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Aim

We sought to evaluate the efficacy and safety of conventional transcatheter arterial chemoembolization (cTACE) sequentially combined with systemic treatment by programmed cell death protein 1 (PD-1) inhibitor and anti-angiogenesis tyrosine kinase inhibitor (Anti-angiogenesis TKI) in patients with unresectable hepatocellular carcinoma (HCC).



Materials and methods

One hundred and forty-seven advanced HCC patients who received PD-1 inhibitors and TKIs as first-line systemic treatment between August 2019 and April 2021 were collected retrospectively. Fifty-four patients were finally included and divided into cTACE and no-cTACE groups, according to whether cTACE treatment was performed within 8 weeks before systemic treatment. The tumor objective response ratio (ORR), progression-free survival (PFS), overall survival (OS), and adverse events (AEs) were compared between the groups. Significant factors affecting PFS and OS were determined by Cox regression.



Results

Thirty-one patients received cTACE followed by systemic treatment and 23 patients received systemic treatment only. The ORRs of the cTACE group were 48.4% (after two cycles of systemic treatment) and 51.6% (after four cycles of systemic treatment), while those of the no-cTACE group were only 17.4% and 21.7%. cTACE patients also had a longer median PFS (11.70 vs. 4.00 months, P = 0.031) and median OS (19.80 vs. 11.6 months, P = 0.006) than no-cTACE patients. Regression analyses indicated that cTACE therapy and Eastern Cooperative Oncology Group performance status were independent risk factors for PFS and OS. AEs by type were similar between the cTACE and no-cTACE groups, except for liver function injury, which was more common among cTACE patients. Fourteen patients suffered with grade 1-2 of rash in 21 patients with objective response, while only 10 patients suffered with rash in 33 patients without objective response, the adjusted hazard ratio (HR) was 4.382 (1.297–14.803).



Conclusions

The combination of cTACE and PD-1 inhibitors and anti-angiogenesis TKIs as therapy significantly improved markers of treatment efficacy, including ORR, PFS, and OS, in unresectable HCC patients, while no more serious AEs recorded in this population compared to those receiving systemic treatment alone. Skin rash might be a predict factor to the efficacy of PD-1 inhibitors and TKI treatment.
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Highlights

	cTACE combined with PD-1 inhibitors and TKIs showed more benefits compared to the use of PD-1 inhibitors and TKIs only in unresectable HCC patients.

	No more serious adverse events occurred in HCC patients receiving TACE and systemic therapy compared to systemic therapy only.

	Skin rash may predict the efficacy of systemic therapy in advanced HCC patients.





Introduction

Hepatocellular carcinoma (HCC) is a common cancer and a leading cause of cancer-related death. Most HCC patients in China are infected with hepatitis B virus (HBV) (1). In the last several decades, effective systemic treatments for unresectable advanced HCC have remained limited. The multi-tyrosine kinase inhibitors (mTKIs) Sorafinib (2) and Lenvatinib (3) have shown low objective response rates (ORRs) and limited survival benefits. Although immune checkpoint inhibitors (ICIs) have achieved good efficacy in many solid tumors, no ICI monotherapy has received priority recommendations for HCC until now (4). ORRs for ICI monotherapies range from only 15%–23% but could be increased to approximately 30% after combination with TKIs or another ICI (5). Anti-angiogenesis medications, including TKIs and mono-antibodies, target vascular endothelial growth factor (VEGF) signaling, normalize tumor blood vessels, regulate the tumor microenvironment, and enhance the efficacy of ICIs (6, 7). Based on the IMbrave-150 (8) and ORIENT-32 (9) randomized controlled trials (RCTs), ICIs and anti-angiogenesis therapeutics in combination are recommended as first-line systemic treatments in advanced HCC patients at present. RESCUE, as a multicenter clinical study, using Camrelizumab and Apatinib as first-line or second-line treatment in advanced HCC also indicated its efficacy and manageable safety in China (10).

