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Background

Molecular targeted therapy combined with immunotherapy significantly improves the prognosis of patients with advanced liver cancer. Additionally, hepatic arterial infusion chemotherapy (HAIC) can improve the prognosis of patients with advanced liver cancer. This real-world study aimed to evaluate the clinical efficacy and safety of HAIC combined with molecular targeted therapy and immunotherapy in the treatment of primary unresectable hepatocellular carcinoma (uHCC).



Methods

A total of 135 patients with uHCC were enrolled in this study. Progression-free survival (PFS) was the primary endpoint. The efficacy of the combination therapy was assessed based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST) guidelines. Overall survival (OS), adverse events (AEs) and surgical conversion rate were the secondary endpoints. Univariate and multivariate Cox regression analyses were performed to examine independent prognostic factors. For sensitivity analysis, inverse probability weighting (IPW) was used to balance the influence of the tested confounding factors between groups to verify the robustness of conversion surgery for survival benefits. The E-values were estimated to assess robustness to unmeasured confounders.



Results

The median number of therapies was three. Approximately 60% of the patients had portal vein tumour thrombosis (PVTT). The most common targeted drugs were lenvatinib and bevacizumab, whereas the most common immunotherapy drug was sintilimab. The overall objective response rate (ORR) was 54.1%, and the disease control rate (DCR) was 94.6%. A total of 97 (72%) patients experienced AEs of grades 3–4. Fatigue, pain and fever were the most common symptoms of grade 3-4 AEs. The median PFS was 28 months and 7 months in the successful and unsuccessful conversion groups, respectively. The median OS was 30 months and 15 months in the successful and unsuccessful conversion groups, respectively. Successful conversion surgery, sex, hapatic vein invasion, BCLC stage, baseline tumour size, AFP levels and maximum therapeutic response were independent prognostic factors for PFS. Successful conversion surgery, number of interventions, hapatic vein invasion and total bilirubin levels were independent prognostic factors for OS. After IPTW, no standardised differences exceeding 0.1 were found. IPW-adjusted Kaplan–Meier curves showed that successful conversion surgery was an independent prognostic factor for both PFS and OS. The E-values of successful conversion surgery were 7.57 and 6.53 for OS and PFS, respectively, which indicated a relatively robust impact of successful conversion surgery on the prognosis of patients.



Conclusion

Patients with primary uHCC undergoing HAIC combined with immunotherapy and molecular targeted therapy have a higher tumour regression rate and the side effects are manageable. Patients undergoing surgery after combination therapy have survival benefits.
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Introduction

On a global scale, liver cancer ranks fifth among malignant cancers (1). The most common subtype of primary liver cancer is hepatocellular carcinoma (HCC) (2). The main treatment strategies for early-stage HCC include surgical resection, ablation and liver transplantation (3). However, most patients with HCC are diagnosed at an advanced stage and hence have a poor prognosis. In recent years, the treatment of advanced HCC has rapidly evolved with the introduction of novel systemic therapies. The IMbrave 150 study showed that compared with sorafenib, atezolizumab combined with bevacizumab had better therapeutic effects in patients with unresectable hepatocellular carcinoma (uHCC) (4). After sorafenib, the combination of atezolizumab and bevacizumab was the first therapeutic strategy that demonstrated promising results in a randomised controlled trial. At present, the first-line treatment for advanced liver cancer is a combination of molecular targeted drugs and immune checkpoint inhibitors (5).

As systemic therapy advances, indications for TACE therapy in HCC are narrowing. The Barcelona Clinic Liver Cancer (BCLC) staging system is the most commonly used system for classifying HCC stages (6). In the previous BCLC guidelines, TACE was recommended as the primary treatment method for BCLC B-stage HCC. However, the 2022 BCLC staging system has re-categorised the stratification of risk for patients with B-stage HCC. The recommended first-line treatment for patients with BCLC B-stage HCC with diffuse, infiltrative and extensive bilobar liver involvement has been changed from TACE to systemic therapy (5). We speculate that the reason for this change, in addition to the advancement of systemic therapy, is related to the poor efficacy of TACE therapy in patients with moderate and high tumour burdens (7, 8).

