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Aim: This study aims to explore the impact of the distance between the tumor and
themain trunk or first branch of the portal vein on the prognosis of hepatocellular
carcinoma (HCC) patients undergoing radical resection.
Methods: This study retrospectively evaluated HCC patients who underwent
radical resection between 1 January 2018 and 30 September 2024. Tumors were
classified into two categories based on their location: central tumors and
peripheral tumors. Central tumors were defined as those located within 2 cm
of the main trunk or first branch of the portal vein, while the remaining tumors
were classified as peripheral tumors. Recurrence-free survival (RFS) and overall
survival (OS) were compared between the two groups. Univariate andmultivariate
COX analyses were conducted to identify factors associated with RFS and OS.
Propensity score matching (PSM) was employed to eliminate intergroup
differences for further validation.
Results: A total of 667 HCC patients undergoing radical resection were initially
enrolled. Through PSM, 247 patients were successfully matched in each
comparative group. In the PSM cohort, the median RFS (mRFS) for patients
with central tumors was 23.00 months (95% CI, 18.01–27.99 months), while
the mRFS for those with peripheral tumors was 30.50 months (95% CI,
26.17–34.83 months) (p = 0.004). The median OS was 56.00 months (95% CI,
52.10–59.90 months) for central tumors and 72.00 months (95% CI,
67.37–76.63 months) for peripheral tumors (p = 0.043). Multivariate COX
analysis confirmed that the distance of less than 2 cm between the tumor and
the main trunk or first branch of the portal vein was an independent risk factor for
RFS and OS in patients undergoing radical resection for HCC (HR: 1.744, p <
0.001; 1.728, p < 0.001, respectively).
Conclusion: The distance between the tumor and the main portal vein trunk or
first branch correlates with the prognosis of hepatocellular carcinoma patients
undergoing radical resection.
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1 Introduction

Primary liver cancer ranks sixth among the most common
cancers worldwide and is the second leading cause of cancer-
related deaths, particularly prevalent in developing countries with
limited resources. Hepatocellular carcinoma (HCC) constitutes
approximately 75%–85% of all primary liver cancer cases
(Kocarnik et al., 2022; Bray et al., 2018). In China, with one of the
largest populations worldwide and a high incidence of hepatitis B
virus (HBV) infections, HCC ranks as the fifth most common cancer
and the second leading cause of cancer-related deaths (Zheng et al.,
2024). Radical treatment, such as ablation, radical liver resection (LR),
and liver transplantation, is still the first choice for the treatment of
HCC (Benson et al., 2021; Sun et al., 2022; European Association for
the Study of the Liver, 2018). However, due to the inherent
heterogeneity of HCC, there still remains a high recurrence rate
even after radical resection. According to statistics, the recurrence
rate within 5 years after radical resection remains as high as 50%–70%.
Compared to patients without recurrence, the 5-year survival rate of
patients with HCC recurrence is reduced by approximately 24%
(Bruix et al., 2014; Kim et al., 2020; Tsilimigras et al., 2020a).
Effectively preventing postoperative recurrence of HCC becomes
crucial in improving the prognosis for patients with the disease.

It is widely believed that multiple tumors or satellite lesions,
tumor diameter ≥5 cm, microvascular or macrovascular invasion, and
poor differentiation are high-risk factors for recurrence after radical
resection of HCC (Guo et al., 2023;Wakayama et al., 2017; Erstad and
Tanabe, 2019; Lee et al., 2018). However, the impact of the distance
between tumors andmajor blood vessels on tumor recurrence has not
yet been studied. Bryant reported that tumor location was a predictive
factor for local recurrence during short-term follow-up (Bryant et al.,
2014). A study in Japan also indicated that treatment-naive HCCs in
the peripheral zone had a longer local recurrence-free survival and
progression-free survival following transarterial arterial
chemoembolization (TACE) compared to those in the central
zone. This suggests that the distance between tumors and major
blood vessels may be related to tumor heterogeneity; the closer the
distance, the higher the tumor activity and the faster the progression,
leading to a worse prognosis (Asano et al., 2023). Other researchers
have demonstrated that tumors located at the bifurcation of the portal
vein, at the junction of the major hepatic vein, or within 1 cm of the
inferior vena cava or the posterior aspect of the inferior vena cava have
a recurrence rate as high as 90%, with a 5-year disease-free survival
rate of only about 15%–30% (Cheng et al., 2012). It seems that the
distance between tumors and major blood vessels may be related to
the recurrence of HCC after radical resection, but there is currently
limited research on this topic. Therefore, this study aims to evaluate
the impact of tumor location on the recurrence of patients with HCC
who have undergone radical LR.

2 Materials and methods

2.1 Patients

This study retrospectively evaluated patients with HCC who
underwent liver resection (LR) at the Hepatobiliary Surgery
Department of the First Affiliated Hospital of Chongqing

Medical University from 1 January 2018 to 30 September 2024.
The study was conducted in accordance with the Declaration of
Helsinki, and was approved by the institutional ethics committee of
the First Affiliated Hospital of Chongqing Medical University
(2024–065–01). As this was a retrospective study, no additional
patient consent was required.

Patients who met the following criteria were enrolled: 1.
Postoperative pathological confirmation of HCC; 2. LR (negative
margins confirmed by pathology); 3. LR as initial treatment; 4. No
history of other malignancies or autoimmune diseases. Exclusion
criteria: 1. R1 resection (postoperative pathology suggesting positive
margins) or preoperative imaging suggesting extrahepatic
metastases; 2. Preoperative or postoperative imaging confirmed
the presence of portal vein and hepatic vein thrombosis; 3.
Preoperative anticancer treatment; 4. Incomplete preoperative
data; 5. Patients who relapsed or died within 60 days of surgery.
The patient selection process is shown in Figure 1.

2.2 Radical LR and postoperative
adjuvant therapy

All patients underwent routine preoperative examinations
including ultrasound, enhanced computed tomography (CT) or
magnetic resonance imaging (MRI) to assess tumor diameter,
Barcelona Clinic Liver Cancer (BCLC) stage, resectable extent
and residual liver volume. In addition, liver function was assessed
using the Child-Pugh classification, and the degree of cirrhosis was
evaluated using ICG R15 in all patients. The LR method contains
non-anatomical resection and anatomical resection and the surgical
technique used depends on the location and distribution of the
tumor. Anatomical hepatectomy is the complete resection of the
segment of liver with the tumor or the segment of liver limited by the
branches of the portal vein of the tumor. Non-anatomical
hepatectomy is the resection of the tumor and part of the non-
tumor liver parenchyma (Zhou et al., 2001; Liu, 2024). Radical LR
was defined as the complete removal of all detected tumors without
involving any major branch of the portal or hepatic veins, without
invasion of adjacent organs and without lymph node or distant
metastasis, and tumor-free margins confirmed by histopathology
(European Association for the Study of the Liver, 2018).

If patients are at high risk of hepatocellular carcinoma recurrence,
postoperative adjuvant (PA) therapy should be considered, mainly
including TACE, hepatic artery infusion chemotherapy (HAIC),
immunotherapy, and targeted therapy. The TACE chemotherapy
regimen typically combines chemotherapeutic agents such as
oxaliplatin, irinotecan, fluorouracil, epirubicin, pirarubicin, and
doxorubicin. These agents are either emulsified with iodized oil or
loaded onto drug-eluting microspheres, then selectively administered
via an arterial microcatheter into the tumor-feeding artery for targeted
delivery. The drug regimen for HAIC mainly consists of the
mFOLFOX regimen, which includes oxaliplatin, calcium folinate,
and fluorouracil. The immunotherapy treatment regimen mainly
includes Tislelizumab, Camrelizumab, and Atezolizumab. The
targeted therapy treatment regimen mainly includes Sorafenib,
Lenvatinib, Regorafenib, Apatinib, and Bevacizumab. Patients will
decide whether to receive one or more adjuvant therapies and the
frequency of treatment based on their own condition, financial status,
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or other social factors. Meanwhile, all patients with hepatitis B virus
infection must receive lifelong antiviral treatment.

