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Abstract
Hepatocellular carcinoma (HCC) is one of the most common and deadliest cancers worldwide with a rising incidence in the 
Western world. HCCs are characterized by high resistance to systemic therapies induced by phenotypic and molecular het-
erogeneity. For almost 10 years, the tyrosine kinase inhibitor sorafenib was the only approved treatment for advanced HCCs 
in patients with preserved liver function, and until 2016, no new compounds tested in large phase III studies have led to a 
survival benefit. The tyrosine kinase inhibitor regorafenib, a fluorinated sorafenib analog, was the first substance that showed 
a significant improvement in overall survival after failure of sorafenib treatment, which subsequently led to its regulatory 
approval in a second-line setting in 2017. In addition, the non-inferiority of lenvatinib in comparison with sorafenib opened 
another therapeutic first-line option in the same year. Furthermore, several other compounds showed promising results in 
recent phase III studies, including ramucirumab in patients with elevated alpha-fetoprotein (AFP) levels as well as cabozan-
tinib in second- and third-line settings. In addition, promising early reports of the immune checkpoint inhibitors nivolumab 
and pembrolizumab, with objective response rates of 15–20%, paved the way for immuno-oncological interventions for HCC 
and these will probably gain increasing attention as mono- and combination therapies. In summary, following the approval 
of sorafenib in 2007 and almost 10 years of therapeutic stagnation, results from recent clinical trials in first- and further-line 
settings for the first time demonstrated efficacy of several active compounds in advanced HCCs. Thus, a sequential approach 
should now be implemented in HCC treatment and will improve the survival of HCC patients.
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Key Points 

The landscape of systemic HCC therapy has dramatically 
changed in the last 2 years, and six systemic drugs will 
be available in 2019.

Exploratory analyses of the reported first- and second-
line trials indicate that the sequential use of systemic 
therapies can achieve cumulative overall survival of 
over 20 months in Barcelona clinic liver cancer–stage C 
(BCLC-C) patients with maintained liver function.

Additional studies are needed to identify predictive bio-
markers that can be used to guide the proper selection of 
local and systemic therapies in routine clinical practice.

1  Background

Hepatocellular carcinoma (HCC) ranks among the most 
common and deadliest cancers worldwide [1]. Incidence 
rates nearly doubled over the last decades and, to date, 
HCC is one of the fastest growing causes of cancer-
related deaths in the USA. Despite effective surveillance 
options, < 20% of patients are eligible for curative treat-
ment, such as liver transplantation, resection, or radi-
ofrequency ablation, at the time of diagnosis [2]. These 

http://crossmark.crossref.org/dialog/?doi=10.1007/s11523-019-00624-w&domain=pdf


116 J. U. Marquardt et al.

observations clearly indicate that liver cancer is evolv-
ing to become a major healthcare problem in the United 
States and Europe, thus highlighting the critical need 
for improved understanding of the pathophysiology and 
development of novel treatment options for this deadly 
disease [3]. During the past 10 years, drug development 
in advanced HCC stages has been significantly hampered 
by a pronounced phenotypic and molecular heteroge-
neity of the tumors, as well as a high toxicity of active 
compounds under clinical evaluation [4]. The majority 
of patients with advanced HCC present with a severely 
impaired liver function, which further requires a fine bal-
ance between anti-tumor activity and drug-induced toxic-
ity [5]. Until recently, the multi-tyrosine kinase inhibitor 
sorafenib was the therapeutic standard of care in a first-line 
setting since 2007 [6]. Until 2016 no survival benefit could 
be demonstrated for any of the compounds evaluated in 
large phase III studies (Table 1), either in comparison with 
sorafenib, in combination with sorafenib, or after sorafenib 

failure [4]. In 2017, results of the RESORCE trial (Study 
of Regorafenib After Sorafenib in Patients With Hepato-
cellular Carcinoma) led to approval of regorafenib as a 
second line therapy [7]. Since then, several other active 
substances as well as immunotherapeutic checkpoint 
inhibitors showed promising results in both first- and sec-
ond-line treatment. Thus, a sequential treatment approach 
is now feasible and should be implemented and evaluated 
in advanced HCC. Despite the promising developments 
in systemic therapies, the overall survival (OS) of HCC 
patients remains decisively low and further novel thera-
peutic strategies need to be developed. The current review 
provides a summary of the most recent results from large 
phase III clinical trials and will delineate future develop-
ments and potential pitfalls for clinical implementation. 
The work is based on a selective literature review that 
reflects the current clinical context and promising future 
developments in the field.

