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ABSTRACT

ARTICLE HISTORY

Aims: In Japan, the use of comprehensive genomic profiling (CGP) is only available for cancer patients
who have no standard of care (SoC), or those who have completed SoC. This may lead to missed
treatment opportunities for patients with druggable alterations. In this study, we evaluated the poten-
tial impact of CGP testing before SoC on medical costs and clinical outcome in untreated patients
with advanced or recurrent biliary tract cancer (BTC), non-squamous non-small cell lung cancer (NSQ-
NSCLC), or colorectal cancer (CRC) in Japan between 2022 and 2026.

Materials and methods: We constructed a decision-tree model reflecting the healthcare environment
of Japan, to estimate the clinical outcome and medical costs impact of CGP testing by comparing two
groups (with vs without CGP testing before SoC). The epidemiological parameters, detection rates of
druggable alterations, and overall survival were collected from literature and claims databases in
Japan. Treatment options selected based on druggable alterations were set in the model based on
clinical experts’ opinions.

Results: In 2026, the number of untreated patients with advanced or recurrent BTC, NSQ-NSCLC, and
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CRC was estimated to be 8600, 32,103, and 24,896, respectively. Compared with the group without
CGP testing before SoC, CGP testing before SoC increased druggable alteration detection and treat-
ment rate with matched therapies in all three cancer types. The medical costs per patient per month
were estimated to increase with CGP testing before SoC in the three cancer types by 19,600, 2900,
and 2200 JPY (145, 21, and 16 USD), respectively.

Limitations: Only those druggable alterations with matched therapies were considered in the analysis
model, while the potential impact of other genomic alterations provided by CGP testing was not
considered.

Conclusions: The present study suggested that CGP testing before SoC may improve patient out-
comes in various cancer types with a limited and controllable increase in medical costs.

Introduction instead of traditional chemotherapies, which may contribute
to better clinical outcomes. Currently, most conventional
genomic tests are essentially single-gene tests or small-panel
tests focused on a limited number of genes. These tests
require sequential testing which can be time consuming and
exhaust patients’ tissue samples, while CGP testing can com-
prehensively detect hundreds of genomic alterations at once.

Therefore, introducing CGP testing into clinical practice is

Next-generation sequencing (NGS) based genomic tests have
provided physicians with a powerful tool to identify genomic
alterations for improving the diagnosis and personalized
healthcare of cancer patients. In Japan, the positioning of
genomic tests, including multi-gene panel tests, in the
healthcare system is currently being discussed to realize per-
sonalized cancer genome medicine described in the Basic

Plan to Promote Cancer Control Programs (2018) by the
Ministry of Health, Labour and Welfare (MHLW)".

In December 2018, comprehensive genomic profiling
(CGP) with NGS for solid cancers was approved in Japan.
CGP testing can help patients with druggable genomic alter-
ations select more effective genomically matched therapies

expected to reduce the workload of medical staff, the overall
turnaround time needed for sequential testing, and save the
tissue samples required®™.

However, as of September 2022, CGP testing in Japan is
only covered by National Health Insurance (NHI) in patients
with advanced or recurrent solid cancers who have no
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standard of care (SoC) and those who have already com-
pleted SoC. Therefore, CGP testing cannot be performed at
an optimal timing based on physicians’ evaluation® and
patients and physicians may miss the opportunity of the
most appropriate treatment in an early line, which raises a
critical issue for healthcare in the oncology field. In the guid-
ance published by cancer-associated societies in Japan, it is
recommended that the optimal timing of CGP testing should
take into consideration subsequent treatment plans, and not
be limited to rigid constrictions within specific treatment
lines®.

On the other hand, the current cost of CGP in Japan is
560,000 JPY (4148 USD) (1USD = 135JPY; as of September
2022), comparatively higher than single-gene tests (25,000
JPY [185 USD] to 51,000 JPY [378 USD]) and Oncomine Dx
Target Test Multi-CDx System (140,000 JPY [1037 USD]).
Therefore, assessments from not only the clinical perspective,
but also the economic perspective are necessary when
reviewing and considering the future conditions for CGP use
in Japan. Previous studies on patients with advanced or
recurrent non-squamous non-small cell lung cancer (NSQ-
NSCLC) in the United States and Canada’? evaluated the
clinical and economic impacts of expanded CGP use, includ-
ing CGP testing from early-line treatment, and reported that
the incremental costs due to expanded CGP use on health
insurance were limited. However, no such study has been
conducted or published so far in Japan.

Therefore, the aims of this study are to evaluate the
impact of CGP testing before SoC on both medical costs and
the clinical outcomes in Japan from 2022 to 2026, by com-
paring the two scenarios in which CGP testing can or cannot
be used before SoC.

Methods
Target population

The target population for analysis in this study was defined
as untreated patients who have been newly diagnosed with
advanced or recurrent cancer of any of the following three
types: biliary tract cancer (BTC), NSQ-NSCLC, and colorectal
cancer (CRC). SoC for with and without each type of drug-
gable alterations of these three cancer types has been
defined in the clinical practice guidelines, and the medical
need for CGP testing before SoC in these cancer types is
considered growing in Japan.

BTC is one of the cancer types with poorest prognosis,
and the treatment options as SoC recommended in the clin-
ical practice guidelines for BTC are very limited®'". On the
other hand, multiple new matched therapies based on drug-
gable alterations for BTC, such as tyrosine kinase inhibitors
(TKIs) and immune checkpoint inhibitors (ICls) are currently
under development worldwide and expected to become
new options for BTC in the future. Therefore, the medical
need for CGP testing is expected to increase in the future.
Regarding NSQ-NSCLC and CRC, the concept of cancer gen-
omic medicine has been developed and incorporated into
the current clinical practice guidelines'®'®, with multiple
matched therapies indicated for different druggable
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alterations already approved or under development in Japan.
For this reason, they are also considered as cancer types
with high and increasing need for CGP testing before SoC.

