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Background: Patients with Barcelona Clinic Liver Cancer (BCLC) stage 0/A
hepatocellular carcinoma (HCC) represent the guideline-recommended population
for liver resection; however, treatment strategies for early recurrence after resection
remain debated. This study aimed to analyze prognostic factors for survival after
recurrence (SAR) in patients with early recurrence following RO resection of BCLC
stage O/A HCC and to develop evidence-based treatment recommendations
integrating time to recurrence (TTR) and BCLC stage at recurrence.

Methods: We conducted a retrospective review of 544 patients with early
recurrence after RO resection of BCLC stage 0/A HCC at a tertiary
hepatopancreatobiliary academic hospital. Curative treatments included repeat
liver resection and ablation, while non-curative treatments comprised
transarterial chemoembolization and systemic therapy. Kaplan—Meier methods
were applied to estimate SAR, and independent prognostic factors were
identified with multivariable Cox regression analysis.

Results: The median SAR was 39.4 months, with 1-year, 3-year, and 5-year SAR
rates of 81.8%, 52.6%, and 39.0%, respectively. Patients receiving curative
treatments demonstrated significantly improved SAR compared with those
undergoing non-curative therapies (P < 0.001). Multivariable analysis identified
TTR, alpha-fetoprotein level, albumin level, BCLC stage at recurrence, treatment
modality, and microvascular invasion in initial tumors as independent prognostic
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factors for SAR. Subgroup analysis showed that integrating TTR and BCLC stage
effectively guided treatment allocation: for BCLC stage A or C disease, treatment
should follow current BCLC guidelines, whereas for stage B disease, curative
therapy conferred survival benefit when TTR was >6 months but offered no
benefit when TTR was <6 months.

Conclusions: Curative treatments remain an effective option for selected
patients with early-recurrent HCC. Treatment allocation based on TTR and
BCLC stage at recurrence may optimize outcomes for this population.

KEYWORDS

hepatocellular carcinoma, liver resection, early recurrence, survival after recurrence,

time to recurrence

Time to Recurrence (TTR) and BCLC Stage at Recurrence as Critical Variables in Guiding Treatment Decisions for
Early-Recurrent Hepatocellular Carcinoma after Liver Resection

Recurrence

Patients who developed early recurrence
after liver resection for BCLC stage 0 or A

HCC (n =544)
N=224 N=320

Recurrence Recurrence
within 6 months more than 6 months

Conclusions

Curative treatments remain an effective option for select patients with early-recurrent HCC. Treatment allocation based on TTR

and BCLC stage at recurrence may optimize outcomes for patients with early-recurrent HCC.

GRAPHICAL ABSTRACT

Introduction

Hepatocellular carcinoma (HCC) is the sixth most prevalent
malignancy worldwide and the third leading cause of cancer-related
mortality (1). Liver resection remains the primary treatment

Abbreviations: AFP, o-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CI,
confidence interval; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HR,
Hazard ratio; IQR, interquartile range; MV, multivariable; NS, not significant;
SAR, survival after recurrence; SD, standard deviation; TACE, transarterial

chemoembolization; TTR, time to recurrence; UV, univariable.
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recommended for patients with very early or early-stage HCC,
specifically those classified as Barcelona Clinic Liver Cancer (BCLC)
stage 0 or A (2). However, recurrence rates of 60% to 80% within
five years after liver resection present significant challenges in
clinical practice, substantially compromising long-term survival
outcomes (3-5).

While staging and treatment guidelines—such as BCLC staging
systems—are well-established for HCC, optimal management
strategies for recurrent HCC remain highly debated (6-11).
Recurrent HCC is typically classified by timing after resection:
early recurrence (<24 months) often reflects the aggressive nature
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of the initial tumor—characterized by high tumor burden, poor
differentiation, microvascular invasion, and satellite nodules—
whereas late recurrence (>24 months) generally represents de
novo lesions with distinct biological features (12-14). Compared
with late recurrence, early recurrence is not only more common—
accounting for 56%-62% of cases—but is also associated with worse
outcomes, highlighting the urgent need to refine treatment
strategies for patients with early-recurrent HCC (14, 15).

