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Interpretation and Significance of Mutations

① Oncogenic markers - Oncogenic
Essential information for understanding carcinogenesis. Biological 
significance of the tumor. 
Includes biomarkers that enable prediction of the disease type, diagnosis, 
and prognosis. 
It is necessary to check whether any molecular targeted drugs are available. 

② Predictive markers for therapeutic effect - Predictive
Clinical oncology significance. Whether treatment is accessible is important 
information for selecting treatment for drug-sensitive mutations.

Some SNPs affect 
pharmacokinetics

Immune 
checkpoint 
inhibitors for 
hypermutator

Carcinogenic 

mutation

Expert panel/AI

Germline 

mutation
Somatic 

mutation

Passenger 

mutation

Sensitive mutation Resistant mutation

Target mutation 

for approved 

pharmaceutical

Target 

mutation for 

clinical trial

Cell 

experiments
Clinical 

trialIn silico 

predictions
Literature 

reports
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Interpretation and Significance of Mutations

③ Disease predisposition marker - Predisposing
Carcinogenesis-related germline variants belong in this category. For example, hereditary breast and ovarian
cancer (HBOC) syndrome is caused by a pathogenic variant of BRCA1 or BRCA2 gene. Affected persons have a
high risk of developing hereditary breast cancer or ovarian cancer. This type of cancer accounts for 5–10% of
the estimated 100,000 cases of breast or ovarian cancer in Japan each year. For patients diagnosed with HBOC,
risk-reducing surgery should be considered, and their clinical course should be carefully monitored by
screening. These measures can lead to the prevention and early detection of cancer.

④ Diagnostic markers - Diagnostic
These markers are related to patient diagnosis. Histopathologic examinations mainly involving evaluation of cell
morphology are used in pathology-based diagnosis. Protein expression and localization of markers specific to
certain types of cancer is evaluated using immunostaining, in addition to histological imaging of the cancer.
Genetic mutations can also assist in diagnosis. For example, the tall cell variant of papillary thyroid cancer, a
subtype of papillary thyroid cancer, is associated with a higher incidence of extrathyroid invasion and distant
metastasis compared to the highly differentiated type, indicating that the cancer is highly malignant with a
poor prognosis. BRAF V600E is positive at a high rate in these cancers, making it a useful diagnostic marker.

⑤ Prognostic markers - Prognostic
These markers are related to factors such as cancer progression, severity, and survival prognosis, and can
specify the biological malignancy of the cancer. For example, the IDH2 R140K mutation in acute myeloid
leukemia indicates an improved overall prognosis compared to wild-type IDH2.

ICRweb: 

https://www.icrweb.jp/icr_index.php?lang=en

Secondary use of any contents of this site for commercial 

purposes is prohibited.



Center for Cancer Genomic and Advanced Therapeutics (C-CAT)Center for Cancer Genomic and Advanced Therapeutics (C-CAT) #6

Evidence Level Classification

Criteria
3 Japanese 

Associations

3 US 

Associations

Hematopoietic 

malignancy

Biomarkers that predict response to PMDA-approved therapies 

for a specific type of tumor
A A

Biomarkers that predict response to FDA-approved therapies for 

a specific type of tumor
A A A

Biomarkers included in professional guidelines that predict 

response to therapies for a specific type of tumor
A A A

Biomarkers that predict response to therapies for a specific type 

of tumor based on well-powered studies with consensus from 

experts in the field

B B B

Biomarkers that predict response to therapies approved by the 

PMDA or FDA for another type of tumor
C C C

Biomarkers that predict response to therapies for another type of

tumor based on well-powered studies with consensus from

experts in the field

C

Biomarkers that predict response to therapies for another type of

tumor based on small-scale clinical trials
C C D

Used as clinical trial selection criteria - C C

Biomarkers that predict response to therapies for any type of

tumor based on case reports
D D

Biomarkers that show plausible therapeutic significance based

on preclinical studies
E D D

Biomarkers that is associated with tumorigenesis F

Drug-resistant mutation R

Drug accessibility

１
PMDA-approved drug for a

specific tumor type

２
Ongoing clinical trials in Japan

for a specific tumor type

３
Approved drug in Japan for

another tumor type (off-label

use)

