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Abstract: Hepatocellular carcinoma (HCC) is a common cancer 

with unmet needs and limited effective therapeutic options. The 

management strategy for diagnosed HCC is based on Barcelona 

Clinic Liver Cancer (BCLC) staging. Advanced HCC is treated with 

systemic therapy comprising oral tyrosine kinase inhibitors (TKIs) 

and intravenous immune checkpoint inhibitors, provided that liver 

function is reasonable. Five new agents have been approved by 

the US Food and Drug Administration (FDA) in the past 2 years 

for the treatment of HCC: lenvatinib in the first-line setting, and 

regorafenib, nivolumab, pembrolizumab, and cabozantinib as 

second-line therapies. The FDA is considering a label expansion of 

ramucirumab to include its use in HCC. These therapies have all 

been shown to extend overall patient survival and appear to have 

a reasonable safety profile. Multiple ongoing trials are studying 

immune checkpoint inhibition alone or in combination with TKIs. 

The results of these trials will help determine the optimal choice, 

timing, and sequence of agents. This article reviews the role of 

currently approved systemic therapies for HCC and highlights 

potential future combination therapeutic strategies. The article 

also brings forward the concept of a developing shift to the left for 

therapy, as mapped out in the BCLC staging and treatment algo-

rithm, marking earlier use of systemic therapy prior to advanced 

progression of the disease.

Primary liver cancer is the sixth most commonly diagnosed can-
cer and the fourth leading cause of cancer death worldwide.1 
The incidence of hepatocellular carcinoma (HCC), the most 

common type of primary liver cancer (75% of cases), is on the rise.2 
It has been estimated that disease incidence has almost tripled during 
the past 3 decades, with a shift toward occurrence at younger ages.3,4 
The most common risk factors for developing HCC are chronic 
hepatitis B virus infection, chronic hepatitis C virus infection, heavy 
alcohol intake, and metabolic syndrome with nonalcoholic fatty liver 
disease. Hepatitis B virus infection is the most common etiology in 
Southeast Asia and sub-Saharan Africa, whereas nonalcoholic fatty 
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evaluating tumor response. In an attempt to standardize 
trial design, an expert panel convened by the AASLD 
in 2008 recommended using time-to-progression as 
the primary endpoint in phase 2 trials and OS as the 
primary endpoint in phase 3 trials when studying agents 
in the advanced HCC setting.9 Disease and progression-
free survival are believed to be unreliable endpoints in 
HCC studies because of the natural history of cirrhosis 
that might confound detection of any benefit from the 
medication.

Unlike cytotoxic chemotherapy, targeted agents may 
act as cytostatic agents, with a possible increase in inflam-
mation leading to a tumor response without a measurable 
change in size.9 The Response Evaluation Criteria in Solid 
Tumors (RECIST) assess changes in tumor size but ignore 
tumor necrosis, which is a common phenomenon after 
locoregional and systemic therapy. Thus, RECIST were 
thought to underestimate the response to some treatment 
modalities in HCC.10 Modified RECIST (mRECIST) 
were developed in 2010 to overcome this limitation and 
to focus on the measurement of the viable portions of 
the tumor.10 mRECIST take into consideration changes 
in the degree of tumor arterial enhancement in contrast-
enhanced, multiphasic computed tomography or mag-
netic resonance imaging. Complete remission is defined 
as the disappearance of any intratumoral arterial enhance-
ment in all target lesions. Lencioni and colleagues found 
that a higher objective response rate (ORR) by mRECIST 
to the systemic targeted therapy brivanib in patients with 
advanced HCC predicted OS benefit.11 Although not 
universally validated and accepted as a standard, ORR 
by mRECIST could be considered a potential surrogate 
endpoint for OS in patients with HCC treated with sys-
temic therapy.11 Further research is required to confirm 
this observation.

The recent introduction of immune-targeted ther-
apy added another layer of complexity to HCC response 
evaluation. While some patients have expected shrink-
age or stabilization of their disease, others experience an 
initial increase in their tumor burden, known as pseudo-
progression, related to an infiltration of cancer stroma 
by inflammatory cells. The immune-related response 
criteria have been proposed as an alternative to RECIST 
for the evaluation of response to immunotherapy, but 
they are yet to be validated or commonly used in ongo-
ing clinical trials.12

