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Abstract

Purpose of Review This paper aims to summarize the data of recently completed and key ongoing clinical trials of systemic
agents for advanced hepatocellular carcinoma (aHCC). In particular, the review focuses on ongoing checkpoint inhibitor com-
bination trials and promising studies combining tyrosine kinase inhibitors with checkpoint inhibitors.

Recent Findings The recently approved combination of atezolizumab and bevacizumab based on the IMbrave150 trial has shown
the most potential with the highest overall survival of any systemic agent in HCC to date, surpassing sorafenib. Despite COVID-
19 delays, other promising trials that involve combining VEGF-directed therapy and checkpoint inhibition, cancer vaccines,
phosphatidylserine, YIV-906, and oncolytic and immunotherapeutic vaccinia virus are actively recruiting patients.

Summary After almost a 10-year dormancy, the list of potential systemic treatment options for aHCC is growing rapidly. Given
the promising data from the IMbravel50 trial, the combination of atezolizumab and bevacizumab is now the new first-line
therapy. We discuss the change in landscape, the new second- and third-line systemic treatments in aHCC, and the ongoing
clinical trials for newer agents including combination therapies.
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Introduction

Hepatocellular carcinoma has the second-lowest survival
rate of major cancers in the USA with its 5-year survival
of 18% trailing behind only pancreatic cancer in mortality
[1]. Tumor resection, ablation, and liver transplant are po-
tentially curative options for those with early-stage disease,
while locoregional modalities such as trans-arterial
chemoembolization and selective internal radiation therapy
with yttrium-90 are more utilized in intermediate-stage
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disease confined to the liver [2, 3]. For those with advanced
hepatocellular carcinoma (aHCC), in which there is
macrovascular invasion or extrahepatic spread yet pre-
served liver function, systemic therapy has been the stan-
dard of care [4]. While the overall survival of all-comers
with HCC has improved in the past few years, this appears
to be driven primarily by stage migration, whereas the sur-
vival of patients with advanced cancer has remained un-
changed [5]. However, with the approval of a series of
new agents over the past 3 years, and the most recent ap-
proval of atezolizumab and bevacizumab which together
have shown the highest overall survival of any systemic
agent in HCC to date, there is substantial excitement and
anticipation in the field [6]. In this paper, we review data of
ongoing and recently completed trials and discuss upcom-
ing agents that show the greatest promise in the field.

The Landscape of FDA-Approved Systemic
Therapies and Key Trials

Systemic therapy became established as the mainstay in
aHCC treatment following the US Food and Drug
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Administration (FDA) approval of the multikinase inhib-
itor sorafenib in 2007 [7]. There has been a significant
expansion in the availability of newer tyrosine kinase in-
hibitors and checkpoint inhibitors over the past 3 years.
While lenvatinib and sorafenib are approved first-line
agents, the combination of atezolizumab and bevacizumab
is the new standard of care for first-line therapy for
aHCC. Tyrosine kinase inhibitors (TKIs) including rego-
rafenib, cabozantinib, and ramucirumab, as well as im-
mune checkpoint inhibitors, nivolumab and
pembrolizumab, comprise the second-line therapy options
(Table 1) [8, 9].

Atezolizumab and Bevacizumab—the New
First-line Standard of Care

The recently published phase III IMbravel50 study
(NCT03434379) used a combination of drugs for targeted
synergy combining a programmed cell death ligand 1 (PD-
L1) inhibitor atezolizumab and VEGFR inhibitor
bevacizumab against sorafenib as a first-line agent for
HCC [10]. Atezolizumab and bevacizumab are currently
also approved to be used in conjunction with chemothera-
peutic agents, carboplatin and paclitaxel, for treatment of
non-squamous non-small cell lung cancer. Various studies