Although previous studies have explored treatment options for
recurrent HCC—including repeat resection, ablation, and salvage
liver transplantation—these investigations have notable limitations.
First, many studies aggregate early and late recurrence cases,
overlooking important biological and prognostic distinctions
between them, which may introduce bias and reduce the accuracy
of treatment guidance (7, 10, 16). Furthermore, numerous studies
include patients beyond BCLC stage 0/A, extending to stages B or C,
where achieving RO resection is less feasible and recurrence patterns
and treatment responses differ markedly (3, 15, 17). This
heterogeneity limits the applicability of current evidence to BCLC
0/A patients, who are the primary candidates for resection under
existing treatment guidelines.

Therefore, we conducted a retrospective study to analyze
recurrence patterns, survival after recurrence, and prognostic
factors in patients with HCC initially staged as BCLC 0/A who
experienced early recurrence following RO resection. Additionally,
we systematically evaluated the outcomes of various treatment
modalities. Our aim was to provide clinicians with individualized
therapeutic strategies to improve the long-term survival of patients
with early-recurrent HCC.

Methods
Patients

This retrospective analysis reviewed data from 2,372
consecutive patients who underwent liver resection with curative
intent for HCC at the Mengchao Hepatobiliary Hospital of Fujian
Medical University between July 2014 and February 2022. Among
these patients, 1,054 experienced early recurrence, defined as
recurrence within 24 months postoperatively. Recurrent HCC was
diagnosed based on pathology or clinical criteria, according to the
American Association for the Study of Liver Diseases (18). Patients
were included if they met the following criteria: (1) age at
recurrence between 18 and 75 years; (2) initial tumor classified as
BCLC stage 0 or A; (3) initial tumor had undergone RO resection,
confirmed by tumor-free surgical margins on postoperative
pathology. Exclusion criteria were as follows: (1) patients who
underwent liver transplantation for recurrent HCC, given the
small sample size of this subgroup (n = 11); (2) severely impaired
liver function or baseline condition at recurrence that restricted
treatment options to best supportive care; (3) death within 30 days
of recurrence diagnosis, to minimize bias in survival analysis due to
treatment-related complications; and (4) incomplete clinical or
follow-up data. This study was conducted in accordance with the

Frontiers in Oncology

10.3389/fonc.2025.1672696

Declaration of Helsinki and approved by the Ethics Committee of
the Mengchao Hepatobiliary Hospital of Fujian Medical University.
The requirement for written informed consent was waived because
of the retrospective nature of the study.

Clinical variables and definition

Data on demographics, early-recurrent tumor characteristics, post-
recurrence treatments, and initial tumor features were systematically
collected at the time of recurrence. Demographic variables included age,
sex, history of liver disease, Child-Pugh grade, presence of cirrhosis,
portal hypertension, serum albumin, total bilirubin, and alpha-
fetoprotein (AFP) levels. Portal hypertension was defined as
splenomegaly with thrombocytopenia (platelet count <100 x 10°/L)
and/or the presence of esophageal varices. Tumor characteristics at
recurrence included time to recurrence (TTR), imaging-based tumor
size, tumor number, presence of macrovascular invasion, and
extrahepatic metastasis. Post-recurrence treatments included ablation
(radiofrequency or microwave), repeat resection, transarterial
chemoembolization (TACE), radiotherapy, and systemic therapies.
Initial tumor features were determined from pathology after the initial
liver resection, including tumor size, tumor number, tumor
encapsulation, microvascular invasion, satellite nodules, and tumor
differentiation. Satellite nodules were defined as tumors <1 cm in
diameter and located <1 cm from the main tumor. Tumor
differentiation was graded using the Edmondson-Steiner system.
Microvascular invasion was defined as clusters of tumor cells within
endothelial-lined vascular spaces on microscopic examination. For
patients with multiple tumors, tumor size was defined as the
maximum diameter of the largest lesion.

