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Abstract

Hepatocellular carcinoma (HCC) carries an unfavorable prognosis and novel therapeutic strategies are needed. Until
now, only few systemic agents have improved survival in patients with advanced stage disease. Immunotherapy
changed the landscape in several tumor types by producing unprecedented clinical outcomes with a favorable safety
profile. Liver presents a particular immune-suppressive microenvironment and HCC develops in a background
of chronic inflammation in the vast majority of cases. In this regard, immunotherapy may be a suitable strategy.
Preliminary research focused on therapies involving immune cells and anti-tumor immune response for HCC has
shown encouraging preliminary results. Immune checkpoint inhibitors, such the anti-PD-1/PD-L1 monoclonal
antibodies, have provided durable responses in patients with advanced stage disease, although the pioneers phase
[l trials did not confirm survival superiority over the available agents. Cancer vaccines, adoptive cellular therapies
and combinations of local modalities with immunotherapy are promising approaches under active research.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related morbimortality and represents a
major health problem worldwide. HCC is ranked as the sixth most incident neoplasm and the fourth cause
of cancer-related death",

Remarkable progresses have been achieved in prevention, early detection and diagnosis. Concurrently, new
therapeutic strategies have been developed both in localized and advanced stages, what is leading to a more
favorable outcome for HCC patients comparing to the past decades. However, the field is continuously
evolving, and important barriers need to be surpassed.

In a significant proportion of cases, HCC is diagnosed at later stages and more than half of the patients
with localized disease will develop disease recurrence after locoregional treatments”. At present, systemic
treatment options are limited. Only a few drugs have showed survival improvement according to phase
IIT trials. In 2008, sorafenib was the first drug that proved survival benefit according to the results of two
pivotal trials™*. A decade later, lenvatinib” proved non-inferiority to sorafenib as a first-line option. In
the second-line setting, regorafenib[G], cabozantinib” and ramucirumab®™ demonstrated positive results in
placebo-controlled studies. Despite the incorporation of these new agents, the median survival of advanced
HCC patients treated with systemic treatment still remains around 2 years” and there exists an unmet
need for innovative approaches.

One of the most notable advances in oncology over the last years is the use of immunotherapy, alongside
with an increasing knowledge on how the immune system behaves during carcinogenesis and tumor
progression. The idea to harness the immune system against cancer comes from the late 19th century.
Based on observations that some patients presented tumor remission after developing erysipelas, William
Coley proposed to inject a mixture of live and inactivated bacteria into in vivo tumors. Although there was
not a clear explanation at that time, anti-tumor responses were achieved in different types of tumors with
this intervention™. In 1957, Thomas and Burnet proposed the theory of immunosurveillance, in which
lymphocytes played a role of sentinels to detect and destroy transformed cells". Afterwards, in the decade
of 1970s, the use of tuberculosis vaccine with Bacille Calmette-Guérin was effective in preventing recurrence
of urothelial carcinomas and is still applied nowadays". In 1990s, interleukin (IL)-2 was approved for
treatment of kidney cancer and melanoma. In the same decade, the first anti-CD20 monoclonal antibody,

named rituximab, was approved for non-Hodgkin lymphoma[”]

Currently, we are experiencing emerging trends in immunotherapy for treatment of several solid tumors,
including HCC. The scope of this review is to summarize the current landscape, updates and future
perspectives of immunotherapy in HCC.

RATIONALE FOR IMMUNOTHERAPY IN HCC

HCC arises in a chronically inflamed background in the vast majority of cases. An underlying liver disease
derived from a viral infection or from a non-infectious condition occurs in around 90% of HCC patients'"”
The immunologic composition of the liver is crucial for the role of this organ in the entero-hepatic

circulation as it exerts an immunologic control function under physiological condition™

Liver has an important function in host defense and self-tolerance by the coordinated activity of a diverse
immune-cell repertoire. Liver sinusoidal endothelial cells regulates the effector immune response by
inhibiting CD4+ and CD8+ T lymphocytes, thus preventing an immune reaction against bacterial antigens
coming from the gut. Moreover, these cells express high levels of Program death receptor ligand 1 (PD-L1),
which is a transmembrane immunosuppressive protein that inactivates the adaptative immune system by
binding to the inhibitory lymphocyte receptor PD-1""
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Kupfer cells, which are stationary macrophages in the liver sinusoids, contribute to immune tolerance by
producing inhibitory cytokines such as IL-10 and prostaglandins and by expanding inhibitory regulatory
T cells. Kupfer cells also plays a major role in the clearance of gut-derived endotoxins from the portal
circulation”