Table 1 Currently FDA-
approved systemic therapies for

FDA-approved systemic therapies for advanced hepatocellular carcinoma

advanced hepatocellular

carcinoma Study name Drug Control Trial Year completed Hazard ratio (95%
phase CI) and overall
survival (months)
First-line
SHARP Sorafenib Placebo Phase 2008 0.69 (0.55-0.87);
1T 10.7vs 7.9
Asia-Pacific Sorafenib Placebo Phase 2009 0.68 (0.50-0.93);
study 11 6.5vs4.2
REFLECT Lenvatinib Sorafenib Phase Ongoing (Jul 2020) 0.92 (0.79-1.06);
11 13.6 vs 12.3
IMbravel50 Atezolizumab Sorafenib Phase  Ongoing (Jun 2022) 0.58 (0.42-0.79);
+ 1 6-mo OS: 84.8%
bevacizumab vs 67.2%
12-mo OS: 72.2%
and 54.6%
Second-line
RESORCE Regorafenib Placebo Phase 2019 0.63 (0.50-0.79)
1 10.6 vs 7.8
CELESTIAL Cabozantinib Placebo Phase 2019 0.76 (0.63-0.92)
1 10.2 vs 8.0
REACH Ramucirumab Placebo Phase 2015 0.87 (0.72-1.05)
11 92vs 7.6
REACH-2 Ramucirumab Placebo Phase Ongoing (Dec 2021) 0.71 (0.53-0.95)
1 85vs7.3
CheckMate 040  Nivolumab N/A Phase  Ongoing (Apr 2022) —
v 15.0
CheckMate Nivolumab + N/A Phase  Ongoing (Apr 2022) —
040—cohort 4 ipilimumab I/ 23 inam A, 12—13
inBand C
CheckMate 459  Nivolumab Sorafenib Phase  Ongoing (Dec 2021)  0.85 (0.72-1.02);
11 16.4 vs 14.7
KEYNOTE-224  Pembrolizumab  N/A Phase  Ongoing (May 2021) —
I 13.2
KEYNOTE-240 Pembrolizumab  Placebo + Phase Ongoing (Jun 2021) 0.78 (0.61-1.00)
best 1 13.9 vs 10.6
support-

ive care
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are underway exploring the effects of the two monoclonal
antibodies in other solid tumors though none seems to have
achieved the remarkable level of effects seen in the
IMbravel50 trial. As a PD-L1 inhibitor, atezolizumab pre-
vents the immune checkpoint action in which T cell re-
sponse against cancer proliferation is deactivated, while
bevacizumab prevents the angiogenesis resulting from
VEGFR activation and blocks additional blood supply to
the tumor. In the IMbravel50 study, systemic treatment-
naive patients with locally advanced or metastatic and/or
unresectable HCC were divided into two arms, one receiv-
ing atezolizumab 1200 mg IV and bevacizumab 15 mg/kg
IV every 3 weeks while the other received standard-of-care
sorafenib 400 mg twice daily. Patients were treated until
they reached unacceptable toxicity or experienced loss of
clinical benefit. The primary endpoints of focus were over-
all survival and independent review facility-assessed pro-
gression-free survival with objective response rate as a sec-
ondary outcome [11e].

Of the 501 patients included in the study, 336 received
the dual combination while 165 received sorafenib. The 6-
and 12-month overall survival rates were 84.8% and 67.2%
with atezolizumab-bevacizumab and 72.2% and 54.6%
with sorafenib (HR 0.58; 95% CI 0.42-0.79; p =0.0006).
The median progression-free survival with atezolizumab-
bevacizumab was 6.8 months versus 4.3 months with so-
rafenib (HR 0.59; 95% CI 0.47-0.76; p<0.0001).
Atezolizumab-bevacizumab had more frequent serious ad-
verse events. The most common grade 3 or 4 adverse event
was hypertension in 15.2%. As one would anticipate with
bevacizumab, upper GI bleeding was a common adverse
event observed in 7% and led to drug discontinuation in
0.03%. All patients in the trial had been selected after ini-
tial screening endoscopy and those with varices were treat-
ed before enrollment. This is significant because 40% of
the study population was from Asia (excluding Japan) and
the most common etiology of liver disease was hepatitis B
in 49%, a group where HCC commonly occurs in the ab-
sence of cirrhosis. This is corroborated by the fact that only
26% of the subjects had varices at baseline. One can infer
in a Western population where there is a higher incidence
of portal hypertension and cirrhosis that the instance of GI
bleed is likely to be higher. Atezolizumab-bevacizumab
also delayed the time to deterioration of patient-reported
quality of life to 11.2 months versus 3.6 months with so-
rafenib. Delays in time to deterioration of patient-reported
physical functioning and role functioning in the dual-drug
regimen versus sorafenib were 13.1 months versus
4.9 months and 9.1 months versus 3.6 months, respectively
[I1ee, 12]. This combination of atezolizumab and
bevacizumab marks territory as the first treatment found
to be superior to sorafenib and establishes itself as a new
standard of care for HCC.