Model structure

To evaluate the impact of CGP testing before SoC on both
the clinical outcome and medical costs, a decision-tree
model considering different treatment options based on vari-
ous druggable alterations detected from genomic tests for
each cancer type was constructed in this study (Figure 1).
The analysis model was constructed using Microsoft Excel.

We compared the clinical outcomes and medical costs
between two alternative scenarios as two groups; Group 1:
either conventional single-gene tests or CGP testing can be
performed before SoC (CGP group); Group 2: only conven-
tional single-gene tests can be performed before SoC while
CGP testing is not available (non-CGP group). Each kind of
genomic test was set to be conducted a maximum of once
only before SoC (re-test for any reason was not considered
in the model). All druggable alterations clinically meaningful
for treatment selection, and all treatment options (including
best supportive care) considered based on clinical practice
guidelines for each cancer type in this analysis are shown in
Table 1. Concerning NSQ-NSCLC, genomic test with the
Oncomine Dx Target Test Multi-CDx System for four drug-
gable alterations (EGFR, ALK, ROS1, and BRAF) was also con-
sidered in the same category as conventional single-gene
tests. The approval status of each drug therapy under the
NHI in Japan was based on the time of analysis execution
(December 2020).

In both the CGP and non-CGP group, the first-line treat-
ments were selected based on the druggable alterations
detected from genomic tests. Patients with no druggable
alteration detected from the genomic tests were regarded as
druggable-alteration negative. For each treatment option
selected as first-line treatment, the progression-free survival
(PFS) reported from relevant clinical trials was set as the
treatment period in the model. After the completion of first-
line treatments, second-line treatments were selected based
on different cancer types and previous treatments. Second-
line treatments were set to be continued until death in the
model. Based on the results of the SHIVA study'’, which
found no improvement in prognosis with matched therapy
after second-line treatment, the analysis assumed that
patients would survive according to the OS reported in clin-
ical trials of the treatment option selected as first-line
treatment.

Since CGP testing are not performed on patients with
poor condition after SoC, it is not recommended that CGP
testing should be performed after SoC in the clinical practice
guidelines for each cancer type in Japan. However, it is pos-
sible for some patients to take the CGP test after SoC com-
pletion. To reflect the current clinical practice in Japan, the
use of CGP testing after SoC completion was set as possible
for the non-CGP group’s patients in the model.
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Figure 1. Economic analysis modeling approach. BTC, biliary tract cancer; CGP, comprehensive genomic profiling; CRC, colorectal cancer; NSQ-NSCLC, non-squa-

mous non-small cell lung cancer; OS, overall survival; SoC, standard of care.

Parameters

Patient population

The predicted incidence numbers of untreated and newly
diagnosed patients with BTC, NSQ-NSCLC, or CRC between
2022 and 2026 were extracted from the results of MHLW-
granted research conducted by the National Cancer Center
in Japan'®. Among all patients, the number with advanced
or recurrent BTC, NSQ-NSCLC, or CRC who can undergo gen-
omic tests before SoC was estimated based on market
research data from Chugai Pharmaceutical Co., Ltd. (Table 2).
The rate of undergoing CGP testing before SoC was also

estimated from the market research data. The testing rate of
each single-gene test in patients with various cancer types
was extracted from a claims database (Medical Data Vision
Co., Ltd, Tokyo, Japan) between April 2020 and March 2021
(Table 3). The number of patients who can undergo genomic
tests before SoC was estimated by multiplying “Estimated
number of patients”, “Rate of diagnosis of advanced or
recurrent” and “Rate of patients to be treated by drug
therapy”. Of these, the number of patients who performed
CGP testing before SoC was estimated by multiplying “The
number of patients who can undergo genomic tests before
SoC” and “Rate of undergoing CGP testing before SoC". The



Table 1. Druggable alterations and treatment options.
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Advanced or recurrent BTC

Advanced or recurrent NSQ-NSCLC

Advanced or recurrent CRC

Druggable alterations set in e NTRK fusion e EGFR e RAS
the base case analysis e FGFR2 fusion e ALK fusion o BRAF
e MSI-High e ROST fusion e NTRK fusion
e BRAF e MSI-High
e MET
e PD-L1-positive cells*
Additional druggable e FGFR1/3 e RET fusion e KRAS
alterations set in the e IDH1/2 o KRAS e HER2
scenario analysis e EGFR e HER2
(druggable alterations for e HER2
which participation in e ALK fusion
clinical studies will be e BRAF
expected) o KRAS
e BRCA1/2
Treatment options set in an e Chemotherapy e Tyrosine kinase inhibitors e Chemotherapy 4+ molecule-targeting drugs (anti-
analysis model e Tyrosine kinase inhibitors e Immune checkpoint inhibitors EGFR monoclonal antibody/angiogenesis inhibitors)
e Immune checkpoint inhibitors e Immune checkpoint e Molecule-targeting drugs
e Best supportive care inhibitors + chemotherapy e Tyrosine kinase inhibitors
o C(linical study e Chemotherapy e Immune checkpoint inhibitors
e Best supportive care e Best supportive care
e (Clinical study e (linical study

*Items to be measured using single-gene tests in both the CGP and non-CGP groups because they are not covered by CGP.
BTC, biliary tract cancer; CGP, comprehensive genomic profiling; CRC, colorectal cancer; MSI, microsatellite instability; MSS, microsatellite stable; NSQ-NSCLC, non-

squamous non-small cell lung cancer; OS, overall survival.

