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Abstract: Treatment of advanced hepatocellular carcinoma (HCC) still confronts great challenges due to high rate 
of therapeutic resistance. The emergence of systemic treatment with molecular targeted and immune checkpoint 
therapies has brought novel approaches towards patients with advanced HCC. However, sorafenib, as the first 
approved systemic treatment in 2007, only increased overall survival by three months in advanced HCC patients. 
Afterwards, little progress has been made for molecular targeted agents. Only four molecular drugs are empirically 
used in clinical practice. Lenvatinib acts as a first-line drug, whereas regorafenib, ramucirumab, and cabozantinib 
are defined as second-line drugs. Nevertheless, clinical findings reveal that overall survival remains unchanged. 
Albeit immunotherapy-based approaches are currently considered promising therapeutic strategies for advanced 
HCC, a minority of patients could benefit from them. These beneficiaries are to be accordingly identified. Combined 
immunotherapies with matched molecular targeted treatments would be a novel breakthrough. Herein, we summa-
rize the current statuses of immunotherapies and molecular targeted drug therapies, and mainly identify clinically 
feasible chemoimmunotherapeutic strategies.
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Introduction

Hepatocellular carcinoma (HCC) as the second 
most frequent cause of cancer-related death 
accounts for approximately 75% of primary liver 
cancer cases [1]. From an etiological perspec-
tive, alcohol abuse, autoimmunity, chronic 
infection with hepatitis C virus or hepatitis B 
virus, several metabolic diseases, and nonalco-
holic steatohepatitis are the main risk factors 
for the occurrence of HCC. However, there are 
considerable differences between the Euro-
American region and Asia-Pacific area [2]. Sin- 
ce HCC is frequently detected at a late stage, 
only a small number of patients are eligible for 
transplant and surgery. Furthermore, high ra- 
te of recurrence is found after surgery. Most 
patients with advanced-stage HCC could not 
benefit from traditional medications [3]. There- 
fore, systemic therapies might be the most 
promising strategy for these patients. Since 
sorafenib, a molecular targeted agent, was 

approved for treatment of patients with ad- 
vanced HCC in 2007, systemic treatment has 
undergone a dramatic change, expanding the 
therapeutic approaches towards treating ex- 
trahepatic spread and vascular invasion. The 
median overall survival time of advanced HCC 
patients extended from 8 to 11 months [4].  
Due to the high incidence of toxicity and low 
response rate of sorafenib treatment, many 
attempts have been made to develop novel mo- 
lecular targeted drug candidates as alterna-
tives in clinical trials [5]. However, most agents 
failed to meet clinical endpoints in phase 3 tri-
als, and only four drugs, regorafenib, cabozan-
tinib, ramucirumab, and lenvatinib have been 
demonstrated to improve patients’ outcomes. 
Their effects are incremental and modest [1]. 
Although it is generally recognized that immune 
evasion plays a significant role in the progres-
sion of HCC, the lack of effective treatment  
has reversed cancer-related immunosuppres-
sion in the past few years [6]. The emergence of 
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immune checkpoint inhibitors, such as nivolum-
ab, pembrolizumab, created a novel therapeu-
tic approach and made promising results, with 
approximately 19% response rate and durable 
benefits in phase 1-2 trials. Currently, related 
phase 3 trials are in progress [7]. In recent 
years, oncogenic drivers of HCC involving mul-
tiple gene mutations and silencing (Table 1), 
have been deciphered, which has provided a 
potential groundwork for the use of novel mo- 
lecular targeted drugs. Nevertheless, the the- 
rapeutic options based on molecular biology  
of HCC are still limited [8]. 

In this review, we report the current statuses  
of the development and challenges of molecu-
lar targeted drugs and immune-related dru- 
gs, and mainly focus on combination regimens, 

especially combined immunotherapies and 
potentially matched molecular targeted treat- 
ments.

Molecular targeted agents in HCC 

Angiogenesis inhibitors

Compared with other solid tumors, hepato- 
cellular carcinoma has the most abundant 
blood vessels [9], in which many proangiogenic 
growth factors are overexpressed, including 
platelet-derived growth factor (PDGF), vascular 
endothelial growth factor A (VEGFA), transform-
ing growth factor β (TGF-β), and basic fibroblast 
growth factor (bFGF). Vascular endothelial 
growth factor (VEGF), one of the most impor-
tant pro-angiogenic factors, regulates the mito-

Table 1. Commonly aberrant signaling pathways in liver carcinogenesis

Pathway Related gene alternation Abnormal Frequency 
(% of patients) 

Potential targeted Drugs 
(related target) Function

Telomere
maintenance 
[7, 45]

TERT promoter mutation 54%-60% BET inhibitors [46] Telomeres
maintain
chromosomal stability. [47]

TERT amplification About 5%

HBV insertion in TERT promotor 10%-15%

Wnt/β-catenin
Pathway [7, 45]

CTNNB1 mutation 11%-37% XAV939 (tankyrase 1 and 
tankyrase 2) [48]

Embryo stage: Controlling hepato-
biliary development, maturation, 
zonation
Maturity: Cell renewal and/or regen-
eration processes [49]

AXIN1 mutation 5%-15%

APC mutation 1%-2%

P53 Cell-cycle 
pathway [45]

P53 mutation 12%-48% Ribociclib (CDK4 and CDK6)
Palbociclib (CDK4/6)
Milciclib (CDKs) [1]

Regulator of liver homeostasis and 
dysfunction [50]CDKN2A 2%-12%

RB1 3%-8%

Epigenetic modi-
fiers [7, 45]

MLL, MLL2, MLL3, MLL4 
mutation

3%-4%, 2%-3%, 3%-6%, 
2%-3%, respectively

Tefinostat (HDACs)
And Resminostat (HDACs) 
[1]

Governing maintenance of genomic 
integrity and DNA repair and regula-
tion of splicing [51].HBV insertions inMLL4 10%

ARID1A, ARID2 mutation 4%-17%, 3%-18% 
respectively

Oxidative stress 
pathway [45]

NRF2 or KEAP1 mutation 5%-15% Inducing protein expression and DNA 
oxidative damage [52].

EGFR/RAS/RAF/
MAPK and PI3K/
AKT/mTOR path-
ways [7, 45]

Amplification of the FGF19/
CCND1 

5%-10% SF1126 (PI3K and mTOR)
Donafenib (RAF)
Sapanisertib (mTOR)
gefitinib, erlotinib, afatinib, 
dacomitinib, and osimer-
tinib (EGFR) [1]

Regulating cellular apoptosis, 
metabolism, Differentiation and 
proliferation [53]. PIK3CA mutation 0%-2%

TSC1 or TSC2 mutation 3%-8%

Homozygous deletion of PTEN 1%-3%

RP6SKA3 2%-9%

EGFR mutation [54] 4%-66% TKI Activation of multiple Signaling 
pathways controlling mainly survival, 
differentiation proliferation [55]. 

IL-6/JAK/STAT mutation [56] About 9% Napabucasin (STAT3) [1] Controlling different cellular pro-
cesses, including proliferation, cell 
division and cell fate decision [57].

TGF-β [56] About 5% Galunisertib (TGFβR1) [1] Regulating fibrogenesis, Immuno-
modulation and inflammation in the 
HCC microenvironment [58].

