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Background

Hepatocellular carcinoma (HCC) is a major cancer challenge worldwide. Combination therapy using transcatheter arterial chemoembolization (TACE) and percutaneous ablation offers potential for improved outcomes.





Objective

To evaluate the efficacy and liver function preservation in HCC patients treated with combined TACE and percutaneous ablation, identifying key prognostic factors.





Methods

This longitudinal study included 200 HCC patients. Factors analyzed included tumor characteristics, liver function tests, and serologic markers. Statistical analyses determined associations with treatment outcomes and survival.





Results

Smaller tumors (≤5.0 cm) and lower AFP levels (<200 ng/mL) were associated with higher treatment efficacy, with an objective response rate of 67.3% for lower AFP levels versus 42.3% for higher levels. Liver function was better preserved in patients with lower AFP levels (78.2% vs. 57.7%). Tumor size and liver stiffness significantly influenced survival and liver function outcomes.





Conclusion

The combination of TACE and percutaneous ablation enhances outcomes in HCC, guided by specific prognostic markers. This supports the need for personalized approaches in HCC treatment and further research into combination therapies.





Keywords: hepatocellular carcinoma, TACE, percutaneous ablation, treatment efficacy, prognostic factors





Introduction

Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer and the third leading cause of cancer-related mortality worldwide (1, 2). The incidence of HCC is notably high in east Asia, where hepatitis B virus (HBV) remains a predominant cause (3). The incidence is rising due to metabolic dysfunction-associated steatotic liver disease (MASLD) and alcohol-related liver disease (ALD) in Western countries (4, 5). Globally, HCC accounts for approximately 830,000 deaths annually (3, 6). The etiology of HCC is often multifactorial including chronic infections from HBV and hepatitis C virus (HCV), excessive alcohol consumption, and nonalcoholic fatty liver disease (NAFLD) (1, 7). Clinically, HCC often presents asymptomatically in its early stages, leading to delayed diagnoses and poorer prognoses (1).

Treatment strategies for HCC vary based on disease stage and include curative approaches such as surgical resection and liver transplantation (4, 8). Local ablative therapies, including radiofrequency ablation (RFA) and microwave ablation (MWA), are effective for small tumors, while emerging techniques like cryoablation, irreversible electroporation (IRE), and laser ablation offer potential advantages despite limitations such as cryoshock and electrode placement challenges (4). For intermediate-stage disease, loco-regional treatments like transcatheter arterial chemoembolization (TACE) and transarterial radioembolization (TARE) are recommended (2, 4). Systemic therapies, including tyrosine kinase inhibitors like sorafenib and lenvatinib, and immunotherapies such as checkpoint inhibitors (atezolizumab, pembrolizumab), are increasingly utilized, particularly for advanced-stage HCC (4, 8).

TACE and ablation therapies face significant challenges due to resistance mechanisms. One primary mechanism of resistance in TACE is hypoxia-induced angiogenesis, where elevated levels of vascular endothelial growth factor (VEGF) and other growth factors promote new blood vessel formation (9, 10). Tumor heterogeneity also contributes to incomplete necrosis, leading to residual viable tumor cells (11). In ablation therapies, the heat-sink effect, particularly in RFA and MWA, poses a challenge by dissipating heat away from the target area, thus preventing adequate thermal destruction of tumor cells (12). Additionally, achieving an adequate margin in large or irregular lesions is difficult, increasing the risk of residual tumor and early recurrence (11). Clinically, these resistance mechanisms can result in residual viable tumor, intrahepatic spread, or early recurrence, significantly impacting patient outcomes (13).

The overall survival and prognosis of patients are heavily influenced by the stage of the disease, with early-stage patients having a 60–70% 5-year survival rate with curative options, while advanced or metastatic disease sees a significant drop in survival rates (12). Comorbidities and liver function also play crucial roles in determining survival outcomes (12). TACE is associated with post-embolization syndrome and the risk of hepatic decompensation, often necessitating repeat sessions (9). Ablative therapies are limited by maximum lesion size constraints and potential damage to adjacent structures, with risks of hemorrhage and procedure-related complications such as cryoshock in cryoablation (12). Where TACE-induced ischemia can shrink or devitalize tumor tissue, facilitating more complete thermal ablation and potentially extending the size limit for effective ablation (9). Studies suggest that this combination therapy may improve outcomes compared to TACE alone in select patients, enhancing both survival and local control (9).

Identifying factors that predict treatment outcomes in HCC is crucial for optimizing therapeutic strategies and improving patient survival rates. Various studies have highlighted significant clinical, laboratory, and imaging predictors that can guide treatment decisions. Factors such as the absence of extrahepatic metastasis, portal vein thrombosis, and specific blood markers have been associated with better progression-free and overall survival in patients receiving immune checkpoint inhibitors and kinase inhibitors (14). Additionally, advanced imaging techniques, including multiparametric MRI, enhance prognostic accuracy by integrating clinical data with radiomic features (15). Furthermore, nomogram models incorporating clinical characteristics like tumor size and alpha-fetoprotein levels have been developed to predict outcomes in patients undergoing chemotherapy (16). These predictive models are essential for personalizing treatment approaches, ultimately leading to improved management of HCC (17, 18).

