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Purpose

To evaluate the efficacy and safety of lenvatinib combined with programmed death receptor-1 signaling inhibitors plus transarterial chemoembolization (LePD1-TACE) for treatment of unresectable hepatocellular carcinoma (uHCC) in a real-world setting in China.



Methods

This was a retrospective study involving consecutive patients with uHCC (n =114) receiving LePD1-TACE treatment from June 2019 to May 2021. Overall survival (OS), progression-free survival (PFS), objective response rate (ORR), and disease control rate (DCR) were calculated to evaluate the antitumor efficacy. Treatment-related adverse events (TRAEs) were analyzed to assess the safety profiles. In addition, we also evaluated prognostic factors related to survival and disease progression.



Results

A total of 114 patients with a median age of 53 years were analyzed during a median follow-up duration of 10.6 months (95% confidence interval [CI]: 8.5 -12.8). The Kaplan-Meier analysis showed that the median OS was 18.0 months (95% CI: 14.1 - Not reached), the median PFS was 10.4 months (95% CI: 6.6 - 12.4). Based on modified Response Evaluation Criteria in Solid Tumors, the best ORR was 69.3% and DCR was 80.7%. Almost all patients suffered from TRAEs, the most common grade 3-4 TRAEs were hypertension (8.8%), proteinuria (3.6%), hyperbilirubinemia (1.8%), leukopenia (4.4%) and alanine aminotransferase elevation (3.6%) across all patients. The independent treatment factors associated with OS and PFS were tumor number, neutrophil-to-lymphocyte ratio (NLR) and the early tumor response. In the early tumor response (CR+PR) patients, median OS and PFS were 25.1 months (95% CI: 13.8 - Not reached) and 15.2 months (95% CI: 10.5 - 19.1). The patients with tumor number < 3 had a superior median OS and PFS (25.1, 16.4 months) compared to patients with tumor number ≥ 3 (14.1 months, P = 0.012; 6.6 months, P = 0.007). The patients with NLR ≤ 2.165 had a longer median OS and PFS (Not reached, 15.2 months) than those with NLR > 2.165 (17.7 months, P = 0.003; 7.5 months, P = 0.047).



Conclusion

In this real-world study, LePD1-TACE triple therapy showed encouraging efficiency and manageable safety in patients with uHCC. The tumor number (< 3), NLR (≤ 2.165) and early tumor response (CR+PR) could be one of the prognostic markers.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most commonly malignancy and the third leading cause of cancer death (8.3% of the total cancer deaths) world-wide in 2020 (1). According to the Barcelona Clinic Liver Cancer (BCLC) staging system, early-stage HCC patients with good liver function should be treated with radical therapy, but patients with unresectable hepatocellular carcinoma (uHCC) are usually treated with chemoembolization and systemic therapies (2–4). Two randomized controlled trials have confirmed the effectiveness of transarterial chemoembolization (TACE) in the treatment of intermediate-stage HCC (5, 6), and in the real world, TACE is also commonly used for uHCC in Asia including China, Japan and Korea (7–10). Nowadays, six Food and Drug Administration approved systemic therapies including tyrosine kinase inhibitors (TKIs) and immune checkpoint inhibitors (ICIs) also have shown the promising approaches to uHCC (2, 11–17).

Lenvatinib, as a novel oral multi-kinase inhibitor, was demonstrated to be effective and well tolerated in a global open label randomized phase III study (REFLECT) (18). The final results established a significantly improved progression-free survival (PFS) for lenvatinib (7.4 months) compared with sorafenib (3.7 months), the median survival time was non-inferior to that with sorafenib (13.6 months versus 12.3 months). More recently, several ICIs are used in clinical trials, especially the programmed cell death protein-1 (PD-1) inhibitors, which block PD-1 or PD-L1 have proven a promising efficacy and safety in treatment of advanced HCC (11, 19). At least six native and non-native PD-1 inhibitors, including camrelizumab, sintilimab, toripalimab, tislelizumab, nivolumab and pembrolizumab are available for HCC patients in China (7, 20–22).

