro-ALB level 2157 £ 724 2167 +73.8 211.8 + 682 0.756
Serum TBIL level 13.9 (1.3, 18.0) 14.4 (12, 18.1) 12.6 (9.6, 15.3) 0.021
Serum dBilL level 5342 7.1) 54 (42,72) 5(4.1,6.2) 0.472
Edmondson-Steiner grade 0.742
-l 22 (16.4) 17 (15.9) 5(18.5)
-1V 112 (83.6) 90 (84.1) 22 (81.5)
Tumor size 36+ 1.8 3619 3617 0.829
Tumor growth subtype 0.677
Single nodular 106 (79.1) 84 (78.5) 22 (81.5)
Single nodular with extranodular growth 12 (9.0) 9 (8.4) 3 (1.1
Confluent multinodular 16 (11.9) 14 (13.1) 2(74)
Non-rim arterial phase hyperenhancement 0.093
Absent 25 (18.7) 23 (21.5) 2(74)
Present 109 (81.3) 84 (78.5) 25 (92.6)
Non-peripheral washout 0.081
Absent 41 (30.6) 29 (27.1) 12 (44.4)
Present 93 (69.4) 78 (72.9) 15 (55.6)
Enhancing capsule 0.181
Absent 60 (44.8) 51 (47.7) 9 (333)
Present 74 (55.2) 56 (52.3) 18 (66.7)
Non-enhancing capsule 0.691
Absent 127 (94.8) 101 (94.4) 26 (96.3)
Present 7(52) 6 (5.6) I (3.7)
Nodule-in-nodule architecture 0.134
Absent 116 (86.6) 95 (88.8) 21 (77.8)
Present 18 (13.4) 12 (11.2) 6 (222)
Mosaic architecture 0.500
Absent 101 (75.4) 82 (76.6) 19 (70.4)
Present 33 (24.6) 25 (234) 8 (29.6)
Fat in mass, more than adjacent liver 0.169
Absent 107 (79.9) 88 (82.2) 19 (70.4)
Present 27 (20.1) 19 (17.8) 8 (29.6)
Blood products in mass 0.589
Absent 104 (77.6) 82 (76.6) 22 (81.5)
Present 30 (22.4) 25 (23.4) 5(18.5)
Rim arterial phase hyperenhancement 0.356
Absent 117 (87.3) 92 (86.0) 25 (92.6)
Present 17 (12.7) 15 (14.0) 2 (7.4)
Peripheral washout 0.410
Absent 128 (95.5) 103 (96.3) 25 (92.6)
Present 6 (4.5) 4 (37) 2(74)
Delayed central enhancement 0.828
Absent 128 (95.5) 102 (95.3) 26 (96.3)
Present 6 (4.5) 547) 1 3.7)
(Continued)
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Table | (Continued).

Characteristic Total (n=134) | Training (n=107) | Validation (n=27) | p Value

Targetoid restriction 0.410
Absent 128 (95.5) 103 (96.3) 25 (92.6)
Present 6 (4.5) 4 (3.7) 2(74)

Hepatobiliary phase hypointensity 0.558
Absent 20 (14.9) 15 (14.0) 5(18.5)
Present 114 (85.1) 92 (86.0) 22 (81.5)

Mild-moderate T2 hyperintensity 0.419
Absent 10 (7.5) 7 (6.5) 3(1LD)
Present 124 (92.5) 100 (93.5) 24 (88.9)

Corona enhancement 0.652
Absent 121 (90.3) 96 (89.7) 25 (92.6)
Present 13 (9.7) Il (10.3) 2(74)

Restricted diffusion 0.315
Absent 13 (9.7) 9 (8.4) 4 (14.8)
Present 121 (90.3) 98 (91.6) 23 (85.2)

Fat sparing in solid mass 0.614
Absent 133 (99.3) 106 (99.1) 27 (100)
Present 1 (0.7) I (0.9) 0 (0)

Iron sparing in solid mass 0.308
Absent 130 (97.0) 103 (96.3) 27 (100)
Present 4 (3.0 4 (3.7) 0 (0)

