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Opinion statement

Hepatocellular carcinoma is the fourth leading cause of cancer-related deaths worldwide
and its associated mortality rate is expected to rise within the next decade. The incidence
rate of hepatocellular carcinoma varies significantly across countries and the latter can be
attributed to the differences in risk factors that are prevalent across different countries.
Some of the risk factors associated with hepatocellular carcinoma include hepatitis B
and C infections, non-alcoholic fatty liver disease, and alcoholic liver disease. Regardless
of the underlying aetiology, the end result is liver fibrosis and cirrhosis that ultimately
progress into carcinoma. The treatment and management of hepatocellular carcinoma
is complicated by treatment resistance and high tumor recurrence rates. Early stages
of hepatocellular carcinoma are treated with liver resection and other forms of surgical
therapy. Advanced stages of hepatocellular carcinoma can be treated with chemotherapy,
immunotherapy, and the use of oncolytic viruses and these treatment options can be
combined with nanotechnology to improve efficacy and reduce side effects. Moreover,
chemotherapy and immunotherapy can be combined to further improve treatment efficacy
and overcome resistance. Despite the treatment options available, the high mortality
rates provide evidence that current treatment options for advanced-stage hepatocellular
carcinoma are not achieving the desired therapeutic goals. Various clinical trials are
ongoing to improve treatment efficacy, reduce recurrence rates, and ultimately prolong
survival. This narrative review aims to provide an update on our current knowledge and
future direction of research on hepatocellular carcinoma.
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Introduction

Over the past decade, the incidence and prevalence
of liver cancer have been rising. Several studies esti-
mate that by the year 2025, the global incidence will
be over one million individuals per year. Thus, liver
cancer exerts a significant and challenging health bur-
den worldwide. Specifically, hepatocellular carcinoma
(HCC) makes up 90% of primary liver cancer diagno-
ses and is the fourth most common cause of cancer-
related deaths worldwide [1].

A multitude of factors are responsible for the increased
prevalence of liver cancer. These factors include, among
others, lifestyle factors such as the increased consump-
tion of alcohol which may result in alcoholic liver dis-
ease, which may then progress to HCC. Additionally, the
increasing rates of obesity and consumption of fat-rich
diets have contributed to the rising prevalence of non-
alcoholic fatty liver disease (NAFLD), one of the main
predisposing conditions to HCC [2].

Initially, patients with HCC may not show any signs
or symptoms associated with cancer development. Sub-
sequently, patients present with symptoms related to
chronic liver disease and typically have a history of sig-
nificant exposure to one or more risk factors of HCC.
The clinical presentation may include upper abdomi-
nal pain and distention due to hepatomegaly, weight
loss, fever, poor appetite, early satiety, and diarrhea.
Patients may also present with coagulation abnormali-
ties manifesting as hematemesis and signs of acute liver
decompensation such as jaundice, hepatic encepha-
lopathy, and ascites should raise suspicion of HCC [3].

In rare cases, patients may present with signs and
symptoms attributed to paraneoplastic syndromes.
These include hypoglycemia, hypercalcemia, poly-
cythemia, the development of feminization in men,
and neurological manifestations such as myasthenia
gravis and chronic inflammatory demyelinating poly-
radiculoneuropathy (CIDP). Unlike most cancers, HCC
patients develop hypercholesterolemia rather than
hypocholesterolemia, along with weight loss, fatigue,

and cachexia. Unfortunately, the development of para-
neoplastic syndromes indicates cancer metastasis and
has a poor prognosis [4].

In patients that have been diagnosed early, treatment
options are highly efficacious and are sometimes even
curable. Yet many patients suffer from tumor recur-
rence. Treatment options include surgical resection,
ablation therapy, transarterial chemoembolization
(TACE), and liver transplantation. However, most cases
of HCC present in advanced stages due to the asympto-
matic nature of the disease. Surgical options for these
patients are not feasible and therefore, systemic therapy
is applied [5].

For many years, chemotherapy has been the stand-
ard systemic treatment for advanced HCC; however,
these agents were highly unsuccessful, and alterna-
tive options were limited. Nonetheless, in recent years
progress has been made in developing efficacious
chemotherapy agents. Moreover, significant progress
has been made in establishing alternative treatments
to chemotherapy. These include immunotherapy and
nanotechnology which constitute two of the most cru-
cial advancements in the management of HCC [6].

