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Abstract Hepatocellular carcinoma (HCC) is one of the most common malignancies, and its treatment is

limited. With the understanding of key genes and signaling pathways in the occurrence and development of

HCC, targeted drugs with high selectivity and low toxicity have been developed continuously, bringing a variety

of options for the treatment of advanced HCC. In this article, the research progress on representative drugs of

targeted therapy and potential therapeutic targets for HCC are reviewed.

EPATOCELLULAR carcinoma (HCC) is one

of the most common malignancies in the

world.™ Due to the insidiousness of the

onset of HCC and the lack of effective
treatment methods, the prognosis of HCC is extremely
poor, and the 5-year average survival rate is less than
10%."% It is urgent to develop novel treatment apart
from the traditional radiotherapy and chemotherapy for
advanced HCC. In recent years, with understanding of
the signaling pathways and molecular targets of HCC,
breakthrough treatment, represented by sorafenib, has
been made in targeted therapy, and has shown advan-
tages in the treatment of advanced HCC.®"! Its high
selectivity and low toxicity make it the first-line ther-
apy for systemic treatment of advanced HCC. Other
targeted drugs such as lenvatinib and regorafenib have
also brought multiple options for the treatment of ad-
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vanced HCC.''* The research progresses of the repre-
sentative drugs in targeted therapy and the potential
targets for HCC are reviewed.

ANTI-ANGIOGENESIS TARGETED DRUGS

Sorafenib

Sorafenib was the first systemic therapy approved for
patients with advanced HCC."® The main targets are
the vascular endothelial growth factor receptor (VEG-
FR)1-3, platelet-derived growth factor receptor (PDG-
FR)-B, etc.'! Advanced HCC used to lack effective drug
treatment until the Sorafenib Hepatocellular Carcinoma
Assessment Randomized Protocol (SHARP) experiment
published in 2007, where sorafenib showed a 44%
prolongation of median overall survival (OS) versus
placebo (10.7 months vs. 7.9 months; HR=0.69) for
patients with HCC." Sorafenib has been used as the
first-line treatment of advanced HCC afterwards. How-
ever, about 70% of these patients were reported to
develop drug resistance 10 years later after clinical
introduction of sorafenib.”™ Li M and his partner suc-
cessfully formulated a dual-targeting delivery system



58 CHINESE MEDICAL SCIENCES JOURNAL

to enhance HCC therapy by encapsulating sorafenib
and antimiRNA21 in arginine-glycineaspartic acid (RGD)
pentapeptide-modified reconstituted high-density li-
poprotein(rHDL).!™ A series in vitro and in vivo experi-
ments revealed that co-delivery of sorafenib and anti-
miRNA21 by RGD-rHDL significantly strengthened the
anti-tumor and anti-angiogenic effect of sorafenib with
negligible toxicity to major organs, reversed drug-re-
sistance and capability of remodeling tumor environ-
ments.®

Lenvatinib

Lenvatinib is a multi-targeted kinase inhibitor, which
mainly acts on VEGFR1-3, epidermal growth factor
receptor (EGFR)1-4, platelet-derived growth factor
receptor (PDGFR)-a. It has been used as the first-
line treatment for unresectable HCC without systemic
treatment. Studies have found that lenvatinib exerted
anti-tumor effects by inhibiting fibroblast growth factor
(FGF) signaling pathway ! and the FGF receptor-mi-
togen-activated protein kinase (MAPK) cascade. ¥ A
phase III clinical trial conducted by Masatoshi Kudo et
al. compared lenvatinib with sorafenib in the treatment
of unresectable HCC and found that lenvatinib was not
inferior to sorafenib in OS, and it significantly improved
progression-free survival (PFS), time to progression
(TTP), and objective response rate (ORR) of HCC pa-
tients; the incidence of adverse events of grade 3 or
higher was comparable to that of sorafenib. Therefore,
it is reasonable to believe that lenvatinib can be used
as a new medicine for advanced HCC.”’ A cost-benefit
analysis showed that lenvatinib was more cost-effec-
tive than sorafenib, and has a higher quality-adjusted
life year (QALY) due to a longer time period of PFS and
lower cost.!"”

