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研究成果の概要（和文）：この研究は、固形がんから循環腫瘍DNA（ctDNA）を検出するためにカスタマイズされ
たNGSパネルを確立することを目的としています。2つのパネルが確立されました。がんスクリーニングパネル
は、TCGAおよびCOSMICデータベースからの変異プロファイルを評価した後に設計された33の癌遺伝子パネルで
す。 固形がんでは、ctDNA検出率は50-67%です。Actionable mutationパネルは、分子標的薬の変異、CNV、およ
びfusionをカバーする59遺伝子パネルです。ctDNAの平均検出率は79％です。これらのパネルはリキッドバイオ
プシーから0.2％の検出限界で変異を検出しました。

研究成果の概要（英文）：This study aims to establish customized NGS panels to detect circulating 
tumor DNA (ctDNA) from various solid tumors. Two panels were established: JFCR cfDNA screening panel
 for cancer screening and JFCR cfDNA actionable mutation panel for alterations detection with 
therapeutic implication.
JFCR screening panel is a 33 cancer gene panel, designed after assessing mutation profiles from TCGA
 and COSMIC databases. By using reference standard, JFCR cfDNA screening panel was able to detect 
mutation as low as 0.2% of molecular allele frequency. ctDNA detection rate varies among solid 
cancers and stages, range between 50-67% by using this panel. JFCR cfDNA actionable mutation panel 
is a 59 gene panel that covers actionable mutations, copy number variations and fusions. The average
 ctDNA detection rate is 79% in various solid tumor with limit of detection at 0.1%. This study 
include only very small sample size, further studies are needed to evaluate the feasibility of these
 panels.

研究分野： cancer genetics
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研究成果の学術的意義や社会的意義
Next generation sequencing (NGS) of circulating tumor DNA (ctDNA) enables the evaluation of genetic 
profiles of the primary and metastatic tumor sites. This study established customize ctDNA NGS 
panels that could be used for detection, monitoring and treatment selection for cancer patients.

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属されます。



1. Scientific background 

It is foreseen that the incidence of cancer will rise to 22 million within the next two decades urging the 

needs to explore methods for early cancer screening, prognostic determination, and monitoring. Cancer is 

a genetic disease that caused by the accumulation random somatic alterations. Typically, these alterations 

could be evaluated through needle biopsy obtained from the primary tumor sites for the determination of 

therapeutic strategy. Nevertheless, there are shortcomings of this approach. Cancers are highly 

heterogeneous and mutation profiles of tumor evolves over time, biopsy taken from the primary tumor 

reflects only the genomic alteration of the location and the time when the biopsy was taken. In addition, 

given the difficulties in repeatedly obtaining tissue biopsies through invasive method, liquid biopsy that 

include circulating tumor DNA (ctDNA), provides an alternative non-invasive way to evaluate mutation 

profile of tumor via blood in which ctDNA could be extracted from the plasma.   

 

ctDNA are short DNA fragments (~150-200 bp) that break away from the primary and metastatic tumor 

site(s) during cell death, which subsequently enter into the bloodstream. These ctDNA carry the information 

of tumor-specific genetic alterations from all tumor site(s) and hence could provide an overview mutation 

profiles of a patient. Importantly, mutation status in ctDNA from plasma is highly concordant with the 

corresponding tumor tissue and the level of ctDNA increase corresponds to the stage of cancer.1  In addition, 

it is known that ctDNA has superior sensitivity compared to conventional biomarkers, such as CA-153, and 

has a greater dynamic range that correlates with changes in tumor burden.2 The evaluation of ctDNA 

provide a cancer "snapshot", which is therefore relevant not only for risk stratification, but for guiding 

treatment. Detection of ctDNA could serves as better biomarkers for early detection of cancer and 

monitoring.   

 

2. Research objectives  

(1) The current research proposal aims to establish customized ctDNA panels for next generation 

sequencing (NGS). Two panels were established: 

(a) JFCR screening panel was designed after evaluating mutation profiles of the top 12 solid tumors 

that shows highest incidence and mortality in Japan.  

(b) JFCR actionable mutation panel was designed focusing on actionable mutations for possible 

selection of targeted therapy.  

(2) To optimize NGS methodology to obtain desirable depth of sequencing. 

(3) To evaluate the efficacy, limit of detection, sensitivity and specificity of the panel with commercial 

controls and samples from cancer patients.  