2.3 Tumor location

Preoperative enhanced CT was performed, using at least a 64-
slice 128-layer spiral CT. Thin-slice images (1.00–1.25 mm) were
obtained during the portal phase or venous phase (with clear portal
vein enhancement). The main trunk of the portal vein, the right and
left branches of the portal vein, and the second branches were
identified on axial or multi-planar reconstruction (MPR). The
shortest distance from the tumor margin to the main trunk or

first branch of the portal vein was measured using MPR
reconstruction (with distances touching the main trunk or first
branch of the portal vein recorded as 0), accurate to the millimeter.
Based on their location, tumors were classified as central or
peripheral tumors. Tumors in the central zone meant that any
portion of the tumors was present within 2 cm of the main
trunk or first branch of the portal vein (central tumor), and
Tumors outside this zone are classified as peripheral tumors
(Figure 2). The measurement of the distance from the tumor to
the main trunk or first branch was performed by two resident
physicians, and if there was a significant discrepancy (≥0.3 cm), a
physician with the title of associate chief physician or higher made
the final decision.

FIGURE 1
Flowchart of patient selection. HCC, hepatocellular carcinoma; LR, liver resection; CT, computed tomography.
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2.4 Follow up and outcomes

All patients were followed up every 1–2 months for 6 months after
discharge from the hospital and every 3–6 months thereafter. During
the follow-up period, each patient received routine blood tests, liver
function tests, AFP and abdominal ultrasound. If recurrence was
suspected, enhanced CT or enhanced MRI was used to confirm the
diagnosis. Recurrence was defined as any tumor nodule confirmed by
two imaging studies or puncture biopsy. The primary endpoint of the
study is recurrence-free survival (RFS), defined as the time from LR to
the diagnosis of tumor recurrence, loss to follow-up, or the end of the
follow-up period. The secondary endpoint is overall survival (OS),
defined as the time from LR to death, loss to follow-up, or the end of the
follow-up period. All patients are followed until 1 March 2025, loss to
follow-up, or death.

2.5 Propensity score matching (PSM)

PSM analysis was conducted to minimize the uneven distribution
of covariates between the two groups. The matching algorithm
included age, gender, BCLC stage, presence or absence of hepatitis,
presence or absence of cirrhosis, Alpha-fetoprotein (AFP) levels,
albumin-bilirubin (ALBI) grade, Child-Pugh grade, neutrophil-to-
lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), alanine
aminotransferase (ALT), total protein, γ-glutamyl transferase
(GGT), number of tumors, tumor diameter, presence or absence of
microvascular invasion (MVI), and postoperative adjuvant therapy
regimen. A 1:1 nearest neighbor matching algorithm was used with a
caliper width of 0.02. PSM was performed using SPSS 27.0 statistical
software (IBM Corp, Armonk, NY, United States).

2.6 Statistical analysis

Statistical analyses were performed using SPSS version 27.0. The
Shapiro-Wilk test was used to test the normality of continuous variables,
and the independent samples t-test was used to detect continuous data
that followed the normal distribution, expressed as the mean ± standard
deviation. TheMann-WhitneyU test was used to detect continuous data
that were not normally distributed, expressed as median (interquartile

range, IQR). Categorical data were detected using the chi-squared test,
and expressed as numbers (n) and proportions (%). Univariate and
multivariate analyses were performed in Cox risk models. Multivariate
Cox regression analysis was performed using the Entermethod, inwhich
all candidate variables were entered simultaneously into the model and
the significance of individual variables assessed by the Wald test. In
addition, to verify the robustness of our findings, a forward-selection
procedure was applied. Survival analyses were performed using the
Kaplan–Meier method, and differences in the survival curves were
analyzed using the log-rank test. K-M curves were plotted using R
software (version 4.2.1 http://www.r-project.org). P-value < 0.05 was
considered statistically significant.

3 Results

3.1 Baseline patient characteristics

After screening, a total of 667 eligible patients were included in
this study. In the entire cohort, the age of the patients ranged from
56.01 ± 11.37 years, with 576 males (86.36%) and 91 females
(13.64%). There were 278 patients (41.68%) with tumors located
in the central region and 389 patients (58.32%) with tumors located
in the peripheral region. Compared to tumors located in the
peripheral region, tumors in the central region were larger
(4.75 cm vs. 4.30 cm, p = 0.002), while no differences were
observed in other baseline characteristics. Regarding surgical-
related variables, patients with central tumors had longer surgical
times (265 min vs. 230 min, p < 0.001) and experienced more
intraoperative bleeding (300 mL vs. 200 mL, p < 0.001). However, no
statistical differences were found between the two groups in terms of
resection methods, MVI-positive/negative, tumor differentiation
grading, or whether blood transfusions were administered.

In the PSM cohort, the imbalance between the two groups
caused by differences in tumor size has been eliminated, and no
significant differences were observed in the baseline characteristics
of the two groups of patients. A total of 249 patients were matched in
each group, with an overall patient age of 56.17 ± 11.42 years,
including 430 males (87.04%) and 64 females (12.96%). The baseline
information of patients in both the entire cohort and the PSM cohort
is summarized in Tables 1, 2.

FIGURE 2
Distance of the tumor from the main trunk or first branch of the portal vein. (A) The distance from the tumor margin to the main trunk of the portal
vein or the first branch is >2.0 cm (3.51 cm); (B) The distance from the tumor margin to the main trunk of the portal vein or the first branch is <2.0 cm
(1.36 cm); (C) The tumor margin is in close contact with the right branch of the portal vein (but not invaded).
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3.2 RFS

In the entire cohort, the median follow-up time for all patients
was 41.00 months (95% CI, 36.96–45.06 months). Among them,
201 patients (72.30%) with central tumors experienced recurrence or
were lost to follow-up, while 234 patients (60.15%) with peripheral
tumors experienced recurrence or were lost to follow-up. The
median RFS (mRFS) for patients with central tumors was
20.00 months (95% CI, 15.70–24.31), compared to 31.00 months
(95% CI, 27.22–34.78) for those with peripheral tumors (p < 0.001).

Furthermore, the 1-, 2-, 3-, 4-, 5-, and 6-year RFS rates for patients
with central tumor were significantly lower than those for patients
with peripheral tumor (Figure 3A; Supplementary Table S1A).

In the PSM cohort, the median follow-up time for all patients
was 39.00 months (95% CI, 36.69–41.31 months). Among them,
179 patients (72.47%) with central tumors experienced recurrence or
were lost to follow-up, while 145 patients (58.70%) with peripheral
tumors experienced recurrence or were lost to follow-up. The mRFS
for patients with central and peripheral tumors were 23.00 months
(95% CI, 18.01–27.99 months) and 30.50 months (95% CI,

TABLE 1 Baseline characteristics of HCC patients between central tumor cohort and peripheral tumor cohort.

Characteristics The entire cohort The PSM cohort

Central tumor
(n = 278)

Peripheral
tumor (n = 389)

p Central tumor
(n = 247)

Peripheral
tumor (n = 247)

p

Age, years 55.99 ± 11.09 56.03 ± 11.58 0.965 56.34 ± 10.99 56.00 ± 11.85 0.738

Age, n (%) <56 years 139 (50.00) 188 (48.33) 0.670 119 (48.18) 119 (48.18) 1.000

≥56 years 139 (50.00) 201 (51.67) 128 (51.82) 128 (51.82)

Sex, n (%) Male 238 (85.61) 337 (86.63) 0.706 215 (87.04) 215 (87.04) 1.000

Female 40 (14.39) 52 (13.37) 32 (12.96) 32 (12.96)

Hepatitis, n (%) HBV 235 (84.53) 343 (88.17) 0.323 209 (84.62) 213 (86.24) 0.869

HCV 3 (1.08) 5 (1.29) 3 (1.21) 3 (1.21)

No hepatitis 40 (14.39) 41 (10.54) 35 (14.17) 31 (12.55)

Liver cirrhosis yes, n (%) 158 (56.83) 237 (60.93) 0.289 142 (57.49) 151 (61.13) 0.410

AFP, n (%) <400 ng/mL 180 (64.75) 270 (69.41) 0.205 166 (67.21) 166 (67.21) 1.000

≥400 ng/mL 98 (35.25) 119 (30.59) 81 (32.79) 81 (32.79)

Tumor diameter, cm 4.75 (3.38, 7.00) 4.30 (2.90, 6.20) 0.002 4.60 (3.20, 6.50) 4.60 (3.10, 6.70) 0.966

Tumor diameter, n (%) <5 cm 141 (50.72) 210 (53.98) 0.405 134 (54.25) 133 (53.85) 0.928

≥5 cm 137 (49.28) 179 (46.02) 113 (45.75) 114 (46.15)

Tumor number, n (%) Solitary 215 (77.34) 299 (76.86) 0.886 200 (78.54) 200 (78.54) 1.000

