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Highlights of the Study

• Hepatocellular carcinoma is a global health challenge.
• Common risk factors include hepatitis B or C infections, excessive alcohol consumption, and

metabolic dysfunction.
• Disease stage influences prognosis, therefore, implementing cost-effective surveillance and

screening programs for high-risk groups saves lives.
• Treating advanced hepatocellular carcinoma hepatocellular carcinoma remains a challenge;

continued efforts in prevention, early detection, and treatment can significantly improve
prognosis of this disease.
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Abstract
Hepatocellular carcinoma (HCC), the most prevalent form of
liver cancer globally, poses a substantial health burden.
Influenced by risk factors such as hepatitis B or C virus in-
fections, chronic consumption of alcohol, and metabolic
dysfunction, its exact etiology likely involves a complex in-
terplay between viral infection, hepatocyte mutations, and
chronic liver diseases like cirrhosis andmetabolic dysfunction-
associated steatohepatitis, and demographic variables like
sex, race, and age. Disease stage significantly impacts the
prognosis of HCC. There is significant potential for life-saving
and socioeconomic benefits through the implementation of
surveillance programs and the introduction of low-cost

screening measures for high-risk groups; these screening
measures include ultrasound imaging and blood tests.
Treatment options for HCC encompass liver resection,
transplantation, transarterial chemoembolization, radiation
therapy, chemotherapy, targeted therapy, and immuno-
therapy. Despite therapeutic advances, treating advanced
HCC remains challenging, emphasizing the need for con-
tinued efforts in prevention, early detection, and develop-
ment of treatments to improve prognosis and long-term
survival. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) ranks as the fourth
most common cancer globally, registering an incidence of
840,000 cases in 2018 [1]. Increasing incidence of liver
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cancer, likely attributable to rising metabolic disorders
such as obesity and type 2 diabetes [2], projects over 1
million new cases by 2025 [1]. HCC alone accounts for
approximately 90% of all cases of liver cancer [1]. The
prognosis of HCC closely correlates with the stage of the
disease, with a 5-year survival rate ranging from 36% for
early stage cases to a mere 13% for late-stage metastatic
cases [3]. Although the risk factors causing HCC are
relatively well-defined, the genetic determinants, such as
tumor-driving mutations, remain incompletely under-
stood. Early detection of HCC by surveillance of high-risk
populations, primarily by noninvasive methods such as
ultrasonography or assessment of levels of serum α-
fetoprotein, therefore, may not only save lives but also
yield positive socioeconomic impacts on countries, par-
ticularly in countries with high incidence of HCC [4, 5].
In this review, we analyze recent literature regarding the
risk factors, mechanisms, diagnosis, prevention, and
treatment of HCC.We propose that continued endeavors
in prevention, early detection, and therapeutic ad-
vancements will enhance outcomes and increase the long-
term survival rates of HCC patients.

Risk Factors of HCC

Risk factors associated with HCC are multifaceted and
encompass various elements. The most important risk
factors of HCC are infection with hepatitis B virus (HBV) or
hepatitis C virus (HCV), exposure to aflatoxin B1 (AFB1),
excessive alcohol intake, metabolic dysfunction-associated
steatohepatitis (MASH), and demographic factors like sex,
race, and age. Geographically, regions with the highest
incidence of HCC include East and Southeast Asia, Africa,
and developed nations such as the USA [6].

Epidemiologic studies have elucidated that different
risk factors have a distinct impact on HCC within specific
regions. In Asia and Africa, over 60% of HCC are as-
sociated with HBV infection [7]. A majority of HBV-
associated HCC (>85%) occur in individuals with cir-
rhosis [8]. HBV contributes to HCC through at least two
mutually nonexclusive mechanisms. First, HBV is a DNA
virus that can integrate into the host genome, which may
lead to insertional mutagenesis that inactivates or alters
the expression of genes in proximity. For example, TERT,
the gene encoding telomerase, is one of the most fre-
quently upregulated oncogenes in HCC. Insertion of
HBV genes into the promoter region is a well-
characterized mechanism to activate TERT in HCC.
Other recurrent oncogenic mutations mediated by HBV
insertion include KMT2B, which encodes a histone

