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Lenvatinib plus transarterial chemoembolization (TACE)have become the first choice for patients with hepatocellular carcinoma (HCC) that are unsuitable for TACE. Sorafenib plus TACE therapy for patients with portal vein tumor thrombus (PVTT) achieved positive results. However, Lenvatinib plus TACE appeared to achieve a more advantageous result for these patients based on the phase 3 REFLECT trial. Both TACE and lenvatinib therapy have immune-stimulating effects, so would lenvatinib plus TACE and immune checkpoint inhibitors be an advantageous therapy for unresectable HCC (uHCC)? Thirteen articles from PubMed were explored to determine the efficacy and safety of lenvatinib plus TACE with or without PD-1 inhibitors therapy. Most of the adverse events (AEs) were manageable. Lenvatinib plus TACE therapy was superior to lenvatinib monotherapy with intermediate stage HCC especially beyond up-to-seven criterion and was superior to TACE monotherapy in patients with uHCC or sorafenib plus TACE therapy in patients with PVTT. Objective response rates (ORRs) of 53.1%–75%, median progression free survival (PFS) of 6.15–11.6 months, and median overall survival (OS) of 14.5–18.97 months were achieved in the lenvatinib plus TACE group. Levatinib plus TACE and PD-1 inhibitors achieved ORRs of 46.7% –80.6%, median PFS of 7.3–13.3 months, and median OS of 16.9–24 months. Control studies also confirmed the triple therapy was superior to lenvatinib plus TACE in patients with uHCC. Overall, the triple therapy is a promising treatment for patients with uHCC, including main PVTT and extrahepatic metastasis. Lenvatinib plus TACE therapy was also preferable for intermediate stage HCC beyond up-to-seven criterion and for patients with PVTT.
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Introduction

Hepatocellular carcinoma (HCC) is malignant, and the median overall survival (OS) of HCC with Barcelona clinic liver cancer (BCLC) 0/A, B, C, and D was longer than 5 years, 2.5 years, 2 years and 3 months, respectively (1). Additionally, the poorer the liver function, the higher the incidence of treatment-related poisoning events (2–5). Transarterial chemoembolization (TACE) was the first choice for patients at the intermediate stage (BCLC stage B). However, repeated TACE treatment could decrease the liver function and cause failure to accept follow-up systematic treatment. The increased times of TACE treatment resulted in the decline in the response rate of tumor tissue to treatment (6–9). The phenomenon was known as TACE refractoriness/TACE failure, which was defined by the Japan Society of Hepatology in 2010 (7). What occurs if systemic therapy is applied before TACE treatment? The results of a prospective study of lenvatinib as initial treatment in HCC at BCLC substage B2 showed the median OS and progression free survival (PFS) were 17.0 and 10.4 months, and objective response rate(ORR)was 70.0%, respectively (10). The albumin-bilirubin (ALBI)score was sustained in the lenvatinib group, whereas it declined in the TACE group after the treatment (8). Kudo et al. also published an article explaining that HCC at BCLC stage B, especially HCC with multiple heterogeneous nodules, need lenvatinib pretreatment before TACE to achieve a high tumor response rate, preserve liver function, and prolong PFS and OS (11–13). The first choice of the treatment of intermediate HCC with a high tumor burden, especially beyond the up-to-seven criterion, is no longer TACE (11, 14–17). The intermediate stage of HCC sank and became multifocal, with preserved liver function, and had considerable heterogeneity: from the Child-Pugh score 5 to Child-Pugh score 9, tumor size from ≥5 cm to >10 cm, and the number of nodules from 4 to >10 (1, 11, 18–20). According to the 2022 BCLC version stratifications, TACE is suitable for HCC with well-defined nodules, preserved portal flow, and selective access. Systemic therapy is suitable for the BCLC stage B HCC that are diffuse and infiltrative, with extensive liver involvement, but there was no clear dividing line between the two (1, 21). HCC in an advanced-stage (BCLC stage C) with vascular invasion or extrahepatic spread, ECOG PS ≤ 2, and preserved liver function should be evaluated for systemic therapy (1). The combination of atezolizumab with bevacizumab is the first-line treatment, exhibiting a breakthrough ORR of 33.2% and median PFS of 6.8 months and proving the superiority compared to sorafenib in survival benefit (22–24). According to Maesaka et al., although the median PFS was significantly longer in the atezolizumab plus bevacizumab group (8.8 months vs. 5.2 months), there were no significant differences in terms of median OS (not reached vs. 20.6 months) or ORR (43.8% vs. 52.4%) (25). If lenvatinib plus TACE therapy can improve PFS, and achieve results matching the atezolizumab plus bevacizumab therapy requires further study.

The TACTICS trial confirmed the advantage of sorafenib plus TACE compared to TACE alone for patients with unresectable hepatocellular carcinoma (uHCC) (18 at BCLC stage C), with a better PFS (25.2 vs 13.5months) and a higher ORR (71.3% vs 61.8%) (26). According to the phase 3 REFLECT trial, the OS of lenvatinib and sorafenib was 13.6 and 12.3 months, and patients in the lenvatinib group exhibited a longer median time to progression (TTP) compared with sorafenib (8.9 vs. 3.7 months), a higher ORR (21.4% vs. 9.2%), and a longer PFS (7.2 vs. 4.6 months) (8, 13). However, there was no comparison between lenvatinib plus TACE therapy and sorafenib plus TACE therapy. Patients with liver occupation greater than 50%, bile duct invasion, a Child-Pugh class B, or main portal vein tumor thrombus (PVTT) were excluded from the phase 3 REFLECT trial (13). We need to verify the efficacy of these two tyrosine kinase inhibitors (TKIs) plus TACE treatments at various tumor stages.

The occurrence and progression of HCC are based on the inflammatory environment of the liver. Many immune related factors or cells provide a immunosuppression tumor microenvironment (TME) for tumor cells (5, 27). Immune checkpoint inhibitors (ICIs) is a research hotspots, including the inhibition of immune checkpoint programmed death factor 1 (PD-1), programmed death factor ligand 1 (PD-L1), and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) (5). PD-1, a transmembrane receptor, is expressed by activated T cells, B cells, natural killer cells, and antigen-presenting cells. PD-L1 is expressed by cancer cells, which would combine with PD-1 and escape from immunosurveillance (5, 27–29). The inhibition of these two targets destroy the immunosuppression TME of tumors. However, approximately two-thirds of HCC did not respond to immunotherapy alone, which illustrated the complex interaction of multiple immunosuppressive mechanisms in the TME. More optimized treatment strategies need to be formulated, and combination therapy is the first choice (30). The combination therapy of lenvatinib plus pembrolizumab produced an ORR of 46% and a median OS of 22.0 months, according to a Phase Ib Study. The FDA approved lenvatinib plus pembrolizumab as a first-line treatment for uHCC that is not amenable to locoregional therapy (31–33). This indicated that lenvatinib had synergistic effects with PD-1 inhibitors. Whether lenvatinib plus TACE combined with PD-1 inhibitors, such as pembrolizumab, is better than lenvatinib plus TACE therapy and what synergistic effects exist among TACE, lenvatinib, and PD-1 inhibitors are also the key points to be discussed in this review.

Based on the above, this review embodied 13 studies by the end of April 2022 through PubMed to explore the advantages of lenvatinib plus TACE therapy and lenvatinib plus TACE and PD-1 inhibitors in patients with uHCC.



Therapeutic responses of lenvatinib plus TACE therapy versus lenvatinib or TACE monotherapy

First, we determine whether lenvatinib plus TACE therapy has advantages over TACE or lenvatinib monotherapy. This chapter covers 3 articles comparing lenvatinib plus TACE therapy with TACE monotherapy for patients with uHCC, lenvatinib monotherapy for intermediate HCC mostly beyond up-to-seven criterion, and one demonstrated the therapeutic effect of lenvatinib plus TACE on uHCC with PVTT, in a total of 218 people (2, 17, 34, 35).


Objective response rate

Four studies reported response assessments based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST), classified as complete response (CR), partial response (PR), stable disease (SD), and progression of disease (PD). The ORR (CR + PR) was reported in three studies, and the outcomes are shown in Table 1. ORR of the lenvatinib plus TACE group vs. the lenvatinib-alone group was 63.2% vs. 63.2%, p = 1.0, respectively. However, CR was 15.8% in the lenvatinib plus TACE group and was 10.5% in the lenvatinib-alone group (17). ORR of the lenvatinib plus TACE group vs. TACE-alone group was 68.3% vs. 31.7%, p<0.001 (34). Chen et al. reported that the ORR of the lenvatinib plus TACE group was 75%, significantly better than the phase 3 REFLECT trial, even when including 25% HCC with main PVTT (35).


Table 1 | Lenvatinib plus TACE therapy compared with lenvatinib or TACE monotherapy.





Progression free survival and overall survival

Ando et al. reported that the median PFS of the lenvatinib plus TACE group vs. lenvatinib-alone group was 11.6 vs. 10.1 months, p = 0.019, respectively. Child-Pugh score 5 and lenvatinib followed by TACE were the predictive factors of PFS in a multivariate analysis (17). A prospective study also showed that the Child-Pugh score was a momentous factor for the prognosis (10). The 1-year and 2-year PFS rates were 78.4% and 45.5% vs. 64.7% and 38.0%, p<0.001, in the TACE plus lenvatinib group vs. TACE alone, respectively (34). Chen et al. reported that the median PFS of lenvatinib plus TACE group was 6.15 months (35). Shimose et al. and Ando et al. reported that the median OS of the lenvatinib plus TACE group vs. lenvatinib-alone group were not reached vs. 16.3 months, P = 0.01 and not reached vs. 16.9 months, p = 0.007, respectively (2, 17). The independent predictive factors of OS were transarterial therapy and ALBI grade 1 according to Shimose et al. (2). Child-Pugh score 5, serum AFP level <400 ng/mL, and lenvatinib followed by TACE were the independent predictive factors of a longer OS in multivariate analysis according to Ando et al. (17). According to Yao et al., a high level of AFP was correlated with poor prognosis in HCC. This was possibly because it was positively correlated with the weakening of the immune stimulation effect of dendritic cells (DCs) on T cells (36). The 1-year and 2-year OS rates were 88.4% and 79.8% vs. 79.2% and 49.2%, p=0.047, in the TACE plus lenvatinib group vs. TACE monotherapy, respectively (34). A treatment option was identified as an independent prognostic factor for OS in the multivariate analysis and the benefits of the total population were consistent with BCLC stage B and C in the lenvatinib plus TACE group (34). The relative dose intensity (RDI) was relevant to the therapeutic response of lenvatinib, including the PFS and OS (8).Chen et al. reported the median OS of the lenvatinib plus TACE group was 16.9 months (35). This is slightly lower than the results published by Shimose et al. and Ando et al. However, the patients included in Shimose et al. and Ando et al. had HCC at BCLC stage B, whereas Chen et al. included patients with HCC and PVTT (2, 17, 35).Table 1 shows the details.



