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Purpose: Using a combination model of preoperative imaging and clinical factors to predict non-transplantable recurrence (NTR)
after liver resection and assist solitary hepatocellular carcinoma (HCC) patients in the selection of early treatment options.
Patients and Methods: A retrospective analysis was conducted on 253 solitary HCC patients who underwent radical resection and
had preoperative MRI. NTR patients were defined as those exceeding the University of California, San Francisco (UCSF) criteria at
the time of recurrence. Cox regression analysis was employed to identify preoperative factors associated with NTR based on clinical
and tumor imaging characteristics. A risk scoring model (NTRScore) was developed and validated.

Results: Among the 253 patients, 86 (33.9%) experienced recurrence, and among those with recurrence, 34 patients (39.5%)
developed NTR. In multivariate analysis, factors associated with NTR included alpha-fetoprotein (AFP) [>10 ng/mL] [HR: 3.42,
95% confidence interval (CI): 1.54-7.63, P: 0.003], arterial phase hyperenhancement (APHE) [HR: 2.23, 95% CI: 1.03-4.81, P:
0.041], washout[HR: 0.35, 95% CI: 0.15-0.84, P: 0.019], and capsule [HR: 0.44, 95% CI: 0.22—0.88, P: 0.021]. The B-coefficients of
these variables were utilized to develop the weighted NTRScore(c-index 0.72, 95% CI: 0.65-0.79). The NTR occurrence increased
across the three categories (low: 5.6%, medium: 13.6%, high: 35.1%, p < 0.001), and the Kaplan-Meier curves of recurrence-free
survival(RFS) and overall survival(OS) show significant differences (p = 0.004 and p<0.001). Furthermore, the higher NTR categories
may be associated with an increased risk of extrahepatic recurrence.

Conclusion: The NTRScore demonstrated strong discriminatory ability and may serve as a clinically useful tool to assist in risk stratification
and potential to guide treatment and optimal surveillance for patients of solitary hepatocellular carcinoma within UCSF criteria.
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Introduction

Hepatocellular carcinoma (HCC) is a major health concern and ranks as the third leading cause of cancer-related deaths
worldwide.! Liver transplantation is considered the optimal curative treatment option for early-stage HCC, particularly
Milan and UCSF criteria.> To address the potential disease progression and dropout while waiting for donor organs, in
2000, Majno et al* proposed a “salvage” transplantation method that allowed for liver resection in patients with solitary
hepatocellular carcinoma of <5cm prior to transplantation. This approach has alleviated the pressure on liver transplanta-
tion and is increasingly employed.” However, this strategy does not apply to patients with recurrent disease beyond the
salvage liver transplantation criteria.® Given salvage liver transplantation may be feasible and whether more aggressive
early intervention should be taken for those experiencing recurrences beyond transplantable criteria, the preoperative

prediction of Non-Transplantable Recurrence (NTR) can better stratify HCC patients and improve long-term outcomes.
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The Liver Imaging Reporting and Data System (LI-RADS) has been widely recognized as the mainstream diagnostic
criteria for HCC.”® The LI-RADS includes five main features, namely arterial phase hyperenhancement (APHE), tumor size,
capsule, washout, and threshold growth, as well as additional characteristics such as peritumoral enhancement and mosaic
architecture.”” A number of previous studies have demonstrated that LI-RADS imaging features can be used to assess the
recurrence of HCC.'%!! Meanwhile, AFP has long been used to assess HCC invasiveness. 12-14 However, currently, no one has
combined these features to predict the occurrence of NTR.

Therefore, the aim of this study is to describe and analyze the recurrence patterns following initial hepatic resection
within UCSF criteria in solitary HCC patients, and to develop and validate a straightforward preoperative NTR risk

model to optimize early treatment strategies for HCC.

Materials and Methods
Study Population

This retrospective study was approved by the institutional review board and informed consent was waived. A database of
patients who had hepatic resections for HCC at our institution from January 2015 to May 2021 was obtained from our
institution’s medical database. A total of 958 diagnosed HCC cases underwent abdominal MRI examination within two
weeks before curative resection. Patients meeting the following criteria were included: untreated, solitary HCC, and had
undergone an acceptable contrast-enhanced MRI examination within two weeks before surgery.