Table 2. Population of each cancer type.

Parameter Value Source
Estimated number of patients BTC Lung cancer CRC
Year of 2022 26,530 145,590 153,850 15
Year of 2023 26,890 147,614 155,012
Year of 2024 27,250 149,638 156,174
Year of 2025 27,410 151,662 157,336
Year of 2026 27,570 153,686 158,498
BTC Market research data in Japan
Rate of diagnosis of advanced or recurrent BTC 42.0%
Rate of patients to be treated by drug therapy 74.3%
Lung cancer
Rate of diagnosis of advanced or recurrent NSQ-NSCLC 32.0%
Rate of patients to be treated by drug therapy 82.0%
CRC
Rate of diagnosis of advanced or recurrent CRC 25.0%
Rate of patients to be treated by drug therapy 86.0%

BTC, biliary tract cancer; CRC, colorectal cancer; NSQ-NSCLC, non-squamous non-small cell lung cancer.

number of patients undergoing CGP testing after SoC com-
pletion in the non-CGP group was estimated based on the
registration records from June 2019 to June 2021 published
by the Center for Cancer Genomics and Advanced
Therapeutics (C-CAT) in Japan'®.

Clinical parameters

The following clinical parameters of various cancers were set
in the model: the success probability of genomic tests with-
out any test failure, detection rates of druggable alterations,
OS/PFS of each treatment option, and the selection rate of
each different treatment option based on the results of gen-
omic tests.

In this analysis, the success probabilities of all conven-
tional single-gene tests and CGP testing were set with a
same value reported from Gandara et al.'®. The detection
rate of each druggable alteration from conventional single-
gene tests and CGP testing was set based on the available
literature (Table 4). The OS and PFS data for each treatment
were cited from the relevant clinical trial report

(Supplementary Table 1). The selection rates of various first-
and second-line treatment options based on druggable alter-
ations were set in the model based on the interview
responses from two clinical experts in each cancer type who
had substantial clinical experience in the field of oncology in
Japan (Supplementary Tables 2-4).

Resources/treatments costs

The analysis was conducted from the public healthcare
payer’s perspective, and only direct medical costs were con-
sidered. The direct medical costs included the costs of gen-
omic tests, the costs of first- and second-line drug
treatments, and other inpatient and outpatient treatment-
related costs associated with medical procedures.

The fees of all the genomic tests and medical procedures
were set based on the latest price revision in 2020, while the
prices of all the drugs were set based on the latest price
revision in the NHI in Japan in 2021 (Table 5). The inpatient
and outpatient treatment-related costs were calculated based
on the definitions of the standard clinical process
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Table 3. Parameters associated with the genomic tests.

Parameter Value Source
Advanced or recurrent BTC
Rate of undergoing single-gene tests
NTRK 0.00% ° Claim data
FGFR2 0.00%"
MSI 6.86%
Number of patients undergoing CGP testing after SoC completion 399 patients 16
Rate of undergoing CGP testing before SoC
Year of 2022 23.20% Market research data in Japan
Year of 2023 23.98%
Year of 2024 23.98%
Year of 2025 23.98%
Year of 2026 23.98%
Advanced or recurrent NSQ-NSCLC
Rate of undergoing single-gene tests
EGFR 72.20% Claim data, 17
ALK 48.13%
ROS1 36.22%
BRAF 0.00%"™®
MET 30.64%
PD-L1 66.03%
Oncomine 30.64%
Rate of undergoing a combination of single-gene tests
EGFR + ALK + ROS1 50.17% Claim data
EGFR 4 ALK 16.50%
EGFR 33.33%
Number of patients undergoing CGP testing after SoC completion 266 patients 16
Rate of undergoing CGP testing before SoC
Year of 2022 7.37% Market research data in Japan
Year of 2023 7.62%
Year of 2024 7.62%
Year of 2025 7.62%
Year of 2026 7.62%
Advanced or recurrent CRC
Rate of undergoing single-gene tests
BRAF 49.74% Claim data
NTRK 0.00%"
RAS 69.26%
MSS 21.07%
Rate of undergoing a combination of single-gene tests
RAS +- BRAF 71.82% Claim data
RAS 28.18%
Number of patients undergoing CGP testing after SoC completion 1133 patients 16
Rate of undergoing CGP testing before SoC
Year of 2022 10.96% Market research data in Japan
Year of 2023 11.33%
Year of 2024 11.33%
Year of 2025 11.33%
Year of 2026 11.33%

**The national health insurance in Japan does not approve single-gene test for NTRK in CRC and NTRK, BRAF in BTC.

“BBRAF in NSQ-NSCLC is tested by Oncomine.

BTC: biliary tract cancer; CGP: comprehensive genomic profiling; CRC: colorectal cancer; MSI: microsatellite instability; MSS: microsatellite sta-
ble; NSQ-NSCLC: non-squamous non-small cell lung cancer; SoC: standard of care.

(established from the interview responses of clinical
experts), and the latest fee for each medical procedure
(Supplementary Tables 5).

Outcomes

The economic analysis, we first estimated the total medical
costs of all patients in the CGP and non-CGP group, respect-
ively, and then calculated the medical costs per patient per
month (in OS time) in each group. For the clinical outcomes
of this study included: (1) detection rates of druggable alter-
ations from single-gene tests and CGP testing before SoC; (2)
treatment rate with matched therapies after genomic tests.
Matched therapy was defined as a drug therapy using TKis
or ICIs for BTC and CRC, and a drug therapy using TKls for
NSQ-NSCLC.