Change of liver function and adverse events

ALBI grade was an important factor associated with survival in patients with HCC (37, 38). According to Shimose et al., age and ALBI were the first and second splitting variables for arterial therapy (AT), respectively (2). The median ALBI score in the TACE plus lenvatinib group before TACE, and 1 and 2 months after TACE, and at the end of treatment was −2.52, −2.48, −2.51, and −2.44, respectively, and there was no significant difference (17). According to Fu et al., there was no dramatical change in the Child-Pugh score between the baseline and the first follow-up after treatment in the TACE plus lenvatinib group and TACE group (34). Common adverse events (AEs) included hypertension, hemorrhage of the digestive tract, liver dysfunction, ascites, proteinuria, fatigue, anorexia, hand-foot skin reaction (HFSR), hypothyroidism, diarrhea, and hoarseness. There was no obvious difference in AEs between the groups. Hypertension, gingiva bleeding, diarrhea, fatigue, dysphonia, HFSR, and anorexia were likely caused by lenvatinib (2, 17, 34, 35). TACE is mostly related to elevated liver enzymes and post-embolism syndrome. However, there were no significant differences between groups in any parameter and they were manageable (2, 17, 34, 35).

In summary, there was no difference in the ORR between the lenvatinib plus TACE and lenvatinib monotherapy, according to Ando et al. (17). One possible reasons was that all HCC lesions of the included patients could be controlled by lenvatinib. A multicenter retrospective study showed that only the type of TKI was associated with tumor response (36). However, the OS of combined therapy was significantly longer for intermediate-stage HCC (17). The alternative lenvatinib plus TACE therapy improved the overall prognosis of patients compared with lenvatinib monotherapy, possibly because liver function could be preserved. The same result for the median OS was confirmed by Shimose et al. (2). According to Chen et al., the lenvatinib plus TACE group had significantly better ORR and OS than the lenvatinib monotherapy group in the REFLECT study, in spite that all included patients had HCC with PVTT; however, a larger sample size is needed for additional validation (35). Furthermore, we confirmed the superiority of lenvatinib plus TACE over TACE monotherapy in regard to ORR, PFS, and OS for uHCC (34). In addition, lenvatinib plus TACE is tolerable. The lenvatinib plus TACE group also confirmed its superiority in the following aspects. Shimose et al. reported that TACE is helpful in prolonging the administration time of lenvatinib. The administration time of lenvatinib in the AT group and non AT group was 13.7 months and 8.6 months, respectively (2). According to Kawamura et al., patients who achieved the lenvatinib-TACE sequential therapy after progression during lenvatinib therapy exhibited better post-progression survival (PPS), regardless of the CT enhancement pattern, whereas the heterogeneous enhancement pattern with irregularly shaped ring structures was correlated with a poorer PPS (39). Receiving TACE immediately after lenvatinib treatment could be an intense physical burden for patients (2). The median interval between TACE treatments was 74.7 d and 60.0% patients received TACE more than twice in the TACE group. However, the median interval between TACE treatments was 103.3 d and only 40.0% patients received TACE more than twice in the TACE plus lenvatinib group. Thus, the TACE plus lenvatinib therapy could decrease the number of TACE sessions and extend the interval time, which could be conducive to maintaining liver function, according to Fu et al. (34). Additionally, lenvatinib-TACE sequential therapy achieved tumor control even if the dose of lenvatinib was reduced or the drug was suspended, and the subsequent TACE treatment achieved tumor shrinkage (17). After the lenvatinib-TACE sequence therapy, a 78‐year‐old and an 80‐ year‐old patient with HCC at BCLC stage C received hepatectomy, which showed coagulative necrosis of the entire HCC in one case and a small amount of surviving HCC cells in the other case (40).

However, according to Matsuda et al., the diameter of the hepatic artery after TKI treatment, such as lenvatinib or sorafenib, decreased significantly, which may be caused by the normalization of tumor blood vessels, which limited TACE treatment after TKI treatment, even if the TACE treatment did not cause any complications (41). This could be a technical limitation and according to Xue et al., the decrease of hepatic vessel diameter will strengthen the effect of embolization and improve the survival benefit (42).

Eight clinical trails have been registered in ClinicalTrials. gov website to study the effect of TACE plus lenvatinib on uHCC, including preoperative treatment, prevention of postoperative recurrence. The registration time of the experiments is from January 2019 to May 2022, and the expected completion time is from August 2022 to March 2027.Two of them are from United States, six of them are from China, and two of them are multicenter studies. Whether lenvatinib and TACE are applied simultaneously or sequentially is also an urgent problem to be solved.




Therapeutic responses of lenvatinib plus TACE therapy versus sorafenib plus TACE therapy

Whether lenvatinib plus TACE has advantages over sorafenib plus TACE is the subject of this section. Three studies with a total of 292 people were included (42–44). Two of them were prospective studies that explored the effect of TACE plus lenvatinib or sorafenib for patients with uHCC with PVTT (43, 44) and one propensity score matching retrospective study that addressed TACE with drug-eluting beads plus lenvatinib vs. sorafenib for advanced HCC (42). The outcomes are shown in Table 2.


Table 2 | Lenvatinib plus TACE therapy compared with sorafenib plus TACE therapy.




Objective response rate

The response assessments were reported based on mRECIST. The ORR (CR + PR) of the sorafenib plus TACE group vs. lenvatinib plus TACE group was reported in three articles by Ding et al., Yang et al., and Xue et al., as 25% vs. 53.1%,P =0.039; 33.3% vs. 66.8%, p = 0.037; and 33.3% vs. 64%, P=0.008, respectively (42–44). These results verified that the ORR with the TACE plus lenvatinib treatment was superior to that of the TACE plus sorafenib treatment.



Progression free survival or time to progression and overall survival

The PFS of the lenvatinib plus TACE and sorafenib plus TACE therapy was reported by Yang et al. as 10.6 vs. 5.4 months, p = 0.002 (44). The TTP of lenvatinib plus TACE therapy and sorafenib plus TACE therapy was reported by Ding et al. and Xue et al. as 4.7 vs. 3.1 months, P = .029 and 8.4 vs. 6.0 months, P=0.023, respectively (42, 43). The OS of lenvatinib plus TACE therapy and sorafenib plus TACE therapy was reported by Ding et al., Yang et al., and Xue et al. as 14.5 vs. 10.8 months, P = 0.17; 18.97 vs. 10.77 months, p = 0.022; and 14.9 vs. 12.3, P=0.043, respectively (42–44).The studies by Yang et al. and Xue et al. reported significant differences in the OS and PFS between the two groups, as noted above, after propensity score matching (PSM) (42, 44). Although Ding et al. reported no significant difference in OS between the two groups, the median OS for patients with advanced HCC including main PVTT receiving lenvatinib plus TACE was 14.5 months, which was longer than 13.6 months in the REFLECT trial (43). According to Ding et al., reasons why OS was not significantly different between the two groups could have been that a high proportion of patients with HCC (40.6%) in the sorafenib plus TACE group were switched to lenvatinib, and there were no PSM and few samples (43).

Univariable and multivariable analyses showed that the TACE frequency < 3, ECOG < 2, and treatment method were significantly important factors for longer OS according to Yang et al. (44). Ding et al. also reported that TACE plus lenvatinib significantly improved the TTP and OS. It was reported that a maximum liver tumor >7 cm was a critically negative prognostic factor and patients with HCC who achieved an objective response had significantly improved TTP and OS as well. However, according to this study, no significant lengthening or shortening of OS or TTP by AFP level, ECOG PS, type of PVTT, or extrahepatic metastasis differed from that in previous studies (43). We require larger sample sizes and more sophisticated experimental designs to explore this problem. Subgroup analysis showed that OS and PFS were significantly prolonged in the TACE plus lenvatinib group in patients with HCC with PVTT, especially PVTT type I/II, according to Ding et al., Yang et al., and Xue et al. (42–44). A retrospective study found that lenvatinib monotherapy increased both median OS (not reached vs. 187 d, p=0.0040) and ORR (53.8% vs. 14.3%, p=0.0193) compared with sorafenib in patients with HCC and PVTT type II/III (45). This further demonstrated the superiority of lenvatinib plus TACE in the treatment of various types of PVTT. TACE frequency < 3, ECOG < 2, larger and multiple tumors, cases with extrahepatic metastasis, and a higher AFP level appeared to benefit more from TACE plus lenvatinib (43, 44). Furthermore, in patients with FGF21 amplification, median OS was longer in the lenvatinib plus TACE group (10.4 months) than the sorafenib plus TACE group (5.7 months) according to Xue et al. (42). This result was in accordance with Finn et al. wherein a higher baseline FGF21 was related to longer OS with lenvatinib than sorafenib (46).



Change in liver function and adverse events

There are no treatment-related deaths reported in these three articles, and AEs could also be controlled through drug reduction, drug withdrawal, and symptomatic treatment. Higher incidences of proteinuria, ascites, hoarseness, elevated bilirubin, decreased albumin, and hypothyroidism were observed in the lenvatinib plus TACE group compared with the sorafenib plus TACE group (42, 43). Higher incidences of HFSR and rash were observed in the sorafenib plus TACE group (42–44).The structural characteristics and different drug targets of sorafenib and lenvatinib played an important role (42). However, lenvatinib caused more AEs and a lower transition rate to second-line TKIs compared to sorafenib (2). A significantly higher incidence of ascites, decreased albumin, and elevated bilirubin suggested that lenvatinib has greater hepatic toxicity (43). According to Ding et al., lenvatinib plus TACE was tolerated in patients with HCC with the Child-Pugh classes A or B ≤7 (43).

