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Abstract: Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer-related death worldwide. In the past
decade, there have been improvements in non-drug therapies and drug therapies for HCC treatment. Non-drug
therapies include hepatic resection, liver transplantation, transarterial chemoembolization (TACE) and ablation. The
former two surgical treatments are beneficial for patients with early and mid-stage HCC. As the first choice for non-
surgical treatment, different TACE methods has been developed and widely used in combination therapy. Ablation
has become an important alternative therapy for the treatment of small HCC or cases of unresectable surgery.
Meanwhile, the drugs including small molecule targeted drugs like sorafenib and lenvatinib, monoclonal antibodies
such as nivolumab are mainly used for the systematic treatment of advanced HCC. Besides strategies described
above are recommended as first-line therapies due to their significant increase in mean overall survival, there are
also potential drugs in clinical trials or under preclinical development. In addition, a number of potential preclinical
surgical or adjuvant therapies are being studied, such as oncolytic virus, mesenchymal stem cells, biological clock,
gut microbiome composition and peptide vaccine, all of which have shown different degrees of inhibition on HCC.
With some potential anti-HCC drugs being reported, many promising therapeutic targets in related taxonomic signal-
ing pathways including cell cycle, epigenetics, tyrosine kinase and so on that affect the progression of HCC have also
been found. Together, the rational application of existing therapies and drugs as well as the new strategies will bring

a bright future for the global cure of HCC in the coming decades.
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Introduction

Hepatocellular carcinoma (HCC), one of the mo-
st common solid malignancies, is a leading cau-
se of cancer-related death worldwide. According
to the World Health Organization’s statistics in
2018, HCC was ranked sixth in incidence and
fourth in mortality, causing approximately 840
000 new cases and over 780 000 deaths per
year. The incidence of HCC varies geographi-
cally, and most HCC cases occur in less devel-
oped regions, such as Eastern Asia (comprising
54.8% of cases) and South-Eastern Asia (com-
prising 10.8% of cases) [1-3]. The tumorigene-
sis of HCC is a complex process involving mul-
tiple risk factors. The prevalence of risk factors
varies with the distribution of HCC worldwide.
Chronic Hepatitis B virus (HBV) infection and
Aflatoxin B1 (AFB1) are the major risk factors in

developing regions like China and India [4, 5]. In
the developed areas, HCC primarily develops
from cirrhosis caused by Hepatitis C virus (HCV)
[6] and Nonalcoholic fatty liver disease (NAFLD)
[7].

Together with the recognition of its severity and
harmfulness, great progress has been made
in HCC treatment. Treatment options largely
depend on the tumor stage of HCC. Up to now,
researchers have proposed more than 10 can-
cer staging systems to predict the prognosis of
HCC or to select the optimal treatment regimen,
such as Barcelona Clinic Liver Cancer (BCLC)
staging system and Hong Kong Liver Cancer
(HKLC) staging system [8]. Of these staging sys-
tems, the most widely recognized and clinically
used is BCLC, which classified HCC as stage O,
A, B, C and D. Based on these five categories,


http://www.ajcr.us

Recent progress in treatment of HCC

5-year OS rateAblation
33-55% RFA

38-60% PEI <= BCLCO0-A BCLC D —»Best supportive care

M O
| |
os
! W Sorafenib  10.7 months

60-70% HR <«- BCLCB BCLCC — Lenvatinib 13.6 months—

43.1-60% MWA

os
5-year OSrate

65-78% LT

Regorafenib  10.6 months

Cabozantinib 10.2 months

Ramucirumab 9.2 months
50% TACE Nivolumab s

Pembrolizumab 13.9 months

Figure 1. Treatment and prognosis of hepatocellular carcinoma in different stages. BCLC (Barcelona Clinic Liver
Cancer), RFA (radiofrequency ablation), PEI (percutaneous ethanol injection), MWA (microwave ablation), LT (liver

transplantation), HR (hepatic resection), TACE (transarterial chemoembolization), OS (overall survival).

HCC stage can be further subdivided, such as
stage Al, A2, A3, and A4. Since the assess-
ment and classification of BCLC are based on
tumor burden, patient performance status (PS)
and liver dysfunction, it has a strong ability to
classify and predict prognosis [9]. Through the
monitoring of high-risk groups, early stage HCC
patients can be identified for diagnosis and
treatment, and finally, different treatment me-
thods can be proposed for different patients,
which is incomparable to other staging systems
(Figure 1). Under the guidance of BCLC, the
early stage (BCLC O/A) HCC patients are mostly
treated with Liver transplantation (LT) and other
curative therapies. For the intermediate HCC
(BCLC B), locoregional treatments like transar-
terial chemoembolization (TACE) are mainly. For
patients with advanced HCC (aHCC), systemic
pharmacological treatment is currently the
most effective. Although various therapies are
available for HCC, the overall survival of pa-
tients is still far from satisfactory and there is a
great unmet need for more efficient therapies.

Herein, we review various clinical therapies for
patients with HCC. Meanwhile, we discuss mul-
tiple recent preclinical drugs and targets that
promise to provide more efficient therapies.

Clinical non-drug therapies
Hepatic resection

Hepatic resection (HR) is a recommended treat-
ment option in patients with good liver function
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and HCC satisfying the Milan criteria, which
involves up to 3 lesions < 3 cm or a single
lesion < 5 cm and no extra hepatic manifesta-
tions or vascular invasion [10]. It had a 5-year
overall survival (OS) rate of 60-70% [11]. Recent
reports have shown that HR is an appropriate
treatment for many patients with advanced dis-
ease or portal hypertension, as long as normal
liver function is maintained. Data from 3286
HCC patients treated with LT (n = 1218) or HR
(n = 2068) showed considering disease-free
survival (DFS), the cure fraction was 74.1%
after LT and was 24.1% after HR (effect size >
0.8) [12]. Unfortunately, more than half of
patients with primary HCC are diagnosed when
their disease has reached the intermediate or
advanced stages. Most of these patients devel-
oped multinodular tumors or macrovascular
invasion. Besides, because HCC often occurs
at the same time as liver cirrhosis, portal hyper-
tension occurs in a significant proportion of
patients. None of these patients should receive
liver resection as a first-line treatment accord-
ing to official western guidelines [13, 14].
However, recent studies [15-18] have demon-
strated that HR is still safe and effective for
HCC patients with large polytuberous HCC or
HCC patients involving macrovascular invasion
or portal hypertension, and the standard for the
use of hepatectomy should be amplified. At
present, laparoscopic, hand-assisted laparo-
scopic, hybrid approach with laparoscopic mo-
bilization and open parenchymal transection,
and robotic approaches have been applied in
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HR [19]. The safety and effectiveness of robotic
approaches for minimally invasive surgery in
HR have been demonstrated [20].

Liver transplantation

Liver Transplantation is an ideal treatment for
selected patients with HCC, as it removes both
the tumor and potential cirrhosis, with 5-year
survival rate exceeding 70% [21]. LT is suitable
for patients with BCLC stage A cancer meeting
the Milan criterion (single HCC nodules < 5 cm
or less than 3 nodules, all with a diameter of
less than 3 cm). Patients with HCC meeting the
Milan criterion had a 5-year OS rate of 65-78%
after LT [22]. LT is the only potentially curative
treatment for selected patients with cirrhosis
and HCC who are not candidates for resection.
The Milan criteria do not include objective mea-
sures of tumor biology. Thus, they neither cor-
relate well with a post transplant histological
study of the liver explant nor accurately predict
HCC recurrence after LT [23]. Different studies
[24-27] have shown that combination of one or
several biomarkers integrated into prognostic
models predict the risk of HCC recurrence after
LT more accurately than Milan criteria alone.
Therefore, many expanded criteria are now
incorporating different biologic markers, such
as alpha-fetoprotein. Among the various thera-
peutic options, surgery remains the preferable
option. However, the scarcity of donors for LT
has causes surgeons to adopt alternative ther-
apy that may bridge patients until an eventual
transplant becomes available. LT removes both
tumors and cirrhosis, though transplanted
patients frequently develop into metabolic, car-
diovascular, renal, and even other oncological
diseases [12]. Because the lack of donors has
limited the use of LT, many studies have been
conducted to replace donor organs, including
the liver support system. The liver support sys-
tem is mainly divided into artificial liver support
system and biological artificial liver support
system [28]. Recently, with experimental work
and early clinical applications reported, the
ability of the artificial liver support system to
partially replace the detoxification function of
the liver and to correct various biochemical
parameters has been demonstrated. However,
the biological artificial system still faces high
production cost and various development prob-
lems. In addition, the survival advantage of arti-
ficial liver still needs further clinical data proof
[29].
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Transarterial chemoembolization

Transarterial chemoembolization is an effec-
tive treatment for HCC patients in intermediate
stage [30], which effectively prolongs the sur-
vival time of HCC patients and improves the
2-year survival rate. Thus, it has become the
first choice of non-surgical treatment for liver
cancer [31]. TACE injects cytotoxic chemothera-
peutic drugs and embolization particles into
the tumor-feeding artery through the arteries,
resulting in ischemic necrosis of the tumor [32].

Conventional TACE (cTACE) is to inject the artery
of tumor nodule with the emulsion of lipiodol
chemotherapy drug, and then use the same
vascular embolization to obtain the synergistic
effect of cytotoxic activity of drug and ischemia.
Decompensated cirrhosis is generally consid-
ered an absolute contraindication for TACE
[33]. Other absolute contraindications include
a high tumor burden, large replacement of the
liver lobe, and tumor nodules > 10 cm, bile duct
obstruction, and untreated high-risk varicose
veins are relative contraindications, not abso-
lute contraindications [34]. Although the effec-
tiveness and superiority of cTACE are fully docu-
mented, there are still some unresolved issues.
For example, drugs such as doxorubicin may
release into the systemic circulation in the
interval between injection and embolization
and result in systemic toxicity [35, 36].

To overcome the drawback of cTACE including
systemic toxicity, lack of standardization and
unpredictability of outcomes, non-absorbable
embolized cell microspheres with cytotoxic
drugs (drug-eluting bead transarterial chemo-
embolization, DEB-TACE) have been developed
to avoid systemic toxicity. The risk of systemic
drug release is minimal due to both high-affinity
carrier activity of DEB-TACE and the absence of
time interval between injection and emboliza-
tion [37]. DEB-TACE, especially the adsorbed
DEB known as DEB-DOX™, has been widely
used in the treatment of liver cancer in Europe
and the United States [38]. Burrel et al. report-
ed the one-year, three-year and five-year sur-
vival rate of DEB-DOX™ is 89.9%, 66.3% and
38.3%, respectively, with the median survival
time of 48.6 months [39]. A meta-analysis of
seven studies (693 patients) compared DEB-
TACE with cTACE. The results indicated no sig-
nificant difference in the pooled estimates of
tumor response between DEB-TACE and cTACE.
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Therefore, DEB-TACE plays the same role in
tumor response as cTACE. Interestingly, Zou et
al. concluded that DEB-TACE was superior to
cTACE in higher complete response rates and
OS rates in HCC patients [40].

Transarterial radioembolization (TARE) is safe
and effective in the treatment of unresectable
HCC. TARE includes selective intra-arterial
administration through the percutaneous path-
way of microspheres containing radioactive
compounds (such as yttrium-90 or Lipiodol
labeled with iodine-131 or rhenium-188) [41].
About 90% of blood supply for HCC comes from
hepatic arteries, while 70% of blood supply for
normal liver parenchyma comes from the portal
venous system. TARE utilizes this concept to
provide targeted therapy for HCC with minimal
substantial damage. Although TACE is a stan-
dard treatment paradigm for patients with
BCLC-B HCC, studies have shown an increasing
role for TARE. While imaging response rates
and median overall survival (mOS) from day of
treatment appear comparable between TACE
and TARE, most patients treated with TARE
have the more advanced disease than those
with TACE and the treatment is less selective.
Nevertheless, TARE outperformed TACE in time
to disease progression (TTP), toxic side effects,
and quality of life after treatment. TARE has
been shown to be effective in patients with por-
tal vein thrombosis (PVT), a relative to TACE.
TARE can also be used as an alternative to
ablation and assisted resection of BCLC stage
A HCC [42].

A multi-center study showed that TACE com-
bined with sorafenib (TACE-S) prolonged medi-
an TTP by nearly two months, however, the dif-
ference was not statistically significant [31].
Several mechanisms may underlie the comple-
mentary action of TACE and sorafenib. TACE
embolization of the hepatic artery reduced the
blood supply of HCC and achieved a therapeu-
tic purpose. However, the side effects of TACE
include increased expression of vascular endo-
thelial growth factor (VEGF), impaired liver
function, and an increased likelihood of liver
cancer recurrence. Sorafenib can block the
angiogenesis and growth of liver cancer and
significantly improve OS and TTP in patients
with advanced liver cancer. Therefore, sorafenib
can reduce the side effects of TACE and improve
the positive effects of TACE [43].
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Apatinib, a highly selective vascular endothelial
growth factor receptor (VEGFR)-blocking agent,
has affinity 10 folds that of Sorafenib [44, 45].
For intermediate and advanced HCC, the long-
term curative effect of TACE combined with
apatinib is better than that of TACE alone. The
former can obviously prolong the progression-
free survival (PFS) of patients and has con-
firmed safety [46].