FGF pathway [7] FGF3, FGF4 and FGF19 
mutation

4%-5.6% BLU-554 (FGFR4)
INCB062079 (FGFR4)
H3B-6527 (FGFR4)
Erdafitinib (FGFRs) [1]

Regulating cellular differentiation, 
proliferation, development, embry-
onic and organogenesis [59].
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genic and anti-apoptotic activities of endotheli-
al cells which promote cell migration and diffu-
sion and vascular permeability. It effectively 
promotes pathological angiogenic processes in 
HCC by mediating these effects [10]. Overall, 
chemoembolization and antiangiogenic agents 
are valid measures for the clinical treatment of 
HCC [11]. Sorafenib, a multi-kinase inhibitor, is 
able to reduce tumor cell growth and angiogen-
esis by achieving targeted inhibition of many 
protein kinases involved in HCC, including vas-
cular endothelial growth factor receptor 
(VEGFR), c-KIT, platelet-derived growth factors 
receptor (PDGFR), RAF, RET etc. [12]. Compared 
with placebo treatment, sorafenib showed a 
modest benefit of patients’ survival, affecting 
median overall survival (OS), in two phase 3 tri-
als (ASIA-PACIFIC and SHARP) that enrolled 
patients with preserved liver function of Child-
Pugh class A and advanced HCC [12, 13]. 
However, the treatment-related adverse events 
such as fatigue, hand-foot syndrome, and diar-
rhea, were more frequently observed in the 
sorafenib groups (80% vs 52%) [13]. The ASIA-
PACIFIC study, clinical trial similar to the SHRP 
study completed with a group of Asian patients, 
showed relatively short OS (6.5 versus 4.2 
months), due to high incidence of adverse prog-
nostic factors including large tumor volumes, 
altered ECOG PS scores and a high incidence of 
HBV infection [11, 14]. In addition to severe 
adverse events, HCC patients could develop 
into the resistance to sorafenib. Several molec-
ular mechanisms for sorafenib resistance may 
be involved, including epithelial-mesenchymal 
transition, hypoxia-inducible factor activation, 
and JAK/STAT, and PI3K/AKT signaling path-
ways activations [15]. Sorafenib still acts as a 
first-line drug for advanced HCC treatment, due 
to a relatively lower rate of early HCC and higher 
rate of HCC recurrence after surgery [16]. 
Recently, lenvatinib was approved by the Food 
and Drug Administration (FDA) which is a tar-
geted multi-kinase inhibitor with several tar-
gets, including VEGFR1-3, FGFR1-4, RET, PD- 
GFR-α and c-Kit [17]. Compared with sorafenib, 
lenvatinib has fewer treatment-related adverse 
events (hypertension, appetite, fatigue, and 
weight loss) and was noninferior in median OS 
in a randomized phase 3 trial [18]. Compared 
with sorafenib, other first-line drugs failed to 
show non-inferiority such as brivanib, linifanib, 
and sunitinib [11].

Genomic mutation-based molecular drugs

Genomic alterations have been uncovered in 
HCC in recent years, which may be potential 
therapeutic targets. Gene mutations are the 
most frequent type of these alternations, such 
as telomerase reverse transcriptase (TERT) 
promoter, β-catenin (CTNNB1), TP53, AXIN1, 
CDKN2A, ARID1A, and CCND1 gene mutations 
[7]. However, drugs targeting these alterations 
have been limited so far (Table 1). The mesen-
chymal to epithelial transition (MET) gene plays 
significant roles in the initiation and progres-
sion of many solid tumors and drug resistance, 
and encodes a tyrosine kinase (TK), which is a 
type of receptor for hepatocyte growth factor 
(HGF) [19]. Many complex biological activities 
are activated and driven by activation of the 
HGF/MET axis, including cell proliferation, inhi-
bition of apoptosis and cell migration [20]. In 
vitro preclinical data for HCC showed that in 
addition to HGF, several types of tyrosine kinase 
receptors interacting with MET had functional 
cross-talk, and cross-talk also occurred be- 
tween members of the EGFR family and MET 
[20, 21]. The use of antiangiogenic agents 
could increase the secretion of HIF-1a and 
expression of MET in HCC cells [22, 23]. The 
transcription of MET is induced by hypoxia-
inducible factor which can promote tumorigen-
esis and cancer progression [24]. Overall, pro-
moting MET activity can be considered an 
adverse event in antiangiogenic drug therapy. 
The combination of MET inhibitors and antian-
giogenic agents will be a promising therapy. The 
combination of sorafenib and tivantinib (a 
small-kinase MET inhibitor) was evaluated in a 
clinical trial among 20 HCC patients, which 
might provide novel therapeutic benefit in HCC 
patients. The study showed a 10% overall 
response rate and 70% disease control rate. 
Among the 8 patients pretreated with antian-
giogenic drugs that obtained an encouraging 
response, 3 exhibited stable disease, 1 exhib-
ited a partial response, and 1 exhibited a com-
plete response. Tivantinib, an oral small-mole-
cule MET inhibitor with a non-ATP-dependent 
competitive mechanism, has shown promising 
therapeutic efficacy in numerous phase 1/2 
clinical trials for HCC patients with high MET 
expression. However, compared with a placebo, 
tivantinib failed to improve overall survival of 
HCC patients with high MET expression and 
pretreated with sorafenib in a double-blinded 
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and randomized phase 3 study [25]. The clini-
cal study did not display a significant difference 
in the median OS between tivantinib and the 
placebo (9.1 months VS 8.4 month). However, 
compared with the placebo group, the tivan-
tinib group showed worse treatment-related 
adverse events and more grade 3 events, 
including anemia, neutropenia, abdominal 
pain, and ascites.

Tivantinib and cabozantinib can only be used 
as second-line therapies for HCC, but phase 3 
studies have not achieved satisfactory indica-
tions of efficacy. Cabozantinib, a multi-receptor 
tyrosine kinases (RTKs) inhibitor, suppresses 
several pathological processes, including an- 
giogenesis, tumor growth, oncogenesis, and 
metastasis [26]. A phase 2 study of cabozan-
tinib for 41 advanced HCC patients showed 
promising therapeutic efficacy, with an overall 
disease control rate of 68%. Compared with 
that of MET inhibitors such as tivantinib, the 
safety profile of cabozantinib is more similar to 
that of anti-VEGFR inhibitors. Palmar-plantar 
erythrodysesthesia (15%), thrombocytopenia 
(10%) and diarrhea (17%) were the most com-
mon grade 3/4 treatment-related adverse 
events for cabozantinib in the clinical study. 
Based on promising data from a phase 2 study 
of cabozantinib, a phase 3 trial of cabozantinib 
versus a placebo is ongoing in HCC patients 
with Child-Pugh A liver function and progres-
sion following treatment with one or more sys-
temic therapies [27]. The therapeutic effects of 
other MET inhibitors as first-line therapies for 
HCC are being studied in phase 1b/2 clinical 
trials.

