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Chronic hepatitis B (CHB) poses a major global public health challenge and is a leading cause of cirrhosis and liver
cancer. Hepatic steatosis is common in individuals with CHB compared to the non-CHB population and is particularly
prevalent in hepatitis B virus (HBV)-endemic regions, affecting about one-third of CHB patients. The interaction
between hepatic steatosis and CHB-related disease progression is complex and still under debate. Evidence
demonstrates that co-existing steatosis may worsen liver fibrosis while paradoxically increasing the likelihood of
achieving better HBV control. In particular, despite the association of steatotic liver disease (SLD) with lower HBV
viral loads and higher rates of HBsAg seroclearance, the coexistence of CHB and SLD can potentially accelerate
liver disease progression. Factors such as fat deposition, lipotoxicity, oxidative stress, and chronic inflammation in
SLD may foster a pro-fibrotic and pro-carcinogenic environment, accelerating the disease progression. Additionally,
loss of global DNA methylation, changes in the immune microenvironment, and genetic susceptibility further
contribute to the development of CHB-related cirrhosis and hepatocellular carcinoma (HCC). This review examines
the mechanisms driving liver disease progression and the heightened risk of cirrhosis and HCC in patients with
concurrent CHB and steatotic liver disease, underscoring the importance of prioritizing antiviral therapy for CHB in
addition to addressing SLD. (Clin Mol Hepatol 2025;31(Suppl):S182-S195)
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40% of HBV carriers progressing to hepatocellular carcino-
ma (HCC).' The WHO 2024 global hepatitis report® showed
a decline in incidence but an increase in mortality due to
hepatitis B. In 2022, approximately 1.10 million people died

INTRODUCTION

Chronic hepatitis B and steatotic liver disease

Chronic hepatitis B (CHB) infection is a major health bur-
den affecting approximately 296 million people and is a
prominent contributor to cirrhosis and liver cancer world-
wide. Ongoing liver inflammation and fibrogenesis in CHB
infection contribute to liver fibrosis and cirrhosis, with 25—

due to hepatitis B. Approximately 25% of untreated CHB
patients will die from complications related to cirrhosis and/
or HCC, with the rate rising to 50% in men.' Recent Global
Burden of Disease studies reported that the burden of liver
cancer is predicted to rise, and it is always a threat to mor-
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tality both in the past and in the next 20 years.

It has been reported that the prevalence of hepatic ste-
atosis is lower in hepatitis B surface antigen (HBsAg)-posi-
tive patients than that in HBsAg-negative patients.* Ap-
proximately one-third of CHB patients have concurrent
steatosis.’ This co-occurrence is expected to rise due to
the global increasing prevalence of metabolic dysfunction-
associated steatotic liver disease (MASLD),® including in
areas where CHB infection is common.” According to a re-
cent meta-analysis of 98 studies with 48,472 CHB patients,
the global prevalence of MASLD was about 34.93%.° The
impact of hepatic steatosis on CHB-related disease pro-
gression remains debatable. One independent risk factor
for the development of cirrhosis® and HCC' in patients with
CHB is hepatic steatosis. This review explores the potential
mechanisms underlying the progression to advanced liver
disease, such as cirrhosis and HCC, in patients with con-
comitant CHB and steatotic liver disease (SLD).

STEATOSIS AND HBV ACTIVITY: AN IN-
VERSE CORRELATION

There is no evidence that HBV infection itself directly
confers excessive risk of steatosis. Nonetheless, increased
hepatic steatosis was associated with reduced HBV DNA
production and an increased likelihood of HBsAg sero-
clearance. The lower serum levels of HBV DNA, decreased
hepatitis B e antigen (HBeAg) positivity and higher HBsAg
seroclearance rate were observed in CHB-SLD patients.
Moreover, the positivity of intrahepatic hepatitis B core anti-
gen (HBcAg) and HBsAg was lower in treatment-naive
CHB-SLD patients." A recent meta-analysis further dem-
onstrated a negative correlation between HBV viral activity
and hepatic steatosis.® Approximately 30% of CHB patients
had hepatic steatosis, which was negatively associated
with serum HBeAg and HBV DNA.°

