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Abstract: Hepatocellular carcinoma (HCC) is a primary liver tumor that typically occurs in the setting of chronic liver disease/cirrhosis.
Treatment modalities for HCC have evolved and given the variety of treatment options, a multi-disciplinary approach requiring input from
surgical, medical, and radiation oncology, hepatology, and interventional radiology is necessary. Multiple advances have been made over the
last decade regarding treatment of HCC, especially advanced disease. Resection and transplantation remain as cornerstone curative-intent
treatment options. For patients who are not candidates for curative-intent therapy, exciting progress has been made in molecular and cellular
approaches to systemic therapy for HCC including immunotherapies and tyrosine kinase inhibitors. Although the prognosis for advanced HCC
remains poor, the armamentarium of therapies has increased, and valuable years of life can be gained with these therapies. While the main
therapeutic modality for early-stage disease remains resection, multimodal immunotherapy has emerged as first-line treatment for advanced
disease. We herein review different clinical and molecular treatment modalities related to the treatment of HCC, as well as provide insights into
future directions for HCC treatment. We highlight how research and progress are needed to move into a new era of molecular and cellular
treatments.
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Introduction

Hepatocellular carcinoma (HCC) is a primary liver tumor that typically occurs in the setting of chronic liver
disease/cirrhosis. Responsible for most liver cancer diagnoses and deaths, HCC generally has a poor prognosis
with a five-year survival of 20-40%, especially among patients with advanced disease.'”” Risk factors for HCC
include hepatitis B virus (HBV), hepatitis C virus (HCV), non-alcoholic fatty liver disease (NAFLD), alcoholic
cirrhosis, tobacco use, and inherited disorders such as hemochromatosis, Wilson’s disease, and alpha-1 antitrypsin
deficiency.’

Treatment modalities for HCC have evolved and given the variety of treatment options, a multi-disciplinary approach
requiring input from surgical, medical, and radiation oncology, hepatology, and interventional radiology is necessary.
Determining the best treatment option is challenging given the frequent presence of underlying liver cirrhosis/fibrosis,
burden and extent of disease, and different etiologies of HCC.* Resection is a common curative-intent treatment option
for HCC; however, many patients are not eligible due to advanced stage or inadequate functional liver reserve (FLR).
Other options for HCC — depending on extent of tumor burden and underlying liver disease — including transplantation,
thermal ablation, and locoregional and systemic therapies. We herein review the latest treatments for HCC and discuss
barriers to progress in the field. In particular, a literature review was performed of data published on HCC between 2018
and 2022 using google.com, Google Scholar, and PubMed database.
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Diagnosis and Staging

To fully understand treatment options, it is important to review how HCC is diagnosed and staged, which can guide
treatment decisions. HCC can be diagnosed as an incidental lesion in an asymptomatic patient or can be detected at an
advanced stage. Advanced disease usually presents with vague symptoms such as anorexia, weight loss, malaise, and
right upper quadrant pain; the physical exam may reveal jaundice or hepatomegaly. Imaging with multi-phase CT scan or
MRI utilizing the LI-RADs classification system is a key to work-up of patients with suspected HCC. HCC is
characterized by arterial hypervascularity and rapid wash out in the portal venous phase.’ Imaging characteristics are
often pathognomonic; however, biopsy is sometimes required for diagnosis. Serum alpha-fetoprotein (AFP) is serum
marker often used relatively to HCC, however it is neither sensitive nor specific and cannot be used reliably to rule in or
out HCC.® Complete staging workup should also include a CT chest, viral serologies, and assessment of liver function as
part of the initial work up.” Liver function has traditionally been assessed using the Child-Turcotte-Pugh classification,
although the Model for End-Stage Liver Disease (MELD) and the new Albumin-Bilirubin grade (ALBI) score are now
often more commonly used.*'° The ALBI score assessing liver function using objective values related to bilirubin and
albumin; the ALBI score has been validated and eliminates the use of more subjective measures, like ascites and
encephalopathy in Child-Turcotte-Pugh score.’

There are a wide range of HCC staging systems, including the American Joint Committee on Cancer (AJCC)/Union
for International Cancer Control (UICC), the Cancer of the Liver Italian Program (CLIP) score, and BCLC system.”’12
The AJCC/UICC is based on pathological findings and utilizes Tumor, Node, Metastasis (TNM) classification; AJCC/
UICC staging does not incorporate histologic grade or cirrhosis.'® In contrast, the CLIP system utilizes tumor morphol-
ogy, serum AFP, and presence/absence of portal vein thrombosis, as well as the severity of cirrhosis to determine
prognosis; CLIP can be applied to patients undergoing surgery, as well as individuals who are treated with transarterial
chemoembolization (TACE).'*

The most often used staging system is likely the BCLC, which was just updated in 2022."° The BCLC estimates
prognosis, as well as provides specific treatment recommendations relative to tumor burden, liver function, and Eastern
Cooperative Oncology Group (ECOG)-performance status; the BCLC guidelines can change based on individual factors
and response to first-line therapy.'> The BCLC categorizes patients into one of five categories: Very early stage (0),
Early stage (A), Intermediate stage (B), Advanced stage (C), and Terminal stage (D) (Figure 1). BCLC-0 may be
candidates for resection, liver transplantation or ablation.'® Similarly, early stage (BCLC-A) includes patients with
single or less than 3 nodules all less than 3 cm who have preserved liver function based on portal pressure and bilirubin,
as well as performance status; BCLC-A patients benefit from resection, ablation, or transplant. Patients with advanced
BCLC-C stage disease are characterized as having preserved liver function but portal invasion with or without
extrahepatic spread and poor performance status; these patients are generally treated with systemic therapy. Terminal
stage (BCLC-D) patients with end stage liver disease and poor performance status typically are only candidates for best
supportive care.

