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Abstract
Comprehensive genomic profiling (CGP) is being increasingly used for the routine 
clinical management of solid cancers. In July 2018, the use of tumor tissue-based 
CGP assays became available for all solid cancers under the universal health insur-
ance system in Japan. Several restrictions presently exist, such as patient eligibility 
and limitations on the opportunities to perform such assays. The clinical implementa-
tion of CGP based on plasma circulating tumor DNA (ctDNA) is also expected to raise 
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1  | INTRODUC TION

DNA fragments derived from apoptotic and necrotic tumor cells of 
solid cancer1 are influenced by physiological events induced by micro-
environmental stress and therapeutic effects.2 Liquid biopsy provides 
an opportunity to detect, analyze, and monitor cancer cells in various 
body fluids, such as blood and urine. These biopsy samples are com-
posed of different biological matrices, such as circulating tumor cells, 
cell-free nucleic acids, exosomes, and tumor-educated platelets. Liquid 
biopsies of circulating tumor DNA (ctDNA) have recently been used as a 
minimally invasive diagnostic tool for detecting tumor-specific genomic 
alterations. Recent studies have shown that genomic alterations in solid 
tumors can be characterized by ctDNA sequencing.3-5 In addition, the 
analysis of ctDNA, the results of which are not affected by heterogene-
ity, may be useful for designing effective treatment strategies.6

Highly sensitive next-generation sequencing (NGS)-based tech-
nology allows us to analyze comprehensive genomic alterations of 
ctDNA, providing a better view of tumor heterogeneity and allow-
ing real-time monitoring of cancer evolution. NGS-based assays for 
ctDNA comprehensive genome profiling (ctDNA CGP) are clinically 
available in the USA and other countries and regions. In the USA, 
the Guardant360 CDx (Guardant Health) and the FoundationOne 
Liquid CDx (Foundation Medicine) were approved in August 2020 as 
companion diagnostics (“CDx”) and CGP assays for the detection of 
genetic abnormalities in ctDNA using plasma samples.

Two kinds of tissue CGP panels were approved in Japan in 
December 2018 and became available under universal health insur-
ance coverage in June 2019. Prior to this, in November 2017, the 
Japanese Society of Medical Oncology, the Japanese Society for 
Clinical Oncology, and the Japanese Cancer Association published a 
“Guidance for Cancer Treatment Based on Gene Panel Assay Using 
Next-Generation Sequencers” (hereinafter referred to as the “Three 

Society Guidance”) to promote the appropriate use of CGP under 
Japan’s universal health insurance system.7,8

Currently, the EGFR gene mutation, the MET exon 14 skipping 
assay for non–small cell lung cancer, and the RAS gene mutation 
assay for colorectal cancer have been approved as CDx assays for 
detecting genetic alterations in plasma ctDNA in Japan. Plasma 
CGP assays that detect genetic abnormalities in ctDNA using 
plasma samples (hereinafter referred to as “plasma CGP assays”) 
were also approved in Japan on 13 March 2021. The current ver-
sion of the Three Society Guidance is focused on CGP assays 
using tissue specimens (“tissue CGP assay”).7,8 For the appropriate 
use of plasma CGP, especially under the universal health insur-
ance system, further policy recommendations are needed.

The use of the tissue CGP assay under the universal health in-
surance system in Japan has currently been limited by restrictions on 
eligible patients and the frequency of assay use.9 A Joint Task Force 
on Genome Promotion formed by three academic societies decided 
to produce policy recommendations for the appropriate clinical imple-
mentation of plasma CGP assays in Japan without delay. These recom-
mendations may be useful not only for Japanese cancer patients, who 
are treated under Japan’s universal health insurance system, but also 
for patients in countries that have unlimited access to plasma CGP 
panels. This paper summarizes the contents of the recommendations 
by discussing the advantages and disadvantages of plasma CGP assay.