Exclusion criteria were as follows: (1) Multiple tumors. (n = 548); (2) tumor size greater than 65mm before surgery (n = 103);
(3) incomplete clinical imaging data (n = 46); (4) severe image artifacts (n = 8). Based on these criteria, a total of 253 patients
were included in the study (Figure 1). The characteristics of the patients included sex, age, hepatitis status, liver cirrhosis, alpha-
fetoprotein (AFP) levels, gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), Child-Pugh classification, ALBI (Albumin-Bilirubin) and morphological type.

MRI Data Acquisition
All patients underwent liver multiparametric MRI examinations using a 3.0 Tesla MRI system and a 32-channel phased-array
coil. Patients were positioned supine, and image acquisition commenced at the end of expiration. The scan range extended
from the diaphragm to the inferior border of the liver.

The liver multiparametric MRI protocol included the following sequences:

Patients who underwent hepatic resection for HCC
between January 2015 and May 2021.
(n=958)

Excluded:

1.Multiple tumors(n=548);

2.Preoperative lesions greater than 65mm(n=103);
3.Incomplete clinical or pathological information(n=46);
4.Severe image artifacts (n=8).

Included:

1. Enhanced MRI of the liver within

two weeks before surgery;

2.Single HCC confirmed by histopathology;
3.Without any treatment before surgery.

Patients included in analysis(n=253)

Non-transplantable Recurrence(n=34) Transplantable Recurrence(n=52) Non-Recurrence(n=167)

Figure | Flowchart of inclusion and exclusion criteria for the study.
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(a) Axial dual-echo (in-phase and out-of-phase) T1-weighted imaging.

(b) Fat-suppressed T2-weighted imaging.

(c) Dynamic contrast-enhanced imaging. This involved the administration of a liver-specific contrast agent, gadobe-
nate dimeglumine (Primovist), at a rate of 1 mL/s through an intravenous line in the antecubital vein (dose:
0.1 mL/kg) or gadobutrol (dose: 0.2 mL/kg) at a rate of 2 mL/s, followed by a 20 mL saline flush at 2 mL/s. The
dynamic contrast-enhanced sequences included the pre-contrast phase, arterial phase (at 20 seconds), portal
venous phase (at 55 seconds), equilibrium phase (at 90 seconds), and delayed phase (at 180 seconds). An
additional hepatobiliary phase was obtained 20 minutes after injection.

(d) Post-processing involved subtraction of the pre-contrast images from the post-contrast images to enhance the
visualization of tumor enhancement.

Image Analysis
The preoperative abdominal MRI scans were reviewed independently by two radiologists with 3 and 5 years of
abdominal MRI experience. The radiologists knew the diagnosis of HCC, but were blinded to all clinical, pathological,
and follow-up results. The final consensus reading was reached after a third radiologist with 12 years of abdominal
imaging experience resolved discrepancies.

For each HCC lesion, the radiologists assessed the following imaging features as defined in LI-RADS Version 2018
(Specific feature definitions are shown in Table S1):

(a) Major features: Tumor size, APHE, Washout, Capsule.
(b) Ancillary features: Satellite nodules, Mosaic architecture, Peritumoral enhancement, Fat in mass, Intratumoral
hypoperfusion, and Intratumoral hemorrhage.

Patient Follow-Up

All patients were regularly followed up for the detection of recurrence. The follow-up assessments included a review of
medical history, AFP, and ultrasound or contrast-enhanced CT/MRI scans. The first postoperative follow-up occurred at
4-6 weeks after surgery. Subsequent follow-ups were scheduled every 2—3 months within the first 6 months after surgery,
followed by once every 6 months thereafter. The primary outcome was NTR. NTR was recognized as recurrence
exceeding the following criteria: a solitary tumor < 6.5 cm, or < 3 nodules with the largest lesion < 4.5 cm and total
tumor diameter < 8 cm, macrovascular invasion, or extrahepatic recurrence. The dates of the first HCC recurrence, end of
follow-up, and death were recorded. The study’s follow-up end date was June 1st, 2023. Secondary endpoints included
overall survival (OS) and recurrence-free survival (RFS). RFS is defined as the time from date of surgery to the date of
the first recurrence of HCC, death, or last follow-up, whereas OS is defined as the time from date of surgery to date of
death or last follow-up.

