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Hepatocellular cancer (HCC) remains a malignancy with a
large unmet need in advanced disease. The incidence rates
have been rising over the last three decades and are expected
to continue to increase.1 Common etiologies of cirrhosis
causing HCC remain hepatitis B, hepatitis C, and alcoholic
liver disease, with nonalcoholic fatty liver disease on the rise.
The presence of cirrhosis in most patients with this cancer
also complicates treatment options and impacts patient
survival.

While early disease may be treated with curative options
including surgical resection, ablation, or transplantation,
more advanced disease does not have curative intent options.
Patients with intermediate disease are often treated with
locoregional therapies and patients with advanced disease
(including metastatic disease, macro vascular invasion,
failure of local therapy) are usually candidates for systemic
therapy. Because of the poor survival of patients with
decompensated cirrhosis, all trials cited in this review
restricted enrollment to patients with Child–Pugh A disease
and some studies have also included patients with B7
disease.

TKIs and VEGF Inhibition in HCC

Sorafenib is a tyrosine kinase inhibitor (TKI) that acts on
multiple targets including the platelet-derived growth factor
receptor (PDGFR), RAF kinases, and the vascular endothelial
growth factor (VEGF). Sorafenib was US Food and Drug
Administration (FDA) approved in 2007 based on results
from the SHARP study, which was a randomized study of
sorafenib or placebo.2 This was the first study in HCC that
showed a survival benefit with systemic therapy with an
increase in overall survival (OS) from 7.9 to 10.7 months and
an overall response rate (ORR) of 2.2%.

Subsequently, two additional TKIs were approved for use
as a second-line therapy for patients with advanced HCC,
regorafenib, and cabozantinib. The studies for both drugs
enrolled patients who had previously received sorafenib and
had a Child–Pugh A score. While both drugs are in the same
category of TKIs, they have different targets; regorafenib
targets include RET, VEGFR 1 to 3, KIT, and PDGRF-α, while
cabozantinib targets include EGFR 1 to 3, MET, and AXL. In
the RESOURCE study,3 573 patients enrolled and were
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Abstract Hepatocellular carcinoma (HCC) remains a prevalent cancer diagnosis with an expected
increase in incidence in the next decade. Treatment options for advanced disease have
expanded significantly in the last decade since sorafenib was first approved in 2007.
There have been approvals for multiple tyrosine kinase inhibitors (TKIs) with modest
improvements in survival. Single-agent PD-1 inhibition has shown responses in�15% of
patients, with a tail of the curve that is very beneficial to a small subset of patients. Most
recently, studies of combination therapy with immune therapy drugs are showingmore
durable responses in a larger number of patients with unprecedented response rates
over 30%. Different strategies have been pursued, including PD-1 and PD-L1 combi-
nations with vascular endothelial growth factor inhibition, TKIs, and anti-CTLA-4
antibodies. This article provides a review of studies both completed and ongoing
with immune therapy in advanced HCC.
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randomized 2:1 to regorafenib or placebo. OS, the primary
end point of the study, improved from 7.8months on placebo
to 10.6 on regorafenib (hazard ratio [HR]: 0.63; 95% confi-
dence interval [CI]: 9.1–12.1). The ORR improved from 4% on
placebo to 11% on regorafenib.

The CELESTIAL study4 enrolled a total of 707 patients who
were randomized 2:1 to receive cabozantinib or placebo. The
study met its primary end point of improvement in OS, from
8.0 months with placebo to 10.2 months with cabozantinib
(HR for death, 0.76; 95% CI: 0.63 to 0.92; p¼0.005). The ORR,
a secondary end point of the study, was less than 1% in the
placebo arm and 4% in the cabozantinib arm (p¼0.009).
Based on these studies, the FDA approved regorafenib in
2017 and cabozantinib in 2019.

