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Abstract: Sorafenib is still the only systemic drug approved for the treatment of advanced 

hepatocellular carcinoma (HCC). In recent years, several investigational agents mainly targeting 

angiogenesis failed in late-phase clinical development due to either toxicity or lack of benefit. 

Recently, data of the RESORCE trial, a placebo-controlled Phase III study that evaluated the 

efficacy and safety of regorafenib in patients with HCC and documented disease progression 

after systemic first-line treatment with sorafenib, were presented at the ESMO World Congress 

on Gastrointestinal Cancer, 2016. Regorafenib treatment resulted in a 2.8-month survival 

benefit compared to placebo (10.6 months vs 7.8 months). Side effects were consistent with 

the known profile of regorafenib. The approval of regorafenib for this indication is expected 

in 2017. Further candidate agents in Phase III evaluation for second-line treatment of patients 

with HCC are the MET inhibitors tivantinib and cabozantinib, the vascular endothelial growth 

factor receptor-2 antibody ramucirumab, and the programmed death receptor-1 (PD-1) blocking 

antibody pembrolizumab. Furthermore, results from two first-line trials with either the tyrosine 

kinase inhibitor lenvatinib or the PD-1 antibody nivolumabin in comparison to sorafenib are 

awaited in the near future and might further change the treatment sequence of advanced HCC.

Keywords: hepatocellular carcinoma, receptor tyrosine kinase inhibitor, sorafenib, regorafenib, 

lenvatinib, tivantinib, cabozantinib, ramucirumab, immunotherapy, anti-CTLA-4, anti-PD-1, 
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Introduction
The multityrosine kinase inhibitor sorafenib is still the only systemic drug, which 

prolongs overall survival (OS) in advanced stage hepatocellular carcinoma (HCC) 

patients, and currently it is the standard systemic treatment option in patients with 

locally advanced HCC not amendable to locoregional treatment or in patients with 

metastatic disease.1,2 Within the last few years, several Phase III trials have investigated 

other tyrosine kinase inhibitors (TKIs) mainly targeting angiogenesis in comparison 

to sorafenib in first-line treatment.3 However, none of these drugs, such as sunitinib, 

brivanib, linifanib, and the combination of sorafenib and erlotinib, was superior to 

sorafenib in terms of OS or toxicity.4–7 Furthermore, until today there has been no 

established systemic second-line treatment option in patients who have progressed on 

sorafenib treatment.8 Currently, several agents with different targets are investigated in 

clinical trials in patients with advanced HCC. In this review, recent data on antiangio-

genic agents including the multikinase inhibitors sorafenib and regorafenib, inhibitors 

of the MET pathway, and immunotherapeutics will be discussed.
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Antiangiogenic agents
Sorafenib
Sorafenib is an oral multikinase and angiogenesis inhibitor 

with activity against vascular endothelial growth factor recep-

tor (VEGFR)-2, platelet-derived growth factor receptor-β 

(PDGFR-β), c-Kit receptors, BRAF, and p38 signaling 

pathways. It is the only approved systemic treatment option in 

advanced stage HCC. The high recurrence rate of HCC after 

resection of local ablation was the rationale for the initiation 

of the STORM trial, which tested adjuvant treatment with 

sorafenib vs placebo after R0 resection, or complete abla-

tion of HCC. However, sorafenib did not show an improve-

ment in progression-free survival in this Phase III trial and 

was associated with substantial side effects comparable to 

adverse events reported in advanced stage HCC patients.9 

Therefore, adjuvant treatment with sorafenib should not be 

recommended in patients after resection or ablation.

Regorafenib
Regorafenib is a novel diphenylurea multikinase inhibitor of 

VEGFR1-3, c-KIT, TIE-2, PDGFR-β, FGFR-1, RET, c-RAF, 

BRAF, and p38 MAP kinase.10 Although it is structurally 

related to sorafenib (Figure 1), the addition of a fluorine atom 

in the central phenyl ring might result in a higher potency. It 

has been approved for the treatment of metastatic colorectal 

cancer after failure of oxaliplatin- and irinotecan-based sys-

temic chemotherapy and shows a significant prolongation of 

OS compared to placebo.11 Moreover, it is approved for the 

treatment of metastatic gastrointestinal stroma tumors after 

failure of imatinib and sunitinib.12 A small single-arm Phase 

II study in HCC patients who progressed on sorafenib (n=36) 

was reported that showed a signal for activity.13 In this Phase 

II trial, the median OS was 13.8 months, and the efficacy was 

mainly based on disease stabilization with a disease control 

rate of 72%. In this trial, the side effect profile of regorafenib 

seemed quite similar to sorafenib, such as hypertension, 

hand–foot skin reaction, fatigue, and diarrhea. Of note, none 

of the deaths including two patients who died due to liver 

failure were deemed to be related to regorafenib.