2  | CURRENT STATUS OF PL A SMA 
COMPREHENSIVE GENOMIC PROFILING 
A SSAY

Compared with tissue CGP assays, evidence for plasma CGP assays 
remains insufficient in some areas. In this section, we will introduce 

issues regarding the selection and use of tissue DNA and ctDNA CGP. A Joint Task 
Force for the Promotion of Cancer Genome Medicine comprised of three Japanese 
cancer-related societies has formulated a policy proposal for the appropriate use of 
plasma CGP (in Japanese), available at https://www.jca.gr.jp/resea​rcher/​topic​s/2021/
files/​20210​120.pdf, http://www.jsco.or.jp/jpn/user_data/uploa​d/File/20210​120.pdf, 
and https://www.jsmo.or.jp/file/dl/newsj/​2765.pdf. Based on these recommenda-
tions, the working group has summarized the respective advantages and cautions re-
garding the use of tissue DNA CGP and ctDNA CGP with reference to the advice of a 
multidisciplinary expert panel, the preferred use of plasma specimens over tissue, and 
multiple ctDNA testing. These recommendations have been prepared to maximize 
the benefits of performing CGP assays and might be applicable in other countries and 
regions.

K E Y W O R D S

cancer comprehensive genome profiling assay, circulating tumor DNA, liquid biopsy, next-
generation sequencer, plasma

https://www.jca.gr.jp/researcher/topics/2021/files/20210120.pdf
https://www.jca.gr.jp/researcher/topics/2021/files/20210120.pdf
http://www.jsco.or.jp/jpn/user_data/upload/File/20210120.pdf
https://www.jsmo.or.jp/file/dl/newsj/2765.pdf


     |  3913SUNAMI et al.

the major findings that will be useful for the application of plasma 
CGP assays.

2.1 | Handling of plasma samples

Plasma samples are easier to collect than tissue samples. Plasma 
samples can be affected by a variety of patient factors, including 
inflammatory diseases, autoimmune diseases, smoking, pregnancy, 
and exercise.3,5,10 Because ctDNA does not undergo formalin fixa-
tion, which is used for tissue specimens, it is not affected by the 
degradation associated with formalin fixation. The amount of tumor-
derived ctDNA obtained from the plasma is generally lower than the 
amount of normal cell-derived cell-free DNA, and there are specific 
cancer types and conditions that affect the detection rates of gene 
alterations.7

2.2 | Technical aspects of plasma comprehensive 
genomic profiling assay

The increased mixture of normal cell-derived cell-free DNA as a re-
sult of leukocyte lysis during blood coagulation affects the detection 
sensitivity of tumor-derived ctDNA.5 Because inter-tumor hetero-
geneity exists, the presence of genetic abnormalities throughout 
the entire tumor is difficult to evaluate using tissue samples, but not 
plasma samples.11,12 The tumor mutation profile can change over 
time, particularly between the time of tumor tissue collection and 
after therapeutic intervention, but plasma samples can provide in-
formation on genetic alterations that reflect the real-time biological 
characteristics of the tumor at any given collection point.1,12 Plasma 
CGP assays reportedly have higher detection rates than tissue CGP 
assays for re–biopsy samples with regard to the detection of mo-
lecular changes associated with resistance to molecular targeted 
therapy.12 Tumors with a slow clinical course, that are slow growing, 
or that are in an early disease stage have a higher frequency of false 
negative results.2,13,14

In lung cancer, plasma specimens generally have a higher false-
negative rate than tissue specimens. Therefore, prioritizing the tis-
sue CGP assay may be reasonable.4,6,15 The detection rate of fusion 
genes and other gene alterations is known to be lower in DNA-based 
plasma samples.16,17 ctDNA gene mutations are difficult to distin-
guish from clonal hematopoiesis-derived gene mutations in normal 
cells (clonal hematopoiesis of indeterminate potential, “CHIP”) using 
a plasma-based analysis. CHIP is more frequent in older patients, but 
the majority (approximately 97%) of clonal hematopoiesis-derived 
genes have a variant allele frequency (VAF) of less than 1%.18 In 
colorectal cancer, the VAF of RAS mutations has been reported to 
be low in patients with mucinous carcinoma, lung metastasis cases 
only, peritoneal dissemination cases only, and cases within 30 days 
of the completion of chemotherapy.19,20 In prostate cancer, there are 
reports showing that plasma CGP performs almost as well as tissue 
CGP, or even better.21,22 The detection rate varied from 21.4% for 

patients with GBM to >95% for patients with SCLC and nasopharyn-
geal carcinoma.23