In recent years, TACE followed by radiofrequen-
cy ablation (RFA) [47] has been widely used.
After TACE, the necrotizing effect of RFA treat-
ment on tumor level is enhanced by reducing
hepatic arterial blood flow and reducing blood
heat absorption. In addition, during the treat-
ment of RFA, tumor necrosis is expected due to
ischemia and inflammation caused by oedema-
tous changes after TACE. Current clinical data
reveal that TACE combined with RFA is superior
to the single use of RFA or TACE alone in induc-
ing higher complete necrosis and increasing 0S
rates [48]. A meta-analysis by Ni et al. showed
significantly higher OS rate and relapse-free
survival rate for RFA and TACE combined than
for RFA alone [40]. Although it is thought to be a
safe and effective choice for treating patients
with the treatment of patients, TACE combined
with RFA has no advantage for the small dis-
ease less than 3 cm, perhaps because RFA
alone can achieve complete necrosis, making
TACE a redundant method for RFA [48].

The combination of TACE and microwave abla-
tion (MWA) [47] is another popular choice for
interventional therapy and is proven to be
effective. Chen et al. [40] analyzed the data
from 244 patients with HCC treated by TACE-
MWA or TACE alone, and found that the total
loss rate of the TACE-MWA group was 92.1%,
and the TACE group was only 46.3% (P < 0.001),
suggesting that TACE-MWA had a better reac-
tion for HCC patients with tumors < 5 cm com-
pared with TACE.

Ablation

With the development of ultrasound guidance
and other imaging technologies, percutaneous
ablation has become an important alternative
therapy for the treatment of small liver cancer
and cases of unresectable surgery [37]. Many
different ablation methods have been pro-
posed and accepted which include RFA, MWA,
percutaneous ethanol injection (PEl), laser
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ablation (LSA), cryoablation (CRA), high intensi-
ty focused ultrasound (HIFU) and their combi-
nations. Ablation techniques lead to tumor tis-
sue necrosis through various mechanisms,
such as thermal coagulation, rapid freezing and
chemical cell dehydration, with different post-
ablation effects [49-52]. Ablative therapy has
the characteristics of good curative effect, min-
imally invasive and easy to relapse. Ablative
therapy is generally applicable to patients with
small liver cancer, and for patients with Child-
Pugh class A (CP-A) or B (CP-B) liver dysfunc-
tion, up to three tumors each 3 cm or smaller in
diameter [53, 54].

In the treatment of early-stage HCC, image-
guided percutaneous ablation is considered
the best. PEl was once the standard of ablative
therapy as a well-tolerated, low-cost and fairly
safe treatment. The five-year survival rate of
patients who received ethanol injections was
reported to be 38-60% [55-58]. Currently, PEI
is the preferred treatment only if biliary reflux,
tumor adhesion to the gastrointestinal tract, or
other causes prevents RFA from being adminis-
tered [53].

As the most popular ablation method in recent
years, RFA has been applied to patients with
poor liver function with a limited tumor size of 5
cm, with similar results in OS and DFS com-
pared with HR [59]. The 5-year OS rate of HCC
patients after RFA was 39.9-68.5% [60].
Although treatment modality does not affect
DFS in patients with tumors < 2 cm in size,
underlying substantial status is more important
for long-term survival. As the preferred treat-
ment of HR without the advantage of survival,
RFA can provide better post-treatment health
related quality of life than HR [61]. Although
RFA can be successful as first line treatment
with size cut off of 2 cm, 3 cm and 5 cm, the
maximum tumor size for which and whether
RFA is safe and effective remains highly contro-
versial [62]. American Hepato-Pancreato-
Biliary Association and BCLC staging system
algorithm recommended a cut-off of 3 cm. The
effect of RFA technology decreases when the
tumor is larger than 2-3 cm in diameter or when
the tumor is located near the main blood vessel
(so-called “heat sink effect”) [63-65]. With
the increase of the target area, the effect of
RFA treatment decreased. In addition, some
organizational properties, such as conductivity,
thermal conductivity, dielectric constant, heat
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capacity, and blood perfusion rate, have a large
effect on the growth of the ablation zone. As
the progress of the ablation, the organization
becomes dehydrated and charred, thereby
increasing the impedance. Therefore, RFA is
limited by increasing in impedance and an
excessive local temperature [66-69]. Several
technical devices can be used to avoid this
effect, such as monitoring temperature or
impedance during the process or injecting
brine into the tissue around the RF needle [70].

Besides RFA, MWA is also one of the most com-
mon methods of percutaneous local ablation,
which causes tumor necrosis by transferring
heat directly. The 5-years OS rate was 43.1-
60% for patients after MWA [71]. MWA is based
on dielectric heating, which has a higher ther-
mal efficiency than RFA [72]. For MWA, less
time is required for ablation than for RFA, pro-
viding higher temperatures in the ablative zone.
The shorter time and higher thermal efficiency
of MWA lead to more predictable ablation zones
[73]. Several studies have found that MWA pro-
duces significantly larger regions than RFA [74-
76]. Thus, the apparent superiority of MWA over
RFA has made it an alternative method to RFA.
However, recent meta-analysis found that the
main complication rates of MWA were higher
than RFA although the results did not reach sta-
tistical significance [72]. Due to insufficient
clinical data, it is difficult to compare the inci-
dence of blood vessels and biliary complica-
tions between MWA and RFA, and high-quality
evidence is needed. In addition, the current
meta-analysis shows that percutaneous MWA
provides competitive if not superior results with
respect to RFA in terms of CR and recurrence
rate, particularly in larger tumours [77]. Com-
pared with RFA, MWA is more invasive and has
advantages in large tumors, in locations around
large vessels and in highly perfused areas,
where RF energy is limited. Therefore, MWA is
an alternative to RFA, but more clinical data is
needed to prove its superiority.

Irreversible electroporation (IRE) is a non-ther-
mal ablation technique which can induce the
formation irreversible nanopores in the cell
membrane by placing electrodes in/around the
target tumor and applying high-voltage current,
thereby altering cell permeability and ultimately
leading to apoptosis [78, 79]. Different from
heat-based ablative technologies like RFA and
MWA, IRE is not effective for tissues that lack
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normal cell membranes [80]. With this method,
the skeleton of connective tissue, vessels, and
bile ducts are largely preserved [81]. For
patients who cannot undergo surgery, thermal
ablation, or have tumors adjacent to important
structures, IRE is a good alternative for treating
HCC [82]. The study by Sebastian Mafeld et al.
represented patient survival at 36 months was
52% (95% credible interval [Cl], 22-75%) [80].
However, IRE is more invasive and troublesome
because general anesthesia requires muscle
blockade. In addition, IRE also produces a cer-
tain degree of thermal effect, which can dam-
age the bile duct and other structures [60].
Further research is necessary, especially in
terms of long-term outcomes.

HIFU is a non-invasive method for treating local-
ized tumors. In vitro, the beam of ultrasonic
beam can focus on the tumor target by focusing
and directivity. Through thermal effect, caving
effect and mechanical effect, HIFU can resultin
high temperature (65-100°C) in the focal area
in seconds, and cause tumor necrosis in the
absence of injury intervention tissue [83]. HIFU
has been widely used in the treatment of mul-
tiple primary solid tumors and even metastatic
tumors. It is safe and effective for HCC patients
with severe cirrhosis who are not suitable for
surgical treatment. The clinic trial by Tan To
Cheung et al. shown 3-year OS rate of patients
after HIFU was 81.2% [84]. Compared with the
typical tumor treatment scheme, such as TACE,
HIFU features distinctive advantages including
non-invasive operation, small focus, non-radio-
active and no damage to normal tissues in the
acoustic-propagating path [85]. However, the
energy dispersion increases with the increase
of the distance the ultrasound travel through
the tissue and the blood flow in the lesion [86].
Therefore, in the treatment of deep lesions or
high vascular supply lesions, there should be
more HIFU energy deposition in the target area.
Changing the acoustic environment of tissues
is a feasible and important strategy to improve
the efficacy of HIFU [87]. Several studies have
focused on changing the acoustic environment
and changing the acoustic properties of the tar-
get area (ethanol injection) by introducing high-
volume impedance material (iodized oil), chang-
ing the blood supply in the target area, and
introducing cavitation nuclei to enhance HIFU
cavitation (microbubble contrast) [88, 89].
Previous studies have demonstrated that TACE
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+ HIFU combination therapy is more effective
than HIFU or TACE alone for treating HCC, and
has a better OS rate [90, 91].

In contrast to RFA and MWA, CRA uses extreme-
ly low temperatures to induce cell dehydration
and rupture and damages blood vessels lead-
ing to ischemic hypoxia to kill tumors [60]. CRA
can control the treatment effect during the pro-
cedure by various imaging modalities, such as
CT, MRI, or ultrasound [92, 93]. Data from a
clinical trial involving 1163 patients shown the
5-years OS rate was 59.5% [94]. A meta-analy-
sis concluded that radiofrequency ablation was
superior to cryoablation in terms of complica-
tions, patient local recurrence, and tumor local
recurrence, although there was no significant
difference in mortality [95].

Chimeric antigen receptor-engineered T cell
(CAR-T) immunotherapy

Adoptive T-cell transfer has been successfully
used in the treatment of cancer, such as mela-
noma and hematologic malignancies [96].
CAR-T cells recognize tumor cell surface anti-
gens by using single-chain variable regions
(scFv) composed of variable heavy and light
chains of a tumor associated antigen (TAA)-
specific monoclonal antibody as the extracellu-
lar antigen recognition domain, allowing them
to target specific tumor cells. This is connected
by the spacer to the transmembrane and intra-
cellular signaling domains for signal transduc-
tion and T cell activation [97, 98]. At least 10
phase I/Il clinical trials in China are currently
investigating the use of CAR-T cells in advanced
liver cancer [99]. Compared with traditional
adoptive T cell transfer therapy, CAR-T has
some advantages, such as higher specificity to
antigens and higher major histocompatibility
complex (MHC) dependence on tumor cells.
CAR-T therapy is considered as a potential ther-
apeutic agent for malignant tumors [100, 101].
Above clinical non-drug treatments for HCC are
summarised in Table 1.

Clinical systemic pharmacological treatments
First-line systemic therapy
Sorafenib

Sorafenib (BAY-43-9006), marketed by Bayer
as Nexavar® (USA), is an oral multikinase inhib-
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Table 1. Clinical non-drug treatment for HCC

Treatment Application scope First author/s  Year Ref.
HR HCC patients with good liver function and HCC satisfying the Milan criteria Zhong JH 2016 [10]
LT HCC patients with BCLC stage A cancer meeting the Milan criterion Song P 2017 [22]
TACE
cTACE intermediate stage HCC without portal vein invasion Raoul JL 2011 [34]
DEB-TACE HCC patients with BCLC stage B Tsurusaki M 2015 [38]
TARE HCC patients with unresectable, intermediate stage HCC Kallini JR 2016 [41]
TACE-A HCC patients with BCLC stage C Verslype C 2012 [45]
TACE-S HCC patients with BCLC stage C Cabibbo G 2014 [42]
TACE-RFA  HCC patients with BCLC stage A Han K 2015 [46]
TACE-MWA HCC patients with BCLC stage A Han K 2015 [46]
Ablation
PEI HCC patients unable to apply RFA Omata M 2017 [54]
RFA HCC patients with poor liver function with limited tumor size of 5 cm Ahn KS 2019 [62]
MWA HCC patients with poor liver function with limited tumor size of 5 cm Tan W 2019 [73]
IRE HCC patients who cannot undergo surgery, thermal ablative procedures or tumor lying close to vital structures ~ Zimmerman A 2017 [82]
HIFU HCC patients with multiple primary solid tumors and even metastatic tumors You Y 2016 [85]
CRA primary HCCs (> 2 cm) Hu J 2019 [93]
CAR-T Patients with advanced liver cancer ChenY 2018 [99]

HCC (hepatocellular carcinoma), HR (hepatic resection), LT (liver transplantation), TACE (transarterial chemoembolization), cTACE (conventional TACE), DEB-TACE (drug-eluting bead
TACE), TARE (transarterial radioembolization), TACE-A (TACE plus lapatinib), TACE-S (TACE plus sorafenib), PEI (percutaneous ethanol injection), RFA (radiofrequency ablation), MWA
(microwave ablation), IRE (irreversible electroporation), HIFU (high intensity focused ultrasound), LITT (laser induced hyperthermia), CRA (cryoablation), CAR-T (chimeric antigen
receptor-engineered T cell immunotherapy).
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itor approved by food and drug administration
(FDA) for the treatment of unresectable HCC
since 2007, which was based on the results
from the SHARP and ORIENTAL trials and
advanced renal cell carcinoma since 2006
[102, 103]. Sorafenib at dose of 800 mg/day is
proven to provide consistent survival benefit
and is the first-line systemic therapy for patients
with progressive or aHCC [102, 104].

It inhibits the activity of several tyrosine kinas-
es, which is involved in tumor angiogenesis
and progression, including VEGFR-2/3, plate-
let-derived growth factor receptor (PDGFR), FIt3
and c-Kit, and also targets Raf kinases involved
in the MAPK/ERK pathway [105]. Recently, shu-
goshin-like 1 (SGOL1) is found as an indicator
of prognosis and a druggable target for HCC
treated with sorafenib by CRISPR screen [106].

