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Objective

This study aimed to assess the efficacy and safety of hepatic arterial infusion chemotherapy (HAIC) combined with lenvatinib and immunotherapy and explore its potential as a conversion treatment for unresectable hepatocellular carcinoma (uHCC).





Methods

A retrospective analysis was performed on clinical data from patients with uHCC who underwent HAIC, lenvatinib, and PD-1/PD-L1 immunotherapy. Data were collected from our hospital between November 2018 and December 2022. Efficacy was assessed based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST). The primary endpoints were overall survival (OS), progression-free survival (PFS), and conversion therapy rate. Additionally, survival status curves were plotted using the Kaplan-Meier method. Lastly, prognostic risk factors affecting conversion therapy and survival outcomes were evaluated using Logistic and Cox regression models.





Results

As of December 2022, 318 patients were included, comprising 40 patients (12.6%) in BCLC stage A, 123 patients (38.7%) in BCLC stage B, and 155 patients (48.7%) in BCLC stage C. The overall objective response rate (ORR) was 47.1%, whilst the disease control rate (DCR) was 85.5%. Meanwhile, the median overall survival (mOS) for the entire cohort was 21.7 months (95% CI: 19.7-24.3), with a median progression-free survival (mPFS) of 11.4 months (95% CI: 9.4-13.4). A total of 110 patients (34.6%) underwent conversion surgery. Multivariate logistic regression analysis identified BCLC stage as the sole independent risk factor affecting eligibility for conversion therapy. Subgroup analysis revealed that BCLC-B stage patients who achieved successful conversion therapy demonstrated significantly superior outcomes compared to those who did not undergo successful conversion therapy (median OS: 29.3 months [95% CI: 24.3-NA] vs. 19.7 months [95% CI: 17.2-24.6], P = 0.0013). Multivariate regression analysis identified the BCLC stage, the presence of distant metastasis, and receipt of conversion therapy as independent prognostic factors influencing OS. Among the cohort, 169 (53.1%) experienced grade 3-4 adverse events (AEs), with the most commonly reported AEs being fatigue, fever, and pain.





Conclusion

The combination of HAIC with lenvatinib and immunotherapy yielded a high ORR, improved the conversion therapy rate, and prolonged both OS and PFS in patients with uHCC while maintaining a favorable safety profile. BCLC stage was identified as an independent prognostic factor influencing the success of conversion therapy, with patients in stage B deriving significant survival benefits post-conversion.
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Introduction

As is well documented, HCC is the sixth most prevalent cancer globally and the third leading cause of cancer-related deaths. By 2025, global liver cancer incidence is projected to exceed one million cases, with China, a high-incidence region, accounting for 47% of these cases (1). The majority of HCC patients are diagnosed at intermediate to advanced stages, rendering them ineligible for curative surgery or ablation, with a median survival time of merely 1 to 1.5 years (2). In recent years, advances in non-surgical treatments have enabled more patients with advanced liver cancer to undergo downstaging through conversion therapy, leading to improved survival benefits (3, 4).

The first-line standard treatment for advanced-stage liver cancer has been upgraded to a combination of targeted and immunotherapy (5, 6). To date, multiple large-scale Phase III clinical studies have validated the efficacy and safety of immune-targeted combination therapies for the treatment of patients with advanced hepatocellular carcinoma (HCC), achieving ORR ranging between 21% to 32.8% and a median OS between 19.2 to 22.1 months, significantly surpassing the efficacy of targeted therapy or immunotherapy alone (7, 8).

Conversion therapy refers to the treatment strategy for patients with uHCC, including those with poor overall physical conditions unable to tolerate surgical trauma or with compromised liver function precluding surgical intervention. This approach also encompasses tumor-specific conversion, wherein therapy aims to reduce tumor burden or downgrade the disease stage to facilitate curative R0 resection (9, 10). While targeted and immunotherapy have been established to confer survival benefits for patients with uHCC, the local control rate of the tumor is equally important, leading to the emergence of a conversion strategy integrating local therapy and targeted immunotherapy (11–13).

