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Hepatocellular carcinoma (HCC) is a leading cause of cancer-related morbidity and mortality worldwide. Most patients are
diagnosed with advanced disease, limiting their options for treatment. While current treatments are adequate for lower
staged disease, available systemic treatments are limited, with marginal benefit at best. The below section reviews the
incidence, prevalence, healthcare associated cost, and etiologies of HCC. In addition, an overview of the classification,
treatment algorithm, and treatment modalities are provided.
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| 1. Introduction

Hepatocellular carcinoma (HCC) is the fourth most common cause of cancer-related mortality and the leading cause of
cancer-related morbidity worldwideI2l3], Relative to other malignancies, the incidence of HCC is fifth highest in men and
ninth highest in womenl. Risk factors for these patients are numerous including—hepatitis B virus (HBV), hepatitis C
virus (HCV), non-alcoholic steatohepatitis (NASH), alcoholic liver disease, tobacco, aflatoxins, vinyl chloride and thorium
dioxide, anabolic steroids, as well as other rare diseases affecting the liver and environmental toxinsBIEl. Advances in
preventative measures against conditions leading to HCC, such as the HBV vaccine, have reduced its incidence, while
antiviral therapy in HCV has been able to achieve sustained virologic responses and disease suppression. Despite these
advances, in 2018, global mortality related to HCC still exceeded 600,000 deaths and is expected to rise to over 1 million
by 20301718],

| 2. Etiologies Predisposing to HCC

While HCC is defined as a singular entity, the liver pathologies resulting in HCC carcinogenesis are highly variable
depending on the inciting injuries. Each insult utilizes a different process to promote genomic instability, ongoing
inflammation, cellular damage and neoplastic proliferation. Here, we will provide an overview of each of the main disease
processes in the liver that may progress to HCC.

Most cases of HCC are due to viral causes, namely hepatitis B virus (HBV). HBV is a partially double-stranded DNA virus
and can either exist as an acute infection with longstanding immunity or a chronic infection with the potential for
reactivation®. HBV causes HCC by directly damaging hepatocytes leading to deranged regeneration as well as by
integrating into the hepatocyte genome and altering transcription, translation and regulation2d, The direct insult, acute
viral infection of hepatocytes, activates the highly immunogenic liver immunoanatomy to recruit immune response cells
(i.e., T cells, B cells, macrophages, etc.). The result is inflammation, degeneration and regeneration of the hepatocytesid.
In chronic infection, on the other hand, integration of the HBV viral genome results in immune tolerance of HBV and HBV
related molecules in the liver, possibly via inhibition or decreased expression of a co-inhibitory receptors on T cells that
mitigate the CD8 T cell responselldl. Likely this process is carried out via multiple immune- and genome-modulating
pathways yet to be discovered. Interestingly, the specific immunoanatomy even within HBV can be augmented and/or
modified from other etiologies. For example, aflatoxin exposure has been shown to have a synergistic effect when
combined with HBV, leading to a higher incidence of HCC in patients exposed to both2Z. |n the setting of inflammatory
regeneration leading to fibrosis and immune tolerance, the liver becomes vulnerable to HCC neoplastic proliferation.

Alternatively, HCV, which is an RNA virus, cannot integrate into the host hepatocyte genome and thus requires continued
replication3l. This continuous replication causes chronic inflammation leading to the degeneration and fibrosis as
described above. However, evidence of differing tumorigenesis and immunoanatomy based on immune cell types present
between HBV and HCV continues to evolve as our understanding of HCC increasesL3l. Overall, the chronic, immune-
driven inflammation characteristic of these viral etiologies leads to or creates the milieu that results in the majority of HCC
cases.



Another etiology, non-alcoholic steatohepatitis (NASH), is a growing epidemiologic burden with the rising prevalence of
obesity in the US and worldwide. NASH causes inflammation in hepatocytes by depositing excess circulating fat globules
within the cells. These fatty hepatocytes become distressed and compete for oxygen leading to inflammation, loss of
function and an immune response that results in subsequent fibrosis4l, NASH also causes “multiple-parallel” hits
whereby fatty deposits damage and inflame visceral tissues which cause increased metabolic stress in the already
weakened fatty hepatocytes tasked with filtering the molecules of inflammation combined with a globally poor nutritional
state13. Specifically, Kupffer cells, which are specialized macrophages located within the liver sinusoids and part of the
normal healthy liver immunoanatomy, are activated, cytokine production is increased and an environment of fibrosis,
regeneration and deranged proliferation is created[18],

Alcohol is a well-known carcinogen for a variety of cancers and contributes to their development in a multimodal fashion.
Acetaldehyde, the metabolite of ethanol, impairs the cell's DNA repair mechanisms through direct cross-linking®24. Alcohol
also leads to the production of reactive oxygen species, pro-inflammatory cytokines and the downregulation of normal
immunosuppression during metabolism, a process that takes place within hepatocytesi8I29i20 These processes
combine to damage and alter hepatocytes, predisposing these cells to mutagenesis and subsequent carcinogenesis.