Hepatic arterial infusion chemotherapy (HAIC) is a locoregional therapy that involves the administration of chemotherapeutic agents at higher concentrations directly into tumour sites via tumour-associated arterial branches (9). A recent randomised controlled trial showed that compared with TACE, FOLFOX-HAIC significantly improved overall survival (OS) and progression-free survival (PFS) in patients with unresectable large tumours (10). The effectiveness of HAIC has also been confirmed in a real-world study (11). Considering that both HAIC and systemic therapy are effective for patients with moderate and high tumour burdens, the therapeutic efficacy of the combination of these two therapies is currently undergoing investigation. Compared with sorafenib monotherapy, combination therapy with sorafenib and FOLFOX-HAIC can improve the objective response rate (ORR) and OS of patients with HCC (12, 13). In addition, the combination of HAIC, anti-PD-1-based immunotherapy and molecularly targeted agents may improve patient outcomes (14, 15). However, relevant previous studies reporting on the abovementioned combination therapeutic strategies had a limited number of participants, which limits the external validation of the results. To the best of our knowledge, no large-scale, real-world studies have reported the therapeutic effects of HAIC combined with systemic therapy. Therefore, this study aimed to evaluate the safety and effectiveness of HAIC combined with immunotherapy and molecular targeted therapy in patients with advanced HCC.



Materials and methods




Patients

This retrospective study was conducted in accordance with the principles outlined by the Declaration of Helsinki (16) and was approved by the Tianjin Medical University Cancer Institute and Hospital Review Board (No.: bc2020099). A random number was assigned to each participant, and other information that could reveal the identity of participants was removed.

Patients with uHCC who received triple therapy (HAIC + anti-PD-1-based immunotherapy + molecular targeted therapy) between November 2018 and December 2021 at Tianjin Medical University Cancer Institute and Hospital were enrolled. All patients were evaluated by our multidisciplinary board for surgical resection. The board comprises multidisciplinary specialists, including hepatobiliary surgeons, oncologists, interventionists, radiologists and radiotherapy physicians. To increase the sample size and ensure representativeness, there was no limitation regarding the specific use of immune checkpoint inhibitors and targeted drugs in the included patients. Figure 1 demonstrates a flowchart representing the patient enrolment strategy with detailed inclusion and exclusion criteria.




Figure 1 | Flowchart demonstrating the patient inclusion strategy.






Treatment protocol

Patients were locally anaesthetised, and the Seldinger technique was used to puncture the femoral artery. To examine blood supply at the tumour site, digital subtraction angiography was used to visualise the anatomical features of the celiac, superior mesenteric and hepatic arteries. HAIC was conducted using a 2.7-F microcatheter placed in the tumour-feeding arteries. The FOLFOX regimen was used as follows: 4-hour infusion of 85-mg/m2 oxaliplatin, 2–3-hour infusion of 400-mg/m2 calcium folinate and a bolus injection of 400-mg/m2 fluorouracil, followed by 23-hour infusion of 1200-mg/m2 fluorouracil on day 1 of treatment. Drug doses may be adjusted depending on the Child–Pugh grade and chemotherapy tolerance. HAIC was repeated every 4–6 weeks until disease progression or unacceptable toxicity was observed or the treatment plan was changed. Treatment may be interrupted or dose adjustments may be required if toxicity is intolerable. When grade 3 or 4 adverse events occur, oxaliplatin would be reduced to 65 mg/m2, and 5-fluorouracil to 300 mg per bolus and 1000 mg per cycle respectively.