Molecular targeted inhibitors of HCC can be 
divided into two categories, inhibitors of RTKs 
and inhibitors of intracellular kinases. Most 
clinical trials have focused on molecular in- 
hibitors of RTKs and have achieved promis- 
ing therapeutic results, such as sorafenib and 
lenvatinib as first-line treatment drugs for  
HCC patients. However, intracellular molecular 
signaling pathways also play pivotal roles in 
HCC carcinogenesis. mTOR is an important 
central regulator of many molecular signaling 
pathways. Their alterations can lead to tumori-
genesis. Rapamycin and its analogs such as 
everolimus are inhibitors of mTOR and were 
originally used as immunosuppressants in or- 
gan transplantation [28]. The ability of everoli-
mus to inhibit proliferation was observed in  

preclinical studies, including studies of animal 
models and cancer cell lines. Based on  
the data, everolimus was approved by the  
FDA as an anticancer drug for various cancers 
[29]. To assess the efficacy of everolimus in 
advanced HCC patients who failed sorafenib 
treatment, EVOLVE-1, a, double-blinded, ran-
domized phase 3 trial, was implemented with 
patients in 17 countries. Overall survival  
was not significantly different between the 
everolimus group and the placebo group. The 
mortality rate of the everolimus group was simi-
lar to that of the placebo group, 83.7% and 
82.1%, respectively. The most frequent grade 
3/4 treatment-related adverse events were 
decreased, appetite (6.1%), anemia (7.8%) and 
asthenia (7.8%) [30]. Compared with a phase 3 
study of tivantinib (a MET inhibitor), the phase 3 
trial of everolimus may have failed because of 
the selection of a specific group of advanced 
HCC patients. In regard to targeting mTOR, 
more drugs have been developed and are  
currently being studied in clinical trials, and 
these drugs can also inhibit mTOR-PI3K and 
mTORC2, to better inhibit the PI3K-AKT signal-
ing pathway [1].

Immune checkpoint inhibitors in HCC

HCC is a representative inflammation-related 
cancer, thereby regulating the immune micro-
environment which contains many compone- 
nts, such as multiple types of immune cells, 
cytokines. Immunostimulatory moleculars play 
essential roles in the treatment of HCC. 

Programmed death protein 1 (PD-1), a negative 
stimulatory molecule, is expressed on the sur-
face of activated T cells and can play biological 
roles in immune escape from tumor-specific T 
cells through binding to its ligands, programm- 
ed death-ligand 1 (PD-L1) and programmed 
death-ligand 2 (PD-L2). They are expressed on 
immune cells and tumor cells [31]. Blockade of 
the PD-1/PD-L pathway can activate the cyto-
toxic T cell response, which specifically kills 
tumor cells [32]. Since nivolumab and pembro-
lizumab, anti-PD-1/PD-L1 blocking monoclonal 
antibodies, have been approved by the FDA for 
patients with HCC. Further clinical investiga-
tions on this topic is ongoing [33, 34].

Nivolumab, a monoclonal antibody specific for 
PD-L1, was evaluated in a phase 1/2, non-com-
parative, open-label trial that was registered 



Current status of drug treatment for hepatocellular carcinoma

1526 Am J Cancer Res 2020;10(5):1522-1533

with clinical Trials.gov, with (NCT01658878) 
[33]. The trial was enrolled 262 patients and 
they are separated into two phases: 214 
patients in the dose-expansion phase and 48 
patients in the dose-escalation phase. In the 
dose-escalation phase, nivolumab was provid-
ed with a manageable safety prolife, includ- 
ing acceptable tolerability. The dose expansion 
of nivolumab was 3 mg/kg. The objective 
response rates of the two phases were 15% 
(95% CI 6-28) in the dose-escalation phase and 
20% (95% CI 15-26) in the dose-expansion 
phase. Based on durable objective responses, 
nivolumab is a potential treatment option for 
patients with advanced HCC. 

The KEYNOTE-224, a multi-center, open-label, 
and non-randomised phase 2 trial, demonstrat-
ed that pembrolizumab obtained a promising 
treatment effect for advanced HCC patients. 
Two randomised, phase 3 trials, are also ongo-
ing for further assessment as a second-line 
treatment for HCC patients [34]. The clinical tri-
als enrolled 104 HCC patients and they devel-
oped disease progression after sorafenib treat-
ment. The objective response was documented 
in 18 of 104 patients (17%; 95% CI 11-26), 
including 17 (16%) partial response and 1 (1%) 
complete responses. At the same time, 34 
(33%) patients had progressive disease, 46 
(44%) had stable disease, and 6 (6%) patients 
were not assessed owing to partial reasons. 
The severe treatment-related adverse events 
occurred in 76 (73%) of 104 patients. The 
grade 3 treatment-related events were fre-
quently observed, which mainly included the 
increase of alanine aminotransferase concen-
tration in 4 (4%) patients, aspartate amino-
transferase concentration in 7 (7%) patients, 
and fatigue in 4 (4%) patients.

Combination treatment of molecular targeted 
agents and immune checkpoint inhibitors

Combination treatment with pembrolizumab 
plus lenvatinib was performed in a phase 1b 
trial which enrolled 23 patients with selected 
solid tumors, including endometrial cancer, 
renal cell carcinoma, urothelial cancer, mela-
noma, non-small cell lung cancer and head and 
neck squamous cell carcinoma [35]. The trial 
achieved promising treatment efficacy, and the 
response rate reached 65%. The combination 
therapy showed significant synergistic treat-

ment efficacy. Considering the treatment effi-
cacy of pembrolizumab in combined with lenva-
tinib, combination treatment with TKIs and 
immune checkpoint inhibitors has become a 
highlight in recent clinical studies of HCC.

Compared with tyrosine kinase inhibitors (TKIs) 
monotherapy, combination treatment showed a 
survival benefit in a series of phase 1/2 trials 
with advanced HCC patients. The tolerability 
and toxicity of combination therapy were also 
assessed in the trials. Combination treatment 
versus sorafenib is being evaluated in an ongo-
ing, randomized, controlled, phase 3 trial. The 
synergistic effect can be explained by its un- 
derlying biological mechanism. Overexpressed 
proangiogenic factors cause abnormal vascula-
ture in tumors, which is disorganized and tortu-
ous, and redundantly branched leaky vessels 
[36]. However, due to improvement in vascular 
permeability and high interstitial fluid pressure, 
blood oxygenation and perfusion decrease. 
Normalized tumor vasculature may be achieved 
with a reasonable dose of antiangiogenic treat-
ment, which enhances tumor blood flow and 
perfusion reduces vascular permeability and 
produces a synergistic treatment effect with 
immunotherapy. Excessive inhibition of angio-
genesis by antiangiogenics induces hypoxia 
and immunosuppression, including increased 
expression of PD-L1 in a dose and time-depen-
dent manner. In addition, different combination 
therapies composed of anti-PD-1 antibodies 
and other molecular targeted drugs are being 
evaluated in HCC, including drugs targeting 
TKIs, c-Met, TGF-β, etc. (Table 2).

Other combination strategies with immune 
checkpoint inhibitors

Passive immunotherapy for HCC has been 
actively studied during the past two decades, 
such as oncolytic viruses, adoptive cellular 
therapies, and vaccines. Oncolytic virus injec-
tion can lead to tumor cell lysis by activating 
both cellular immunity and the complement 
cascade. Preclinical trials have demonstrated 
that local oncolytic virus injection could boost 
the sensitivity of the tumor response to check-
point blockade by infiltration of many inflamma-
tory immune cells outside the tumor. A related 
combination trial evaluating immune check-
point inhibitors and an oncolytic virus, nivolum-
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ab and oncolytic virus derived from vaccinia, is 
ongoing. (NCT03071094) [37, 38].