Sorafenib as a Prototype Targeted Agent

Sorafenib is an oral multikinase inhibitor with antipro-
liferative and antiangiogenic properties that works by 
inhibiting vascular endothelial growth factor receptor 
(VEGFR) -2 and -3 tyrosine kinases, platelet-derived 

liver disease and hepatitis C virus infection are more 
prominent in the United States.5 The treatment paradigm 
for HCC underwent a major overhaul starting in 2007 
with the advent of the small molecule inhibitor sorafenib 
(Nexavar, Bayer). Prior to sorafenib’s approval, no agent 
had shown improvement in overall survival (OS) in this 
difficult-to-treat patient population.6 Systemic therapy 
based on tyrosine kinase inhibitors (TKIs), antiangio-
genesis agents, and, recently, immunotherapy has since 
become the cornerstone of advanced HCC management.7 
Accordingly, in parallel with the increased understanding 
of disease pathogenesis, positive trials over the past 2 years 
have translated into approval by the US Food and Drug 
Administration (FDA) of 5 additional agents for the treat-
ment of advanced HCC. This article reviews the rapidly 
expanding role of systemic therapy in HCC treatment 
and highlights emerging medication combinations that 
are paving the way for future therapeutic options.

Barcelona Clinic Liver Cancer Staging and 
Treatment Strategies

The Barcelona Clinic Liver Cancer (BCLC) staging 
system was developed by Llovet and colleagues in the 
late 1990s to help stratify patients with HCC based on 
survival outcomes and to direct patients to the best avail-
able therapy.8 The classification system combines multiple 
variables (eg, tumor stage, liver function, performance 
status, cancer-related symptoms) in an algorithm and rec-
ognizes 5 stages for the disease. The BCLC staging system 
has been adopted as a standard by the American Asso-
ciation for the Study of Liver Diseases (AASLD) and the 
European Association for the Study of the Liver. Patients 
with very early HCC (stage 0) are candidates for tumor 
resection or radiofrequency ablation (Figure). Early-stage 
HCC (stage A) can be treated with curative-intent radical 
therapies such as resection, liver transplantation, percu-
taneous ethanol injection, or radiofrequency ablation. 
Intermediate-stage HCC (stage B) is generally treated 
with transarterial chemoembolization. Advanced HCC 
(stage C) is treated with systemic agents. End-stage HCC 
(stage D) patients have a survival of less than 3 months 
either due to poor liver function or very advanced HCC 
and may benefit from palliative care. Patients who fail or 
are not eligible for a certain treatment modality should be 
offered an alternative option within the same stage or the 
next BCLC stage.7

Assessing Response to Therapy

Designing clinical trials for systemic HCC therapy has 
been challenging due to the heterogeneity of the popu-
lation with the disease and the difficulties faced when 
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growth factor receptor (PDGFR) -β tyrosine kinases, 
and rapidly accelerated fibrosarcoma kinases.13 Sorafenib 
was approved in 2007 by the FDA as first-line therapy 
for unresectable HCC (BCLC stage C with Child-Pugh 
class A or BCLC stage B progressing after locoregional 
therapy) based on OS benefit in the phase 3 SHARP 
(Sorafenib in Advanced Hepatocellular Carcinoma) trial.6 
Compared with placebo in advanced HCC, sorafenib 
prolonged OS by 2.8 months (median OS, 10.7 months 
vs 7.9 months; hazard ratio [HR], 0.69; 95% CI, 0.55-
0.87; P<.001) and was the first agent to demonstrate sur-
vival benefit.6 Sorafenib was well tolerated, with diarrhea, 
fatigue, and hand-foot skin reaction reported as the main 
treatment-related adverse events. The patient population 
was mainly recruited from Europe and North America. 
Results of the Asia-Pacific trial published in 2009 con-
firmed sorafenib’s efficacy in an Asian population.14 The 
magnitude of benefit was comparable with that seen in the 
SHARP trial (HR, 0.68; 95% CI, 0.50-0.93; P=.014).14 

Sorafenib was initially approved for patients with well-
preserved liver function; however, final results from the 
GIDEON (Global Investigation of Therapeutic Deci-
sions in Hepatocellular Carcinoma and of its Treatment 
With Sorafenib) trial—a large prospective, observational, 
registry study evaluating the efficacy and tolerability of 
sorafenib in patients with liver dysfunction—highlighted 
a similar safety profile irrespective of Child-Pugh stag-
ing.15 However, routine use of sorafenib in patients with 
underlying liver dysfunction is not recommended based 
on these noninterventional data alone, and, when opted 
for, the benefits and risks of therapy should be weighed 
carefully prior to initiation.