In addition to the lack of efficacious treatment
options, medical teams face the problem of treatment
resistance. Most cases of advanced HCC that are treated
with monotherapy develop resistance. As a result, cur-
rent research is focused on developing combined treat-
ment regimens in an effort to combat resistance. The
results of combination retreatments are promising; yet,
further research is still needed [7].

The common delays in diagnosis and tumor resist-
ance to treatments have established HCC as a complex
and challenging condition that exhibits a severe and
substantial burden on the healthcare system and the
general population. This review will discuss the recent
developments in diagnosis, current treatment options,
and ongoing research in the development of innovative
treatments for managing HCC.
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Methods
]

Information for this narrative review was obtained from conducting a search
on PubMed and ScienceDirect. Keywords used included “Hepatocellular car-
cinoma,” “HCC Treatment,” “Primary Liver Cancer,” and “Treatment Chal-
lenges.” The timeline used during research was from 2013 until 2023. All papers
included are in the English language only. Thirty eight journal articles were
included in the current review. In addition, information was retrieved from the
official website of the European Society of Medical Oncology (ESMO), the offi-
cial website of the World Health Organization (WHO), and Clinical trials.gov.

nou

Epidemiology
- 1]

The World Health Organization estimates that more than one million people
will die from primary liver cancer in the year 2030 [8]. Primary liver cancer is the
sixth most common cancer worldwide with an incidence rate of 9.3 cases per
100,000 person-years (841,000 cases) and is the fourth leading cause of cancer
mortality with a reported rate of 8.5 deaths per 100,000 person-years (782,000
deaths) in 2018. HCC makes up 75% of all cases of liver cancer [9].

The incidence of liver cancer is increasing worldwide and the incidence rate
of HCC varies significantly across countries. This variation is attributed to each
country’s unique demographic characteristics including age, sex, race/ethnicity,
and the variety of risk factors associated with HCC. In the USA, the median
age at which HCC is diagnosed is between 60 and 64 years in men and 65 and
69 years in women. In contrast, the median age at which HCC is diagnosed in
African nations is around 46 years. In most countries worldwide, the incidence
rate of HCC is two- to four-fold higher in men than in women. The greatest dif-
ference in the incidence rate of HCC between men and women is seen in Europe
where men have four-fold higher incidence rates than women. However, in
countries such as Uganda, Costa Rica, Ecuador, and Colombia, the differences in
incidence rates of HCC among men and women are much smaller [10¢]. Despite
improved treatment, primary liver cancer still has a relatively poor outcome,
with a net 5-year survival rate of 19% and an average of 19 years of life lost per
death in the USA [9].

Diagnosis

Imaging modalities such as ultrasound (US), computed tomography (CT),
and magnetic resonance imaging (MRI) play a vital role in the diagnosis of
HCC. US is the primary modality used in screening for HCC. It has a specific-
ity of 80-100% and a sensitivity of 51-87%, and with its relative safety and
cheap operating costs, it serves as the perfect imaging technique for screen-
ing programs [11]. Moreover, the appearance of HCC in US is described as a
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Pathophysiology

hypoechoic nodule with hyperenhancement in the arterial phase and washout
in the late phase. If such a lesion is found, the patient is sent for a CT or MRI
scan, considered the first-line diagnostic imaging modality for HCC. No HCC
diagnosis can be made without a CT or MRI scan. Hyperenhancement in the
hepatic arterial phase and washout appearance in the portal venous phase are
the characteristic features of HCC on CT/MRI scans. If these features are visu-
alized, a diagnosis of HCC can be made without the requirement of a liver
biopsy [11]. According to ESMO guidelines, HCC does not require a biopsy
for diagnosis unless it develops in a non-cirrhotic liver, as in HBV-associated
HCC. In addition, a liver biopsy might be helpful in cases where imaging
modalities are inconclusive [12].