The change in the medical costs per patient per month in
the CGP group versus the non-CGP group was further eval-
uated for its uncertainty in the sensitivity analysis described
below.

Sensitivity analysis

To confirm the impact of each parameter on the results of
economic analysis (the change in the medical costs per
patient per month between the CGP and non-CGP group),
one-way sensitivity analysis was conducted using the 2026
data and represented by tornado diagrams. The range of
each parameter in one-way sensitivity analysis was set
based on the 95% confidence interval from the original
reference source if there is one, or £20% of the basic
value.



Table 4. Parameters associated with druggable alterations.
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Parameter Value Source
Advanced or recurrent BTC
Success probability of single-gene tests 70.00% 18
Success probability of MSI tests 70.00% Assumed to be same as single-gene tests
Success probability of CGP testing 70.00% Assumed to be same as single-gene tests
Druggable alterations detection rate on CGP testing
NTRK 2.50% 19
FGFR2 4.60% 19
MSI-High detection rate 1.60% 20
Advanced or recurrent NSQ-NSCLC
Success probability of single-gene tests 70.00% 18
Success probability of Oncomine 70.00% Assumed to be same as single-gene tests
Success probability of PD-L1-positive cell tests 70.00% Assumed to be same as single-gene tests
Success probability of CGP testing 70.00% Assumed to be same as single-gene tests
Druggable alterations detection rate on single-gene tests
EGFR 53.00% 21
ALK 3.80%
ROS1 0.90%
BRAF 0.30%
MET 2.80%
Druggable alterations detection rate on CGP testing
EGFR 54.64% 8, 21
ALK 4.40%
ROS1 1.17%
BRAF 2.32%
MET 5.32%
Detection rate on PD-L1 tests
>50% 41.55% 22
<49%, >1% 24.88%
<1% 33.56%
Advanced or recurrent CRC
Success probability of single-gene tests 70.00% 18
Success probability of microsatellite instability tests 70.00% Assumed to be same as single-gene tests
Success probability of CGP testing 70.00% Assumed to be same as single-gene tests
Druggable alterations detection rate on single-gene tests
BRAF 7.50% 23 (Assuming the value as a median, as the rate is reportedly 5 to 10%)
NTRK 1.00% 24
RAS 37.60% 25
Druggable alterations detection rate on CGP testing
BRAF 9.50% 8,23
NTRK 2.70% 8, 24
RAS 41.40% 8, 25

BTC, biliary tract cancer; CGP, comprehensive genomic profiling; CRC, colorectal cancer; MSI, microsatellite instability; MSS, microsatellite stable; NSQ-NSCLC,

non-squamous non-small cell lung cancer.

Table 5. Cost of genomic tests.

Parameter Cost (JPY) Source
Cost of single-gene tests/session
Advanced or recurrent BTC Medical fee
Cost of NTRK + FGFR2 genomic tests 80,000 schedule
Cost of NTRK genomic tests 5000
Advanced or recurrent NSQ-NSCLC
Cost of EGFR+ ALK +ROS1 genomic tests 60,000
Cost of EGFR + ALK genomic tests 40,000
Cost of EGFR genomic tests 25,000
Cost of MET genomic tests 50,000
Advanced or recurrent CRC
Cost of RAS + BRAF genomic tests 40,000
Cost of RAS genomic tests 25,000
Cost of PD-L1 tests 27,000
Cost of Oncomine tests 117,000
Microsatellite instability tests 25,000
Cost of CGP testing 560,000
Specimen tests evaluation fee 1000
Pathological evaluation fee 1500

BTC, biliary tract cancer; CGP, comprehensive genomic profiling; CRC, colorec-
tal cancer; NSQ-NSCLC, non-squamous non-small cell lung cancer.

Scenario analysis

In the scenario analysis, we expanded our analysis to include
the possibility of clinical trial participation in the model.
Some patients may be detected with specific druggable

alterations which are not covered by the existing conven-
tional single-gene tests but identifiable with CGP testing.
Generally, there is no approved matched therapy for patients
with such druggable alterations under the NIH in Japan;
however, we considered a possibility provided by CGP test-
ing to participate in clinical trials if there are some innovative
matched therapies currently under development in Japan or
overseas.

The rate of clinical trial participation in such cases was
estimated through interviews with clinical experts in each
cancer type. The medical costs of participation in a clinical
trial were assumed to be paid entirely by the manufacturer
(Supplementary Table 6).

Results

This model analysis was conducted for each year, respectively,
among the 5years from 2022 to 2026. No major differences in
the results among these 5years was found, except for minor
changes due to cancer incidence growth every year. The fol-
lowing results show the analysis of 2026 as a representative
year with the highest predicted cancer incidence.
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Table 6. Population to be analyzed and number of patients in whom genomic tests was performed.