The above results confirm the superiority of lenvatinib plus TACE over sorafenib plus TACE in terms of PFS, OS, and ORR. Lenvatinib led to greater AEs and hepatotoxicity. However, the lenvatinib plus TACE treatment is generally tolerable. Additionally, digital subtraction angiography (DSA) imaging authenticated that lenvatinib has a greater effect on vasoconstriction compared to sorafenib, which indicated that subsequent TACE treatment has a better embolic effect (42).According to a multicenter cohort study by Shimose et al., the median PFS time was 5.8, 3.2, and 2.4 months in the lenvatinib, sorafenib, and TACE groups in patients with intermediate-stage HCC refractory to TACE, respectively (47).Ding et al. also identified the use of the camrelizumab (a kind of ICI) after disease progression as a positive predictive factor for survival (43). This leads to the next topic to be discussed, the suitability and efficacy of lenvatinib plus TACE combined with immunotherapy.




Therapeutic responses of lenvatinib plus TACE with PD-1 inhibitors

In the previous section, we explained the advantages of lenvatinib plus TACE over TACE alone in patients with uHCC, lenvatinib monotherapy in patients with intermediate-stage HCC, and sorafenib plus TACE in patients with advanced-stage HCC, especially with PVTT. However, these advantages were inconspicuous and the most research was imperfect. Whether lenvatinib plus TACE and PD-1 inhibitors can play a greater role is discussed in this section. Our review embodied 6 studies on lenvatinib plus TACE and PD-1 inhibitors in a total of 465 people with uHCC, of which only 2 studies were randomized and controlled, and the other four were single arm studies, indicating the effectiveness and safety of the triple therapy (31–33, 48–50). All of the articles here were from China, and the PD-1 inhibitors are developed in China: toripalimab,camrelizumab,pembrolizumab,sintilimab,tislelizumab (31–33, 48–50). The outcomes are shown in Table 3. Immunotherapy had a longer onset period than TACE, but lasted longer (51).


Table 3 | Lenvatinib plus TACE combined with PD-1 inhibitors.




Objective response rate

The reported tumor responses were assessed by mRECIST. The ORR (CR + PR) of the lenvatinib plus TACE and PD-1 inhibitors group vs. the lenvatinib plus TACE group was reported by Chen et al. and Cai et al., being 47.1% vs. 27.8%, p=0.017; 56.1% vs. 32.5%, P=0.033, respectively (32, 48). The ORR in the remaining three articles was 54.9%, 46.7%, as well as 80.6% assessed by an investigator and 77.4% assessed by a blinded independent central reviewer (BICR) (31, 33, 50).



Progression free survival and overall survival

The PFS of the lenvatinib plus TACE and PD-1 inhibitors group vs. the lenvatinib plus TACE group was reported as 9.2 vs. 5.5 months, p=0.006 and 7.3 vs. 4.0 months, P=0.002, respectively (32, 48). The PFS of the remaining three articles was 8.5, 11.4, and 13.3 months (33, 49, 50).The median OS of the lenvatinib plus TACE and PD-1 group vs. the lenvatinib plus TACE group was reported as 18.1 vs. 14.1 months, p=0.004; 16.9 vs. 12.1 months, P=0.009, respectively (32, 48). The median OS of the remaining two studies was 24 months and 23.6 months reported by Liu et al., Cao et al. (49, 50).



Change of liver function and adverse events

According to Teng et al., 3.8% patients with HCC experienced upper gastrointestinal bleeding and died; however, it is unknow if this was related to treatment (33). Furthermore, this occurred in 7% patients in the IMbrave 150 trial (24). Cao et al. reported that a total of 3.8% of patients with HCC experienced grade 5 AEs, including one developed abnormal liver function, upper gastrointestinal bleeding and death on day 134 (50).Significant differences occurred in terms of hypertension, nausea, and rash in the lenvatinib plus TACE and pembrolizumab group vs. in the lenvatinib plus TACE group according to Chen et al. (48). Liu et al. reported that 1 week after the triple therapy, the levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were elevated, However, there was no significant change in total bilirubin. All of these levels returned to baseline 1 month after the triple therapy (49).

In summary, despite having a higher tumor burden, higher level of AFP, larger proportion of patients with Child-Puge grade B, ECOG PS 2, PVTT, and extrahepatic metastasis, the studies confirmed superior PFS, OS, or ORR compared with Phase Ib Study and the IMbrave150 trial (31, 49, 50). According to Cai et al. and Chen et al., lenvatinib plus TACE and PD-1 inhibitors therapy had advantages in ORR, PFS, and OS compared with lenvatinib plus TACE therapy. However, the PFS and OS in the triple therapy group in these two studies were relatively short. A considerable proportion of patients with HCC and extrahepatic metastasis (41.5% and 68.6%), AFP levels ≥400ng/ml (51.2% and 64.3%) could have been the reasons (32, 48). Furthermore, a significant proportion of patients have main PVTT (36.6%), the heavy tumor burden (largest tumor size of 12.3 ± 4.8 cm) could also lead to the limited survival benefit of the triple therapy, according to Cai et al. (32). Despite improvements in ORR compared with the Phase Ib Study and the IMbrave150 trial, according to Teng et al., the median PFS and OS was shorter than that of lenvatinib plus pembrolizumab (33, 49, 50, 52). The reasons could include the high proportion of patients with HCC with TACE failure, previous TKI treatment failure (45.3%), and inadequate follow-up. The median PFS was 11.2 months for patients with HCC after first-line treatment with PD-1 inhibitors, which was longer than that of second-line therapy (6.2 months) and that of PFS reported by Phase Ib Study which suggested that the triple therapy should be used in patients with HCC as early as possible (33, 49, 50). Lenvatinib after failure of PD-1 inhibitors was longer than that of lenvatinib as the first-line therapy. The effect of PD-1 inhibitors binding to CD8+T cells being sustained for more than several months might be one of the reasons (53). However, different results were reported by Yao et al., in which changes in signaling pathway, epigenetics, and the upregulation of other checkpoints (such as T-cell immunoglobulin and mucin domain 3 (TIM3) and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4)), the history of PD-1 inhibitors resulted in a poorer PFS (36). This is another problem that needs to be addressed in the future. Additionally, a study for patients with uHCC with 69.6% in BCLC stage C, macroscopic vascular invasion (33.9%) and extrahepatic metastasis (51.8%) achieved an ORR of 67.9%, a median PFS of 11.9 months, and a median OS of 23.9 months in the triple therapy group (54). Xiang et al. reported that the triple therapy for patients with intermediate-stage HCC had an ORR of 64.3%, median OS of 26.0 months, and median PFS of 22.5 months (55). In addition, a global randomized Phase 3 LEAP-012 Study conducted in the United States is ongoing to compare TACE with or without lenvatinib plus pembrolizumab for intermediate-stage HCC that are not amenable to curative treatment. The research plans to include 950 patients from different countries and was expected to be completed in 2029.Ten clinical trails have also been registered in ClinicalTrials. gov website to study the effect of TACE plus lenvatinib and ICIs on uHCC, including conversion therapy. The registration time of the experiments were from May 2020 to May 2022, and the expected completion time is from December 2022 to January 2027.Nine experiments are from China and one is from the United States. ICIs planned to be used include sintilimab, tislelizumab, camrelizumab, toripalimab, pembrolizumab, envafolimab, tremelimumab and durvalumab. The choice of ICIs is a problem, the application sequence of triple therapy is also urgent problems to be solved.

PVTT and extrahepatic metastasis indicated a lower OS in patients with advanced HCC and extrahepatic metastasis indicated a shorter PFS (49). Cai et al. also reported similar results, wherein the main PVTT, extrahepatic metastasis, and treatment options were identified as the independent prognostic factors for OS. Treatment option and extrahepatic metastasis were identified as the independent prognostic factors for PFS (32). Combined positive score (CPS)>1 indicated PD-L1 positivity (56). Chen et al. reported that a higher PD-L1 CPS was associated with a longer OS with anti-PD-L1 treatment (48). In addition, a high conversion rate was related to PD-L1 positive expression (57, 58). However, PD-L1 expression was related to tumor aggressiveness based on tumor resection specimens (59). OS and ORR in patients with HCC treated with nivolumab affected the expression of tumor PD-1 and PD-L1 at baseline (60). Subgroup analyses indicated that the triple therapy might be better employed for patients with HCC before the main PVTT and having a tumor number >3 or extrahepatic metastasis. The reasons could be that TACE acted on intrahepatic tumors rather than extrahepatic metastases and the effect of TACE on multiple tumors was constrained (32). Immune evasion in extrahepatic tumors could be another reason (34). According to Chen et al., a distinct, durable response was observed in patients with HCC with intrahepatic tumors who recieved lenvatinib plus TACE, suggesting that lenvatinib plus TACE therapy has a short-term anticancer effect for these patients, but the effect on patients with distant metastasis was limited (48). The higher the ORR of overall tumor (56.1% vs. 32.5%, P=0.033) and intrahepatic tumor (65.9% vs. 37.5%, P=0.011) in the lenvatinib plus TACE and PD-1 inhibitor group and lenvatinib plus TACE group was reported by Cai et al., which indicated that PD-1 inhibitors improved ORR than lenvatinib plus TACE therapy, both for the intrahepatic tumor and overall tumor (32). Wu et al. reported an ORR of 66.7% at BCLC stage A, 76.2% at BCLC stage B, and 80% at BCLC stage C. ORRs were not different at various BCLC stages (31).

Chen et al. reported a tumor reduction rate of 90.0% in the lenvatinib plus TACE and pembrolizumab group vs. 72.2% in the lenvatinib plus TACE group, p=0.007 (48). The study of Wu et al. showed a tumor reduction rate was 91.9% in the lenvatinib plus TACE and PD-1 inhibitor group (31). The rate of conversion therapy in Chen et al. was 25.7% vs. 11.1%, p=0.025. Among patients undergoing surgery, 22.2% died in the triple therapy group and 75.0% died in the duplex group, p=0.012 (48). These data corroborated that triple therapy hindered the progression of uHCC more compared than the duplex therapy (48). Wu et al. reported that a total of 33 patients with HCC reached the resectable standard (3 with BCLC stage A, 11 with BCLC stage B, and 19 with BCLC stage C). Twenty-nine patients underwent resection (31). Pathological CR and major pathological response (no active tumor cells were found in the resected specimens, and less than or equal to 10%, respectively) were observed in 16 and 24 patients, respectively (31). The 5-year survival rate of patients who underwent surgical resection after downstaging conversion therapy was similar to that of patients who underwent surgical resection at the beginning (48).