Tissue CGP assays provide results for microsatellite instability 
(MSI) assays and tumor mutation burden (TMB). Plasma CGP assays 
reportedly have a high concordance rate with PCR and NGS assays 
using tissue specimens for MSI assays.24,25

In the plasma CGP assay, the limit of detection (LOD) has been 
improved by molecular barcoding and error suppression methods. 
In general, the frequency of somatic mutation alleles is low, and the 
number of cases where it is difficult to distinguish single nucleotide 
polymorphism (SNP) or germline mutations is relatively small com-
pared with tissue CGP assays. The LOD reportedly varies by assay, 
and results can vary according to the assay method.26 When the 
ratio of ctDNA to cell-free DNA (tumor fraction [TF]) is low, copy 
number changes can be difficult to evaluate (using FoundationOne 
Liquid CDx, the detection limit for copy number changes is consid-
ered to be 20% TF).26 Caution should be exercised with regard to 
false-negative results for copy number changes.27

2.3 | Turnaround time

The plasma CGP assay has a shorter turnaround time (TAT: time from 
specimen collection until the return of assay results) than the tissue 
CGP assay because of the simplicity of its collection process and the 
shorter time from specimen collection until specimen delivery.28

In a study examining esophageal squamous cell carcinoma, gas-
tric carcinoma, colorectal carcinoma, pancreatic carcinoma, and bil-
iary tract carcinoma, a median TAT of 7 days was reported for the 
plasma CGP assay (Guardant 360), compared with a median TAT of 
19 days for the tissue CGP assay.11

3  | IMPORTANCE OF MULTIPLE A SSAYS

Studies examining hormone receptor-positive breast cancer have 
reported the increased detection of ESR1 mutations using plasma 
CGP assays over time.29 As a CDx, a RAS mutation detection kit 
(OncoBEAM RAS CRC Kit) has already been approved for use on 
multiple occasions to determine the need for the re–administration 
of anti–EGFR antibody drugs as well as in cases requiring re–assay 
because of the failure of a tissue specimen assay (only one tissue 
specimen assay is allowed). Acquired RAS mutation, which is a 
major mechanism of resistance to anti–EGFR antibody therapy, is 
known to occur in minor alleles and to attenuate over time. In cases 
where mutations are not detected by a ctDNA-based RAS mutation 
assay, the re–administration of anti–EGFR antibody can provide a 
clinical benefit.30-32 The use of multiple plasma gene assays for 
detecting resistance mutations in EGFR and ALK fusion genes in 
non–small cell lung cancer and the monitoring of the RAS mutation 
status during treatment in colorectal cancer enable appropriate 
evaluations and may contribute to the re–selection of appropriate 
post–treatment therapy.28
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4  | A SSOCIATION WITH TRE ATMENT

