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Objective: To systematically review the ongoing progress of effective treatment of advanced hepatocellular
carcinoma (HCC), mainly focusing on immune checkpoint inhibitors (ICPI) as monotherapy and
combination therapy.

Background: HCC in general has a poor prognosis; particularly in the advanced stage. For more than
10 years, the treatment with multikinase inhibitors was the first line treatment. Before the introduction
of checkpoint inhibitors, very few treatments were available for patients with hepatocellular cancer in the
advanced stage, especially in metastatic and unresectable disease.

Methods: We performed an extensive search of the ongoing and published clinical trials in the English
written literature concerning of HCC with immune checkpoint inhibition when compared to first line
chemotherapy.

Conclusions: The treatment paradigm for advanced stage HCC has significantly changed recently with
the introduction of immunotherapy; based on existing research, there is new era for HCC treatment which
will positively affect the outcome in a malignancy that did not see therapy advancement for more than a
decade. Monoclonal antibodies against programmed death ligand 1 (PD-L1) and programmed cell death
protein 1 (PD-1), such as nivolumab and pembrolizumab appear to be a promising therapeutic option
in HCC. This review outlines immunotherapy that has been approved, and what inhibitors are under

investigation for patients with advanced stage HCC.
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Introduction data, 5-year survival of these patients is at 18.4% (1).

Hepatocellular carcinoma (HCC) is the most common

Liver and intrahepatic bile duct cancer accounts for 2.4%
of all new cancer cases in 2019 and is responsible for
5.2% of all cancer deaths in the US (1). In 2016, there
were approximately 83,000 people living with liver and

intrahepatic duct carcinoma and according to most recent
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primary malignancy of the liver, which is the sixth most
common cause of cancer and ranks fourth among the causes
of cancer related deaths (2). HCC has a plethora of risk
factors, including viral hepatitis, alcohol abuse and the two
most common risk factors in the US: nonfatty liver disease
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and nonalcoholic steatohepatitis (3). Hepatitis B virus (HBV)
is the most common cause for HCC globally, and chronic
infection increases the relative risk for developing HCC
15-20 times with a mortality rate of about 40% for all cases
of the disease. In endemic countries, HBV is transmitted
perinatal or vertical transmission as compared to non-
endemic countries where transmission is usually from
needle sharing and sexual contact amongst intravenous drug
users (3). Chronic liver damage from viral hepatitis triggers
fibrogenesis, leading to cirrhosis. The presence of cirrhosis
and HBV infection simultaneously further increases the risk
of developing HCC (3). Over 80% of HCC patients present
with symptoms at advance stages such as Barcelona Clinic
Liver Cancer (BCLC) Stage C or Stage D, when local and/
or curative agents such as tumor resection, ablation or trans
arterial chemoembolization or trans-arterial chemoablation
(TACE), are no longer viable choices and 5-year survival
rates just 18% (4). There was no effective treatment until
2008 when sorafenib was approved by FDA as a front-line
agent based on phase III SHARP trial in which sorafenib
demonstrated improvement of survival compared to best
supportive care alone (5).

Subsequently, in the REFLECT study, lenvatinib has
demonstrated noninferiority to first line sorafenib in patient
with unresectable HCC and no prior systemic therapy (6).

Sorafenib is an anti-tyrosine kinase inhibitor of vascular
endothelial growth factor (VEGF), the integral rate limiting
step of angiogenesis, and is first line for advanced HCC,
while lenvatinib, an oral TKI which inhibits multiple
factors including VEGF receptors 1-3, fibroblast growth
factor receptors (FGFR 1-4), platelet-derived growth factor
receptor (PDGFR)-a, RET and KI'T, was shown to be non-
inferior to sorafenib in terms of overall survival (OS), but
had higher grade (3 and above) treatment related-emergent
adverse effects (4). Despite being first and second-line
treatments, the objective response rates (ORR), and OS of
theses multikinase inhibitors are limited. Patient ability to
tolerate was generally low, indicating the urgent need for
more tolerable, and more effective treatment options.

Over a decade, there was not much advancement in
the treatment of HCC, until recently with addition of
immunotherapy in solid tumors. Immune checkpoint
inhibitors (ICPI) were a natural area of exploration for
advanced HCC due to benefits seen in other malignances,
such as melanoma, renal cell carcinoma, triple negative
breast cancer and non-small cell lung cancer. This review
focuses on the progress made with ICPI as monotherapy
and in some form of combination therapy for the treatment
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of advanced HCC. It highlights the impressive combination
of atezolizumab, an ICPI with a VEGF inhibitor, which has
finally after a decade, surpassed sorafenib in the treatment
of advanced HCC.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/sci-2021-029).