The result that sorafenib significantly increased
survival of aHCC patients with different territo-
ries was based on two phase Ill randomized,
multicenter, double-blind, placebo-controlled
trials, the SHARP trial (in Europe and the USA)
[102] and ORIENTAL trial (in Asia-Pacific
regions) [104] in 2007 (a dose of 400 mg twice
daily). In the SHARP trial, 602 aHCC patients in
northern America and western Europe were
enrolled, and the results that the mOS was
10.7 months in the sorafenib group and
7.9 months in the placebo group, which dem-
onstrated that the survival benefits from
sorafenib were superior to placebo. In the
ORIENTAL trial, 271 aHCC patients from the
Asia-Pacific region were enrolled and the result
that the mOS was 6.5 months in the sorafenib
group and 4.2 months in the placebo group,
which was similar to that of the SHARP trial.
However, the SHARP and ORIENTAL trials both
showed that sorafenib only prolongs the 0S
period by approximately 3 months in patients
with aHCC.

It was showed that sorafenib treatment pro-
vides a survival benefit in all subgroups of
patients with HCC. However, heterogeneity in
response to sorafenib is increasingly being rec-
ognized after analyzing two phase Il studies.
The magnitude of benefit is greater in patients
with disease confined to the liver (without extra-
hepatic spread), or in these with HCV, or a lower
neutrophil-to-lymphocyte ratio, an indicator of
inflammation status. These helps inform the
prognosis of patients receiving sorafenib thera-
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py and provide further refinements for the
design of trials testing new agents vs. sorafenib
[107]. The utility of sorafenib in patients with
aHCC and CP-B liver function remains a subject
of debate. However, recently it was found that
CP-B liver function (versus CP-A) is associated
with worse OS by a meta-analysis [108]. Hepatic
arterial infusion chemotherapy plus sorafenib
in phase |l trials has shown favorable tumor
control and a manageable safety profile, though
in phase Il trials did not [109]. However,
sorafenib was found to be ineffective as an
adjuvant treatment after curative resection or
as a concurrent treatment with TACE [110-113].
The addition of hepatic arterial infusion che-
motherapy to sorafenib did not significantly
improve overall survival in patients with aHCC
[109].

During Sorafenib treatment, associated toxici-
ties were observed, including gastrointestinal
upset, anorexia, hand-foot skin reactions, and
fatigue with an overall 30% occurrence of grade
3-4 severity events requiring permanent dis-
continuation in approximately 28% of treated
patients [114].

Lenvatinib

Lenvatinib, an oral multikinase inhibitor, is a
potent inhibitor of VEGFR1-3 and other proon-
cogenic and prooncogenic receptor tyrosine
kinases, including fibroblast growth factor re-
ceptors (FGFR1-4), PDGFRax, KIT, and RET, in
which blockade of activated FGF signaling path-
ways and potent anti-angiogenic activity under-
lie antitumor activities [115, 116].

The recent open-label, phase lll, multicenter,
non-inferiority trial (REFLECT) [117] demon-
strated lenvatinib was non-inferior to sorafenib
in OS in unresectable aHCC. In the non-inferior-
ity trial, 954 aHCC patients in the Asia-Pacific,
European, and North American regions were
enrolled, and the results that the mOS was
13.6 months (95% Cl, 12.1-14.9) in the lenva-
tinib group and 12.3 months (10.4-13.9; haz-
ard ratio [HR], 0.92; 95% CI, 0.79-1.06) in the
sorafenib group, meeting the criteria for non-
inferiority and suggesting that the survival ben-
efits from lenvatinib were non-inferior to sora-
fenib. A post-hoc exploratory analysis [118] of
the REFLECT trial reported longer survival
among patients with an objective response,
which suggested that objective response may
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serve as a better surrogate endpoint for pro-
longed overall survival in patients with unre-
sectable aHCC. A multicenter analysis [119]
reported lenvatinib can be used safely and effi-
caciously regardless of age in patients with
HCC. It was reported that there was a clear
trend in favor of lenvatinib over sorafenib (HR,
0.82; 95% CI, 0.60-1.15) for HBV-positive pa-
tient however no differences for HCV-positive,
showing that lenvatinib could be the best drug
for HBV-positive patients in 59% of cases com-
pared to only 1% of patients treated with
sorafenib [120]. Cost-Utility Analysis show-
ed that lenvatinib offered similar clinical effec-
tiveness at a lower cost than sorafenib, sug-
gesting that lenvatinib would be a cost-saving
alternative in treating unresectable HCC [121,
122].

In the randomized phase Il non-inferiority trial,
the overall incidence of adverse events (AES)
was similar between the two treatment groups
and any-grade adverse events, hypertension
(42%), diarrhea (39%), decreased appetite
(34%), and decreased weight (31%) for lenva-
tinib, and palmar-plantar erythrodysaesthesia
(52%), diarrhea (46%), hypertension (30%), and
decreased appetite (27%) for sorafenib were
the most common [117].

Nivolumab

Nivolumab is a programmed cell death pro-
tein-1 (PD-1) immune checkpoint inhibitor. In
phase I/Il, open-label, non-comparative, dose-
escalation and expansion trial (CheckMate
040) [123], the safety and efficacy of nivolum-
ab in patients with aHCC with or without chronic
viral hepatitis were demonstrated. A dose-
escalation phase was conducted in four coun-
tries or territories (USA, Spain, Hong Kong, and
Singapore), in which the overall objective
response rate (ORR) was 15%, with a disease
control rate (DCR) of 58% and an OS of 15
months and a dose-expansion phase was con-
ducted in 11 countries (Canada, UK, Germany,
Italy, Japan, South Korea, Taiwan et al.), in
which more than 200 patients who were treat-
ed with nivolumab had a six-month survival rate
of 83% and a nine-month survival rate of 74%.

On June 24, 2019, a randomized, multi-center
phase Il study [124] of nivolumab vs. sorafenib
as first-line treatment in patients with aHCC
(CheckMate-459) was published for the effica-
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cy of nivolumab in first-line to show superiority
over sorafenib, in which 643 patients were
randomly assigned to either treatment with a
minimum follow-up of 22.8 months. However,
according to the predefined threshold of statis-
tical significance (HR, 0.84; P = 0.0419), statis-
tical significance for its primary endpoint of OS
was not achieved, and the specific data have
not been published. Regardless, the trial
CheckMate-459 revealed a clear trend of
improvement mOS for patients treated with
nivolumab or sorafenib. However, this trial
failed to show a superiority of immunotherapy
over sorafenib indicating that either better
patient selection or combination therapies are
required to significantly improve mOS with
immunotherapy in aHCC. The exploration of
nivolumab in HCC will continue.

Second-line systemic therapy

Regorafenib

Regorafenib, an oral multi-kinase inhibitor,
targets angiogenic (VEGFR1-3, TIE2), stromal
(PDGFR-B, FGFR), and oncogenic receptor tyro-
sine kinases (KIT, RET, and RAF) [125].

In 2013, a multicenter, open-label and phase Il
clinical trial [126] revealed that regorafenib had
acceptable tolerability and evidence of antitu-
mor activity in patients with intermediate or
aHCC. In the RESORCE study [127], a random-
ized, double-blind, parallel-group, phase lll trial,
573 aHCC patients who tolerated sorafenib (>
400 mg/day for > 20 of last 28 days of treat-
ment) in 21 countries were enrolled, and ran-
domly assigned in a 2:1 ratio to receive rego-
rafenib (oral dose 160 mg daily during weeks
1-3 of each 4-week cycle) or matching placebo
(once daily during weeks 1-3 of each 4-week
cycle). The results that OS with a hazard ratio of
0.63 (95% Cl, 0.50-0.79; one-sided P < 0.0001)
was improved and median survival was 10.6
months (95% Cl, 9.1-12.1) for regorafenib ver-
sus 7.8 months for placebo that the survival
benefits from regorafenib were superior to pla-
cebo. The most common clinically relevant
grade 3 or 4 treatment-emergent events were
hypertension (15% vs. 5%), hand-foot skin reac-
tion (3% vs.1%), fatigue (9% vs. 5%), and diar-
rhea (3% vs. 0%). The exploratory analyses
[128] from the phase IIl RESORCE trial showed
that a clinical benefit was conferred regardless
of the last sorafenib dose or tumour progres-

Am J Cancer Res 2020;10(9):2993-3036



Recent progress in treatment of HCC

sion on prior sorafenib, and rates of adverse
events were generally similar regardless of the
last sorafenib dose.

Besides, regorafenib as a second-line agent in
the treatment of HCC is not cost-effective at
commonly accepted willingness to pay thresh-
olds because the modest incremental thera-
peutic benefit is at a relatively high incremental
cost of its treatment [129].

Cabozantinib

Cabozantinib is an oral multiple tyrosine kinase
receptor inhibitor with activity against VEGFR1-
3, MET, AXL, and inhibition of c-MET and VEGFR
decrease resistance of VEGFR inhibitor via
¢c-MET axis [130].

In a randomized, double-blind, phase Il trial
(CELESTIAL) [131], a total of 707 patients with
previously treated aHCC were randomly assig-
ned in a 2:1 ratio to receive cabozantinib (60
mg once daily) or matching placebo, and the
results showed the mOS was 10.2months in
the cabozantinib group and 8.0 months in the
placebo group (HR for death, 0.76; 95% ClI,
0.63 to 0.92; P = 0.005), demonstrating that
the survival benefits from cabozantinib were
superior to placebo. Median PFS was 5.2
months in cabozantinib group and 1.9 months
in placebo (HR for disease progression or
death, 0.44; 95% CI, 0.36 to 0.52; P < 0.001),
and the ORRs were 4% and less than 1%,
respectively (P = 0.009), demonstrating that
PFS from cabozantinib were superior to place-
bo. However, grade 3 or 4 adverse events
occurred in 68% in the cabozantinib group,
which was approximately twice to placebo

group.

Based on the exposure-response (ER) analyses
[132] in HCC patients from the CELESTIAL trial,
cabozantinib exposure at the approved 60 mg
daily dose is predicted to provide longer OS,
decreased rate of cancer progression or death,
but increase of adverse events compared with
40 mg or 20 mg starting doses. Subsequent
dose reduction appeared to decrease these
risks of adverse events.

A cost-effectiveness analysis [133] reported
that cabozantinib at its current cost would not
be cost-effective for patients with sorafenib-
resistant HCC from the payer’s perspective in
the USA, UK or China.
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Ramucirumab

Ramucirumab is a recombinant IgG1 monoclo-
nal antibody and VEGFR-2 antagonist.

In a randomized, placebo-controlled, double-
blind, multicenter, phase lll trial (REACH) [134],
565 patients were enrolled from 154 centers in
27 countries (283 were assigned to ramuci-
rumab with 8 mg/kg every 2 weeks and 282
were assigned to placebo). The result that mOS
was 9.2 months (95% Cl, 8.0-10.6) in the ramu-
cirumab group and 7.6 months (HR, 0.87; 95%
Cl, 0.72-1.05; P = 0.14) in the ramucirumab
group and 7.6 months (HR, 0.87; 95% ClI, 0.72-
1.05; P = 0.14) in the placebo group showed
that second-line treatment with ramucirumab
did not significantly improve survival over pla-
cebo in patients with aHCC. Although the OS
between the two groups were not statistically
significant, subgroup analysis showed that pa-
tients with elevated serum alpha fetoprotein (>
400 ng/mL) achieved a better OS benefit from
ramucirumab treatment compared with place-
bo. The mOS in ramucirumab group was 7.8
months, which was significantly greater than
4.2 months in placebo group.

Accordingly, a randomized, double-blind, place-
bo-controlled, phase 3 trial (REACH-2) was initi-
ated in these patients with advanced HCC and
increased o-fetoprotein concentrations [135].
In REACH-2 study [136], 292 patients were
enrolled in 20 countries and randomly assigned
(197 to the ramucirumab group and 95 to the
placebo group). The result that the mOS was
8.5 months (95% Cl, 7.0-10.6) in the ramuci-
rumab group and 7.3 months in the placebo
group (HR, 0.710; 95% CI, 0.53-0.95; P =
0.019) and PFS was 2.8 months vs. 1.6 months
(0.452; P < 0.0001). This study suggested that
second-line treatment with ramucirumab sig-
nificantly improved overall survival in HCC
patients with higher a-fetoprotein level of at
least 400 ng/mL. Besides, ramucirumab was
well tolerated with a manageable safety profile
and a low incidence of adverse events. More-
over, ramucirumab is not a cost-effective treat-
ment from a United States payer perspective
[437].

Pembrolizumab

Pembrolizumab, a PD-1 monoclonal antibody is
IgG4 antibody specific for the human. Aimed to
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Figure 2. Small-molecule inhibitors for first-line and second-line systemic therapy. The chemical structure is from

“chemspider.com”.

assess the efficacy and safety of pembrolizum-
ab in patient’s population with aHCC previously
treated with sorafenib, a non-randomized, mul-
ticenter, open-label, phase Il trial (KEYNOTE-
224) was led. In KEYNOTE-224 [138], 104 eli-
gible patients in 47 medical centers and hospi-
tals across ten countries were enrolled and
treated. The results showed that pembrolizum-
ab was effective and tolerable in patients with
HCC who had previously been treated with
sorafenib.