Non-smooth tumor margin 0.384
Absent 106 (79.1) 83 (77.6) 23 (85.2)
Present 28 (20.9) 24 (22.4) 4 (14.8)

Internal arteries 0.315
Absent 121 (90.3) 98 (91.6) 23 (85.2)
Present 13 (9.7) 9 (84) 4 (14.8)

Peritumoral hypointensity on HBP 0.692
Absent 116 (86.6) 92 (86.0) 24 (88.9)
Present 18 (13.4) 15 (14.0) 3(1LLD)

Abbreviations: AFP, alpha-fetoprotein; PT, prothrombin time; ALT, alanine transaminase; AST, aspartate transaminase; GGT, y-glutamyl
transpeptidase; ALB, albumin; proALB, pro-albumin; Tbil, total bilirubin; dTbil, direct bilirubin; HBP, hepatobiliary phase.

risk factors with the RFS in solitary HCC patients without MVI. Among them, HBeAg (HR, 3.547; 95% CI: 1.870,
6.727; p<0.001), tumor growth subtype (HR, 1.576; 95% CI: 1.087, 2.287; p=0.016), non-peripheral washout (HR, 0.505;
95% CI: 0.266, 0.958; p=0.037), mosaic architecture (HR, 3.155; 95% CI: 1.636, 6.083; p=0.001) and internal arteries
(HR, 2.201; 95% CI: 0.938, 5.167; p=0.070) were associated with RFS at the multivariate Cox regression analysis
(Table 2). Representative images of recurrence are shown in Figures 2 and 3. The Kaplan-Meier curves of the prognostic
risk factors for RFS are shown in Figure 4.

Construction of the RFS Nomogram

The significant prognostic risk factors identified by the multivariate Cox regression analysis in the training cohort were
further utilized to construct the RFS nomogram (Figure 5). The concordance index (C-index) of the RFS nomogram was
0.740 in the training cohort and 0.701 in the validation cohort, indicating good predictive accuracy. Additionally, we
calculated individual patient risk scores and categorized patients into high- and low-risk groups, with a cut-off value of
—6.96. On analysis, it was found that patients in the low-risk group had significantly higher RFS rates than those in the
high-risk group. This result was validated in the validation cohort, with p-values of < 0.0001 in the training cohort and
0.0052 in the validation cohort (Figure 6).
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Table 2 Univariate and Multivariate Cox Regression Analysis for RFS in the Training Group

Characteristic

Univariate Analysis

Multivariate Analysis

HR (95% CI) p Value HR (95% CI) p Value
Age 1.015 (0.989, 1.043) 0.264
Gender 0.778 (0.348, 1.740) 0.541
HBsAg 2.101 (0.753, 5.865) 0.156
HBeAg 2490 (1.364, 4548) | 0.003* | 3.547 (1.870, 6.727) | <0.001
AFP 1.42 (0.962, 3.921) 0.064
ALT 1.003 (0.989, 1.017) 0.717
AST 1.000 (0.985,1.014) 0.975
GGT 1.000 (0.997, 1.004) 0.829
ALB 1.001 (0.949, 1.057) 0.964
Pro-ALB 0.996 (0.991, 1.000) 0.051
TBIiL 1.008 (0.962, 1.056) 0.743
dBiL 0.994 (0.966, 1.023) 0.687
Edmondson-Steiner grade 1.732 (0.684, 4.383) 0.247
Tumor size 2.221 (1.184,4.168) | 0.013*
Tumor growth subtype 1.626 (1.144,2.312) | 0.007* 1.576 (1.087, 2.287) 0.016
Non-rim arterial phase hyperenhancement | 0.526 (0.276, 1.002) 0.051
Non-peripheral washout 0.518 (0.284, 0.943) | 0.031* | 0.505 (0.266, 0.958) 0.037
Enhancing capsule 1.352 (0.751,2.432) 0.315
Non-enhancing capsule 1.332 (0.413, 4.298) 0.631
Nodule-in-nodule architecture 3.567 (1.706, 7.455) | 0.001*
Mosaic architecture 3.009 (1.657, 5.465) | <0.001* | 3.155 (1.636, 6.083) 0.001
Fat in mass, more than adjacent liver 0.737 (0.330, 1.649) 0.458
Blood products in mass 1.477 (0.777, 2.808) 0.234
Rim arterial phase hyperenhancement 1.902 (0.916, 3.949) 0.084
Peripheral washout 1.878 (0.582, 6.058) 0.292
Delayed central enhancement 3.245 (1.154,9.126) | 0.026*
Targetoid restriction 0.571 (0.079, 4.146) 0.580
Hepatobiliary phase hypointensity 0.540 (0.260, 1.120) 0.098
Mild-moderate T2 hyperintensity 0.467 (0.184, 1.183) 0.108
Corona enhancement 0.522 (0.162, 1.684) 0.277
Restricted diffusion 0.711 (0.301, 1.679) 0.436
Fat sparing in solid mass 0.049 (0, 5734.881) 0.612
Iron sparing in solid mass 0.437 (0.060, 3.172) 0.413
Non-smooth tumor margin 1.159 (0.589, 2.284) 0.669
Internal arteries 3.803 (1.755, 8.242) | 0.001* | 2.201 (0.938, 5.167) 0.070
Peritumoral hypointensity on HBP 1.482 (0.691, 3.179) 0.312

