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Purpose

This study aimed to assess the efficacy and safety of combining transarterial chemoembolization (TACE) with lenvatinib and a PD-1 inhibitor (TACE+LEN+PD-1) compared to TACE combined with lenvatinib alone (TACE+LEN) in intermediate-stage hepatocellular carcinoma (HCC) patients exceeding the up-to-7 criteria





Materials and methods

Data from 115 patients with intermediate-stage HCC exceeding the up-to-7 criteria, treated between January 2015 and December 2023, were prospectively collected and retrospectively analyzed. Key clinical outcomes, including overall survival (OS), progression-free survival (PFS), tumor response rates based on modified Response Evaluation Criteria in Solid Tumors (mRECIST), and adverse events (AEs), were evaluated and compared between the two treatment groups. Univariate and multivariate analyses were performed to identify factors affecting OS and PFS.





Results

Among the patients, 35 received TACE+LEN+PD-1, and 80 underwent TACE+LEN. The TACE+LEN+PD-1 group achieved a longer median PFS (10.0 months vs. 5.7 months; P=0.002) and a median OS of 21.0 months, compared to 16.2 months in the TACE+LEN group, though the OS difference was not statistically significant (P=0.096). Progression to macrovascular invasion (MVI) or extrahepatic spread (EHS) was delayed in the TACE+LEN+PD-1 group compared to the TACE+LEN group (12.0 months vs. 7.5 months; P=0.007). Multivariate analysis identified treatment modality and tumor burden score (TBS) as independent prognostic factors for OS and PFS. Subgroup analyses showed that patients with an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 or HBV positivity derived greater benefits from TACE+LEN+PD-1, while those with high TBS or a Child-Pugh score of 7 did not show similar advantages. The rates and severity of AEs were comparable between groups (any grade: 88.6% vs. 91.3%, P=0.733; grade 3 or 4: 48.6% vs. 42.5%, P=0.546).





Conclusion

TACE+LEN+PD-1 significantly improved PFS, particularly by delaying progression to MVI or EHS after the first TACE session in intermediate-stage HCC patients exceeding the up-to-7 criteria, compared to TACE+LEN. Subgroup analysis indicated superior survival benefits for patients with a PS of 0 or HBV positivity, but not in those with high TBS or a Child-Pugh score of 7. The safety profile of TACE+LEN+PD-1 was comparable to TACE+LEN. However, the OS benefit between the two groups was not statistically significant.
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Introduction

Hepatocellular carcinoma (HCC) ranks among the leading causes of cancer-related deaths globally, with over 50% of cases occurring in China. The majority of HCC patients in China are diagnosed at intermediate or advanced stages, primarily due to hepatitis B virus (HBV) infection, the dominant etiological factor (1). For intermediate-stage HCC, the China Liver Cancer Staging (CNLC) system currently recommends transarterial chemoembolization (TACE) as the standard treatment (2). However, its efficacy in patients with intermediate-stage HCC and high tumor burden has been increasingly questioned (3).

The up-to-7 criteria, originally designed as a prognostic tool to evaluate liver transplantation eligibility in HCC patients, have also become a common method for assessing tumor burden in intermediate-stage cases (4, 5). These criteria stipulate that the sum of the largest tumor diameter (in centimeters) and the number of tumors should not exceed seven. According to the Asia-Pacific Primary Liver Cancer Expert (APPLE) consensus, TACE alone is not recommended for treating intermediate-stage HCC patients with tumors that exceed the up-to-7 criteria (6). Consequently, TACE alone should not be used as first-line therapy in patients who do not meet these criteria. Furthermore, TACE combined with sorafenib represents a viable treatment option for patients with intermediate-stage HCC, particularly those exceeding the up-to-7 criteria (7). The final outcomes of the TACTICS trial suggested that combining TACE with systemic therapy may be necessary for patients whose tumors exceed the up-to-7 criteria.

