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Molecular therapies for HCC: Looking outside the box
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Summary

Over the past decade, sorafenib has been the only systemic agent with proven clinical efficacy for
patients with unresectable hepatocellular carcinoma (HCC). Recently, lenvatinib was shown to be
non-inferior to sorafenib, while regorafenib, cabozantinib, and ramucirumab were shown to be superior
to placebo in patients failing sorafenib. In addition, trials of immune checkpoint inhibitors reported
encouraging efficacy signals. However, apart from alpha-fetoprotein, which is used to select patients
for ramucirumab, no biomarkers are available to identify patients that may respond to a specific treat-
ment. Different synergisms have been postulated based on the potential interplay between antiangio-
genic drugs and immunotherapy, with several clinical trials currently testing this hypothesis. Indeed,
encouraging preliminary results of phase I studies of bevacizumab plus atezolizumab and lenvatinib
plus pembrolizumab have led to the design of ongoing phase III trials, including both antiangiogenics
and immune checkpoint inhibitors in the front-line setting. Other important phase II studies have tested
molecular therapies directed against different novel targets, such as transforming growth factor-beta,
MET (hepatocyte growth factor receptor), and fibroblast growth factor receptor 4. These studies inte-
grated translational research with the aim of better defining the biological tumour profile and identify-
ing tumour and blood biomarkers that select patients who may really benefit from a specific molecular
therapy. Importantly, good safety profiles make these drugs suitable for future combinations. In this
review, we discuss the most recent data on novel combination strategies and targets, as well as looking
ahead to the future role of molecular therapies in the treatment of patients with advanced HCC.
� 2019 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.

Introduction

Despite its increasing global incidence and status
as a leading cause of cancer death, historically,
there has been a dearth of new drug developments
for hepatocellular carcinoma (HCC). The approval
of sorafenib in 20071 ushered in a period of robust
clinical research that until recently did not yield
new drug approvals. This all changed in 2017 with
the approval of regorafenib2 in the second-line
setting. Remarkably, what followed was a record
number of positive phase III studies including len-
vatinib in the first-line3 and cabozantinib4 and
ramucirumab in the second-line.5 In addition, the
United States Food and Drug Administration
(FDA) approved both nivolumab and pem-
brolizumab, 2 anti-programmed cell death protein
1 (PD-1) monoclonal antibodies for use in the
second-line after sorafenib based on an acceler-
ated approval mechanism, using data from
single-arm phase II studies (Fig. 1).6,7

These robust readouts in a relatively short per-
iod have caused a significant shift in the research
priorities for advanced HCC. The next phase of
studies is focused on combination strategies to
improve outcomes in the first-line setting and
there are already early clinical data supporting
this approach. In addition, we are now discussing
studies in the third-line setting and beyond; a con-
cept that would not even have been considered a
few years ago. Once again, there are studies evalu-
Journal of Hepatology 2020 vol. 72 j 342–3
ating these newly approved drugs in earlier stages
of HCC as well.

While we eagerly await the readouts of current
phase III studies, it is time to start thinking of
additional novel approaches for the treatment of
HCC.

Targeted therapies for untargeted
populations
The development of molecular targeted therapies
in cancer medicine has often followed a rational
development plan. That is to say, a molecular
alteration or sub-classification of the disease is
recognised, a novel therapeutic is selected to be
evaluated in this population based on a scientific
rationale, and clinical activity is established based
on a biomarker, to identify patients that are most
likely to respond. In liver cancer research there
has been a significant disconnect in this process.

Over the past 20 years, a significant amount of
work has been done to define the molecular sub-
groups of HCC.8 Broadly speaking, there are 2 large
classes of HCC, a proliferation class and a non-
proliferation class. The proliferation class is more
commonly associated with hepatitis B virus, being
poorly differentiated, having higher alpha-
fetoprotein (AFP) values and worse outcomes than
the non-proliferation class, which is more
commonly associated with hepatitis C virus or
52
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Key points

Recent positive trial results
have caused a significant
shift in the research prior-
ities for advanced HCC,
studies of novel
approaches are ongoing,
and studies designed to
validate biomarkers are
critical for future success.

Front-line BeyondSecond-line

Algorithm of treatment for advanced HCC

Sorafenib

Lenvatinib

Regorafenib
Cabozantinib

Ramucirumab°
Nivolumab*

Pembrolizumab*

One of the agents
the patient has
not yet received

One of the agents
the patient has
not yet received

Sorafenib
Regorafenib
Cabozantinib

Ramucirumab°
Nivolumab*

Pembrolizumab*

Progressive
disease or
intolerance

Progressive
disease or
intolerance

Progressive
disease or
intolerance

Progressive
disease or
intolerance

Fig. 1. Algorithm of treatment for advanced HCC. Potential options for sequencing systemic
agents. Note that i) lenvatinib has not been studied in patients with liver occupation ≥50%,
clear bile duct invasion, main portal vein invasion; ii) all phase III second-line studies to date
have been after prior sorafenib, not lenvatinib; iii) regorafenib has been studied only in
patients progressing on sorafenib; iv) the CELESTIAL (cabozantinib) trial enrolled also third-
line patients; v) this is not evidence-based after second-line as the sequences have not been
tested formerly. �If alpha-fetoprotein ≥400 ng/ml; *Approved by the United States Food and
Drug Administration based on phase II data, not approved by the European Medicines Agency.
HCC, hepatocellular carcinoma.
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alcohol-related HCC. Tumours in the non-
proliferation class tend to confer a better outcome,
have lower AFP values and be moderately to well
differentiated. Within these 2 classes there are
various subclasses based on genomic and epige-
nomic alterations. Despite the availability of
assays that identify these groups and alterations,
historically this heterogeneity has not played a
role in patient selection for clinical trials. Only
recently, studies with ramucirumab selected
patients with an elevated AFP for inclusion,5 but
this was only after a negative phase III study in
an unselected population.9 Studies of clinical
material have also defined ‘‘immune activated”
phenotypes which may be important for identify-
ing patients that would best respond to
immunotherapy-based approaches.10,11

Currently approved agents
To understand the challenges involved in the
development of new treatment approaches for
advanced HCC, we must first appreciate the data
supporting currently approved agents, which are
summarised in Table 1.1–7,12,13

Understanding the mechanisms of action of
approved drugs is critical to developing novel
strategies. The majority of approved drugs are
small molecule multikinase inhibitors of the vas-
cular endothelial growth factor receptor (VEGFR).
Increasingly, monoclonal antibodies are becoming
important in the HCC landscape, including those
aimed at blocking VEGFR, PD-1, and programmed
cell death-ligand 1 (PD-L1). While the exact mech-
anism of action of multikinase inhibitors is not
known, the monoclonal antibodies by design are
very specific and their activity and side effect pro-
files result from target engagement. One of the
challenges with all of these drugs is the develop-
ment of biomarkers predictive of response. Except
for ramucirumab, for which an elevated AFP is
used to select patients, none of these drugs make
use of a biomarker to identify patients that
respond. Several studies have attempted to iden-
tify both blood and tissue biomarkers, but these
have generally not yielded robust results or are
hypotheses generating at best.14–16 Studies
designed specifically to validate biomarkers are
critical for future success. These include novel
studies, using tissue acquisition in the
pre-surgical setting, where tissue is obtained at
baseline, followed by a brief exposure to therapy
before surgery. At the time of surgery, post-
treatment tissue is obtained for molecular
analyses and to determine whether there is a cor-
relation with clinical response. One such study
revealed interesting observations when evaluating
the combination of the cytotoxic T-lymphocyte
antigen 4 (CTLA-4) antibody ipilimumab with
nivolumab.17 These so called ‘‘window of opportu-
nity” studies not only give us a better understand-
ing of what new drugs are doing in situ, but can
possibly point to specific new targets for therapy
Journal of
that are modulated, providing data for rational
combination strategies.
Emerging novel combinations of
molecular therapies
The definitive role of single-agent immunothera-
pies is yet to be proven. Recent top-line results
from 2 long awaited phase III studies of 2 PD-1 tar-
geted antibodies have been released. In the front-
line setting, the CheckMate 459 study compared
nivolumab to sorafenib in an open-label phase III
study that randomised over 700 patients. This trial
did not achieve statistical significance for its pri-
mary endpoint of overall survival (OS) per the
pre-specified analysis; median OS (95% CI) was
16.4 months (13.9–18.4) for nivolumab versus
14.7 months (11.9–17.2) for sorafenib (hazard
ratio [HR] 0.85, 95% CI 0.72–1.02, p = 0.0752).13

In the second-line setting, the phase III
KEYNOTE-240 confirmed the clinical activity of
pembrolizumab in advanced HCC but did not meet
the pre-specified criteria for statistical significance
defined in the trial to demonstrate superiority
over placebo; median OS (95% CI) was
13.9 months (11.6–16.0) for pembrolizumab ver-
sus 10.6 months (8.3–13.5) for placebo
(HR 0.781; 95% CI 0.611–0.998; p = 0.0238) with
a pre-specified p value of 0.0174 required.12 Data
from KEYNOTE-240 demonstrate that this class
of agents clearly have activity in HCC with an
objective response rate (ORR) of over 18% and a
median duration of response (DOR) of over
13 months. These studies highlight the fact that
identifying patients that are most likely to derive
benefit is critical for success. Whereas in some
tumour types PD-L1 expression has been associ-
ated with clinical benefit, in HCC this has not
yielded robust results. Still, various predictive
biomarkers have been proposed, but require
Hepatology 2020 vol. 72 j 342–352 343



Key points

Combining antiangiogenics
and immune checkpoint
inhibitors may represent
an evolution of current
treatment options that is
based on a strong preclini-
cal rationale.