Treatment for early-recurrent HCC

Since 2014, our center has adopted a multidisciplinary team
approach to guide the management of recurrent HCC, maintaining
consistent treatment principles throughout the study period. Repeat
liver resection is the preferred treatment for patients with preserved
liver function, adequate residual liver volume, and recurrences not
involving major vessels, with the goal of achieving curative outcomes.
In cases of macrovascular invasion, repeat liver resection may be
considered if en-bloc resection is feasible. Repeat liver resection is also
considered for patients with isolated, resectable extrahepatic
metastases confirmed by multimodal imaging. Palliative liver
resection is not routinely performed at our center, except in
emergencies requiring urgent surgical intervention. Ablation is
preferred for patients with a single intrahepatic lesion <3 c¢m, or up
to three lesions each <3 cm, who are unsuitable for or unwilling to
undergo repeat hepatectomy. In selected patients, repeat liver
resection combined with ablation is performed. TACE is employed
when resection is not feasible and there is no vascular or extrahepatic
involvement. Systemic therapies are administered to patients with
vascular invasion or extrahepatic metastases, often in combination
with TACE or radiotherapy to enhance intrahepatic tumor control,
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provided liver function is adequate. Supportive care is offered to
patients with extensive metastases or severely impaired liver function.

Follow-up

The follow-up schedule for early-recurrent HCC was designed
according to the therapeutic approach. Patients who received
curative treatments (repeat hepatectomy or ablation) underwent
follow-up every two months during the first two years and every 3-
6 months thereafter if no recurrence was detected. For those who
received TACE or systemic therapy, follow-up was adjusted
according to tumor control, typically beginning with an
assessment one month after treatment and continuing every two
months. Standard follow-up assessments included physical
examination, liver function tests, AFP monitoring, abdominal
ultrasound, and contrast-enhanced computed tomography or
magnetic resonance imaging. If tumor recurrence or progression
was detected, treatment options such as repeat liver resection,
ablation, TACE, systemic therapy, or radiotherapy were selected
based on tumor characteristics, performance status, liver function
reserve, and patient preference.

The primary endpoint of this study was survival after
recurrence (SAR), defined as the time from the diagnosis of early-
recurrent HCC to death or last follow-up.

Statistics

Continuous variables are reported as mean + standard deviation
or median (interquartile range) and compared using Student’s t-test
or the Mann-Whitney U test. Categorical variables are presented as
frequencies (percentages) and analyzed with chi-square or Fisher’s
exact tests. Kaplan-Meier methods were used to plot SAR curves, with
comparisons between groups tested using the log-rank test. To
enhance clinical applicability, an optimal prognostic cutoff for TTR
was further identified using survival decision trees. Cox proportional
hazards regression analysis was performed to identify independent
factors associated with SAR, with variables with P < 0.05 in
univariable analysis included in the multivariable Cox model. All
statistical analyses were conducted using SPSS version 20 (SPSS, Inc.,
Chicago, IL, USA) and R version 4.1.1 (R Project, Vienna, Austria).

Results

A total of 544 patients who experienced early recurrence after
liver resection for HCC initially staged as BCLC 0/A were included
in this study (Supplementary Figure 1). As shown in Table 1, most
patients had hepatitis B virus infection (95.4%) and cirrhosis
(80.9%), while 95 patients (17.5%) presented with portal
hypertension. The median diameter of the initial tumor was 4.9
cm (interquartile range [IQR], 2.8-9.0 cm), with multiple tumors
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TABLE 1 Baseline characteristics of patients.