While each etiology shares the overall theme of insult leading to fibrosis, degeneration, regeneration and finally
mutagenesis ending in HCC tumor cells, the process by which these stages are carried out is clearly quite heterogeneous.
As such, it becomes extremely important to strive to tailor treatment options based on the specific causative etiology, a
task which, as we will see, has yet to be achieved.

| 3. Current Management of HCC
3.1. BCLC Staging and Treatment Algorithm

Current HCC treatment pathways depend on the stage at which a patient is diagnosed. The most commonly used staging
system in HCC is the Barcelona clinic liver cancer (BCLC) system. The BCLC system classifies patients into five
prognostic groups in order of advancing disease stage—0, A, B, C and D. The staging system incorporates liver function
(Child-Pugh class), tumor burden (number, size, vascular invasion, metastases) and patient performance status (using the
Eastern Cooperative Oncology Group [ECOG] status)2l. Patients classified as BCLC stage 0 or A are eligible for curative
therapies, namely surgical resection, liver transplantation and percutaneous radiofrequency ablation. Five-year survival
rates are quoted at greater than 70%. BCLC stage B patients are eligible for locoregional therapy, such as trans-arterial
chemoembolization (TACE) or trans-arterial radioembolization (TARE). Median survival is quoted at 2 years. BCLC stage
C patients have advanced disease defined as either having portal vein invasion or extrahepatic spread. These patients
can be offered systemic treatment only. BCLC stage D, also called terminal stage, is currently treated symptomatically
with best supportive carel2? . Figure 1 displays the BCLC staging system with a graphic representation of the associated
anatomy, tumor burden liver and recommended treatment. Noticeably, none of the available treatment options addresses
the etiology of HCC tumor development. In addition, currently no immunotherapy is considered standard of care for any
stage.
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Figure 1. Barcelona Clinic Liver Cancer (BCLC) staging, liver anatomy, tumor burden and treatment.
3.2. Surgical Management

Surgical management of HCC is divided into two categories, resection or surgical removal of part of the liver based on
anatomic segments or transplant, the complete removal of the native liver and replacement from deceased- or live-donor
tissue. The decision to resect depends on tumor size, location and degree of underlying hepatic decompensation. Patients
eligible for resection often have preserved liver function and tumors which are localized anatomically without any vascular



invasion, falling into BCLC categories 0 and AlZ3lI24l25] A resection is potentially curative if tumors are solitary and
generally < 5 cm in diameter23l. Diminished liver function can negate eligibility for resection of HCC tumors, even those
that fit the size, location and invasion criteria. Though defined by overriding guidelines, decisions to resect can vary
between institutions. Recovery from resection is dependent on the volume of remnant liver and its underlying function/24!,
Resection for HCC has a role in the treatment algorithm but does not offer a solution to patients with high tumor burden,
advanced HCC, and/or diminished underlying liver function.

Transplant for HCC is usually reserved for patients in BCLC categories 0 and A who do not meet the above resection
criteria. In the US, the Milan criteria is often used to determine transplant eligibility for HCC patients. The Milan criteria
states that patients who have—1) a single tumor with diameter less than 5 cm OR 2) not more than three foci of tumor,
each one not exceeding 3 cm AND 3) no angioinvasion AND 4) no extrahepatic involvement are eligible for liver
transplantation[28Z7128] |n the US, liver transplant is considered the gold standard for treatment of HCC that falls within
the Milan criteria24. Additional, more liberal criteria proposed by the University of San Francisco expanded the Milan
criteria to—1) a single tumor with diameter less than 6.5 cm OR 2) not more than three foci of tumor, each one not
exceeding 4.5 cm OR 3) total tumor diameter not exceeding 8.5 cm AND 4) no angioinvasion(2329, Syrvival at 1, 3 and 5-
years were predictably worse in the UCSF group compared to Milan, although only late-stage T4 tumors were shown to
have inferior outcomes compared to Milan criteria on multivariable analysis22. The use of the Milan criteria, namely in the
US, is likely here to stay and is driven partially by ongoing organ shortages and lack of the robust living-donor liver
programs which exist in other countries. This limits the number of patients who receive liver transplants. In addition,
surgical intervention is invasive and exposes patients to the risks of general anesthesia as well as a gamut of surgical
complications highlighting the need for less invasive, more specific treatments.

