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Abstract 

Background/Aims: Systemic therapy is the current standard treatment for 

hepatocellular carcinoma (HCC) with extrahepatic metastases (EHM). However, some 

patients with HCC and EHM undergo transarterial chemoembolization (TACE) to 

manage intrahepatic tumors. Herein, we aimed to explore the appropriateness of TACE 

in patients with HCC and EHM in an era of advanced systemic therapy. 

Methods: This study analyzed 248 consecutive patients with HCC and EHM (median 

age 58.5 years, 83.5% male, and 88.7% Child-Pugh A) who received TACE or systemic 

therapy (83 sorafenib, 49 lenvatinib, 28 immunotherapy-based) between January 2018 

and January 2021. 

Results: Among the patients, 196 deaths were recorded during a median follow-up of 

8.9 months. Patients who received systemic therapy had a higher albumin-bilirubin 

grade, elevated tumor markers, an increased number of intrahepatic tumors, larger-sized 

tumors, and more frequent portal vein invasion than those who underwent TACE. TACE 

was associated with longer median overall survival (OS) than sorafenib (15.1 vs. 4.7 

months; 95% confidence interval [CI]: 11.1–22.2 vs. 3.7–7.3; hazard ratio [HR] 1.97, 

P<0.001). After adjustment for potential confounders, TACE was associated with 

statistically similar survival outcomes to those of lenvatinib (median OS: 8.0 months; 

95% CI: 6.5–11.0; HR 1.21, P=0.411) and immunotherapies (median OS: 14.3 months; 

95% CI: 9.5–27.0; HR 1.01, P=0.973), demonstrating survival benefits equivalent to 

these treatments. 

Conclusion: In patients with HCC and EHM, TACE can provide a survival benefit 

comparable to that of newer systemic therapies. Accordingly, TACE remains a valuable 

option in this era of new systemic therapies. 
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INTRODUCTION 

 

Hepatocellular carcinoma (HCC) is considered a substantial global health burden and 

the third leading cause of cancer-related deaths.1 The development of extrahepatic 

metastasis (EHM) in patients with HCC often signifies an advanced disease stage. 

Currently, the standard treatment for patients with HCC and EHM is systemic therapy.2 

Prior to 2017, sorafenib was the only systemic treatment option. During this period, the 

role of transarterial chemoembolization (TACE) in managing HCC with EHM has been 

clearly defined and widely acknowledged, especially given the limited systemic options 

and therapeutic efficacy.3,4 A study conducted in Asia reported that repeated TACE with 

or without systemic chemotherapy could provide considerable survival benefits in 

patients with metastatic HCC and well-preserved liver function.3 Likewise, in a study 

conducted in Germany, Bettinger et al. highlighted that TACE, both alone and in 

combination with sorafenib, may improve the overall survival (OS) of patients with 

metastatic HCC.4 However, newer systemic agents, including newer tyrosine kinase 

inhibitors (TKIs) such as lenvatinib and novel immunotherapies (IO), have substantially 

evolved the treatment paradigm for advanced HCC.5,6 In 2017, lenvatinib was established 

as a non-inferior alternative to sorafenib, demonstrating notable improvements in the 

progression-free survival (PFS) and objective response rate (ORR).7,8 Following 

lenvatinib, several IO agents have shown promising results.9-12 Importantly, these newer 

agents have changed the treatment landscape of advanced HCC.13 With these newer 

agents eliciting promising results in HCC therapy, their adoption in earlier disease stages 

has increased. Consequently, research has notably shifted focus, with several randomized 

studies comparing these newer systemic agents to TACE in the intermediate stage of 
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HCC.14 However, comparative studies in cases of HCC with EHM remain scarce.  

In patients with advanced HCC, mortality is typically attributed to liver failure due to 

intrahepatic disease progression rather than the EHM itself, highlighting the importance 

of effective intrahepatic tumor control,15,16 and TACE is well-known for its efficacy in 

this respect. Thus, evaluating the role of TACE in the context of newer treatments for 

patients with EHM will offer insights into its relevance and effectiveness in the current 

therapeutic landscape. 

In the current study, we compared the effectiveness of TACE with advanced systemic 

therapies in managing HCC with EHM and explored whether TACE retains its 

significance in the contemporary therapeutic milieu for HCC.  