Table 1  Phase III trials for first- and second-line treatment of advanced HCC

HCC hepatocellular carcinoma, HR hazard ratio, mRECIST modified RECIST, ns nonsignificant, ORR objective response rate, OS overall sur-
vival, PFS progression-free survival, RECIST Response Evaluation Criteria in Solid Tumors, TTP time-to-progression

Study Design OS TTP/PFS ORR

First-line studies
 Sorafenib vs placebo (SHARP) Superiority 10.7 mo vs 7.9 mo; HR 0.69

(95% CI 0.55–0.87); p = 0.00058
TTP: 5.5 mo vs 2.8 mo; HR 0.58
(95% CI 0.45–0.74); p < 0.001

RECIST 1.1
2% vs 1%

 Sorafenib vs placebo (Asia–Pacific) Superiority 6.5 mo vs 4.2 mo; HR 0.68
(95% CI 0.50–0.93); p = 0.014

TTP: 2.8 mo vs 1.4 mo; HR 0.57
(95% CI 0.42–0.79); p = 0.0005

RECIST 1.1
3.3% vs 1.3%

 Sunitinib vs sorafenib (SUN) Superiority 7.2 mo vs 10.2 mo; HR 1.30
(95% CI 1.13–1.5); p = 0.001

TTP: 3.8 mo vs 4.1 mo; HR 1.13
(95% CI 0.98–1.31); p = 0,16

RECIST 1.1
6.2% vs 5.9%

 Brivanib vs sorafenib (BRISK-FL) Non-inferiority 9.5 mo vs 9.9 mo; HR 1.05
(95% CI 0.94–1.23); p = 0.31

TTP: 4.2 mo vs 4.1 mo; HR 1.01
(95% CI 0.88–1.16); p = 0.8

RECIST 1.1
12% vs 9%

 Linifanib vs sorafenib (LIGHT) Non-inferiority 9.1 mo vs 9.8 mo; HR 1.04
(95% CI 0.89–1.22); p = ns

TTP: 5.4 mo vs 4 mo; HR 0.76
(95% CI 0.64–0.89); p < 0.001

RECIST 1.1
13% vs 6.9%

 Sorafenib + erlotinib vs sorafenib 
(SEARCH)

Non-inferiority 9.5 mo vs 8.5 mo; HR 0.92
(95% CI 0.78–1.1); p = 0.2

TTP: 3.2 mo vs 4.0 mo; HR 1.13
(95% CI 0.94–1.36); p = 0.91

RECIST 1.1
6.6% vs 3.9%

 Sorafenib vs lenvatinib (REFLECT) Non-inferiority 13.6 mo vs 12.3 mo; HR 0.92
(95% CI 0.79–1.06)

TTP: 8.9 mo vs 3.7 mo; HR 0.63
(95% CI 0.53–0.73); p < 0.0001

mRECIST
24.1% vs 9.2%

Second-line studies
 Brivanib vs placebo (BRISK-PS) Superiority 9.4 mo vs 8.2 mo; HR 0.89

(95% CI 0.69–1.15); p = 0.33
TTP: 4.2 mo vs 2.7 mo; HR 0.56
(95% CI 0.42–0.78); p = 0.001

RECIST 1.1
10% vs 2%

 Everolimus vs placebo (EVOLVE) Superiority 7.6 mo vs 7.3 mo; HR 1.05
(95% CI 0.86–1.27); p = 0.67

TTP: 3.0 mo vs 2.6 mo; HR 0.93
(95% CI 0.75–1.15); p = ns

RECIST 1.1
2.2% vs 1.6%

 Ramucirumab vs placebo (REACH) Superiority 9.2 mo vs 7.6 mo; HR 0.87
(95% CI 0.72–1.05); p = 0.14

PFS: 2.8 mo vs 2.1 mo; HR 0.63
(95% CI 0.52–0.75); p = 0.0001

RECIST 1.1
7% vs < 1%

 Ramucirumab vs placebo (REACH II) Superiority 8.5 mo vs 7.3 mo; HR 0.71
(95% CI 0.53–0.95); p = 0.01

PFS: 2.8 mo vs 1.6 mo; HR 0.45
(95% CI 0.34–0.60); p < 0.001

RECIST 1.1
7% vs < 1%

 Cabozantinib vs placebo (CELES-
TIAL)

