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The year 2019 was considered to be the first year of cancer genome medicine in

Japan, with three gene‐panel tests using next‐generation sequencing (NGS)

techniques being introduced into clinical practice. Among the three tests, the

Oncomine CDx Target test was approved under the category of regular molec-

ular testing for lung cancer, which meant that this test could be used to select

patients for molecularly targeted drugs. Conversely, the other two tests, NCC

OncoPanel and FoundationOne CDx, were assigned to be used under the

National Cancer Genome Medicine Network, and implementation was restricted

to patients for whom standard treatment was completed or expected to be

completed. These NGS tests can detect a series of genetic alterations in in-

dividual tumors, which further promotes the development of therapeutic agents

and elucidates molecular pathways. The NGS tests require appropriate tissue

size and tumor cell content, which can be accessed only by pathologists. In this
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report, we review the current reimbursement schema in our national healthcare

policy and the requirements of the specimens for NGS testing based on the

recently published ‘Guidance of Gene‐panel Testing Using Next‐Generation

Sequencers for Lung Cancer’, by the Japanese Society of Lung Cancer.
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INTRODUCTION

The treatment of cancer has become increasingly person-
alized based on the precise genomics of individual tumors;
therefore, morphological diagnosis alone is no longer suffi-
cient in many cancer types.1 Pathological reports should also
include the results of genetic alterations specific to individual
cancers, particularly druggable alterations. Among the var-
ious cancers, lung cancer is the leading cancer in which
precision medicine has been introduced in clinical practice,
and most international guidelines, such as IASLC/CAP/AMP,
ESMO, NCCN and ASCO, recommend the implementation
of molecular testing. Currently, targeted drugs for EGFR,
ALK, ROS1 BRAF and MET alterations have been approved
in Japan and corresponding molecular tests have been in-
troduced individually in clinical practice simultaneous to ap-
proval of the drugs. However, each test requires at least five
or more unstained slides. Because all targeted therapy is
designed to treat advanced stage cancer, the source of the
tissues is essentially small biopsy or cytology specimens.
Thus, formalin‐fixed, paraffin‐embedded (FFPE) samples
are often not sufficient to cover all individual testing, which
means that molecular testing is shifting to multiplex genetic
tests.2

The year 2019 was considered to be the first year of
cancer genomic medicine, because three gene‐panel tests
using next‐generation sequencing (NGS) techniques were
approved by the government and have been introduced in
clinical practice. The approved gene‐panel tests include the
Oncomine CDx Target test (Oncomine DxTT), Foundatio-
nOne CDx and the NCC OncoPanel. Accordingly, ‘the clin-
ical guidance based on gene‐panel tests including NGS v2.0’
was released from a joint committee of the JCO, JSCO and
JCA.3,4 This guidance focuses on comprehensive genomic
profiling tests; therefore, Oncomine DxTT, which targets lung
cancer specifically, has not been well documented. Because
most pathologists in Japan make diagnoses of all cancer
types, detailed information on the usages and differences of
the three gene‐panel tests is needed. Here, we review the
current reimbursement schema in our national healthcare
policy and requirement of the specimens for NGS testing
based on the recently published ‘Guidance of Gene‐panel
Testing Using Next‐Generation Sequencers for Lung Cancer

Patients’, by the Japanese Society of Lung Cancer. The
English version of this document can be provided with sup-
plementary data in this review, and the Japanese version is
downloadable from the Internet.5

APPROVED GENE‐PANEL TESTS USING
NEXT‐GENERATION SEQUENCING

In April 2020, the approved multiplex gene‐panel tests include
the following: the Oncomine CDx Target test, FoundationOne
CDx and the NCC OncoPanel. The characteristics of these
tests are summarized in Table 1.