lysine-specific methyltransferase, SENP5, which encodes
a SUMO1/sentrin-specific peptidase, and CCNA2 and
CCNE1; both of these encode cyclins driving cell cycle
progression [9]. Increased expression of telomerase and
cyclins lead to unchecked cell proliferation, replicative
stresses, and genomic reorganization, all of which are
defining features of cancer. Besides insertional muta-
genesis, HBV infection causes chronic inflammation and
activation of the immune system. These immune re-
sponses lead to the death of hepatocytes, fibrosis, and
cirrhosis which ultimately contribute to HCC. Further-
more, concurrent infection with the Hepatitis D virus in
individuals already positive for HBV may heighten the
risk of developing HCC [10].

Hepatitis C virus (HCV) infection is another significant
risk factor for HCC, particularly in developed regions like
North America, Europe, and Japan [11]. The precise
mechanism by which HCV induces liver cancer is not well
understood. In contrast to HBV, HCV is an RNA virus that
does not integrate into the host genome [12]. HCV infection
and replication in hepatocytes cause liver inflammation,
which leads to cell death, fibrosis, cirrhosis, and eventually
HCC [12]. Nearly, all HCV-associated HCC occur in pa-
tients with advanced hepatic fibrosis or cirrhosis [13].
Several HCV viral proteins, including the core protein,
nonstructural protein 3 (NS3), and nonstructural protein
5A (NS5A), have been identified to modulate host signaling
and immune response pathways [14, 15], contributing to
uncontrolled hepatocyte growth and hepatocarcinogenesis.
For example, the HCV core protein regulates host cell
proliferation, apoptosis, and lipid metabolism by modu-
lating various pathways that involve transforming growth
factor β, vascular endothelial growth factor (VEGF),Wnt/β-
catenin, cyclooxygenase-2, and peroxisome proliferator-
activated receptor α [15]. The viral NS3 protein pro-
motes the ubiquitination and degradation of the protein
phosphatase PPM1A, thereby enhancing the migration and
invasion of HCC cells [14]. The viral NS5A protein at-
tenuates interferon (IFN) responses and therefore makes
the virus more resistant to the host immune system [16].

Dietary exposure to AFB1, a fungal toxin produced by
Aspergillus species, also poses a significant risk for HCC
[17]. AFB1 is a potent genotoxic carcinogen that forms
DNA adducts and induces DNA damage [17]. Notably,
exposure to AFB1 is the leading cause of HCC in regions
such as Africa and Southeast Asia [18]. Additionally,
exposure to AFB1 intensifies the already elevated risk of
HCC in individuals infected with HBV [18].

Excessive alcohol consumption represents another
noteworthy risk factor for HCC. While the precise un-
derlying mechanism is poorly understood, prolonged
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exposure to alcohol can exert liver damage through di-
verse pathways, including inflammation, endoplasmic
reticulum stress, mitochondrial damage, and oxidative
stress, which predispose individuals to conditions such as
steatosis, hepatitis, and cirrhosis [19]. At the molecular
level, alcohol may induce acetaldehyde toxicity, form
adducts on proteins and DNA, generate excessive reactive
oxygen species, and lead to changes in lipid metabolism
[20]. Alcohol-related cirrhosis has been suggested to
account for approximately 20–30% of the total HCC
incidences [21]. In individuals with HBV infection, heavy
alcohol consumers exhibited a significantly higher HCC
risk compared to non-drinkers [22], indicating a syn-
ergistic role between alcohol and HBV in the develop-
ment of HCC.

Patients with metabolic dysfunction-associated steato-
hepatitis (MASH), characterized by liver inflammation
resulting from excessive fat accumulation in hepatocytes,
have an increased risk of developing HCC. MASH is often
associated with other metabolic conditions such as obesity
and type 2 diabetes, and its prevalence has surged over the
past few decades [2]. Similarly, MASH-associated HCC has
increased over the years and has reached approximately
20% of the total incidence in developed countries [23].
While MASH can progress to cirrhosis, it should be noted
that approximately 25–30% of MASH-associated HCC
cases develop without cirrhosis [23, 24].

