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Abstract. The present study aimed to assess the utilization
of biomarker testing, including companion diagnostics and
comprehensive genomic profiling (CGP), in Japan and to high-
light the value of large-scale real-world database analysis in
precision oncology. Claims data from the Medical Data Vision
Co., Ltd. database, covering ~40 million patients across 26%
of advanced treatment hospitals in Japan, were retrospec-
tively analyzed. Biomarker tests for five genomic biomarkers
(BRAF, BRCA1/2, KRAS/NRAS, homologous recombination
deficiency and microsatellite instability (MSI)) were evaluated
in patients with a confirmed diagnosis of one of 11 common
cancer types, a cancer of unknown primary origin (CUP) or a
rare cancer, who underwent at least one biomarker test between
December 2018 and March 2022. A total of 41,191 biomarker
tests were recorded in 28,382 patients, with test volumes
increasing markedly between 2018 and 2021. MSI testing was
the most common (70.1% of patients), followed by RASKET-B
for KRAS/NRAS (25.5%) and BRAF (23.9%). Patients with
colorectal cancer frequently underwent multiple tests (42.8%)
and distinct testing sequences were observed in gynecological
cancer. CGP was more commonly performed on tissue-based
samples than through liquid biopsy, particularly in rare cancer
(38.5%) and CUP (11.4%). Notably, ~40% of patients received
a new treatment after CGP, whereas only 1.7% initiated indi-
cated therapy after MSI testing. The mean time to subsequent
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treatment initiation from the index date was 70.4 days. In
conclusion, the present nationwide real-world study provides
an early comprehensive overview of the prevalence and trends
of biomarker testing in Japan, and reveals a gap between testing
and treatment implementation. Although testing is increasing,
its effective clinical use remains limited. Large-scale database
analyses may help identify barriers and support strategies to
improve the integration of biomarker testing into treatment
decision-making, ultimately advancing precision oncology.

Introduction

Biomarker testing has revolutionized cancer care by enabling
more precise and personalized treatment strategies (1). Within
this landscape, comprehensive genomic profiling (CGP) and
companion diagnostics (CDx) serve distinct yet complemen-
tary roles. CGP is a broad genomic testing approach used in
cancer genomic medicine to detect molecular alterations that
may be clinically relevant across multiple cancer types, even if
targeted therapies are not yet available. In contrast, CDx tests
identify specific biomarkers that determine patient eligibility
for approved targeted therapies.

Beyond genomic testing, biomarker assessment also
includes methods such as immunohistochemistry (IHC) and
general blood-based biomarkers (e.g., tumor markers), which
provide additional insights into cancer biology. Since the
approval of genomic panel testing in Japan in 2019 as part of
Japan's Cancer Genomic Medicine program, biomarker-based
precision treatment has become increasingly accessible to
patients (2). However, because CGP is still relatively new
in Japan and several CDx tests have only recently become
eligible for reimbursement under the national health insurance
system, real-world data on the utilization of biomarker testing
remain limited.

According to Japanese cancer statistics, approximately
one million new cancer cases were diagnosed in 2019. The
most common cancer types were colorectal, lung, and stomach
cancer, with prostate cancer being the most common among
males and breast cancer among females (3). Biomarker testing,
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particularly CDx and CGP, plays a critical role in optimizing
treatment for these prevalent cancers (4). CDx tests enable
clinicians to select targeted therapies by identifying biomarkers
that predict a patient's response to treatment, thereby helping
to optimize the risk-benefit profile of the selected therapy (5).
In contrast, CGP enables the simultaneous analysis of multiple
genes and molecular alterations, thereby providing a compre-
hensive genomic overview of a tumor (6,7). By identifying
potential therapeutic targets and improving understanding
of tumor heterogeneity, CGP serves as a valuable tool in
advancing precision oncology.

Tumor-agnostic approaches, which classify tumors based
on molecular and genomic characteristics rather than tissue
of origin, represent an emerging area of precision oncology.
Biomarkers such as microsatellite instability-high (MSI-H),
NTRK fusions, and high tumor mutational burden (TMB) are
used to guide treatment selection across multiple cancer types.

Numerous biomarker tests have been approved for various
targets since the first CDx was approved in Japan in 2011 (8).
Additional CDx platforms are now used in clinical practice
and research in Japan for specific cancer types, including
BRACAnalysis CDx® and myChoice® CDx (9), OncoBEAM™
RAS Colorectal Cancer (CRC) kit (10), RASKET™-B
kit (11) and the Microsatellite Instability In Vitro Diagnostic
(MSI-IVD) kit (12). This study aimed to provide a compre-
hensive overview of biomarker testing practices across cancer
types prevalent in Japan, thereby providing insights into the
implementation of precision medicine and personalized treat-
ment approaches in the Japanese population.