Superiority 10.2 mo vs 8Mo; HR 0.76
(95% CI 0.63–0.92); p = 0.005

PFS: 5.2 mo vs 1.9 mo; HR 0.44
(95% CI 0.36–0.62); p < 0.001

RECIST 1.1
5% vs 1%

 Regorafenib vs placebo (RESORCE) Superiority 10.6 mo vs 7.8 mo; HR 0.63
(95% CI 0.5–0.79); p < 0.0001

PFS: 3.1 mo vs 1.5 mo; HR 0.46
(95% CI 0.37–0.56); p < 0.0001

RECIST 1.1
10% vs 4%
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2  First‑Line Therapies

2.1  Sorafenib—The Gold Standard in First‑Line 
Therapy for 10 Years

Until 2007, no effective treatment for patients diagnosed 
with advanced HCC or patients who progressed into this 
stage after failure of other therapies was available. The 
positive results of the randomized, controlled phase III 
SHARP (Sorafenib Hepatocellular Carcinoma Assessment 
Randomized Protocol) trial evaluating sorafenib, an oral 
multi-tyrosine kinase inhibitor (TKI) with activity against 
vascular endothelial growth factor receptor (VEGFR), 
platelet-derived growth factor receptor (PDGFR), and RAF 
kinase for advanced HCC in a mainly Western cohort pro-
vided first evidence for the efficacy of anti-angiogenetic 
strategies in advanced HCC [6]. Median OS in the sorafenib 
arm was 10.7 months versus 7.9 months in placebo-treated 
patients (hazard ratio [HR] 0.69; 95% CI 0.55–0.87; 
p = 0.00058). Similar results were not only demonstrated 
in a parallel phase III study involving mainly Asian, pre-
dominantly hepatitis B-infected patients [8], but also in eight 
subsequent phase III studies in which sorafenib served as 
the control treatment. Importantly, none of the trials could 
demonstrate superiority over sorafenib. On the basis of the 
positive results from both trials, sorafenib was approved 
and became the systemic standard of care across different 
therapeutic lines. Notably, although currently no predictive 
biomarkers for response exist, several clinical factors includ-
ing chronic hepatitis C infection or side effects including 
early dermatological events or hypertension favor a better 
response to the treatment [9, 10]. Despite approval for all 
stages of liver disease, large non-interventional observa-
tional studies have shown that the survival of patients with 
CHILD class B cirrhosis is significantly shorter than those 
of patients with CHILD A cirrhosis. Since these studies did 
not provide conclusive evidence for a benefit in CHILD B 
patients, the use of sorafenib should in general be limited 
to patients with compensated stages of cirrhosis [11]. The 
spectrum of adverse effects of sorafenib is well described 
and requires close monitoring of the patients, specifically 
during the first weeks of treatment. The majority of these 
adverse effects can be controlled and attenuated by sup-
portive measures and dose reductions, but require close 
monitoring of the patients, specifically at the beginning of 
treatment. For instance, diarrhea, hypertension and hand-
foot syndrome occur in a number of patients. Interestingly, 
early skin reactions and diarrhea seem to be predictors of a 
better response to therapy [9]. Furthermore, required dose 
reductions (i.e., < 800 mg/day) do not seem to impair overall 
outcome of patients [12].

2.2  Lenvatinib—REFLECT Trial

Lenvatinib is another oral multi-tyrosine kinase inhibitor 
with activity against VEGFR1–3, fibroblast growth fac-
tor receptor (FGFR) 1–4, PDGF, RET and KIT. A recent 
open-label phase III study involving mainly Asian patients 
was conducted to demonstrate non-inferiority of lenvatinib 
in comparison with sorafenib in a first-line setting [13]. 
The study achieved its primary endpoint with a median 
OS of 13.6 months in the experimental lenvatinib arm ver-
sus 12.3 months in the sorafenib arm (HR 0.92; 95% CI 
0.79–1.06). An interesting observation of this trial was 
the high objective response rate (ORR) for lenvatinib with 
24.1% versus 9.2% for sorafenib despite the similar OS 
(independent review: ORR modified Response Evaluation 
Criteria in Solid Tumors [mRECIST] 40.6% vs 12.4%, ORR 
RECIST: 18.8% vs 6.5%). Further, surrogate characteristics 
for survival such as progression-free survival (PFS) and time 
to progression (TTP) were consistently higher in the len-
vatinib group than in the sorafenib group (PFS: 7.4 months 
vs 3.7 months; TTP: 8.9 months vs 3.7 months). Adverse 
effects were overall slightly more pronounced in lenvatinib-
treated patients, particularly hypertension and thrombocy-
topenia. Notably, time on treatment was also significantly 
higher in the experimental arm (5.7 months for lenvatinib 
vs 3.7 months for sorafenib) and time-on-treatment–adjusted 
adverse event rates were similar in both arms. Importantly, 
the study excluded patients with adverse prognostic tumor 
characteristics such as main branch portal vein thrombo-
sis or > 50% tumor occupation of the liver. Nevertheless, 
results from the trial encouraged the use of lenvatinib as an 
effective first-line therapy in advanced HCC, leading to its 
inclusion in recent European Association for the Study of the 
Liver (EASL) and European Society For Medical Oncology 
(ESMO) guidelines [3, 14]. Consequently, approval for len-
vatinib in first-line treatment was recently granted by the US 
Food and Drug Association (FDA) and European Medicines 
Agency (EMA).

