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Objective: Apatinib is a inhibitor of vascular endothelial growth factor receptor-2. To explore the efficacy and prognostic factors of transarterial chemoembolization (TACE) combined with apatinib in the treatment of Barcelona Clinic Liver Cancer stage C (BCLC C) hepatocellular carcinoma (HCC).

Methods: Clinical data of 146 HCC patients with BCLC stage C admitted to our hospital were collected and analyzed retrospectively, of which 76 cases were treated with TACE combined with apatinib (TACE-apatinib) and 70 with TACE alone. The tumor response, survival time, and adverse events were compared between the two groups, and the factors affecting the prognosis were analyzed.

Results: The objective response rate (ORR) and disease control rate (DCR) in the TACE-apatinib group were higher than in the TACE-alone group (ORR: 42.10 vs. 25.71%, P = 0.03; DCR: 84.21 vs. 55.71%, P = 0.001). The median time to progression (TTP) and overall survival (OS) in the TACE-apatinib group were longer than in the TACE-alone group (TTP: 5.5 vs. 3.7 months, P = 0.02; OS: 10.0 vs. 6.2 months, P = 0.01). Univariate and multivariate Cox regression analysis showed that tumor size, Child-Pugh class, and the presence of the portal vein tumor thrombus affect the prognosis of patients. Subgroup analysis revealed that TACE-apatinib therapy resulted in a higher OS in patients with tumor size <10 cm, without portal vein tumor thrombus, and with Child-Pugh class A (P < 0.05). The likelihood of adverse events (hand-foot syndrome, hypertension, oral ulcer) was significantly higher in the increased in the TACE-apatinib group than in the TACE alone group (P < 0.05).

Conclusion: TACE-apatinib is an effective and safe method for the treatment of BCLC stage C HCC. Tumor size, Child-Pugh class, and portal vein tumor thrombus affect survival time in HCC patients with BCLC stage C.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common cancers in the world with high mortality in the digestive system (1). Due to the non-specific symptoms and the occult nature of HCC, patients are usually diagnosed at the middle or late stages of the tumor, and approximately half of them have the Barcelona Clinic Liver Cancer (BCLC) stage C. In China, local treatment based on transcatheter arterial chemoembolization (TACE) is the most important therapy for patients with advanced HCC (2, 3). TACE can control tumor growth, block the blood supply to the tumor site, and induce local ischemia and hypoxia by delivering chemotherapeutic drugs and embolic agents into the feeding artery of HCC. However, studies have shown that after TACE, vascular endothelial growth factor-α (VEGF-α) is significantly increased in the residual tumor and promotes angiogenesis. Therefore, anti-angiogenic therapy is essential in patients treated with TACE (4, 5). Sorafenib is recommended as the standard treatment for BCLC stage C HCC. Sorafenib is a molecular targeted drug, which mostly inhibits tumor cell proliferation and angiogenesis. However, for patients in the Asia-Pacific region, its therapeutic effect is limited with the median overall survival (OS) at 6.5 months and the time to progression (TTP) at 2.8 months (6).

Apatinib is a small molecular targeted drug with independent intellectual property rights in China. It selectively acts on the ATP-binding site of the VEGF receptor in tumor cells, inhibiting a variety of tyrosine kinases and block its downstream pathway. These activities inhibit the migration and proliferation of vascular endothelial cells, reduce tumor neovascularization density, and inhibit residual tumor growth (7, 8). A recent randomized controlled study showed that TACE combined with apatinib is safe and can significantly prolong the overall survival and progression-free survival of patients with advanced HCC (9). Based on these findings, the clinical data of patients with HCC stage BCLC-C treated with a combination of TACE and apatinib were retrospectively evaluated.