HAIC is effective in decreasing the intrahepatic tumor burden, given that it allows for the targeted delivery of chemotherapy drugs to the arteries supplying the tumor. The FOLFOX-HAIC treatment regimen (oxaliplatin, leucovorin, and fluorouracil), in conjunction with targeted therapy and immunotherapy, has preliminarily shown higher tumor response rates, improved survival outcomes, and greater potential for conversion therapy in patients with intermediate to advanced HCC and has become a clinical research hotspot (14, 15).

Thus, this study aimed to evaluate the safety and efficacy of FOLFOX-HAIC combined with lenvatinib and immunotherapy in HCC patients, explore factors influencing efficacy and prognosis, and identify factors affecting conversion therapy.





Materials and methods




Patients

This study retrospectively analyzed data collected from patients with uHCC who underwent HAIC combined with targeted therapy and immunotherapy at our hospital between November 2018 and December 2022. All patients were diagnosed based on the Chinese Guidelines for the Diagnosis and Treatment of Primary Liver Cancer (2019 Edition) and confirmed as uHCC through multidisciplinary team (MDT) consultations. The inclusion criteria were as follows: 1. age between 20 and 75 years; 2. Eastern Cooperative Oncology Group Performance Status (ECOG PS) score of 0-2; 3. Child-Pugh class A or B liver function; 4. absence of other malignancies. The exclusion criteria included an expected survival time of less than 3 months, severe liver dysfunction, severe splenic hyperfunction, a history of gastrointestinal bleeding, prior systemic or local treatment, and a history of liver or kidney transplantation and heart failure.





Treatment protocol

HAIC was performed by puncturing the femoral artery using the modified Seldinger technique. During the procedure, a 2.7F microcatheter was super-selectively placed into the tumor-feeding artery to administer the drugs. The FOLFOX regimen used was as follows: a 4-hour infusion of 85 mg/m2 oxaliplatin, a 2-hour infusion of 400 mg/m2 calcium folinate and a bolus injection of 400 mg/m2 fluorouracil, followed by a 23-hour infusion of 1200-mg/m2 fluorouracil on day 1 of treatment. Dosages were adjusted based on the Child-Pugh score and chemotherapy tolerance. HAIC was repeated every 3-4 weeks until disease progression, the occurrence of unacceptable toxicity, or a change in the treatment plan. Upon the occurrence of grade 3 or 4 adverse events, the dosage of oxaliplatin was adjusted to 65 mg/m², while the dose of 5-fluorouracil was modified to 300 mg for each bolus administration and 1000 mg for each cycle.





Molecular targeted and immunotherapy

Prior to or following the initial HAIC session, patients were intravenously injected with anti-PD-1 antibodies every 3 weeks, including 200 mg of sintilimab, 200 mg of tislelizumab, 200 mg of camrelizumab, 240 mg of toripalimab, or 200 mg of pembrolizumab. For anti-angiogenic therapy, patients were administered 8 mg lenvatinib orally once daily. To avoid adverse events, lenvatinib were discontinued for 2 days before and after HAIC. If the immunotherapy injection coincided with HAIC, it was postponed until 2 days after the procedure. Grade 3-4 AE measures including immunotherapy discontinuation, hormone therapy initiation, and combined immunosuppressants if necessary.





Endpoints and evaluation of treatment effectiveness

The primary endpoints of the study were OS, PFS, and conversion therapy rate. Secondary endpoints included objective response rate (ORR, comprising complete response [CR] and partial response [PR]), disease control rate (DCR, comprising ORR and stable disease [SD]), and the incidence of adverse events (AEs) defined according to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0. Imaging assessments were conducted using the mRECIST (16). Evaluations were performed by two associate chief physicians or higher, each with more than five years of experience in imaging diagnostics for malignant tumors. Disagreements were adjudicated by a senior chief physician. Treatment continuation was considered when PR or SD was achieved, and the quality of life of patients did not decline. Conversion therapy was considered when CR or near-CR(≥90% reduction in enhancement) was achieved, and the treatment plan was accordingly adjusted in cases of PD. Treatment was suspended if severe adverse reactions occurred.