４
Ongoing clinical trials overseas

for a specific tumor type

５
FDA-approved drug for any

tumor type

６ None of the above

⚫ Described for each drug

⚫ Evidence level and 

accessibility are written 

together (example: C3)

⚫ Generally, evidence levels 

D or higher are stated 

(treatments linked to 

clinical trials in Japan are 

included as appropriate: 

E2,F2)

⚫ Listed in order of evidence 

level, starting from 

treatments with high 

accessibility

Japanese Society of Medical Oncology, Japan Society of Clinical Oncology, Japanese Cancer Association
Guidance for Cancer Treatment based on Gene Panel Tests using Next-Generation Sequencers Ver. 2.1 
(15 May 2020)
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No. Marker Evidence type Clinical 

significance

Evidence level Drug Accessibility of 

drug

US evidence level

1 AKT1
E17K
0.59 (3358/5727)

Predictive Sensitivity/respo

nse

B Capivasertib Tier 2C
Pathogenic
Trials in 
progress 
overseas (5 
trials)

Oncogenic Oncogenic F

TAS-117 (drug 

target match)

Trial in progress 

in Japan (1 trial)

TAS-117 + 

futibatinib (trial 

condition match)

Trial in progress 

in Japan (1 trial)

2 ESR1

D538G

0.39 (642/1646)

Predictive Sensitivity/respo

nse

B AZD9496 Tier 1B

Pathogenic

Predictive Sensitivity/respo

nse

B Fulvestrant Approved drug in 

Japan

Predictive Sensitivity/respo

nse

E Tamoxifen citras Approved drug in 

Japan

FDA-approved 

drug

Oncogenic Sensitivity/respo

nse

F

3 PIK3CA

H1047R

0.81 (1599/1972)

Predictive Sensitivity/respo

nse

B GDC-0077 Tier 1A
Pathogenic
Trials in progress 
overseas (10 
trials)

Predictive Sensitivity/respo

nse

B Alpelisib

#7

Results of C-CAT Findings

An expert panel is held to review survey results prepared by C-CAT for the respective patient
when examining a patient who has given consent to have his/her data submitted to C-CAT

Excerpt from “Notes on implementation after partial revision of medical fee calculation method”

C-CAT Findings Results

1. Basic Information
1.1 Patient

Registration ID

Age

Patient ID

Sex

Specimen ID 
Number

Not input/unknown Cancer type LUNG

xxxxxx

65

ABC123456 123456789

Designated Core 
Hospitals for CGM

1.2 Medical Institution

Test Hospital
Cooperative 
Hospital

Test University Hospital

Specimen 
Collection Date

2016/2/1 Panel Name NCC OncoPanel V4.0

1.3 Test

2. Survey Results
Overview Please refer to reachibility index for drugs

Number of detected 
mutations

Drugs approved 
in Japan

Ongoing clinical 
trials in Japan

Off-label drugs in 
Japan

Ongoing clinical 
trials overseas

FDA-approved 
drugs

Somatic mutations: 3
Germline mutations: 1

6 8 2 15 9

Marker Evidence type Clinical significance Evidence 
level

Reachability of 
drug

US evidence 
level

Base substitutions, insertions, deletions (DNA)

No. Drug

NRG1 R547W
0.0759 (155/2042)

TPS3 R175L
0.385 (1045/2714)

2

1

Predictive

Predictive

Predictive

Predictive

Predictive

Sensitivity/response

Sensitivity/response

Sensitivity/response

Sensitivity/response

Sensitivity/response

Sensitivity/response

C

C

E

E

E

B

Tier 3
Uncertain 
Significance

Tier 2C
Pathogenic
Trial in progress 
overseas (5 trials)

Alemtuzumab

Pazopanib 
hydrochloride

Docetaxel

Doxorubicin 
hydrochloride

Selumetinib

Nab-paclitaxel

Approved for off-
label use in Japan
FDA-approved 
drug
Approved for off-
label use in Japan
FDA-approved 
drug
Approved drug in 
Japan
Trial in progress in 
Japan (1 trial)
FDA-approved drug

Approved drug in 
Japan
Trial in progress in 
Japan (1 trial)
FDA-approved drug

Approved drug in 
Japan
Trial in progress in 
Japan (1 trial)
FDA-approved drug

2. Survey Results

Overview Please refer to reachibility index for drugs

Number of detected 
mutations

Drugs approved in 
Japan

Ongoing clinical trials 
in Japan

Off-label drugs in 
Japan

Ongoing clinical trials 
overseas

FDA-approved drugs

Somatic mutations: 15
Germline mutations: 5

14 16 0 29 15

Base substitutions, insertions, deletions (DNA)
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Overview of C-CAT Findings Results

SECTION CONTENT

Section 1 Basic information Describes information on patients, medical institutions, and tests. 