Oncomine CDx Target test

The Oncomine CDx Target test (Oncomine DxTT) was ap-
proved as an extension of regular genetic testing; therefore,
it can be used to select patients for molecular targeted drugs
for lung cancer. Oncomine DxTT is categorized as a hot spot
panel test using the amplicon method and analyzes muta-
tions in 46 genes and fusion in 21 genes, of which EGFR,
ALK, ROS1 and BRAF were approved as companion diag-
nostics. Although this test has the capability to detect KRAS,
NRAS, MET exon 14 skipping, FGFR, KIT, RET, PIK3CA and
NTRK, the testing cost is reimbursed only for patients with
lung cancer. The analysis cost is configured as a sum of
those using the single‐gene tests of EGFR, ALK, ROS and
BRAF.

FoundationOne CDx Cancer Genome Profile

FoundationOne CDx Cancer Genome Profile (F1CDx) is
categorized as a comprehensive genome profile (CGP) test
(discussed later) that uses the hybrid capture method. Only
DNA from tumor tissues was analyzed. This test covers a
total of 324 genes, of which base substitution, insertion,
deletion mutation and copy number alteration in 309 genes,
gene fusion of 36 genes, microsatellite instability (MSI) and
tumor mutation burden (TMB) can be accessed. In addition
to CGP testing, one remarkable feature is that this test also

© 2020 Japanese Society of Pathology and John Wiley & Sons Australia, Ltd
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has approval for companion diagnostics across cancer
types. However, this feature is not feasible under the current
healthcare reimbursement system (discussed later).

OncoGuide NCC OncoPanel

OncoGuide NCC OncoPanel (NCC OncoPanel) is another
CGP test that uses the hybrid capture method developed
in Japan. This test interrogates base substitutions, in-
sertions/deletions, mutations and gene amplification of
114 genes; fusion in 12 genes; and TMB. Because of the
simultaneous analysis of blood DNA, complete exclusion
of uncommon polymorphisms and definite determination of
germline mutations in 13 genes are characteristics of this
test.

CANCER GENOMIC MEDICINE NETWORK AND CGP
TESTING

In April 2018, the Japanese Ministry of Health, Labor, and
Welfare (MHLW) organized a nationwide network to promote

precision medicine or genomic medicine using CGP testing.
Initially, 11 nationwide ‘core’ institutes for cancer genomic
medicine (core institutes) and 100 affiliated hospitals for
cancer genomic medicine (‘cooperative’ hospitals) were
designated as implementing a framework for genomic
medicine. The number of cooperative hospitals has gradually
increased, and as of April 2019, 156 facilities have been
designated. In September 2019, new ‘base’ hospitals were
established, and 51 hospitals nationwide were designated
(Fig. 1). Designation work is also underway with cooperative
hospitals. In April 2020, the Cancer Genome Medicine Net-
work is operating with 12 core institutes, 33 base hospitals
and 161 cooperative hospitals.
The two CGP tests, F1CDx and the NCC OncoPanel, can

be implemented only within the hospitals under this frame-
work, and the core, base and cooperative hospitals have
different roles, as shown in Fig. 1. Another characteristic of
this program is the collection of all genome data with clinical
information to the Center for Cancer Genomics and Ad-
vanced Therapeutics (C‐CAT). 6 This center functions as a
hub for aggregating and managing nationwide efforts in
precision cancer medicine, as well as utilizing these data to
enhance the quality of treatment and develop new

© 2020 Japanese Society of Pathology and John Wiley & Sons Australia, Ltd

Table 1 Approved genetic panel tests in April 2020

Oncomine Target Test OncoGuide FoundationOne CDx

Multi CDx System NCC OncoPanel System Cancer Genome Profile

Panel type Hot spot panel Comprehensive genome profile
(CGP)

Comprehensive genome profile (CGP)

Method Amplicon sequence Capture sequence Capture sequence

Function Companion diagnostics
(Nonsmall‐cell lung cancer)

Cancer genome profiling Cancer genome profiling

Companion diagnostics (lung cancer, malignant
melanoma, breast cancer, colorectal cancer,
solid cancer)

Insurance coverage Somatic gene mutation
analysis system

Gene mutation analysis
program

Somatic gene mutation analysis system

(For indication of anticancer
drug indication)

(For cancer genome profile
testing)

(For judging the indication of antineoplastic drugs)