Tolerance-inducing cells, such as inhibitory CD4+CD25+FoxP3+ T regulatory (Treg) cells, are increased
in tumor tissue and peripheral blood of HCC patients[w]. Tregs can impar the effector function of intra-
tumoral CD8+ T cells by several mechanisms, such as IL-10 and transforming growth factor (TGF) beta

production”.

Neutrophils have been shown to induce tumor cell proliferation and stimulate angiogenesis through the
secretion of cytokines™”. Infiltrating neutrophils have been shown to recruit Tregs in animal HCC models
and the number of neutrophils in HCC infiltrate is reported to be a negative prognostic factor in HCC

patients submitted to resection””

Myeloid-derived suppressor cells (MDSCs) are myeloid progenitor cells that acts as suppressor of Natural
Killer (NK) cells and T cell effector function in the tumor microenvironment mediated by the expression
of arginase, that depletes arginine, which is essential for T cell proliferation and also by the release of
reactive oxygen species”**”, The MDSC subset has been reported as a prognostic factor for HCC recurrence

[24]

after local treatment ™.

Besides the activity of these immune cells, the liver micro-environment overexpresses immune checkpoint
molecules, which can downregulate immune responses against tumor cells. PD-1/PD-L1 expression is
observed not only in Kupffer cells, but also in tumor infiltrating lymphocytes. An association between
PD-1 expression by T CDs+ lymphocytes and poor prognosis in HCC patients is reported”*. T-cell
immunoglobulin and mucin-domain-containing molecule-3 is expressed by cells from innate and adaptive
immune system and interacts with several ligands such as Galectin 3, which is expressed in liver tissue.
Evidence indicates that Galectin-9 inhibits T-cell responses, acting as an immunosuppressive factor.
Lymphocyte-activation gene 3 (LAG3) is a membrane protein that is expressed in activated T-cells and
suppresses dendritic cells function. LAG3 acts symmetrically with PD-1 to promote cancer evasion from
immune recognitionml

The hepatic chemokine profile also plays a substantial role in modulating immune response. It has been
demonstrated that immunosuppressive cytokines such as IL-4, IL-5 and IL-10 are upregulated, while
some pro-inflammatory cytokines such as TNF and IL-1 are downregulated, what can facilitate HCC
progression””

Tumor mutational burden is a measurement of mutations carried by tumor cells that seems to be correlated
with cytotoxic T cells infiltration and better response to immune-checkpoint inhibitors 1cn*. The
mutational burden typically translates into a higher neo-antigen load, and therefore a higher chance that
an antigen capable of stimulating an immune reaction is expressed on the tumor cell surface. Nevertheless,
HCC ranks only as a medium mutated tumor, with an average of 5 somatic mutations per megabase,
corresponding to approximately 60 non-synonymous substitutions within expressed genes. This accounts
for a likely lower neoantigen burden comparing to melanoma, for example"”.

The current research activity on immunotherapy for HCC are mainly based on targeting the above-
mentioned mechanisms. The complexity of immune system and the dismal prognosis of HCC are barriers
for the translation of basic research from bench-to-bedside. In this regard, the development of cancer
vaccines, adoptive cellular therapies, ICI and combinations of immunotherapy with other agents or with
different treatment modalities are being developed and tested in the clinical setting.
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CANCER VACCINES

The number of vaccine trials in HCC is limited and the results showed only a modest efficacy. The aim of
cancer vaccines is to stimulate the immune cells to recognize and attack tumor cells by managing tumor
antigens and maturated dendritic cells, which makes the connection between innate and adaptative

. [31]
immune system™ .