In early July 2016, data from a Phase III trial 

(RESORCE) of regorafenib in patients who progressed 

under sorafenib treatment (NCT01774344) have been 

reported as late-breaking abstract at the ESMO World 

Congress on Gastrointestinal Cancer in Barcelona.14 This 

trial enrolled patients with HCC stage BCLC B or C 

with preserved liver function (Child–Pugh A) and good 

performance status (ECOG 0 or 1). The patients had to 

tolerate treatment with sorafenib (400 mg bid) for at least 

20 days and the reason for termination of sorafenib had to 

be documented disease progression. After a maximum of 

10 weeks following the end of sorafenib treatment, patients 

had to be enrolled in the RESORCE trial. A total of 573 

patients were randomized to receive either treatment with 

regorafenib (160 mg qd from day 1 to day 21 of a 28-day 

cycle) or placebo (2:1 randomization). The primary end 

point of this study was OS, which was clearly met for 

patients in the regorafenib arm (median OS 10.6 months 

vs 7.8 months, hazard ratio [HR] 0.62; 95% CI 0.50–0.78; 

P<0.001). The median progression-free survival was also 

superior for patients treated with regorafenib (3.1 months 

vs 1.5 months). Response rates (mRECIST for HCC) were 

also higher for regorafenib (10.6% vs 4.1%).4

The most common grade ≥3 adverse events in the rego-

rafenib group were hypertension (15.2%), hand–foot skin 

reaction (12.6%), fatigue (9.1%), and diarrhea (3.2%), which 

is consistent with the known profile of regorafenib colorectal 

cancer and gastrointestinal stroma tumors. The approval of 

regorafenib for this indication is expected in 2017.

Lenvatinib
Lenvatinib is a multitargeted TKI of the VEGFRs 1, 2, and 3, 

FGFRs 1–4, PDGFR α, RET, and KIT signaling networks.15 

In patients with differentiated thyroid cancer refractory 

to radioiodine (iodine-131) therapy, lenvatinib showed an 

impressive improvement in progression-free survival in a 

recent trial.15 The HR for progression or death was 0.21 with 

a 99% CI interval of 0.14–0.31 (P<0.001).15 Additionally, 

nearly two-thirds of the patients (64.8%) showed an objective 

response to the lenvatinib treatment according to RECIST 

1.1 assessment including four complete responses. The most 

common treatment-related adverse events were similar to 

other TKIs including hypertension, diarrhea, and fatigue. Due 

to adverse events, 14.2% of the patients had to withdraw treat-

ment with lenvatinib in this trial. Recent data of a Phase Ib 

dose escalation trial with lenvatinib in advanced HCC showed 

an encouraging response rate of 15% with tumor shrinkage 

in 14 of 20 patients.16 Currently, a worldwide Phase III trial 
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Figure 1 Chemical structure of sorafenib: 4-(4-[{(4-chloro-3-[trifluoromethyl]
phenyl)carbamoyl}amino]-3-phenoxy)-N-methylpyridine-2-carboxamide. 
Note: Regorafenib differs from sorafenib by addition of a fluorine atom in the 
central phenyl ring as indicated in red, resulting in different target inhibition.
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is investigating the safety and efficacy of lenvatinib in com-

parison to sorafenib in the first-line setting (NCT01761266). 

First data are awaited in late 2016.

Ramucirumab
Ramucirumab is a monoclonal antibody targeting the VEGFR 

2 and was shown to improve OS as monotherapy or in com-

bination with paclitaxel in patients receiving second-line 

treatment for metastatic gastric cancer.17,18 A recent Phase 

III study (REACH19) comparing ramucirumab with placebo 

in patients after failure of sorafenib missed its primary end 

point. The OS in the intention-to-treat population (n=565) 

was not significantly different between the ramucirumab 

and the placebo arm (HR 0.87, 95% CI 0.72–1.05; P=0.14; 

median OS 9.2 months for ramucirumab vs 7.6 months for 

placebo). Nevertheless, ramucirumab resulted in a robust PFS 

improvement compared to placebo (HR 0.63, 95% CI 0.52–

0.75; P<0.001; median PFS 2.8 months for ramucirumab vs 

2.1 months for placebo) in the intention-to-treat population, 

without any safety concerns. However, in the subgroup of 

patients with baseline AFP ≥400 ng/mL (n=250), the OS was 

significantly longer for the patients treated with ramucirumab 

(HR 0.67, 95% CI 0.51–0.90; P=0.0059) with a median OS 

of 7.8 months for ramucirumab and 4.2 months for placebo.19 

This confirms that high AFP is a negative prognostic factor. 

The reason why ramucirumab is more active in this situation 

is not clear yet. Thus, ramucirumab was currently tested in 

a new Phase III trial (NCT02435433) in HCC patients with 

elevated AFP after failure of sorafenib (either progression 

or intolerance).