2.3  Compounds in First‑Line Treatment with No 
Therapeutic Benefits in Phase III Trials

Following the approval of sorafenib, several other first-line 
substances have been tested either against sorafenib (bri-
vanib, linifanib, sunitinib) or in combination with sorafenib 
(sorafenib plus erlotinib, sorafenib plus doxorubicin). 
Despite positive signals from phase II trials, none of the 
studies achieved their primary endpoint and demonstrated 
a meaningful survival benefit over sorafenib alone. Simi-
larly, systemic chemotherapies such as FOLFOX seem to 
be ineffective in this setting [4]. Based on several reports 
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indicating a survival benefit in advanced disease stages, dif-
ferent systemic therapies (i.e., sorafenib, brivanib, and oran-
tinib) were evaluated in combination with local transarterial 
chemoembolization (TACE) treatment in four phase III stud-
ies [15–18]. However, none of the studies showed improved 
patient survival so that the sequential use of TACE followed 
by systemic therapy remains standard.

3  Second‑Line Therapies

3.1  Regorafenib—RESORCE Trial

Regorafenib is an oral fluorinated sorafenib analog with a 
similar spectrum of molecular targets. Besides a profound 
anti-proliferative effect on the tumor cells, regorafenib sig-
nificantly inhibits neo-angiogenesis and, thus, modulates 
the tumor microenvironment. The randomized controlled 
RESORCE phase III trial evaluated the role of regorafenib 
in patients with advanced HCC that progressed under 
sorafenib therapy [7]. The main inclusion criteria were a 
preserved liver function (CHILD A), progressive disease 
under sorafenib as well as tolerability to sorafenib (defined 
as receiving sorafenib ≥ 400 mg for at least 20 days of the 
last 28 days of treatment). The study further rigorously 
stratified for region, portal-vein thrombosis, alpha-feto-
protein (AFP) levels and extrahepatic tumor manifestation. 
This highly selective strategy was performed to avoided 
toxicity and unequal distribution of prognostically adverse 
characteristics. The study reached its primary endpoint and 
demonstrated a significant improved OS for regorafenib 
(10.6 months) versus placebo (7.8 months) (HR 0.63; 95% 
CI 0.50–0.79; p < 0.0001) as well as an increase in the 
median TTP (3.2 months vs 1.5 months; HR 0.44; 95% CI 
0.36–0.55; p < 0.001). In addition, regorafenib significantly 
extended the tumor control (65.2% vs 36.1%; p < 0.001) as 
well as ORR (10.6% vs 4.1%; p = 0.005). The spectrum of 
adverse events was comparable to side effects described 
for sorafenib, including hypertension, hand-foot syndrome, 
fatigue, and diarrhea, but was overall manageable. Based on 
the results of the RESORCE trial, regorafenib was approved 
by the FDA and the EMA in patients with advanced HCCs 
previously treated with sorafenib. Notably, a retrospective 
evaluation of the sequential treatment effect of sorafenib 
followed by regorafenib revealed a median OS from the 
beginning of the systemic therapy of 26 months versus 
19.6 months for placebo [19]. These data obtained in a well 
selected patient population provided, for the first time, evi-
dence that sequential application of systemic therapies in 
Barcelona clinic liver cancer–stage C (BCLC-C) patients 
can reach comparable survival times observed in phase 
III trials of TACE in BCLC-B patients. Thus, this strategy 

should be prospectively implemented and evaluated in suit-
able patients.

