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Until recently, the treatment landscape for hepatocellular cancer (HCC) was dominated by tyrosine kinase inhibitors (TKIs) which offered an overall survival (OS) benefit when used both in the first-and second-line setting compared to best supportive care. However, the treatment landscape has changed with the introduction of immune checkpoint inhibitors (ICIs) for the treatment of HCC with significant improvement in OS and progression free survival reported with combination atezolizumab and bevacizumab compared to sorafenib in the first-line setting. Nonetheless, the response to ICIs is 20–30% and invariably patients will progress. What remains unclear is which therapeutics should be used following ICI exposure. Extrapolating from the evidence base in renal cell carcinoma, subsequent therapy with TKIs offers both a response and survival benefit and are recommended by European guidelines. However, there are a number of novel therapies emerging that target mechanisms of ICI resistance that hold promise both in combination with ICI or as subsequent therapy. This paper will discuss the evidence for ICIs in HCC, the position of second-line therapies following ICIs and research strategies moving forward.
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INTRODUCTION

Hepatocellular cancer (HCC) is the fifth most common cause of cancer and the third leading cause of cancer related death worldwide (1). The majority of HCC develops on a background of chronic liver disease secondary to chronic hepatitis B and C, alcohol excess or non-alcoholic liver disease (2). The presence of chronic liver disease has a direct impact on liver function and often limits therapies that can be extended to patients (3). Whilst curative in the early stages, the majority of patients (>70%) will present with advanced stage cancer, and even in those receiving curative therapy with surgery or ablation, the majority will relapse within 5-years and the mainstay of treatment in this setting is that of systemic therapy (2, 4).

For over 20 years the research field has been dominated by molecular targeted agents, the majority inhibiting angiogenesis through blockade of vascular endothelial growth factor receptor (VEGFR) (2). Both in the first and second-line setting, the efficacy of these agents has been modest, with improvements in overall survival (OS) of only 2–3 months and poor objective response rates (5–9), underscoring a need for more efficacious therapeutics in this disease space. In recent years there has been an increasing appreciation of the role of the immune microenvironment in liver carcinogenesis (10). Being at the junction of the arterial and portal systemic blood flow, the liver has an important immunoregulatory role (11). The liver constitutes the largest reticulo-endothelial system (RES) in the human body, with specialized immune cells including Kupffer cells, innate T-cells, natural kills cells and liver sinusoidal endothelial cells (12). Cirrhosis results in persistent inflammation and damage to the RES leading to impaired immune surveillance and dysregulation of the immune environment, resulting in DNA damage, hepatocyte necrosis and cancer (13). A rich immune infiltrate is observed in the tumor microenvironment (TME) but this infiltrate comprises of predominantly “exhausted” pro-inflammatory T-cell (regulatory T-cells, T-regs) populations that express co-inhibitory receptors such as cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), programmed cell death protein 1 and its ligand (PD-1/PDL-1), T-cell immunoglobulin, mucin-domain containing-3 (TIM-3), and myeloid derived suppressor cells (MDSCs) (14, 15). Together with the secretion of immunoregulatory cytokines, immune tolerance results which is associated with poor prognosis (16, 17). Hence, there is a strong rationale for the use of immunotherapies (ICI) in HCC. The pressing question moving forward is which agent to use in the second-line setting, with tyrosine kinase inhibitors (TKIs) currently recommended post-ICI (18, 19). The aim of this review is to summarize the evidence for ICIs in HCC with a particular focus on combination ICI-therapy and to explore the therapeutic options following ICI. To inform treatment decision-making, we will revisit the current therapeutic portfolio in HCC and discuss future treatment directions.



IMMUNOTHERAPEUTIC STRATEGIES IN HCC

The goals of ICI can broadly be defined as either unmasking a current immune response or stimulating a new or different one (11). The majority of phase III studies have been performed using therapeutics that target molecules such as CTLA-4 and the PD-1/PDL-1 axis in an effort to unmask an immune response (10).


