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Abstract
Background: Hepatitis B virus (HBV) and hepatitis C virus (HCV) are the key 
risk determinants for hepatocellular carcinoma (HCC), which is a significant 
public health issue worldwide. Molecular mechanisms of HBV-  and HCV-
related hepatocarcinogenesis are reviewed here, together with the therapeutic 
potential of propranolol against HCC. HBV and HCV promote HCC development 
through chronic inflammation, oxidative stress, and dysregulation of signaling 
pathways involved in proliferation, apoptosis, and immunity. Propranolol 
demonstrates promise in inhibiting tumor growth, angiogenesis, and metastasis 
in HCC by modulating adrenergic receptors and the immune response. Evidence 
suggests propranolol reduces inflammatory cytokines, enhances natural killer 
cell activity, and decreases the expression of immune checkpoint proteins 
such as programmed cell death protein 1 and T cell immunoglobulin and 
mucin domain-containing protein-3 in HCC cells. Clinical studies indicate that 
propranolol may lower HCC incidence and improve survival in cirrhotic patients. 
However, optimal dosing, long-term safety, and efficacy require further research 
through large randomized controlled trials. Aim: This paper aims to review the 
potential of propranolol as an adjuvant therapy for HBV/HCV-induced HCC by 
examining its antitumor, anti-angiogenic, and immunomodulatory effects. 
Conclusion:  Propranolol represents a prospective adjuvant therapy for HBV/
HCV-induced HCC that warrants continued investigation to fully elucidate its 
therapeutic potential against this disease. Relevance for patients: Propranolol 
may improve outcomes in HBV/HCV-related HCC by reducing tumor growth, 
angiogenesis, and immune evasion, offering a potential adjunct therapy to 
enhance patient survival and prognosis.
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1. Introduction
1.1. General overview of hepatocellular carcinoma 
(HCC)

Globally, HCC ranks fifth in the frequency of new 
occurrences, with 500,000 – 1,000,000  cases reported 
yearly. Up to 80% of HCC cases are found in developing 
nations, with sub-Saharan Africa and Southeast Asia 
having the most significant incidence rates.1,2 HCC has 
been the Taiwan region’s primary source of cancer-related 
fatalities since 1984. In the Taiwan region, 8,000 new 
instances of HCC are discovered each year, and about 
7,000 HCC deaths occur annually.3 Around the world, 
hepatitis B virus (HBV) infections account for over half of 
all HCC cases, whereas hepatitis C virus (HCV) infections 
account for roughly one-third. However, the proportion 
of HCC caused by these viruses varies significantly by 
demographic, and there is evidence that the prevalence of 
HCV globally is significantly underreported.4 Developed 
Western countries have a low prevalence of HCC, 
although there has been a rising trend over the past 
20  years. These two viruses account for over 80% of all 
HCC cases worldwide, making them the two main risk 
factors for developing HCC. Non-viral variables, such as 
alcohol use as well as aflatoxin B1, and other chronic liver 
disorders, are less frequently associated with HCC risk.2,5 
Although several Asian and African nations are known 
to have a high incidence of HCC, there has been a more 
recent rise in the condition in nations such as the United 
States. Environmental pollutants, alcohol and drug abuse, 
autoimmune diseases, genetics, obesity, high hepatic iron 
levels, and infections with hepatotropic viruses have all 
been associated with HCC development.5 Regardless of the 
condition’s cause, patients with chronic viral infections are 
likely to develop liver cirrhosis, a significant risk factor for 
carcinogenesis.6

Finding effective HCC therapies is critical. Effective 
medical interventions can vastly enhance patient outcomes, 
increase survival rates, and improve the quality of life for 
patients suffering from this condition.7 Furthermore, 
improvements in HCC treatment will lessen the strain 
on health-care systems by eliminating the requirement 
for costly interventions such as palliative care or liver 
transplantation. Finding successful HCC treatments will 
also give patients and their families hope and provide them 
with a chance to battle this terrible enemy. In addition, 
it would open the door for more investigation into the 
biology of liver cancer, allowing researchers to identify new 
therapeutic targets and create groundbreaking strategies to 
fight HCC.8 In this paper, we aim to examine propranolol’s 
potential as a treatment for HCC by thoroughly examining 
the available literature and research findings as part of our 

aspiration to contribute to the ongoing efforts of identifying 
novel therapeutics for this aggressive kind of liver cancer.