3.2  Cabozantinib—CELESTIAL Trial

Cabozantinib is a multi-tyrosine kinase inhibitor with activ-
ity against MET, VEGFR2, and RET. Following its approval 
for the treatment of thyroid and renal cell carcinomas by 
both the EMA and the FDA, cabozantinib has most recently 
been granted approval as a second-line treatment in HCC 
Child–Pugh A patients by the EMA and the FDA. The phase 
III CELESTIAL trial compared the benefit of cabozantinib 
(60 mg daily) with placebo in second- and third-line treat-
ment for advanced HCC with preserved liver function and 
good performance status (i.e., Child–Pugh A, Eastern Coop-
erative Oncology Group (ECOG) performance status (PS) 
0/1). The study was stopped after the second interim analy-
sis due to proven efficacy [20]. Overall, an improvement in 
OS from 8.0 months to 10.2 months could be demonstrated 
for cabozantinib compared with placebo. Mean PFS was 
5.4 months versus 1.9 months (HR 0.44; 95% CI 0.36–0.52; 
p < 0.001). Further, the disease control rate was 64% for 
cabozantinib versus 33.4% in placebo (p < 0.001) with a 
low ORR rate of 4% versus 0.4% according to RECIST 
1.1 (p = 0.0086). Similar to the other TKIs, grade 3/4 side 
effects occurred in 68% of patients and predominantly 
involved hand-foot syndrome (17 vs 0%), hypertension (12 
vs 2%), transaminase elevation (12 vs 7%), and fatigue (10 
vs 4%). Interestingly, nearly 30% of patients in the study had 
received more than one pre-treatment, albeit most of these 
patients had been treated with chemotherapy in addition 
to sorafenib. Nevertheless, the results of the CELESTIAL 
study suggest that cabozantinib could also have a place in 
later therapy lines. Interestingly, a recent analysis confirmed 
the efficacy of cabozantinib over placebo in patients with 
different AFP levels, but most prominently in patients with 
AFP levels ≥ 400 ng/mL, which determines a poor progno-
sis subgroup of patients. In this cohort, the median OS was 
8.5 months compared with 5.2 months with cabozantinib 
or placebo, respectively (HR 0.71; 95% CI 0.54–0.94) [21].

3.3  Ramucirumab—REACH‑2

Ramucirumab is a recombinant monoclonal antibody that 
specifically binds to the VEGFR2 domain, thereby prevent-
ing the binding of VEGF ligands. Similar to other com-
pounds, such as sunitinib and brivanib, ramucirumab ini-
tially showed promising results in a small phase II study for 
advanced HCC. Based on these results, the randomized con-
trolled phase III REACH study was initiated as a second-line 
therapy after sorafenib failure [22]. However, the REACH 
study failed to demonstrate a significant improvement in 
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median OS for all patients and did not meet its primary end-
point. Despite these initial discouraging results, a subgroup 
analysis suggested that ramucirumab improves survival in 
patients with elevated baseline AFP levels above 400 ng/
ml. Subsequently, the REACH II study was initiated in this 
patient population. In this selected cohort, ramucirumab 
improved the median OS from 7.3 months to 8.5 months 
versus placebo (HR 0.710; 95% CI 0.53–0.95; p = 0.019) 
and PFS from 1.6 months to 2.8 months (HR 0.452; 95% 
CI 0.40–0.60; p < 0.0001) [23]. A combined analysis of the 
REACH I and II study confirmed the survival benefit of 
ramucirumab compared with placebo (Delta: 3.1 months; 
HR 0.69; 95% CI 0.57–0.84; p = 0.0002). Thus, ramu-
cirumab is an interesting second-line option in patients 
with high AFP levels and a poor prognosis. Notably, ramu-
cirumab is the first intravenous, non-TKI drug with proven 
anti-angiogenetic efficacy in advanced HCC. Accordingly, 
the side-effect spectrum deviates substantially from multi-
tyrosine kinase inhibitors. With respect to grade 3/4 side 
effects, only hypertension (12.7% vs 3.8%) and proteinuria 
(1.3% vs 0%) occurred more frequently with ramucirumab 
compared with placebo.

3.4  Compounds in Second‑Line with No Therapeutic 
Benefits in Phase III Trials

Several compounds were evaluated against placebo in sec-
ond-line settings for advanced HCC [4]. Neither brivanib nor 
everolimus nor tivantinib showed a significant improvement 
in OS.