Data Analysis

The categorical variables were presented as percentages (%) and numbers (n), and chi-square tests or Fisher’s exact tests
were used to compare them. The the optimal cut-off point for AFP was obtained using X-tile'> software version 3.6.1
(Yale University School of Medicine, New Haven, CT, USA). Univariate and multivariate Cox regression analyses were
performed to determine the independent predictors of NTR, hazard ratios (HR), and their 95% confidence intervals (CI).
In the multivariable model, variables with p<0.10 in the univariate model were included, and the B-coefficients of the
significant variables were used to construct the weighted formula for the NTRScore. NTRScores were categorized into
high, medium, and low by X-tile. The performance of the NTRScore was assessed using Harrell’s c-index and was
internally validated by bootstrapping with 2000 repetitions. OS and RFS were calculated using the Kaplan-Meier method
generated by the Log-rank test for comparison. SPSS version 26.0 (IBM Corporation, Armonk, NY) and R version 4.3.0
(R Project for Statistical Computing, Vienna, Austria) were used for all statistical analyses. Statistical significance was
determined using p<0.05.
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Results

Patient Characteristics

Table 1 summarizes patient characteristics. The study included 253 patients (201 males and 52 females) with a mean age
of 54 years (Interquartile Range 48—61 years). Liver cirrhosis was present in 186 (74%) patients, and 236 (93.3%)
patients had viral hepatitis, with 220 (87%) of them having hepatitis B. Most patients had well-compensated liver
function, and 97.0% (n=246) classified as Child-Pugh class A. The median AFP level was 13.49 ng/mL (IQR 3.55—
188.95 ng/mL), and 49 patients (19%) had high AFP levels (> 400 ng/mL) (Table 1). The median ALBI score was —2.50
(IQR —2.28 to —2.74). Out of the 253 patients, 86 (33.5%) experienced tumor recurrence, with 34 patients (39.5%)
developing NTR, accounting for 13.3% of all patients. Table 2 summarizes the results of the correlation analysis between
imaging features based on LI-RADS classification and the presence of NTR and non-NTR.

Table | Baseline Characteristics

Variable Overall Non-NTR NTR p-value*
(n =253) (n=219) (n =34)

Sex >0.9
Male 201 (79%) 174 (79%) 27 (79%)
Female 52 (21%) 45 (21%) 7 (21%)

Age 0.2
< 50 years 86 (34%) 71 (32%) 15 (44%)
> 50 years 167 (66%) 148 (68%) 19 (56%)

Hepatitis >0.9
No 17 (6.7%) 15 (6.8%) 2 (5.9%)
HBsAg 220 (87%) 190 (86.8%) 30 (88.2%)
HCsAg 16 (6.3%) 14 (6.4%) 2 (5.9%)

Cirrhosis 0.7
No 67 (26%) 59 (27%) 8 (24%)
Yes 186 (74%) 160 (73%) 26 (76%)

AFP 0.3
< 400 ng/mL 204 (81%) 179 (82%) 25 (74%)
> 400 ng/mL 49 (19%) 40 (18%) 9 (26%)

ALT 0.4
<40 UL 152 (60%) 134 (61%) 18 (53%)
> 40 U/L 101 (40%) 85 (39%) 16 (47%)

AST 0.4
<40 U/L 172 (68%) 151 (69%) 21 (62%)
> 40 U/L 81 (32%) 68 (31%) 13 (38%)

(Continued)
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Table | (Continued).
Variable Overall Non-NTR NTR p-value*
(n =253) (n=219) (n =34)
Size 0.093
< 20mm 30 (12%) 29 (13%) I (3%)
> 20mm 223 (88%) 190 (87%) 33 (97%)
ALBI 0.4
| 91 (36%) 81 (37%) 10 (29%)
2 162 (64%) 138 (63%) 24 (71%)
PLT 0.5
< 150%107M9/L 135 (53%) 115 (53%) 20 (59%)
> 150x1079/L 118 (47%) 104 (47%) 14 (41%)
Child-Pugh >0.9
A 246 (97%) 213 (97%) 33 (97%)
B 7 (3%) 6 (3%) I (3%)
Morphological
Regular 147 (58.1%) 129 (58.9%) 18 (52.9%) 0.6
Irregular 106 (41.9%) 90 (41.1%) 16 (47.1%)
Notes: Categorical variables are presented as n (%). *Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.
Abbreviations: AFP, Alpha-fetoprotein; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALBI, albumin-
bilirubin; PLT, platelets, regular Nodular, Irregular Confluent nodular or with extrahepatic growth.
Table 2 Imaging Features with NTR
Variable Overall Non-NTR NTR p-value*
(n =253) (n=219) (n =34)
APHE 0.027
Non-rim APHE 219 (87%) 194 (89%) 25 (74%)
None or rim APHE 34 (13%) 25 (11%) 9 (26%)
Washout 0.067
None 27 (11%) 20 (9.1%) 7 (21%)
Washout 226 (89%) 199 (91%) 27 (79%)
Capsule 0.015
None 56 (22%) 43 (20%) 13 (38%)
Capsule 197 (78%) 176 (80%) 21 (62%)
Satellite nodules 0.7
No 240 (95%) 208 (95%) 32 (94%)
Yes 13 (5%) Il (5.0%) 2 (6%)
(Continued)
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Table 2 (Continued).