Conversion of MDT treatment recommendations

Our Multidisciplinary Team (MDT) consists of interventional radiologists, hepatobiliary surgeons, medical oncologists, and diagnostic radiologists, who collaboratively participate in the entire treatment process including conversion therapy regimens and surgical timing/indications. Conversion Criteria: Child-Pugh A/B, ECOG ≤2, and imaging meeting oncological standards, with resection requiring FLR ≥40% & ICG-R15 ≤20%, and ablation allowing ≤5 cm solitary tumor or ≤3 lesions (each ≤3 cm).





Statistical analysis

Statistical analysis was performed using SPSS 20.0 software and R programming, using independent samples t-test, rank sum test, chi-square test, and Kaplan-Meier curve analysis. Univariate and multivariate Cox regression analyses were conducted to identify prognostic factors, with P < 0.05 considered statistically significant.






Result




Clinical characteristics of patients

As of December 2022, 536 patients with uHCC underwent HAIC combined with molecular targeted and immunotherapy at our center, among which 318 met the inclusion criteria. Among the patients, 12.6% were in the BCLC-A stage, 38.7% in the B stage, and 48.7% in the C stage. Chronic hepatitis B virus infection was the most common cause of uHCC (73.3%). There were 115 cases (36.1%) with a single lesion and 203 cases (63.9%) with multiple lesions. Tumor size was categorized as <5 cm (31.9%), 5-10 cm (42.4%), and ≥10 cm (25.7%). Tumor location was unilateral in 144 cases (45.3%) and bilateral sides in 174 cases (54.7%). Vascular invasion was observed in 59 cases (18.6%), including 50 cases (15.7%) with portal vein tumor thrombus, and distant metastasis was noted in 52 cases (16.4%) (Table 1).


Table 1 | Baseline characteristics and tumor profiles of patients.



The most frequently used immunotherapy drug was sintilimab, used in 136 cases, followed by tislelizumab in 108 cases, camrelizumab in 45 cases, atezolizumab in 17 cases, and toripalimab in 12 cases.





Short-term efficacy

Follow-up was conducted at the end of every alternative course of HAIC, with all 318 patients completing the follow-up and receiving the next course of HAIC combined therapy. The first evaluation results revealed CR in 20 cases (6.28%), PR in 89 cases (28.0%), SD in 141 cases (44.3%), and PD in 68 cases (21.4%), with an ORR of 34.3% and a DCR of 78.6%. Among them, 8 patients underwent surgical resection after MDT discussion, and all postoperative pathological results were CR. At the second evaluation, excluding the 8 patients who underwent conversion resection, 310 patients completed the follow-up, with CR achieved in 43 cases (13.9%), PR in 103 cases (33.2%), SD in 119 cases (38.4%), and PD in 45 cases (14.5%), with an ORR and DCR of 47.1% and 85.5%, respectively. After the second evaluation, 102 additional patients underwent conversion surgery treatment following MDT discussion, among which 12 underwent radical radiofrequency ablation therapy (Table 2).


Table 2 | Tumor treatment response assessment.