The primary objective of this study is to evaluate the efficacy of combining TACE with percutaneous ablation in treating HCC. The research evaluates the impact of this integrated treatment approach on anti-cancer efficacy and liver function preservation in HCC patients. Specifically, we aim to identify predictors for treatment success and contribute to refining therapeutic strategies for HCC.





Materials and methods




Study design and ethical approval

This was a retrospective cohort study conducted at Hong hui Hospital, Xi’an Jiaotong University. From January 2015 to December 2018, we enrolled 200 patients diagnosed with hepatocellular carcinoma (HCC) who underwent TACE followed by percutaneous ablation (radiofrequency or microwave). The study protocol was reviewed and approved by the Institutional Review Board of Hong hui Hospital, Xi’an Jiaotong University. Patient confidentiality was strictly maintained in accordance with the Declaration of Helsinki.

Inclusion Criteria: 1), Age ≥18 years; 2), HCC diagnosis confirmed by dynamic imaging (CT/MRI) and/or histopathology, according to established guidelines; 3), At least one session of TACE plus percutaneous ablation performed during the study period; 4), Adequate liver function (Child-Pugh class A or B) and an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1; 5), Available follow-up data (imaging, laboratory tests) for at least 6 months after the initial therapy or until death.

Exclusion Criteria: 1), Previous liver resection or transplantation prior to TACE plus percutaneous ablation; 2), Extrahepatic metastasis at baseline (e.g., lung, bone) or diffuse tumor burden precluding locoregional treatment; 3), Main portal vein thrombosis (macrovascular invasion in the main trunk); 4), Incomplete clinical data or lost to follow-up prior to the first assessment; 5), Child-Pugh class C or active uncontrolled infection.





Treatment procedures

TACE Procedure: All TACE procedures were performed under digital subtraction angiography (DSA) guidance. The femoral artery was accessed using the Seldinger technique, and a catheter was advanced into the hepatic artery. Selective or super-selective catheterization of tumor-feeding arteries was performed whenever feasible. A mixture of chemotherapeutic agent (e.g., doxorubicin, epirubicin) and lipiodol was injected, followed by embolic particles (gelatin sponge particles) to achieve stasis in the segmental/subsegmental arteries. Patients were monitored for post-embolization syndrome (fever, abdominal pain, nausea) and received supportive care (analgesics, antiemetics, intravenous fluids) as needed.

Percutaneous Ablation: Percutaneous ablation (either radiofrequency ablation or microwave ablation) was typically performed 1–2 weeks after TACE, once liver enzymes and patient status were optimized. Under ultrasound or CT guidance, an electrode/probe was inserted into the target lesion. For radiofrequency ablation, energy was delivered for the recommended duration until achieving an adequate ablation zone encompassing the tumor and a ~0.5–1 cm margin. For microwave ablation, similar protocols were applied depending on lesion size and location. Vital signs were closely observed to detect complications (e.g., hemorrhage, adjacent organ injury). Follow-up CT or MRI was performed within 4–6 weeks to evaluate the ablation zone.





Data collection

Baseline demographics (age, sex, etiology of liver disease), clinical profiles (ECOG status, Child-Pugh class, albumin-bilirubin [ALBI] grade, Model for End-Stage Liver Disease [MELD] score), and tumor characteristics (size, number of nodules, macrovascular invasion, alpha-fetoprotein [AFP] level) were extracted from medical records. AFP was recorded at baseline and during follow-up. In some patients, inflammatory markers (NLR, CRP) were collected if routinely measured. Transient elastography (FibroScan®) or shear-wave elastography was performed within 3 months before TACE, the stiffness value (kPa) was recorded.





Risk score calculation and stratification

The hazard ratio (HR) of identified independent prognostic factors via multivariate Cox regression was converted to a point value by comparing its Cox regression coefficient (β) to that of the smallest β (our reference factor) and rounding to the nearest integer. The high-risk and low-risk score were determined by Kaplan-Meier survival analysis with best stratification of the populations.





Statistical analysis

All analyses were performed using SPSS version 28. Categorical variables are expressed as frequencies and percentage, while continuous variables are expressed as median (range) or mean ± SD as appropriate. Kaplan–Meier method was used to estimate survival curves for OS and RFS. Differences between groups were compared by the log-rank test. Hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated via univariate Cox regression to identify potential prognostic factors (tumor size, Child-Pugh class, AFP, etc.). Variables with p < 0.05 in univariate testing (or of clinical relevance) were entered into a Cox proportional hazards model to estimate independent predictors of survival. Adjusted HRs (95% CI) and p-values were reported. A point-based risk score was derived, patients were stratified into low- vs. high-risk (or multi-tier) groups based on a chosen cutoff. Survival curves and log-rank p-values were then compared among these subgroups. A two-sided p < 0.05 was considered statistically significant.