Gene mutation analysis program

Number of target
genes

46 114 324

Number of fusion
genes

21 12 36

Others TMB: X/MSI‐high: X TMB: ○/MSI‐high: X TMB: ○/MSI‐high: ○
Companion Dx Lung cancer: ○ None Lung cancer: ○

Malignant melanoma: ○

Breast cancer: ○

Colorectal cancer: ○

Solid cancer: ○

Facility standards None Affiliated hospitals for cancer
genomic medicine

Affiliated hospitals for cancer genomic medicine

Gene‐panel testing in lung cancer 3



treatments in collaboration with research facilities and in-
dustrial partners.
A major aim of this program is to enable access to se-

lected unapproved drugs based on the genome profile to
promote precision cancer medicine or cancer genomic
medicine. The patients who completed or are expected to
complete standard therapy allow treatment with unapproved
drugs according to the advice of the expert panel using the
‘Patient‐Requested Treatment Program’.

Reimbursement

The reimbursement plan is assigned a total of JPY 560 000
for F1CDx and the NCC OncoPanel. A total of JPY 80 000 is
assessed when the specimen is submitted to the testing
company, with JPY 480 000 being capable of being as-
sessed after explaining the results to the patient, which
happens after the expert panel has discussed the results.
Because 4–6 weeks are needed to return the results, the
cost for analysis is not reimbursed if the condition of the
patient has deteriorated to the point of being unable to
consider further treatment; otherwise, each hospital must
cover the cost with its own funds.

SPECIMENS FOR GENE‐PANEL TESTS USING NGS

Formalin‐fixed, paraffin‐embedded samples, including sur-
gical resection samples, biopsy specimens, and cell block
specimens, are recommended as a source of analyses.
Fresh frozen tissue or frozen cytology specimens can be
used for analysis with Oncomine DxTT. However, for this
type of specimen, it is important to evaluate the tumor cell
content ratio, although it is often difficult in practice. In ad-
dition to general handling management for molecular testing
(proper fixation time with recommended fixatives), speci-
mens for the gene‐panel tests are determined to be ad-
equate by two factors: tissue size and tumor cell content ratio
(Table 2).

Tissue size/volume

Each assay has different minimum inputs of DNA and RNA
to be analyzed, which are correlated with tissue size or
volume. FoundationOne CDx requires at least 1 mm3 of
tissue, while 10 unstained slides with a minimal size of
4 mm2 (16mm2 is recommended) are required by the NCC
OncoPanel. Although 10 ng is needed for Oncomine DxTT

© 2020 Japanese Society of Pathology and John Wiley & Sons Australia, Ltd

Figure 1 Cancer Genomic Medicine Program in Japan. Eleven institutes were designated the core institutes to promote the program, in
addition to 33 base hospitals and 161 cooperative hospitals on April 1, 2020. The core facilities are tightly connected to the Center for Cancer
Genomics and Advanced Therapeutics (C‐CAT), which manages all genome data. The C‐CAT can cooperate with the research institutes/
facilities, pharma and medical device companies to promote the development of new cancer patient care. Translated from the document from
the Japanese Ministry of Health, Labor, and Welfare.
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analysis, no practical tissue size is stated. Fig. 2 shows ex-
amples of tissue size/volume evaluation for gene‐panel
testing. Additionally, the average yields of DNA according
to the specimen types are summarized in Supplementary
Table S1, based on our experience.

Tumor cell content ratio

In the case of low mutation allele frequency, real mutation
reads, and reads due to a sequence error, may overlap.
Therefore, at least 20% of the tumor cell content ratio is
needed to avoid false positive results as a safety margin.
Conversely, all analyses are designed and validated for
tissue with a 20% or greater tumor cell content ratio. It is
well‐known that pathologists generally tend to overestimate
tumor cell content,7–9 and it should be noted that this over-
estimation may cause false negative results. For example,
the limit of detection for the BRAF V600E mutation in On-
comine DxTT is 12.4% of the tumor cell content. If the tissue
with 10% tumor cell content was overestimated as 20%,
the specimen was submitted and analyzed, resulting in false
negative results, because the sample actually has 10%
tumor cell content, which is below the limit of detection.
Proper evaluation of tumor cell content, particularly approx-
imately 20% of tumor cell content, is crucial for gene‐panel
testing. Figs. 3 and 4 show adequate and inadequate
specimens for analyses.