2. Molecular mechanisms of HBV in the 
development of HCC
2.1. HBV

HBV, a small pathogenic enveloped virus, belongs to 
the Hepadnaviridae family. Among DNA viruses, HBV 
is distinct since an RNA intermediate is utilized as an 
intermediate in its DNA genome replication.9,10 The reverse 
transcriptase (the enzyme for DNA replication by reverse 
transcription), three envelope glycoproteins, and the C 
protein of the viral core (the chief component of the viral 
nucleocapsid) are all translated from the four open reading 
frames (ORFs) of the small, 3.2  kb HBV DNA genome. 
HBV is transmitted by contact with infected blood or 
body fluids in the same manner as HIV. In comparison 
to HIV, HBV is 50 – 100 times more infectious.11 Malaise, 
exhaustion, jaundice, and skin and sclera discoloration are 
common symptoms of hepatitis, an inflammation of the 
liver which is brought on by liver malfunction and high 
blood bilirubin levels.5 It is estimated that 350 million 
people globally have chronic HBV. Up to 40% of these 
people will experience problems from HCC and cirrhosis. 
Chronic HBV carriers have an annual risk of <1%, but 
individuals who also have cirrhosis have an annual risk of 
2 – 3%. About 70 – 80% of HBV-related HCC develops in 
cirrhotic livers, whereas the remainder of HCC develops 
in livers that do not have cirrhosis. The formation of HCC 
in people with chronic hepatitis B is a multistage, complex 
process that involves the interaction of the host and the 
environment. HBV is not immediately cytopathic. Gender, 
age, cigarette smoking, alcohol use, chemical carcinogens, 
hormones, and genetic vulnerability are among the chronic 
HBV-associated risk factors for HCC.6

2.2. Overview of HBV replication

The Hepadnaviridae family of viruses, of which HBV 
is a part, can result in persistent liver infections. Each 
hepadnavirus appears to have a restricted host range 
dictated by intracellular signaling components and 
a cell-surface receptor.5 The hepadnavirus known as 
HBV reproduces by use of RNA. The 3.2 kb partially 
double-stranded relaxed circular DNA (rcDNA) of 
HBV is converted into covalently closed circular DNA 
(cccDNA) after it enters hepatocytes. All viral mRNAs 
are transcriptionally transcribed from the cccDNA, which 
is organized as a minichromosome by both viral and 
cellular histone and non-histone proteins. Recurrence 
of the disease is possible even after successful treatment 
and HBsAg removal since HBV replication would still 
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continue after the intake of nucleoside analogs.9 Upon 
entry into the nucleus of the partially double-stranded 
circular DNA, single-stranded DNA gaps are closed, and 
the HBV genome is transformed into a covalently closed 
circular, double-stranded DNA (cccDNA). cccDNA serves 
as a template for viral mRNA transcription and synthesis 
rather than replication. HBV genome is small and contains 
four overlapping ORFs encoding HBx protein, envelope 
(S antigen), reverse transcriptase/polymerase (Pol), and 
capsid (core). Pre-genomic RNA (pgRNA), the largest 
HBV transcript, is a terminally redundant viral replication 
intermediate. The viral reverse-transcriptase/polymerase 
of the infected hepatocyte cytoplasm replicates by 
reversing the pgRNA to the DNA genome. The HBsAg 
proteins either secrete the replicating, encapsulated viral 
genome to the nucleus to enhance the nuclear reservoir 
of cccDNA or sequester it as capsid buds within the 
endoplasmic reticulum. The encapsulated virion is released 
from the cell; numerous studies have demonstrated that 
HBV release from cells is regulated by multivesicular 
body components.5 Three stages may be distinguished in 
the hepadnaviral genome replication process. First, the 
icosahedral core of the infectious virions contains rcDNA, 
which is a circular, partly double-stranded DNA molecule 
of around 3.2  kb. Second, within the host cell’s nucleus, 
the rcDNA transforms into a plasmid-like cccDNA upon 
infection. Finally, pgRNA, which is preferentially packed 
into progeny capsids and reverse-transcribed by the 
co-packaged P protein into new rcDNA genomes, is one 
of the genomic and subgenomic RNAs produced by the 
cccDNA.12