Table 1. Currently approved agents in HCC.

Trial name Line of therapy Active agent Control Primary endpoints Results (months or rate) Ref.

SHARP First-line Sorafenib Placebo OS 10.7 vs. 7.9
HR 0.69 (95% CI 0.55–0.87; p <0.001)

1

REFLECT First-line Lenvatinib Sorafenib OS, non-inferiority 13.6 vs. 12.3
HR 0.92 (95% CI 0.79–1.06)

3

RESORCE Second-line Regorafenib Placebo OS 10.6 vs. 7.8
HR 0.63 (95% CI 0.50–0.79; p <0.0001)

2

CELESTIAL Second- and third-line Cabozantinib Placebo OS 10.2 vs. 8.0
HR 0.76 (95% CI 0.63–0.92; p = 0.005)

4

REACH-2 Second-line and
AFP ≥400 ng/ml

Ramucirumab Placebo OS 8.5 vs. 7.3
HR 0.71 (95% CI 0.531–0.949; p = 0.0199)

5

Checkmate 040 Second-line Nivolumab* None ORR, OS, safety �17%, �15.0 6
KEYNOTE-224 Second-line Pembrolizumab* None ORR, OS, safety 17%, 12.9 7
KEYNOTE-240 Second-line Pembrolizumab** Placebo PFS, OS PFS 3.0 vs. 2.8

HR 0.718 (95% CI 0.570–0.904; p = 0.0022)
OS 13.9 vs. 10.6
HR 0.781 (95% CI 0.611–0.998; p = 0.0238)

12

Checkmate 459 First-line Nivolumab** Sorafenib OS OS 16.4 vs. 14.7
HR 0.85 (95% CI 0.72–1.02; p = 0.0752)

13

AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; HR, hazard ratio; OS, overall survival; ORR, objective response rate; PFS, progression-free survival. *Nivolumab and
pembrolizumab currently have accelerated approval in the United States for the second-line treatment of advanced HCC based on phase II results. **Though there were
numerical improvements, the p values for OS and PFS did not reach the pre-specified cut-offs for statistical significance.
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clinical validation.10,11 Short of having a selection
marker for patients, another strategy is to combine
immune-oncology agents with other drug classes
to increase the number of patients that benefit.

One of the factors supporting malignant cell
escape from immune surveillance is hypoxia
within the tumour microenvironment, resulting
from an altered blood supply. Hypoxia also
impairs the function of resident and transiting
immune effector cells, while in cancer cells,
myeloid-derived suppressor cells, and dendritic
cells, the activation of hypoxia-inducible factor 1
alpha upregulates PD-L1 expression.18 However,
hypoxia may also result from antiangiogenic treat-
ments such as sorafenib, which in HCC mouse
models can induce an increase of PD-L1 expression
in HCA-1 tumours after 28 days of treatment. This
is consistent with the observation that, in resected
human tumours, PD-L1 is preferentially expressed
in hypoxic areas and that this can be a key factor
in triggering immune evasion.19

Also, mounting evidence suggests that the
excessive production of VEGF in response to the
hypoxic state can exert immunosuppressive
effects in tumours through the inhibition of den-
dritic cell maturation and the priming of immuno-
suppressive inflammatory cell subsets.20,21

Moreover, other findings with anti-VEGF strate-
gies attribute antitumor responses to an improve-
ment in tumour-specific T cell activity. DC101, for
instance, an antiangiogenic monoclonal antibody
specific for VEGFR-2, can increase tumour-
specific CD8+ T cells in mice, thus favouring
tumour regression.22 In addition, a reduction in
the proliferation of regulatory T cells has been
observed in mouse models of colorectal cancer
when targeting the VEGF/VEGFR axis with suni-
tinib or bevacizumab. This effect can restore the
physiologic density of regulatory T cells within a
tumoural environment that is predisposed
towards immune tolerance.23
Journal of Hepatology 2020 vol. 72 j 3
Immune checkpoint inhibitors have been
introduced into clinical practice for a number of
malignancies, kindling interest in these ground-
breaking agents for HCC. While many aspects of
these therapies remain poorly understood, it has
been hypothesised that alleviating tumour
hypoxia could improve the outcomes achieved
with current immunotherapies. This constitutes
the rationale for the concurrent targeting of VEGF
and its cognate receptors and immune check-
points, with several preclinical findings supporting
this hypothesis. In a mouse model of colorectal
cancer, although the combination of DC101 and
anti-PD-1 antibody did not show any statistically
significant differences in terms of T cell tumour
infiltration, when comparing anti-PD-1 antibody
(alone or in combination with DC101) to control,
or to DC101 alone, an increase in both CD4+ and
CD8+ T cell infiltrate in tumours was only
observed with anti-PD-1 treatment.24 Further-
more, in HCC models, immunosuppression pro-
moted by sorafenib may be decreased by
blockade of hypoxia-induced pathways, yet only
the addition of an anti-PD-1 antibody is capable
of stimulating T lymphocyte infiltration.19

When tumour cells are treated with cabozan-
tinib the expression of major histocompatibility
complex class 1 antigen increases, which is associ-
ated with a greater sensitivity of tumour cells to T
cell-mediated killing.25 A further preclinical study
showed that lenvatinib has more potent antitumor
activity when combined with PD-1 inhibition,
decreasing the number of tumour-associated
macrophages and therefore affecting antitumor
immune responses.26 Since both reduced and
increased immunosuppression may result from
blockade of the VEGF/VEGFR axis, combining
antiangiogenics and immune checkpoint inhibitors
may represent an evolution of current treatment
options that is based on a sound preclinical ratio-
nale (Fig. 2).27
42–352
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Preliminary results of
phase I studies of beva-
cizumab plus atezolizumab
and lenvatinib plus pem-
brolizumab are encourag-
ing and have led to the
design of ongoing phase III
trials of antiangiogenics
plus immune checkpoint
inhibitors.

Signalling pathways targeted by immune checkpoint inhibitors and antiangiogenics

Increased Decreased
• Immune
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• Antigen
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• Immunosuppression
• Tregs
• PD-1, PD-L1
and CTLA-4
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• Pericyte coverage
• Perfusion
and oxygenation

• Mature DCs
• CD8+ diapedesis

• Hypoxia
• Vessel leakage
• Immature DCs
• Tregs Foxp3+
• TAM
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• PD-L1, CTLA-4

HCC

Antiangiogenic
treatments

Vascular
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Immune checkpoint
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Increased treatment
response

Tumour cell CD8+ T cell

Fig. 2. Signalling pathways targeted by immune checkpoint inhibitors and antiangio-
genics. CTLA-4, cytotoxic T-lymphocyte antigen 4; DCs, dendritic cells; MDSCs, myeloid-
derived stem cells; PD-1, programmed cell death protein 1; PD-L1, programmed cell
death-ligand 1; TAMs, tumour-associated macrophages; TEM, TIE-2 (angiopoietin receptor)
expressing monocytes; Tregs, regulatory T lymphocytes. Adapted from Mossenta M, et al.27.
Note: This is an open access article distributed under the Creative Commons Attribution
License which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited (CC BY 4.0).
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Several clinical trials are currently testing this
hypothesis (Table 2). Updated results of a phase
Ib study of bevacizumab combined with the anti-
PD-L1 antibody atezolizumab in patients with
advanced HCC and well-preserved liver function
(Child-Pugh class A) (ClinicalTrials.gov
NCT02715531) reported an ORR of 32% by investi-
gator assessment according to RECIST 1.1, among
73 evaluable patients.28 Objective responses were
observed in all subgroups of patients regardless of
aetiology, region, baseline AFP levels, and tumour
burden (extrahepatic spread and/or macrovascular
invasion). At a median follow-up of 7.2 months, 18
responses (78%) were ongoing for ≥6 months,
including 6 (26%) that were ongoing for ≥1 year.
Median progression-free survival (PFS) was
14.9 months (range 0.5–23.9+), and the 6-month
PFS rate was 65%, while median DOR and median
OS were not reached at the time of presentation.
The ORR based on investigator assessment per
RECIST 1.1 was confirmed by an independent
review facility (IRF) assessment according to
RECIST 1.1 (27%) and mRECIST (34%). Among 103
safety-evaluable patients, the most common
any-grade adverse events (AEs) were decreased
appetite (28%), fatigue, rash, and pyrexia (20%
each), and the most common grade 3/4 AE was
hypertension (10%). Five grade 5 AEs were
reported, and 2 of them were considered
treatment-related (1 case of grade 4 drug-
induced liver injury, followed by sepsis and hep-
atic decompensation, and 1 case of pneumonitis).
Serious AEs (SAEs) occurred in 35% of the patients,
and treatment-related SAEs in 18% of the patients.
AEs leading to treatment withdrawal from beva-
cizumab, atezolizumab, or both treatments
occurred in 10%, 8%, 6% of the patients, respec-
tively. Overall, AEs were in line with the safety
profile of each drug and no new safety signals
were identified (Table 3).28 According to earlier
data29 this combination has been granted break-
through therapy designation by the FDA30 and
has been further assessed in the IMbrave150
phase III trial (ClinicalTrials.gov NCT03434379).

