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Aim: The prognosis of hepatocellular carcinoma with extrahepatic spread (HCC-EHS) remains poor. While systemic therapy is 
standard, intrahepatic progression often drives mortality. This study evaluated whether combining transarterial chemoembolization 
(TACE) with sorafenib (TACES) improves outcomes versus TACE alone in HCC-EHS.
Methods: In this multicenter, retrospective study, 423 HCC-EHS patients (Child-Pugh A) were categorized into TACE-alone (n = 
294) or TACES (n = 129) groups. The primary endpoint was overall survival (OS). Inverse probability of treatment weighting (IPTW) 
was used to adjust for confounding. Radiological response was assessed per mRECIST.
Results: After IPTW adjustment, the TACES group demonstrated significantly superior tumor response, with higher objective 
response (33.3% vs 16.4%, p = 0.004) and disease control rates (63.2% vs 46.3%, p = 0.008) compared to the TACE-alone group. 
This translated into a significant survival benefit, with a median OS of 10.4 months for TACES versus 7.0 months for TACE alone 
(IPTW-adjusted hazard ratio: 0.68; 95% CI: 0.52–0.88; p = 0.004). The survival advantage remained consistent in landmark analyses. 
Subgroup analyses indicated that the absolute benefit from combination therapy was most pronounced in patients with high 
intrahepatic tumor burden and preserved liver function.
Conclusion: This real-world study demonstrates that in carefully selected patients with HCC-EHS, a combination of TACE and 
sorafenib provides significantly better tumor control and survival outcomes than TACE monotherapy. These findings suggest that an 
integrated therapeutic strategy, which aggressively manages the intrahepatic disease in conjunction with systemic therapy, can improve 
outcomes in this challenging-to-treat population and warrants validation in prospective studies.
Keywords: hepatocellular carcinoma, transarterial chemoembolization, sorafenib, survival

Introduction
According to the Barcelona Clinic Liver Cancer (BCLC) staging system, hepatocellular carcinoma (HCC) with extra
hepatic spread (EHS) is classified as advanced stage, for which systemic therapy is the standard first-line 
recommendation.1–4 Among these advanced features, EHS represents an independent predictor of poor prognosis, with 
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natural history studies and meta-analyses consistently demonstrating a median overall survival of less than 7 months for 
this patient population.5,6 The presence of EHS not only signifies systemic dissemination but also presents unique 
therapeutic challenges that remain inadequately addressed by current treatment paradigms.

While systemic agents constitute the standard of care for advanced HCC according to established guidelines,3,4 their 
efficacy in the specific subgroup of HCC-EHS patients remains suboptimal. Recent sub-group analyses from pivotal 
clinical trials and real-world evidence have revealed particularly limited survival benefits in this population, with 
objective response rates rarely exceeding 10% and median overall survival generally remaining below 10 months.7–9 

This therapeutic plateau underscores the urgent need for more effective treatment strategies that can meaningfully 
improve outcomes for this challenging patient population.

An important clinical observation that informs potential treatment approaches is that patients with HCC-EHS 
frequently succumb to intrahepatic tumor progression and subsequent liver failure rather than direct consequences of 
extrahepatic lesions.10,11 This pattern of disease progression highlights the critical importance of controlling intrahepatic 
disease burden, even in the context of established extrahepatic metastases. Transarterial chemoembolization (TACE), 
though not formally recommended for advanced HCC by current guidelines, has been widely utilized in real-world 
practice for patients with significant intrahepatic tumor burden.12 Substantial evidence indicates that selected patients 
achieving radiographic response to TACE can derive meaningful survival benefit, particularly when intrahepatic disease 
represents the dominant clinical challenge.12–18

The combination of TACE with sorafenib presents a compelling therapeutic strategy for HCC-EHS, potentially leveraging 
synergistic mechanisms to address both intrahepatic and extrahepatic disease components.19–21 This combined approach aims 
to capitalize on the rapid cytoreductive capability of TACE against intrahepatic tumors while maintaining continuous systemic 
control through sorafenib’s anti-angiogenic and antiproliferative effects. However, the comparative effectiveness of TACE 
plus sorafenib versus TACE alone in this specific population remains inadequately investigated. Therefore, this multicenter, 
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real-world study aimed to comprehensively compare the efficacy of TACE combined with sorafenib versus TACE alone in 
HCC-EHS patients, utilizing rigorous statistical methods to address potential confounding factors.