MATERIALS AND METHODS


Study Population

The clinical data of 146 patients with stage BCLC-C HCC treated in our hospital between January 2011 and July 2019 were analyzed retrospectively. All patients had been informed of the choice of taking apatinib and they made the decision based on their personal willingness. According to their decision of treatments, patients were classified into two groups. Seventy-six patients were included in the TACE combined with apatinib (TACE-apatinib) group, and 70 patients in the TACE alone group. Inclusion criteria were: (1) newly diagnosed liver cancer based on the criteria of the European Association of Liver Diseases; (2) patients with BCLC-C HCC; (3) Child-Pugh liver function class A or B; (4) Karnofsky score (KPS) > 60; and (5) ECOG score ≤ 2. Exclusion criteria were: (1) received systemic chemotherapy, targeted therapy, or radiofrequency ablation before entering the group; (2) contraindications for TACE; (3) severe coagulation disorder or active bleeding. Approval for this retrospective study was obtained from the Ethics Committee of the First Affiliated Hospital of USTC. Written informed consent was obtained from all of the patients before therapy.



Treatment Methods

In both groups, TACE was performed using the modified Seldinger method. After the guide wire was inserted into the arterial sheath, the 5.0 Fr RH catheter (Cook, Bloomington, IN, USA) was placed, and dextromethorphan and palonosetron hydrochloride were injected into the abdominal aorta. After the upper derivation tube was formed, the downward catheter was inserted into the celiac trunk at the level of the middle and lower margin of the T12 vertebra. Subsequently, DSA angiography was performed to identify the hepatic artery and its branches to understand the distribution range, size, location, and the number of blood supply arteries in tumor tissue. The 3.0 Fr micro-catheter (ProgreatTM, Terumo, Tokyo, Japan) was inserted into the tumor-related blood supply artery, and lipiodol (5–15 mL; Lipiodol Ultrafluido, Guerbet, France), pirarubicin (30–50 mg) and carboplatin (30–50 mg) were injected. The specific dose depended on the embolization condition of the patient. Finally, the proximal artery was embolized with polyvinyl alcohol particles (300–500 um, Cook, USA). Some patients with severe portal vein thrombosis, wide distribution of tumors or hepatic arteriovenous fistula were not given a sufficient dose of embolic agent because of the high risk of failure of liver function recovery after treatment.

The patients in the TACE-apatinib group were treated with apatinib on the basis of TACE. Apatinib, 500 mg/day, taken orally beginning on the 3rd day after TACE. If unbearable serious adverse reactions occurred during the treatment, the dose was reduced to 250 mg daily or suspended, and patients remained under close observation and symptomatic treatment. When the adverse reactions were alleviated or disappeared, the initial dose of apatinib was gradually restored. Apatinib was discontinued 4 days before the next course of TACE and recovered 4 days after TACE. If the drug was stopped for more than a month, the patient was excluded from the study. Patients in both groups were treated until they did not tolerate the regimen or the tumor progressed; the treatment cycle was 4 weeks.



Follow-Up and Therapeutic Evaluation

Enhanced CT or MRI, routine blood, liver and kidney function, and AFP tests were performed 1 month and 3 months after the treatment. According to The Modified Response Evaluation Criteria in Solid Tumors (mRECIST), the local curative effect was divided into four grades: complete remission (CR) if all tumor tissue disappeared on arterial phase enhanced imaging; partial remission (PR) if tumor diameter decreased by more than 30%; on arterial phase enhanced imaging; stable disease (SD) if tumor diameter on arterial phase enhanced imaging did not decrease by at least 30% or increase by at least 20%; disease progression (PD) if tumor diameter on arterial phase enhanced imaging diameter increased by at least 20% compared with the baseline value, or new lesions emerged. Objective remission rate (ORR) was calculated as (CR+PR)/total number of cases × 100%. Disease control rate (DCR) was calculated as (CR+PR+SD)/total number of cases × 100%. Adverse events were evaluated according to The Common Terminology Criteria for Adverse Events (CTCAE) version 4.0, the general terminology of adverse events.



Study End-Points

The primary end-point of this study was the overall survival time (OS), defined as the time from the first interventional therapy to death or loss of follow-up. The secondary end-point was the time to progression (TPP), defined as the time from first interventional therapy to a definite disease progression or the time of death.



Statistical Analysis

The SPSS 26.0 statistical software package (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Median and 95% confidence interval or mean and standard deviation were used to present continuous variables, while categorical variables are presented as a frequency and percentage. For the comparison of the percentages and frequencies between the two groups, Chi-square test was performed. The survival curve was constructed using the Kaplan-Meier method, and the logarithmic rank test was performed to detect significant differences. Univariate and multivariate Cox proportional hazard regression analysis was used to identify risk factors affecting survival. All statistical tests were two-tailed, and P < 0.05 was considered statistically significant.