 

METHODS 

 

1. Study population 

This retrospective cohort study was performed at the Samsung Medical Center, a high-

volume liver cancer center in Seoul, Republic of Korea, using a prospectively maintained 

HCC registry from January 2018 to January 2021. This registry proactively compiled data 

on baseline clinical characteristics, tumor characteristics, and initial treatment approaches 

for all newly diagnosed patients with HCC aged ≥18 years treated at the center. A 

diagnosis of HCC was established histologically or clinically according to the regional 

HCC guidelines.17 A total of 248 consecutive patients with EHM at the time of diagnosis 

and initially treated with systemic therapy or TACE were selected. This study adhered to 

the principles of the Declaration of Helsinki and was approved by the Ethics Committee 

of the Samsung Medical Center (Institutional Review Board [IRB] number 2024-02-075). 
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The IRB waived the requirement for informed patient consent because the retrospective 

nature of the study relied on existing administrative and clinical data.  

 

2. Treatment and follow-up 

The systemic therapy cohort comprised 160 patients who were subdivided according 

to the specific agent received. Eighty-three patients were treated with sorafenib, initiated 

at a dosage of 400 mg twice daily and adjusted based on tolerability and adverse effects. 

Forty-nine patients received lenvatinib, with dosage determined by body weight: 12 mg 

daily for patients weighing ≥60 kg and 8 mg daily for those <60 kg. The IO subgroup 

(n=28) comprised patients receiving the following treatments: nivolumab monotherapy 

administered at 240 mg biweekly; four doses of combination therapy with nivolumab (1 

mg/kg) and ipilimumab (3 mg/kg) followed by nivolumab maintenance (n = 2); 

atezolizumab (1200 mg) combined with bevacizumab (15 mg/kg) every 3 weeks (n = 9); 

and clinical trials (n = 17). Patients were monitored through regular clinical assessments, 

including imaging every 8–12 weeks, to evaluate treatment response, along with 

laboratory tests to monitor liver function and adverse events. The follow-up procedures 

were standardized for the cohort, with adjustments performed for individual patients 

based on treatment response and tolerability.  

Conventional TACE was performed with intra-arterial injection of doxorubicin 

hydrochloride (Adriamycin, Dong-A Pharmaceutical Co., Ltd., Seoul, Republic of Korea) 

and iodized oil (Lipiodol, Laboratoire Andre Guerbet; Aulnay-Seous-Bois, France) 

following a femoral approach, a celiac angiogram, and superselection of the tumor feeder 

at the segmental or subsegmental artery level with a micro-guidewire and a 2.0-Fr 

microcatheter. The feeder(s) were embolized with gelatin sponge pledgets (Cutanplast, 
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Mascia Brunelli S.P.A. Milano, Italy) until hemostasis was achieved. Contrast-enhanced 

computed tomography or magnetic resonance imaging (MRI) was performed at baseline, 

as well as every 2–4 months.  

 

3. Variables and outcome 

The patients were grouped according to their initial treatment (sorafenib, lenvatinib, IO, 

or TACE). The following data were collected from the HCC registry: age at diagnosis, 

sex, HCC etiology, Eastern Cooperative Oncology Group (ECOG) performance status, 

Child–Pugh class, levels of serum albumin and bilirubin, albumin–bilirubin (ALBI) grade, 

serum alpha-fetoprotein (AFP), protein induced by vitamin K absence or antagonist-II 

(PIVKA-II), and tumor characteristics (intrahepatic tumor number, maximum diameter, 

portal vein [PV] and bile duct invasion, modified Union for International Cancer Control 

stage, Barcelona Clinic Liver Cancer stage), and initial treatment modalities. In addition, 

EHM locations were identified by reviewing imaging and medical records, given that the 

HCC registry did not provide detailed information. The primary outcome was OS, which 

was defined as the duration from diagnosis to the last follow-up or death (reference date: 

September 30, 2023).  

 

4. Statistical analysis 

Categorical variables are reported as numbers and percentages and compared using the 

chi-square test or Fisher’s exact test. Continuous variables are reported as medians and 

interquartile ranges and compared using the Mann–Whitney U test. Survival curves were 

calculated using the Kaplan–Meier method and compared using the log-rank test. Cox 

proportional hazard models were used to estimate crude and multivariate-adjusted hazard 
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ratios (HR) with 95% confidence intervals (CI). This analysis met the assumptions of the 

Cox proportional hazard model. Propensity score (PS) matching was performed to control 

for potential confounders. The matching variables included age, sex, tumor size, tumor 

number, ECOG performance status, liver disease etiology, ALBI grade, AFP, PIVKA-II, 

PV invasion, and type of EHM. The nearest-neighbor matching method was employed 

with a caliper width of 0.1. All statistical analyses were performed using the R version 

4.1.2 software (R Foundation for Statistical Computing, Vienna, Austria). Statistical 

significance was set at a two-tailed p-value <0.05.  