First-line Alternative Agents—Multikinase
Inhibitors

The SHARP trial (NCT00105443) helped open the door for
systemic therapies in the treatment of aHCC. In this phase III
randomized controlled trial, aHCC patients with Child-Pugh
class A saw an increased median survival to 10.7 months on
sorafenib versus 7.9 months on placebo [13]. The subsequent
smaller-scale Asia-Pacific trial (NCT00492752) reinforced
these positive outcomes with median overall survivals of
6.5 months on sorafenib compared to 4.2 months on placebo
[14].

In the decade following, multiple small molecule inhibitors
and treatment approaches were developed to treat aHCC but
no therapy matched nor surpassed sorafenib in survival out-
comes and safety. It was not until the REFLECT trial
(NCTO01761266) exhibited the non-inferiority of lenvatinib,
another multikinase inhibitor, to sorafenib that first-line treat-
ment options again saw possible expansion. Lenvatinib con-
ferred a 13.6-month median survival versus 12.3 months with
sorafenib in patients with unresectable hepatocellular carcino-
ma and Child-Pugh class A [15]. A recent post hoc analysis of
baseline liver function—measured by albumin-bilirubin
(ALBI) grade or Child-Pugh (CP) score—and efficacy and
safety outcomes showed overall greater benefit from
lenvatinib over sorafenib regardless of ALBI grade or Child-
Pugh score [16]. The median overall survival in CP-5 patients
was 15.3 months with lenvatinib versus 14.2 months with
sorafenib. Similarly, ALBI-1 patients had a survival of
17.4 months versus 14.6 months with sorafenib. Both saw
notable decreases in survival with CP-6 and ALBI-2 with
lenvatinib conferring survival 0of9.4 months versus 7.9 months
and 8.6 versus 7.7 months, respectively. Across all lenvatinib
subgroups except ALBI-2, progression-free survival was
around 7.4 months versus approximately 3.6 months with
sorafenib. Lenvatinib is associated with a lower incidence of
hand-foot syndrome but a higher incidence of hypertension,
compared to sorafenib, but there is little in terms of efficacy, to
prefer any one agent over the other.

Second-line Agents
Multikinase Inhibitors

The RESORCE trial (NCT01774344) showed the efficacy of
the multikinase inhibitor regorafenib both as a second-line
agent and as a treatment option after sorafenib therapy failure
[17]. Regorafenib gave a median survival of 10.6 months
compared to 7.8 months on placebo. Further analysis showed
the median survival from sorafenib initiation to death was
26.0 months with regorafenib in succession versus
19.2 months with placebo [18]. In the CELESTIAL trial
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(NCTO01908426), another oral multikinase inhibitor,
cabozantinib, was studied in patients who had undergone sys-
temic therapy with one or two prior regimens [19]. The medi-
an survival on cabozantinib was 10.2 months versus
8.0 months on placebo, showing that cabozantinib could func-
tion as an effective second- or third-line agent.

While the initial REACH trial (NCT01140347) comparing
the anti-VEGFR-2 monoclonal antibody ramucirumab to pla-
cebo in patients who had already received sorafenib did not
display significant survival benefit (9.2 months vs 7.6 months;
HR 0.87 (95% CI 0.72-1.05)), the REACH-2 trial
(NCT02435433) helped to carve a role in a subset of aHCC
patients [20]. A REACH trial sub-analysis showed patients
with an AFP level >400 ng/mL who received ramucirumab
had a median survival of 7.8 months compared to 4.2 months
on placebo (HR 0.67; 95% CI0.51-0.90), while those with an
AFP <400 ng/mL had a 10.1-month median survival versus
11.8 months with placebo (HR 1.09; 95% CI 0.84—1.43).
REACH-2 followed a similar study design to its predecessor
but only included those with AFP concentrations >400 ng/
mL. Data was pooled with REACH participants with AFP
levels > 400 ng/mL and yielded a median overall survival of
8.5 months with ramucirumab and 7.3 months with placebo,
ultimately proving another second-line agent [21].