Transcatheter arterial chemoembolization (TACE) has been recommended as a primary locoregional treatment for intermediate-stage HCC patients for decades in guidelines of the National Comprehensive Cancer Network (NCCN) and the Chinese Society of Clinical Oncology (CSCO) given its broad range of indications and high short-term effect (11). Based on the embolic materials used, TACE includes conventional TACE (cTACE), which is performed by injecting anti-cancer drugs and lipiodol followed by embolic materials, and drug-eluting bead TACE (DEB-TACE) (12). DEB-TACE has a better treatment response without a greater survival benefit compared to cTACE, but the cost of DEB-TACE is also higher than that of cTACE (13–15). TACE-induced hypoxia in tumor leads to the overexpression of VEGF (16) and activate the proliferation of tumor cells (17), making the combination of TACE and anti-angiogenesis effective in theory. However, the use of anti-angiogenesis in combination with TACE is still limited given the different definitions of median PFS (time-to-unTACEable progression) considered in its few trials (18, 19), which were much longer than that in a previous RCT (20). Furthermore, TACE primarily causes tumor necrosis by embolizing tumor blood supply arteries, and the necrosis of tumor cells leads to the release of neo-antigens and the activation of dendritic cells to the tumor microenvironment, which can change an immunosuppressive microenvironment into an immuno-supportive setting (20), ensuring an improved response to ICIs.

Given the currently available evidence, TACE may be an ideal partner for ICI-based systemic therapy in advanced HCC. To date, clinical studies, such as NCT04246177 (21), NCT04472767, and NCT04997850 (https://clinicaltrials.gov/), are still ongoing to verify the efficacy of TACE combined with TKIs and ICIs. PD-1 inhibitors are the main class of ICI widely used in China in light of their good accessibility and low price. Our study investigates the efficacy and safety of cTACE sequentially with PD-1 inhibitors and TKI treatment for unresectable HCC patients in the real world, which might be helpful for clinical decision-making in practice.



Methods


Study design

Data from 147 advanced HCC patients who received PD-1 inhibitors and TKIs as first-line systemic treatment between August 2019 and April 2021 at the First Affiliated Hospital of Gannan Medical University were collected. The institutional committee of the hospital approved the proposal of this study, and the need for written informed consent was waived. All patients were diagnosed and treated according to the guidelines of the Barcelona Clinic Liver Cancer (BCLC) staging system as either Child–Pugh class A or B cases. Patients without surgical indications or who refused to operate was included. cTACE was the most common local treatment in these patients (77/147), in order to investigate the role of cTACE in combined with Camrelizumab, (a PD-1 inhibitor, Hengrui Medicine Co., Ltd., Jiangsu, China) and TKIs, the exclusion criteria were as follows: 1) ablation or radiotherapy was used before systemic treatment; 2) HCC was combined with other malignant tumors; 3) < 2 cycles of ICI were used; 4) the interval time between cTACE (if administered) and systemic treatment was > 8 weeks; 5) the patient was lost to follow-up. Nighty-three patients were excluded followed by the criteria above and the enrolled fifty-four patients were included and divided into a cTACE group (n = 31) and a no-cTACE group (n = 23) according to whether cTACE was performed or not before systemic treatment with PD-1 inhibitors and TKIs.



Clinical features

Baseline characteristics at diagnosis were collected, including age, sex, Eastern Cooperative Oncology Group (ECOG) performance status, Hepatitis B surface antigen (HBs–Ag) status, Alpha fetoprotein (AFP), Child–Pugh class, BCLC stage, largest tumor size, number of liver tumors, macro vascular invasion, extrahepatic metastasis, and the type of TKI used. Extrahepatic metastasis was evaluated by chest CT scan, enhanced abdominal CT or MRI. The location of extrahepatic metastases in these patients included lung and lymph node. Camrelizumab was administered at the dosage of 200 mg every 3 weeks, the first treatment time of Camrelizumab in cTACE group was within 8 weeks post TACE. For treatment with TKIs, patients received the initial dosage of Sorafenib (400mg bid), Lenvatinib (body weight < 60 kg with 8mg daily, body weight ≥ 60 kg with 12mg daily), or Apatinib (250mg daily), and dose adjustments were made according to the grade of treatment-related adverse events (TRAEs). Routine blood test values, liver function test results, and imaging data from different time points were saved.



