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A B S T R A C T

Background: Hepatocellular carcinoma (HCC) accounts for >90% of primary liver cancer cases, and chronic 
infections with hepatitis B virus (HBV) and hepatitis D virus (HDV) are major contributors.
Methods: A comprehensive literature review was conducted using the MEDLINE (PubMed) database, focusing on 
studies related to HBV, HDV, and HCC.
Results: HBV contributes to HCC through mechanisms like viral integration into the host genome, chronic 
inflammation, and immune modulation, leading to genomic instability and altered cell signaling. HDV exacer
bates HBV-induced liver damage, accelerating fibrosis and cirrhosis, and significantly increasing HCC risk. 
Antiviral therapies and vaccinations have majorly reduced the burden of HBV-related HCC, but HDV remains 
challenging to treat due to limited therapeutic options. Emerging treatments like Bulevirtide showed promising 
results.
Conclusion: This review highlights the critical impact of HBV and HDV co-infections on HCC development, 
emphasizing the need for more effective therapeutic strategies. While advances in antiviral therapies have 
reduced the incidence of HBV-related HCC, the high burden of HDV-related complications persists. Future 
research should focus on improving treatments for HDV and understanding its unique contribution to HCC 
pathogenesis.

1. Introduction

Hepatocellular carcinoma (HCC) stands as the most prevalent pri
mary liver cancer (75–90%), and it is a leading cause of liver-related 
morbidity and mortality. Its incidence is projected to exceed 1 000 
000 cases annually by 2025, with Asia and Africa bearing the greatest 
burden (Park et al., 2010). However, mortality rates are on the rise also 
in North America and Europe, notably among individuals with 
compensated cirrhosis (Bray et al., 2018).

Chronic liver inflammation, often triggered by viral infections like 
hepatitis B virus (HBV), hepatitis C virus (HCV), and hepatitis delta virus 

(HDV), significantly contributes to the development of HCC (Venook 
et al., 2010). These infections induce chronic hepatitis, oxidative stress, 
and disrupted cell signaling, driving the malignant transformation of 
hepatocytes (Fig. 1). While HBV integrates into the host genome and 
HCV induces metabolic reprogramming, exacerbating liver fibrosis and 
cirrhosis, HDV exacerbates liver disease progression when coinfecting 
with HBV, synergically increasing the risk of HCC (Ni and Chen, 2010) 
(Fig. 2).

Viral transmission of hepatitis B primarily occurs through sexual 
contact or exposure to infected blood or biological fluids, with vertical 
transmission from mother to child during birth or early infancy being 
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common. Fortunately, the implementation of universal childhood HBV 
vaccination since 1992 has significantly reduced chronic hepatitis B 
(CHB) prevalence, particularly in Asian countries. This decline in CHB 
cases has corresponded with a decrease in HCC among younger in
dividuals (Llovet et al., 2021a), (Galle et al., 2018). Beyond viral causes, 
independent risk factors like alcohol abuse, diabetes, obesity, aflatoxin 
exposure and metabolic dysfunction-associated fatty liver disease 
(MAFLD) also contribute to HCC (Wild and Montesano, 2009). Although 
immunization and antiviral therapies have mitigated viral 
hepatitis-associated HCC, MAFLD is emerging as a primary cause 
(Hernaez and Peck-Radosavljevic, 2023), (Valery et al., 2018). Despite 
advancements, the prognosis for patients remains grim, with a 5-year 
survival rate of 30%–50%. (Brar et al., 2020), (Vitale et al., 1985). 
Recent studies shed light on unique molecular mechanisms underlying 
HBV-HDV related HCC, emphasizing viral-induced gene mutations and 
epigenetic regulation (Trung et al., 2020a). Advanced technologies like 
next-generation sequencing offer comprehensive insights into the 
genomic, epigenomic and transcriptomic landscapes of HCC, facilitating 
the development of targeted therapies and personalized treatment 
strategies(Jiang et al., 2021).

The study aimed to investigate the impact of HBV and HDV on HCC 
by conducting a comprehensive review of existing literature. Both, 
experimental and clinical studies, were included, with a systematic 
search conducted on the MEDLINE (PubMed) database using keywords 
such as "HBV", "HCC " and "HDV". Additionally, references cited within 
retrieved papers were reviewed to ensure a comprehensive collection of 
relevant literature. This approach facilitated an in-depth analysis of the 
clinical implications of HBV and HDV coinfection in HCC.