CGP group ®
Year of 2026

Non-CGP group
Year of 2026

Advanced or recurrent BTC
Number of patients to be analyzed
Number of patients in whom single gene tests was performed
NTRK
FGFR2
MSI
CGP after SoC

Number of patients in whom CGP testing before SoC was performed -

Advanced or recurrent NSQ-NSCLC

Number of patients to be analyzed
Number of patients in whom genomic tests was performed

EGFR

ALK

ROS1

BRAF

MET

PD-L1

Oncomine

CGP after SoC

Number of patients in whom CGP testing before SoC was performed -

Advanced or recurrent CRC

Number of patients to be analyzed

Number of patients in whom genomic tests was performed
BRAF
NTRK
RAS
MsI
CGP after SoC

Number of patients in whom CGP testing before SoC was performed -

8600 8600
0 0
0 0
590 0
399 -
2062
32,103 32,103
17,905 16,193
11,937 10,795
8982 8124
0 0
12,347 11,167
26,613 26,613
12,347 11,167
266 -
3070
24,896 24,896
16,950 14,322
0 0
23,601 19,942
7180 6067
1133 -
3860

*3In CGP group, either conventional single-gene tests or CGP testing can be performed.
BTC, biliary tract cancer; CGP, comprehensive genomic profiling; CRC, colorectal cancer; MSI, microsatellite instability; MSS, microsatel-
lite stable; NSQ-NSCLC, non-squamous non-small cell lung cancer; SoC, standard of care.

Advanced or recurrent BTC

Among the 27,570 untreated patients who will be newly
diagnosed with BTC in 2026, 8600 advanced or recurrent
BTC patients were estimated to take genomic tests (Table 6).
In the non-CGP group, the only approved conventional sin-
gle-gene test for BTC was microsatellite instability (MSI) test
and the detection rate of MSI-High was estimated to be
0.08% in all patients (7/8600). On the other hand, CGP test-
ing was estimated to be conducted in a total of 2062
patients instead of single-gene tests in the CGP group,
detecting multiple druggable alterations at the same time,
with the detection rates as follows: 1.75% (36/2062) NTRK-
positive, 3.22% (66/2062) FGFR2-positive, and 1.04%
(21/2062) as MSI-High. The total detection rate of any drug-
gable alterations from the CGP-testing population was
6.01%, which was 5.93% higher than that of the single-gene
test (Figure 2(A)).

Regarding the first-line treatment rate with matched ther-
apy, no TKI was used, while ICls were used in 0.02% (2/8600)
of patients taking the single-gene test. On the other hand,
TKIs and ICls were used in 1.49% (31/2062) and 0.31%
(6/2062) of patients undergoing CGP testing, respectively.
The total treatment rate with matched therapy in the CGP-
testing population was 1.80%, which was 1.78% higher than
that of the single-gene test (Figure 3(A)).

As a yearly estimation of 2026, the cost of CGP testing
before SoC in the CGP group was 1.155 billion JPY (8.556
million USD). The total medical costs in the CGP group were
9.143 billion JPY (67.726 million USD) (total cost of genomic

test: 1.155 billion JPY [8.556 million USD]; cost of treatments:
7.988 billion JPY [59.170 million USD]), while those in the
non-CGP group were 7.316 billion JPY (54.193 million USD)
(total cost of genomic tests: 0.239 billion JPY [1.770 million
USD]; cost of treatments: 7.077 billion JPY [52.422 million
USD]; Figure 4(A)). The total cost of genomic tests increased
by 0.916 billion JPY (6.785 million USD), while the cost of
treatments increased by 0.911 billion JPY (6.748 million USD)
in the CGP group compared with the non-CGP group.

The medical costs per patient per month in the CGP and
non-CGP group were 100,900 and 81,300 JPY (747 and 602
USD), respectively, with a change of 19,600 JPY (145 USD)
(Figure 5(A)). Results for the years before 2026 can be found
in the Supplementary data.

Advanced or recurrent NSQ-NSCLC

Among the 153,686 untreated patients who will be newly
diagnosed with NSQ-NSCLC in 2026, 32,103 advanced or
recurrent NSQ-NSCLC patients were estimated to take gen-
omic tests (Table 6). In the non-CGP group, the detection rates
of druggable alterations from conventional single-gene tests
were estimated to be 35.40% (11,365/32,103) EGFR-positive,
2.17% (698/32,103) ALK-positive, 0.49% (158/32,103) ROS1-
positive, 0.63% (201/32,103) BRAF-positive, and 0.75%
(242/32,103) MET-positive. The total detection rate of drug-
gable alterations was 39.45%. On the other hand, CGP testing
was estimated to be conducted in a total of 3070 patients
instead of single-gene tests in the CGP group, with the detec-
tion rates as follows: 38.25% (1174/3070) EGFR-positive, 3.08%
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C. Advanced or recurrent CRC in 2026
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39.45% 47.50% Il MSI-High 0.37% 1.07%
M Druggable-alteration negative 71.10% 61.40%
Detection rates of druggable alterations 28.90% 38.60%

Figure 2. Detection rates of druggable alterations. (A) Advanced or recurrent BTC in 2026. (B) Advanced or recurrent NSQ-NSCLC in 2026. (C) Advanced or recurrent
CRC in 2026. . BTC: biliary tract cancer; CGP: comprehensive genomic profiling; CRC: colorectal cancer; MSI: microsatellite instability; MSS: microsatellite stable; NSQ-

NSCLC: non-squamous non-small cell lung cancer.
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Figure 3. Treatment rate with matched therapies after genomic tests. (A) Advanced or recurrent BTC in 2026. (B) Advanced or recurrent NSQ-NSCLC in 2026. (C)
Advanced or recurrent CRC in 2026. BTC: biliary tract cancer; CGP: comprehensive genomic profiling; CRC: colorectal cancer; NSQ-NSCLC: non-squamous non-small

cell lung cancer.

(95/3070) ALK-positive, 0.82% (25/3070) ROS1-positive, 1.63%
(50/3070) BRAF-positive, and 3.72% (114/3070) MET-positive.
The total detection rate of any druggable alterations from the
CGP-testing population was 47.50%, which was 8.05% higher
than that of the single-gene test (Figure 2(B)).