The IMbrave150 is a multicentre, open-label,
randomised phase III study evaluating the efficacy
and safety of bevacizumab and atezolizumab com-
pared to sorafenib in patients with untreated
locally advanced or metastatic HCC and well-
preserved liver function (Child-Pugh class A). The
updated co-primary endpoints of this study are
OS and PFS, as determined by an IRF according to
RECIST 1.1. Updated secondary endpoints include
ORR, PFS, time to progression (TTP), and DOR as
determined by the investigator according to
RECIST 1.1; ORR, TTP, and DOR as determined by
an IRF according to RECIST 1.1; ORR, PFS, TTP,
and DOR as determined by an IRF according to
mRECIST; quality of life (QOL), OS and PFS accord-
ing to baseline AFP levels, pharmacokinetics (PK),
anti-drug antibodies to atezolizumab, and AEs.
This trial randomised approximately 480 patients
Journal of
in a 2:1 ratio. Patients in the experimental arm
received bevacizumab at a dose of 15 mg/kg and
atezolizumab at a dose of 1,200 mg by i.v. infusion
on day 1 of each 21-day cycle, patients in the con-
trol arm received sorafenib at the standard dose of
400 mg orally twice a day on days 1–21 of each
21-day cycle. A press release stated that ‘‘the
phase III IMbrave150 study met its co-primary
endpoints demonstrating statistically significant
and clinically meaningful improvements in OS
and PFS compared with standard-of-care
sorafenib”.31

All antiangiogenic agents with positive phase
III results in HCC (sorafenib, lenvatinib, rego-
rafenib, cabozantinib and ramucirumab) target
VEGFR-2 signalling to varying degrees, along with
other receptors involved in the angiogenic process
(except for ramucirumab which selectively targets
VEGFR-2). Based on this evidence, all agents could
be synergistically associated with immune check-
point inhibitors. Preliminary data from a phase Ib
study testing the combination of lenvatinib and
the anti-PD-1 antibody pembrolizumab for first-
line treatment of unresectable HCC (ClinicalTrials.-
gov NCT03006926) reported an ORR of 42.3%,
Hepatology 2020 vol. 72 j 342–352 345
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including unconfirmed responses and of 26.9%
excluding unconfirmed responses, and a median
PFS of 9.69 months (95% CI 5.55–not evaluable)
per investigator assessment by mRECIST, among
26 evaluable patients.32 Among 30 safety-
evaluable patients, AEs were consistent with
known safety profiles of lenvatinib and pem-
brolizumab. Decreased appetite and hypertension
(53.3% each) were the most common any-grade
AEs, followed by diarrhoea (43.3%) and fatigue
(40%). The most common grade ≥3 AEs were
hypertension (16.7%), aspartate aminotransferase
increase (16.7%), decreased white blood cell count
(13.3%), and hyponatremia (10.0%). There were 8
SAEs (26.7%) and 3 grade 5 AEs including 2 that
were deemed to be treatment-related (acute respi-
ratory distress syndrome and intestinal perfora-
tion). Sixty percent of patients had a dose
interruption or reduction and 16.7% discontinued
lenvatinib and/or pembrolizumab due to AEs.
Overall, toxicities were manageable and no new
unexpected safety signals were observed
(Table 3).32 In addition, a phase Ib trial of lenva-
tinib plus nivolumab in patients with HCC is ongo-
ing in Japan (ClinicalTrials.gov NCT03418922), and
a single-arm phase IIb study is exploring the com-
bination of lenvatinib and pembrolizumab as
second-line treatment in patients with advanced
hepatobiliary tumours, while also analysing
potential biomarkers of response (ClinicalTrials.-
gov NCT03895970).

Based on the phase Ib results, the phase III mul-
ticentre, randomised, double-blinded, active-
controlled, LEAP-002 trial (ClinicalTrials.gov
NCT03713593) is assessing the efficacy and safety
of lenvatinib in combination with pembrolizumab
versus lenvatinib in combination with placebo as
first-line therapy in patients with advanced HCC
and well-preserved liver function (Child-Pugh
class A). The co-primary endpoints are OS and
PFS according to RECIST 1.1 as assessed by blinded
independent central review (BICR). Secondary
endpoints include ORR, DOR, disease control rate
(DCR), TTP per RECIST 1.1 as assessed by BICR;
PFS, ORR, DOR, DCR, TTP per mRECIST as assessed
by BICR; AEs and PK. This trial will randomise
approximately 750 patients: patients in the exper-
imental arm will receive lenvatinib 12 mg (for
patients with body weight ≥60 kg) or 8 mg (for
patients with body weight < 60 kg) orally once
daily, plus pembrolizumab 200 mg i.v. on day 1
of each 21-day cycle; patients in the control arm
will receive lenvatinib 12 mg (for patients with
body weight ≥60 kg) or 8 mg (for patients with
body weight < 60 kg) orally once daily, plus pla-
cebo i.v. on day 1 of each 21-day cycle.33

Given the results emerging from the aforemen-
tioned phase I trials it is possible that some agents
may also move from the second- to the front-line
setting. This is the case for the ongoing phase I/II
and III studies of combinations of cabozantinib
with immune checkpoint inhibitors. In the earlier
Journal of Hepatology 2020 vol. 72 j 3
phases of clinical development, the CheckMate
040 is a multicohort phase I/II trial (ClinicalTrials.-
gov NCT01658878) exploring possible synergistic
activities of cabozantinib combined with the
anti-PD-1 antibody nivolumab, with or without
the anti-CTLA-4 antibody ipilimumab, in patients
with advanced HCC and well-preserved liver func-
tion (Child-Pugh class A). Primary endpoints of the
study are safety and efficacy in terms of ORR. The
multicohort phase Ib COSMIC-021 study (Clini-
calTrials.gov NCT03170960) is testing the combi-
nation of cabozantinib and atezolizumab in
patients with advanced HCC, well-preserved liver
function (Child-Pugh class A), and no prior sys-
temic therapy, with the primary objectives of
safety and preliminary efficacy (ORR per RECIST
1.1) of the combination.34 Other ongoing phase
I/II trials are testing the combination of regorafenib
plus pembrolizumab in first-line (ClinicalTrials.gov
NCT03347292), regorafenib plus the anti-PD-L1
antibody avelumab in patients with advanced or
metastatic digestive solid tumours including HCC
(ClinicalTrials.gov NCT03475953), cabozantinib
plus nivolumab as neoadjuvant treatment in
locally advanced HCC (ClinicalTrials.gov
NCT03299946), cabozantinib plus the anti-PD-L1
antibody durvalumab (ClinicalTrials.gov
NCT03539822), or ramucirumab plus durvalumab
(ClinicalTrials.gov NCT02572687) in previously
treated patients with advanced malignancies
including HCC. In the phase III space the multicen-
tre, randomised, open-label, controlled COSMIC-
312 trial (ClinicalTrials.gov NCT03755791) is
evaluating the efficacy and safety of cabozantinib
in combination with atezolizumab versus sorafenib
in the first-line treatment of patients with
advanced HCC and well-preserved liver function
(Child-Pugh class A). The 2 primary endpoints of
this study are OS and PFS, according to RECIST
1.1 as determined by a blinded independent
radiology committee (BIRC), for comparisons of
cabozantinib + atezolizumab versus sorafenib.
The secondary endpoint is PFS according to RECIST
1.1 as assessed by BIRC for cabozantinib versus
sorafenib. Additional endpoints include PFS, ORR,
TTP, and DOR per RECIST 1.1 by BIRC and by the
investigator; radiographic response according to
mRECIST; AEs, PK, immunogenicity of ate-
zolizumab, biomarker analyses including AFP,
and QOL. The trial will randomise approximately
740 patients in a 2:1:1 ratio. Patients in the exper-
imental arm receive cabozantinib orally at a dose
of 40 mg once daily, plus atezolizumab at the dose
of 1,200 mg i.v. every 3 weeks; patients in the con-
trol arm receive sorafenib at the standard dose of
400 mg orally twice a day, and patients in the
cabozantinib arm receive single-agent cabozan-
tinib orally at a dose of 60 mg once daily.35

Finally, in the context of different combination
approaches, ramucirumab combined with emi-
betuzumab, a bivalent MET antibody (ClinicalTri-
als.gov NCT02082210), and nivolumab combined
42–352



Table 2. Ongoing trials of novel combinations of molecular therapies for HCC.