2. Epidemiology

HBV infection is public health menace and approximately 254 
million people are chronic HBV surface antigen (HBsAg) carriers. 
(Lampertico et al., 2017), (Hepatitis B) The global prevalence of HBsAg 
positive subjects is 3.6–4.1%, but it has a large temporal and 
geographical variety with different estimations and disease-related 
burden between low (<2%) and high (>8%) endemicity levels. 
(Sheena et al., 2022), (Schweitzer et al., 2015) There are nine known 

genotypes of HBV (A-I) with >40 genetic subtypes that have been 
recently reviewed elsewhere (Chen et al., 2023); a tenth putative ge
notype (J) has been proposed, but whether it represents a separate ge
notype is controversial. (Locarnini et al., 2013), (Velkov et al., 2018) 
Briefly, genotypes A-E determine 96% of the global CHB infections, with 
the most common being genotype C (26%) and D (22%) (Velkov et al., 
2018). According to the geographical area, genotype C is the most 
common in Eastern and South-Eastern Asia, genotype A and D in Europe 
and North Africa, genotype A and E in Sub-Saharan Africa, while ge
notypes F-H were common in Latin America.(Chen et al., 2023), (Velkov 
et al., 2018), (Tong and Revill, 2016) In clinical practice, genotyping is 
not routinely performed as modern high-genetic barrier antivirals ach
ieve high rates of virological remission independently of the genotype, 
but a different response to interferon treatment has been previously 
reported (Lampertico et al., 2017). Of note, genotype C has been asso
ciated with an increased risk of progression to fibrosis/cirrhosis and 
HCC as compared to genotype B in Asian cohort studies; (Yang et al., 
2008), (Kao et al., 2000), (Su et al., 2006) however genotype B has been 
more frequently described in young and non-cirrhotic patients. (Kao 
et al., 2000), (Liu and Kao, 2013) Data on HCC risk and HBV genotype in 
other geographical areas are limited and controversial. (Sukowati et al., 
2024), (Fernandes da Silva et al., 2023)

Regarding HDV, accurately evaluating its epidemiology presents 
numerous hurdles due to methodological disparities and evolving 
epidemic dynamics. This is particularly challenging in regions with low 
HBV prevalence, where obtaining representative samples for HDV 
testing necessitates large population sizes. Selection criteria for HBsAg 
and subsequent HDV testing can result in non-representative sampling, 
further complicating estimations (Stockdale et al., 2020a), 
(Razavi-Shearer et al., 2018).

Globally, the estimated prevalence of anti-HDV in the general pop
ulation ranges from 0.11% to 0.98%, but it escalates to 4.5%–13.02% 
among HBsAg-positive individuals. Regional variations abound, with a 
3% prevalence among HBsAg-positive individuals in Europe and 6% in 
Africa, collectively representing approximately 12–72 million HDV 
seropositive individuals worldwide. While Northern Europe is tradi
tionally considered a low endemicity area, HDV infection is hyperen
demic in certain geographic hotspots and populations within Europe, 

Fig. 1. Viral carcinogenesis. 
The figure illustrates how chronic HBV and HDV infections lead to hepatocellular carcinoma (HCC) through viral integration, chronic inflammation, and apoptosis. 
HDV amplifies HBV-induced liver damage and HCC development.
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particularly in endemic pockets such as Moldova and Eastern Europe, 
where the highest reported prevalence in HBsAg-positive individuals is 
observed(Stockdale et al., 2020b).

From a recent study emerges a lower HDV prevalence than previ
ously described if data are adjusted for geographical distribution, dis
ease stage and special populations. This study also found out that the 
highest prevalence of HDV was in Mongolia as China has the highest 
absolute number of HDV infected patients (Razavi-Shearer et al., 2024).

Genotype disparities add complexity to HDV epidemiological 
studies; eight genotypes have been identified, but genotype 1 is pre
dominant on a global scale. Other genotypes exhibit more localized 
distribution, such as genotype 2 in Asia, genotype 3 in Latin America, 
genotype 4 in Japan and China, genotype 5 in West Africa, and geno
types 6–8 in Central Africa (Brunetto et al., 2023). European countries 
have reported HDV genotypes 5–7 as the most common, underscoring 
the dynamic nature of HDV epidemiology influenced by migration and 
globalization trends. In an Asian cohort study, genotype 1 was associ
ated with a higher risk of HCC as compared to genotype 2 (Su et al., 
2006). An association between genotype 1 and higher rate of progres
sion and complications related to cirrhosis was found also in European 
study, but it is likely that place of birth, genotype, and persistent viremia 
all contribute to carcinogenesis in CHD (Roulot et al., 2020a).