Immunotherapy

Sorafenib has been the only first line therapy with a
significant OS for advanced HCC for more than ten years
until very recently, when Finn and colleagues brought
light to the successful combination of atezolizumab and
bevacizumab for the treatment of advanced HCC in the
New England Journal of Medicine. Prior to this, no other
treatment exceeded sorafenib, leading to longer OS and
progression free survival (PFS) that were statistically
significant with superior patient reported outcomes (7).

Combination of PD-L1 inhibitor and VEGF
inhibitor
Atezolizumab and bevacizumab

Atezolizumab is an anti-programmed death ligand 1
(PD-L1) antibody and bevacizumab (Avastin) is an anti-
VEGEF antibody which also has immunoregulatory effect
on the immune system’s milieu. Preclinical data showed
that addition of atezolizumab may have decreased the
immunosuppressive cells such as those derived from
myeloid tissue and specialized macrophages. It may also be
helpful in recruitment of cytotoxic T cells into the tumor
setting (8).

On May 29, 2020, the USFDA approved atezolizumab
with bevacizumab for the treatment of people with
non-operable or metastatic HCC with chemo- or
immunotherapy, based on the momentous IMbravel50 trial.

IMbravel50

The IMbravel50 was a global, open label randomized
trial of atezolizumab plus bevacizumab versus sorafenib
as treatment of metastatic or unresectable HCC (7). Five
hundred and one patients were randomly assigned to
receive either atezolizumab plus bevacizumab or sorafenib.
Treatment was continued until it was too toxic or loss
of clinical benefit. The study included locally advanced
metastatic or unresectable HCC patients with an Eastern
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Cooperative Oncology Group (ECOG) performance status
of 0-1 and Child-Pugh A cirrhosis. They could not have
had any previous systemic therapy, but prior locoregional
therapy was acceptable.

Patients who carried a diagnosis of autoimmune disease
or prior diagnosis of Hepatitis B or Hepatitis C were not
included in the study sample. All patients had to undergo
EGD within 6 months prior to beginning and untreated or
partially treated esophageal or gastric varices or high risk for
bleeding were not incorporated. Patients with myocardial
infraction or stroke within past 12 months were not eligible
either. Characteristics at baseline were well balanced on
both arms.

They were organized by geographic area (Asia except
Japan vs. the rest of the world); Macrovascular invasion or
spread of disease outside of the liver (presence or absence);
Baseline alpha fetoprotein (AFP) level (<400 or >400);
ECOG Oor 1.

Atezolizumab-bevacizumab group received 1.2 g of
atezolizumab plus 15 mg per kilogram of body weight of
bevacizumab intravenously every 3 weeks. Patients assigned
to the sorafenib group received 400 mg of sorafenib orally
twice daily.

Dose modifications were not permitted in the
atezolizumab +/— bevacizumab group but were allowed
in the sorafenib group. Patients who discontinued either
monotherapy or combined treatment because of an adverse
event were permitted to continue taking single-line
treatment as long as there was clinical benefit (8).

Tumors were assessed by computed tomography (CT)
or magnetic resonance imaging (MRI) at baseline and every
6 weeks until week 54 and then every 9 weeks thereafter.
Safety was constantly evaluated by vital signs, laboratory
values and assessment of the incidence and severity of
adverse outcomes according to the National Cancer
Institute (NCI) Common Terminology Criteria for Adverse
Events. Patient-described outcomes were evaluated with
the use of the European Organization for Research and
Treatment of Cancer quality-of-life questionnaire for cancer
(EORTC QLQ-C30).

Multiple primary end points were OS and PFS. Median
OS was not accomplished in the patients who received
atezolizumab plus bevacizumab and was 13.2 months in
the patients who received sorafenib. Median PFS was
6.8 months in the combination arm versus 4.3 months in
the sorafenib arm.

Additional end points consisted of ORR; duration of
response; time to deterioration of activities of daily living
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and quality of life reported by the patient on the EORTC
QLQ-C30.

The ORR per Response Evaluation Criteria in Solid
Tumors (RECIST) 1.1 was 28% in the atezolizumab plus
bevacizumab group compared with 12% in the sorafenib
group. The ORR per modified RECIST was 33% vs. 13%
respectively.

Combination arm delayed time to deterioration (I'TD)
in patients were reported as decreased in oral intake, pain,
and diarrhea as compared to sorafenib. In terms of grade 3
or 4 adverse outcomes, 25.8% patients developed at least
one adverse event related to atezolizumab, 23% related to
bevacizumab and 30% related to sorafenib (8).

Significantly better OS and PFS outcomes were seen
with atezolizumab + bevacizumab than with sorafenib
in patients with unresectable disease who had received
no previous systemic treatment. Benefit was generally
consistent across clinical subgroups. Serious toxic effects
were shown in 38% of the patients who underwent the
combination therapy; however, no unexpected toxic effects
were observed. Some of the adverse effects were rash,
bleeding/hemorrhage, infusion reaction, diarrhea, hepatitis
and pruritis, with hypertension, proteinuria and fatigue
being the most common. Combination therapy also resulted
in a longer TTD for patient-reported quality of life and
performance than sorafenib (9).