Why the combination therapy of lenvatinib plus TACE with PD-1 inhibitors is promising


Combination of TACE and lenvatinib

TACE only worked on intrahepatic lesions, and had no effect on extrahepatic metastasis; thus, combination with systemic therapy is necessary (61). In addition, TACE could lead to necrosis of tumor tissue and upregulate the expression of hypoxia-inducible factor 1-α (HIF-1α), vascular endothelial growth factor (VEGF), and fibroblast growth factor (FGF), which could stimulate tumor recurrence or growth (2, 34, 42, 61). However, lenvatinib administration after TACE could suppress the effects of angiogenic factors (2, 40). Lenvatinib pretreatment could promote the normalization of tumor feeding arteries, lessen the pressure of intertumoral interstitial, and reduce vascular permeability. This change could improve the distribution of lipiodol and drug loaded microspheres mixed with chemotherapy drugs, to enhance the therapeutic effects of TACE (26, 40). Additionally, the shrinkage and reduction of tumor feeding arteries led to the reduction of the embolic material and lipiodol dose, which could be helpful in maintaining liver function. As compared with lenvatinib, TACE has been reported to worsen the hepatic functional reserve (40). However, not all lesions responded to lenvatinib because of the high heterogeneity of the HCC. Tumor progression after lenvantinib therapy, and second-line drugs were used. However, if TACE could control these “no response” lesions, lenvatinib could continue to be used. Compared with other drugs, lenvatinib had a higher tumor response rate (2, 17, 62). Thus, the purpose of lenvantinib plus TACE therapy is to provide a continuous deep response without deterioration of liver function, improve the prognosis of patients with intermediate-stage hepatocellular HCC, and prolong the time of transformation to advanced HCC (17).



Compared with sorafenib, lenvatinib had advantages in combining with TACE

The possible mechanisms of the different effects of lenvatinib and sorafenib are described next. First, the two drugs have different targets., lenvatinib acted as an inhibitor of VEGF receptors (VEGFR)1–3, FGF receptors (FGFR) 1–4, platelet-derived growth factor receptor (PDGFR) -α, proto-oncogenes KIT, and RET (8, 63). Sorafenib primarily suppressed the function of Raf kinase, VEGF, and PDGF (64, 65). The FGF/FGFR signaling pathway led to the activation of multiple downstream pathways, such as Ras/MAPK and PI3K/AKT signaling pathways, which promoted cell proliferation and angiogenesis. Abnormal expression of FGF19/FGFR4 accelerated HCC progression (63). In addition to the VEGF/VEGFR signaling pathway, the FGF/FGFR signaling pathway also works on tumor progression in HCC. The dual inhibition of lenvatinib on VEGFR and FGFR signaling pathways enhanced its antitumor effect in HCC (42, 63). Furthermore, according to previous studies, FGF 19, 21, and 23 could be tied to OS in patients with uHCC treated with lenvatinib or sorafenib (42, 63, 64, 66, 67). The development of HCC is promoted by FGF21 amplification via the TGF-β signaling pathway and patients having higher baseline FGF21 appeared to have better OS with lenvatinib than sorafenib (42).Cell survival, growth, proliferation, and differentiation was also limited by lenvatinib via blocking the RET receptor, which is associated with numerous signaling pathways, including PI3K/AKT and RAS/MAPK pathways (42, 63). Second, the two drugs also bind to target kinases in different ways: the binding mode of lenvatinib to VEGFR2 is Type V, and of sorafenib is Type II. The former binding mode is more closely related to VEGFR2 (67). VEGFR2 has a high-affinity with VEGF on vascular endothelial cells and HCC cells. The binding of VEGFA and VEGFR2 causes activation of the phospholipase-Cγ (PLCγ), Ras/MAPK, and PI3K/AKT signaling pathways. These signaling pathways are involved in the proliferation of tumor cells, endothelial cells, and an increase in vascular permeability (63). Lenvatinib significantly reduced the tumor microvessel density in HCC by blocking VEGFR and had a stronger effect than sorafenib in various preclinical models (63). Finally, the immunomodulatory activity of lenvatinib targeting FGFR has been demonstrated in recent studies. There were no differences in antitumor activity between lenvatinib and sorafenib in immunodeficient mice, although lenvatinib was confirmed to have additional antitumor activity in immunocompetent mice (68).



Immune response activated by TACE

According to Montasser et al., tumor specimens from patients with TACE therapy showed substantially higher PD-L1 expression in cells. PD-1 and PD-L1 expression in inflammatory cells were higher in TACE-resected tumors than non-TACE group (29). According to this report, TACE therapy was related to the increase of PD-1 and PD-L1 expression in HCC, and could be a promising therapeutic option in combination with immunotherapy (29). Chen et al. reported that a higher PD-L1 CPS was associated with a longer OS with anti-PD-L1 treatment (48). A high conversion rate was related to PD-L1 positive expression in the previous studies (57, 58). Membranous PD-1/PD-L1 (mPD-1/mPD-L1) and soluble PD-1/PD-L1 (sPD-1/sPD-L1) are the two forms of the PD-1/PD-L1 molecules. SPD-L1 is mainly separated from mPD-L1, partly reflects the level of mPD-L1, and was easy to measure. Studies have found that the expression of PD-L1 was related to tumor staging, prognosis, and could be potential biomarker of the onset, development, and prognosis of HCC guiding to immunotherapy. SPD-L1 level was higher in patients with BCLC stage C, PVTT, or beyond the up-to-seven criterion. According to Ma et al., the level of sPD-L1 in CR patients receiving TACE therapy was lower than that of PR and SD patients, which further confirmed that the level of sPD-L1 was related to the prognosis and responsiveness to treatment of patients (69). Tumor apoptosis or necrosis caused by TACE promoted the release of chemokines and inflammatory mediators, which increased the level of sPD-L1 (29, 69). When the tumor burden was reduced by TACE, the level of sPD-L1 decreased (69). Approximately 1 week after TACE therapy, the immune inhibition becomes increasingly dominant in TME, because sPD-L1 continues to increase. This period is the best time to apply ICIs and fully activate the immune system for the eradication of tumor cells (69, 70).

Additionally, TACE was reported to promote T-cell activation. Tumor cell necrosis caused by TACE increased the release of tumor-associated antigens, recruited DCs and increased CD4+T cells (57). According to Ren et al., 1 to 5 weeks after TACE, the proportion of Treg cells was significantly lower than before TACE, and this result indicated that a positive regulatory effect on immune function should occur after TACE. This study also showed that the proportion of CD4+T cells and the ratio of CD4+/CD8+T cells prominently increased in HCC from 1 to 5 weeks after TACE, CD8+T cells slightly increased; however, there was no statistical significance and these data confirmed that the immune function was restored in HCC after TACE (71). The increase of CD4+ and CD8+ cells after TACE has also been reported in previous studies and it was related to a better response to TACE therapy (69). The above confirmed the improvement of immune function within 1 month after TACE (71). Yang et al. reported that CD4+T cells and the ratio of CD4+/CD8+T cells decreased in 1 month after lenvatinib plus TACE and PD-1 inhibitor therapy. Nevertheless, CD8+ T, CD3+ T, and NK cells increased from 1 to 4 months. In general, triple therapy could activate immune function and maintained it for a long time (6). However, hypoxia and overexpression of VEGF as a result of TACE led to an immunosuppressive TME by increasing Treg cells, myeloid-derived suppressor cells (MDSCs), and mast cells, recruiting monocytes from bone marrow, and raising tumor-infiltrating macrophages. Moreover, VEGF inhibited the development of T cells and the maturation of DCs (50, 58, 66). VEGF was also reported to modulate the checkpoint expression of CD8+T cells in HCC (72). The expression of PD-1 increased in peripheral mononuclear cells (6, 7). ICIs activate interferon-γ (IFN-γ)+ Type 1 T helper (Th1) cells to normalize the tumor vasculars and improve hypoxic environments (6). TACE synergized with PD-1 inhibitors and increased T lymphocytes (57). The immune response induced by TACE is complex, but there was indeed a synergistic effect with PD-1 inhibitors.



Studies on the mechanisms of lenvatinib combined with PD-1 inhibitors therapy

In addition to the role of TACE, the oxygen content of tumor cells was dramatically lower than that of normal liver cells, which increased the angiogenic growth factors, including VEGF and FGF and led to immune disorders (73). The expression of PD-1, CTLA-4, and Tim-3 were upregulated by FGF and VEGF on T cells. TIM-3 also promoted the exhaustion of T cells (70). When FGF and VEGF were combined, these effects were strengthened (30). After PD-1 inhibitors therapy, the expression of VEGF and FGF in patients with PD was significantly higher than that of SD patients (30). Lenvatinib inhibited these angiogenic growth factors and was associated with T-cell activation, enhanced the antitumor immunity, and increased the efficacy of PD-1 inhibitors (54, 55, 74). Additionally, the JAK/STAT3 signaling pathway was activated by FGFR2 signals accompanied with increasing PD-L1 expression according to Li et al. FGFR2 was inhibited by lenvatinib (75). Yi et al. showed that PD-1 inhibitors increased the level of interleukin 2 (IL-2); nevertheless, lenvatinib inhibited IL-2-mediated Treg differentiation by targeting FGFR4 and restrained STAT5 phosphorylation. Lenvatinib and FGFR4 knockdown lead to the activation of GSK3β, which destabilized PD-L1 via proteasome degradation (76). Lenvatinib decreased the expression of PD-L1 on human umbilical vein endothelial cells (HUVEC). However, it did not affect the expression of PD-L1 on tumor cells and restored T-cell function and retained the sensitivity of tumor cells to PD-1inhibitors (30). Adachi et al. reported that the activation of FGFR inhibited the IFN-γ-signaling pathways in mouse and human renal cell carcinoma (RCC) cell lines (66). IFN-γ could enhance the immune response by recruiting other leukocytes (76). The IFN-γ signaling pathway also facilitated tumor recognition by cytotoxic CD8+T cells, increased tumor immunogenicity, and caused rejection of the tumor by the host immune system. An active IFN-γ-signaling pathway enhances antitumor activity of lenvatinib plus PD-1 inhibitors. IFN-γ also activated the JAK/STAT1 signaling pathway and increased its target genes, including PD-L1. Lenvatinib blocked FGFR, which also led to an increase in PD-L1 (66). The increased PD-L1-positive area after PD-1 inhibitor monotherapy further extended after lenvatinib plus PD-1 inhibitors. Adachi et al. held that the increase of PD-L1 will enhance the effect of PD-1 inhibitors (66). Lenvatinib also increased neutrophil and upregulated PD-L1 expression on neutrophils in the TME (77). In conclusion, the effect of lenvatinib on PD-L1 expression remains controversial and has not been finalized. Koganemaru et al. reported that PD‐L1 overexpression on tissue-infiltrating mononuclear cells was related to a good prognosis yet poor prognosis of tumor cells (78). PD-L1 overexpression on tumor cells or inflammatory cells had a considerable relationship with tumor aggressiveness, such as poor differentiation, high AFP levels, satellite nodules, and vascular invasion. However, PD-L1 expression was thought to represent a biomarker predictive of drug sensitivity (59). Although according to the current study, PD-L1 expression was closely related to a poor prognosis, it also promoted antitumor activity of lenvatinib plus PD-1 inhibitor therapy according to Adachi et al. (66). The role of PD-L1 in the prognosis of HCC and in the prediction of lenvatinib treatment effect needs further verification, but the superiority of lenvatinib combined with PD-1 inhibitors should not be ignored. In addition to the above mechanisms, lenvatinib also enhanced the efficacy of PD-1 inhibitors by increasing the proportion of activated CD8+T cells and secreting IFN-γ and granzyme B. IFNγ+ CD8+ T cells increased more in the combination therapy group. Moreover, in immunodeficient mice, the antitumor activity of lenvatinib decreased because of the absence of CD8+T cells. CD4+ T cells also increased with lenvatinib therapy. Furthermore, lenvatinib decreased monocytes, macrophages, and TAMs (30, 66, 68, 79). A low concentration of lenvatinib acted as an immunoregulator (30). Long-term immune memory was formed with lenvatinib plus PD-1 inhibitor therapy, the TME was modulated, and the cytotoxic effect of T cells enhanced (30). Lenvatinib plus PD-1 inhibitor therapy also reduced tumor vessel density (30, 42).