SELECTION OF SINGLE‐GENE MOLECULAR OR
GENE‐PANEL TESTS FOR LUNG CANCER

In contrast to CGP testing, both single‐gene molecular tests and
Oncomine DxTT can be used to determine therapeutic strat-
egies prior to first‐line treatment against lung cancer (Fig. 5). The
companion diagnostics of single‐gene tests are Cobas and
TheraScreen for EGFR mutations; Vysis break‐apart FISH,

Nichirei iAEP, and Ventana D5F3 IHC for ALK; OncoGuide
AmoyROS1 for ROS1; Oncomine BRAF test for BRAF V600E;
and ArcherMET for METex14 skipping (Supplementary
Table S2). How should we select the molecular test? Both single
and multiplex tests have advantages and disadvantages, as
listed in Table 3. Furthermore, the following points should be
considered with regard to the proper use of the tests.

Turnaround time

While Oncomine DxTT is returned within approximately
2 weeks, the test for EGFR mutations, which accounts for
approximately 40–50% of driver mutations of lung ad-
enocarcinoma, takes approximately 1 week, similar to im-
munohistochemistry, indicating a difference in the time
required to obtain the result.

Analysis success rate

As shown in Table 3, the analysis success ratio is different
between the single and multiplex molecular tests. Generally,
the success rates of single‐gene tests are approximately
95–99%, except for the ROS1 test, which is in strong con-
trast to the 85–90% success rate obtained with Oncomine
DxTT. The success rate is highly important, because D004‐2
precautions for medical insurance practices stipulate to
‘calculate only once per patient’; therefore, the entire cost of
a retest will be borne by the hospital. Furthermore, some
patients require immediate initiation of therapy, and physicians
cannot wait for a retested result.

FREQUENTLY ASKED QUESTIONS AND ANSWERS IN
CLINICAL PRACTICE

In addition, the Japanese Society of Lung Cancer raises
several FAQs with responses in the guidance. The following
questions are those associated with pathologists.

Q. When are multiple single‐gene tests recommended
rather than Oncomine DxTT?

The guidance recommends multiple single‐gene tests for the
following cases:

• Only specimens that are not suitable for the multiplex ge-
netic panel test are obtained. These circumstances include
when it is determined that the amount of tissue is in-
sufficient, when the tumor cell content ratio is low, or when
only a past cytological specimen is available.

© 2020 Japanese Society of Pathology and John Wiley & Sons Australia, Ltd

Table 2 Requirements for samples in each assay

Assay name
Tumor cell
content ratio

Tissue size/volume

DNA amount
Tissue size
(5 µm thickness)

Oncomine DxTT ≥20–30% 10–100 ng –
FoundationOne
CDx

≥20% 50–1000 ng ≥25mm2

NCC OncoPanel ≥20% ≥200 ng ≥4mm2

(Recommended,
≥16mm2)

Abbreviations: Oncomine CDx Target test (Oncomine DxTT),
OncoGuide NCC OncoPanel (NCC OncoPanel), or FoundationOne CDx
Cancer Genome Profile (F1CDx).

Gene‐panel testing in lung cancer 5



• The patient is in poor general condition and cannot wait for
the turnaround time (TAT) for a multiplex genetic panel test.

• When analysis failure of the genetic panel test would se-
riously interfere with the patient's biomarker testing. For
example, clinical re‐examination is not possible, or once
used, the amount of tissue will be insufficient, making
further examination impossible.

Q. Can F1CDx be used as a companion diagnostic test?

Although F1CDx also has a companion diagnostic function
and can be ordered for insured medical treatment, the facility
still bears a large economic burden. This burden means that,
from a practical perspective, it would be difficult to perform
this test as a companion diagnostic test.