The quantitative demonstration of the inverse relationship
between HBV viremia and hepatic steatosis was shown in
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treatment-naive CHB patients. Individuals with hepatic ste-
atosis, quantified by controlled attenuation parameter
(CAP) measurements," exhibited a lower HBV viral load in
a dose-dependent manner, demonstrating an independent
negative correlation with hepatic steatosis and serum HBV
DNA levels. Routine bedside quantification assessment of
hepatic steatosis can also provide prognostic value in viro-
logically quiescent CHB patients since fibrosis progression
remains a risk for those patients with persistent severe ste-
atosis.”

Mechanisms of interaction between CHB and
steatosis

Mechanistic role of hepatic steatosis in CHB

There have been several studies describing potential
mechanistic pathways of steatosis impacting CHB (Fig. 1).
Toll-like receptor 4 (TLR4) is a vital cell surface receptor
essential for initiating innate immune responses, and its
specific ligand inhibits HBV replication in vivo." Saturated
fatty acids have been shown to suppress HBV replication
in CHB patients with concomitant MASLD by activating the
TLR4 signalling pathway."® Another potential pathway is via
the suppression of the peroxisome proliferator-activated re-
ceptor gamma coactivator 1-alpha (PGC-1a), which can in-
hibit HBV replication. PGC-1a is a transcription factor cru-
cial for gluconeogenesis, but its expression is diminished
in MASLD. Consequently, the metabolic changes triggered
by MASLD hinder HBV replication by downregulating PGC-
1a expression.”® Elevated levels of the death receptor-Fas
on hepatocytes could trigger steatosis-induced apoptosis,
potentially causing the loss of HBsAg and contributing to
viral clearance.” Besides, reducing the level of adiponectin
has been shown to inhibit HBV replication. It has been
demonstrated in the in vitro study that adiponectin can en-
hance viral replication. However, the use of small interfer-
ing RNAs targeting adiponectin can prevent this enhance-
ment,'® as supported by a prospective study indicating a
correlation between elevated adiponectin levels and in-

Abbreviations:

aHR, adjusted hazard ratio; CAP, controlled attenuation parameter; cccDNA, covalently closed circular DNA; CHB, chronic hepatitis B; ER, endoplasmic reticulum; HBc,
HBV core; HBcAg, hepatitis B core antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HBx, HBV X; HCC, hepatocellular
carcinoma; HSCs, hepatic stellate cells; LPS, lipopolysaccharide; MAMPSs, microbiota-associated molecular patterns; MASLD, metabolic dysfunction-associated steatotic
liver disease; miRNAs, microRNAs; NTCP, sodium taurocholate cotransporting polypeptide; OBI, occult HBV infection; OR, odds ratio; PGC-1a, proliferator-activated
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Figure 1. Mechanisms of interaction between hepatitis B and steatosis. The interaction between CHB and liver steatosis involves com-
plex mechanisms. Liver steatosis can inhibit HBV replication through several pathways, including the induction of endoplasmic reticulum
(ER) stress, activation of Toll-like receptor 4 (TLR4), and suppression of peroxisome proliferator-activated receptor gamma coactivator
1-alpha (PGC-1a). Additionally, increased apoptosis of hepatocytes via the Fas receptor and the suppression of adiponectin, which can
enhance HBV replication, contribute to reduced HBV activity in the presence of steatosis. Conversely, HBV itself can promote liver ste-
atosis through the action of the HBx protein, which induces lipid accumulation in liver cells and also inhibits apoptosis. Additionally, HBV
interferes with bile acid uptake via sodium taurocholate co-transporting polypeptide (NTCP), further contributing to steatosis. CHB, chron-

ic hepatitis B; HBV, hepatitis B virus; HBx, HBV X; HBc, HBV core. Created with BioRender.com.

creased HBV viral load.” Furthermore, steatosis in hepato-
cytes inhibits the secretion of HBV DNA and HBsAg by ac-
tivating endoplasmic reticulum (ER) stress.”