Lenvatinib, a multikinase inhibitor, exerts its effects by targeting several critical receptors, including vascular endothelial growth factor (VEGF) receptors 1-3, fibroblast growth factor (FGF) receptors 1-4, platelet-derived growth factor (PDGF) receptor alpha, KIT, and rearranged during transfection (RET) (8). The REFLECT trial demonstrated that lenvatinib is non-inferior to sorafenib regarding overall survival (OS), leading to its recommendation as a first-line treatment for advanced HCC. Moreover, the LAUNCH trial underscored the potential benefits of combining TACE with lenvatinib as a first-line therapy for advanced-stage HCC (9). Additionally, findings from a phase 2, prospective, multicenter, single-arm trial provided encouraging evidence of the efficacy and safety of TACE combined with lenvatinib in unresectable intermediate-stage HCC patients who are not suitable candidates for TACE monotherapy (10). These results suggest that TACE combined with lenvatinib could serve as a viable treatment strategy for patients with intermediate-stage HCC exceeding the up-to-7 criteria.

The introduction of atezolizumab and bevacizumab as first-line treatments for unresectable HCC has paved the way for integrating immunotherapy into HCC treatment regimens (11). Additionally, a phase Ib study demonstrated that lenvatinib combined with pembrolizumab shows promising antitumor activity with manageable toxicities in patients with unresectable HCC (12). In a retrospective cohort study, TACE combined with lenvatinib and a programmed cell death 1 (PD-1) inhibitor significantly improved survival and tumor response compared to TACE combined with lenvatinib in advanced HCC patients, especially those with extrahepatic metastasis or multiple tumors (13). Despite these advances, the role of PD-1 inhibitors in intermediate-stage HCC, particularly in cases exceeding the up-to-7 criteria, remains controversial. This uncertainty arises from the lack of definitive evidence on treatment sequencing and head-to-head comparisons, making the choice between immunotherapy and kinase inhibitors largely empirical. Given the promising survival benefits observed with the combination of TACE and lenvatinib (TACE+LEN) in intermediate-stage HCC patients exceeding the up-to-7 criteria, there is ongoing debate over whether the addition of a PD-1 inhibitor to this regimen is justified.

We hypothesize that a comprehensive treatment approach combining TACE with lenvatinib and a PD-1 inhibitor (TACE+LEN+PD-1) could serve as a more effective therapeutic strategy for intermediate-stage HCC patients exceeding the up-to-7 criteria. This retrospective analysis aims to assess the efficacy and safety of TACE+LEN+PD-1 compared to TACE+LEN in this patient population.





Materials and methods




Study design and patient selection

This study was approved by the ethics committee of our hospital and conducted in accordance with the Declaration of Helsinki. The requirement for written informed consent was waived because this study was retrospective. The diagnosis of intermediate-stage HCC exceeding the up-to-7 criteria was confirmed according to the CNLC algorithm and the APPLE consensus. Patients were grouped based on the initial treatment modality selected at the time of diagnosis. From January 2015 to December 2023, a total of 193 patients with intermediate-stage HCC exceeding the up-to-7 criteria, who had selected either TACE+LEN+PD-1 or TACE+LEN as their initial therapy, were retrospectively reviewed at the first affiliated hospital of Sun Yat-sen university in China.

The eligibility criteria were: 1) a diagnosis of intermediate-stage HCC beyond the up-to-7 criteria confirmed by imaging and/or pathological diagnosis; 2) age 18–80 years with a life expectancy of at≥3 months (3); CNLC Stage Ib/IIa/IIb; 4) Eastern Cooperative Oncology Group (ECOG) performance status (PS) (14) of 0–1 before TACE, and Child–Pugh class (15) A or B7; 5) normal coagulation or renal function, corrected by appropriate treatment.