 

RESULTS 

 

1. Baseline characteristics 

Table 1 presents the baseline demographic and clinical parameters stratified by the 

initial treatment strategy, including TACE, sorafenib, lenvatinib, and IO. Age and sex 

distributions remained consistent across modalities, suggesting demographic 

homogeneity in the study cohort (P>0.05). Patients who received systemic therapy, 

particularly those who underwent sorafenib or lenvatinib therapy, had significantly 

elevated ALBI grades, suggesting compromised liver function, when compared with 

patients who received TACE and IO (P<0.001). This cohort also exhibited elevated levels 

of tumor markers (AFP and PIVKA-II), greater tumor numbers, and larger tumor 

diameters, corresponding to more advanced stages at baseline. Furthermore, patients who 

received systemic therapy had a higher incidence of PV invasion than those who received 

TACE and IO, indicating a propensity for a more aggressive disease presentation among 

patients selected for systemic therapies. Of 88 patients treated with TACE, 12 received 
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additional radiotherapy or proton beam therapy. Similarly, among the 160 patients who 

received systemic therapy, 43 underwent radiotherapy or proton beam therapy. 

 

2. OS according to the initial treatment 

During the study period, TACE was associated with a median OS of 15.1 months (95% 

CI: 11.1–22.2), demonstrating statistical superiority over sorafenib and lenvatinib, which 

were associated with median OS values of 4.7 (95% CI: 3.7–7.3) and 8.0 (95% CI: 6.5–

11.0) months, respectively, with P<0.001 for both comparisons (Fig. 1). Conversely, there 

was no significant survival difference between TACE and IO therapies (median OS: 15.1 

months (95% CI 11.1–22.2) vs. 14.3 months (95% CI: 9.5–27.0); P=0.477). Upon direct 

comparisons among systemic therapies, we found that sorafenib therapy was associated 

with a lower median OS than IO (P=0.010). However, the difference between sorafenib 

and lenvatinib failed to reach statistical significance (P=0.190). IO elicited a significant 

yet modest OS advantage over lenvatinib (P=0.037). 

 

3. Univariable and multivariable Cox regression analyses 

According to the multivariable analysis, factors associated with worse survival 

included ALBI grade 3 (HR: 2.01, 95% CI: 1.25–3.25, P=0.004), elevated PIVKA-II (HR: 

1.06, 95% CI: 1.00–1.13, P=0.045), and PV invasion (segmental/lobar HR: 1.76, 95% CI: 

1.24–2.49, P=0.001; main/contralateral HR: 1.91, 95% CI: 1.25–2.91, P=0.003) (Table 

2). Other clinical and demographic variables showed no significant effects. Upon 

comparing treatments, sorafenib was significantly associated with an increased risk of 

mortality (HR 1.97, 95% CI 1.36–2.85, P<0.001) when compared with TACE. Lenvatinib 

(HR 1.21, 95% CI 0.77–1.90, P=0.411) and IO (HR 1.01, 95% CI 0.61–1.67, P=0.973) 



https://doi.org/10.17998/jlc.2024.05.26 

10 

did not differ significantly in survival outcomes. 

Sequential multivariate models consistently revealed that sorafenib was inferior to 

TACE in terms of OS, with HRs favoring TACE for all adjustments (all P<0.001; 

Supplementary Table 1). Conversely, lenvatinib increased the HRs relative to TACE, 

which decreased with more comprehensive adjustments, losing statistical significance in 

fully adjusted model 4 (P=0.222). IO therapies showed no significant difference in HRs 

when compared with TACE in any model, suggesting that TACE offers a survival benefit 

comparable to that of lenvatinib and IO therapies when demographics, liver function, 

tumor markers, and tumor characteristics are considered.  

 

4. Subgroup analysis 

In the subgroup analysis comparing TACE with systemic therapies (lenvatinib and IO, 

excluding sorafenib), no significant differences were detected in survival in terms of most 

demographic and clinical characteristics, including age, sex, ALBI grade, etiology, and 

PV invasion (P >0.05) (Table 3). Nevertheless, the analysis detected a significant survival 

advantage in patients with smaller intrahepatic tumors (<5 cm) who received TACE when 

compared with those who received systemic therapy, with an adjusted HR of 5.05 

(P=0.02). This finding suggested that TACE yielded a potential benefit in this subgroup. 