2.3. Mechanisms of HBV-induced HCC

Prevention of HBV infection and early detection of HCC 
are crucial for reducing the disease’s burden. Vaccination 
against HBV has proven to be highly effective at preventing 
new infections, and efforts should be made to increase 
global vaccination rates. Regular screening for HBV 
infection can assist in identifying individuals at risk for 
HCC, enabling early intervention and treatment.13 Public 
health campaigns should emphasize the significance of 
vaccination and screening, especially among high-risk 
populations such as those with a family history of HBV or 
in areas with a high prevalence rate.14 In HBV-related HCC, 
angiogenesis is critically regulated by vascular endothelial 
growth factor A (VEGFA), whose post-transcriptional 
control by HBV remains unclear. It has been revealed 
that HBV increases m6A methylation of VEGFA mRNA, 
thereby upregulating the RNA-binding protein IGF2BP3, 
stabilizing VEGFA in an m6A-dependent manner, and 
enhancing endothelial cell migration and tube formation. 
Knockdown of IGF2BP3 in an HBV-associated HCC 

xenograft model reduced VEGFA levels and tumor growth, 
identifying the IGF2BP3-VEGFA axis as a potential 
therapeutic target for antiangiogenic therapy in HBV-
related HCC.15

Another major oncogenic mechanism involves HBV 
integration into the host genome, which subsequently 
disrupts essential cellular regulatory functions required for 
cell survival and proliferation. Interacting with different 
cellular proteins and regulating their functions, the HBV 
X protein (HBx) is a key molecule in promoting the 
development of HCC.16 HBx can activate multiple signaling 
pathways involved in cell proliferation and survival, such 
as the PI3K/Akt and MAPK/ERK pathways. HBx can 
also disrupt DNA repair mechanisms, leading to genomic 
instability and mutation accumulation. Another essential 
mechanism is the induction of chronic inflammation 
by HBV infection, which creates a microenvironment 
conducive to the initiation and progression of tumors. 
During chronic inflammation, inflammatory cytokines 
stimulate cell proliferation, angiogenesis, and tissue 
remodeling.17 By releasing pro-inflammatory mediators, 
HBV-induced immune responses can also contribute to 
liver injury and promote the development of HCC. These 
pro-inflammatory mediators exacerbate the inflammatory 
response, thereby perpetuating liver injury and promoting 
the development of HCC.18 In addition, HBV infection can 
interfere directly with cellular processes involved in DNA 
repair and replication, resulting in genomic instability and 
an increased risk of mutations. These mutations contribute 
to the progression of HCC.19 Furthermore, immune 
responses elicited by HBV are also capable of recruiting 
immune cells such as macrophages and lymphocytes, 
which produce other pro-inflammatory cytokines that 
lead to tissue damage and tumor development. This 
vicious cycle between chronic inflammation, immune 
response, genomic instability, and mutagenesis represents 
the complexity of HBV-induced HCC formation. All these 
processes should be unveiled to develop targeted therapies 
to prevent this complicated sequence and improve the 
prognosis of HBV-related HCC patients.17

3. Molecular mechanisms of HCV in the 
development of HCC
3.1. HCV

HCV is a member of the Flaviviridae family of enveloped 
RNA viruses. The 9  kb long, positive-strand, single-
stranded RNA genome of HCV, similar to other flaviviruses, 
is translated as a polyprotein, which is processed by 
proteases into four functional proteins at the C-terminus. 
They comprise non-structural proteins involved in the 
replication of the virus, two envelope glycoproteins (E1 
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and E2), and a single capsid (C) protein. Like HBV, HCV 
is transmitted by blood and body fluids.2,11 Despite having 
no known DNA form during its life cycle or latent stage, 
HCV commonly causes recurrent liver infections. Unlike 
HBV infections, the probability of developing a chronic 
HCV infection is between 55% and 85%, and it does 
not change much with age.11 Worldwide, there are over 
170 million HCV-infected people, and 20% of them will 
develop cirrhosis. Unlike patients with chronic hepatitis 
B, those with chronic hepatitis C nearly invariably 
develop HCC in the context of cirrhosis. Annually, 1 
– 4% of chronic hepatitis C patients with cirrhosis are 
prone to developing HCC, whereas 1 – 3% of patients 
with a chronic HCV infection will do so within 30 years. 
Similar to HBV, the association between HCV and HCC 
likely involves both the indirect effect of cirrhosis and 
HCV’s direct role in promoting hepatocarcinogenesis.2 
Because of the expression of the entry receptors needed 
for viral replication and host liver-enriched cellular 
factors (miRNA-122), HCV infects mainly hepatocytes. 
Extrahepatic manifestations were, however, observed in 
kidneys, peripheral nervous system, epithelial cells, and 
mononuclear blood cells.20