3. Pathogenesis of HBV and HDV infection and HCC 
development

3.1. HBV and hepatocellular carcinoma

The hepatitis B virion consists of an inner nucleocapsid core that 
contains the viral DNA and an outside lipoprotein envelope. Viral 
genome encodes seven proteins: envelope antigens (Small-protein or S 
or HBsAg, Middle-protein or M, Large-protein or L), a non-structural 
antigen (HBeAg), the core antigen (HBcAg), HBV polymerase and X 
protein (HBx). When the host fails to resolve acute HBV infection, it 
becomes chronic, and up to 40% of untreated patients progresses to 
cirrhosis (Pollicino and Caminiti, 2021). HBV conventionally doesn’t 
exhibit cytopathic activity (Wei et al., 2017). Instead, liver tissue 

damage results from the immune response against viral antigens, lead
ing to chronic inflammation and immune depression, promoting hep
atocarcinogenesis. Immunological alterations in the tumor 
microenvironment involve dysregulation of key signaling pathways, 
cytokine production, and impaired T cell and innate immune cell 
function (Zhang et al., 2018). Inflammation activates nuclear factor 
(NF)-ĸB and STAT3, promoting tumor immune escape, angiogenesis, 
and invasiveness, in this way IL-6 and IL-22 play significant roles in 
STAT3 activation (Williams et al., 2012a), (Nishimura, 2021). Addi
tionally, tumor-associated macrophages, particularly the 
M2-phenotype, release TGF-β, inducing CD8+ T-cell exhaustion and 
promoting HCC development. TGF-β also inhibits anti-oncogenic 
M1-macrophages and suppresses NK and dendritic cell activity(Liu 
et al., 2020). Moreover, TGF-β and IL-10 activate regulatory T cells 
(T-reg), which antagonize CD8+ T-cell function, contributing to immune 
escape in HBV-related HCC (Papatheodoridi and Papatheodoridis, 
2023), (Mesri et al., 2014).

Viral factors significantly contribute to tumorigenesis in CHB-related 
HCC. HBV-DNA integration in the host genome provokes genomic 
instability, deletions, and translocations, including alterations in long 
non-coding RNAs (lncRNAs) and microRNAs increasing the DNA 
recombination rate (Gao et al., 2019). In 2021, Chen and colleagues 
discovered that microRNA-30B-5P downregulates MINPP1 expression, 
promoting tumor proliferation and migration in HBV-positive HCC pa
tients (Chen, 2021). The most common site of HBV-mediated insertional 
mutations is within the TERT promoter (15–25%), resulting in the 
overexpression of telomerase, which is responsible for the maintenance 
of telomere length, inhibition of cellular senescence, and promotion of 
cancer cell growth (Trung et al., 2020b), (D’souza et al., 2020), (Trung 
et al., 2020c), (Yuan et al., 2019). In a study of 95 HCC patients, re
searchers analyzed the distribution of common HBV-DNA integration 
sites using targeted sequencing and found frequent HBV integration in 
TERT, along with increased TERT mRNA expression, which was asso
ciated with more aggressive tumor behavior (Jia et al., 2020), (Rizzo 
et al., 2022). HBx exerts its effects by modulating various pathways 
(Zhang et al., 2017). For instance, it inhibits cancer cell apoptosis by 
enhancing the expression of hepatoma upregulated protein (HURP) and 

Fig. 2. HBV and HDV life cycle. 
The image illustrates the interaction between HBV and HDV within a hepatocyte, where HBV integrates its DNA into the host genome and produces viral proteins. 
HDV relies on HBV’s proteins for its replication and assembly, leading to the release of both viruses from the cell.
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special AT-rich binding protein 1 (SATB1) genes, leading to increased 
production of the anti-apoptotic protein Survivin (BIRC5) (Gao et al., 
2019). Moreover, HBx can disrupt the transcriptional regulation and 
DNA-binding of p53, a key regulator of apoptosis, cell cycle arrest, and 
DNA repair processes. Furthermore, it can impair mitochondrial func
tion by altering their membrane potential and increasing calcium con
tent, resulting in excessive generation of reactive oxygen species (ROS) 
and oxidative stress (Rizzo et al., 2022), (Zhang et al., 2021). HBx also 
upregulates the Wnt/β-catenin signaling pathway and modulates matrix 
metallo proteinases (MMP), which digest fibrous capsules in tumors and 
result in increasing the epithelial–mesenchymal transition (EMT) and 
metastasis (An et al., 2018), (Lim et al., 2019).

Envelope proteins and preS/S gene mutant variants also contribute 
to the production of abnormal proteins, result in the accumulation of 
ROS in endoplasmic reticulum and, consequently, exacerbating genomic 
instability (Rizzo et al., 2022), (Pollicino et al., 2014)

Another mechanism can play a role in HCC development and it can 
be explained by the clonal expansion theory. As is well known, to 
maintain liver homeostasis all hepatocytes undergo turnover. The 
random death of hepatocytes leads to a proliferation of surviving he
patocytes with a consequent loss of complexity of the hepatocyte pop
ulation. Hepatocyte death during HBV infection is sustained by a host 
immune response. It has been shown that during chronic HBV infection, 
the population of hepatocytes that survives is larger than in normal 
conditions.Furthermore, with a greater severity of the infection, there 
will be a greater number of deaths of hepatocytes and consequently a 
greater clonal expansion mainly of hepatocytes that have a growth 
advantage or are able to evade the immune response (e.g. because they 
are deficient in HBV-presenting antigens), thus resulting in an advantage 
for survival. This can facilitate the emergence of preneoplastic lines and 
therefore represent a risk factor for the development of HCC (Mason 
et al., 2021).