4  Checkpoint Inhibition in HCC

Based on the recent success of checkpoint blockade in a 
range of different tumor entities, the Nobel Prize in medi-
cine was awarded to two pioneers of immunotherapy, Tasuko 
Honjo and James Allison, in 2018. In contrast with classi-
cal chemotherapy or molecular therapies that targets can-
cer cells directly, immunotherapies aim to block immune-
escape mechanisms of tumors and, consecutively, induce a 
strong and predominantly T cell mediated immune response 
against cancer cells [24]. The most successful form of immu-
notherapy to date has been the blockade of the immune 
checkpoints CTLA-4 (cytotoxic T-lymphocyte-associated 
protein 4) and PD-1/PD-L1 receptors (programmed cell 
death protein 1/programmed death-ligand 1), which were 
first described in 1992 and 1995 [25, 26]. Only 10 years after 
their initial description, first-in-class checkpoint inhibitors 
were approved for the treatment of malignant melanoma, 
renal cell carcinoma, and non-small-cell lung cancer [27]. 
Given the inflammatory background of most HCC, immu-
notherapy in this cancer entity also seems to be a reasonable 

approach. Initial results from preclinical and early clinical 
trials in HCC are encouraging and the landscape of clinical 
trials in HCC has experienced a shift towards this field. To 
date, several clinical trials evaluate the efficacy of antibodies 
against PD-1, PD-L1, and CTLA-4, both as monotherapy as 
well as in combinatorial therapy approaches in patients with 
advanced HCC [28].

4.1  Anti‑CTLA‑4 Inhibition

Clinical studies with the anti-CTLA-4 antibody tremeli-
mumab showed first positive results in a pilot trial with 27 
patients with advanced HCC and hepatitis C infection [29]. 
Anti-tumor response was assessable in 17 and toxicity in 20 
patients. Disease control rate was 76.4% and three patients 
had a partial response. Median TTP was 6.48 months (95% 
CI 3.95–9.14) and median OS was 8.2 months (95% CI 
4.64–21.34). Interestingly, in addition to its anti-tumor 
activity, tremelimumab exerted antiviral effects and led 
to a significant decline in viral load. The most common 
adverse events were skin rash and pruritus consistent with 
immune-related dermatitis (65%) followed by fatigue (55%) 
and diarrhea (30%). After the first dose of tremelimumab a 
significant increase of serum transaminases in more than 
half of all patients was the predominant cause of grade 3/4 
treatment-related adverse events. Nevertheless, elevation of 
liver enzymes was reversible with dose interruption or the 
use of steroids and did not lead to a sustained impairment 
of liver function [29].