Al
(N=544)

558 + 11.3

Variables

Age, years, mean (SD)
Gender, male 474 (87.1%)
HBV infection 519 (95.4%)
Cirrhosis 440 (80.9%)
Portal hypertension 95 (17.5%)

Child-Pugh grade A 489 (89.9%)

Albumin, g/L, mean (SD) 364 +54

Total bilirubin, umol/L, median (IQR) 15.0 (11.8, 20.0)
AFP> 400 ng/mL 123 (22.6%)
Time to recurrence, month, median (IQR) 7.4 (4.2, 13.0)
Multiple tumors 306 (56.3%)

Tumor size, cm, median (IQR) 1.6 (1.1, 3.0)

Macrovascular invasion 37 (6.8%)

Extrahepatic recurrence 111 (20.4%)

Lung 58 (10.7%)
Abdomen 34 (6.3%)
Bone 5 (0.9%)
Brain 3 (0.6%)
Multiple organ 11 (2.0%)
BCLC staging system
0/A 292 (53.7%)
B 112 (20.6%)
C 140 (25.7%)

Curative treatment for recurrence 238 (43.8%)

Initial tumor characteristics

Tumor size, cm, median (IQR) 4.9 (2.8,9.0)

Multiple tumors 30 (5.5%)

Incomplete Tumor capsule 379 (69.7%)

Poor differentiation 374 (68.8%)

Satellite nodules 135 (24.8%)

Microvascular invasion 427 (78.5%)

Values are n (%), mean + standard deviation, or median (interquartile range).
AFP, o-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; IQR,
interquartile range; SD, standard deviation.

observed in 5.5% of cases (n = 30). Microvascular invasion was
identified in 78.5% of cases (n = 427), satellite nodules in 24.8% (n =
135), incomplete tumor capsule in 69.7% (n = 379), and poor
differentiation in 68.8% (n = 374).
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Recurrence patterns of early-recurrent
HCC

The median TTR was 7.4 months (IQR, 4.2-13.0) (Figure 1A).
At recurrence, the median tumor diameter was 1.6 cm (IQR, 1.1-3.0
cm), with 306 patients (56.3%) having multiple lesions (Table 1).
Macrovascular invasion was identified in 37 patients (6.8%), and
111 patients (20.4%) had extrahepatic metastases, with metastatic
sites including the lung (n = 58, 10.7%), abdominal cavity (n = 34,
6.3%), bone (n = 5, 0.9%), brain (n = 3, 0.6%), and multiple organs
(n =11, 2.0%). By BCLC stage at recurrence, 292 patients (53.7%)
were stage 0/A, 112 (20.6%) were stage B, and 140 (25.7%) were
stage C. Regarding treatment for recurrence, 238 patients (43.8%)
received curative therapy, including repeat hepatectomy (n = 121,
22.2%) and ablation (n = 117, 21.5%). Meanwhile, 187 patients
(34.3%) underwent TACE, and 119 (21.9%) received systemic
therapy or a combination of systemic and local therapies (Table 1).

Survival after recurrence

The median follow-up time after recurrence was 20.1 months
(range, 1.2-98.2 months). The median SAR was 39.4 months (95%
confidence interval [CI], 32.9-45.1), with 1-, 3-, and 5-year SAR rates of
81.8%, 52.6%, and 39.0%, respectively (Figure 1B). SAR was significantly
associated with BCLC stage at recurrence. The median SAR and 5-year
SAR rates were 83.3 months and 52.3% for stage 0/A, 26.5 months and

Hw

10.3389/fonc.2025.1672696

25.9% for stage B, and 16.8 months and 19.0% for stage C (P < 0.001,
Figure 1C). Patients who underwent curative treatment had significantly
longer SAR than those who received non-curative treatment, with a
median SAR of 75.0 months and a 5-year SAR rate of 57.1% versus 22.7
months and 21.3%, respectively (P < 0.001, Figure 1D).