3.2. HDV and hepatocellular carcinoma

HDV is a circular single-strand negative-sense RNA-deficient virus 
characterized by encoding only one protein or δ antigen (HDAg). HDV 
infection occurs exclusively in individuals infected with HBV due to its 
dependence on HBsAg for de novo infection, progeny virion assembly, 
and release (Hughes et al., 2011), thus is considered as satellite virus 
(Pearlman, 2023), (Lucifora and Delphin, 2020).

HDV viral entry is mediated by HBV-envelope, then HDV RNA is 
released into the cytoplasm and further transported to the nucleus where 
RNA replication occurs; however, intracellular HDV RNA replication is 
autonomous (D’souza et al., 2020). HDV encodes only for the antigenic 
protein HDAg, synthesized in two forms: the Small HDAg (S-HDAg) and 
the Large HDAg (L-HDAg), which are structurally identical, but L-HDAg 
has an extra 19 amino acid chain in the C-term (Papatheodoridi and 
Papatheodoridis, 2021).

HDV appears to exacerbate fibrosis, cirrhosis and HCC development 
in chronic viral hepatitis, compared to patients with HBV only 
(Benegiamo et al., 2013), (Romeo et al., 2018). As an RNA virus unable 
to integrate viral genes into the host genome, HDV does not require HBV 
to access the hepatocyte nucleus, as HDV RNA can initiate its replication 
independently, based on in vitro models of HDV mono-infection 
(Puigvehí et al., 2019).Thus, HDV seems to have a role in carcinogen
esis of HCC, but it is difficult to estimate since, HBV has an oncogenic 
role itself in developing of HCC (Pearlman, 2023).

An answer to this question comes from a study of Choi et colleagues 
that examined the effects of HDV-encoded-only protein, in particular the 
large hepatitis delta antigen (L-HDAg), on TGF-beta. They demonstrated 
that L-HDAg may induce liver fibrosis through the upregulation of TGF- 
beta-induced signal transduction, thus increasing the transcription of c- 
Jun (Hess et al., 2004a). TGF-beta is linked to the modulation of cell 
growth, proliferation and apoptosis and is also a fibrogenic factor. 
L-HDAg also is able to activate hepatitis B virus X protein-mediated 

TGF-beta and AP-1 signalling cascades; this synergistic molecular 
mechanism could explain why HDV infection may contribute to hepa
tocyte transformation by promoting inflammation and is associated with 
a higher risk of developing HCC compared to HBV monoinfection (Choi 
et al., 2007a)

Additionally, HDV-induced epigenetic changes, such as long non- 
coding RNAs (lncRNAs), could also play a role in hepatocyte trans
formation (Costante et al., 2023). Specifically, Williams et al. showed, in 
2012, that L-HDAg induced the expression of the NADPH oxidase 4 
(NOX4) gene, resulting in the generation of ROS in vitro (Williams et al., 
2012b). This led to the activation of NF-κB and signal transducer and 
activator of transcription 3 (STAT3) in a dose-dependent manner 
(Majumdar et al., 2012), (Williams et al., 2012a). Therefore, research 
suggests that L-HDAg may upregulate transforming growth factor-beta 
(TGF-β) -mediated transcriptional activity of c-Jun, contributing to cell 
growth, proliferation, and apoptosis modulation (Choi et al., 2007b). 
Moreover, L-HDAg can synergistically enhance pathways involved in 
HCC development in conjunction with HBV proteins, such as HBx 
(Chang et al., 2022).

In 2021, Yu et al. conducted an advanced study using microarray 
dataset analysis, comparing cancerous and para-cancerous specimens 
from individuals with CHB or CHD-related HCC. They identified seven 
genes closely associated with mitotic cell cycle and DNA replication 
(CDC6, CDC45, CDCA5, CDCA8, CENPH, MCM4, MCM7) that were 
differently expressed, predominantly upregulated, only in the CHD- 
driven HCC subgroup. Therefore, the alteration of pathways involving 
these genes appears to be selectively mediated by HDV (Yu et al., 2021). 
These findings collectively demonstrate that the molecular profile of 
CHD-related HCC is characterized by an overexpression of genes 
involved in cell cycle regulation.

HDV infection has been associated also with premature aging of 
immune cells, impaired T-cell functionality, and elevated levels of the 
senescence marker like CD57 in CD8 T cells. In this way, Schirdewahn 
et al., suggests a potential link between HDV infection and immune cell 
senescence, ultimately contributing to hepatocarcinogenesis 
(Schirdewahn et al., 2016).