Genetic Mutations and Molecular Pathways
Underlying HCC

Although the precise etiology of HCC remains to be
fully elucidated, it is evident that HCC formation involves
a multifaceted process, likely characterized by a complex
interplay between viral infection, oncogenic mutations in
hepatocytes, and chronic liver diseases such as alcoholic
cirrhosis and MASH.

TERT activation represents the most frequently observed
genetic mutation that is present in over 80% of HCC cases
[25, 26]. In addition to insertional activation by HBV in-
fection, TERT activation may also result from mechanisms
such as chromosomal translocation and gene amplification
[27, 28]. Mutations affecting the Wnt pathway have been
identified in 30–50% of total HCC cases [26]. These mu-
tations, including gain-of-function mutations in CTNNB1,
which encodes β-catenin, and loss-of-function mutations in
APC and AXIN, which encodes proteins inhibit Wnt sig-
naling, all lead to the aberrant activation of the Wnt
pathway. Interestingly, mutations in the Wnt pathway are
more commonly observed in HCC patients without HBV

infections [29]. Other frequent HCC driver mutations in-
clude tumor suppressors such as TP53, RB1, and PTEN and
oncogenes such as CCNA2, CCNE1, and genes associated
with the Ras-MAPK and the PI3K-AKT-MTOR pathways.
These mutations in general enable aggressive growth of
tumor cells and are often associated with poor prognosis
[25, 26]. Moreover, polymorphisms in TM6SF2, PNPLA3,
and HSD17B13 genes have also been implicated in HCC
development [30, 31]. Recurrent chromosomal amplifica-
tions, such as 11q13 and 6q21, are frequently observed in
HCC [25, 32]. These genomic regions harbor several
commonly activated oncogenes including VEGFA, MYC,
CCND1, and FGF19 [25, 32]. Furthermore, patients with
hereditary hemochromatosis (HH), often caused by an
autosomal recessive mutation in the high iron gene (HFE),
are predisposed to develop cirrhosis and HCC because of
elevated iron deposition in the liver [33].

In addition to genetic mutations, the development of
HCC is closely associated with the activation of several
biological pathways in hepatocytes. For example, MASH
and obesity, well-established risk factors for HCC, partic-
ularly in developed countries, can induce systemic endo-
crine abnormalities and impact immune functions [34].
MASH has been demonstrated to produce excessive oxi-
dative stress, alter immune functions, and induce metabolic
and inflammatory abnormalities [35]. Hepatocytes with
excessive accumulation of fatty acids exhibit ER stress and
oxidative stress [35]. In a mouse model of MASH, the
induction of ER stress in hepatocytes was found to trigger
hepatocarcinogenesis primarily by activating theNF-κB and
TNF-mediated inflammatory pathways [36]. Dysregulation
of fatty acid catabolism in hepatocytes has been associated
with a malfunction of mitochondria and an increased
production of reactive oxygen species, which ultimately
results in DNA damage [37]. The dysregulation of fatty acid
catabolism in MASH can further contribute to HCC by
promoting the expression of tumor-promoting cytokine IL-
17A and excessive production of oncometabolites such as
sphingolipid glucosylceramide [38, 39].

Chronic inflammation of the liver, often due to viral
infection-induced hepatitis, excessive alcohol consump-
tion, and MASH is also a significant risk factor for HCC.
It has been estimated that approximately 90% of all cases
of HCC are associated with chronic inflammation [40].
The liver harbors a significant population of immune cells
and plays an essential role in immune response against
bacterial and viral pathogens, as well as in the production
of immune factors [41]. The interaction between HCC
and the immune microenvironment of the liver has
significant implications for disease progression. Cases of
HCC with substantial immune cell infiltration generally
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exhibit more favorable prognoses [40, 42]. Patients with
autoimmune liver diseases, such as autoimmune hepa-
titis, are also known to have an increased risk of devel-
oping cirrhosis and HCC [43]. Therefore, in addition to
genetic mutations, dysregulation of multiple biological
pathways, including fatty acid catabolism, ER stress,
oxidative stress, and inflammation, contributes to an
increased risk of HCC development. The interplay be-
tween immune cells and tumor cells within the liver is
currently the subject of extensive investigation [40].