Mechanistic role of the HBV genome in hepatic
steatosis

The presence of the HBV X (HBXx) gene is a risk factor for
steatosis in CHB patients and HBx overexpression leads to
lipid accumulation. HBx modulates hepatic lipid metabo-
lism by influencing the lipogenesis via traperoxisome prolif-
erator-activated receptor gamma and sterol regulatory ele-
ment-binding protein 1.”' It has been demonstrated that
HBx upregulates the expression of fatty acid-binding pro-
tein 1, leading to intrahepatic lipid accumulation and facili-
tating the progression of steatosis in HBV-infected cells.”

Other HBV genomes may also play a role in steatosis.
During chronic infection, the HBV core (HBc) gene may
protect infected hepatocytes from Fas-induced apoptosis
via increasing antiapoptotic receptor form and decreasing
the levels of the proapoptotic Fas form.?® Moreover, the
pre-S1 domain of the HBV envelope binds to sodium tauro-
cholate co-transporting polypeptide (NTCP), the hepatic
bile acid transporter,* reducing its ability to transport bile
acid into hepatocytes, which results in elevated bile acid
production, cholesterol supply, and hepatic steatosis.”®
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MECHANISMS OF MASLD-ASSOCIATED HCC
AND CIRRHOSIS DEVELOPMENT

MASLD is initiated by the accumulation of fat in the liver,
driven by insulin resistance, with inflammation as a critical
hallmark that accelerates disease progression.?® When fat-
ty acid disposal through beta-oxidation or triglyceride for-
mation is overwhelmed, excess fatty acids contribute to the
formation of lipotoxic species, leading to ER stress and in-
flammasome activation. These mechanisms collectively re-
sult in inflammation, hepatocellular injury, stellate cell acti-
vation, and progressive accumulation of extracellular
matrix, culminating in fibrosis, cirrhosis, and HCC.?"*®

MASLD is a multifactorial disease also influenced by a
combination of host genetics, epigenetics, gut microbiota,
and microbial metabolites. These factors do not act inde-
pendently; rather, they interact and influence one another
throughout the development and progression of MASLD.
Imbalance in microbial metabolites, such as branched-
chain amino acids, bile acids, short-chain fatty acids, tri-
methylamine and endogenous ethanol, has a strong link
with development of MASLD and HCC.*®" In addition to
these metabolites, bacterial antigens such as lipopolysac-
charide (LPS),**® peptidoglycan,” flagellin,***® and poly-
saccharide A,* as well as bacterial DNA in the liver have a
close relationship with MASLD disease progression.*’
These factors together lead to intrahepatic lipid accumula-

http://www.e-cmh.org



tion, persistent inflammation, and progression to MASLD-
related HCC.

Due to improvements in surveillance strategies for viral
hepatitis, the rising prevalence of obesity and metabolic
syndrome has positioned MASLD as a dominant driver of
HCC in numerous instances.*® Although approximately half
of HCC patients have MASLD, only 12% of HCC cases oc-
cur in individuals with MASLD as the sole liver disease.*
Nevertheless, MASLD frequently serves as a cofactor in
individuals with other liver disease etiologies, highlighting
its broad role in the pathogenesis of HCC.

MECHANISMS OF HBV-ASSOCIATED HCC
AND CIRRHOSIS DEVELOPMENT

Since HBV does not directly cause cellular damage, it is
hypothesized that host immune responses targeting virus-
infected hepatocytes are pivotal in liver cell damage. Pro-
longed liver inflammation and insufficient immune-mediat-
ed viral clearance are critical contributors to the
advancement to cirrhosis and liver cancer.

