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[Abstract] Recent years have seen significant advancements in liquid biopsy techniques, especially in the
use of circulating tumor DNA (ctDNA), guiding personalized treatment and comprehensive management of
cancer patients. Improvements in detection techniques,specifically in sensitivity and precision,have opened up
new possibilities for monitoring minimal residual disease (MRD), predicting relapse and refining treatment
strategies. This paper will focus on the clinical application and research advancements of MRD in liquid biop-
sies for early,locally advanced,and advanced lung cancer patients,while also looking towards future prospects

and potential challenges in lung cancer MRD detection.

[ Key words |

YRR A B AR ST AR ok & R, LA L SE R v
IR Mk e S5 T P A6 AR s {92 B R A MR O A L 12 W T
RCHIE P A 2] T T R Y . AR I R AR A AT R U
T T M R G A A L R A L PR . K
R AL F5 A6 B B RS 40 M Ccirculating tumor cell,
CTC) MG 25 40 i DNA (cell free DNA, ¢fDNA) |
G B9 DNA (circulating tumor DNA, ctDNA) |/
PRI B 40 RNA Ccell free RNA, ofRNA) | Ak 8 &
AEDT O H TR AR Y B B R T A AR Y T A
HET ctDNA #4676 I PR 1 0 5 73z 6 HAE il
P AR, ct DN KG IU XF $8 5 f8 35 B RS HEVR 7 A F 4
G E T E AR,

3L ctDNA AL AT LA I 3 [ /) 2 AR 70
L ALFE A TE R A s AR A A/l CEE HE SRl
P2 UL S5 3 AT S8 22 6 PRS- AT R, 3R i e
HH G B 00 B A 0 L IR L B AT A R AR I G B

x  EETH.HRTTHARBN SN A RE LTS RNIEXT H (estc2021jsex-xczxX0015), &

lung cancer;liquid biopsy;minimal residual disease;immunotherapy;targeted therapy

AR T N B 5 ctDNA B A6 I £/ 5% B 9 b
(minimal residual disease, MRD) i) I % F B, ctD-
NA-MRD AAG I EE R B T3 5 1 28848 3 N 11
g AR JL R A1, [R) B 20 A A T IR T 0. 0296 1
ctDNA., HTi,ctDNA-MRD % MRD {4k #E )2 i {ii
LA fili g 07 2 W 190 0 B L o A 0 0 Rk B T 2
ML 54 07 A5 20 2 B0 A . X T 240 2008 A 3k BUA
M 114 T R BB L ctDNA BB Ry 28 3% L TC A 1) 0
PR s 0 4 52 MR A P A T Y L 300 TR 3 g 10 il
JEHH . tDNA g5 W n] & B 1 MRD, il &2
S RGBT 5 ot T e 300 i 9 R L 4 R MR 1 A T D SR
TG L AR R AT MRD W AT 8 597 S50 Ad A A B T
AL, BAT ctDNA R FH 3% 59 B3 e il 9
MRD £ 0 32 2 4% K1) 3 .
1 MRD ME X SFAE S

MRD J& 48 2 5 M /s R G697 J5 L HLIR N 5%

BEES MHA972—)  FEFE RO E 2L

W0 5 fs TR PR 24 R AR BB EAR R [ WE o A 0, A R 2 e R BRI 43 23 Bl TAEZE s e B VT R T B 22 0P Ll 28 B 4l
{EZE 51, A R F5 b i AR I I R U L 1 BR Tl7 24 Rk 2 AR A Sk N H PR T A 55 O IR IR U, A R R 2 )M D0+ IR 24 ) JCO CH TR ) 45 4% 75 4
T R E R A RBl A4S 6 1, 7E Clinic Cancer Research | Journal of Thoracic Oncology %72 & F 25 SCI1iE X, E-mail: heyong8998(@
126. com,