MET inhibitors
MET is the receptor for hepatocyte growth factor, which is 

one of the predominant factors involved in liver regeneration 

and wound healing.20,21 Overexpression of MET is found in 

25%–87% of HCC patients, and especially in patients with 

advanced stages and vascular invasion the prevalence of 

high MET expression is most frequent.22 MET overexpres-

sion was shown to be a negative prognostic factor in HCC 

patients after failure of sorafenib therapy.23 In HCC, two 

small molecules are currently evaluated in Phase III trials, 

tivantinib and cabozantinib.

Tivantinib
Tivantinib is a non-ATP competitive MET inhibitor, which 

selectively binds to the canonical autoinhibited conforma-

tion of MET, which is only present at the inactive, unphos-

phorylated form of MET.24,25 It shows only modest off-target 

 inhibition of Flt4, CAMKIIδ, PAK3, and Pim-1 kinases. 

Besides, there is no binding to epidermal growth factor recep-

tor, insulin receptor, platelet-derived growth factor receptor 

α, and fibroblast growth factor receptor kinases.25 In a Phase 

II study, tivantinib improved the progression-free survival in 

comparison to placebo in a Phase II randomized controlled 

trial (HR 0.64, 90% CI 0.43–0.94; P=0.04).26 Patients with 

high MET expression had a substantial benefit from tivan-

tinib. The median OS time was 7.2 months (95% CI 3.9–14.6) 

in patients with high MET expressing tumors who received 

tivantinib vs 3.8 months (95% CI 2.1–6.8) for MET-high 

patients who were on placebo (HR 0.38, 95% CI 0.18–0.81; 

P=0.01.26 The Phase III trial investigating tivantinib is cur-

rently recruiting for advanced HCC (NCT01755767).

Cabozantinib
Cabozantinib is a receptor TKI with activity against MET, 

VEGFR2, FLT3, c-KIT, and RET.27 It improves the pro-

gression-free survival in patients with refractory medullary 

thyroid cancer and was recently approved in this condition.28 

However, recently the Phase III study of cabozantinib in pre-

treated metastatic castration-resistant prostate cancer patients 

failed to show a benefit in OS in comparison to prednisone.29 

Cabozantinib was also investigated in HCC patients in a 

Phase II clinical trial.30 The overall disease control rate at 

12 weeks was 68% with two partial responses. The observed 

effects were independent from prior sorafenib therapy. The 

common side effects were similar to other TKIs with diar-

rhea (17%), palmar-plantar erythrodysesthesia (15%), and 

thrombocytopenia (10%) being the most common grade 

3/4 adverse events. Currently, a Phase III trial investigating 

cabozantinib to placebo following progression or intolerance 

to sorafenib is recruiting HCC patients (NCT01908426).

Immunotherapeutics
Immunotherapeutics are very promising therapeutic tools 

in many advanced cancers. For advanced melanoma, the 

monoclonal human T-lymphocyte-associated antigen 4 

antibody (anti-CTLA-4) ipilimumab was approved in 2011, 

and very recently, nivolumab and pembrolizumab, both 

programmed death receptor-1 (PD-1) blocking antibod-

ies, were also approved for this disease. HCC is a very 

attractive candidate for immunotherapy. This is based on 

the report of some cases with spontaneous regression and 

on occasional objective tumor responses after adoptive 

immunotherapy with, eg, dendritic cells.31–33 Interestingly, 

some cases of spontaneous regression were associated 

with systemic inflammatory response, eg, activation of 
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CD163+ macrophages was reported in vital tumor cells 

only but not in necrotic tumor areas.32 Currently, different 

classes of immunotherapeutics are in clinical development 

for advanced HCC.

Tremelimumab
Blockade of immune checkpoints is well established as 

therapeutic approach in advanced melanoma. The CTLA-4 

antibody ipilimumab was approved for advanced mela-

noma in 2011, and treatment is associated with long-term 

survival in 20%–25% of these patients.34 Tremelimumab 

is another CTLA-4 antibody in clinical development, and 

it has been investigated in a Phase Ib trial in HCC.35 This 

trial enrolled 21 patients with HCC and chronic hepatitis 

C virus infection. The study included patients with Child–

Pugh A (n=12), as well as Child–Pugh B cirrhosis (n=9). 

