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B  Overview

Cancer genomic  medicine  involves
performing a comprehensive genomic
profiling (CGP) test to identify gene
mutations that can lead to targeted therapy.
Since 2016, we have developed the Todai
OncoPanel (TOP) at The University of Tokyo
Hospital. Unlike other approved CGP tests
that only have a DNA panel, TOP has a dual
DNA/RNA panel. Furthermore, many
polymorphic probes enable sophisticated
gene copy number analyses. In April 2021, the
Department of Next-Generation Precision
Medicine Development Laboratory started as
a social cooperation program, collaborating
with Konica Minolta, Inc.

Our research

In our department, we are working on (1)
validating the clinical utility of the TOP
system and enhancing its multifunctionality,
(2) optimizing pathological specimens for
CGP tests, and (3).

(1) Clinical utility of Todai OncoPanel and
further development

Background:

In August 2023, the TOP system was
approved for reimbursement under the name
“GenMineTOP Cancer Genomic Profiling
System.” This study aimed to evaluate the
clinical utility of GenMineTOP in real-world
practice under the national health insurance
scheme.

Methods:

We analyzed GenMineTOP test results from
1,356 cases registered in the database of the
Center for Cancer Genomics and Advanced

Therapeutics (C-CAT). The DNA panel
evaluated 737 genes, while the RNA panel
assessed gene fusions involving 455 genes,
exon skipping in 5 genes, and expression
levels of 27 genes. Regarding NTRK gene
fusions, we performed 10,000 simulations
using FoundationOne CDx (FICDx) data
obtained from C-CAT, matching cancer types
and patient ages with those in the
GenMineTOP dataset. We also conducted
multivariate  analyses to  investigate
associations between RNA expression levels
and copy number alterations or cancer types.

Results:

Oncogenic  genomic  alterations  were
identified in 91.5% of cases, including gene
fusions in 105 cases. NTRK fusions were
detected in 11 cases (0.8%) with
GenMineTOP, showing a higher detection
rate than F1CDx (median 0.44%, 95% CI:
0.147-0.739%) based on simulation.
Additionally, diagnostically relevant gene
fusions were detected in 49 cases. Correlation
analysis between gene amplification and RNA
expression revealed strong correlations for
MDM?2, CDK4, EGFR, and ERBB2, while
genes such as MYC and FGFRI showed
weaker correlations, indicating the need for
caution in interpreting gene amplifications.
Cancer type was the most influential factor
affecting gene expression levels. Furthermore,
certain mutations (e.g., KIT and TERT) and
gene fusions (e.g., ALK and RET) were also
associated with increased gene expression.

Discussion and Conclusion:
The RNA panel of GenMineTOP successfully



detected a variety of gene fusions. Notably,
the higher detection rate of N7TRK fusions
compared to FICDx may be partially
attributed to the absence of NTRK3 intron
probes in FICDx; while ETV6-NTRK3
fusions can be detected via the ETV6 probe,
fusions involving other partners may be
missed. The RNA expression data obtained
may serve as a valuable resource for
interpreting future test results.

(2) Best tissue processing practices for CGP
tests with RNA panel

Background:

In CGP testing, unstained formalin-fixed
paraffin-embedded (FFPE) specimens used
for pathological diagnosis are widely
utilized. The processes from specimen
collection to pre-analytical fixation
significantly affect nucleic acid quality and
sequencing success, highlighting the need
for optimization. This study aimed to
investigate the influence of specimen size,
time to fixation (cold ischemia time),
fixative concentration, and fixation duration
on DNA and RNA yield and quality.

Methods:

Fresh porcine liver tissue obtained within 30

min post-excision was used to prepare

specimens of three sizes. Some experiments

have also included porcine pancreas.

Specimenl: Simulating biopsy

specimens (2 mm thick, 2 mm x 15 mm)

Specimen2: Ideal specimen size

(10 mm thick, 12 mm x 10 mm)

Specimen3: Simulating  “real-world”

surgical specimens

(50 mm thick, 300 mm x 50 mm)

FFPE specimens were prepared under the

following conditions:

® Time to fixation (30 min, 3 h, 6 h, 24 h)

® Fixative concentration (10% and 20%
neutral buffered formalin [NBF])

® Duration of fixation (1, 3, and 7 days).

Specimens 1 and 2 were cut into uniform

sizes using a biopsy punch and embedded in

three pieces per block (n=3). Specimen 3
was fixed without appropriate pre-trimming
and subsequently cut into 5 mm cubes
before embedding (three pieces per block,
n=3). DNA and RNA were extracted from a
single 10 um section and evaluated for yield
and quality using a Qubit fluorometer and
TapeStation.