Vaccines can strengthen the killing effect of the 
immune system on tumor cells by generating of 
antigen-specific CD8+ T cells. However, a pro-
spective outcome is not shown in clinical trials, 
these vaccines rarely cause durable disease 
control or tumor shrinkage. In addition, vac-
cines can lead to the progression of HCC, by 
improving the activity of immune checkpoint 
molecules [39].

Multiple clinical trials on adoptive cell therapies 
are ongoing. The combination strategies involv-
ing immune checkpoint inhibitors will be further 
explained [40].

Preclinical studies with a combination of 
immune checkpoint inhibitors and matched 
molecular targeted drugs

The tumor microenvironment is complex, large 
and composed of extracellular components 
(growth factors, hormones, cytokines, extracel-

lular matrix, etc.) and various cell types (endo-
thelial cells, immune cells, fibroblasts, etc.) 
[41]. Many factors can drive tumor immune 
escape, including the expression of PD-L1, 
enrichment of tumor associated macrophages 
and tumor cell molecular oncogenic activity 
[42]. Approaches targeting these pathways  
may be considered novel therapeutic options. 
Recently, most combination treatments have 
been focused on immune checkpoint inhibitors 
and other molecular targeted drugs. There are 
inextricable links between the immune and 
nonimmune responses in the tumor microenvi-
ronment of HCC. The antitumor activity en- 
hancement mechanism of combination the- 
rapy can be roughly separated into three cate-
gories (Table 3). Some molecular targeted 
drugs can inhibit the expression of PD-L1 by 
regulating the tumor immune microenviron-
ment. Combination therapy of the molecular 
targeted drugs and anti-PD-L1 therapy produc-
es a synergistic effect that enhances immune-
checkpoint blockade efficacy. Another class of 
molecular drugs promotes the expression of 

Table 2. Clinical trials with immune checkpoint inhibitors in HCC

Combination type Target Clinical 
stage

ClinicalTrials. 
gov reference

Durvalumab + tremelimumab PD-L1 and CTLA-4 Phase 3 NCT03298451

Atezolizumab + bevacizumab PD-L1 and VEGFA Phase 3 NCT03434379

Durvalumab + Tremelimumab PD-L1 and CTLA-4 Phase 2 NCT02519348

Durvalumab, Tremelimumab + LRT PD-L1, CTLA4 and locoregional therapy Phase 1/2 NCT02821754

Nivolumab (anti PD-1 Ab), Nivolumab + Ipilimumab, Nivolumab + 
cabozantinib, Nivolumab + Ipilimumab + cabozantinib

PD-1 and CTLA4, PD-1 and c-Met, PD-1 and 
CTLA4 and c-Met 

Phase 1/2 NCT01658878

Nivolumab (anti PD-1 Ab) + CC-122 (immunostimulatory pathway 
modifier)

PD-1 and CC-122 Phase 1/2 NCT02859324

Prembrolizumab + dendritic cells, cytokine-induced killer cells PD-1 and dendritic cells, killer cells Phase 1/2 NCT02886897

PDR001 (anti PD-1 Ab) + INC280 (c-Met inhibitor) PD-1 and C-Met Phase 1/2 NCT02795429

Nivolumab + ipilimumab PD-1 and CTLA-4 Phase 1/2 NCT01658878

Nivolumab + galunisertib PD-L1 and TGF-β Phase 1/2 NCT02423343

Apatinib + SHR-1210 VEGFR2 and PD-1 Phase 1/2 NCT02942329

Capmatinib ± Spartalizumab MET ± PD-L1 Phase 1/2 NCT02795429

Spartalizumab ± FGF401 PD-1 and FGFR4 Phase 1/2 NCT02325739

XL888 + pembrolizumab HSP90 and PD-1 Phase 1 NCT03095781

Ramucirumab + durvalumab VEGFR2 and PD-L1 Phase 1 NCT02572687

Avelumab + axitinib PD-L1 plus VEGFRs, KIT, and PDGFRs Phase 1 NCT03289533

Cabozantinib + nivolumab MET and VEGFRs plus PD-1 Phase 1 NCT03299946

Regorafenib + pembrolizumab FGFRs, VEGFRs, KIT, PDGFRs, RAF and PD-1 Phase 1 NCT03347292

Pembrolizumab + lenvatinib PD-1 plus VEGFR2 and VEGFR3 Phase 1 NCT03006926

Ipilimumab (anti CTLA-4 Ab) + stereotactic body radiation CTLA-4 and stereotactic body radiation Phase 1 NCT02239900

Durvalumab + ramucirumab PD-L1 and VEGF-R2 Phase 1 NCT02572687

Durvalumab (anti PD-1 L Ab) + AZD4635 PD-1 and A2AR Phase 1 NCT02740985

PDR001 (anti PD-1 Ab) + NIS793 (anti TGF-b Ab) PD-1 and TGF-β Phase 1 NCT02947165

Nivolumab + LRT (Yttrium 90Y glass microspheres) PD-1 and locoregional therapy Phase 1 NCT02837029

Durvalumab + Guadecitabine PD-1 and epigenetic modifiers Phase 1 NCT03257761
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Table 3. Potential therapeutic combinations with anti-PD-L1 in pre-clinical studies

Modle typles Target Or agent Pathway
The change of Tumor-infiltrat-
ing immune cells by blocking 

target or agent therapy

The change Immune 
checkpoint by blocking 
target or agent therapy

Potential combina-
tion agents reference

Chemotoxic agent HCC 
models

OPN OPN/CSF1/CSF1R M2 macrophage cells↑
helper cells↑
CD8+ T cells↑

PD-L1↓ Anti-PD-L1 plus 
CSF1R inhibitor

[42]

Orthotopic HCC models CDK20/CCRK CCRK/EZH2/NF-κB/IL-6 (PMN) MDSC↓
CD8+ T cells↑

PD-L1↑ Anti-PD-L1plus CCRK 
inhibitor

[60]

Fibrotic-HCC mouse 
model

P38 MAPK signaling pathway HSC/monocyte-intrinsic p38 MAPK signaling 
pathway/enhance reprogramming for M-MDSC

M-MDSC↓ Anti-PD-L1 Plus 
iBET762

[61]

Orthotopic HCC models TREM-1 TREM-1 + TAM/ERK/NF-κβ pathway/CCL20 (hy-
poxic tumor enviroment)/CCR6 + Foxp3 + Treg

CCR6 + Foxp3 + Treg↓ Anti-PD-L1 Plus 
TREM-1 inhibitor

[62]

Human HCC samples PFKFB3 TDSF/PFKFB3 (TAM)/NF-κβ pathway/PD-L1 CD8+ T cells↑ PD-L1↓ Anti-PD-L1 Plus 
PFKFB inhibitor

[63]

HCC patients-Derived 
xenograft mouse model

TOX TOX binds to PD-1 increasing
Endocytic recycling of PD-1

CD8+ T cells↑ PD-1↓ Anti-PD-L1 Plus down-
regulation of TOX 

[64]

Fibrotic-HCC mouse 
model

Tyrosine kinase Tregs can be suppressed by TKI inhibitor. Tregs↓
CD8+ T cells↑

Anti-PD-L1 Plus 
Sunitinib

[44]

Human HCC samples TIM3 and LAG3 TIL functions was increased by combination 
therapy of against PD-L1 and TIM3 or LAG3.