Trial name/
identifier

Setting Treatment Primary endpoints Study type Planned
enrollment,
n

Phase I/II trials
GO30140/
NCT02715531*

Advanced HCC/first-line Bevacizumab + atezolizumab Safety, ORR, PFS Phase Ib 430 (across
all cohorts)

NCT03006926 Advanced HCC/first-line Lenvatinib + pembrolizumab Dose escalation: Safety, DLTs
Dose expansion: ORR, DOR

Phase Ib (dose-escalation
and dose-expansion)

97

NCT03418922 Advanced HCC/first-line Lenvatinib + nivolumab Part 1: DLTs, safety
Part 2: Safety

Phase Ib (part 1 and part 2) 26

NCT03895970 Advanced hepatobiliary tumors/second-line Lenvatinib + pembrolizumab ORR, DCR, PFS Phase IIb 50
CheckMate 040/
NCT01658878*

Advanced HCC/first- or second-line Cabozantinib + nivolumab +/�
ipilimumab

Safety, ORR Phase I/II (dose-escalation,
dose-expansion)

620 (across
all cohorts)

COSMIC-021/
NCT03170960

Advanced solid tumors, HCC/first-line Cabozantinib + atezolizumab Dose escalation: MTD, Recommended dose
Dose expansion: ORR

Phase Ib (dose-escalation
and dose-expansion)

1000 (across
all cohorts)

CaboNivo/
NCT03299946

Locally advanced HCC/neoadjuvant Cabozantinib + nivolumab Safety, number of patients who complete
preoperative treatment and proceed to surgery

Phase Ib 15

CAMILLA/
NCT03539822

Advanced GI tumors, HCC/second-line Cabozantinib + durvalumab MTD Phase Ib 30

NCT03347292 Advanced HCC/first-line Regorafenib + pembrolizumab Safety, DLTs Phase Ib (dose-escalation
and dose-expansion

40

REGOMUNE/
NCT03475953

Advanced GI tumors, HCC/second-line Regorafenib + avelumab Part 1: Recommended phase II dose of regorafenib
art 2: ORR

Phase I/II (part 1 and part 2) 212

NCT02572687 Advanced solid tumors, HCC/second-line and
AFP ≥1.5x upper limit of normal

Ramucirumab + durvalumab DLTs Phase I 114

NCT02082210 Advanced solid tumors, HCC/second-line Ramucirumab + emibetuzumab Part A: DLTs
Part B: ORR

Phase I/II 97

NCT02423343 Advanced solid tumors, HCC/second-line and
AFP ≥200 ng/mL

Galunisertib + nivolumab Phase Ib: MTD Phase Ib/II (dose escalation
and cohort expansion)

75

Phase III trials
IMbrave150/
NCT03434379

Advanced HCC/first-line Atezolizumab + bevacizumab vs.
sorafenib

OS, PFS Phase III, randomised, open-
label

480

LEAP-002/
NCT03713593

Advanced HCC/first-line Lenvatinib + pembrolizumab vs.
lenvatinib + placebo

PFS, OS Phase III, randomised,
double-blinded

750

COSMIC-312/
NCT03755791

Advanced HCC/first-line Cabozantinib + atezolizumab vs.
sorafenib vs. cabozantinib

PFS, OS Phase III randomised, open-
label

740

AFP, alpha-fetoprotein; DCR, disease control rate; DLTs, dose-limiting toxicities; DOR, duration of response; GI, gastrointestinal; HCC, hepatocellular carcinoma; MTD, maximum tolerated dose; ORR, objective response rate; OS,
overall survival; PFS, progression-free survival. *Trials include other cohorts.
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Table 3. Results of phase I trials of antiangiogenics plus immune checkpoint inhibitors for HCC.

Bevacizumab + atezolizumab Lenvatinib + pembrolizumab

Efficacy results (INV-assessed)* n = 73 (%) n = 26 (%)

Overall response rate 23 (32) 11 (42.3 incl. unconfirmed responses)
7 (26.9 excl. unconfirmed responses)

Complete response 1 (1) 1 (3.8)/0 (0)
Partial response 22 (30) 10 (38.5)/7 (26.9)

Disease control rate 56 (77) n.a.
≥16 weeks 48 (66)
≥24 weeks 34 (47)

Median DOR, months NR (1.6–22.0) n.a.
≥6 months 12 (52)
≥12 months 6 (26)

Median PFS, months 14.9 (range 0.5–23.9+) 9.69 (95% CI 5.55–NE)
6-month PFS, % 65 n.a.

Median OS, months NR (0.8–24.0 + ) n.a.
Safety results n = 103 (%) n = 30 (%)
Any AEs 95 (92) 30 (100)
Treatment-related AEs 84 (82) 28 (93.3)
Grade ≥3 46 (45) 18 (60)

Serious AEs 36 (35) 8 (26.7)
Grade 5 5 (5)** 3 (10)**

Dose modifications due to AEs
Dose interruptions/reductions n.a. 18 (60)/18 (60)
Discontinuation 24 (24) 5 (16.7)

AEs, adverse events; DOR, duration of response; HCC, hepatocellular carcinoma; INV, investigator; n.a., not available; NE, not estimable;
NR, not reached; OS, overall survival; PFS, progression-free survival. *Investigator-assessed, per RECIST 1.1 in the bevacizumab plus
atezolizumab trial, per modified RECIST in the lenvatinib plus pembrolizumab trial; **2 grade 5 AEs in each trial were deemed treatment-
related.
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with galunisertib, a transforming growth factor-
beta (TGF-b) receptor I kinase inhibitor (Clini-
calTrials.gov NCT02423343), are being tested in
phase I/II trials in patients with different types of
advanced cancer including HCC.

In principle, robust preclinical data and early
phase clinical data support combining antiangio-
genic agents with immune checkpoint inhibitors
in HCC and this approach, aiming to revert an
immunosuppressive milieu into an immunosup-
portive one, could ultimately lead to improved
clinical outcomes.36
Novel targets for molecular therapies
The recent development of immunotherapy in the
field of HCC has overshadowed the results of
important phase II studies using molecular thera-
pies, with efforts to better define the biological
tumour profile for which those therapies could
be appropriate. Given HCC heterogeneity, such tri-
als have integrated translational research, investi-
gating both tumour and blood biomarkers to
decipher which patient subgroup might be the
best candidate for a specific molecular therapy.
This section summarises the main approaches that
have generated promising results with well-
tolerated active compounds suitable for future
combinations, as well as highlighting key findings
from ancillary translational studies.

TGF-b inhibition
The role of the TGF-b pathway has been exten-
sively reported in HCC. Importantly, the TGF-b
Journal of Hepatology 2020 vol. 72 j 3
pathway has dual and opposite functions: the
ligand TFG-b1 could be beneficial at early tumour
stages by inhibiting cell proliferation, while at late
stages it promotes cell invasion, angiogenesis,
epithelial-to-mesenchymal transition, and drug
resistance.37,38 For example, a preclinical study
using hepatic sinusoidal endothelial cells and
malignant hepatocytes to investigate hepatocellu-
lar transmigration suggests that TGF-b is crucially
involved in blood vessel invasion of HCC cells,
amongst more general cell–cell interactions
between transmigrating hepatocytes and endothe-
lial cells, revealed by significant changes in pro-
teome profiling.39 In addition, experiments using
HCC cell lines show that TGF-b promotes cell pro-
liferation and invasion and may induce fibroblast
growth factor receptor 4 (FGFR4) expression
through the extracellular-signal-regulated kinase
(ERK) pathway in vitro, while TGF-b collaborates
with FGFR4 to promote the metastatic dissemina-
tion of HCC in vivo.40 Moreover, recent works
report that TGF-b attenuates tumour response to
PD-L1 blockade by contributing to exclusion of T
cells.41 The aforementioned findings provide an
important rationale for inhibiting the TGF-b path-
way in order to circumvent HCC aggressiveness
and resistance to therapies, especially in the era
of immune-oncology.