Patients and methods

Data source. This study used claims data from a hospital-based
database maintained by Medical Data Vision Co., Ltd. (MDV)
to examine the real-world utilization of CDx and CGP. This
database contains anonymized hospital-based health insur-
ance claims data from approximately 40 million patients in
Japan (13). It includes inpatient and outpatient medical care
data from approximately 26% of the 440 advanced treatment
hospitals across Japan. Medical claims data are collected
from all insurance types. Approximately 35% of the data
are derived from patients aged 65 years and above (13). The
study cohort consisted of 28,382 patients (15,035 males and
13,347 females). The median age was 69 years, with an age
range of 18-99 years. The database allows for longitudinal
tracking of patients over time within the same institution.
Patient information includes demographics, clinical diagnoses
(International Classification of Diseases, 10th Revision;
ICD-10), procedures and prescriptions.

Study design. This study was a retrospective cohort study
assessing the frequency and utilization of biomarker tests in
Japan. Patients were identified from the MDV database using
specified ICD-10 diagnosis codes for cancer types of interest
and claims for biomarker tests of interests, enabling a compre-
hensive overview of biomarker testing practices (definitions
in Table SI). The study period was from 01 December 2017
to 30 June 2022 (see Fig. S1). Index date was defined as the
date of the first claim for any pre-specified biomarker within
the identification period, spanning from 01 December 2018

(coinciding with approval of the first biomarker test of interest,
the MSI-IVD kit) to 31 March 2022. To ensure sufficient
follow-up for the identification of treatments initiated after
biomarker testing, patients who underwent CDx testing were
required to have at least 3 months of follow-up after index date,
whereas patients who underwent CGP testing were required to
have 8 months of follow-up.

Study population. Eligible patients were required to have a
confirmed diagnosis (utagaiflg=0, indicating a confirmed
diagnosis record in the MDV database) of a cancer type of
interest and at least one claim for a relevant biomarker test
during the identification period. Patients aged <18 years and
those without at least two claims within 12-month look-back
period or the required follow-up period (=3 months for CDx
and =8 months for CGP) were excluded.

Data analysis. Key variables included the frequency of CDx
and CGP utilization, the types of biomarkers tested, and cancer
types for which these tests were performed. Five genomic
biomarkers: BRAF, BRCA1/2, KRAS/NRAS, homologous
recombination deficiency (HRD) and MSI, were selected based
on their availability in the database, their relevance for patient
stratification and treatment decisions, and their utility for
broader comparative analysis across cancer types. To enhance
clarity, the analysis focused on genomic biomarker tests
because many IHC-based biomarkers, including programmed
death-ligand 1 (PD-L1), are approved as complementary
diagnostics. These tests may not directly influence clinical
decision-making in the same manner as CDx. Accordingly,
IHC-based tests were excluded. CGP was included because
it is reimbursed under the national health insurance system
and is used to guide treatment decisions in clinical practice,
similar to CDx. Since biomarker-driven clinical practice has
been relatively well-established in lung and breast cancers,
biomarker tests for these cancer types were excluded from this
study.

Newly initiated treatment was defined as any claim for
chemotherapy, targeted therapy or an immune checkpoint
inhibitor (ICI) that did not occur during the 12-month
look-back period prior to index date, and that was recorded
after index date through the end of the study period. For
patients with a BRCA1/2 or HRD test for ovarian cancer on
index date, treatment initiation post-biomarker testing was
defined as any claim for newly initiated treatment that was
not recorded during the 12-month period prior to index date,
and that was recorded after index date through the end of the
study period. Data were analyzed using descriptive statistics,
including frequencies, the prevalence and utilization of CDx
and CGP in different cancer types. The primary objective was
to describe real-world biomarker testing utilization, testing
sequences, temporal changes, and treatment initiation patterns;
therefore, the analyses were descriptive rather than inferential.