The livers of HCV-infected individuals have higher 
amounts of the hepatic low-density lipoprotein (LDL) 
receptor, which is crucial for assessing blood cholesterol 
levels. This suggests that in HCV patients, viral infection 
directly causes decreased LDL levels.6 The combination 
of environmental, host, and viral variables is one of the 
processes behind HCV-induced HCC. HCV does not 
incorporate into the host genome such as HBV does. 
However, like HBV, HCV may cause chromosomal 
instability by directly affecting genes that control how 
centrosomal processes and mitotic spindles are arranged 
during the cell cycle.21

The attachment of HCV to cells marks the start of 
its life cycle. HCV particle entrance into hepatocytes is 
facilitated by a variety of cellular components, including 
proteins, lipids, and glycans. HCV first binds to surface 
proteoglycans, including the tetraspanin CD81 and the 
scavenger receptor class B type I. Following their relocation 
to tight junctions, occluding proteins and claudin-1 
become essential for HCV penetration.22

3.2. Mechanisms of HCV-induced HCC

The mechanisms of HCV-induced HCC involve a complex 
interplay of numerous factors. Through its persistent 
infection, the virus causes chronic inflammation in the 
liver. This inflammatory response activates multiple 
signaling pathways, including the JAK/STAT and 
NF-κB pathways, which promote cell survival and 

proliferation.23 Key factors include genetic mutations 
(e.g., TP53 and CTNNB1), dysregulated signaling 
pathways (e.g., Wnt/β-catenin and PI3K/AKT/mTOR), 
and epigenetic modifications that drive uncontrolled 
hepatocyte proliferation. The tumor microenvironment, 
comprising immune cells, fibroblasts, and extracellular 
matrix components, further promotes HCC by fostering 
immune evasion, angiogenesis, and metastasis. Chronic 
inflammation due to hepatitis B/C infection, metabolic 
disorders (e.g., non-alcoholic fatty liver disease), and 
oxidative stress also contribute to HCC pathogenesis by 
sustaining pro-tumorigenic conditions.24 In addition, HCV 
proteins, notably core and NS5A, directly contribute to 
hepatocarcinogenesis by interfering with essential cellular 
processes. NS5A enhances cell proliferation and inhibits 
apoptosis,25 whereas the core protein disrupts cell cycle 
regulation and promotes genomic instability. Moreover, 
HCV-induced oxidative stress and DNA damage play 
essential roles in the progression of HCC. The virus 
induces the production of reactive oxygen species and 
impairs antioxidant defense mechanisms, resulting in DNA 
lesions and genomic modifications.26 These alterations can 
activate oncogenes and inactivate tumor suppressor genes, 
further promoting hepatocarcinogenesis. Furthermore, 
persistent inflammation in the liver brought on by HCV 
infection creates an environment that is favorable for 
tumor development and progression. Pro-inflammatory 
cytokines and chemokines are released by the virus, drawing 
immune cells that produce growth factors and encourage 
angiogenesis.27 This sustained inflammatory response 
also contributes to the activation of cell proliferation and 
survival signaling pathways. In addition, HCV proteins 
interact with host factors to dysregulate cellular 
signaling pathways, such as those associated with cell 
proliferation, apoptosis, and immune responses. These 
interactions disrupt normal cellular functions and foster 
the growth of cancer. Individuals infected with HCV 
develop hepatocarcinogenesis due to the complex effects 
of HCV on critical cellular processes, including oxidative 
stress-induced DNA damage, chronic inflammation, and 
dysregulation of signaling pathways.28 Moreover, HCV 
infection affects hepatocytes and the microenvironment 
surrounding the liver. Chronic inflammation triggered 
by HCV recruits immune cells, such as macrophages 
and lymphocytes, which release pro-inflammatory 
cytokines and chemokines.29 This disruption permits 
unrestrained cell proliferation and survival, thereby 
fostering the development of HCC. Taken together, 
the complex interplay between chronic inflammation, 
oxidative stress-induced DNA damage, and dysregulated 
signaling pathways underlie the pathogenesis of HCV-
associated hepatocarcinogenesis. Understanding these 

https://dx.doi.org/10.36922/JCTR025080010


Propranolol as a treatment for HCC

Journal of Clinical and 
Translational Research

Volume 11 Issue 4 (2025)	 22� doi: 10.36922/JCTR025080010 

mechanisms is crucial for developing targeted therapies 
to prevent or treat HCC in patients with chronic HCV 
infection.30

