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[ Abstract ] With the concept of “Precision Medicine” in malignant tumors popularized, many substances carry-
ing valuable clinical information have emerged in the process of exploring the occurrence and development of tumors from a
microscopic perspective. Circulating tumor DNA (ctDNA) is one of them. In various clinical stages of cancer, ctDNA exhibits
rich diagnostic values including demonstrating the efficacy of treatment, predicting prognosis, and monitoring disease recur-

rence. This article mainly describes the application and research progress of ctDNA in different stages of clinical diagnosis and
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treatment of non-small cell lung cancer .
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1.1 TEHIEEDNA TEHIEZDNA ( circulating free DNA,
cfDNA) , HBHRICAMDNA, 4T . HIEak +
Bl i 2 AU P R B SR B A TR 1 ), R Y
f DNAK IR FrE M 4!, KR H167 bp, HPxE
WI7E16 min-2.5 hZ (], A LI A f DNARY K V-1
1 ng/mL-10 ng/mLZl\Eﬂ , HE—LERE T8 —&
T PP B, bR 8 1 f DNASY- S 7K HLIEH A
U, TR R A IR AR AR R DNA K S AL
FEARAR, Bl 4 2 B DN AZ I AR ep, i S
THE i cfDNA K- AT RE 5 I 7 fr AHSC . JRFRIT I DNA
(circulating tumor DNA, ctDNA ) #tj&cfDNAH #4447

PR AL 100021 I8, [ GMEAE PO/ [ Gl PRS2 B 7 o/ v
[ B 2 R e s PR 2 e g s B g IR R 8,
E-mail: wangyanyifu@163.com )

A IR e BE LR AR S A I R A L DNA
1.2 ctDNA ctDNAF BB E134 bp-144 bpZ 1], Hifi 3
WSS R R/ NI DIAR S el E/ N R (non-
small cell lung cancer, NSCLC) HJctDNA-EE B 4135 min['?!,
AR R, DR BRIE  if 2% ct DN A I A A5
IR B 1 A DA MR o 7E S BRI R W TR, ct DNARIAS:
A2 B — SRR 52, — 2RI R W R B B e
Abbosh¥ PP NSCLCH A LK P A A v B 1 A% T IR %
A% (single—nucleotide variants, SN'Vs) [ S8 45 {7 L R A
SEAR% (variant allele frequency, VAF) S8 HLITZFH
(computed tomography, CT ) I 1 R (A B OCHK 5 &
B, MR AR B S VAR S TEAR G, BB MR AR B,
ctDNAZK-H o AN, iR 7B . IRPERRE i L Al B
TS AR RS | S B AE 5 | IR CUAE AR T B T E L A
HZ A DNABBUH G, — &R 3 AT A I A Iy 12,
AR ct DN ARG I 14 45 S 1 o1 SR80 AN [l F 5 ) 22 S
R, R ETET1%-100% 2 1], RABETE36%-1009%2 ],
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IO 22 S R TR ARG I AR LASE, 1655 ct DNA PR & L
AR 56 o BRFFE DR 1l I P Ao — A B FE R 2
U 58 78 SO PR, AT DI i 2SI 3] 1 58 A e
AL 59K F T MR A 2V Sk 3 AR AR TR e B,
AT A 4G I 2 > 21~ SN Vs B A B o ASTa] g B )
E 7 X B BRI T R Z R T e, A TctDNA
R b A LI VR, e B L B I 5y 0 E A T
ERGE—,

2 ctDNAZENSCLCAEi2IT BT h R ST gt R

FENSCLCHYAIFILYT IS, ct DNARR M5 FiT
ANH). TEBSR IR L, ct DNARE A SR —Fh et
JCs R o5 it i IXURS: . BE A3 2ok B SR At s 285
I3 AR SR 2 B AR p eI B 0 TS 1S BIANG
PEVEIT )R, tDNAFIAITJETINR Bk (minimal residual
disease, MRD) [—Fh 7R BUE, v H Tk AR5 4T
7 AR 45 AHE, SO R K B 52, X B ik
PP o255 TEPmIE e, ctDNART LIZETCE: AR IR
LU R B AT EAE S IR 0 R ), on] LUV 21
ZURKAIANIE, RILMRR > Ttk ShAS I ctDNATE
AT PEAE AL p Gy UL R SR T 7R O S i
SRR £ AHFUS) LI R BB 1 Jre IR g o R ik
AL e A8 TR 7 R SR A1 22 ) T R 45 A4 B AP,
2.1 ctDNATEFHENAY T DI NADIMAFSE PR
FETIRIT AT (JEZR) ctDNAS TS AYC R o X LR A1)
i AR5 B TR IR R AT A AT BB ik & 4k 7 iR y7
A A R B A K F-52 4K (epidermal growth factor
receptor, EGFR ) B [F] A5 M3k ELJ P4 (anaplastic lymphoma
kinase, ALK) J&[NAZ BENSCLCHIIT R, FHUFFE LS 2
24 H G J A AF (progression-free survival, PES) % fiff
FILAL46BI B, 24N HPESHA77.1%, i Bl 5E S