CD4+ T cells↑
CD8+ T cells↑

Anti-PD-L1 Plus Anti-
TIM3 Or Anti-LAG3

[65]

Human HCC samples EZH2 EZH2/H3K27me3/1RF1 CD8+ T cells↑ PD-L1↓ Anti-PD-L1 Plus EZH2 
inhibitor

[66]

Human HCC samples MEF2D (Exposed to IFNγ) p300/acetylation of MEF2D/
promoter region of CD274 OR (Not exposed to) 
SIRT7/acetylation of MEF2D/promoter region 
of CD274

CD8+ T cells↑ PD-L1↓ Anti-PD-L1 Plus 
MEF2D inhibitor

[67]

Genetically engineered 
mouse models

polyIC CD8+ T cells↑
Macrophage cells↑

NK cells↑
Treg↑

PD-L1↑ Anti-PD-L1 Plus polyIC [43]
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PD-L1 in HCC cells or non-parenchymal cells. 
The drugs increase the sensitivity of the he- 
patic response to PD-L1 blockade. The remain-
ing agents and monoclonal antibodies against 
PD-L1 can collaboratively reverse the exhaus-
tion of CD8+ T cells through two independent 
mechanisms. 

(1) Tumor cell-intrinsic osteopontin (OPN) is a 
tumor-sustaining inflammatory mediator, that 
regulates tumor biological activity, including 
tumor immunosuppression, progression and 
metastasis [42]. Compared with liver tumors  
in wild-type mice induced by chemical meth-
ods, liver tumors in OPN-knockout mice induc- 
ed by the same method showed a critically 
decreased number of macrophages in the 
tumor-infiltrating immune cell population. OPN-
knockout mice exhibited markedly decreased 
expression levels of PD-L1 and M2 macrophage 
markers, but the levels of cytokines secreted 
by T-helper cells were increased. This trial dem-
onstrated that OPN can activate the CSF1-
CSF1R signaling pathway of macrophages, 
which promotes expression levels of PD-L1. 
The survival of OPN-high tumor-bearing mice 
was prolonged and antitumor activity was im- 
proved by combination treatment with a CSFIR 
inhibitor and an anti-PD-L1 antibody. Combi- 
nation therapy with CSF1/CSF1R signaling 
pathway inhibitors and anti-PD-L1 antibodies 
will be a promising therapeutic option for HCC 
patients.

(2) Polyinosinic-polycytidy-lic acid (polyIC), a 
synthetic double-stranded RNA, induced the 
expression of PD-L1 in liver sinusoid endotheli-
al cells of mouse HCC models, induced by 
hydrodynamic tail vein injection of carcinogenic 
plasmids [43]. PolyIC alone did not show any 
therapeutic effect on mouse HCC. However, 
combination treatment with polyIC and anti- 
PD-L1 therapy robustly inhibited the progres-
sion of liver tumors and showed a survival 
improvement in mice. The sensitivity of the 
hepatic response to PD-L1 blockade was st- 
rengthened and several innate and adaptive 
immune functions were maximally activated by 
the use of polyIC.

(3) The accumulation of regulatory T cells and 
PD-1 overexpression on the surface of CD8+ T 
cells are two independent mechanisms that 
contribute to the exhaustion of tumor-antigen-
specific CD8+ T cells. Sunitinib-mediated Re- 

gulatory T-cells (Tregs) suppression and block-
ade of PD-1 produced a synergistic effect to 
powerfully activate antitumor immunity and 
suppress tumor growth in mouse HCC models 
[44].

Conclusive remarks

The path to the treatment of advanced HCC  
is still long. However, as the depth of the un- 
derstanding of malignant tumors increases, 
more treatments will be found. Although  
systemic treatment has not made a huge 
change in the overall survival of patients with 
advanced HCC since the advent of sorafenib, 
the emergence of genomic mutation-based 
therapies and immunotherapies brings new 
approaches. Liver tumorigenesis involves many 
genomic alterations. As oncogenic drivers have 
been decoded, pharmacologically approved 
agents on these abnormalities will be more and 
more, which will create more therapeutic 
options for HCC patients. Of note, immune 
checkpoint inhibitors show promising clinical 
results, with response rates of approximately 
19% after anti-PD-1 treatment observed in 
phase 1/2 trials. Ongoing phase 3 clinical trials 
are expected to achieve more promising out-
comes with the agents applied as a first-line 
treatment. 

Drug treatment for advanced HCC mainly 
involves two approaches: molecular targeted 
drugs and immune-related agents. No mono-
therapy has achieved a satisfactory therapeu-
tic effect. Given the lack of any new major dis-
coveries, combination utilization may be the 
most promising treatment option. As new ther-
apeutic targets and drugs continue to be 
approved, the combinations will become more 
diverse. Based on multiple combinations, we 
focus on finding a better therapeutic com- 
bination with acceptable toxicity. Due to  
the unique status of the HCC immune system 
and a multi-aspect integrated effector system, 
prospects for combination treatments includ-
ing immune checkpoint inhibitors are aris- 
ing. How to optimize the response of the HCC 
immune microenvironment, still faces subs- 
tantial challenges. Combination regimes in- 
cluding Immune checkpoint inhibitors and 
matched molecular targeted agents or some 
passive immunotherapies are the optimal 
solution.



Current status of drug treatment for hepatocellular carcinoma

1530 Am J Cancer Res 2020;10(5):1522-1533

Disclosure of conflict of interest

None.

Abbreviations

HCC, hepatocellular carcinoma; PDGF, platelet-
derived growth factor; VEGFA, vascular endo-
thelial growth factor A; TGF-β, Transforming 
growth factor β; bFGF, Basic fibroblast growth 
factor; VEGF, Vascular endothelial growth fac-
tor; VEGFR, vascular endothelial growth factor 
receptor; PDGFR, platelet-derived growth fac-
tors receptor; TKIs, tyrosine kinase inhibitors; 
PD-L1, Programmed cell death; TERT, telomer-
ase reverse transcriptase; HGF, hepatocyte 
growth factor; MET, mesenchymal to epithelial 
transition; OPN, osteopontin; Tregs, regulatory 
T-cells; FDA, Food and Drug Administration.

Address correspondence to: Dr. Weihua Gong, De- 
partment of Surgery, Second Affiliated Hospital of 
School of Medicine, Zhejiang University, Jiefang 
Road #88, Hangzhou 310009, Zhejiang Province, 
People’s Republic of China. Tel: +86-571-877835- 
80; Fax: +86-571-87783581; E-mail: weihuagong@
zju.edu.cn

References

[1] Llovet JM, Montal R, Sia D and Finn RS. Mo-
lecular therapies and precision medicine for 
hepatocellular carcinoma. Nat Rev Clin Oncol 
2018; 15: 599-616.

[2] Chen W, Zheng R, Baade PD, Zhang S, Zeng H, 
Bray F, Jemal A, Yu XQ and He J. Cancer statis-
tics in China, 2015. CA Cancer J Clin 2016; 66: 
115-132.