4. Propranolol
4.1. Properties of propranolol

Propranolol (Figure 1) is a non-selective beta-adrenergic 
receptor antagonist first developed by Sir James Black 
in 1962 and approved for clinical use in 1964.31 It blocks 
both β1 and β2 receptors, leading to reduced heart rate, 
myocardial contractility, and blood pressure.32 Beyond its 
cardiovascular applications, propranolol demonstrates anti-
angiogenic, anti-inflammatory, and immunomodulatory 
properties. These characteristics form the basis of its 
emerging role in oncology, including HCC.33,34

Due to its high lipophilicity, propranolol readily 
crosses the blood-brain barrier and undergoes extensive 
first-pass hepatic metabolism, with approximately 25% 
bioavailability.35 While it binds to plasma proteins at a 
high rate (>90%), propranolol’s distribution across tissues, 
including the liver, supports its potential therapeutic use in 
hepatic malignancies.35

Research has shown that propranolol can inhibit 
β-adrenergic receptor-mediated signaling pathways, 
which are implicated in tumor cell proliferation, 
migration, and angiogenesis.36 The drug suppresses the 
production of vascular endothelial growth factor (VEGF) 
and hypoxia-inducible factor-1 alpha (HIF-1α), key 
regulators of angiogenesis in tumors.37,38 It also induces 
apoptosis in endothelial cells, thereby disrupting tumor 
vascularization.39

Propranolol’s immunomodulatory effects are also 
noteworthy. It reduces the release of pro-inflammatory 
cytokines and enhances the activity of natural killer cells, 
which play a vital role in antitumor immunity.40,41 These 
combined effects suggest that propranolol may be effective 
in preventing tumor progression and recurrence in 

HBV- and HCV-associated HCC.42

5. Role of propranolol in the prevention of 
HCC
Propranolol has been found to suppress the growth and 
proliferation of HCC cells by blocking beta-adrenergic 
receptors, which were found to be a key regulator for 
cancer development.36 In addition, propranolol was said 
to regulate the immune system by blocking the secretion 
of pro-inflammatory cytokines and inducing anti-tumor 
immunity.43 This dual mechanism of action makes 
propranolol an attractive treatment option for HCC 
patients infected with HBV and HCV. In addition, clinical 
investigations have shown that propranolol can increase 
overall survival rates and decrease tumor recurrence 
in these patients.42 Furthermore, propranolol’s anti-
angiogenic effects contribute to its anticancer activity. By 
suppressing VEGF and HIF-1α expression, it effectively 
reduces neovascularization required for tumor growth and 
metastasis.38,44,45 These properties have shown promise not 
only in HCC but also in other malignancies such as breast, 
lung, and colorectal cancers.41 Propranolol effectively 
starves cancer cells and inhibits their ability to proliferate 
by targeting this critical phase of tumor development. This 
anti-angiogenic effect has been observed in breast, lung, 
and colorectal cancers. Propranolol has demonstrated 
immunomodulatory effects that extend beyond cytokine 
suppression. Notably, it has been shown to enhance the 
activity of natural killer cells – key components of the innate 
immune system responsible for targeting and eliminating 
cancer cells. By activating natural killer cells and boosting 
their cytotoxic function, propranolol strengthens the body’s 
antitumor response, offering a promising mechanism for 
its potential efficacy in cancer therapy.40,41,46 This discovery 
sheds light on the potential of propranolol as an adjunct 
therapy for various cancers, including breast, lung, and 
colorectal cancers. With its multiple effects on cytokine 
production and immune cell activity, propranolol bears 
promise as a cancer-fighting agent.47 Propranolol can 
reduce the expression of programmed cell death protein 
1 (PD-1) and T cell immunoglobulin and mucin domain-
containing protein-3 (TIM-3) in liver cancer cells. PD-1 
and TIM-3 are proteins that help cancer cells evade the 
immune system. By reducing the expression of these 
proteins, propranolol can make liver cancer cells more 
susceptible to attack by the immune system.48 It has also 
been found that propranolol can increase the expression of 
granzyme B and interferon-gamma (IFN-γ) in liver cancer 
cells. Granzyme B is a protein that helps to kill cancer cells, 
and IFN-γ is a cytokine that helps to activate the immune 
system. By increasing the expression of these proteins, Figure 1. Chemical structure of propranolol
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propranolol can help kill liver cancer cells and boost the 
immune response against cancer (Figure 2).49