Anti-PD-1-based immunotherapy and molecular targeted therapy

Before or after the first HAIC session, patients were intravenously administered anti-PD-1 antibodies every 3 weeks (200-mg sintilimab, 200-mg tislelizumab, 200-mg camrelizumab, 240-mg toripalimab or 200-mg pembrolizumab). For anti-angiogenesis treatment, the patients were administered 8-mg lenvatinib orally once daily, 200-mg sorafenib orally twice daily and 250-mg apatinib orally once daily. Patients in the T + A group were intravenously administered atezolizumab (1200 mg) plus bevacizumab (15 mg/kg) or sintilimab (200 mg) plus bevacizumab biosimilar (IBI305) every 3 weeks.




Primary endpoints and data collection

PFS was the primary endpoint. Therapeutic efficacy was evaluated based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST) (17). PFS was defined as the time from initiation of treatment to the end of progression or death. The secondary endpoints included OS, ORR (complete response [CR] + partial response [PR]), disease control rate (DCR; ORR + stable disease [SD]), surgical conversion rate and adverse events (AEs) defined by the Common Terminology Criteria for Adverse Events, version 4.0.




Statistical analysis

Categorical variables were analysed via the Fisher’s exact test and were expressed as numbers (percentages). Data with normal distribution were analysed using the t-test or ANOVA analysis. Data with non-normal distribution were analysed using the rank sum test and were expressed as the median (interquartile range [IQR]). Survival was estimated using the Kaplan–Meier method, and the data were analysed via univariate and multivariate Cox proportional risk regression analyses. A p-value of <0.05 was considered significant.

Sensitivity analysis was conducted using two approaches. First, inverse probability weighting (IPW) was employed to manage potential imbalance among covariates between two groups (18). Second, E-values were estimated to examine unmeasured confounders owing to the observational study design (19) and evaluate the impact of unmeasured confounders on the outcomes of patients. Statistical analysis was performed using the R (version 4.2.1) software.




Result




Characteristics of patients and tumors

A total of 2019 patients were screened between November 2018 and December 2021; of which, 135 met the eligibility criteria for inclusion. A flowchart demonstrating the patient selection strategy and inclusion and exclusion criteria is shown in Figure 1. A majority of patients (82.2%) were men. The most prevalent cause of underlying liver disease was chronic hepatitis B virus infection (93.3%). More than half of the patients (58.8%) had portal vein tumour thrombosis. The median tumour size was 8.95 cm (IQR = 6.27–13.0 cm). Lenvatinib and bevacizumab were the most common targeted drugs, whereas sintilimab was the most common immunotherapeutic drug. Patients were divided into two groups based on whether conversion surgery was successful (Table 1). The median number of HAIC sessions was 3 (IQR = 2–3). The median number of HAIC sessions was higher in the successful conversion surgery group than in the unsuccessful conversion surgery group. However, the difference was not significant.


Table 1 | Baseline information of patients.






Short-term efficacy and side effects

Short-term curative effects evaluated based on the mRECIST guidelines (8, 20, 21). The maximum therapeutic response are significantly correlated with the prognosis (22). Because the patients included in this study had a high tumour burden, we evaluated the maximum tumour response to treatment based on the mRECIST guidelines. Waterfall plots demonstrating the maximum tumour response are depicted in Figure 2. The ORR and DCR of patients were 54.1% and 94.6%, respectively. The ORR was higher in the conversion surgery group (successful vs unsuccessful: 65% versus 36%, p = 0.08).




Figure 2 | Waterfall plot demonstrating the target lesion size estimated using mRECIST guidelines.



A total of 280 treatment-related AEs occurred during the follow-up period. The most common grade-1 and -2 AEs were abdominal pain, fatigue and abnormal liver function (Figure 3A). A total of 97 patients experienced at least 1 grade-3 or -4 AE (Figure 3B). The most common grade-3 and -4 AEs were fatigue, pain and fever. Additionally, a patient had gastrointestinal haemorrhage, which was successfully treated via endoscopic haemostasis.




Figure 3 | (A) Histogram of adverse reactions of grades 1–2, (B) Histogram of adverse reactions of grades 3–4.