Section 2 Survey results Describes information on the number of markers detected, markers, 

evidence level, evidence type, and more. I will explain this section in 

detail later.

Section 3 List of candidate 

clinical trials

Provides information on clinical trials targeting the detected markers. I 

will explain this section in detail later.

Section 4 Details on mutant 

genes

Provides detailed information on the genes associated with the 

detected markers.

Section 5 Reference 

literature

Provides information on reference literature such as articles on the 

detected markers.

Section 6 Software version 

used

Describes the software version and database version used to generate 

the annotations and C-CAT Findings results.

Section 7 Evidence level 

definition

Describes the classification of evidence levels for therapeutic efficacy.

Section 8 US evidence 

level

Describes information on overseas evidence levels.

Section 9 Points to note/ 

Disclaimer

Describes points to note and disclaimers regarding the C-CAT Findings 

results. 
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Attention

Please note that these survey results are created to be used as reference materials for

conferences held by specialists (expert panel) and that “these results are not

created with the expectation that patients will receive either the original or a

copy”.

When providing this information to a patient upon request, please provide the

information after understanding and carefully explaining the purpose of these results

(the two points below) to the patient.

(1) Interpretation by experts, including the patient’s attending physician, is required to determine

whether the information described herein is applicable to an individual patient. When doing so, a broad

range of candidate clinical trials should be considered to determine whether the patient can participate

in a clinical trial; however, this does not guarantee that the listed clinical trials are suitable for the

patient or that the respective patient can participate in the trials.

* Considering the C-CAT Findings results alone may be misleading, and these results may suggest that

there are a large number of clinical trials in which the patient can participate. Therefore, please

explain to the patient that the expert panel or attending physician will contact the clinical

trial authorities to confirm whether registration is possible based on factors such as the

eligibility conditions and implementation status of the clinical trial.

(2) The contact details for each clinical trial are listed so that medical personnel can contact the authorities

conducting the clinical trial as needed, as stated in (1); please note that these contact details are not

for inquiries from patients”.
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1 Basic Information

Basic Information
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2  Survey Results

The following information is included under the heading 

“2 Survey Results”.

(1) Overview

(2) Biomarkers other than genetic mutations

(3) Base substitutions, insertions, deletions (DNA)

(4) Gene rearrangement (DNA), structural variations 

(DNA)

(5) Copy number variation

(6) Germline mutation (only T/N tests)

(7) Composite marker table
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2  Survey Results (1) Overview
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2 Survey Results (2) Biomarkers Other Than Genetic Mutations
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2 Survey Results (3) Base Substitutions, Insertions, Deletions (DNA)
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2 Survey Results (4) Gene Rearrangement (DNA), Structural 
Variations (DNA)

2, 8, 21–26

Gene rearrangement (DNA), 
Structural variations (DNA)
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2 Survey Results (5) Copy Number Variation
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2 Survey Results (6)Germline Mutation (only T/N tests)
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2 Survey Results (7) Composite Marker Table
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2 Survey Results (8) Comments from the Testing Company
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3 List Of Candidate Clinical Trials
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4 Details On Mutant Genes
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5 References
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6 Used Software Version
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7 Evidence Level Definition
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8 US Evidence Level

8 US Evidence Level (AMP/ASCO/CAP Guidelines)
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9 Points To Note / Disclaimer
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Knowledge Database

Laboratories,
such as clinical laboratories

Sample

Clinical information

Source data, such as 
array information

C-CAT Findings results allocated 
clinical significance

C-CAT CKDB
Clinical trials in Japan

Evidence level in Japan

QIAGEN QCI
Overseas clinical trials

US evidence level

Knowledge database (Cancer Knowledge DataBase)

Generated image of the C-CAT Findings results (general overview)

The C-CAT Findings results are created for each patient after interpretation and 

allocation of clinical significance to the genome analysis results sent from 

laboratories, such as clinical laboratories, or Designated Core Hospitals for CGM, 

based on the knowledge database (Cancer Knowledge DataBase: hereinafter 

referred to as C-CAT CKDB) built by C-CAT and QIAGEN Clinical Insight 

(hereinafter referred to as QCI), a commercial service.
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CKDB Database Structure

➢ C-CAT CKDB is comprised of the four databases shown in the table below.