Results

Characteristics of the study population and overall utilization
of biomarker testing. A total of 28,382 patients had a confirmed
cancer diagnosis and underwent at least one biomarker test
(Fig. 1). Overall, 59.3% (16,819/28,382) of patients had a
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Patient has at least 1 claim for any of the biomarker tests of interest within the
identification period
(1 December 2018 to 31 March 2022 for CDx, and 1 December 2018 to
31 October 2021 for CGP)

N = 67577

A

Patient with biomarker testing who is aged 18 years or above and has a
confirmed diagnosis of one of the cancer types of interest within the
identification period
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N = 54,883
( Excluded )
Patient does not have at least 2 claims (for any disorder) within the 12-month
> look-back period (1 claim every 6 months) prior to index date
N = 25,651
(. J
[ Excluded \
Patient does not have at least 1 claim (for any disorder) within the 3-month
follow-up period for CDx, and at least 2 claims (for any disorder) within the
> 8-month follow-up period for CGP (1 claim every 4 months) from index date,
4 excluding those who died
Final study population N = 850
[ N = 28,382 g J

Figure 1. Patient selection flowchart. This schematic flow shows the process of identifying the target patient population in the database. Patients who met the
inclusion and exclusion criteria were included in the study population. Patients were identified based on pre-specified biomarker test claims and confirmed
cancer diagnoses within the MDV database. CDx, companion diagnostics; CGP, comprehensive genomic profiling; MDV, Medical Data Vision Co., Ltd.

metastatic solid tumor, and 98.4% (27,926/28,382) having any
malignancy including lymphoma and leukemia. The mean
follow-up time was 349.8 days (SD: 263.9). A total of 41,191
tests were recorded from index to end of follow-up.

The cohort had a mean age of 67.5 years (SD: 11.3) and
53% were male. Mean body weight at index date was 56.9 kg
(SD: 13.2) (Table SII). The mean modified Charlson comor-
bidity index score was 5.3 (SD: 2.4). Common comorbidities
were mild liver disease (22.6%, 6,400/28,382) and chronic
pulmonary disease (13.7%, 3,889/28,382; Table SII).

Overall biomarker testing frequency increased from 7,198
claims for tests in 2019 to 8,878 claims in 2020 and 10,088
claims in 2021 (full years available in the dataset).

Differences among biomarker tests. The most common
claims for biomarker tests by overall patient count were for
CDx, including MSI (70.1%, 19,894/28,382) and RASKET-B
for KRAS/NRAS (25.5%, 7,232/28,382) and BRAF (23.9%,
6,793/28,382). BRCA1/2 testing for prostate cancer was
the least common CDx claim (0.4%, 106/28,382). Finally,
1,557 patients (5.5%) underwent tissue-based CGP, and 35
(0.1%) had liquid biopsy CGP (Table SII).

Of the 21,065 MSI tests that were conducted during the
study period, 53.8% (11,323 tests) were performed in patients
with colorectal cancer, while 19.3% (4,074 tests) were for those
with rare cancers (data not shown).

Temporal trends in MSI testing utilization. After regulatory
approval of MSI testing, the total monthly number of claims
was relatively consistent across tumor types and indicated
treatment (Figs. 1 and 2). This pattern was relatively consistent
across tumor types and indicated treatment. MSI testing utili-
zation appeared to correspond with the timing of approvals
of specific ICIs, including pembrolizumab and nivolumab, for

specific indications. For example, increases in MSI testing
were observed among patients with gastric and esophageal
cancer following approval of these therapies for the respec-
tive indications (Fig. 2). Despite the increasing utilization
of MSI testing over time, only 1.7% (342/19,894) of patients
subsequently initiated pembrolizumab or nivolumab following
MSI testing. The mean time from MSI testing to treatment
initiation was 38.8 days (SD: 22.3) (Table I).

Frequency and utilization of biomarker testing by cancer type.
Overall, 22.2% (7,892/35,582) of patients underwent multiple
biomarker tests on the index date. This was most common
among patients with colorectal cancer (42.8%; mean 1.6 tests
per patient), followed by prostate cancer (11.5%; 107/932) and
rare cancers (11.0%; 490/4,471; Table II). During follow-up,
4.7% of patients (1,681/35,582) had at least one additional
biomarker test.

Testing sequences varied by cancer type (Table II). For
example, among gynecological cancers, approximately 90%
of patients with cervical cancer (565/647) and endometrial
cancer (1,246/1,344) patients received MSI testing only, while
fewer than 10% underwent tissue-based CGP only, the second
most common testing pattern. An even smaller proportion of
patients (<3.5%) underwent MSI testing on index date followed
by tissue-based CGP during follow-up.

For patients with ovarian cancer, the testing pattern
differed notably. BRCA1/2 testing only was observed in 40.9%
(900/2,202), whereas MSI testing only was observed in 39.7%
(875/2,202) of cases. In addition, 12.7% (279/2,202) of patients
underwent HRD testing only, and 4.0% (88/2,202) underwent
tissue-based CGP only (the fourth most common testing
sequence, data not shown). BRCA1/2 testing was used as the
second and third most common biomarker tests among patients
with pancreatic cancer (477/3,260; 14.6%) and prostate cancer
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Table I. Time to treatment after biomarker testing at index date; overall cohort, n=28,382.