Multiple 63 (22.66) 90 (23.14) 47 (21.46) 47 (21.46)

BCLC grade, n (%) 0+A 219 (78.78) 320 (82.26) 0.260 203 (82.19) 205 (83.00) 0.911

B 59 (21.22) 69 (17.74) 44 (17.81) 42 (17.00)

Child-Pugh grade, n (%) A 270 (99.26) 378 (98.18) 0.240 245 (99.19) 245 (99.19) 1.000

B 2 (0.74) 7 (1.82) 2 (0.81) 2 (0.81)

ALBI score −2.79 (−3.09, −2.48) −2.79 (−3.09, −2.51) 0.729 −2.83 (−3.11, −2.50) −2.77 (−3.08, −2.45) 0.491

ALBI grade, n (%) 1 179 (65.81) 264 (68.57) 0.457 166 (67.21) 159 (64.37) 0.507

2 93 (34.19) 121 (31.43) 81 (32.79) 88 (35.63)

Postoperative adjuvant
treatment regimens, n (%)

NA 101 (36.33) 149 (38.30) 0.721 90 (36.44) 98 (39.68) 0.448

PA-TACE 102 (36.69) 123 (31.62) 92 (37.24) 75 (30.36)

PA-HAIC 40 (14.39) 62 (15.94) 34 (13.77) 39 (15.79)

PA-targeted
immunotherapy

35 (12.59) 55 (14.14) 31 (12.55) 35 (14.17)

PSM, propensity score matching; HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, alpha-fetoprotein; BCLC, barcelona clinic liver cancer; ALBI, albumin-bilirubin; ALBl = (log10 bilirubin *

0.66) + (albumin * −0.085); ALBI level 1, ≤ −2.60; ALBI level 2, -2.60 ~ −1.39; PA, postoperative adjuvant; LR, liver resection; TACE, transcatheter arterial chemoembolization; HAIC, hepatic

artery perfusion chemotherapy.
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TABLE 2 Surgery-related variables during radical LR between central tumor cohort and peripheral tumor cohort.

Characteristics The entire cohort The PSM cohort

Central tumor (n = 278) Peripheral tumor (n = 389) p Central tumor (n = 247) Peripheral tumor (n = 247) p

Hemoglobin, n (%) <130 g/L 102 (37.36) 140 (36.36) 0.793 87 (35.22) 89 (36.03) 0.851

≥130 g/L 171 (62.64) 245 (63.64) 160 (64.78) 158 (63.97)

NLR, n (%) <2.2 104 (38.24) 160 (41.67) 0.377 100 (40.49) 96 (38.87) 0.713

≥2.2 168 (61.76) 224 (58.33) 147 (59.51) 151 (61.13)

PLR, n (%) <50 156 (57.35) 221 (57.55) 0.959 142 (57.49) 145 (58.70) 0.927

≥50 116 (42.65) 163 (42.45) 105 (42.51) 102 (41.30)

Total protein, n (%) <70 128 (47.06) 189 (49.09) 0.608 117 (47.37) 124 (50.20) 0.529

≥70 144 (52.94) 196 (50.91) 130 (52.63) 123 (49.80)

ALT, n (%) <35U/L 135 (49.63) 205 (53.25) 0.361 125 (50.61) 116 (46.96) 0.418

≥35U/L 137 (50.37) 180 (46.75) 122 (49.39) 131 (53.04)

GGT, n (%) <60 U/L 141 (51.84) 214 (55.58) 0.310 134 (54.25) 128 (51.82) 0.589

≥60U/L 131 (48.16) 171 (44.42) 113 (45.75) 119 (48.18)

Resection pattern, n (%) Anatomic 236 (84.89) 328 (84.32) 0.840 210 (85.02) 211 (85.43) 0.899

Nonanatomic 42 (15.11) 61 (15.68) 37 (14.98) 36 (14.57)

Hemorrhage, ml 300.00 (200.00, 500.00) 200.00 (100.00, 400.00) <0.001 300.00 (200.00, 500.00) 200.00 (100.00, 400.00) 0.010

Operating time, minutes 265.00 (200.00, 325.00) 230.00 (180.00, 295.00) <0.001 265.00 (200.00, 325.00 230.00 (180.00, 295.00) <0.001

Blood transfusion, n (%) 33 (11.87) 47 (12.08) 0.934 30 (12.14) 30 (12.14) 1.000

Differentiation, n (%) Low 57 (20.50) 73 (18.77) 0.576 44 (17.81) 38 (15.38) 0.468

High and/or moderate 221 (79.50) 316 (81.23) 203 (82.19) 209 (84.62)

MVI Positive 182 (65.47) 237 (60.93) 0.231 157 (63.56) 149 (60.32) 0.458

Negative 96 (34.53) 152 (39.07) 90 (36.44) 98 (39.68)

Resection margin ≥ 1 cm, n (%) 278 (100.00) 389 (100.00) 1.000 247 (100.00) 247 (100.00) 1.000

PSM, propensity score matching; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-lymphocyte ratio; ALT, alanine aminotransferase; MVI, microvascular invasion; GGT, γ-Glutamyltransferase.
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26.17–34.83 months), respectively (p = 0.004). Except for the 1- and
3-year RFS rates, patients with peripheral tumor exhibited higher
RFS at all other time points compared to those with central tumor,
with statistically significant differences (Figure 3B; Supplementary
Table S1A). Additionally, in the Kaplan–Meier curves, after
72 months, the survival curves of both groups gradually
converged, which may be due to the small number of patients
remaining recurrence-free at 72 months, resulting in a gradual
reduction of the difference between the groups.

3.3 OS

In the entire cohort, 96 patients (34.53%) with central tumors
died or were lost to follow-up, while 104 patients (26.74%) with
peripheral tumors died or were lost to follow-up. The median OS

(mOS) for patients with central and peripheral tumors were
53.00 months (95% CI, 49.08–56.92 months) and 72.00 months
(95% CI, 67.82–76.18 months), respectively (p = 0.003). Except for
the 4- and 5-year OS rates, no statistically significant differences
were observed between patients with central tumor and peripheral
tumor (Figure 4A; Supplementary Table S1B).

In the PSM cohort, 84 patients (34.01%) with central tumors
died or were lost to follow-up, while 65 patients (26.32%) with
peripheral tumors died or were lost to follow-up. The mOS for
patients with central and peripheral tumors were 56.00months (95%
CI, 52.10–59.90 months) and 72.00 months (95% CI,
67.37–76.63 months), respectively (p = 0.043). Similar to the
entire cohort, except for the 5-year OS rate, no statistically
significant differences were observed between patients with
central tumor and peripheral tumor (Figure 4B;
Supplementary Table S1B).

FIGURE 3
Kaplan–Meier analysis RFS of HCC patients between central tumor cohort and peripheral tumor cohort. (A) the entire cohort; (B) the PSM cohort;
RFS, recurrence-free survival.

FIGURE 4
Kaplan–Meier analysis OS of HCC patients between central tumor and peripheral tumor. (A) the entire cohort; (B) the PSM cohort; OS,
overall survival.
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3.4 COX regression analysis

Univariate and multivariate COX regression analyses were
conducted for both the entire cohort and the PSM cohort
(Specific details are given in Tables 3, 4; Supplementary
Table S2). In the entire cohort, the following factors were
identified as independent risk factors for RFS: tumor
location <2 cm (1.900, 95% CI 1.559, 2.317), tumor
diameter ≥5 cm (4.705, 95% CI 3.707, 5.917), multiple tumors
(2.320, 95% CI 1.353, 3.979), poor differentiation (2.384, 95% CI
1.868, 3.041), and MVI (1.555, 95% CI 1.241, 1.948).
Postoperative adjuvant therapy (p < 0.001) was identified as
an independent protective factor for RFS. Additionally, tumor
location <2 cm (1.731, 95% CI 1.303, 2.299), tumor
diameter ≥5 cm (3.645, 95% CI 2.621, 5.069), and MVI (1.985,
95% CI 1.395, 2.824) were identified as independent risk factors
for OS. The same conclusions were reached in the PSM cohort. In
addition, a Cox regression analysis using the forward-selection

variable entry method was performed for verification, with
details provided in Supplementary Table S3.