Currently, no single staging system for HCC has been established for
worldwide use. Many of the existing staging systems are based on their local
population, making it difficult for them to be applied internationally. One of
the most commonly used staging systems in the USA is the TNM staging sys-
tem which considers the number of tumors and the extent of tumor vascular
invasion as the most important prognostic factors. This system is useful in
patients that are candidates for liver transplantation or liver resection. On the
other hand, in Japan, the much older Okuda system is most commonly used
which considers tumor size as well as the severity of ascites, serum bilirubin
level, and albumin level as the main prognostic factors [13]. Moreover, in
Europe, the Barcelona Staging classification (BCLC) is the most widely used,
and it has been the basis of the current ESMO diagnosis guidelines [14].

HCC develops through a stepwise process that progresses as follows: chronic
hepatitis, liver fibrosis, liver cirrhosis, and, finally, HCC. Each risk factor asso-
ciated with HCC results in chronic hepatitis through a different pathophysi-
ological mechanism; however, once chronic liver inflammation develops, the
progression to HCC is the same regardless of the initial causative factor [15].
Moreover, genetic mutations and epigenetic modifications with consequent
consequences in signaling pathways all contribute to the development of
HCC [16].

Viral hepatitis associated with HCV or HBV infection is one of the major
causes of HCC in the developing world. Both HCV and HBV cause chronic
hepatitis that may progress into HCC, yet via different mechanisms. HCV
infects hepatocytes resulting in the activation of hepatic stellate cells that
result in fibrosis. The inflammatory response against HCV involves the pro-
duction of platelet-derived growth factors (PDGF) that are potent stimulators
of hepatic stellate cells, further promoting fibrosis. Moreover, the over-expres-
sion of HCV proteins has been suggested to promote proliferation, transfor-
mation, and tumor formation by directly affecting oncogenic pathways [17].

Unlike HCV, HBV can integrate its genome with the host’'s DNA, which
explains why some cases of HBV-induced hepatitis progress to HCC without
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fibrosis or cirrhosis. HBV uses reverse transcription for its replication. Inte-
gration of viral DNA occurs early in infection; this also explains why HBV-
induced HCC can sometimes have early onset [18]. Integration of the viral
genome leads to chromosomal instability, activation of oncogenes, inhibition
of tumor suppressor genes, and expression of viral proteins. All these factors
drive the pathogenesis of HCC. In addition, HBV infection is accompanied
by significant inflammation and fibrosis that contribute to HCC develop-
ment [19].

As previously mentioned, alcohol is one of the significant risk factors
for the development of HCC. Prolonged and excessive ingestion of alco-
hol leads to the development of alcoholic liver disease (ALD). In excessive
alcohol consumption, the metabolites of alcohol metabolism, acetaldehyde
and acetate, accumulate in the liver and exert a hepatotoxic effect. Moreo-
ver, NADH levels will be significantly reduced, which impairs the body’s
protection against oxidative stress. Furthermore, in chronic alcohol abuse,
the cytochrome P450 enzymatic system of the liver is upregulated and par-
ticipates in alcohol metabolism; this results in the excessive generation of
reactive oxygen species that contribute to liver damage [20]. On the other
hand, liver disease may occur without alcohol-induced damage; such is the
case in NAFLD. Patients who are obese, have type 2 diabetes mellitus, or have
other metabolic derangements are at risk of developing NAFLD. The develop-
ment of NAFLD occurs following fat deposition in the liver and cellular and
metabolic derangement of hepatocytes that eventually results in hepatitis.
Despite the different pathophysiology, both ALD and NAFLD eventually lead
to hepatitis, which ultimately can develop into HCC [21].

As it has already been noted, chronic inflammation and fibrosis are two
critical steps in the development of HCC. In chronic inflammation, progres-
sive and chronic liver damage induces hepatocyte regeneration and prolif-
eration. As time passes, the more hepatocytes regenerate, the more unstable
the genome becomes, and the greater the probability that they gain a can-
cer-promoting genetic mutation. Furthermore, inflammatory cells, as well
as myofibroblasts and endothelial cells of the chronically inflamed liver,
secrete cytokines, chemokines, growth factors, and angiogenetic factors
that aid in the formation of a tumor-promoting environment in the liver.
In addition, these factors activate anti-apoptotic pathways that promote
hepatocyte survival [22]. Liver fibrosis involves the uncontrolled deposition
of ECM into the liver parenchyma. This excess deposition of ECM disrupts
liver architecture resulting in an altered and abnormal liver function. How-
ever, multiple studies have revealed that ECM deposition does more than
just disrupt liver histology. Deposited ECM promotes tumor development
by altering and modulating signaling pathways between components of
liver parenchyma, such as epithelial cells, endothelial cells, stromal cells,
and inflammatory cells. For example, ECM components can bind to specific
growth factors or form complexes with ligands that can bind to them and
enhance their activity, thus promoting tumor formation [23].
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Management