Result




Patient and treatment characteristics in HCC therapy

A total of 200 HCC patients treated with TACE combined with percutaneous ablation were enrolled in this study. The baseline clinical characteristics were presented in Table 1.


Table 1 | Clinical characteristics of participants.



In the subgroup analyses, we compared key baseline biomarkers, treatment efficacy, and liver function preservation across age groups (<60 vs. ≥60 years, Supplementary Table S1), cirrhosis status (present vs. absent, Supplementary Table S2), and etiology (HBV, HCV, alcoholic/other, Supplementary Table S3). Younger patients (<60 years) had smaller median tumor sizes (4.5 vs. 5.0 cm, p=0.048), lower AFP levels (150 vs. 320 ng/mL, p=0.032), and lower liver stiffness (15.0 vs. 17.0 kPa, p=0.045) relative to those ≥60 years, with a corresponding improvement in objective response rate (60.2% vs. 48.0%, p=0.041). Among patients with cirrhosis versus those without, AFP was higher in the cirrhotic group (210 vs. 150 ng/mL, p=0.044) and liver stiffness was markedly elevated (20.0 vs. 8.5 kPa, p<0.001). Although cirrhotic versus non-cirrhotic groups showed no significant difference in objective response rate (50.4% vs. 56.2%, p=0.311), cirrhotic patients were significantly less likely to maintain Child-Pugh class A/B (64.3% vs. 82.2%, p=0.007). Regarding etiology, patients with HBV-associated HCC demonstrated higher AFP levels compared to HCV or alcoholic/other etiologies (300 vs. 180 vs. 90 ng/mL, p=0.039), yet no significant differences emerged in tumor size, objective response, or liver function preservation (p>0.05). Collectively, these findings underscore that age, cirrhosis status, and etiology may influence baseline biomarker profiles and, to a lesser extent, treatment outcomes in this HCC population.





Impact of baseline characteristics on treatment outcomes in HCC patients

In a univariate analysis assessing factors influencing anti-cancer efficacy and liver function in HCC patients treated with TACE and percutaneous ablation, several variables demonstrated significant associations. Patients with baseline AFP levels below 200 ng/mL exhibited higher objective response rates (ORR) of 67.3% and better preservation of Child-Pugh A/B status at 78.2%, compared to those with AFP levels of 200 ng/mL or higher (Table 2). Similarly, liver stiffness below 15 kPa was associated with a higher ORR and preservation for liver function (Table 2). Patients classified as Child-Pugh Class A showed superior ORR (64.1%) and preservation of liver function (90.6%) than those in Classes B (Table 2). Lower neutrophil-to-lymphocyte ratio (NLR) and C-reactive protein (CRP) levels also correlated with improved outcomes, as did smaller tumor sizes (≤5.0 cm) (Table 2).


Table 2 | Univariate analysis of factors associated with anti-cancer efficacy and liver function preservation.







Multivariate analysis of survival factors in HCC treatment

Next, we performed a multivariate Cox regression analysis for OS in HCC patients treated with TACE and percutaneous ablation. Tumor size remained a robust factor with a HR of 1.88 (95% CI: 1.22–2.90, p=0.004) after adjusting for other variables (Table 3). Macrovascular invasion also showed a significant impact with an HR of 1.52 (Table 3). Child-Pugh class was another critical determinant, with an HR of 1.94 (Table 3). Baseline AFP levels and liver stiffness were associated with HRs of 1.38 (p=0.046) and 1.42 (p=0.050), respectively (Table 3). The NLR approached significance, with an HR of 1.24 (p=0.051) (Table 3). Factors such as CRP levels and type of ablation did not show a significant impact in the multivariate setting (Table 3).


Table 3 | Multivariate cox regression for overall survival.







Survival analysis by risk level in Kaplan-Meier curves

We identified six independent prognostic factors via multivariate Cox regression (including tumor size, Child-Pugh class, and others) and calculated points for each factor. Summing these points yielded a score ranging from 0 (no adverse factors) to a maximum of 13 (all high-weight factors present). We observed that scores from 0 to 6 best captured the low-risk population based on our Kaplan-Meier survival analysis, while patients accumulating more than 6 points had significantly worse outcomes and were thus classified as high-risk (Figure 1).




Figure 1 | Kaplan-Meier survival curve for HCC patients at high and low risks.