3.5 All exploratory subgroup analysis

In the entire cohort, significant differences between central
tumor cohort and peripheral tumor cohort regarding the
recurrence of HCC were observed in populations
aged <56 years, with concomitant hepatitis or cirrhosis, ALBI
grade 1, PA-TACE, PA-HAIC, PA-Targeted immunotherapy,
and BCLC stages 0+A. Also, significant differences in OS were
observed aged <56 years, male patients, those with concomitant
cirrhosis, ALBI grade 1, tumors ≥5 cm, single tumors,
anatomical resection, BCLC stages 0+A, MVI positive,
NLR ≥2.2, and PLR ≥50. Specific details have been shown in
Figure 5. In the PSM cohort, the same conclusion was reached
(Supplementary Figure S1).

TABLE 3 Multivariate analysis of RFS in the entire cohort and the PSM cohort.

Characteristics The entire cohort The PSM cohort

HR (95% CI) p HR (95% CI) p

Tumor location, cm (≤2 vs. > 2) 1.900 (1.559, 2.317) <0.001 1.744 (1.389, 2.190) <0.001

Tumor diameter, cm (≥5 vs. < 5) 4.705 (3.707, 5.917) <0.001 5.050 (3.813, 6.687) <0.001

Tumor number (multiple vs. single) 2.320 (1.353, 3.979) 0.002 3.722 (1.614, 8.585) 0.002

BCLC (B vs. 0+A) 0.879 (0.500, 1.545) 0.655 0.539 (0.227, 1.281) 0.162

PA-treatment regimens LR Reference Reference

PA-TACE 0.489 (0.388, 0.615) <0.001 0.505 (0.388, 0.658) <0.001

PA-HAIC 0.386 (0.274, 0.545) <0.001 0.363 (0.240, 0.548) <0.001

PA-targeted immunotherapy 0.514 (0.359, 0.737) <0.001 0.544 (0.365, 0.811) 0.003

Differentiation (low vs. high and/or moderate) 2.384 (1.868, 3.041) <0.001 2.539 (1.889, 3.413) <0.001

MVI (positive vs. negative) 1.555 (1.241, 1.948) <0.001 1.478 (1.137, 1.921) 0.004

NLR (≥2.2 vs. < 2.2) 1.061 (0.867, 1.298) 0.567 - -

PSM, propensity score matching; BCLC, barcelona clinic liver cancer; PA, postoperative adjuvant; LR, liver resection; TACE, transcatheter arterial chemoembolization; HAIC, hepatic artery

perfusion chemotherapy; MVI, microvascular invasion; NLR, neutrophil-to-lymphocyte ratio.

TABLE 4 Multivariate analysis of OS in the entire cohort and the PSM cohort.

Characteristics The entire cohort The PSM cohort

HR (95% CI) p HR (95% CI) p

Tumor location,cm (≤2 vs. > 2) 1.731 (1.303, 2.299) <0.001 1.728 (1.240, 2.409) <0.001

Tumor diameter, cm (≥5 vs. < 5) 3.645 (2.621, 5.069) <0.001 3.706 (2.533, 5.423) <0.001

Tumor number (multiple vs. single) 1.765 (0.706, 4.410) 0.160 - -

Differentiation (low vs. high and/or moderate) 1.242 (0.896, 1.721) 0.194 0.974 (0.647, 1.467) 0.902

MVI (positive vs. negative) 1.985 (1.395, 2.824) <0.001 2.023 (1.358, 3.013) <0.001

BCLC (B vs. 0+A) 0.803 (0.310, 2.081) 0.651 - -

PSM, propensity score matching; MVI, microvascular invasion; BCLC, barcelona clinic liver cancer.
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3.6 Comparative efficacy of identical
postoperative adjuvant therapies between
central and peripheral tumor groups

In the entire cohort, 101 patients (36.33%) with central tumor
underwent LR alone, 102 patients (36.90%) received PA-TACE, 40
patients (14.39%) received PA-HAIC, and 35 patients
(12.59%) received postoperative targeted immunotherapy. Among
patients with peripheral tumor, 149 patients (38.30%) underwent LR
alone, 123 patients (31.62%) received PA-TACE, 62 patients
(15.59%) received PA-HAIC, and 55 patients (14.14%) received
PA-Targeted immunotherapy. The results showed that, among
patients who underwent surgery alone, those with peripheral
tumor had a better mRFS than those with central tumor; however,
the difference was not statistically significant (p = 0.136). In contrast,

patients who received PA-TACE, PA-HAIC, or PA-targeted
immunotherapy had significantly prolonged mRFS compared with
those who did not receive any adjuvant therapy (p = 0.005, 0.021, and
0.008, respectively) (Figure 6; Supplementary Table S4).

In the PSM cohort, 90 patients (36.44%) with central tumors
underwent surgery alone, 92 patients (37.24%) received PA-TACE,
34 patients (13.77%) received PA-HAIC, and 31 patients
(12.55%) received PA-Targeted immunotherapy, whereas in the
peripheral tumor group, 98 patients (39.68%) underwent surgery
alone, 75 patients (30.36%) received PA-TACE, 39 patients
(15.79%) received PA-HAIC, and 35 patients (14.17%) received PA-
Targeted immunotherapy targeted immunotherapy. Unlike the results
observed in the entire cohort, no significant difference in mRFS was
found between central and peripheral tumor groups among patients
who received PA-TACE (p = 0.310) (Figure 7; Supplementary Table S4).

FIGURE 5
All exploratory subgroup analysis for patients between central tumor and peripheral tumor in the entire cohort. (A) All exploratory subgroup analysis
about RFS; (B) All exploratory subgroup analysis about OS; AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALBI grade 1, ≤ −2.60; ALBI grade 2, −2.60
~ −1.39; PA, postoperative adjuvant; LR, liver resection; TACE, transcatheter arterial chemoembolization; HAIC, hepatic artery perfusion chemotherapy;
BCLC, barcelona clinic liver cancer; NLR, neutrophil-to-lymphocyte ratio, PLR, platelet-to-lymphocyte ratio, ALT, alanine aminotransferase, MVI,
microvascular invasion; GGT, γ-Glutamyltransferase.
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3.7 Efficacy assessment of different
postoperative adjuvant therapies in central
and peripheral tumor groups

In the entire cohort, 101 patients (36.33%) with central tumor
did not receive any treatment, 102 patients (36.69%) received PA-
TACE, 40 patients (14.39%) received PA-HAIC, and 35 patients
(12.59%) received PA-Targeted immunotherapy. It was ultimately
found that patients receiving PA-TACE and PA-Targeted
immunotherapy had significantly longer mRFS compared to
those who did not receive adjuvant treatment. Although patients
receiving PA-HAIC had better mRFS than those who did not receive
adjuvant treatment, the difference was not statistically significant.
However, there were no significant differences in mRFS among the
PA-TACE, PA-HAIC, and PA-Targeted immunotherapy (Figure 8;
Supplementary Table S5).

Among patients with peripheral tumor, 149 patients (38.30%)
did not receive any treatment, 123 patients (31.62%) received PA-
TACE, 62 patients (15.94%) received PA-HAIC, and 55 patients
(14.14%) received PA-Targeted immunotherapy. The overall results
were similar to those observed in patients with central tumors
(Figure 9; Supplementary Table S5).

3.8 Recurrence patterns

In the entire cohort, a total of 201 patients (72.30%) with central
tumors experienced recurrence, while 234 patients (60.15%) with
peripheral tumors experienced recurrence. In the PSM cohort,
179 patients (72.47%) with central tumors experienced
recurrence, and 145 patients (58.70%) with peripheral tumors
experienced recurrence. Using 2 years as a cutoff point,
recurrences were categorized into early recurrence and late
recurrence. In both the entire cohort and the PSM cohort, there
were no statistically significant differences in recurrence patterns
and recurrence sites between the two groups (Table 5).

3.9 Complications and safety

In terms of safety, all patients underwent radical LR, and some
patients received PA-TACE, PA-HAIC, and PA-Targeted
immunotherapy. Both in the entire cohort and the PSM cohort,
patients with central tumors had longer surgical times and more
intraoperative bleeding compared to those with peripheral tumors
(Table 1). This is primarily due to the proximity of central tumors to

FIGURE 6
Comparative efficacy of identical postoperative adjuvant therapies between central tumor and peripheral tumor in the entire cohort. (A) Patients
Undergoing LR; (B) Patients Undergoing PA-TACE; (C) Patients Undergoing PA-HAIC; (D) Patients Undergoing PA-Targeted immunotherapy.
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major blood vessels, which increases the risk of bleeding and
complicates the surgical procedure, resulting in longer operation
times. Additionally, all patients experienced only mild
complications during surgery and postoperative adjuvant
treatment, which improved with symptomatic treatment, and no
severe adverse reactions were observed. There were also no
perioperative deaths.

