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HDV infection

� Due to accelerated liver injury, it is plausible that HDV 

confers a higher risk of HCC development than HBV 

monoinfection

� It may also be speculated that HCC may differ in these 

patients from hepatitis B virus (HBV) monoinfection

� Whether this is a result of enhanced inflammation/ fibrosis 

mediated by HDV or a direct oncogenic effect remains 

unclear



HDV-HBV interplay

� The long-term interplay between HDV and HBV is complex 

�fluctuating levels of HDV RNA and HBV DNA viremia over time 

and 

�oscillating predominance at different time points

� In more than 50% of cases, HBV activity is detected at different 

time points, which has been associated with worse prognosis                    

(Schaper M, et al. J Hepatol, 52 (2010), pp. 658-664)



Risk of HCC in HDV infection

� HDV infection increases the risk for HCC threefold and mortality 

twofold in patients with HBsAg-positive cirrhosis (Fattovich G, et al. Gut 

2000;46:420-6)

� In a study from Japan the overall relative risk for liver cirrhosis 

and HCC was 2.58 and 2.87, respectively (Tamura I, et al J Gastroenterol

Hepatol 1993;8:433-6) 

� According to another study, persistent HDV replication leads to 

cirrhosis and HCC at annual rates of 4% and 2.8%, respectively, 

and is the only predictor of liver-related mortality (Romeo R, et 

al.Gastroenterology 2009;136:1629-38) 

�



Risk of HCC in HDV infection

� However, these findings were contradicted by a retrospective 

analysis of 962 HBV patients that showed similar rates of HCC 

in the 82 HDV-infected patients and 880 non-infected patients 

(Cross T,J et al, J Med Virol 2008;80:277-82)



Immune response in HDV infection

� Cirrhosis underlies HCC in 70–80% of cases, and thus, to decipher the 

oncogenic role of HDV it is necessary to evaluate its impact on cirrhosis 

development

� Liver damage in patients with HDV infection is mainly driven by an immune-

mediated process

� HDV infection is associated with high levels of cytotoxic CD4+ T cells, as seen 

in HBV and HCV infections

� In contrast to HBV, HDV induces a strong innate immune response via IFN β/λ 

stimulation after being sensed by the pattern recognition receptor melanoma 

differentiation-associated protein 5 (MDA5), suggesting a different 

inflammatory profile (Zhang Z, et al. J Hepatol, 69 (2018), pp. 25-35)
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Hepatocellular carcinoma: HDV versus HBV

� Decreased liver size was noticed more in cases of HDV compared 

with HBV group where the liver size was normal or increased 

(P=0.000)

� HDV patients had lower platelets (P=0.053) and larger varices on 

endoscopy (P=0.004)

� Multifocal tumors and elevated alpha-fetoprotein level >1000 

IU/mL were more common in HBV group (P=0.040 and P= 0.061)

� TNM classification showed more stage III-IV disease in HBV group 

(P=0.000).
Abbas Z, et al, Saudi J Gastroenterol 2012;18:18-22



Conclusion: 

� Decreased liver size and indirect evidence of more severe portal 

hypertension and earlier TNM stage compared with HBV 

monoinfection indicate that HDV infection causes HCC in a 

different way, possibly indirectly by inducing inflammation and 

cirrhosis 

Hepatocellular carcinoma: HDV versus HBV



Interplay of HBV and HDV Oncogenecity

� HBV has a direct oncogenic potential (Oliveri F. Ital J Gastroenterol 1991;23:498-

502)

� HBV DNA integrates into cellular DNA but is not an acutely 

transforming virus, because HCC usually develops decades after 

infection

� Other factors, namely cirrhosis, inflammation, alcohol intake, and 

viral superinfections, could promote the oncogenetic process 

induced by HBV 

� HDV infection, superimposed on the oncogenetic background 

provided by chronic HBV infection appears to provide an additional 

promotion risk for HCC



� It is also known that active replication of HBV promotes 

carcinogenesis (Ikeda K, et al. Intervirology 2003;46:96-104) 

� HDV can inhibit HBV genome and replication (Jardi R, et al. Hepatology 

2001;34:404-10) and could interfere with cancer development in HDV 

patients 

� This ability of HDV to suppress HBV replication could represent a 

protective mechanism to lower the risk of HCC development 

Interplay of HBV and HDV Oncogenecity
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Role of transforming growth factor-β (TGF-β)

�Enhanced TGF-β signaling has been proposed as a 

mechanism behind the accelerated liver disease in 

HBV/HDV-coinfected patients 

�TGF-β is involved in multiple cellular processes, including 

growth, differentiation, wound repair and apoptosis, with 

a major regulatory role in fibrosis and hepato-

carcinogenesis 

( Mardamdar A, et al, Nat Rev Gastroenterol Hepatol 2012;9:530-38)



Role of transforming growth factor-β (TGF-β

�L-HDAg can activate the TGF-β pathway, probably via the 

Smad3 protein, which could promote HCC development 

(Choi SH, et al. Gastroenterology 2007;132:343-357) 

�HBV can also upregulate TGF-β via the HBx protein

(Levrero M, et al. J Hepatol 2016;64:S84-S101)

�This could be a mechanism by which HDV enhances HBV-

related oncogenesis



c-Jun signaling cascades

�L-HDAg activates c-Jun and antagonizes the 

inhibitory effect of c-Jun over TGF-β

�This effect could be synergistic with that of the 

HBx protein, which also activates these 2 signaling 

cascades 

(Murata M, et al. Hepatology 2009;49:1203-17)



HDV: Potential mechanism of increased oncogenicity

Puigvehi M, et al. JHEP Reports 2019;1120-130



Nuclear factor kappa B (NF-κB

�NF-κB, a transcription factor with crucial roles in 

inflammation, immunity, cell proliferation and apoptosis, 

and HCC development

�L-HDAg can induce NF-κB activation via tumor necrosis 

factor-α (TNF-α) stimulation or oxidative stress 

(Park CY, et al. Mol Cells 2009;28: 49-55)

(Williams V, et al.  J Viral Hepat 2012;19:744-53)



� L-HDAg has also been related to the activation of other known 

oncogenic pathways including the JAK-STAT pathway (via 

activation of the signal transducer and activator of transcription 

3 [STAT-3] downstream protein or c-Fos activation 

(Goto t, et al. J Biol Chem 2000;275:37311-6)

� Another reported mechanism for HDV-related oncogenesis is 

downregulation of glutathione S-transferase P1 (GSTP1), a 

tumour suppressor gene 

(Chem M, et al. Biochem Cell Biol 2018);10.1139)
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Epigenetic mechanisms

� The chaperon protein clusterin, which is involved in cell death 

regulation and frequently overexpressed in HCC, was found 

upregulated through histone acetylation in HDV-infected cell 

lines (Liao FT, et al. J Gen Virol, 90 (2009), pp. 1124-1134)

� Long non-coding RNAs (lncRNAs), including the deregulation of 

Y3 in HDV-related HCC (Zhang Q, et al. J Transl Med 2016;14: 1-11).

Notably, dysregulation of lncRNAs is crucial in HDV replication



Conclusion

�HDV accelerates the disease course, leading to 

cirrhosis and likely enhancing HCC development, 

compared to HBV monoinfection

�The potential mechanisms underlying HDV-specific 

oncogenesis are poorly understood
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