Checkpoint Inhibitors

Immunotherapy has further expanded treatment options for
advanced hepatocellular carcinoma. Based on the
CheckMate 040 (NCT01658878) and KEYNOTE-224
(NCTO02702414) trials, the FDA granted accelerated approval
of programmed cell death 1 (PD-1) inhibitors nivolumab and
pembrolizumab, respectively [22, 23]. In the phase I/II
CheckMate 040 trial studying nivolumab, the dose-
expansion phase had a 20% objective response rate with three
complete responses and 39 partial responses and ultimately a
64% disease control rate [24]. The dose-escalation phase had
an objective response rate of 15% and a 15.0-month median
overall survival. Additionally, nivolumab was found to have a
manageable safety profile and acceptable tolerability.

The phase III randomized multicenter CheckMate 459 trial
(NCT02576509) intended to compare nivolumab to sorafenib
as an evaluation for potential as a first-line agent, but, per a
Bristol Myers Squibb press release in June 2019, the trial
ultimately failed to achieve statistical significance for overall
survival based on their pre-specified analysis [25]. Data pre-
sented at the 2020 ASCO Gastrointestinal Cancers
Symposium (ASCO GI 2020) showed the median overall sur-
vival at 16.4 months for those on nivolumab and 14.7 months
on sorafenib with a hazard ratio of 0.85 (p =0.0752) [26]. The
overall response rate was 15% for nivolumab and 7% for
sorafenib. The FACT-Hep showed favor of nivolumab over
sorafenib in health-related quality of life with regard to FACT-
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Hep total, physical well-being, and functional wellbeing
scores. Time to deterioration was found to be significantly
delayed with nivolumab for the abovementioned measures.
Although statistical significance was not achieved for overall
survival, per the analysis, nivolumab leads to clinical im-
provement and a more positive impact on the quality of life.

In the phase II KEYNOTE-224 trial (NCT02702414),
aHCC patients who had already undergone sorafenib therapy
demonstrated a 17% objective response and 12.9-month me-
dian survival with pembrolizumab [27]. A 2-year follow-up
analysis presented at ASCO GI 2020 showed an objective
response rate of 18.3% up from 17% in the original study
results [28]. The median duration of response was 21 months
with 77% of responses lasting 12 months or longer, up from
61.4% in the original study. The median progression-free sur-
vival was 4.9 months with 11.3% attaining progression-free
survival at 24 months and median overall survival was
13.2 months with 30.8% reaching overall survival of
24 months. Treatment-related adverse events (TRAES) oc-
curred in 73.1% of patients with the most common symptoms
being fatigue, increased aspartate aminotransferase, pruritus,
diarrhea, and grade 3 or higher adverse events occurring in
26.0% of patients.

A subsequent randomized double-blind phase III study of
pembrolizumab, KEYNOTE-240 (NCT02702401), com-
pared pembrolizumab with best supportive care in previously
treated aHCC patients [29]. In the overall cohort,
pembrolizumab improved the median overall survival to
13.9 months versus 10.6 months on placebo. Disease progres-
sion occurred in 62.2% of patients on pembrolizumab versus
74.1% in the placebo group. The objective response rate in the
overall cohort was 18.3% with pembrolizumab and 4.4% with
placebo, while analysis of the Asian subgroup showed 20.6%
versus 2.0% [30]. Although the overall survival and
progression-free survival improved with pembrolizumab, they
did not meet the study’s predefined values of significance.

Old Drugs and New Combinations

While further studies are being done on the efficacy and safety
of first- and second-line agents currently available for treat-
ment, the focus of other studies has shifted to various combi-
nations of these previously vetted VEGF-directed therapies
and checkpoint inhibitors.