Additionally, intrahepatic expression of Chitinase 3-like 1, a marker 
indicating increased susceptibility of aging livers to fibrosis progression, 
was found to be higher in liver tissues of patients with HDV/HBV 
compared to those with HCV-, HBV-, or alcohol-related cirrhosis 
(Nishimura, 2021).

4. Diagnosis and clinical implications in HBV/HDV infected 
patients

HDV can be transmitted in coinfection with HBV, simultaneously, or 
in superinfection in patient already affected by HBV. Coinfection in most 
cases (90–95%) resolve spontaneously, as a consequence of HBV clear
ance by host immune system (Pearlman, 2023). By contrast, superin
fection (80% of cases), brings to a relapse of hepatitis and progression to 
chronic HDV infection, resulting in rapid deterioration of the 
pre-existing HBV-related liver damage and high morbidity and mortality 
rates (Buti et al., 2011), (Negro, 2014). In rare cases, coinfection may 
lead to a severe acute to fulminant hepatitis. (Negro, 2014), (Rizzetto, 
2016).

Biochemical test can distinguish coinfection by superinfection; in 
fact, serologic pattern of coinfection is characterized by the presence of 
anti-HDV IgM, high levels of HDV RNA and detection of anti-HBc IgM 
antibodies, while superinfection by the detection of anti-HDV IgM an
tibodies and anti-HBc IgG antibodies (Rizzetto, 2016), (Sakugawa et al., 
2004).

It is imperative to enforce, standardize, and desirably automatize 
HDV screening among patients with HBV, as the rates of universal 
screening are still very low according to a recent survey (Rao et al., 
2024). In all HBsAg-positive patients, HDV should be tested at least once 
and yearly in subjects at high risk of infection and re-testing is indicated 
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in case of acute decompensation or aminotransferase flare (Brunetto 
et al., 2023).

It is therefore of utmost importance to stratify for the risk of HCC and 
diagnose patients with advanced/cirrhosis, as screening with ultrasound 
every 6 months together with blood exams and viraemic status is rec
ommended even in patients in therapy for HDV (Brunetto et al., 2023).

The risk of HCC correlates with the severity of liver fibrosis, as in 
other etiologies. In patients with HBV, the annual incidence of HCC is 
approximately 2–8% in those with cirrhosis and 0.2–0.6% in those 
without cirrhosis. For patients co-infected with HBV and HDV, there is a 
2 to 3-fold increase in the risk of cirrhosis and 3 to 5-fold increase in the 
risk of HCC as compared to patients affected by HBV monoinfection, and 
time to progression is shorter (Alfaiate et al., 2020), (Da et al., 2019). It 
is estimate that HDV infection is to be attributed to 18% of cirrhosis and 
20% of HCC among patient with HBV monoinfection (Stockdale et al., 
2020c). HCC cumulative incidence reaches from 2.3% at 1 year to 7.5% 
at 5-year in non-cirrhotic patients, rising to 5.4% at 1 year and 23.1% at 
5 years in those with advanced liver fibrosis (Jang et al., 2021).

In such patients, other risk factors seem to contribute to progression 
of liver disease; they include male gender, older age, low albumin, high 
gamma-glutamyl transferase or transaminase, and low cholinesterase 
(Lutterkort et al., 2017). Persistent HDV viremia, HBV active replica
tion, coinfection with HIV or HCV, diabetes, obesity and alcohol abuse 
identify patients with high risk of disease progression (Brunetto et al., 
2023), (D’Arminio Monforte, 2023), (Gish et al., 2024). Moreover ge
notype 1 of HDV is associated with a significantly higher incidence of 
cirrhosis and mortality (Roulot et al., 2020b).

To stratify the risk of HCC in patients with chronic HBV, several 
predictive models have been developed, including REACH-B, PAGE-B, 
mPAGE-B, CU-HCC, HCC-RESCUE, CAMD, APA-B, REAL-B, AASL-HCC, 
and RWS-HCC (seok Kim et al., 2022). Except for PAGE-B, these models 
were primarily developed and tested in Asian patients with HBV, which 
may limit their applicability in clinical practice in the Europe due to 
differences in transmission factors, HBV genotype, and distribution of 
other risk factors between Asian and non-Asian populations (Voulgaris 
et al., 2020). Additionally, these models were developed in cohorts with 
varying proportions of patients undergoing antiviral treatment and 
those with cirrhosis, complicating their application in routine clinical 
practice. Meanwhile, there are no studies that have examined the per
formance of these HCC risk models in patients with HBV and HDV co
infection. Similarly, the aMAP risk score, which predicts hepatocellular 
carcinoma development in patients with chronic hepatitis, has not been 
validated in coinfected patients (Fan et al., 2020). In this context, 
non-invasive tests (NITs) such as APRI, FIB-4, algorithm including 
values of LSM (liver stiffness measurement) and SSM (spleen stiffness 
measurement) could be useful to assess the degree of fibrosis and stratify 
the risk of developing HCC (Dajti et al., 2021).