There has been debate about BCLC recommendations for intermediate stage (BCLC-B), defined as multinodular
disease without vascular invasion or extrahepatic spread with preserved liver function and performance status. The
current treatment recommendations for this group of patients range from liver transplant using “extended liver transplant
criteria” beyond the Milan Criteria versus TACE for individuals who are not transplant candidates or systemic therapy for
patients who are not TACE candidates.'>'""'® Notably absent from this treatment algorithm is surgical resection
presumably due to belief that multinodular disease assumes a prohibitive prognosis following resection. Evidence
suggests, however, surgical that resection can indeed be an option for select patients with intermediate stage BCLC-B
disease and may provide better survival outcomes versus TACE.'”° In one review, Kim et al compared surgical
resection + intraoperative ablation versus TACE among patients with intermediate stage HCC and preserved liver
function.”! The authors reported that overall survival (OS) and progression-free survival (PFS) were longer among
patients who underwent resection + ablation versus TACE (OS 88.6 vs 56.2 months and PFS 18.4 vs 15.3 months,
respectively).?' As such, BCLC recommendations for intermediate stage HCC may not be applicable for all patients with
BCLC-B disease.
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Figure | Barcelona Clinic Liver Cancer (BCLC) staging, treatment strategy, and prognosis in 2022. Reproduced from Reig M, Forner A, Rimola J, et al. BCLC strategy for
prognosis prediction and treatment recommendation: the 2022 update. | Hepatol. 2022;76(3):681-693. © 2021 European Association for the Study of the Liver. Published by

Elsevier B.V. All rights reserved.'®
Abbreviations: AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; BSC, best supportive care; ECOG-PS, Eastern Cooperative Oncology Group-performance status; LT, liver
transplantation; MELD, model for end stage liver disease; TACE, transarterial chemoembolization.

Treatments for Early and Intermediate HCC

Surgical Resection

Hepatic resection is an option for patients with early-stage HCC disease. Many patients are not candidates for resection,
however, due to underlying liver dysfunction or locally advanced disease. Patients best suited for resection are generally
individuals who have a solitary tumor without evidence of vascular invasion and have adequate hepatic reserve based
with an adequate FLR. Patients with an inadequate FLR (ie, <20% for noncirrhotics and <35-40% for cirrhotics) may
require portal vein embolization prior to resection to induce hypertrophy of the FL. Resection is associated with a 5-year
survival of 40-60%, depending on stage of disease; 5-year recurrence can be high (>70%) due to the underlying chronic
inflammation of the liver that alters the immune environment.>’*® While some surgeons have advocated for anatomic
resection for HCC, other data have suggested that nonanatomic resection had comparable risk of recurrence and
prognosis as long as an adequate margin was achieved.?>** To this point, data from meta-analyses and prospective
studies note that anatomic hepatectomy, when feasible given tumor size, multinodular disease, and involvement of
surrounding structures was associated with lower recurrence and better long-term outcomes, especially for tumors with

microvascular invasion.' >

Liver Transplant
Liver transplant is therapeutic option for individuals with early-stage HCC that offers the best chance for optimal long-

term outcomes. The determination of liver transplant vs resection is complex, requiring balancing of many factors such as
underlying liver function, presence of portal hypertension, performance status, and tumor characteristics. Traditionally,
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the Milan Criteria, defined as a solitary lesion <5 cm or three separate lesions <3 cm without vascular invasion or distant
metastases, was used to determine if a patient is a transplant candidate.*® Transplantation of HCC has been associated
with 5- and 10-year survival of 70% and 50%, respectively; 5-year recurrence has been reported to be 10-15%.*
Unfortunately, organs are scarce and many patients with HCC progress on the wait list.

In an attempt to expand the number of patients eligible for transplantation, “extended liver transplant criteria”
(ie, UCSF criteria, “up-to-seven™) have been adopted at many centers.'”'® The UCSF exception criteria are used to
assess patients with HCC for liver transplant who have solitary tumor <6.5 cm, patients with 3 or fewer nodules
with largest <4.5 cm or having a total diameter less than 8.5 cm without vascular invasion.’” Other surgeons have
suggested using alpha fetoprotein level and uptake on PET-CT scans to help select patients with advanced HCC who
may or may not be appropriate candidates for transplantation.*® In addition, neoadjuvant therapy has been proposed
as a possible means to reduce tumor burden to fit Milan Criteria.*®

Ablation

Ablation involves inducing tumor necrosis either with thermal energy or cryoablation to the lesion. Radiofrequency
ablation (RFA) and microwave ablation (MWA) are two forms of thermal ablation. MWA has replaced RFA at many
institutions due to the lack of a heat sink effect, as well as its speed and ease compared with RFA. Generally, ablation is
applicable for single tumors that are <3—4 cm. Currently, the BCLC staging update in 2022 recommends ablation for very
early stage (BCLC-0) who are not candidates for liver transplant and early stage (BCLC-A) patients who have increased
portal pressure or bilirubin and contraindications to liver transplant."’