© 2020 Japanese Society of Pathology and John Wiley & Sons Australia, Ltd

Figure 2 (a) Example of soft tissue metastasis with needle biopsy. Although it is a small tissue sample measuring 3mm and only 6mm2, the
tumor cells are densely packed, with a high tumor cell content ratio of 80%. Therefore, 1288 ng of DNA can be extracted, and any gene‐panel
test can be applicable. (b) Example of lung tumor tissue with needle biopsy. The tissue volume is approximately 20mm2, and the tumor cell
content ratio is 30%. Oncomine CDx Target test (Oncomine DxTT), OncoGuide NCC OncoPanel (NCC OncoPanel), and FoundationOne CDx
Cancer Genome Profile (F1CDx) can be analyzed. However, the tumor cells exhibited a tendency to degenerate, with only 10.3 ng of DNA
extracted, preventing sufficient DNA for analysis from being obtained. (c) Example of cell block for malignant pleural effusion of small cell
carcinoma. Although the cell volume was sufficient and 408.5 ng of DNA was extracted, the tumor cell content ratio was less than 1%, making
it unsuitable for panel testing. Pleural effusions often contain a large number of inflammatory cells and macrophages and cannot be
microdissected, making it difficult to obtain an appropriate tumor cell content ratio.

6 Y. Yatabe et al.



Q. What is the appropriate specimen?

As with single‐gene testing, close attention must be paid to
formalin solutions and fixation times. In addition, the amount of
tissue and tumor cell content ratio, which are important for gene‐
panel testing, vary greatly among the specimen types and differ
depending on the characteristics of each tumor; therefore, it
cannot be unconditionally determined which specimen type is
suitable for analysis. However, in general, the tissue volume
tends to be a problem for TBLB and EUS‐FNA specimens, while
the tumor cell content ratio is often a problem for pleural effusion
cell blocks and lymph node specimens. Frozen tissues and
frozen pellets from pleural effusions can be used only for On-
comine DxTT, but the tumor cell content ratio of these speci-
mens must be examined to prevent false negative results.
Against this issue, it may be a possible solution that sufficient
tumor cell content ratio is confirmed with H&E frozen section of
OCT‐embedded in one of the sliced frozen tissue in two, and the
other half is submitted for analysis. For cell pellets, the FFPE cell
block is recommended, as the FFPE cell block specimen itself is
not of the exclusion criteria for all gene‐panel testing; the fre-
quency to meet the required tissue criteria is simply low.

Q. How should the tumor cell content ratio be
assessed?

Evaluation by an experienced pathologist is essential. It
should be noted that the evaluation is not of the area ratio

but the nucleated cell ratio. In general, there is a tendency
for the tumor cell content ratio to be overestimated, which
can lead to false negatives. Pathologists need to have
sufficient experience to count each nucleated cell in the
tissue individually and compare the number to their own
evaluation.

Q. What do we do if a genetic panel test is a failure?

It is important to clarify why the genetic panel test failed
and to take measures to address the cause. If the quality
of the DNA is low, there is a high chance that fixation
causes the problem; therefore, a step such as rebiopsy
can be considered. If the tissue volume or tumor cell
content ratio is problematic, it may be useful to examine
whether a single‐gene test is possible. Of note, for
ROS1 and BRAF V600E, the same unsuitable specimen
cannot be used for single‐gene testing. This problem is
observed because the ROS1 AmoyDx test, a companion
diagnostic test for ROS1, also requires a tumor cell
content ratio of 30%, and there is no single‐gene
companion diagnostic test for the BRAF V600E muta-
tion. For these genes, it is necessary to use different
specimens, depending on whether rebiopsy or another
method is employed. The use of ROS1 IHC and BRAF
V600E IHC for screening also provides clinically useful
suggestions,10,11 although this method is not an ap-
proved test.