The Stage and Molecular Classification of HCC

The prognosis of HCC correlates closely with the stage of
the disease, with a 5-year survival rate ranging from 36% for
early stage cases to only 13% for late-stage metastatic cases
[3]. Various classification systems have been employed for
HCC staging, such as the Barcelona Clinic Liver Cancer
(BCLC) [44], Okuda [45], Cancer of the Liver Italian
Program (CLIP), Italian Liver Cancer (ITALICA) [46],
GRoupe d’Etude et de Traitement du Carcinoma Hép-
atocellulaire (GRETCH) [47], Tumor Node Metastasis
Staging (TNM) [48], Japan Integrated Stating (JIS) [49],
Chinese University Prognostic Index (CUPI) [50], Eastern
Staging [51], Hong Kong Liver Cancer (HKLC) [52], Model
to Estimate Survival in Ambulatory HCC patients (ME-
SIAH) [53], and China Liver Cancer (CNLC) systems [54,
55]. Despite the use of different criteria and variables to
stage HCC, these systems commonly consider factors such
as tumor size and number, vascular invasion, nodal spread,
metastasis, liver function, and underlying liver disease. For
instance, the widely used BCLC system classifies HCC into
five stages, ranging from very early stage 0 (characterized by
a single small tumor≤2 cmwithout symptoms) to advanced
stage C (in which cancer has spread within the liver and
other body parts) and end-stage D (in which liver function
is severely impaired and significant symptoms are present)
[44]. Due to the heterogeneity of HCC, there is no globally
accepted HCC staging system. Nonetheless, all existing
systems have played a crucial role in patient stratification,
treatment decisions, and prognosis [56].

HCC can also be classified based on underlying driver
mutations and histopathological features into proliferation
and nonproliferation tumors [57, 58]. Proliferation class
tumors, accounting for approximately 50% of HCC cases,
often carry mutations in the tumor suppressor gene TP53
and amplification of genomic regions containing FGF19 or
CCND1 [32]. Patients with proliferation class HCC are
commonly associated with HBV infection and have poorer
prognoses [32]. Depending on the activation of additional

oncogenic signaling pathways, proliferation class HCC can
be subdivided into two subclasses: proliferation-progenitor
subclass (approximately 30% of cases) and proliferation-
Wnt-TGFβ subclass (approximately 20% of cases) [58]. In
the proliferation-progenitor subclass, tumor cells typically
express progenitormarkers such as α-fetoprotein (AFP) and
EPCAM, while pathways promoting tumor proliferation
such as PI3K-ATK-mTOR, RAS-MAPK, and IGF signaling
are highly active [57]. In the proliferation-Wnt-TGFβ
subclass, the noncanonical Wnt pathway and TGFβ sig-
naling are activated in tumor cells [57].

Nonproliferation class tumors, accounting for the
other 50% of HCC cases, are often associated with HCV
infection and excessive alcohol consumption [32, 57].
Patients with nonproliferation HCC generally have better
prognoses. Similarly, based on additional oncogenic
pathways, nonproliferation HCC can be divided into two
subclasses: canonical Wnt/β-catenin pathway activated
subclass and IFNα pathway activated subclass [32, 59].

Prevention and Surveillance

Prevention and surveillance strategies play crucial roles
in addressing HCC, given the well-defined risk factors
associated with its development. HCC commonly arises
from underlying liver diseases, such as viral hepatitis, cir-
rhosis, MASH, and obesity, making prevention of these
precursor liver diseases an effective approach to HCC
prevention. One successful preventive measure is the ad-
ministration of the HBV vaccine in regions with high HBV
infections, which has significantly reduced the incidence of
HCC [60]. Antiviral therapies targeting viral hepatitis, such
as nucleotide and nucleoside analog drugs for HBV and
IFNs for HCV, have proven highly effective in reducing
HCC incidence [61–63]. Moreover, weight loss and med-
ications like statins and metformin have been implicated in
reducing HCC incidence in high-risk populations [64–66].