802

B /LB IR 200 ML AS e B R Y 5 AR 2 s A S S =
T3 B, {H RE S VAR I A R B R TR Y 4 F
AT REAR R S AR (0 15 S A7 AE A G IR #E J . MRD
TEIG IR H Br 48 “ 43 F 5% B8 9% & (molecular residual dis-
ease, MRD) " 4, 16 32 7R “ Al U] 1 5% 8 93 & (measurable
residue disease, MRD)”, YE 1% H 9l 52 4% 2~ IE U5 10 1
LT MRD $278 778 F AR YT ER (ARG IG5
IR A AE o 2 DA AR 2 75 T 2 BB bR v

e LI R AL 22 T 6 MRD K A2 5
ek e 2 TR R A IR A o bR e B 1Y
P A AN 5 B 3 10 i 9o o i ok e Y UR A g R
A0 i P Y ctDNA &8/ 23 MRD A il
MESRE . HeAh, — SEH AL R, AN TR ARYT B
PRE AEUR R TG N cfDNA B &, S5 ctDNA &
I 5h G BB E Y . BT R L IR T ) A
AT 82 7F MRD A6 I o i ¢4 Pt MRD #6230 J5 325 B
T M T — 48 /3 (next generation sequencing,
NGS) it # & T 4 3 H 4l ¥ (whole genome se-
quencing, WGS) & 4 4h & F il ¥ (whole exome se-
quencing, WES)"'" . Z I #f 57 £ B MRD 3 25 W il
Xof 1 0 G 2 LU it g A E 09 T R IIOI L A e IKUIK:
T T2 W K 3R T HE S A L AT AR AR A
2 MRD 7 B H#i B 5 i iz A
2.1 MRD & F 44 84 75 57

LR SEARIE W 9T s, ct DNA A 3 s B
T F ctDNA FHPE R # R 42 T /D 40 i i 98
(non-small cell lung cancer, NSCLC) f& & 7E #2 i5 ¥
IR ST BT FR A0 I3 A7 R I, 45 R R AR A P
SHARYT G ctDNA B NSCLC & & & 4 17
(relapse-free survival, RFS) i [6] %% 22, H ctDNA 3}
A 0 b e RS U R B O A S B S 9 R ) 3 A el
BhRIT AR ZE MR Ak BT & B NSCLC B il
Bhia Y7 B Y ctDNA 5 BR 5 55 & 1Y B 50 42 92 i
(pathologic complete response, pCR) R F1 5 K 1) TG
H A4 AE Cevent-free survival, EFS) B[ AH G, 5
BRI B, MRD A Tt 0 fili 96 2 & XU rf 2% 30 288 s 1
REEAR 5 . DFS0RIE NSCLC MR MR IT S
MRD FEPE#E BA P 8 3 52 % U W) e e . 42 MR
PEIRIT BB TE 1 IR YT 5 - ct DNA G I BH 4 8 &2 2% IR
KRR 43 £5Y) . LUNGCA-1 #F5E A4l 1 ~ I
BT IR NSCLC & 330 Bl (67% K 1 #EBH) .
SRITEARRT RS 3 d MIARJE 1A A K MRD, 25
RIATG MRD B &% RES i [0 9] & % F MRD
B B AR5 MRD BHM 2 B E AR5 & & 0B 8 i
e HR, HAR S5 MRD BHPE 8 % 32 52 50 Bh i y7 vl B g
JEAC RFS B[]
2.2 MRD L A& 2 AR 74

B R EoT 2R WL Bl 968 AR 35 MIRD Wi I AT b 2 14 2
TG B & L e AR bR P, MRD i
BB F SR AT I 1R) 4350 Oy S W g 6. 0 A ) FL R
7.9~11.0 ™A Wi 70 d & 5.2 A 4 H W