Embolization

Given that most of the blood supply to liver tumors is derived from the hepatic artery, embolization naturally evolved
as a therapeutic modality for intermediate to large size HCC (5—7 cm) that is unresectable and not amenable to
ablation techniques. By eliminating the blood supply to the lesion, tumor ischemia results followed by cell death.
TACE uses embolization and adds concentrated chemotherapy to augment the effect of the therapy. Relative/absolute
contraindications to TACE or embolization include absent or reduced portal vein flow and decompensated cirrhosis.
The BCLC 2022 update describes TACE as therapeutic options for certain intermediate stage (BCLC-B) tumors,
defined as multinodular tumors with preserved liver function among patients with good/fair performance status. The
staging system divides BCLC-B into three subgroups: patients with well-defined HCC nodules who may be candidates
for transplant via extended criteria, patients with well-defined nodules and preserved portal flow, who may be
candidates for TACE, and patients with diffuse infiltrative extensive bilateral liver involvement, who may be
candidates for systemic therapy.'>'”"'® Radioembolization is a potential alternative to TACE, which uses intraarterial
injection of 90-Y labeled microspheres to induce tumor necrosis. In one study comparing TACE with radioemboliza-
tion, there was a longer time to tumor progression in radioembolization group with similar response rates and overall
survival.*

Treatments for Advanced HCC

For many years, patients with advanced HCC, such as portal invasion and/or extrahepatic spread, had very few
treatment options. Cirrhotic patients often would not tolerate chemotherapy and if chemotherapy was given, it was
thought to be less efficacious in cirrhotics.*' The SHARP trial in 2008 demonstrated improved survival with sorafenib
versus placebo/best supportive care.*” Sorafenib (Nexavar) is an inhibitor of tyrosine kinase receptors of vascular
endothelial growth factors (VEGF) and platelet-derived growth factor receptor-beta (PDGFR-B), both of which have
been implicated in the pathogenesis of HCC.***** Lenvatinib, another VEGF and PDGFR-B inhibitor, emerged as
non-inferior to sorafenib, and has been used in patients intolerant of sorafenib.*> As a result of the SHARP trial,
sorafenib became the standard treatment for patients with advanced HCC, especially in the United States. However,
follow-up studies noted markedly lower survival rates than initially reported in the SHARP trial and demonstrated
that the benefit of sorafenib was greater in patients with hepatitis C as the underlying etiology of HCC versus other
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Table 1 Summary of Select Trials for the Treatment of Advanced HCC

Trial Name Year Phase | Treatment Patient Result FDA
Published Population Approval
SHARP 2008 LIl Sorafenib vs Advanced HCC Improved median Yes
Placebo without previous survival and time to
systemic therapy progression with
sorafenib
RESOURCE 2017 1] Regorafenib vs Advanced HCC Improved OS for Yes
Placebo after treatment with | regorafenib
sorafenib
CELESTIAL 2018 LIl Cabozantinib vs Advanced HCC with | Improved median OS Yes
Placebo progression on and PFS with
sorafenib cabozantinib
REFLECT 2018 1] Lenvatinib vs Advanced HCC Improved OS and ORR | Yes
Sorafenib without previous with Lenvatinib

systemic therapy

IMbrave 150 2020 LIl Atezolizumab + Advanced HCC Improved OS with Yes
Bevacizumab vs without previous Atezolizumab +
Sorafenib systemic therapy Bevacizumab

KEYNOTE 240 2020 LI} Pembrolizumab Advanced HCC Improved ORR with Yes
vs Placebo after treatment with | pembrolizumab but no

sorafenib difference in OS or PFS

CHECKMATE 040 | 2020 I Nivolumab + Advance HCC after | Improved ORR and OS | Yes
Ipilimumab vs treatment with with Nivolumab +
Nivolumab sorafenib Ipilimumab

CHECKMATE 459 | 2022 1] Nivolumab vs Advanced HCC No difference in OS
Sorafenib without previous

systemic therapy

COSMIC-312 2022 1] Cabozantinib + Advanced HCC Improved PFS with No
Atezolizumab vs without previous cabozantinib and
Sorafenib systemic therapy atezolizumab but no

difference in OS

HIMALAYA 2022 LIl Tremelimumab + | Advanced HCC Improved OS with Yes
Durvalumab vs without previous Tremelimumab +
Durvalumab vs systemic therapy Durvalumab
Sorafenib

etiologies.**® The side effect profiles of sorafenib and Lenvatinib were also significant. More recently, researchers
have identified more efficacious systemic therapies for patients with advanced HCC (Table 1).