A, MSI (CDx)-pembrolizumab

Patients newly treated Time to treatment initiation
with indicated treatment from index date, days

Cancer type Total (n) n % Mean SD
Total 19,894 342 1.7 38.8 22.3
Gastric cancer 2,936 51 1.7 38.8 24.1
Colorectal cancer 10433 34 0.3 31.3 21.0
(nivolumab)
Colorectal cancer 10,433 121 1.2 364 219
Pancreatic cancer 2,549 27 1.1 399 16.7
Biliary tract cancer 832 14 1.7 349 23.7
Prostate cancer 663 15 23 46.0 21.5
Cervical cancer 583 10 1.7 38.6 22.7
Endometrial cancer 1,273 98 7.7 420 21.7
Opvarian cancer 930 14 1.5 437 253
Cancer of unknown 1,668 39 2.3 41.7 24.1
primary origin
Rare cancer 3875 86 22 392 22.9
B, BRCA 1/2 (CDx)-olaparib

Patients newly treated Time to treatment initiation

with indicated treatment from index date, days
Cancer type Total (n) n % Mean SD
Prostate cancer 106 4 3.8 36.5 25.7
Other cancers: Total 1,422 223 15.7 210.5 211.3
Opvarian cancer 913 210 23.0 2204 2138
Pancreatic cancer 518 13 2.5 51.2 239
140 Chemotherapy with
nivolumab

approved for Ist line

100

&o’ 80
E Chemotherapy with
E 60 pembrolizumab,
Z adjuvant nivolumab
Nivolumab Pembrolizumab approved for Ist line
40 approved for approved for 2nd
2nd line line

L BN NN R RS g R R g g e g e
§ &S s $ $ § §F & ¢ &S § § & ¢ B §
T FEI TN IST TP I I TN S T LI AT TN IS O IITCY

Month of testing

| Gastric cancer Esophageal cancer

Figure 2. Utilization of MSI testing in gastric and esophageal cancer over time. This figure represents the monthly number of MSI tests conducted for gastric
cancer (blue solid line) and esophageal cancer (blue dotted line) between December 2018 and March 2022. The x-axis represents the month of testing and the
y-axis the number of tests recorded in the database. MSI, microsatellite instability.
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(105/932; 11.3%), respectively, whereas in ovarian cancer it
was the most common testing pattern (900/2,202; 40.9%).

Among patients with ovarian cancer, a total of 913
BRCA1/2 (other cancers) tests and 295 HRD tests were
performed at index date (Table I1I). BRCA1/2 testing was
introduced in May 2019, whereas HRD testing did not begin
until January 2021. Following regulatory approvals related
to BRCA1/2 and HRD testing, MSI testing in ovarian cancer
declined, whereas BRCA1/2 and HRD testing became more
common (Fig. 3). Following BRCA1/2 testing, 23.0% (210/913)
of patients initiated olaparib, a poly(ADP-ribose) polymerase
inhibitor (PARP1i), with a mean time from testing to treatment
initiation of 220.4 days (SD: 213.8). However, only a small
proportion of patients with prostate cancer and pancreatic
cancer received olaparib as a new treatment during the
follow-up period (Table I). After BRCA1/2 testing, only 3.8%
(4/106) of patients with prostate cancer and 2.5% (13/518) of
those with pancreatic cancer received new treatment before
the end of their claims record in the database. Targeted thera-
pies were the most common treatment among patients with
prostate cancer who received treatment after CGP (37.9%;
58/153), whereas chemotherapy was most common treatment
among patients with pancreatic cancer (41.2%; 98/238). The
mean time from testing to treatment initiation with olaparib
was 36.5 days (SD: 25.7) for prostate cancer and 51.2 days (SD:
23.9) for pancreatic cancer.

Approximately 40% of patients across cancer types
received new treatment after CGP. Among patients underwent
tissue-based CGP, 7.1% (110/1,557) subsequently initiated
ICI therapy. The mean time from CGP testing to initiation
of treatment was 86.5 days (SD: 65.6) overall, and 96.2 days
(SD: 65.3) for patients who initiated ICI therapy (Table IV).
When stratified by cancer type, 60% of patients with cancer of
unknown primary origin (CUP) or rare cancers did not receive
treatment after tissue-based CGP. Patients with CUP most
frequently received chemotherapy (29/177; 16.4%), whereas
those with rare cancers most frequently initiated targeted
therapy (123/600; 20.5%). A plain language summary of these
findings is available as Data SI.