[3] Stravitz RT, Heuman DM, Chand N, Sterling RK, 
Shiffman ML, Luketic VA, Sanyal AJ, Habib A, 
Mihas AA, Giles HC, Maluf DG, Cotterell AH, 
Posner MP and Fisher RA. Surveillance for he-
patocellular carcinoma in patients with cirrho-
sis improves outcome. Am J Med 2008; 121: 
119-126.

[4] Kudo M. Systemic therapy for hepatocellular 
carcinoma: latest advances. Cancers (Basel) 
2018; 10.

[5] Raoul JL, Kudo M, Finn RS, Edeline J, Reig M 
and Galle PR. Systemic therapy for intermedi-
ate and advanced hepatocellular carcinoma: 
sorafenib and beyond. Cancer Treat Rev 2018; 
68: 16-24.

[6] Makarova-Rusher OV, Medina-Echeverz J, 
Duffy AG and Greten TF. The yin and yang of 
evasion and immune activation in HCC. J Hep-
atol 2015; 62: 1420-1429.

[7] Khemlina G, Ikeda S and Kurzrock R. The biol-
ogy of hepatocellular carcinoma: implications 
for genomic and immune therapies. Mol Can-
cer 2017; 16: 149.

[8] Dhanasekaran R, Nault JC, Roberts LR and 
Zucman-Rossi J. Genomic medicine and impli-
cations for hepatocellular carcinoma preven-
tion and therapy. Gastroenterology 2019; 156: 
492-509.

[9] Yang ZF and Poon RT. Vascular changes in he-
patocellular carcinoma. Anat Rec (Hoboken) 
2008; 291: 721-734.

[10] Melincovici CS, Boşca AB, Şuşman S, Măr- 
ginean M, Mihu C, Istrate M, Moldovan IM, Ro-
man AL and Mihu CM. Vascular endothelial 
growth factor (VEGF) - key factor in normal and 
pathological angiogenesis. Rom J Morphol Em-
bryol 2018; 59: 455-467.

[11] Hilmi M, Neuzillet C, Calderaro J, Lafdil F, Paw-
lotsky JM and Rousseau B. Angiogenesis and 
immune checkpoint inhibitors as therapies for 
hepatocellular carcinoma: current knowledge 
and future research directions. J Immunother 
Cancer 2019; 7: 333.

[12] Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, 
Kim JS, Luo R, Feng J, Ye S, Yang TS, Xu J, Sun 
Y, Liang H, Liu J, Wang J, Tak WY, Pan H, Burock 
K, Zou J, Voliotis D and Guan Z. Efficacy and 
safety of sorafenib in patients in the Asia-Pacif-
ic region with advanced hepatocellular carci-
noma: a phase III randomised, double-blind, 
placebo-controlled trial. Lancet Oncol 2009; 
10: 25-34.

[13] Llovet JM, Ricci S, Mazzaferro V, Hilgard P, 
Gane E, Blanc JF, de Oliveira AC, Santoro A, 
Raoul JL, Forner A, Schwartz M, Porta C, Zeu-
zem S, Bolondi L, Greten TF, Galle PR, Seitz JF, 
Borbath I, Häussinger D, Giannaris T, Shan M, 
Moscovici M, Voliotis D and Bruix J; SHARP In-
vestigators Study Group. Sorafenib in ad-
vanced hepatocellular carcinoma. N Engl J 
Med 2008; 359: 378-390.

[14] Connell LC, Harding JJ and Abou-Alfa GK. Ad-
vanced hepatocellular cancer: the current 
state of future research. Curr Treat Options On-
col 2016; 17: 43.

[15] Zhu YJ, Zheng B, Wang HY and Chen L. New 
knowledge of the mechanisms of sorafenib re-
sistance in liver cancer. Acta Pharmacol Sin 
2017; 38: 614-622.

[16] Bohndorf K, Steinbrich W, Féaux de Lacroix W 
and Waldecker B. Initial experiences with nu-
clear spin tomography of bone diseases. Rofo 
1986; 144: 199-203.

[17] Ikeda K, Kudo M, Kawazoe S, Osaki Y, Ikeda M, 
Okusaka T, Tamai T, Suzuki T, Hisai T, Hayato S, 
Okita K and Kumada H. Phase 2 study of len-
vatinib in patients with advanced hepatocellu-



Current status of drug treatment for hepatocellular carcinoma

1531 Am J Cancer Res 2020;10(5):1522-1533

lar carcinoma. J Gastroenterol 2017; 52: 512-
519.

[18] Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Pis-
caglia F, Baron A, Park JW, Han G, Jassem J, 
Blanc JF, Vogel A, Komov D, Evans TRJ, Lopez 
C, Dutcus C, Guo M, Saito K, Kraljevic S, Tamai 
T, Ren M and Cheng AL. Lenvatinib versus 
sorafenib in first-line treatment of patients 
with unresectable hepatocellular carcinoma: a 
randomised phase 3 non-inferiority trial. Lan-
cet 2018; 391: 1163-1173.

[19] Giordano S and Columbano A. Met as a thera-
peutic target in HCC: facts and hopes. J Hepa-
tol 2014; 60: 442-452.

[20] Birchmeier C, Birchmeier W, Gherardi E and 
Vande Woude GF. Met, metastasis, motility 
and more. Nat Rev Mol Cell Biol 2003; 4: 915-
925.

[21] Suzuki M, Shiraha H, Fujikawa T, Takaoka N, 
Ueda N, Nakanishi Y, Koike K, Takaki A and 
Shiratori Y. Des-gamma-carboxy prothrombin is 
a potential autologous growth factor for hepa-
tocellular carcinoma. J Biol Chem 2005; 280: 
6409-6415.

[22] Rose SD and Aghi MK. Mechanisms of evasion 
to antiangiogenic therapy in glioblastoma. Clin 
Neurosurg 2010; 57: 123-128.

[23] Semenza GL. Targeting HIF-1 for cancer thera-
py. Nat Rev Cancer 2003; 3: 721-732.

[24] Eckerich C, Zapf S, Fillbrandt R, Loges S, West-
phal M and Lamszus K. Hypoxia can induce c-
Met expression in glioma cells and enhance 
SF/HGF-induced cell migration. Int J Cancer 
2007; 121: 276-283.

[25] Rimassa L, Assenat E, Peck-Radosavljevic M, 
Pracht M, Zagonel V, Mathurin P, Rota Care-
moli E, Porta C, Daniele B, Bolondi L, Mazzaf-
erro V, Harris W, Damjanov N, Pastorelli D, Reig 
M, Knox J, Negri F, Trojan J, López López C, Per-
soneni N, Decaens T, Dupuy M, Sieghart W, Ab-
badessa G, Schwartz B, Lamar M, Goldberg T, 
Shuster D, Santoro A and Bruix J. Tivantinib for 
second-line treatment of MET-high, advanced 
hepatocellular carcinoma (METIV-HCC): a final 
analysis of a phase 3, randomised, placebo-
controlled study. Lancet Oncol 2018; 19: 682-
693.

[26] Deeks ED. Cabozantinib: a review in advanced 
hepatocellular carcinoma. Target Oncol 2019; 
14: 107-113.

