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ABSTRACT

Management of intermediate-stage hepatocellular carcinoma (BCLC-B) typically relies on transarterial
chemoembolization (TACE), while systemic therapy is used for cases unsuitable for TACE. However, curative
outcomes remain limited, prompting investigation into the role of surgical resection (SR), with or without
adjunctive radiofrequency ablation (RFA). A retrospective review included 70 BCLC-B HCC patients treated
with surgery as the first-line intervention between 2000 and 2022 (median age 67.5 years; 44 patients beyond up-
to-7 criteria). Forty-five patients underwent SR alone, and 25 received SR combined with RFA. Outcomes
assessed included recurrence-free survival (RFS) and overall survival (OS). Baseline liver function was slightly
better in the SR-only group (median ALBI —2.74 vs. —2.52; p = 0.02). No statistically significant differences were
observed between the groups for median RFS (17.7 vs. 13.1 months) or OS (66.6 vs. 72.0 months). Patients
beyond up-to-7 criteria showed comparable outcomes. Five-year survival exceeded 50% in both groups (54% vs.
64%). Surgical resection, with or without complementary RFA, achieves meaningful long-term survival in
selected BCLC-B HCC patients. These results support the consideration of SR as a viable curative option, even
in patients with extensive tumor burden.
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Introduction

Hepatocellular carcinoma (HCC) ranks as the sixth most frequently diagnosed malignancy worldwide and
represents the third leading cause of cancer-related mortality [1]. Among the various staging systems, the
Barcelona Clinic Liver Cancer (BCLC) classification is widely utilized for guiding treatment decisions [2].
According to BCLC recommendations, surgical resection (SR) is the preferred option for patients with very early
(BCLC-0) or early-stage (BCLC-A) disease, whereas transarterial chemoembolization (TACE) is standard for
intermediate-stage (BCLC-B) cases, and systemic therapy is indicated for advanced-stage disease (BCLC-C). The
2022 BCLC update further subdivides BCLC-B patients into three subgroups based on tumor burden and liver
function [2]. The first subgroup includes patients with well-demarcated HCC who may be eligible for liver
transplantation if extended criteria are met [3]. The second subgroup encompasses individuals with preserved
portal flow and localized tumor burden suitable for selective TACE [2]. The third subgroup, consisting of patients
with diffuse or infiltrative HCC, is primarily recommended for systemic therapy [2].

Over the past decade, advances in imaging, surgical techniques, and perioperative management have expanded
the indications and safety of hepatic resection. Meta-analyses have shown that laparoscopic hepatectomy offers
reduced intraoperative blood loss, lower complication rates, and shorter hospital stays compared to open
procedures [4]. Major hepatectomy for large, multinodular tumors or those involving major vessels is increasingly
feasible [5]. Several studies have reported favorable long-term outcomes even in cases exceeding current guideline
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recommendations [6—8]. However, SR alone may not provide sufficient tumor clearance in BCLC-B HCC, and
RFA as monotherapy may be inadequate for larger lesions. Prior studies suggest that combining SR with RFA
may improve local control and increase curative potential for multifocal disease [9, 10]. Despite these
observations, there is still no consensus on the optimal role of SR, alone or combined with RFA, in the
management of BCLC-B HCC. This study aims to evaluate the clinical outcomes of SR, with or without adjunctive
RFA, as first-line treatment for intermediate-stage HCC.

Materials and Methods

The study was approved by the Institutional Ethics Committee of Ehime Prefectural Central Hospital. Between
April 2000 and July 2022, 661 patients with treatment-naive HCC underwent SR at the institution. After applying
exclusion criteria—performance status >1, solitary tumor or <3 nodules each <3 cm, and extrahepatic disease—
70 patients with BCLC-B HCC were included (median age 68 years; 54 males; 44 beyond up-to-7 criteria).
Patients were categorized into those receiving SR alone (SR group, n = 45) and those undergoing SR combined
with RFA (Comb group, n = 25). Clinical data collected included age, sex, HCC etiology, serum tumor markers
(alpha-fetoprotein [AFP], des-gamma-carboxy prothrombin [DCP]), tumor number and size, and liver function
parameters.