Prognostic analysis

The median follow-up duration was 12 months and 11 months in the successful and unsuccessful conversion groups, respectively. The median PFS was 28 months and 7 months in the successful and unsuccessful conversion groups, respectively. The median OS was 30 months and 15 months in the successful and unsuccessful conversion groups, respectively. PFS and OS curves are shown in Figures 4A, B. As shown in the forest plot in Figures 5A, B, successful conversion surgery, sex, hapatic vein invasion, BCLC stage, baseline tumour size, AFP levels and maximum therapeutic response were independent prognostic factors for PFS. Multivariate Cox analysis showed that successful conversion surgery, number of interventions, hapatic vein invasion and total bilirubin levels were independent prognostic factors for OS.




Figure 4 | (A) Kaplan–Meier curve for progression-free survival, (B) Kaplan–Meier curve for overall survival.






Figure 5 | (A) Forest plot of multivariate Cox regression analysis of PFS, (B) Forest plot of multivariate Cox regression analysis of OS.






Sensitivity analysis

The sample size of this study is small, and the statistical power of multivariate analysis might have been inadequate. Therefore, IPW was used to balance confounding factors between the successful and unsuccessful conversion groups, and weighted survival analysis was subsequently used to examine sensitivity (23). As shown in Figure 6, the factors that may affect the prognosis of patients are incorporated into the IPTW equation. After IPTW analysis, no standardised differences exceeding the threshold were observed. IPW-adjusted survival curves were plotted to demonstrate the effects of successful conversion surgery on PFS and OS (Figures 7A, B). The final results showed that successful conversion surgery was an independent prognostic factor for both PFS and OS.




Figure 6 | Love plot for standardised baseline differences before and after IPTW.






Figure 7 | (A) IPW-adjusted Kaplan–Meier curve for PFS, (B) IPW-adjusted Kaplan–Meier curve for OS.



Because observational analyses have inherent limitations, the E-value was calculated to assess the sensitivity to unmeasured confounders (24). If the effect value of the unmeasured confounding factor reaches the E-value, the result is invalidated. The E-value of successful conversion surgery was 7.57 and 6.53 for OS and PFS, respectively, which indicates a relatively robust impact of successful conversion surgery on the prognosis of patients.




Discussion

In this study, real-world data were used to evaluate the effectiveness of HAIC combined with immunotherapy and molecular targeted therapy in patients with primary uHCC. Patients with high tumour burden had a high tumour regression rate after combination therapy, and successful conversion surgery had strong protective effects on the prognosis. Although the incidence of side effects owing to combination therapy is high, they can be well managed. To adjust for possible confounding factors, the article employs inverse probability weighting. In addition, we calculated E-values, which allow us to assess the effect of unmeasured confounders on the final results in a quantitative manner. The experimental design and methodology of this study will assist us in evaluating the causal relationship between HAIC combined with systemic therapy and patient prognosis, despite the fact that it is a real-world study.

Because most patients with HCC are diagnosed at a middle or advanced stage, they are ineligible for radical local treatment. Before immunotherapy was introduced, TACE was the standard treatment option for middle-stage liver cancer, whereas molecular targeted therapy (sorafenib or lenvatinib) was the standard treatment for advanced HCC (3).

In recent years, several novel systemic therapies have been introduced for the treatment of advanced HCC. In the IMbrave 150 study, combination therapy with atezolizumab and bevacizumab was identified as a better treatment option than sorafenib monotherapy for uHCC (4). In the ORIENT-32 trial, the effectiveness of combination therapy with sintilimab and a bevacizumab biosimilar (IBI305) was found to be superior to that of sorafenib monotherapy, which has been approved by the FDA for the first-line treatment of advanced unresectable liver disease (25). The phase III HIMALAYA trial demonstrated that combined with sorafenib monotherapy, durvalumab plus tremelimumab pre-stimulation treatment significantly improved survival (26). At present, the combination of molecular targeted drugs and immune checkpoint inhibitors is the first-line treatment for advanced liver cancer.