Regorafenib

Regorafenib, a tyrosinase inhibitor, mainly targets PDG-
FR-a/B and VEGFR-1-3. It is now used as a second-line
treatment for HCC. In a randomized, double-blind,
placebo-controlled phase III trial (RESORCE) conducted
by Jordi Bruix et al.,!*!! regorafenib showed higher 0OS
than placebo (median, 10.6 months vs. 7.8 months,
P <0.05). This clinical trial suggests regorafenib is
effective and tolerable for patients with advanced
HCC. Other studies had reached similar results."* ™!
A lower Child-Pugh score and a better Eastern Coop-
erative Oncology Group Performance Status (ECOG-
PS) are usually suitable predictors for the second-line
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treatment with regorafenib, especially in patients with
HCC after failure of sorafenib treatment."* Studies
have shown that regorafenib is effective clinically on
HCC patients with treatment of sorafenib, regardless
of the final dose of sorafenib or tristetraprolin (TTP).[**!
This suggests that regorafenib may be an option of
sequential treatment for HCC patients with progressed
disease after sorafenib treatment.

Apatinib

Apatinib is a small molecule tyrosine kinase inhibitor.
In recent years, it has been found to have a certain
effect on HCC. It can selectively bind to and effectively
inhibit VEGFR-2, exerting anti-tumor angiogenesis, and
can target on endothelial cells and tumor cells both in
vivo and in vitro."®! It can also exert anti-tumor effects
by inhibiting phosphatidylinosiyol-3-kinase/Akt (PI3K/
Akt) signal transduction pathway.!'”) Retrospective and
prospective studies suggest that apatinib is a safe
and effective targeted drug for HCC with mild side ef-
fects,*® *1 although its clinical efficacy is not compa-
rable to sorafenib.”®™ Oral apatinib may cause uniform
distribution in human body, so the concentration in
liver is limited or insufficient. New formulation, such
as apatinib gel which release slowly in body may be a
solution.”* ??! Transcatheter arterial chemoemboliza-
tion (TACE) treatment combining with apatinib have
shown better therapeutic effectiveness.?**! Moreover,
apatinib is cheaper than other targeted drugs for HCC,
which makes it an option for patients with limited pay-
ment capacity.

Ramucirumab

Ramucirumab is a monoclonal antibody that primarily
targets VEGFR-2. A phase II trial by Zhu and col-
leagues provided preliminary evidence for its ther-
apeutic effect on advanced HCC.*®! A phase III trial
study further confirmed that ramucirumab has signif-
icant benefits to survival of patients with advanced
HCC.™*"! These results suggest that ramucirumab
treatment is associated with better outcome, accept-
able tolerability and safety, indicating it could be used
as a new drug in the treatment for HCC patients with
elevated AFP.*®!

Bevacizumab

Bevacizumab is a recombinant humanized monoclonal
antibody, which binds to VEGF and blocks its biological
properties. A phase Il trial reported by Abby B et al.’*!
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investigated bevacizumab in patients with advanced
HCC showed a median PFS of 6.9 months, overall sur-
vival rate at 1 year, 2 year and 3 year of 53%, 28%,
and 23%, respectively; the grade 3 and 4 adverse
events included hypertension (15%), thrombosis (6%,
including 4% of arterial thrombosis), and severe hemo-
rrhage (11%). These results suggest that bevacizumab
is effective for advanced HCC, but clinicians should be
cautious with the risk of severe hemorrhage. There-
fore, timely evaluating patient’s condition and strictly
controling adaptation sign are important. Bevacizumab
combined with sorafenib in the treatment of advanced
HCC showed high toxicity and low efficacy in a phase
I /11 trail, which was eventually terminated.®™ To the
contrast, the combination of bevacizumab with other
targeted drugs such as erlotinib has been demonstrat-
ed to have a certain effectiveness and tolerability.!

Sunitinib

Sunitinib is an oral multi-targeted tyrosine kinase in-
hibitor, and its main targets are VEGFR, PDGFR, etc.
The results of a randomized phase III trial investigat-
ing sunitinib and sorafenib in the treatment of HCC
showed that sorafenib with sunitinib was not superior
or equivalent but was significantly inferior to sorafenib,
with more frequent and severe adverse events.”? The
results are undoubtedly disappointing. Nevertheless,
a phase 1II trial in 2018 investigating sunitinib com-
bined with transarterial chemoembolization (TACE) for
advanced HCC reported a median PFS of 8 months,
overall survival of 14.9 months, and the toxic effects
and side effects were tolerable,®® which provided a
new idea in application of sunitinib in the treatment of
advanced HCC.