The treatment of HCC is challenging due to two main reasons. Firstly,
HCC has a high recurrence rate despite improved treatment methods. Sec-
ondly, many cases of HCC quickly develop resistance to treatment; thus,
combined therapy is often required, increasing the treatment burden on
the patient. Despite these challenges, extensive research is underway to
improve current treatment modalities and introduce new treatment options
to overcome these obstacles [24].

Many guidelines have been established to aid the medical team in deter-
mining the most suitable treatment option for the patient. These guidelines
consider liver staging, state of liver function, and overall clinical presentation
of the patient. Such guidelines include those published by the American
Association for the Study of Liver Disease (AASLD) and the European Society
for Medical Oncology (ESMO). Figure 1 provides a summary of the main
types of treatment implemented in the management of HCC and Table 1
provides an overview of ongoing clinical trials for the management of HCC.

Surgical strategies

Chemotherapy
 Sorafenib

* Regorafenib
e Lenvatinib

Surgery

* Hepatic Resection

e Liver Transplantation
* TACE

Surgical treatments are usually designated for patients in the early stages of
liver cancer, and these treatments tend to be curative. Hepatic resection is the
recommended treatment option for patients with good liver function, small
masses, and no vascular invasion. Furthermore, liver transplantation is the
ideal curative treatment in many early cases of liver cancer, as it removes the
tumor and prevents any future cirrhosis. However, due to the few donors, liver
transplantation is not always feasible, and other treatment options have to

Immunotherapy

¢ Pembrolizumab
¢ Ipilimumab

Combination Therapy
e Lenvatinib
+Pembrolizumab

® Bevacizumab
+Atezolizumab

Oncolytic Viruses
* ONYX-015

* Vaccinia Virus

e HSV-1

Management of
HCC

Fig. 1 Overview of the main types of treatment implemented in the management of HCC
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Table 1. Overview of ongoing clinical trials for the management of hepatocellular carcinoma (HCC)

Clinical trial Aim

Multicenter, open-label, phase 3 trial to compare the efficacy 1, compare overall survival in patients treated with
and safety of lenvatinib (E7080) versus sorafenib in first-line |anyatinib versus sorafenib as a first-line treatment for
treatment of participants with unresectable hepatocellular unresectable hepatocellular carcinoma
carcinoma (REFLECT Trial; NCT01761266)

Study of regorafenib after sorafenib in patients with hepato- To evaluate efficacy and safety of regorafenib in patients

cellular carcinoma (RESORCE Trial; NCT01774344) with advanced liver cancer who had progressed after
sorafenib treatment
Study of pembrolizumab (MK-3475) as monotherapy in par- To evaluate efficacy and safety of pembrolizumab as
ticipants with advanced hepatocellular carcinoma (KEY- monotherapy in participants with hepatocellular carci-
NOTE-224; NCT02702414) noma (HCC)

Similar studies: KEYNOTE-240 (NCT02702414) and KEY-
NOTE-394 (NCT03062358)

A study of atezolizumab in combination with bevacizumab To evaluate the efficacy and safety of atezolizumab in
compared with sorafenib in patients with untreated combination with bevacizumab compared to sorafenib in
locally advanced or metastatic hepatocellular carcinoma participants with locally advanced or metastatic hepa-
(IMbrave150 Trial; NCT03434379) tocellular carcinoma (HCC) who have received no prior

systemic treatment

An open-label phase 1b trial of lenvatinib plus pem- To evaluate the tolerability and safety of lenvatinib in
brolizumab in subjects with hepatocellular carcinoma combination with pembrolizumab in participants with
(NCT03006926) hepatocellular carcinoma (HCC)

Study of RP2 (HSV-1) monotherapy and RP2 (HSV-1) in To determine the maximum tolerated dose (MTD) and
combination with nivolumab in patients with solid tumors recommended phase 2 dose (RP2D), as well as to
(NCT04336241) evaluate preliminary efficacy

be considered [25]. Patients who present with intermediate-stage liver cancer
may be candidates for transarterial chemoembolization (TACE). This method
involves inserting a chemotherapeutic agent such as cisplatin mixed with
iodized oil into the tumor, followed by embolization of tumor arteries using
an embolizing agent. The combined effect of the chemotherapeutic agent and
ischemia leads to significant damage to tumor tissue [26].