The exclusion criteria included: 1) a tumor burden exceeding 70% of the whole liver, diffuse type HCC; 2) having received previous systemic therapy, TACE, or radioactive seed implantation; 3) having received other anti-tumor treatments during the follow-up period, including local ablation, radioactive seed implantation, surgical resection, or other systemic therapy; 4) pulmonary fibrosis or autoimmune disease; 5) severe renal dysfunction, coagulation disorders, or cardiopulmonary dysfunction that cannot be corrected; 6) incomplete data.





TACE procedure

TACE was administered based on patient preference for either conventional TACE (cTACE) or drug-eluting bead TACE (DEB-TACE). For cTACE, a mixture of lipiodol (Hengrui, Suzhou, China) and epirubicin (Pfizer, New York, USA) was infused into the tumor’s blood supply, followed by embolization using absorbable gelatin sponge (Alicon, Hangzhou, China). For DEB-TACE, drug-eluting beads like Callispheres (Hengrui, Suzhou, China) or DC Bead (Boston Scientific, Natick, USA) were employed, with epirubicin loaded into the beads before administration. In cases of residual tumors, additional embolization with absorbable gelatin sponge was performed. In situations where arterioportal or arteriovenous fistulas were present, the fistulas were first treated with embolization using 350-560 µm absorbable gelatin sponge before the introduction of the drug-oil emulsion or drug-loaded beads.

The multidisciplinary liver cancer team determined the overall treatment strategy, and experienced interventional radiologists (WZ Fan, JP Li) performed the TACE procedures. These procedures involved selective catheterization to pinpoint the feeding arteries, with superselective catheterization performed whenever possible. The choice between DEB-TACE and cTACE was guided by the operator’s expertise, and the size of the embolic materials ranged from 100µm to 500µm, chosen based on intraoperative findings. The embolization endpoint was marked by stasis in the tumor-feeding artery over 3 to 4 cardiac cycles, adhering to the Chinese clinical guidelines for TACE (16). TACE sessions were repeated when necessary, based on the presence of viable tumor tissue as determined by follow-up imaging such as computed tomography (CT) or magnetic resonance imaging (MRI), assuming the patient’s overall condition and organ function remained stable.





Lenvatinib and PD-1 inhibitor administration

Lenvatinib (Eisai, Tokyo, Japan) and a PD-1 inhibitor were introduced within 7 days following the initial TACE procedure. Lenvatinib was administered orally at a dose of 12 mg daily for patients weighing 60kg or more, and 8 mg daily for those under 60kg. The PD-1 inhibitors–pembrolizumab (Merck & Co., New Jersey, USA) sintilimab (Innovent Biologics, Suzhou, China), tislelizumab (BeiGene, Shanghai, China), or camrelizumab (Hengrui, Suzhou, China) –were administered intravenously at a dose of 200 mg every three weeks. Adjustments or discontinuation of these medications were made based on the occurrence and severity of any drug-related adverse events (AEs), following the drug guidelines. This treatment was continued without interruption during the perioperative period of repeated TACE.





Follow-up and tumor burden score

Baseline data, follow-up laboratory results, imaging results (such as contrast-enhanced abdominal CT, MRI, and chest CT), and clinical events (e.g., refractory ascites, gastrointestinal bleeding, and liver failure), were analyzed to assess the differences in efficacy and safety between the TACE+LEN+PD-1 or TACE+LEN group. The tumor burden score (TBS) is a prognostic marker for HCC undergoing TACE, calculated using the maximum tumor size and number of tumors. TBS was calculated using the following formula: TBS2= (maximum tumor diameter)2 + (number of tumors)2, as previously reported. A TBS greater than 13.74 is considered high, while a TBS less than 13.74 is considered low (17). Patients were followed up every 6 to 8 weeks, with blood tests conducted within 3 days before TACE and 2 days after TACE. The final follow-up was conducted on December 31 2023. During follow-up, TACE was repeated according to radiological assessment and patient condition. Besides, the treatment was discontinued in cases of intolerable toxicity, disease progression, or changes in the treatment plan.