Roles of HBV genome integration

One of the main causes of HBV-related HCC is the inte-
gration of the HBV genome into the genome of host hepa-
tocytes. According to whole-genome sequencing, it was
present in 80—-90% of cases of HCC and in ~30% of non-
HCC adjacent liver tissue, with this integration appearing
before the occurrence of HCC.* It is worth noting that
about 70% of Asian patients with HCC and occult HBV in-
fection (OBI) have HBV DNA integration primarily affecting
the HBx and preS/S domains.” In HCC patients with OBI,
the HBV DNA integration correlates with alterations in
telomerase reverse transcriptase gene activation, p53
gene mutations, tumor suppressor genes, and genomic in-
stability.*>**

Roles of HBV-encoded proteins

HBsAg, HBeAg, DNA polymerase, and the HBx protein
are synthesized from mRNA transcripts originating from
covalently closed circular DNA (cccDNA) and/or integration
into the host genome from HBV DNA. It has been docu-
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mented that the IL-6-STAT3 pathway, which is activated by
HBsAg, increases the malignant potential of HBV-related
HCC.* On the other hand, HBeAg has been linked to the
host’s immune response and cytokine production, thereby
contributing to HBV-related HCC.*® Studies indicate that liv-
er-specific transgenic mice expressing the reverse tran-
scriptase domain of HBV polymerase have a tendency to
develop early cirrhosis with concurrent steatosis, with ap-
proximately 10% eventually advancing to HCC.*® Addition-
ally, numerous studies highlighted the involvement of the
HBx protein in hepatocarcinogenesis.”"*"*° Several tran-
scription factors can be activated by HBx, such as STATS3,
NF-kB, PIBK/AKT, leading to hepatocyte inflammation, pro-
liferation, and apoptosis, ultimately contributing to the de-
velopment of HCC.***' Moreover, C-terminal truncated HBx
protein plays an oncogenic role by affecting glycolysis, cell
cycle, and mTORC1 signalling pathways in HCC.*

Roles of Inflammation

CHB triggers immune dysregulation through multiple
mechanisms that contribute to HCC development.®*** Im-
mune cells such as CD4+ T cells, natural killer cells, natu-
ral killer T cells, monocytes/macrophages, and hepatic
stellate cells (HSCs) drive inflammation, promoting HCC
progression.®® Notably, two distinct subsets of CD8+ T cells
are present in the liver: intrahepatic HBV-specific CD8+ T
cells, which are associated with HBV control and viral
clearance, and bystander CD8+ T cells, which are not
HBV-specific but contribute to inflammation and hepatotox-
icity.*** On the other hand, immunosuppressive cells, in-
cluding regulatory T cells, myeloid-derived suppressor
cells, and Kupffer cells, potentially act as negative regula-
tors on HCC by releasing IL-10 and TGF-f, potentially act-
ing as negative regulators of HCC.*** The persistent im-
mune-mediated liver damage in CHB often leads to
cirrhosis, which is a key precursor to HCC.

The involvement of epigenetic mechanisms

A crucial role of epigenetic mechanisms has been report-
ed in HBV-associated HCC. MicroRNAs (miRNAs), in terms
of noncoding RNAs, modulate their target genes post-tran-
scriptionally. HBV encourages the development of HCC by
activating multiple signalling pathways through various

5185



Clinical and Molecular Hepatology
Volume_31 Supplement February 2025

miRNAs. Certain miRNAs that participate in the TLR sig-
nalling pathways play a crucial role in the innate immune
response to HBV infection.®® HBV may affect the expres-
sion of miRNAs and inflammatory cytokines. Additionally,
HBV can induce changes in DNA methylation®' as well as
post-translational modifications of histones,* resulting in
epigenetic alterations that are essential in the progression
of HBV-related HCC.