In clinical practice, as the number of systemic drugs and combination therapies continues to grow, the challenge is to determine which combination and sequence of treatments provides the best outcome with minimal toxicity. There are increasing clinical trials designed to investigate combination treatment regimens, including combining TKIs and ICIs, locoregional treatment and systemic therapies (23), but to date, few data have been published regarding outcomes achieved with lenvatinib-based triple combination therapy. The triple combination of lenvatinib, PD-1 inhibitors and TACE (LePD1-TACE) may have an enhanced clinical benefit. Therefore, we conducted this retrospective real-world data study to evaluate the efficacy and safety of LePD1-TACE for the treatment of uHCC in China. In addition, we also explored the prognostic factors related to the efficacy of LePD1-TACE treatment.



Patients and Methods


Study Design and Patients

The study was designed as an observational, hospital-based, retrospective cohort study. The medical records of consecutive uHCC (n = 129) patients who received LePD1-TACE treatment from June 2019 to May 2021. Diagnosis of HCC was based on pathological or non-invasive assessment according to criteria of 2019 HCC Guidelines in China (7), and the American Association for the Study of Liver Disease (24). Owing to the setting of the retrospective real-world study, only patients with incomplete follow-up data and insufficient follow-up time were excluded (n = 15) (Figure 1). This study was approved by the ethical committee of the Eastern Hepatobiliary Surgery Hospital and was performed in accordance with the Declaration of Helsinki. Written informed consent for the LePD1-TACE protocol was obtained from all enrolled patients.




Figure 1 | Flowchart of the patient selection process. HCC, hepatocellular carcinoma; PD-1 inhibitors, programmed death receptor-1 signaling inhibitors; TACE, transarterial chemoembolization.





Treatment Protocol

For patients diagnosed with uHCC, lenvatinib was used as the first-line recommended therapy based on the current international guidelines. In addition, PD-1 inhibitors and TACE were also recommended. As we have previously demonstrated in a published study that lenvatinib and TACE combination therapy may significantly improve clinical outcomes compared to TACE monotherapy for uHCC with a manageable safety (25), so the lenvatinib-based triple combination treatment of LePD1-TACE might have a clinically meaningful improvement in antitumor activity. According to the principle of intent-to-treat, before treatment, patients were informed of any potential side effects and the cost of long-term treatment. The treatment protocols were reviewed by the attending physician and the final decision was principally made by the patient.



LePD1-TACE Combination Therapy

For patients who received LePD1-TACE combination therapy, on-demand TACE was performed by a team of experienced physicians. The TACE procedure comprised intraarterial angiography to identify the main supplying artery of the tumor, followed by transarterial injection of a mixture of chemotherapy drug (pirarubicin) and lipiodol. Depending on tumor stain, injection of embolic gelatin sponges or blank microspheres to interrupt blood flow. Follow-up imaging was performed every 6-8 weeks after TACE treatment. TACE was repeated if it produced a tumor response of partial response (PR) or stable disease (SD), meanwhile the liver function was good and there was no evidence of hepatic decompensation. Lenvatinib and PD-1 inhibitors were administered concurrently 3-5 days after the first TACE treatment, based on the restored liver function after TACE and the patient’s general status. Patients received oral lenvatinib 8 mg (if body weight < 60 kg) or 12 mg (if body weight ≥ 60 kg) once daily and PD-1 inhibitors (camrelizumab 200 mg, toripalimab 240 mg, sintilimab 200 mg or tislelizumab 200 mg) intravenously every 3 weeks. To avoid additive adverse event (AE), lenvatinib was discontinued 2 days before and after each TACE procedure, and the PD-1 inhibitors should be delayed until 3 days after TACE if the timing of injection coincides with TACE. Dose reductions (to 8 mg and 4 mg/day, or 4 mg every other day) for lenvatinib-related AEs were allowed. For serious immune-related adverse events (irAEs), the PD-1 inhibitors were discontinued and the corticosteroids should be considered for treatment of irAEs.