Tumor response was assessed through CT or MRI imaging, using the modified Response Evaluation Criteria in Solid Tumors (mRECIST) (18). Liver function was evaluated based on the Child-Pugh classification (15). The decision for repeated TACE sessions was guided by a combination of tumor response, liver function status, and ECOG PS. Overall survival (OS) was defined as the interval between the first TACE session and either the date of death or the last follow-up. Progression-free survival (PFS) referred to the time from the initial TACE session to radiologic disease progression, as determined by mRECIST criteria, or death from any cause. PFS1 specifically represented the time from the first TACE session to intrahepatic tumor progression, whereas PFS2 marked the time from the initial TACE session until stage progression, which included the development of macrovascular invasion (MVI) or extrahepatic spread (EHS). The objective response rate (ORR) was defined as the proportion of patients achieving either complete response (CR) or partial response (PR), while the disease control rate (DCR) encompassed the sum of ORR and stable disease (SD), in accordance with mRECIST criteria (18).





Statistical analyses

Categorical variables were expressed as patient numbers and corresponding percentages, while continuous variables were represented as mean ± standard deviation for data with normal distribution and as median (range) for data without normal distribution. Comparisons of categorical variables were conducted using the chi-square test or Fisher’s exact test, depending on the context. For continuous variables, Student’s t-test was applied to normally distributed data, whereas the Mann-Whitney U test was used for non-normally distributed data. The Kaplan-Meier method was employed to estimate survival curves, with group differences evaluated using the log-rank test. Variables showing a p-value<0.10 in univariate analysis were included in a multivariate Cox proportional hazards regression model to determine independent prognostic factors for OS and PFS. Statistical analyses were performed using SPSS Statistics (version 22.0, IBM, Armonk, New York, USA) and GraphPad Prism (version 10.0, GraphPad Software, San Diego, California, USA). All tests were two-sided, with statistical significance defined as a p-value<0.05.






Results




Baseline characteristics

During the study period, a total of 391 HCC patients with intermediate-stage HCC beyond the up-to-7 criteria were screened for eligibility. Of these, 193 patients were treated with either TACE+LEN+PD-1 or TACE+LEN. A total of 78 patients were excluded based on the exclusion criteria (Figure 1). Finally, 115 patients were included in the analysis, with 35 in the TACE+LEN+PD-1 group and 80 in the TACE+LEN group. The baseline characteristics of the two groups were well-matched, as shown in Table 1.




Figure 1 | Flow diagram of patient enrollment. HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; LEN, Lenvatinib.




Table 1 | Baseline characteristics of the patients.



The mean age was 55.7 ± 11.7 years in the TACE+LEN+PD-1 group and 54.5 ± 13.2 years in the TACE+LEN group. In both groups, nearly 90% of HCC cases were associated with HBV infection. Additionally, in the TACE+LEN+PD-1 group, 15 patients (42.8%) had a low TBS while 20 patients (57.2%) had a high TBS. In the TACE+LEN group, 46 patients (57.5%) had a low TBS and 34 patients (42.5%) had a high TBS (Table 1). Patients in the TACE+LEN group underwent an average of 2.7 (range, 1-5) TACE sessions per patient, while those in the TACE+LEN+PD-1 group had an average of 2.9 (range, 2-6) procedures (P=0.130). The mean duration of lenvatinib treatment was 7.8 ± 6.7 months (range, 1.3-37.2) in the TACE+LEN+PD-1 group and 9.3 ± 5.4 months (range, 1.9-31.9) in the TACE+LEN group. The distribution of PD-1 inhibitors used in the TACE+LEN+PD-1 group was as follows: 10 patients (28.6%) received pembrolizumab, 14(40.0%) received sintilimab, 4(11.4%) received tislelizumab, and 7(20.0%) received camrelizumab.