The conventional TACE procedure

Two interventional radiologists with > 10 years of experience performed cTACE using an angiography X-ray system (UNIQ FD20; Philips, Eindhoven, Netherlands). Seldinger method was used for percutaneous arterial puncture, a short guide wire was used to place the catheter sheath, and then the intubation operation was performed under X-ray system. The catheter was super-selectively inserted into the tumor-feeding artery, and chemoembolization was performed with iodized oil (5–20 mL) mixed with platinum (10–40 mg) or epirubicin (10–40 mg). Additional gelatin sponge was used to further enhance embolization in 22 patients without serious liver cirrhosis. After chemoembolization, the feeding vessels of the tumor were blocked, and angiography revealed that tumor staining decreased or disappeared. Pull out the catheter post operation, pressed the puncture site, braked the puncture side limb for 12 hours and lied flat for 24 hours. Reoperation is feasible post 4 weeks of last surgery if necessary.



Assessments

The modified Response Evaluation Criteria in Solid Tumors (mRECIST) were used by a radiologist with > 10 years of experience to evaluate HCC tumor responses. The criteria to define the response were as follows: 1) complete response (CR), the disappearance of any intra-tumoral arterial enhancement in all target lesions; 2) partial response (PR), ≥ 30% decrease in the sum of enhanced diameters of viable target lesions; 3) stable disease (SD), the total diameter of the target lesion was not reduced and not increased as other grades; and 4) progressive disease (PD), an increase of ≥ 20% in the sum of the diameters of viable target lesions or new lesion/lesions was defined. The target lesions in current study were those with the largest tumor diameter and typical image characteristics and the numbers of target lesion were less than two (22). The percentage of patients with CR plus PR was defined by the ORR, and the percentage of patients with CR, PR, and SD was defined by the disease control rate (DCR). Progression-free survival (PFS) was the time interval from our treatment to the first PD or death, while overall survival (OS) was the time from our treatment to death. TRAEs were graded according to the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0.



Statistical analysis

Study data were analyzed using the SPSS version 22.0 statistical software (IBM Corporation, Armonk, NY, USA). The chi-squared test was used to detect the differences in clinical features between the cTACE group and no-cTACE group. A waterfall plot revealed the effective depth of treatment in different groups. Logistic analysis was performed to select the related clinical factors for ORR. Cox regression and Kaplan–Meier analysis were used to evaluate the risk factors affecting prognosis, including PFS and OS. The follow-up time for patients in this study was until March 31, 2022 and the median follow-up time was 11.70 months. The sequential treatment post progression of disease in two groups was statistically analyzed by chi-squared test. P < 0.05 indicated a statistically significant difference.




Results


Patients’ characteristics

Fifty-four patients were enrolled and divided into 2 groups as shown in Figure 1. The comparison of baseline characteristics, including sex, age, ECOG performance status, HBsAg status, AFP level, Child–Pugh class, largest tumor size, BCLC stage, number of liver tumors, and macro vascular invasion, between the cTACE group (N = 31) and no-cTACE group (N = 23) is presented in Table 1. No significant differences were found in these factors between the groups. Three patients with BCLC stage A included in this study experienced recurrence after their operation and could not be operated on. The frequency of cTACE treatment in cTACE group was from 1 to 4 times before the progression of disease, the average of times was 1.36. The proportion of PFS event was 57.4% (31/54), the proportion of OS event was 46.3% (25/54).




Figure 1 | Flowchart of this study.




Table 1 | Baseline characteristics of patients before treatment in both groups.





cTACE increased the efficacy of PD-1 inhibitors and TKIs

The therapeutic efficacy was evaluated using the mRECIST criteria after two and four cycles of PD-1 inhibitor-based systemic treatment, respectively. The ORR in the cTACE group was 48.4% at the first assessment compared to 17.4% in the no-cTACE group (Table 2a). The release depth of each patient indicated that a better release of cTACE treatment occurred compared to no-cTACE treatment (Figure 2). With a total of four cycles of systemic treatment, the ORRs were 51.6% and 21.7% in the cTACE group and the no-cTACE group, respectively (Table 2b). For the significant difference in the number of patients taking Lenvatinib in the combined TACE group and the non-combined group (13 cases versus 3 cases), we performed additional analysis using cases who did not used Lenvatinib, the ORRs of four cycles treatment between two groups was 55.56% (10/18) and 25.00% (5/20), which kept consistent with the primary result although without significant difference (Table S1). The cTACE combination improved the ORR by about 30% compared to the no-TACE treatment, while no significant difference was found in DCR between the groups. Two patients in the cTACE group showed CR after four cycles of ICIs and TKIs; Figure 3 presents images from one of these cases. Furthermore, TACE treatment is defined as an independent factor for short efficacy by logistic analysis in Table 3.