Overall, TACE had no significant survival benefit in any examined subgroup when 

compared with systemic therapy. 

 

5. Comparison of Kaplan–Meier curves in PS-matched groups 

After PS matching to ensure group comparability based on key clinical factors 

(Supplementary Table 2–4), Kaplan–Meier survival curves were compared using the log-
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rank test (Fig. 2). The analysis involved 45 matched pairs of TACE versus TKIs (sorafenib 

and lenvatinib), revealing no significant difference in survival (P=0.47). Similarly, no 

significant differences in survival were detected upon comparing 19 matched pairs treated 

with TACE and IO (P=0.66). Additionally, we detected no significant difference in 

survival upon comparing TACE and combined non-sorafenib systemic therapies 

(lenvatinib + IO) involving 39 matched pairs (P=0.3). 

 

DISCUSSION 

 

Herein, we reassessed the role of TACE in treating HCC patients with EHM in the 

current era of advanced systemic therapy. Our study showed that patients with HCC and 

EHM treated with TACE had an OS comparable to that of those treated with newer 

systemic therapies, such as IO. 

In patients with advanced HCC, death is caused predominantly by liver failure owing 

to the progression of intrahepatic disease.18 Locoregional treatments, including TACE, 

are frequently performed palliatively in patients with EHM, with some studies suggesting 

a potential survival advantage.3,4,19 However, these studies typically involved highly 

selective patients with well-preserved liver function, limited metastatic spread to a single 

organ, and controlled intrahepatic lesions, leading to potential biases because of their 

retrospective nature and small sample sizes. The effectiveness of locoregional therapy in 

improving survival among patients with EHM remains uncertain owing to the lack of 

randomized controlled trials that directly compared TACE and systemic therapies in this 

context. Observational studies have reported mixed results, with some indicating survival 

benefits associated with TACE alone or in combination with sorafenib. However, 
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heterogeneity in patient populations and treatment approaches complicates the 

establishment of definitive conclusions, particularly for advanced HCC, in which EHM 

may indicate more aggressive tumor behavior.20-24 

In the current study, patients treated with systemic therapies had a higher incidence of 

unfavorable tumor characteristics than those treated with TACE. After adjustment, OS did 

not differ between patients treated with newer systemic agents and those who received 

TACE. This finding suggests that TACE is comparable to newer systemic agents in terms 

of survival outcomes after adjusting for tumor factors. Moreover, this finding underscores 

the continued relevance of TACE, even with the advent of advanced systemic therapies. 

Herein, sorafenib-treated patients had significantly reduced OS when compared with 

those treated with TACE or other newer systemic agents, even after adjusting for 

demographic variables, liver function parameters, and tumor characteristics. This finding 

differs from a previous study conducted by our group, which found no statistical 

difference in survival between sorafenib- and TACE-treated patients after adjustment, 

suggesting that survival differences may be caused by indication bias rather than TACE 

being an independent prognostic factor.25 The result of this analysis, particularly the 

inferiority of sorafenib to that of other treatments, warrants a re-evaluation in the context 

of recent therapeutic advances. The study period of 2018–2020 coincides with the 

introduction and adoption of newer agents that may relegate sorafenib to a palliative 

option for patients with reduced liver function or those ineligible for newer treatments. 

This shift may explain the observed differences in survival and highlight the evolving 

therapeutic landscape and its effects on treatment efficacy. 

Upon conducting a subgroup analysis excluding sorafenib and focusing on lenvatinib 

and IO, we detected no statistical difference in survival between TACE and combined 
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newer systemic agents in several subgroups, including age, sex, liver function, etiology, 

and tumor characteristics. Conversely, TACE conferred a significant survival benefit over 

systemic therapy in patients with HCC and intrahepatic tumors <5 cm in size. Accordingly, 

TACE may be particularly beneficial in patients with smaller intrahepatic tumors, 

underscoring the need for a tailored treatment approach that leverages the strengths of 

locoregional and systemic therapies to optimize patient outcomes. 

This observational study has several limitations. First, the inherent selection bias of 

observational studies may have impacted our results. The study did not account for 

subsequent treatments following the initial therapy, which possibly affected the OS. 