LSM can non-invasively diagnose significant and advanced fibrosis 
and therefore stratify also for the risk of HCC. Data on non-invasive 
diagnosis of cirrhosis in CHD are limited, but very promising, so they 
support the use of NTIs to diagnose cirrhosis and portal hypertension. In 
a preliminary study from 77 patients (30% with cirrhosis), LSM showed 
an accuracy of 0.90, which further improved after combining it with 
serological parameters such as gamma-glutamyl transferase (GGT), 
platelet count, and alanine aminotransferase (ALT) into the Delta-4 
Fibrosis Score (D4FS) score (Da et al., 2020). Another multicentre and 
larger study (144 patients, 15% with cirrhosis) confirmed the accuracy 
of LSM (AUC = 0.89) and proposed the cut-offs of >12.5 kPa and >15.1 
to respectively suspect and confirm the diagnosis of cirrhosis among 
patients with CHD; values lower than these cut-offs had an excellent 
negative predictive value of 98–99% and these findings were validated 
in an external cohort of 132 patients (Duarte-Rojo et al., 2024), 
(Sandmann et al., 2024). Moreover, Baveno VII consensus recommends 
the use of NITs to stratify also for the severity of portal hypertension (de 
Franchis et al., 2022). A multicenter study of 143 patients with 
HBV/HDV-related cirrhosis undergoing hepatic venous pressure 

gradient (HVPG) confirmed that LSM and platelet count can accurately 
diagnose clinically significant portal hypertension with similar cut-offs 
to those proposed for other etiologies (Jachs et al., 2024).

All the available evidence supports the role of NITs as reliable tool to 
identify patients with cirrhosis. Nevertheless, liver biopsy remains the 
gold standard, particularly when there is a discrepancy between imaging 
results and blood tests or when other liver diseases, such as autoimmune 
overlap syndromes, need to be investigated (Brunetto et al., 2023), 
(Sandmann et al., 2024).

5. Antiviral treatments and HCC prevention

Current treatment strategies for HBV and HDV can reduce HCC risk, 
but do not eliminate it. The lack of an HBV therapy aimed to eradicate 
the viand limited treatment options for HDV bring us to enforce the 
research for searching more effective therapies. Treatment of HCC 
linked to chronic viral hepatitis is aimed to prevent it, improving liver 
histology and improving survival rate (Hess et al., 2004b). Early pro
phylaxis and treatment are the strategies of choice to reduce the inci
dence of HBV/HDV-induced HCC (Alfaiate et al., 2020).

Vaccination against HBV is the primary strategy for HCC preven
tion. A 30-year report from Taiwan shows that the incidence of HCC 
decreased by more than 80%, and mortality declined by over 90% in 
cohorts of patients born after the initiation of the vaccination program 
(Chiang et al., 2013). Another study confirms that the vaccination pro
gram against HBV results in a decrease of HBV related morbidity and 
mortality, included incidence of HCC (Goldstein et al., 2005)The HBV 
vaccine prevents HDV infection by stopping HBV infection in the first 
place, but there are no vaccines available to protect individuals with 
established HBV infection from HDV.

Interferon is an off label recommended therapy as treatment of HDV. 
2018 Guideline from the American Association for the Study of Liver 
Disease (AASLD) recommended one year of peginterferon alfa (PegIFN- 
2a) administration for elevated HDV RNA and transaminase levels 
(Terrault et al., 2018). Interferon alfa inhibits HDV replication 
decreasing viral loads, however, adverse effects are frequent and relapse 
often occurs (Zhang and Urban, 2020).

IFNλ, which targets a single site on hepatocytes, is expected to be 
better tolerated than PegIFNα. In a phase II study, the 180 μg dose 
administered for 48 weeks resulted in a 2-log reduction in HDV RNA in 
50% of patients by the end of treatment, with 36% maintaining this 
reduction six months later. At both the end of treatment and six months 
post-discontinuation, 36% of patients had undetectable HDV RNA. 
Combined virologic response and ALT normalization were observed in 
14% of patients at the end of treatment and in 29% six months later. An 
open-label phase II study investigated the combination of LFN (50 mg 
twice daily) and ritonavir with IFNλ (180 μg/week) for 24 weeks in 26 
patients with chronic delta hepatitis. The study found that 77% of pa
tients had a >2 log reduction in HDV RNA, with 50% achieving unde
tectable HDV RNA at the end of treatment, and 23% maintaining 
undetectable levels 24 weeks into follow-up (Etzion et al., 2019a). 
However, the phase 3 LIMT-2 trial was prematurely stopped due to 
hepatobiliary toxicity causing liver decompensation in some patients.