4 Discussion

Our study ultimately demonstrates that, among HCC patients
who underwent radical resection those with central tumor had
poorer RFS and OS compared with patients with peripheral
tumor, suggesting that the distance between the tumor and the
portal vein may also be an important factor in HCC recurrence.
However, in both the entire cohort and the PSM cohort, patients
who underwent LR alone showed superior RFS for peripheral tumor
compared to central tumor, though this difference was not
statistically significant. This may be attributed to the relatively
short RFS in both groups, resulting in an indistinguishable
difference.

HCC is a highly aggressive tumor, and its main pathological
dissemination route is through the portal vein territory. This
mode of spread is also one of the significant reasons for
intrahepatic metastasis and local recurrence after surgery.
The closer the tumor is to the portal vein, the greater the
likelihood of tumor dissemination (Shindoh et al., 2016;
Viganò et al., 2018). A retrospective study included
2,799 patients and ultimately demonstrated that, compared to
tumors located in the right lobe of the liver, patients with tumors
in the left lobe had poorer OS and RFS after undergoing radical
resection (OS: 66.00 vs. 72.00 months, P = 0.001; RFS: 28.00 vs.
51.00 months, P < 0.001, respectively) (Tang et al., 2023). In
addition to the authors’ speculations regarding differences in
genetic background, immunopathology, and recurrence patterns
between the left and right lobes of the liver, we hypothesize that
the proximity of tumors in the left lobe to the main trunk or first
branch of the portal vein may also be a contributing factor (Tang
et al., 2023; Nevola et al., 2023; Hikspoors et al., 2017). In
traditional concepts, central zone tumors are defined as
tumor masses located in the Couinaud segments IV, V, and
VIII of the liver (Wu et al., 1999). Several studies have shown
that tumors located at the segmental boundary and in the central

FIGURE 7
Comparative efficacy of identical postoperative adjuvant therapies between central tumor and peripheral tumor in the PSM cohort. (A) Patients
Undergoing LR; (B) Patients Undergoing PA-TACE; (C) Patients Undergoing PA-HAIC; (D) Patients Undergoing PA-Targeted immunotherapy.
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liver (Couinaud segments I or IV) are independent risk factors
for prognosis in patients with unresectable HCC undergoing
TACE treatment (Chen et al., 2021; Vesselle et al., 2016; Park
et al., 2007). Bryant et al. demonstrated that, among patients

with HCC undergoing initial TACE treatment, complete or >90%
tumor necrosis was achieved in only 23% of centrally located
tumors (defined as being within 4 cm of the portal vein
bifurcation). In comparison, peripherally located HCC lesions

FIGURE 8
Comparison of RFS in central tumor patients receiving different postoperative adjuvant therapies. (A) LR vs. PA-TACE; (B) LR vs. PA-HAIC; (C) LR vs.
PA-Targeted immunotherapy; (D) PA-TACE vs. PA-HAIC; (E) PA-TACE vs. PA-Targeted immunotherapy; (F) PA-HAIC vs. PA-Targeted immunotherapy;
PA, postoperative adjuvant; LR, liver resection; TACE, transcatheter arterial chemoembolization; HAIC, hepatic artery perfusion chemotherapy.

FIGURE 9
Comparison of RFS in peripheral tumor receiving different postoperative adjuvant therapies. (A) LR vs. PA-TACE; (B) LR vs. PA-HAIC; (C) LR vs. PA-
Targeted immunotherapy; (D) PA-TACE vs. PA-HAIC; (E) PA-TACE vs. PA-Targeted immunotherapy; (F) PA-HAIC vs. PA-Targeted immunotherapy; PA,
postoperative adjuvant; LR, liver resection; TACE, transcatheter arterial chemoembolization; HAIC, hepatic artery perfusion chemotherapy.
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were significantly more likely to achieve a favorable response (OR
3.60, 95% CI 1.27–11.87) (Bryant et al., 2014). Another study
further explored the impact of the distance between tumors and
the portal vein, hepatic vein, and bile ducts on tumor prognosis. A
retrospective study included 135 patients with BCLC stage 0 or A
HCC who underwent conventional TACE (cTACE), ultimately
demonstrating that central zone tumors (defined as tumors
located within 0.5 cm of the first or second branch of the
portal vein) are an important factor associated with poor
prognosis in early HCC patients after cTACE (Progression-free
survival: HR, 1.664, 95% CI 1.038–2.667; OS: HR, 1.890, 95% CI
1.021–3.497) (Lee et al., 2022). There are also numerous studies on
the impact of tumor location on the efficacy of radiofrequency
ablation (RFA). A retrospective comparative study indicated that
in patients with HCC with a diameter of ≤3 cm undergoing RFA,
the treatment outcomes for vascular-adjacent HCC were
comparable to those for non-vascular-adjacent HCC (P =
0.689 for disease-free survival and 0.267 for OS) (Kang et al.,
2014). However, a retrospective study by Shoujin Cao et al.
compared the prognostic impact of perivascular HCC (tumor
margin within 5 mm of the main portal vein, including the first to
third branches) versus non-perivascular tumors undergoing RFA.
The study demonstrated that the perivascular group had
significantly higher local tumor progression rates at 1, 3, and
5 years compared with the non-perivascular group (15.70%,
33.70%, and 46.90% vs. 6.00%, 15.70%, and 28.70%, P =
0.0067). Additionally, OS at 1, 3, and 5 years was significantly
lower in the perivascular group than in the non-perivascular
group (81.30%, 65.10%, and 42.90% vs. 99.30%, 90.40%, and
78.10%, P < 0.0001) (Cao et al., 2022). Several other studies
have shown that a distance of ≤5 mm between the tumor and
the first or second branches of the portal vein or hepatic vein is an
important risk factor for intrahepatic recurrence, local tumor
progression, and extrahepatic metastasis in patients with single
nodular HCC ≤5 cm undergoing RFA (Lee et al., 2021; Kang et al.,
2017; Huang et al., 2021). Changcheng Tao also proposed another
classification method: HCC located within <1 cm of the hepatic
vein, portal vein, biliary system, or inferior vena cava, which is
typically confirmed by preoperative imaging, intraoperative visual
inspection, or postoperative pathological results. This
classification indicates that the tumors are usually located in
Couinaud segments IV, V, and VIII, or at the junction of the
central portion, similar to the previous classification but with a
greater emphasis on the relationship with the vascular structures
(Tao et al., 2024). In the surgical treatment of HCC, it is essential
to ensure sufficient margins to completely remove micro-
metastases of the tumor. Studies have shown that micro-
metastases typically occur within 1 cm of the resection margin,
and patients with a resection margin of <1 cm have higher
recurrence rates and poorer survival outcomes compared to
those with a margin of ≥1 cm (Liu et al., 2020; Zhou et al.,
2007; Zhong et al., 2017; Tsilimigras et al., 2020b). In radical
resection, a surgical margin of ≥1 cm is generally recommended
(Zhou et al., 2023). Therefore, when exploring the impact of
tumor location on the prognosis after radical resection of
HCC, we believe that using a cutoff value of 1 cm for the
distance between the tumor and the main trunk or first branch
of the portal vein is not appropriate. After conducting a statisticalT
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analysis of the imaging data of the patients included in this study,
we consider that a cutoff value of 2 cm for the distance between the
tumor and the main trunk or first branch of the portal vein is
relatively suitable.