Second, this study was conducted at a single referral center, and almost all patients were 

Asians from an area endemic for hepatitis B. This specific demographic characteristic 

may limit the generalizability of the results. Third, the study only included a few patients 

treated with IO. Considering the growing use of IOs, the under-representation of patients 

receiving IOs may impact the generalizability of our findings to a broader population of 

patients with HCC currently receiving these agents. Fourth, our study did not examine 

PFS or ORR as secondary outcome measures. These outcomes would offer a 

comprehensive assessment of the therapeutic efficacy of TACE than that of systemic 

therapies. Finally, our retrospective study design did not allow the investigation of the 

safety profiles and tolerability of compared treatments. Acquiring this information can be 

informative and could influence treatment decisions. 

In summary, the role of TACE in managing intrahepatic tumor control in patients with 

HCC with EHM remains valid in the era of new systemic agents. TACE could provide an 

OS comparable to that of newer systemic agents, suggesting that TACE remains a 

valuable strategy for patients with EHM. TACE was associated with superior survival 
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benefits to newer systemic therapies for intrahepatic tumors <5 cm in size, highlighting 

its preferred role. However, further well-designed prospective studies are necessary to 

fully ascertain the effectiveness and applicability of TACE. 
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FIGURE LEGENDS 

 

 

Figure 1. Overall survival according to initial treatment modality. Comparisons were 

performed using the log-rank test. Post-hoc pairwise comparisons of overall survival 

between treatment groups were performed using the log-rank test, with Bonferroni 

correction for multiple testing. TACE, transarterial chemoembolization; IO, 

immunotherapy. 
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Figure 2. Comparison of Kaplan–Meier curves in propensity score matched groups. (A) 

TACE versus TKI; (B) TACE versus IO; (C) TACE versus non-sorafenib systemic 

therapies (lenvatinib and IO). Comparisons were performed using the log-rank test. TACE, 

transarterial chemoembolization; TKI, tyrosine kinase inhibitor; IO, immunotherapy. 
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Table 1. Baseline characteristics 

 Treatment group  

 
TACE 

(n=88) 

Sorafenib 

(n=83) 

Lenvatinib 

(n=49) 

IO 

(n=28) 
P-value 

Age (years) 58.6 ± 11.1 59.8 ± 11.0 56.4 ± 11.0 58.2 ± 11.5 0.383 

Sex (males) 74 (84.1%) 68 (81.9%) 42 (85.7%) 23 (82.1%) 0.944 

Etiology     0.500 

HBV 56 (63.6%) 51 (61.4%) 34 (69.4%) 19 (67.9%)  

HCV 8 (9.1%) 5 (6.0%) 0 (0.0%) 2 (7.1%)  

NBNC 24 (27.3%) 27 (32.5%) 15 (30.6%) 7 (25.0%)  

ECOG 

performance status 
    0.477 

0 75 (85.2%) 71 (85.5%) 42 (85.7%) 20 (71.4%)  

1 12 (13.6%) 11 (13.3%) 7 (14.3%) 7 (25.0%)  

≥2 1 (1.1%) 1 (1.2%) 0 (0.0%) 1 (3.6%)  

CTP grade     0.089 

A 81 (92.0%) 68 (81.9%) 44 (89.8%) 27 (96.4%)  

B 7 (8.0%) 15 (18.1%) 5 (10.2%) 1 (3.6%)  

ALBI grade     <0.001 

1 66 (75.0%) 45 (54.2%) 23 (46.9%) 21 (75.0%)  

2 21 (23.9%) 23 (27.7%) 15 (30.6%) 7 (25.0%)  

3 1 (1.1%) 15 (18.1%) 11 (22.4%) 0 (0.0%)  

AFP                    
177.3 

[9.8; 3592.0] 

2618.5 

[140.6; 29824.1] 

3361.0 

[87.3; 39690.0] 

484.0 

[37.7; 9651.5] 
0.001 

PIVKA-II              
1381.0 

[138.5; 8584.5] 

7976.0 

[1332.0; 28709.0] 

6835.0 

[694.0; 72977.0] 

1686.0 

[232.0; 23459.5] 
0.001 

Tumor number 

(intrahepatic) 
    <0.001 

1 36 (40.9%) 9 (11.0%) 6 (12.2%) 3 (10.7%)  

2 12 (13.6%) 10 (12.2%) 4 (8.2%) 2 (7.1%)  

3 9 (10.2%) 2 (2.4%) 2 (4.1%) 2 (7.1%)  

≥4 31 (35.2%) 56 (68.3%) 32 (65.3%) 20 (71.4%)  

Infiltrative 0 (0.0%) 5 (6.1%) 5 (10.2%) 1 (3.6%)  