Immunotherapy for Advanced HCC

Atezolizumab and Bevacizumab

Over time, the treatment paradigm for advanced HCC has shifted from sorafenib as first-line treatment to newer
immunotherapies. Immunotherapy for advanced HCC initially involved single agent therapy. For example, monotherapy
with nivolumab, a PD-L1 inhibitor, was demonstrated not to improve OS or PFS compared with sorafenib in the
CheckMate 040 study published in 2022.*° Consequently, attention shifted to the use of multiple agents to address tumor
heterogeneity. To this end, Lee et al investigated the use of Atezolizumab (Atezo) with and without bevacizumab (Bev)

Journal of Hepatocellular Carcinoma 2022:9 heeps: 1251
Dove


https://www.dovepress.com
https://www.dovepress.com

Shannon et al Dove

among patients with unresectable HCC not previously treated with systemic therapy.’® Atezo is a PD-L1 inhibitor, while
bevacizumab inhibits VEGF. In this study, combination therapy was associated with a longer progression-free survival
versus atezolizumab alone.”

The landmark Phase III multi-center global IMbrave 150 trial compared Atezo-Bev versus sorafenib among patients
with unresectable HCC; primary outcomes included overall survival (OS) and progression-free survival (PFS). Five
hundred one patients were randomized to ecither the Atezo-Bev or sorafenib treatment arms. Inclusion criteria were
unresectable disease and preserved liver function defined as Child-Pugh class A, no prior systemic treatment for HCC,
and treatment of esophageal varices if present on endoscopy within the last 6 months. One year OS was 67.2% among
patients treated with Atezo-Bev versus 54.6% among patients treated with sorafenib; median PFS was 6.8 months and 4.3
months for Atezo-Bev and sorafenib, respectively.”’ An interim update of the IMbrave 150 trial demonstrated continued
improvement in OS and PFS among patients treated with Atezo-Bev versus sorafenib.’” The incidence of adverse events
in the two groups was largely comparable, however individuals treated with Atezo-Bev experienced a higher incidence of
hypertension, transaminitis, and proteinuria; diarrhea was more common in the sorafenib group. Upper gastrointestinal
bleeding is the most serious potential adverse effect of Atezo-Bev. As such, patients required an upper endoscopy with
intervention for any esophageal varices prior to enrollment; untreated or severe esophageal varices were
a contraindication to Atezo-Bev use. Given that only with patients who had preserved liver function (Childs-Pugh A)
were included in the trial, the effects of Atezo-Bev remain unclear among patients with worse liver function. Atezo-Bev
is also contraindicated for patients who recur after liver transplantation, due to risk of allograft rejection with the use of
these agents, as well as a relative contraindication in patients with severe autoimmune disorders or arterial
hypertension.”*-*

Patient reported outcomes after therapy with either drug demonstrated that patients treated with Atezo-Bev had
better reported quality of life, overall function, and disease symptoms compared with individuals treated with
sorafenib.> A recent systematic review confirmed these findings and the United States Food and Drug
Administration (FDA) approved Atez-Bev as first-line therapy for unresectable HCC on May 29, 2020
(Figure 2).°°°" In turn, the updated BCLC staging algorithm recommends consideration of Atezo-Bev for patients
with BCLC-C, defined by vascular invasion or extrahepatic spread.'>>® In fact, both the BCLC and the American
Society of Clinical Oncology (ASCO) recommend Atezo-Bev as first-line treatment for advanced HCC.'>->®

The combination of bevacizumab and sintilimab, another anti-PD-1 monoclonal antibody, has also been studied in
a Chinese cohort of patients with HCC, who had a high prevalence of hepatitis B. The ORIENT-32 clinical trial
compared sintilimab plus IBI305, a bevacizumab biosimilar, to sorafenib as first-line therapy for patients with
unresectable hepatitis B related HCC. The primary outcomes were median OS and PFS both of which were
significantly longer in the sintilimab plus IBI305 group.®® This data is encouraging for patients with hepatitis
B related HCC.

Alezolizuimab +
Bevacizumab

Sorafenib Lenvatinib

First line

Sceond ling Pembrolizumab Cabozantinib
Nivolumab
Nivolumab +

Regorafenib Ipilimumab

FrH—>
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Figure 2 Timeline of United States Food and Drug Administration approvals for the systemic treatment of hepatocellular carcinoma. Used with permission of Annual
Review, Inc.,, from Hepatocellular Carcinoma Immunotherapy, Sperandio RC, Pestana RC, Miyamura BV, Kaseb AO, Volume 73, 2022; permission conveyed through
Copyright Clearance Center, Inc.>’
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Tremelimumab and Durvalumab

The 2022 BCLC guidelines state Atezo-Bev should be first-line treatment for advanced HCC (BCLC-C); however,
combination therapy with tremelimumab plus durvalumab has also emerged as an alternative approach. Tremelimumab is
an anti-cytotoxic T-lymphocyte associate protein 4 (CTLA-4) monoclonal antibody and durvalumab is an anti PD-L1
monoclonal antibody. The phase III HIMALAYA trial was presented at the American Society of Clinical Oncology in
March 2022. These data included over 1000 patients with Child-Pugh class A cirrhosis, no prior systemic therapy, and
unresectable disease. Patients treated with single priming dose tremelimumab and interval durvalumab had a significant
improvement in OS and objective response rate (ORR) compared with sorafenib (OS 16.4 vs 13.3 months and ORR 20 vs
5%, respectively).® The HIMALAYA trial demonstrated that durvalumab monotherapy was non-inferior to sorafenib in
terms of median OS (16.6 vs 13.8 months); durvalumab had a higher objective response rate (17 vs 5%) and a better side
effect profile with a lower discontinuation of therapy (4 vs 11%).°! Patients treated with durvalumab monotherapy versus
tremelimumab plus durvalumab had similar median OS (16.4 vs 16.6 months), however combination therapy was
associated with better survival at 3-years.®’ The safety profile of tremelimumab and durvalumab was assessed in
a phase I/II trial by Kelley et al.®* In this study, tremelimumab or durvalumab monotherapy alone had similar toxicity
profiles; however, ORR and OS were better among patients with tremelimumab plus durvalumab. The main adverse
events associated with combination therapy included pruritis and rash, as well as transaminitis. Of note, only patients
with preserved liver function and good performance status were included in these studies. Importantly, the OS benefit of
tremelimumab plus durvalumab was not as pronounced among patients with hepatitis C related HCC. Despite these
limitations, tremelimumab plus durvalumab may be an acceptable alternative for patients with unresectable HCC who are
not candidates for Atezo-Bev.