Early detection of HCC is crucial as the disease is often
diagnosed only when symptoms become apparent, typi-
cally at an advanced stage. It is well-established that the 5-
year survival rate of HCC is closely correlated with the stage
of the disease [3]. Tumors of early stage HCC are small and
more likely to be cured. Therefore, implementing sur-
veillance programs to detect HCC at its earliest stage
among high-risk populations would have a significant
impact on saving lives and improving socioeconomic
outcomes [4, 5]. Individuals with lower household income
and education, who are usually less accessible to healthcare,
are often regrettably associated with advanced disease and
poorer prognosis in HCC patients [67].
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The cost-effectiveness of a liver cancer surveillance
program can be influenced by several key factors. First,
targeting high-risk populations is essential for effective
surveillance. For instance, by focusing on individuals with
chronic liver disease or hepatitis B or C infection, who are
at an increased risk of developing liver cancer, screening
efforts can be directed toward those most likely to benefit
from early detection and treatment. Second, employing
cost-effective screening methods is crucial [68–70].
Utilizing relatively less expensive screening tools, such as
ultrasound and blood tests, can help identify individuals
who require further evaluation. Reserved use of more
expensive imaging techniques like computed tomography
(CT) scans or magnetic resonance imaging (MRI) for
follow-up diagnosis in patients can optimize resource
allocation and cost-effectiveness. Third, streamlining
diagnostic and treatment pathways, including quickly
referring patients who are diagnosed to appropriate
treatment providers, are important. Furthermore, raising
public awareness and educating the population about
liver cancer and its risk factors is crucial, particularly in
developing countries where knowledge may be limited.
Increasing participation in surveillance programs can
enhance the cost-effectiveness and overall impact of
detecting liver cancer at an early stage [68–70].

Diagnosis

Diagnosis of liver cancer typically involves a compre-
hensive approach consisting of physical examination, im-
aging modalities, and laboratory investigations. The pri-
mary imaging tests for liver cancer diagnosis are ultrasound,
computed tomography (CT), and magnetic resonance
imaging (MRI). A liver biopsymay be performed to confirm
the diagnosis. Furthermore, several laboratory tests, such as
liver function tests and the alpha-fetoprotein (AFP) test, are
routinely conducted for liver cancer diagnosis or moni-
toring disease progression [71–74].

Ultrasound often serves as the initial imagingmodality in
liver cancer diagnosis due to its noninvasive nature, rela-
tively low cost, and absence of ionizing radiation exposure
[71–74]. Ultrasound has reported sensitivity and specificity
ranges of 51–87% and 80–100%, respectively, in diagnosing
HCC [75–77]. However, the limitation of ultrasound is its
inability to detect small tumors (<1 cm in diameter) or
differentiate between cancerous and noncancerous lesions.
Diagnosis of small tumors usually requires other imaging
techniques such as CT scans and MRI. CT scans, which use
X-rays to produce detailed images of the liver and sur-
rounding tissues, are also commonly used in liver cancer

diagnosis [71–74]. CT scans can provide information about
the size, location, and characteristics of liver tumors. This
imaging technique involves acquiring multiple X-ray im-
ages of the liver from various angles, which are subsequently
processed by a computer to generate detailed cross-sectional
images. The sensitivity and specificity of CT scans in HCC
diagnosis range from 63 to 76% and 87 to 98%, respectively
[76, 78, 79]. MRI represents another commonly utilized
imaging technique for liver cancer diagnosis [71–74],
providing detailed information about the size, location, and
characteristics of liver tumors, as well as information about
blood flow. The documented sensitivity and specificity of
MRI in HCC diagnosis ranged from 77 to 90% and 84 to
97%, respectively [76, 78, 79]. Recently, abbreviated MRI
(AMRI), which involves fewer sequences than a complete
MRI, has emerged as a promising tool for HCC screening
and surveillance [80, 81]. AMRI demonstrated enhanced
sensitivity and specificity than ultrasound for the detection
of early stage HCC while also being more cost-effective in
terms of imaging time and expenses compared to complete
MRI protocols. These features make AMRI an alternative to
other imaging approaches [80, 81].