Tumor diameter 

(intrahepatic) 
6.5 [3.8; 9.6] 11.1 [7.8; 13.5] 12.4 [10.0; 15.0] 9.9 [6.8; 12.1] <0.001 

PV invasion     <0.001 

None 52 (59.1%) 20 (24.4%) 13 (26.5%) 12 (42.9%)  

Segmental/lobar 28 (31.8%) 38 (46.3%) 18 (36.7%) 11 (39.3%)  

Main/contralateral 8 (9.1%) 24 (29.3%) 18 (36.7%) 5 (17.9%)  

Bile duct invasion 10 (11.4%) 8 (9.8%) 5 (10.2%) 3 (10.7%) 0.989 

Nodal metastasis 42 (47.7%) 49 (59.0%) 27 (55.1%) 18 (64.3%) 0.334 

Distant metastasis     0.123 

Lung metastasis 25 (28.4%) 36 (43.4%) 18 (36.7%) 12 (42.9%)  

Bone metastasis 21 (23.9%) 13 (15.7%) 6 (12.2%) 2 (7.1%)  

TACE, transarterial chemoembolization; IO, immunotherapy; HBV, hepatitis B virus; HCV, 

hepatitis C virus; NBNC, non-B and non-C; ECOG, Eastern Cooperative Oncology Group; 

CTP, Child–Pugh; ALBI, albumin–bilirubin; AFP, alpha-fetoprotein; PIVKA, protein induced 

by vitamin K antagonist; PV, portal vein.  
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Table 2. Univariable and multivariable Cox regression analysis for overall survival 

 Univariable Multivariable 

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

Age 0.99 (0.98–1.01) 0.248   

Sex (male) 0.83 (0.57–1.21) 0.325   

ECOG PS ≥1 (vs. 0) 1.03 (0.71–1.51) 0.878   

ALBI grade     

1 1 (reference)  1 (reference)  

2 1.33 (0.96–1.83) 0.089 1.28 (0.90–1.82) 0.163 

3 2.43 (1.56–3.77) <0.001 2.01 (1.25–3.25) 0.004 

Etiology: viral (vs. non-viral) 0.92 (0.68–1.25) 0.596   

Log (AFP) 1.07 (1.03–1.11) <0.001   

Log (PIVKA-II) 1.12 (1.06–1.18) <0.001 1.06 (1.00–1.13) 0.045 

Tumor number (intrahepatic) ≥3  1.36 (1.01–1.85) 0.045   

Tumor size (intrahepatic) ≥5 cm  1.93 (1.31–2.84) <0.001   

PV invasion     

None 1 (reference)  1 (reference)  

Segmental/lobar 2.03 (1.46–2.81) <0.001 1.76 (1.24–2.49) 0.001 

Main/contralateral 2.46 (1.68–3.61) <0.001 1.91 (1.25–2.91) 0.003 

Lymph node metastasis 1.33 (1.00–1.77) 0.048   

Lung metastasis 1.19 (0.89–1.59) 0.244   

Bone metastasis 0.90 (0.63–1.30) 0.579   

Treatment     

TACE 1 (reference)  1 (reference)  

Sorafenib 2.53 (1.79–3.57) <0.001 1.97 (1.36–2.85) <0.001 

Lenvatinib 1.98 (1.33–2.95) <0.001 1.21 (0.77–1.90) 0.411 

IO 1.18 (0.72–1.93) 0.521 1.01 (0.61–1.67) 0.973 

HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group, PS, 

performance status; ALBI, albumin–bilirubin; AFP, alpha-fetoprotein; PIVKA, protein induced 

by vitamin K antagonist; PV, portal vein; TACE, transarterial chemoembolization; IO, 

immunotherapy.  
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Table 3. Subgroup analysis of overall survival comparing transarterial 

chemoembolization with systemic therapies (lenvatinib and immunotherapy) adjusted for 

clinical and tumor factors 

 Adjusted HR (95% CI)* P-value 

Age (years)   

<60 (n=95) 1.09 (0.62–1.94) 0.76 

≥60 (n=70) 1.83 (0.79–4.22) 0.16 

Sex   

Male (n=139) 1.63 (0.97–2.73) 0.07 

Female (n=26) 0.72 (0.11–4.70) 0.74 

ALBI grade   

1 (n=110) 1.30 (0.76–2.23) 0.33 

2 to 3 (n=55) 0.67 (0.28–1.59) 0.36 

Etiology   

NBNC (n=46) 1.02 (0.35–3.00) 0.97 

Viral (n=119) 1.12 (0.66–1.92) 0.67 

Tumor size (intrahepatic)   