Most TGF-b inhibitors that have reached the
clinics are small molecules designed to inhibit
TFG-b receptors.42 Among them, galunisertib
(LY2157299 Monohydrate) is a TGF-b receptor 1
inhibitor43 that has been investigated as a single
drug or in combination with sorafenib across a
42–352
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wide phase I-II programme in HCC, involving
several cohorts with biomarker monitoring. In
cohort A, which included 109 patients with AFP
elevated to >1.5x the upper limit of normal (58–
65% of patients with AFP ≥400 ng/ml), galunisertib
was given orally as a single second-line agent fol-
lowing sorafenib failure, with patients achieving a
median OS of 7.5 months, with no safety concerns.
Interestingly, patients under exposure to galunis-
ertib who had a reduction of >20% of AFP or
TGF-b1 in the first 6 cycles of treatment had longer
survival than those without a biological response
(21.5 vs. 6.8 months for AFP, 11.2 vs. 5.3 months
for TGF-b1, respectively), suggesting that galunis-
ertib had a pronounced effect on a subgroup of
this population with a particularly poor progno-
sis.44 Galunisertib is currently being further inves-
tigated in combination with sorafenib.45,46 Given
the favourable safety profile, TGF-b pathway inhi-
bition could be attractive for future combinations
with other approaches such as PD-1/PD-L1 inhibi-
tors, or using bifunctional fusion proteins target-
ing both TGF-b and PD-L1, such as the M7824
compound.47,48

MET inhibitors
c-MET (MET) is a tyrosine kinase receptor with a
single known ligand, hepatocyte growth factor
(HGF). The MET/HGF pathway is involved in HCC
progression by promoting cellular proliferation,
survival and invasion.49,50 The MET/HGF axis is
also associated with tyrosine kinase inhibitor
resistance,51 as patients with high plasma HGF
concentrations above 3,279.1 pg/ml derived no
obvious benefit from sorafenib compared to pla-
cebo in the pivotal phase III SHARP trial.13 Several
generations of MET inhibitors have been investi-
gated in HCC, including selective or non-selective
compounds. The latter group could hit a wide
spectrum of targets (tivantinib), mimicking cyto-
toxic agents,52 or inhibit mainly VEGFR (cabozan-
tinib).4 In practice, data on non-selective MET
inhibitors reflect that their antitumor activity
may be predominantly due to their activity against
non-MET targets; those compounds associated
with related off-target AEs.53 In contrast, more
recent selective oral compounds such as tepo-
tinib54 and capmatinib55 have been developed in
HCC, with a focus on reducing toxicity and identi-
fying patient subgroups with MET abnormalities
during phase II programmes.53 As an example,
tepotinib has been assessed in preclinical mod-
els54 and as a second-line single agent in Western
patients with MET-positive HCC who have failed
on sorafenib (ClinicalTrials.gov NCT02115373).
The tolerance was favourable at the recommended
dose of 500 mg daily, peripheral oedema being the
most frequent AE in 39% of patients (grade 3 in
6%). The objective of the trial was met with 31
out of 49 patients (63.3%) progression-free at
12 weeks. However, the limited ORR (8%) and
DCR (27%) suggest that only a minority of patients
Journal of
are sensitive to selective MET inhibition despite
being enrolled based on MET positivity using
immunohistochemistry.56 Our team and others
have shown that MET amplification, a rare genetic
alteration present in only 1% of HCC, was associ-
ated with complete response to tepotinib in pre-
clinical models and in patients.57 In contrast,
MET overexpression at the protein level seems to
be insufficient to identify patients who will
respond to this selective approach, which war-
rants better characterisation of the appropriate
biological profile.57 Selective MET inhibition with
tepotinib is currently being compared to sorafenib
in Asian patients (ClinicalTrials.gov
NCT01988493).

FGFR4 inhibitors
Blocking the FGF19/FGFR4 axis is another promis-
ing approach in HCC that illustrates the concept of
biological selection of patients. There is a strong
preclinical rationale to inhibit this pathway since
FGF19/FGFR4 signalling enhances HCC cell inva-
sion by suppressing E-cadherin expression and
promoting the expression of epithelial-to-
mesenchymal transition-related genes.58 While
there was no significant difference in FGFR4
expression between HCC and surrounding liver
parenchyma, FGF19 was significantly overex-
pressed in HCC specimens and was an
independent prognostic factor for overall and
disease-free survival.59 Moreover, FGF19 expres-
sion has been correlated with early recurrence
and shorter disease-specific recurrence in a cohort
of patients with HCC who underwent hepatec-
tomy.60 The role of FGF19 has also been high-
lighted in resistance to sorafenib61 making this
pathway of particular interest given the current
wide use of multikinase inhibitors in HCC.

Following the first in class FGFR4 inhibitor
BLU9931, other drugs have been investigated in
HCC. BLU-554 is the most advanced of these com-
pounds, following completion of a phase I dose
escalation/dose expansion study, which assessed
FGF19 expression using immunohistochemistry
in parallel.62 BLU-554 was well tolerated, with
most AEs being mild to moderate gastrointestinal
events. Thus, the maximum tolerated dose of
600 mg once daily was expanded in 81 patients.
The ORR was 17% in FGF19-positive patients and
0% in FGF19-negative patients.63 This important
trial highlights the role of the FGF19/FGFR4 path-
way as a relevant therapeutic target in advanced
HCC and demonstrates that FGF19 could be used
as a biomarker for patient selection. BLU-554 is
currently being further investigated as single
agent in HCC.
Conclusion
It is clear that the results of current trials are
changing survival for patients with advanced
HCC. While important questions, such as the opti-
Hepatology 2020 vol. 72 j 342–352 349



References
Author names in bold designa

[1] Llovet JM, Ricci S, Mazza
Sorafenib in advanced h
2008;359:378–390. https:/

[2] Bruix J, Qin S, Merle P, Gran
for patients with hepatocel
treatment (RESORCE): a ra
phase 3 trial. Lancet 2017
6736(16)32453-9.

[3] Kudo M, Finn RS, Qin S, H
versus sorafenib in first-li
hepatocellular carcinoma:
Lancet 2018;391:1163–11
30207-1.

[4] Abou-Alfa GK, Meyer T, Ch
et al. Cabozantinib in patie
cellular carcinoma. N En
10.1056/NEJMoa1717002.

[5] Zhu AX, Kang YK, Yen CJ, Fin
after sorafenib in patients
increased a-fetoprotein co
ble-blind, placebo-contro
2019;20:282–296. https://d

Review

350
mal sequence strategy for these new agents and
how best to assess imaging response to systemic
therapies, still need to be answered, they are unli-
kely to provide the significant advances that the
field requires. The empiric development of new
drugs in HCC has not yielded the significant out-
comes that we have seen in other malignancies.
To really move the field forward, we will need to
continue to ‘‘think outside the box”, adopting
novel combination strategies and to continue to
pursue new targets in HCC. The success of these
strategies will rely on the successful translation
of laboratory studies into the clinic. Specifically,
developing biomarkers that identify patients most
likely to respond to a given treatment is critical. To
do so, we must capitalise on the recent clinical
successes that have established that HCC is not a
‘‘one drug disease” and use this momentum to
drive the next generation of research studies.

Abbreviations
AEs, adverse events; AFP, alpha-fetoprotein; BICR,
blinded independent central review; BIRC, blinded
independent radiology committee; CTLA-4, cyto-
toxic T-lymphocyte antigen 4; DCs, dendritic cells;
DCR, disease control rate; DOR, duration of
response; ERK, extracellular-signal-regulated
kinase; FGFR4, fibroblast growth factor receptor
4; HCC, hepatocellular carcinoma; HGF, hepato-
cyte growth factor; HR, hazard ratio; IRF, indepen-
dent review facility; MDSCs, myeloid-derived
stem cells; ORR, objective response rate; OS, over-
all survival; PD-1, programmed cell death protein
1; PD-L1, programmed cell death-ligand 1; PFS,
progression-free survival; QOL, quality of life;
TAMs, tumour-associated macrophages; TEM,
TIE-2 (angiopoietin receptor) expressing mono-
te shared co-first authorship

ferro V, Hilgard P, Gane E, Blanc JF, et al.
epatocellular carcinoma. N Engl J Med
/doi.org/10.1056/NEJMoa0708857.
ito A, Huang YH, Bodoky G, et al. Regorafenib
lular carcinoma who progressed on sorafenib
ndomised, double-blind, placebo-controlled,
;389:56–66. https://doi.org/10.1016/S0140-

an KH, Ikeda K, Piscaglia F, et al. Lenvatinib
ne treatment of patients with unresectable
a randomised phase 3 non-inferiority trial.
73. https://doi.org/10.1016/S0140-6736(18)

eng AL, El-Khoueiry AB, Rimassa L, Ryoo BY,
nts with advanced and progressing hepato-
gl J Med 2018;379:54–63. https://doi.org/

n RS, Galle PR, Llovet JM, et al. Ramucirumab
with advanced hepatocellular carcinoma and
ncentrations (REACH-2): a randomised, dou-
lled, phase 3 trial. Lancet Oncol
oi.org/10.1016/S1470-2045(18)30937-9.