The use of effective antiviral therapies, such as nucleoside and 
nucleotide analogues (NAs) including entecavir (ETV), tenofovir ala
fenamide fumarate (TAF), and tenofovir disoproxil fumarate (TDF), has 
improved the prognosis for patients with chronic HBV infection by 
preventing progression to HCC and enhancing survival rates(Llovet 
et al., 2021b). Many studies have aimed to evaluated HCC incidence in 
HBV patient treated with nucleoside and nucleotide analogues. A sys
tematic review showed that HCC developed in 2.8% of threated patients, 
significantly lower (p value 0.003) than in untreated patients (6.4%) and 
that achievement of virological remission is crucial to the reduction of 
HCC incidence (Papatheodoridis et al., 2010). Another cohort study 
confirms this results showing a significantly lower incidence of HCC at 7 
years in threated patients than controls (7.32% vs 22.7%; p value <
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0.001) (Wu et al., 2014). Moreover, a study on Caucasian patients 
affected by HBV demonstrated a decrease of HCC incidence after 5 years 
of Tenofovir disoproxil fumarate or entecavir treatment 
(Papatheodoridis et al., 2017). However, these antiviral therapy does 
not achieve a complete elimination of HBV DNA in liver cells (Chiang 
et al., 2013). A study evaluated that in HBV-cirrhotic patients, beside the 
use of antiviral therapy, other independent risk factor for HCC were 
male gender, age <55 years, presence of comorbidity such as diabetes 
mellitus and grade of hepatic dysfunction (Hsu et al., 2014). Moreover, 
HBV nucleoside and nucleotide analogues are ineffective against HDV 
(Jang et al., 2021), (Marrero et al., 2018).

Bulevirtide (BLV), a first-in-class entry inhibitor, is a linear, 47- 
amino-acid lipopeptide that binds to the sodium taurocholate cotrans
porting polypeptide (NTCP) on hepatocyte membranes, blocking HBV 
and HDV entry. In the phase 2 MYR202 study, BLV (2, 5, or 10 mg) 
combined with TDF was well tolerated and significantly reduced HDV 
RNA and ALT levels over 24 weeks in CHD patients compared to TDF 
alone (Wedemeyer et al., 2023a). Phase 3 MYR301 study data at 48 
weeks showed BLV monotherapy (2 or 10 mg) was superior to no 
anti-HDV treatment based on combined virologic and biochemical re
sponses, with similar efficacy between doses and good tolerance (Gane 
et al., 2020), (Wedemeyer et al., 2023b).

In 2020, BLV at 2 mg/day was conditionally approved in the EU for 
treating CHD in adults with compensated liver disease, with full 
approval granted in July 2023. It is now recommended by the European 
Association for the Study of the Liver (EASL) clinical guidelines for HDV 
(Brunetto et al., 2023).

In Wedemeyer et al. trial, it was demonstrated that BLV mono
therapy for 96 weeks in patients with CHD led to sustained improve
ments in combined virologic and biochemical responses, as well as liver 
stiffness, from week 48 onward at both the 2-mg and 10-mg doses. 
Additionally, patients with suboptimal virologic responses at week 24 
benefited from continued therapy, with the majority achieving virologic 
response or biochemical improvement by week 96 (Wedemeyer et al., 
2024). This data is supported by Killer et al., who reported a significant 
decrease in liver stiffness during BLV treatment, with a baseline median 
of 10.6 kPa dropping to 7.6 kPa at month 12 (Killer et al., 2024).

Real-world data from over 500 patients in Europe support the find
ings from clinical trials, showing improvements in liver function and 
reductions in HDV RNA (Zöllner et al., 2022), (Dietz-Fricke et al., 2023), 
(Degasperi et al., 2022). Despite the promising results, there is a high 
relapse rate, which necessitates prolonged treatment. In another study, 
Anolli et al. described a case where a patient with compensated cirrhosis 
and HDV infection was treated with BLV monotherapy for three years. 
The patient showed a sustained off-BLV cure of HDV infection, main
taining undetectable HDV RNA levels both in serum and liver tissue 
during a 72-week follow-up after discontinuation of the therapy (Anolli 
et al., 2023).

Stopping BLV therapy after achieving long-term HDV-RNA sup
pression appears to be safe, with effective virologic response upon 
retreatment in cases of relapse, as described in the study by Jachs et al. 
However, these findings are based on a small patient sample, necessi
tating further studies to establish precise discontinuation guidelines and 
thoroughly assess the safety of stopping BLV (Jachs et al., 2023).

In the recent study by Allweiss et al., it emerged that in patients 
treated with BLV, intrahepatic HDV RNA loads strongly correlated with 
peripheral virological HDV RNA measurements and that the decline 
induced by BLV in the plasma reflected the decrease of HDV RNA in the 
liver (Allweiss et al., 2024).