Radiofrequency ablation (RFA) is being increasingly utilized to treat small, early stage BCLC 0 and A tumors as well as to
treat patients who are at risk to progress while waiting on the transplant list2ll, RFA is the superheating of HCC tumor
tissue via radio wave transmission through a probe inserted through the skin guided by ultrasound or cross-sectional
imagingl. A recent study, however, has shown that, in HCC patients who meet the resection criteria treated with
resection versus RFA, the overall 5-year survival and recurrence-free survival were lower in the RFA group (75 v 54% and
51 v 28%, respectively)22l. This modality, in its current state, is clearly reserved for patients with small tumors who cannot
tolerate surgical intervention or those on the transplant waiting list who are at risk of tumor progression but does not offer
a solution to patients with advanced HCC, nor is it superior to current surgical options available.

3.3. Locoregional Therapy

As HCC BCLC stage progresses to B, the patient is often no longer eligible for surgical resection, transplant or ablation.
Instead, reducing tumor burden becomes the goal of treatment. This scenario is also the case for patients who may be in
lower BCLC stages but their diminished overall health renders them ineligible for safe surgical intervention. Treatments
designed for this purpose include the direct administration of either intra-arterial chemotherapy (trans-arterial
chemoembolization (TACE)) or radiotherapy (trans-arterial radioembolization (TARE)) and are collectively referred to as
locoregional therapy23li34, Specifically, TACE involves direct delivery of doxorubicin followed by the blocking of blood flow
via selective hepatic artery branch embolization to ensure chemotherapy dwell time. Recent advances allow TACE
treatment of both early, non-surgical and some late stage patients (BCLC 0, A, B, & some C) with a solitary nodule or up
to 3 nodules under 3cmi3l. One trial, stopped early, showed that mean survival was significantly longer with TACE
compared to symptomatic treatment alone (28.6 months v 17.9 months)24l,

TARE, on the other hand, utilizes selective intra-arterial injection of radioactive yttrium-90 (Y-90), iodine-131 (131l) or
rhenium-188 (188Re) to cause radiation-induced cell necrosisi22l. Similar to TACE, TARE is indicated for non-surgical
BCLC Stage 0, A, B & some C patients28. One study reported median survival of 16.9 months in BCLC Stage B patients
and another retrospective analysis demonstrated a median survival of 14 months when TARE was used as first-line
therapy compared to 8 months in patients receiving standard therapy28IZ. Most complications of TARE stem from
radiation damage causing bile duct stricture and cholangitis.

These locoregional methods of treatment for advanced disease, while showing some benefit to patients, ultimately do not
lead to a sustained response. Residual tumor and local recurrence often necessitate additional TARE or TACE procedures
and progression of disease sometimes renders these locoregional therapies ineffective with no response seen4 [42].
Also, these procedures are provided only at selected centers equipped with skilled providers able to perform both the
procedure and post-procedural care. This results in limited availability and a significant healthcare cost. While some
believe there is the potential for locoregional therapy to “downstage” cancers, making the patient eligible for resection or
transplant, this concept has not yet been accepted into standard practice.



3.4. Systemic Therapy

For advanced staged HCC tumors (BCLC B & C), surgical and locoregional therapies are not recommended. Instead, the
disease is so advanced only systemic therapies are applicable in this patient population. Sorafenib, one of the
medications which is FDA approved for advanced HCC, is a systemic oral therapy which inactivates multiple kinase
proteins, including vascular endothelial growth factor receptor (VEGFR), platelet derived growth factor receptor (PDGFR)
and rapidly accelerated fibrosarcoma (RAF) kinases, halting pathways responsible for angiogenesis and cell growth[3&l39],
It is approved for use in the treatment of kidney and thyroid cancer. Sorafenib was tested in late stage HCC (BCLC B & C)
treatment in the US & European Sorafenib in patients with advanced hepatocellular carcinoma (SHARP) trial and showed
an increased survival versus placebo (10.7 months v 7.9 months). This finding was corroborated in a repeat trial done
in the Asia-Pacific (6.5 months v 4.2 months)4ll. Subsequently, other systemic therapies have been marketed as non-
inferior to sorafenib including regorafenib (RESOURCE trial)42l43] | cabozantinib (CELESTIAL trial)44 and lenvatinib42l,
Although these medications were the first to offer treatment to late stage HCC patients, at best they offered a modest 3
month median survival benefit. The shortcomings of sorafenib, beyond its marginal benefit to the patient, include the
frequent intolerance of side effects associated with treatment. Other systemic medications have more recently been
approved for HCC, however further studies will be required to elucidate their efficacy. No current standard therapeutic
modality offers favorable survival outcomes to patients with advanced stage HCC. However, given the unique nature of
the liver and HCC tumors, immunotherapy may be the answer.
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