HCC diagnosis relied on dynamic computed tomography (CT) and/or EOB-DTPA-enhanced magnetic resonance
imaging (EOB-MRI). Tumor diameter was measured on early or late phase images, and staging was determined
according to the BCLC classification [11]. Liver function was assessed using Child-Pugh class, albumin—bilirubin
(ALBI) grade [12, 13], and modified ALBI (mALBI) grade [14], subdividing ALBI grade 2 into mALBI 2a and
2b using an ALBI score of —2.27 as the threshold.

Patients with multifocal HCC considered unresectable by standard criteria, due to tumor size or location, were
counseled regarding all treatment options. Those who consented to combination therapy received SR with
adjunctive RFA, while others received guideline-based TACE or systemic therapy (Figure 1). SR was performed
via open or laparoscopic approach. RFA was performed under ultrasonographic guidance, either intraoperatively
for superficial tumors or pre-/postoperatively for lesions <3 cm and <3 nodules. Ablation aimed to cover the entire
lesion and a safety margin, guided by imaging, and additional sessions were performed if incomplete.

The primary endpoints were recurrence-free survival (RFS), defined as the interval from treatment to documented
recurrence, and overall survival (OS), defined as the time from treatment to death from any cause. Treatment-
related complications were also recorded and analyzed.
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Figure 1. Treatment Selection Flowchart
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For patients with intermediate-stage (BCLC-B) hepatocellular carcinoma (HCC), treatment was determined based
on the feasibility of surgical resection (SR) and/or radiofrequency ablation (RFA). If either SR or RFA was
technically possible, it was selected as the preferred approach. When neither procedure was feasible or the total
number of tumors could not be accurately counted, guideline-based therapies such as transarterial
chemoembolization (TACE) or systemic therapy were implemented. For patients in whom tumor count was
feasible and sufficient liver remnant could be preserved after resection of accessible tumors, RFA was added to
target residual lesions, creating a combination approach of SR and RFA. Patients were informed of all available
treatment options, including standard guideline-based therapies, and those who opted against the combined SR
and RFA approach received TACE or systemic therapy accordingly.

Statistical analysis
All data were extracted from a hospital database and analyzed using standard statistical methods. Continuous

variables were compared using Student’s t-test or the Mann—Whitney U test as appropriate. Recurrence-free
survival (RFS) and overall survival (OS) curves were generated via the Kaplan-Meier method and compared
using the log-rank test.

Because patients in the Comb group often had more extensive disease or poorer liver function, selection bias was
possible. To adjust for this, inverse probability weighting (IPW) was applied. Propensity scores were calculated
using logistic regression based on covariates that could influence RFS and OS. Variables showing p < 0.05
between the SR and Comb groups were included in multivariate analysis, with statistical significance set at p <
0.05. IPW values were defined as 1/(propensity score) for the Comb group and 1/(1 — propensity score) for the
SR group. Survival differences were then assessed using [IPW-adjusted log-rank tests.

All statistical analyses were performed using EZR software version 1.53 (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical interface for R (R Foundation for Statistical Computing, Vienna, Austria),
which incorporates frequently used biostatistical functions.

Patient characteristics
In the SR group, the median age was 67 years (interquartile range [IQR]: 64—75) with 33 males (73.3%), while in

the Comb group the median age was 68 years (IQR: 62—73) with 21 males (84.0%). Etiology of liver disease did
not significantly differ between groups. Laboratory values, including alanine aminotransferase, platelet count,
AFP, and des-gamma-carboxy prothrombin (DCP), were comparable. The median ALBI score was significantly
better in the SR group than in the Comb group [—2.74 (IQR: —3.02 to —2.57) vs. —2.52 (IQR: —2.90 to —2.26); p
=0.021], and the median FIB-4 index was also superior in the SR group [3.28 (IQR: 2.30-3.98) vs. 4.18 (IQR:
3.01-6.92); p = 0.031]. Tumor size and number did not differ significantly; however, bilateral lobe involvement
was more common in the Comb group (76% vs. 35.6%; p = 0.002) (Table 1).

Table 1. Patient characteristics (n = 70).