Another TKI, lenvatinib, was compared with sorafenib in
the phase III REFLECT study, a first-line study that was
powered to determine whether lenvatinib was noninferior
or superior to sorafenib in patients with advanced HCC and
Child–Pugh A liver disease.5 The OS was 13.6 months on the
lenvatinib arm and 12.3 months on the sorafenib arm, which
demonstrated that lenvatinib was noninferior but not supe-
rior to sorafenib and led to its FDA approval in 2018.
Lenvatinib inhibits VEGF receptors 1 to 3, FGF receptors 1
to 4, PDGF receptor α, RET, and KIT. The ORR was 18.8% that
was significantly better than ORR of sorafenib (6.6%), making
this a preferred first-line TKI treatment.

Ramucirumab, an anti-VEGF antibody, was examined in a
nonselected advanced HCC patient population (The REACH
study)6 that did not meet its primary end point of improve-
ment in OS. The REACH-2 study7 then focused on a subset of
patients with an α-fetal protein (AFP) level greater than 400
and randomized patients with Child–Pugh A liver function to
ramucirumab 8mg/kg plus best supportive care (BSC) or
placebo plus BSC. There was a survival benefit seen in the
patients with AFP over 400 with median OS of 8.5 versus
7.3 months. The ORR was 4.6%. There was an increase in
proteinuria and hypertension in the ramucirumab arm, and a
7% incidence of gastrointestinal hemorrhage, including one
death, occurred due to esophageal varies hemorrhage. In
2019, ramucirumab was approved for patients with prior
sorafenib treatment who have an AFP >400 ng/mL.

Prior to the REACHstudies, bevacizumab, also an anti-VEGF
antibody, was examined in advanced HCC in a small phase 2
study of 46 patients.8 The ORR was 13% (6 patients) and the
median progression-free survival (mPFS) was 6.9 months.
There were grade 3 or higher hemorrhages in 11% of patients
including one patient death from a variceal bleed.While there
have been other studies that have incorporated bevacizumab
into HCC treatment, bevacizumab was not submitted for
approval to the FDA based on single agent data.

Background for Immune Therapy in HCC

There is a complex interplay between cancer and the immune
system, especially in HCC where cancer arises in an immune
organ and underlying causes of cirrhosis cause chronic inflam-
mation.9,10Cells specific totheliver, includingKupffercells, liver
sinusoidal endothelial cells, and hepatic stellate cells, modulate

immune responses to pathogens and cancer cells. The liver
requires some tolerance to the high level of antigens it is
exposed to from the gastrointestinal tract; however, as changes
of fibrosis and cirrhosis occur in livers that are damaged by
hepatitis B and C viral infections, alcohol exposure, and other
chronic inflammatory changes, there are changes to the immu-
nogenicityof the liver. TheHCCmicroenvironment is character-
izedbydysfunctionofdifferent immunecomponents. Therecan
be increased tolerance of pathogens, contributing to a hypoxic
environment, which can cause VEGF upregulation. There is
increased expression of PD-L1 in tumor biopsies as compared
with biopsies of liver background. Therefore, there was strong
preclinical rational for examining the roles of PD-1 and PD-L1
inhibition and for immune therapy combinations in HCC.

Single-Agent PD-1 Data

Nivolumab
The use of checkpoint inhibitors has shown great benefit in
several cancer types and they were eventually examined in
HCC. There was early concern that viral reactivation could
occur with checkpoint inhibition and early trials with nivolu-
mab and pembrolizumab enrolled patients with hepatitis B,
hepatitis C, and nonviral etiologies to examine whether effi-
cacy and safety profile varied by different causes of cirrhosis.

Nivolumab, a fully human anti-IgG4monoclonal antibody
that disrupts PD-1 immune checkpoint signaling, was first
examined in HCC as part of the phase 1 /2 study CheckMate
040.11 Patients enrolled had advanced HCC and Child–Pugh
scores of A or B7. They either had progression of disease on
sorafenib, were intolerant of sorafenib, or chose to enroll on
the study without prior sorafenib treatment. The analysis
included 48 patients in a dose-escalation part and 214
patients in the expansion cohort. In the dose-escalation
cohort, patients received nivolumab intravenous (IV) every
2 weeks at doses from 0.1 to 10mg/kg and although a
maximally tolerated dose was not reached, the expansion
cohort dose was chosen to be 3mg/kg based on data from
other nivolumab studies.