Combining Immunotherapy—Anti-PD-1 and Anti-
CTLA-4

The combination of nivolumab’s PD-1 inhibition activity with
ipilimumab, a cytotoxic T lymphocyte antigen 4 (CTLA-4)
inhibitor, was initially utilized in patients with advanced mel-
anoma. Targeting these two immune checkpoints has been
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shown to stimulate the further enhancement of the immune
system’s response against cancer beyond the effects of a sin-
gular agent, and thus, use has expanded to other solid tumors.
Most recently, this combination of checkpoint inhibitors re-
ceived accelerated approval from the FDA for patients with
hepatocellular carcinoma who failed treatment with sorafenib
based on data from cohort 4 of the CheckMate 040 trial [31].
Originally presented at the 2019 American Society of Clinical
Oncology congress (ASCO 2019), this study reported primary
efficacy and safety of nivolumab-ipilimumab combination
therapy with three dosing variations in sorafenib-
experienced patients [32]. All three groups demonstrated an
objective response rate of 31-32% with cumulatively seven
patients showing complete response and a 17-month median
duration of response. The disease control rate ranged from 43
to 54% and the 24-month overall survival rate ranged 30—
48%. The combination was generally well tolerated with
37% of patients experiencing grade 3—4 TRAEs, the most
common of which were pruritus and rash. A follow-up sub-
group analysis was later presented at ASCO GI 2020, which
re-demonstrated the objective response rate of 31%, the me-
dian duration of response of 17 months, and the disease con-
trol rate of 49% [33]. The 30-month overall survival rate was
consistent with previously reported results at 37%.
Tolerability also remained consistent at a rate of 37% grade
3-4 TRAEs, but the most common became aspartate amino-
transferase, and lipase increases. As this combination now
enters the market, additional clinical information will be
gleaned.

Combining VEGF-Directed Therapy and Checkpoint
Inhibition

Another combination of FDA-approved medications is
looking to create a synergistic effect between checkpoint in-
hibitors’ enhancement of anticancer immune response and
VEGF inhibition’s antitumor angiogenesis effects. The
CABO cohort of the CheckMate 040 trial compares a
nivolumab-cabozantinib-ipilimumab combination triple ther-
apy versus dual therapy with nivolumab-cabozantinib alone in
both sorafenib-naive and sorafenib-experienced patients [34].
The median progression-free survival was 5.5 months for the
two-drug regimen and 6.8 months for the three-drug regimen.
The median overall survival was not reached in either arm at
the time of analysis. The disease control rate was 81% in the
two-drug arm and 83% in the three-drug arm. Grade 3—4
TRAEs were reported in 15 of the 36 patients in the
nivolumab-cabozantinib arm leading to discontinuation in
one, while TRAEs occurred in 25 of the 35 patients in the
nivolumab-cabozantinib-ipilimumab arm leading to discon-
tinuation in 7 patients. Ultimately, both therapy combinations
led to clinically meaningful responses and, despite the in-
creased rate of TRAEs in the three-drug arm, most adverse

events were ultimately manageable, making both viable op-
tions for treatment.

Overview of Trials in Progress

A slew of trials in progress presented at the ASCO 2020
Gastrointestinal Cancers Symposium have been exploring
novel combinations of drugs as well as new compounds with
novel targets (Table 2).

Other Ongoing Phase I/ll Studies Combining Anti-
VEGF and Immune Checkpoint Inhibitors

Study 117 (NCT03418922), a phase Ib open-label Japanese
study, is combining VEGF-directed therapy and checkpoint
inhibition to explore the tolerability and safety of a combined
lenvatinib-nivolumab regimen [35¢]. Early data shows no
drug-limiting toxicities, but all 30 participants experienced
treatment-emergent adverse events (TEAEs) with 56.7% hav-
ing palmar-plantar erythrodysesthesia and 53.5% having dys-
phonia. Overall, adverse events were manageable and 76.7%
had an overall response rate, 63.3% had a partial response,
20% had stable disease, and 13.3% had a complete response.
The final data collection for primary outcome measures is
ongoing.

Another VEGF-immune checkpoint inhibitor combination
study is a multicenter, phase Ib/Il study (NCT03211416)
looking at the synergistic effects of sorafenib and
pembrolizumab [36+]. The 27 study patients will take sorafe-
nib with pembrolizumab every 3 weeks after tolerating soraf-
enib for 1 month. As of September 2019, 13 patients are en-
rolled with nine already receiving the combination treatment.
The endpoints of interest will be the overall response rate,
safety, overall survival, and progression-free survival.

A single-center phase II randomized control trial at NYU
(NCT04050462) is looking at combining nivolumab with ei-
ther anti-IL-8 (BMS-986253) or cabiralizumab to potentiate
the positive effects seen by the checkpoint inhibitor in prior
studies [37]. The study expands on the premise demonstrated
by some preclinical and translational studies which have
shown that IL-8 and tumor-associated macrophages can con-
tribute to the progression of hepatocellular carcinoma as well
as the recurrence after treatment. The intended study popula-
tion is those with Childs A liver function and without prior
systemic treatment.