Results:

1. Effect of Specimen Size

in large specimens (50 mm-thick), DNA
quality and yield decreased, while RNA
quality and yield remained unaffected.

2. Effect of Time to Fixation

In the liver tissue stored in moist conditions,
no significant changes were observed, even
with a 24-hour delay before fixation. In
contrast, the pancreatic tissue showed a
degradation in DNA quality after 3 h.

3. Effect of Fixative Concentration
Compared to 10% NBF, 20% NBF resulted
in reduced DNA quality, whereas RNA
quality remained unaffected.

4. Effect of Fixation Duration

Regardless of specimen size, fixation for
more than three days led to decreased DNA
and RNA quality.

Discussion and Conclusion:

This study revealed that pre-fixation and
fixation conditions affect the quality of
DNA and RNA differently. To obtain high-
quality DNA and RNA suitable for CGP
testing, it is desirable to initiate fixation in
10% neutral buffered formalin (NBF) within
3 h post-excision, to apply appropriate
trimming for large specimens prior to
fixation, and to limit the fixation duration to
1 d (24 h). These conditions contribute to
the standardization of FFPE specimen
preparation and ensure a reliable nucleic
acid quality for molecular diagnostics.

(3) Evaluation of the Clinical Utility of
Tumor-Derived Circulating HPVDNA
in Early-Stage Cervical Cancer



Background:

More than 95% of cervical cancer cases are
caused by HPV infection, with HPV types 16
and 18 being the most frequently detected. In
recent years, “liquid biopsy,” a non-invasive
technique for measuring biomarkers in blood
and other body fluids, has attracted significant
attention. Tumor-derived circulating HPVDNA
(ctHPVDNA) is expected to serve as a novel
biomarker. This study aimed to evaluate the
detectability of ctHPVDNA and its clinical
relevance in early-stage cervical cancer.

Methods:

Among 109 patients scheduled for surgery for
early-stage cervical cancer, 24 cases for which
both tumor tissue and preoperative peripheral
blood samples were available were included in
the study. The measurement of ctHPVDNA was
performed using highly sensitive and
quantitative digital PCR (dPCR). Type-specific
assays targeting high-risk HPV types (16, 18, 31,
and 52) were designed.

Results:

Among 22 cases in which HPV genotypes were
identified from tumor DNA, the detection rate of
ctHPVDNA was 31.8% (7/22 cases). Although
ctHPVDNA levels did not significantly correlate
with tumor size, clinical stage, or recurrence rate,
cases with lymphovascular invasion tended to
have  higher ctHPVDNA levels, and
ctHPVDNA-positive cases showed a higher rate
of lymphovascular invasion (p = 0.069).
Similarly, cases with lymph node metastasis
tended to have higher ctHPVDNA levels.
Among ctHPVDNA-negative cases, the
negative predictive value for lymph node
metastasis was 73%.

Discussion and Conclusion:

These findings suggest that ctHPVDNA may
reflect the extent of lymphovascular invasion
rather than local tumor burden. ctHPVDNA
could serve as a useful adjunctive indicator for
preoperative assessment of disease progression
in early-stage cervical cancer.

B Future directions
(1) Clinical utility of Todai OncoPanel and

further development
Our department is also conducting the TOP2
prospective  study to  enhance the

multifunctionality of the TOP system beyond
its use within the framework of insurance-
covered clinical practice. This includes the
development of a homologous recombination
deficiency (HRD) scoring system in the DNA
panel and the evaluation of expression
signatures in the RNA panel—such as
primary site prediction, sensitivity to immune
checkpoint  inhibitors, and prognosis
estimation—aimed at expanding the
functional capabilities of TOP.

(2) Best tissue processing practices for CGP
tests with RNA panel

Future studies will extend these
investigations to a broader range of organs
and tumor tissues to determine the optimal
fixation conditions for each tissue type.
Validation using clinical specimens will be
conducted to assess the applicability of
these findings in the diagnostic and
therapeutic settings. Additionally,
automation and standardization of fixation
protocols will be pursued to improve
reproducibility across institutions.

(3) Evaluation of the Clinical Utility of
Tumor-Derived Circulating HPVDNA
in Early-Stage Cervical Cancer

We aim to promote the clinical application of

ctHPVDNA by increasing the number of

cases for further validation and conducting
molecular genetic analyses using cancer gene
panels.
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