According to the article published by Yang et al., CD8+ T cells increased significantly after 1 month of the TKIs plus TACE and inhibitor therapy, which reflects the activation of cellular immunity. However, CD8+T cells were relatively stable after PD-1 inhibitor monotherapy or TACE therapy alone (80). A significant increase in circulating CD8+ T cells was observed until 3 months after tremelimumab plus TACE therapy (81). Patients receiving PD-1 inhibitors-based combination immunotherapy, appeared to experience a decrease in B cells accompanied by an increase in Ig G, kappa light chains (Ig к), and lambda light chains (Ig λ). B cells migrated from the bone marrow to the secondary lymphoid organs, activated by antigens and underwent isotype switching to Ig G. Therefore, the reduction in circulating B cells likely occurred because of the isotype switch to antibodies, indicating that humoral immunity plays an important role in TKIs plus TACE and inhibitors therapy (6). Additionally, Ig G, Ig κ, and Igλ increased at the time of response, and decreased to the baseline with tumor progression. CD8+ T and B cells did not show this trend. Therefore, circulating Ig G, Ig κ, and Igλ could serve as potential biomarkers (6).




Conclusions

The advantages of lenvatinib plus TACE over lenvatinib monotherapy in patients with HCC in intermediate stage, especially beyond the up-to-seven criterion, over TACE in patients with uHCC, and over sorfenib plus TACE in patients with advanced-stage HCC, especially with PVTT, are described in detail in this review. Lenvatinib plus TACE therapy is preferable in patients with HCC with high tumor burden, poor liver function, and numerous heterogeneous lesions in the intermediate stage and has advantages over sorafenib plus TACE in patients with PVTT. Lenvatinib plus TACE and PD-1 inhibitors therapy improved OS, PFS, and ORR compared with lenvatinib plus TACE therapy, and is a promising treatment for patients with uHCC at various BCLC stages.



Author contributions

FC and LS proposed ideas and completed outline of this review. FM, XX and QL found out the relevant literatures and carried out data collection. HW and XL performed data analysis. LS wrote the original draft and edited the manuscript. GL and FC supervised. All authors contributed to the article and approved the submitted version.



Funding

This study was funded by the Natural Science Foundation of Shandong Province (grant no. ZR2019BH041 to FC), the Nature Science Foundation of China (grant no. 81803008 to FC) and the cultivating fund of the First hospital of Shandong First Medical University (grant no. QYPY2021NSFC0616 to FC).



Acknowledgments

We would like to thank Editage (www.editage.cn) for English language editing.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Reig, M, Forner, A, Rimola, J, Ferrer-Fàbrega, J, Burrel, M, Garcia-Criado, Á, et al. BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. J Hepatol (2022) 76(3):681–93. doi: 10.1016/j.jhep.2021.11.018

2. Shimose, S, Iwamoto, H, Tanaka, M, Niizeki, T, Shirono, T, Noda, Y, et al. Alternating lenvatinib and trans-arterial therapy prolongs overall survival in patients with inter-mediate stage HepatoCellular carcinoma: A propensity score matching study. Cancers (Basel) (2021) 13(1):160. doi: 10.3390/cancers13010160

3. Gbolahan, OB, Schacht, MA, Beckley, EW, LaRoche, TP, O’Neil, BH, and Pyko, M. Locoregional and systemic therapy for hepatocellular carcinoma. J Gastrointest Oncol (2017) 8(2):215–28. doi: 10.21037/jgo.2017.03.13

4. Eggert, T, and Greten, TF. Current standard and future perspectives in non-surgical therapy for hepatocellular carcinoma. Digestion (2017) 96(1):1–4. doi: 10.1159/000464282

5. Liu, W, Quan, B, Lu, S, Tang, B, Li, M, Chen, R, et al. First-line systemic treatment strategies for unresectable hepatocellular carcinoma: A systematic review and network meta-analysis of randomized clinical trials. Front Oncol (2021) 11:771045. doi: 10.3389/fonc.2021.771045

6. Yang, F, Xu, GL, Huang, JT, Yin, Y, Xiang, W, Zhong, BY, et al. Transarterial chemoembolization combined with immune checkpoint inhibitors and tyrosine kinase inhibitors for unresectable hepatocellular carcinoma: Efficacy and systemic immune response. Front Immunol (2022) 13:847601. doi: 10.3389/fimmu.2022.847601

7. He, Q, Yang, J, and Jin, Y. Development and validation of TACE refractoriness-related diagnostic and prognostic scores and characterization of tumor microenvironment infiltration in hepatocellular carcinoma. Front Immunol (2022) 13:869993. doi: 10.3389/fimmu.2022.869993

8. Hatanaka, T, Naganuma, A, and Kakizaki, S. Lenvatinib for hepatocellular carcinoma: A literature review. Pharm (Basel) (2021) 14(1):36. doi: 10.3390/ph14010036

9. Kim, BK, Kim, SU, Kim, KA, Chung, YE, Kim, MJ, Park, MS, et al. Complete response at first chemoembolization is still the most robust predictor for favorable outcome in hepatocellular carcinoma. J Hepatol (2015) 62(6):1304–10. doi: 10.1016/j.jhep.2015.01.022

10. Kobayashi, S, Fukushima, T, Ueno, M, Moriya, S, Chuma, M, Numata, K, et al. A prospective observational cohort study of lenvatinib as initial treatment in patients with BCLC-defined stage b hepatocellular carcinoma. BMC Cancer (2022) 22(1):517. doi: 10.1186/s12885-022-09625-x

11. Kudo, M. A new treatment option for intermediate-stage hepatocellular carcinoma with high tumor burden: Initial lenvatinib therapy with subsequent selective TACE. Liver Cancer (2019) 8(5):299–311. doi: 10.1159/000502905

12. Kudo, M, Ueshima, K, Chan, S, Minami, T, Chishina, H, Aoki, T, et al. Lenvatinib as an initial treatment in patients with intermediate-stage hepatocellular carcinoma beyond up-to-seven criteria and child-pugh a liver function: A proof-of-concept study. Cancers (Basel) (2019) 11(8):1084. doi: 10.3390/cancers11081084

13. Yamashita, T, Kudo, M, Ikeda, K, Izumi, N, Tateishi, R, Ikeda, M, et al. REFLECT-a phase 3 trial comparing efficacy and safety of lenvatinib to sorafenib for the treatment of unresectable hepatocellular carcinoma: An analysis of Japanese subset. J Gastroenterol (2020) 55(1):113–22. doi: 10.1007/s00535-019-01642-1

14. Kudo, M. Targeted and immune therapies for hepatocellular carcinoma: Predictions for 2019 and beyond. World J Gastroenterol (2019) 25(7):789–807. doi: 10.3748/wjg.v25.i7.789

15. Boland, P, and Wu, J. Systemic therapy for hepatocellular carcinoma: Beyond sorafenib. Chin Clin Oncol (2018) 7(5):50. doi: 10.21037/cco.2018.10.10

16. Escudier, B, Worden, F, and Kudo, M. Sorafenib: Key lessons from over 10 years of experience. Expert Rev Anticancer Ther (2019) 19(2):177–89. doi: 10.1080/14737140.2019.1559058

17. Ando, Y, Kawaoka, T, Amioka, K, Naruto, K, Ogawa, Y, Yoshikawa, Y, et al. Efficacy and safety of lenvatinib-transcatheter arterial chemoembolization sequential therapy for patients with intermediate-stage hepatocellular carcinoma. Oncology (2021) 99(8):507–17. doi: 10.1159/000515865

18. Takayasu, K, Arii, S, Ikai, I, Omata, M, Okita, K, Ichida, T, et al. Liver cancer study group of japan. prospective cohort study of transarterial chemoembolization for unresectable hepatocellular carcinoma in 8510 patients. Gastroenterology (2006) 131(2):461–9. doi: 10.1053/j.gastro.2006.05.021

19. Pinato, DJ, Sharma, R, Allara, E, Yen, C, Arizumi, T, Kubota, K, et al. The ALBI grade provides objective hepatic reserve estimation across each BCLC stage of hepatocellular carcinoma. J Hepatol (2017) 66(2):338–46. doi: 10.1016/j.jhep.2016.09.008

20. Llovet, JM, Vogel, A, Madoff, DC, Finn, RS, Ogasawara, S, Ren, Z, et al. Randomized phase 3 LEAP-012 study: Transarterial chemoembolization with or without lenvatinib plus pembrolizumab for intermediate-stage hepatocellular carcinoma not amenable to curative treatment. Cardiovasc Intervent Radiol (2022) 45(4):405–12. doi: 10.1007/s00270-021-03031-9