Conversion therapy analysis

In the present study, 110 patients (34.6%) underwent conversion therapy. Among them, 8 cases (2.5%) met the criteria for conversion resection at the first evaluation, whereas 102 cases (32.9%) proceeded to conversion therapy after the second evaluation, including 12 cases of radical radiofrequency ablation. Among patients who underwent conversion therapy, the majority were classified as stage B (60 cases, 54.5%), followed by stages A and C, with 27 cases (24.5%) and 23 cases (20.9%), respectively. Among patients with vascular invasion, 12 cases (20.3%) successfully underwent conversion therapy, while those with distant metastasis did not undergo conversion therapy. Significant differences were noted between the conversion therapy group and the non-conversion therapy group in terms of BCLC staging, distant metastasis, vascular invasion, AST levels, and platelet counts. Multivariate analysis identified BCLC staging as the only independent risk factor affecting conversion therapy (Tables 3, 4).


Table 3 | Comparison of clinical data between the conversion therapy group and non-conversion therapy groups.




Table 4 | Multivariate analysis of factors influencing conversion therapy.







Prognostic analysis

As of December 31, 2022, 206 patients (64.7%) reached the study endpoints, while the remaining 112 patients were either lost to follow-up or still alive at the time of follow-up cutoff. Kaplan-Meier curves for OS and PFS for all patients are illustrated in Figures 1, 2, respectively. The mOS and mPFS were 21.7 months (95% CI: 19.7-24.3) and 11.4 months (95% CI: 9.4-13.4), respectively.




Figure 1 | Kaplan–Meier curve for overall survival.






Figure 2 | Kaplan-Meier curve for progression-free survival.



Furthermore, Kaplan-Meier survival curves were generated to assess mOS across different BCLC stages. Interestingly, patients with BCLC stage A had not reached mOS, with over 50% remaining alive at the end of follow-up. Regarding BCLC stage B and C patients, mOS was 24.2 months (95% CI: 20.4–28.65) and 17.0 months (95% CI: 15.8-19.1), respectively. As anticipated, survival times were significantly longer in stage B patients compared to stage C patients (P < 0.001) (Figure 3).




Figure 3 | OS outcomes for patients with BCLC stages A, B, and C.







Subgroup analysis

In patients with BCLC-A stage disease, the mOS was not reached in both the successfully converted treatment and non-conversion therapy groups, and no statistically significant difference was noted between the two groups according to the KM curve trend (P=0.15) (Figure 4). In contrast, in BCLC-B stage patients, the mOS was 29.3 months (95% CI: 24.3-NA) in the conversion therapy group (60 cases) and 19.7 months (95% CI: 17.2-24.6) in the non-conversion group (63 cases), with a significant difference between the two groups (P=0.0013) (Figure 5). In BCLC-C stage patients, the mOS was 25.3 months (95% CI: 13.8-NA) in the conversion therapy group (23 cases) and 16.8 months (95% CI: 15.8-19.0) in the non-conversion group (132 cases), with no statistically significant difference between the two groups (P=0.085) (Figure 6).




Figure 4 | Conversion therapy and prognosis of patients with stage A BCLC.






Figure 5 | Conversion therapy and prognosis of patients with stage B BCLC.






Figure 6 | Conversion therapy and prognosis of patients with stage C BCLC.



Univariate analysis identified four covariates associated with OS in patients, namely BCLC stage, the presence of distant metastasis, vascular invasion, and receipt of conversion therapy. These covariates were subsequently included in a multivariate Cox regression analysis using the direct entry method. The final results indicated that BCLC staging, presence of distant metastasis, and performance of conversion therapy are independent risk factors affecting OS (Table 5). A typical case is displayed in Figure 7.


Table 5 | Univariate and multivariate prognostic analysis.






Figure 7 | Imaging and pathological results of a uHCC patient who underwent conversion therapy following HAIC combined with lenvatinib and sintilimab. (A). A large HCC measuring 15 cm in size was observed in the right lobe of the liver. (B). Digital subtraction angiography (DSA) delineated a highly vascularized tumor. (C) Partial lesion shrinkage following two treatment cycles. (D) Significant reduction in tumor size after four treatment cycles. (E) Postoperative gross pathological specimens. (F). Postoperative pathological examination showed complete tumor necrosis without residual tumor.