Prior to this, there were only two approved ICPIs to
treat hepatocellular cancer following disease progression
on first line therapy, nivolumab and pembrolizumab. In
May 2017, pembrolizumab was approved for microsatellite
instability-high (MSI-H) or DNA mismatch repair deficient
(dIMMR) non-operable, or metastatic solid tumors; again
in 2018 pembrolizumab was approved in the second line
setting for advanced stage HCC based on the results of
KEYNOTE-224. Whereas nivolumab gained the approval
for second line setting in 2017. Interestingly, all approvals
for ICPIs were independent of PD-L1 tumor or immune
cell expression.

In March 2020, the USFDA approved the combination
of nivolumab and ipilimumab for treatment of patients
with advanced HCC formerly treated with sorafenib (1).
Regulatory approval was largely based on results of the
phase I/II CheckMate 040 trial, in which nearly 150
sorafenib-treated patients with advanced HCC and no
worse than Child-Pugh A cirrhosis were treated with three
different schedules of combined therapy (2). In the three
groups combined, objective rate was 31% and complete
response rates were 5%, while median response duration
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was 17 months. The rate of grade 3 or 4 treatment-related
adverse events was 37 percent, most commonly pruritus
and rash. When immunotherapy is selected for treatment of
advanced HCC in patients with an adequate performance
status, we now generally prefer combined therapy over
monotherapy with nivolumab or pembrolizumab.

PD-1 and PD-L1 inhibitors

ICPI block the negative regulatory signals in 2 ways: by
effecting T cells directly or effecting cells that interact
with T cells, such as tumor cells and APCs, which help
stimulate anti-tumor immunity already present in the
body (6). Programmed cell death protein 1 (PD-1) is
mainly expressed on CD8" T cells, and by frequent antigen
stimulation, IFN-gamma induces IRFP which binds to
Pdcd-promoter, jumpstarting PD-1 transcription in T cells.
When PD-1 connects with its ligands, PD-L1 or PD-L2, T
cell multiplication and cytokine release are hindered (10).
PD-L1 is detected in 74% of HCC cases, along with
immune cells, and could possibly be used as a biomarker for
recurrence or prognosis of HCC pts after resection (10).
Recent studies have showed that PD-1/PD-L1 inhibitor
therapy alone is safe and tolerable.

Nivolumab

Nivolumab, a human IgG4 monoclonal antibody inhibitor
of PD-1 receptor, gained conditional approval as the first
ICPI treatment for patients with advanced HCC who were
previously treated with sorafenib evidenced by the results of
the landmark CheckMate 040 trial.

CheckMate 040

CheckMate 040 trial was a phase I/II, multicenter, non-
comparative dose escalation and expansion study that
evaluated the safety and efficiency of nivolumab in patients
with histologically confirmed advanced HCC +/- hepatitis
B or C infection. Patient selected for this trial had Child-
Pugh scores 7 or less, ECOG performance status 0 or 1,
and HBV on current antiviral treatment with viral load less
than 100 TU/mL. In the dose-escalation phase, patients
were divided into three cohorts: hepatitis C virus (HCV)
infected, HBV infected and patient without viral hepatitis.
Across the cohorts, patients were given nivolumab dosed
per kilogram intravenously every 2 weeks with the intent of
determining the max tolerated dose. Nivolumab 3 mg/kg
was given every 3 weeks to patients in dose-expansion
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phase separated into 4 cohorts: sorafenib naive or intolerant
without viral hepatitis, patients who progressed on sorafenib
without hepatitis B and C infection. Primary endpoints
included safety and ability to tolerate for the escalation
phase, and ORR for the expansion phase.

Two-hundred and sixty-two eligible patients were
included in the study; 48 and 214 in dose-escalation and
dose-expansion phases respectively with overall median age
of 62 years, and 37 (77%) of 48 patients had been previously
treated with sorafenib. The objective response rate was
15% for the escalation phase, the disease CR was 58%,
the median time-to-progression was 3.4 months, and the
6- and 9-month OS rates were both approximately 66%.
The median OS was 15 months for the escalation phase.
Grade 2 impairment was found in one patient without viral
hepatitis, and a maximum tolerated dose was unknown.
Treatment-related adverse events included rash, increase in
aspartate aminotransferase (AST)/alanine aminotransferase
(ALT), lipase, amylase and pruritis, with serious TRAE in
3 patients which include pemphigoid, adrenal insufficiency,
and liver disorder. Sixty-three percent of subjects died in
the escalation phase with causes not related to nivolumab
therapy. In dose-expansion phase, disease progression was
the most common cause for discontinuation of treatment,
occurring in 62% of patients. The ORR was 20% in
patients who received 3 mg/kg every 2 weeks in the dose-
expansion phase. Overall, it was concluded that nivolumab
showed a manageable safety profile with acceptable
tolerability and based on ORRs showed promising potential
of nivolumab as a treatment for advanced HCC (11).