With the advancement of systemic therapy, the use of TACE therapy for treating HCC has reduced. Systemic therapy is recommended for patients with diffuse stage-B liver cancer (BCLC 2022) (27). Before immunotherapy was introduced, significant attempts were made to combine TACE and TKI drugs to improve therapeutic effects and prognosis. However, the results were contradictory (28–30). We speculate that the reason for this phenomenon may be the poor efficacy of TACE therapy in patients with a high tumour burden. However, TKI drugs are only effective in patients with a high tumour burden (7, 8, 31).

HAIC is more effective than TACE in patients with a high tumour burden (10, 32, 33). The combination of HAIC and molecular targeted therapy can increase the tumour regression rate and improve prognosis (13, 14). The findings of this study are similar to those of previous related studies. As evaluated based on the mRECIST guidelines, the overall ORR and DCR were 54.1% and 94.6%, respectively. These rates might have been overestimated because 24 patients had imaging data but cannot be judged. However, the results of survival analysis indicated that combination therapy was associated with a positive outcome. The overall median PFS and OS were 12 months and 30 months, respectively, which are higher than those reported in the IMBRAVE 150 and LEAP-002 studies (4, 34). Therefore, combination therapy may be more effective for patients with a high tumour burden.

At least one side effect was experienced by almost all patients. A total of 97 (72%) patients experienced AEs of grades 3–4. Fatigue, pain and fever were the most common grade-3 and -4 AEs. In addition, a patient had gastrointestinal haemorrhage, which was successfully treated via endoscopic haemostasis. The incidence of grade-3 and -4 AEs was significantly higher in this study than in previous studies (14, 35). This increase may be attributed to the inclusion of adverse reactions related to the process of perfusion therapy, such as abdominal pain and fever, in this study. Although these adverse reactions are graded high according to CTCAE 4.0 (36), they are manageable and have a minimal impact on the outcome of patients. No unique adverse effects associated with combination therapy were observed. The common AEs observed in this study are manageable despite their high incidence.

Furthermore, the prognostic impact of successful conversion surgery was assessed. Of the 135 patients with primary uHCC, 40 patients were successfully treated with surgery after the completion of combination therapy. The rate of surgical conversion in patients with uHCC after systemic and local therapy varies widely (35, 37). Owing to the small sample size of previous studies, there is a greater possibility of selection bias. To the best of our knowledge, this study employed the largest cohort to evaluate the efficacy of HAIC combined with immunotherapy and targeted therapy in uHCC. The surgical conversion rate of patients in this study is considered significant for future investigation into this field. Multivariate Cox, IPTW and E-value revealed that successful conversion surgery was an independent prognostic factor in uHCC. This finding indicates that surgical treatment should be administered to eligible patients with primary unresectable liver cancer to improve their prognosis.

This retrospective study has several limitations. First, HAIC combined with immunotherapy and targeted therapy has not been used in clinical practice for a long time, and the overall follow-up period was short. Further follow-up is required to establish long-term efficacy and side effects. Second, this study had a retrospective design with an unavoidable bias, such as selection bias in the inclusion of patients and information bias in the evaluation of imaging data. Due to being a retrospective study and a single-center study, the collected data is somewhat limited. For example, Previous studies showed that the nutritional state of HCC patients has a great impact on prognosis (38). In our study, we did not gather information about these factors. Additionally, because the data were collected from regional cancer centres, the results may not apply to all primary care units. It is necessary to conduct prospective multicentre studies to verify the results of this study. According to our study, the short-term curative effect of patients is greater than that of previous studies and randomized controlled trials. Despite the favorable short-term efficacy of combination therapy, selection bias may have contributed to this high efficacy.

In conclusion, HAIC combined with immunotherapy and molecular targeted therapy has a higher tumour regression rate and surgical conversion rate in patients with primary unresectable liver cancer, and the side effects of this combination therapy are well manageable. Patients undergoing surgery after combination therapy have survival benefits.
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