Evaluation of Treatment Response and Adverse Events

Tumor evaluation was performed at baseline and every 6-8 weeks using liver enhanced magnetic resonance imaging or computed tomography, alpha-fetoprotein (AFP), desgamma-carboxy prothrombin (DCP), and physical findings. Overall survival (OS) was defined as the time from initiation of LePD1-TACE triple combined treatment to death due to any cause. PFS was defined as the time from the initiation of the triple combined treatment to disease progression or death. Tumor response were based on the modified Response Evaluation Criteria in Solid Tumors 1.1 (mRECIST) (26) and immune-related RECIST (22). Patients were initially assessed for progression; imaging assessments were performed 4 weeks later to exclude possible pseudo-progression due to the PD-1 inhibitors in the combination treatment. The treatment response was defined as the best overall response throughout the follow-up period. Early response was defined as the radiological response at the first follow-up visit. Early AFP (baseline ≥ 25ng/mL) and DCP (baseline ≥ 40mAU/mL) responses were assessed at the first follow-up after LePD1-TACE induction, a positive response was defined as a reduction of ≥ 20% from baseline. The objective response rate (ORR) and the disease control rate (DCR) were defined as the proportion of patients with complete response (CR) or PR and CR, PR or SD, respectively. The incidence and severity of AEs complied with the criteria of the Common Terminology Criteria for Adverse Events (CTCAE, version 5.0). Mild post-TACE AEs such as nausea, fever, abdominal pain, and transient elevated liver enzymes including alanine aminotransferase (ALT)/aspartate aminotransferase (AST) were not included.



Factors Associated With Overall Survival and Disease Progression

We evaluated the prognostic factors associated with survival and disease progression using the variables of sex, age, BCLC stage (B vs. C), tumor number, tumor size, up-to-seven criteria (in vs. out), macrovascular invasion, extrahepatic metastasis, baseline AFP, NLR and PLR. We also included early tumor response indicators such as early tumor response (CR + PR), early AFP response, and early DCP response as factors potentially associated with survival and progression. Finally, subgroup analysis was performed to determine whether potential prognostic factors influenced treatment outcomes.



Statistical Analysis

All statistical analysis was performed using IBM SPSS software (ver. 25.0 SPSS Inc., Chicago, IL, USA). The continuous variables were presented as the median with interquartile range and categorical variables as counts with percentages. Survival analysis was conducted using the Kaplan-Meier method and a log-rank test was chosen to compare patients’ survival between subgroups. The Cox proportional hazards regression method was used to identify the factors associated with survival and disease progression, and multivariate analysis used the variables with p < 0.10 in the univariate analysis. p < 0.05 was considered significant.




Results


Patient Characteristics

The baseline characteristics of the enrolled patients are summarized in Table 1. The median age was 53 years (range 24 – 79 years), and 102 of the patients (89.5%) were male, with a male to female ratio of 8.5:1. Most patients 89.5% (102/114) were positive for hepatitis B surface antigen (HBsAg), and 1.8% (2/114) for hepatitis C antibody. Sixty-nine (60.5%) patients were diagnosed with BCLC stage C and 42 (36.8%) with BCLC stage B, while 3 (2.6%) patients were BCLC stage A. The majority of patients were classified as Child-Pugh A (n = 111, 97.4%), and 3 patients (2.6%) had Child-Pugh B. Tumor number of 1,2, and ≥ 3 were reported for 17.5%, 18.4%, and 64.1% of patients, with the median tumor size was 82mm (range 13 – 216mm). The proportions of patients with macrovascular invasion and extrahepatic metastasis were observed at 48.3% and 20.2%, respectively. The median AFP level was 386 ng/mL (interquartile range [IQR], 20.5 – 7130.5), and DCP level was 2833 mAU/mL (IQR, 385 – 13805). The laboratory indicators at baseline including total bilirubin (TB), albumin (ALB), ALT, white blood cell (WBC), platelet (PLT) counts, and neutrophil lymphocyte ratio (NLR), platelet lymphocyte ratio (PLR) were also summarized (Table 1).


Table 1 | Baseline characteristics of the 114 patients.



Thirty-two (28.1%) patients had experienced prior treatment including TACE (n = 12), TACE-microwave ablation (MWA) (n = 5), TACE-lenvatinib (n = 4), TACE-MWA-lenvatinib (n = 2), TACE-radiotherapy (n = 3), TACE-sorafenib (n = 3), and TACE-radiotherapy-lenvatinib (n = 3). The median duration of lenvatinib was 8.13 months (IQR 6.5–11.9), and the mean interval between each TACE treatment was 101.3 days. Four types of PD-1 inhibitors were used in the combination therapy, including camrelizumab (n = 75, 65.7%), sintilimab (n = 22, 19.3%), toripalimab (n = 4, 3.6%), and tislelizumab (n = 13, 11.4%).