Patients And Methods
Study Population
Clinical data were extracted from a nation-wide database of HCC patients treated with TACE at sixteen Chinese tertiary 
centers from January 2013 to December 2023. HCC was diagnosed according to the treatment guidelines of European 
Association for the Study of Liver disease and American Association for the Study of Liver Disease.3,4 Current study 
screened 674 HCC patients receiving TACE as their initial treatment and diagnosed with EHS which was confirmed by 
pathological or imaging methods, such as digital radiography, contrast-enhanced computed tomography (CT) /magnetic 
resonance imaging (MRI), or bone scan. Through excluding 227 patients with Child-Pugh grade > A and 24 patients with 
Eastern Cooperative Oncology Group (ECOG) score > 1, 423 HCC patients with EHS were finally included in the whole 
cohort; excluding 25 patients missing radiological evaluation within 3 months after TACE, the remaining 398 patients 
were included in imaging assessment cohort (Figure 1).

Medical Treatment
Both conventional TACE (cTACE) and drug-eluting bead TACE (DEB-TACE) were permitted. No subgroup analysis 
was conducted due to the small sample size in each arm. cTACE regimens included doxorubicin (20–60 mg), epirubicin 
(30–70 mg), oxaliplatin (50–100 mg), or cisplatin (50–75 mg) emulsified with lipiodol (3–20 mL), followed by 
embolization using gelatin sponge or polyvinyl alcohol particles. DEB-TACE employed doxorubicin-loaded micro
spheres (70–300 μm). Superselective catheterization targeting segmental or subsegmental arteries was consistently 
pursued to achieve complete tumor embolization, performed at the most distal feasible level based on tumor vasculature, 
with the remainder performed at the lobar level. The choice of chemotherapeutic agents and doses, as well as the 
selection and volume of embolic materials, followed each center’s clinical practice, and all operators across centers had 

Figure 1 Flow-chart of the current study.
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more than 8 years of TACE experience, ensuring procedural consistency despite inter-center variations. Currently, there 
are no definitive criteria for repeating TACE in patients with advanced HCC. In clinical practice, subsequent TACE 
sessions are typically considered when imaging confirms viable tumor (eg, new intrahepatic lesions or progression of 
treated lesions), provided that the patient’s liver function and performance status remain adequate. All retreatment 
decisions are made through multidisciplinary team discussion and require individual informed consent. Sorafenib was 
initially administered at a dosage of 400 mg twice daily, which was modified upon the development of adverse events and 
mainly according to an individual’s drug tolerance. Unless the toxicities were too serious to endure, the patients were 
typically encouraged to continue sorafenib therapy. Upon the occurrence of intolerable toxicity, the sorafenib dose was 
gradually reduced in a stepwise manner until the severity of the adverse events was considered acceptable by the patient. 
Temporary discontinuation was allowed in cases of persistent intolerability; in these patients, sorafenib treatment was 
reinitiated as soon as the toxicity became tolerable. Permanent discontinuation was also permitted if unmanageable or 
life-threatening adverse events occurred. For the whole cohort of 423 patients, there were 294 (69.5%) patients treated 
with mono TACE and 129 (30.5%) with TACE and concomitant systemic therapies (TACES) (Figure 1).

Follow-Up
According to the study protocol, laboratory examination was performed every four to six weeks; radiological evaluation 
was carried out during week fourth and eighth after TACE and every eight weeks thereafter using the contrast-enhanced 
CT or MRI, along with bone scan if applicable. Because of 25 patients missing the radiological evaluation within 3 
months after TACE, the remaining 398 patients were included in imaging assessment cohort, with 282 (70.9%) patients 
in TACE group and 116 (29.1%) in TACES group. In our study, the radiological response was evaluated by two 
independent reviewers according to the modified Response Evaluation Criteria in Solid Tumors (mRECIST), which 
consisted of complete response (CR), partial response (PR), stable disease (SD) and progression disease (PD). Follow-up 
imaging data were unavailable for a subset of patients, which was attributed to mortality prior to the scheduled scan or 
clinical loss to follow-up. Overall survival (OS) was defined as the time from TACE initiation until the date of death or 
last follow-up; considering there were only 13 (3.1%) patients surviving more than 36 months, our study censoring them 
at the 36-month timepoint to ensure the robustness and precision of the data.