All SR Group Comb Group
(n =170) (n = 45) (n=125) p Value

Age, years * 68 (63-74) 67 (64-75) 68 (62-73) 0.43
Gender, males:females 54:16 33:12 21:4 0.38
HBVA CV:HB@TI;’I%Y\’I:alcohol:others 10:37:1:5:17 6:24:1::3:11 4:13:0:2:6 1.0
BMI, kg/m? * 23.1 (28.1-25.1)  23.1(22.1-25.2) 23.0 (21.7-24.0) 0.81
AST, U/L * 45 (30-77) 43 (29-60) 57 (30-86) 0.26
ALT, UL * 42 (24-64) 41 (26-54) 50 (21-74) 0.43
Platelets, 10%/uL * 155(11.3-19.1)  16.6 (12.9-19.3) 14.4 (9.7-16.4) 0.1
Total bilirubin, mg/dL * 0.7 (0.5-1.0) 0.7 (0.5-0.8) 0.9 (0.5-1.1) 0.1
Albumin, g/dL * 4.0 (3.7-4.2) 4.0 (3.8-4.3) 3.8 (3.6-4.2) 0.07
Prothrombin time, % * 88.4 (80.7-98.0)  90.7 (86.0-99.3) 84.6 (77.5-90.8) 0.01
ALBI score * _2'62(;3)9 S0 24 (-3.0210-2.57) —2.52(-2.90t0-2.26)  0.02
mALBI, 1:2a:2b:3 41:19:9:1 31:11:3:0 10:8:6:1 0.03
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Child-Pugh score, A:B 67:3 45:0 22:3 0.04
FIB4-index * 3.4 (2.5-4.3) 3.3(2.3-4.0) 4.2 (3.0-6.9) 0.03

AFP, ng/mL * 35.7(6.9-340.2)  40.9 (7.9-841.1) 32.7 (4.8-68.0) 0.11

DCP, mAU/mL * 739 (150-3462) 673 (166-2737) 1210 (132-3884) 0.73

Tumor location (one:both lobes) 35:35 29:16 6:19 <0.01
Tumor size (maximum), cm * 4.95(4.0-6.0) 5.3 (4.0-7.0) 4.8 (3.7-5.8) 0.1
Number of tumors * 2 (2-3) 2(2-3) 2 (2-3) 0.3

* Median. Values in parentheses show interquartile range, unless otherwise indicated. SR: surgical resection, Comb: combined SR and
radiofrequency ablation, HBV: hepatitis B virus, HCV: hepatitis C virus, BMI: body mass index, AST: aspartate aminotransferase, ALT:
alanine aminotransferase, ALBI score: albumin—bilirubin score, mALBI grade: modified ALBI grade, AFP: alpha-fetoprotein, DCP: des-
gamma-carboxy prothrombin.

Results and Discussion

Tumor distribution and treatment details
In the surgical resection (SR) group, tumors were localized to a single liver segment in 14 patients and to a single

lobe in 15 patients. Bilobar involvement was present in 16 patients, who underwent a variety of surgical
approaches: combinations of hemihepatectomy, segmentectomy, subsegmentectomy, or limited resections,
tailored according to tumor location and size.

In the combined SR and radiofrequency ablation (RFA) cohort, 19 patients had tumors involving both lobes. All
RFA-treated lesions were <3 cm. Most patients (n = 21) had a single lesion targeted with RFA, while three had
two lesions, and one had three. SR addressed the remaining lesions. Ten patients underwent RFA concurrently
with SR, while four received postoperative RFA at a median of 70 days (IQR: 53-75). Eleven patients had
preoperative RFA with a median interval of 31 days (IQR: 24-38). Each ablation session was completed in a
single attempt. Within two years, local recurrence adjacent to the ablation site occurred in two patients (8%).

Survival outcomes
The median follow-up duration was 41.0 months (IQR: 14.1-80.0) in the SR group and 40.8 months (IQR: 20.2—

78.3) in the combined group. Recurrence-free survival (RFS) did not differ significantly, with medians of 17.7
months (95% CI: 10.3-22.1) for SR and 13.1 months (95% CI: 9.0-18.9) for the combined group (p = 0.70).
Three- and five-year RFS rates were 21% and 25% for SR, and 19% and 19% for the combined treatment,
respectively.