Regarding the first-line treatment rate with matched ther-
apy, TKIs were used in 29.91% (9602/32,103) of patients tak-
ing the single-gene test compared with 36.11% (1108/3070)
of patients undergoing CGP testing (6.20% higher than that
of the single-gene test; Figure 3(B)).

As a yearly estimation of 2026, the cost of CGP testing
before SoC in the CGP group was 1.719 billion JPY (12.733
million USD). The total medical costs in the CGP group were
383.305 billion JPY (2.839 billion USD) (total cost of genomic
tests: 5.110 billion JPY [37.852 million USD]; cost of treat-
ments: 378.195 billion JPY [2.801 billion USD]), while those in
the non-CGP group were 379.335 billion JPY (2.810 billion

USD) (total cost of genomic tests: 3.818 billion JPY [28.281
million USD]; cost of treatments: 375.517 billion JPY [2.782
billion USD]; Figure 4(B)). The total cost of genomic tests
increased by 1.292 billion JPY (9.570 million USD), while the
cost of treatments increased by 2.678 billion JPY (19.837 mil-
lion USD) in the CGP group compared with non-CGP group.

The medical costs per patient per month in the CGP and
non-CGP group were 520,900 and 518,100 JPY (3859 and
3838 USD), respectively, with a change of 2900 JPY (21 USD)
(Figure 5(B). Results for the years before 2026 can be found
in the Supplementary data.

Advanced or recurrent CRC

Among the 158,498 untreated patients who will be newly
diagnosed with CRC in 2026, 24,896 advanced or recurrent
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CRC patients were estimated to take genomic tests (Table 6).
In the non-CGP group, the detection rate of druggable alter-
ations from conventional single-gene tests were estimated to
be 3.57% (890/24,896) BRAF-positive, 24.95% (6212/24,896)
RAS-positive, and 0.37% (93/24,896) MSI-High. The total
detection rate of druggable alterations was 28.90%. On the
other hand, CGP testing was estimated to be conducted in a
total of 3860 patients instead of single-gene tests, with the
detection rates as follows: 6.67% (257/3860) BRAF-positive,
1.86% (72/3860) NTRK-positive, 29.00% (1119/3,860) RAS-
positive, and 1.07% (41/3860) MSI-High. The total detection
rate of any druggable alterations from the CGP-testing popu-
lation was 38.60%, which was 9.70% higher than that of the
single-gene test (Figure 2(Q)).

Regarding the first-line treatment rate with matched ther-
apy, TKls and ICls were used in 2.29% (569/24,896) and
0.47% (117/24,896) of all patients taking single-gene tests,

respectively. For patients undergoing CGP testing, TKIs and
ICls were used in 5.60% (216/3,860) and 1.98% (77/3,860) of
all patients, respectively. The total treatment rate with
matched therapy of the CGP-testing population was 7.58%,
which was 4.83% higher than that of the single-gene test
(Figure 3(Q)).

As a yearly estimation of 2026, the cost of CGP testing
before SoC in the CGP group was 2.162 billion JPY (16.015
million USD). The total medical costs in the CGP group were
302.395 billion JPY (2.240 billion USD) (total cost of genomic
tests: 3.053 billion JPY [22.615 million USD]; cost of treat-
ments: 299.342 billion JPY [2.217 billion USD]), while those in
the non-CGP group were 296.666 billion JPY (2.198 billion
USD) (total cost of genomic tests: 1.689 billion JPY [12.511
million USD]; cost of treatments: 294.977 billion JPY [2.185
billion USD]; Figure 4(C)). The total cost of genomic tests
increased by 1.364 billion JPY (10.104 million USD), while the



cost of treatments increased by 4.365 billion JPY (32.333 mil-
lion USD) in the CGP group compared with non-CGP group.

The medical costs per patient per month in the CGP and
non-CGP group were 537,800 and 535,600 JPY (3,984 and
3,967 USD), respectively, with a change of 2,200 JPY (16
USD) (Figure 5(C)). Results for the years before 2026 can be
found in the Supplementary data.

Sensitivity analysis

The results of the one-way sensitivity analyses for BTC and
NSQ-NSCLC showed that the most impactful parameter on
the change of medical costs per patient per month between
the CGP and non-CGP group was the CGP-testing rate before
SoC. On the other hand, the most impactful parameter in
CRC was the OS of chemotherapy plus anti-EGFR monoclonal
antibody combination therapy (Figure 6).

Scenario analysis

When considering clinical trial participation additionally in
the scenario analysis, the total detection rate of druggable
alterations from CGP testing was estimated to increase to
39.21% in BTC, 61.31% in NSQ-NSCLC, and 50.11% in CRC.
Furthermore, the treatment rates with matched therapy
including clinical trial participation increased to 13.80% in
BTC, 37.49% in NSQ-NSCLC, and 8.74% in CRC. The difference
in medical costs per patient per month between the CGP
and non-CGP group for all cancer types were reduced to
9300 JPY (69 USD) per month in BTC, 2200 JPY (16 USD) per
month in NSQ-NSCLC, and 1700 JPY (13 USD) per month in
CRC (Figure 7).

Discussion

Our study evaluated the impacts of CGP testing before SoC,
versus non-CGP testing, on clinical outcomes and medical
costs in BTC, NSQ-NSCLC and CRC patients in Japan.