In a study conducted in Japan on esophageal squamous cell car-
cinoma, gastric cancer, colorectal cancer, pancreatic cancer, and 
biliary tract cancer, 4.1% of patients who underwent a tissue CGP 
assay and 9.5% of patients who underwent a plasma CGP assay 
(Guardant 360) were subsequently enrolled in clinical trials accord-
ing to the genetic abnormalities that were found (P <  .0001).11 In 
colorectal cancer, acquired RAS mutation, EGFR extracellular do-
main mutation, and the gene amplification of EGFR, MET, and ERBB2 
have been reported as resistance mechanisms after treatment with 
anti–EGFR antibody drugs, and a plasma CGP assay might be useful 
for investigating treatment options in later lines of treatment.1,33 In 
a cohort study of non–small cell lung cancer (n = 323), the detec-
tion rate of actionable gene alterations (EGFR, ALK, MET, BRCA1, 
ROS1, RET, ERBB2, and BRAF) was 33% using the plasma CGP assay 
only and 20.5% using the tissue CGP assay only. When both tissue 
and plasma CGP assays were used, the detection rate was 35.8%.34 
In a study of plasma CGP assays performed in 93 patients with 
undetectable EGFR, ALK, and ROS1 gene alterations according to 
tissue CGP, actionable (OncoKB levels 1 to 4) and level 1 to 2A ge-
netic abnormalities were detected in 53 cases (57%) and 13 cases 
(14%), respectively. Among them, 20 patients (13%) received cor-
responding treatments.35 In non–small cell lung cancer, the detec-
tion of secondary mutations in ALK fusion gene-positive non–small 
cell lung cancer was useful for the selection of ALK inhibitors, simi-
lar to the detection of EGFR mutations. For example, the L1196M 
or S1206Y mutation is resistant to crizotinib but not to ceritinib, 
while the I1171T and V1180L mutations are resistant to alectinib 
and crizotinib but not to ceritinib, and the G1202R, G1123S, and 
F1174C mutations are known to be resistant to crizotinib; these 
results support the usefulness of comprehensive genetic analyses. 
Biopsied tissue samples are obtained at the site of disease progres-
sion, but because the analysis of recurrent disease is often difficult, 
the minimally invasive detection of secondary mutations using a 
plasma CGP assay is useful. Together, these results suggest that 
the detection of secondary tyrosine kinase inhibitor-resistance 
mutations in non–small cell lung cancer that has progressed dur-
ing treatment with ALK inhibitors is not mandatory at this time, 

but it could be valuable in determining the optimal choice of ALK 
inhibitors, which have different activities against different muta-
tions. In a statement made by the International Association for the 
Study of Lung Cancer,15 it was announced that a plasma CGP assay 
is preferred when a re–biopsy of the advanced site is not possible, 
although a certain percentage of false negatives can occur.

5  | RECOMMENDATIONS

This policy proposal presents the basic concept for the implementa-
tion of plasma CGP assays in patients with advanced solid cancers 
under Japanese insurance reimbursement. This policy recommenda-
tion covers only approved plasma CGP assays and not the CDx assay. 
It does not recommend the use of any specific plasma CGP assays.

In general, the false-negative rate of plasma samples is higher than 
that of tissue samples.4,6,15 The continued use of tissue CGP assays to 
reduce the false-negative rate is reasonable. However, it is important to 
select appropriate specimens comprehensively according to each pa-
tient’s condition and specific cancer type. Because the detection rate 
varies depending on the type of cancer,23 the decision to use plasma 
CGP testing should be based on the literature for each cancer type.

5.1 | Expert panel (Molecular Tumor Board)

1.	 The plasma CGP test will be reviewed by an expert panel, 
which is currently playing a role in reviewing tissue CGP tests 
performed under national health insurance coverage.

2.	 If potential germline variants are identified, it is recommended that 
patients receive genetic counseling at the corresponding facility.

5.2 | Advantages and cautions of comprehensive 
genomic profiling assays using plasma and 
tissue samples

The characteristics of plasma and tissue CGP assays are shown in 
Table 1.

TA B L E  1   Advantages and caveats of comprehensive genomic profiling (CGP) assay using plasma and tissue specimens\

Advantages Important points

Plasma CGP -	 Easy to collect specimens and to obtain 
information on genetic abnormalities of the 
tumor at the time of collection

-	 Short time to obtain results

-	 If the tumor volume is insufficient, alterations might not be detectable
-	 False-negative rates for plasma CGP are often higher than those for 

tissue CGP
-	 Increased false-positives because of CHIP in elderly patients
-	 Copy number changes and gene fusions may be difficult to assess