[6] El-Khoueir
Nivolumab
Mate 040)
and expa
10.1016/S

[7] Zhu AX, F
Pembroliz
previously
open-labe
10.1016/S

[8] Llovet JM,
medicine
2018;15:5

[9] Zhu AX,
Ramucirum
advanced
sorafenib
trial. Lanc
2045(15)0

[10] Sia D, Jiao
de Moura
hepatocell
ogy 2017;

[11] Ruiz de G
Maier B, S
resistance

Journal of Hepatology 2020 vol. 72 j 3
cytes; TGF-b, transforming growth factor-beta;
TTP, time to progression; Tregs, regulatory T lym-
phocytes; VEGFR, vascular endothelial growth fac-
tor receptor.
Financial support
No financial support was provided in order to
write this manuscript.
Conflict of interest
S.F. reports personal fees from Bristol-Myers
Squibb, Bayer Pharma, Eisai, Ipsen, Merck Serono,
MSD, and Novartis. L.R. reports personal fees from
Lilly, Bayer, Sirtex Medical, ArQule, Exelixis, Ipsen,
Celgene, Eisai, AstraZeneca, AbbVie, Gilead, Roche,
Hengrui, MSD, Baxter, Amgen, Italfarmaco, Sanofi,
Incyte. R.F.S. reports personal fees from Astra
Zeneca, Bayer, Bristol Myers Squibb, Eisai, Eli Lilly,
Novartis, Merck, Pfizer, Roche/Genentech.

Please refer to the accompanying ICMJE disclo-
sure forms for further details.
Authors’ contributions
All of the authors performed the research, writing,
and review of all of the drafts of this paper and
approved the final version.
Supplementary data
Supplementary data to this article can be found
online at https://doi.org/10.1016/j.jhep.2019.09.
010.
y AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu C, et al.
in patients with advanced hepatocellular carcinoma (Check-

: an open-label, non-comparative, phase 1/2 dose escalation
nsion trial. Lancet 2017;389:2492–2502. https://doi.org/
0140-6736(17)31046-2.
inn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, et al.
umab in patients with advanced hepatocellular carcinoma
treated with sorafenib (KEYNOTE-224): a non-randomised,

l phase 2 trial. Lancet Oncol 2018;19:940–952. https://doi.org/
1470-2045(18)30351-6.
Montal R, Sia D, Finn RS. Molecular therapies and precision
for hepatocellular carcinoma. Nat Rev Clin Oncol

99–616. https://doi.org/10.1038/s41571-018-0073-4.
Park JO, Ryoo BY, Yen CJ, Poon R, Pastorelli D, et al.
ab versus placebo as second-line treatment in patients with
hepatocellular carcinoma following first-line therapy with
(REACH): a randomised, double-blind, multicentre, phase 3
et Oncol 2015;16:859–870. https://doi.org/10.1016/S1470-
0050-9.
Y, Martinez-Quetglas I, Kuchuk O, Villacorta-Martin C, Castro
M, et al. Identification of an immune-specific class of

ular carcinoma, based on molecular features. Gastroenterol-
153:812–826. https://doi.org/10.1053/j.gastro.2017.06.007.
alarreta M, Bresnahan E, Molina-Sánchez P, Lindblad KE,
ia D, et al. b-Catenin activation promotes immune escape and
to Anti-PD-1 therapy in hepatocellular carcinoma. Cancer

42–352

https://doi.org/10.1016/j.jhep.2019.09.010
https://doi.org/10.1016/j.jhep.2019.09.010
https://doi.org/10.1056/NEJMoa0708857
https://doi.org/10.1016/S0140-6736(16)32453-9
https://doi.org/10.1016/S0140-6736(16)32453-9
https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.1016/S0140-6736(18)30207-1
https://doi.org/10.1056/NEJMoa1717002
https://doi.org/10.1056/NEJMoa1717002
https://doi.org/10.1016/S1470-2045(18)30937-9
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1016/S1470-2045(18)30351-6
https://doi.org/10.1016/S1470-2045(18)30351-6
https://doi.org/10.1038/s41571-018-0073-4
https://doi.org/10.1016/S1470-2045(15)00050-9
https://doi.org/10.1016/S1470-2045(15)00050-9
https://doi.org/10.1053/j.gastro.2017.06.007


Discov 2019;9:1124–1141. https://doi.org/10.1158/2159-8290.CD-19-
0074.

[12] Finn RS, Ryoo BY, Merle P, Kudo M, Bouattour M, Lim HY, et al. Results of
KEYNOTE-240: phase 3 study of pembrolizumab (Pembro) vs best
supportive care (BSC) for second line therapy in advanced hepatocellular
carcinoma (HCC). J Clin Oncol 2019;37. https://doi.org/10.1200/
JCO.2019.37.15_suppl.4004.

[13] Yau T, Park JW, Finn RS, Cheng AL, Mathurin P, Edeline J, et al.
CheckMate 459: A randomized, multi-center phase 3 study of
nivolumab (NIVO) vs sorafenib (SOR) as first-line (1L) treatment in
patients (pts) with advanced hepatocellular carcinoma (aHCC). Ann
Oncol 2019;30. https://doi.org/10.1093/annonc/mdz394.

[14] Llovet JM, Peña CE, Lathia CD, Shan M, Meinhardt G, Bruix J, et al. Plasma
biomarkers as predictors of outcome in patients with advanced hepa-
tocellular carcinoma. Clin Cancer Res 2012;18(8):2290–2300. https://
doi.org/10.1158/1078-0432.CCR-11-2175.

[15] Esteban-Fabró R, Bassaganyas L, Torrecilla S, Moeini A, Franch-Expósito
S, Vila-Casadesús M, et al. Aneuploidy profiles in hepatocellular
carcinoma and their impact on tumor progression and immune features.
Proc AACR. Vol. 60. March 2019 (abstr: #3095).

[16] Finn RS, Kudo M, Cheng AL, Wyrwicz L, Ngan R, Blanc JF, et al. Final
analysis of serum biomarkers in patients from the phase 3 study of
lenvatinib in unresectable hepatocellular carcinoma (REFLECT). Ann
Oncol 2018;29. https://doi.org/10.1093/annonc/mdy269.

[17] Kaseb AO, Carmagnani Pestana R, Vence LM, Blando JM, Singh S, Ikoma
N, et al. Randomized, open-label, perioperative phase II study evaluating
nivolumab alone or nivolumab plus ipilimumab in patients with
resectable HCC. J Clin Oncol 2019;37. https://doi.org/10.1200/
JCO.2019.37.15_suppl.4098.

[18] Noman MZ, Desantis G, Janji B, Hasmim M, Karray S, Dessen P, et al. PD-
L1 is a novel direct target of HIF-1alpha, and its blockade under hypoxia
enhanced MDSC-mediated T cell activation. J Exp Med
2014;211:781–790. https://doi.org/10.1084/jem.20131916.

[19] Chen Y, Ramjiawan RR, Reiberger T, Ng MR, Hato T, Huang Y, et al.
CXCR4 inhibition in tumor microenvironment facilitates anti-pro-
grammed death receptor-1 immunotherapy in sorafenib-treated hepa-
tocellular carcinoma in mice. Hepatology 2015;61:1591–1602. https://
doi.org/10.1002/hep.27665.

[20] Terme M, Colussi O, Marcheteau E, Tanchot C, Tartour E, Taieb J.
Modulation of immunity by antiangiogenic molecules in cancer. Clin
Dev Immunol 2012:492920. https://doi.org/10.1155/2012/492920.

[21] Rivera LB, Meyronet D, Hervieu V, Frederick MJ, Bergsland E, Bergers G.
Intratumoral myeloid cells regulate responsiveness and resistance to
antiangiogenic therapy. Cell Rep 2015;11:577–591. https://doi.org/
10.1016/j.celrep.2015.03.055.

[22] Manning EA, Ullman JG, Leatherman JM, Asquith JM, Hansen TR,
Armstrong TD, et al. A vascular endothelial growth factor receptor-2
inhibior enhances antitumor immunity through an immune-based
mechanism. Clin Cancer Res 2007;13:3951–3959. https://doi.org/
10.1158/1078-0432.CCR-07-0374.

[23] Terme M, Pernot S, Marcheteau E, Sandoval F, Benhamouda N, Colussi O,
et al. VEGFA-VEGFR pathway blockade inhibits tumor-induced regula-
tory T-cell proliferation in colorectal cancer. Cancer Res
2013;73:539–549. https://doi.org/10.1158/0008-5472.CAN-12-2325.

[24] Yasuda S, Sho M, Yamato I, Yoshiji H, Wakatsuki K, Nishiwada S, et al.
Simultaneous blockade of programmed death 1 and vascular endothelial
growth factor receptor 2 (VEGFR2) induces synergistic antitumour effect
in vivo. Clin Exp Immunol 2013;172:500–506. https://doi.org/
10.1111/cei.12069.