TACE reduces intratumoral blood flow by depositing lipiodol
within the tumour vasculature, thereby depriving the tumour of
oxygen and nutrients. This process also prolongs local drug
retention and enhances chemotherapeutic exposure, ultimately
facilitating the eradication of residual tumour cells (Chen et al.,
2013; Gaba et al., 2018). HAIC increases the exposure time of
chemotherapeutic agents to the tumor through continuous
infusion. Moreover, sustained high-flow infusion raises
interstitial pressure gradients, improving intratumoral drug
penetration and distribution, and thereby more effectively
eradicating residual intrahepatic or circulating micro-
metastases (Leal and Kingham, 2015; Liang et al., 2013;
Ganeshan et al., 2008). Tyrosine kinase inhibitors target
vascular endothelial growth factor receptors and have an
overall inhibitory effect on tumor angiogenesis, which may
help eliminate residual micro-metastases and prevent
postoperative recurrence and metastasis of HCC (Qin et al.,
2019). Immunotherapy, through anti-programmed cell death
receptor 1 antibodies, modulates the immune
microenvironment and induces T lymphocyte expansion,
which is beneficial for eliminating small metastases in the
liver, thereby achieving the effect of preventing tumor
recurrence (Versluis et al., 2020). In our study, among both
central tumor and peripheral tumor, patients receiving PA-
TACE, PA-HAIC, or PA-targeted immunotherapy exhibited
better RFS than those who underwent LR alone; however, no
significant differences in efficacy were observed among the three
adjuvant modalities. Given that residual HCC cells tend to
disseminate along portal-venous branches, patients with
peripheral tumor who received PA-HAIC or PA-targeted
immunotherapy experienced significantly better RFS than
those with central tumor. However, in the PSM cohort, no
significant difference was observed between central tumor and
peripheral tumor among patients treated with PA-TACE. This
may reflect biological effects of transarterial chemoembolisation,
which can upregulate HIF-1α, VEGF and regulators of
epithelial–mesenchymal transition, thereby exacerbating
hypoxia and reinforcing immunosuppression within the
tumour microenvironment (Qu et al., 2015; Ader et al., 2008;
Fang et al., 2013; Xu et al., 2019; Lin et al., 2021). Moreover, the
greater the distance of a tumor from the portal vein and hepatic
artery, the more severe the hypoxic insult induced by
embolisation, which may promote recurrence (Miki et al.,
2017). We therefore hypothesise that these mechanisms
account for the lack of a significant difference between
peripheral and central tumors following. Moreover, owing to
the relatively small number of patients in our cohort who
received postoperative PA-HAIC or PA-targeted
immunotherapy, further studies are warranted to validate
these findings.

This study still has some limitations. First, it is a single-center
retrospective study, and the number of patients included is still not
sufficient, especially for those who received PA-HAIC and PA-

targeted immunotherapy, which may lead to significant bias and
affect the relevance of the study results. Second, the follow-up period
of this study needs to be extended, as the majority of patients have
not reached the endpoint of survival, and the proportion of lost to
follow-up patients is relatively high, which significantly impacts the
comparison of OS between the two groups. Finally, most of the
patients included in this study have hepatitis B infection. However,
in Western countries, the main risk factor for hepatocellular
carcinoma is fatty liver disease associated with metabolic
dysfunction. The effects of these two conditions on the liver
tumor microenvironment vary, potentially resulting in different
final outcomes.

5 Conclusion

The distance of the tumor from the main portal vein trunk or
first branch correlates with the prognosis of hepatocellular
carcinoma patients undergoing radical resection.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by the First
Affiliated Hospital of Chongqing Medical University. The
studies were conducted in accordance with the local
legislation and institutional requirements. The ethics
committee/institutional review board waived the requirement
of written informed consent for participation from the
participants or the participants’ legal guardians/next of kin
because the study was retrospective and no further patient
consent was required.

Author contributions

XF: Writing – original draft, Writing – review and editing. YW:
Writing – original draft. JL: Writing – original draft. ZS:
Writing – review and editing. KC: Writing – original draft. YL:
Writing – review and editing.

Funding

The authors declare that financial support was received for the
research and/or publication of this article. This work was funded
through; Mechanistic study of overcoming immunotherapy
resistance in hepatocellular carcinoma via exosome-mediated
STAT3-PD-L1 pathway remodeling regulated by simvastatin
(2025YC-CXFZ10016).

Frontiers in Pharmacology frontiersin.org14

Feng et al. 10.3389/fphar.2025.1674998

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1674998


Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1674998/
full#supplementary-material

References

Ader, I., Brizuela, L., Bouquerel, P., Malavaud, B., and Cuvillier, O. (2008).
Sphingosine kinase 1: a new modulator of hypoxia inducible factor 1alpha during
hypoxia in human cancer cells. Cancer Res. 68 (20), 8635–8642. doi:10.1158/0008-5472.
CAN-08-0917

Asano, K., Kageyama, K., Yamamoto, A., Jogo, A., Uchida-Kobayashi, S.,
Sohgawa, E., et al. (2023). Transcatheter arterial chemoembolization for
treatment-naive hepatocellular carcinoma has different treatment effects
depending on central or peripheral tumor location. Liver Cancer 12 (6),
576–589. doi:10.1159/000530441

Benson, A. B., D’Angelica, M. I., Abbott, D. E., Anaya, D. A., Anders, R., Are, C.,
et al. (2021). Hepatobiliary cancers, version 2.2021, NCCN clinical practice
guidelines in oncology. J. Natl. Compr. Canc. Netw. 19 (5), 541–565. doi:10.6004/
jnccn.2021.0022

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A. (2018).
Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 68 (6), 394–424.
doi:10.3322/caac.21492

Bruix, J., Gores, G. J., and Mazzaferro, V. (2014). Hepatocellular carcinoma: clinical
frontiers and perspectives. Gut 63 (5), 844–855. doi:10.1136/gutjnl-2013-306627

Bryant, M. K., Dorn, D. P., Zarzour, J., Smith, J. K., Redden, D. T., Saddekni, S., et al.
(2014). Computed tomography predictors of hepatocellular carcinoma tumour necrosis
after chemoembolization. HPB Oxf. 16 (4), 327–335. doi:10.1111/hpb.12149

Cao, S., Lyu, T., Fan, Z., Guan, H., Song, L., Tong, X., et al. (2022). Long-term outcome
of percutaneous radiofrequency ablation for periportal hepatocellular carcinoma: tumor
recurrence or progression, survival and clinical significance. Cancer Imaging 22 (1), 2.
doi:10.1186/s40644-021-00442-2

Chen, X., Zhang, B., Yin, X., Ren, Z., Qiu, S., and Zhou, J. (2013). Lipiodolized
transarterial chemoembolization in hepatocellular carcinoma patients after curative
resection. J. Cancer Res. Clin. Oncol. 139 (5), 773–781. doi:10.1007/s00432-012-1343-7

Chen, M., Cao, J., Hu, J., Topatana, W., Li, S., Juengpanich, S., et al. (2021). Clinical-
radiomic analysis for pretreatment prediction of objective response to first transarterial
chemoembolization in hepatocellular carcinoma. Liver Cancer 10 (1), 38–51. doi:10.
1159/000512028

Cheng, C. H., Yu, M. C., Wu, T. H., Lee, C. F., Chan, K. M., Chou, H. S., et al. (2012).
Surgical resection of centrally located large hepatocellular carcinoma. Chang. Gung
Med. J. 35 (2), 178–191. doi:10.4103/2319-4170.106153

Erstad, D. J., and Tanabe, K. K. (2019). Prognostic and therapeutic implications of
microvascular invasion in hepatocellular carcinoma. Ann. Surg. Oncol. 26 (5),
1474–1493. doi:10.1245/s10434-019-07227-9

European Association for the Study of the Liver (2018). EASL clinical practice
guidelines: Management of hepatocellular carcinoma. J. Hepatol. 69 (1), 182–236.
doi:10.1016/j.jhep.2018.03.019

Fang, Z. T., Wang, G. Z., Zhang, W., Qu, X. D., Liu, R., Qian, S., et al. (2013).
Transcatheter arterial embolization promotes liver tumor metastasis by increasing the
population of circulating tumor cells. Onco. Targets Ther. 6, 1563–1572. doi:10.2147/
OTT.S52973

Gaba, R. C., Schwind, R. M., and Ballet, S. (2018). Mechanism of action,
pharmacokinetics, efficacy, and safety of transarterial therapies using ethiodized oil:
preclinical review in liver cancer models. J. Vasc. Interv. Radiol. 29 (3), 413–424. doi:10.
1016/j.jvir.2017.09.025

Ganeshan, A., Upponi, S., Hon, L. Q., Warakaulle, D., and Uberoi, R. (2008). Hepatic
arterial infusion of chemotherapy: the role of diagnostic and interventional radiology.
Ann. Oncol. 19 (5), 847–851. doi:10.1093/annonc/mdm528

Guo, B., Chen, Q., Liu, Z., Chen, X., and Zhu, P. (2023). Adjuvant therapy following
curative treatments for hepatocellular carcinoma: current dilemmas and prospects.
Front. Oncol. 13, 1098958. doi:10.3389/fonc.2023.1098958

Hikspoors, J., Peeters, M., Kruepunga, N., Mekonen, H. K., Mommen, G. M. C.,
Köhler, S. E., et al. (2017). Human liver segments: role of cryptic liver lobes and vascular
physiology in the development of liver veins and left-right asymmetry. Sci. Rep. 7 (1),
17109. doi:10.1038/s41598-017-16840-1

