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Clinical Application of Circulating Tumor DNA Analysis
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Liquid biopsy using circulating tumor DNA helps overcome the limitations of conventional tissue testing. Non-invasive molecular profiling using cir-
culating tumor DNA is increasingly being used to diagnose cancer, stratify risk, and select targeted treatments. By understanding the biological
characteristics of circulating tumor DNA and patient factors that can affect concentrations of circulating tumor DNA as well as optimizing the tech-
niques, the clinical utilization of circulating tumor DNA tests can be improved. It is also necessary to formulate guidelines for the administration

and reporting of circulating tumor DNA tests.
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Fig. 1. Origin of cell-free DNA.
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Gl o]@jof| = ¢fo] BTt 7ol wheba] IRt Fplof] EAY
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tract2] A7 ATAEAL 52 FAEIRA] 2 DNASE 39
o] 257} AFEA] ok glomerular filtration) TS AA 2
H O & 12 DNA (transrenal DNA)Z JLAIE|0] QJTH26). Transre-
nal DNA= AR o3} e wfj o] 10-150 bp A= 2 FAfeo]
£ 2RO (ultrashort) DNAR JLAJE]o] Qlohs B a7} 9lom27,
26, 1] fDNAS] Bl3fo] BI71717} oS QIERE 1T Glo]
[29] &-Alof| 127} F @i} HFFe] A EiH(blood-brain
basren) tH20] Sololl A cDNA®] 15 5o0] Y42 4 99, ¥
Al o]gsto] AR L2 A5 dF ¢ loke Hils
o] SItH30, 311 HeF At A = F5 ARGl SOl
o] gelo] 7HssltH32, 33]. A|-E AHESE ctDNA AR 749 d
% CtDNA 527} Sof f4o] ofg] & Shajof| A tigte] H 4= Q&
Aoz svheln glovt Beke] ulstel A Bloleizt B st
AR Aelo] et B3 =2 EZo] Ao P a5}

4, ctDNA ZA} HiH

CtDNAE A A G213t ofDNA2] ool H]a] Aoz
e 7397 87wl WS w2 AAPHES ARgSliof Btk
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0 B T, o] ol F8 A st o] Tl
2 292 EIe R sl HRHOR s 4 9k HAs AAIZH
A AAHN-SH(real-time quantitative polymerase chain reac-
tion, RQ-PCR)T} T X &2k 24wk (digital PCR)o| T 3E2]
o, B A= XA H7) A EE A (next-generation sequencing,
NGS)©] thEAo|th(Table 1). RQ-PCRY| 7 a7l FHHL Y
(hotspot) &S EFZIC 2 3l th53Hmultiplexing) & 53
of Tl Wole] 42 52 % 9tk Digital PCRY] A9 %2 52

(droplet& AHE-SEAL A5 R(microfluidic chip) &2 AHE-

510 B}l DNAS Bhe B700] 27| PCR WIS F 32 ot
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hibitoro] &J3t g3 X PCR A&l 23k @247} o] & Wi
O} Eo|rE AL 4= gl o A (standard curve)o] $lolE &
o geo] 715510} cDNA 240l ol o HITH34, 3, NGsel
745 B9 W fof] whet B A @ (targeted sequencing) i 1<k
AlEAwhole exome sequencing) 22 AA-G-HA] Al AN Whole
genome sequencing) 0.2 s 4= glon 7|0 dez|7] ¢k
A7 |Ho Gsingle nucleotide variant, SNV), --Zx}eFH o] (copy
number variation), -Z¥0|(structural variation)2] FHZo| 7153}
t}. Pl AJEAJ oA ot 915 el A arget enrichment)sh
£ e WZE|E@mplicon) W} & H(probe)E 0]-8-310]
3 hybridization)dl= 74 & (capture) FIHH S 2 U=th fE8 &
MPALE A AT Zhesa whEe] Ao 2 A ol
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AT FIT oDNA EA]0f] 233t 3-8 WIRIE S ¥7] fleliAle= NGS
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oA A7) ol E AASE] 13 7121 S ARg-slioF g
ok ofl2E AlASE] it o = #2121 Zlo] AN =(mo-
lecular barcode), & I-3-EAHAH A unique molecular identifier,
UMDE AR2-5H= Zlo|thFig, 2) [12]. UME= F-2H9jo] AJHAZ A,
TR 414719 w2 QEER FAE 0] glon] dofil A4 2
CE A9 (original) DNA & template) &2 F25kF 4= Q1A 3+
. Rlo 2 UM} <12l el=e] Qlatollalgh wol7} e}
W, o} AR Tl A7 ol e 4 Slo] DNA FHE
A} 127 RS o] Sjsto] 471 olelE WA A U 3

tH36).

5. CtDNA ZiAte] U&= &8
1) T

H o] 2452 A v]aA 2z (non-small cell lung can-
cer, NSCLO)Z} 4~A| 3 (small cell lung cancen) & 2 W) H]A
M|EEH ol £8)= Al (adenocarcinoma)-S EGFR, ALK, MET,
BRAF, ROS1, NTRK, RET ‘59 &4 Eetold FHo](on-

cogenic driver mutation)o]] 234 EAYE}=|, Al ZolHo]o

Table 1. Characteristics of the techniques used for circulating tumor DNA analysis

Technique Target Type:aszr:l:jizg:: dthat Analytical sensitivity Relative cost HEEIS ;L:T:z—around
Real-time PCR Known mutations SNV, indel 0.1-5% [75, 76] Low Fast
Digital droplet PCR Known mutations SNV, indel, CNV 0.01-1% [34, 35,77, 78] Low Fast
Next-generation sequencing Known/unknown mutations SNV, indel, CNV, gene fusion 0.01-5% [79-82] High Long

Abbreviations: SNV, single nucleotide variant; indel, insertion/deletion; CNV, copy number variant.
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Fig. 2. Error correction using a unique molecular identifier.
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Fig. 3. Representative patient case (ovarian cancer) showing the feasibility of ctDNA analysis. The patient underwent debulking surgery and che-
motherapy after diagnosis. The increased ctDNA levels were detected four months earlier than conventional diagnostic methods, showing that
ctDNA could detect cancer recurrence earlier than CA-125 and PET-CT scans.

Abbreviations: VAF, variant allele frequency; PET-CT, positron emission tomography-computed tomography; CA-125, carbohydrate antigen 125;

PARP, poly (ADP-ribose) polymerase inhibitor.
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I} ekt weol FFFe rld 5 Sl 2 291 olsfst
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