21. Deng, J, and Wen, F. Transarterial chemoembolization combined with tyrosine kinase inhibitors for intermediate-stage hepatocellular carcinoma, what else can we do? Front Oncol (2022) 12:824799. doi: 10.3389/fonc.2022.824799

22. Kudo, M, Finn, RS, Qin, S, Han, KH, Ikeda, K, Piscaglia, F, et al. Lenvatinib versus sorafenib in first-line treatment of patients with unresectable hepatocellular carcinoma: A randomised phase 3 non-inferiority trial. Lancet (2018) 391(10126):1163–73. doi: 10.1016/S0140-6736(18)30207-1

23. Ahmed, F, Onwumeh-Okwundu, J, Yukselen, Z, Endaya Coronel, MK, Zaidi, M, Guntipalli, P, et al. Atezolizumab plus bevacizumab versus sorafenib or atezolizumab alone for unresectable hepatocellular carcinoma: A systematic review. World J Gastrointest Oncol (2021) 13(11):1813–32. doi: 10.4251/wjgo.v13.i11.1813

24. Finn, RS, Qin, S, Ikeda, M, Galle, PR, Ducreux, M, Kim, TY, et al. Atezolizumab plus bevacizumab in unresectable hepatocellular carcinoma. N Engl J Med (2020) 382(20):1894–905. doi: 10.1056/NEJMoa1915745

25. Maesaka, K, Sakamori, R, Yamada, R, Doi, A, Tahata, Y, Miyazaki, M, et al. Comparison of atezolizumab plus bevacizumab and lenvatinib in terms of efficacy and safety as primary systemic chemotherapy for hepatocellular carcinoma. Hepatol Res (2022) 52(7):630–40. doi: 10.1111/hepr.13771

26. Kudo, M, Ueshima, K, Ikeda, M, Torimura, T, Tanabe, N, Aikata, H, et al. Randomised, multicentre prospective trial of transarterial chemoembolisation (TACE) plus sorafenib as compared with TACE alone in patients with hepatocellular carcinoma: TACTICS trial. Gut (2020) 69(8):1492–501. doi: 10.1136/gutjnl-2019-318934

27. Llovet, JM, Montal, R, Sia, D, and Finn, RS. Molecular therapies and precision medicine for hepatocellular carcinoma. Nat Rev Clin Oncol (2018) 15(10):599–616. doi: 10.1038/s41571-018-0073-4

28. Wang, J, Li, J, Tang, G, Tian, Y, Su, S, and Li, Y. Clinical outcomes and influencing factors of PD-1/PD-L1 in hepatocellular carcinoma. Oncol Lett (2021) 21(4):279. doi: 10.3892/ol.2021.12540

29. Montasser, A, Beaufrère, A, Cauchy, F, Bouattour, M, Soubrane, O, Albuquerque, M, et al. Transarterial chemoembolisation enhances programmed death-1 and programmed death-ligand 1 expression in hepatocellular carcinoma. Histopathology (2021) 79(1):36–46. doi: 10.1111/his.14317

30. Deng, H, Kan, A, Lyu, N, Mu, L, Han, Y, Liu, L, et al. Dual vascular endothelial growth factor receptor and fibroblast growth factor receptor inhibition elicits antitumor immunity and enhances programmed cell death-1 checkpoint blockade in hepatocellular carcinoma. Liver Cancer (2020) 9(3):338–57. doi: 10.1159/000505695

31. Wu, JY, Yin, ZY, Bai, YN, Chen, YF, Zhou, SQ, Wang, SJ, et al. Lenvatinib combined with anti-PD-1 antibodies plus transcatheter arterial chemoembolization for unresectable hepatocellular carcinoma: A multicenter retrospective study. J Hepatocell Carcinoma (2021) 8:1233–40. doi: 10.2147/JHC.S332420

32. Cai, M, Huang, W, Huang, J, Shi, W, Guo, Y, Liang, L, et al. Transarterial chemoembolization combined with lenvatinib plus PD-1 inhibitor for advanced hepatocellular carcinoma: A retrospective cohort study. Front Immunol (2022) 13:848387. doi: 10.3389/fimmu.2022.848387

33. Teng Y, DX, Li, W, Sun, W, and Chen, J. A retrospective study on therapeutic efficacy of transarterial chemoembolization combined with immune checkpoint inhibitors plus lenvatinib in patients with unresectable hepatocellular carcinoma. Technol Cancer Res Treat (2022) 21:1–7. doi: 10.1177/15330338221075174

34. Fu, Z, Li, X, Zhong, J, Chen, X, Cao, K, Ding, N, et al. Lenvatinib in combination with transarterial chemoembolization for treatment of unresectable hepatocellular carcinoma (uHCC): A retrospective controlled study. Hepatol Int (2021) 15(3):663–75. doi: 10.1007/s12072-021-10184-9

35. Chen, R, Li, Y, Song, K, Li, L, Shen, C, Ma, P, et al. Efficacy and safety of transarterial chemoembolization-lenvatinib sequential therapy for the treatment of hepatocellular carcinoma with portal vein tumor thrombus: A retrospective study. J Gastrointest Oncol (2022) 13(2):780–6. doi: 10.21037/jgo-22-239

36. Yao, J, Zhu, X, Wu, Z, Wei, Q, Cai, Y, Zheng, Y, et al. Efficacy and safety of PD-1 inhibitor combined with antiangiogenic therapy for unresectable hepatocellular carcinoma: A multicenter retrospective study. Cancer Med (2022) 10.1002/cam4.4747. doi: 10.1002/cam4.4747

37. Lee, IC, Hung, YW, Liu, CA, Lee, RC, Su, CW, Huo, TI, et al. A new ALBI-based model to predict survival after transarterial chemoembolization for BCLC stage b hepatocellular carcinoma. Liver Int (2019) 39(9):1704–12. doi: 10.1111/liv.14194

38. Hiraoka, A, Kumada, T, Michitaka, K, and Kudo, M. Newly proposed ALBI grade and ALBI-T score as tools for assessment of hepatic function and prognosis in hepatocellular carcinoma patients. Liver Cancer (2019) 8(5):312–25. doi: 10.1159/000494844

39. Kawamura, Y, Kobayashi, M, Shindoh, J, Kobayashi, Y, Okubo, S, Tominaga, L, et al. Lenvatinib-transarterial chemoembolization sequential therapy as an effective treatment at progression during lenvatinib therapy for advanced hepatocellular carcinoma. Liver Cancer (2020) 9(6):756–70. doi: 10.1159/000510299

40. Endo, K, Kuroda, H, Abe, T, Sato, H, Kooka, Y, Oikawa, T, et al. Two hepatectomy cases for initially unresectable hepatocellular carcinoma after achieving a radiological complete response to sequential therapy with lenvatinib and transcatheter arterial chemoembolization. Hepatol Res (2021) 51(10):1082–6. doi: 10.1111/hepr.13665

41. Matsuda, N, Imai, N, Kuzuya, T, Yamamoto, K, Ito, T, Ishizu, Y, et al. Progression after molecular targeted agents: Hepatic arterial changes and transarterial chemoembolization in hepatocellular carcinoma. In Vivo (2021) 35(2):1185–9. doi: 10.21873/invivo.12367

42. Xue M, WY, Zhu, B, Zou, X, Fan, W, and Li, J. Advanced hepatocellular carcinoma treated by transcatheter arterial chemoembolization with drug-eluting beads plus lenvatinib versus sorafenib, a propensity score matching retrospective study. Am J Cancer Res (2021) 11(12):6107–18.

43. Ding, X, Sun, W, Li, W, Shen, Y, Guo, X, Teng, Y, et al. Transarterial chemoembolization plus lenvatinib versus transarterial chemoembolization plus sorafenib as first-line treatment for hepatocellular carcinoma with portal vein tumor thrombus: A prospective randomized study. Cancer (2021) 127(20):3782–93. doi: 10.1002/cncr.33677

44. Yang, B, Jie, L, Yang, T, Chen, M, Gao, Y, Zhang, T, et al. TACE plus lenvatinib versus plus sorafenib for unresectable hepatocellular carcinoma with portal vein tumor thrombus: A prospective cohort study. Front Oncol (2021) 11:821599. doi: 10.3389/fonc.2021.821599

45. Kuzuya, T, Ishigami, M, Ito, T, Ishizu, Y, Honda, T, Ishikawa, T, et al. Sorafenib vs. lenvatinib as first-line therapy for advanced hepatocellular carcinoma with portal vein tumor thrombosis. Anticancer Res (2020) 40(4):2283–90. doi: 10.21873/anticanres.14193

46. Finn, RS, Kudo, M, Cheng, AL, Wyrwicz, L, Ngan, RKC, Blanc, JF, et al. Pharmacodynamic biomarkers predictive of survival benefit with lenvatinib in unresectable hepatocellular carcinoma: From the phase III REFLECT study. Clin Cancer Res (2021) 27(17):4848–58. doi: 10.1158/1078-0432.CCR-20-4219

47. Shimose, S, Kawaguchi, T, Tanaka, M, Iwamoto, H, Miyazaki, K, Moriyama, E, et al. Lenvatinib prolongs the progression-free survival time of patients with intermediate-stage hepatocellular carcinoma refractory to transarterial chemoembolization: A multicenter cohort study using data mining analysis. Oncol Lett (2020) 20(3):2257–65. doi: 10.3892/ol.2020.11758

48. Chen, S, Wu, Z, Shi, F, Mai, Q, Wang, L, Wang, F, et al. Lenvatinib plus TACE with or without pembrolizumab for the treatment of initially unresectable hepatocellular carcinoma harbouring PD-L1 expression: A retrospective study. J Cancer Res Clin Oncol (2021) 148(8):2115–25. doi: 10.1007/s00432-021-03767-4

49. Liu, J, Li, Z, Zhang, W, Lu, H, Sun, Z, Wang, G, et al. Comprehensive treatment of trans-arterial chemoembolization plus lenvatinib followed by camrelizumab for advanced hepatocellular carcinoma patients. Front Pharmacol (2021) 12:709060. doi: 10.3389/fphar.2021.709060

