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Abstract: Advances in cancer research have revolutionized the way cancer is diagnosed and
treated. Any cancer is now known to be an amalgamation of many subtypes, each carrying its
specific cancer-causing gene or oncogene. It is also evident that a given oncogene is often present
across a wide range of cancer subtypes, albeit at different frequencies. These lines of information
have brought cancer genomic medicine (CGM) to the clinic, where genetic information is used to
optimize therapeutic intervention. In 2017, the Expert Meeting for Cancer Genomic Medicine
Promotion Consortium in the Ministry of Health, Labour and Welfare (MHLW) of Japan submitted
a blueprint for the CGM platform in Japan. Accordingly, the MHLW designated a total of 206
hospitals that conduct cancer gene panel testing under the national health insurance system and
established the Center for Cancer Genomics and Advanced Therapeutics to store genomic/clinical
information of cancer patients. Since June 2019, the CGM officially started in Japan.
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Introduction

Cancer is a disorder of immortal cells that
clonally expand through the relentless acquisition of
genomic and epigenomic anomalies. A given cancer
cell may carry tens of thousands of somatic genomic
alterations, and some of them directly contribute to
the malignant phenotypes of cancer. International
research initiatives involving large-scale sequencing
projects for cancer genomes1),2) have identified a
plethora of cancer-causing mutations, such as those
producing activated kinases or differentiation block-
ers. Along with these discoveries, molecularly tar-
geted drugs have been developed against growth
driver proteins and have successfully prolonged the
survival of patients with some cancer subtypes.

Cancer genome analyses have also revealed that
such abnormal growth drivers may be shared across
distinct cancer subtypes, albeit at differing frequen-
cies.3) Therefore, it became apparent that the choice

of molecularly targeted drugs should be optimized
to the genome profiles, not the origin of the tumor
for each patient. Together with the advent of next-
generation sequencing (NGS), cancer genomic med-
icine (CGM) was thus realized where genomic
alterations in tumors are simultaneously examined
for genes with matching drugs available. Such
momentum was further accelerated by the Preci-
sion Medicine Initiative (https://obamawhitehouse.
archives.gov/precision-medicine) declared by Mr.
Obama, the former president of the U.S.A.

Since June 1, 2019, Japan has started CGM by
approving cancer gene panel tests covered by the
national health insurance system. As of April 2020, a
total of 206 institutes can conduct gene panel tests
for cancer care, and the number of such hospitals will
likely increase gradually. This review will summarize
how the national platform of the CGM has been built
and the direction that Japanese CGM is moving
toward.

The rise of CGM

Chronic myeloid leukemia (CML) is caused by a
reciprocal chromosome translocation between chro-
mosomes 9 and 22 that produces an activated, fusion-
type tyrosine kinase BCR-ABL1. Imatinib, a small
molecule targeting ABL1, is highly effective in
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suppressing the growth of CML cells.4) Likewise,
amplification of the ERBB2 gene is observed in
approximately one-third of breast cancer cases,
and trastuzumab, a monoclonal antibody targeting
ERBB2, was shown to be effective in inducing
apoptosis in ERBB2-amplified breast cancer.5) These
studies and clinical trials have led the era of
molecularly targeted drugs and companion diag-
nostics.

It became apparent, however, that such growth-
promoting, aberrant proteins may be present in the
other cancer subtypes as well. ERBB2 amplification,
for instance, can also be found in gastric cancer,6)

and the treatment of such tumors with trastuzumab
indeed demonstrated clinical efficacy.7) Similarly, in
4–5% of non-small cell lung cancers (NSCLCs), we
discovered the EML4-ALK fusion-type oncogene
that produces an activated tyrosine kinase.8) Treat-
ment with ALK-specific tyrosine kinase inhibitors
(TKIs) for such tumors resulted in marked ther-
apeutic effects. Of note, ALK also becomes fused to
other partner genes in different cancers: NPM1 in
anaplastic large cell lymphoma, TPM3/4 in inflam-
matory myofibroblastic tumors, VCL in renal me-
dullary carcinoma, and FN1 in ovarian sarcoma.9) A
clinical trial of such ALK-rearranged tumors with an
ALK inhibitor had shown promising results.10) Thus,
it was proposed that such ALK-dependent tumors
be collectively called “ALKoma”, because all these
tumors can be effectively treated using the same
ALK-TKIs, irrespective of the pathological classi-
fication and the organs from which the cancers
arise.9)

Given these findings, it is no longer appropriate
that molecularly targeted drugs are approved only
in a cancer subtype for specific organs. Rather, any
cancer subtypes should be treated with targeted
drugs if they share the same targets. On the other
hand, the development of NGS has enabled the
simultaneous assessment of mutations in hundreds
of genes. Taking advantage of this technology, cancer
gene panel tests (or cancer genome profiling tests)
were made to examine the mutation profiles of genes
linked to drug selection or to therapeutic interven-
tion, and the CGM era had begun.