Finkelmeier ez al.: Feasibility and safety of nivolumab

A retrospective cohort study between three German
universities was conducted to retrospectively analyze real-
life experience of HCC patients treated with nivolumab.
Patients included in this study had confirmed BCLC stage
B and C disease, Child-Pugh stages A-C, were sorafenib
naive or had previous treatments for a median of 14 weeks
duration, had undergone surgery or ablation for curative
purposes, and those who had TACE or selective internal
radiation therapy (SIRT). Through EMR review, survival
was tabulated as the time from start of nivolumab therapy
until death from any cause or last patient encounter, and
the outcome was qualified as a range from stable disease
to disease resolution. The median follow-up time was
100 days, and median treatment duration was 8 weeks with
median of 4 cycles of nivolumab (range, 1-42 cycles). The
primary endpoint was median OS.
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Thirty-four patients were included in this study with
male predominance (76.5%), with a median age of 65 years.
Chronic HCV infection was the main underlying disease
process, and half the patients included were BCLC stage
C at the time of diagnosis. The median OS was 7.5 weeks,
and the best outcomes were partial response in 11.8%
of patients and stable disease in 23.5% of patients.
Approximately 35.3% at the first investigation on imaging
at 8-12 weeks. Fifty-eight patients had died at the time
of data analysis, with the most common causes of death
attributed to disease progression, acute liver failure and
variceal bleeding. During the treatment, 5.9% of patients
showed grade 3 TRAE including bullous lichenoid drug
eruption and hepatitis. Also, the multivariate analysis
showed Child-Pugh stage was an independent risk factor
for survival. In conclusion, the study confirmed the safety
of nivolumab therapy in patients with advanced HCC but
despite this therapy, prognosis of patients with advanced
cirrhosis remained poor, and the exact benefit of nivolumab
required further research (12).

CheckMate-459
CheckMate 459 was a phase III, randomized multicenter
study that evaluated the clinical efficiency and safety
of nivolumab vs. sorafenib as a first line treatment in
patients with unresectable disease. Patients included had
no prior exposure to chemotherapy with advanced HCC
confirmed pathologically, either not eligible for surgical
or locoregional therapies or had progression after surgical
and/or locoregional therapy. Patient also had Child-Pugh
class A cirrhosis, and ECOG score of 0 or 1. Patients were
randomized 1:1 to either IV nivolumab 240 mg every
2 weeks or PO sorafenib 400 mg twice a day. Primary
endpoint was OS, with secondary endpoints consisting of
ORR, PD-L1 expression and progressive-free survival.
Seven hundred and forty-three patients were involved
in the study, randomized into one of two groups:
371 participants in the nivolumab group and 372 participants
in the sorafenib group, with minimum follow up of
22.8 months. Patients were treated until disease progression
or unacceptable toxicity. Median OS was 16.4 months for
nivolumab group and 14.7 months for sorafenib group
(HR 0.85; P=0.0752), which was not statistically significant.
Objective response rate was 15% and 7%, for nivolumab
and sorafenib respectively. High grade TRAE were reported
in 22% of patients in the nivolumab group, and 49% in the
sorafenib group, and led to treatment termination in 4%
and 8% of patients respectively. Though not statistically
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significant, nivolumab showed clinically significant
improvement in OS, objective response rate and complete
response, and showed a favorable safety profile (13). In
conclusion, nivolumab showed two-fold higher objective
response rate, more complete responses, less severe adverse
events, and a lower rate of discontinuing therapy because of
side effects.

Pembrolizumab

Pembrolizumab is a popular human IgG4 monoclonal
antibody to PD-1 which has shown improvement in OS in
non-small cell lung and breast cancer. Several studies have
been conducted to solidify pembrolizumab as a second-
choice therapy of advanced HCC. It was also granted
accelerated FDA approval in patient with HCC who
had been formerly treated with sorafenib, based on the
KEYNOTE-224 trial (14).

KEYNOTE-224

KEYNOTE-224 was a phase II, non-randomized, open
label trial that assessed efficacy and safety of pembrolizumab
in advanced HCC patients who progressed on sorafenib or
intolerability. Patients involved in this trial had confirmed
advanced HCC, Child-Pugh class A cirrhosis, and ECOG
status 0—1. Patients were administered IV pembrolizumab
every 3 weeks for approximately 2 years or until disease
advancement, intolerable toxicity, or voluntary treatment
discontinuation. Primary endpoint was ORR, described
as the ratio of participants with complete or partial
response in all patients who received at least one dose of
pembrolizumab. Safety was the secondary endpoint.