(pathological complete response, pCR ) 5 %163% . W78 #
HE— P RR Tt DNAVE Bl B 8 3k AR 7 U s
RO TN E . BF 5T 4 1% FHOncomine Pan-Cancer Cell-Free
AssayXT 43051 i M T DN ARG, Hirp30 61 i (69.8%)
TEVRTT B MRS AR 2 ct DN A, P35 45 151 £ 3546 I 51
2GR, Y5 E W ct DNATKTIE SR IIT A 55 (3 BE R 58
AFBH% (mutant allele frequency, MAF) Z Flli}, ctDNAZK-
<1%FH 8 >1%HH BB PFSHLE A 1F ] (overall survival,
0S) , Xkt (hazard ratio, HR) 4351 °70.22 (P=0.016) £l
0.04 (P=0.008) ; #HEXATFFEBI A 2%, T35

I ZS S, P PESHIOSIHRSNH1240.19 ( P=0.009 )
F10.10 (P=0.011) . YR ADNAIK-E LA e R
MAFHf, & KMAF<1%# A B KPFSHIOS, HRSM
490.26 ( P=0.033) F10.05 ( P=0.012) . #HILZ T, AR
SEAR IR T RO FRIE ( Response Evaluation Criteriain in
Solid Tumors, RECIST ) PEA, I PR [ [ 5 PESTX OS2 [1] ¢
A SRR, DL RS RN, TERT B e AT
50N, IRYT ATt DNA LT Lo B 5 15 2 T BoAe v Ak
TG T3 A S = AR, AR BE TR SV B 4 Bl e 2 B
BRI FUS ARSI LA B AT S8 He cut-of FELIA T B 22 bf
FEHATIRR AL
CheckMate-816MF 57 IR R T B B e B S ALy 7 iR

57 WA 5] ct DN A 57228 A, 15 i g g L 5% e AR5 3 T i ) 2
Fo BRI R TE B 7EAR T IB - TITABINSCLC AT
15 F 9 A S PRI A5 A 7 X L PRALAL T B p CRER AN TG
H A AF ] (event-free survival, EFS) o WF5T45 R BoR, 7
FERC AT R TpCRE, IEK TEFS. iZWFIT IR
538 FH ArcherDx e A5 A Bl Bl G 7 i F v
ctDNAZKFEAELL, K t DN AZKEAE il BhiA I 7 SR

(C1D1) BT EE3 AR (C3D1) AN ATE LA ctDNAYE
o S5 BN, 4870 ELECIDIN K EctDNA, Horhgl
RAJC BT AT 14311, Aby7 2H4415], WZH 530 A 24
i (56%) FN1SH (35%) F8 4 i5Fct DNATFHER (P=0.042) o
PIZL K Bt DNATE R % 1p CRAE XA R 15 3% 81 75, EFS
BIRPER pa s, o, i a T A FIpCREEFS
H K (HR=0.13,95%ClI: 0.05-0.37) , $&/~Hrilhias 7 e
I tDNAIEBRATREACR B AR RRTT N, J& M T
R, S AT ot DNATE BR A 15 092 A Wdehs, BT
F&FHBIGTT O A e — 5T

LCMC3 MR ERER T8l W e iR 7 i Je ct DNAZE

OISR 0GR o X IR I R FE 45 R /R X T IB M 2
T TIIBIANSCLCRE T, AT FH 21 o] A By 2 1| 2k St
Ja E B PLZEf# % (major pathological response, MPR) 2
21%. WFFEHE— X BRI B SATIRY T BTG AT ARG tDNA
HEATWE I, fd FJAVENIO ctDNAKGIN AT, F R BT i
e (tumor-informed ) AR RIFFIE (germline correction ) [1{]
T AR R IV R SR . (DNABHEFR RIS
YAt DNAK MFE $7<0.05 ., 255K R, FELtDNAFH TR
H}72% , BT FIER BTG TT IS t DNAPH TR R £ 56%, A
JE TR Z10%, H v ct DNA K- 52 25 i A =X
TR, 5 FIMPRF B 57t DNA T R H AR 3k 3 5 5k