In HCC, a restricted number of tumor-associated antigens has been identified. Research in HCC vaccines
mainly focus on alpha-fetoprotein (AFP) because this is usually expressed in this malignancym]. Initially,
a study was conducted based on an AFP-derived peptide and was able to produce T-cell responses. In
another study, dendritic cells pulsed with a lysate of HepGz2 cell line showed safety and evidence of activity
in patients with advanced HCC™. El Ansary et al®" also observed modest clinical responses, increasing
in CDs8+ lymphocytes count and in serum interferon concentration using an autologous dendritic cell

. [34]
vaccine

The “Cancer Vaccine development for Hepatocellular Carcinoma” - HEPAVAC project has the goal of
developing strategies for a therapeutic peptide-based vaccine for HCC including both “off-the-shelf”
and personalized antigens. A multi-epitope vaccine (IMA970A) is currently under evaluation in early/
intermediate HCC patients in a phase I/II European multicenter clinical trial (NCT03203005). The actual
study start date was September-2017 and the completion date is expected to be on January-2020.

Combination of dendritic cell infusion following trans-catheter hepatic arterial embolization was shown to
be safe and to enhance tumor-specific responses more effectively than embolization alone, but recurrence
was not completely prevented"™.

The PHOCUS trial, aimed to compare an oncolytic vaccine virus armed with granulocyte-macrophage
colony stimulating factor gene (JX-594) to sorafenib halted patient enrollment following a planned interim
tutility analysis that conclude that the trial was unlike to meet its primary endpoint of overall survival in
the final analysis[“]. This oncolytic vaccine virus is also in a phase I/II trial in combination with nivolumab
in first-line treatment of advanced HCC (NCT03071094).

Up to now, no HCC vaccine is approved for clinical use. Further research on development and applicability
of this strategy, together with the completion of the active trials is warranted.

CELL-BASED IMMUNOTHERAPY

Several approaches involving cell-based treatments are being evaluated in HCC. Briefly, this modality
consists of the use of autologous effector cells that are manipulated, expanded and sensitized ex vivo before
being delivered to the patient”. Different types of lymphocytes, engineered T cell receptor (TCR) and
chimeric antigen receptor (CAR) composes the mainstay of cell-based immunotherapy.

In the late 1980s, Onishi et al.”” innovatively reported clinical responses in HCC patients treated with

[38]

a combination of IL-2 and lymphokine-activated killer (LAK) cells showing a favorable safety profile

However, further studies with LAK cells showed conflicting results in terms of efficacy™.

The post-operative use of isolated and expanded tumor-infiltrating lymphocytes is a promising strategy in
HCC. In a study with 12 patients submitted to surgery, this therapy was associated with decreased recurrence
rates at 6 and 12 months after resection comparing to a control group[w]. Cytokine-induced killer (CIK) cells,
which comprises a mixture of T lymphocytes (CD3+/CD56+ cells, CD3-/CD56+ NK cells and CD3+/CD56-
cytotoxic T cells) provided longer progression-free survival (PFS) after HCC resection in a randomized trial
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involving 150 patients, with an acceptable toxicity profile’. In another randomized trial, adjuvant CIK cells
provided longer time to recurrence, but with no impact in overall survival (0S)*". An open-label phase III
trial tested the efficacy of CIK cells as an adjuvant therapy after resection or percutaneous treatment. The
study included 230 patients with HCC to receive CIK cells or no adjuvant treatment. The study met its

primary endpoint, with a significant improvement in recurrence-free survival and OS with activated CIK
cells™?,

NK cells are also being studied in the HCC field. An ongoing phase II trial (NCT02008929) is focused on
safety and efficacy of ex vivo expanded allogeneic NK cells in patients with high risk of recurrence after
surgical resection and a second phase II trial (NCT02854839) is evaluating the role of NK adoptive cells
after trans-arterial chemoembolization (TACE).

One of the most promising cellular therapies consists in the use of CAR T cells, which combines adoptive
cellular immunotherapy with targeted therapy throughout receptor proteins that have been engineered to
give T cells ability to recognize a specific protein independent of MHC. This approach has shown positive
results when targeting CD19 via CAR for B-cell malignancies™. Currently, there are active clinical trials
with CAR T cells in HCC with different target proteins, such as Glypican 3 (NCT02905188; NCT03146234
and NCT02723942). Nevertheless, a phase I/II trial with CAR-T anti-VEGFR2 (NCT01218867) in metastatic
tumors (with HCC patients allowed to be enrolled) failed to show a significant clinical activity in
preliminary results.