Propranolol has been shown to inhibit the formation 
of new blood vessels essential for tumor growth. This 
is one potential mechanism for its antitumor activity. 
Observational studies have yielded promising results; 
however, randomized controlled trials are required to 
establish the drug’s efficacy and safety profile definitively. 
This multifaceted mechanism of action makes propranolol a 
compelling adjunct therapy for HBV- and HCV-associated 
HCC. However, further studies, including randomized 
clinical trials, are needed to confirm its efficacy, determine 
optimal dosing, and evaluate its long-term safety in cancer 
patients.42,50

6. Clinical studies on propranolol’s efficacy 
against HBV/HCV-induced HCC
Several studies have investigated the effect of propranolol 
on HCC. In 2023, a study by Wu et al.51 showed that 
propranolol reduced the risk of HCC development in 
patients with cirrhosis by up to 40% and also improved 
survival in patients with HCC, with a median survival of 
20 months in patients who received propranolol compared 
to 12 months in patients who did not receive propranolol, 
but the optimal dose and duration of propranolol 
treatment for HCC remains unknown. Cheng et al.52 

found that propranolol was associated with a decreased 
risk of HCC death in patients with cirrhosis; however, a 
significant difference in overall survival between patients 
who took propranolol and those who did not was not 
detected. Another study by Nkontchou et al.53 found that 
long-term propranolol treatment was associated with a 
significant reduction in the incidence of HCC in patients 
with HCV-associated cirrhosis. In addition, London and 
McGlynn showed that patients who took propranolol for 
an average of 3.5  years were significantly less likely to 
develop HCC than patients who did not take propranolol, 
and the risk of HCC was reduced by about 50% in those 
taking propranolol.54

At present, there are four clinical trials on ClinicalTrials.
gov investigating the effects of propranolol on HCC. At 
the time of writing this article, one of these trials was in 
phase II, while patient enrollment was still ongoing for the 
remainder of the trials. To determine whether propranolol 
is a safe and effective treatment for HCC, the outcomes 
of these trials will be crucial. The status of these trials 
may alter over time; therefore, it is always advisable to 
consult the ClinicalTrials.gov website for the most recent 
information, as summarized in Table 1.

7. Comparison of propranolol with other 
HCC prevention strategies
7.1. Antiviral therapies

The goals of antiviral treatments for persistent HBV 
infection are to inhibit viral replication, lessen hepatic 
inflammation, and stop the development of cirrhosis 
and HCC. Nucleos(t)ide analogs and IFN are the two 
main families of antiviral drugs that have shown promise 
in reducing HBV infection.55 By inhibiting HBV DNA 
polymerase, nucleos(t)ide analogs such as entecavir 
(ETV), tenofovir disoproxil fumarate (TDF), and tenofovir 
alafenamide provide strong viral suppression while 
lowering hepatic inflammation and fibrosis.56 Patients 
with persistent HBV infection have shown a considerable 
decrease in their likelihood of developing HCC while 
receiving long-term nucleos(t)ide analogs.57 Nonetheless, 
there is variation in HCC risk reduction between various 
nucleos(t)ide analogs; research indicates that TDF users 
could have a lower incidence of HCC than ETV users. 
However, because these results are observational in nature, 
they should be interpreted with caution. Furthermore, 
compared to individuals who were not treated, IFN 
treatment has demonstrated a 34 – 41% reduced incidence 
of HCC, indicating its potential advantages despite 
restrictions on patient eligibility and adverse effects.58 
Direct-acting antivirals (DAAs), which provide sustained 
virologic response (SVR) rates of 95% across all genotypes, 