(P<0.001) o ZMF VLTI B S iR T R ct DNARY T
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Wer S 225 B S W HRAR 7 b i VIR AT O

EIROFFER, RGBT B, ctDNARYILZL K
PRI TR T 18] 1) 3 25 A8 A 55 e o 222 ik A5 B R
Je ARG, IR S AR A R BCRT ik 7 1B B i B 1R 9 7 3R
i NFE L RSB BIG 7 Jr S8 DL NG S ROR I AEY)
PRl Bl AR 220l BA Y 7l PR e 1) 48 R B 2 i
2, ctDNATEX BB A i (14 £ (ks 23 ik — 2 W
2.2 ctDNATEHGAYEIRYTR AN TIRER 20214 Qiu sl
F£ Nature Communications I J& 3 [ SCFE [ B¢ Tct DN Al
TEFIINSCLCHIBIIATT 35 25 RS 52 2 XU J T 1 FH
B WFE R TR S B )y 12, T U i g b
@%T*{ﬁ{ﬂﬂf?ﬁ*ﬁ (next generation sequencing panel)
Xt HE T 9 Fob 8 R AS R A AR E AT 2087, HF ct DNAFHE
E SCOATE I AT A rpoa] G ) 1) — Fe il 22 o C o) i g A
AHPAETERY RS o X 8 S AT A I B AN I 58 A% HARSS
AARAS I I AFEAS (9 83 E ATt DN ARG I, Horhas o] 8 3
ARJGctDNABATYE, FHHT ARG ct DNAFIVERY 8, 13X 2LFH
B ETCE K AF M (recurrence free survival, RES) i
EH, HWRHE R ARG, RJGctDNA
PR3 53 22 RFS I E AR o [F4F, Xia%EFEClinical
Cancer Research I % F M “LUNGCA 5515 H T 2L 45
1 RJ5ctDNA (MRD) FHPESRZUHUR SR & (HR=11.1,
P<0.001) , FLHXSFH0IN A4 g 1) DTk b e 16 455 fieb g )t A
KRB 25 - #4752 (tumor-node-metastasis, TNM ) 433 . fif
EPNANNE A = SIS o I i eV et U 7R
AP R BR DTER Z o BT 38 e AR i ct DN AFH M
fURESH % (HR=4.2, P<0.001) , FLCFSCHAE ARG T i

(HR=6.0, 95%Cl: 3.4-10.6, P<0.001) , 7E i Ji IR L A
H3k (HR=2.4, 95%CI: 0.5-10.7, P=0.241) , iX 1] RE S
ctDNA P I8 58 Sy i v " 2 A P P i gk I 30 A5 ¢, 5
b, BRI, SHE AR Tt DNARIBHPESR (74.49% ) (18R
THRIEE (11.8%) , IXADEERAB S AR 3.

B TIRR ARG tDNARE S S R ZIP, Chen
SEHAHGE Tt DNARZS R S B AR S5 B B IR 7 35 25 1Y
AR, W R IR, TEDNAFITE B, B2 Gy 7
EHE I RESHISE, MAEtDNARAYE B, J& 524
A7 XIRESTEH M . 5 Chen S5 M 5 A AR,
Xia%5PE I, TEARJGDNARIPEE h, B2 ity s
AURFS I F I T AR A NG T & (HR=3.1, P<0.001) , i/t
— SR I, B AR SRS MG T, A G s
ctDNAFHPE, WIS A KSR e ct DN AP
ARARD 25T TE LS B W9 AR5 DN A 5T Fh AT BRARRY, B

HEE, MHFEE B RS HiBG) 7 Al ct DNA ) Sl
AL AT LA A BINGT P HIBOR , IS HERE L DN A
YRR BIIEST T 7B MR bR SN 73— IR R4S ke A
JERTBIRG YT BRI BERL T BRI 52 s B B AR Rl IR 7
ST AR A 1 IR BB 1 R AOR (K ct DNA XS T8 F5 Y
FAMR, FLXFh R X T ct DN A BH I #5328 ARt 3 st
BRI, IZAETEARXS HBG YT B A t DN AT LA 7 1 —
AW, P G A ct DN AT B BT B 17 150 6 e 9
RSFHIFEN o X LEHF LRI NSCLCAR G ct DN AR IR
FHPURR, B2 BREE 1R 2518 10T 2ot — P
k.