In the dose-expansion phase, patients were enrolled
into four cohorts: sorafenib naïve or intolerant, sorafenib
progressor without viral hepatitis, HCV infected, and HBV
infected. Primary end points were safety and tolerability for
the escalation phase and objective response rate for the
expansion phase.

The ORR was 15% in the dose-escalation phase, with four
partial responses (PRs) and three complete responses (CRs)
and responses did not correlate depending on viral status.
The median time to progression was 3.4 months (95% CI:
1.6–6.9). The median duration of response (DOR) was
17 months (95% CI: 6–24). The mOS for patients in the
dose-escalation phase was 15.0 months (95% CI: 9.6–20.2).
Grade 3 and 4 adverse events (AEs) occurred in 12 (25%) of
patients including adrenal insufficiency (1), diarrhea (1),
hepatitis (2), infusion hypersensitivity (1), and acute kidney
injury (1). There were no treatment-related deaths. There
was no association between response and PD-L1 expression.
Based on this data, in 2017, the FDA gave accelerated
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approval for the use of nivolumab for patients with advanced
HCC who had previously received sorafenib.

The phase 3 CheckMate 459 study randomized
743 patients 1:1 with advanced HCC to nivolumab or sor-
afenib in the first line.12 Median OS, the primary end point,
was longer on the nivolumab arm (16.4 vs. 14.7 months, HR:
0.85; 95% CI: 0.72–1.02), which was not statistically signifi-
cant (p¼0.0419). However, 47% of patients in the sorafenib
arm went on to receive another systemic therapy, many
of them receiving subsequent immune therapy. ORR, a
secondary end point, was 14.3% in the nivolumab arm. There
were no new safety signals.

Pembrolizumab
Pembrolizumab was initially examined in HCC in the single-
arm phase 2 KEYNOTE-224 study.13 Patients with Child–
Pugh A disease and advanced HCC received pembrolizumab
200mg every 3 weeks for up to 2 years. The primary end
point of response rate was met with 18 of 104 patients (17%)
having an objective response, 1 of the 18 was a CR. AEs
included serious events in 16 (15%) of patients including one
death from ulcerative esophagitis. There were no cases of
viral flares. There was some correlation between PD-L1
expression and response, using a combined score of tumor
and microenvironment PD-L1 expression. Based on these
data, the FDA gave accelerated approval for pembrolizumab
in second-line therapy in advanced HCC in 2018 and the
phase 3 KEYNOTE-240 study opened.

The KEYNOTE-240 studywas a randomized, double-blind,
phase 3, second-line study of pembrolizumab versus placebo
after sorafenib treatment.14 Median OSwas 13.8 months for
the pembrolizumab arm and 10.6 months for the placebo
arm (HR: 0.781; 95% CI: 0.611–0.998; p¼0.0238); however,
since OS and PFSwere coprimary end points of the study the
statistical end point of the study included a p-value of less
than the standard 0.05 and was not met. Median PFS for
pembrolizumab was 3.0 months compared with 2.8 months
for the placebo. (HR: 0.718; 95% CI: 0.570–0.904; p¼0.0022).

The ORR was similar to the phase 1 study of pembrolizu-
mab 18.3 versus 4.4% for placebo. The median DOR was
13.8 months. The association between PD-L1 score and
clinical response noted in the KEYNOTE-224 study was not
replicated in the 240 study.