Roles of gut microbiome

The gut microbiome mediates immune responses to
HBV. In adult mice, the maturation of the gut microbiota
stimulates liver immunity, leading to rapid HBV clearance.
Conversely, when the gut microbiota is sterilized with anti-
biotics, this rapid clearance is prevented.®® Patients with
HBV-related HCC and non-viral HCC exhibit varying levels
of bacteria associated with distinct functions or biological
pathways.** Moreover, dysbiosis and impaired intestinal
permeability cause increased hepatic exposure to and mi-
crobiota-associated molecular patterns (MVAMPs). Bacterial
MAMPs, such as TLR4 agonist LPS and TLR2 agonist li-
poteichoic acid, stimulate hepatic HSCs activation and fi-
brosis, as well as macrophages, inducing inflammatory re-
sponses that promote the development of HCC.%

MECHANISMS OF HCC AND CIRRHOSIS
DEVELOPMENT IN CONCURRENT SLD AND
CHB

The increased risks of HCC and cirrhosis in
SLD-CHB patients

The relationship between concurrent SLD and CHB in
the development of cirrhosis and HCC is complex and not
fully understood. Although both SLD and CHB are well-es-
tablished risk factors for HCC, whether their co-occurrence
leads to a higher risk of disease progression than CHB
alone remains inconclusive. More recent studies have
shown the increased risks of HCC and cirrhosis in SLD-
CHB patients (Table 1). Several studies with conflicting re-
sults®®®” possibly due to the heterogeneity of the study
populations. Patients with CHB who meet the criteria for
liver biopsy tend to have more severe disease, represent-
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ing a minority within the broad spectrum of CHB and SLD,
which may contribute to the diverse outcomes ob-
served.®®®

Severe steatosis, in contrast to mild/moderate steatosis,
was linked to a higher proportion of severe fibrosis in pa-
tients with CHB (23.2% and 12.6%, respectively,
P=0.005)."” A study also showed that co-existing SLD in
patients with CHB leads to a higher likelihood of a function-
al cure from HBV but worsening liver fibrosis.® Severe ste-
atosis, quantified by CAP measurements, is associated
with severe fibrosis in both treatment-naive and treated
CHB patients.” Based on a meta-analysis that included 34
studies with a total of 68,268 CHB patients, positive asso-
ciations were found between hepatic steatosis and cirrho-
sis (odds ratio [OR] 1.52) and HBsAg seroclearance (OR
2.22).”" Notably, hepatic steatosis was linked to higher odds
of HCC (OR 1.59), while there was no significant correla-
tion among patients receiving nucleos(t)ide analogues (OR
1.05). Co-existing steatohepatitis with CHB leads to more
advanced fibrosis and poorer liver-related outcomes or
death, compared to CHB alone.”” MASLD is an indepen-
dent risk factor for developing HCC in CHB patients.”>™ A
research study utilizing data from the South Korean Na-
tional Health Insurance System database discovered that,
even after accounting for factors such as age, sex, antiviral
treatment, alcohol consumption and cirrhosis, CHB pa-
tients with MASLD had a 1.4 times higher risk of HCC de-
velopment.”

Furthermore, in the majority of analyses, hepatic steato-
sis and other systemic metabolic dysfunctions have not
been distinguished, thus highlighting the combined impact
of these two distinct factors on CHB patients. Different
combinations of hepatic steatosis and metabolic factors
are associated with varying levels of cirrhosis risk. Hepatic
steatosis alone was associated with a lower risk of cirrho-
sis (adjusted hazard ratio [aHR] 0.57 within 5 years); how-
ever, when hepatic steatosis occurred in individuals meet-
ing the diagnostic criteria for MASLD, the risk of cirrhosis
was higher.76 Moreover, hepatic steatosis and metabolic
dysfunction had distinct impacts on HCC: steatosis protect-
ed HCC (aHR 0.45), while an increasing burden of meta-
bolic dysfunction elevated the risk (aHR 1.40 per additional
dysfunction).”

http://www.e-cmh.org



Saisai Zhang, et al.
Chronic hepatitis B and steatotic liver disease

Table 1. The increased risks of disease progression in CHB patients with concurrent steatotic liver disease

SLD Viral Disease progression
S diagnosis suppression Cirrhosis HCC
Aggravation

1,202 CHB patientsina  VCTE Lower median Severe steatosis was associated /
1:1 ratio with or without serum HBV with an increased percentage of
steatosis” DNA levels severe fibrosis in both treatment-

naive and treated patients.