TEA G 5 By S 236 97 5 T, IMpower010HF 5% Y I
Iy fefi - By R ) B BT 37 5 5 T [ 7 2 5 TR AE X 2%

(National Comprehensive Cancer Network, NCCN) 854
HEFE IO T AR P SE T T AL (programmed cell
death ligand 1, PD-L1) >1% (SP263) NSCLCA 4B k7
JR I RRME LI, RIEHBNATT ATt DNAFH
A E IO IR A A (disease-free survival, DES) B
Jido TEtDNABHE# H, B M Bk BB B R SRR T RE
B MEDES (HR=0.61, 95%CI: 0.39-0.94) , FLXFPpiss
WA BAEPD-L12 1% A 7EceDNABITEE ,
PP AIDFSYIAR AR, A M BR ELGDLT-A 3K 4 Ha
(HR=0.72, 95%CI: 0.52-1.00) - [FJFEHb, BT FARAEHHD)

TRYT I AR I ct DNAZEfE AR L

{5 ADAURAWFFE2OE A I — R A il B 13
FEIF ST AT 2 B AR A TR i A AR B 0 3 79 (epidermal
growth factor receptor-tyrosine kinase inhibitors, EGFR-
TKIs) 8 WIBI-IITHY EGFREUS I A I E AR F 4R 7
K Z— LinFP R IR EFGRIBUR S S (B # #RAE
AL GY T PR g, HATBIAE A AT 2 DR
2AE-AERR )24, W TSR, R 45 2 T RE- S KU AP
JEH SR AR ct DNABETR I %6 1R B i it deef:
etn NHE, TEARGHBEEIEITH, #7i5FctDNATEER, &
AT USRI 259, AQLLE WG I c DNAFISAAZ 7ok e
IS Sz, DTS A6 AR A B Je ) A 0 Bt 7 IR ROk BE
AHICHIFFE [ 22 XA Al

SFFAITFARIER, ModingFRIEEK THIA LRI
TiAEIT (concurrent radiochemotherapy, CRT) Ja B ILEE
STl ct DNAR S N B . RV T RIS, ctDNAXICRT/G
PRI FEE A XSS, FL AT v BE TN, T LASR Hir4. 1 A5
Gre it i . UG S e JLEG YT AT T A I 2 ct DN A 1y i 42
ARG AR, MCRT/GctDNABAME:H B W AT REA 2 A
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REPLEIEIT R 45

IR R IR R AE T, AR BTG I A A
(3R 45 NAESY 2 B FAT, JF B2 s R B s B IR
FEY7 NI i, DAIE NPT R IR TR, DTTFE S KAk
A 2 P T B~ T 7 R G IXURS: A 38 n . AT AT DL g 2, 7
KA B PRSZ B, cCDNAKG IR 252l 5 o ks A4
ALY AR R UG IR YT IS MRS B2 5%
Wt

BT XIS, —2ct DNATE SHUAYE AT R B
HEHLAY G PRI I IE A F )R . MERMAID-28/F 58 POIX T
THWUNSCLCARIAYE IR YT M & A TMR D s 2 Wil
K MRD PHYE HL GRG0 SR 4 B B REAIL A £
T BB AL BRI, VRYT 24E, BT S NPD-L1J
JEZMAE (tumor cell, TC) >1%E 45 HIDFS., NCT 045854774t
FEBOXT T -ITL YA P AR BUST Ja B 35 1 Tt DNA
RO, BHE T A2 AN R A B (R JE BB I6 T, IFETR YT
25 PR R4 T ce DN ARG I LASEAk 24 i 30T A 32 97 Yo
ctDNAFEM, LM FELER 2R I7 e ct DNAJK
R R 35 H9 A KL, NCT04585490 858 BUXT [l A0 by 7 e
ct DNAPHPEAY 32 1808 HEA 744 R AT 7 1565 B (R I Bt
TRIT P AR BT 2 14F, X Fct DNABAYE & F
HAIEBPTIRIT 1A, BT LS SRt DNARHPE E 41
Wb P AR AL BT 5 ct DNA KPR AR > 345 Al A B
HITFIX ST A SR RE U A LR AR A
2.3 ctDNATERGIANSCLCH W IE ke e i 2 T4
Wb, BEAREUM IR 22U e FLEA T A 151 9K g
MR SR, EIG R AN D B — R LR ER i L
B3 L G it IR A 2 L R A R B L, fE— Lk
1 Z AT Z 5 SUARRRIR AR 22 0 it 52 AT QA Y 8
FHHOUHZ I, fEXEREI T, ctDNAKS I e -2 5
B IR, b, IR A T 2R R R AR 5 0
SEREHEAARDC, TCIR RN T IRRIZIT R RFHIFR R, 21k
SN AR R 7 s B AR LR 4B R T 2B L 45 S R
YT FIRMIE T S IR, 22U IS AR I 5 12
FEPEFRTAIA T AOSCEE DR, 036 ce DNAKG I 76 N A VR AR T
iy e — A BRAR A ey 203234,