Accordingly, further assessment in random-
ized, double-blind, phase Il study in patients
with HCC (KEYNOTE-240) was conducted to
evaluate the efficacy and safety of pembroli-
zumab in this population. In KEYNOTE-240
[139], 413 patients at 119 medical centers in
27 countries were enrolled and randomly
assigned at a two-to-one ratio to receive pem-
brolizumab plus best supportive care (BSC) or
placebo plus BSC. The mOS was 13.9 months
(95% CI, 11.6-16.0) in pembrolizumab group
versus 10.6 months (95% ClI, 8.3-13.5) in pla-
cebo group (HR, 0.781; 95% Cl, 0.611-0.998; P
= 0.0238), and median follow-up was 13.8
months versus 10.6 months. The median PFS
for pembrolizumab was 3.0 months versus 2.8
months for placebo at the first interim analysis
(HR, 0.775; 95% ClI, 0.609-0.987; P = 0.0186)
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and 3.0 months versus 2.8 months at final
analysis (HR, 0.718; 95% CI, 0.570-0.904; P =
0.0022). It was showed that these differences
did not reach statistical significance, which is
consistent with those of KEYNOTE-224, sup-
porting a favorable risk-to-benefit ratio for pem-
brolizumab in this population.

In the phase Ill KEYNOTE-394 trial in Asia as
second-line therapy for patients with aHCC
pembrolizumab continues to be assessed
(NCT03062358). Above small-molecule inhibi-
tors for first-line and second-line systemic ther-
apy are shown in Figure 2 and summarised in
Table 2.

Investigational drugs in phase Il clinical trials

Capmatinib (INC280)

Capmatinib, a highly potent and selective MET
inhibitor in biochemical and cellular assays,
causes regression of MET-dependent tumor
models in animals at well tolerated doses. It
was showed that MET-amplified experimental
HCC tumors were highly sensitive to capma-
tinib. In the phase Il clinical trial [140], 38
patients received treatment and it was found
that single agent capmatinib at the recom-
mended dose for expansion was tolerable with
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Drug

Targets

Phase Ill study

Versus Primaryend point Firstauthor/s Year

Multikinase inhibitor
Sorafenib

Lenvatinib
Regorafenib
Cabozantinib
Monoclonal antibody
Nivolumab
Ramucirumab

Pembrolizumab

VEGFR2/3, PDGF-R, FIt3, c-Kit, Raf
VEGFR1-3, FGFR1-4, PDGFRa, KIT, RET
VEGFR1-3, TIE2 PDGFR-B, FGFR, KIT, RET, RAF
VEGFR1-3, C-MET, AXL

PD-1
VEGFR2

PD-1

SHARP (n = 602)

ORIENTAL (n = 271)
REFLECT (n = 954)
RESORCE (n = 573)
CELESTIAL (n = 707)

placebo 0S, 10.7 months (7.9) Llovet J]M 2008
placebo  0S, 6.5 months (4.2) Cheng AL 2009
sorafenib 0S, 13.6 months (12.3) Kudo M 2018
placebo 0S, 10.6 months (7.8) Bruix J 2017
placebo 0S, 10.2 months (8.0) Abou-Alfa GK 2018

CheckMate-459 (n = 643) sorafenib Not achieved Yau T 2019

REACH (n = 565)
REACH-2 (n = 292)
KEYNOTE-240 (n = 413)

placebo  0S, 9.2 months (7.6) Zhu AX 2015
placebo  OS, 8.5 months (7.3) Zhu AX 2019
placebo 0S, 13.9 months (10.6) Finn RS 2019

[117]
[126]
[131]

[124]
[134]
[136]
[139]

HCC (hepatocellular carcinoma), OS (overall survival), VEGFR (vascular endothelial growth factor receptor), PDGFR (platelet-derived growth factor receptor), FGFR (fibroblast growth
factor receptor), RET (glial cell-derived neurotrophic factor receptor), C-MET (hepatocyte growth factor receptor), KIT (stem cell factor receptor).
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a manageable safety profile. In subset of pa-
tients with MET-dysregulated (MET-high) HCC,
antitumor activity existed. The most common
causality adverse events were nausea (42%),
vomiting (37%), and diarrhea (34%) in the 38
patients.

Nintedanib

Nintedanib, an oral small-molecule, triple angio-
kinase inhibitor of VEGFR1-3, PDGFRa and (3,
FGFR1-3, FIt-3, Lck, Lyn and Src, has anti-
tumour and anti-angiogenic activity in preclini-
cal models of HCC. In the phase Il clinical trial
[141], 93 patients were randomized to ninte-
danib (n = 62) or sorafenib (n = 31). The result
that the median TTP was 5.5 vs. 4.6 months
(HR, 1.44; 95% ClI, 0.81-2.57), the mOS was
11.9 vs. 11.4 months (HR, 0.88; 95% ClI, 0.52-
1.47), the median PFS was 5.3 vs. 3.9 months
(HR, 1.35; 95% CI, 0.78-2.34) showed that nint-
edanib may have similar efficacy to sorafenib in
aHCC.

Axitinib

Axitinib, a selective potent TKI of VEGFR1-3,
deserves to be explored in HCC. In a phase Il
clinical trial [142], axitinib with BSC did not
improve OS versus placebo with BSC in the
overall population or in stratification subgroups.
However, it resulted in significantly longer PFS
and TTP and higher clinical benefit rate, with
acceptable toxicity in patients with aHCC.

The other phase Il clinical trial [143], in which
eligible patients were Child-Pugh A/B7, with
measurable progressive disease after TKis/
antiangiogenic drugs, found that axitinib show-
ed encouraging tolerable clinical activity in
VEGF-pretreated HCC patients. However, fur-
ther study should be in a selected population
incorporating potential biomarkers of response.
Besides, the combination of axitinib and TACE
was found potentially efficacious for patients
with inoperable HCC with a high radiologic
response rate [144].

Dovitinib

Dovitinib, a potent inhibitor of FGFRs, VEGFRs,
and PDGFR, has antitumor activity mediated
by antiproliferative and antiangiogenic effects.
In phase Il clinical trial [145], a total of 165
patients were randomized 1:1 to dovitinib or
sorafenib, aim to compare dovitinib versus
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sorafenib. The mOS (95% Cl) was 8.0 months
for dovitinib versus 8.4 months for sorafenib,
and the median TTP (95% CI) per investigator
assessment was 4.1 months versus 4.1 mon-
ths. The result showed that dovitinib was well
tolerated. However, activity was not greater
than sorafenib as a frontline systemic therapy
for HCC. Based on these data, subsequent
phase lll study has been not planned.

Decitabine

Decitabine (5-Aza-2’-deoxycytidine), an epigen-
etic drug inhibiting DNA methylation, has been
approved by FDA for treatment of myelodys-
plastic syndrome and acute myelogenous leu-
kemia. Aimed to determine the safety and effi-
cacy of lower-dose decitabine based therapy in
pretreated patients with aHCC, the phase I/l
clinical trial was conducted. In phase I/Il clinical
trial [146], 15 patients were enrolled, and the
favorable adverse events and liver function pro-
files were observed. The median PFS was 4
months (95% Cl, 1.7-7), comparing favorably
with existing therapeutic options and expres-
sion decrement of DNA (cytosine-5-)-methyl-
transferase 1 (DNMT1) and gobal DNA hypo-
methylation were observed in peripheral blood
mononuclear cells (PBMCs). The result showed
the lower-dose decitabine based treatment
resulted in beneficial clinical response and
favorable toxicity profiles in patients with aHCC.

Codrituzumab

Codrituzumab, a humanized monoclonal anti-
body against Glypican-3 (GPC3) expressed in
HCC, interacts with CD16/FcyRllla and triggers
antibody-dependent cytotoxicity. In the phase Il
clinical trial [147], 185 patients with aHCC who
had failed prior systemic therapy (125 received
codrituzumab and 60 placebo) were enrolled.
The result that the median PFS was 2.6 vs. 1.5
(HR, 0.97; P = 0.87) and the mOS was 8.7 vs.
10 (HR, 0.96; P = 0.82), suggesting that codri-
tuzumab did not show clinical benefit in this
previously treated HCC population.

Bevacizumab + Erlotinib

Bevacizumab is a monoclonal antibody direct-
ed against VEGF. Erlotinib is TKI of EGFR. In the
phase Il clinical trial [148], 90 patients with
aHCC, Child-Pugh class A-B7 cirrhosis and no
prior systemic therapy were enrolled and were
randomly assigned (1:1) to receive bevacizum-
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Figure 3. Investigational small-molecule inhibitors in phase Il clinical trials in the last five years. The chemical struc-
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ab + erlotinib and sorafenib. The results showed
that there was no difference in efficacy between
the bevacizumab + erlotinib and sorafenib
arms, although the safety and tolerability pro-
file of bevacizumab + erlotinib was over
sorafenib based on competing risk analysis.

Temozolomide + Veliparib (ABT-888)

Temozolomide (TMZ), a well-studied DNA-
methylating agent crossing the blood-brain bar-
rier, is licensed for the treatment of gliomas
and frequently used off-label for malignant
melanoma and HCC. Veliparib (ABT-888), an
orally bioavailable PARP-1/2 inhibitor, possess-
es an excellent efficacy and pharmacokinetic
profile. In the phase Il clinical trial [149], 16
patients were enrolled in the first phase of the
trial, but the study was discontinued due to a
poor ORR. The combination of TMZ and ABT-
888 is well tolerated in patients with aHCC.
However, the phase Il clinical trial failed to show
survival benefit. Above investigational small-
molecule inhibitors in phase Il clinical trials in
the last five years are shown in Figure 3.

Drugs combined with sorafenib

In the phase Il clinical trial, no evidence was
found that sorafenib with mapatumumab [150],
everolimus [151], bevacizumab [152], treba-
nanib [153], resminostat [154], gemcitabine
and oxaliplatin (GEMOX) [155], bavituximab
[156] improved the efficacy compared with
sorafenib alone.
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Resminostat: The result of the phase Il clinical
trial [157] showed the combination of sorafenib
and resminostat in HCC patients was safe and
had early signs of efficacy.

AEG35156: The result of the phase Il clinical
trial [158] showed AEG35156 with sorafenib
had additional activity in terms of ORR and was
well tolerated. AEG35156 with sorafenib had
moderate benefit on PFS, especially in the
dose-reduced subgroups.

Capecitabine: The result of the phase Il clinical
trial [159] showed that the combination of
sorafenib and capecitabine at tolerable doses
may be an active and safe palliative treatment
for HCC in Child-Pugh class A-B7 patients with
cirrhosis. However, comparison with single-
agent sorafenib was not allowed, due to the
small sample size.

Refametinib: In the phase Il clinical trial [160],
a mOS of 12.7 months with refametinib plus
sorafenib in a small population of RAS-mutant
patients may indicate a synergistic effect be-
tween sorafenib and refametinib.

Modified FOLFOX: FOLFOX4 consisted of bolus
5-fluorouracil (5-FU) 400 mg/m?, infusional
5-FU 600 mg/m? over 22 hours on day 1 and 2,
bolus leucovorin 100-200 mg/m?, and oxalipla-
tin 85 mg/m? repeated every 2 weeks. In the
phase Il clinical trial [161] of sorafenib with
modified FOLFOX, the pre-specified endpoint
with encouraging efficacy was met but moder-
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ate hepatotoxicity, which showed sorafenib
with modified FOLFOX may be effective in select
patients with adequate liver reserve. Above
investigational small-molecule inhibitors com-
bined with sorafenib in phase Il clinical trials in
the last five years are shown in Figure 4.

Preclinical non-drug therapies
Oncolytic virus

Oncolytic viruses have shown the possibility for
treating HCC. Recently, research has reported
a hereditary virus type 1-based oncolytic vec-
tor, LDO-GFP, which is a novel killer against HCC
and other types of cancer cells [162]. Intra-
tumoral and intravenous injections of LDO-GFP
have shown strong anti-HCC ability with low tox-
icity. LDO-GFP virus therapy can provide a
potentially less toxic and more effective option
for local and systemic treatment of HCC. This
approach also provides new insights into the
efforts to develop the best oncolytic carriers for
cancer treatment.

At the same time, some researchers integrated
the GP73 promoter and SphK1-shRNA into the
Ad5 adenoviral vector to construct GP73-
SphK1sR-Adb, which exhibits a strong inhibito-
ry effect in HCC cell line Huh7 and promote
apoptosis [163]. In addition, intratumoral injec-
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tion of GP73-SphK1sR-Ad5 significantly inhib-
its tumor growth and prolong the survival time
of mice, though its toxicity remains unclear.

Cytokine-armed vaccinia virus also showed a
good inhibitory effect against HCC [164]. For
example, the recombinant VV-IL-37 which was
constructed by inserting IL-37 gene into the
poxvirus genome significantly inhibit HCC
growth, which may be related to the abnormal
regulation of the JAK/STAT3 signaling pathway.

Mesenchymal stem cells

In recent years, mesenchymal stem cells
(MSCs) have the potential for cell therapy of
HCC. Bone marrow MSCs have an inhibitory
effect against HCC, suggesting that bone mar-
row MSCs have the potential as a new thera-
peutic agent [165, 166]. It has also been
reported that co-treatment of bone marrow
MSCs with melatonin enhanced the anti-HCC
effect of MSCs by inducing apoptosis and pre-
venting inflammation [167].

In terms of adjuvant therapy, some researchers
have found that through direct co-culture and
indirect separation and culture experiments,
adipose tissue mesenchymal cells (AT-MSCs)
can enhance the inhibition effect of growth,
migration, and invasion in HCC cells both in
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vitro and in vivo. The up-regulation of p53 and
caspases expression, down-regulation of tran-
scriptional activation factor 3 and matrix metal-
lopeptidases might be responsible for this
effect [168]. The above studies provided new
ideas and understanding for stem cell treat-
ment of HCC.