Huang, J., Huang, W., Guo, Y., Cai, M., Zhou, J., Lin, L., et al. (2021). Risk factors,
patterns, and long-term survival of recurrence after radiofrequency ablation with or
without transarterial chemoembolization for hepatocellular carcinoma. Front. Oncol.
11, 638428. doi:10.3389/fonc.2021.638428

Kang, T. W., Lim, H. K., Lee, M. W., Kim, Y. S., Choi, D., and Rhim, H. (2014).
Perivascular versus nonperivascular small HCC treated with percutaneous RF ablation:
retrospective comparison of long-term therapeutic outcomes. Radiology 270 (3),
888–899. doi:10.1148/radiol.13130753

Kang, T. W., Lim, H. K., and Cha, D. I. (2017). Aggressive tumor recurrence after
radiofrequency ablation for hepatocellular carcinoma. Clin. Mol. Hepatol. 23 (1),
95–101. doi:10.3350/cmh.2017.0006

Kim, J., Kang, W., Sinn, D. H., Gwak, G. Y., Paik, Y. H., Choi, M. S., et al. (2020).
Substantial risk of recurrence Even after 5 recurrence-free years in early-stage
hepatocellular carcinoma patients. Clin. Mol. Hepatol. 26 (4), 516–528. doi:10.3350/
cmh.2020.0016

Kocarnik, J. M., Compton, K., Dean, F. E., Fu, W., Gaw, B. L., Harvey, J. D., et al.
(2022). Cancer incidence, mortality, years of life lost, years lived with disability, and
disability-adjusted life years for 29 cancer groups from 2010 to 2019: a systematic
analysis for the global burden of disease study 2019. JAMAOncol. 8 (3), 420–444. doi:10.
1001/jamaoncol.2021.6987

Leal, J. N., and Kingham, T. P. (2015). Hepatic artery infusion chemotherapy for liver
malignancy. Surg. Oncol. Clin. N. Am. 24 (1), 121–148. doi:10.1016/j.soc.2014.09.005

Lee, K. F., Chong, C. C. N., Fong, A. K. W., Fung, A. K. Y., Lok, H. T., Cheung, Y. S.,
et al. (2018). Pattern of disease recurrence and its implications for postoperative
surveillance after curative hepatectomy for hepatocellular carcinoma: experience
from a single center. Hepatobiliary Surg. Nutr. 7 (5), 320–330. doi:10.21037/hbsn.
2018.03.17

Lee, D. H., Kim, J. W., Lee, J. M., Kim, J. M., Lee, M. W., Rhim, H., et al. (2021).
Laparoscopic liver resection versus percutaneous radiofrequency ablation for small
single nodular hepatocellular carcinoma: Comparison of treatment outcomes. Liver
Cancer 10 (1), 25–37. doi:10.1159/000510909

Lee, B. C., Jeong, Y. Y., Heo, S. H., Kim, H. O., Park, C., Shin, S. S., et al. (2022).
Gadoxetic acid-enhanced MRI features for predicting treatment outcomes of early
hepatocellular carcinoma (<3 cm) after transarterial chemoembolization. Acad. Radiol.
29 (9), e178–e188. doi:10.1016/j.acra.2021.10.012

Liang, B., Xiong, F., Wu, H., Wang, Y., Dong, X., Cheng, S., et al. (2013). Effect of
transcatheter intraarterial therapies on the distribution of doxorubicin in liver cancer in
a rabbit model. PLoS One 8 (10), e76388. doi:10.1371/journal.pone.0076388

Lin, W., Wang, H., Zhong, M., Yu, S., Zhao, S., Liang, S., et al. (2021). Effect and
molecular mechanisms of jiedu recipe on hypoxia-induced angiogenesis after

Frontiers in Pharmacology frontiersin.org15

Feng et al. 10.3389/fphar.2025.1674998

https://www.frontiersin.org/articles/10.3389/fphar.2025.1674998/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2025.1674998/full#supplementary-material
https://doi.org/10.1158/0008-5472.CAN-08-0917
https://doi.org/10.1158/0008-5472.CAN-08-0917
https://doi.org/10.1159/000530441
https://doi.org/10.6004/jnccn.2021.0022
https://doi.org/10.6004/jnccn.2021.0022
https://doi.org/10.3322/caac.21492
https://doi.org/10.1136/gutjnl-2013-306627
https://doi.org/10.1111/hpb.12149
https://doi.org/10.1186/s40644-021-00442-2
https://doi.org/10.1007/s00432-012-1343-7
https://doi.org/10.1159/000512028
https://doi.org/10.1159/000512028
https://doi.org/10.4103/2319-4170.106153
https://doi.org/10.1245/s10434-019-07227-9
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.2147/OTT.S52973
https://doi.org/10.2147/OTT.S52973
https://doi.org/10.1016/j.jvir.2017.09.025
https://doi.org/10.1016/j.jvir.2017.09.025
https://doi.org/10.1093/annonc/mdm528
https://doi.org/10.3389/fonc.2023.1098958
https://doi.org/10.1038/s41598-017-16840-1
https://doi.org/10.3389/fonc.2021.638428
https://doi.org/10.1148/radiol.13130753
https://doi.org/10.3350/cmh.2017.0006
https://doi.org/10.3350/cmh.2020.0016
https://doi.org/10.3350/cmh.2020.0016
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.1016/j.soc.2014.09.005
https://doi.org/10.21037/hbsn.2018.03.17
https://doi.org/10.21037/hbsn.2018.03.17
https://doi.org/10.1159/000510909
https://doi.org/10.1016/j.acra.2021.10.012
https://doi.org/10.1371/journal.pone.0076388
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1674998


transcatheter arterial chemoembolization in hepatocellular carcinoma. Evid. Based
Complement. Altern. Med. 2021, 6529376. doi:10.1155/2021/6529376

Liu, W. Z. L. (2024). Standards and advances in anatomical liver resection for
hepatocellular carcinoma. Chin. J. Hepatobiliary Surg. 30 (2), 151–155. doi:10.3760/
cma.j.cn113884-20230830-00054

Liu, L., Shui, Y., Yu, Q., Guo, Y., Zhang, L., Zhou, X., et al. (2020). Narrow-margin
hepatectomy resulted in higher recurrence and lower overall survival for R0 resection
hepatocellular carcinoma. Front. Oncol. 10, 610636. doi:10.3389/fonc.2020.610636

Miki, I., Murata, S., Uchiyama, F., Yasui, D., Ueda, T., Sugihara, F., et al. (2017).
Evaluation of the relationship between hepatocellular carcinoma location and
transarterial chemoembolization efficacy. World J. Gastroenterol. 23 (35),
6437–6447. doi:10.3748/wjg.v23.i35.6437

Nevola, R., Ruocco, R., Criscuolo, L., Villani, A., Alfano, M., Beccia, D., et al. (2023).
Predictors of early and late hepatocellular carcinoma recurrence.World J. Gastroenterol.
29 (8), 1243–1260. doi:10.3748/wjg.v29.i8.1243

Park, S. H., Cho, Y. K., Ahn, Y. S., Park, Y. O., Kim, J. K., and Chung, J. W. (2007).
Local recurrence of hepatocellular carcinoma after segmental transarterial
chemoembolization: risk estimates based on multiple prognostic factors. Korean
J. Radiol. 8 (2), 111–119. doi:10.3348/kjr.2007.8.2.111

Qin, S., Li, A., Yi, M., Yu, S., Zhang, M., and Wu, K. (2019). Recent advances on anti-
angiogenesis receptor tyrosine kinase inhibitors in cancer therapy. J. Hematol. Oncol. 12
(1), 27. doi:10.1186/s13045-019-0718-5

Qu, K., Yan, Z., Wu, Y., Chen, Y., Qu, P., Xu, X., et al. (2015). Transarterial
chemoembolization aggravated peritumoral fibrosis via hypoxia-inducible factor-1α
dependent pathway in hepatocellular carcinoma. J. Gastroenterol. Hepatol. 30 (5),
925–932. doi:10.1111/jgh.12873

Shindoh, J., Makuuchi, M., Matsuyama, Y., Mise, Y., Arita, J., Sakamoto, Y., et al.
(2016). Complete removal of the tumor-bearing portal territory decreases local tumor
recurrence and improves disease-specific survival of patients with hepatocellular
carcinoma. J. Hepatol. 64 (3), 594–600. doi:10.1016/j.jhep.2015.10.015