Note:* indicates statistical significance (p < 0.05).

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate transaminase; GGT, y-glutamyl transpeptidase; ALB,
albumin; proALB, pro-albumin; Tbil, total bilirubin; dTbil, direct bilirubin; HBP, hepatobiliary phase.HBP, hepatobiliary phase; ClI,

confidence interval; HR, hazard ratios.

Discussion

In this study, we aimed to evaluate the predictive efficacy of preoperative Gd-BOPTA imaging features and clinical

indicators to predict the prognosis of hepatocellular carcinoma (HCC) patients without microvascular invasion (MVI).

Our results identified hepatitis B e-antigen positivity (HBeAg), tumor growth subtype, non-peripheral washout, mosaic

architecture, and internal arteries as significant prognostic risk factors for recurrence-free survival (RFS). We subse-

quently developed a model incorporating these variables and conducted stratified risk analyses, suggesting that the model

can be effectively utilized for prognostic prediction in HCC patients without MVI. This research provides valuable

insights for clinical decision-making and individualized treatment planning in this patient population.
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A B C D

Figure 2 The images show a 41-year-old male diagnosed with HCC without MVI, who experienced recurrence 7 months after hepatectomy. (A) The tumor growth subtype
was multiple confluent nodules on Tl-weighted imaging (T I WI); (B) Heterogeneous mass with mosaic architecture on T2-weighted imaging (T2WI); (C) The lesion appears
hyperintense on diffusion-weighted imaging (DWI); (D) Heterogeneous and marked enhancement on the arterial phase, with the artery (white arrow) visible within the
tumor.

A B C D

Figure 3 MR images of a 7|-year-old male who did not experience postoperative recurrence. (A) Single nodular with homogeneous, slightly low signal on TIWI; (B) The
lesion of homogeneous slightly high signal on T2WI; (C) Non-rim arterial phase hyperenhancement (APHE) on the arterial phase; (D) Non-peripheral washout on the portal
venous phase.

The study indicated that the tumor growth subtype that reflects the pathologic gross classification was associated with
RFS, which is consistent with previous research. A.M. Hui et al demonstrated that the tumor growth subtype of HCC was
of clinical value in predicting recurrence and survival after hepatectomy.'® Likewise, K. Shirabe et al also identified that
tumor growth subtype was a prognostic factor for recurrence of HCC in patients undergoing living donor-related liver
transplantation (LDLT)."? Furthermore, a recent study found that tumor growth subtype was related to overall survival
(0OS) in HCC patients with portal vein tumor thrombus (PVTT).'* In contrast with single nodular or single nodular with
extranodular growth type HCC, confluent multinodular HCC exhibited larger tumor size and poorer differentiation.'> Our
findings further elucidated the prognostic impact of tumor growth subtype in HCC patients without MVI after surgical
resection.

