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Hepatitis B virus DNA integration: Implications for
diagnostics, therapy, and outcome
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Summary:

Hepatitis B virus (HBV) DNA integration — originally recognised as a non-functional byproduct of the HBV life cycle — has now been
accepted as a significant contributor to HBV pathogenesis and hepatitis D virus (HDV) persistence. Integrated HBV DNA is derived
from linear genomic DNA present in viral particles or produced from aberrantly processed relaxed circular genomic DNA following
an infection, and can drive expression of hepatitis B surface antigen (HBsAg) and HBx. DNA integration events accumulate over
the course of viral infection, ranging from a few percent during early phases to nearly 100 percent of infected cells after prolonged
chronic infections. HBV DNA integration events have primarily been investigated in the context of hepatocellular carcinoma
development as they can activate known oncogenes and other growth promoting genes, cause chromosomal instability and,
presumably, induce epigenetic alterations, promoting tumour growth. More recent evidence suggests that HBsAg expression
from integrated DNA might contribute to HBV pathogenesis by attenuating the immune response. Integrated DNA provides a
source for envelope proteins required for HDV replication and hence represents a means for HDV persistence. Because integrated
DNA is responsible for persistence of HBsAg in the absence of viral replication it impacts established criteria for the resolution of
HBYV infection, which rely on HBsAg as a diagnostic marker. Integrated HBV DNA has been useful in assessing the tumover of
infected hepatocytes which occurs during all phases of chronic hepatitis B including the initial phase of infection historically
termed immune tolerant. HBV DNA integration has also been shown to impact the development of novel therapies targeting
viral RNAs.



Keypoints

e  Hepatitis B virus (HBV) DNA integration is a replication defective byproduct of HBV replication.

e  HBV DNA integration is dispensable for the HBV life cycle but occurs frequently and early in the course of HBV infection.

e HBV DNA integration leads to persistent hepatitis B surface antigen (HBsAg) expression in the absence of HBV replication.

e HBsAg expression from integrated HBV DNA contributes to hepatitis D virus release and persistence.

e HBsAg expression from integrated DNA compromises criteria for establishing functional cure.

* HBV DNA integration has mutagenic potential, can cause chromosomal instability and promotes hepatocellular carcinoma development.

e Modifications in viral RNA sequences expressed from integrated sequences have impacted the clinical development of small-interfering
RNAs.
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Fig. 4. HBV integration, clonal expansion, HCC development. The progression of chronic hepatitis B to HCC is accompanied by an increasing proportion of
hepatocyte clones with HBV DNA integration: from initial clone expansion to clonal hypemplasia with indeterminate potential (CHIP} to HCC. Virus-host chimeric DNAs
signatures from individual clones (marked by a unique colour}can be released into the blood. The level of individual circulating chimeric DNA is in proportion to its clone
size in the liver and becomes detectable in HCC. Antiviral therapy may slow down the clonal expansion by controlling the liver inflammatory activity and preventing
further HBYV DNA integration by controlling viral replication. CHB, chronic hepatitis B; HBV, hepatitis B virus; HCC, hepatocellular carcinoma.



Conclusions and perspectives

While much knowledge has been gained regarding HBV DNA
integration and its associated pathobiology, unresolved issues
remain that require additional more focused research. We
consider the following of particular interest:

i) The understanding of the mechanism of regulation of expres-
sion of integrated viral DNA and its silencing may open new
perspectives for biomarker discovery or treatment intervention.

i) The identification of non-invasive biomarkers to determine the
burden of viral integration in the infected liver may predict the
development of HCC.

i) The characterisation of chimeric antigens resulting from inte-
gration of HBV sequences in the host genome could support
the design of (neojadjuvant vaccines to treat HBV-
induced HCC.

iv) The clinical evaluation of the effect of early treatment inter-
vention on viral integration. For instance, studies of ongoing
cohorts of HIV-HBV-coinfected patients who have received
anti-HBV NUCs in their antiretroviral regimens and were thus
treated at milder stages of liver disease, may provide signifi-
cant insight.