Statistics
Missing baseline data were handled using multiple imputation with chained equations (MICE). Five imputed datasets 
were created with 20 iterations per chain to ensure convergence, and estimates were pooled using Rubin’s rules. All 
analyses were performed on the pooled dataset. Categorical variables were described by frequencies and percentages, and 
continuous data as mean with standard deviation. Given the limited number of patients who underwent DEB-TACE, only 
46 (15.7%) in the TACE alone group and 21 (16.33%) in the TACES group, these cases were pooled for analysis. To 
mitigate treatment selection bias and strengthen causal inference, we applied inverse probability of treatment weighting 
(IPTW). Propensity scores were derived from logistic regression incorporating the following covariates: diameter of the 
largest tumor, tumor number, age (> 60 years), gender, etiology, ECOG performance status, macrovascular invasion, 
extrahepatic metastasis (lung, bone, adrenal, and others), Child–Pugh score, alpha-fetoprotein (≥ 400 ng/mL), albumin, 
total bilirubin, aspartate aminotransferase, creatinine, platelet count, and international normalized ratio. Weights were 
truncated at the 1st and 99th percentiles to limit the impact of extreme values and enhance stability. Covariate balance 
was evaluated using standardized mean differences (threshold < 0.1). Weighted Cox models employed robust sandwich 
estimators for variance, and the proportional hazards assumption was assessed via Schoenfeld residuals. Survival 
outcomes were analyzed through Kaplan-Meier curves with Log rank tests for unadjusted comparisons and IPTW- 
weighted survival curves with weighted Cox proportional hazards models for propensity-adjusted estimates, providing 
hazard ratios with 95% confidence intervals. Objective response rate (ORR, PR only) and disease control rate (DCR, PR 
+ SD) analyzed using both unadjusted methods (chi-square tests, logistic regression) and IPTW-adjusted survey-weighted 
generalized linear models. To address immortal time bias, we conducted landmark analyses at both 3-month and 6-month 
timepoints, excluding patients who died before each landmark and analyzing subsequent survival trajectories from the 
landmark time forward. Extensive subgroup analyses explored treatment effect heterogeneity across pre-specified strata 
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including age, macrovascular invasion (MVI), ECOG status, ALBI grade, and alpha-fetoprotein (AFP) levels through 
multivariable Cox regression, IPTW-adjusted models within strata, and formal interaction testing, visualized via forest 
plots displaying hazard ratios with confidence intervals and interaction p-values. Treatment benefit heterogeneity was 
further investigated using continuous interaction models with absolute risk reduction (ARR) and number needed to treat 
(NNT) calculations across predictor quantiles. Comprehensive sensitivity analyses validated findings through multiple 
statistical approaches, both unadjusted and fully adjusted models, rigorous balance diagnostics, and various subgroup 
definitions, all implemented in R version 4.5.1 (R Foundation for Statistical Computing, Vienna, Austria) with set 
random seed for reproducibility, following STROBE guidelines for observational research with statistical significance 
defined as two-tailed p < 0.05 and appropriate consideration for multiple testing in subgroup analyses.

Results
Patient Characteristics
Figures S1 and S2 present the missing data pattern and the post-imputation data distribution, respectively. Baseline 
characteristics of the entire study cohort (N=423) are summarized in Table 1. The study population had a mean age of 
52.2 years, and most commonly had hepatitis B virus infection as the underlying etiology of liver disease (382 patients, 

Table 1 Baseline Characteristics for Current Study Cohort

Characteristics Unweighted Weighted

TACE (N=294) TACES (N=129) P value TACE (n=296) TACES (N=130) P value

The largest tumor diameter, cm, mean (SD) 10.8 (3.9) 11.0 (3.7) 0.761 10.9 (3.9) 11.1 (3.7) 0.726

Number of nodules, mean (SD) 3.1 (2.5) 3.4 (3.0) 0.184 3.2 (2.5) 3.2 (2.9) 0.981

Age, years, n (%)

< 60 220 (74.8) 103 (79.8) 0.321 228 (77.0) 105 (80.5) 0.479

≥ 60 74 (25.2) 26 (20.2) 68 (23.0) 25 (19.5)

Gender, n (%)

Male 252 (85.7) 111 (86.0) 1 254 (85.8) 112 (86.5) 0.853

Female 42 (14.3) 18 (14.0) 42 (14.2) 18 (13.5)

Etiology, n (%)

HBV 265 (90.1) 117 (90.7) 0.999 268 (90.8) 120 (92.1) 0.684

Others 29 (9.9) 12 (9.3) 27 (9.2) 10 (7.9)

ECOG Performance status, n (%)

0 99 (33.7) 43 (33.3) 101 (34.3) 49 (37.5)

1 195 (66.3) 86 (66.7) 1 192 (65.7) 81 (62.5) 0.605

Macrovascular involvement (PV or IVC), n (%)

Yes 152 (51.7) 69 (53.5) 0.816 152 (51.5) 69 (52.8) 0.834

No 142 (48.3) 60 (46.5) 143 (48.5) 61 (47.2)