[27] Liu L, Shi H, Liu Y, Anderson A, Peterson J, Gre-
ger J, Martin AM and Gilmer TM. Synergistic 
effects of foretinib with HER-targeted agents in 
MET and HER1- or HER2-coactivated tumor 
cells. Mol Cancer Ther 2011; 10: 518-530.

[28] Guertin DA and Sabatini DM. The pharmacolo-
gy of mTOR inhibition. Sci Signal 2009; 2: 
pe24.

[29] Saran U, Foti M and Dufour JF. Cellular and mo-
lecular effects of the mTOR inhibitor everolim-
us. Clin Sci (Lond) 2015; 129: 895-914.

[30] Zhu AX, Kudo M, Assenat E, Cattan S, Kang YK, 
Lim HY, Poon RT, Blanc JF, Vogel A, Chen CL, 
Dorval E, Peck-Radosavljevic M, Santoro A, 
Daniele B, Furuse J, Jappe A, Perraud K, Anak 
O, Sellami DB and Chen LT. Effect of everolim-
us on survival in advanced hepatocellular car-
cinoma after failure of sorafenib: the EVOLVE-1 
randomized clinical trial. JAMA 2014; 312: 57-
67.

[31] Okazaki T and Honjo T. PD-1 and PD-1 ligands: 
from discovery to clinical application. Int Im-
munol 2007; 19: 813-824.

[32] Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, To-
palian SL, Hwu P, Drake CG, Camacho LH, 
Kauh J, Odunsi K, Pitot HC, Hamid O, Bhatia S, 
Martins R, Eaton K, Chen S, Salay TM, Alapar-
thy S, Grosso JF, Korman AJ, Parker SM, Agraw-
al S, Goldberg SM, Pardoll DM, Gupta A and 
Wigginton JM. Safety and activity of anti-PD-L1 
antibody in patients with advanced cancer. N 
Engl J Med 2012; 366: 2455-2465.

[33] El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, 
Kudo M, Hsu C, Kim TY, Choo SP, Trojan J, Well-
ing TH Rd, Meyer T, Kang YK, Yeo W, Chopra A, 
Anderson J, Dela Cruz C, Lang L, Neely J, Tang 
H, Dastani HB and Melero I. Nivolumab in pa-
tients with advanced hepatocellular carcinoma 
(CheckMate 040): an open-label, non-compar-
ative, phase 1/2 dose escalation and expan-
sion trial. Lancet 2017; 389: 2492-2502.

[34] Zhu AX, Finn RS, Edeline J, Cattan S, Ogas-
awara S, Palmer D, Verslype C, Zagonel V, Far-
toux L, Vogel A, Sarker D, Verset G, Chan SL, 
Knox J, Daniele B, Webber AL, Ebbinghaus SW, 
Ma J, Siegel AB, Cheng AL and Kudo M; KEY-
NOTE-224 investigators. Pembrolizumab in 
patients with advanced hepatocellular carci-
noma previously treated with sorafenib (KEY-
NOTE-224): a non-randomised, open-label 
phase 2 trial. Lancet Oncol 2018; 19: 940-
952.

[35] Kudo M. Targeted and immune therapies for 
hepatocellular carcinoma: predictions for 
2019 and beyond. World J Gastroenterol 2019; 
25: 789-807.

[36] Ramjiawan RR, Griffioen AW and Duda DG. 
Anti-angiogenesis for cancer revisited: is there 
a role for combinations with immunotherapy? 
Angiogenesis 2017; 20: 185-204.

[37] Heo J, Reid T, Ruo L, Breitbach CJ, Rose S, 
Bloomston M, Cho M, Lim HY, Chung HC, Kim 
CW, Burke J, Lencioni R, Hickman T, Moon A, 
Lee YS, Kim MK, Daneshmand M, Dubois K, 
Longpre L, Ngo M, Rooney C, Bell JC, Rhee BG, 
Patt R, Hwang TH and Kirn DH. Randomized 
dose-finding clinical trial of oncolytic immuno-



Current status of drug treatment for hepatocellular carcinoma

1532 Am J Cancer Res 2020;10(5):1522-1533

therapeutic vaccinia JX-594 in liver cancer. Nat 
Med 2013; 19: 329-336.

[38] Zamarin D, Holmgaard RB, Subudhi SK, Park 
JS, Mansour M, Palese P, Merghoub T, Wol-
chok JD and Allison JP. Localized oncolytic viro-
therapy overcomes systemic tumor resistance 
to immune checkpoint blockade immunother-
apy. Sci Transl Med 2014; 6: 226ra232.

[39] Gubin MM, Zhang X, Schuster H, Caron E, Ward 
JP, Noguchi T, Ivanova Y, Hundal J, Arthur CD, 
Krebber WJ, Mulder GE, Toebes M, Vesely MD, 
Lam SS, Korman AJ, Allison JP, Freeman GJ, 
Sharpe AH, Pearce EL, Schumacher TN, Aeber-
sold R, Rammensee HG, Melief CJ, Mardis ER, 
Gillanders WE, Artyomov MN and Schreiber 
RD. Checkpoint blockade cancer immunother-
apy targets tumour-specific mutant antigens. 
Nature 2014; 515: 577-581.

[40] Cheng H, Sun G, Chen H, Li Y, Han Z, Li Y, 
Zhang P, Yang L and Li Y. Trends in the treat-
ment of advanced hepatocellular carcinoma: 
immune checkpoint blockade immunotherapy 
and related combination therapies. Am J Can-
cer Res 2019; 9: 1536-1545.

[41] Wu T and Dai Y. Tumor microenvironment and 
therapeutic response. Cancer Lett 2017; 387: 
61-68.

[42] Zhu Y, Yang J, Xu D, Gao XM, Zhang Z, Hsu JL, 
Li CW, Lim SO, Sheng YY, Zhang Y, Li JH, Luo Q, 
Zheng Y, Zhao Y, Lu L, Jia HL, Hung MC, Dong 
QZ and Qin LX. Disruption of tumour-associat-
ed macrophage trafficking by the osteopontin-
induced colony-stimulating factor-1 signalling 
sensitises hepatocellular carcinoma to anti-
PD-L1 blockade. Gut 2019; 68: 1653-1666.

[43] Wen L, Xin B, Wu P, Lin CH, Peng C, Wang G, 
Lee J, Lu LF and Feng GS. An efficient combina-
tion immunotherapy for primary liver cancer by 
harmonized activation of innate and adaptive 
immunity in mice. Hepatology 2019; 69: 2518-
2532.

[44] Li G, Liu D, Cooper TK, Kimchi ET, Qi X, Avella 
DM, Li N, Yang QX, Kester M, Rountree CB, 
Kaifi JT, Cole DJ, Rockey DC, Schell TD and 
Staveley-O’Carroll KF. Successful chemoimmu-
notherapy against hepatocellular cancer in a 
novel murine model. J Hepatol 2017; 66: 75-
85.

[45] Zucman-Rossi J, Villanueva A, Nault JC and Ll-
ovet JM. Genetic landscape and biomarkers of 
hepatocellular carcinoma. Gastroenterology 
2015; 149: 1226-1239, e4.

[46] Donati B, Lorenzini E and Ciarrocchi A. BRD4 
and cancer: going beyond transcriptional regu-
lation. Mol Cancer 2018; 17: 164.