Independent factors for SAR

Multivariable Cox regression analysis identified longer TTR
(hazard ratio [HR], 0.972; 95% confidence interval [CI], 0.948-
0.997; P = 0.030), higher AFP level at recurrence (HR, 1.496; 95%
CI, 1.098-2.038; P = 0.011), lower serum albumin level at
recurrence (HR, 1.452; 95% CI, 1.083-1.946; P = 0.013), more
advanced BCLC stage at recurrence (HRs, 1.638 and 2.042; 95% Cls,
1.130-2.373 and 1.432-2.912; P = 0.009 and P < 0.001, respectively),
receipt of non-curative treatment for recurrence (HR, 1.987; 95%
CI, 1.433-2.756; P < 0.001), and microvascular invasion in the
initial tumor (HR, 1.465; 95% CI, 1.039-2.064; P = 0.029) as
independent prognostic factors for SAR (Table 2).

Association of TTR with recurrence
patterns of early-recurrent HCC and SAR

Decision tree analysis identified an optimal TTR cutoff of 5.8
months for SAR, which was rounded to 6 months for clinical
applicability (Figure 2). As shown in Table 3, patients with TTR

Time to Recarrence (months)

Overall survival

P<0.001

= Curative treatment
lon-curative treatment

75|

0.25]

P <0.001

%
Months after recurrence
Numbor at isk

238
308

104
172

142
89

55
18 5

FIGURE 1

Months after recurren

Distribution of time to recurrence (A), survival after recurrence (B), survival after recurrence by Barcelona Clinic Liver Cancer (BCLC) staging system
(C), and treatment modalities for recurrence (D) in patients with early recurrence following liver resection for hepatocellular carcinoma.
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TABLE 2 Univariable and multivariable analysis of risk factors associated with SAR.

Characteristics

HR comparison

UV HR (95% ClI)

uv P

10.3389/fonc.2025.1672696

MV HR (95% CI)

Age > 55 vs. < 55 years 0.897 (0.691-1.164) 0.413

Gender Male vs. female 1.489 (0.950-2.333) 0.082

HBV infection Yes vs. no 1.165 (0.635-2.136) 0.622

Cirrhosis Yes vs. no 0.985 (0.692-1.401) 0.931

Child-Pugh grade Buvs. A 1.605 (1.104-2.334) 0.013 NS 0.634

Portal hypertension Yes vs. no 0.795 (0.554-1.140) 0.212

Albumin <35vs.235g/L 1.342 (1.031-1.747) 0.029 1.452 (1.083-1.946) 0.013

Total bilirubin >17.1 vs. < 17.1 umol/L 1.187 (0.913-1.543) 0.201

AFP > 400 vs. < 400 ng/ml 2.333 (1.762-3.088) < 0.001 1.496 (1.098-2.038) 0.011

Time to recurrence Per months 0.938 (0.915-0.961) < 0.001 0.972 (0.948-0.997) 0.030

BCLC Buvs. A 2.303 (1.637-3.240) < 0.001 1.638 (1.130-2.373) 0.009

BCLC Cuvs. A 3.358 (2.490-4.529) < 0.001 2.042 (1.432-2.912) < 0.001
Treatment for recurrence Non-curative vs. curative 2.971 (2.231-3.956) < 0.001 1.987 (1.433-2.756) < 0.001
Tumor size (initial tumor) >5ys.<5cm 1.383 (1.064-1.797) 0.015 NS 0.338

Tumor number (initial tumor) Multiple vs. single 1.491 (0.932-2.386) 0.096

Tumor encapsulation (initial tumor) Incomplete vs. complete 1.353 (0.981-1.866) 0.065

Tumor differentiation (initial tumor) Poor vs. well 1.167 (0.885-1.541) 0.274

Satellite nodules (initial tumor) Yes vs. no 1.433 (1.084-1.893) 0.011 NS 0.183

Microvascular invasion (initial tumor) Yes vs. no 1.578 (1.132-2.200) 0.007 1.465 (1.039-2.064) 0.029