Antigens from hepatitis virus B (HBV) can be potentially used as a target in adoptive cellular therapy,
since HBV antigens can be found in both primary tumor and HCC metastasis. In a case report, HCC
tumor cells were recognized in vivo by lymphocytes engineered to express an HBV-specific TCR. Therefore,
this strategy has a potential to control HBV-associated HCC"*". An AFP directed therapy is also being
investigated in a phase I trial with autologous T cells with AFP-specific TCR in advanced HCC patients
(NCT03132792).

Considering this scenario, adoptive cellular therapies for HCC showed an acceptable safety profile and
seems to be an encouraging strategy in the adjuvant setting. However, confirmatory studies are required
and there is no sufficient evidence to support its use in clinical practice outside clinical trials.

IMMUNE CHECKPOINT INHIBITORS

A major boost in the field of immunotherapy for cancer treatment came with the advent of immune
checkpoint inhibitors (ICI). This class of drugs provided crucial improvements in the management of
several tumors, such as lung cancer”, melanoma"* and others. The ICIs currently approved for clinical
use target either CTLA-4 or PD/PD-L1 pathways. Tremelimumab, which is an anti-CTLA4 monoclonal
antibody, was the first ICI evaluated in a clinical trial involving HCC patients. In a phase II study, 21
patients with chronic hepatitis C virus (HCV) infection not eligible for surgery received tremelimumab
15 mg/kg every 90 days for a maximum of 4 doses. A disease control rate of 76.4% was achieved, with
45% of these responses lasting more than 6 months. Few patients presented grade 3/4 adverse events and
tremelimumab was considered well tolerated. Besides, a significant drop in HCV viral load was observed

among patients enrolled in this trial™”.

Tremelimumab was also tested in a trial combining tumor ablation or TACE considering the hypothesis
that tumor destruction by local therapies could enhance antigenic release and stimulate a systemic immune
response. Thirty-two patients received tremelimumab every 4 weeks at two dosages (3.5 and 10 mg/kg) for a
total of 6 infusions, followed by an infusion every 3 months. The local therapy consisted of TACE in patients
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TCR: T cell receptor; MHC: major histocompatibility

APC: antigen-presenting cell; TCR: T cell receptor; MHC: g
e B H complex; PD: programmed cell death; L: ligand

major histocompatibility complex; CTLA: Cytotoxic T-
Iymphocyte antigen.

Figure 1. (A) Mechanism of action for ipilimumab and tremelimumab. Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is a negative regulator
of T-cell activity. T-cell activation requires two separate stimulatory signals. The first signal occurs when the TCR binds to the major
histocompatibility complex (MHC) of an antigen-presenting cell (APC). The second signal, or co-stimulatory signal, occurs when the
CD28 receptor of T cells binds the B7 ligand of APCs. CTLA-4 is a naturally occurring T-cell receptor that, when bound by B7 on APCs,
prevents the co-stimulation required for T-cell activation and suppresses T-cell activity. Ipilimumab and tremelimumab are monoclonal
antibody designed to bind CTLA-4 and prevent its binding of B7, allowing for T-cell activation and potentiation to occur, allowing for
enhanced immune-mediated cytotoxicity. (B) Mechanism of action for immune checkpoint inhibitors: The binding of PDL-1 on tumor cells
to PD-1 on T-cells prevents T cells from killing tumor cells. Blocking the binding of PD-L1 to PD-1 with an immune checkpoint inhibitor
allows cytotoxic activity of T cells against tumor cells. TCR: T cell receptor; PD: programmed cell death; L: ligand

with intermediate stage and ablation in patients with advanced stage. Partial responses were observed in 26%
and stable disease in 63%, with a median time-to-progression of 7.4 months and a median OS of 12.3 months.
Again, no signals of serious toxicities were observed. The most common clinical adverse events was pruritus

(9%) while increasing transaminases was the most common laboratorial alteration (34%)[48].