The components required for CGM

Japan is unique in that almost every Japanese
person is covered by the national health insurance
system. If Japan integrates CGM into its healthcare
system, it will be necessary to build a CGM platform
that can accommodate tens of thousands of cancer

patients. Furthermore, the total CGM system should
have several important components in addition to
cancer gene panel tests. As shown in Fig. 1,
physicians and co-medical staff must have sufficient
literacy about CGM and should be capable of
explaining CGM to their patients. Moreover, pathol-
ogy departments have to prepare high-quality speci-
mens that are suitable for NGS analyses.

In quality-assured laboratories, cancer speci-
mens (and often with paired peripheral blood
samples) are processed for NGS sequencing with
gene panel tests. The raw sequencing data are then
mapped to the human reference genome, and
genomic alterations are calculated for each specimen.
When paired normal samples are analyzed together
with the tumors, somatic mutations in the tumors
can be called by subtracting germline polymor-
phisms. Then, amino acid changes are predicted
based on the mutation profiles and referred to the
cancer knowledge database (CKDB) for the clinical
annotation of each mutation. The CKDB is similar to
an encyclopedia and contains clinical trial databases
matched to each mutation as well as an extensive
list of pathogenicity for gene mutations/variants. By
referring to the CKDB, mutation profiles can be
translated to clinical advice for the optimal selection
of approved drugs and/or clinical trials for every
patient.

Such reports are then sent back to hospitals and
used for discussion about the therapeutic interven-
tion for a given patient by an “expert panel” or
“cancer board” that consists of experts of different
expertise. If a patient has a germline pathogenic
variant in a hereditary cancer syndrome gene, a
genetic counselor should explain to the patient the
causative genetic background and assist the patient
in selecting therapeutic interventions.
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Fig. 1. Components required for CGM. To sustain CGM within
the national health insurance system, Japan has to build a large
infrastructure for CGM. EMR, electric medical record; ELSI,
ethical, legal and social implications.
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If Japan is going to start CGM as part of the
national health insurance system, it has to construct
this CGM platform in a nationwide manner.

Construction of the national platform
of CGM in Japan

To actualize CGM in Japan, the Ministry of
Health, Labour and Welfare (MHLW) held an
Expert Meeting for Cancer Genome Medicine Pro-
motion Consortium composed of 12 representatives
of various academic societies and patient advocacy
groups. This meeting was set to discuss how the
Japanese CGM should be constructed/organized and
what infrastructures are necessary to support the
Japanese CGM. After several rounds of discussion,
the meeting submitted an official report to the
Minister of the MHLW (https://www.mhlw.go.jp/
file/05-Shingikai-10901000-Kenkoukyoku-Soumuka/
0000169236.pdf, in Japanese) on June 27, 2017. The
report contains two important proposals for the
Japanese platform of CGM.

First, CGM should be conducted in a group of
certified CGM-ready hospitals only, and the number
of such hospitals shall be increased gradually. The
report says that such hospitals should (i) have a
certified infrastructure and plenty of experience for
clinical trials, (ii) have an expert group for genetic
counseling for hereditary cancer syndrome, and (iii)
have an expert panel for assessing the clinical utility
of each gene mutation. The MHLW accordingly
chose 11 designated core hospitals for CGM in
February 2018. As of April 2020, Japan has 12
designated core hospitals (Fig. 2), 33 designated
hospitals and 161 cooperative hospitals, for a total
of 206 institutes eligible for CGM under the national
health insurance system.

Second, the report suggested that Japan should
have a central datacenter to aggregate the genomic
data and clinical information of the patients receiving
cancer gene panel tests. The MHLW thus established

the Center for Cancer Genomics and Advanced
Therapeutics (C-CAT) in June 2018. C-CAT and
the 206 hospitals above constitute the large network
for CGM.