FTREF 2024 F 3 A% 53465 64

167 d & 10. 0 A~ HYY . 55 — TR 5 8 5 W I 2 AR 3A
PEFARIGIT G B 40 F1~ [ H il 9 8 & 1% 255 1) ctD-
NA BRAS H 54 1] 4 FE il 4F A B oDNA B A, & 3 7E
94 %6 Y RTITAR ) 2 & 8 T o DNA FE 5 1 IRIBIT IS
AR AS A I BH P 5 72 0 1 B8 3 38 2ok W I MRD & 3
MRD, AR 5 46 A i) (8] - ¥ $E Aif 29 5.2 S H .
B, 7E MRD BHME B rh it — 20 o0 B R 3, 1 2 10 A8
HTRE AR f T 3R B A K R 52 - I R VA R 4 o) 7
(epidermal growth factor receptor-tyrosine kinase inhibi-
tor, EGFR-TKD) 5 %t 8 30 il 5 4 B o7 . Pk a8 2
AT ARG MRD 3l 45 W5 00 R T K i & AT %8 2 1% 1
I B LR UM L A 7 5 e X 2 i BB S B G ER B,
3 MRD 7£ H B H# fifi 2 R B Rz A
3.1 MRD 5 M % 9% 08 55 FOml B 9% L8 & 7

B B2 IR YT Ih 4 2 3T AF R I IR 1R T 40 R 1 F T A
S BRI 7] 83 H iR U7 AR A 22 1R K. ctDNA-
MRD X G836 97 97 R0 A B R0 B2 W 77 . AR
A R TR B ctDNA K W8 7R 1 82 52 S P2 IR 9T 1Y
NSCLC & 1y sa el 25", 0, ¢ B 4R E 2% ) (Na-
ture Medicine) J& 3¢ 04— 51 II #3056 45 5 R W ctD-
NA 5r T2 G 5 0 R R B A — 3. o T %
fif K5 8 F LSS A G, B2 T tDNA /) 73 %
G2 KT AT T U0 5 2 B IR 9T S K RT RE 3K £5 1Y
FERSTE NSCLC BEY . B —W s $2 ok , [W 45 i
J7 5 ctDNA B &35 AT BEAS 23 DA B 92 A6 £ o 417 11
7 (immune checkpoint inhibitors, ICIs) Il [E & 97
gk, HLR B A7 AT fig B G 8 AH OG0 IR A 5 T TR
AW IT IR ctDNA K B 2%, #2 52 1CTs 1R 97 1Y
RFS i [a] B T R 320697 10 3 - 18 ICTs 1697
I tDNA T 83 B9 P AL RFS IRy 5.1 4
H AR ctDNA FEARAY & T RES W] K3k 21,9
ANH . BHt, ot DNA-MRD W5l o] 5 B 3= 55 1
M ICIs JLIE RT3k 25 1 A .
3.2 MRD 48 5 & UM & i £ 05 B A B

XF T G RT JR) 30 i g8 MIRD AT LLHS B g
WIER IR A ARE . SO 5E R X T4 /T TR I
BRI NSCLC &35, 4 SR 78 WO v A7 fe 34 46 D
AF| tDNA R A% 53 8 35 TC 18 S 1 FH 3 2 A 11
JLIE ICTs, &R A AR 4 1 $J5 s ZEIR Y7 i B v otDNA I
WNRF 22 [P 9 f8 25, 7T BE Tl /s o 52 390 I IR 3 A,
Femiak 200 1%, 55 — 100 fifi i MRD #8 K BA 51 #F 5%
N 261 1) T ~ [ 377 A it 28 & 3 5 % 913
B3 A0 R A 53 B & B, R & B AT sk I MRD B
P BE I BE BROE T P R 3 A I T DLk —
A0 T 900U o A 1 L B M T30 {A (negative predictive
value, NPV) 1 BH A% UM ( positive predictive value,
PPV) 45l ik %] 96. 8%.89. 1%, H MRD il % £¢
B B9 NETEBRE DT N — R &, 3 7T B L) a8 X
TR AR . J) — s . R 5 5 Gy T
SUAT MRD A6 BH M 1 285 B BB T R 06 B W e
HICHR A AFIHA] B X T MRD B 9 A HE B BG )7