RESULTS


Patient Characteristics

There was no statistical difference in general characteristics between the TACE-apatinib group and the TACE-alone group (P > 0.05, Table 1).


Table 1. Comparison of baseline characteristics between the two groups.
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Comparison of Tumor Response Between the Two Treatment Groups

After 1 month of treatment, the rates of disease remission and stable disease in the TACE-apatinib group were 42.10 and 84.21%, respectively. Corresponding values in the TACE-alone group were 25.71 and 55.71% (Table 2). The difference in local curative effect between the two groups was statistically significant (p < 0.05).


Table 2. Tumor remission in two groups [n (%)].
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Time to Progression and Overall Survival

The median TTP was 5.5 months (95% CI: 4.0–6.9 months) in the TACE-apatinib group and 3.7 months (95% CI: 2.9–4.4 months) in the TACE-alone group, and this difference was statistically significant (P < 0.02, Figure 1A). The median OS was 10.0 months (95% CI: 8.2–11.7 months) in the TACE-apatinib group and 6.2 months (95% CI: 5.4–6.9 months) in the TACE-alone group and this difference was statistically significant (P < 0.01, Figure 1B).


[image: Figure 1]
FIGURE 1. (A) Time to progression curves in the two groups of patients. (B) Overall survival curves in the two groups of patients.




Prognostic Factors Associated With TTP and OS

Univariate analysis showed that ECOG score, AFP, number of tumors, distant metastasis, and history of hepatitis were not related to the median OS and TTP, but portal vein tumor thrombus, tumor size, Child-Pugh grade, and treatment modality were all related to the prognosis of the patients. Cox regression multivariate analysis showed that tumor thrombus, tumor size, Child-Pugh grade, and treatment modality were independent risk factors for prognosis (P < 0.05, Table 3).


Table 3. Univariate analysis and multivariate analysis of prognosis in patients with stage BCLC-C HCC.
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Subgroup Analysis

In patients with stage BCLC-C, the median OS after TACE-apatinib was higher than after TACE alone in patients with Child-Pugh class A, any tumor size, and with or without portal vein tumor thrombus (P < 0.05). There was no significant difference between TACE-apatinib and TACE-alone treatment in patients with Child-Pugh class B (P = 0.08) (Figures 2A–F).


[image: Figure 2]
FIGURE 2. Kaplan-Meier curves showed overall survival in the TACE-apatinib and TACE-alone groups in patients with BCLC stage C HCC [(A) tumor size <10 cm, (B) tumor size ≥10 cm, (C) PVTT-absent, (D) PVTT-present, (E) Child-Pugh class A, and (F) Child-Pugh class B].




Adverse Events

The most frequent adverse events in the TACE-apatinib group were nausea, fever, and hand-foot syndrome, and in the TACE-alone group, nausea, fever, and fatigue. The incidence of hand and foot syndrome, hypertension, and oral ulcer in the combined treatment group was higher than in the TACE-alone group, and the difference was statistically significant (P < 0.05). All these adverse events disappeared after symptomatic treatment.




DISCUSSION

HCC patients with BCLC stage C have a vascular invasion or extrahepatic metastasis, and most of them cannot be treated surgically. Their liver function is impaired, and the prognosis is poor (10). At present, the internationally recognized treatment standard for these patients is systemic sorafenib therapy. However, due to the high price of sorafenib and possible drug resistance, it is not widely used clinically (11). In China, local interventional therapy based on TACE remains the most important treatment for HCC patients with BCLC stage C. Apatinib is an oral small-molecule targeted drug produced independently in China, which has been widely used in the treatment of gastric cancer, small cell lung cancer, esophageal cancer, and other tumors (12–14). At present, the treatment of BCLC stage C HCC with TACE-apatinib is still at the research stage. In principle, TACE can embolize the vessels supplying the tumor, promote tumor cell apoptosis, and inhibit tumor cell proliferation. TACE can rapidly reduce the tumor load of patients and improve clinical symptoms and quality of life. Apatinib can inhibit angiogenesis and vessel remodeling after TACE treatment, suppress the recurrence of the tumor and metastasis of liver cancer cells, and improve the local efficacy and long-term survival rate of patients with liver cancer (15). Therefore, these two treatments play a complementary role in the treatment of liver cancer.