Sites of extrahepatic spread, n (%)

Lymph nodes 181 (61.6) 66 (51.2) 0.059 172 (58.1) 79 (60.9) 0.632

Lungs 87 (29.6) 46 (35.7) 0.261 94 (32.0) 40 (31.0) 0.858

Bones 21 (7.1) 18 (14.0) 0.041 25 (8.4) 11 (8.1) 0.917

Adrenal glands 18 (6.1) 9 (7.0) 0.909 19 (6.6) 7 (5.1) 0.562

Others 26 (8.8) 6 (4.7) 0.193 23 (7.7) 10 (7.7) 0.993

Child-Pugh score, n (%) 0.046 0.678

A5 229 (77.9) 88 (68.2) 223 (75.4) 95 (73.0)

A6 65 (22.1) 41 (31.8) 73 (24.6) 35 (27.0)

Alpha-fetoprotein, ng/mL, mean (SD) 38,568.7 (74,259.5) 39,337.9 (79,707.3) 0.924 37,866.3 (72,421.5) 38,086.3 (93,455.8) 0.985

Albumin, g/L, mean (SD) 39.1 (5.4) 38.3 (4.7) 0.136 38.8 (5.3) 38.6 (4.5) 0.758

Total bilirubin, μmol/L, mean (SD) 18.4 (7.8) 18.4 (7.7) 0.972 18.4 (7.6) 18.4 (8.7) 0.966

Aspartate aminotransferase, U/L, mean (SD) 80.0 (75.6) 75.3 (58.6) 0.533 77.9 (69.3) 74.7 (65.6) 0.71

Serum creatinine, umol/L, mean (SD) 68.0 (16.3) 75.9 (15.8) <0.001 71.0 (18.1) 70.2 (16.5) 0.735

Platelet count, 109/L, mean (SD) 195.7 (94.1) 167.9 (88.5) 0.005 188.6 (91.1) 194.0 (113.5) 0.77

International normalized ratio, mean (SD) 1.1 (0.1) 1.1 (0.1) 0.008 1.1 (0.1) 1.1 (0.1) 0.913

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HBV, Hepatic B virus; IVC, Inferior Vena Cava; PV, portal vein; SD, stable deviation; TACE, 
transarterial chemoembolization; TACES, transarterial chemoembolization plus sorafenib.
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90.3%). Macrovascular invasion (MVI), involving the portal vein or inferior vena cava, was identified in 221 patients. 
Lymph nodes (247, 58.4%) were the most frequent site of EHS, followed by the lungs (133, 30.8%), bones (39, 9.2%), 
adrenal glands (27, 6.4%), and other sites (32, 7.6%). Most patients had only one (373, 88.2%) or two (45, 10.6%) types 
of EHS. After IPTW adjustment, balance improved substantially, with nearly all covariates falling below the 0.1 
standardized mean difference threshold (Figure S3). Subsequent therapies were summarized in Table S1.

Radiological Response Assessment
In total, there were 398 participants having available radiological evaluation according to mRECIST criteria within 3 
months after TACE treatment and included in the imaging assessment cohort (Table 2). Before IPTW adjustment, no 
complete responses were observed in either group. The TACE group showed PR in 48 patients (17.0%), SD in 90 
(31.9%), and PD in 144 (51.1%). Corresponding figures in the TACES group were 30 (25.9%), 37 (31.9%), and 49 
(42.2%) patients, respectively. The ORR was significantly higher in the TACES group (25.9% vs 17.0%; Odds ratio [OR] 
= 1.70, 95% CI: 1.01–2.85; p = 0.045). Although the DCR was numerically higher with TACES (57.8% vs 48.9%), this 
difference did not reach statistical significance (OR = 1.43, 95% CI: 0.92–2.21; p = 0.136). Following IPTW adjustment, 
response distribution in the TACE group was 46 (16.4%) PR, 84 (29.9%) SD, and 151 (53.7%) PD, compared to 39 
(33.3%) PR, 35 (29.9%) SD, and 43 (36.8%) PD in the TACES group. After propensity score weighting, TACES 
demonstrated significantly superior outcomes in both ORR (33.3% vs 16.4%; OR = 2.52, 95% CI: 1.34–4.72; p = 0.004) 
and DCR (63.2% vs 46.3%; OR = 1.98, 95% CI: 1.19–3.29; p = 0.008).