Figure 3 summarizes the national platform of
CGM in Japan. If patients provide consent for gene
panel testing at either designated core hospitals,
designated hospitals, or cooperative hospitals, their
appropriate specimens are sent to certified sequenc-
ing laboratories that then send back the test reports
to the hospitals. The sequencing laboratories, upon
patient consent, transfer nucleotide sequencing data
such as VCF and FASTQ files to C-CAT (for
some gene panel tests, the sequencing data are
transferred to C-CAT from the corresponding hospi-
tals). The CGM hospitals also input the clinical
information of the patients into the C-CAT reposi-
tory database. C-CAT thus stores the genomic data
and clinical information of patients who receive
cancer gene panel tests under the national health
insurance system.

In C-CAT, the mutation profiles of individual
patients are referred to the CKDB to annotate the
clinical significance of each mutation. Such annota-
tion information (for instance, matching approved
drugs and matching clinical trials in Japan) is
summarized as a “C-CAT findings” report that is
sent back to an expert panel in the hospital to discuss
the optimal therapeutic intervention for each patient.

The C-CAT database is further utilized to
increase drug access for Japanese cancer patients.
The number of approved drugs for cancer treatments
is fewer than that in the U.S.A. We thus aim to
use the C-CAT data to try/accept the off-label use of
cancer drugs within the national CGM platform.
From October 2019, a new official scheme for off-label
use started within the 11 designated core hospitals.
As of April 2020, three pharmaceutical companies
have donated compounds to this scheme for compas-
sionate use.

Future direction of Japanese CGM

This national initiative of CGM will markedly
improve patient care in Japan in many ways. First,
“C-CAT findings” are obtained for every patient,
which facilitates patient recruitment into clinical
trials regardless of where the patients are treated.
The C-CAT findings provide a list of matching
clinical trials via the CKDB that is curated and
constantly updated by Japanese clinical oncologists.
As of June 2020, the CKDB of C-CAT stores
information for >700 cancer clinical trials in Japan.
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Fig. 2. The twelve designated core hospitals for CGM.
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Second, the C-CAT data are an essential
resource for investigator-initiated and company-
driven clinical trials in Japan. Furthermore, the data
may be a driving force for foreign pharmaceutical
companies to choose Japan to test their compounds
in Asian countries because only Japan has a national
database for mutations in cancer.

Third, as the official scheme for off-label use
described above, the entire CGM network consisting
of C-CAT and CGM hospitals will be a platform to
maximize drug access for Japanese cancer patients.
Sunami et al. reported that, in a clinical research,
NGS analyses of cancer specimens with a 114 gene-
panel test led to treatments with matching targeted
drugs only in 13.3% of patients.11) This low drug
accessibility is partly due to the small number of
available clinical trials in Japan. We thus hope that
such a situation for drug accessibility in Japan will
change in the future by virtue of the CGM network.

Fourth, the C-CAT data will be utilized for a
variety of purposes. C-CAT is constructing a search
portal site for the C-CAT database for CGM
hospitals. By using the search engine, any hospital
within the CGM network can search for patients
with a given gene mutation and obtain information
on the drugs given to and/or clinical outcome of
those patients. A similar search engine will also be
widely provided to academia/industry outside the

CGM network. If, for instance, a pharmaceutical
company develops a new molecularly targeted drug,
they can readily identify how many eligible patients
there are in Japan who carry the mutated targets.
Furthermore, C-CAT is developing a portal site for
the complete set of anonymized C-CAT data. Here,
the clinical and genomic information of individual
patients can be accessed and analyzed for research
use. Large-scale examination of C-CAT data will
enable the discovery of new biomarkers/therapeutic
targets. We hope that the C-CAT data will become
a novel foundation for next-generation cancer care.
It should be noted that such complete data can be
accessed by approved users, only provided that the
patient gave consent for industry usage of the
anonymized data.

Finally, the C-CAT data should play an
essential role for the government to improve patient
care in Japan. Nearly complete mutation profiles
(both somatic mutations and, in some cancer panels,
germline variants) of Japanese cancer patients are
stored in the C-CAT repository database. The
Japanese government can, for instance, use the data
to assess the number of hereditary cancer syndrome
carriers and to scientifically estimate the cost-benefit
of given cancer drugs.

Since the approval of cancer gene panel tests
in June 2019 in Japan, more than 4,000 patients
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Fig. 3. The national platform of CGM in Japan. The figure is modified from the one used in the press conference held in C-CAT on June
1, 2018.
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deposited their clinical and genomic information into
C-CAT within the 2019 fiscal year, and more than
10,000 patients are expected to do so in the 2020
fiscal year. The Japanese CGM platform is thus
growing steadily, and is a unique and ambitious
program that we have harnessed and are going to
continuously develop.
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