AFP, o-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; HBV, hepatitis B virus; HR, Hazard ratio; MV, multivariable; NS, not significant; SAR, survival after recurrence;

UV, univariable.
NS, not significant.

ime to recurrence
p <0.001
<58 >58
N
1 Node 2 (n = 214) 1 Node 3 (n = 330)
0.8 0.8
06 06
0.4 0.4
0.2 0.2
0 T T T T 0 T T T T
0 20 40 60 80 0 20 40 60 80
FIGURE 2
Decision tree analysis to determine the optimal cutoff value of time to recurrence for survival after recurrence.
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TABLE 3 Comparison of baseline characteristics between patients with TTR of >6 months and <6 months.

TTR < 6 months TTR > 6 months
Variables
(N=224) (N=320)

Age, years, mean (SD) 55.0 + 12.3 56.5 + 10.6 0.143
Gender, male 192 (85.7%) 282 (88.1%) 0.409
HBYV infection 215 (96.0%) 304 (95.0%) 0.590
Cirrhosis 176 (78.6%) 264 (82.5%) 0.251
Portal hypertension 31 (13.8%) 64 (20.0%) 0.063
Child-Pugh grade A 200 (89.3%) 289 (90.3%) 0.696
Albumin, g/L, mean (SD) 363 +52 36.5+ 5.5 0.601
Total bilirubin, umol/L, median (IQR) 14.4 (11.3, 19.3) 15.2 (12.4, 20.2) 0.443
AFP> 400 ng/mL 70 (31.3%) 53 (16.6%) < 0.001
Multiple tumors 145 (64.7%) 161 (50.3%) < 0.001
Tumor size, cm, median (IQR) 1.7 (1.0, 3.2) 1.6 (1.1, 2.9) 0.823
Macrovascular invasion 15 (6.7%) 22 (6.9%) 0.935
Extrahepatic recurrence 68 (30.4%) 43 (13.4%) < 0.001

Lung 35 (15.6%) 23 (7.2%) < 0.001

Abdomen 21 (9.4%) 13 (4.1%)

Bone 4 (1.8%) 1 (0.3%)

Brain 2 (0.9%) 1 (0.3%)

Multiple organ 6 (2.7%) 5 (1.6%)

BCLC staging system

0/A 91 (40.6%) 201 (62.8%) < 0.001
B 54 (24.1%) 58 (18.1%)
C 79 (35.3%) 61 (19.1%)

Curative treatment for recurrence 63 (28.1%) 175 (54.7%) < 0.001

Initial tumor characteristics

Tumor size, cm, median (IQR) 6.5 (3.2, 10.0) 4.0 (2.5, 7.0) < 0.001
Multiple tumors 13 (5.8%) 17 (5.3%) 0.805
Incomplete Tumor capsule 154 (68.8%) 225 (70.3%) 0.696

Poor differentiation 152 (67.9%) 222 (69.4%) 0.707
Satellite nodules 76 (33.9%) 59 (18.4%) < 0.001
Microvascular invasion 191 (85.3%) 236 (73.8%) 0.001

Values are n (%), mean + standard deviation, or median (interquartile range).
AFP, o-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; IQR, interquartile range; SD, standard deviation; TTR, time to recurrence.

<6 months had significantly higher rates of multiple tumors,  months (Figure 3), a trend that remained consistent across BCLC
extrahepatic metastases, and advanced BCLC stage at recurrence  stages and treatment modalities (Supplementary Figure 2).
(all P <0.001) and were less likely to receive curative treatment (P~ Multivariable Cox regression further confirmed TTR <6
< 0.001). Survival analysis demonstrated that patients with TTR  months as an independent risk factor for SAR
<6 months had significantly worse SAR than those with TTR >6  (Supplementary Table 1).
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FIGURE 3

Comparison of survival after recurrence between patients with time to recurrence (TTR) >6 months and TTR <6 months.