© 2020 Japanese Society of Pathology and John Wiley & Sons Australia, Ltd

Figure 3 Example of a needle biopsy tissue of squamous cell carcinoma lymph node metastasis. Although fibrous connective tissue
accounts for 70% of the area, the number of nucleated cells in the fibrous connective tissue is negligible compared to the left fragment
(comprised of lymphocyte infiltration and tumor cells). Furthermore, because lymphocytes have only a small area, three to seven lymphocytes
occupy a single unit area per tumor cell. Because the gene‐panel test uses DNA for comparison, it is necessary to consider the nucleated cell
ratio rather than the occupied area (the nucleated tumor cell content ratio is 15% in this photograph).

Gene‐panel testing in lung cancer 7



Q. What is the practical algorithm for lung cancer?

In addition to the necessity of clinical treatment, it is im-
perative that a pathologist with sufficient experience

evaluate the specimen (tumor cell content ratio,
specimen volume, fixation method/time, and storage
conditions). Fig. 6 presents an example of a specific
algorithm.

© 2020 Japanese Society of Pathology and John Wiley & Sons Australia, Ltd

Figure 4 (a) Example of lung tumor tissue with needle biopsy. Tumor cells are distributed nearly uniformly as in the right high‐power view,
with approximately 30% tumor cell content ratio. The tissue volume is also 10mm × 1mm × 3 = 30mm2, and 10 unstained 5 μm thick
specimens can be said to be specimens suitable for analysis with Oncomine CDx Target test (Oncomine DxTT), OncoGuide NCC OncoPanel
(NCC OncoPanel), or FoundationOne CDx Cancer Genome Profile (F1CDx). (b) Example of lung tumor tissue with needle biopsy. Metastasis
of salivary gland adenoid cystic carcinoma. It is a 10mm long needle biopsy tissue, with an area of 10mm2, when considered to be a 1mm
tissue core. Because the stromal component contains few nucleated cells, it is almost entirely composed of the tumor tissue shown in the right
figure, with the tumor cell content ratio estimated to be 70%. Although, in these types of examples, Oncomine DxTT and NCC OncoPanel can
be analyzed with 10 unstained sections with 5 µm thickness, in the case of F1CDx, 20 unstained specimens are required to satisfy the
standard tissue volume of 1mm3. (c) Example of lung tumor tissue with needle biopsy. Although the tissue volume is 5mm2, the tumor cell
content ratio is 15%, making none of the techniques (Oncomine DxTT, NCC OncoPanel or F1CDx) suitable for analysis. Although a single‐
gene test is recommended, the ROS1 AmoyDx fusion gene kit, which also requires a tumor cell content ratio of 30% or more, is also
inappropriate for the ROS1 companion diagnosis. As a result, this specimen is evaluated as undeterminable.

8 Y. Yatabe et al.
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Figure 5 Treatment line and molecular testing for lung cancer patients. After the diagnosis, molecular testing with either multiple single‐gene
testing or Oncomine CDx Target test (Oncomine DxTT) is recommended. When the tumor is recurrent, molecular testing for EGFR T790M is
allowed for selecting the treatment using third‐generation EGFR‐TKIs if the patient is treated with first‐ and second‐generation EGFR‐TKIs.
Comprehensive genome profile (CGP) testing is the last option to determine molecular targeted agents based on the results.

Table 3 Comparison of the existing single‐gene companion test and Oncomine DxTT (The shaded items are considered to be
disadvantages)

Gene‐panel testing in lung cancer 9



CONCLUSION

In this review, multiplex gene‐panel testing using NGS is
reviewed with a practical reference to clinical im-
plementation of lung cancer biomarker testing in Japan
based on ‘Guidance of Gene‐panel Testing Using Next‐
Generation Sequencers for Lung Cancer’, by the Japanese
Society of Lung Cancer. Oncomine DxTT is a multiplex hot
spot companion diagnostic panel similar to single‐gene
tests, while F1CDx and the NCC OncoPanel are catego-
rized under CGP testing and performed under the Cancer
Genomic Network framework. The purposes of the test and
healthcare reimbursement system differ between the mul-
tiplex hot spot companion diagnostic panel and CGP
testing. For all assays, pathologists are considered to play
crucial roles in selecting the specimens for analysis and
interpreting the results. It may be useful to refer to the
Japanese version of the guidance document, which pres-
ents further details.
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