Survival
During 4043.3 person-months of follow-up, 332 (78.5%) patients were died and only 13 (3.1%) patients remained alive. 
In unweighted samples, the TACES group showed a median overall survival of 8.7 months (95% CI: 7.5–10.5) compared 
to 7.3 months (95% CI: 6.4–8.3) in the TACE group, with no statistically significant difference observed (log-rank p = 
0.15; Figure 2A). Consistent with this finding, landmark analyses conducted at 3 and 6 months also revealed no 
significant survival differences (p = 0.095, Figure 2C; p = 0.25, Figure 2E, respectively). Following IPTW adjustment, 
TACES was associated with significantly improved overall survival compared with TACE alone: median overall survival 
was 10.4 months (95% CI: 8.7–16.5) versus 7.0 months (95% CI: 5.3–8.2), respectively (log-rank p = 0.004; Figure 2B). 
The IPTW-adjusted hazard ratio was 0.68 (95% CI: 0.52–0.88, p = 0.004). The proportional hazards assumption was 

Table 2 Radiological Response Assessment Within 3 months After TACE

TACE Group TACES Group Odds Ratio (95% CI) P value

Before IPTW* n=282 n=116

CR 0 (0) 0 (0) – –
PR 48 (17.0%) 30 (25.9%) – –

SD 90 (31.9%) 37 (31.9%) – –

PD 144 (51.1%) 49 (42.2%) – –
ORR 48 (17.0%) 30 (25.9%) 1.70 (1.01–2.85) 0.045

DCR 138 (48.9%) 67 (57.8%) 1.43 (0.92–2.21) 0.136

After IPTW n=281 n=117

CR 0 (0) 0 (0) – –

PR 46 (16.4%) 39 (33.3%) – –
SD 84 (29.9%) 35 (29.9%) – –

PD 151 (53.7%) 43 (36.8%) – –

ORR 46 (16.4%) 39 (33.3%) 2.52 (1.34–4.72) 0.004
DCR 130 (46.3%) 74 (63.2%) 1.98 (1.19–3.29) 0.008

Note: *, only patients with radiological response assessment were included in this analysis. 
Abbreviations: CI, confidence interval; CR, complete response; DCR, disease control rate; IPTW, inverse 
probability of treatment weighting; ORR, objective response rates; PR, partial response; PD, progressive 
disease; SD, stable disease; TACE, transarterial chemoembolization; TACES, transarterial chemoembolization 
plus sorafenib.
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satisfied (global test p = 0.62; Figure S4), and robust variance estimation was employed. This survival benefit remained 
consistent in landmark analyses, demonstrating significant advantages at both 3 months (IPTW-adjusted HR: 0.64 [95% 
CI: 0.48–0.86], p = 0.003; Figure 2D) and 6 months (IPTW-adjusted HR: 0.66 [95% CI: 0.46–0.94], p = 0.02; Figure 2F).

Prognostic Factors
In the multivariable analysis before IPTW, tumor number (HR: 1.08 [95% CI: 1.03–1.13], p < 0.001), AST (HR: 1.00 
[95% CI: 1.00–100], p < 0.001) and INR (HR: 3.30 [95% CI: 1.20–9.11], p = 0.02) were consistent independent risk 

Figure 2 Kaplan-Meier survival curves comparing overall survival between patients receiving TACE and TACES treatments. (A) Overall survival (OS) analysis from initial 
treatment (unadjusted); (B) Inverse probability of treatment weighting (IPTW)-adjusted OS analysis from initial treatment; (C) Landmark analysis at 3 months (unadjusted); 
(D) IPTW-adjusted landmark analysis at 3 months; (E) Landmark analysis at 6 months (unadjusted); (F) IPTW-adjusted landmark analysis at 6 months. Log-rank p-values are 
shown for each comparison. The number of patients at risk at each time point is indicated below the survival curves. 
Abbreviations: TACE, transarterial chemoembolization; TACES, TACE combined with sorafenib.
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factors (Table 3). The abovementioned variables were consistently identified in the analysis after IPTW (Table 3). The 
IPTW-adjusted model further strengthened the findings, confirming TACES therapy (compared to TACE, HR: 0.66 [95% 
CI: 0.50–0.86], p = 0.002) as an additional independent predictor of improved outcomes, and identifying absence of other 
EHS as a significantly prognostic factor (Table 3).

