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  In this comprehensive review, Dr. Ogata presents a 
masterful synthesis of four decades of investigation into 
hepatitis B virus (HBV) integration and its role in hepa-
tocellular carcinoma (HCC) development, a relationship 
first highlighted in early molecular studies. Advances in 
sequencing technologies―from Southern blotting and 
Sanger sequencing to second- and third-generation se-
quencing―have progressively refined our understanding 
of how HBV integrates into the human genome, partic-
ularly within repetitive genomic regions 1). One of the 
most striking contributions detailed in this review is the 
discovery of HBV integration into centromeric alpha 
satellite DNA (αSat), first reported by Dr. Ogata. This 
finding was later reinforced by computational approaches 
such as SurVirus 2) and long-read sequencing analyses 3), 
which highlighted the centromere―previously inac-
cessible due to its repetitive structure―as a key locus 
where HBV-induced genomic instability may originate. 
The ability of HBV to integrate into αSat suggests a 
direct mechanism between viral infection, disruption of 
centromere function, and aneuploidy, widely observed 
in HCC. This review also places HBV integration within 
broader cancer genomics efforts including TCGA and 
ICGC projects, which revealed that HBV frequently tar-
gets major cancer-related genes such as TERT, KMT2B, 
and CCNE1 1)4). Structural variations (SVs)―including 
chromosomal amplifications, deletions, and translocations
―were shown to colocalize with HBV integration sites, 
with some SVs occurring decades before clinical HCC 
diagnosis 4). Long-read sequencing has further clarified 
these events, revealing that HBV can induce not only 

local but also distant genomic alterations, reshaping the 
tumor genome in profound ways 3). Beyond genomic 
mapping, emerging proteogenomic insights show that al-
though HBV-derived proteins may be detectable in HCC 
tissues, their expression does not strongly correlate with 
clinical outcomes 5). These results suggest that while 
HBV protein expression may diminish over time, the ge-
nomic scars left behind―such as HBV-driven SVs―con-
tinue to influence tumor biology. The clinical implications 
of these findings are likely to be significant. Advances 
in liquid biopsy technology―including methylated DNA 
assays and cfDNA-based repeat profiling―have enabled 
promising new avenues for early HCC detection 6). 
Meanwhile, therapeutic strategies targeting telomerase, 
particularly anti-TERT approaches, have gained increas-
ing traction due to the central role of TERT activation 
in HBV-related HCC 7). Taken together, this review il-
lustrates a cohesive narrative: HBV integration is not 
a random genomic event but a structured, biologically 
significant process that interacts with centromeric biolo-
gy, genomic stability, and cancer evolution. As long-read 
sequencing and telomere-to-telomere genome assem-
blies mature, repetitive DNA elements―once viewed as 
“genetic dark matter”―are emerging as critical compo-
nents in understanding HBV-mediated hepatocarcinogen-
esis 8). This review not only synthesizes past knowledge 
but also illuminates future directions, urging deeper 
investigation into HBV integration within repetitive ge-
nomic elements and its implications for prevention, early 
detection, and personalized therapy of HBV-related HCC.
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