v) The identification of patients with occult HBV infection,
especially in the setting of co-infection with HCV, who
may have a high burden of HBV integration and be at risk
of HCC development. This may have clinical value, e.g.
for the identification of patients with cured HCV infection
who may remain at risk of HCC development. These
studies will also have to address the impact of the
geographical heterogeneity of occult HBV infection.
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ABSTRACT

Purpose: Epicardial adipose tissue volume (EATV), is well correlated with coronary artery disease (CAD), however
not reported clinically. Breast density, measured on mammography, has shown promise as a reflector of car-
diometabolic risk, with less dense breasts indicating greater proportion of adipose tissue. We aimed to evaluate
the association between breast density, EATv and CAD.

Method: Retrospective, cross-sectional study including 153 women who had both clinically indicated coronary
computed tomography angiogram (CCTA) and mammography. EATv was quantified using semi-automated
software. Breast density was visually assessed by standard 4-level BI-RADS grading (low: BI-RADS A-B, high:
BI-RADS C—D). CAD was categorised as presence/absence of coronary artery plaque and severity was quantified
using CAD-RADS score.

Results: Among 153 patients (mean age 62 1 10), 103 (67.3 %) had low breast density (high breast adiposity).
Low breast density patients were older, had greater rates of hypertension, higher mean BMI (p < 0.001) and
EATv (106.6 1 43.0 ml vs 81.0 1L 31.6 ml, p < 0.001). EATv was predictive of low breast density (OR: 1.02
[1.01-1.03], p = 0.006), independent of age and hypertension. Low breast density was strongly associated with
presence of CAD (prevalence 75 % vs 48 9%, OR: 3.21[1.58-6.53], p = 0.001) independent of EATv, and
modifiable (OR: 2.69[1.24-5.92], p = 0.012) and non-modifiable (OR: 2.42[1.04-5.85], p = 0.047) cardiovas-
cular risk factors. Low breast density made up a higher proportion of mild (76.5 %), moderate (73.9 %) and
severe (80.0 %) CAD.

Conclusions: Low breast density is associated with higher EATv and independently associated with CAD presence
beyond EATv and other cardiovascular risk factors. Mammographic breast density may therefore have value as
an early risk identification tool for CAD in women.
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Summary

Chronic hepatitis virus infections remain a major public health problem, despite significant therapeutic advances over the past two
decades. Considerable progress has been made in the treatment of chronic viral hepatitis, but continued efforts are needed to
develop and bring to market new drugs to fill the gaps in the current therapeutic armamentarium. Thus, clinical trials to assess the
safety and efficacy of these new therapeutic approaches, including the selection of reliable and objective treatment endpoints, are
still needed. Virological biomarkers play an important role in the diagnosis, monitoring, and evaluation of antiviral treatment ef-
ficacy. They are often used as primary or secondary endpoints in the evaluation of new treatments for chronic viral hepatitis.
However, these markers are not all equally informative. The aim of this review article is to provide a comprehensive overview of the
available virological tests for chronic viral hepatitis due to hepatitis B, D, C and E viruses, the information they provide and lack, the
specific challenges associated with each, and their use in clinical trials of new treatments.



Keypoints

Chronic hepatitis virus infections remain a major public health problem.

Despite recent therapeutic successes, there is a need to continue efforts to develop and bring to market new drugs.

Because of their correlation with the prognosis of liver disease, virological biomarkers are often used as primary or secondary endpoints in
the evaluation of new treatments for chronic viral hepatitis.

The “old” virological markers (HBV DNA, HBsAg, HBeAg/anti-HBe antibody) remain the comerstone of assessing the efficacy of thera-
peutic approaches for HBV.

Other virological markers (quantitative HBeAg, quantitative anti-HBc antibody, HBV RNA, HBcrAg, ultra-sensitive HBsAg and HBsAg
isoforms) are recommended for exploratory and descriptive purposes only.