Subgroup Analysis
After adjusting potential confounders, the prolonged OS were consistently observed in most subgroups before and after 
IPTW with absence of interaction between subgroups and treatment (Figure 3A and B). Multivariable Cox regression 
analyses incorporating IPTW were conducted to evaluate potential treatment effect modification by key baseline 
characteristics. However, trend analyses revealed notable patterns in ARR (Figure 4A–C). Specifically, patients with 
increased tumor size, and more preserved liver function (higher ALBI scores), and decreased tumor number, derived 
greater absolute benefit from TACES compared to TACE. This was supported by progressively increasing ARR values 
across quantiles (Figure 4D) and lower numbers needed to treat (NNT) in these high-risk subgroups (Figure 4E). No 
statistically significant interactions were detected between treatment type and tumor size (p = 0.396), tumor number (p = 
0.667), or ALBI score (p = 0.518), suggesting that the treatment effects remained consistent across these patient 
subgroups (Figure 4F). Furthermore, the positive ARR in TACES group consistently identified in all categorical 
subgroups (Figure S5A and S5B).

Discussions
This multicenter real-world study offers valuable insights into the management of HCC with EHS, a population 
characterized by a particularly poor prognosis and for whom optimal treatment sequencing remains uncertain. The 
principal finding of this study is that combining TACE with sorafenib significantly enhances radiological response and, 
after rigorous inverse probability of treatment weighting (IPTW) adjustment for selection bias, confers a clinically 
meaningful survival advantage over TACE alone. The IPTW-adjusted hazard ratio of 0.68 (95% CI: 0.52–0.88) and the 
extension of median OS from 7.0 to 10.4 months underscore the potential of this combined modality approach, 
challenging the conventional paradigm that assigns locoregional therapy only a secondary role in systematically 
advanced disease.

One key aspect of our findings concerns the role of TACE in EHS patients with significant intrahepatic tumor burden. 
Although TACE is not recommended as first-line therapy for advanced HCC,3,4 our findings highlight its potential value 
in EHS patients with significant intrahepatic tumor burden. Effective management of intrahepatic lesions is particularly 
critical in this population, as liver tumor progression, rather than EHS, remains a leading cause of mortality.10,11,21 In this 
context, TACE provides rapid and definitive local control, contrasting with the generally slower onset and limited 
objective response rates of systemic therapies alone.15 The absence of an untreated control group precludes a definitive 
assessment of TACE’s therapeutic efficacy. While the observed ORR and DCR provide indirect evidence of biological 
activity, and the overall cohort survival of 7.8 months compares favorably with historical data of less than 7 months for 
untreated patients, a direct comparison with a contemporaneous untreated cohort would be necessary to objectively 
confirm whether TACE unequivocally prolongs survival in this population. The significantly higher objective response 
rate (ORR: 33.3% vs 16.4%) and disease control rate (DCR: 63.2% vs 46.3%) observed in the TACES group after IPTW 
adjustment provide compelling evidence that combining TACE’s rapid cytoreductive capacity with sorafenib’s systemic 
activity yields synergistic antitumor efficacy, addressing both intra- and extrahepatic disease. Mechanistically, the 
pronounced benefit seen in patients with high intrahepatic tumor burden may reflect not only the local-systemic synergy 
of the two modalities, but also enhanced activation of programmed cell death pathways. Recent advances highlight the 
role of PANoptosis, an integrated pro-inflammatory cell death pathway that converges pyroptosis, apoptosis, and 
necroptosis, in overcoming treatment resistance and immune evasion in HCC.22 We propose that TACE-induced 
ischemia and inflammation, combined with sorafenib’s multi-kinase inhibition, may cooperatively promote PANoptotic 
signaling, leading to more effective tumor clearance in high-burden settings. This aligns with the evolving understanding 
that simultaneous engagement of multiple cell death pathways can improve outcomes in advanced HCC and underscores 
the biological rationale for multimodal therapy in this population. Our results thus support the concept that HCC with 
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Table 3 Univariable and Multivariable Cox Analysis of OS Before and After IPTW

Variable Unweighted Samples Weighted Samples

Univariable Analysis Multivariable Analysis Univariable analysis Multivariable Analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Gender of male 0.97 (0.72–1.32) 0.866 0.99 (0.71–1.37) 0.93

Age >60 years 0.94 (0.73–1.21) 0.651 0.96 (0.74–1.25) 0.761

Hepatitis B infection 1.12 (0.78–1.61) 0.545 1.16 (0.81–1.66) 0.426
ECOG Performance Status score 1 1.37 (1.08–1.74) 0.009 1.22 (0.96–1.55) 0.11 1.38 (1.06–1.81) 0.018 1.18 (0.92–1.66) 0.254