Survival and tumor responses

The follow-up period ranged from 2.6 to 51.5 months, with a median of 18.9 months. During this period, 23 patients (65.7%) in the TACE+LEN+PD-1 group and 52 patients (65.0%) in the TACE+LEN group died. Kaplan-Meier survival analysis demonstrated a median PFS of 5.7 months in the TACE+LEN group compared to 10.0 months in the TACE+LEN+PD-1 group, indicating a significant improvement of 4.3 months (hazard ratio [HR]=1.749, 95% confidence interval [CI] 1.138-2.690, P=0.011) (Figure 2). The median OS was 16.2 months in the TACE+LEN group and 21.0 months in the TACE+LEN+PD-1 group, representing a numerical extension of 4.8 months, though this difference did not reach statistical significance (HR=1.510, 95% CI 0.929-2.453, P=0.096) (Figure 2). Among patients with intrahepatic tumor progression, the median PFS1 was 5.3 months in the TACE+LEN group and 10.0 months in the TACE+LEN+PD-1 group, with no statistically significant difference between the two groups (HR=1.759, 95% CI 0.949-3.259, P=0.072) (Figure 3). In patients who developed MVI or EHS, the median PFS2 was significantly longer in the TACE+LEN+PD-1 group compared to the TACE+LEN group (12.0 vs. 7.5 months; HR=1.979; 95% CI 1.127-3.476, P=0.007) (Figure 3).




Figure 2 | Kaplan-Meier curves of (A) PFS based on mRECIST and (B) OS for patients in the TACE+LEN+PD-1 and TACE+LEN groups. Dotted areas: 95% Cls. TACE, transarterial chemoembolization; LEN, lenvatinib; PFS, progression-free survival; OS, overall survival; RECIST, Response Evaluation.






Figure 3 | Kaplan-Meier curves of (A) PFS based on mRECIST and (B) OS for patients in the TACE+LEN+PD-1 and TACE+LEN groups. Dotted areas: 95% Cls. TACE, transarterial chemoembolization; LEN, lenvatinib; PFS, progression-free survival; OS, overall survival; RECIST, Response Evaluation.



Tumor responses following the first TACE procedure for both groups are summarized in Table 2. According to mRECIST criteria, the TACE+LEN+PD-1 group exhibited a higher ORR (82.9% vs. 73.7%, P=0.289) and DCR (88.6% vs. 82.5%, P=0.410) compared to the TACE+LEN group. However, these differences in ORR and DCR between the two groups were not statistically significant.


Table 2 | Tumor response rates according to mRECIST.







Prognostic factors analysis

Based on the results of the univariate and multivariate analyses (Table 3), treatment option (TACE+LEN vs. TACE+LEN+PD-1; hazard ratio [HR]=0.544, 95% CI 0.305-0.908, P=0.020) and TBS (low vs. high; HR=1.772, 95% CI 1.183-3.520, P=0.010) were identified as the independent prognostic factors for PFS. In addition, treatment option (TACE+LEN vs. TACE+LEN+PD-1; HR=0.519, 95% CI 0.285-0.944, P=0.032) and TBS (HR=1.904, 95% CI 1.092-3.320, P=0.023) were also identified as the independent prognostic factors for OS.


Table 3 | Analyses of prognostic factors for survival.



Subgroup analyses examining factors influencing PFS and OS revealed that the TACE+LEN+PD-1 treatment regimen offered a significant survival advantage for patients with a PS of 0 or those who were positive for HBV. However, it did not demonstrate clinical benefits in patients with a high TBS, an alpha-fetoprotein (AFP) level of ≥400 ng/mL, or a Child-Pugh score of 7. The results of the subgroup analyses for OS and PFS (mRECIST), based on baseline characteristics, are illustrated in the forest plots shown in Figures 4A, B.




Figure 4 | Forest plot of (A) PFS based on mRECIST and (B) OS for patients in different subgroups between the TACE+LEN+PD-1 and TACE+LEN groups. TACE, transarterial chemoembolization; LEN, lenvatinib; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group Performance Status; HBsAg, hepatitis B surface antigen; TBS, tumor burden score; AFP, a-fetoprotein.