Treatment Response and Survival Outcomes

By the censoring date of November 9, 2021, the median follow-up duration was 10.6 months (95% confidence interval [CI]: 8.5 – 12.8). The median PFS was 10.4 months (95% CI: 6.6 – 12.4), and the median OS was 18.0 months (95% CI: 14.1– Not reached) (Figure 2). The best tumor response was shown in Table 2. Based on the mRECIST criteria, 9 (7.9%) patients achieved CR, 70 (61.4%) patients achieved PR, 13 (11.4%) patients were SD, and 22 (19.3%) patients were PD. The best ORR and DCR were 69.3% (n = 79) and 80.7% (n = 92), respectively. We also analyzed the early changes in tumor response and marker from baseline to the first clinical evaluation. The early tumor response (CR+PR vs. SD+PD) was 65.8% (n = 75) vs. 34.2% (n = 39). Early positive AFP and DCP responses were 76.2% (64/84) and 62.7% (64/102), respectively (Figure 3).




Figure 2 | Kaplan-Meier estimates of overall survival (A) and progression-free survival (B) in patients treated with LePD1-TACE. LePD1-TACE, lenvatinib and programmed death receptor-1 signaling inhibitors plus transarterial chemoembolization.




Table 2 | Best tumor response of the 114 patients.






Figure 3 | Changes in AFP (A) and DCP (B) levels from baseline to the first follow-up after LePD1-TACE treatment. AFP, alpha-fetoprotein; DCP, desgamma-carboxy prothrombin. LePD1-TACE, lenvatinib and programmed death receptor-1 signaling inhibitors plus transarterial chemoembolization.



There were 27 (23.7%) patients discontinued LePD1-TACE treatment mainly because of disease progression or serious TRAEs. At the end of the last follow-up, radiological disease progression was evident in 50 patients, 25 of whom continued to receive LePD1-TACE treatment and 25 did not. Subsequent treatments received by the 18 patients included lenvatinib - PD-1(n = 5), regorafenib -TACE - PD-1(n = 7), TACE plus atezolizumab and bevacizumab therapy (n = 2), radiotherapy- lenvatinib - PD-1(n = 4) Table 1.



Safety Assessment

No treatment-related deaths occurred in this study, and treatment-related adverse events (TRAEs) were assessed mainly according to frequency and severity grade based on CTCAE, version 5.0. Most patients might develop mild post-TACE AEs, such as nausea, fever, abdominal pain, and transient elevated ALT and AST, which did not require any special treatment. Most patients improved within 1 week. Therefore, we did not include these mild AEs in this study.

As shown in Table 3, the most frequent TRAEs of all grades in LePD1-TACE treatment were hypertension (27.2%), hand-foot skin reaction (14.9%), diarrhea (12.3%), skin rash (13.2%), proteinuria (12.3%). The most frequent laboratory-related AEs of all grades were decreased albumin (42.1%), WBC (37.7%) and PLT (36.8%), increased ALT (15.8%), TB (12.3%), myocardial enzymes (12.3%) and thyroid-stimulating hormone (34.2%). In addition, the most frequent grade 3/4 AEs were hypertension (8.8%), proteinuria (3.6%), hyperbilirubinemia (1.8%), leukopenia (4.4%). Most of TRAEs could be managed by dose reduction, interruption, or standard medical treatment. Dose reduction or interruption was observed in 21 (18.4%) of patients during the study period. None of the patients discontinued lenvatinib because of AEs, however, there were 2 (1.8%) patients discontinued PD-1 inhibitors owing to grade 3 immune-related AEs of hepatitis.


Table 3 | Treatment-related adverse events.



At baseline, all patients were tested for hepatitis markers and viral load, and those with antiviral indications received antiviral therapy before treatment. Patients who had hepatitis B virus (HBV) infection received tenofovir (TDF) or entecavir (ETV) treatment, and sofosbuvir for hepatitis C virus infection. Considering the ICIs, antiviral regimens such as interferon that might affect immune modulation were not used by patients. Increased HBV-DNA concentrations were detected in 2 (1.8%) patients during follow-up, patients had their therapeutic regimen changed (ETV switched to TDF). No patients interrupted or discontinued LePD1-TACE treatment owing to HBV-DNA increase.