50. Cao, F, Yang, Y, Si, T, Luo, J, Zeng, H, Zhang, Z, et al. The efficacy of TACE combined with lenvatinib plus sintilimab in unresectable hepatocellular carcinoma: A multicenter retrospective study. Front Oncol (2021) 11:783480. doi: 10.3389/fonc.2021.783480

51. Jiang, Y, Han, QJ, and Zhang, J. Hepatocellular carcinoma: Mechanisms of progression and immunotherapy. World J Gastroenterol (2019) 25(25):3151–67. doi: 10.3748/wjg.v25.i25.3151

52. Finn, RS, Ikeda, M, Zhu, AX, Sung, MW, Baron, AD, Kudo, M, et al. Phase ib study of lenvatinib plus pembrolizumab in patients with unresectable hepatocellular carcinoma. J Clin Oncol (2020) 38(26):2960–70. doi: 10.1200/JCO.20.00808

53. Aoki, T, Kudo, M, Ueshima, K, Morita, M, Chishina, H, Takita, M, et al. Exploratory analysis of lenvatinib therapy in patients with unresectable hepatocellular carcinoma who have failed prior PD-1/PD-L1 checkpoint blockade. Cancers (Basel) (2020) 12(10):3048. doi: 10.3390/cancers12103048

54. Qu, S, Zhang, X, Wu, Y, Meng, Y, Pan, H, Fang, Q, et al. Efficacy and safety of TACE combined with lenvatinib plus PD-1 inhibitors compared with TACE alone for unresectable hepatocellular carcinoma patients: A prospective cohort study. Front Oncol (2022) 12:874473. doi: 10.3389/fonc.2022.874473

55. Xiang, YJ, Wang, K, Yu, HM, Li, XW, Cheng, YQ, Wang, WJ, et al. Transarterial chemoembolization plus a PD-1 inhibitor with or without lenvatinib for intermediate-stage hepatocellular carcinoma. Hepatol Res (2022) 52(8):721–9. doi: 10.1111/hepr.13773

56. El-Khoueiry, AB, Sangro, B, Yau, T, Crocenzi, TS, Kudo, M, Hsu, C, et al. Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 040): An open-label, non-comparative, phase 1/2 dose escalation and expansion trial. Lancet (2017) 389(10088):2492–502. doi: 10.1016/S0140-6736(17)31046-2

57. Zhu, AX, Finn, RS, Edeline, J, Cattan, S, Ogasawara, S, Palmer, D, et al. KEYNOTE-224 investigators. pembrolizumab in patients with advanced hepatocellular carcinoma previously treated with sorafenib (KEYNOTE-224): A non-randomised, open-label phase 2 trial. Lancet Oncol (2018) 19(7):940–52. doi: 10.1016/S1470-2045(18)30351-6

58. Zhang, W, Song, Z, Xiao, J, Liu, X, Luo, Y, Yang, Z, et al. Blocking the PD-1/PD-L1 axis in dendritic cell-stimulated cytokine-induced killer cells with pembrolizumab enhances their therapeutic effects against hepatocellular carcinoma. J Cancer (2019) 10(11):2578–87. doi: 10.7150/jca.26961

59. Calderaro, J, Rousseau, B, Amaddeo, G, Mercey, M, Charpy, C, Costentin, C, et al. Programmed death ligand 1 expression in hepatocellular carcinoma: Relationship with clinical and pathological features. Hepatology (2016) 64(6):2038–46. doi: 10.1002/hep.28710

60. Sangro, B, Melero, I, Wadhawan, S, Finn, RS, Abou-Alfa, GK, Cheng, AL, et al. Association of inflammatory biomarkers with clinical outcomes in nivolumab-treated patients with advanced hepatocellular carcinoma. J Hepatol (2020) 73(6):1460–9. doi: 10.1016/j.jhep.2020.07.026

61. Qin, J, Huang, Y, Zhou, H, and Yi, S. Efficacy of sorafenib combined with immunotherapy following transarterial chemoembolization for advanced hepatocellular carcinoma: A propensity score analysis. Front Oncol (2022) 12:807102. doi: 10.3389/fonc.2022.807102

62. Shimose, S, Iwamoto, H, Niizeki, T, Shirono, T, Noda, Y, Kamachi, N, et al. Clinical significance of adverse events for patients with unresectable hepatocellular carcinoma treated with lenvatinib: A multicenter retrospective study. Cancers (Basel) (2020) 12(7):1867. doi: 10.3390/cancers12071867

63. Zhao, Y, Zhang, YN, Wang, KT, and Chen, L. Lenvatinib for hepatocellular carcinoma: From preclinical mechanisms to anti-cancer therapy. Biochim Biophys Acta Rev Cancer (2020) 1874(1):188391. doi: 10.1016/j.bbcan.2020.188391

64. Wang, L, Wang, L, Xiao, B, Cui, M, and Zhang, B. Differences between sorafenib and lenvatinib treatment from genetic and clinical perspectives for patients with hepatocellular carcinoma. Med Sci Monit (2022) 28:e934936. doi: 10.12659/MSM.934936

65. Zhu, XD, Tang, ZY, and Sun, HC. Targeting angiogenesis for liver cancer: Past, present, and future. Genes Dis Sep (2020) 7(3):328–35. doi: 10.1016/j.gendis.2020.03.010

66. Adachi, Y, Kamiyama, H, Ichikawa, K, Fukushima, S, Ozawa, Y, Yamaguchi, S, et al. Inhibition of FGFR reactivates IFNgamma signaling in tumor cells to enhance the combined antitumor activity of lenvatinib with anti-PD-1 antibodies. Cancer Res (2022) 82(2):292–306. doi: 10.1158/0008-5472.CAN-20-2426

67. Matsuki, M, Hoshi, T, Yamamoto, Y, Ikemori-Kawada, M, Minoshima, Y, Funahashi, Y, et al. Lenvatinib inhibits angiogenesis and tumor fibroblast growth factor signaling pathways in human hepatocellular carcinoma models. Cancer Med (2018) 7(6):2641–53. doi: 10.1002/cam4.1517

68. Kimura, T, Kato, Y, Ozawa, Y, Kodama, K, Ito, J, Ichikawa, K, et al. Immunomodulatory activity of lenvatinib contributes to antitumor activity in the Hepa1-6 hepatocellular carcinoma model. Cancer Sci (2018) 109(12):3993–4002. doi: 10.1111/cas.13806

69. Xiaochen, M, Xiangyang, S, Fubo, X, Wencheng, J, Qingliang, W, Yang, X, et al. The influence of transarterial chemoembolization on serum levels of soluble programed cell death ligand-1 in advanced hepatocellular carcinoma patients. Asia Pac J Clin Oncol (2022) 10.1111/ajco.13687. doi: 10.1111/ajco.13687

70. Odagiri, N, Hai, H, Thuy, LTT, Dong, MP, Suoh, M, Kotani, K, et al. Early change in the plasma levels of circulating soluble immune checkpoint proteins in patients with unresectable hepatocellular carcinoma treated by lenvatinib or transcatheter arterial chemoembolization. Cancers (Basel) (2020) 12(8):2045. doi: 10.3390/cancers12082045

71. Ren, Z, Yue, Y, Zhang, Y, Dong, J, Liu, Y, Yang, X, et al. Changes in the peripheral blood treg cell proportion in hepatocellular carcinoma patients after transarterial chemoembolization with microparticles. Front Immunol (2021) 12:624789. doi: 10.3389/fimmu.2021.624789

72. Voron, T, Colussi, O, Marcheteau, E, Pernot, S, Nizard, M, Pointet, AL, et al. VEGF-a modulates expression of inhibitory checkpoints on CD8+ T cells in tumors. J Exp Med (2015) 212(2):139–48. doi: 10.1084/jem.20140559

73. Poungpairoj, P, Whongsiri, P, Suwannasin, S, Khlaiphuengsin, A, Tangkijvanich, P, and Boonla, C. Increased oxidative stress and RUNX3 hypermethylation in patients with hepatitis b virus-associated hepatocellular carcinoma (HCC) and induction of RUNX3 hypermethylation by reactive oxygen species in HCC cells. Asian Pac J Cancer Prev (2015) 16(13):5343–8. doi: 10.7314/apjcp.2015.16.13.5343

74. Iseda, N, Itoh, S, Toshida, K, Tomiyama, T, Morinaga, A, Shimokawa, M, et al. Ferroptosis is induced by lenvatinib through fibroblast growth factor receptor-4 inhibition in hepatocellular carcinoma. Cancer Sci (2022) 113(7):2272–87. doi: 10.1111/cas.15378

75. Li, P, Huang, T, Zou, Q, Liu, D, Wang, Y, Tan, X, et al. FGFR2 promotes expression of PD-L1 in colorectal cancer via the JAK/STAT3 signaling pathway. J Immunol (2019) 202(10):3065–75. doi: 10.4049/jimmunol.1801199

76. Yi, C, Chen, L, Lin, Z, Liu, L, Shao, W, Zhang, R, et al. Lenvatinib targets FGF receptor 4 to enhance antitumor immune response of anti-programmed cell death-1 in HCC. Hepatology (2021) 74(5):2544–60. doi: 10.1002/hep.31921

77. Deng, H, Kan, A, Lyu, N, He, M, Huang, X, Qiao, S, et al. Tumor-derived lactate inhibit the efficacy of lenvatinib through regulating PD-L1 expression on neutrophil in hepatocellular carcinoma. J Immunother Cancer (2021) 9(6):e002305. doi: 10.1136/jitc-2020-002305

78. Koganemaru, S, Inoshita, N, Miura, Y, Miyama, Y, Fukui, Y, Ozaki, Y, et al. Prognostic value of programmed death-ligand 1 expression in patients with stage III colorectal cancer. Cancer Sci (2017) 108(5):853–8. doi: 10.1111/cas.13229

79. Kato, Y, Tabata, K, Kimura, T, Yachie-Kinoshita, A, Ozawa, Y, Yamada, K, et al. Lenvatinib plus anti-PD-1 antibody combination treatment activates CD8+ T cells through reduction of tumor-associated macrophage and activation of the interferon pathway. PloS One (2019) 14(2):e0212513. doi: 10.1371/journal.pone.0212513

80. Takaki, H, Imai, N, Contessa, TT, Srimathveeravalli, G, Covey, AM, Getrajdman, GI, et al. Peripheral blood regulatory T-cell and type 1 helper T-cell population decrease after hepatic artery embolization. J Vasc Interv Radiol (2016) 27(10):1561–8. doi: 10.1016/j.jvir.2016.01.150