Chemotherapy

HCC is considered a drug-resistant tumor, and most chemotherapeutic agents
have shown to be largely ineffective in its treatment. This remained the case
until 2007 when the FDA approved sorafenib as a chemotherapeutic agent
for HCC. Since then, sorafenib has been recommended as the first-line treat-
ment for advanced stages of HCC. The initial clinical trial involving sorafenib
showed an increase of 3 to 5 months in survival time compared to a placebo
group. This outcome is far below the established therapeutic goal; however,
it paved the way for future developments [27].
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Sorafenib is a multi-kinase inhibitor that exerts a powerful anti-tumor
and anti-angiogenic effect by blocking cell signaling pathways such as Raf,
MEK, and ERK that promote cellular proliferation. In addition, it blocks the
vascular endothelial growth factor receptor (VEGFR) and the platelet-derived
growth factor receptor (PDGFR), inhibiting angiogenesis, which disrupts
tumor cell growth. Despite its wide use, sorafenib has various adverse effects,
such as skin rash, diarrhea, increased blood pressure, and redness of soles
or palms [28¢¢]. HCC cells that do not use the pathways mentioned above
for their proliferation develop resistance to sorafenib, and it has been shown
that HCC patients that are on long-term administration of sorafenib develop
resistance as well [24].

Several drugs are currently in clinical trials in an attempt to be used as
second-line or sequential therapy in patients that are being treated with first-
line agents such as sorafenib and develop resistance. These drugs would be
given in an attempt to overcome drug resistance that usually develops during
the treatment course. One such drug is regorafenib, a multi-kinase inhibitor.
The RESORCE trial (NCT01774344) is a randomized, double-blind, placebo-
controlled, and phase III clinical trial that was completed in 2019. The study
showed regorafenib as an effective second-line therapy in patients that were
on sorafenib treatment. Regorafenib provided a significant survival benefit to
patients on sorafenib treatment compared to placebo [29¢].

Several other chemotherapeutic drugs have been developed recently and
are undergoing extensive clinical trials. One drug that has shown potential
is lenvatinib. This drug exhibits anti-tumor activity in multiple ways. Firstly,
lenvatinib inhibits the vascular endothelial growth factor (VEGF)/vascular
endothelial growth factor receptor (VEGFR) pathway, which is responsible for
tumor angiogenesis, a process that is essential for tumor growth and metas-
tasis. This is achieved by the binding of lenvatinib on the VEGFR found on
tumor cells, thereby preventing the binding of VEGF to its receptor. Secondly,
the fibroblast growth factor (FGF)/fibroblast growth factor receptor (FGFR)
pathway is abnormally activated in HCC. Tumor cells secrete a large amount
of FGF and express an aberrantly high number of FGFR on their outer mem-
branes. The binding of FGF to FGFR activates multiple different signaling
pathways, such as RAS/MAPK and PI3K/AKT pathways that play a role in
tumor growth and progression. Lenvatinib binds to and blocks FGFR, inhib-
iting this aberrant pathway. Finally, the RET signaling pathway is responsi-
ble for abnormal cell proliferation seen in HCC. This pathway involves the
autophosphorylation of tyrosine kinase residues after ligand binding. Len-
vatinib blocks the autophosphorylation of the various tyrosine kinase recep-
tors found on tumor cells thereby directly inhibiting cell proliferation [30°¢].