For all the three cancer types included in this study, the
CGP group has been estimated as having higher detection
rates of druggable alterations and higher treatment rates
with matched therapies, compared with the non-CGP group.
This will contribute to greater survival benefits for patients
as the incremental OS benefit per patient initiated on
matched therapy or detected with druggable alterations.
These results suggest that the appropriate use of CGP testing
before SoC, and genomically matched therapies based on
these test results may help more physicians to make better
clinical decisions and bring more health benefits for cancer
patients.

Nowadays, more and more research and development are
being conducted to explore new matched therapies with
molecule-targeting drugs. In many cases, matched therapies
for patients with specific druggable alterations were reported
to improve OS significantly compared with conventional che-
motherapies. As recent examples, the median OS of crizoti-
nib for ROS1 fusion-positive NSQ-NSCLC was 51.4 months?®,
and the median OS of alectinib for ALK fusion-positive
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NSQ-NSCLC was not reached even at 81.0 months of follow-
up?’. For MSI-High CRC, the median OS of pembrolizumab
had not been reached at 60.0 months of follow-up?®%°. Such
new matched therapies have appeared to revolutionize the
conventional treatments with median overall survivals
greater than 50 months. Witnessing further development and
introduction of matched therapies for cancer treatment in
future, the medical need for CGP testing from an early line is
expected to continue growing in Japan.

Regarding the economic impacts of CGP testing, the
increases in medical costs per patient per month due to CGP
introduction before SoC were shown to be limited to only
19,600, 2900, and 2200 JPY (145, 21 and 16 USD) per month
for BTC, NSQ-NSCLC and CRC, respectively. The total annual
costs of CGP testing before SoC in 2026 for BTC, NSQ-NSCLC,
and CRC were estimated to be 1.155, 1.719, and 2.162 billion
JPY (8556, 12.733 and 16.015 million USD), respectively,
while the actual increase in the total costs of genomic tests
were shown to be even smaller at 0.916, 1.292, 1.364 billion
JPY (6.785, 9.570, 10.104 million USD), respectively, attributed
to the replacement of conventional single-gene tests with
CGP. Compared with other medical devices in the oncology
field approved in the past 5years in Japan and their pre-
dicted peak annual costs published by the MHLW, such as
Archer MET Companion Diagnostic System for NSCLC (peak
annual cost: 2.62 billion JPY [19.41 million USD]), Boron
Neutron Capture Therapy (BNCT) systems for head and neck
cancer (peak annual cost: 5.2 billion JPY [38.5 million USD]),
and Oncomine Dx Target Test Multi-CDx System for NGS in
NSCLC (peak annual cost: 1.77 billion JPY [13.11 million
USD]), the predicted economic impact of CGP testing before
SoC was considered at a similar level or lower.

When considering the possibility of clinical trial participa-
tion in the scenario analysis, the CGP group has shown the
potential to identify more druggable alterations and provide
more opportunities of access to matched therapies in an
early line, compared with the base-case analysis. The increase
in medical costs for the public healthcare payer in the CGP
group was also reduced due to the savings of medical costs
in clinical trials. The extent of such improvement in clinical
outcomes and cost reduction is based on how many eligible
patients with druggable alterations can participate in the
corresponding clinical trials and will fluctuate with complex
factors. However, with the future development in systems
like advanced medical care, and patient-proposed healthcare
services in Japan, CGP testing is expected to make more con-
tributions in this field.

We also compared our study results with the reports from
previous published studies. Signorovitch et al. and Johnston
et al. evaluated the impact of expanded CGP testing on clin-
ical outcomes and medical costs for NSCLC patients in the
United States and Canada, respectively. Both reported an
improvement in clinical outcomes such as OS with a limited
cost increase (<0.1 USD per insuree per month)’%,
Proudman et al. reported the study results in CRC patients in
the United States that showed replacing 20% of usual testing
with CGP was associated with up to a 0.003 USD testing cost
increase per insuree per month, and 15.5 additional patients
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A. Advanced or recurrent BTC in 2026
Parameter(Base case value: MIN~MAX)
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Cost of CGP testing (560,000yen : 448,000yen~672,000yen)
Success probability of CGP testing (70.00% : 56.00%~84.00%)
Cost of drug treatment (pemigatinip) (1,435,347yen : 1,148,278yen~1,722.417yen)
Druggable alterations detection rate on CGP testing (FGFR) (4.60% : 3.68%~5.52%)
OS (pemigatinip) (26.7months : 14.8months~32.0months)
OS (gemcitabine) (7.7months : 6.1months~11.0months)
OS (gemcitabine+TS-1) (15.1months : 12.2months~ 16.4months)
Rate of diagnosis of advanced or recurrent BTC (42.00% : 33.60%~50.40%)

Rate of patients to be treated by drug therapy (74.27% : 59.41%~89.12%)
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17,508
17,672 21,444
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vanced or recurrent NSQ-NSCLC in 2026
Parameter(Base case value: MIN~MAX)
Number of patients in whom CGP testing before SoC was performed (3,070 : 2,456~3,684)
Cost of CGP testing (560.000yen : 448,000yen~672,000yen)
Druggable alterations detection rate on CGP testing (EGFR) (54.64% : 43.71%~65.57%)

Cost of drug treatment (immune int inhibitors + y) (987.459yen : 789,967yen~1,184,951yen)

PFS (immune checkpoint inhibi + ) :PD-L1 <1% (6.2months : 4.9months~8.1months)

Cost of drug treatment (tepotinib) (806,344yen : 645,075yen~967,613yen)

18,130 20,989
17.867 20,318
18,789 19,962
19,255 20,292
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m Upper bound
18,940 19,975
5,000 10,000 15,000 20,000 25,000 30,000

Incremental total medical cost per month OS (yen per month)