<5 cm (n=36) 5.05 (1.34–19.0) 0.02 

≥5 cm (n=129) 1.09 (0.66–1.79) 0.75 

Tumor number (intrahepatic)   

<3 (n=63) 0.87 (0.34–2.20) 0.76 

≥3 (n=102) 1.17 (0.66–2.08) 0.59 

AFP   

<400 ng/mL (n=83) 1.32 (0.65–2.65) 0.44 

≥400 ng/mL (n=82) 1.49 (0.76–2.92) 0.25 

PIVKA   

<400 ng/mL (n=50) 1.20 (0.40–3.62) 0.74 

≥400 ng/mL (n=115) 1.38 (0.78–2.41) 0.27 

PV invasion   

None (n=77) 1.58 (0.80–3.11) 0.18 

Segmental/lobar (n=57) 0.89 (0.42–1.88) 0.76 

Main/bilateral (n=31) 1.05 (0.30–3.62) 0.94 

*Adjusted for age, sex, ALBI grade, etiology, AFP, PIVKA, size, number, PV invasion except 

for grouping variables. 

TACE, transarterial chemoembolization; IO, immunotherapy; HR, hazard ratio; CI, confidence 

interval; ALBI, albumin–bilirubin; NBNC, non-B non-C; AFP, alpha-fetoprotein; PIVKA, 

protein induced by vitamin K antagonist; PV, portal vein. 
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Supplementary Table 1. Cox regression analysis of transarterial chemoembolization versus systemic therapies across different multivariable 

models 

 Univariable Model 1 Model 2 Model 3 Model 4 

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

TACE 1 (reference)  1 (reference)  1 (reference)  1 (reference)  1 (reference)  

Sorafenib 2.53 (1.79–3.57) <0.001 2.37 (1.67–3.36) <0.001 2.49 (1.75–3.54) <0.001 2.26 (1.52–3.36) <0.001 2.20 (1.47–3.31) <0.001 

Lenvatinib 1.98 (1.33–2.95) <0.001 1.68 (1.11–2.56) 0.015 1.79 (1.19–2.68) 0.005 1.58 (1.00–2.49) 0.048 1.34 (0.84–2.15) 0.222 

IO 1.18 (0.72–1.93) 0.518 1.17 (0.71–1.92) 0.542 1.15 (0.70–1.89) 0.579 1.13 (0.67–1.92) 0.644 1.13 (0.67–1.93) 0.646 

Each model was adjusted as follows, Model 1: age, sex, ALBI grade; Model 2: age, sex, AFP, PIVKA; Model 3: age, sex, AFP, PIVKA, size, number, PV invasion; Model 

4 (all): age, sex, ALBI grade, AFP, PIVKA, size, number, PV invasion. 

HR, hazard ratio; CI, confidence interval; TACE, transarterial chemoembolization. 
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Supplementary Table 2. Comparison of baseline characteristics between matched cohorts: 

TACE vs. TKI 

 Treatment  

 
TACE 

(n=45) 

TKI 

(n=45) 
P-value 

Age (years) 57.2 ± 12.5 57.3 ± 11.6 0.951 

Sex (males) 38 (84.4%) 38 (84.4%) 1 

Etiology   1 

Viral 34 (75.6%) 34 (75.6%)  

NBNC 11 (24.4%) 11 (24.4%)  

ECOG performance status   0.756 

0 38 (84.4%) 40 (88.9%)  

≥1 7 (15.6%) 5 (11.1%)  

ALBI grade   1 

1 33 (73.3%) 33 (73.3%)  

≥2 12 (26.7%) 12 (26.7%)  

Size   1 

<5cm 6 (13.3%) 6 (13.3%)  

≥5cm 39 (86.7%) 39 (86.7%)  

Number   1 

<3 19 (42.2%) 18 (40.0%)  

≥3 26 (57.8%) 27 (60.0%)  

Log AFP                     6.8 ± 3.7  6.5 ± 3.8 0.71 

Log PIVKA-II               8.2 ± 2.3  8.1 ± 2.7 0.935 

PV invasion   0.942 

None 22 (48.9%) 22 (48.9%)  

Segmental/lobar 17 (37.8%) 18 (40.0%)  

Main/contralateral 6 (13.3%) 5 (11.1%)  

