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Can Liquid Biopsy be Used to Explore Future Precision Medicine
for Solid Tumors?

Hirotoshi Kikuchi, MD, PhD, and Hiroya Takeuchi, MD, PhD

Department of Surgery, Hamamatsu University School of Medicine, Hamamatsu, Japan

Although the concept of precision medicine has been

recognized as a useful tool in health care, its clinical

application for patients with solid tumors has remained

limited for many years. In recent years, precision medicine

has become popular as next-generation sequencing (NGS)

technology has progressed and enabled comprehensive

genomic profiling (CGP) by decreasing its cost.1

Generally, CGP by NGS is performed using tissue

specimens obtained by surgical resection or biopsy speci-

mens. When NGS analysis is performed using primary

tumor tissues obtained during previous surgery, the results

show the previous status of genomic profiling in the pri-

mary tumor, but they do not necessarily reflect the current

status of recurrent tumors after their development of

resistance to standard therapies. Moreover, collecting

biopsy specimens from recurrent tumors often is difficult

because of their invasiveness. Therefore, liquid biopsy is

the preferred option for real-time sample collection for

NGS. Liquid biopsy can be performed repeatedly in a

minimally invasive or noninvasive manner, even for can-

cers associated with difficulty in biopsy sampling.2

Liquid biopsies can examine either tumor cells or tumor

cell products (cell free).3 Analysis of circulating tumor

cells (CTCs) is a major cell-based liquid biopsy method

that can be a powerful tool for biologic analyses of solid

tumors. However, it is difficult to collect CTCs because of

their rarity in the blood.4 In contrast, cell-free liquid biopsy

is recognized as an easier method for comprehensive

profiling of gene mutations, mRNA expression, miRNA

expression, protein expression, and exosomes. Plasma cell-

free DNA (cfDNA) is therefore a major candidate for

precision medicine.4

In previous studies, liquid biopsy using circulating

tumor DNA (ctDNA) was reported to have some advan-

tages over tissue CGP such as a shorter turnaround time

and more appropriate late-line treatment of colorectal

cancers.5, 6 In addition, plasma CGP by ctDNA analysis

can analyze whole malignant tissues and overcome the

critical issue of heterogeneity in tissue CGP.7

Although the utility of liquid biopsy using plasma

cfDNA for detecting actionable mutations associated with

clinical response is reported in some studies performed in

the United States,8, 9 it has remained unclear whether these

results can be applied in other countries with less acces-

sibility to off-label therapy, including Japan.

A recent study compared the trial enrollment rates

between two studies performed in the same centers in

Japan for advanced gastrointestinal (GI) cancers: SCRUM-

Japan GOZILA, an observational ctDNA-based screening

study, and GI-SCREEN, a tumor tissue-based sequencing

study.10 Compared with tissue genotyping, ctDNA geno-

typing shortened the screening duration (11 vs. 33 days)

and increased the trial enrollment rate (9.5% vs. 4.1%)

without compromising treatment efficacy.10 Although this

study showed the usefulness of ctDNA for plasma CGP in

routine patient care by comparing ctDNA- and tissue-based

genotyping in the same trial environment, the comparisons

were performed retrospectively and between different

sequencing technology platforms.10

Matsudera et al.11 reported the results of the Precision

Cancer Medicine Registration Study of Omics Data From

Genomic Information Analysis Leading to New Effective

Therapy (PROFILE), a prospective observational study

that investigated the clinical utility of comprehensive
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genomic profiling by liquid biopsy using plasma cfDNA in

102 Japanese patients with advanced solid tumors either

refractory or likely refractory to standard therapies.

Actionable mutations were discovered in 88 (86.3%) of the

102 patients.

Based on the results of the liquid biopsy, 22 of the

patients (21.6%) received biomarker-matched inhibitors

targeting cyclin-dependent kinase 4/6 (CDK4/6), poly(-

ADP-ribose) polymerase (PARP), epidermal growth factor

receptor (EGFR), programmed cell death 1 (PD-1),

anaplastic lymphoma kinase (ALK), human epidermal

growth factor receptor 2 (ERBB2/HER2), mitogen-acti-

vated protein kinase kinase (MEK), fibroblast growth

factor receptor (FGFR), phosphatidylinositol-4,5-bisphos-

phate 3-kinase catalytic subunit alpha (PIK3CA), or

insulin-like growth factor 1 (IGF1). The objective response

rate was 18.2%, and the disease control rate (DCR) was

50%. Notably, the DCR and median overall survival were

significantly better for the patients with a high matching

score (C 50%) than for those with a low matching score (\
50%) (75% vs. 20% [P = 0.010] and 621 vs. 196 days [P =

0.00075], respectively).11 This study also showed that the

concordance rate between the liquid biopsy and the geno-

mic sequencing results in the primary tumors of 19 patients

with GI cancer was 57.9%.11 These results showed the

usefulness of liquid biopsy using plasma cfDNA for iden-

tifying actionable mutations associated with clinical

response for Japanese populations, especially patients with

a high matching score of 50% or higher.

In both the PROFILE study and the SCRUM-Japan

GOZILA study, Guardant 360 (Guardant Health, Inc.), a

Clinical Laboratory Improvement Aamendments (CLIA)-

certified, FDA-approved NGS-based liquid biopsy method

was used to detect single nucleotide variants (SNVs),

deletion variants (indels), fusions, and copy number alter-

ations in 74 genes.10, 11 Solid tumors are genetically

regulated by SNVs, indels, or amplifications. In addition,

epigenetic regulation also is involved in tumor develop-

ment and progression.8 Although Guardant 360 included

some epigenetic regulators such as the AT-rich interacting

domain containing protein 1A gene and enhancer of zeste

homolog 2, none of the patients in the PROFILE study

received inhibitors targeting these molecules. Some back-

ground issues could have been present that needed to be

addressed.

The plasma CGP by ctDNA analysis has some limita-

tions and problems, such as the effects from clonal

hematopoiesis of indeterminate potential, emphasizing the

importance of matched cfDNA white blood cell-sequenc-

ing for accurate variant interpretation.12 In addition, tissue

CGP may be superior to plasma CGP in deciphering some

tumors such as brain, bladder, and pancreatic cancers.13, 14

In Japan, two gene panel tests, FoundationOne CDx

Cancer Genomic Profile (Chugai, Tokyo, Japan) and

OncoGuide NCC Oncopanel System (Sysmex, Kobe,

Japan), that include 324 and 114 genes, respectively, for

tissue CGP, currently are approved for reimbursement.

Further clinical research should be conducted with

nationwide populations to characterize the clinical utility of

liquid biopsy compared with the standard tissue CGP for

precision medicine in Japanese patients with advanced

solid tumors. The concordance rate between tissue- and

ctDNA-profiling would be of great interest because it may

vary depending on the gene alterations and the interval

between the tissue biopsy and the blood draw used for

testing.8

As the cost of NGS decreases over time, CGP for a large

number of cancer biomarkers or even for whole-genome

sequencing will be more commonly available. Therefore,

liquid biopsy could be performed repeatedly as a major

diagnostic tool in future precision medicine.
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