81. Duffy, AG, Ulahannan, SV, Makorova-Rusher, O, Rahma, O, Wedemeyer, H, Pratt, D, et al. Tremelimumab in combination with ablation in patients with advanced hepatocellular carcinoma. J Hepatol (2017) 66(3):545–51. doi: 10.1016/j.jhep.2016.10.029



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Sun, Xu, Meng, Liu, Wang, Li, Li and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/table3.jpg
Author/  Year Country Treatment (number of Follow- Median Median TTP ORR Main

Reference patients) up 0S8/08 PFS/ characteristics

numbers time rate  PFSrate of patients

Mingyue Cai ~ 2022 China Lenvatinib+TACE+PD-1 inhibitors 137 169 vs. 73vs.40 NA  56.1% vs32.5% Tumor size (cm)

(32) (sintilimab/tislelizumab/camrelizumab) months. 12.1months. months 12.3 +£ 4.8/13.6 +
(41) vs lenvatinib+TACE (40) 5.1

Child-Pugh grade
B (9.8% vs. 17.5%);
PVTT type III
(36.6% vs. 45.0%);
Extrahepatic spread
(41.5% vs. 47.5%);
AFP2400(51.2% vs.
55.0%);

BCLC stage C
(100%)

Song Chen 2021  China Lenvatinib+TACE+ PD-1 inhibitors 27 18.1 vs. 92vs.55 NA 47.1% vs. 27.8% Brain metastasis
(48) (pembrolizumab) (n=70) vs. lenvatinib months 14.1 months (68.6% vs.72.2%);
+TACE (n=72) months AFP>400(64.3% vs.
61.1%);
BCLC stage B
(67.1% vs.62.5%),
C (32.9% vs.
37.5%)
ALBI grade 2
(65.7% vs. 70.8%)

Ying Teng 2021  China Lenvatinib+TACE+PD-1 inhibitors 154 not reached 8.5 NA 54.9% Child-Pugh grade

(33) (sintilimab/camrelizumab)(53) months months B (35.8%);
Vascular invasion
(47.2%);
Extrahepatic spread
(79.2%);
AFP2400(34.0%);
BCLC stage B
(43.4%), C (56.6%)

Juanfang Liu 2021  China Lenvatinib+TACE+PD-1 inhibitors NA 24 months 114 NA NA Tumor burden

(49) (camrelizumab) (22) months >50% (36.4%);
Child-Pugh grade
B (27.3%);
PVTT (50.0%);
AFP2400(68.2%);
BCLC stage B
(54.5%)/C (45.5%);
ECOG PS 2
(36.4%)

Fei Cao 2021  China Lenvatinib+TACE+PD-1 inhibitors 125 236 133 NA 46.7% Child-Pugh grade

(50) (sintilimab) (52) months months months B (11.5%);
Macroscopic
vascular invasion
(36.5%);
Extrahepatic spread
(40.4%);
AFP2400 (34.6%);
BCLC stage B
(25.0%)/C (75.0%);
ALBI grade 2-3
(80.8%)

JiaYi Wu 2021 China Lenvatinib+TACE+PD-1 inhibitors 122 not reached not NA Investigator and Tumor size (cm)
(31) (sintilimab/tislelizumab/camrelizumab/ months reached BICR-assessed ORR =10 (50%);
toripalimab/pembrolizumab)(62) were 80.6% and Child-Pugh grade
77.4% B (6.7% vs. 5.0%);
PVTT type I

(6.5%), 11 (19.4%),
T/1V(17.7%);
Extrahepatic spread
9.7%);
AFP2400(51.6%);
BCLC stage A
(9.7%)/B (33.9%)/C
(56.5%)

08, overall survive; PES, progression-free survival; TTP, time to progression; ORR, objective response rate; PD-1, programmed death factor 1; NA, not available; BCLC, Barcelona clinic liver
cancer; ALBI, albumin-bilirubin; TACE, transarterial chemoembolization; PVTT, portal vein tumor thrombus; AFP, alpha-fetoprotein; ECOG PS, Eastern Cooperative Oncology Group
performance status; BICR, blinded independent central review.





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2022.980214_cover.jpg
, frontiers ‘ Frontiers in Oncology

Lenvatinib plus transarterial
chemoembolization with or
without immune checkpoint
inhibitors for unresectable
hepatocellular carcinoma:
A review





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Lenvatinib plus transarterial chemoembolization with or without immune checkpoint inhibitors for unresectable hepatocellular carcinoma: A review

      

        		

          Introduction

        



        		

          Therapeutic responses of lenvatinib plus TACE therapy versus lenvatinib or TACE monotherapy

        

          		

            Objective response rate

          



          		

            Progression free survival and overall survival

          



          		

            Change of liver function and adverse events

          



        



        



        		

          Therapeutic responses of lenvatinib plus TACE therapy versus sorafenib plus TACE therapy

        

          		

            Objective response rate

          



          		

            Progression free survival or time to progression and overall survival

          



          		

            Change in liver function and adverse events

          



        



        



        		

          Therapeutic responses of lenvatinib plus TACE with PD-1 inhibitors

        

          		

            Objective response rate

          



          		

            Progression free survival and overall survival

          



          		

            Change of liver function and adverse events

          



        



        



        		

          Why the combination therapy of lenvatinib plus TACE with PD-1 inhibitors is promising

        

          		

            Combination of TACE and lenvatinib

          



          		

            Compared with sorafenib, lenvatinib had advantages in combining with TACE

          



          		

            Immune response activated by TACE

          



          		

            Studies on the mechanisms of lenvatinib combined with PD-1 inhibitors therapy

          



        



        



        		

          Conclusions

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Author/
Reference
numbers
Shigeo 2021
Shimose

(2)

Yuwa Ando
(17)

2021

Zhigang Fu 2021

(34)

Ruiqing 2022
Chen

(35)

Year Country Treatment

Japan

Japan

China

China

Follow-

(number of  up
patients) time
Lenvatinib+AT ~ NA
(24) or
lenvatinib (24)
Lenvatinib 14.8 vs.
+TACE (19) vs  14.3
lenvatinib (19)  months
Lenvatinib 11.6 vs.
+TACE (60)/ 17.5
TACE (60) months
Lenvatinib 152
+TACE (12) months

Median O§/0S rate

not reached vs. 16.3
months

not reached vs. 16.9
months

The 1-year and 2-year OS
rates were 88.4% and 79.8%
vs. 79.2% and 49.2%

16.9 months

Median PFS/PFS rate

NA

11.6 vs. 10.1 months

The 1-year and 2-year PES
rates were 78.4% and 45.5%
vs. 64.7% and 38.0%

6.15 months

TIP

NA

NA

NA

NA

ORR

NA

63.2%
vs.
63.2%

68.3%
vs.
31.7%

75%

Main characteristics
of patients

BCLC stage B (100%);
Beyond up-to-seven
criteria (87.5% vs.
91.6%);

ALBI grade 2 (54.17% vs.
66.67%)

BCLC stage B (100%);
Beyond up-to-seven
criteria (68.4% vs.
63.16%);

ALBI grade 2 (31.58% vs.
31.58%)

Child-Pugh grade B
(6.7% vs. 5.0%);

PVTT (35.0% vs. 45.0%);
Extrahepatic spread
(15.0% vs. 15.0%);
AFP>400(45.0% vs.
45%);

BCLC stage A (3.3% vs.
5.0%)/B (55.0%vs43.3%)/
C (41.7% vs. 51.7%);
ALBI grade 2-3 (68.33%
vs. 73.33%)

PVTT type II (75.0%),
11T (25.0%);
Extrahepatic spread
(58.3%);

BCLC stage C(100%)

08, overall survive; PES, progression-free survival; TTP, time to progression; ORR, objective response rate; AT, trans-arterial therapy; NA, not available; BCLC, Barcelona clinic liver cancer;

ALBI, albumin-bilirubi;

TACE, transarterial chemoembolization; PV']

ortal vein tumor thrombus; AFP, alpha-fetoprotein.





OEBPS/Images/table2.jpg
Author/
Reference
numbers

Year Country

Xiaoyan Ding 2021 China

(43)

Biao Yang 2021  China

(44)

Miao Xue
(42)

2021  China

Treatment
(number of
patients)

Lenvatinib+TACE (32)/
sorafinib+TACE (32)

Lenvatinib + TACE
(38)/sorafenib + TACE
(38)

Lenvatinib+TACE (50)/
sorafenib+TACE(100)

Follow- Median
up time OS/OS
rate

16.1 14.5 vs. 10.8

months months

NA 18.97 vs.
10.77
months

NA 149 vs. 123
months

Median
PFS/PFS
rate

NA

10.6 and 5.4
months

NA

TTP

4.7 vs.
3.1
months

NA

8.4 vs.
6.0
months

ORR

53.1%
vs.
25.0%

66.8%
vs.
33.3%

64.0%
vs.
33.3%

Main characteristics of
patients

Tumor size (cm) >7.0(78.1% vs.
71.2%);

Child-Pugh grade B (6.7% vs. 5.0%);
PVTT /11 (65.6%vs78.1%), III/IV
(34.4% vs. 21.9%);

Extrahepatic spread (40.6% vs. 28.1%);
AFP>400(50% vs. 56.2%);

BCLC stage C (100%)

ALBI grade 2-3 (62.5% vs. 65.6%)

Tumor size (cm) >7 (63.2% vs. 68.4%);
Child-Pugh grade B (2.6% vs. 2.6%);
PVTT type I (52.6% vs. 52.6%), IT
(28.9% vs. 34.2%), III/IV (18.4% vs.
13.2%);

Extrahepatic spread (15.8% vs. 15.8%);
AFP2400(63.2% vs. 60.5%);

BCLC stage C (100%);

ECOG PS 2 (28.9% vs. 23.7%)

Tumor size (cm) >5 (74.0% vs. 81.0%);
Child-Pugh grade B (18% vs. 16%);
PVTT (72.0% vs. 81.0%);

Extrahepatic spread (54.0% vs. 45.0%);
BCLC stage C (100%)

OS, overall survive; PFS, progression-free survival; TTP, time to progression; ORR, objective response rate; NA, not available; BCLC, Barcelona clinic liver cancer; ALBI, albumin-bilirubin;

TACE, transarterial chemoembolization; PVT

portal vein tumor thrombus; AFP, alpha-fetoprotein; ECOG PS, Eastern Cooperative Oncology Group performance status.