After screening 194 patients, 104 were found to be
eligible. These patients also had BCLC stage B or C that
was not eligible or was progressive after locoregional
therapy or refractory to curative treatment approaches and
predicted life expectancy greater than 3 months. Patients
were treated until disease progression, intolerable toxicity,
or 2 years. The objective response was 17%, with the best
overall responses being complete (1%) and partial (16%)
responses. Patients with stable disease comprised 73% of
eligible patients and 33% had disease progression. Grade 3
TRAE occurred in 24% of patients, with the most common
being increased AST, increased ALL, and fatigue. Grade 4
TRAE of increased bilirubin occurred in 1% of patients,
and one death occurred that was associated with ulcerative
esophagitis. This study showed that pembrolizumab had a
tolerable profile in patients with advanced HCC, and due
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to its effectiveness, could be a possible treatment option for
these patients (15).

KEYNOTE-240

KEYNOTE-240 was a phase III, double-blind study which
compared the efficacy and safety of pembrolizumab plus
standard supportive care versus placebo plus standard
care in patients with HCC previously treated with
sorafenib. Participants had histologically or cytologically
confirmed diagnosis of advanced HCC with progression
on radiological studies after treatment with sorafenib or
intolerance to sorafenib, Child-Pugh Stage A, ECOG
performance status 0 or 1 and life expectancy of more than
3 months, which reflected the demographics of patients
in KEYNOTE-224 trial. Patients were assigned to two
arms: IV pembrolizumab 200 mg every 3 weeks and
best supportive care or placebo every 3 weeks plus best
supportive care for approximately 35 cycles, until disease
progression or intolerable toxicity. Best supportive care
was defined as pain control and management of potential
complications such as ascites according to local standards of
care. Primary endpoints included progressive free survival
and OS. Secondary endpoints included ORR, duration
of response, disease control rate, time to progression and
evaluation of safety and tolerability.

Four-hundred and fourteen participants were enrolled
in this study, with inclusion criteria as followed: confirmed
diagnosis of advanced HCC, BCLC Stage C disease
or Stage B not appropriate for or was refractory to
locoregional therapy or curative treatment approach,
ECOG performance status 0 or 1, chronic HCV status
treated and untreated, and controlled HBV infection.
Patients were randomized into 2 arms: 278 patients
received IV pembrolizumab 200 mg every three weeks plus
supportive care and 135 patients received IV 0.09% normal
saline every three weeks plus supportive care for 35 cycles
or less. Pembrolizumab enhanced OS (HR 0.78; P=0.023)
and improved progressive free survival (HR 0.78; P=0.020)
when compared to placebo, but results were found to be
statistically not significant based on predetermined criteria.
Objective response rate was 16.9% for pembrolizumab
versus 2.2% for placebo. Grade 3-4 TRAE were occurred
in 60.9% of pembrolizumab group versus 48.5% of placebo
group, with the most common being AST elevation,
hyperbilirubinemia, fatigue and pruritis. One death
contributed to treatment occurred in the pembrolizumab
group, secondary to malignant neoplasm progression.
Without meeting statistical significance, pembrolizumab
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was shown to increase OS and PFS in patients with
advanced HCC previously treated with sorafenib when
compared to placebo, reducing the risk of death by 22%.
The safety profile was also found to be consistent with
KEYNOTE-224 findings and showed further evidence
for the use of pembrolizumab as second line therapy in
advanced HCC patients (16).

Durvalumab

Durvalumab is another human monoclonal which has been
researched in the management of advanced HCC. A phase
I/11, multicenter open-label clinical trial which evaluated
efficacy and safety of durvalumab as monotherapy in
patients with solid tumors in late stages, including HCC
conducted by international researchers. Patients were
given durvalumab every 14 days for approximately 1 year,
or until disease progression. The primary endpoint was
evaluation of safety profile while secondary endpoint was
antitumor activity measured by the RECIST assessment.
One thousand and twenty-two patients were enrolled who
had histologically confirmed advanced solid tumors that
were either not responsive to standard therapy or with
no standard therapy at all, ECOG status 0-1, and able
to provide a tissue biopsy. Particularly, 40 patients were
included who had HCC (Child-Pugh stage A) with 93%
having received sorafenib in the past. TRAE occurred in
80% of the patients including fatigue, pruritis and elevated
AST. Grade 3-4 TRAE occurred in 20% of the patients that
included transaminitis. Antitumor activity was measured
in many ways, including OS rate at 12 months was 56%,
with greater OS rate of 83% in HCV positive patients. The
study results showed that durvalumab had a tolerable safety
profile and showed favorable improvement in antitumor

activity and OS in HCC patients with chronic HCV (17).