Phase I/ll Trials with Novel Targets
A currently ongoing single-center, phase I Japanese trial,
CRESCENT 1 (jRCT2031190072), is taking on an avant-

garde approach with their novel cancer vaccine CYTO001
[38]. Researchers used an artificial intelligence-based
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Table 2 Ongoing clinical trials of

systemic therapies

Ongoing clinical trials of systemic therapies for advanced hepatocellular carcinoma

Study name Drug Control Trial Estimated Trial identifier
phase  primary and
study completion
dates
Phase [
CRESCENT CYTO001 + N/A Phase  Unknown jRCT2031190072
Poly-ICLC + I
LAG-3Ig
Study 117 Lenvatinib + N/A Phase  June 2021 NCT03418922
nivolumab Ib TJune 2021
KEYNOTE-524  Lenvatinib + N/A Phase  October 2019 NCT03006926
pembrolizumab Ib August 2021
Phase 11
[Unnamed] Sorafenib + Sorafenib Phase  September 2021 NCTO03211416
pembrolizumab Ib/- g eptember 2021
1T
CheckMate Nivolumab + Nivolumab Phase  August 2021 NCTO01658878
040—CABO cabozantinib + + i April 2022
cohort ipilimumab cabozant-
inib
[Unnamed] Nivolumab + Nivolumab Phase  August 2022 NCT04050462
BMS-986253 or 1T August 2024
cabiralizumab
[Unnamed] Sorafenib + Sorafenib +  Phase = December 2021 NCT04000737
YIV-906 Placebo I February 2022
[Unnamed] Pembrolizumab + Historical Phase  April 2021 NCT03519997
bavituximab controls I April 2022
Phase 111
HIMALAYA Durvalumab +/— Sorafenib Phase  December 2021 NCT03298451
tremelimumab 11T April 2022
COSMIC-312 Cabozantinib + Sorafenib Phase  June 2021 NCT03755791
atezolizumab 11T December 2021
LEAP-002 Lenvatinib + Lenvatinib Phase = May 2022 NCTO03713593
pembrolizumab I May 2022
PHOCUS Sorafenib + Sorafenib Phase ~ December 2020 NCT02562755
pexastimogene I December 2020
devacirepvac
(Pexa-Vec)
RATIONALE BGB-A317 Sorafenib Phase  June 2021 NCT03412773
301 (tislelizumab) 11 May 2022
IMbravel50 Atezolizumab + Sorafenib Phase  February 2021 NCT03434379
bevacizumab I June 2022

prediction system to screen according to proteome, mRNA,
and histopathology data from human samples to find shared-
antigen peptides to “boost the cancer immunity cycle.” This
process yielded heat shock protein 70 and glypican 3 as these
multi-HLA reactive peptides showed cross-reactivity to HLA-
A 24:02, 02:01, and 02:06. The study also looked at Poly-
ICLC (Oncovir Inc.) which binds to Toll-like receptor 3
(TLR3) and melanoma differentiation antigen 5 (MDAS) on
antigen-presenting cells (APCs) and consequently activates
the APCs as well as LAG-3Ig (Immutep Inc.) which binds
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to the major histocompatibility complex (MHC) class II mol-
ecules of APCs and activates them. Together, these two com-
pounds synergistically activate antigen-specific CTL reactions
and act as combination adjuvants. The study will assess dose-
limiting toxicity and safety and response rate via serum eval-
uation and biomarkers (PD-1, LAG3, TIM3, CTLA-4, etc.)
via liver tumor biopsy samples [39].

Phosphatidylserine, another novel target, is an immunosup-
pressive lipid localized to the inner leaflet of the standard cell
membrane, which is externalized to the outer leaflet of the
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plasma membrane in cells lining tumor blood vessels, tumor
cells, and exosomes in the tumor microenvironment [40]. One
nonrandomized, open-label, multi-site phase II therapeutic tri-
al (NCT03519997) is exploring the utility of combining
bavituxumab, a phosphatidylserine-targeting antibody, with
pembrolizumab in those with aHCC who have no received
prior systemic therapy [41]. The overall response rate, safety,
tolerability, overall survival, 6-month progression-free surviv-
al, and duration of response will be evaluated.