Summary of Single-Agent PD-1 Data

The randomized data for single-agent PD-1 inhibition was
disappointing after early data showed response rates of 15 to
17%. Potential factors that contributed to negative data in
these two randomized studies were the statistical designs of
the studies and most importantly, the lack of a biomarker for
selecting patients. While AFP has possibly selected a more
aggressive disease course in some trials, it has not correlated
with response to any treatment other than ramucirumab.
Also, there has been no consistent signal in PD-L1 expression
and response to treatment across these studies. Therefore,
without any selection criteria for these patients, therewas no
statistically significant benefit as comparedwith sorafenib or

BSC. These two negative randomized studies highlight the
need for more effective therapy combinations.

Combination Immune Therapy

Atezolizumab and Bevacizumab
The combination of atezolizumab and bevacizumab was
examined in patients with advanced HCC as one arm on
the phase 1 GO30140 study.15 Eligible patients had unre-
sectable HCC not amenable to curative treatment, with
measurable disease by RECIST v 1.1, no prior systemic
therapy, and an ECOG PS of 0 or 1. In addition, all patients
had an esophagogastric endoscopy within 6 months of
treatment and any varices had to have been treated per local
protocol prior to enrollment.

Patients received atezolizumab 1200mg and bevacizu-
mab 15mg/kg IV every 3 weeks. A total of 104 patients were
enrolled and the confirmed ORR by independent reviewwas
36% (37 patients) (95% CI: 26–46), 12 (12%) of patients had a
CR. At the time of data cutoff, 28 (76%) of 37 responders had
an ongoing response and the median DOR was not reached.
Response did not correlate with PD-L1 status. The most
common grade 3 to 4 AEs were hypertension (13%) and
proteinuria (7%). Serious bleeding events occurred in four
patients—two with upper gastrointestinal hemorrhage and
two with esophageal varices hemorrhage.

Later, a second HCC arm of the study was added, which
randomized 119 patients to the combination or atezolizumab
alone. PFS, the primary end point of this randomized arm,was
significantly improved in thecombinationarm, confirming the
need for the combination over atezolizumab alone.

Based on these positive data, the IMbrave 150 study was
designed to examine the role of the combination of atezoli-
zumab and bevacizumab versus sorafenib.16 A total of
501 patients were randomized 2:1. Patients received atezoli-
zumab 1200mg IV on day 1 of each 21-day cycle along with
bevacizumab 15mg/kg. Oral sorafenib was administered at
the standard full dose of 400mg twice daily ondays 1 to 21of a
21-day cycle. All patients were required to have an endoscopy
within 6 months and varices had to have been treated prior to
starting therapy.

There were two primary end points, OS and independent
reviewed PFS. OS increased by 42% (HR: 0.58; 95% CI:
0.42–0.78 p¼0.0006). PFS increased by 41% (HR: 0.59; 95%
CI: 0.47–0.76 p¼0.0001). There were grades 3 to 4 AEs in
56.5% of patients in the combination arm and 55.1% on the
sorafenib arm. The most common AEs (>20%) were hyper-
tension, fatigue, and proteinuria with atezolizumab and
bevacizumab. There were 9 (5.8%) grade 5 events on the
sorafenib arm, including one peritoneal hemorrhage and 15
(4.6%) grade 5 events on the atezolizumab and bevacizumab
arm including one esophageal varices hemorrhage and one
subarachnoid hemorrhage. Median OS was 17.1 months
(95% CI: 13.8–not estimable) with 57 (55%) of patients alive
at the time of the data cutoff.

Patient-reported outcomes were better than sorafenib, as
assessed by the European Organization for the Research and
TreatmentofCancerQuality-of-LifeQuestionnaire (EORTCQLQ-
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C30).17 Patients experienced less deterioration of quality-of-life
on the combination arm, which was a prespecified end point.
Themedian timetoquality-of-life deteriorationwas3.6months
for patients treatedwith sorafenib and11.2months for patients
treated with atezolizumab and bevacizumab (HR: 0.63).

This is the first study since the SHARP study to show a
survival benefit in the first-line setting for systemic therapy.
The atezolizumab and bevacizumab regimen was approved
by the FDA in May 2020 and has changed the landscape for
the treatment for advanced HCC.