Brivanib

Brivanib is an oral tyrosinase inhibitor which targets
dual VEGFR and FGFR. The BRISK-FL study, a multina-
tional, randomized, double-blind, phase III trial investi-
gated the efficacy of brivanib and sorafenib as the first-
line treatment of advanced HCC. The result showed
that the OS of the brivanib group and sorafenib group
was 9.5 months and 9.9 months, respectively; the TTP,
their objective response rate (ORR), and DCR were
similar. Although the trial did not reach the primary
endpoint, these two drugs have been considered to
be similar in anti-tumor activity.* In BRISK-PS study
which investigated therapeutic effect of brivanib in
patients with advanced HCC who were intolerant to
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sorafenib or failed to respond to sorafenib, it was con-
cluded that brivanib could not improve the 0S.5°

Thalidomide and lenalidomide

Thalidomide and its derivative lenalidomide have been
recently reported to have antitumor activity. Studies
have found that thalidomide can inhibit VEGF and FGF
and exert anti-angiogenesis effect.***”? An open-label,
single-arm, single-center phase Il clinical trial showed
that lenalidomide was safe and had modest anti-tumor
efficacy as second-line therapy for patients with ad-
vanced HCC.P®

Endostar

Many studies have suggested that endostar plays a
role in anti-angiogenesis.*® Endostar can down-regu-
late the secretion of VEGF, inhibit the ERK, MAPK and
FAK cascade signaling pathways, so that exerts an-
ti-angiogenic effect. However, the application of endos-
tar in the treatment of HCC is still in research current-
ly, and its clinical value need further investigations.

Others

There are some other anti-angiogenesis targeting
drugs, such as cexiranib, axitinib, linianib, and so forth.
Most are still under investigation, and their efficacy
and safety seem not satisfied. Cexiranib showed pre-
liminary evidence of antitumor activity for advanced
HCC with high incidence of toxicity. * Treatment with
axitinib and best supportive care did not improve OS
compared to placebo group in the overall study pop-
ulation or in the stratified subgroups.i!! In a phase III
clinical trial, the efficacy of linifanib in the treatment of
advanced HCC was not superior to sorafenib, and its
safety was not as good as sorafenib either.!*”

EPIDERMAL GROWTH FACTOR
RECEPTOR(EGFR) INHIBITORS

Lapatinib

Lapatinib is an oral small molecule tyrosine Kki-
nase inhibitor. The main targets are epidermal Growth
Factor Receptor (EGFR) and HER-2 / NEU. It can in-
duce cytotoxicity of cell Huh7, HeG2 and HA22T, and
up-regulate autophagy-related proteins to induce auto-
phagy of tumor cells.”*! It is worth noting that a recent
study shows C-terminus of HBXx is necessary for the
respond sensitivity of HCC to lapatinib,**! which sug-
gest that the C-terminus of HBx might be a predictive
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biomarker for the treatment response to lapatinib in
HCC patients.

Cetuximab

Cetuximab is a recombinant chimeric monoclonal IgG1
antibody. Cetuximab inhibits growth of human liver
cancer cells by inhibiting EGFR, which was first report-
ed by Alexander et al., and has served as the theoret-
ical basis for cetuximab in the treatment of HCC.!*!
Studies have shown that the combined blockings of
EGFR and PI3K/AKT/mTOR signaling pathways can im-
prove the anti-tumor effect of cetuximab.™

Erlotinib

Erlotinib is a monoclonal antibody that targets EGFR
and HER. It has a certain effect on advanced HCC, but
the efficacy is limited."”? A randomized double-blinded
phase Il trial showed that sorafenib combined with
erlotinib in the treatment of advanced HCC did not
improve survivals. ¥ However, a meta-analysis pub-
lished in 2019 found that combination of bevacizumab
with erlotinib was effective and safe for advanced HCC,
and can be used in the second-line treatment of HCC.”!