ctDNARES LTI o Song S BIRR T A IR sl L [
A M HINSCLCIR 7 FlAYT Wil ct DNARY AR L
HESE R, RIUE R DNAT = (k3L
FRASNIHTE LLEDNA i ) 5221 OSHIXK . FEIRYT T e
W, /DT — Rt DNATEBR (168 FE K il panel 46 ]
ANENZAR ) (B EE DN AFFLE BT B i PES FIOS 1B

FEK  TEEZ AT IS T, tDNARBIETRINPES, (HARE
oS, Fit, WF5EE ARt DNAJE W SR 728 4 4
HEWIRREY . AN, AN ct DN AT BRAR A7 AN A i e
B Lo AT ot DNAKTERR#, 2t DNAVGEBR # A LEAF
et , (BRI R RV BRI B AA7 3 4 o W i —
HARR THZ BB JeIRST E It DNAFFAERY, B &
LR VAF B IFTPS3ILTAL | 5 20 Jo 1 AR 5C FE D 4
SRAF B DU B R oS Tk i & 7E3R 72
W5t DNATH & 5 47 HIPFSFIOS A K . HF 5 #-0 1
PR € SCHHITHY 2828 5 SR8 FREE I, Ko
itk Rl LA e AR 2 R A R wi v r 2. S P A Jre 1
Ao

ct DNAKE I G ey R ki . AT SCHR it iE ct DN A
(10 75 A A8E 2R DA 1) P B0, 3R SR B IR T TP i AR
JrE BT, i v b B A I T B R B B ] RO g L A
0.6%-5.8%03%1, {H JZ it EvA fE AR, xR 433k 4 A
AR SR A B TR R Y520, if nT LU i 2 pr
FLEZE S TR, TR S 2 16T AR FHAL T A=
BOMRERA BB . GuibertSFBGIN TKRASHEAS i i des i
PEVRST I A A FRE 2491 A8 AN L Jre 1 1491 B 1 B A
ctDNA, KI5 ik Jié 8 F I ADNANKCT- 5, FEAE2
AFRIRTT IR B TR, AR B2 APy 7 Ak
AP B T BE LB i R AR 2 R B, (HUR AR S e ih
ISP YAT T HRP AR IR R 55 o 1055 — B B4 32 i
IS ot DNABCER LR E I 10465, IFAEIRTT4NJH
WJE AR BRI o DL 25 SR Ui ct DN ART REFE
HERRPPAL SRy PG R . R0 S B S Bty 7 RO T A
CIEANAEIE5

CtDNAT] LT WS B4 77 351 o ZhangZ5bo4f
B AL MIEFEAR R KI5 IR T T AU OC I ct DNA
A ARACE o XIS ) A 3 I PR e 45 R 4y
B 1R A 16 MR R 978 611G YT Hil t DNA KA1 71435 57
HIctDNAZK Y- 54k . B9 & B, 1697 Hilct DNA VAF 50S .
FAAHDC, HIXRIAH O, TEVRE 1 28 [ 4 e DR

(Eastern Cooperative Oncology Group, ECOG) KGEIRASTE

O3 FELRIFHERARAS | B G RS | WRAR D
96 7 gy MR PD - L 145 191 5 A G R 285 47 O e L il 2
P, $E/RIAYT BTt DN AR LARE it b F0 0 701 f5 o o5 — 5 TH,
IRIT I R HP t DN A B ZKCE AT VA I R AR B2 mT T G i
IR g o N T P AL X R S SAA, A5 T i R
BRI HTVAFRNAIT VAR G B E T— 1A, IR
HAa a7 hVAF 5IAY7 BT VAR A, 25842, B
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50%1F Fcut-of f{E, FAE<0.SHI R/ F IV, >0.5/)“TC
LN, HAESE TAR S RECIST UM FIAHIEE , Z5{plHE,
Goldberg % X 52 S IR YT NSCLC B SELR MM AL
ctDNA VAF e = 5848 PE TR L2 I, %€ L ctDNA VAF
R AT 1L 509 M “ct DNAJZ IV ”, 455 & FHL, ctDNAK 5545
2 I AR B BE 5, H.ctDNA IR o B )4 5142
B B Al T 42. 5K, ctDNAKZ I F A SN H AL
EE AN LI RN