Factors Associated With Overall Survival and Disease Progression

The independent factors predictive of survival and disease progression based on univariate and multivariate Cox regression analyses are summarized in Table 4 and Table 5. In univariable analysis, tumor number, up-to-seven criteria (in vs. out), NLR, PLR and the early tumor response (CR+PR vs. SD+PD) were significantly associated with OS. In multivariable analysis, pre-treatment factors of the tumor number ≥ 3 (vs. < 3; hazard ratio [HR] = 0.22, 95% CI: 0.08-0.66; p = 0.0069), NLR ≤ 2.165(vs. > 2.165; HR = 14.91, 95% CI: 1.99-111.79; p = 0.0086) and post-treatment factor of the early tumor response CR+PR (vs. SD+PD; HR = 2.64, 95% CI: 1.04-6.75; p = 0.0419) were independent factors predictive of OS. In univariable analysis, tumor number, NLR, early AFP and DCP response and early tumor response (CR+PR vs. SD+PD) were significantly associated with PFS. In multivariable analysis, the tumor number ≥ 3 (vs. < 3; HR = 0.39, 95% CI: 0.21-0.71; p = 0.0021), NLR ≤ 2.165(vs. > 2.165; HR = 2.34, 95% CI: 1.25-4.37; p = 0.0078), and the early tumor response CR+PR (vs. SD+PD; HR = 7.56, 95% CI: 3.81-14.98; p < 0.0001) were independent factors predictive of PFS.


Table 4 | Multivariable Cox regression analysis for overall survival.




Table 5 | Multivariable Cox regression analysis for progression-free survival.



Considering the tumor number, NLR and early tumor response were independent predictors of OS and PFS after LePD1-TACE treatment, we further analyzed the treatment outcomes stratified by tumor number (≥ 3 vs. < 3), NLR (≤ 2.165 vs. > 2.165) and early tumor response (CR+PR vs. SD+PD). The patients with tumor number < 3 had a superior median OS and PFS (25.1, 16.4 months) compared to patients with tumor number ≥ 3 (14.1 months, P = 0.012; 6.6 months, P = 0.007; Figure 4A). The patients with NLR ≤ 2.165 had a longer median OS and PFS (Not reached, 15.2 months) than those with NLR > 2.165 (17.7 months, P = 0.003; 7.5 months, P = 0.047; Figure 4B). The patients with early tumor response (CR+PR) also exhibited a longer median OS and PFS (25.1, 15.2 months) compared with their counterparts (14.1 months, p = 0.014; 3.7 months, p < 0.0001; Figure 4C).




Figure 4 | Overall and progression-free survival with different stratified. (A) The OS and PFS in tumor number (≥ 3 vs. < 3) patients. (B) The OS and PFS in NLR (≤ 2.165 vs. > 2.165) patients. (C) The OS and PFS in early tumor response (CR+PR vs. SD+PD) patients. OS, overall survival; PFS, progression-free survival; NLR, neutrophil lymphocyte ratio; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.






Discussion

Several retrospective real‐world studies from Korea and Japan supported the efficacy of lenvatinib in patients who exceeded the REFLECT trial criteria (e.g., ≥ 50% liver involvement, main portal vein invasion and extrahepatic metastasis) (27–29). However, in clinical practice, uHCC is typically characterized by high tumor burdens, high invasiveness, rapid progress and poor prognosis. Most patients with uHCC receive a combination of therapies, including lenvatinib, during their lifespan, which may or may not have a survival benefit. Randomized controlled studies of the combination therapy based on lenvatinib are underway (NCT04246177, NCT04997850, NCT04974281, NCT04273100), but data on LePD1-TACE triple therapy are still scarce. Therefore, we conducted this real-world study on the efficacy and safety of LePD1-TACE in Chinese uHCC patients.

In our present study, LePD1-TACE triple therapy showed a favorable efficacy and manageable toxicity in patients with uHCC in a real-world setting. The results showed a high ORR and DCR according to mRECIST of 69.3% and 80.7%, median PFS of 10.4 months, and median OS was 18.0 months. As we reported previously, lenvatinib-TACE contributed to longer OS and PFS than TACE monotherapy, and ORR was better at 68.3% (25). Triple therapy did not appear to be significantly superior to double in ORR. Given the nature of real-world study, all patients using the triple combination regimen between June, 2019 and May, 2021 were included in this study without strict screening and exclusion criteria, therefore, it could better reflect the actual clinical therapeutic effect.

In fact, the patients enrolled in this study had worse tumor biological behaviors with higher proportions of macrovascular invasion (48.3% vs. 21%) and extrahepatic metastases (20.2% vs. 15%) compared to the patients enrolled in previous study (25). This might be the cause of the result. In addition, compared with other studies in the literature, the PFS of lenvatinib-TACE was 5.5 -11.6 months (30–32), while the PFS of our LePD1-TACE triple treatment achieved 10.4 months, our results were in the upper range. Notably, the different results between these studies and our data should be viewed with caution.