Biological clock

The progression of HCC depends on a variety of
mechanisms. They may cause genetic muta-
tions in proto-oncogenes and tumor suppres-
sor genes, as well as dysfunctions in key signal-
ing pathways, such as Wnt/B-catenin, PI3K/
Akt/mTOR, Hedgehog and MAPK signal path-
ways which are closely related to the biological
clock circuit. Disorders in these pathways may
lead to the development of HCC [169].

Recently, the biological clock was used for HCC
treatment, including time-dependent changes
in diet and lifestyle. The molecular clock and
circadian system that are still being evaluated
[170]. A more comprehensive understanding of
the biological clock-related non-alcoholic fatty
liver disease signaling pathway in the process
of cirrhosis and HCC can provide new strate-
gies for HCC treatment.

Gut microbiome composition

NAFLD includes a variety of liver pathological
conditions, such as simple steatosis to non-
alcoholic steatohepatitis (NASH), which causes
cirrhosis and HCC. In fact, there have been
reports that qualitative and quantitative chang-
es in gut microbiome composition (referred to
as ‘dysbiosis’) and derangement in the gut-liver
axis have been shown to be independently
related to the development of NAFLD and its
progression to NASH and HCC [171]. Therefore,
the regulation of microbial flora in specific spe-
cies may become a method in personalized
NAFLD treatment, and then a potential treat-
ment for HCC.

Intestinal biological disorders are also causally
related to the development of HCC [172].
Depletion of the host flora after gut sterilization
can significantly inhibit tumorigenesis in HCC
induced by diethylnitrosamine [173]. Consistent
with these findings, there have been reports
that mice grown under sterile conditions have
smaller and fewer liver tumors [174]. These
studies have shown that intestinal microflora is
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related to promoting tumorigenesis, mediating
proliferation and apoptosis [173, 174]. Regu-
lation of the intestinal flora will also be a poten-
tial means of treating liver cancer.

Bioartificial liver devices

At present, organ transplantation and hepatec-
tomy are still efficient HCC treatments. However,
the surgical risk leads to liver failure or abnor-
mal liver function, The emergence of extracor-
poreal bioartificial liver (BAL) devices has made
a breakthrough in the postoperative treatment
of HCC [175].

BAL devices connect to the patient’s venous
circulation with the possibility of plasma sepa-
ration. Plasma flows through the bioreactor
containing liver cells to complete normal meta-
bolic exchange then flow back, thus simulating
liver metabolism in vitro. The extracorporeal
liver assists device (ELAD), which cultured
human hepatoblastoma cell line HepG2 C3A in
a hollow fiber dialysis box to simulate normal
liver metabolism [176]. Another BAL system is
HepatAssist, which uses pig liver cells [175].

The bioreactor and cultured liver cells are vital.
How to improve the bioreactor to be adapted to
the cultivation of different types of liver cells
and to screen the liver cells with vitality and
function [177] would be the real problem. The
bioreactor with liver-like structure and microen-
vironment for the growth of liver cells, and the
liver cells excluding immunoreactivity and
tumorigenesis will be the main reform direction
of this technology.

GPC3 peptide vaccine

GPC3 was first discovered by Nobuhiro et al.
and Nakano et al. [178] almost at the same
time in 2001. GPC3 is a membrane protein
specifically up-regulated for HCC. In the
absence of disease, GPC3 is rarely expressed
in the normal organs of adults [179]. However,
the expression of GPC3 in HCC tissues caused
by Hepatitis B or Hepatitis C is about 80% high-
er than in surrounding normal tissues [178].

Currently, GPC3 peptides developed as tumor
vaccines are limited to HLA-A24 and HLA-A2.
According to Nobuhiro et al., GPC3 peptide can
induce the immune response of mice to pro-
duce specific cytotoxic T lymphocytes (CTL) and
anti-tumor activity without autoimmune phe-
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nomenon [180]. Subsequently, results of a
phase | clinical trial shows that 11 patients with
HCC who received GPC3 peptide vaccine pro-
duced GPC3 peptid-specific CTL [180]. How-
ever, the immunological mechanism of GPC3
peptide remains unknown. Above preclinical
non-drug therapies for HCC are summarised in
Table 3.

Preclinical drugs and targets
Potential drugs

Recently, it was reported that Actinidia Chi-
nensis Planch root extract (acRoots) had an
inhibition role on HCC. High TAR (HIV-1) RNA
binding protein 2 (TARBP2) expression associ-
ated with advanced HCC was downregulated
with the treatment of it. acRoots could inhibited
the malignant behavior of HCC by reducing
TARBP2 expression which was impacted by
suppressing the significantly positively corre-
lated transcription factor distal-less homeobox
2 (DLX2), leading to a reduction in JNK/AKT sig-
naling pathway activation [181]. Another tradi-
tional Chinese medicine Licorice is rich in many
natural flavonoids, including isoliquiritigenin
(ISL) which has great anticancer potential.
Recently, one study first demonstrated that ISL
restrains the cell cycle transition and suppress-
es the proliferation and migration of Hep3B
cells by suppressing cyclin D1 and PISK/AKT
pathway. These results suggested that ISL
could be a promising agent for preventing HCC
[182]. Hydroxygenkwanin (HGK) is also a fla-
vonoid extracted from flower buds of Daphne
genkwa, a Chinese medicinal herb. A study by
Chou et al. validated that HGK could remark-
ably suppress the proliferation, migration and
invasion of liver cancer cells. HGK induced miR-
320a expression, which suppressed the expre-
ssion of the transcription factor FOXM1 and
downstream FOXM1-regulated genes that cor-
relate with epithelial-mesenchymal transition
(EMT) in turn. It demonstrated that HGK is a
potential therapeutic agent against HCC [183].
Sanguinarine, a natural benzo phenanthridine
alkaloid, restrains tumor growth and HIF-1« sig-
naling, suppresses the expression changes of
EMT markers as well as Smad and PI3K/AKT
pathway proteins. It could also suppress TGF-[3-
induced cell migration in HCC cells. These find-
ings support sanguinarine is a promising candi-
date for HCC treatment [184]. Extracts of XS-5
and XS-6 could efficiently induce apoptosis and
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restrain cell proliferation, migration, and inva-
sion of HCC cells by blocking the PI3K/AKT/
mTOR pathway, suggesting XS-5 and XS-6 as
novel natural anti-HCC agents [185].

As a medication for treating an immune defi-
ciency, Yu ping feng san (YPFS) was combined
with chemotherapy drugs to treat cancer,
including HCC. Yuan et al. reported that YPFS
inhibited the immune-related factor-TSLP to
weaken the activation of the TSLP-STAT3 sig-
naling pathway, thus restraining the formation
of hepatic microvessels and inhibiting HCC
[186]. Well-known Metformin (MET) owns mul-
tiple biological effects such as anticancer and
hepatoprotective activity. Sun et al. proved that
the joint treatment with aloin and MET enhanc-
es the antitumor effect by inducing apoptosis
and autophagy in HCC via activating PI3K/AKT/
mTOR pathway. Therefore, aloin combined with
MET is prospective to be a novel medication for
HCC treatment [187]. Meanwhile, cobimetinib,
a MEK inhibitor, which has been approved to
treat melanomas with a BRAF mutation, was
discovered to dose-dependently inhibit tumor
angiogenesis. It could suppress endothelial cell
proliferation and the formation of capillary net-
work, as well as negatively influence the apop-
tosis pathways by increasing pro-apoptotic pro-
tein Bim and decreasing anti-apoptotic proteins
Mcl-1 and Bcl-2 in HCC. It also could restrain
ERK signaling. These results supported clinical
trials of cobimetinib for HCC therapy [188].

Generally, there are frequently genetic changes
in HCC like the overexpression of the MDM2
oncogene and mutations in the p53 tumor sup-
pressor. Wang et al. invented a novel MDM2
inhibitor (hamed SP141) that acts directly on
MDM2 and exhibits anti-HCC activity indepen-
dent of p53 status. SP141 directly binds the
MDM2 protein and promotes MDM2 degrada-
tion to inhibit cell growth and prevents cell
migration and invasion. These support the
development of SP141 as a lead candidate for
HCC therapy [189]. Gnocchi et al. identified
lysophosphatidic acid (LPA) has a simulative
effect on the pathogenesis of HCC and LPA
receptor 6 (LPARG) supports HCC tumorigenici-
ty. They screened out two novel LPARG antago-
nists, C75 and XAA, which actively suppress
HCC growth without exerting toxic effects. Fur-
thermore, these compounds induced G1-phase
cell cycle arrest [190]. The chemokine system
has an important effect on mediating a proin-
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Table 3. Preclinical non-drug therapies for HCC

Therapy Mechanism or pathway First author/s Year Ref.
Virus or vector
LDO-GFP A HSV-1-based oncolytic vector with strong anti-hepatocellular carcinoma ability LuoY 2019 [162]
Ad5 Integrat the GP73 promoter and SphK1-shRNA into the Ad5 adenoviral vector to construct GP73-SphK1sR-Ad5 Bai Y 2019 [163]
Poxvirus Insert the IL-37 gene into the poxvirus genome and successfully constructed recombinant VV-IL37 Zhang ZH 2019 [164]

Mesenchymal stem cells

Bone marrow MSCs Co-treatment of bone marrow mesenchymal stem cells with melatonin Mohamed Y 2019 [167]

Adipose tissue MSCs Enhance the inhibition of RT, might related to the up-regulation of p53 and caspases expression, signal transduction Wu LY 2019 [168]
and down-regulation of STAT3 and MMPs

Biological clock Wnt/B-catenin, PI3K/akt/mTor, Hedgehog and MAPK signal pathways Mazzoccoli 2018 [169]

Gut microbiome composition qualitative and quantitative changes in gut microbiome composition and derangement in the gut-liver axis Meroni M 2019 [171]

Bioartificial liver devices Mimics liver metabolism and provides liver function support after liver resection or transplantation Leikin J 2018 [175]

GPC3 peptide vaccine High anti-hepatocellular carcinoma activity Tsuchiya N 2017 [180]

HCC (hepatocellular carcinoma), HSV-1 (hereditary virus type 1), MSCs (mesenchymal stem cells), STAT3 (transcriptional activation factor 3), MMPs (matrix metallopeptidases), GPC3 (Glypican-3).
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flammatory microenvironment for tumor growth
in HCC. CXCR®6 receptor and its natural ligand
CXCL16 are highly expressed in HCC. Peddi-
bhotla et al. reported the lead compound 81
is an effective (EC,, = 40 nM) and selective
orally bioavailable small molecule antagonist
of human CXCRG6 receptor. Compound 81 sig-
nificantly reduced tumor growth in a 30-day
mouse xenograft model of HCC [191]. Antibody-
based c-mesenchymal-epithelial transition fac-
tor (c-Met) inhibition is a promising strategy for
HCC treatment. Yin et al. reported the one-
armed anti-c-Met antibody blocked the interac-
tion of hepatocyte growth factor (HGF) and
c-Met as well as the subsequent signal trans-
duction. The HGF-induced HCC cell migration
and autocrine stimulation of HepG2 cell prolif-
eration were also strongly inhibited [192].

Potential targets

Effective targeting therapies are limited in HCC
clinic treatment. Recently, signaling pathways
have been reported to be major targets that
could be used in the management of HCC.
Elucidating inside signaling cascades could
shed light on new targets and strategies for
developing targeting therapies for HCC [193,
194]. The following is a list of potential thera-
peutic targets for HCC in related taxonomic sig-
naling pathways (Table 4).

Cell cycle targets

There are quite a few upregulated indexes of
tumor proliferation, one of which is overexpres-
sion of sperm-associated antigen 5 (SPAGD)
related to p53 and cell cycle signal pathway. In
HCC patients with high SPAG5 expression, the
0OS, PFS, relapse free survival (RFS), and dis-
ease-specific survival (DSS) were remarkably
decreased (P < 0.01). SPAG5 is not only a mark-
er of poor prognosis but also a potential thera-
peutic target for HCC [195]. Another index is
chaperonin-containing tailless complex poly-
peptide 1 (CCT) which can fold actins and tubu-
lins indicating that it would be involved in can-
cer cell progression. In HCC tissues, both mRNA
and protein levels of CCT6A were increased,
which significantly correlated with reduced
overall survival (P = 0.023). Overexpression of
CCT6A is oncogenic while its depletion inhibited
HCC cell proliferation by hindering the G1-to-S
phase transition as it downregulates cyclin D
[196]. In addition, Tripartite motif 59 (TRIM59),
one of Tripartite motif protein family, is com-
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monly up-regulated in many human cancers
which knockdown also attenuated prolifera-
tion, induced cells stagnation at G1/S phase
and decreased tumor growth in the mouse
xenograft model. TRIM59 overexpression in
HCC patients was associated with reduced
expression of PPM1B and increased CDKs
phosphorylation and cell cycle proteins.
TRIM59 may serve as a new prognhostic bio-
marker candidate and a potential anti-HCC tar-
get through PPM1B/CDKs signaling pathway
[197]. Human kinesin centromere-associated
protein E (CENP-E), one of spindle checkpoint
proteins, has been identified as a tumor inhibi-
tor in several kinds of cancer. Further studies
found that it suppressed the proliferation of
HCC cells by terminating cell cycle progression
at the G1-S phase and accelerating cell apopto-
sis. Thus, CENP-E could also be a novel target
for new treatments and a useful prognostic bio-
marker for HCC patients [198]. In a study by Hu
et al, they found that non-POU domain-contain-
ing octamer-binding protein (NONO) was highly
expressed and played an oncogenic role to pro-
mote tumorigenesis in liver cancer cells by
modulating the splicing switch of bridging inte-
grator 1-S (BIN1-S) to generate BIN1 long iso-
form contains exon 12a (BIN1-L) associated
with polo-like kinase 1 (PLK1) to enhance its
protein stability, which is dependent on the
DExH-box helicase 9 (DHX9)-NONO-SFPQ com-
plex. So the newly identified DHX9-NONO-
SFPQ/BIN1/PLK1 axis is also a novel, potential
therapeutic target for HCC [199].