Adverse events

During the follow-up period, 456 treatment-related AEs were reported. Among these, 287 were categorized as grades 1-2 and 169 as grades 3-4, with no fatal complications. Common grade 1-2 AEs included abdominal pain, fatigue, and hypertension, while grade 3-4 AEs comprised fatigue, fever, and pain. Sixteen patients experienced hypothyroidism, among which two cases were severe but resolved after treatment with levothyroxine. Meanwhile, twenty-five patients developed reactive cutaneous capillary endothelial proliferation (RCCEP), with four requiring corticosteroid therapy. Eleven patients developed subcutaneous hematomas and three experienced gastrointestinal bleeding; all were successfully treated. Additionally, three patients developed new-onset diabetes mellitus, which was adequately managed with insulin therapy (Table 6).


Table 6 | Patient treatment-related adverse events.








Discussion

Surgical resection remains the primary treatment for early-stage HCC patients. However, over 50% of patients are diagnosed at intermediate to advanced stages, rendering them ineligible for surgical modalities. For these patients, systemic therapy remains the primary treatment approach (17). The 2024 Clinical Practice Guideline for Primary Liver Cancer recommends the following first-line systemic therapies: atezolizumab combined with bevacizumab, sintilimab combined with a bevacizumab biosimilar, and spatinib mesylate combined with camrelizumab. Additionally, lenvatinib, donafenib, sorafenib, and the FOLFOX4 chemotherapy regimen are extensively employed as first-line treatments (18). Despite significant advancements in the treatment of advanced HCC in recent years, challenges persist. The limited benefits of systemic therapies, accompanied by challenges such as drug resistance and disease progression, remain major obstacles for the majority of advanced HCC patients (19, 20).

Conversion therapy regimens are recommended to adopt multi-combination approaches and high-ORR treatment strategies while ensuring safety (3, 21). Recent studies observed that for patients with uHCC, the combination of systemic therapy with local treatments such as transarterial chemoembolization (TACE) and HAIC could further improve the ORR and conversion therapy rate (22). Notably, according to earlier studies, approximately half of patients with intermediate-to-advanced HCC may achieve conversion to surgical resection opportunities through these approaches (23, 24).

HAIC was initially recommended by Japanese guidelines as the standard treatment for HCC with portal vein tumor thrombosis (25). At present, the combination of HAIC with immunotherapy and targeted drugs has shown significant efficacy (15, 26). A retrospective study undertaken by Professor Shi Ming from the Sun Yat-sen University Cancer Center demonstrated that compared to lenvatinib alone, the triple therapy of FOLFOX-HAIC combined with toripalimab and lenvatinib significantly extended the PFS and OS of patients with advanced HCC and concurrently improved the ORR. Of note, 14.1% of patients in the triple therapy group achieved CR (27). A randomized controlled trial enrolling HCC patients with portal vein tumor thrombus compared the efficacy of combination therapy with HAIC and sorafenib versus sorafenib monotherapy. The results demonstrated that the combination therapy group achieved a significantly higher overall response rate (40.8% vs. 2.46%) and longer PFS (7.03 months vs. 2.6 months). Additionally, 12.8% of patients in the combination therapy group experienced tumor downstaging and underwent R0 resection, with 3 patients achieving a pathological complete response after treatment (28). The TRIPLET phase II study assessed the efficacy and safety of camrelizumab, apatinib, and HAIC-FOLFOX in BCLC stage C HCC patients. The treatment achieved an ORR of 77.1% (RECIST v1.1) and a median PFS of 10.38 months. More importantly, 17.1% of patients experienced downstaging, enabling curative therapies, including R0 resection in five patients and curative ablation in one (29). Similar to previous studies, this real-world study demonstrated an ORR of 47.1% and a DCR of 85.5%, with 34.6% of patients undergoing radical surgical resection and ablation. The median PFS was 11.4 months, and the median OS was 21.7 months, significantly improving patient prognosis. We posit that the synergistic effect of interventional and targeted/immunotherapy may involve mechanisms such as the activation of various antitumor immune cells or the suppression of immune cells with tumor-promoting activity following interventional procedure (30). The discrepancies between the findings of this study and previous research may attributed to the use of lenvatinib monotherapy as the targeted agent in this study, with no restriction placed on the types of immunotherapeutic agents.