A liver biopsy is often used in the diagnosis and man-
agement of liver cancer [71–74]. Both ultrasound and CT
scans can be used to guide liver biopsies. Compared to
imaging, a liver biopsy provides a direct examination of the
liver tissue, which can help confirm the presence of cancer
and provide important information about the characteris-
tics of cancers, as well as guide treatment decisions.

Treatment

Treatment approaches for HCC encompass various
modalities, including liver resection, liver transplant,
transarterial chemoembolization (TACE), radiation
therapy, chemotherapy, targeted therapy, and immuno-
therapy. Surgical intervention is typically employed when
the tumor is small and localized, involving the removal of
the cancerous portion of the liver. The amount of liver
removed depends on the location and size of the tumor,
and the patient’s liver function. The 5-year survival of
surgically treated HCC patients can reach 70–80% [74,
82]. Liver transplantation is an option for patients with
early stage HCCwho have cirrhosis and are unsuitable for
liver resection [83]. Liver transplantation may achieve a
50–60% 10-year survival rate with a 10–20% recurrence
rate [84].

TACE is a commonly used, image-guided, minimally
invasive treatment for HCC [85]. This approach involves
the delivery of a high dose of chemotherapy directly to
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blood vessels supplying the tumor and the placement of
an embolic agent inside these blood vessels, which ef-
fectively traps chemotherapy and obstructs blood flow to
the tumor. By specifically targeting the blood vessels
supplying the tumor, TACE minimizes exposure to
chemotherapy to the rest of the body. TACE is most
beneficial to patients with tumors predominantly within
the liver, while its efficacy is limited in cases of widespread
metastases [72]. Hepatic arterial infusion chemotherapy
(HAIC) has been employed to treat advanced HCC pa-
tients with tumors refractory to TACE [86]. HAIC ad-
ministers chemotherapy directly into the main blood
vessel, the hepatic artery, supplying the liver. Compared
to systemic chemotherapy, HAIC allows for a higher
concentration of chemotherapy within the liver [86].

Radiofrequency or microwave-mediated tumor ab-
lation is used to treat small tumors that are difficult to
remove surgically. These methods use high-frequency
radio waves or microwaves to heat and destroy cancer
cells, with comparable survival rates to surgical inter-
vention in early stage HCC patients with single small
tumors (<4 cm in diameter) or 2 to 3 small tumors
(<3 cm in diameter) [73, 82]. Several studies have
documented similar efficacies between radiofrequency
and microwave-mediated HCC ablation [87, 88].

Radiation therapy is a commonly employed treatment
modality for HCC [89]. Radiation damages genomic
DNA and induces apoptosis, which primarily affects
rapidly dividing cells such as tumor cells. Several radi-
ation therapy techniques have been reported for HCC
treatment [89]. Conventional external beam radiation
delivers high-energy radiation to the liver daily over
several weeks. Stereotactic body radiation precisely tar-
gets the tumor using highly focused radiation beams and
high doses in a limited number of sessions. Brachy-
therapy, which can be used for small liver tumors that
cannot be surgically removed, has been used to eliminate
tumor cells by placing radioactive seeds or pellets into the
liver tissue adjacent to the tumor. Furthermore, radio-
embolization, which involves injecting radioactive beads
directly into the artery that supplies blood to the tumor,
has also been used to restrict blood supply to the tumor
and cause tumor cell death [90].

Systemic chemotherapy, which administers drugs
intravenously or orally, is an important treatment
modality for advanced HCC. One notable break-
through is the development of Sorafenib (Nexavar®),
an FDA-approved oral multi-tyrosine kinase inhibitor
(TKI) that has been used since 2007 [91]. Before the
availability of sorafenib, chemotherapy drugs were
primarily chemicals that induced DNA damage or

disrupted DNA synthesis, often exhibiting high toxicity
and modest effectiveness. Sorafenib represents the first
targeted therapy drug that specifically inhibits multiple
tyrosine kinases, such as the RAF kinase and VEGF
receptors (VEGFR), which promote HCC tumor cell
proliferation and tumor angiogenesis, respectively [91].
In patients with advanced HCC, sorafenib has dem-
onstrated a significant slowing of tumor progression
and improvement in overall survival [92].