Ramucirumab

Ramucirumab is another immunotherapy approach to HCC, which has been used especially in the setting of sorafenib or
other immunotherapy failures. Ramucirumab is a recombinant monoclonal antibody of the immunoglobulin G class (IgG)
and blocks the receptor for VEGFR-2. In a small trial of 42 patients, there was an objective response rate of 10% and
median OS was 12 months.®® Unfortunately, there have been no studies directly comparing ramucirumab to sorafenib and
therefore it has largely been used as second-line therapy.

Although currently only indicated in patients who have failed sorafenib, the benefit of ramucirumab has been
demonstrated in several patient populations, such as those with high alpha feto-protein (AFP) levels. For example, in
one study, median survival of patients with AFP levels >400 ng/mL was 7.8 months among individuals treated with
ramucirumab versus only 4.2 months for placebo.®® In the REACH-2 trial, 300 patients with progression on
sorafenib who had AFP >400 ng/mL were randomized to ramucirumab or placebo. Patients treated with ramucir-
umab had better OS and objective response rate.®> The side effect profile was generally tolerable with fatigue,
abdominal pain, hypertension, and lower extremity edema being the most commonly reported symptoms.
Consequently, the FDA approved ramucirumab as second-line therapy for HCC with progression after sorafenib
in the setting of an AFP > 400 ng/mL at initial diagnosis (Figure 2).

Nivolumab and Ipilimumab

Nivolumab monotherapy has been demonstrated to improve outcomes of patients with advanced HCC.***°® Combination
immunotherapy with multiple agents such as nivolumab and ipilimumab has also been investigated. Nivolumab is a human
monoclonal antibody that targets PD-1, whereas ipilimumab is an inhibitor of CTLA-4. The CheckMate 040 trial compared
nivolumab plus ipilimumab combination therapy versus nivolumab monotherapy among 148 Child-Pugh A patients with
advanced HCC who were previously treated with sorafenib. Combination therapy demonstrated an objective response rate
of 32% versus just 14% among patients treated with nivolumab monotherapy. Median OS was 22.2 months in the
combination group; there were, however, more adverse side effects including rash, adrenal insufficiency, hypothyroidism,
or thyroiditis.°” Based on the results of this trial, the FDA approved combination therapy with nivolumab plus ipilimumab

Journal of Hepatocellular Carcinoma 2022:9 heeps: 1253

Dove:


https://www.dovepress.com
https://www.dovepress.com

Shannon et al Dove

for treatment of advanced HCC for patients who had progressed on sorafenib (Figure 2). Unfortunately, no data are
currently available relative to combination therapy after initial immunotherapy such as Atezo-Bev.

Pembrolizumab

Pembrolizumab is another anti-PD-1 monoclonal antibody that has been studied in HCC patients post sorafenib
treatment. The KEYNOTE-240 randomized 413 patients with advanced HCC, Child-Pugh class A cirrhosis, who had
been previously treated with sorafenib.’® In this trial, patients were randomized to take pembrolizumab or placebo.
Median OS was 14 months for patients treated with pembrolizumab versus 10.6 months for patient receiving placebo;
PFS was 3 and 2.8 months, respectively.®® The objective response rate was markedly better among patient treated with
pembrolizumab (18.3%) versus placebo (4.4%). Grade 3 or higher adverse events occurred in 52.7% of patients in the
pembrolizumab group. The most common adverse effect was transaminitis and hyperbilirubinemia. Other major
toxicities reported with pembrolizumab use include myocarditis, anemia, rash, colitis, diarrhea, and endocrinopathies.
The FDA granted approval for pembrolizumab monotherapy for patients previously treated with sorafenib; however,
pembrolizumab has not been endorsed in most European society recommendations due to no difference in OS or PFS.®®

Avelumab

Like pembrolizumab, avelumab is another monoclonal antibody that targets PD-1. Avelumab has shown promise in the
treatment of other malignancies such as Merkel cell carcinoma, urothelial carcinoma, and renal cell carcinoma.®*”! Lee
et al reported data from a single center study that examined tumor response after administration of avelumab among patients
with Child-Pugh A cirrhosis and unresectable HCC who had been previously treated with sorafenib. The objective response
rate was 10%; TTP and OS were 4.4 and 14.2 months, respectively. The authors concluded that avelumab had moderate
efficacy and was safe for use in this patient population.”” A second small study from Japan demonstrated similar efficacy of
avelumab in combination with axitinib, a tyrosine kinase inhibitor of VEGFR1-3, as first-line therapy for advanced HCC.”?
Although these trials show promise, avelumab has not been approved by the FDA for use in the treatment of HCC. As such,
avelumab has not been included in any current HCC treatment algorithms.