FTRESF 2024 F 3 A% 53 5% 6M

TR 5 . XA MRD BA AT 5 il e 17757 B AR 122300
E AL BB A AT AR AR AT T L X S 5T AR
7R MRD A DUHE Bl 2 SO 7E 36 A B, (3 43 il i 2R
ERTILERIT. PR kI F &2 & X 5 &
(i 1~ M3 s . MRD %% B a5 52 % 11 75 e 24 3 B A
ARIE 18 4~A., Hib#E/R MRD & /0 z Wi &R G
X — I E] B, 41 MIRD 57 25 BA 10 H8 3 00 T s 10 R 1
UEIE AR NREY L bt TR R . R R A A
CEHAERE DT <<2 YO By B & AT 470,
4 fhiE MRD R EZE S5H K

AKX T filides MRD ) s R B RAEF 5 4>
J5 1 - (1) MRD A~ AR AG I 78 2 Sk ol RE AR 3. B
B R MRD MR R AR H A Z A, 11k
AE il MRD 9 2 5 5 B & &5 F 79 Fh [8 3 6 MRD £
W PR A e A S fE . T AE
fbsE i MRD $2H 7 #7 9 TNMB i 5 4% )2 T2, Bi 7
I R TNM 43 15l E455 ARG 1A MRD Wil 25
B STEL T EASMER PR 232 . A A NGS K Pan-
el ¥ I AR 4% 3 HE 3 T K Panel 9 MRD #:0 J5 2& 1)
F BT T RS AN X A B A BARIE 0 L 4R
R E B Ak 00 R I i AT R s X R R B R R
BLIRIT RS PEAL AR LR, KRR B E NGS
K Panel $ AR A9 4k S2 5¢ 3 F1 6 H L A3 #H AAE A1k
BT R 2 W — R, FET K Panel B MRD />
b7 ZE AR . (2) MRD #0055 Bh 52 5825 4 (5 199
XTI NSCLC B3 1M 75 » 25 4 8300 vl ok 2 24 49 il AR
FH B 8 2B S A T B AR it 25 % A s (A 25 W B oA
TEE 4 VRS o 4n g % Ak, B 2 25 ) BEIR YT G AL
I, S8R 25 W (30 HE S PRI e F . RS ME B9 MIRD W
2GS SE B R R T . BRI R I R &R YT
Jei B Bl R AR 2 B e AT W kk H MIRD FH M 1)
HE T R A 25 W BT L i Al 6 AR P 3 SR P P 2
A AR T K B ARG NSCLC g h g
T ctDNA 5 ofDNA B4 CEA Ry Fii J7 4 % EGFR-
TR RHEAT T R HER 43 2 R B A BY T 25 9 1 4
FRPE R 5 B W Y, PACIFIC BFSE 42 7% , &1 % AR
A AR 73 e ) NSCLC H %, 28 55 1R 36 1 il 4k o7
Ja » il MRD Wil 3~ DL 5 B A e Syt 4 R 5 iR 97
WE AT LA TCT B [ 36 97 3k 25 A, AT LS 25 )
B . (3)“Longitudinal MRD 1”2 75 7] & X
YRR BET? R H TR L0 B TR T o — R
MRD B#E , ¥ #% & Longitudinal MRD B, 3% 38 %
PBEMERIRITROR R i bR H 2 B AT LU oE g X
NG NBE B RAM . NPV R X — 3% 5
hig BT PR . B NPV BB 5 24 MRD R 45
B, BB B WA AN M T RE AR R . AR
T 3 A 3530 0 3 A O Y R % RN Ry 5
RARE JE MRD K i 5 e RO, v B 1 1L 14 A7 7E
R N i A A R MR R R T AR e R G 38 R
AR S R R 1 2 AR S S R A I IR) A, 25 AT Y
RAPE PR AR THE . £ Longitudinal MRD