ct DNAR] D0 S 28 16 97 K A AR 25 i 1) 4F Joe XU o
Hellmann%§ 204 T Mg in Yy K B3k 28 (PES>1214>
) B INSCLCH 2 Fhct DNA RS Al FIUmIAE ]
WF9E EAERIREIT A IG =6 MW M REAS , v SR M
IFE 26,71, K I4HIct DNAFH I (3 4 ki, 271
ctDNAHM: B E 2SR U, XLt DNA A M & 1
I PESIE E K F B o A Bl A K 21 ct DN A R 11
PR PR A3 e (1 for F RS B E AR, DRI HERR T Fr AR
AL RE £ ff 22 S BT Bt DNAKS: H SR AR AR [

3 B4

VFZERRIEWI T C S0E 52t DNAKS I K i 5 124 3%
0] LAIFENSCLCIBYT 1945 AL YA I 7 O, 19000 i
Jei s AR LI PRI 52 1 IR 7T t DNATE S PRI 2
T e 75 Al R B I AR 25 LA SRR IR YT R L IR R
B VRYT IR R L R B SN TRIIG IR TS R T ctDNAZ I
FE A FE , WA B A S0 B0 R T i mT S
Wl BLAL, e DNAKINF AR FIEFE | R . mgi, IRk
ARB 7 AR RT JR E BUA  eEA  S

2 % X M

1 Stroun M, Lyautey J, Lederrey C, et al. About the possible origin
and mechanism of circulating DNA apoptosis and active DNA
release. Clin Chim Acta, 2001, 313(1-2): 139-142. doi: 10.1016/
$0009-8981(01)00665-9

2 JahrS, Hentze H, Englisch S, et al. DNA fragments in the blood plasma
of cancer patients: quantitations and evidence for their origin from
apoptotic and necrotic cells. Cancer Res, 2001, 61(4): 1659-1665.

3 Moss J, Magenheim J, Neiman D, et al. Comprehensive human cell-
type methylation ATLAS reveals origins of circulating cell-free DNA
in health and disease. Nat Commun, 2018, 9(1): 5068. doi: 10.1038/
$41467-018-07466-6

4 Pellini B, Chaudhuri AA. Circulating tumor DNA minimal residual
disease detection of non-small-cell lung cancer treated with curative

intent. J Clin Oncol, 2022, 40(6): 567-575. doi: 10.1200/JC0.21.01929

S

10

11

12

13

14

15

16

17

18

19

20

Wan JCM, Massie C, Garcia-Corbacho J, et al. Liquid biopsies come
of age: towards implementation of circulating tumour DNA. Nat Rev
Cancer, 2017, 17(4): 223-238. doi: 10.1038/nrc.2017.7

Tug S, Helmig S, Deichmann ER, et al. Exercise-induced increases in cell
free DNA in human plasma originate predominantly from cells of the
haematopoietic lineage. Exerc Immunol Rev, 2015, 21: 164-173.
Mouliere F, Robert B, Arnau Peyrotte E, et al. High fragmentation
characterizes tumour-derived circulating DNA. PLoS One, 2011, 6(9):
€23418. doi: 10.1371/journal.pone.0023418

Thierry AR, El Messaoudi S, Gahan PB, et al. Origins, structures, and
functions of circulating DNA in oncology. Cancer Metastasis Rev, 2016,
35(3): 347-376. doi: 10.1007/510555-016-9629-x

Abbosh C, Birkbak NJ, Wilson GA, et al. Phylogenetic ctDNA analysis
depicts early-stage lung cancer evolution. Nature, 2017, 545(7655):
446-451. doi: 10.1038/nature22364

Chen K, Zhao H, Shi Y, et al. Perioperative dynamic changes in
circulating tumor DNA in patients with lung cancer (Dynamic).
Clin Cancer Res, 2019, 25(23): 7058-7067. doi: 10.1158/1078-0432.
CCR-19-1213

Cho M-S, Park CH, Lee S, et al. Clinicopathological parameters for
circulating tumor DNA shedding in surgically resected non-small cell
lung cancer with EGFR or KRAS mutation. PLoS One, 2020, 15(3):
ne0230622. doi: 10.1371/journal.pone.0230622

Qiu B, Guo W, Zhang F, et al. Dynamic recurrence risk and adjuvant
chemotherapy benefit prediction by ctDNA in resected NSCLC. Nat
Commun, 2021, 12(1): 6770. doi: 10.1038/s41467-021-27022-2