Current Systemic Therapies for Advanced HCC

In addition to immunotherapy, systemic therapies have evolved over the decade.

Cabozantinib

Cabozantinib is an inhibitor of multiple tyrosine kinases including VEGFR1-3, hepatocyte growth factor/c-MET.”* The 2022
BCLC guidelines note that cabozantinib is appropriate as second-line therapy for BCLC-C advanced HCC after progression of
disease on sorafenib. The phase III CELESTIAL trial assessed 707 patients with advanced HCC who had progressed on
sorafenib treatment. Patients were randomized to receive cabozantinib monotherapy or placebo. Median OS for cabozantinib
and placebo was 10.2 vs 8 months, respectively; progression-free survival was 5.2 vs 1.9 months, respectively.”> Cabozantinib
was associated with more side effects, including hand and foot syndrome, diarrhea, transaminitis, and fatigue.”” The FDA
granted approval for cabozantinib as second-line therapy in January 2019 (Figure 2). The patient profile for treatment with
cabozantinib included only individuals with preserved liver function and performance status.

Cabozantinib has been shown to be effective in the treatment of multiple solid organ tumors, such as renal cell
carcinoma and prostate cancer, in conjunction with immune checkpoint inhibitors.”® "8 Accordingly, the role of
cabozantinib combination therapy in advanced HCC has been investigated. The COSMIC-312 trial, published in 2022,
compared the effectiveness of cabozantinib plus atezolizumab versus sorafenib for advanced HCC not amenable to
curative-intent treatment or locoregional therapy. Preliminary data demonstrated that primary PFS was longer among
patients treated with cabozantinib plus atezolizumab versus sorafenib (6.8 vs 4.2 months); median OS was, however, not
significantly different on interim analysis. Overall, the combination therapy with cabozantinib plus atezolizumab
improved PFS versus sorafenib, however there was no difference in OS. As such, prior to recommending atezolizumab
as therapy, this combination therapy warrants additional study and is not part of 2022 BCLC treatment algorithm.
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Lenvatinib
Lenvatinib is an inhibitor of VEGFR1-3 and FGFR1-4, PDGFR-alpha, RET, and KIT. Multiple studies have demonstrated its
effectiveness among patients with unresectable advanced HCC who are not eligible for local therapy.*>’® The REFLECT trial
compared lenvatinib versus sorafenib among patients with unresectable HCC. The primary end point was median OS, which
was 13.6 months and 12.3 months for patients treated with lenvatinib and sorafenib, respectively. The objective response rate
and median time to progression were better among patients treated with lenvatinib. Side effect profile was generally tolerable
with hypertension, hand and foot syndrome, proteinuria, dysphonia, and diarrhea being the most commonly reported. As
a result, lenvatinib was approved for use in the United States in August 2018 and is currently recommended as first-line
therapy for patients who are not eligible or cannot tolerate Atezo-Bev or tremelimumab plus durvalumab.

Recent research has focused on the use of lenvatinib and pembrolizumab, an anti PD-L1 inhibitor. In one multicenter
study, 104 patients with unresectable advanced HCC were treated with lenvatinib and pembrolizumab to determine safety
and tolerability, as well as response rate.** Preliminary data demonstrated the safety of this combination and the future

potential, although the use has yet to be embraced by any treatment guidelines.*

Regorafenib

Regorafenib is another tyrosine kinase inhibitor that has been added to treatment algorithms for advanced HCC who have
had disease progression on sorafenib. Regorafenib inhibits VEGFR1-3, as well as multiple other kinase receptors such as
PDGFRB, KIT, RET, and RAF-1. The phase IIl RESOURCE trial investigated patients with advanced HCC who had
progression on sorafenib and were subsequently placed either on regorafenib or placebo. The RESOURCE trial included
only patients with Child-Pugh A cirrhosis, good performance status, and only individuals who had been treated with at
least 20 days of sorafenib. Median OS was higher among patients treated with regorafenib versus placebo (10.6 vs 7.8
months, respectively); regorafenib was well tolerated with few adverse events.®' Similar to other drugs, rash, hyperbilir-
ubinemia, hand and foot syndrome, anemia, proteinuria, abdominal pain, and diarrhea were common side effects.
Consequently, the FDA approved its use in 2017 as second-line therapy for patients who have received sorafenib or
Lenvatinib (Figure 2). Regorafenib is now part of the American Society of Clinical Oncology (ASCO) and BCLC
guidelines for treatment of HCC.'>®

Apatinib and Donafenib

Apatinib is a VEGFR-2 inhibitor that has been used to treat advanced gastric cancer.*> A phase III clinical trial from China
examined the use of apatinib among patients with advanced HCC who had been treated with systemic therapy.® Median OS
was longer among patients treated with apatinib versus placebo (8.7 vs 6.8 months, respectively) and the tolerability profile
associated with apatinib was acceptable.®® Of note, patients in this study had a particularly high prevalence of hepatitis
B. A second nonrandomized study assessed objective response rate among patients with unresectable disease treated with
apatinib in combination with camrelizumab, an anti PD-1 monoclonal antibody. The objective response rate was 34.3% and
12-month survival was 74.7%; the combination of apatinib and camrelizumab was generally well tolerated.®* Apatinib was
approved for use as second-line therapy in China after failure or progression with sorafenib or chemotherapy with oxaliplatin.
Apatinib is not currently available or approved in the United States or Europe.