THE MAMMALIAN TARGET OF
RAPAMYCIN (mTOR) SIGNALING
PATHWAY INHIBITORS

Sirolimus

The mammalian target of rapamycin (mTOR) signal-
ing pathway inhibitors have immunosuppressive and
anti-tumor effects, and may function as protecting
immune grafts and inhibiting tumor growth simultane-
ously. Yanik EL et al. observed the efficacy of sirolimus
in the treatment of HCC patients after liver transplan-
tation, and found that sirolimus did not help to reduce
all-cause mortality of HCC patients after liver trans-
plantation, but in subgroup of patients older than 55
years it showed better prognosis.”® A phase III trial
which also examined sirolimus in post-transplantation
patients of HCC found that inclusion of sirolimus in im-
munosuppressive regimens did not improve patients’
relapse-free and OS outcomes after 5 years.®™ The re-
sults of these two trials suggest that sirolimus are not
beneficial in reducing recurrence and prolonging sur-
vival of patients with HCC after liver transplantation.

Temsirolimus and everolimus
Other mTOR inhibitors, such as temsirolimus and ever-
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olimus™ > have not been demonstrated to benefit pa-
tients with HCC. Further investigations are needed on
proper indication of mTOR inhibitors in patients with
advanced HCC.

THE c-MESENCHYMAL-EPITHELIAL
TRANSITION FACTOR (c-MET)
SIGNALING PATHWAY INHIBITORS

Foretinib

Foretinib is an oral multikinase inhibitor which can in-
hibit mesenchymal-epithelial transition (MET), reactive
oxygen species (ROS), etc. A phase [/II multicentric
study on foretinib showed it had good antitumor ac-
tivity and was well tolerated at a daily dose of 30 mg.
The objective response rate was 22.9%, the disease
stability rate was 82.9%, and the median OS was 16.7
months." This study initially confirmed the antitumor
activity of foretinib against advanced HCC.

Cabozantinib

Cabozantinib, a tyrosine kinase inhibitor, mainly tar-
gets VEGFR, MET, and anexelekto (AXL). It has been
approved for second-line treatment of advanced HCC
by Food and Drug Administration (FDA). A randomized,
double-blind, phase III clinical trial randomly assigned
707 patients with HCC to receive either cabozantinib
(60 mg once daily) or placebo at 2:1 ratio. The results
showed that the median OS, and the median PFS of
the cabozantinib group was significantly longer than
the placebo group (10.2 months vs. 8 months; 5.2
months vs. 1.9 months, respectively).®® This study
demonstrates that cabozantinib has a certain anti-
tumor effect in the treatment of advanced HCC. How-
ever, cost-benefit analysis pointed out that for patients
with liver cancer who have progressed after sorafenib
treatment, cabozantinib is not cost effective for its high
cost and drug toxicity.® Therefore, it is imperative to
develop relatively economical alternative treatment
with good efficiency and low toxicity. Many studies
have confirmed the relationship of liver cancer with
inflammation and immunosuppressive environment, so
introducing immunotherapy into the treatment of HCC
may further improve patients’ outcome.®”

At present, the efficacy of tivantinib in the treat-
ment of primary liver cancer is inconclusive, and fur-
ther clinical researches are needed. Other c-MET inhib-
itors, such as golvatinib, tepotinib and capmatinib, are
currently in stage of clinical trial, and their efficacies
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have to be determined.

MITOGEN EXTRACELLULAR SIGNAL-
REGULATED KINASE (MEK) INHIBITORS

Selumetinib and refametinib are mitogen extra-
cellular signal-regulated kinase (MEK) inhibitors. The
combination with sorafenib alone may have a certain
synergy effect and improve its efficacy.”®® Combina-
tion of these two MEK inhibitors with sorafenib in the
treatment of advanced HCC showed antitumor activity
and acceptable tolerability.* ®! Compared to refame-
tinib alone, combination of refametinib with sorafenib
showed synergistic anti-tumor effect in the treatment
of advanced HCC, but the adverse events are note-
worthy.®Additionally, trametinib and pimasertib are in
stage of clinical trial currently; the toxicity and clinical
efficacy have to be assessed carefully and are the di-
rections we need to work on.