Single Agent Immunotherapeutic Strategies

The first ICI to be approved by the FDA for the management of HCC was nivolumab, an anti-PDL-1 antibody following the publication of CheckMate 040 (20). This was a phase I/II, uncontrolled, open labeled study that evaluated nivolumab, initially in a dose escalation, and then in a subsequent dose expansion cohort, enrolling patients with Child Pugh A and B cirrhosis who had previously received sorafenib (N = 262) (20). The study reported an overall response rate (ORR) of 20% with a 9-months survival rate of 74% (95% CI: 67–79%) which led to the phase III randomized controlled trial, Checkmate 459, in which nivolumab was tested against sorafenib in the first-line setting (21). The study failed to meet its primary endpoints of OS; median OS for nivolumab was 16.4 months (95% CI: 13.9–18.4) vs. 14.7 months (95% CI: 11.9–17.2) for sorafenib (HR 0.85, 95% CI: 0.72–1.02, p = 0.075) (21).

A similar fate awaited the much anticipated Keynote-240 study, a phase III study that randomized patients to either pembrolizumab or placebo following sorafenib therapy (22). Pembrolizumab is a highly selective humanized IgG4/κ monoclonal antibody that directly inhibits the binding of PD-1 to its ligands, PD-L1 and PD-L2. Despite an ORR of 17% in the phase II Keynote-224 study (23), the phase III study failed to meet either of its co-primary endpoints (OS or PFS). The reported median OS was numerically longer for pembrolizumab, 13.9 vs. 10.6 months for placebo, HR 0.78, 95% CI: 0.61–0.99, p = 0.024, but did not meet the pre-specified criteria for statistical significance over placebo (24). Of interest, following progression 41.7% of patients in the pembrolizumab group and 47.4% in the placebo group received subsequent anti-cancer treatment. On post-hoc analysis, the median OS was longer in the pembrolizumab group vs. placebo when survival was adjusted for subsequent anti-cancer therapies (13.9 vs. 9.3 months; HR, 0.67; 95% CI, 0.48–0.92; nominal one-sided p = 0.0066) (23). 24.8% of patients received TKIs following pembrolizumab and whilst not reported, the efficacy of individual TKIs in this sub-study would be of key interest.

Despite the absence of a clear role for single agent ICIs either in the first or second-line management of HCC, there are a number of other agents under investigation. Durvalumab, an anti-PDL1 IgG1 monoclonal, has been evaluated as part of a phase I/II study in an expansion cohort of 40 HCC patients with Child-Pugh Class A, 93% of whom were sorafenib experienced. An ORR of 10% was reported with a median OS of 13.2 months and a 56% 1-year survival rate (25). Other drugs being investigated include camrelizumab (26), cemiplimab (27) (NCT03916627), and tislelizumab, a humanized IgG4 antibody to PD-1, the efficacy of which is currently being explored in the phase III RATIONALE-301 study compared with sorafenib in the first-line setting (NCT 03412773) (28).

In addition to PD-1 and PDL-1, single agent CTLA-4 inhibitors have been investigated in HCC, although not in the context of large phase III studies. The frist CTLA-4 inhibitor to be studied in HCC was tremelimumab, a fully human IgG2 monoclonal antibody (29). The study investigated the efficacy of tremelimumab 15 mg/kg IV every 90 days in 21 patients with Hepatitis C-associated HCC and reported a response rate of 17.6% and time to tumor progression (TTP) of 6.48 months (95% CI: 3.95–9.14) (29). The reported median OS was 8.2 months and the probability of survival at 1 year was reported to be 43%. Duffy and colleagues investigated the combination of tremelimumab and ablation with the intention of inducing synergistic immunogenic cell death. Tremelimumab was administered as six infusions, 3.5 and 10 mg/kg 4-weekly followed by 3-monthly maintenance. Sub-total tumor ablation was given at day 36. Five out of 19 evaluable patients achieved a partial response, translating into a TTP of 7.4 months and OS of 12.3 months (30). Both studies demonstrated evidence of anti-viral activity with falling HCV RNA load and expansion of HCV-specific T-cell responses (29). There is a paucity of phase III data for anti-CTLA-4 monotherapy and long term efficacy data is wanting as is its efficacy across diverse etiologies of chronic liver disease.



Immunotherapy Combination Studies

Extrapolating from the improved clinical outcomes observed in other malignancies, there are a number of clinical trials investigating the efficacy of combination therapy with both PD-1 and CTLA-4 inhibitors (Table 1). The rationale for this combination is that whilst the PD/PDL-1 pathway inhibits the effectiveness of the CD8+ T-cell response, CTLA-4 differentially suppresses the action of antigen presenting cells and T-regs. Thus, by targeting both pathways, there is the expectation of both an increase in the number of activated CD8+ cells infiltrating the tumor and an enhancement of anti-tumor activity.