Discussion

This study provides a unique nationwide, multi-cancer
perspective on biomarker testing patterns within a single
healthcare system in Japan, addressing limitations of previous
studies focusing on specific tumor types or geographic
regions. Although testing levels quickly plateaued within the
first few years after approval, the initial increase, particularly
in MSI and BRCA1/2 testing, is consistent with global trends
in oncology practice and epidemiology (14,15). For example,
the National Comprehensive Cancer Network (NCCN) guide-
lines recommend MSI testing for all patients with a history
of colorectal cancer (16). Recent real-world studies from the
United States and Spain report relatively high MSI testing rates
and increasing utilization over time (17,18), reflecting improved
adherence to guideline recommendations, although variability
across settings remains. These findings are consistent with our
results, which demonstrated increased MSI testing following
regulatory approval in Japan. Notably, our study extends prior
evidence by providing a nationwide, multi-cancer overview

of biomarker testing patterns and addressing gaps in existing
country-specific and tumor-specific analyses.

Emerging insights from large genomic datasets reveal
differences between ethnicities, such as White and Asian
populations, in genomic alteration patterns, including the
frequency of cancer driver mutations (19), and real-world
evidence indicates that MSI testing uptake also varies by
tumor type. Although MSI testing is relatively well estab-
lished in colorectal cancer, earlier studies in endometrial
cancer reported lower testing rates (approximately one-third
in Europe), with more recent data demonstrating increasing
uptake over time (20,21). In Japan, treatment guidelines for
genomic medicine primarily focus on other biomarkers but
also recommend MSI testing to guide decisions regarding
further treatment with ICI (22). The observed differences
in MSI testing utilization likely reflect variations in clinical
practice and disease characteristics rather than superiority of
testing in any specific cancer (20,21). These findings suggest
that discrepancies in testing and clinical application may be
driven by a combination of factors, including disease-specific
characteristics, regulatory timelines, and practical barriers in
clinical adoption. Because the MDV database did not include
individual biomarker test results, these discrepancies should
be interpreted as differences in test use and post-testing treat-
ment initiation, rather than biomarker-positive detection rates.
Furthermore, although biomarker testing plays an important
role in treatment selection, patients in routine clinical practice
often present with more heterogeneous characteristics than
those in clinical trials. Consequently, even when biomarker
results are positive, they may not necessarily lead to the use
of the corresponding recommended therapies in routine care.

The predominance of MSI testing in colorectal cancer
patients and the high frequency of multiple tests in this group
suggest a more integrated role of MSI tests in managing
colorectal cancer. This pattern may reflect the specific
molecular characteristics of colorectal cancer, which require
assessment of a broader range of biomarkers (including
KRAS/BRAF) for effective treatment stratification (23).
The relationship between MSI-H and BRAF mutations in
colorectal cancer is crucial for predicting clinical character-
istics and prognosis, as described in the Japanese treatment
guidelines (24). However, since this study was based on
claims data, biomarker test results were unavailable, including
the percentage of MSI-H and BRAF-mutated cancers. Future
research should further investigate this relationship and its
clinical implications.

Differences in MSI testing utilization across cancer types
may reflect variation in clinical guidelines and the prevalence
of individual cancer types. Akagi et al (25) tested 26,237 clin-
ical samples of multiple cancer types and reported a relatively
high MSI-H prevalence in several cancers with historically
limited treatment options, including endometrial (16.9%),
colorectal (3.8%), gastric (6.7%), esophageal (1.1%), as well as
ovarian (2.2%) and pancreatic (0.8%) cancers. In the current
nationwide analysis, testing rates were high in gastric cancer
(97.3%) and endometrial cancer (98.2%), but lower in ovarian
cancer (47.1%). However, patients in this study were required
to have at least one claim for any of these five biomarkers.
Therefore, the reported testing rates reflect the distribution of
biomarker testing among tested patients rather than among all
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Table III. Number of patients with MSI, BRCA and CGP tests at index, overall and by cancer type.

Number of patients BRCA 1/2 BRCA 1/2
with tests Prostate Other HRD  Tissue Biopsy
Cancer type performed MSI  Cancer (CDx) Cancers (CDx) (CDx) (CGP)
Overall 28,382 19,894 106 1,422 295 1,557
Gastric cancer 3,103 2,936 NA NA NA 167
Esophageal cancer 837 757 NA NA NA 78
Colorectal cancer 15,812 10,433 NA NA NA 207
Pancreatic cancer 3,260 2,549 NA 518 NA 238
Biliary tract cancer 899 832 NA NA NA 68
Prostate cancer 932 663 106 NA NA 153
Cervical cancer 647 583 NA NA NA 68
Endometrial cancer 1,344 1,273 NA NA NA 75
Ovarian cancer 2,202 930 NA 913 295 92
Lung cancer 232 NA NA NA NA 228
Cancer of unknown primary origin 1,843 1,668 NA NA NA 177
Rare cancer 4471 3,875 NA NA NA 600