330 treatment-naive VCTE HBsAg Persistent severe hepatic steatosis /

patients with CHB™ seroclearance was independently associated
with fibrosis progression (OR
2.379).

606 patients with CHB™®  VCTE / Severe steatosis was associated /

with severe fibrosis in treatment-
naive patients (OR 3.60) and
treated patients (OR 1.95 for

>3 years of treatment, 2.28 for
>5 years of treatment, and 2.79
for 27 years of treatment).

A meta-analysis of 34 VCTE/ HBsAg Steatosis was associated with the Hepatic steatosis was
studies with 68,268 biopsy-proven  seroclearance development of cirrhosis (OR associated with higher odds of
CHB patients™ steatosis (OR, 2.22) 1.52). HCC (OR 1.59)

A multicenter study of Biopsy data / / Patients with concomitant
1,089 CHB patients” steatohepatitis and CHB had

more advanced fibrosis and
shorter time to develop liver-
related outcomes or death
compared to patients with
CHB alone.

197,346 CHB participants MASLD / / The risk of developing HCC was
from National Health criteria 1.4-fold higher in CHB patients
Insurance System with MASLD
database in South
Korea™

11,502 CHB patients’ MASLD Lower HBV DNA  Hepatic steatosis occurred /

criteria levels in individuals meeting the
diagnostic criteria for MASLD,
the risk of cirrhosis was higher

10,546 treatment-naive MASLD Fewer HBeAg / Hepatic steatosis with an
CHB patients’ criteria positivity, lower increasing burden of metabolic

HBV DNA levels

dysfunction elevated the risk of
HCC (aHR 1.40 per additional
dysfunction).

HCC, hepatocellular carcinoma; CHB, chronic hepatitis B; aHR, adjusted hazard ratio; OR, odds ratio; CT, computed tomography;
HBeAg, hepatitis B e antigen; hepatitis B surface antigen; MASLD, metabolic dysfunction-associated steatotic liver disease; SLD,
steatotic liver diseases; VCTE, vibration-controlled transient elastography.

HBsAg seroclearance
Functional cure of CHB, i.e., HBsAg seroclearance, only

occurs in a small percentage of patients. Nonetheless, its
chances are increased with the concomitant presence of
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steatosis,”**®”""® and may also explain why the inverse re-

lationship between steatosis and the progression to cirrho-
sis and HCC was demonstrated in certain studies.”” The
exact mechanism behind the association between HBsAg
seroclearance and hepatic steatosis is still unknown. One
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hypothesis is that the accumulation of fat in hepatocytes
may alter the distribution of HBsAg within the cytoplasm,
an increase in the death receptor-Fas may lead to steato-
sis-induced apoptosis of hepatocytes, which in turn could
result in loss of HBsAg. The disruption of immune homeo-
stasis, which is characteristic of both CHB and SLD, plays
a crucial role in liver disease progression to HCC.* While
HBV is typically not viewed as a cytopathic virus per se,
hepatocellular damage can be induced by triggering im-
mune responses within the HBV-infected hepatocytes.”®
The clearance of HBsAg is linked to a significant decrease
in the likelihood of cirrhotic complications and HCC.* It re-
mains to be investigated through further studies the extent
to which the risk of such liver-related outcomes persists fol-
lowing HBsAg clearance in patients with hepatic steatosis.
Metabolic determinants may play a role; suboptimal glyce-
mic control has been demonstrated as a risk factor for
HCC after HBsAg seroclearance.®

Possible mechanisms of CHB-SLD interplay
leading to disease progression

Several proposed mechanisms suggest that the pres-
ence of SLD promotes CHB-related disease progression.