[25] Kwilas AR, Ardiani A, Donahue RN, Aftab DT, Hodge JW. Dual effects of a
targeted small-molecule inhibitor (cabozantinib) on immune-mediated
killing of tumor cells and immune tumor microenvironment permis-
siveness when combined with a cancer vaccine. J Transl Med
2014;12:294. https://doi.org/10.1186/s12967-014-0294-y.

[26] Kato Y, Tabata K, Kimura T, Yachie-Kinoshita A, Ozawa Y, Yamada K,
et al. Lenvatinib plus anti-PD-1 antibody combination treatment
activates CD8+ T cells through reduction of tumor-associated macro-
phage and activation of the interferon pathway. PLoS ONE 2019;14.
https://doi.org/10.1371/journal.pone.0212513 e0212513.

[27] Mossenta M, Busato D, Baboci L, Cintio FD, Toffoli G, Bo MD. New
insight into therapies targeting angiogenesis in hepatocellular carci-
noma. Cancers (Basel) 2019;11. https://doi.org/10.3390/cancer-
s11081086, pii: E1086.

[28] Pishvaian MJ, Lee MS, Ryoo BY, Stein S, Lee KH, Verret W, et al. Updated
safety and clinical activity results from a Phase Ib study of atezolizumab

+ bevacizumab in hepatocellular carcinoma (HCC). Ann Oncol 2018;29.
https://doi.org/10.1093/annonc/mdy424.028.

[29] Stein S, Pishvaian MJ, Lee MS, Lee KH, Hernandez S, Kwan A, et al. Safety
and clinical activity of 1L atezolizumab + bevacizumab in a phase Ib
study in hepatocellular carcinoma (HCC). J Clin Oncol 2018;36. https://
doi.org/10.1200/JCO.2018.36.15_suppl.4074.

[30] https://www.roche.com/media/releases/med-cor-2018-07-18.htm.
[31] https://www.roche.com/media/releases/med-cor-2019-10-21.htm.
[32] Ikeda M, Sung MW, Kudo M, Kobayashi M, Baron AD, Finn RS, et al. A

phase 1b trial of lenvatinib (LEN) plus pembrolizumab (PEM) in patients
(pts) with unresectable hepatocellular carcinoma (uHCC). J Clin Oncol
2018;36. https://doi.org/10.1200/JCO.2018.36.15_suppl.4076.

[33] Llovet JM, Kudo M, Cheng AL, Finn RS, Galle PR, Kaneko S, et al.
Lenvatinib (len) plus pembrolizumab (pembro) for the first-line treat-
ment of patients (pts) with advanced hepatocellular carcinoma (HCC):
phase 3 LEAP-002 study. J Clin Oncol 2019;37. https://doi.org/10.1200/
JCO.2019.37.15_suppl.TPS4152.

[34] Spencer KR, Ramsingh G, Mohamed N, Pal SK, Rimassa L. Phase Ib trial of
cabozantinib (C) in combination with atezolizumab (A) in patients (pts)
with advanced hepatocellular carcinoma (HCC), gastric or gastroe-
sophageal junction cancer (GC/GEJC), or colorectal cancer (CRC). J Clin
Oncol 2019;37. https://doi.org/10.1200/JCO.2019.37.4_suppl.TPS478.

[35] Kelley RK, Cheng AL, Braiteh FS, Park JW, Benzaghou F, Milwee S, et al.
Phase 3 (COSMIC-312) study of cabozantinib (C) in combination with
atezolizumab (A) versus sorafenib (S) in patients (pts) with advanced
hepatocellular carcinoma (aHCC) who have not received previous
systemic anticancer therapy. J Clin Oncol 2019;37. https://doi.org/
10.1200/JCO.2019.37.15_suppl.TPS4157.

[36] Fukumura D, Kloepper J, Amoozgar Z, Duda DG, Jain RK. Enhancing
cancer immunotherapy using antiangiogenics: opportunities and chal-
lenges. Nat Rev Clin Oncol 2018;15:325–340. https://doi.org/10.1038/
nrclinonc.2018.29.

[37] Pickup M, Novitskiy S, Moses HL. The roles of TGFb in the tumour
microenvironment. Nat Rev Cancer 2013;13:788–799. https://doi.org/
10.1038/nrc3603.

[38] Neuzillet C, Tijeras-Raballand A, Cohen R, Cros J, Faivre S, Raymond E,
et al. Targeting the TGFb pathway for cancer therapy. Pharmacol Ther
2015;147:22–31. https://doi.org/10.1016/j.pharmthera.2014.11.001.

[39] Koudelkova P, Costina V, Weber G, Dooley S, Findeisen P, Winter P, et al.
Transforming growth factor-b drives the transendothelial migration of
hepatocellular carcinoma cells. Int J Mol Sci 2017;18. https://doi.org/
10.3390/ijms18102119, pii: E2119.

[40] Huang J, Qiu M, Wan L, Wang G, Huang T, Chen Z, et al. TGF-b1 promotes
hepatocellular carcinoma invasion and metastasis via ERK pathway-
mediated FGFR4 expression. Cell Physiol Biochem 2018;45:1690–1699.
https://doi.org/10.1159/000487737.

[41] Mariathasan S, Turley SJ, Nickles D, Castiglioni A, Yuen K, Wang Y, et al.
TGFb attenuates tumour response to PD-L1 blockade by contributing to
exclusion of T cells. Nature 2018;554:544–548. https://doi.org/
10.1038/nature25501.

[42] de Gramont A, Faivre S, Raymond E. Novel TGF-b inhibitors ready for
prime time in onco-immunology. Oncoimmunology 2016;6. https://doi.
org/10.1080/2162402X.2016.1257453 e1257453.

[43] Yingling JM, McMillen WT, Yan L, Huang H, Sawyer JS, Graff J, et al.
Preclinical assessment of galunisertib (LY2157299 monohydrate), a
first-in-class transforming growth factor-b receptor type I inhibitor.
Oncotarget 2017;9:6659–6677. https://doi.org/10.18632/oncotar-
get.23795, eCollection 2018 Jan 23.

[44] Faivre S, Santoro A, Kelley RK, Gane E, Costentin CE, Gueorguieva I, et al.
Novel transforming growth factor beta receptor I kinase inhibitor
galunisertib (LY2157299) in advanced hepatocellular carcinoma. Liver
Int 2019;39(8):1468–1477. https://doi.org/10.1111/liv.14113.

[45] Ikeda M, Morimoto M, Tajimi M, Inoue K, Benhadji KA, Lahn MMF, et al.
A phase 1b study of transforming growth factor-beta receptor I inhibitor
galunisertib in combination with sorafenib in Japanese patients with
unresectable hepatocellular carcinoma. Invest New Drugs
2019;37:118–126. https://doi.org/10.1007/s10637-018-0636-3.

[46] Kelley RK, Gane E, Assenat E, Siebler J, Galle PR, Merle P, et al. A phase 2
study of galunisertib (TGF-b1 receptor type I inhibitor) and sorafenib in
patients with advanced hepatocellular carcinoma. Clin Transl Gastroen-
terol 2019;10. https://doi.org/10.14309/ctg.0000000000000056 e00056.

[47] Lan Y, Zhang D, Xu C, Hance KW, Marelli B, Qi J, et al. Enhanced
preclinical antitumor activity of M7824, a bifunctional fusion protein
simultaneously targeting PD-L1 and TGF-b. Sci Transl Med 2018;10.
https://doi.org/10.1126/scitranslmed.aan5488, pii: eaan5488.