Dx, companion diagnostics; CGP, comprehensive genomic profiling; MSI, microsatellite instability; NA, not available.
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Figure 3. BRCA/HRD/MSI testing in ovarian cancer over time. The monthly number of BRCA1/2 (blue solid line), HRD (blue dotted line) and MSI (gray
solid line) tests performed between December 2018 and March 2022 are shown. The x-axis represents the month of testing and the y-axis the number of tests
recorded in the database. CDx, companion diagnostics; HBOC, hereditary breast and ovarian cancer; HRD, homologous recombination deficiency; MSI,

microsatellite instability.

patients diagnosed with a given cancer type. This distinction
should be considered when interpreting the results.

During the study period, Japanese treatment guidelines
recommended MSI testing before initiating second-line
treatment, particularly for gastric cancer (26), based on the
effectiveness of pembrolizumab in MSI-H tumors. Similarly,
Japanese treatment guidelines for endometrial cancer also
recognize the effectiveness of pembrolizumab for MSI-H

cases (27). In contrast, ovarian cancer guidelines only make
a cautious reference to pembrolizumab use in patients with
MSI-H tumors because of insufficient supporting data (28).
These differences reflect a more selective and evidence-based
application of genomic testing across cancer-specific treatment
strategies.

The relatively stable mean time to treatment initiation
post-MSI testing across tumor types suggests a relatively
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Table I'V. Time to treatment after CGP testing at index date; overall cohort, n=28,382.

A, Tissue-based CGP

Patients newly treated Time to treatment
with indicated initiation from

treatment index date, days

Cancer type n Treatment type n % Mean SD
Total 1,557 Total 637 409 86.5 65.6
Chemotherapy 235 15.1 77.3 65.5

Targeted therapy 312 20.0 93.5 66.4

Immune Checkpoint 110 7.1 96.2 65.3

Inhibitors (ICI)

Gastric cancer 167 Total 60 359 83.5 64.9
Chemotherapy 18 10.8 86.4 65.9

Targeted therapy 19 114 85.2 67.1

ICI 28 16.8 95.6 72.3

Esophageal cancer 78 Total 21 26.9 67.0 559
Chemotherapy 4 5.1 74.0 38.8

Targeted therapy 5 64 97.8 68.8

ICI 12 154 519 535

Colorectal cancer 207 Total 88 425 78.4 59.9
Chemotherapy 15 7.2 715 59.9

Targeted therapy 66 319 80.6 61.2

ICI 9 43 89.6 594

Pancreatic cancer 238 Total 112 47.1 794 62.7
Chemotherapy 98 412 76.8 64.0

Targeted therapy 10 42 109.5 49.8

ICI 4 1.7 69.8 46.3

Biliary tract cancer 68 Total 23 33.8 619 59.2
Chemotherapy 20 294 65.7 62.3

Targeted therapy 1 1.5 8.0 NA

ICI 2 29 51.0 7.1

Prostate cancer 153 Total 71 464 85.0 62.7
Chemotherapy 10 6.5 743 65.0

Targeted therapy 58 379 86.4 64.4

ICI 5 33 108.2 424

Cervical cancer 68 Total 27 39.7 71.7 60.2
Chemotherapy 16 235 74.1 624

Targeted therapy 9 13.2 85.9 65.2

ICI 3 44 99.0 55.1

Endometrial cancer 75 Total 36 480 105.0 74.0
Chemotherapy 18 24.0 85.6 64.5

Targeted therapy 14 18.7 1209 72.1

ICI 8 10.7 154.3 822

Ovarian cancer 92 Total 28 304 89.5 81.3
Chemotherapy 9 9.8 53.7 72.5

Targeted therapy 18 19.6 110.1 823

ICI 2 22 133.0 128.7

Lung cancer 228 Total 95 41.7 93.2 62.7
Chemotherapy 21 92 99.5 79.3

Targeted therapy 49 21.5 95.6 62.3

ICI 29 12.7 96.2 55.0
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A, Tissue-based CGP

Patients newly treated  Time to treatment
with indicated initiation from

treatment index date, days

Cancer type n Treatment type n % Mean SD
Cancer of unknown primary origin 177 Total 71 40.1 99.0 60.2
Chemotherapy 29 164 73.2 64.2

Targeted therapy 23 13.0 1219 554

Immune Checkpoint Inhibitors 21 119 115.8 459

Rare cancer 600 Total 245 40.8 90.4 67.2
Chemotherapy 86 14.3 76.5 64.1

Targeted therapy 123 20.5 105.2 68.4

ICI 47 7.8 844 67.1

B, Liquid biopsy-based CGP

Patients newly treated  Time to treatment

with indicated initiation from

treatment index date, days

Cancer type n Treatment type n % Mean SD
Total 35 Total 14 40.0 89.6 63.6
Chemotherapy 5 143 55.8 57.0