Overall survival (OS) was similarly comparable between groups: median OS was 66.6 months (95% CI: 37.7—
NA) in the SR group and 72.0 months (95% CI: 37.5-100.0) in the combined group (p = 0.544). The three-year
OS rates were 70% for SR and 77% for the combined cohort, while five-year OS rates were 54% and 65%,
respectively.
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Figure 2. Comparative analysis of survival outcomes following surgical intervention in BCLC-B HCC
patients.
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Panel (a) illustrates recurrence-free survival (RFS), with median values of 17.7 months (95% CI: 10.3-22.1) for
patients treated with surgical resection alone (SR) and 13.1 months (95% CI: 9.0-18.9) for those receiving
combined surgery and radiofrequency ablation (Comb). No statistically significant difference was detected (p =
0.70). Panel (b) depicts overall survival (OS), with median durations of 66.6 months (95% CI: 37.7—not reached)
in the SR cohort and 72.0 months (95% CI: 37.5-100) in the Comb cohort, also showing no significant difference
(p =0.544).

Subsequent multivariate assessment revealed ALBI score, FIB-4 index, and tumor distribution as significant
predictors of survival. After correcting for these covariates via inverse probability weighting (IPW), adjusted
analyses continued to show no meaningful difference between SR and Comb groups for median RFS (17.7 vs.
12.7 months, p = 0.37) or median OS (66.6 vs. 67.5 months, p = 0.65), as displayed in Figure 3.
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Figure 3. Survival Outcomes After Adjustment.

Following adjustment with inverse probability weighting, the comparison between patients treated with surgical
resection (SR) alone and those receiving SR combined with radiofrequency ablation (Comb) revealed no
statistically meaningful differences. Median recurrence-free survival was 17.7 months for the SR cohort and 12.7
months for the Comb group (p = 0.37) (Figure 3a). Likewise, median overall survival was comparable, with 66.6
months in the SR group versus 67.5 months in the Comb group (p = 0.65) (Figure 3b).

Postoperative complications

In the SR group, four patients (8.9%) experienced complications that extended hospital stays, including acute
respiratory failure related to interstitial pneumonia, severe ascites, pneumonia complicated by sepsis, and
prolonged loss of appetite. Within the Comb cohort, three patients (12%) developed adverse events, which
included cellulitis, extensive ascites, and acute cholecystitis. Statistical comparison of complication rates indicated
no significant difference between the two groups (p = 0.694).

Outcomes for tumors beyond up-to-7 criteria

Among patients with tumors exceeding the up-to-7 criteria, 29 underwent SR alone, and 15 were treated with the
combined SR and RFA approach. Demographic characteristics, liver disease etiology, biochemical markers (ALT,
platelets, AFP, DCP), and tumor counts were similar across groups. Median tumor diameter was slightly higher
in the SR group (6.3 cm, 95% CI: 5.3-8.8) compared with the Comb group (5.5 cm, 95% CI: 4.85-6.35), but this
difference was not statistically significant. Median ALBI scores were —2.74 in the SR cohort and —2.52 in the
Comb cohort (p = 0.134), indicating comparable liver function. Tumor distribution across both hepatic lobes was
significantly more frequent in the Comb group (86.7%) than in the SR group (34.5%) (p = 0.004) (Table 2).

Table 2. Characteristics of patients classified as beyond up-to-7 criteria (n = 44).
SR Group (n =29) Comb Group (n =15) p Value

Age, years * 66 (64-75) 64 (61-73) 0.36
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Gender, males:females 23:6 13:2 0.70
Etiology, HBV:HCV:alcohol:others 3:13:3:10 2:7:2:4 1.0
BMI, kg/m? * 23.1(22.1-25.0) 23.7(21.2-26.7) 0.78
AST, U/L * 46 (36-62) 54 (30-78) 0.75
ALT, U/L * 42 (27-57) 40 (22-65) 0.94
Platelets, 10%/uL * 17.1 (14.9-21.5) 15.2 (14.0-17.7) 0.08
Total bilirubin, mg/dL * 0.8 (0.5-0.9) 0.7 (0.4-1.0) 1.0
Albumin, g/dL * 4.1(3.84.4) 3.8(3.6-4.2) 0.11
Prothrombin time, % * 90.0 (85.0-96.3) 79.0 (75.6-95.5) 0.12
ALBI score * —2.74 (=3.07 to —2.57) —2.52 (—2.95 to —2.26) 0.13
mALBI, 1:2a:2b:3 21:6:2:0 6:5:3:1 0.09
Child-Pugh score, A:B 29:0 12:3 0.03
FIB4-index * 3.1(2.3-3.7) 4.0 (2.6-6.6) 0.13
AFP, ng/mL * 34.8 (6.8-977.2) 37.0 (8.4-88.2) 0.68
DCP, mAU/mL * 831 (169-13,293) 2545 (1246-17,802) 0.32
Tumor location (one:both lobes) 15:4:10 2:0:13 <0.01
Tumor size (maximum), cm * 6.3 (5.3-8.8) 5.5(4.9-6.4) 0.08
Number of tumors * 2(2-4) 3(2.54) 0.34