Variable Overall Non-NTR NTR p-value*
(n =253) (n=219) (n = 34)
Peritumoral enhancement 0.6
No 165 (65%) 144 (66%) 21 (62%)
Yes 88 (35%) 75 (34%) 13 (38%)
Mosaic architecture 0.8
No 94 (37%) 82 (37%) 12 (35%)
Yes 159 (63%) 137 (63%) 22 (65%)
Intratumor ischemia 0.1
No 187 (74%) 158 (72%) 29 (85%)
Yes 66 (26%) 61 (28%) 5 (15%)
Intratumor hemorrhage 0.4
No 209 (83%) 179 (82%) 30 (88%)
Yes 44 (17%) 40 (18%) 4 (12%)
Fat in mass 0.5
No 196 (77%) 168 (77%) 28 (82%)
Yes 57 (23%) 51 (23%) 6 (18%)

Notes: Categorical variables are presented as n (%).*Wilcoxon rank sum test; Fisher’s exact test; Pearson’s Chi-squared test.
Abbreviation: APHE, arterial phase hyperenhancement.

Postoperative Outcomes

The median follow-up of our study was 62.3 months, and a total of 58 patients (22.9%) died. Tumor recurrence occurred
in 86 patients (33.5%), with a median time to recurrence of 12.79 months. Among the patients with recurrence, the
majority (n=63, 73.2%) experienced tumor recurrence within 24 months after surgery, while 23 patients (26.8%) had
recurrence beyond 24 months after liver resection. Regarding the pattern of recurrence, most recurrences (n = 68, 79%)
occurred within the liver only, and approximately one-fifth (n = 22, 25.5%) of patients had multiple recurrent tumors.
During the study period, 34 patients experienced NTR, resulting in a recurrence rate of 39.5% and a median NTR time of
15.67 months. Figure 2A is a streamplot to show pre - and post-operative HCC status.The overall recurrence rate in all
patients included in the cohort was 13.3%, with 73.5% (n = 25) of NTR patients belonging to the BCLC-C stage of
recurrence, and over half (n = 18, 53%) of NTR patients experiencing extrahepatic recurrence. The detail information on
recurrence is shown in Table S2.

Development of NTRScore

In the multivariate analysis, AFP [>10ng/mL] [HR: 3.42, 95% CI: 1.54-7.63, p: 0.003], APHE [HR: 2.23, 95% CI: 1.03—4.81,
p: 0.041], washout[HR: 0.35, 95% CI: 0.15-0.84, p: 0.019], and capsule [HR: 0.44, 95% CI: 0.22-0.88, p: 0.021] (Table 3)
were independent prognostic factors for NTR. The B-coefficients of these variables were utilized to develop the weighted
NTRScore. The NTRScore ranged from —1.87 to 1.23 in the present cohort. Patients were categorized into low (NTRScore <
—0.64; n = 106, 41.9%), medium (NTRScore > —0.64 to < 0.19; n = 110, 43.48%), and high (NTRScore > 0.19; n = 37,
14.62%). And Figure 2B shows the recurrence stratification by NTRScore.
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Figure 2 (A) A streamplot to show pre - and post-operative HCC status.(NTR: Non-transplantable Recurrence T Transplantable TR: Transplantable Recurrence NR: Non-
Recurrence) (B) Recurrence stratification by NTRScore after surgical resection for hepatocellular carcinoma (NTR: Non-transplantable Recurrence TR: Transplantable
Recurrence NR: Non-Recurrence) (C) NTRScore categories in Kaplan-Meier curves for recurrence-free survival (RFS) in HCC patients (D) NTRScore categories in Kaplan-
Meier curves for overall survival (OS) in HCC patients.