Safety

A total of 106 out of 115 patients (92.2%) experienced treatment-related adverse events (AEs), with no grade 5 AEs reported (Table 4). The frequency and severity of AEs associated with TACE were comparable between the TACE+LEN+PD-1 group and the TACE+LEN group (any grade: 88.6% vs. 91.3%, P=0.733; grade 3 or 4: 48.6% vs. 42.5%, P=0.546). Common TACE-related AEs included abdominal pain and fever, occurring in 12 (34.3%) and 10 (28.6%) patients in the TACE+LEN+PD-1 group, and in 21 (26.3%) and 17 (21.3%) patients in the TACE+LEN group, respectively (P=0.381 and 0.394).


Table 4 | Treatment-related adverse events.



Similarly, the incidence and severity of drug-related AEs were akin between the two groups (any grade: 82.9% vs. 88.8%, P=0.388; grade 3 or 4: 51.4% vs. 40.0%, P=0.255). In the TACE+LEN+PD-1 group, the rates of any grade AEs and grade 3–4 AEs associated with lenvatinib were comparable to those in the TACE+LEN group. However, the occurrence of any grade immune-related adverse events (irAEs), such as pneumonitis and hyperthyroidism, was significantly higher in the TACE+LEN+PD-1 group compared to the TACE+LEN group (P=0.022 and 0.027, respectively). There were no significant differences noted in grade 3 or 4 AEs. Notably, no patients in either group experienced treatment-related mortality.






Discussion

In this study, we observed that TACE+LEN+PD-1 provided a significant PFS advantage over TACE+LEN in patients with intermediate-stage HCC exceeding the up-to-7 criteria. This advantage was evidenced by an increase in median PFS from 5.7 to 10.0 months, particularly in patients who developed MVI or EHS. Furthermore, the TACE+LEN+PD-1 group showed improved OS (from 16.2 to 21.0 months), ORR, and DCR compared to the TACE+LEN group, though these differences did not reach statistical significance. Univariate and multivariate analyses identified the addition of a PD-1 inhibitor and TBS as independent predictors of OS and PFS between the two groups. Subgroup analyses revealed that the addition of a PD-1 inhibitor was particularly beneficial in patients with an ECOG PS of 0 or those who were HBV positive. However, the addition of a PD-1 inhibitor did not show benefits in patients with a Child-Pugh score of 7. Importantly, the addition of a PD-1 inhibitor did not introduce additional safety concerns in the TACE+LEN+PD-1 group. In conclusion, the combination of TACE, lenvatinib, and a PD-1 inhibitor may offer synergistic antitumor activity, contributing to improved clinical outcomes in patients with intermediate-stage HCC exceeding the up-to-7 criteria.

A key finding of our study was the significant prolongation of time from the first TACE session to stage progression, demonstrating that the addition of PD-1 inhibitors not only enhances PFS but also delays the development of more aggressive disease features. This effect is likely attributable to the ability of PD-1 inhibitors to activate T cells, thereby enhancing the immune system’s capacity to eliminate tumor cells (19, 20). Immune activation induced by PD-1 inhibitors can act as a ‘supplementary strike’ against residual tumor cells following TACE+LEN treatment. This may effectively delay the onset of aggressive disease characteristics, such as MVI or EHS (21, 22). The addition of PD-1 inhibitors significantly extended the time to stage progression. This allowed patients to remain in the intermediate stage of HCC for a longer period, preserving liver function and providing opportunities for repeated TACE or systemic therapies.