Name of 

database

Marker DB

List of cancer-related gene markers

Example) EGFR T790M 

Example) BRCA1 germline mutation

* In addition to single genetic mutations, some markers are a combination 

of two or more markers.

Drug DB

List of cancer-related drugs. Lists mainly cancer-related drugs that are 

approved in Japan, FDA-approved drugs, or drugs under development in 

Japan, arranged by approved target disease, markers, and target molecules

Evidence DB

Arranges predictive, prognostic, diagnostic, predisposing, and oncogenic 

evidence obtained from public databases (ClViC, BRCAExchange, ClinVar, 

COSMIC) and the NCC database 

* Diagnostic and prognostic evidence are not used in survey results

Clinical DB

List of cancer-related clinical trials in Japan. Lists cancer-related clinical 

trials from JAPIC, UMIN, JMACCT, jRCT, and ClinicalTrials.gov, arranged by 

drugs, diseases, and markers of interest.
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C-CAT Findings Results Report Logic

Drug DB
Clinical Trial 

DB

(A) Marker-based FDA- and PMDA-approved drugs and 
related clinical trial information

Mutation 

information 

file

Evidence DB
(drug name)

Clinical Trial DB
(drug name)

Matching with 

marker

Matching with target

Clinical Trial DB

Clinical Trial 
DB

Drug DB

A

H

C

F

B

E

I

Drug DB

D

Drug DB

G

(B) Drugs derived from the Evidence DB and related clinical trial 
information

(C) Treatment derived from the Clinical Trial DB and clinical trial 
drug information

(D) Drugs derived from target information and 
related clinical trial information

Marker DB

Legend

Database

Clinical trial

list

Drug list

Drug list
Trial condition match

Drug target match

Are there 

approved drugs?

Is there 

evidence?

Is there a 

clinical trial?
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(A) Marker-based FDA, PMDA Approved Drugs And Related Clinical Trial Information
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(B) Drugs Derived From The Evidence DB And Related Clinical Trial Information
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(C) Treatment Derived From The Clinical Trial DB And Clinical Trial Drug Information
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(D) Drugs Derived From Target Information And Related Clinical Trial Information
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CKDB Curation

・ Established CKDB (Cancer Knowledge Database), refines creation of 

C-CAT Findings results

・ Started in February 2019

・ Promotes clinical trials in Japan

・ Ultimately gives back to patients

C-CAT Findings results

CKDB

Expert panel

Clinical trials

New drug 

development

Curator

• Literature information (150,000 

evidence examples)

• Clinical trial information (752 

clinical trials in Japan)

• Drug information (1208 drugs)

• Cancer disease information
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Inquiries To Pharmaceutical Companies For Detailed Clinical Trial 
Information

Drug trials targeting cancer that have not published details on marker 

conditions

→ Unique interpretation of specific gene mutations for each marker
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Utilization Of Information In The Clinical Trial DB And Disclosure Of 
Provided Information

Sponsor

Medical institution 

implementing the 

clinical trial

National Cancer Center Research Institute

Center for Cancer Genomic and Advanced 

Therapeutics (C-CAT)

Cooperative 

Hospitals

Patient

C-CAT

Portal site
C-CAT

DB

①, ② Inquiry via email

(clinical trial recruitment status, 

medical institution implementing 

the clinical trial, etc.)