In our study, the objective remission rate (ORR) and disease control rate (DCR) in the TACE-apatinib group were 42.10 and 84.21%, respectively. These values were higher than those of TACE combined with sorafenib or sorafenib alone. This difference reflects the fact that apatinib, a receptor tyrosine kinase inhibitor selectively targeting VEGFR-2, has a binding affinity 10 times higher than sorafenib (16). Apatinib is generally well-tolerated and is associated with controllable adverse reactions; the most common drug-related adverse reactions are hand and foot syndrome, hypertension, and albuminuria, which is similar to the previously reported study of apatinib as the only treatment and TACE combined with apatinib (17, 18). In the present study, the incidence of adverse reactions, particularly hypertension, hand and foot syndrome, and oral mucositis, was higher in the TACE-apatinib group than in the TACE-alone group. There was no significant difference in post-embolization syndrome between the two groups.

Recent clinical studies have shown that TACE combined with apatinib can prolong the survival of patients with advanced liver cancer (19, 20). The current analysis showed that for HCC patients with BCLC stage C, the median survival time in the TACE-apatinib group was 3.8 months longer than in the TACE-alone group, and the difference was statistically significant (P < 0.05). The median TTP in the TACE-apatinib group was 5.5 months, and in the TACE-alone group, 3.7 months, indicating that the combined therapy could delay tumor progression and reduce tumor load. Some studies have confirmed that the median survival time of BCLC stage C HCC patients treated with TACE alone is 7.1 months and in patients treated with supportive therapy is 5.1 months, indicating that TACE can significantly prolong the survival time of patients (21). Our work documented that the median survival time in the TACE-apatinib group was 10.0 months, implying that the combined therapy further improved the survival time of patients with BCLC stage C HCC. From the point of view of clinical practice, TACE combined with apatinib can significantly prolong the survival time of patients with liver cancer.

The conducted univariate and multivariate analysis demonstrated that tumor size, Child-Pugh class, and portal vein tumor thrombus were independent prognostic factors for the survival of patients with BCLC stage C HCC. Earlier studies documented that the 1- and 3-year survival rate of patients with small liver cancer treated with TACE is significantly longer than that of patients with large liver cancer. Tumor size also significantly affects the prognosis of primary liver cancer treated with the combination of TACE and apatinib; with the increase in tumor size, the median survival time of patients was shortened (22). Current studies have confirmed that the larger the tumor size and the higher the activity, the more difficult it is to completely inhibit tumor growth, and the easier it is to relapse and metastasize, negatively affecting the prognosis of patients (23, 24). Liver function grade was also shown to be related to prognosis. The main reason underlying this relationship is that the higher grade of liver function is associated with a worse compensatory ability of liver function, lower liver tolerance, and poor conditions for TACE re-treatment, which can not only fail to provide a good effect but may even accelerate liver failure in some patients (25, 26). Although portal vein tumor thrombus is present in a considerable number of HCC patients with BCLC stage C, this study shows that cancer thrombus is still an independent risk factor for the prognosis of patients. The portal vein is mainly derived from the tumor, so portal vein tumor thrombus is more common. Tumor thrombus in the portal vein system can not only cause intrahepatic or extrahepatic metastasis of the tumor but can also block the portal vein system, resulting in an increased portal vein pressure. Additionally, it can cause dilatation and tortuosity of the portal vein system, especially in the lower segment of the esophagus and gastric fundus vein, increasing the probability of upper gastrointestinal bleeding (27). As the normal liver tissue is primarily supplied by the portal vein, portal hypertension will reduce the effective blood supply to the liver tissue and lead to further impairment of liver function.

This study has some limitations. The number of cases is relatively small, and the follow-up time is relatively short. Moreover, this is an observation and retrospective study, and thus may be affected by subjective selection bias. More large-scale multicenter prospective studies are needed to verify the efficacy of the combination of TACE and apatinib.

In conclusion, TACE combined with apatinib is a safe and effective treatment of advanced liver cancer and may represent a novel and feasible treatment modality for BCLC stage C HCC.
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