Table 1. Emerging immunotherapy combinations for the treatment of hepatocellular cancer.
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Cohort 4 of the Checkmate-040 was designed to test the efficacy of varying doses of combination therapy of the CTLA-4 inhibitor, ipilimumab, and nivolumab in patients with advanced stage HCC following progression on sorafenib (arm A: nivolumab 1 mg/kg + ipilimumab 3 mg/kg, arm B: nivolumab 3 mg/kg + ipilimumab 1 mg/kg every 3 weeks for 4 doses followed by nivolumab maintenance (240 mg flat dose every 2 weeks), arm C: nivolumab 3 mg/kg + ipilimumab 1 mg/kg every 6 weeks until discontinuation due to progression or toxicity) (31). Arm A showed the greatest improvement in OS compared to arm B and C and has received accelerated approval in the United States; median OS 22.8 months (95% CI, 9.4-not reached) in arm A vs. 12.5 months (95% CI, 7.6–16.4) in arm B and 12.7 months (95% CI, 7.4–33.0) in arm C (31).

The phase III HIMALAYA study randomizes patients to receive combination therapy with tremelimumab and the PDL-1 inhibitor, durvalumab, durvalumab alone, or sorafenib in the first-line setting (NCT03298451). This trial was instigated based on promising phase I/II results that illustrated an ORR of 15% with disease control rates at 16 weeks of 57% in patients with unresectable HCC treated with durvalumab and tremelimumab with an acceptable safety profile. The authors reported that 20% of patients experienced grade ≥3 related adverse events the most common being an asymptomatic rise in AST (10%) (32).




RATIONALE FOR COMBINATION THERAPY OF ICIS AND MOLECULAR TARGETED AGENTS

The TME in HCC is hypoxic and as a consequence, is characterized by the presence of tortuous, leaky neoangiogenic vessels (33). Hypoxia has been shown to impair the function of immune effector cells and modulate the function of innate immune cells toward immunosuppression (33). Moreover, PD-1 and PD-L1 are unregulated in the hypoxic TME as a mechanism to evade anticancer immune responses, with upregulation of PD-L1 expression observed on MDSCs, dendritic and endothelial cells, as well as on tumor cells (34). Excessive production of VEGF and other pro-angiogenic factors in response to hypoxia creates a pro-tumor microenvironment by impacting on the number and function of T-regs, tumor associated macrophages, and MDSCs resulting in an immunosuppressive environment (33).

The TKI, sorafenib, targets multiple kinases including the VEGF receptor (9). Preclinical work in HCC, illustrates that the TKI, sorafenib, induces hypoxia and over-expression of PDL-1 within the tumor, resulting in accumulation of T-reg and M2-macrophages (35, 36). Moreover, in an elegant study by Shigeta and colleagues, dual blockade with anti-PD-1/VEGFR-2 therapy significantly inhibited HCC growth and improved survival in vivo (37). The authors illustrated that dual therapy resulted in an increase in cytotoxic T-cell infiltration and activation, an increase in M2 tumor-associated macrophages and a reduction in T-regs (37). Normalization of vessel architecture with dual therapy was also observed lending preclinical support for the use of combination ICI and anti-angiogenic therapy in the clinical setting.


Clinical Data for the Combination of ICIs and VEGF/VEGFR Axis Inhibitors

The first clinical trial of combination therapy to show a survival benefit in HCC was IMBrave 150 (38). In this open label, phase III study, patients with advanced stage disease were randomized to receive a combination of atezolizumab and bevacizumab or sorafenib. Patients were included if they had preserved liver function, ECOG 0-1 and an absence of main portal trunk invasion. The co-primary endpoints of OS and PFS were both achieved such that the OS at 12 months was 67.2% (95% CI, 61.3–73.1) with combination therapy compared with 54.6% for sorafenib (95% CI, 45.2–64.0) (HR 0.58, 95% CI, 0.42–0.79, p < 0.001). PFS was 6.8 months (95% CI: 5.7–8.3) for atezolizumab plus bevacizumab vs. 4.3 months (95% CI: 4.0–5.6) with sorafenib (HR0.59; 95% CI: 0.47–0.76, p < 0.0001). Of key interest, quality of life was maintained with atezolizumab plus bevacizumab compared to sorafenib in this essentially palliative population (38). Despite the promise of the trial, some outstanding questions remain. Whilst treatment related adverse events were similar in both treatment groups, discontinuation rates were higher with combination therapy, but no further details were given by the authors. Moreover, the trial does not report rates of cirrhosis which may impact on rates of drug induced adverse events in particular hepatitis, and any real-world data of the combination therapy will be of interest (38).