One currently recruiting, international, multicenter, double-
blind randomized control phase II trial (NCT04000737)
looking specifically at hepatitis B-positive patients with
aHCC will explore the role of YIV-906. YIV-906 (PHY906,
KDO18) is a compound derived from the traditional Chinese
herbal medicine Huang Qin Tang [42]. The study will look at
the combination of sorafenib with YIV-906 given preclinical
research showing potential synergistic anticancer activity and
reduction of GI toxicity in cancer regimens [43].

Phase Il Trials

Another multicenter randomized phase III study, PHOCUS
(NCT02562755), is exploring the utility of pexastimogene
devacirepvec (Pexa-Vec, JX-594), an oncolytic and immuno-
therapeutic vaccinia virus, combined with sorafenib. A prior
phase Il randomized study in patients with unresectable hepa-
tocellular carcinoma showed that intratumor injections with
the high-dose Pexa-Vec treatment were associated with im-
proved overall survival in comparison to its low-dose control
with a median of 14.1 months versus 6.7 months [44]. In the
PHOCUS trial, patients will receive three biweekly
intratumoral injections over the course of 4 weeks, which will
then be followed by the administration of sorafenib on week 6.
These patients will be compared to a cohort receiving sorafe-
nib alone. The overall survival, time to progression,
progression-free survival, overall response rate, and disease
control rate will be evaluated.

The ongoing RATIONALE 301 study (NCT03412773) is
comparing PD-1 inhibitor BGB-A317 (tislelizumab) against
sorafenib as a potential new immune checkpoint inhibitor to
be used in the treatment of advanced HCC. Tislelizumab has a
unique edge compared to other PD-1 inhibitors in that it was
engineered to avoid the antibody-dependent phagocytosis of
macrophages [45]. Prior phase la/Ib data (NCT02407990)
showed an objective response rate and disease control rate of
12.2% and 51.0% in the hepatocellular carcinoma cohort [46].
Of the 49 patients evaluated, six had a partial response, and 19
had stable disease. This multicenter phase III randomized con-
trol trial will focus on comparing the overall survival between
the two treatments as well as a blinded independent review of
objective response rate, progression-free survival, duration of
response, and time to progression.

The HIMALAYA trial (NCT03298451) is seeking to break
ground as the first trial to test dual immune checkpoint block-
ade as a first-line treatment for aHCC. It will look at the safety
and efficacy of the PD-L1 inhibitor durvalumab with the
CTLA-4 inhibitor tremelimumab in patients with unresectable
hepatocellular carcinoma who have not received prior system-
ic therapy [47]. Durvalumab is already approved for
unresectable, stage III NSCLC, while tremelimumab is cur-
rently being studied in combination with durvalumab for the
treatment of various malignancies. Patients will be random-
ized into four arms evaluating durvalumab monotherapy, two
regimens of durvalumab-tremelimumab combination therapy,
and sorafenib monotherapy. The overall survival is the prima-
ry endpoint with objective response rate, duration of response,
disease control rate, progression-free survival, and time to
progression as secondary endpoints. Per a press release from
the drug manufacturer, AstraZeneca, the FDA has granted this
combo an orphan drug designation for HCC treatment [48].

The COSMIC-312 trial (NCT03755791), another first-line
agent evaluation, studies aHCC patients who have not re-
ceived prior systemic treatment to undergo treatment with
cabozantinib and atezolizumab [49+]. The study consists of
three arms with oral cabozantinib daily and IV atezolizumab
every 3 weeks versus sorafenib in the control arm and oral
daily cabozantinib as a single-agent exploratory arm. The pri-
mary endpoints are overall survival and progression-free sur-
vival with objective response rate as a secondary endpoint. As
cabozantinib is a tyrosine kinase VEGFR inhibitor already
established in HCC treatment and atezolizumab has shown
promising results in combination with the VEGFR inhibitor
bevacizumab in the IMbravel50 trial, theoretically this study
may yield similar treatment benefits. This study has completed
enrollment for new subjects and results are awaited.