The REFLECT clinical trial (NCT01761266) compared the clinical out-
comes of lenvatinib with those of sorafenib and revealed that lenvatinib had
a slightly higher overall survival than sorafenib. Specifically, lenvatinib had
an overall survival of 13.6 months, while sorafenib had an overall survival of
12.2 months. In addition, lenvatinib had a significantly higher progression-
free survival than sorafenib, with 7.4 months and 3.7 months, respectively.
The results of the REFLECT clinical trial are considered the first breakthrough
in the chemotherapy treatment of liver cancer since 2007. Lenvatinib is the
first drug to show a beneficial effect on overall survival compared to sorafenib.
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Previously, many drugs, such as sunitinib and linifanib, had been compared
to sorafenib; however, they all failed to have any comparable beneficial effect.
Based on the results of the REFLECT trial, in 2018, the FDA approved the use
of lenvatinib as a first-line treatment for advanced HCC. Additionally, the EU,
China, and Japan have also approved the use lenvatinib [30°¢].

Immunotherapy

In cases of liver cancer where surgical resection or liver transplantation is not
feasible, attention is turned toward other treatment options, such as immu-
notherapy. This treatment modulates the immune system and enhances its
ability to detect and kill cancer cells. One method of achieving this involves
inhibiting immune checkpoints. For example, the PDL-1 pathway inhib-
its T cell activation, and this pathway is highly active in tumor tissue. The
anti-PDL-1 antibody pembrolizumab, inhibits this pathway, resulting in
increased immune system activity against tumor cells [31]. The KEYNOTE
224 clinical trial (NCT02702414) demonstrated that pembrolizumab had a
promising response and reasonable adverse effects. According to the trial’s
results, the median overall survival in patients that took pembrolizumab
was 12.9 months, and 54% of patients were alive after 12 months. However,
the trial lacked a randomized control group, one of its main limitations.
These promising results led to larger studies being conducted, i.e., the KEY-
NOTE-240 (NCT02702401) and the KEYNOTE-394 (NCT03062358) clinical
trials which showed promising results regarding the efficacy of pembroli-
zumab in the treatment of HCC [32¢¢].

The CTLA-4 pathway inhibits T cell responses and has also been shown
to be excessively activated in tumor cells. Drugs such as ipilimumab inhibit
this pathway by blocking the activity of CTLA-4. These drugs have been FDA
approved in the treatment of other cancers, such as melanoma and Hodgkin
lymphoma, and clinical trials are underway to determine their efficacy in the
treatment of liver cancer [33]. In addition to targeting immune checkpoints,
tumor cells’ surface markers such as CD133, CD13, and CD44 are being used
to target and destroy cancer stem cells via monoclonal antibodies. Since HCC
originates from these stem cells, destroying them would significantly reduce
the risk of recurrence, one of the main challenges in liver cancer treatment
[34].

Combination of chemotherapy and immunotherapy

Combinations of chemotherapy and immunotherapy are in development
as a means to combat resistance and improve efficacy. Recently, a clinical
trial (An Open-Label Phase 1b Trial of Lenvatinib Plus Pembrolizumab in
Subjects With Hepatocellular Carcinoma—NCT03006926) assessed the effi-
cacy of combining lenvatinib with pembrolizumab. The clinical trial was an
interventional study that assessed a single group of patients that suffered
from HCC but lacked a control group. This study provided evidence that the
overall response rate (ORR) was 46% in 100 patients that were evaluated and
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reported that the tumor completely disappeared in 11% of the patients [30¢°].
When comparing these results with results from other clinical trials where
lenvatinib and pembrolizumab were used as monotherapy, it is evident that
combination treatment has much higher efficacy than monotherapy. To illus-
trate this, lenvatinib in the REFLECT trial (NCT01761266) showed an ORR
of 24.1%, and pembrolizumab in the KEYNOTE-224 trial (NCT02702414)
showed an ORR of 17%. These results demonstrate the superiority of a com-
bined regimen compared to monotherapy [30°°].

The recently published results of the IMbravel50 clinical trial
(NCT03434379) revealed that the combination treatment of bevacizumab, an
anti-VGEF antibody, and atezolizumab, an anti-PD-L1 antibody, had a higher
overall survival when compared with sorafenib monotherapy. Specifically, the
combination therapy involving bevacizumab and atezolizumab increased
overall survival by 12.6% at 12 months and prolonged the progression-free
survival interval by 2.5 months compared to the use of sorafenib. Specifically,
overall mean survival with atezolizumab plus bevacizumab was 19.2 months
on average, while overall mean survival with sorafenib was 13.4 months.
Additionally, progression-free survival was 6.9 months with atezolizumab
plus bevacizumab and 4.3 months with sorafenib. Based on these results,
in 2020, the FDA approved the use of bevacizumab plus atezolizumab in
patients with unresectable HCC [32¢¢].