CTLA-4 Inhibitors

Cytotoxic T-lymphocyte antigen 4 (CTLA-4) that is
expressed on activated T cells and T regulator cells, is
another target for immune checkpoint inhibition that
has been explored as immunotherapy for HCC. Binding
of CTLA-4 and PD-1/PD-L1 to ligands in the tumor
cell leads to T lymphocyte weakening, which allows the
malignant cells to escape elimination by host immune cells.
Under physiological conditions without treatment with
ICPIs, T cells are activated by cancer antigens presented
by antigen-presenting dendritic cells (DC) in the lymphatic
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tissue of the tumor beds. CTLA-4 causes production of
an inhibitory signal that competes with stimulus by CD-
28 molecule when ligated by B7 on the DC. CTLA-4
also augments the repressive function of T regulator cells.
Activated T-cells then travel to sites where the recognition
of oncologic antigens increases production of PDL-1 on
the tumor cells (18). Disruption/inhibition of CTLA-4
interaction leads to tumor rejection through enrichment
of T cell-effector responses and is associated with selective
T-regulatory cell depletion (19). The most promising
CTLA-4 inhibitor under current research for advanced
HCC is tremelimumab.

Tremelimumab

Tremelimumab is a human IgG2 monoclonal antibody that
inhibits binding of CTLA-4 which stimulates responses
in a subset of patients who have metastatic melanoma and
colorectal cancer (20). This CTLA-4 inhibitor along with
ipilimumab were ground-breaking in the field of stimulatory
monoclonal antibodies for cancer therapy and opened the
door for clinical development of other targets on immune
cells for the treatment of various malignancies (21).

NCT01008358: CTLA-4 blockade with tremelimumab
trial

This phase II, open label, multicenter clinical trial was
designed to test antineoplastic activity of tremelimumab in
patients with HCC with chronic HCV infection, and its
safety profile in patients with cirrhosis. Patients eligible for
this study had advanced HCC that was unresectable and
not amenable to locoregional treatment, at least 4 weeks
without sorafenib or any systemic treatment, ECOG score
less than 2, Child-Pugh stage A or B, and life expectancy
of more than 3 months. Patients were treated with IV
tremelimumab every 90 days until tumor progression or
intolerability. The primary endpoints were OR and disease
control rate, while secondary endpoint was change in HCV
viral load.

Twenty-one patients were able to be assessed for toxicity
and viral load changes and 17 patients were assessable for
tumor response. Of these patients, 43% had advanced at
least Child-Pugh stage B with altered liver function, and
76% were naive to sorafenib. Patients were treated with IV
tremelimumab 15 milligrams per kilogram every 3 months
until either tumor advancement or toxicity. No complete
responses were observed, and partial responses in 17.6%
of patients assessable for tumor response. Disease control
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rate was 76% and median duration to progression was 6.48
months. Results also found a median OS rate of 8.2 months.
Tremelimumab decreased the HCV viral load with median
values of 30,000 IU/mL at day 120 and 1,690 IU/mL at
day 210. The most common TRAE consisted of fatigue,
skin rash, and elevated AST and ALT. Overall, the study
showed a tolerable safety profile with no treatment related
mortality, antitumor and antiviral activity that warranted
more investigation into treatment of advanced HCC in
patients with chronic HCV (22).

Combination of Two Checkpoint Inhibitors

Based on current ongoing research, ICPIs against PD-1/
PD-L1 and CTLA-4 have shown promising results in the
treatment of non-resectable HCC. Due to these findings,
there has been a surge in trials evaluating the simultaneous
blockade of several immune checkpoints, which has shown
high efficacy in the treatment of other solid neoplasms. It
is theorized that the inhibition of PD-1/PD-L1 pathway
alone may not activate tumor immunity as expected if
there are not sufficient amounts of CD8" cells in the tumor
microenvironment, but with simultaneous inhibition of B7-
CTLA-4 pathway, there may be an increase in abundance
of CD8" cells in the lymph nodes, which leads to an
increase in activated CD8" cells invading the tumor, which
enhances their antitumor effects (2). Due to this theory,
the combination of ICPI as treatment in advanced HCC is
worth further investigation.

Nivolumab plus Ipilimumab: partial cobort of CheckMate 040

Based on CheckMate 040, nivolumab monotherapy
was approved for patient with HCC previously treated
with sorafenib. The combination of nivolumab and
ipilimumab has shown positive results in treatment of
malignant melanoma, including improvement in ORR
and in median progressive free survival in combination
group in CheckMate 067, with 58.9% and 11.7 months
respectively (23). A sub-cohort of CheckMate 040 trial
patients were involved in a study evaluating the efficacy
and safety of nivolumab and ipilimumab in patients with
late-stage HCC who had been previously treated with
sorafenib. Patients involved in this study were eligible if
they had histologically confirmed advanced HCC either
not amenable for surgical and/or radiation therapies or had
progression on these therapies, ECOG score of 0 or 1, and
Child-Pugh score of 6 or less. Patients were allocated into 3
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arms: Group 1: nivolumab + ipilimumab every 3 weeks for
4 doses, Group 2: nivolumab + ipilimumab every 3 weeks
for 4 doses followed by nivolumab every 2 weeks or Group
3: nivolumab + ipilimumab every 6 weeks. The primary
endpoints were safety and ability to tolerate, with secondary
endpoints being ORR, duration of treatment, OS, and
disease control rate.