Numerous combination studies are currently open testing a myriad of permutations with various TKIs and ICIs (Table 1). The recently published phase Ib study of combination therapy of pembrolizumab and lenvatinib in patients with unresectable HCC reported no dose limiting toxicities in both the safety run-in (N = 6) and expansion phase (39). The authors report an ORR of 46.0% (95% CI: 36.0–56.3%), median PFS of 9.3 months (95% CI: 5.6–9.7 months) and OS of 22 months (95% CI: 20.4–not evaluable, months) (39). This combination is now being evaluated in a phase III vs. single agent lenvatinib (40). Similarly, the combination of regorafenib with pembrolizumab (NCT03347292) and cabozantinib with atezolizumab are being investigated in the first-line setting (41).




THE ROLE OF TYROSINE KINASE INHIBITORS POST-ICI

Whilst IMBrave150 illustrated an OS and ORR benefit of combination therapy over sorafenib in the first-line setting, data on long-term survivorship and response to subsequent therapies is not yet available (38). Similarly, anti-PD-1 monotherapy (20, 22) and dual checkpoint inhibition with anti-CTLA-4 (31) were approved by the FDA on the basis of response rates rather than evidence of convincing OS benefit. The majority of advanced HCC patients will invariably progress and a looming question is what should be used in the second-line setting following combination ICI therapy. The recently updated European Society of Medical Oncology position regorafenib, cabozantinib, and ramucirumab as therapeutic options following failure of atezolizumab and bevacizumab, a stance that has been adopted by a number of healthcare systems (18, 19), and is supported by a recent network analysis (42). Evidence of efficacy of TKIs following ICI in HCC is limited. A post-hoc analysis of 14 patients in the CELESTIAL study who received cabozantinib third line following ICI reported a median OS of 7.9 months (95% CI 5.1–NE) which was comparable to that of patients that had received two prior regimens, median OS 8.5 months (95% CI 7.4–9.7) (43). In another small study of 30 patients with HCC who received TKIs following immunotherapy (combination nivolumab and ipilimumab (N = 2), single agent nivolumab (N = 7), pembrolizumab (N = 4) and durvalumab (N = 1), the authors report a median OS, defined from the commencement of TKI till death from any cause, of 602 days (95% CI: 124–not reached) (44). It is unclear from the published abstract if immunotherapy was administered as a single agent or combination and the full publication is awaited. Currently, there are no publications or studies considering the utility of TKIs following combination therapy.

Prior to the introduction of immunotherapy into the therapeutic armamentarium, sorafenib and lenvatinib offered a survival benefit of 2 months for patients with inoperable HCC (7, 9). For those patients who failed first-line therapy with sorafenib, three second-line options were available; regorafenib, cabozantinib and ramucirumab (5, 6, 8). None of these agents have been assessed following lenvatinib failure. Post-hoc exploratory analysis of the RESORCE study illustrated that sequential treatment with sorafenib and regorafenib resulted in a median OS of 26 months from start of sorafenib compared to 19 months in those that received sorafenib followed by placebo (45). Similar results were observed in a post-hoc analysis of the CELESTIAL trial that illustrated patients who had received prior sorafenib, cabozantinib significantly improved OS, 24.5 months compared to 18.8 months in those receiving placebo (46). In addition, post-hoc analysis of the REFLECT data that illustrates an OS benefit of second-line therapy, OS 20.8 vs. 17.0 months (HR 0.87; 95% CI 0.67–1.14) (47). Subgroup analysis illustrated that OS was greatest in those patients who had initially responded to either lenvatinib, 25.7 months (95% CI 18.5–34.6), or sorafenib 22.3 months (95% CI 14.6–not evaluable).