Tissue CGP -	 Direct assessment of genetic abnormalities 
in tumor cells

-	 Burden to patient and risk of complications at biopsy site
-	 Longer turnaround time
-	 Higher false-negative rate when tumor cell percentage is low
-	 Past samples may not reflect the genetic abnormalities in the tumor 

cells at present
-	 Specimens obtained more than 3-5 years previously will have 

deteriorated and will not be suitable for CGP assa
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5.2.1 | Situations in which plasma specimens are 
preferred over tissue comprehensive genomic profiling

1.	 Information on the current condition, rather than the condition 
at the time of tissue sample collection, is needed:
a.	 Specific cancer types for which tissue collection is difficult or 

for which samples tend to have a low tumor content.
b.	 Presence of multiple lesions or cases in which a single tissue 

specimen is incapable of reflecting the overall condition.
c.	 Tissue specimens have been stored for more than 3-5 years.36

d.	 Tissue specimens with formalin overfixation and demineralization.
e.	 Inadequate tumor content or tumor cell count in tissue sam-

ples (eg, after chemotherapy and radiotherapy).
f.	 Inadequate quality of nucleic acid derived from tissue samples.

2.	 Immediate CGP assay results are required.
a.	 Aggressive, progressing disease.
b.	 CGP assay results are needed for decision-making purposes 

prior to first-line treatment for patients with certain cancers 
without a standard therapy (eg, cancer of unknown primary 
disease with insufficient tissue specimen).

5.2.2 | Situations in which tissue samples are 
preferred over plasma samples

1.	 When interpreting the results of a plasma CGP assay alone, 
the following situations may require additional consideration:
a.	 Cases with brain tumors, bladder cancer, and pancreatic can-

cer.13,23 In a study examining patients with pancreatic cancer, 
the success rate of an NGS assay using tissue specimens col-
lected by EUS-FNA was reported to be 57.4%.37

b.	 Colorectal cancer with lung metastasis only or peritoneal me-
tastasis only.19,20

c.	 Tumors with a slow clinical course and slow growth.
2.	 Cases with a high risk of false-positives because of the detection 

of non–tumor-derived genetic mutations, including CHIP.
3.	 Types of genetic abnormalities with high false-negative rates, such as 

fusion genes and MET exon 14 skipping in non–small cell lung cancer.

5.2.3 | View for plasma comprehensive 
genomic profiling assays performed in multiple 
sequential fashion

Because the collection of plasma samples is minimally invasive, perform-
ing multiple plasma CGP assays at different time points is possible. A 
re–assay is particularly important under the following clinical situations:

1	 If the previous tissue CGP assay has failed.

A certain percentage of tissue CGP assays fail. Re–assays using 
a plasma specimen can be considered, especially if the results of the 
CGP assay are extremely important for treatment decision-making. 

Similarly, if a plasma CGP assay fails and the subsequent collection 
of tissue samples is possible, a re–assay using tissue samples is 
recommended.

2	 Multiple assays are required to determine the treatment plan.

A limited number of CGP assays (tissue CGP assays are avail-
able only once per individual) can be performed under the universal 
health insurance system in Japan.38 Plasma CGP assays, similar to 
tissue CGP assays, are intended to reveal genetic changes in cancers 
in individual patients and to provide opportunities for optimal cancer 
treatment. The plasma CGP assay reflects the overall tumor status 
at the time of the assay. Although a single assay is often sufficient 
for many patients, multiple CGP assays may be necessary if acquired 
resistance or secondary mutations are suspected during the course 
of treatment.
3	 Multiple assays using multiple plasma specimens are useful for 

monitoring disease activity.39-43 However, plasma CGP assays 
for patients with solid tumors are not suitable for use in therapy 
or disease monitoring under present insurance coverage in 
Japan because the purpose of a CGP assay is to identify the 
need for a specific therapy. There remains substantial room 
for improvement, and further investigations are needed.

6  | CONCLUSION

We have summarized the policy recommendations on the appro-
priate use of plasma CGP assays, which were approved in Japan in 
2021. As genetic analysis technologies, including CGP assays, are 
rapidly developing as a result of advances in science and technology, 
we hope that this report may provide a reference point. The pre-
sent recommendations may change significantly as further evidence 
accumulates.
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