HAIC combined with systemic therapy demonstrates the ability to rapidly reduce tumor size and control intrahepatic lesions while exerting a relatively minor impact on liver function (31, 32). In certain cases, it may even enhance liver function reserve following a reduction in tumor burden (33). Furthermore, HAIC is associated with a diminished tissue inflammatory response and reduced adhesion post-surgery, thereby lowering surgical risks (34). Currently, several prospective clinical studies (NCT04961918, NCT05029973, NCT04947826, and NCT05003700) are underway to assess the efficacy of HAIC in conjunction with anti-PD-1/PD-L1 immunotherapy and molecular targeted therapy for advanced HCC, as well as the effectiveness of conversion therapy. We anticipate that their results will provide higher-level evidence-based medical evidence for the effectiveness of combined therapy (35).

Herein, among the 110 patients who underwent conversion therapy, the majority were in the BCLC-B stage. Further analysis unveiled that the mOS was 29.3 months in BCLC-B patients in the conversion group compared to 19.7 months in the non-conversion group, with a statistically significant difference. On the other hand, among BCLC-C patients, 23 underwent conversion surgery, and the remaining 132 patients did not undergo conversion surgery. While the mOS was 25.3 months in the conversion group and 16.8 months in the non-conversion group, the difference was not statistically significant, likely due to the limited sample size of converted patients in stage C. These findings collectively suggest that conversion therapy should be promptly initiated in BCLC-B patients if they meet the eligibility criteria (36). In comparison, conversion therapy should be approached with caution in BCLC-C patients, considering that the primary objective should extend beyond surgical resection to the development of individualized treatment strategies based on the patient’s overall condition.

In this study, almost all patients experienced at least one side effect, with 169 patients experiencing grade 3-4 AEs. Fatigue, fever, and pain were the most common grade 3-4 AEs. Three patients developed gastrointestinal bleeding, which was successfully managed with endoscopic hemostasis. The incidence of grade 3 and 4 AEs in this study was markedly higher than in previous studies, potentially due to the inclusion of adverse reactions associated with infusion chemotherapy (37, 38). Although these adverse reactions were classified as higher grades according to the CTCAE 4.0 criteria, they were largely manageable and minimally impacted patients’ overall prognosis and quality of life (39). Despite the high incidence of common AEs, they were generally effectively managed.

Nevertheless, some limitations of this retrospective study cannot be overlooked. To begin, the application of HAIC combined with immunotherapy and lenvatinib in clinical practice is relatively recent, resulting in limited overall follow-up time and insufficient clinical evidence for recommendations. Secondly, the retrospective design of this study inevitably introduced biases-even though we mitigated these through MDT-guided inclusion/exclusion criteria, independent dual data extraction with senior adjudication, multivariate regression adjustment for known prognostic factors, and BCLC-stratified subgroup analyses. Despite these limitations, HAIC-based combination therapy has demonstrated preliminary efficacy and favorable tolerability, showing promising prospects (40). Nonetheless, further prospective, multicenter clinical studies are warranted to identify patient populations that may derive benefits from this therapy, optimize treatment strategies, and refine treatment plans.

HAIC, combined with lenvatinib and immunotherapy, has demonstrated a high ORR in patients with uHCC. Besides, this combination reduced tumor burden, offered a favorable safety profile, increased the conversion therapy rate, and prolonged both OS and PFS. Finally, BCLC staging significantly impacted the likelihood of successful conversion therapy, with stage B patients deriving substantial survival benefits post-conversion.
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