Targeted therapy 9 257 108.3 62.0

ICI 0 00 NA NA

Time period for analysis is entire study period. CDx, companion diagnostics; CGP, comprehensive genomic profiling; ICI, immune checkpoint

inhibitors; MSI, microsatellite instability; NA, not available.

uniform response to testing results in routine clinical
practice in Japan. However, the low proportion of patients
who received a new treatment after testing indicates
potential barriers to translating test results into therapeutic
action (29). Detection of MSI-H is important for identifying
tumors that may respond to pembrolizumab in gastric cancer
and potentially other ICIs (30). Furthermore, emerging
real-world evidence suggests that not only testing itself but
also the time from biomarker testing to treatment initiation
is critical, as delays in testing or subsequent therapy initia-
tion may be associated with poorer survival outcomes (31).
The relatively low proportion of patients who newly initiated
treatment after biomarker testing may have several expla-
nations, including negative or non-actionable test results,
prior use of relevant therapy before the index date, clinical
deterioration before treatment initiation, limited treatment
access, or transfer to another institution following testing,
resulting in subsequent therapies not being captured in
the database. Because claims data do not include reasons
for clinical decision-making, these factors could not be
separately evaluated.

BRCAI1/2 testing plays an important role not only in
detecting germline mutations but also in guiding treatment

decisions. The introduction of BRCA1/2 testing for hereditary
breast and ovarian cancer (HBOC) syndrome has been a key
factor driving its utilization. Following approval of BRCA
analysis as a CDx for olaparib treatment for BRCA1/2 mutated
ovarian cancer, the number of BRCA1/2 tests increased from
2019 onward (32). Consistent with this observation, real-world
evidence demonstrates a marked increase in BRCA testing
uptake over time, with the proportion of patients tested within
one year of diagnosis increasing substantially across succes-
sive years (33).

However, the adoption of BRCA1/2 testing declined
following approval of HRD tests as CDx for the PAOLA-1
regimen at the end of 2020 (34). Real-world evidence suggests
that, despite widespread BRCA testing, the uptake of HRD
testing remains relatively low, with substantially fewer patients
undergoing HRD testing compared with BRCA testing in
clinical practice. This pattern may reflect the later approval
and gradual adoption of HRD testing, as well as practical
considerations such as testing complexity, and suggests that
HRD testing is likely to increase over time in a manner similar
to the earlier expansion of BRCA testing following its clinical
adoption (35). It indicates that the landscape of biomarker
testing in clinical practice is substantially influenced by the
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availability of specific tests and the approval of associated
therapies.

One real-world study in Japan found that 26.8% of
newly diagnosed advanced ovarian cancer patients had
tissue BRCA1/2 mutations, with 60.0% having HRD (36).
Considering the high prevalence of HRD in ovarian cancer, and
the convenience of MyChoice CDx test from Myriad Genetics,
HRD testing may become more common than BRCA1/2
testing in current clinical situation (37). The MyChoice CDx
test assesses both HRD positivity and tumor BRCA1/2 muta-
tion status; however, it cannot distinguish between germline
and somatic BRCA1/2 mutations.

Olaparib was approved in Japan in 2020 as a treatment
option for BRCA mutated pancreatic and metastatic castra-
tion-resistant prostate cancer (34). Given this relatively recent
approval during the study inclusion period, the lower testing
rates observed in these cancer types may reflect later adoption
of BRCA CDx testing compared with ovarian cancer, where
BRCA testing and PARP inhibitor use were established earlier.
This relatively low prevalence of BRCA mutations in pancre-
atic cancer (38) and metastatic castration-resistant prostate
cancer (39) may also have contributed to the lower utilization
of BRCA CDx testing.