Considering the high expression of PD-L1 in HCC cells and also in liver microenvironment components,
strategies aimed to the PD1/PD-L1 pathway are been extensively tested in clinical trials. The mechanism of
action of ICI directed to PD-1/PD-L1 is showed in Figure 1.

In a small phase I/II trial, the anti-PD-L1 agent durvalumab was evaluated in 40 HCC patients, most of
them had been previously treated with sorafenib. An overall response rate of 10% with 20% of grade 3 or 4

toxicities were reported No treatment-related deaths were registered in this trial .

The first data with nivolumab in HCC were published in 2017. The CHECKMATE 040 trial was an open
label phase I/II study that included patients with intermediate and advanced HCC, who had progressed
on or were intolerant to sorafenib and with HBV, HCV or non-infectious etiology. The first part of this
trial evaluated a dose escalation cohort of 48 patients who were given nivolumab in doses ranging from
0.3 mg/kg up to 10 mg/kg every 2 weeks. The dose of 3 mg/kg was chosen for the further step, which
consisted of a dose expansion cohort involving 214 patients aimed to test efficacy and safety. Toxicities
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did not vary across the different etiologies and the most common events were rash (23%), pruritus (21%)
and diarrhea (13%). Less than 2% presented serious adverse events of grade 3 or higher and no treatment-
related death was observed. The response rate by RECIST 1.1 was 15% and 20% in the dose escalation and
expansion cohorts, respectively, with a median duration of response in the expansion cohort of 9.9 months.
The median OS was 28.6 months in the population naive to sorafenib and 15.6 months in the sorafenib-
experienced”™. Based on these results, nivolumab was granted accelerated approval by the US Food and
Drug Administration (FDA) in 2017 for patients previously treated with sorafenib”™. However, the phase
M1 trial CHECKMATE 459, which compared nivolumab to sorafenib in the first line was announced to be
negative by the company responsible for nivolumab development””. The results of this trial were presented
in the European Society for Medical Oncology 2019 congress: the median OS was 16.4 months for
nivolumab and 14.7 months for sorafenib (Hazard ratio 0.85, 95% confidence interval 0.72-1.02, P = 0.0752),
with a response rate of 15% for nivolumab and 7% for sorafenib™. Complete results are still pending to be

published.

Pembrolizumab, a monoclonal antibody that also targets PD-1, was shown to be active and safe in a phase
IT trial. The KEYNOTE 224 enrolled 104 HCC patients with intolerance or progression after sorafenib to
receive pembrolizumab 200 mg every 3 weeks in a single arm design. The authors recorded a response rate
of 17% and 33% of the patients had stable disease. Grade 3 treatment-related adverse events were reported
in 24% of the patients, being that the most common were increased transaminasemia and fatigue[“]. These

[55]

results substantiated the accelerated approval of pembrolizumab by the FDA in 2018

The KEYNOTE 240 trial, which was a phase III trial comparing pembrolizumab to placebo in the second-
line, were recently presented. The study included 413 patients who were randomized and analyzed for
a co-primary endpoint of PFS and OS. The median OS of the pembrolizumab arm was 13.9 months vs.
10.6 months for the placebo arm, what did not reach the pre-specified efficacy boundaries for statistical
signiﬁcance[sd. Therefore, the trial was not able to confirm the superiority of pembrolizumab over placebo,
even though the safety profile was manageable and the clinical difference between the two arms in terms
of median OS warrants a further exploration of the role of ICI in HCC.

ICIs combination with ipilimumab and nivolumab in patients with advanced stage disease previously treated
with sorafenib yielded a response rate of 31%, including 5% of complete responses, with a median duration
of response of 17.5 months. The study randomized patients into 3 arms: nivolumab 1 mg/kg and ipilimumab
3 mg/kg every 3 weeks for 4 cycles followed by nivolumab 240 mg every 2 weeks, nivolumab 3 mg/kg and
ipilimumab 1 mg/kg every 3 weeks for four cycles followed by nivolumab 240 mg every 2 weeks or nivolumab
3 mg/kg and ipilimumab 1 mg/kg every 6 weeks. The first arm experienced a median overall survival of
22.8 months, the second and third arms reached 12 and 13 months respectively. Overall, the combination
was well tolerated, with 37% of all patients experiencing grades 3-4 treatment-related adverse events'™”.
Tremelimumab plus durvalumab was associated with 20% of grade 3-4 toxicities with no unexpected safety
signals in an analysis from an a phase I/II trial with 40 patients who progressed on or were intolerant
to sorafenib®™. An ongoing phase III trial (NCT 03298451) is actually recruiting patients in the first-line
setting to sorafenib vs. durvalumab vs. duralumab plus tremelimumab. Trials on immunotherapy are listed
in Table 1.