& HBX

—

Lipotoxicity 4

N
/,l . AR DNA methylation {
7 >
\ij = a Gene susceptibility 4
— <5

Disruption of immune homeostasis f

Fat deposition, lipotoxicity, low-grade inflammatory re-
sponses and oxidative stress in SLD may create a pro-fi-
brotic as well as a pro-carcinogenic environment, acceler-
ating the progression of CHB-related cirrhosis and HCC.*"
® CHB may influence metabolic changes, contributing to
the development of SLD, while HBV-induced inflammatory
responses and molecular pathways could exacerbate he-
patic steatosis. Interestingly, CHB has been associated
with a decreased risk of hyperlipidemia and a lower preva-
lence of steatosis, potentially due to elevated serum adipo-
nectin levels,* while HBV infection might also induce he-
patic lipid accumulation via HBx overexpression and
genetic susceptibility to steatosis in CHB patients.

Several underlying mechanisms are outlined (Fig. 2),
even if the precise mechanisms of SLD in CHB-related dis-
ease progression are yet unknown: (1) DNA methylation:
Loss of global DNA methylation, a common epigenetic
modification, can lead to chromosomal abnormalities and
disease progression.*® Patients with concurrent SLD and
CHB exhibit lower global DNA methylation levels compared
to those with SLD alone, correlating with fibrosis and cir-
rhosis.”" (2) Alterations of immune microenvironment: Im-
mune homeostasis imbalance in CHB and SLD, character-
ized by disrupted immune cell function due to dysregulated

Inflammation f
—
Apoptosis 4
—

—

Figure 2. Potential mechanisms of interaction between steatosis and CHB in the development of cirrhosis and HCC. HBV-infected hepa-
tocytes are believed to mediate liver cell injury and, with long-term chronic liver inflammation and ineffective immune-mediated viral clear-
ance, lead to activation and proliferation of hepatic stellate cells. Fat deposition and oxidative stress may create a pro-fibrotic and pro-
carcinogenic environment within the liver. In addition, abnormal lipid metabolism, gene susceptibility, and lower levels of global DNA
methylation in patients with concurrent NAFLD and CHB could both accelerate the development of cirrhosis and HCC. CHB, chronic hep-
atitis B; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; NTCP, sodium taurocholate co-transporting polypeptide; ROS, reactive
oxygen species; pgRNA, pregenomic RNA; cccDNA, covalently closed circular DNA; PGC-1a, peroxisome proliferator-activated receptor
gamma coactivator 1-alpha; MAMPs, metabolites and microbiota-associated molecular patterns; LPS, lipopolysaccharide; ER, endoplas-
mic reticulum; TLR4, toll-like receptor 4; HCSs, hepatic stellate cells. Created with BioRender.com.
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lipid metabolism or HBV-mediated immunosuppression,
can impair anti-tumor immunity and promote liver cancer
progression.’®®"% (3) Genetic susceptibility: Genetic fac-
tors, such as single-nucleotide polymorphisms in PNPLA3
and TM6SF2,”* are associated with steatosis and inflam-
mation in CHB patients,” suggesting a genetic predisposi-
tion to steatosis in this population. (4) Direct oncogenic
mechanisms: Genomic instability due to HBV DNA inte-
gration into the host genome can increase oncogenic po-
tential.** HBV-encoded proteins (e.g., HBx, HBc) contribute
to cellular heterogeneity and tumorigenesis through vari-
ous mechanisms, including stabilizing oncoproteins, induc-
ing ER stress, and causing DNA damage.*®” Excessive
lipid accumulation exacerbates these processes, further
promoting liver cancer development.”

It is crucial to highlight that there are currently no robust
in vitro or in vivo models specifically designed to study the
interplay between steatosis and HBV. This limitation is
partly due to the fact that existing HBV mouse models do
not fully replicate the complete life cycle of HBV, particular-
ly the formation of cccDNA.? While human liver chimeric
mice and chimpanzees can exhibit a disease spectrum
similar to that of humans, ethical concerns, high costs, and
technical challenges associated with setting up these mod-
els make their practical application in this field unfeasible.'®
As a result, all available evidence provides only a partial
understanding of the complex underlying mechanisms of
the interplay between steatosis and CHB, especially re-
garding the pathogenesis of HCC and cirrhosis.