Donafenib, a novel multi-kinase inhibitor derived from sorafenib, has been approved in China but not in the United States
or Europe. A phase III clinical trial randomized patients with unresectable or metastatic HCC without prior treatment to
receive donafenib or sorafenib and then assessed OS.*> Median OS was longer among patients treated with donafenib versus
sorafenib (12.1 vs 10.3 months respectively); however, there was no difference in the objective response rate (4.6% vs 2.7%)
or median PFS (3.7 vs, 3.6 months). Donafenib was well tolerated and had an acceptable safety profile. In turn, the authors
proposed donafenib use as first-line therapy for patients with unresectable HCC in lieu of sorafenib.®

Emerging Therapies

While much progress has been made, multiple areas of research continue to emerge. For example, neoadjuvant therapy to
treat patients with advanced HCC has been a topic of growing interest. While there are no standard recommendations for
neoadjuvant therapy, nivolumab and ipilimumab have proven efficacy as neoadjuvant therapy for a host of several
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cancers such as melanoma, bladder cancer, urothelial cancer, and non-small cell lung cancer.®*® The PRIME-HCC is an
ongoing phase IB clinical trial that is examining ipilimumab plus nivolumab in the neoadjuvant setting for early-stage
HCC prior to liver resection.”® While the results of this study are pending, hopefully the data will help delineate the role
of neoadjuvant therapy in the perioperative management of resectable HCC.

Another potential agent that is a candidate for neoadjuvant therapy is dovitinib. Dovitinib is a tyrosine kinase that
inhibits multiple angiogenesis pathways similar to sorafenib and lenvatinib. A recent Phase II trial of 24 patients with
early and intermediate stage HCC (BCLC grade 0, A-B) were treated with neoadjuvant therapy oral dovitinib followed
by locoregional therapy; objective response rates, TTP, and OS were assessed.”’ Overall results were favorable with an
objective response rate of 48%, TTP of 16.8 months, and OS of 34.8 months. Tolerance of dovitinib had a wide range,
resulting in dose adjustment or discontinuation in many cases. There are currently several trials investigating
neoadjuvant therapy for resectable disease including neoadjuvant cabozantinib and nivolumab (NCT03299946),
neoadjuvant and adjuvant pembrolizumab (NCT03337841), and neoadjuvant ipilimumab and nivolumab
(NCT03222076, NCT03682276).

A final exciting area of focus is vaccines for HCC. The HepaVac-101 is a phase I/II multicenter single arm trial
assessing a novel vaccine for HCC. The study assessed 22 patients with early or intermediate HCC and suitable HLA
haplotype; patients were given nine intradermal injections of the vaccine, which consisted of multi-peptide antigens
identified on human HCC tissue and an RNA-based immunostimulator. Primary end points were safety, tolerability, and
antigen specific T-cell responses. The results were promising with a good safety profile; there was an immune response
against HLA class I (37%) and HLA class II (53%) tumor peptides.”> While promising, the results need to be validated in

a larger clinical setting.

Challenges to Progress

Despite the progress over the last decade with immunotherapy and systemic treatments, there are still many challenges
related to the treatment of patients with advanced HCC. The underlying cause of HCC varies among populations, with
NASH and alcohol as leading causes in the US, whereas HBV and HCV are more common in eastern Asia (Figure 3).
Given the differing populations, studies from one part of the world may not be applicable to another.
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Figure 3 The incidence of hepatocellular carcinoma according to geographical area and etiology. Reproduced from Reig M, Forner A, Rimola J, et al. BCLC strategy for
prognosis prediction and treatment recommendation: the 2022 update. | Hepatol. 2022;76(3):681-693. © 2021 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.'®

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis; ASR, age-standardized incidence rate.
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Another challenge is that virtual all studies only include patients with Child-Pugh A cirrhosis with preserved
functional status. In turn, the results of many trials can be difficult to extrapolate to individuals with Child-Pugh B/C
cirrhosis or individuals with poor functional status. The guidelines relative to systemic therapy and immunotherapies,
including tyrosine kinase inhibitors, are less clear for patients with cirrhosis or poor performance status. For example,
nivolumab may not be safe in patients with Child-Pugh B patients. The CELESTIAL trial retrospectively reviewed
patients with Child-Pugh B cirrhosis and did note modest efficacy and safety of cabozantinib in this population.”***

An additional challenge to progress in the treatment of advanced HCC involves health disparities. Certain racial or
ethnic groups such as African or Asian/pacific Americans are disproportionately affected by HCC and African Americans
are generally diagnosed at more advanced stages than other racial/ethnic groups.””> Additionally, multiple studies have
noted that race/ethnicity and socioeconomic status affect access to care.”®®” Complicating matters further are the
exorbitant cost of these therapies that can serve as additional barriers to access.”® Addressing issues of cost and
disparities in access to treatment will be crucial to ensure equitable care for patients with HCC.