A focus is being placed on the potential benefit of ICI as an adjuvant treatment after resection or ablation.
In this sense, patients with high risk of recurrence are being enrolled in a phase III placebo-controlled trial
with nivolumab in the adjuvant setting. The primary endpoint of this study is recurrence-free survival
(NCTo03383458). Similarly, pembrolizumab (NCT03867084) and durvalumab with or without bevacizumab
(NCTo03847428) are also been tested in the adjuvant setting in other phase III trials in patients who
achieved complete response after resection or ablation.
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Table 1. Ongoing trials involving immune checkpoint inhibitors in hepatocellular carcinoma

Drug Identifier Phase n Setting Current status

Monotherapy
Nivolumab NCTO01658878 /11 42 1L/2L Completed
Nivolumab NCTO01658878 /11 214 1L/2L Completed
Nivolumab NCTO01658878 /1 200 1L Completed
Nivolumab NCT01658878 /1l 262 1L/2L Completed
Nivolumab NCT02576509 11 726 L Recruiting
Nivolumab NCT03383458 11 520 Adjuvant Recruiting
Pembrolizumab NCT02702414 I 100 2L Completed
Pembrolizumab NCT02702401 il 408 2L Recruiting
Pembrolizumab NCT03062358 111 330 2L Recruiting
Pembrolizumab NCT03211416 I-11 27 L Recruiting
Pembrolizumab NCT03867084 I 950 Adjuvant Recruiting
Relatlimab NCT01968109 Il 168 2L Recruiting
LY3321367/LY3300054 NCT03099109 | 196 2L Recruiting
BGB-A317 NCT03412773 11 660 1L Recruiting
SHR-1210 NCT02989922 Il 220 2L Completed
REGN3767 NCT03005782 | 546 2L Recruiting

Combination
Nivolumab/Ipilimumab NCTO01658878 Il 620 2L Completed
Nivolumab/Ipilimumab NCT03222076 Il 45 Neoadjuvant Recruiting
Nivolumab/Ipilimumab NCT03510871 Il 40 Neoadjuvant Recruiting
Nivolumab,/Pexavec NCT03071094 1] 30 2L Recruiting
Durvalumab/Tremelimumab NCT02519348 Il 545 1L/2L Recruiting
Durvalumab/Tremelimumab NCT03298451 1] 1200 1L Recruiting
Relatlimab/Nivolumab NCT01968109 [-11 168 2L Recruiting
REGN3767/REGN2810 NCT03005782 I 546 2L Recruiting
LY3321367/LY3300054 NCT03099109 I 196 2L Recruiting
Atezolizumab/Bevacizumab NCT03434379 1 480 L Recruiting
PDROO1/FGF401 NCT02325739 Il 238 2L Recruiting
PDROO01/INC280 NCT02795429 Il 108 2L Recruiting
Nivolumab/Galunisertib NCT02423343 Il 75 2L Completed
Regorafenib/Pembrolizumab NCT03347292 | 40 1L Recruiting
Cabozantinib/Nivolumab NCT03299946 | 15 Neoadjuvant Recruiting
Nivolumab/CC-122 NCT02859324 I-11 50 2L Recruiting
PDROO1/Sorafenib NCT02988440 Il 50 2L Recruiting
Pembrolizumab/Lenvatinib NCT03006926 | 104 2L Recruiting
Nivolumab/TACE NCT03143270 | 14 2L Recruiting
Nivolumab/Y90 NCT03033446 1 40 2L Recruiting

In the neoadjuvant setting, the study PRIME-HCC (NCT 03682276) is recruiting patients to assess
safety and activity of nivolumab plus ipilimumab prior to liver resection in HCC in centers from United
Kingdom.