803

I P4 X6 3 A 1 S, R AR T B AR i — A5 5 I R 5K
B g (4) “non-shedders” 7E MRD 4 il rf
13K 25 500 . TRACEx #F98 B K878 T A7 7E " shedders”
CORHETIM ctDNA BHPE: ) £ 5) F “non-shedders” R A 1ML
ctDNA BAPE Y 825 15 28 AN BF, 45 3 0w, o 08k O
VG B MRD % “non-shedders” . F B I Wl )5 #r
B o 3 — % R A I AR P S 1 (4L 5 4 0 A B . B i
TFARTTMAE ctDNA K B (%) 2, MRD K il 78
BH VUG VAR A EEAE . (5) 2T MRD £
T R w B PE LT R 5T . MIRD A I AR A7 i R T 5%
AL AT LA 45 B 2 W) 97 80T A B TRD 4 3 i PR F
et g, MRD f] DL o b $2 138 97 = (5 6 . & 48
PRI DA T35 36 T B K BT[] A g WA 4 B AR 8 1) ¢
F A AN A A7 ZE s e ) X BRI T B 25 0 & 1
JE .l MRD fE R B AR L 5, ] LU 46 245 W) 97 S0
P r 1), B MR A SR, MO in B I R B 5T
j&)ﬁ"”‘yzg—‘ .

Zx L rik , MRD 78 54 | J= 38 06 300 | i 100 it 9 i
F TS PO A2 R WEN L A RRIR T T R IT e 2y
Pyt R 5 1) FF Jre 4 A #5555 th 9V LRI LA il U 3
if MRD 4 [ 45 5 il 9 i & 2 A B ok R 2 k!
MRD i 0 0 4 7 A e i e it s A8 257 000 I R % e !

2% ik

[1] NIKANJAM M,KATO S,KURZROCK R. Liquid
biopsy: current technology and clinical applications
[J].J Hematol Oncol,2022,15(1) :131.

[2] TIVEY A,CHURCH M,ROTHWELL D, et al.
Circulating tumour DNA-looking beyond the blood
[J]. Nat Rev Clin Oncol,2022,19(9) :600-612.

[3] YUD.,LI Y,WANG M, et al. Exosomes as a
new frontier of cancer liquid biopsy [J]. Mol
Cancer,2022,21(1) :56.

(47 LI W.LIUJ B.HOU L K.et al. Liquid biopsy in
lung cancer: significance in diagnostics, prediction,
and treatment monitoring[ J ]. Mol Cancer,2022,21
(1):25.

[5] PELLINI B,CHAUDHURI A A. Circulating tumor
DNA minimal residual disease detection of non-
small-cell lung cancer treated with curative in-
tent[ J]. J Clin Oncol,2022,40(6) :567-575.

[6] WAN J C M,MASSIE C,GARCIA-CORBAC-HO
J,et al. Liquid biopsies come of age:towards imple-
mentation of circulating tumour DNA[] ]. Nat Rev
Cancer,2017,17(4) :223-238.

[7] PAN Y,ZHANG J T,GAO X, et al. Dynamic
circulating tumor DNA during chemoradiother-
apy predicts clinical outcomes for locally ad-
vanced non-small cell lung cancer patients[]].
Cancer Cell,2023,41(10):1763-1773.



804

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

PIERCE E,MAUTNER B,MORT J,et al. MRD in
all; optimization and innovations[]]. Curr He-
matol Malig Rep.2022.,17(4) :69-81.
CHAUDHURI A A,CHABON ] J,LOVEJOY
A F,et al. Early detection of molecular residual
disease in localized lung cancer by circulating
tumor DNA profiling[ J]. Cancer Discov,2017,7
(12):1394-1403.

LI S,ZENG W,NI X, et al. cfTrack:a method
of exome-wide mutation analysis of cell-free
DNA to simultaneously monitor the full spec-
trum of cancer treatment outcomes including
MRD, recurrence,and evolution[]]. Clin Cancer
Res,2022,28(9) :1841-1853.

KU B M,KIM Y J,PARK D,et al. Role of cir-
culating tumor DNA profiling in patients with
non-small cell lung cancer treated with EGFR
inhibitor[J ]. Oncology,2022,100(4) :228-237.
KENMOTSU H,SUGAWARA S, WATANA-
BE Y.et al. Adjuvant atezolizumab in Japanese
patients with resected stage | B—I A non-
small cell lung cancer (IMpower010)[]]. Canc-
er Sci,2022,113(12):4327-4338.