Combination of PD-L1 and TKIs

Lenvatinib and Pembrolizumab
In a phase 1 study, a total of 104 patients received lenvatinib
12mg (or 8mg if under 60kg) orally daily and pembrolizumab
200mg IV on day 1 of a 21-day cycle.18 The ORR was 36% (95%
CI: 26.6–46.0%) per RECISTv 1.1. ThemedianDORby indepen-
dent review was 12.6 months (95% CI: 6.9 months to not
estimable) per RECIST v1.1. Median OS was 22 months. AEs
reflected the use of a TKI added to immune therapy. Hyper-
tension occurred in 36% of patients, diarrhea in 35%, fatigue in
30%, decreased appetite in 28%, and hypothyroidism in 25%.
Only one patient had a grade 4 AE of leukopenia/neutropenia
and three patients had grade 5 events—one with intestinal
perforation, onewithabnormalhepatic function, andonewith
acute respiratory failure.

Basedon these results, a phase3 studyof the combinationof
lenvatinib and pembrolizumab versus single-agent lenvatinib
inadvancedHCC(theLEAP-002study) isongoing.19Thephase1
data was submitted to the FDA for potential accelerated
approval; however, given recent approval of the atezolizumab
and bevacizumab combination, this study was thought to
not show evidence of meaningful improvement over
available therapies, anddidnotmeet the criteria for accelerated
approval.20 The results of the LEAP-002 study will help deter-
mine the role of the combination in the future.

Cabozantinib and Atezolizumab
Another anti-PD-L1 antibody and TKI combination under
investigation is cabozantinib and atezolizumab in the first-
line COSMIC-312 study.21 This study plans to enroll a total of
740 patients in a 2:1:1 randomization to cabozantinib 40mg
daily plus atezolizumab 1200mg IV every 3 weeks, sorafenib
400mg per os (PO) twice a day, or cabozantinib 60mg PO
daily. Randomization is stratified by disease etiology, region,
and presence of extrahepatic disease or macrovascular inva-
sion. Primary end points are PFS and OS of the combination
versus sorafenib; the secondary end point is PFS of cabozan-
tinib versus sorafenib.

Combination of PDL-1 and CTLA-4 Antibodies
There was strong rationale to build on the single-agent data
in nivolumab and pembrolizumab to examine combination
regimens with anti-CTLA-4 antibodies, another checkpoint
inhibitor.22 Anti-CTLA-4 drugs can release inhibition of T cell
activation in lymph nodes, thereby creating an additive
benefit to PD-1 or PD-L1 inhibition. The data in melanoma

has shown an increased survival benefit with the combina-
tion of nivolumab and ipilimumab, an anti-CTLA-4 antibody,
with an increase in autoimmune-related AEs.23

Nivolumab and Ipilimumab
There was an additional cohort to the CheckMate040 trial
that examined the combination of nivolumab 1mg/kg
with ipilimumab 3mg/kg every 3 weeks for 4 doses, and
continued with nivolumab 240mg every 2 weeks until
disease progression or unacceptable toxicity.24 All of the
49 patients had received prior sorafenib, and the patient
population reflected the HCC population: median age was
60, 88% were male, 74% were Asian, 80% had extrahepatic
spread.

Responses were assessed by blinded independent central
review using RECIST v1.1. Sixteen (33%) patients had an
objective response and four patients (8%) had a CR. The
DOR ranged from 4.6 to 30.5þ months. The most common
grade 3 or 4 AEs were rash (53%), pruritis (53%), musculo-
skeletal pain (41%), diarrhea (39%), cough (37%), decreased
appetite (35%), fatigue (27%), pyrexia (27%), abdominal pain
(22%), headache (22%), nausea (20%), hypothyroidism (20%),
dizziness (20%), and decreased weight (20%).