Combinations of sorafenib with other agents in 
the first-line setting have not yielded positive results to 
date. The SoraDox (Sorafenib Plus Doxorubicin Versus 
Sorafenib Alone for the Treatment of Advanced Hepa-
tocellular Carcinoma) and SEARCH (Sorafenib Plus 
Erlotinib in Patients With Advanced Hepatocellular 

Figure. Barcelona Clinic Liver Cancer staging system and corresponding treatment options. Adapted from Llovet et al.42

1L, first-line; 2L, second-line; ECOG, Eastern Cooperative Oncology Group; M, metastasis stage; N, nodal stage; PEI, percutaneous ethanol 
injection; PS, performance status; RFA, radiofrequency ablation; T, tumor stage; TACE, transarterial chemoembolization.
aUnder review by the US Food and Drug Administration.
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Carcinoma) trials, which compared sorafenib in tandem 
with doxorubicin and erlotinib, respectively, to sorafenib 
monotherapy, failed to meet their primary efficacy end-
points.16,17 Studies exploring earlier use of sorafenib with 
locoregional therapies in intermediate-stage HCC18-20 and 
as adjuvant therapy after curative-intent local therapy21 
also did not meet their primary endpoints. Sorafenib 
remained the only available systemic therapy for advanced 
HCC until new therapies were approved in 2017.

New Systemic Therapies

Multikinase Inhibitors and Antiangiogenic Agents
Lenvatinib (Lenvima, Eisai) is an oral TKI of fibroblast 
growth factor receptor (FGFR), VEGFR, PDGFR-α, 
rearranged during transfection (RET), and KIT. In a 
phase 3 noninferiority trial,22 lenvatinib was found to 
be noninferior but not statistically superior to sorafenib 
regarding OS (median OS, 13.6 months vs 12.3 months; 
HR, 0.92; 95% CI, 0.79-1.06). Additionally, lenvatinib 
demonstrated a statistically significant increase in ORR 
compared with sorafenib (ORR, 24.1% vs 9.2%; odds 
ratio, 3.13; 95% CI, 2.15-4.56; P<.001), the largest 
difference being driven by partial response rate (23% vs 
9%).22 Patients with more than 50% of the liver involved 
by HCC, obvious invasion of the bile duct, and/or 
invasion of the main portal vein were excluded from the 
study. Adverse effects including hypertension, diarrhea, 
low appetite, and weight loss occurred in a third of the 
patients. The results of this study led to the approval of 
lenvatinib for first-line therapy of unresectable HCC in 
August 2018.

Regorafenib (Stivarga, Bayer) is a potent oral inhibi-
tor of angiopoietin-1 receptor (Tie2), VEGFR, PDGFR, 
and FGFR that was studied by Bruix and colleagues in 
patients who have progressed on and were tolerant to 
sorafenib.23 The phase 3 RESORCE (Regorafenib for 
Patients With Hepatocellular Carcinoma Who Progressed 
on Sorafenib Treatment) trial demonstrated improvement 
in median OS with regorafenib compared with placebo 
in a second-line setting (10.6 months vs 7.8 months; 
HR, 0.63; 95% CI, 0.5-0.79; P<.001). Hypertension was 
the most common adverse effect, occurring in 15% of 
patients on regorafenib, followed by hand-foot skin reac-
tion. Regorafenib was approved by the FDA based on this 
multinational study in patients who had previously been 
treated with sorafenib.

Cabozantinib (Cabometyx, Exelixis) is a small-mol-
ecule TKI with activity against c-Met, VEGFR-2, AXL, 
and RET.24 Abou-Alfa and colleagues studied the use of 
cabozantinib vs placebo in patients with advanced HCC 
who progressed on sorafenib.25 They noted an improve-
ment in median OS (10.2 months vs 8.0 months; HR, 

0.76; 95% CI, 0.63-0.92; P=.005). Hand-foot syndrome 
and hypertension were the most common adverse effects 
in the treated population. This trial led to the approval 
of cabozantinib in advanced HCC after progression on 
sorafenib. It is worth noting that 27% of the patients had 
received 2 previous systemic agents, including sorafenib, 
prior to testing cabozantinib. This in particular makes 
cabozantinib an agent of choice beyond second-line 
therapy in advanced HCC.