Figure 2. Schematic mechanism of the effect of propranolol on liver cancer 
cells. The use of propranolol reduces PD-1 and TIM-3, which increases 
granzyme B and IFN-γ, which ultimately reduces the proliferation and 
metastasis of cancer cells.
Abbreviations: HCC: Hepatocellular carcinoma; IFN-γ: Interferon-
gamma; PD-1: Programmed cell death protein 1; TIM-3: T  cell 
immunoglobulin and mucin domain-containing protein-3.
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thus corresponding to a virological cure, have completely 
changed the therapy landscape for chronic HCV infection.59 
Reaching SVR lowers the chance of developing HCC by 
dramatically reducing hepatic inflammation and stopping 
the growth of fibrosis.60 Studies have shown that compared 
to individuals with an active infection, those who achieve 
SVR had a much-decreased risk of HCC.61 Liver stiffness 
decreased from 12.3 kPa at baseline to 6.6 kPa over 5 years, 
with the most significant improvement occurring in the 
1st  year post-treatment.61 Early concerns about increased 
HCC incidence and recurrence following DAA-induced 
SVR, potentially due to disrupted immune surveillance, 
have been alleviated by recent meta-analyses, which found 
no evidence of differential HCC risk between DAA and 
IFN-based therapies.62

In addition to antiviral therapies, pharmacological 
interventions offer promising strategies for HCC 
prevention, particularly in populations with chronic liver 
disease, metabolic dysfunction, or other risk factors. 
Aspirin, for instance, demonstrates chemopreventive effects 
through the inhibition of cyclooxygenase-2, reducing pro-
inflammatory prostaglandins and disrupting platelet–
tumor cell interactions that facilitate tumor growth and 
metastasis.63 Meta-analyses consistently show that regular 
aspirin use lowers HCC risk, particularly in individuals 
with chronic liver disease, though gastrointestinal 
bleeding and hemorrhagic stroke risks necessitate 
careful risk–benefit assessments.64,65 By inhibiting 
hydroxymethylglutaryl-CoA reductase, statins reduce 
oncogenic signaling pathways such as Ras/Raf/MEK/
ERK and modify the mevalonate pathway, which has anti-
inflammatory, immunomodulatory, and antiproliferative 
effects.66 Although myopathy or rhabdomyolysis is still 
a problem, especially in patients with decompensated 
cirrhosis, lipophilic statins, such as simvastatin and 
atorvastatin, have stronger protective benefits against HCC 
than hydrophilic versions.67

By activating AMP-activated protein kinase and 
blocking the mammalian target of the rapamycin pathway, 
metformin, a medication often used to treat type 2 diabetes, 
has also shown chemopreventive promise against HCC 
by reducing the development and proliferation of tumor 
cells.68 It also lowers levels of insulin and insulin-like 
growth factor, both of which are linked to the development 
of hepatocarcinogenesis.69 Although lactic acidosis in 
individuals with renal impairment highlights the need for 
careful patient selection, clinical data indicates that diabetic 
patients treated with metformin have a much lower risk 
of HCC.70 Similarly, glucagon-like peptide-1 (GLP-1) 
agonists decrease the risk of HCC by improving insulin 
sensitivity, reducing hyperinsulinemia, and exhibiting 
anti-inflammatory qualities.71 A large cohort study by 
Wang et al.72 found that GLP-1 agonists were associated 
with a markedly reduced HCC risk compared to other 
antidiabetic therapies, though gastrointestinal disturbances 
and pancreatitis risks warrant careful monitoring.

By enhancing indicators of steatosis and fibrosis, 
sodium-glucose cotransporter 2 inhibitors, which are 
mainly used for glycemic management, have the potential 
to prevent HCC.73 Angiotensin receptor blockers and 
angiotensin-converting enzyme inhibitors have anti-
inflammatory and anti-fibrotic effects, which lessen liver 
fibrosis, a significant risk factor for HCC.74 Known for its 
immunomodulatory and anti-inflammatory properties, 
Vitamin D supplements have also been associated with 
a lower risk of HCC, with a deficit markedly raising the 
risk of liver cancer.75 Finally, nutraceuticals and herbal 
supplements, including curcumin, resveratrol, and 
silymarin, have shown promise in preclinical studies 
due to their antioxidant, anti-inflammatory, and anti-
proliferative properties.76 However, cases of drug-
induced liver injury and variability in quality and potency 
highlight the need for regulation and standardization.77 
Collectively, these pharmacological interventions offer 

Table 1. Summarized clinical trials of propranolol therapy for hepatocellular carcinoma

No. NCT number Study status Interventions Characteristics Population Years Country/
Region