* Median. Values in parentheses show interquartile range, unless otherwise indicated. SR: surgical resection, Comb: combined SR and
radiofrequency ablation, HBV: hepatitis B virus, HCV: hepatitis C virus, BMI: body mass index, Abbreviations: AST, aspartate
aminotransferase; ALT, alanine aminotransferase; ALBI, albumin-bilirubin score; mALBI, modified ALBI grade; AFP, alpha-fetoprotein;
DCP, des-gamma-carboxy prothrombin.

Among patients whose tumors exceeded the up-to-7 criteria, analysis revealed no significant differences in
outcomes between those who underwent surgical resection alone and those who received combined resection with
radiofrequency ablation. The median recurrence-free survival was 18.2 months in the SR group (95% CI: 8.5—
34.3) and 13.0 months in the Comb group (95% CI: 5.9-18.9; p = 0.36) (Figure 4a). The estimated proportions
of patients remaining recurrence-free at three and five years were similar, with 28% versus 18% and 22% versus
18% for SR and Comb groups, respectively. Median overall survival also did not differ significantly, measuring
66.5 months for SR (95% CI: 29.4-NA) and 72.0 months for Comb (95% CI: 30.2-86.2; p = 0.57) (Figure 4b).
Three- and five-year overall survival rates were 72% and 54% for SR and 75% and 64% for Comb, respectively,
highlighting that long-term survival exceeded 50% irrespective of the addition of RFA. These findings suggest
that, even in patients with more extensive tumor burden, surgical resection—with or without adjunctive RFA—
can achieve comparable long-term control.
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Figure 4. Outcomes for patients classified beyond the up-to-7 criteria undergoing surgical resection (SR) or
combined surgical resection and radiofrequency ablation (Comb). (a) Median recurrence-free survival
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(mRFS) was 18.2 months (95% CI: 8.5-34.3) in the SR group and 13.0 months (95% CI: 5.9-18.9) in the
Comb group (p = 0.36). (b) Median overall survival (mOS) reached 66.5 months (95% CI: 29.4-NA) for SR
and 72.0 months (95% CI: 30.2-86.2) for Comb (p = 0.57).

Discussion

In this cohort, median RFS and OS for patients receiving SR were 17.7 and 66.6 months, respectively, whereas
patients treated with the Comb approach had 13.1 and 72.0 months. Following adjustment with inverse probability
weighting (IPW), no significant differences in RFS or OS were observed between the two strategies, indicating
comparable therapeutic outcomes.

For BCLC-B patients who are not candidates for liver transplantation but have preserved portal flow and
accessible feeding arteries, TACE remains the standard recommendation. The BCLC guidelines suggest an
expected median survival of >2.5 years for such patients [15]. A review by Prince, covering over 10,000 patients
across 101 studies, reported a five-year OS of 32% and median survival of 19.4 months (95% CI: 16.2-22.6)
following TACE [16]. By contrast, in this study, both SR and Comb groups achieved median OS of over 66
months, surpassing the typical outcomes associated with TACE.

Kim [17] demonstrated that the prognosis after TACE strongly depends on tumor response, with complete
responders after the first session achieving the longest OS (70.2 months), followed by complete responders after
two sessions (40.6 months) and patients with partial response (23.0 months; p < 0.01). Bolondi’s subclassification
[18] and the Kinki criteria [19] indicate that patients beyond the up-to-7 criteria are generally less suitable for
TACE. In line with the Kinki criteria, Arizumi [20] reported that the median time to untreatable progression was
25.7 months for substage B1 (within up-to-7) and 16.4 months for B2 (beyond up-to-7) (p = 0.005). Other Japanese
cohorts showed median OS of 20.4-27.6 months for beyond up-to-7 patients treated with TACE [21, 22]. By
comparison, this study observed median OS of 66.5 months (SR) and 72.0 months (Comb), highlighting the
potential benefit of surgical-based approaches in this subgroup.