4.2  Anti‑PD1/PD‑L1 Inhibition

Nivolumab, pembrolizumab, tislelizumab, and camreli-
zumab are fully humanized monoclonal antibodies against 
PD-1, whereas durvalumab and atezolizumab target PD-L1. 
The efficacy of these antibodies is currently being inves-
tigated in various clinical trials as mono- or combination 
therapy in advanced HCC. Initial clinical trials were per-
formed with nivolumab; a large dose-escalation and expan-
sion study for patients with advanced hepatocellular carcino-
mas demonstrated both safety and efficacy of the anti-PD-1 
antibody [30]. High disease control rates and ORR were 
observed across all investigated subgroups, including ‘poor 
prognosis patients’ with impaired liver function (Child–Pugh 
A), extrahepatic tumor burden, or in patients after treat-
ment with sorafenib. Results from the dose-escalation 
phase indicated that nivolumab is safe in patients with and 
without chronic hepatitis C and B infections. Most impor-
tantly, severe deterioration of liver function or death were 
not observed and none of the patients experienced flares 
of the hepatitis B virus infection. In the dose-expansion 
cohort, 214 patients were included and treated with a dose 
of nivolumab 3 mg/kg. Notably, this cohort included 145 
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patients (68%) that had experienced progression or were 
intolerant to sorafenib. The disease control rate reached 64% 
(95% CI 58–71) and ORR was 15–20% (95% CI 15–26), 
including three complete responses and 39 partial responses. 
Remarkable was a 9-month OS rate of 74% (95% CI 67–79) 
and expected median OS of 28.6 months in non-pretreated 
and 15.6 months in pretreated patients. The most common 
treatment-related adverse events were fatigue, rash, pruritus, 
and increase of serum transaminases. Grade 3/4 treatment-
related adverse events occurred in 12 of 48 patients, and 
included adrenal insufficiency, diarrhea, hepatitis, and acute 
kidney injury. Importantly, the safety profile of nivolumab 
was consistent among the dose-escalation and expansion 
cohorts and did not differ from the observed safety profiles 
reported for other tumor entities [31–33]. Based on these 
findings, nivolumab was approved by the FDA for second-
line therapy of advanced HCC. However, a request to the 
EMA has been withdrawn in Europe until results of the 
ongoing, controlled phase III study are available, which are 
expected in 2019. Similar results have also been shown for 
other checkpoint inhibitors such as pembrolizumab and dur-
valumab alone or in combination with tremelimumab. In the 
KEYNOTE-224 study, median OS was similar to nivolumab 
in the second line at 12.9 months with a disease control 
rate of 61% and ORR of 18% [34]. Consequently, the FDA 
granted provisionary approval for pembrolizumab as second-
line treatment for advanced HCC, pending results from the 
randomized phase III trial. Tislelizumab and camrelizumab 
have thus far been mainly tested in the Asian population. 
At ESMO 2018, a phase II study evaluating two treatment 
schedules of camrelizumab in Chinese patients who failed 
or were intolerant to systemic therapy revealed a promis-
ing ORR of 13.8% and a median OS of 14.4 months in line 
with data presented for pembrolizumab and nivolumab in 
Caucasian patients [35]. There were no new safety signals 
and the spectrum of treatment-related adverse events was 
similar to previous reports. A first-in-human, phase 1A/1B 
study demonstrated that single-agent tislelizumab was gener-
ally well tolerated and showed evidence of antitumor activ-
ity in patients with advanced solid tumors, including HCC 
(NCT02407990). Based on these data, a global, phase III, 
randomized, multicenter, non-inferiority study currently 
evaluates the efficacy and safety of tislelizumab compared 
with sorafenib as a first-line treatment of unresectable HCC 
(NCT03412773).

In addition to monotherapy, promising combinatorial 
treatment strategies involving immune checkpoint inhibitors 
are under investigation both for concurrent and sequential 
use. These include dual checkpoint inhibition, combination 
with kinase inhibitors or loco-regional therapies, such as 
radiofrequency ablation, TACE, and irradiation [36]. Pre-
clinical studies and early clinical studies indicate that the 
combination results in stronger and more durable anti-tumor 

effects than single therapies by synergistically modulating 
the immune-cell composition within the immunosuppres-
sive tumor microenvironment, thereby potentiating the 
anti-tumor efficacy of checkpoint inhibitors [37, 38]. The 
effectivity of dual checkpoint blockade using anti-PD-1/
PD-L1 and anti-CTLA-4 antibodies has been already dem-
onstrated in malignant melanomas [39]. First results of a 
phase I/II trial for hepatocellular carcinomas, in which dur-
valumab (anti-PD-L1) was combined with tremelimumab 
(anti-CTLA-4), were presented at the annual meeting of the 
American Society of Clinical Oncology (ASCO) in 2017. 
ORR of 40 patients in phase I was 15% and disease con-
trol rate was 57.5% with a satisfactory safety profile [40]. 
Based on these results, a large phase III trial has been ini-
tiated to evaluate the efficacy and safety of the combina-
tion and durvalumab alone in comparison with sorafenib in 
first-line therapy. Furthermore, preclinical studies indicate 
that molecular targeted agents inhibit signaling pathways for 
maintaining an immunosuppressive environment. Combina-
tion of checkpoint inhibitors with molecular targeted agents 
can therefore induce changes in the tumor microenviron-
ment, which facilitates a penetration and infiltration of cyto-
toxic T-lymphocytes into tumor tissue [41]. Interesting phase 
I/II data have already been reported for lenvatinib in com-
bination with pembrolizumab, and atezolizumab together 
with bevacizumab. Overall, these studies suggest synergistic 
effects of the combinations with a favorable safety profile in 
HCC patients.