Discussion

This study explored the efficacy of combining TACE with percutaneous ablation in treating HCC. Our findings underscore the significant impact of this combined treatment approach on enhancing anti-cancer efficacy. Notably, prognostic factors were identified that influenced these outcomes. Factors such as baseline AFP levels, liver stiffness, Child-Pugh class, NLR, and tumor size were significant predictors of treatment success. These findings are critical as they highlight specific patient characteristics and tumor metrics that could be considered in personalizing treatment plans for HCC.

The observed improvement in OS and DFS in our study parallels findings in prior research demonstrating in a meta-analysis that combining TACE with percutaneous ablation significantly improved tumor response and survival rates compared to either treatment alone, particularly in patients with unresectable HCC (19). These improvements in liver function indicators corroborate the findings of Keshavarz et al., who noted enhanced liver function preservation and reduced recurrence rates when TACE was combined with ablation (20). Importantly, our results emphasize the prognostic significance of baseline factors. Patients with lower AFP levels demonstrated superior response rates and better liver function preservation. Similarly, smaller tumor sizes correlated with better outcomes. These findings align with study demonstrating that combining TACE with RFA for small HCC tumors resulted in significantly higher response rates and better survival (21). Lastly, the association of improved outcomes with reduced tumor size and macrovascular invasion aligns with the broader literature on predictive factors in HCC management. Integrated treatment approaches like TACE combined with local therapies offer superior benefits, particularly when addressing high-risk tumor features (22).

Biomarkers play a crucial role in the prognosis and treatment of HCC, a leading cause of cancer-related mortality. Recent studies have identified several key biomarkers, including AFP, glypican 3, and des-gamma-carboxy prothrombin, which are significant for early detection and personalized treatment strategies (23, 24). Advanced technologies such as next-generation sequencing and liquid biopsies have enhanced the understanding of HCC’s molecular landscape, revealing inter- and intra-tumoral heterogeneity that complicates treatment responses (23, 25). Additionally, immunological markers like PD-L1 expression and tumor-infiltrating lymphocytes are critical for predicting immunotherapy efficacy (26). Despite these advancements, challenges remain in biomarker validation and integration into clinical practice, necessitating further research and collaboration to optimize HCC management (23, 26).

Recent studies have identified several promising biomarkers, including CXCL1 and CXCL6, which are upregulated in TACE responders (27). Additionally, traditional biomarkers like alpha-fetoprotein are commonly used, but emerging candidates such as des-gamma-carboxyprothrombin and various microRNAs are being explored for their prognostic capabilities (28, 29). A multi-omics approach is required to better understand tumor characteristics and improve patient stratification for therapies like TACE and ablation (25, 29). Overall, integrating these biomarkers into clinical practice could enhance treatment outcomes and patient management strategies in HCC (30). Our study highlights key differences in patient selection, treatment protocols, and outcome measures that may explain variations in the efficacy of combining TACE with percutaneous ablation for HCC. We found that patients with lower AFP levels and smaller tumors exhibited better response rates and liver function preservation, aligning with findings suggested that the significance of stratifying patients based on liver function and tumor burden (31). AFP is a glycoprotein produced during fetal development, which is re-expressed in HCC, often indicating aggressive disease biology and greater tumor burden (32, 33). TACE reduces blood supply to tumors, inhibiting AFP production, while percutaneous ablation directly destroys AFP-producing cells. Persistently high AFP levels post-procedure may indicate incomplete tumor necrosis or early recurrence (34, 35). Studies have shown that lower baseline AFP correlates with better response to TACE or ablation (35, 36). However, not all HCC patients overexpress AFP, and high AFP levels do not specify lesion location or invasiveness (36). Clinically, AFP serves as a practical indicator for treatment efficacy, with lower levels associated with improved tumor response and survival outcomes (33). However, strict patient selection remains essential to minimize risks and maximize efficacy (37). These findings emphasize the importance of personalized treatment strategies, combining advanced imaging, biomarkers, and multimodal therapies to optimize outcomes in HCC management. Tailoring TACE protocols to patient-specific tumor characteristics could further improves treatment outcomes (38).

While the study provides valuable insights into the efficacy of combining TACE with percutaneous ablation for treating HCC, several limitations must be acknowledged. Firstly, the retrospective nature of the study might introduce potential biases related to data collection and patient selection. Another concern is the generalizability of the findings. The participants, while diverse, may not completely represent all demographics, which can influence treatment responses and outcomes. Furthermore, the study settings and conditions might limit the applicability of the results to settings outside of the study environment, such as different healthcare systems or clinical practices. Addressing these limitations in future research could involve designing prospective studies with broader, more diverse patient populations to enhance the external validity and applicability of the findings.

Our results reinforce the importance of established prognostic factors—such as tumor size and baseline AFP levels—and demonstrate how these can be integrated into a risk-based scoring approach for HCC patients. This scoring model may help refine patient selection and implementation strategies for TACE combined with percutaneous ablation in clinical practice.
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