INSULIN-LIKE GROWTH FACTOR
RECEPTOR (IGFR) INHIBITORS

Cixutumumab is a monoclonal antibody against
IGF-1R which is closely related to the pathogenesis
of HCC. However, in the phase II clinical trial, cixu-
tumumab in the treatment of advanced HCC did not
yield meaningful clinical efficacy.!®® Considering the
interaction between the IGF and VEGF signal path-
ways, a phase I clinical trial study on the treatment for
HCC showed that cixutumumab combined with stan-
dard dose of sorafenib (4 mg / kg weekly) were effec-
tive; the toxicity observed was consistent with that of
sorafenib monotherapy.'® So, combination therapy
may be a potential approach to applying cixutumumab
in the treatment of advanced HCC.

NEUROTROPHIN TROPOMYOSIN
RECEPTOR KINASE (NTRK) INHIBITORS

Larotrectinib

Larotrectinib, also known as LOX0-101, ARRY-470
and VITRAKVI®, is a novel oral small molecule, highly
selective, broad-spectrum tropomyosin receptor ki-
nase (TRK) inhibitor for children and adults who carry
neurotrophin tyrosine kinase receptor (NTRK) gene.
Because of the demonstrated good efficacy and safe-
ty in a variety of solid tumors with NTRK gene fusion,
larotrectinib was approved by the US Food and Drug
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Administration (FDA) for the first time on November
2018 to be used in the treatment of adult and pediatric
patients with solid tumors that have a NTRK gene fu-
sion without a known acquired resistance mutation.*"
This means that larotrectinib may play a role in the
treatment of HCC patients with NTRK gene fusion.

Entrectinib

Entrectinib is an oral selective tyrosine kinase inhibitor
for the treatment of solid tumors with NTRK, ROS1 and
ALK fusion. ®*! For metastatic or locally advanced NTRK
fusion-positive solid tumors, entrectinib produces
durable and clinically meaningful responses in phase 1
(STARTRK-1) and phase II (STARTRK-2) global study,
where entrectinib was taken orally at least 600 mg
daily, median follow up was 12.9 months, 7% (4/54)
were complete responders, and 50% (27/54) were
partial responders. The most common treatment-re-
lated adverse events of grade 3 and 4 were weight
gain, anemia, and nervous system disorders. No treat-
ment-related deaths occurred.® It can be seen that it
is well tolerated, safe and controllable. As larotrectinib
and entrectinib has shown certain effect on patients
with advanced HCC which is positive for NTRK gene
fusion, and these drugs easily pass through the blood-
brain barrier, it can be a good choice for patients with
advanced HCC and brain metastases.

OTHER POTENTIAL MOLECULAR TARGETS

In addition to the VEGFR and PDGFR molecular
targets, there are other molecular targets that have
been discovered for the treatment of HCC. For exam-
ple, animal experiments showed that p38y promoted
the progression of HCC, and p38y inhibitor inhibited
the progress of HCC in a mouse model of cancer. These
results suggest that p38y may become a new target
for liver cancer treatment.’®”’ Mu-opioid (MOP) recep-
tor was found to be significantly up-regulated in HCC,
and its overexpression was related to a poor prognosis
of HCC.'® In addition, stanniocalcin-1 (STC1)," con-
nective tissue growth factor (CTGF), and cysteine-rich
61 (Cyr61)"° have also been reported to be potential
therapeutic targets for primary liver cancer.

SUMMARY AND PROSPECTS

Since the advent of sorafenib, researches on
targeted therapy of HCC have become the focus.
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Afterwards, lenvatinib, regorafenib, cabozantinib and
ramucirumab have also shown certain values in the
In recent years, studies
have found that larotrectinib and entrectinib have a
certain effective on advanced HCC with NTRK gene fu-
sion.

Apatinib, thalidomide, lenalidomide and endostal
alone have poor efficacy in the treatment of advanced
HCC, but combined with TACE and chemotherapy can
delay the progression of the disease and reduce the
recurrence. Similarly, lapatinib alone was not effective
in the treatment of advanced HCC, but the C-terminus
of HBx may be a predictive biomarker for using lapati-
nib in the treatment of advanced HCC.

The occurrence and development of tumors are
partly caused by the inability of immune surveillance
system to detect or destroy cancer cells. Targeted
therapy for immune checkpoints in the treatment of
advanced HCC deserve more attentions in future.

treatment of advanced HCC.
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