COMBINATION STRATEGIES

Besides ongoing trials with immunotherapies, there has been active research on combination of
immunotherapy with other treatments such as tyrosine kinase inhibitors, ablative therapies, anti-VEGF
antibodies and combination of different ICI. Some of these modalities can potentially improve treatment
outcomes due to synergistic effects caused by tumor cell death on immune response. T cell activation
and pro-inflammatory cytokines release are described to occur few weeks after locoregional therapies for
HCC™.

There are ongoing trials testing the combination of ICI with Ytrium-90 (NCT 03033446 and NCT
02837029), TACE (NCT 03143270) and after liver resection or ablation (NCT03847428). The dual
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combination of ICI (anti-CTLA-4 and PD1/PD-L1) is also being evaluated in clinical trials, for example,
tremelimumab plus durvalumab (NCT 02119348) and ipilimumab plus nivolumab (NCT01658878).

Encouraging results of the combination of bevacizumab (an anti-VEGF antibody) with atezolizumab
(an anti-PD-L1 ICI) were reported in a phase Ib study that included 68 HCC patients. It was reported a
response rate of 34%, with 19 of the 23 responses lasting longer than 6 months. Grade 3-4 adverse events
were seen in 25% of the patients®. This combination was granted a breakthrough designation therapy by
the US FDA in 2018 and a phase III trial aimed to evaluated atezolizumab and bevacizumab vs. sorafenib
is under recruitment (NCT0343479).

An open-label phase 1b trial that assessed the efficacy of lenvatinib plus pembrolizumab in 94 patients
has been recently reported. The combination induced a confirmed response rate of 26.9%, with a median
PFS of 9.69 months. Sixty percent of the patients had dose interruptions or reductions, 5 patients had
serious adverse events and there were 2 treatment-related deaths'®”’. Avelumab with axitinib also showed
encouraging activity in a trial with 22 patients, although a higher rate of grade 3 hypertension (50%) and
hand-foot skin reaction (22.7%) were reported[“]. Table 2 summarizes main results on ICI in HCC.

CHALLENGES AND FUTURE DIRECTIONS

While final results on immunotherapy for HCC are awaited, some relevant issues are to be taken into
account when interpreting the available and upcoming data.

ICIs are associated with atypical patterns of response and progression. The traditional radiologic criteria
used to evaluate tumor response in oncology trials with cytotoxic chemotherapy may not be accurate
enough to detect clinical benefit or treatment failure with immune oncology agents. For example, a
radiological increasing in tumor burden without worsening in disease burden, called pseudoprogression,
can be explained by an immune-cell infiltration and do not represent treatment failure'®. Patients with
an initial progressive disease followed by a later radiologic response may experience a nonconventional
survival benefit comparing to those patients with the same initial behavior'®. Therefore, treatment with
ICI warrants specific radiologic criteria to assess benefit or the emergence of resistance.

Around 10%-30% of the patients with other solid tumors submitted to ICI treatment present long-term
disease control. This finding suggests the existence of a subgroup of patients that probably presents a
sensitive tumoral phenotype or a specific predictive biomarker. Mutational burden, tumor-infiltrating
lymphocytes and immune gene signatures are also being investigated as potential tools*”. For HCC, the
PDL-1 expression seems to be around 20%-25%, but no correlation between PDL-1 expression and better
response has been established so far'®”.

Immune-related adverse events induced by ICIs are also a major concern in HCC. A wide range of events
are described in immunotherapy trials (dermatologic, endocrinologic, gastrointestinal and others), but
hepatotoxicity is of particular interest in this context. In clinical trials with anti-PD1 inhibitors, liver
enzymes elevations were typically mild. However, HCC patients often present underlying cirrhosis with a
limited liver reserve, what increase the risk of decompensation even in mild liver alterations.

In conclusion, the incorporation of immunotherapy in the HCC landscape is still under development.
The recently announced negative results of the phase III trials with pembrolizumab”® and nivolumab'™
somehow disappointed the initial hope placed in this strategy. Immunotherapy for HCC seems to be a
tougher road comparing to what we are experiencing with other tumors. However, huge effort is being
made in the search for predictive biomarkers and development of novel strategies to deliver better
outcomes for HCC patients.
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