JOURNAL 
OF HEPATOLOGY

Journal of Hepatology 2020 vol. 72 j 342–352 351

https://doi.org/10.1158/2159-8290.CD-19-0074
https://doi.org/10.1158/2159-8290.CD-19-0074
https://doi.org/10.1200/JCO.2019.37.15_suppl.4004
https://doi.org/10.1200/JCO.2019.37.15_suppl.4004
https://doi.org/10.1093/annonc/mdz394
https://doi.org/10.1158/1078-0432.CCR-11-2175
https://doi.org/10.1158/1078-0432.CCR-11-2175
https://doi.org/10.1093/annonc/mdy269
https://doi.org/10.1200/JCO.2019.37.15_suppl.4098
https://doi.org/10.1200/JCO.2019.37.15_suppl.4098
https://doi.org/10.1084/jem.20131916
https://doi.org/10.1002/hep.27665
https://doi.org/10.1002/hep.27665
https://doi.org/10.1155/2012/492920
https://doi.org/10.1016/j.celrep.2015.03.055
https://doi.org/10.1016/j.celrep.2015.03.055
https://doi.org/10.1158/1078-0432.CCR-07-0374
https://doi.org/10.1158/1078-0432.CCR-07-0374
https://doi.org/10.1158/0008-5472.CAN-12-2325
https://doi.org/10.1111/cei.12069
https://doi.org/10.1111/cei.12069
https://doi.org/10.1186/s12967-014-0294-y
https://doi.org/10.1371/journal.pone.0212513
https://doi.org/10.3390/cancers11081086
https://doi.org/10.3390/cancers11081086
https://doi.org/10.1093/annonc/mdy424.028
https://doi.org/10.1200/JCO.2018.36.15_suppl.4074
https://doi.org/10.1200/JCO.2018.36.15_suppl.4074
https://www.roche.com/media/releases/med-cor-2018-07-18.htm
https://www.roche.com/media/releases/med-cor-2019-10-21.htm
https://doi.org/10.1200/JCO.2018.36.15_suppl.4076
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS4152
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS4152
https://doi.org/10.1200/JCO.2019.37.4_suppl.TPS478
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS4157
https://doi.org/10.1200/JCO.2019.37.15_suppl.TPS4157
https://doi.org/10.1038/nrclinonc.2018.29
https://doi.org/10.1038/nrclinonc.2018.29
https://doi.org/10.1038/nrc3603
https://doi.org/10.1038/nrc3603
https://doi.org/10.1016/j.pharmthera.2014.11.001
https://doi.org/10.3390/ijms18102119
https://doi.org/10.3390/ijms18102119
https://doi.org/10.1159/000487737
https://doi.org/10.1038/nature25501
https://doi.org/10.1038/nature25501
https://doi.org/10.1080/2162402X.2016.1257453
https://doi.org/10.1080/2162402X.2016.1257453
https://doi.org/10.18632/oncotarget.23795
https://doi.org/10.18632/oncotarget.23795
https://doi.org/10.1111/liv.14113
https://doi.org/10.1007/s10637-018-0636-3
https://doi.org/10.14309/ctg.0000000000000056
https://doi.org/10.1126/scitranslmed.aan5488


[48] Strauss J, Heery CR, Schlom J, Madan RA, Cao L, Kang Z, et al. Phase I trial
of M7824 (MSB0011359C), a bifunctional fusion protein targeting PD-L1
and TGFb, in advanced solid tumors. Clin Cancer Res
2018;24:1287–1295. https://doi.org/10.1158/1078-0432.CCR-17-2653.

[49] Boccaccio C, Comoglio PM. Invasive growth: a MET-driven genetic
programme for cancer and stem cells. Nat Rev Cancer 2006;6:637–645.
https://doi.org/10.1038/nrc1912.

[50] Vejchapipat P, Tangkijvanich P, Theamboonlers A, Chongsrisawat V,
Chittmittrapap S, Poovorawan Y. Association between serum hepatocyte
growth factor and survival in untreated hepatocellular carcinoma. J
Gastroenterol 2004;39:1182–1188. https://doi.org/10.1007/s00535-
004-1469-8.

[51] Chen J, Jin R, Zhao J, Liu J, Ying H, Yan H, et al. Potential molecular,
cellular and microenvironmental mechanism of sorafenib resistance in
hepatocellular carcinoma. Cancer Lett 2015;367:1–11. https://doi.org/
10.1016/j.canlet.2015.06.019.

[52] Rimassa L, Assenat E, Peck-Radosavljevic M, Pracht M, Zagonel V,
Mathurin P, et al. Tivantinib for second-line treatment of MET-high,
advanced hepatocellular carcinoma (METIV-HCC): a final analysis of a
phase 3, randomised, placebo-controlled study. Lancet Oncol
2018;19:682–693. https://doi.org/10.1016/S1470-2045(18)30146-3.

[53] Bouattour M, Raymond E, Qin S, Cheng AL, Stammberger U, Locatelli G,
et al. Recent developments of c-Met as a therapeutic target in
hepatocellular carcinoma. Hepatology 2018;67:1132–1149. https://doi.
org/10.1002/hep.29496.

[54] Bladt F, Faden B, Friese-Hamim M, Knuehl C, Wilm C, Fittschen C, et al.
EMD 1214063 and EMD 1204831 constitute a new class of potent and
highly selective c-Met inhibitors. Clin Cancer Res 2013;19:2941–2951.
https://doi.org/10.1158/1078-0432.CCR-12-3247.

[55] Liu X, Wang Q, Yang G, Marando C, Koblish HK, Hall LM, et al. A novel
kinase inhibitor, INCB28060, blocks c-MET-dependent signaling, neo-
plastic activities, and cross-talk with EGFR and HER-3. Clin Cancer Res
2011;17:7127–7138. https://doi.org/10.1158/1078-0432.CCR-11-1157.

[56] Decaens T, Barone C, Assenat E, Wermke M, Fasolo A, Merle P, et al.
Phase 2 efficacy and safety data for the MET inhibitor tepotinib in
patients with sorafenib-treated advanced hepatocellular carcinoma.
Ann Oncol 2018;29. https://doi.org/10.1093/annonc/mdy282.

[57] Nault JC, Martin Y, Caruso S, Hirsch TZ, Bayard Q, Calderaro J, et al.
Clinical impact of genomic diversity from early to advanced hepatocel-
lular carcinoma. Hepatology 2019. https://doi.org/10.1002/hep.30811,
[Epub ahead of print].

[58] Raja A, Park I, Haq F, Ahn SM. FGF19-FGFR4 signaling in hepatocellular
carcinoma. Cells 2019;8:E536. https://doi.org/10.3390/cells8060536,
pii: E536.

[59] Miura S, Mitsuhashi N, Shimizu H, Kimura F, Yoshidome H, Otsuka M,
et al. Fibroblast growth factor 19 expression correlates with tumor
progression and poorer prognosis of hepatocellular carcinoma. BMC
Cancer 2012;12:56. https://doi.org/10.1186/1471-2407-12-56.

[60] Hyeon J, Ahn S, Lee JJ, Song DH, Park CK. Expression of fibroblast growth
factor 19 is associated with recurrence and poor prognosis of hepato-
cellular carcinoma. Dig Dis Sci 2013;58(7):1916–1922. https://doi.org/
10.1007/s10620-013-2609-x.

[61] Gao L, Shay C, Lv F, Wang X, Teng Y. Implications of FGF19 on sorafenib-
mediated nitric oxide production in hepatocellular carcinoma cells – a
short report. Cell Oncol (Dordr) 2018;41(1):85–91. https://doi.org/
10.1007/s13402-017-0354-4.

[62] Hagel M, Miduturu C, Sheets M, Rubin N, Weng W, Stransky N, et al.
First Selective Small Molecule Inhibitor of FGFR4 for the Treatment of
Hepatocellular Carcinomas with an Activated FGFR4 Signaling Pathway.
Cancer Discov 2015;5(4):424–437. https://doi.org/10.1158/2159-8290.
CD-14-1029.

[63] Kim R, Sarker D, Macarulla T, Yau T, Choo SP, Meyer T, et al. Phase 1
safety and clinical activity of BLU-554 in advanced hepatocellular
carcinoma (HCC). Ann Oncol 2017;28. https://doi.org/10.1093/annonc/
mdx367.

Review

352
 Journal of Hepatology 2020 vol. 72 j 342–352

https://doi.org/10.1158/1078-0432.CCR-17-2653
https://doi.org/10.1038/nrc1912
https://doi.org/10.1007/s00535-004-1469-8
https://doi.org/10.1007/s00535-004-1469-8
https://doi.org/10.1016/j.canlet.2015.06.019
https://doi.org/10.1016/j.canlet.2015.06.019
https://doi.org/10.1016/S1470-2045(18)30146-3
https://doi.org/10.1002/hep.29496
https://doi.org/10.1002/hep.29496
https://doi.org/10.1158/1078-0432.CCR-12-3247
https://doi.org/10.1158/1078-0432.CCR-11-1157
https://doi.org/10.1093/annonc/mdy282
https://doi.org/10.1002/hep.30811
https://doi.org/10.3390/cells8060536
https://doi.org/10.1186/1471-2407-12-56
https://doi.org/10.1007/s10620-013-2609-x
https://doi.org/10.1007/s10620-013-2609-x
https://doi.org/10.1007/s13402-017-0354-4
https://doi.org/10.1007/s13402-017-0354-4
https://doi.org/10.1158/2159-8290.CD-14-1029
https://doi.org/10.1158/2159-8290.CD-14-1029
https://doi.org/10.1093/annonc/mdx367
https://doi.org/10.1093/annonc/mdx367

	Currently approved agents
	Emerging novel combinations of molecular therapies
	Novel targets for molecular therapies
	TGF-β inhibition
	MET inhibitors
	FGFR4 inhibitors

	Conclusion
	Abbreviations

	Financial support
	Conflict of interest
	Authors’ contributions
	Supplementary data
	References
	Author names in bold designate shared co-first authorship

	Supplementary data