2,852

2,243 3459

2,669

Druggable alterations detection rate on single-gene tests (EGFR) (53.00% : 42.40%~63.60%) 2,674 3,012
Success probability of single-gene tests (EGFR) (70.00% : 56.00%~84.00%) 2,674 3,012
Cost of drug treatment (alectinib) (754,555yen : 603,644yen~905,466yen) 2,686 3,017 m Lower bound
m Upper bound
Rate of ing single-gene tests (O ine) (38.46% : 30.77%~46.15%) 2,703 3,003
1,000 1,500 2,000 2,500 3,000 3,500 4,000
Incremental total medical cost per month OS (yen per month)
C. Advanced or recurrent CRC in 2026
Parameter(Base case value: MIN~MAX) 2,189
0S (chemotherapy-+anti-EGFR monoclonal antibody) (10.5months : 6.4months~ 18.9months) -1.420
PFS y-+anti-EGFR antibody) (6.1months : 3.7months~10.7months) 5,507
OS (chemotherapy-+bevacizumab) (10.7months : 3.1months~24.8months)
Rate of undergoing single-gene tests (RAS) (94.80% : 75.84%~100.00%)
Rate of undergoing single-gene tests (BRAF) (68.09% : 54.47%~81.70%)
Cost of drug treatment ib-+binimetini i (1,949,693yen : 1,559,754yen~2,339,63 1yen)
Druggable alterations detection rate on CGP testing (RAS) (41.43% : 33.14%~49.71%)
Druggable alterations detection rate on CGP testing (BRAF) (9.52% : 7.62%~11.43%)
Druggable alterations detection rate on CGP testing (MSI-High) (3.30% : 2.64%~3.96%) ® Lower bound
m Upper bound
Number of patients in whom CGP testing before SoC was performed (3.860 : 3,088~4,632)
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Figure 6. Results of one-way sensitivity analysis. (A) Advanced or recurrent BTC in 2026. (B) Advanced or recurrent NSQ-NSCLC in 2026. (C) Advanced or recurrent
CRC in 2026. . BTC: biliary tract cancer; CGP: comprehensive genomic profiling; CRC: colorectal cancer; NSQ-NSCLC: non-squamous non-small cell lung cancer; OS:

overall survival; PFS: progression free survival; SoC: standard of care.

with an opportunity for genomically informed care (12.7
patients for treatment and 2.8 for clinical trials)*°. Although
the healthcare environment and NHI system in Japan differs
from other countries, which makes the direct comparison of
results difficult, the results from our study have shown some
similar trends with these previous studies. Furthermore, this

study is the first study to evaluate the impacts of CGP testing
in BTC, which has limited prior research but considered to
have growing needs for genomic tests and innovative treat-
ments to further improve its unsatisfying prognosis.
Regarding future prospects for cancer genomic medicine
in Japan, the appropriate use of CGP testing is expected to
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reduce the workload, test time and tissue exhaustion for
physicians and patients, to help improve the overall quality
of healthcare®™. Clinical decision-making well informed by
CGP testing before SoC will also help physicians find the
best possible treatment option in an early line, reducing the
use of ineffective treatments that may lead to harm and
wasted medical costs. Furthermore, the large amount of gen-
omic information generated from CGP testing can be stored
in databases and utilized for the future development of
innovative therapies and personalized cancer medicine,
which is currently being discussed and undertaken in Japan.

Limitations

There are some limitations of this study including: (1) Since
the rate of undergoing CGP testing before SoC, which affects
the analysis results was estimated based on market research
data, there are uncertainties. Therefore, the results of the
analysis may differ depending on the market and policy in
Japan at the time of CGP testing before SoC is introduced
into clinical practice; (2) clinical parameters extracted from
the results of clinical trials and epidemiological studies con-
sidered to be the best were set in the analysis model,
although there were no studies directly compared the clinical
benefit of CGP testing before SoC and after SoC; (3) Based
on the results of the SHIVA study'®, the analysis assumed
that patients would survive according to the OS of first-line
treatment. Because limited targeted therapies were available
at the time of the SHIVA study, outcomes may differ from cur-
rently approved targeted therapies. In that case, it may under-
estimate the effectiveness of targeted therapies selected as
second-line treatment in either group, especially for some
patients in the non-CGP group who performed CGP testing
after SoC; (4) the impacts of CGP testing and various matched
therapies on patient’s quality of life (QoL) were not considered
in the analysis due to data gaps and study feasibility, which is
expected to be studied in future; (5) only those druggable
alterations with existing matched therapies at the time of

analysis were considered in the analysis. While the information
of other genomic alterations from CGP testing is also provided
in clinical practice, the impact and possible value of such
information was not reflected in this study due to model com-
plexity; (6) improvement in clinical outcomes including OS
and QoL may help more cancer patients come back to society,
increasing the labor force while reducing the care service bur-
den in Japan, which would have additional benefits from a
socioeconomic perspective.

If future studies reveal data related to the limitation, it is
expected that the usefulness of CGP testing before SoC will
be evaluated in terms of cost effectiveness as well as budget
impact in Japan.

Conclusion

The present study suggested that CGP testing before SoC
may contribute to better clinical outcomes with the increase
of druggable alteration detections and higher treatment rate
with matched therapies in various solid cancer types. The
estimated medical costs increase with CGP testing before
SoC, but such increase is considered limited and controllable.

It is expected that CGP testing from an early-line treatment
without the limitation of SoC completion as a precondition,
and the selection of genomically matched therapies based on
the test results will be realized in future, to improve overall
healthcare quality for cancer patients in Japan.
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