Recently, lenvatinib in combination with the PD-1 inhibitor pembrolizumab showed encouraging antitumor activity in a phase I studies, the ORR (RECIST 1.1) was 36% (33). Further validation was underway in the Phase III randomized clinical trial (LEAP-002; NCT03713593). The immunomodulatory effects of lenvatinib on tumor microenvironment might contribute to PD-1 inhibitor antitumor activity (34). In the TACTICS trial (35), sorafenib (a multikinase inhibitor) pretreatment 2 - 3 weeks before initial TACE to normalize the tumor vasculature, which significantly improved the primary endpoint of PFS in patients with uHCC. Based on the results of the above double combination and our triple combination study, it is believed that the combination of lenvatinib, PD-1 inhibitor and TACE may have a synergistic antitumor effect.

First, TACE induces a microenvironment of ischemia and hypoxia, leading to tumor necrosis and tumor-specific antigen release. The combination of PD1 inhibitor may enhance the development of tumor antigen specific memory T cells and maintain the anti-tumor response of patients (36). Hypoxic microenvironment promotes up-regulation of hypoxia inducible factor-1 alpha, bFGF, and VEGF, while combined with lenvatinib inhibits the activity of tumor angiogenesis factors (18, 37). Second, lenvatinib plus PD-1 inhibitor exerts unique immunomodulatory effects by blocking FGFR-4, reducing Treg differentiation and inhibiting TGFß signaling (38, 39). Lenvatinib also contributes to vascular normalization and promotes immune cell infiltration into the tumor (36, 40). In conclusion, the triple therapy regimen produces a positive immune profile and a faster therapeutic response.

This study also assessed the potential toxicity or side effects of combination therapy. Despite the combination of lenvatinib and PD-1 inhibitors, which have different pharmacological mechanisms, no new safety-related events were identified in this study. Most AEs were mild to moderate and easily manageable with appropriate supportive care. A total of 367 AEs occurred at all grades, and 37 AEs were observed at grade 3-4. The albumin and WBC decreased were the most common AEs, occurred in 42.1%, 37.7% of patients, respectively, and hypertension (8.8%), proteinuria (3.6%), and WBC decreased (4.4%) were the most frequent grade 3-4 AEs. We also observed a decrease in TSH (34.2%), which was higher than in the REFLECT trial and might be related to the combination of PD-1 inhibitors. In addition, increased HBV-DNA was observed in only 2 patients during treatment, indicating that the combination therapy did not significantly activate the hepatitis B virus, possibly because of the use of potent antiviral drugs.

Of note, two patients underwent conversion resection after PR. Both patients were BCLC A, and their tumors shrank significantly after treatment and met the criteria for surgical resection. Our results indicated that the conversion rates are not high in the real-world. Although resection criteria were met, some patients refused surgical resection and continued triple therapy. The efficacy of conversion resection remains controversial, but the high ORR of triple therapy (69.3%) might be a potential option for conversion therapy. Nine patients who achieved CR were followed regularly and maintained dual therapy with Lenvatinib and PD-1 inhibitors.

In the present study, the tumor number < 3, NLR ≤ 2.165 and early tumor response (CR+PR) were identified as the independent predictors of OS and PFS. As an indicator of tumor-related inflammation, NLR is able to predict tumor prognosis. A high NLR is associated with increased systemic inflammation and reduced cancer-specific immunity (downregulation of tumor-infiltrating lymphocytes, for instance) (41). In patients who undergo TACE for intermediate-stage HCC, higher NLRs are associated with poor prognosis (42). In several studies, the NLR cutoff value for HCC ranges from 2 to 5 (42–44). In this study, patients with baseline NLR ≤ 2.165 before LePD1-TACE had longer PFS and OS than patients with NLR > 2.165. Subgroup analyses also showed that the patients with tumor number < 3 had a superior median OS and PFS compared to patients with tumor number ≥ 3. Due to the limitations of this single-arm study, the effect of LePD1-TACE on patients with tumor number ≥ 3, NLR > 2.165, and early tumor response (PD+SD) needs to be further studied, LePD1-TACE may provide a greater survival benefit in these populations than advanced -stage standard therapy. A previous retrospective study reported that LePD1-TACE significantly improved survival over lenvatinib-TACE in advanced HCC patients with tumor number > 3 but without main portal vein invasion (45). It is useful to predict effective cases at an early stage when considering the complexity of liver cancer and possible side effects. Early tumor response (CR+PR) suggested that the treatment was effective, and provided evidence for the next treatment strategy for patients.