It is hopeful that these panels could be used for cancer detection, monitoring therapeutic response and early 

detection for cancer recurrence.  This research grant will support the proof-of-concept of this panel before 

it could be implemented in the clinical settings. 

 

(3) Research Method  

3.1 Establishment of JFCR screening panel 

According to cancer statistics Japan 2016, Japan top 12 cancers (considering incidence and mortality), 

which include cancer of colon, stomach, lung, prostate, breast, liver, pancreas, gallbladder, esophagus 

uterine, ovarian and prostate were selected. All the mutation and copy number alteration information of the 

cancer genome atlas project (TGCA) and other publicly available cancer genomics datasets were assessed 

from COSMIC (Catalogue of somatic mutation in cancer) database. The number of mutations per gene of 



each cancer were evaluated and summarized. Hotspots of the most commonly mutated genes were selected 

to establish the panel.  

 

3.2 Establishment of JFCR actionable mutation panel 

This panel was established by selecting the potential actionable alterations (mutations, copy number 

variations and fusions) compiling from several databases that include OncoKB, My Cancer Genome, 

CanDL, Clinical knowledgebase, CIVIC and FDA databases. The alterations that were classified in the 

following level of evidences: FDA/NCCN guidelines approved, early and late clinical trials as well as case 

reports, were included in the panel. 

 

3.3 Establishment of NGS methodologies 

The panels were developed by Ampliseq HD technology from Thermofisher Scientific. This amplicon-

based NGS technology has integrated molecular barcode system that are known to reduce error and could 

accurately detects low-frequency variants. Both of the panels were firstly evaluated using commercially 

reference standard (OncoSpan reference standard and Horizon Discovery cell-free reference standard) and 

subsequently with cell-free DNA (cfDNA) extracted from cancer patients. In brief, cfDNA was extracted 

using MagMax cell-free total nucleic acid kit. The extracted cfDNA was subjected Ampliseq HD library 

kit to generate libraries for targeted sequencing based on the panel designed. The libraries of the samples 

were pooled for templating on the Ion Chef System and subsequently sequenced using the Ion S5 Prime 

System. Ion Reporter was used for data analysis including variant calling and annotation.  

 

(4) Results 

4.1 Detection rate of JFCR screening panel 

JFCR screening panel covers 1,542 hotspot mutations from 33 most commonly mutated genes in solid 

tumor. Among the genes, TP53 is the most frequently mutated in all types of solid tumors followed by 

PIK3CA for breast cancer, APC and KRAS for colorectal cancer, EGFR for lung cancer. 

NGS was performed with overall depth at 65,000x and median molecular depth at 3,300x. By using 

OncoSpan reference standard, JFCR screening panel was able to detect mutation as low as 0.2% of 

molecular allele frequency. In addition, R2-value of 0.94 indicating highly concordance by comparing 

OncoSpan reported frequency and the NGS data. With these findings, this panel is considered high 

sensitivity to detect very low allele frequency variants and high specificity (Figure 1). Subsequently, 16 

cell-free DNA from solid tumors were evaluated, 8 (50%) were detected to harbored at least one mutation. 

Among the detected mutations are located in TP53, PIK3CA, BRAF, GNAS and KRAS. 

 

 

Figure 1: NGS results using JFCR screening panel.  

 



4.2 Detection rate of JFCR actionable mutation panel 

JFCR actionable mutation panel covers mutations, copy number variations and fusions of 59 genes that 

showed to have therapeutic implications. NGS was performed to achieve overall depth at 50,000x and 

median molecular depth at molecular depth 4,000x. By using Oncospan reference panel spike-in to healthy 

plasma, mutation as low as 0.1% was detected indicating its high sensitivity. A total of 48 clinical samples 

were evaluated, 38 (79%) were detected to harbor at least one alteration. Among the 38 mutations detected 

using this panel, 33 (87%) were actionable mutations indicating therapeutic implications (Figure 2).  

 

 

Figure 2: NGS results using JFCR actionable mutation panel 

 

Conclusion 

The customized JFCR screening panel will be useful for cancer screening/detection by using liquid biopsy 

owing to its high sensitivity and specificity. The JFCR actionable mutation panel will be useful for treatment 

selection using liquid biopsy as this panel covers alterations that shown to have therapeutic implication. 
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