Child-Pugh Score of 6 1.24 (0.97–1.59) 0.083 1.19 (0.92–1.55) 0.191

Tumor Size, per 1 cm increased 1.05 (1.02–1.08) 0.001 1.02 (0.99–1.05) 0.279 1.05 (1.02–1.08) 0.003 1.02 (0.99–1.06) 0.276
Tumor Number, per 1 nodule increased 1.09 (1.04–1.13) <0.001 1.08 (1.03–1.13) <0.001 1.10 (1.05–1.15) <0.001 1.10 (2.86–3.18) <0.001

Adrenal gland involvement 1.16 (0.76–1.77) 0.502 1.22 (0.79–1.89) 0.36

Bone involvement 1.09 (0.76–1.55) 0.65 1.07 (0.78–1.46) 0.696
Lymph node involvement 1.03 (0.83–1.28) 0.784 1.03 (0.81–1.31) 0.826

Lung involvement 1.14 (0.90–1.43) 0.281 1.14 (0.88–1.49) 0.31

Absence of other sites involvement 0.54 (0.34–0.86) 0.009 0.63 (0.39–1.00) 0.05 0.49 (0.29–0.85) 0.01 0.58 (0.31–0.96) 0.048
Macrovascular involvement 1.44 (1.16–1.79) <0.001 1.26 (0.99–1.59) 0.057 1.37 (1.08–1.74) 0.009 1.28 (0.92–1.60) 0.081

Albumin, per 1 g/L increased 0.98 (0.96–1.00) 0.053 0.98 (0.95–1.00) <0.001 0.97 (0.95–1.00) <0.001

Total Bilirubin, per 1 umol/L increased 1.02 (1.01–1.04) <0.001 1.01 (0.99–1.03) 0.208 1.02 (1.00–1.04) 0.024 1.01 (0.99–1.03) 0.331
Aspartate aminotransferase, per 1 U/L increased 1.00 (1.00–1.00) <0.001 1.00 (1.00–1.00) 0.002 1.00 (1.00–1.00) <0.001 1.00 (1.00–1.00) <0.001

Creatinine, per 1 umol/L increased 1.00 (1.00–1.01) 0.19 1.01 (1.00–1.01) 0.071

Platelet Count, per 1×10^9/L increased 1.00 (1.00–1.00) 0.099 1.00 (1.00–1.00) 0.423
Alpha-fetoprotein, per 1 ng/mL increased 1.00 (1.00–1.00) 0.358 1.00 (1.00–1.00) 0.223

International normalized ratio, per 1 increased 4.93 (1.86–13.10) 0.001 3.30 (1.20–9.11) 0.02 7.13 (2.52–20.13) <0.001 3.42 (1.91–7.21) <0.001

Treatment (TACES vs TACE) 0.84 (0.66–1.06) 0.149 0.68 (0.52–0.88) 0.004 0.66 (0.50–0.86) 0.002

Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; IPTW, inverse probability of treatment weighting; OS, overall survival; TACE, transarterial chemoembolization; TACES, 
transarterial chemoembolization plus sorafenib.
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EHS, while systemically disseminated, often remains “liver-dominant” in its clinical impact, and that aggressive 
management of intrahepatic disease remains essential even in the presence of extrahepatic metastases.

Furthermore, while immune-based therapies represent the current standard for advanced HCC, patients with EHS 
continue to face limited therapeutic response and poor survival outcomes,23–25 underscoring the ongoing need to explore 
complementary treatment strategies. Our study demonstrates that in a carefully selected cohort of patients with preserved 
liver function (Child-Pugh A) and good performance status (ECOG 0–1), TACES can provide a meaningful survival 
benefit. This underscores that even in an era of systemic immunotherapies, the strategic integration of locoregional 
treatment may enhance outcomes, particularly in patients with liver-dominant disease. Importantly, TACES occupies 

Figure 3 Events, survival rates, adjusted HRs and interaction test for overall survival by risk categories and treatment before (A) and after inverse probability of treatment 
weighting (B).
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a distinct clinical role today: it serves as an effective, accessible alternative for patients ineligible for or lacking access to 
newer ICI-based regimens, whether due to autoimmune conditions, economic or regional constraints, or high intrahepatic 
tumor burden requiring local control. This pragmatic approach ensures therapeutic continuity in settings where newer 
standards are not feasible, and reinforces that considerations of accessibility and equity must remain integral to both 
clinical decision-making and guideline development. Importantly, for patients who progress following TACES, particu
larly those who retain preserved liver function, transitioning to immunotherapy merits clinical consideration and further 