BCLC-B HCC is defined as multifocal disease with preserved liver function, absence of cancer-related symptoms,
and no vascular invasion or extrahepatic spread [2]. However, localization and treatment combinations are not
explicitly addressed in the guidelines. Our findings demonstrate that even when tumors involve both lobes,
strategic combinations of segmentectomy, limited resection, or adjunctive RFA can preserve sufficient residual
liver volume while achieving oncologic control.

Advances in diagnostic imaging, laparoscopic techniques, and perioperative management have improved the
safety and feasibility of resection in BCLC-B HCC [23, 24]. Prior studies report that five-year OS after SR for
BCLC-B HCC can exceed 55%, comparable to early-stage outcomes [6, 8, 25]. Tsilimigras [26] found that
approximately 37.6% of BCLC-B patients achieved complete response after SR, supporting curative potential
even in intermediate-stage disease. Furthermore, intraoperative or staged RFA combined with SR has been
successfully applied to multifocal HCC [9, 10]. Espinosa [27] reported a propensity-score-matched OS of 60
months for patients receiving SR + RFA versus 39.9 months for TACE-treated patients. Similarly, Tada [28]
observed five-year OS rates of 68.2% (SR) and 59.6% (SR + RFA) in patients with <5 HCC nodules, without
significant differences (p = 0.329).

In line with these reports, the present study shows favorable long-term outcomes for both SR and Comb groups,
with five-year survival exceeding 50%, and no statistically significant differences in RFS or OS. These findings
suggest that surgical resection, with or without complementary RFA, is an effective therapeutic option for selected
BCLC-B HCC patients, including those beyond the up-to-7 criteria.

Recent strategies for intermediate-stage HCC have explored the use of systemic therapy followed by locoregional
treatments [29, 30]. Evidence from the TACTICS trial demonstrated that sequential administration of sorafenib
and TACE improved outcomes, with median progression-free survival extended by 9.7 months (24.9 months vs.
TACE alone) and median overall survival increased by 3.7 months (35.6 months) [31]. Similarly, Kudo et al.
reported that patients receiving upfront lenvatinib followed by selective TACE had a median OS of 37.9 months,
compared with 21.3 months in those treated with TACE alone (hazard ratio 0.48, 95% CI: 0.16—-0.79, p < 0.01)
[32]. Additionally, the combination of atezolizumab and bevacizumab (Atez/Bev) received approval in 2020
following positive outcomes in the Phase 3 IMbrave150 trial [33], with Finn reporting an overall response rate of
44% in BCLC-B patients treated with this regimen (RECIST ver. 1.1) [34]. These findings suggest that integrating
systemic therapies with locoregional approaches may improve survival outcomes in BCLC-B HCC, although
achieving a complete cancer-free state remains a challenge.
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In our study, select BCLC-B patients were able to undergo aggressive treatment with surgical resection, with or
without complementary RFA, achieving prolonged survival and potential cancer-free status under specific
conditions. Prospective investigations are necessary to better identify which BCLC-B patients are most likely to
benefit from such intensive treatment strategies.

This study has several limitations. The retrospective design may have introduced selection bias, as evolving
surgical techniques, including laparoscopic hepatectomy, were not fully considered. The sample size of the Comb
group (SR + RFA) was limited. Additionally, outcomes for the SR and Comb groups were not directly compared
with patients treated according to conventional BCLC guidelines (TACE or systemic therapy). Future randomized
controlled trials with larger cohorts are needed to more conclusively determine the value of SR and combined
SR/RFA for BCLC-B HCC.

Conclusion

No significant differences were observed in recurrence-free survival or overall survival between the SR and Comb
groups. Even among patients with tumors beyond the up-to-7 criteria, outcomes were similar, with five-year
survival exceeding 50% in both cohorts. While current BCLC guidelines primarily recommend surgical resection
for BCLC-0/A patients, our results indicate that selected BCLC-B patients may achieve favorable outcomes with
aggressive strategies using SR or SR combined with RFA. Clinical decision-making should prioritize flexibility,
leveraging the complementary strengths of SR and RFA rather than limiting patients to a single treatment
modality.
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