One challenge in the systemic treatment of HCC is the development of therapeutic resistance. HCC is characterized
by genetic heterogeneity and a diverse tumor microenvironment, which contributes to failure of treatment; as a result,
HCC has historically been chemotherapy-refractory.”® Resistance to sorafenib is well documented and its mechanism
continues to be elucidated.'®'°! Tumor heterogeneity poses a grave challenge to the development of novel therapies for
HCC and may contribute to resistance to newer therapies.

Expert Opinion

Treatment modalities for HCC have evolved over the last decade with many more options available than a decade ago.
While surgical resection and transplantation remain the main treatment paradigms for early and intermediate stage
disease, patients with advanced HCC have fewer options and a poorer prognosis. HCC is a complex disecase with
a varying underlying pathogenesis related to different etiologies such as hepatitis viral infection, alcohol, and NASH
cirrhosis. Each underlying etiology may drive heterogeneous changes at the molecular level causing differing tumor
genotypes, as well as different tumor microenvironments. Guidelines such as the 2022 BCLC staging and treatment
algorithm can help direct clinical decision-making, especially for patients with advanced stage disease.

More recently, immunotherapy has emerged as a primary treatment option for patients with advanced HCC. In
particular, atezo/bev has demonstrated benefit as a first-line therapy, which now has replaced sorafenib as the main
treatment option. While there is considerable excitement about immunotherapy, it is unclear whether all patients with
advanced disease will benefit from immunotherapy given the heterogeneity associated with HCC tumors. In this regard,
biomarkers may play a role in predicting which patients may benefit from certain therapies. Alpha fetoprotein (AFP) is
the most well-known biomarker related to HCC and elevated levels >200 ng/mL have been associated with poor
survival.'®? Patients with HCC tumors that are characterized by PD-L1 and PD-1 expression have more favorable
survival and response if treated with nivolumab versus patients who have tumors that lack these biomarkers.**'%*'%% In
addition, high VEGF expression and tumor mutational burden (TMB) have been associated with worse overall survival,
especially among patients treated with sorafenib and Lenvatinib; TMB has also been demonstrated to be predictive of
HCC progression and recurrence.'®'% Increases in certain phylums within the gut microbiome (Actinobacteria,
Gemmiger, Parabacteroides, and lipopolysaccharide producers) have also been proposed as early biomarkers of HCC.'"”

The future of HCC treatment will likely involve the use of novel systemic/targeted/immuno-therapy for advanced
disease, yet systemic adjuvant therapy will likely be increasingly used in the neoadjuvant/adjuvant setting for patients
with resectable disease. Currently, there are several ongoing clinical trials investigating multimodal systemic therapy in
the adjuvant setting after curative resection. The CheckMate 9DX (NCT03383458) is a Phase 3 trial looking at RFS with
adjuvant Nivolumab versus placebo in the adjuvant setting after resection, whereas the KEYNOTE-937 (NCT03867084)
is a phase 3 trial examining adjuvant pembrolizumab versus placebo. IMbrave050 (NCT04102098) and EMERALD-2
(NCT03847428) are also assessing adjuvant atezo/bev versus active surveillance and Durvalumab, and bevacizumab
versus placebo, respectively, following curative-intent HCC resection.

Neoadjuvant therapy is also an active area of investigation with several ongoing clinical trials. The CaboNivo trial
(NCT03299946) is a phase Ib trial assessing neoadjuvant cabozantinib and nivolumab followed by surgery. The Phase 2
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trial NCT03337841 is investigating pembrolizumab prior to surgical resection with primary end point one-year RFS.
Another phase 2 trial is the PLENTY202001, which is examining RFS among patients treated with neoadjuvant
pembrolizumab and Lenvatinib followed by liver transplantation versus no intervention and liver transplantation. This
study is unique in that the effects of immune checkpoint inhibitors in the setting of transplant is particularly unclear
regarding allograft function and rejection.

Overall, treatment options for all stages of HCC have expanded exponentially in the past few years. Given the
complexity of HCC, therapeutic inactivity and resistance are inevitable. The optimal treatment for advanced stage HCC
may require multimodal immunotherapy that is tailored to tumor biology based on predictive biomarkers, underlying
etiology of HCC, and the tumor microenvironment. While the main therapeutic modality for early-stage disease remains
resection or transplantation, multimodal systemic therapy has emerged as first-line treatment for advanced disease. In the
future, even patients with disease amenable to surgery are likely to be increasingly treated with neoadjuvant and/or
adjuvant therapy.

Conclusion

Multiple advances have been made over the last decade regarding treatment of HCC, especially advanced disease.
Resection and transplantation remain as cornerstone curative-intent treatment options. For patients who are not candi-
dates for curative-intent therapy, exciting progress has been made in molecular and cellular approaches to systemic
therapy for HCC including immunotherapies and tyrosine kinase inhibitors. Although the prognosis for advanced HCC
remains poor, the armamentarium of therapies has increased, and valuable years of life can be gained with these
therapies. Further research and progress into new targets for advanced disease as well as the role of neoadjuvant and
adjuvant immunotherapy will be needed as we move into a new era of molecular and cellular treatments.
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