Performance of NTRScore

In this cohort, the occurrence rates of NTR were significantly different between the three groups (low: 5.6%, medium:
13.6%, high: 35.1%, p < 0.001). The RFS and OS curves are shown in Figures 2C and D and Kaplan-Meier curves of
them show significant differences (p = 0.004 and p<0.001). Patients in the low NTRScore had significantly higher 5-year
RFS rates compared to the medium and high (76.4% versus 61.8% versus 54.1%, p = 0.014). Furthermore, postoperative
S-year overall survival rates were significantly better for patients in the low NTRScore compared to the medium and
high-risk groups, with rates of 89.6%, 77.3%, and 64.9% (p = 0.002). Figure 3A-L shows three typical cases. Among the
86 recurrent patients, 51 cases experienced BCLC-0/A stage recurrence, while 35 were at BCLC-B stage or higher.
Except for one case of transplantable recurrence, all others were classified as NTR (n = 34, 97%). The model
demonstrated good discriminative ability in internal bootstrap validation (n = 2000) with a c-index of 0.72 and a 95%
CI ranging from 0.649 to 0.793.
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Table 3 Univariate and Multivariate Cox Analyses for NTR of HCC Patients

Characteristic Univariate Multivariate
HR 95% CI P-value HR 95% CI p-value

AFP(> 10 ng/mL) 2.86 1.33, 6.13 0.007* 342 1.54, 7.63 0.003
Size (>20 mm) 4.6 0.63, 33.6 0.13

APHE 2.73 1.27, 5.85 0.01* 2.23 1.03, 4.81 0.041
Washout 0.44 0.19, 1.02 0.056* 0.35 0.15, 0.84 0.019
Capsule 0.4 0.20, 0.80 0.009* 0.44 0.22, 0.88 0.021
Satellite nodules 1.24 0.30, 5.19 0.77

Peritumoral enhancement .15 0.57, 2.30 0.69

Mosaic architecture 1.06 0.52, 2.14 0.87

Intratumoral hypoperfusion 0.49 0.19, 1.28 0.15

Intratumor hemorrhage 0.65 0.23, 1.85 0.42

Fat in mass 0.69 0.29, 1.67 041

Note: *Referred to p<0.l in multivariable analysis.
Abbreviations: HR, Hazard Ratio; Cl, Confidence Interval; AFP, Alpha-fetoprotein; APHE, Arterial phase hyperenhancement.

Discussion

We have established a preoperative model to predict the development of NTR. Previous research has attempted to predict
NTR either preoperatively or postoperatively, but it did not take into account significant preoperative imaging features
that could be used to guide treatment strategy selection and postoperative monitoring plans. Considering the possibility of
salvage liver transplantation and perioperative treatment, based on our scoring system, patients in the low categories may
undergo surgical treatment first, with a lower probability of recurrence and still a significant chance of salvage liver
transplantation in case of recurrence. For patients in higher categories of NTRScore, there is a higher risk of recurrence
and a greater probability of NTR occurrence upon recurrence, and it is not recommended to undergo liver resection or
liver transplantation as the initial treatment.

Based on our study, we recommend perioperative treatment for higher categories patients. In recurrent patients, the
proportion of NTR occurrence concerning recurrent patients was 22.2%, 35.7%, and 76.5% for the low, medium, and
high categories, respectively (p <0.001). Patients in the higher categories are more prone to recurrence, and show worse
outcomes upon recurrence, losing the opportunity for curative treatment. Notably, 13.3% of recurrences are NTR, similar
to previous studies.®'® All NTR patients were at BCLC stage B or higher, and over half of the patients experienced
extrahepatic recurrence (n = 18, 53%), both them indicate poor prognosis. The IMbrave050'” study, which has attracted
much attention, achieved its predefined primary endpoint during the mid-term analysis, breaking the dilemma of adjuvant
systemic therapy for postoperative liver cancer. Inspired by the results of IMbrave050, we speculate that intermediate to
high-risk patients in this study may benefit from exploratory and more aggressive perioperative treatment.