One hundred and forty-eight patients were randomized
into 3 groups. Most of the patients had baseline vascular
invasion, had BCLC stage C or had discontinued sorafenib
due to disease progression. Patients were followed for
24 months at a minimum or until intolerable toxicity or
disease progression. Objective response rate was equivalent
(15-16%) across all three groups with 4 patients achieving
complete response in G1, and 3 pts in G2. Patients in G1
showed median OS of 23 months, and the highest OS
rate at 24 months of 48%. The combination of nivolumab
+ ipilimumab tolerated well with 37% of patients
experiencing high grade treatment related adverse events;
the most common being pruritis and rash. In conclusion,
combination of nivolumab + ipilimumab had an objective
response rate double that of nivolumab monotherapy in
CheckMate 040 (31-32% vs. 14% respectively) and had a
tolerable safety profile. Most promising of all results was
median OS in G1 with 23 months (24).

NCTO02519348: Durvalumab and tremelimumab

This phase I/IL, open-label, randomized study set designed
to assess safety of durvalumab/tremelimumab combination
in patients with advanced HCC. Patients eligible for this
study had confirmed HCC based on histology, had no
exposure to prior immunotherapy, and had progressed or
were intolerant to sorafenib. In this study, patients with
or without chronic HBV or HCV infection were given a
regimen of a combination durvalumab and tremelimumab
followed by durvalumab alone. The primary endpoints
included the number of patients who reported serious
adverse events and those experiencing dose limiting effects.
Subsequent endpoints included ORR, disease control rate,
and OS.

As of January 2017, 40 subjects were involved in this
study, with 11 HBV+ patients, 9 HCV+ patients and
20 patients that were uninfected. Other characteristics of this
cohort included 93% of patients with Stage A cirrhosis and
30% of patients with no prior exposure to systemic therapy.
Patients were given a regimen of combination of durva/
tremelim (IV 20 mg/kg and 1 mg/kg respectively) every

© Stem Cell Investigation. All rights reserved.

Stem Cell Investigation, 2021

4 weeks for 4 doses followed by IV durvalumab every
4 weeks for approximately 16 weeks. Grade 1 or higher
TRAE were found in 60% of patients, with most common
being fatigue, increased ALT and pruritis. The most
common Grade 3 or above TRAE was asymptomatic
elevation of AST in 10% of patients. Sixty percent of
patients had to discontinue treatment due to various reasons:
16 patients due to disease progression, 3 patients due to
serious TRAE (grade 4 transaminitis, grade 3 pneumonitis
and colitis/diarrhea) and 4 patients due to non-treatment
related death such as cardiac arrest and esophageal variceal
bleeding. Objective response rate defined as partial response
was shown in 30% of uninfected patients, and there was
an overall disease control rate at 16 weeks of 57% across
all patients. In conclusion, there were no unexpected
treatment related adverse effects, and antitumor activity
was predominantly observed in HBV/HCV- patients.
The limitation of this study was a small sample size, and
enrollment is ongoing (25).

Ongoing and future studies

Sorafenib has been cleared for usage in treatment of
advanced HCC since 2007, however reported response
rates remain poor in current clinical trials, ranging from
2.3% to 9.2%, leaving an urgent need for more tolerable
and effective options for treatment (26). Several clinical
trials have shown the advantages of ICPI as treatment
for advanced HCC, showcased by the FDA approval of
nivolumab for first line treatment of those previously treated
or progressed on sorafenib. This has opened the door for
a surge of clinical trials with different ICPIs, combinations
and neo-adjuvant therapy as treatment for ICPIL.