Chen G, Peng J, Xiao Q, et al. Postoperative circulating tumor DNA as
markers of recurrence risk in stages II to III colorectal cancer. ] Hematol
Oncol, 2021, 14(1): 80. doi: 10.1186/s13045-021-01089-z

Chae YK, Oh MS. Detection of minimal residual disease using ctDNA
in lung cancer: Current evidence and future directions. ] Thorac Oncol,
2019, 14(1): 16-24. doi: 10.1016/}.jtho.2018.09.022

Palmero R, Taus A, Viteri S, et al. Biomarker discovery and outcomes for
comprehensive cell-free circulating tumor DNA versus standard-of-care
tissue testing in advanced non-small-cell lung cancer. JCO Precis Oncol,
2021, 5: 93-102. doi: 10.1200/P0.20.00241

Phallen J, Leal A, Woodward BD, et al. Early noninvasive detection of
response to targeted therapy in non-small cell lung cancer. Cancer Res,
2019,79(6): 1204-1213. doi: 10.1158/0008-5472.CAN-18-1082

Stadler JC, Belloum Y, Deitert B, et al. Current and future clinical
applications of ctDNA in immuno-oncology. Cancer Res, 2022, 82(3):
349-358. doi: 10.1158/0008-5472.CAN-21-1718

Nabet BY, Esfahani MS, Moding EJ, et al. Noninvasive early identification
of therapeutic benefit from immune checkpoint inhibition. Cell, 2020,
183(2): 363-376.e13. doi: 10.1016/j.cell.2020.09.001

Provencio M, Nadal E, Insa A, et al. Neoadjuvant chemotherapy and
nivolumab in resectable non-small-cell lung cancer (NADIM): an open-
label, multicentre, single-arm, phase 2 trial. Lancet Oncol, 2020, 21(11):
1413-1422. doi: 10.1016/S1470-2045(20)30453-8

Romero A, Nadal E, Serna R. Pre-treatment levels of ctDNA for long-

HERERERERE
www.lungca.org



* 670 -

21

22

23

24

25

26

27

28

29

30

31

[ il s 2 52022 4E9 ] 55254555 94]  Chin ] Lung Cancer, September 2022, Vol.25, No.9

term survival prediction in stage IIIA NSCLC treated with neoadjuvant
chemo-immunotherapy. J Thorac Oncol, 2021, 16(Suppl): S883-S884.
Forde PM, Spicer J, Lu S, et al. Neoadjuvant nivolumab plus
chemotherapy in resectable lung cancer. N Engl ] Med, 2022, 386(21):
1973-1985. doi: 10.1056/NEJM0a2202170

Kris MG, Grindheim JM, Chaft JE, et al. Dynamic circulating tumour
DNA (ctDNA) response to neoadjuvant (NA) atezolizumab (atezo)
and surgery (surg) and association with outcomes in patients (pts) with
NSCLC. Ann Oncol, 2021, 32 (suppl_7): S1373-S1391. doi: 10.1016/
annonc/annonc784

Xia L, Mei J, Kang R, et al. Perioperative ctDNA-based molecular
residual disease detection for non-small cell lung cancer: A prospective
multicenter cohort study (LUNGCA-1). Clin Cancer Res, 2022, 28(15):
3308-3317. doi: 10.1158/1078-0432.CCR-21-3044

Tie J, Wang Y, Cohen J, et al. Circulating tumor DNA dynamics and
recurrence risk in patients undergoing curative intent resection of
colorectal cancer liver metastases: A prospective cohort study. PLoS
Med, 2021, 18(5): 1003620. doi: 10.1371/journal.pmed.1003620

Taieb J, Taly V, Henriques J, et al. Prognostic value and relation with
adjuvant treatment duration of ctDNA in stage III colon cancer: a post
hoc analysis of the PRODIGE-GERCOR IDEA-France trial. Clin Cancer
Res, 2021,27(20): 5638-5646. doi: 10.1158/1078-0432.CCR-21-0271
Wu YL, Tsuboi M, He J, et al. Osimertinib in resected EGFR-mutated
non-small-cell lung cancer. N Engl ] Med, 2020, 383(18): 1711-1723. doi:
10.1056/nejmoa2027071

Liu SY, Bao H, Wang Q, et al. Genomic signatures define three subtypes
of EGFR-mutant stage II-III non-small-cell lung cancer with distinct
adjuvant therapy outcomes. Nat Commun, 2021, 12(1): 6450. doi:
10.1038/541467-021-26806-7

Moding EJ, Liu Y, Nabet BY, et al. Circulating tumor DNA dynamics
predict benefit from consolidation immunotherapy in locally advanced
non-small cell lung cancer. Nat Cancer, 2020, 1(2): 176-183. doi:
10.1038/s43018-019-0011-0

Spigel D, Peters S, Ahn M, et al. MERMAID-2: Phase 3 study of
durvalumab in patients with resected, stage II-III NSCLC who become
MRD-+ after curative-intent therapy. ] Thorac Oncol, 2021, 16(suppl_4):
§737-S747.