Lenvatinib is another potent TKI that specifically in-
hibits the activities of VEGFR, FGF receptors, PDGF
receptors, RET, and KIT. Lenvatinib has demonstrated
non-inferiority to sorafenib and has been approved by the
EMA and FDA as a first-line therapy [93].

In recent years, immunotherapy, particularly the use of
immune checkpoint inhibitors (ICIs), has emerged as a
promising therapeutic approach for advanced HCC, es-
pecially when combined with other treatment modalities
[94]. The immune checkpoint is a regulatory mechanism
in the immune system that prevents excessive immune
reactions and maintains self-tolerance. However, cancer
cells can exploit these checkpoints to evade immune
destruction. By inhibiting immune checkpoints, such as
the programmed cell death protein 1 and CTLA4 proteins
on T cells, it is possible to enhance the immune system’s
ability to recognize and eliminate tumor cells [95]. Several
ICI, including atezolizumab, durvalumab, and camreli-
zumab, which target the programmed cell death protein 1
pathway, as well as tremelimumab, a monoclonal anti-
body that acts against CTLA4, have been demonstrated
effective in treating advanced HCC patients. For instance,
in the recent HIMALAYA clinical study, tremelimumab
in combination with durvalumab has been demonstrated
to be superior to sorafenib in patients with unresectable
HCC [96].

Several recent clinical studies have demonstrated that
combined therapies targeting both the immune check-
point and tyrosine kinase pathways are superior to sor-
afenib treatment alone in advanced HCC patients. In the
Imbrave150 clinical study, the combination of the ICI
atezolizumab with the VEGFR inhibitor bevacizumab
showed improved overall survival compared to sorafenib
in patients with unresectable HCC [97]. In the COSMIC-
312 clinical study, the combined use of atezolizumab and
cabozantinib, a TKI inhibitor of MET, VEGFR, and RET,
significantly improved the overall survival of advanced
HCC patients compared to sorafenib alone [98]. Addi-
tionally, the CARES-310 study demonstrated that the
combination of the ICI camrelizumab with rivoceranib, a
TKI of VEGFR2, provided a significant survival benefit
compared to sorafenib in patients with unresectable HCC
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[99]. Furthermore, a recent phase Ib/II clinical trial
showed that the combination of camrelizumab with
FOLFOX4, a chemotherapy regimen, demonstrated
safety and promising antitumor activity in advanced
HCC patients [100]. These findings highlight the po-
tential of combined therapies in the treatment of
advanced HCC.

Conclusion

Despite the challenges posed by advanced HCC, sig-
nificant progress has been made in understanding its risk
factors, mechanisms, diagnosis, and treatment over the
past 2 decades. The well-characterized risk factors for
HCC present an opportunity to implement compre-
hensive prevention and screening programs targeting
high-risk populations, potentially saving lives by iden-
tifying HCC at early, treatable stages. In addition to
prevention and early detection efforts, the development of
novel targeted therapies and combined therapies in-
volving ICI and TKI holds great promise for improving
the prognosis of advanced HCC. Targeted therapies that
specifically address critical molecules or pathways in-
volved in HCC tumor growth and progression offer the
potential for more effective and personalized treatment
options. Furthermore, the combination of targeted
therapies with immunotherapies, such as ICIs, can en-

hance the immune system’s ability to recognize and
eliminate cancer cells. Continued research and clinical
trials in the field of HCC are essential for advancing our
understanding of the disease and identifying innovative
treatment approaches. Through ongoing efforts in pre-
vention, early detection, and therapeutic development,
there is hope for significant improvements in the outlook
for advanced HCC, ultimately leading to better patient
outcomes and an increased likelihood of long-term
survival.
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