Ramucirumab (Cyramza, Lilly), an intravenous 
human monoclonal antibody directed against VEGFR-2, 
was evaluated in a population of patients with advanced 
HCC who had progressed on or been intolerant of 
sorafenib.26,27 Zhu and colleagues initially found no statis-
tically significant change in OS when comparing ramuci-
rumab with placebo in the REACH (Ramucirumab After 
Sorafenib in Patients With Advanced Hepatocellular Car-
cinoma) trial (median OS, 9.2 months vs 7.6 months; HR, 
0.87; 95% CI, 0.72-1.05; P=.14).27 However, a post-hoc 
subgroup analysis of the REACH trial revealed improved 
survival in patients with a baseline α-fetoprotein serum 
level above 400 ng/mL compared with less than 400 ng/
mL (median OS, 7.8 months vs 4.2 months; HR, 0.67; 
95% CI, 0.51-0.9; P=.006).27 Results of the confirmatory 
randomized, controlled REACH-2 trial were published in 
2018. This study investigated the efficacy of ramucirumab 
vs placebo in 292 patients with advanced HCC and an 
α-fetoprotein serum level above 400 ng/mL.28 Findings 
were similar to previous observations with ramucirumab, 
extending OS in this particular subset of patients (median 
OS, 8.5 months vs 7.3 months; HR, 0.71; 95% CI, 0.53-
0.95; P=.0199).28 Hypertension and hyponatremia were 
the only grade 3 adverse effects occurring in more than 
5% of patients. Based on the REACH-2 trial findings, 
ramucirumab remains the only systemic agent to demon-
strate clinical benefit in a biomarker-selected population 
in HCC. FDA approval of ramucirumab for HCC is cur-
rently pending.

Immunotherapy Agents
HCC is an immunogenic cancer, which is demonstrated 
in part by the presence of tumor-infiltrating lymphocytes 
in the tumor microenvironment.29 Conversely, studies 
have also shown the presence of an immunosuppres-
sive intratumoral milieu driven by constant exposure of 
the liver to antigens via the portal system and immune 
dysfunction related to cirrhosis.30,31 These changes are 
responsible for a phenomenon of immune escape and 
make HCC an attractive target for immunotherapy, and 
for immune checkpoint inhibitors in particular. Mono-
clonal antibodies targeting cytotoxic T-lymphocyte 
protein 4, programmed cell death-1 (PD-1), and pro-
grammed death-ligand 1 (PD-L1) have shown activity 
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across multiple malignancies, including gastrointestinal 
cancers.32

Nivolumab (Opdivo, Bristol-Myers Squibb), a PD-1 
inhibitor, received a conditional accelerated approval by 
the FDA in September 2017 for the treatment of HCC 
following prior sorafenib therapy. Approval was based on 
the results of a phase 1/2 dose escalation and expansion 
trial (CheckMate-040), in which nivolumab was tested 
in patients with advanced HCC with or without prior 
exposure to sorafenib.33 This study showed an ORR of 
15% (95% CI, 6%-28%) and 20% (95% CI, 15%-26%) 
in the escalation and expansion phases, respectively. Three 
complete and numerous partial responses were noted in 
each of the 2 phases. Tumor response was prolonged with a 
median OS of 15.6 months (95% CI, 13.2-18.9 months) 
in the treatment expansion cohort. Baseline tumor PD-L1 
expression did not predict response to therapy. The most 
common treatment-related adverse events included rash, 
pruritus, and fatigue. Further trials are required to verify 
the clinical benefit of nivolumab in HCC. A confirma-
tory phase 3 trial (CheckMate-459) is currently testing 
nivolumab against sorafenib in the frontline setting.34

Pembrolizumab (Keytruda, Merck), another PD-1 
inhibitor, has been tested in a global phase 2 trial after 
progression on or intolerance for sorafenib.35 ORR was 
similar to nivolumab (17%; 95% CI, 11%-26%), with 
1 complete and 17 partial responses. The median dura-
tion of response was not reached, and, at the time of this 
article, some responses were still ongoing. Twenty-four 
percent of patients experienced grade 3, treatment-related 
adverse effects, including transaminitis and fatigue. Based 
on the KEYNOTE-224 trial findings, the FDA approved 
pembrolizumab in November 2018 for patients who have 
previously received sorafenib. Results are undergoing con-
firmation in large phase 3 studies (KEYNOTE-240 and 

-394).36,37 A summary of the systemic therapies for HCC 
that are currently available and under review can be found 
in Tables 1 and 2.