Apoptosis targets

In Zhou et al’s study, NAD (P) H: quinone oxido-
reductase 1 (NQO1) is considerably increased
as well as potentiating the apoptosis evasion of
the liver cancer cells. An oncogenic function of
NQO1 in sustaining HCC cell proliferation
depended on the SIRT6/AKT/XIAP signaling pa-
thway that its overexpression enhanced SIRT6
protein stability by suppressing ubiquitin-medi-
ated 26S proteasome degradation which could
increase phosphorylation and activity of AKT,
then activated AKT phosphorylated anti-apop-
totic protein XIAP at Ser87 which determined
its protein stability [200]. Thus, NQO1 might
serve as novel therapeutic target for HCC. On
the contrary, the down-regulation of interferon-
induced transmembrane protein 3 (IFITM3)
which is described to be associated with can-
cer development significantly reduced proto-
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Table 4. Preclinical targets for the treatment of HCC

Components Ex‘pression Mechanism of action Functions First Year Ref.
in HCC author/s
Cell cycle targets
SPAG5 Up Related to p53 and cell cycle signal pathway Indexe of tumor proliferation Chen W 2019 [195]
CCT6A Up Affect the G1-To-S phase transition Promote HCC cell proliferation Zeng G 2019 [196]
TRIM59 Up Degradation of PPM1B Promote tumor growth in HCC Ying H 2019 [197]
CENP-E Down Terminate cell cycle at the G1-S phase and accelerate cell apoptosis  Suppress the proliferation of HCC cells He P 2019 [198]
DHX9-NONO-SFPQ/BIN1/PLK1 axis Up Splicing regulator NONO through oncogenic isoform switch of BIN1 Enhance carcinogenesis in HCC Hu Z 2019 [199]
Apoptosis targets
NQO1 Up Inhibit proteasome-mediated degradation SIRT6 Sustain HCC cell proliferation Zhou HZ 2019 [200]
IFITM3-ERK1/2-c-myc path Up Upregulate c-myc expression via the ERK1/2 signalling pathway Promote HCC proliferation Min J 2019 [201]
Epigenetic targets
KIAA1429 Up m6A-dependent post-transcriptional modification of GATA3 Contribute to liver cancer progression LanT 2019 [202]
MTF2 Up Activate Snail transcription Induce EMT and progression of HCC Wu TT 2019 [203]
miRNAs
miR-1203 Up Direct bind and inhibit SOCS3 Involved in HCC metastases promoted invasion ShiJ 2019 [204]
miR-16 Down Target FEAT through NF-kB signaling pathway Inhibit HCC progression Su XF 2019 [205]
miR-3150b Down Target GOLPH3 Inhibit HCC cell proliferation, migration and invasion Zhang Y 2019 [206]
miR-4319 Down Target FOXQ1 Induce an inhibition of EMT and prevented cancer stem- Han S 2019 [207]
ness of HCC
miR-541-3p Down Directly target and inhibit TMPRSS4 protein expression Suppress the invasion and migration of HCC cells Xia YH 2019 [208]
miR-29a Down Via Bcl-2 pathway Regulate liver tumor-initiating cells expansion Song S 2019 [209]
miR-449a Down Targeting Notch1 Inhibit migration and invasion Han B 2019 [210]
miR-28-5p Down Via IGF-1 Pathway Regulate liver cancer stem cell expansion Xia Q 2019 [211]
miR-181c Up Target SPP1 SPP1 enhances cell growth in HCC Wang J 2019 [212]
miR-144 Down Target CLK3 CLK3 contributes to HCC aggressive progression LiH 2019 [213]
miR-139 and -378a Down Inhibit PIK3CA expression Inhibitory effects on the proliferation of HCC in vitro Dong W 2019 [214]
IncRNAs
GATA3-AS1 Up Suppression of PTEN, CDKN1A, and TP53 Promote cell proliferation and metastasis in HCC Luo X 2019 [219]
BZRAP1-AS1 Up Mediate THBS1 methylation Silencing suppresses tumor angiogenesis in HCC Wang W 2019 [217]
INcRNA-GMAN Up Interact with elF4B Promote HCC progression XuJ 2019 [218]
RP5-833A20.1 Down Through Akt/ERK pathway by targeting miR-18a-5p Suppress tumorigenesis in HCC Chen Z 2019 [220]
AURKAPS1 Up Regulate miR-142, miR-155 and miR-182 Potentiates malignant HCC progression LiJ 2019 [221]
IncRNA NEAT1 Up Regulation of Let-7b-IGF-1R Axis Promote HCC cell proliferation and reduce apoptosis Liu Q 2019 [222]
Regulation of miR-296-5p/CNN2 Axis Promote proliferation, migration and invasion in HCC cells Liy 2019 [223]
ASB16-AS1 Up Regulate miR-1827/FZD4 Axis and activate Wnt/B-Catenin Pathway ~ Promote growth and invasion of HCC Yao X 2019 [224]
IncRNA HCG11 Up Via miR-26a-5p/ATG12 axis Accelerate the progression of HCC Li ML 2019 [225]
IncRNA TINCR Up Sponge miR-214-5p to upregulate ROCK1 Lead to an increased rate of HCC proliferation Hu M 2020 [226]
RP11-81H3.2 Up Inhibit microRNA-490-3p and up-regulate Consequential Tankyrase 2 Act as an oncogene in HCC Chen W 2019 [227]
3012 Am J Cancer Res 2020;10(9):2993-3036
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Sponge miR-516a-5p to release TRAF6 and MAPK11
Target the miR-640/HIF-1« signalling pathway
Regulate microRNA-490-3p

Through Wnt/B-Catenin pathway

Increase HMG20A expression by sponging miR-670-3p
Regulate miR-326/miR-532-5p-MAPK1 pathway

Alter the distribution of cellular cholesterol
Depletion inhibiting AKT, ERK, p65 and GSK3[/B-catenin activation
Reprogram glutamine metabolism

SB3 increases HIF-2a stabilization through direct/selective NED-
Dylation

Regulate LKB1/AMPK/Mtor directly or not

Modulate the EGFR-ERK1/2 signaling pathway
Enhance the expression and proteolytic cleavage by TMPRSS4
Associated with angiogenesis markers (CD31, CD34, and CD105)

Promote the phosphorylation of protein at CDK target residues

Target ERK and stat3 signaling pathway

Suppress SRC-MAPK pathway

Regulate Signal Transducer and Activator of Transcription 1 (STAT1)

Block NF-kB activation by downregulation of CSNK2B
Regulate NF-kB signaling pathway

Regulate multiple novel HCC signature genes transcription

Mediate EMT marker expression

Activate wnt-B-catenin pathway

Via the Wnt/B-catenin signaling pathway

Positively regulate B-catenin/TCF signalling
Activate the Wnt/f-catenin signaling pathway

Facilitate HCC tumorigenesis

Emerging roles in the progression of HCC

Promote proliferative ability and metastasis of HCC

Inhibit tumorigenesis in HCC
Promote HCC progression

Promote HCC cell proliferation and invasion

Promote proliferation and migration of HCC

Promote EMT and hepatocellular carcinogenesis

Silencing promotes HCC
Favor HCC progression

Suppress tumor progression

Promote HCC progression
Promote angiogenesis and HCC progression

Facilitate neoangiogenesis in HCC

Induce proliferation after partial hepatectomy

Accelerate HCC progression

Inhibit proliferation in HCC

Negatively regulate HCC proliferation

Tumor suppressor

Promote HCC progression

HCC tumorigenesis and progression

An anti-proliferation and anti-metastatic target in HCC

cell lines
Promote progression of HCC

Increase malignancy of HCC

Positively regulate growth and proliferation of hepatoma

cells
Promote the growth and motility of HCC cells
Contribute to HCC tumorigenesis
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Notch signaling pathway
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MSI2 Up Via notch1 signaling pathway Contribute to the maintenance of CD44v6+ liver cancer Wang X 2019 [255]
stem cells
ZBP-89 Down Suppression of Notch1 signaling pathway Negatively regulate self-renewal of liver cancer stem cells Wang N 2020 [256]
Other targets
SEC14L2 Down Putative transcriptional activatory activity Inhibit cancer cells and tumor growth Liz 2019 [258]
Sec62 Up Activate integrina/CAV1 signalling Promoted migration and invasion of HCC cells DuJ 2019 [259]
ALOX12-12-HETE-GPR31 axis Up 12-HETE upregulated GPR31 and activated PI3K/AKT/NF-kB pathway Promote recurrence of HCC in fatty liver Yang F 2019 [260]

HCC (hepatocellular carcinoma), miRNAs (microRNAs), IncRNAs (long non-coding RNAs), circRNAs (circular RNAs).
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oncogene c-myc expression via the ERK1/2
signaling pathway, inhibiting the proliferation of
HCC in vitro and in vivo. Thus, a novel IFITM3-
ERK1/2-c-myc regulatory path was identified
and their dysfunction may result in HCC tumori-
genesis [201].

Epigenetic targets

At present, epigenetic targets have become
important targets for anti-tumor research,
including HCC. KIAA1429, the largest known
component in the m6A methyltransferase com-
plex, is highly involved in m6A methylation. A
study by Lan et al. found it was remarkably
upregulated in HCC tissues and had the direct
downstream target GATA3. KIAA1429-mediated
m6A modification acted on the 3’'UTR of GATA3
pre-mRNA, which leads to degradation of the
latter and the separation of the RNA-binding
protein HuR. Silencing it could have the effect
of anti-HCC [202]. Another one is metal regula-
tory transcription factor 2 (MTF2), a protein
binding to the metal response element of the
mouse metallothionein promoter, which plays a
role in chromosome inactivation and pluripo-
tency. The expression of MTF2 was also upreg-
ulated in HCC which strongly correlated with
the clinical characteristics and prognosis. It
was reported that MTF2 promotes the prolifera-
tion, migration, and invasion of HCC cells by
regulating Snail transcription, providing a po-
tential therapeutic candidate for HCC patients
[203]. In addition to these, here are some kinds
of emerging epigenetic targets.

MicroRNAs: MicroRNAs (miRNAs) have been
shown to be important regulators in multiple
human diseases, including malignant tumors.
Studies have confirmed that abnormally ex-
pressed miRNAs take part in the tumorigene-
sis, progression, recurrence and drug resis-
tance of HCC [204-2086]. In a study, through the
miRNA microarray screening, miR-1203 was
validated to be the most significant miRNA and
highly correlated with HCC metastases.
Up-regulated miR-1203 in HCC promoted inva-
sion by direct binding and inhibiting suppressor
of cytokine signaling 3 (SOCS3). Thus, miR-
1203 might serve as a potential therapeutic
target for the prevention of HCC [204]. However,
there are also lots of miRNAs that were
decreased in HCC. It has been proved that miR-
16 expression takes part in the initiation and
development of several cancers, including HCC.
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Recently, it was verified that miR-16 negatively
regulated HCC cell progression via EMT and
NF-kB signaling pathway by direct targeting
FEAT (an unrecognized protein, identified as a
promoter of tumorigenesis), which indicated
that miR-16 could be a potential candidate for
HCC [207]. Coincidentally, miR-3150b was also
downregulated and could inhibit HCC cell prolif-
eration, migration, and invasion by directly tar-
geting and negatively regulating Golgi phospho-
protein-3 (GOLPH3) [208]. The level of
miR-4319, a posttranscriptional regulator, was
remarkably decreased as well and repressed
malignant progression of HCC by targeting
FOXQ1 (Forkhead box Q1), which highlights the
miR-4319/FOXQ1 cascade as a new target
[205]. As for miR-541-3p, Xia et al. found it was
downregulated in HCC and suppressed the
invasion and migration of HCC cells through
directly targeting and inhibiting transmembrane
protease serines 4 (TMPRSS4) protein expres-
sion. So the newly identified miR-541-3p/
TMPRSS4 axis might serve as a novel potential
anti-HCC target for HCC [209].

The following three miRNAs have a similar func-
tional mechanism. A study by Song et al. reports
that miR-29a is downregulated in liver tumor-
initiating cells (T-ICs) while a forced miR-29a
expression plays an inhibitory role in liver T-ICs
self-renewal and tumorigenesis, mechanisti-
cally miR-29a downregulating Bcl-2 via binding
its MRNA 3’-UTR in liver T-ICs [206]. miR-449a,
a short-term recurrence-related miRNA, was
also decreased in HCC cell lines while the
expression of Notchl increased. It was report-
ed that miR-449a inhibited the translation of
Notch1 protein by binding to 3’-UTR of its mRNA
directly to suppress the invasiveness in vitro by
regulating EMT [210]. Another study’s data
described that miR-28-5p was lowly expressed
in sorted EpCAM-and CD24-positive liver CSCs
while its overexpression inhibited liver CSC
expansion. Mechanistically, miR-28-5p down-
regulates the expression of its direct target
insulin-like growth factor-1 (IGF-1) via binding to
its 3'-UTR [211]. These findings support miR-
29a, miR-449a, and miR-28-5p as optimal
therapeutic targets for HCC.