CHABON J J,HAMILTON E G,KURTZ D M, et
al. Integrating genomic features for non-invasive
early lung cancer detection[]J]. Nature, 2020, 580
(7802) :245-251.

XIA L,MEI J,KANG R, et al. Perioperative ctD-
NA-based molecular residual disease detection for
non-small cell lung cancer: a prospective multi-
center cohort study (LUNGCA-1)[]J]. Clin Cancer
Res,2022,28(15) :3308-3317.

FORDE P M, SPICER J,LU S,et al. Neoadju-
vant nivolumab plus chemotherapy in resect-
able lung cancer[ J|. N Engl J] Med, 2022, 386
(21):1973-1985.

SHEN H.,JIN Y,ZHAO H,et al. Potential clinical
utility of liquid biopsy in early-stage non-small cell
lung cancer[ ] ]. BMC Med,2022,20(1) :480.
COAKLEY M,GARCIA-MURILLAS I, TUR-
NER N C. Molecular residual disease and adju-
vant trial design in solid tumors [ J]. Clin
Cancer Res,2019,25(20) :6026-6034.

LI L,WANG Y,SHI W,et al. Serial ultra-deep
sequencing of circulating tumor DNA reveals
the clonal evolution in non-small cell lung canc-
er patients treated with anti-PD1 immunothera-
pylJ7]. Cancer Med,2019,8(18) :7669-7678.
ANAGNOSTOU V,HO C,NICHOLAS G,et al.

CtDNA response after pembrolizumab in non-small

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

FTREF 2024 F 3 A% 53465 64

cell lung cancer: phase 2 adaptive trial results[]].
Nat Med,2023,29(10) :2559-2569.

MODING E J,LIU Y,NABET B Y,et al. Cir-
culating tumor DNA dynamics predict benefit
from consolidation immunotherapy in locally
advanced non-small cell lung cancer [ J]. Nat
Cancer,2020,1(2) :176-183.

ZHANG J T,LIU S Y,GAO W,et al. Longitu-
dinal undetectable molecular residual disease
defines potentially cured population in localized
non-small cell lung cancer[]]. Cancer Discov,
2022,12(7):1690-1701.

HEIDEN B T,EATON D B,CHANG S H,et
al. Association between imaging surveillance
frequency and outcomes following surgical
treatment of early-stage lung cancer[ ] ]. J Natl
Cancer Inst,2023,115(3):303-310.

CHEN K,YANG F.SHEN H,et al. Individual-
ized tumor-informed circulating tumor DNA
analysis for postoperative monitoring of non-
small cell lung cancer[ ] ]. Cancer Cell,2023,41
(10):1749-1762.

WU Y L,JOHN T,GROHE C,et al. Postoper-
ative chemotherapy use and outcomes from
ADAURA :osimertinib as adjuvant therapy for
resected EGFR-mutated NSCLC[J]. J Thorac
Oncol,2022,17(3) :423-433.

ZHENG J,WANG Y.HU C,et al. Predictive value
of early kinetics of ctDNA combined with c¢fDNA
and serum CEA for EGFR-TKI treatment in ad-
vanced non-small cell lung cancer [ J]. Thorac
Cancer,2022,13(22) :3162-3173.

SPIGEL D R,FAIVRE-FINN C,GRAY ] E,et
al. Five-year survival outcomes from the PA-
CIFIC trial:durvalumab after chemoradiothera-
py in stage [l non-small-cell lung cancer[]].]
Clin Oncol,2022,40(12) :1301-1311.

ULRICH B, PRADINES A, MAZIERES J, et al.
Detection of tumor recurrence via circulating
tumor DNA profiling in patients with localized
lung cancer:clinical considerations and challen-
ges[]]. Cancers,2021,13(15):3759.

XIA J,ZHANG ], XIONG Y,et al. Circulating
tumor DNA minimal residual disease in clinical
practice of non-small cell lung cancer[J]. Ex-
pert Rev Mol Diagn,2023,23(10):913-924.

(W H . 2024-02-20 &1 H 1. 2024-03-05)

CHi - AR