Sun, Y., Zhang, W., Bi, X., Yang, Z., Tang, Y., Jiang, L., et al. (2022). Systemic therapy
for hepatocellular carcinoma: chinese consensus-based interdisciplinary expert
statements. Liver Cancer 11 (3), 192–208. doi:10.1159/000521596

Tang, S. C., Lin, K. Y., Huang, T. F., Zhang, K. L., Kong, J., He, X. L., et al. (2023).
Association of primary tumor location with long-term oncological prognosis
following hepatectomy for hepatocellular carcinoma:a multicenter propensity
score matching analysis. Eur. J. Surg. Oncol. 49 (7), 1234–1241. doi:10.1016/j.ejso.
2023.02.001

Tao, C., Zhang, K., Tao, Z., Liu, Y., Wu, A., Wang, L., et al. (2024). Clinical benefits of
intraoperative radiotherapy for the recurrence of centrally located hepatocellular carcinoma
with microvascular invasion. Cancer Rep. Hob. 7 (1), e1928. doi:10.1002/cnr2.1928

Tsilimigras, D. I., Bagante, F., Moris, D., Hyer, J. M., Sahara, K., Paredes, A. Z., et al.
(2020a). Recurrence patterns and outcomes after resection of hepatocellular carcinoma
within and beyond the Barcelona clinic liver cancer criteria. Ann. Surg. Oncol. 27 (7),
2321–2331. doi:10.1245/s10434-020-08452-3

Tsilimigras, D. I., Sahara, K., Moris, D., Hyer, J. M., Paredes, A. Z., Bagante, F., et al.
(2020b). Effect of surgical margin width on patterns of recurrence among patients
undergoing R0 hepatectomy for T1 hepatocellular carcinoma: an international multi-
institutional analysis. J. Gastrointest. Surg. 24 (7), 1552–1560. doi:10.1007/s11605-019-
04275-0

Versluis, J. M., Long, G. V., and Blank, C. U. (2020). Learning from clinical trials of
neoadjuvant checkpoint blockade. Nat. Med. 26 (4), 475–484. doi:10.1038/s41591-020-
0829-0

Vesselle, G., Quirier-Leleu, C., Velasco, S., Charier, F., Silvain, C., Boucebci, S., et al.
(2016). Predictive factors for complete response of chemoembolization with drug-
eluting beads (DEB-TACE) for hepatocellular carcinoma. Eur. Radiol. 26 (6),
1640–1648. doi:10.1007/s00330-015-3982-y

Viganò, L., Procopio, F., Mimmo, A., Donadon, M., Terrone, A., Cimino, M., et al.
(2018). Oncologic superiority of anatomic resection of hepatocellular carcinoma by
ultrasound-guided compression of the portal tributaries compared with nonanatomic
resection: an analysis of patients matched for tumor characteristics and liver function.
Surgery 164 (5), 1006–1013. doi:10.1016/j.surg.2018.06.030

Wakayama, K., Kamiyama, T., Yokoo, H., Orimo, T., Shimada, S., Einama, T., et al.
(2017). Huge hepatocellular carcinoma greater than 10 Cm in diameter worsens
prognosis by causing distant recurrence after curative resection. J. Surg. Oncol. 115
(3), 324–329. doi:10.1002/jso.24501

Wu, C. C., Ho, W. L., Chen, J. T., Tang, C. S., Yeh, D. C., Liu, T. J., et al. (1999).
Mesohepatectomy for centrally located hepatocellular carcinoma: an appraisal of a rare
procedure. J. Am. Coll. Surg. 188 (5), 508–515. doi:10.1016/s1072-7515(99)00026-5

Xu, X., Gao, D., Yuan, X., Liu, L. I., Zhang, X., Liang, X., et al. (2019). β-Catenin
expression correlates with prognosis in hepatocellular carcinoma patients treated with
transcatheter arterial chemoembolization. Anticancer Res. 39 (3), 1129–1134. doi:10.
21873/anticanres.13221

Zheng, S., Chan, S. W., Liu, F., Liu, J., Chow, P. K. H., Toh, H. C., et al. (2024).
Hepatocellular carcinoma: current drug therapeutic status, advances and challenges.
Cancers (Basel) 16 (8), 1582. doi:10.3390/cancers16081582

Zhong, F. P., Zhang, Y. J., Liu, Y., and Zou, S. B. (2017). Prognostic impact of surgical
margin in patients with hepatocellular carcinoma: a meta-analysis.Med. Baltim. 96 (37),
e8043. doi:10.1097/MD.0000000000008043

Zhou, X. D., Tang, Z. Y., Yang, B. H., Lin, Z. Y., Ma, Z. C., Ye, S. L., et al. (2001).
Experience of 1000 patients who underwent hepatectomy for small hepatocellular
carcinoma. Cancer 91 (8), 1479–1486. doi:10.1002/1097-0142(20010415)91:8<1479::
aid-cncr1155>3.0.co;2-0
Zhou, X. P., Quan, Z. W., Cong, W. M., Yang, N., Zhang, H. B., Zhang, S. H., et al.

(2007). Micrometastasis in surrounding liver and the minimal length of resection
margin of primary liver cancer.World J. Gastroenterol. 13 (33), 4498–4503. doi:10.3748/
wjg.v13.i33.4498

Zhou, J., Sun, H.,Wang, Z., Cong,W., Zeng, M., Zhou,W., et al. (2023). Guidelines for
the diagnosis and treatment of primary liver cancer (2022 edition). Liver Cancer 12 (5),
405–444. doi:10.1159/000530495

Frontiers in Pharmacology frontiersin.org16

Feng et al. 10.3389/fphar.2025.1674998

https://doi.org/10.1155/2021/6529376
https://doi.org/10.3760/cma.j.cn113884-20230830-00054
https://doi.org/10.3760/cma.j.cn113884-20230830-00054
https://doi.org/10.3389/fonc.2020.610636
https://doi.org/10.3748/wjg.v23.i35.6437
https://doi.org/10.3748/wjg.v29.i8.1243
https://doi.org/10.3348/kjr.2007.8.2.111
https://doi.org/10.1186/s13045-019-0718-5
https://doi.org/10.1111/jgh.12873
https://doi.org/10.1016/j.jhep.2015.10.015
https://doi.org/10.1159/000521596
https://doi.org/10.1016/j.ejso.2023.02.001
https://doi.org/10.1016/j.ejso.2023.02.001
https://doi.org/10.1002/cnr2.1928
https://doi.org/10.1245/s10434-020-08452-3
https://doi.org/10.1007/s11605-019-04275-0
https://doi.org/10.1007/s11605-019-04275-0
https://doi.org/10.1038/s41591-020-0829-0
https://doi.org/10.1038/s41591-020-0829-0
https://doi.org/10.1007/s00330-015-3982-y
https://doi.org/10.1016/j.surg.2018.06.030
https://doi.org/10.1002/jso.24501
https://doi.org/10.1016/s1072-7515(99)00026-5
https://doi.org/10.21873/anticanres.13221
https://doi.org/10.21873/anticanres.13221
https://doi.org/10.3390/cancers16081582
https://doi.org/10.1097/MD.0000000000008043
https://doi.org/10.1002/1097-0142(20010415)91:8<1479::aid-cncr1155>3.0.co;2-0
https://doi.org/10.1002/1097-0142(20010415)91:8<1479::aid-cncr1155>3.0.co;2-0
https://doi.org/10.3748/wjg.v13.i33.4498
https://doi.org/10.3748/wjg.v13.i33.4498
https://doi.org/10.1159/000530495
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1674998

	The therapeutic efficacy of radical resection for hepatocellular carcinoma varies markedly by tumor location: a retrospecti ...
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Radical LR and postoperative adjuvant therapy
	2.3 Tumor location
	2.4 Follow up and outcomes
	2.5 Propensity score matching (PSM)
	2.6 Statistical analysis

	3 Results
	3.1 Baseline patient characteristics
	3.2 RFS
	3.3 OS
	3.4 COX regression analysis
	3.5 All exploratory subgroup analysis
	3.6 Comparative efficacy of identical postoperative adjuvant therapies between central and peripheral tumor groups
	3.7 Efficacy assessment of different postoperative adjuvant therapies in central and peripheral tumor groups
	3.8 Recurrence patterns
	3.9 Complications and safety

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Author contributionsXF: Writing – original draft, Writing – review and editing. YW: Writing – original draft. JL: Writing – ...
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