Given that all therapeutics that have previously shown activity in HCC in phase III trials target VEGFR and angiogenic signaling to some extent, it can be expected that all these agents could be successfully combined with ICI (5–9). Which TKI would be more efficacious following ICI remains to be elucidated. Extrapolating from renal cell carcinoma, another tumor driven by angiogenesis, sequential TKI use following ICI therapy is associated with incremental OS benefit, leading to international guidelines to recommend the use of any multi-targeted TKI that has not been used in the first-line setting in combination with ICI, an approach that is gaining traction in HCC (44, 48, 49). Another therapeutic approach is the evaluation of novel therapies that target ICI resistance mechanisms or alternate signaling pathways in HCC (Table 2).


Table 2. Novel targets for molecular therapies in hepatocellular cancer.
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MECHANISMS OF ICI RESISTANCE IN HCC AND TREATMENT STRATEGIES

Resistance to ICIs can either be primary or acquired, and the mechanisms that drive this process are an evolving field. What is clear is that “cold” tumors do not respond to ICI whilst “hot” tumors do. Cold tumors are characterized by an infiltrate of MDSCs, T-regs, low tumor mutational burden and poor antigen presentation, resulting in an inability to mount an immune response toward the tumor (50). A number of novel therapeutics are currently being developed to essentially transform a “cold” tumor microenvironment into a “hot” tumor and to enhance the endogenous T-cell response. Of these, a number are being trialed in HCC including TIM-3, and lymphocyte activation gene 3 (LAG-3) antagonists, and inhibitors of transforming growth factor β (TGFβ) receptor ligands, and tumor necrosis factor (TNF) receptor (51).

TIM-3 is a transmembrane protein expressed on exhausted CD8+ cells that is expressed with other co-inhibitory receptors such as PD-1 and CTLA-4. The combination of TSR-022, a TIM-3 antagonist, TSR-042, a novel anti-PD-1 is currently the subject of a phase II study in HCC (NCT03680508). Similarly, lymphocyte activation gene 3 (LAG-3) suppresses T-cells activation and cytokine secretion, thereby ensuring immune homeostasis and is currently the subject of clinical trials (Table 2).

The tumor growth factor-β (TGFβ) signaling pathways play a key role in cellular invasion and proliferation, driving hepatocarcinogenesis (52). In addition, TGFβ signaling in the TME has been shown to result in tumor T-cell exclusion and poor response to PD-1/PD-L1 blockade, and there is rationale to combine TGFβ with ICIs (53). Galunisertib, an oral small molecule inhibitor of the TGFβ receptor I (TGFβRI) kinase, has been evaluated in phase II study of 149 patients with HCC who had progressed following sorafenib (54). Enrollment was stratified according to AFP>1.5ULN with a median OS of 7.3 months (95% CI: 4.9–10.5) in those patients with an AFP < 1.5ULN and 16.8 months (95% CI: 10.5–24.4) with AFP > 1.5ULN (54). Galunisertib in combination with nivolumab is currently being investigated in HCC and other solid tumors (NCT02423343). OX40 is a member of the TNF receptor family that is highly expressed on activated immune cells. On ligand binding, T-cell survival, proliferation and effector function is enhanced (55). MEDI0562 is an agonistic, humanized IgG monoclonal antibody directed at OX40 that has undergone phase I evaluation with acceptable toxicity (56). It is anticipated that the combination of MEDI0562 with ICI may enhance the immunomodulatory effects.



CONCLUSION

Currently, for patients that receive either sorafenib or lenvatinib first-line there is a clear benefit with second-line therapy from the RESORCE, CELESTIAL, REACH 2 studies. There is no randomized evidence supporting the use of second-line ICIs following sorafenib or lenvatinib despite the prolonged survival benefit observed in the KEYNOTE-240 study. Promising results are observed with the combination of nivolumab and ipilumumab in the second-line setting which has been approved by the FDA. There is evidence that combination atezolizumab and bevacizumab improves OS in the first-line setting but there are no clear answers as to what to use second-line. What is clear is that the survival for patients with advanced HCC is improving and whilst the correct sequence and drug combination is not yet clear, the survival gains are reasons for enthusiasm. The next few years will herald an exciting time for drug development in HCC both in terms of novel therapeutics but also their accompanying biomarkers which are sorely needed.
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