Future Perspectives

With the addition of multiple TKIs and immune 
checkpoint inhibitors to the armamentarium of agents 
directed against advanced HCC, the next logical step in 
drug development involves combination therapies and 
finding the right way to sequence medications in order 
to maximize survival benefit. Combinations currently 
being studied include 2 immune checkpoint inhibitors, 
an immune checkpoint inhibitor backbone with a TKI, 
immunotherapy with locoregional therapy, as well as an 
association of a TKI with transarterial chemoemboliza-
tion. Recent data from a phase 1 trial combining atezoli-
zumab (Tecentriq, Genentech; a PD-L1 inhibitor) 

Table 1. Systemic Therapies Currently Approved or in Advanced Development for Hepatocellular Carcinoma

Therapy Mechanism of Action Target(s) Phase of Development

Sorafenib Oral multikinase inhibitor VEGFR-2, VEGFR-3, PDGFR-β, 
RAF kinases

Approved in 2007

Lenvatinib Oral multikinase inhibitor FGFR, VEGFR, PDGFR-α, RET, 
KIT

Approved in 2018

Regorafenib Oral multikinase inhibitor Tie2, VEGFR, PDGFR, FGFR Approved in 2017

Cabozantinib Oral multikinase inhibitor c-Met, VEGFR-2, AXL, RET Approved in 2019 

Nivolumab Immune checkpoint inhibitor PD-1 Approved in 2017

Pembrolizumab Immune checkpoint inhibitor PD-1 Approved in 2018

Ramucirumab Intravenous monoclonal antibody VEGFR-2 Under review by the US Food 
and Drug Administration

c-MET, tyrosine-protein kinase Met; FGFR, fibroblast growth factor receptor; PD-1, programmed cell death-1; PDGFR, platelet-derived growth 
factor receptor; RAF, rapidly accelerated fibrosarcoma; RET, rearranged during transfection; VEGFR, vascular endothelial growth factor receptor.

Table 2. Recommended Systemic Treatments for 
Hepatocellular Carcinoma Including Line of Therapy

Therapy First-Line
Second-
Line Adjuvant

Sorafenib Yes N/A No

Lenvatinib Yes N/A N/A

Regorafenib N/A Yes N/A

Cabozantinib N/A Yes N/A

Nivolumab N/A Yes N/A

Pembrolizumab N/A Yes N/A

Ramucirumab N/A Under 
review

N/A

N/A, not applicable.
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with bevacizumab (Avastin, Genentech; an anti-VEGF 
antibody) tested against sorafenib in the frontline setting 
showed an improved ORR of 34%.38 The combination 
of durvalumab (Imfinzi, AstraZeneca; a PD-L1 inhibi-
tor) and tremelimumab (a cytotoxic T-lymphocyte–asso-
ciated protein 4 inhibitor) was well tolerated in a phase 
1/2 study in advanced unresectable disease.39 Safety and 
efficacy are being confirmed in the phase 3 HIMALAYA 
(Study of Durvalumab and Tremelimumab as First-line 
Treatment in Patients With Advanced Hepatocellular 
Carcinoma) trial.40

It is safe to predict an upcoming shift to the left 
for systemic therapy in the treatment of HCC (Fig-
ure). Immune-modulating drugs appear to be safe and 
may rapidly become integrated in first-line regimens of 
advanced or intermediate-stage HCC. Furthermore, with 
the increased insight into liver cancer biology and genom-
ics, classification of HCC is actively evolving41 with the 
hope of fulfilling the promise of precision medicine in 
a cancer that is known for poor prognosis and limited 
responsiveness to systemic therapy.

Summary

The treatment landscape of HCC is changing at a rapid 
pace. Multiple oral kinase inhibitors and 2 immunother-
apy agents are now available for treatment of advanced 
HCC. Phase 3 trials are studying different combina-
tions of drugs in various lines of therapy with the hope 
of extending OS of patients beyond current standards. 
Further drug approvals and earlier use of systemic therapy 
are expected in the field of HCC management. However, 
despite all of these pharmacologic advances, prevention 
of HCC remains essential. Hepatitis B virus vaccination, 
hepatitis C virus screening and treatment, alcohol absti-
nence, weight loss in obese patients, and active surveil-
lance of cirrhotic patients for the development of suspi-
cious liver lesions are all important measures proven to 
help decrease the burden of advanced HCC. HCC might 
be on the rise, but improved understanding of its genesis, 
its early detection, and its management may contribute to 
curbing the epidemic.

Dr Di Bisceglie has served as an advisor to Merck, Bristol-
Myers Squibb, Exelixis, Eisai, and Bayer. Dr Bteich has no 
relevant conflicts of interest to disclose.
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