UNANSWERED QUESTIONS AND FUTURE
DIRECTIONS

The interplay between CHB and concurrent steatotic liver
diseases presents significant challenges in managing liver
disease progression. While hepatic steatosis may offer
some protective effects against HBV replication, the long-
term risks of cirrhosis and HCC in patients with both CHB
and SLD require further investigation. Since the updated
WHO guidelines™" expand eligibility for treatment if there is
the presence of MASLD, understanding the mechanisms
underlying CHB and SLD interactions is crucial for devel-
oping targeted therapies and improving patient outcomes.

The potential suppression of viral activity by concurrent
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steatosis raises important questions. Specifically, whether
simple steatosis (without other systemic metabolic dysfunc-
tion) is tolerable or even beneficial in certain populations,
such as CHB patients, warrants more clinical studies. Ad-
ditionally, the impact of therapeutic agents for MASLD on
the disease course and prognosis of CHB remains unclear
due to their exclusion from clinical trials. Future real-world
studies and post-marketing clinical trial data are needed to
address this gap.

Antiviral treatment with nucleos(t)ide analogues has been
connected to fibrosis regression, but hepatic steatosis and
metabolic syndrome are linked to fibrosis progression.'” It
has been documented'® that the association between HBV
DNA levels and HCC risk follows a nonlinear parabolic pat-
tern, with the highest risk observed at moderate serum
HBV DNA levels in treatment-naive CHB patients. Persis-
tent HBV DNA levels within a range of 4-8 log,, IlU/mL in
HBeAg-positive patients continue to drive clonal hepato-
cyte expansion, which accumulates hepatocyte damage
and increases HCC risk. This risk is elevated in cases of
long-term inflammation and ineffective immune clearance,
contributing significantly to cirrhosis and HCC develop-
ment. When immune control of HBV is achieved, HBeAg
seroclearance may occur, and serum HBV DNA levels typi-
cally drop below 4 log,, IU/mL (inactive hepatitis phase),
thus reducing HCC risk substantially. Patients who achieve
HBsAg seroclearance show a time-dependent decline in
liver stiffness over a decade.™ Despite MASLD being as-
sociated with a lower HBV viral load and increased rates of
HBsAg clearance, the combined effects of CHB and
MASLD may synergistically accelerate liver disease pro-
gression, leading to hepatocyte injury, inflammation, fibro-
sis, and HCC. These findings underscore the importance
of prioritizing antiviral treatment for chronic viral hepatitis
before addressing MASLD.'® Early initiation and proactive
antiviral therapy may yield different outcomes for CHB pa-
tients with hepatic steatosis. A strong correlation between
severe steatosis and advanced fibrosis has been reported
in both treatment-naive and treated CHB patients.” How-
ever, this association is less pronounced in those receiving
early, potent antiviral therapy.'®® Long-term antiviral therapy,
such as the use of nucleos(t)ide analogues, effectively sup-
presses HBV replication and slows fibrosis progression, in-
cluding in patients with coexisting hepatic steatosis.'”” Fur-
ther in vitro or in vivo research is essential to clarify the
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complex interactions between HBV and SLD in disease
progression, determine the most effective therapeutic strat-
egies, and ultimately improve long-term outcomes for af-
fected patients.

CONCLUSION

The interplay between CHB and concurrent SLD pres-
ents a complex and evolving challenge. This review high-
lights the intricate balance between the potential protective
effects of steatosis against HBV replication and the in-
creased risks of cirrhosis and HCC in patients with co-ex-
isting conditions. While hepatic steatosis may be associat-
ed with lower HBV viral load and a higher rate of HBsAg
seroclearance, the synergistic effects of HBV and SLD may
accelerate liver disease progression, underscoring the
need for careful clinical management. Current evidence
suggests that antiviral therapy with nucleos(t)ide analogues
is crucial for reducing fibrosis and improving liver stiffness
in CHB patients. However, the role of hepatic steatosis in
modifying the course of HBV-related liver disease, particu-
larly in terms of fibrosis progression and cancer risk, re-
quires further investigation. The potential impact of emerg-
ing treatments for MASLD on HBV-related outcomes is
another area that warrants more focused research.
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