Adjuvant durvalumab for early stage NSCLC patients with ctDNA
minimal residual disease. url: https://clinicaltrials.gov/ct2/results?cond
=&term=NCT04585477&cntry=&state=&city=&dist=

Personalized escalation of consolidation treatment following
chemoradiotherapy and immunotherapy in stage II NSCLC in stage III
NSCLC. url: https://clinicaltrials.gov/ct2/show/NCT045854902term=

32

33

34

35

36

37

38

39

40

41

42

NCT04585490&draw=1&rank=1

Jamal-Hanjani M, Wilson GA, McGranahan N, et al. Tracking the
evolution of non-small-cell lung cancer. N Engl ] Med, 2017, 376(22):
2109-2121. doi: 10.1056/NEJMoal616288

Abbosh C, Frankell A, Garnett A, et al. Phylogenetic tracking and
minimal residual disease detection using ctDNA in early-stage NSCLC:
A lung TRACERx study [abstract]. Proc Annu Meet Am Assoc Cancer
Res, 2020, 80(16_Supplement): CT023.

Bailey C, Black JRM, Reading JL, et al. Tracking cancer evolution
through the disease course. Cancer Discov, 2021, 11(4): 916-932. doi:
10.1158/2159-8290.CD-20-1559

Song Y, Hu C, Xie Z, et al. Circulating tumor DNA clearance predicts
prognosis across treatment regimen in a large real-world longitudinally
monitored advanced non-small cell lung cancer cohort. Transl Lung
Cancer Res, 2020, 9(2): 269-279. doi: 10.21037/tlcr.2020.03.17

Ma S, Shi M, Chen X, et al. The prognostic value of longitudinal
circulating tumor DNA profiling during osimertinib treatment. Transl
Lung Cancer Res, 2021, 10(1): 326-339. doi: 10.21037/tlcr-20-371

Lee JH, Long GV, Menzies AM, et al. Association between circulating
tumor dna and pseudoprogression in patients with metastatic melanoma
treated with anti-programmed cell death 1 antibodies. JAMA Oncol,
2018, 4(5): 717-721. doi: 10.1001 /jamaoncol.2017.5332

Chen MY, Zeng YC. Pseudoprogression in lung cancer patients treated
with immunotherapy. Crit Rev Oncol Hematol, 2022, 169: 103531. doi:
10.1016/j.critrevonc.2021.103531

Guibert N, Mazieres J, Delaunay M, et al. Monitoring of KRAS-mutated
ctDNA to discriminate pseudo-progression from true progression during
anti-PD-1 treatment of lung adenocarcinoma. Oncotarget, 2017, 8(23):
38056-38060. doi: 10.18632/oncotarget.16935

Zhang Q, Luo J, Wu S, et al. Prognostic and predictive impact of
circulating tumor DNA in patients with advanced cancers treated with
immune checkpoint blockade. Cancer Discov, 2020, 10(12): 1842-1853.
doi: 10.1158/2159-8290.CD-20-0047

Goldberg S, Narayan A, Kole A, et al. Early assessment of lung cancer
immunotherapy response via circulating tumor DNA. Clin Cancer Res,
2018, 24(8): 1872-1880. doi: 10.1158/1078-0432.CCR-17-1341
Hellmann MD, Nabet BY, Rizvi H, et al. Circulating tumor DNA
analysis to assess risk of progression after long-term response to PD-(L)1
blockade in NSCLC. Clin Cancer Res, 2020, 26(12): 2849-2858. doi:
10.1158/1078-0432.CCR-19-3418

(Wkei: 2022-05-25 f&[]: 2022-08-24 #:57: 2022-08-26)
(ARGl THE)

E Cite this article as: Lei SY, Wang Y. Research Progress of Circulating Tumor DNA in Non-small Cell Lung Cancer. Zhongguo
. Fei Ai Za Zhi, 2022, 25(9): 665-670. [F5 LR, F#E. JHIR MR DNALE A/ IN Ml 2y 7 o R 9 1k . v IRl A4k, 2022,
25(9): 665-670.] doi: 10.3779/j.issn.1009-3419.2022.102.35

HERERERERE
www.lungca.org