Role of TTR and BCLC stage at recurrence
in treatment decision-making

Further analysis of SAR across treatment approaches, stratified
by TTR and BCLC stage at recurrence, indicated that these factors
can effectively guide treatment allocation (Figure 4). Among
patients with BCLC stage 0/A at recurrence, both those with TTR
>6 months and those with TTR <6 months achieved significantly
better SAR with curative treatments than with non-curative
options (P < 0.05; Figures 4A, B). In contrast, curative treatment
conferred no survival benefit in patients with BCLC stage B and
TTR <6 months, or in those with BCLC stage C at recurrence
(Figures 4C-F).

Discussion

Treatment of recurrent HCC remains challenging, particularly
for early-recurrent disease, which is frequently associated with
shorter SAR. In this study, we analyzed a large cohort of patients
with BCLC stage 0/A HCC who experienced early recurrence after
curative resection. Our results demonstrated that SAR in early-
recurrent HCC was associated with TTR, serum albumin and AFP
levels at recurrence, BCLC stage at recurrence, treatment modality,
and microvascular invasion in the initial tumor. Furthermore, we
propose treatment recommendations for early-recurrent HCC
stratified by TTR and BCLC stage at recurrence. These findings
may provide valuable clinical insights for managing early
recurrence in patients with BCLC stage 0/A HCC, who represent
the optimal candidates for liver resection under current guidelines.

Frontiers in Oncology

Curative interventions, including ablation, repeat liver
resection, and salvage liver transplantation, can substantially
improve outcomes in selected patients with recurrent HCC (7,
19-22). In this study of patients with BCLC stage 0/A HCC who
experienced early recurrence after hepatectomy, the 1-, 3-, and 5-
year SAR rates were 81.8%, 52.6%, and 39.0%, respectively. Patients
who received curative treatments had significantly higher SAR than
those who underwent non-curative therapies, underscoring the
central role of aggressive curative approaches in improving
prognosis. These findings align with previous studies
demonstrating the safety and feasibility of curative therapies for
recurrent HCC, particularly in the context of advances in surgical
techniques and perioperative care (6, 7, 19, 21, 23). These findings
further emphasize the importance of routine postoperative follow-
up to enable early detection and timely curative interventions (24,
25). In this study, 43.8% of patients underwent curative therapy,
reflecting our center’s emphasis on comprehensive, long-term
patient care. As a specialized hepatopancreatobiliary academic
hospital, we implemented a cloud-based follow-up system and
established a dedicated health management team. These initiatives
play a vital role in out-of-hospital patient management, ensuring
timely follow-up and improving the detection and management of
early recurrence, thereby maximizing opportunities for
curative intervention.

Management of HCC remains challenging because of its
heterogeneity and the complex interplay of numerous factors
influencing prognosis and treatment. This study highlights the
prognostic significance of BCLC stage at recurrence and TTR in
patients with early-recurrent HCC. The BCLC staging system, a
cornerstone of prognostic stratification and treatment guidance in
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FIGURE 4

Months after recurrence

Comparison of survival after recurrence between curative and non-curative treatments in patients with early-recurrent hepatocellular carcinoma
(HCQ), stratified by Barcelona Clinic Liver Cancer (BCLC) stage at recurrence and time to recurrence (TTR). (A) BCLC stage A and TTR <6 months;
(B) BCLC stage A and TTR >6 months; (C) BCLC stage B and TTR <6 months; (D) BCLC stage B and TTR >6 months; (E) BCLC stage C and TTR <6

months; (F) BCLC stage C and TTR >6 months.