[47] Jafri MA, Ansari SA, Alqahtani MH and Shay JW. 
Roles of telomeres and telomerase in cancer, 
and advances in telomerase-targeted thera-
pies. Genome Med 2016; 8: 69.

[48] Huang SM, Mishina YM, Liu S, Cheung A, Steg-
meier F, Michaud GA, Charlat O, Wiellette E, 
Zhang Y, Wiessner S, Hild M, Shi X, Wilson CJ, 
Mickanin C, Myer V, Fazal A, Tomlinson R, Ser-
luca F, Shao W, Cheng H, Shultz M, Rau C, 
Schirle M, Schlegl J, Ghidelli S, Fawell S, Lu C, 
Curtis D, Kirschner MW, Lengauer C, Finan 
PM, Tallarico JA, Bouwmeester T, Porter JA, 
Bauer A and Cong F. Tankyrase inhibition stabi-
lizes axin and antagonizes Wnt signalling. Na-
ture 2009; 461: 614-620.

[49] Wang W, Smits R, Hao H and He C. Wnt/beta-
catenin signaling in liver cancers. Cancers (Ba-
sel) 2019; 11.

[50] Krstic J, Galhuber M, Schulz TJ, Schupp M and 
Prokesch A. p53 as a dichotomous regulator of 
liver disease: the dose makes the medicine. 
Int J Mol Sci 2018; 19.

[51] Meroni M, Longo M, Rametta R and Don-
giovanni P. Genetic and epigenetic modifiers of 
alcoholic liver disease. Int J Mol Sci 2018; 19.

[52] Klieser E, Mayr C, Kiesslich T, Wissniowski T, 
Fazio PD, Neureiter D and Ocker M. The cross-
talk of miRNA and oxidative stress in the liver: 
from physiology to pathology and clinical impli-
cations. Int J Mol Sci 2019; 20.

[53] Asati V, Mahapatra DK and Bharti SK. PI3K/
Akt/mTOR and Ras/Raf/MEK/ERK signaling 
pathways inhibitors as anticancer agents: 
structural and pharmacological perspectives. 
Eur J Med Chem 2016; 109: 314-341.

[54] Couri T and Pillai A. Goals and targets for per-
sonalized therapy for HCC. Hepatol Int 2019; 
13: 125-137.

[55] Komposch K and Sibilia M. EGFR signaling in 
liver diseases. Int J Mol Sci 2015; 17.

[56] Schulze K, Imbeaud S, Letouzé E, Alexandrov 
LB, Calderaro J, Rebouissou S, Couchy G, Mei-
ller C, Shinde J, Soysouvanh F, Calatayud AL, 
Pinyol R, Pelletier L, Balabaud C, Laurent A, 
Blanc JF, Mazzaferro V, Calvo F, Villanueva A, 
Nault JC, Bioulac-Sage P, Stratton MR, Llovet 
JM and Zucman-Rossi J. Exome sequencing of 
hepatocellular carcinomas identifies new mu-
tational signatures and potential therapeutic 
targets. Nat Genet 2015; 47: 505-511.

[57] Johnson DE, O’Keefe RA and Grandis JR. Tar-
geting the IL-6/JAK/STAT3 signalling axis in 
cancer. Nat Rev Clin Oncol 2018; 15: 234-248.

[58] Chen J, Gingold JA and Su X. Immunomodula-
tory TGF-beta signaling in hepatocellular carci-
noma. Trends Mol Med 2019; 25: 1010-1023.

[59] Raja A, Park I, Haq F and Ahn SM. FGF19-FG-
FR4 signaling in hepatocellular carcinoma. 
Cells 2019; 8.

[60] Zhou J, Liu M, Sun H, Feng Y, Xu L, Chan AWH, 
Tong JH, Wong J, Chong CCN, Lai PBS, Wang 
HK, Tsang SW, Goodwin T, Liu R, Huang L, 
Chen Z, Sung JJ, Chow KL, To KF and Cheng 



Current status of drug treatment for hepatocellular carcinoma

1533 Am J Cancer Res 2020;10(5):1522-1533

AS. Hepatoma-intrinsic CCRK inhibition dimin-
ishes myeloid-derived suppressor cell immu-
nosuppression and enhances immune-check-
point blockade efficacy. Gut 2018; 67: 
931-944.

[61] Liu M, Zhou J, Liu X, Feng Y, Yang W, Wu F, 
Cheung OK, Sun H, Zeng X, Tang W, Mok MTS, 
Wong J, Yeung PC, Lai PBS, Chen Z, Jin H, Chen 
J, Chan SL, Chan AWH, To KF, Sung JJY, Chen M 
and Cheng AS. Targeting monocyte-intrinsic 
enhancer reprogramming improves immuno-
therapy efficacy in hepatocellular carcinoma. 
Gut 2020; 69: 365-379.

[62] Wu Q, Zhou W, Yin S, Zhou Y, Chen T, Qian J, Su 
R, Hong L, Lu H, Zhang F, Xie H, Zhou L and 
Zheng S. Blocking triggering receptor ex-
pressed on myeloid cells-1-positive tumor-as-
sociated macrophages induced by hypoxia re-
verses immunosuppression and anti-prog- 
rammed cell death ligand 1 resistance in liver 
cancer. Hepatology 2019; 70: 198-214.

[63] Chen DP, Ning WR, Jiang ZZ, Peng ZP, Zhu LY, 
Zhuang SM, Kuang DM, Zheng L and Wu Y. Gly-
colytic activation of peritumoral monocytes 
fosters immune privilege via the PFKFB3-PD-
L1 axis in human hepatocellular carcinoma. J 
Hepatol 2019; 71: 333-343.

[64] Wang X, He Q, Shen H, Xia A, Tian W, Yu W and 
Sun B. TOX promotes the exhaustion of antitu-
mor CD8(+) T cells by preventing PD1 degrada-
tion in hepatocellular carcinoma. J Hepatol 
2019; 71: 731-741.

[65] Zhou G, Sprengers D, Boor PPC, Doukas M, 
Schutz H, Mancham S, Pedroza-Gonzalez A, 
Polak WG, de Jonge J, Gaspersz M, Dong H, 
Thielemans K, Pan Q, IJzermans JNM, Bruno 
MJ and Kwekkeboom J. Antibodies against im-
mune checkpoint molecules restore functions 
of tumor-infiltrating T cells in hepatocellular 
carcinomas. Gastroenterology 2017; 153: 
1107-1119, e10.

[66] Xiao G, Jin LL, Liu CQ, Wang YC, Meng YM, 
Zhou ZG, Chen J, Yu XJ, Zhang YJ, Xu J and 
Zheng L. EZH2 negatively regulates PD-L1 ex-
pression in hepatocellular carcinoma. J Immu-
nother Cancer 2019; 7: 300.

[67] Xiang J, Zhang N, Sun H, Su L, Zhang C, Xu H, 
Feng J, Wang M, Chen J, Liu L, Shan J, Shen J, 
Yang Z, Wang G, Zhou H, Prieto J, Ávila MA, Liu 
C and Qian C. Disruption of SIRT7 increases 
the efficacy of checkpoint inhibitor via MEF2D 
regulation of programmed cell death 1 ligand 
1 in hepatocellular carcinoma cells. Gastroen-
terology 2020; 158: 664-678, e24.