Extrahepatic metastasis type   0.682 

Nodal metastasis 17 (37.8%) 14 (31.1%)  

Distant metastasis 20 (44.4%) 20 (44.4%)  

Nodal + distant metastasis 8 (17.8%) 11 (24.4%)  

TACE, transarterial chemoembolization; TKI, tyrosine kinase inhibitor; NBNC, non-B non-C; ECOG, Eastern 

Cooperative Oncology Group; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; PIVKA-II, prothrombin induced 

by vitamin K absence-II; PV, portal vein 
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Supplementary Table 3. Comparison of baseline characteristics between matched cohorts: 

TACE vs. IO 

 Treatment  

 
TACE 

(n=19) 

IO 

(n=19) 
P-value 

Age (years) 52.6 ± 12.5 57.9 ± 13.0 0.212 

Sex (males) 15 (78.9%) 15 (78.9%) 1 

Etiology   0.656 

Viral 17 (89.5%) 15 (78.9%)  

NBNC 2 (10.5%) 4 (21.1%)  

ECOG performance status   1 

0 16 (84.2%) 17 (89.5%)  

≥1 3 (15.8%) 2 (10.5%)  

ALBI grade   1 

1 13 (68.4%) 14 (73.7%)  

≥2 6 (31.6%) 5 (26.3%)  

Size   0.656 

<5cm 2 (10.5%) 4 (21.1%)  

≥5cm 17 (89.5%) 15 (78.9%)  

Number   1 

<3 6 (31.6%) 5 (26.3%)  

≥3 13 (68.4%) 14 (73.7%)  

Log AFP                     7.4 ± 3.8  5.5 ± 3.4 0.115 

Log PIVKA-II               8.1 ± 2.6  7.3 ± 3.0 0.380 

PV invasion   0.547 

None 12 (63.2%) 10 (52.6%)  

Segmental/lobar 5 (26.3%) 8 (42.1%)  

Main/contralateral 2 (10.5%) 1 (5.3%)  

Extrahepatic metastasis type   0.352 

Nodal metastasis 6 (31.6%) 8 (42.1%)  

Distant metastasis 12 (63.2%) 8 (42.1%)  

Nodal + distant metastasis 1 ( 5.3%) 3 (15.8%)  

TACE, transarterial chemoembolization; TKI, tyrosine kinase inhibitor; NBNC, non-B non-C; ECOG, Eastern 

Cooperative Oncology Group; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; PIVKA-II, prothrombin induced 

by vitamin K absence-II; PV, portal vein 
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Supplementary Table 4. Comparison of baseline characteristics between matched cohorts: 

TACE vs. Non-sorafenib 

 Treatment  

 
TACE 

(n=39) 

Non-sorafenib 

(n=39) 
P-value 

Age (years) 57.0 ± 10.2 56.7 ± 11.4 0.925 

Sex (males) 33 (84.6%) 35 (89.7%) 0.735 

Etiology   1 

Viral 31 (79.5%) 30 (76.9%)  

NBNC 8 (20.5%) 9 (23.1%)  

ECOG performance status   1 

0 34 (87.2%) 34 (87.2%)  

≥1 5 (12.8%) 5 (12.8%)  

ALBI grade   1 

1 26 (66.7%) 27 (69.2%)  

≥2 13 (33.3%) 12 (30.8%)  

Size   1 

<5cm 6 (15.4%) 5 (12.8%)  

≥5cm 33 (84.6%) 34 (87.2%)  

Number   1 

<3 13 (33.3%) 14 (35.9%)  

≥3 26 (66.7%) 25 (64.1%)  

Log AFP                     5.8 ± 3.7  6.2 ± 3.7 0.705 

Log PIVKA-II               7.9 ± 2.7  7.6 ± 2.9 0.61 

PV invasion   0.201 

None 18 (46.2%) 17 (43.6%)  

Segmental/lobar 16 (41.0%) 11 (28.2%)  

Main/contralateral 5 (12.8%) 11 (28.2%)  

Extrahepatic metastasis type   0.389 

Nodal metastasis 16 (41.0%) 19 (48.7%)  

Distant metastasis 16 (41.0%) 17 (43.6%)  

Nodal + distant metastasis 7 (17.9%) 3 ( 7.7%)  

TACE, transarterial chemoembolization; TKI, tyrosine kinase inhibitor; NBNC, non-B non-C; ECOG, Eastern 

Cooperative Oncology Group; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; PIVKA-II, prothrombin induced 

by vitamin K absence-II; PV, portal vein 

 

 