The evolving role of nanotechnology

In order to overcome drug resistance, it is important to enhance drug delivery
to cancer cells. Nanoparticles that can help achieve a highly accurate and pre-
cise drug delivery are currently under development. Nanoparticles are highly
stable and have a variable structural design, low immunogenicity, and specific
tissue/cell targeting abilities, making them a highly attractive modality for
medical application and research [35].

The materials that constitute the nanoparticles affect their ability to deliver
the drug. The most widely used material is polylactic acid (PLA) because of
its ability to actively target tumor tissue as well as its biodegradability allow-
ing it to be administered orally. Another factor contributing to the efficacy
of drug delivery via nanoparticles is the method by which these drugs are
delivered. One method is targeted delivery, which is split into passive and
active targeted delivery systems. Passive targeting involves the leakage of the
drug continuously from the nanoparticles into the tumor. On the other hand,
active targeting involves an interaction between a specific receptor on the
tumor cells and the nanoparticle, which results in drug release into tumor
cells. Furthermore, researchers took advantage of the physiological differences
in pH between tumor tissue and normal tissue, and designed nanoparticles
that release their content in the setting of pathological pH, sparing healthy tis-
sue. Overall, nanoparticles can help resolve the resistance issue by improving
drug specificity and targeting. Additionally, nanoparticles limit the amount of
healthy tissue exposed to the drug, which helps minimize side effects [28¢¢].
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Oncolytic viruses

With the advancements in technology and genetic engineering, a new thera-
peutic approach to liver cancer has started to emerge, which involves the use
of oncolytic viruses which are genetically modified viruses that aim to infect
and destroy cancer cells. These viruses exhibit their antitumor effects through
two mechanisms. Firstly, they selectively replicate in cancer cells resulting
in subsequent cell lysis. Secondly, they induce a systemic immune response
that exhibits antitumor effects [36]. For example, ONYX-015 is a genetically
engineered adenovirus in which the E1B gene has been deleted. This deletion
prevents the virus from replicating in healthy tissue and allows it to replicate
only in p53-deficient cells. Another example is the vaccinia virus which is
derived from a poxvirus strain similar to smallpox. Initial research suggests
that this oncolytic virus might be part of the treatment of liver cancer in the
future; however, it is currently in clinical trials involving animal models and
would require further extensive research before determining its efficacy [37].

Herpes simplex viruses (HSVs) are another group of viruses being investi-
gated for their efficacy in the treatment of HCC. Given their strong replication
ability and their large genome size that can accommodate multiple exogenous
genes, HSVs have a promising potential as a treatment agent. Currently, a
phase 1 clinical trial (Study of RP2 Monotherapy and RP2 in Combination
With Nivolumab in Patients With Solid Tumours (NCT04336241)) is ongo-
ing to assess the efficacy of genetically modified HSV1 in the treatment of
HCC. As of now, no results have been published yet [38].

Conclusions

HCC is a complex and challenging cancer with a bleak survival outcome.
The 2007 breakthrough in chemotherapy treatment with sorafenib pro-
vided hope and paved the way for the development of new chemotherapy
agents in the past few years. Moreover, newly developed immunother-
apy agents offer physicians the ability to take advantage of the powerful
immune system and modulate it to fight off cancer cells. Combined ther-
apy involving chemotherapy and immunotherapy has shown extremely
promising results in recent clinical trials and may become the first-line
management for treating HCC. Additionally, with the rise of nanotechnol-
ogy drug delivery systems, a future with reduced cancer resistance and drug
side effects becomes even closer. Future studies will provide evidence on
whether these advancements will be fruitful. The rate at which treatments
are being developed is remarkable; however, it is not enough to meet
current needs and challenges such as chemoresistance. Therefore, more
clinical trials and studies are required to expand on our current knowledge
and provide more treatment options that are both efficacious and safe.
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