Several studies have been performed on the participants
involved in the CheckMate 040 trial. FRI-499 is a study
utilizing the cohort of patients with Child-Pugh B disease
and advanced HCC from CheckMate 040 to study the
efficacy and hepatic safety profile in these patients. Patients
with Child-Pugh B (CP-B) were divided into 2 groups:
treated with or not treated with, who received IV nivolumab
240 mg for every 14 days until unacceptable toxicity or
disease progression. These patients had to be free of hepatic
encephalopathy or paracentesis within 6 months or within
3 months of screening respectively. The primary outcome
was ORR, and secondary was safety. Twenty-five sorafenib
naive and 24 sorafenib exposed patients comprised this
cohort, with 59% of patients having HBV or HCV infection,
and 39% of the patients with alpha-fetoprotein (AFP) levels
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above 400 ug/L. Objective response rate was 10%, and
median duration of response was 9.9 months. Four out of
5 responders saw an improvement of Child-Pugh status to
A5 or A6 which was sustained for 6 months. Serious TRAE
occurred in 2% of patients, leading to discontinuation,
and patients with AFP levels less than 400 ug/L
had stable disease (57%) and higher disease control rate
(68%) than patients with baseline AFP levels above 400.
Results of this study demonstrated manageable safety and
tolerability of nivolumab in patients with advanced HCC
and Child-Pugh B disease. Future results will compare data
with patients with CP-A, advanced HCC, and HBV/HCV
viral kinetics and extended follow up in this cohort (27).
Despite advancements in the treatment of early HCC,
curative options remain associated with high rates of
recurrence at approximately 70% at 5 years. The use of
adjuvant therapy may reduce this amount of recurrence.
There is a strong argument for combined therapy of
immunotherapy and surgery and/or locoregional treatment
because of the treatment-induced reduction of tumor-
associated antigens seen in other solid tumors (28). Amongst
the several trials of HCC therapy designed to assess the
safety and efficacy of adjuvant treatment in patient at
significant recurrence risk after resection or ablation. There
also is a study currently enrolling to test nivolumab against
placebo in the adjuvant following hepatic surgical excision
or local ablation (NCT03383458). KEYNOTE-937 is
a trial with pembrolizumab as neo-adjuvant therapy is
currently ongoing, and there are phase II trials being
conducted for tremelimumab in the similar setting (2). The
implementation of ICPI as neo- and adjuvant therapy could
change the recurrence rate for HCC patients treated with
chemoembolization and trans-arterial radioembolization.

Conclusions

The prognosis continues to be bleak for HCC, especially
in the advanced stages. Previous studies regarding
advanced HCC and shown response rates of 2-3% and
for sorafenib and 7% for regorafenib% (29). And despite
expanded options including lenvatinib, cabozantinib and
ramucirumab, estimated survival remains less than one year,
causing the necessity for new therapies. ICPI have been
investigated for several tumor types to establish an effective
alternative treatment option to previously approved
treatments for this malignancy. These medications induce
the immune system to generate an anti-neoplastic response
by blocking the interaction of PD-L1/PD-1 ligand/
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receptor pair. The best responses have been demonstrated
in malignancies with high mutation burdens such as lung
cancers and melanoma (30,31).

Several studies of monotherapy and combination ICPI
therapy in advanced HCC patients who were previously
treated with sorafenib have shown some improvement in
PFS and ORR when compared to current first line therapy.
But these findings should be taken with caution, as the same
has not been found in the clinical setting. The use of ICPIs
in advanced HCC may still fail to accomplish the treatment
requirements, due to 30-40% of failing to respond to these
treatments in real-life clinical practice. The eligibility rate
for ICPIs is close to 10-20% in the first line, and less than
10% in the second line. The use of a combination of ICPIs
may overcome the primary resistance to immunotherapy.
Use of double or triple combinations of immunotherapies
associated with immune checkpoint inhibition may show
the most promising results (2).

It is also necessary to identify available biomarkers that
can predict tumor response, prognosis, and help identify
subgroups of patients with HCC who will respond best to
immunotherapy. Based on the literature, circulating amounts
of PD-L1 may be the answer. Some metanalyses performed
found that higher PD-L1 concentrations predicted poor
differentiation of tumors, higher levels of AFP, invasion into
the blood vessels, and worse survival rates in patients with
HCC (32,33). A research study performed in 2016 sought to
investigate the prognostic value of soluble PD-L1 (sPD-L1)
levels in patients with HCC and found promising results.
It showed sPD-L1 levels were positively correlated with
both cirrhosis and HCC stages, and that levels associated
positively with sCD163, a marker of macrophage activation,
and CRP. Also, patients with elevated serum concentrations
of sPD-L1 had increased mortality risk (HR 3.340,
P<0.001) while those with minimal concentration seemed
to have better prognoses, and elevated levels of sSPD-L1 was
associated with increased mortality independent of AFP and
sCD163 levels and stage of cirrhosis (34).

In conclusion, it is quite evident that immunotherapy
with immune blocking agents such as nivolumab,
pembrolizumab and other ICPIs may have a promising
future in the treatment of advanced HCC due to recent
studies, but there is a need for correlation of these results
in the current clinical climate. Prevention of certain causes
such as vaccination initiatives at birth for HBV may help
curb the prevalence of chronic hepatitis B infection, and
effective antiviral treatments for HCV may cure hepatitis
related to the virus. At this time, there are lower relative

Stem Cell Investig 2021;8:22 | https://dx.doi.org/10.21037/s¢i-2021-029



Page 10 of 11

risks of HCC development in cirrhosis due to obesity and
diabetes when compared to viral hepatitis but based on the
high prevalence of metabolic syndrome in the Western parts
of the world, it is anticipated that these factors may become
more common causes of HCC in future decades. Because
of the current data for immunotherapy for advanced
HCC, the need for real world results is much needed, and
may lie in the discovery of easily accessible biomarkers
to predict a cohort of the HCC population for treatment
with the highest chance for remission or poorest prognosis.
With these additional factors, the use of ICPI can provide
effective outcomes for those suffering from advanced HCC.
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