The LEAP-002 trial (NCT03713593) also seeks to pro-
vide a possible first-line agent by enhancing the efficacy of
lenvatinib by adding pembrolizumab [50¢]. The phase Ib
KEYNOTE-524 (NCT03006926) showed that combining
lenvatinib and pembrolizumab was generally well-tolerat-
ed, demonstrated an objective response rate of 44.8%, and
achieved stable disease in 37.3% [51]. The LEAP-002 trial
is a phase III study that builds upon the KEYNOTE-524
trial. One arm will be randomized to receive a lenvatinib
dosing according to bodyweight with IV pembrolizumab
IV every 3 weeks, while the other will receive lenvatinib
dosing according to bodyweight with placebo IV every
3 weeks. Primary outcomes will be progression-free surviv-
al and overall survival with objective response rate, duration
of response, disease control rate, and time to progression as
secondary endpoints. Based on the results from the
KEYNOTE-524 trial, the FDA granted breakthrough ther-
apy designation to the lenvatinib-pembrolizumab combina-
tion. Further studies will hopefully elucidate its potential as
another first-line therapy for aHCC.
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Fig. 1 New progression of treatment lines

Overview of Future Directions and Molecular
Targets

Multiple phase I studies are attempting to change perspective
and expand beyond the current repertoire of inhibiting ki-
nases, PD-1, and PDL-1. One phase [ trial is investigating
the role of a humanized agonist [gG2 monoclonal antibody
to the tumor necrosis factor superfamily receptor OX40, PF-
04518600 (PF-8600) in aHCC patients NCT02315066) [52].
Patients received either a low-dose regimen (arm 1) or high-
dose regimen (arm 2). Of those in arm 1, 50% achieved stable
disease with a mean duration of response at 18.4 weeks, while
of those in arm 2, 53% achieved stable disease with a mean
duration of response at 17.4 weeks. In arm 1, 69% of the
participants experienced TRAEs compared to 58% in arm 2,
with rash and pruritus being the most common. For the phar-
macodynamic analysis, immunohistochemistry and RNA se-
quencing showed more pronounced upregulation of OX40
tumor expression and positive changes in gene signatures in
arm | more so than in arm 2 suggesting a more active antitu-
mor immunostimulatory effect. Nonetheless, both arms were
well tolerated and conferred disease control.

Another phase I trial (NCT02716012) is looking at MTL-
CEBPA, a small activating RNA oligonucleotide that targets
the transcription factor C/EBPa which regulates myeloid cell
differentiation. Early data showed that three out of five pa-
tients treated with sorafenib off-study after discontinuing
MTL-CEBPA maintained complete radiological response for
aperiod of seven to 18 months and two experienced resolution
of their lung metastasis [53]. In subsequent data, 26 patients
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with underlying hepatitis B or C etiology received either com-
bination therapy of MTL-CEBPA with sorafenib or sequential
therapy with MTL-CEBPA followed by sorafenib [54]. One
patient in the combination group has maintained complete
radiological response at 7 months and two in the sequential
group have shown stable disease for 3 to 4 months.

In vitro and murine in vivo studies presented at the ASCO
GI 2020 highlighted the potential roles of apurinic/
apyrimidinic endonuclease-1, Wnt5a, and mTOR in both
prognostications as well as targets for future treatment devel-
opment [55-57]. Multiple clinical trials currently listed with
the US National Library of Medicine database are exploring
the possibilities of oncogenic vaccines, immune checkpoint
inhibition expanding to cyclin-dependent kinases, and chime-
ric antigen receptor-modified T cells. The current treatment
landscape appears to be progressing toward rapid expansion
if these new targets prove to be fruitful.

Conclusion

As the list of potential systemic treatment options for ad-
vanced hepatocellular carcinoma grows, the upcoming ques-
tions that arise will likely involve restructuring the progression
among the first-, second-, and third-line treatments as well as
the integration of precision medicine. If further data from the
IMbrave150 trial continues to remain so profoundly positive,
the atezolizumab-bevacizumab combination will likely usurp
sorafenib as the first-line treatment. This may mean pushing
both sorafenib and lenvatinib into the second line with the
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subsequent treatments taking a corresponding shift back or a
re-evaluation on the most efficacious successions of treat-
ments (Fig. 1). Furthermore, with the conversation of onco-
logic treatment moving toward precision oncology and trials
in the works to investigate other prospective targets, therapeu-
tic options that emerge and analysis of preexisting options
may see a similar trend.
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