・Return C-CAT Findings 

results

(including introduction of 

clinical trial information)

C-CAT 

Findings 

results

Connection with 

ID/Pass authentication

[Flow of inquiry for clinical trial information]
① Email inquiry to the sponsor from
② Information provided to C-CAT by the sponsor via email
③ Provided information is updated in the C-CAT DB by C-CAT

③ Update 

provided 

information

④ Create C-CAT 

Findings results

Designated Core

Hospitals or 

Designated Hospitals 

(around 40 hospitals 

hold expert panels)

⑤・Data referenced by expert panel

・Data curation

Scope of disclosure 

of provided clinical 

trial information

*Provided information 

is included in the C-

CAT Findings results

Scope of non-

disclosure
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2021 Curators
2021 Curators 31 people

Hokkaido University Hospital Clinical Research and Medical Innovation 

Center
Toraji Amano

Division of Clinical Cancer Genomics, Hokkaido University Hospital Ichiro Kinoshita

Division of Clinical Cancer Genomics, Hokkaido University Hospital Junko Kikuchi

Department of Medical Oncology, Tohoku University Hospital Keigo Komine

National Cancer Center Hospital East Yoichi Naito

Department of Hepatobiliary and Pancreatic Oncology, National Cancer 

Center Hospital
Akihiro Oba

Department of Diagnostic Pathology, National Cancer Center Hospital Junpei Kashima

Department of Medical Oncology, National Cancer Center Hospital Yuki Kojima

Department of Thoracic Oncology, National Cancer Center Hospital Yuki Shinno

Department of Pediatric Oncology, National Cancer Center Hospital Kayoko Tao

Department of Gastrointestinal Medical Oncology, National Cancer Center 

Hospital
Hidekazu Hirano

Department of Hematology, National Cancer Center Hospital
Suguru

Fukuhara

Department of Thoracic Oncology, National Cancer Center Hospital
Hidehito 

Horinouchi

Division of Cancer Genomics, National Cancer Center Research Institute
Akihiko 

Fukagawa

Division of Cancer Genomics, National Cancer Center Research Institute Yuya Kobayashi

Division of Cellular Signaling, National Cancer Center Research Institute Tsuyoshi Hirose
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Medical Search Portal

Mutation 

information

Classification Item*

Basic patient 

information

Hospital code, sex, age, cancer type 

classification, etc.

Specimen 

information
Test type, tumor cell ratio, collection site, etc.

Patient 

background

Pathology diagnosis name, smoking history, 

ECOG-PS, family history, etc. 

Cancer type 

information

Where there is metastasis, genetic test results, 

etc. 

Drug therapy

Before and after 

panel

Drug name, start/end date

Best overall effect, adverse events, etc.

Outcome
Outcome, last confirmed survival date, date of 

death, cause of death 

Medical 

information

Genetic mutations reported by tests 

covered by insurance

⇒ Consider treatment strategy, 

medical cooperation/patient 

transfer support

Medical search portal (b version scheduled 

to start by end of September 2020)

No

charge

C-CAT integrated data

Data from patients who did not provide consent 

for secondary use of data are also included

→Cannot be used for academic conferences or 

dissertation presentations

Free search using a combination of 

medical care and genetic information

⇒ Display/download results

Ethical review

not needed

Medical search portal
(The data cannot be used for 

academic conferences or dissertation 

presentations)

診療検索
ポータル

New functions will be added to the 

C-CAT cancer genome test portal

Mechanism of using information collected by C-CAT for medical care 

by hospitals conducting cancer genomic medicine
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Medical Search Portal

Example) The BRAF_V600E mutation is detected in your patient with 
cancer

→ Is the mutation common in this type of cancer?

→ What type of treatment is used?

46 cases are registered
Detected in multiple cancer types, including 

colon, stomach, pancreas, and skin

Nationwide search of all cancer types with BRAF_V600E mutation

No.

1.

2.

3.

4.

5.

6.

7.

Cases in own facility: Displays 

hospital name and ID

Cases in other facilities: Hospital 

name and ID display is masked

Clicking on individual cases will take you to 

separate pages for each case:

Displays information such as treatment 

details, effect, and adverse events

The search/display screen is an image

….

….

….

….

….

….

….

….

Substitutions, insertions, deletions

Displaying 20 out of a total of 46 cases

Age                         Gender                Cancer type

M

M

M

M

M

M

F
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Clinical Trial Update Function
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Clinical Trial Update Function Actual Example

A clinical trial related to the drug sotorasib was newly registered in the third CKDB 
update in 2021. Updating information on clinical trials using CKDB newly matched 
sotorasib to 151 of 11,951 cases.
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Future Of Genome Medicine

Genome medicine

AI

Cancer 
knowledge
data base

Clinical trial

Cancer genome profiling 

Expert panel/MTB

Drug development

Preclinical
experiment
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