Despite the lack of standardisation and incomparability of HDV RNA assays, HDV RNA quantification remains the primary biomarker of
antiviral efficacy in HDV clinical trials.

Sustained virological response, defined by undetectable HCV RNA or HCV core antigen at 12 or 24 weeks post-treatment, is the endpoint
of anti-HCV therapy that indicates a definitive cure of the infection.

Undetectable HEV RNA after the end of treatment is the endpoint of successful anti-HEV therapy, indicating a definitive cure of the
infection.
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Fig. 1. Origin of HBV virological markers. “Both cccDNA-derived and integrated sequence-derived HBsAg. cccDNA, covalently closed circu
hepatitis B core-related antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus.




Conclusions

Chronic hepatitis virus infections remain a major public health
problem with nearly 300 million people infected worldwide.
Progress has been made in developing effective antiviral stra-
tegies, but there is still a need to develop new hepatitis drugs
and conduct clinical trials to assess their efficacy and safety.
Virological markers remain the comerstone of efficacy
assessment in clinical trials, provided that the right assays are
used according to a strict, standardised schedule. Ultimately,
the gold standard endpoint of any therapeutic development is
clinical benefit to the patient.
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Glucagon-like peptide-1 receptor agonists for
treating chronic kidney disease in patients with
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Glucagon-like peptide-1 (GLP-1) receptor agonists
(also called “glutides”) are an effective treatment
for patients with type 2 diabetes and chronic
kidney disease

In a randomized controlled trial of people with type 2 dia-
betes, albuminuria, and estimated glomerular filtration rate
(eGFR) between 25 and 75 mL/min/1.73m?, subcutaneous
semaglutide reduced the relative risk of kidney failure, 50%
decline in eGFR, or death by 24%.! A meta-analysis of
64 286 patients showed that GLP-1 receptor agonists
reduced the relative risk of all-cause death by 12% com-
pared with placebo.?

They are a second-line treatment for patients with
type 2 diabetes and chronic kidney disease
Angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, metformin, and sodium-glucose
cotransporter 2 (SGLT-2) inhibitors (also called “flozins”)
are first-line treatments.?

GLP-1receptor agonists should not be used in
combination with dipeptidyl peptidase 4 inhibitors
(DPP-4 inhibitors or “gliptins”)

GLP-1 receptor agonists and DPP-4 inhibitors both target
incretin and are not synergistic.* In contrast, GLP-1 receptor
agonists and SGLT-2 inhibitors work in different ways and
can be used together.!

d Nausea, vomiting, and diarrhea are reported in
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Weekly subcutaneous injection is preferred over
daily oral semaglutide

Oral semaglutide may have less cardiovascular benefit and is
limited to lower doses than used in weight-loss studies.? Adher-
ence to weekly subcutaneous injections may also be higher.
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Thyroid medication linked to bone
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Levothyroxine —a common medication taken for hypothyroidism — may be
associated overtime with bone loss.

By —will Morton
N ov 25th, 2024

Levothyroxine — a commaon medication taken for hypathyroidism — may be
associated over time with bone loss, according to a study to be presented
at next week's RSNA meeting in Chicago.

Researchers fram Johns Hopkins University in Baltimore, MD, will share
findings that suggest that people taking the medication over about six
yvears had greater loss of total body bone mass and bone density
compared with nonusers. What's more, the hone loss was seen even in
participants whose thyroid-stimulating hormone (TSH) levels were within
normal range, noted co-senior author Shadpour Demehri, MD.

"Our study suggests that even when following current guidelines,
levothyroxine use appears to he associated with greater hone loss in
older adults," Demehri said, in a news release from RSNA.

Approximately 23 million Americans -- ahout 7% of the U.S. population --
take levothyroxine daily, most commonly for hypothyroidism, a condition
in which the thyroid glands do not produce enough thyroxine. If left
untreated, the condition can lead to serious and potentially fatal
complications.