Figure 4 Treatment benefit assessment of TACES versus TACE alone after inverse probability of treatment weighting. (A–C) Absolute risk reduction (ARR) in 12-month mortality 
for TACES compared to TACE across different patient characteristics: (A) tumor size, (B) tumor number, and (C) ALBI score. The ARR and 95% confidence intervals are shown 
along with the estimated mortality risk for each treatment group. (D) Trends in absolute risk reduction (ARR) across quantiles (Q1 to Q3) of each characteristic. Q1 represents low 
ALBI score, few tumors, or small tumor size; Q3 represents high ALBI score, numerous tumors, or large tumor size. (E) Number needed to treat (NNT) across quantiles of each 
characteristic. Lower NNT indicates greater treatment efficiency. (F) Significance of treatment-characteristic interaction terms from multivariable Cox regression, expressed 
as –log10(p-value). A dashed line indicates the threshold for statistical significance (p = 0.05). All analyses are based on multivariable-adjusted models with IPTW. 
Abbreviations: TACE, transarterial chemoembolization; TACES, TACE combined with sorafenib; ALBI, albumin-bilirubin; ARR, absolute risk reduction; NNT, number 
needed to treat.
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investigation. The emerging concept of ICI rechallenge in HCC provides a relevant framework: it demonstrates that 
reintroducing immune checkpoint inhibition, often with an altered mechanism or combination, can regain antitumor 
activity even after prior immunotherapy exposure or failure.26 Building on this principle, patients progressing after 
TACES may similarly benefit from subsequent ICI-based therapy, as their tumors have been preconditioned by the 
immunomodulatory effects of prior locoregional and antiangiogenic treatment. Future prospective studies should evaluate 
the efficacy and safety of established ICI combinations, such as atezolizumab plus bevacizumab or dual checkpoint 
blockade, in this sequential setting. Such an approach could extend the therapeutic continuum for EHS patients and 
represents a logical, biologically informed strategy to address progression after combined modality therapy.

A critical consideration in interpreting our findings is the potential influence of socioeconomic factors on treatment 
selection. Throughout most of the study period, sorafenib was not covered by national health insurance in China and 
posed a substantial financial barrier for many patients. This economic reality inevitably influenced clinical decision- 
making, resulting in a scenario in which patients receiving TACE alone were not only selected based on clinical criteria 
but were also frequently those for whom combination therapy was financially inaccessible. This introduces a potential 
socioeconomic confounder that, while partially mitigated by IPTW adjustment for measured clinical variables, may still 
residually affect the observed outcomes. Therefore, our results should be interpreted as reflecting the comparative 
effectiveness of TACES versus TACE monotherapy under real-world constraints, rather than a pure efficacy comparison 
unaffected by access-to-care issues.

Several limitations of this study should be acknowledged. First, the retrospective design, despite sophisticated 
statistical adjustment, cannot fully eliminate residual confounding. Second, the retrospective design precluded the 
prospective, standardized collection of safety data. The inability to provide a robust analysis of treatment-related adverse 
events therefore constitutes an important limitation of this study. While the established safety of TACES, as confirmed by 
prior prospective research, allows this retrospective analysis to focus primarily on evaluating its comparative effective
ness. Third, the specific timing and reasons for initiating or discontinuing systemic therapy in relation to TACE 
procedures were not consistently documented, limiting our understanding of the optimal sequencing strategy.

Conclusion
In conclusion, this study demonstrates that combining TACE with sorafenib significantly improves tumor response and 
survival outcomes in carefully selected patients with HCC and EHS compared to TACE alone. These findings challenge 
the conventional therapeutic paradigm and suggest that patients with HCC-EHS, particularly those with significant 
intrahepatic tumor burden and preserved liver function, may derive meaningful benefit from an integrated strategy that 
addresses both intrahepatic and extrahepatic disease components, even in the current era of advanced systemic therapies. 
Prospective randomized trials are warranted to validate these findings and refine patient selection criteria for combined- 
modality therapy in this challenging clinical population.

Abbreviation
AFP, alpha-fetoprotein; ARR, absolute risk reduction; BCLC, Barcelona Clinic Liver Cancer; CR, complete response; 
DCR, disease control rate; ECOG, Eastern Cooperative Oncology Group; EHS, extrahepatic spread; HR, hazard ratio; 
IPTW, inverse probability of treatment weighting; HCC, hepatocellular carcinoma; mRECIST, modified Response 
Evaluation Criteria in Solid Tumors; MVI, macrovascular invasion; NNT, number needed to treat; ORR, objective 
response rate; OS, overall survival; PD, progression disease; PR, partial response; SD, stable disease; TACE, transarterial 
chemoembolization; TACES, transarterial chemoembolization plus sorafenib.
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