In the 2024 study by Dietz-Fricke et al., off-label administration of 
BLV in patients with decompensated HDV cirrhosis was evaluated, 
showing virologic and biochemical response rates like those observed in 
patients with compensated liver disease. Significant improvements were 
also noted in surrogates of hepatic function and portal hypertension 
(Dietz-Fricke et al., 2024).

The analysis of these trials suggests that BLV therapy can effectively 

reduce liver stiffness levels, as well as decrease the viral load and 
replication within hepatocytes. This may potentially lead to a lower 
incidence of HCC even in decompensated patients. However, these 
findings are preliminary and require further validation through addi
tional clinical trials.

Novel therapeutics under clinical evaluation include:
Lonafarnib, a farnesyltransferase inhibitor that blocks the assembly 

and release of HDV particles. Clinical trials have demonstrated signifi
cant virus level reduction with Lonafarnib, though it is associated with 
adverse events affecting normal cellular function (Etzion et al., 2019b). 
Ongoing trials are evaluating HBsAg secretion inhibitors for HDV 
treatment, showing promising results with high rates of HBV and HDV 
suppression during and after treatment when combined with PegIFNα or 
Ritonavir (Etzion et al., 2023).

Nucleic acid polymers target the host HSP40 chaperone DNA JB12 
to block HBV and HDV replication. In a phase II study with 12 patients, 
15 weeks of REP 2139-Ca followed by REP 2139 and PegIFN, then 
PegIFN alone for 33 weeks, led to 6 patients becoming HBsAg negative 
with HBs seroconversion (Stern et al., 2023). After 3.5 years, 4 out of 11 
maintained an HBV functional cure, 7 had undetectable HDV RNA, and 6 
had normalized ALT levels. A subcutaneous form of REP 2139 was tested 
in France, showing positive results in patients who failed BLV treatment 
(Bazinet et al., 2017a), (Bazinet et al., 2020). In another study, 12 pa
tients with compensated cirrhosis received REP 2139 and PegIFN alfa-2a 
weekly for 48 weeks, with five showing a virological response and three 
achieving undetectable HDV RNA (Bazinet et al., 2017b).

Future potential therapies include Small interfering RNA (siRNA) 
agents that can prevent synthesis of viral antigens (Lok et al., 2021). A 
recent study, carried out on murine model with humanized liver, aimed 
to evaluate the use of a Human monoclonal anti-HBs. A-specific anti
body on chronic HBV/HDV infection (Burm et al., 2023). The human 
monoclonal anti-HBsAg-specific antibody, produced using classical hy
bridoma technology, target the entry step of virus and diminishing 
circulating HBsAg blocking viral spread (Wedemeyer et al., 2023c). 
Decreasing the viral loads in patients with chronic HBV/HDV superin
fection may provide a window for other antiviral therapies. It could have 
implication also in HBV/HDV coinfection. However, the exact mecha
nism of HDV involvement in HCC has not been clarified yet, so more 
research investment is imperative (Shen et al., 2023).

Moreover, due to the almost recent introduction of HDV therapies, 
literature is lacking data regarding the incidence of HCC In patients 
treated with these medications.

Finally, orthotopic liver transplantation (OLT) is a common treat
ment for end-stage liver disease and HCC, and HBV and HBV/HDV co
infection remain a non-negligible cause for requiring OLT. In Europe, as 
an example, liver transplants for cirrhosis caused by HDV infection ac
count for approximately 3–5% of all liver transplants, with higher rates 
observed in regions like the Mediterranean and Eastern Europe (Euro
pean Liver Transplant Registry, ELTR) (Cortesi et al., 2023).

6. Conclusion and future perspectives

Due to the essential interdependency of HDV on HBV, the precise 
mechanism underlying HCC development remains unclear. It remains 
uncertain whether HCC arises due to the combined effects of both HBV 
and HDV, is a consequence of underlying cirrhosis, or is directly induced 
by HDV’s oncogenic properties (Anolli et al., 2023; Jachs et al., 2023). 
Studies have indicated that HCC associated with HDV infection is 
characterized by the upregulation of genes responsible for regulating 
cell cycle progression, DNA replication, and DNA damage repair. This 
suggests that genome instability plays a significant role in hep
atocarcinogenesis induced by HDV.

To obtain a deeper understanding of HDV’s role in carcinogenesis, 
further research at the molecular level, accounting for genotype varia
tions, is imperative. Additionally, due to the elevated biological risk of 
HCC occurrence in CHD patients, they should be considered a very high- 
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risk subgroup. This suggests that personalized screening schedules 
should be adopted to detect HCC at its earliest stages and in particular 
that tailored screening program are necessary to detect patients with 
HDV. It will be important in the coming years to perform studies to 
assess the risk of HCC incidence among patients treated with HDV drugs 
such as BLV or lonafarnib and controls. Well conducted observational 
studies are needed to understand deeply the exact role of HDV in hep
atocarcinogenesis, both at the molecular level and with the clinical 
implications.
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