Secreted phosphoprotein 1 (SPP1) was noticed
as one of the signature genes up-regulated in
HCC tissues. With SPP1 depletion, the cell pro-
liferation was impaired, along cell apoptosis
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Figure 5. Mechanism of miRNAs as emerging epigenetic targets for HCC therapy. miRNAs (microRNAs), CLK3 (CDC
Like Kinase 3), SOCS3 (suppressor of cytokine signaling 3), EMT (epithelial-mesenchymal transition), GOLPH3 (Gol-
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resistance by down-regulating SPP1. Wang et
al. also noticed miR-181c as an upstreaming
inhibitor of SPP1. These results suppose SPP1
as an enhancer of HCC growth targeted by miR-
181c and probably to be an innovational target
for HCC prevention and treatment [212]. Ano-
ther markedly upregulated substance in HCC
tissues was CLK3 (CDC Like Kinase 3) whose
knockdown could suppress HCC development
in vitro and in vivo. Moreover, CLK3 was demon-
strated as a direct target of tumor suppressor
miR-144 and their expression was negatively
correlated in HCC. miR-144 inhibits HCC devel-
opment and metastasis by suppressing CLK3
and Wnt/B-catenin signaling while the latter
inhibition could be partly abolished by overex-
pression of CLK3, indicating that miR-144/
CLK3 could be used for HCC diagnosis and
treatment [213]. Mechanism of above miRNAs
as emerging epigenetic targets for HCC therapy
is shown in Figure 5.
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Furthermore, PIK3CA gene is one of the most
important oncogenes in HCC, which mainly
encodes the p110a protein subunit. Because
miRNAs are involved in the inhibition of PIK3CA
expression in post-transcriptional regulation,
overexpression of miRNAs is a promising treat-
ment for liver cancer. In the recent study [214],
submicron acoustic phase-shifted nanodrop-
lets were used to transport pre-miRNA plas-
mids for liver cancer treatment under focused
ultrasound (US) activation, which is proved to
be efficient in vitro and in vivo. Two miRNAs
(MiR-139 and -378a) that inhibit PIK3CA and
have better inhibitory effects on the prolifera-
tion of liver cancer cells in vitro were obtained.
The constructed pre-miRNA plasmid was load-
ed onto NDS and delivered to liver cancer
lesions by ultrasound irradiation. Under ultra-
sound irradiation, the tumor suppression rate
of Pre-miR-139 and -378a PLNDs is several
times that of the control group [214].
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At the same time, some studies have devel-
oped an ultrasonic-triggered phase change size
cationic nanodroplet for microscale size and
duration of ultrasound contrast agents [215].
As an ultrasonic-sensitive core, perfluoropen-
tane (PFP) realizes micron-scale ultrasonic-trig-
gered phase transitions and dimensional
changes. Positively charged COF17-PAsp (DET)
guarantees miRNA load. PGA-g-MPEG, as the
shell of nanodroplets, modifies the nanodrop-
lets, improves stability, and protects the loaded
miRNA from degradation, which may be a
potential treatment strategy for liver cancer.

Long non-coding RNAs: Long non-coding RNAs
(IncRNAs) have recently been known to play
important roles in the development and in the
progression of diverse human cancers and
could regulate growth and metastasis of HCC,
which therefore represents an opportunity to
uncover new targets for HCC therapy [216-
218]. LncRNA GATA3-AS1 was significantly
upregulated in HCC tissues. A study showed
that it enhances HCC cell proliferation and
metastasis by inhibiting PTEN, CDKN1A, and
TP53 which contribute to providing a promising
IncRNA-based targeted approach [219]. It was
identified that IncRNA BZRAP1-AS1 was also
highly expressed in HCC tissues and cells.
Silencing of it inhibited the angiogenesis and
tumor growth of HCC in vivo by up-regulating
THBS1. BZRAP1-AS1 may be a promising mark-
er for HCC treatment [217]. Highly-expressed
gastric cancer metastasis-associated IncRNA
(GMAN) inhibits apoptosis and promotes me-
tastasis in HCC by stabilizing the phosphoryla-
tion of elF4B. Furthermore, it prevents the
dephosphorization of elF4B via the protein
phosphatase 2A subunit B (PPP2R2A). The
INcRNA-GMAN/p-elFAB pathway may be an
attractive target for the treatment of HCC [218].
Differently, IncRNA RP5-833A20.1 was down-
regulated in HCC while it could obviously inhibit
the tumorigenesis in HCC via suppressing Akt/
ERK pathway (that decreasing the levels of Bcl-
2, p-Akt, and p-ERK) by functioning as a com-
peting endogenous RNA for miR-18a-5p.
Therefore, it might be a valuable and potential
therapeutic target [220].

LncRNA AURKAPS1, the pseudo-gene of
AURKA, is highly involved in cancer. A study
identified higher levels of AURKAPS1 in HCC
and AURKAPS1 enhances the invasion and
metastasis of HCC cells by regulating miRNAs
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like competitively binding with miR-182, miR-
155, and miR-142 to increase the protein
expression of RAC1, promote the activation of
ERK and potentiate the formation of membrane
ruffles. So the combination of AURKAPS1/miR-
NAs may be a new theoretical basis for the
treatment of HCC [221]. As for IncRNA nuclear-
enriched abundant transcript 1 (NEAT1), emerg-
ing evidence has validated that it’s associated
with various carcinogenesis. Its overexpression
in HCC could promote the proliferation of HCC
cells by inhibiting the expression of the miR-let-
7b, a miRNA with the effect of a tumor suppres-
sor gene, regulated by IGF-1R. What's more, it
could remarkably reduce miR-296-5p level in
HCC cells as a sponge and its silence decreased
the expression of Calponin 2 (CNN2), a direct
target of miR-296-5p. So IncRNA NEAT1 con-
tributes to HCC progression by regulating miR-
Let-7b/IGF-1R axis and miR-296-5p/CNN2 axis,
which is conducive to the diagnosis and treat-
ment of HCC [222, 223]. ASB16-AS1 was also
identified to be overexpressed in HCC tissues.
It directly interacted with and sponged miR-
1827 to promote FZD4 expression, which even-
tually activated Wnt/B-catenin pathway and
contributed to HCC progression. A novel mech-
anism of IncRNA ASB16-AS1/miR-1827/FzZD4/
Wnt/B-catenin signaling was uncovered [224].

It has reported that IncRNA HLA complex group
11 (HCG11) functions as an oncogenic role in
multiple cancers, whose enrichment was
enhanced in HCC. Li et al. found it promoted
the proliferation, metastasis, and autophagy
while impeded the apoptosis of HCC cells
through HCG11/miR-26a-5p/ATG12 axis. MiR-
26a-5p bound to the other two. The depletion
of miR-26a-5p or the accumulation of ATG12
could alleviate HCG11 interference suppres-
sive effects. HCG11 might be a potential anti-
HCC target [225]. Recently, IncRNA TINCR and
ROCK1 were found to be upregulated in HCC as
well leading to an increased rate of cancer cell
proliferation, while the downregulated miR-
214-5p played an opposite role. Mechanically,
as a sponge TINCR absorbs miR-214-5p to
upregulate ROCK1 targeted by miR-214-5p in
HCC, which contributes to the development of
novel therapeutic targets [226]. A study by
Chen et al. has identified IncRNA RP11-81H3.2
as an enriched one in HCC that promotes prolif-
eration, migration, and invasion both in vitro
and in vivo. RP11-81H3.2 binds to and sup-
presses miR-490-3p expression, thus, further
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enhancing the expression of itself, which even-
tually target TNKS2 to work. These have proved
RP11-81H3.2 is another novel target for the
diagnosis and treatment of HCC [227].

Circular RNAs: Circular RNAs (circRNAs) have
been increasingly validated to function as novel
promising therapeutic RNA molecules for vari-
ous types of human diseases, including HCC
[228, 229]. There are many circRNAs identified
to be differentially expressed between HCC and
normal samples. It was revealed that circ_
0001955, TRAF6, and MAPK11 levels were up-
regulated, while miR-516a-5p level was de-
creased in HCC tumor tissues. Circ_0001955
was demonstrated as a sponge for miR-516a-
5p whose two target genes were TRAF6 and
MAPK11. By sponging miR-516a-5p to release
the two genes expression Circ_0001955 facili-
tated HCC tumorigenesis [228]. The expression
of hsa-circ-0046600 was significantly high in
HCC tissue affecting the HCC malignant biologi-
cal behavior while downregulating it sup-
pressed the migration of HepG2 and SK-HEP-1
cells. Mechanically, it promotes the expression
of proteins such as HIF-1a by competitively
binding to miR-640 in HCC. Thus, hsa-circ-
0046600 can serve as a potential target for
the diagnosis and treatment of HCC [230].
Circ_0091579 is also highly expressed in HCC
and its down-regulation can inhibit the prolifer-
ation and metastasis of HCC cells by promoting
miR-490-3p expression [231]. While the level
of circ_0003418 was decreased in HCC tis-
sues and cell lines, the study revealed that it
inhibited HCC proliferation, migration and inva-
sion by suppressing the Wnt/B-catenin path-
way. Therefore, circ-0003418 may be a bio-
marker and therapeutic target [232].

Highly expressed circABCB10 was also found in
HCC tissues and cell lines with direct relation to
low survival in HCC patients. The silencing of
circABCB10 inhibited proliferation and invasion
of HCC. Further study revealed that circABCB10
sponged miR-670-3p to upregulate HMG20A
expression which accelerated HCC progression
[233]. Recently, Hu et al. identified overex-
pressed circASAP1 in high metastatic (poten-
tial) HCC cell lines as a key regulator in HCC
metastasis that promotes HCC cell prolifera-
tion and invasion by regulating miR-326/miR-
532-5p-MAPK1 pathway and mediates tumor-
associated-macrophage infiltration by regulat-
ing the miR-326/miR-532-5p-CSF-1 signaling.
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Hence, circABCB10 and circASAP1 may be two
potential targets for HCC therapy [229].

Metabolic enzyme/protease

Metabolic enzyme or protease plays an impor-
tant role in the tumorigenesis and development
of HCC. Jiang et al. identified the proteomic
landscape in early HCC. According to the het-
erogeneity in this stage, they stratify the cohort
into the subtypes S-I, S-ll, and S-lll which is
characterized by disrupted cholesterol homeo-
stasis. A specific feature of S-1ll subtype is the
high expression of sterol O-acyltransferase 1
(SOAT1) whose knockdown alters the distribu-
tion of cellular cholesterol and effectively sup-
presses the proliferation and migration of HCC
[234]. As for transglutaminase 3 (TGM3) that
plays a momentous role in several human can-
cers, it was identified to be overexpressed in
HCC. Its depletion, on the one hand, inhibited
AKT, extracellular signal-regulated kinase (ER-
K), p65 and glycogen synthase kinase 3f3
(GSK3pB)/B-catenin activation but promoted lev-
els of cleaved caspase 3, on the other hand,
increased E-cadherin levels and decreased vi-
mentin levels, suggesting that TGM3 enhanced
HCC cells proliferation, EMT and potentially pro-
moted HCC metastasis [235]. Thus, SOAT1 and
TGM3 might serve as novel therapeutic targets
for HCC.

Besides, mitochondrial dysfunction and subse-
quent metabolic deregulation are frequently
observed in cancers including HCC. A study
established that silencing of oxoglutarate dehy-
drogenase-like (OGDHL), one of the rate-limit-
ing components of the key mitochondrial multi-
enzyme OGDH complex, activated the mTORC1
signaling pathway in an a-KG-dependent man-
ner, which in turn induced transcriptional ex-
pression of SCD1 and FASN, so promoting de
novo lipogenesis, resulting in HCC development
and survival by modulating glutamine metabol-
ic pathways. These suggest OGDHL as a prom-
ising prognostic biomarker and therapeutic tar-
get for HCC [236]. SerpinB3 (SB3), hypoxia and
hypoxia-inducible factor (HIF)-2a-dependent
cysteine-protease inhibitor, was up-regulated in
HCC whose release in cancer cells was able to
stimulate proliferation and EMT. It could favor
HCC progression by increasing HIF-2« stabiliza-
tion through direct/selective NEDDylation.
These all identify HIF-2a and NEDDylation as
two novel putative therapeutic targets to inter-
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fere with the procarcinogenesis of SerpinB3 in
the development of HCC [237]. Additionally,
Glutathione S-transferase (GST) family mem-
bers have a momentous effect on detoxifica-
tion, metabolism and carcinogenesis. Liu et al.
found that HCC patients with better pathologi-
cal differentiation had higher GSTA1l abun-
dance. GSTA1 overexpression could inhibit pro-
liferation and metastasis via regulating LKB1/
AMPK/Mtor directly or not [238]. Therefore,
another promising therapeutic target for HCC is
indicated.