Recently, several studies have explored the efficacy and safety of TACE+LEN+PD-1 versus TACE+LEN across different HCC subtypes. In patients with intermediate-stage HCC beyond the up-to-11 criteria, one study demonstrated that the TACE+LEN+PD-1 group achieved significantly longer PFS (8.5 months) and OS (31.5 months) compared to the TACE+LEN group (PFS: 5.5 months, OS: 20.5 months) (23). Similarly, another study found that in patients with unresectable recurrent HCC meeting the up-to-7 criteria, the median PFS was markedly longer in the TACE+LEN+PD-1 group (24.1 months) compared to the TACE+LEN group (17.3 months, P< 0.001) (24). Furthermore, in advanced HCC, another study reported that the TACE+LEN+PD-1 group achieved a PFS of 7.3 months and an OS of 16.9 months, outperforming the TACE+LEN group (PFS: 4.0 months, OS: 12.1 months) (13). However, the difference in PFS and OS compared with previous research may be explained by higher tumor burden and different CNLC stage in our study. In our cohort, over 50% of patients had a high TBS, a validated metric for predicting survival outcomes in intermediate-stage patients undergoing TACE (17). Elevated TBS is often associated with more aggressive tumor biology, which may adversely impact treatment efficacy and overall outcomes (25).

As was shown in our study, the addition of PD-1 inhibitors and TBS was identified as an independent risk factor for PFS and OS in intermediate HCC patients exceeding the up-to-7 criteria. More importantly, subgroup analyses revealed that TACE+LEN+PD-1 treatment led to a prolonged OS in patients with a PS of 0 or those who were positive for HBV. The potential reasons are as follows: First, for patients with a PS of 0, their better baseline status allows for higher tolerance to the TACE+LEN+PD-1 therapy, leading to improved outcomes (26). Second, in our study, nearly 90% of patients have an HBV background and severe liver cirrhosis, which increases the risk of liver failure after HCC treatment (27, 28). This finding may reflect the immune modulation induced by the PD-1 inhibitor, which could enhance the antitumor response in the context of HBV. The immunological environment in HBV-related HCC may make it more responsive to PD-1 inhibitors, leading to improved outcomes when combined with TACE and lenvatinib (29, 30). However, the lack of benefit observed in patients with a Child-Pugh score of 7 is notable. This finding underscores the importance of assessing liver function in the treatment decision-making process, as patients with more advanced liver disease may not be optimal candidates for the triple-combination therapy in intermediate HCC patients exceeding the up-to-7 criteria.

Based on the results of our study, although irAEs were more frequent in the TACE+LEN+PD-1 group, all AEs were manageable and consistent with previously reported data for each individual treatment (12, 17, 23, 31). No new or unexpected AEs were observed. Furthermore, the incidence and severity of AEs in the TACE+LEN+PD-1 group were comparable to those in the TACE+LEN group. These findings suggest that both TACE+LEN+PD-1 and TACE+LEN treatments are well-tolerated, and the addition of a PD-1 inhibitor to TACE+LEN does not significantly increase the risk of AEs compared to TACE+LEN, demonstrating an acceptable safety profile for TACE+LEN+PD-1. These results further support the feasibility and safety of TACE+LEN+PD-1 for the treatment of intermediate HCC patients exceeding the up-to-7 criteria.

Despite the favorable therapeutic responses and survival outcomes observed in this study, there are several limitations that need to be addressed in future research. Firstly, although this single-center study and the involvement of a unified interventional surgery team may reduce selection bias, the retrospective nature of this study may still introduce inherent biases, as treatment decisions were based on the individual preferences of both the attending physician and the patient. This may affect the generalizability of the findings. Secondly, for the treatment of intermediate HCC exceeding the up-to-7 criteria, the triple combination therapy is not yet a standard recommendation and requires further investigation in larger, randomized controlled trials to confirm its safety and efficacy. Additionally, the relatively small sample size in this study limits the statistical power, and the follow-up period was insufficient to assess long-term outcomes such as PFS and OS. As a result, the results of subgroup analyses should be interpreted with caution. Lastly, larger-scale, prospective studies with extended follow-up periods are needed to validate our findings and provide stronger evidence for clinical decision-making.

In conclusion, our study showed safety and promising outcomes with the treatment of TACE+LEN+PD-1 in intermediate HCC patients exceeding the up-to-7 criteria. While the triple combination therapy has the potential to redefine treatment paradigm, the optimal patient population for its application still requires further investigation.
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