HCC, was applied to early-recurrent disease in this study,
underscoring its value in guiding both prognosis and treatment.
TTR, a critical factor distinguishing early from late recurrence, is
also a well-established prognostic indicator in recurrent HCC (24,
26). Our findings confirm its prognostic relevance in early-
recurrent HCC. In this study, patients with TTR <6 months had
a higher prevalence of multiple tumors, extrahepatic metastases,
and more advanced BCLC stage at recurrence. Multivariable
analysis further demonstrated that patients with TTR <6 months
had significantly shorter SAR than those with TTR >6 months.
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Early recurrence likely reflects micrometastatic dissemination from
the initial tumor. We suggest that a shorter TTR may indicate more
aggressive biological behavior of micrometastases, whereas a longer
TTR may reflect relatively indolent biological characteristics.
However, further mechanistic studies are needed to validate
this hypothesis.

Importantly, this study is, to our knowledge, the first to
demonstrate that combining BCLC stage with TTR can guide
prognosis-based treatment strategies for early-recurrent HCC
(Figure 5). Our results suggest that treatment decisions for
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Recommendations for treatment decision making for early-recurrent hepatocellular carcinoma (HCC) based on Barcelona Clinic Liver Cancer
(BCLC) stage at recurrence and time to recurrence. TACE, transarterial chemoembolization.

patients with early-recurrent HCC at BCLC stage A or C should
adhere to current BCLC guidelines. However, among patients with
early recurrence at BCLC stage B, TTR emerged as a decisive factor:
curative treatment conferred survival benefit when TTR was >6
months but provided no benefit when TTR was <6 months
(Figure 5). These findings warrant further investigation to
validate their broader applicability.

Additionally, our study indicates that AFP levels at recurrence
and MVTI in the initial tumor significantly influence SAR. Elevated
AFP levels and MVI are indicative of aggressive tumor biology (27).
Considering these variables during treatment planning may enhance
prognostic accuracy and support individualized therapeutic
approaches. High-risk patients may benefit from comprehensive
perioperative management strategies (4). Emerging evidence
suggests that neoadjuvant systemic therapies, including immune
checkpoint inhibitors and targeted agents, may reduce tumor
burden and eradicate micrometastatic disease, potentially
decreasing recurrence rates and enhancing survival outcomes (28-
30). Although the benefit of adjuvant systemic therapy remains
uncertain, its potential role in recurrence prevention—particularly
in patients with aggressive tumor biology, such as those with MVI—
warrants further investigation (31). Prospective trials are necessary to
determine the clinical utility of these strategies in improving survival
outcomes in early-recurrent HCC.

This study has several limitations. First, as a single-center
retrospective study, the generalizability of our findings requires
validation by multicenter studies. However, as a tertiary academic
hospital specializing in hepatopancreatobiliary surgery, our single-
center cohort ensured consistency in treatment protocols, which
adhered to current HCC guideline recommendations, enhancing
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the reliability of our results. Second, the cohort is derived from a
region with a high prevalence of hepatitis B, and the applicability of
these findings should be confirmed in populations where hepatitis C
and alcohol-related liver disease are more prevalent, such as in
Western countries. Third, although our study described key
recurrence-related characteristics—including intrahepatic versus
extrahepatic recurrence and vascular invasion—we were unable to
differentiate between surgical marginal recurrences and distal
intrahepatic recurrences due to lack of detailed spatial data in the
current database. We acknowledge that this distinction may reflect
different biological behaviors and influence treatment strategies,
and future prospective studies with more granular anatomical
recurrence data are warranted. Finally, we excluded patients with
early-recurrent HCC who underwent salvage liver transplantation
due to small sample sizes. Our center only gained transplant
qualifications at the end of 2023, and patients who received
salvage transplants at external institutions were excluded due to
small sample size or incomplete clinical and follow-up data. Given
that liver transplantation remains the most effective curative
treatment for HCC, further research is warranted to evaluate its
role and prognosis in early-recurrent HCC.

Conclusion

In conclusion, curative treatment remains an effective option
for select patients with early-recurrent HCC. A combined
evaluation of TTR and BCLC staging at recurrence may inform
treatment decisions, providing a novel approach to enhance long-
term outcomes. Further studies are needed to validate these findings
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and support more individualized, evidence-based treatment
strategies for patients with early-recurrent HCC.
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