5  Sequential Treatment Strategies 
for Advanced HCC and the Stage 
Migration Concept

The approval of regorafenib in 2016 enabled HCC patients 
to continue on systemic targeted therapy after progression on 
sorafenib. Within the last 2 years, additional compounds have 
entered the clinic and are available for first- and second-line 
therapeutic approaches (Fig. 1). Exploratory analyses of the 
reported first- and second-line trials indicate that the sequential 
use of sorafenib and lenvatinib with subsequent second-line 
therapies (e.g., regorafenib, cabozantinib, and ramucirumab) 
as well as the early use of immunotherapy can achieve cumu-
lative OS of over 20 months in BCLC-C patients with main-
tained liver function. HCC is a malignancy that requires inter-
disciplinary evaluation to develop individualized and tailored 
treatment concepts. The reasonable combination of appropri-
ate surgical approaches, interventional/loco-regional treatment 
strategies, and various lines of systemic therapies will consist-
ently improve patient survival. Although they will remain a 
mainstay of HCC therapy, recent studies advocate for a more 
cautious use of surgical and locoregional therapies. Indeed, 
many patients receive repeated surgical and/or loco-regional 
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therapies regardless of tumor stage, which may result in a pro-
gressive impairment of liver function, rendering the initiation 
of effective and long-term systemic treatment impossible [42]. 
In line with this, it has recently been shown that in clinical 
routine < 20% of patients receive systemic therapy follow-
ing repeated local therapies [43]. Thus, potential benefits of 
a treatment should be critically weighed against a potential 
adverse effect on liver function, which may seriously affect 
the prognosis. In this respect, there is increasing evidence that 
outcome with TACE in unselected patient populations is sig-
nificantly worse than the results of the pivotal phase III study. 
A recent meta-analysis of 101 studies with > 10,000 patients 
revealed a median OS of only 18 months in mainly BCLC-B 
patients [44]. On the other hand, 5-year survival rate was 25% 
in these studies, highlighting the anti-tumor efficacy in well 
selected patients. To identify patients that will likely benefit 
from TACE, prognostic scores such as the mHAP-III score 
should be more routinely employed [45].

An interdisciplinary dialogue of all disciplines involved 
in the treatment of HCC patients is imperative to improve 
patient outcome. Sequential application of different treat-
ments and an early switch of therapeutic modalities in the 
absence of deep response (e.g., after TACE) should be 
considered and may improve the outcome of patients. In 
this context, it is mandatory that the rapid development in 
the field of systemic HCC therapy is continuously commu-
nicated and the full spectrum of new treatment options is 
incorporated into routine clinical practice.

6  Conclusions and Outlook

Sorafenib was the standard of care for the systemic treatment 
of advanced HCC for many years. Following the failure of 
several large phase III clinical trials, lenvatinib, regorafenib, 
cabozantinib, and ramucirumab are now available and viable 
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options in first- as well as second-line settings. Overall, the 
results of these studies confirm safety and efficacy of tar-
geted therapy in HCC. Accumulating evidence from several 
phase I/II studies also suggest promising efficacy for immu-
notherapy in HCC, with six already-tested compounds high-
lighting the rapid evolution of this field. Results from the 
ongoing phase III trials are urgently awaited. Most notice-
ably, all the recent studies underlined the critical importance 
of a well preserved liver function as well as a limited tumor 
burden for successful administration of systemic therapy. 
Therefore, new therapeutic compounds require a fine balance 
between anti-tumor activity and toxicity, similar to require-
ments for local therapies. Advances and convincing results 
in the field of immuno-oncology will become increasingly 
important in this context and point to a combination of sys-
temic and local or ablative therapy in the future. Accord-
ingly, different immuno-oncological combination therapies 
as well as the combination of local, immunomodulatory 
approaches with checkpoint inhibition seem particularly 
attractive [46]. More data supporting this approach are 
urgently needed. Furthermore, with the exception of high 
AFP values for ramucirumab and potentially cabozantinib, 
the field still lacks reliable predictive biomarkers that can be 
used to guide the proper selection of therapy in routine clini-
cal practice. In addition, several prognostic and clinical fac-
tors that challenge a one-size-fits-all approach in HCC need 
to be considered. Although several treatment modalities and 
drugs are now available to choose from, it is still entirely 
unclear which sequence of different therapeutic strategies 
might be most suitable for individual patients. For future 
approaches it might, therefore, be beneficial to implement 
clinical and/or molecular enrichment of patients instead of 
continuing the un-selected ‘all-comer’ strategies performed 
in the previous trials [47]. In addition, it seems logical to 
extend our translational efforts and include information from 
pre-clinical studies and representative models into future 
clinical trial design. In summary, the availability of new 
active compounds extended the ‘continuum-of-care’ in HCC 
across different stages of disease. A sequential application 
and critical evaluation of efficacy in the available treatment 
modalities should be implemented and may lead to a sus-
tained improvement of the patient outcome.
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