The combination of ipilimumab and nivolumab was
approved by the FDA in March 2020 for patients with
advanced HCC previously treatedwith sorafenib. In addition,
there is another arm of the CheckMate 040 studies that
randomized 71 patients to ipilimumab and cabozantinib
versus nivolumab, ipiliumumab, and cabozantinib.25 Prelim-
inary data has been reported with a mPFS of 5.5 months in
the doublet and 6.8 months in the triplet, while survival data
continues to be collected. More grade 3 to 4 AEs were
reported in the triplet regimen (71%) than in the doublet
regimen (42%).

Durvalumab and Tremelimumab
The HIMALAYA study is a randomized, open-label, multicen-
ter study that assigned patients with advanced HCC to either
durvalumab (an anti-PD-L1 antibody), tremelimumab (an
anti-CTLA-4 antibody) or the combination of durvalumab
plus tremelimumab in two different doses, or sorafenib.26,27

The primary end point of the study is OS and secondary end
points include PFS and ORR, TTP, DCR, and DOR.

Data for over 300 patients have been presented at several
meetings in 2020. The study has had 3 parts, with the last
part examining four separate arms: durvalumab alone,
tremelimumab alone, tremelimumab 300mg and durvalu-
mab 1500mg every 4 weeks for 4 doses followed by durva-
lumab every 4 weeks or single-agent durvalumab 1500mg
every 4 weeks or tremelimumab 75mg every 4 weeks. There
was also a cohort in the 2B portion of the trial that received
the combination, but only one dose of tremelimumab at the
300mg dose.

The median OS was longest in the combination arm with
the 300mg tremelimumab dose, which was 18.7 months,
compared with 13.6 months with durvalumab alone, and
15.1 months for tremelimumab alone. The rate of grade ¾
autoimmune AEs was �40% in both combination arms and
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the tremelimumab arm and lower in the durvalumab arm
(�20%). It will be important to see final data on this trial to
determine themost safe and effective dosing strategy for this
regimen.

Conclusion

There has been a deluge of new data for the treatment of
advanced HCC over the last few years. Initial studies with
PD-1 checkpoint inhibitors showed response rates in the 15
to 18% range without meeting statistical end points in
randomized studies. More recently, with combination ther-
apy of an anti-PDL-1 antibody with either a VEGF inhibitor,
a TKI, or an anti- CTLA-4 antibody, response rates are now
over 30%.

The atezolizumab and bevacizumab combination is now
the standard of care for first-line patients who meet eligi-
bility criteria. An important consideration for this regimen
will be the incorporation of variceal screening prior to
initiation of treatment, with the goal of mitigating bleeding
events. Also, it is not clear which treatment should be used
in the second line for patients who receive combination
therapy in the first line.

There remain many other unanswered questions includ-
ing which treatment algorithms are best for patients with
Child–Pugh B disease, who frequently are treated with
systemic therapy but not represented in clinical trials. In
addition, there is no biomarker which predicts response to
any particular drug or combination treatment. PDL-1 expres-
sion, which has been used to differentiate response to
immune therapy in some diseases, has not correlated with
response in HCC. This effort has likely been hampered by the
low rate of tissue collection in this disease, as diagnosis is still
often made by imaging alone.

Future Directions

Now that we have more effective treatment options for
advanced HCC, it will be important to explore the role of
these treatments at other stages of disease. The role of
adjuvant therapy after resection or curative radiofre-
quency ablation is being explored through several current
studies. In addition, the question of when to shift from
locoregional therapy to systemic therapy remains an
important open topic that is frequently debated at multi-
disciplinary tumor boards. The importance of defining the
role for combination systemic therapy in the Barcelona
Clinic Liver Cancer B population will be addressed in
multiple studies for this population. Also, the higher
response rates with combination therapies introduce the
possibility of more downstaging of patients to curative
intent therapy options.

In just the last year, we have approvals for atezolizumab
and bevacizumab in the first-line setting and nivolumab and
ipilimumab in the second-line setting withmultiple ongoing
studies that will be resulted in the next year. These studies
will help add to our understanding of the role of checkpoint

inhibitors as part of combination therapy for HCC and help
create treatment algorithms to best treat our patients.
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