Table 2 | Efficacy of HCC patients with different treatment combinations (with two cycles of ICI).






Figure 2 | Efficacy of 54 HCC patients with two cycles of systemic treatment in the (A) cTACE group and (B) no-cTACE group. Red represents progressive disease, blue represents stable disease, and green represents partial response.






Figure 3 | A representative case with complete response in the cTACE group. (A) Before treatment; (B) after two cycles of systemic treatment; and (C) after four cycles of systemic treatment.




Table 3 | Logistic analysis of clinical factors for ORR (with two cycles of ICI) in 54 HCC patients.





cTACE prolonged the survival of HCC patients with PD-1 inhibitors and TKIs

The median PFS in the cTACE group was 11.70 months (95% confidence interval [CI], 3.90–19.50) compared to 4.00 months (95% CI, 0.00–8.07) in the no-cTACE group (Figure 4A, P = 0.031). The median OS in the cTACE group was estimated as 19.8 months (95% CI, 9.26–30.34) compared to 11.6 months (95% CI, 8.39–14.81) in the no-cTACE group (Figure 4B, P = 0.006). Similar results were found in the cohort without Lenvatinib bearing patients (Figure S1, mPFS was 16.40 vs. 3.70, P = 0.028; mOS was 21.00 vs. 11.60, P = 0.017). Cox regression was used to show the independent risk factors for PFS and OS (Tables 4 and 5). cTACE treatment and ECOG performance status (< 2) were beneficial for both PFS (hazard ratio [HR], 2.466; P = 0.019 and HR, 2.719; P = 0.008) and OS (HR, 3.471; P = 0.013 and HR, 2.392; P = 0.037). Patients with a poor ECOG performance status (= 2) also had a longer PFS (11.70 vs. 2.30 months) and OS (13.40 vs. 7.70 months) in the cTACE group (n = 9) compared to the no-cTACE group (n = 8), although there was no significant difference between the 2 groups (Figure S2, P > 0.05). Thirty-one patients reached PFS event until Mar 2022 and eight of them suffered without any other treatment. The therapeutic schedule post progression included Regorafenib, local treatment plus Regorafenib or Sintilimab (a PD-1 inhibitor from Innovent Biological company, Suzhou, China) plus Bevacizumab (anti-VEGF antibody from Roche company, Shanghai, China), and the constituent ratio of sequential treatment had no difference between cTACE and no-cTACE group (Table S2), indicating the choice of second-line was even and played subtle effect on the survival in two groups.




Figure 4 | Kaplan-Meier analysis of PFS (A) and OS (B) in both groups.




Table 4 | Potential risk factors for PFS across the entire cohort.




Table 5 | Potential risk factors for OS across the entire cohort.





Safety of cTACE sequentially administered with PD-1 inhibitors and TKIs

Different grades of TRAEs during treatment were compared between the groups as shown in Table 6. All types of serious TRAEs showed no difference between the cTACE and no-cTACE groups. Hepatic dysfunction was the most common TRAE in the whole cohort; there were more patients with all grades of elevated alanine aminotransferase and aspartic aminotransferase levels in the cTACE group than in the no-cTACE group (87.1% vs. 30.4% and 100.0% vs. 78.3%, respectively). Hematological toxicity (up to 77.4%), rash (up to 58.1%), and hand–foot syndrome (up to 52.2%) were the top 3 TRAEs expected for hepatic dysfunction, and no difference was found between the groups. Gastrointestinal reaction including diarrhea and poor appetite was also common post systemic treatment. The incidence of hypothyroidism was from 32.3% to 34.8%, which was consistent with other reported. Reactive cutaneous capillary endothelial proliferation (RCCEP, a specific skin AE of Camrelizumab) in our study was not common as other reported, for the anti-angiogenesis treatment was used at the same time. No patients suspended treatment due to adverse reactions. The relationship between TRAEs and ORR was analyzed in Table 7. Fourteen patients suffered with grade 1-2 of rash in 21 patients with CR or PR, while only 10 patients suffered with rash in 33 patients with SD or PD, identifying rash as an independent event for treatment effect prediction.