There are several limitations worthy of mention. Firstly, in view of the retrospective, single-hospital study, there may be inherent information and selection bias, especially when comparing groups, unknown differences between the two groups may bias the results. Secondly, our study was a single-arm design and was limited by the lack of a control group. Zhu et al. (31) reported that the effectiveness of triple therapy (Lenvatinib + PD-1 inhibitors + TACE or HAIC) is not superior to dual therapy (Lenvatinib + PD-1 inhibitors or Lenvatinib + TACE or HAIC). Therefore, multicenter randomized controlled clinical trials need to be carried out to verify the efficacy and safety of different combinations. Thirdly, a variety of PD-1 inhibitors were used in this study, which affected the consistency of treatment regiments.

In conclusion, our real-world study showed that LePD1-TACE triple therapy was well tolerated with encouraging efficacy in patients with uHCC. The patients with the tumor number (< 3), NLR ≤ 2.165 and early tumor response (CR+PR) might achieve better clinical outcomes.
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Variable Total (n = 114)

Best overall response by mRECIST version 1.1, n (%)

Complete response 9(7.9

Partial response 70(61.4)
Stable disease 13(11.4)
Progressive disease 22(19.3)
Objective response rate, n (%) 79 (69.3)
Disease control rate, n (%) 92 (80.7)

mRECIST, modified Response Evaluation Criteria in Solid Tumors 1.1.
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Variables Univariate Analysis

HR (95% CI)

Gender (Male vs. female) 1.22 (0.42 -3.58)
Age (<53 vs. >53) 0.77 (0.34-1.75)
BCLC stage (B vs. C) 1.79 (0.73-4.34)
Tumor number (=3 vs.< 3) 0.27 (0.09-0.81)
Largest tumor size (<82 vs. >82) 1.61(0.71-3.63)
Up-to-seven criteria (in vs. out) 3.53 (1.03-12.07)
Baseline AFP (<400 vs. >400) 1.78 (0.79- 4.00)
NLR (< 2.165 vs. >2.165) 11.29 (1.52-83.82)
PLR (<96.42 vs. >96.42) 3.33 (0.99-11.19)
Extrahepatic metastasis (absent vs. presence) 1.74 (0.75-4.05)
Macrovascular invasion (absent vs. present) 1.55 (0.69-3.47)
Early AFP response (decrease <20% vs. >20%) 1.23 (0.44-3.45)
Early DCP response (decrease <20% vs. >20%) 0.98 (0.41-2.36)
Early tumor response (CR+PR vs. SD+PD) 2.61 (1.18-5.74)

P value

0.7147
0.5264
0.1950
0.0120
0.2497
0.0331
0.1679
0.0028
0.0393
0.1913
0.2851
0.6919
0.9727
0.0137

Multivariate Analysis

HR (95% CI)

0.22 (0.08- 0.66)

14.91 (1.99-111.79)

2.64 (1.04-6.75)

P value

0.0069

0.0086

0.0419

HR, hazard ratio; Cl, confidence interval; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; DCP, Des-gammacarboxy; NLR, neutrophil lymphocyte ratio; PLR, platelet
lymphocyte ratio; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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Adverse events

Hypertension
Hand-foot skin reaction
Diarrhea

Skin rash
Proteinuria
RCCEP

Fatigue

Epistaxis

Joint pain
Bleeding (gingiva)
Dysphonia
Anorexia

Myocardial enzymes elevation

Hypothyroidism
AST elevation

ALT elevation
Hyperbilirubinemia
Decreased albumin
Decreased PLT
Decreased WBC

Interruption and/or dose reduction
Discontinued PD-1 inhibitors

All grades, n (%)

39(34.2)
16 (14)
18 (15.8)
14 (12.3)
48 (42.1)
42 (36.8)
43 (37.7)

21 (18.4)
2(1.8)

Grade 3/4, n (%)

10(8.8)
2(18
1009
2(18)
4(36)
000

1(0.9)
00

RCCEP, reactive cutaneous capillary endothelial proliferation; AST, aspartate aminotransferase; ALT, alanine aminotransferase, PLT, platelet; WBC white blood cell; PD-1 inhibitors,

programmed death receptor-1 signaling inhibitors.
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Characteristics Statistical value