All patients included were not candidates for locoregional 

treatments, and concomitant antiviral treatment was not 

allowed. Tremelimumab was administered every 90 days 

at a dose of 15 mg/kg intravenously until progression or 

intolerable toxicity. First of all, tremelimumab was well 

tolerated without deterioration of liver function, although 

grade 3/4 liver enzyme elevations were noticed in 45% 

of patients. The objective response rate was 17.6%, and 

76.4% of patients achieved disease stabilization. The time 

to tumor progression was 6.5 months (95% CI 3.95–9.14), 

and median OS was 8.2 months (95% CI 4.64–21.34). More-

over, treatment with tremelimumab induced a significant 

decrease in viral load, and three patients had a transient 

complete viral response during follow-up. Thus, anti-

CTLA-4 blockade seems to have antiviral effects in addition 

to antitumor efficacy, which warrant further investigation 

in larger clinical trials. The results of a Phase I clinical trial 

of tremelimumab with transarterial chemoembolization or 

ablation were presented at ASCO 2016 (NCT01853618) 

and showed encouraging results.36

Nivolumab
PD-1 and its ligands, PD-1 ligand 1 (PD-L1) and 2 (PD-L2), 

play important roles in the regulation of immune responses. 

This inhibitory action might help in immune evasion by 

cancer cells as PD-1, PD-L1, and PD-L2 are abnormally 

expressed by tumor cells and tumor-infiltrating lymphocytes. 

Nivolumab and pembrolizumab, both PD-1 antibodies, have 

been approved for advanced melanoma at the end of 2014. 

Clinical trials have shown high (up to 40%) and lasting 

tumor responses, even in ipilimumab pretreated advanced 

melanoma patients.37,38 For HCC, no results have been 

reported yet. Currently, a Phase I/II trial with nivolumab in 

advanced HCC is recruiting patients (NCT01658878). The 

first part of this trial is a dose escalation phase designed to 

establish the safety of the drug at different dose levels for 

three cohorts: HCC patients without viral hepatitis, HCC 

patients with chronic hepatitis C virus infection, and HCC 

patients with chronic hepatitis B virus infection. The second 

part of the study is an expansion phase designed to generate 

additional clinical data at specified doses for each of the three 

cohorts plus a head-to-head comparison against sorafenib 

and a nivolumab/ipilimumab combination arm. Moreover, 

a Phase III trial recruiting patients in the first-line setting is 

currently enrolling patients.

Oncolytic viruses
Oncolytic viruses are a promising class of drugs that pref-

erentially replicate in cancer cells as well as finally kill the 

malignant cells. There is growing evidence that viruses are 

unlikely to cause direct cell death, but merely favor efficient 

and antitumor immune response.39 In HCC, several oncolytic 

viruses have been investigated in Phase I and II trials.40 

The current lead agent is JX-594, which is also known as 

pexastimogene 60 devacirepvec (Pexa-Vec).41 An additional 

oncolytic in early development in HCC is talimogene laher-

parepvec (T-VEC; NCT02509507).

JX-594 is a vaccinia virus (Wyeth vaccine strain) with dis-

ruption of the viral TK gene for cancer selectivity and inser-

tion of human granulocyte-macrophage colony-stimulating 

factor and β-galactosidase transgenes for immune stimulation 

and replication assessment, respectively. JX-594 is aimed 

to induce virus replication-dependent lysis of tumor cells 

as well as to induce tumor-specific immunity. In a Phase II 

clinical trial, JX-594 was administered in two doses: low-dose 

(108 PFU) and high-dose (109 PFU) JX-594 in patients with 

advanced HCC. The study was terminated early as patients 

receiving higher doses of JX-954 showed a significantly 

longer OS, namely 14.1 months for the high-dose group com-

pared to 6.7 months in the low-dose group. Main side effects 

were flu-like symptoms such as pyrexia and chills, mainly 

grade 2, which were found in all patients. Grade 3/4 events 

were less frequent and manageable.42 Currently, a Phase III 

trial of JX-594 in combination with sorafenib vs sorafenib 

as first-line treatment is enrolling patients (PHOCUS trial, 

NCT02562755).

Conclusion
Regorafenib is the second drug, which proved to be effica-

cious in patients with advanced HCC. The RESORCE trial 
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clearly demonstrated that regorafenib after progression on 

sorafenib is active with a manageable safety profile. After 

several negative clinical trials in advanced HCC, this trial 

has shown that selection is the key. Especially, in a disease 

like HCC, in which prognosis is dependent on tumor biol-

ogy and liver function, the strategy to include only patients 

who could tolerate treatment with sorafenib was the most 

likely reason why this trial is positive. All other clinical 

trials in second-line included patients irrespective of the 

cause of sorafenib failure (either progress or intolerance). 

For clinical practice, this means that after sorafenib progres-

sion treatment with regorafenib will become the standard 

of care. This also has implications for ongoing and future 

trials in the second-line setting. If the magnitude of benefit 

for second-line investigated drugs is in the range of rego-

rafenib, differences in tolerability will be a major argument 

for or against a drug. In the next 18 months, data of several 

ongoing first-line and second-line trials will become avail-

able and might further change the care of patients with 

advanced HCC (Table 1).
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