Table 6 | TRAEs during treatment in both groups.




Table 7 | Logistic analysis of adverse events for ORR during treatment in all patients.






Discussion

TACE plays an important role and is recommended to be combined with other methods to improve the long-term curative effect in advanced HCC (23). Due to its high heterogeneity, the recommended combination therapeutic method and timing are still being investigated by several clinical trials as referred above. In this study, we discussed the efficacy and safety of TACE combined with systemic therapy for advanced HCC patients in China.

Cao et al. (24) examined TACE combined with Sintilimab, and Lenvatinib in 60 unresectable HCC patients and reported the median PFS and OS were 13.3 and 23.6 months, respectively, suggesting the efficacy of this combination. However, the Lenvatinib was administered pre-TACE and then sequentially with Sintilimab, which was also performed in the same order in another report (25). Moreover, 2 studies investigated the efficacy of DEB-TACE sequentially with Camrelizumab plus Apatinib (AC) within 1 week in HCC patients (26, 27), but 1 study retrospectively compared AC combined with DEB-TACE or not. Here, the median OS was 24.8 months in the DEB-TACE with the AC group versus 13.1 months in the AC group. In our study, cTACE, which costs less than DEB-TACE, was used and sequentially combined with Camrelizumab plus TKIs. Patients with TACE treatment obtained a better ORR and longer OS compared to those in the no-TACE group, no matter the order of TKIs and TACE, indicating that TACE treatment is an independent risk factor for the prognosis of advanced HCC patients. The ORR in our study was evaluated after two cycles and four cycles of systemic treatment, reflecting a real long-term efficacy of the ICI combination. TACE induced a fast clinical remission of the tumor; further combination with immunotherapy prolonged the long-term benefit of TACE in patients. Nevertheless, the studies mentioned above-excluded patients with poor ECOG performance statuses and high Child–Pugh scores, while our study included 17 (33.5%) patients with an ECOG performance status of 2 and 7 (12.9%) with a Child–Pugh score > 7 points, leading to a shorter OS in our study. However, patients with a poor ECOG performance status also benefited from cTACE treatment, although without a statistically significant difference.

In addition, HBV infection is a primary etiological factor for HCC and exerts complex biological effects on the tumor microenvironment, resulting in immunosuppression by the downregulation of T-cells (28). CheckMate 040 data showed that the ORR of HBV-positive patients with nivolumab was lower than that of HBV-negative patients (29, 30). Our population was approximately 90% HBV cases, and the ORR in the TACE group was improved by about 30% compared to that in the no-TACE group, indicating that TACE combination therapy further activated the immune response in HBV-related HCC based on ICIs plus TKIs. Given the high rate of objective release, this combination mode can also be recommended as a neoadjuvant transformation therapy in some unresectable patients (31).

In contrast to the above, no difference in serious adverse events was investigated between the TACE and no-TACE groups, which was the same result as in other reports (25, 26), indicating the safety of this therapeutic combination. Furthermore, skin rash was reported as a common adverse event with both PD-1 inhibitors and TKIs as tumor therapy, so the treatment response might be related to rash (32), which is consistent with our results.

There are also several limitations of this study. First, this was a retrospective study with limited participants, although its conclusion is consistent with those of other reports published recently (25, 26). Second, it considered three different TKI medications used in this study (Sorafenib, Lenvatinib, and Apatinib), which had similar targets and supported this combination with PD-1 inhibitor theoretically. The bias of different medications was inevitable and further subgroup study with more cases for each medication should be performed to confirm our results. Finally, the interval of sequential systemic therapy was up to 8 weeks post-TACE, as determined by the physical condition and tumor burden of the patients, which might be another factor leading to the shorter survival in our study compared to other reports.

Based on these results, we reported a clinical combined treatment option with a definite curative effect and durable safety in HCC patients. Irrespective of the application order of TKIs, cTACE offered additional benefits above ICIs and TKIs only in advanced unresectable HCC patients. This option compensated for the deficiency of the long-term efficacy of TACE without increasing adverse events. More prospective clinical study data should be collected to verify this approach in the future.
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