Considering that extrahepatic recurrence after liver transplantation is also a key factor for poor overall survival
prognosis. Elena Fernandez-Sevilla et al'® revealed that 71.9% of recurrences after liver transplantation are extrahepatic,
with 70% of these recurrences diagnosed within two years after liver transplantation. Early recurrence may be due to
undetected extrahepatic metastasis during or shortly after liver transplantation, or circulating HCC clones implanting in
distant organs.'® Given that post-liver transplantation, extrahepatic recurrence may be a consequence of the primary
tumor and that patients prone to extrahepatic metastasis postoperatively may not be suitable for pre-transplant treatment,
our results show that as the risk stratification increases, the probability of extrahepatic recurrence gradually increases
(4.7% vs 7.3% vs 13.5%, p = 0.217). While no statistically significant difference was observed, a trend is evident,
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Low

Medium

High

Figure 3 The red arrows are tumors, the blue arrows are the recurrence tumors. |. Low: a 6|-year-old man had a preoperative AFP of 1.96 ng/mL. According to (a-c) it
was found that the patient with APHE, capsule, washout got a score of —1.87. (d) showed that the patient had no recurrence. 2. Medium: A 57-year-old man had
a preoperative AFP greater than 1210 ng/mL. According to the (e-g) it was found that the patient with APHE, capsule and washout got a score of 0.64. (h) showed that the
patient had recurrence, but it was transplanted recurrence. 3. High: A 4l-year-old man had a preoperative AFP of 332.4 ng/mL. According to the (i-k), the patient had
washout and APHE without capsule and the score was 0.19. (I) showed multiple recurrent tumors in the patient.

possibly due to the limited sample size. We plan to further expand the sample size for future research. Therefore, our
criteria not only predict the occurrence of unresectable recurrence after liver resection but also suggest that patients with
high NTRScore are more likely to experience extrahepatic recurrence, emphasizing the potential benefit of early systemic
treatment to improve survival.

Our study suggests that arterial-phase enhancement characteristics are independent risk factors. Specifically, rim enhancement
and poorly enhanced lesions during the arterial phase had a higher risk of developing NTR compared to non-rim arterial-phase
hyperenhancement (26% vs 11%, p=0.027). Previous studies have indicated that rim-enhanced HCC exhibits faster progression
and worse prognosis following curative resection, radiofrequency ablation, or transarterial chemoembolization.'®**2!
Furthermore, studies have found a close association between this condition and poor tumor differentiation, more invasive vascular
distribution. Poor tumor differentiation implies that cancer cells have lost the characteristics and functions of normal cells, leading
to decreased treatment response and worse prognosis. The more invasive vascular distribution indicates vigorous tumor growth
and increases the risk of distant metastasis.”***>*Additionally, our retrospective analysis of lesions without arterial-phase
enhancement, which were not enhanced in any phase, is hypothesized to be related to ischemia, potentially leading to worse
outcomes.Furthermore, capsule appearance and washout were included as protective factors in our model. Pathological capsule
has always been a favorable factor after liver resection, It usually represents slow-growing tumors and well-differentiated
histology of the tumor. In this case, the tumor cells exhibit lower malignant features and a slower growth rate, leading to
a better survival rate.>>>® While it may not fully represent pathological capsule, the sensitivity and accuracy of this feature are
high, reaching 94.0% and 83.0%,’ respectively. Its presence suggests a better prognosis.Washout is not a commonly reported
imaging feature related to prognosis, but our study suggests relatively favorable outcomes associated with it. The precise
mechanisms behind these observations warrant further exploration. Moreover, AFP has widespread applications as
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a prognostic biomarker following curative resection for HCC.*> 2 It serves as both a static and dynamic variable, providing
a more accurate reflection of tumor biology. In our model, patients with AFP levels greater than 10 ng/mL exhibited a worse
prognosis, our research is consistent with the findings of the previous study conducted by Tsilimigras et al.>*

In summary, Previous studies have largely focused on the clinical factors influencing NTR, without considering the
role of radiological factors. Our NTRScore combines preoperatively assessable tumor imaging features and tumor
biological behavior, which are key determinants of HCC prognosis. It can help us identify patients with more severe
recurrence and hope to provide useful information for perioperative treatment in clinical practice. Therefore, the results
of this study provide some information to assist with the complex decisions related to liver cancer resection, transplanta-
tion, and perioperative treatment. They provide specific information and guidance for the optimal post-resection
monitoring to reduce NTR occurrences.

The results of the current study should be interpreted with several limitations. Firstly, due to the retrospective study
design, there may be selection bias. The second limitation is the lack of external validation, which restricts the
generalizability of our data. Furthermore, these data rely on patients undergoing LR treatment for HCC, making direct
comparisons between LR and other perioperative treatment strategies unfeasible. Future research will delve deeper into
comparative studies based on this premise.

Conclusion
NTRScore can help predict NTR and provide precise stratification of recurrence, offering potential to improve patient
treatment selection and monitor strategies, ultimately wishing to promot long-term prognosis.
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