The number tissue-based CGP tests was 45-fold higher
than that of liquid biopsy-based CGP during the study period.
One factor contributing to this difference is the earlier regu-
latory approval of tissue-based CGP (2018) compared with
liquid biopsy-based CGP (2021) in Japan (40,41). Given the
study period, this difference in timing likely had a substantial
impact on utilization. Although Japanese clinical oncology
practice guidelines authored by the Japanese Cancer
Association, the Japanese Society of Medical Oncology, and
the Japan Society of Clinical Oncology have recommended
the use of liquid biopsy in certain situations (40), several
factors may have contributed to its lower use in practice.
These include challenges in determining the optimal timing
of testing, concerns regarding false-negative results due to
limited ctDNA sensitivity, and practical barriers such as lack
of familiarity and variability in reimbursement. Although
specific reasons could not be evaluated in this descriptive
database study, such barriers may nevertheless exist and
may have influenced the observed adoption patterns (42,43).
These include the limited availability of approved liquid
biopsy tests, as well as perceived differences in sensitivity
and reliability compared to tissue biopsies. Additionally,
ICI treatments were frequently initiated after tissue-based
CGP but not after liquid biopsy-based CGP, suggesting a
higher level of clinical confidence in tissue-based results for
guiding immunotherapy decisions. However, a recent study
investigating FoundationOne Liquid testing in Japan between
2021 and 2023 reported increasing utilization over time and
suggested that liquid biopsy testing may provide therapeutic
benefits in several distinct cancer types (44).

Biomarker-driven treatment selection plays a critical role
across multiple cancer types, guiding the use of targeted
therapies and immunotherapies. MSI-H testing helps identify
patients eligible for treatment with ICI (25,41), while other
biomarkers, such as BRAF and KRAS mutations, influence
treatment selection by predicting treatment response or resis-
tance. Similarly, BRCA1/2 and HRD testing inform the use of

PARP inhibitors, particularly in cancers in which deficiencies
in DNA repair influence therapeutic response.

In the context of CUP and rare cancers, the high percentage
of patients not receiving treatment after CGP testing warrants
attention. The notable low rate of access to treatment following
both tissue-based and liquid biopsy-based CGP highlights
challenges in identifying actionable targets and the limited
availability of testing options for Japanese patients. Limited
access to genotype-matched therapy post-CGP is a known
issue in Japan (45-47). To address these obstacles, academic
institutions are actively working to enhance patient enrollment
in clinical studies guided by CGP results. For CGP, this gap
may reflect the absence of actionable alterations, limited access
to approved genotype-matched therapies or clinical trials,
deterioration of patient condition before treatment initiation,
and institutional restrictions because CGP is available through
designated cancer genomic medicine institutions.

A recent systematic review has highlighted the important
role for liquid biopsy in prostate cancer for accurately detecting
multiple biomarkers and reducing costly false positives (48).
This situation accentuates the need for more research and drug
development in these areas.

Limitations of the claims database include the inability to
track patients across institutions and the lack of information
on biomarker test results, actionable alterations, performance
status, disease stage, line of therapy, treatment intent, and
reasons for not receiving subsequent treatment. Therefore,
subsequent treatments after transfer to another institution may
have been underestimated. In addition, differences between
CDx and CGP testing may partly reflect institutional resource
differences, because CDx tests are more widely available
whereas CGP is restricted to designated cancer genomic
medicine institutions. These limitations should be considered
when interpreting the observed gap between biomarker testing
and treatment initiation. Therefore, the present study focused
on descriptive analyses of nationwide biomarker testing and
treatment initiation patterns.

Although formal statistical comparisons across cancer
types or trend analyses over time could technically be
performed, we considered such analyses unlikely to provide
clinically meaningful insights within the context of this study.
The included cancer types differ fundamentally with respect
to biomarker indications, clinical practice guidelines, regula-
tory approval and reimbursement timelines, and available
targeted therapies, all of which substantially influence testing
practices. As a result, statistical comparisons would largely
reflect these inherent differences rather than differences attrib-
utable to biomarker utilization itself. Furthermore, because
study eligibility criteria required patients to have undergone
at least one biomarker test, the reported proportions describe
biomarker testing patterns within a selected cohort of tested
patients rather than the frequency of biomarker testing among
all patients with a given cancer type. Accordingly, inferential
comparisons across cancer types or formal trend analyses
were considered unlikely to provide additional clinically
meaningful insight beyond the descriptive findings presented.

In conclusion, biomarker testing in routine oncology care
in Japan is still emerging, driven by rapidly expanding treat-
ment options and growing insights into tumor biology. This
nationwide real-world study provides an early comprehensive
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view of biomarker testing prevalence and utilization trends,
revealing a persistent gap between testing and treatment
initiation. Although descriptive in nature, this study provides
clinically meaningful insights, particularly given the lack of
available methodologies at the time of study initiation for
comprehensively characterizing real-world testing patterns.

Although biomarker testing is increasing, its effective
integration into clinical practice remains limited. Further
analyses of large healthcare databases may help identify
barriers and support the development of targeted strategies to
advance precision oncology, including broader dissemination
of guideline-recommended testing and improved integration
of biomarker testing into treatment decision-making. These
findings provide clinically relevant insights to inform strate-
gies for optimizing the implementation of biomarker-driven
treatment in routine practice.
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