Median age, years (range) 53 (24-79)
Male gender 102 (89.5)
Etiology

Hepatitis B 102 (89.5)

Hepatitis C 2(1.8)

Non-B, Non-C 10 (8.8)
BCLC stage

A 3(2.6)

B 42 (36.8)

C 69 (60.5)
Child-Pugh class

A 111 (97.4)

B 3(2.6)
Tumor number

1 20 (17.5)

2 21(18.4)

23 73 (64.1)
Maximum tumor size, mm (range) 82 (13-216)
Macrovascular invasion

Presence 55 (48.3)

Absence 59 (51.7)
Extrahepatic Metastases

Presence 23(20.2)

Absence 91 (79.8)
AFP (ng/mL), median (Q1, Q3) 386 (20.5, 7130.5)

>25 81 (71.1)
DCP (mAU/mL), median (Q1, Q3) 2833 (385, 13805)

>40 100 (87.7)
TB (umol/L), median (Q1, Q3) 15 (11, 20)
ALB (g/L), median (Q1, Q3) 40 (37, 42)
ALT (U/L), median (Q1, Q3) 37 (27, 53)
WBC (x109),median (Q1, Q3) 5.26 (4.22, 6.59)
PLT (x109),median (Q1, Q3) 143 (112, 213)
NLR, median (Q1, Q3) 2.61(1.94, 3.32)
PLR, median (Q1, Q3) 125.66 (91.80, 163.37)
Prior treatment before LePD1-TACE

TACE 12 (10.5)

TACE-MWA 5 (4.4)

TACE-lenvatinib/sorafenib 7 (6.1)

TACE-MWA-lenvatinib 2(1.8)

TACE-radiotherapy/lenvatinib 6 (5.3
Treatment after LePD1-TACE

Lenvatinib - PD-1 5 (4.4)

Regorafenib -TACE - PD-1 7 (6.1)

TACE- atezolizumab- bevacizumab 2(1.8)

Radiotherapy- lenvatinib - PD-1 4(3.5)

Others 76.1)

Values are presented as median (range) or n (%). BCLC, Barcelona Clinic Liver Cancer;
AFP, alpha-fetoprotein; DCP, Des-gammacarboxy; TB, total bilirubin; ALB, albumin; ALT,
alanine aminotransferase; WBC, white blood cell; PLT, platelet; NLR, neutrophil
lymphocyte ratio; PLR, platelet lymphocyte ratio; TACE, transarterial
chemoembolization; MWA, microwave ablation; PD-1, programmed death receptor-1
signaling inhibitors.
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Variables Univariate Analysis

HR (95% CI)
Gender (Male vs. female) 1.14 (0.54-2.42)
Age (<53 vs. >53) 0.66 (0.40-1.10)
BCLC stage (B vs. C) 1.05 (0.63-1.77)
Tumor number (=3 vs.< 3) 0.47 (0.27-0.82)
Largest tumor size (<82 vs. >82) 1.14 (0.69-1.88)
Up-to-seven criteria (in vs. out) 0.98 (0.56-1.72)
Baseline AFP (<400 vs. >400) 1.43 (0.86-2.40)
NLR (<2.165 vs. >2.165) 1.82 (1.00-3.33)
PLR (<96.42 vs. >96.42) 1.30 (0.73-2.32)
Extrahepatic metastasis (absent vs. presence) 1.56 (0.89-2.74)
Macrovascular invasion (absent vs. present) 0.94 (0.57-1.56)
Early AFP response (decrease <20% vs. >20%) 0.39 (0.21- 0.72)
Early DCP response (decrease <20% vs. >20%) 0.43 (0.25- 0.74)
Early tumor response (CR+PR vs. SD+PD) 5.45 (3.22- 9.21)

P value

0.7231
0.1071
0.8412
0.0066
0.6152
0.9437
0.1664
0.0466
0.3658
0.1182
0.8137
0.0020
0.0015
<.0001

Multivariate Analysis

HR (95% CI)

0.39 (0.21-0.71)

2.34 (1.25-4.37)

7.56 (3.81- 14.98)

P value

0.0021

0.0078

<.0001

HR, hazard ratio; Cl, confidence interval; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; DCP, Des-gammacarboxy; NLR, neutrophil lymphocyte ratio; PLR, platelet
lymphocyte ratio; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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