1 NCT01298284 Unknown Propranolol Interventional/Phase IV No.: 60
Age: 18 – 80 years

2009 – 2011 Taiwan 
region

2 NCT01451658 Unknown Propranolol Interventional/Phase IV No.: 100
Age: 18 – 80 years

2009 – 2020 Taiwan 
region

3 NCT01970748 Recruiting Propranolol Interventional/Phase IV No.: 200
Age: 20 – 80 years

2009 – 2025 Taiwan 
region

4 NCT05451043 Not yet recruiting Propranolol/Cisplatin/
Durvalumab/Tremelimumab 
Gemcitabine/Nab‑paclitaxel

Interventional/Phase II No.: 62
Age: 18 – 80 years

2023 – 2028 Canada

Abbreviations: HCC: Hepatocellular carcinoma; NCT: National Clinical Trial.
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valuable tools for HCC prevention, but their use must be 
tailored to individual patient profiles to balance efficacy 
and safety.

8. Potential limitations or challenges in 
using propranolol for HCC prevention/
treatment
While propranolol is potentially a therapeutic agent in 
reducing HBV/HCV-induced HCC, several limitations 
and challenges must be considered. The optimal 
dosage and treatment duration of propranolol for HCC 
prevention or treatment remain unclear. Drug interactions 
with other medications should be carefully evaluated, as 
propranolol may affect the hepatic metabolism of certain 
drugs.78 Individual patient characteristics, such as age, 
liver function status, and comorbidities, may influence the 
efficacy and safety profile of propranolol treatment. The 
effectiveness of propranolol may vary among individuals 
due to differences in metabolism and genetic factors. Long-
term use of propranolol might lead to adverse effects such 
as fatigue, dizziness, and gastrointestinal disturbances, 
potentially impacting patient compliance and overall 
treatment outcomes.53

9. Conclusion and future perspectives
HCC caused by HBV and HCV is a significant global 
health burden. Chronic viral infection results in various 
molecular alterations that promote the development of 
liver tumors. Due to its ability to inhibit critical processes 
involved in hepatocarcinogenesis caused by these viruses, 
propranolol has emerged as a potential therapeutic 
option. In conclusion, the prospective benefits of adding 
propranolol to HCC treatment are encouraging. Studies 
have demonstrated that it can inhibit tumor growth, 
angiogenesis, and metastasis, suggesting it could be a 
valuable addition to existing treatment strategies. However, 
some constraints and obstacles must be addressed. One 
such limitation is the requirement for dosage optimization, 
as the optimal dose of propranolol for treating HCC has 
yet to be determined. In addition, potential adverse effects 
associated with the use of propranolol must be monitored 
and managed with care. Future research should refine the 
delivery regimen and identify the patient populations most 
likely to benefit from propranolol therapy. In addition, 
investigating combination therapies that combine 
propranolol with other targeted agents may result in even 
greater efficacy in treating HCC. It is essential to address 
the current need for more well-defined approaches to 
enhance the treatment of HCC. In addition, thorough 
monitoring and effective management of potential side 
effects associated with propranolol are required.

Future research should prioritize fine-tuning dosing 
regimens and identify specific patient populations that 
would experience the most significant benefits from 
propranolol therapy. We can aim for more effective and 
individualized strategies to combat this problematic 
disease by pursuing these avenues. Investigating the use 
of propranolol in combination with immunotherapeutic 
agents is a prospective future research direction for 
exploring the full potential of propranolol in HCC 
treatment. Combining propranolol with immunotherapies 
such as immune checkpoint inhibitors or adoptive cell 
therapies may result in synergistic effects, enhancing 
treatment outcomes and patient survival rates. In addition, 
future research could target identifying specific biomarkers 
or genetic profiles that could predict a patient’s response 
to propranolol therapy. This personalized approach would 
enable more targeted treatment strategies and maximize 
the use of propranolol in patients who are most likely to 
benefit. In addition, it is essential to investigate the optimal 
dosage and treatment duration of propranolol for HCC. 
Researchers can identify specific biomarkers or genetic 
profiles that predict a patient’s response to propranolol 
therapy by conducting additional research. There is a 
need for large-scale, multicenter clinical trials to provide 
solid evidence on the long-term outcomes and potential 
adverse effects of propranolol use in this context. If proven 
effective, propranolol could be an accessible and cost-
effective treatment option for those at high risk for or 
diagnosed with HBV/HCV-associated HCC.
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