The mosaic architecture, an important imaging feature in diagnosing hepatocellular carcinoma, is a significant adverse
risk factor for the recurrence of hepatectomy'® and TACE'”'® in HCC patients. Consistent with these findings, our study
also found that mosaic architecture was significantly associated with poor prognosis in HCC patients without MVI. The
mosaic architecture on CT or MRI is featured by randomly appearing nodules or areas within the tumor that vary in
enhancement, attenuation, intensity, shape, size, and separation by fibrous tissue.!” The characteristics behind this
appearance may correspond to tumor survival, fatty infiltration, cystic necrosis, hemorrhage, or fibrous tissue in
pathological.® Thus, mosaic architecture may reflect tumor heterogeneity and rapid disease progression, which may
explain why mosaic architecture is responsible for the poor prognosis of HCC patients treated with hepatectomy or
TACE.

Internal arteries are often considered an important imaging manifestation of hepatocellular carcinoma, which was
identified to be associated with poorly differentiated tumor cells, tumor proliferation, angiogenesis, and stromal

invasion.’! In the previous study, internal arteries are considered an aggressive imaging feature, which has been
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Figure 4 Kaplan—Meier curves of factors for RFS in solitary HCC without MVI. (A) HBeAg (positive and negative) (Log rank test, p =0.002). (B) Tumor growth subtype
(single nodular type, single nodular type with extranodular growth, and multiple confluent nodules) (Log rank test, p =0.014). (C) Internal artery (absent and present) (Log
rank test, p =0.00025). (D) Mosaic architecture (absent and present) (Log rank test, p =0.00013). (E) Washout (absent and present) (Log rank test, p =0.028).

confirmed to be a determinant for predicting microvascular invasion’? and vessels encapsulating tumor clusters
(VETC),? for diagnosing the macrotrabecular massive (MTM)** and high pathological grades®> in HCC patients. In
our study, internal arteries also comprised a risk factor for recurrence in HCC patients without MVI.
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Figure 6 Kaplan—Meier curves of risk stratification postoperative RFS in the training (A) and validation (B) cohorts.

The liver imaging reporting and data system version 2018 (LI-RADS v2018) classified nonperipheral washout
as an LR-5 category; moreover, the prognosis for patients with LR-5 HCC is significantly better than for LR-M.%®
Nonperipheral washout, a significant characteristic in identifying HCC-specific, has previously been associated
with relative portal tract reduction pathologically.’” Zhang et al demonstrated that washout is closely related to
better prognosis of HCC patients.”® Our findings further revealed that nonperipheral washout has a favorable
prognosis in HCC patients without MVI. Notably, HBeAg is relevant to the severity of hepatic fibrosis and
cirrhosis and is strongly implicated in the recurrence and overall survival of patients with HCC.?*** Similarly,
HBeAg was also another adverse prognostic marker in our work.

Our study had some limitations. First, this was a retrospective study, which may be subject to sample bias. Second, our
finding was validated in the cohort at the branch hospital. Still, there were differences in the follow-up time due to the
inconsistent timing of examinations at the two hospital districts. Third, although the prognostic model was carefully
considered and internally validated, further multicenter studies are available for external validation. Finally, the follow-up
time was not long enough to accurately assess the overall survival of the patients. Therefore, future large-scale multicenter
prospective studies evaluating a broader spectrum of HCC patients must be conducted to verify and refine our findings.

1480 https: Journal of Hepatocellular Carcinoma 2025:12



Zhang et al

Conclusion

In conclusion, we established a straightforward and practical prognostic model utilizing Gd-BOPTA-enhanced MRI to
evaluate the postoperative prognosis of single HCC patients without MVI. This model may assist clinicians in stratifying
patients into high-risk and low-risk recurrence groups, suggesting intensified clinical surveillance for high-risk patients.
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