Tyrosine kinase pathway targets

Protein tyrosine kinase/RTK: Epidermal growth
factor receptor (EGFR) is a well-studied tyrosine
kinase. Several related targets are illustrated to
contribute to the probable treatment of HCC.
Sorting nexin (SNX) family members are impli-
cated in tumor progression. A study showed
that SNX5 was elevated in tumors compared
with APTs in HCC patients. The overexpression
of SNX5 enhanced HCC cell proliferation, migra-
tion, invasion, and metastasis via the activa-
tion of the EGFR-ERK1/2 pathway by blocking
EGF-mediated EGFR internalization. It suggests
that SNX5 is a potential therapeutic target for
HCC [239]. Heparin-binding epidermal growth
factor-like growth factor (HB-EGF) is highly
involved in the development of several malig-
nancies. It’s reported that the level of HB-EGF
was positively correlated with the expression of
transmembrane protease serine 4 (TMPRSS4)
and the microvessel density (MVD) in clinical
samples of serum or HCC tissues from HCC
patients. TMPRSS4 promoted angiogenesis
and HCC progression by significantly enhancing
the expression and proteolytic cleavage of
HB-EGF, which suggests that HB-EGF can serve
as a potential therapeutic target for HCC as well
[240]. Moreover, cancer-associated fibroblasts
(CAFs) play pivotal roles in the progression of
HCC by secreting cytokines and angiogenic fac-
tors. In Liu et al's study, results demonstrated
that CAFs overexpressed the placental growth
factor (PIGF), which is specifically associated
with the neoangiogenesis of HCC. Thus, PIGF
may be a corresponding effective therapeutic
target for HCC, too [241].

MAPK/ERK pathway: A study by Tomas-Loba et
al. revealed that p38 MAPK gamma (p38y) just
acts as a CDK-like kinase and cooperates with
CDKs to regulate entry into the cell cycle. In
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mouse hepatocytes, by promoting the phos-
phorylation of retinoblastoma tumor suppres-
sor protein at known CDK target residues p38y
induces proliferation after partial hepatectomy.
In human HCC, p38y is highly expressed, sug-
gesting the potential of p38y as a therapeutic
target in HCC [242]. As a member of ubiquitin-
conjugating enzymes, UBE2Z was also signifi-
cantly overexpressed in HCC tissues. Using
SiRNA to knockdown UBE2Z could inhibit tumor
cell proliferation, migration, and invasion via
repressing the expression of MMP2 and MMP9.
The expression of p-ERK, p-p38, p-JNK, p-Stat3,
and p-JAK2 were effectively reduced simultane-
ously, suggesting that UBE2Z might accelerate
HCC progression by targeting ERK and stat3
signaling pathway [243]. As for nucleotide-bind-
ing oligomerization (NOD) 1, a pattern recogni-
tion receptor, it was responsible for sensing
pathogenic peptide in innate immunity, which is
conducive to fight against infection. Recently, it
was verified that NOD1 as a new tumor sup-
pressor in HCC cells inhibited HCC by inducing
cell cycle arrest via directly inhibiting SRC-
MAPK axis. Thus, it provided a novel strategy
for HCC treatment by regulation of NOD1/SRC/
MAPK axis [244].

Immune and inflammatory pathway targets

JAK/STAT pathway: Transmembrane and ubig-
uitin-like domain-containing 1 protein (TMUB1)
was negatively associated with HCC pathologi-
cal malignancy. Chen et al. described that
TMUB1 promoted the expression of STAT1 and
suppressed the expression of CCND1 in HCC
cells which inhibit HCC proliferation, suggesting
TMUBL1 as a promising target for the treatment
of HCC [245].

NF-kB signaling pathway: Tumor necrosis factor
a-induced protein 1 (TNFAIP1) is often down-
regulated in cancer. One study found overex-
pression of TNFAIP1 inhibits HCC cell prolifera-
tion, metastasis, angiogenesis and promotes
cancer cell apoptosis. What’s more, further re-
sults support that TNFAIP1 can suppress HCC
by modulating TNFAIP1/CSNK2B/NF-kB path-
way, which may provide a new target for anti-
HCC [246]. Insulin-like growth factor-binding
protein 2 (IGFBP2) expression was upregulated
and connected with strong metastatic poten-
tials whose depletion significantly suppressed
HCC tumorigenesis. The underlying mechanism
involved IGFBP2-mediated nuclear localization
of p65, which activated nuclear factor kappa B
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(NF-kB) and zinc finger E-Box binding homeobox
1 (ZEB1) transcription by binding to the gene
promoter. For the first time, IGFBP2 was identi-
fied as a novel therapeutic target in HCC [247].

Developmental biology signal transduction
targets

Many studies have found that the signal trans-
duction pathways in developmental biology
involve multiple potential targets for anti-HCC
therapy. Using RNA-seq, a study by Ye et al.
found that eight top-ranked and validated dif-
ferentially expressed genes (DEGs) (TK1, CTTN,
TRIP13, etc) all contained putative master plu-
ripotency factor OCT4 binding motifs in their
promoter regions. The expression levels of TK1,
TRIP13 and OCT4 were concurrently higher in
HCC tumors than in adjacent peritumor tissues
(APTs). Their common transcriptional regulation
by OCT4 suggests a pivotal regulatory role of
OCT4 in the HCC tumorigenesis and progres-
sion, which positions OCT4 as a potential drug
target for HCC [248]. In addition, promising
therapeutic targets for HCC have also been
identified in the following two signaling
pathways.

Wnt/B-catenin pathway: The Wnt/B-catenin pa-
thway is involved in the tumorigenesis and de-
velopment of HCC, including malignant events
like the EMT, metastasis, and invasion. Studies
have verified the suppression of tankyrases
(TNKS) by using a TNKS inhibitor NVP-TNKS656
attenuates Wnt/B-catenin signaling in many
cancer cells, which not only abrogated the pro-
liferation of the HCC cell lines but also inhibited
metastasis, invasion and EMT phenotypic fea-
tures. Mechanistically, this probably correlated
with the stabilization of AXIN levels and the
downregulation of B-catenin, which mediates
EMT marker expression. The TNKS/B-catenin
signaling pathway is a potential anti-HCC prolif-
eration and metastatic target [249].

What’s more, quite a few targets have been
found in this signaling pathway. Ubiquilin-4
(UBQLN4), a member of the ubiquitin-protea-
some system, is usually upregulated in many
tumor cells, including HCC tissues concerning
poor prognosis of HCC patients. A recent study
described inhibition of UBQLN4 suppressed
tumor formation and progression in vitro and in
vivo via regulating Wnt/B-catenin pathway.
Moreover, as a downstream target of miR-370,
its overexpression reversed tumor suppression
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of miR-370. These findings may provide a po-
tential target in the development of anti-HCC
therapeutic strategies [250]. Musashil (MSI1),
a member of the RNA-binding protein (RBP)
family, specifically binding to mRNA to regulate
protein translation, was elevated in HCC than
that in APTs. Upregulation of msil could de-
crease the expression of APC, a key inhibitory
factor of Wnt pathway, but increase the expres-
sion of B-Catenin and CD44, a known cancer
stem cell marker, which may contribute to the
maintenance of stem-cell-like characteristics
of HCC cells and enhance malignant develop-
ment of HCC cells by activating of the Wnt/[3-
catenin signaling pathway. These all provide a
solid theoretical and experimental basis for the
optimization of the future HCC diagnosis and
treatment program [251, 252]. In a study by
Zhu et al, transmembrane 4 L6 family member
1 (TM4SF1) was identified as a binding protein
of DVL2 and positively regulated Wnt/(3-catenin
signaling by strengthening the DVL2-Axin inter-
action. It was increased in HCC and induced by
Kras signaling. The overexpression of TM4SF1
promoted the growth and motility of HCC cells
and up-regulated the target genes (Axin2 and
cyclin D1), which was impaired by its down-reg-
ulation that promoted the ubiquitination of
B-catenin. It's shown that TM4SF1 functions as
an oncogenic role in HCC progression and
might be a target [253]. The expression of dick-
kopf-related protein 1 (DKK1) is dysregulated in
varieties of human cancers. Zhang et al. report-
ed that DKK1 was upregulated in HCC and con-
tributes to HCC tumorigenesis by activating the
Wnt/B-catenin signaling pathway, while genetic
depletion of it inhibited the proliferation, colo-
ny-forming ability, invasion, and tumor forma-
tion of HCC cells [254]. Thus, from the above
studies, UBQLN4, Musashil, TM4SF1 and
DKK1 all provide potential therapeutic options
for HCC in clinical practice.

Notch signaling pathway: Liver cancer stem
cells (LCSCs) contribute to HCC development,
metastasis, and drug resistance. Musashi2
(MSI2) and Notchl signaling participate in the
maintenance of CSCs. Both of them were up-
regulated in sorted CD44v6+ cells than
CD44v6- cells and had essential effects on
maintaining the stemness of CD44v6+ LCSCs.
MSI2 expression was positively correlated with
high CD44v6 expression in HCC tissues. The
mechanism of MSI2 was to directly bind to
Lunatic fringe (LFNG) mRNA and protein, lead-
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Figure 6. Mechanism of potential anti-HCC targets in multiple signaling pathways. TM4SF1 (transmembrane 4
L6 family member 1), NVP-TNKS656 (a TNKS inhibitor), Axin (scaffold protein), GSK3p (glycogen synthase kinase
3 beta), APC (adenomatous polyposis coli), DKK1 (dickkopf-related protein 1), p38y (p38 MAPK gamma), NOD1
(nucleotide-binding oligomerization 1), UBE2Z (ubiquitin conjugating enzyme E2Z), TMUB1 (transmembrane and
ubiquitin-like domain-containing 1 protein), TNFAIP1 (tumor necrosis factor a-induced protein 1), IGFBP2 (insulin-

like growth factor-binding protein 2), MSI2 (Musashi2).

ing to Notchl activation, which could be a
potential molecular target for stem cell-target-
ed therapy for liver cancer [255]. Besides, ZBP-
89 has been demonstrated to function as a
candidate tumor suppressor in HCC. Localized
with Notchl intracellular domain (NICD1) in the
nucleus, ZBP-89 negatively regulates HCC
stemness via inhibiting the Notch1 signaling by
competitive binding to NICD1 with MAML1.
These support the upregulation of ZBP-89 as a
potential therapeutic strategy for HCC treat-
ment [256].

Other targets

Master regulators (MRs) are one or more tran-
scription factors (TFs) that most cancer signal-
ing pathways seem to converge on [257], which
direct tumor development, progression, and
metastasis through hierarchical control of gene
expression patterns. One study predicted the
lipid-binding protein SEC14L2 with putative
transcriptional activator activity as a conserva-
tive MR in HCC and restoration of SEC14L2
expression significantly inhibited tumor growth,
which supports MRs to direct targeted thera-
peutics for HCC [258]. Nevertheless, postsurgi-
cal recurrence within 2 years is the major cause
of the poor survival of HCC patients. Sec62, an
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independent prognostic factor for early recur-
rence in postoperative HCC patients, promoted
migration and invasion of HCC cells in vitro.
One of the targets of it was integrin o/CAV1 sig-
naling and the overexpression of integrin o par-
tially rescued the Sec62 knockdown-induced
suppression of cell migration. Sec62 might be
an attractive drug target for anti-HCC postsurgi-
cal recurrence [259]. As for ALOX12-12-HETE
pathway, it was strongly activated in nonalco-
holic fatty liver disease (NAFLD), which induced
severe HCC recurrence. In vitro studies by Yang
et al. showed that 12-HETE upregulated the
expression of GPR31 and induced EMT and
matrix metalloprotein (MMPs) by activating
PISK/AKT/NF-kB pathway, while knockdown of
GPR31 in cancer cells restrained the HCC
recurrence in NAFLD. ALOX12-12-HETE-GPR31
played a crucial role and might be a potential
therapeutic target to reduce HCC recurrence
after surgery in fatty livers [260]. Mechanism of
potential anti-HCC targets in multiple signaling
pathways is shown in Figure 6.

Conclusion

As one of the most common malignant tumors,
HCC is closely related to HCV, aflatoxin and
other factors, and there is still room for devel-
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opment of its treatments. Although surgical
treatment can greatly improve the survival rate
of early and mid-stage patients, it is still not
applicable for most HCC patients due to the
fact like the shortage of donors. TACE, as the
first choice for non-surgical treatment, com-
bined with RFA, MWA and sorafenib has shown
a significant clinical advantage in the OS rate
recently. CAR-T therapy in clinical trials has
become a possible treatment for liver cancer
for its high specificity to antigens and high MHC
dependency on tumor cells. Different from non-
drug therapy, the few first-line anti-HCC drugs
like Sorafenib are usually used for advanced
HCC patients where other therapies have failed,
due to their high toxicity. And the use of
Nivolumab is more likely to be based on clinical
reality or in combination with other drugs. The
second-line drugs are often alternatives to pa-
tients with intolerance or resistance. Although
some drugs are currently in clinical trials, they
do not work as well as existing drugs. Thus, the
further development of potential preclinical
drugs and studies on miRNAs, IncRNAs and
many other signaling pathway targets for new
drugs research may bring new opportunities for
the treatment of HCC. The progress of non-drug
therapies such as oncolytic viruses and vec-
tors, peptide vaccine, biological clock for
NAFLD conditioning will guide new trends in the
treatment of HCC, along with potential HCC
drugs to improve the pattern of HCC treatment.
The concerted efforts of people all over the
world hold the promise of a substantial reduc-
tion in the incidence and death from HCC in the
coming decades.
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