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[ Abstract |
secondary to KIT and platelet derived growth factor receptor alpha (PDGFRA) gene mutations. This discovery has a landmark

Gastrointestinal stromal tumors (GIST) originate from gastrointestinal mesenchymal tissues, and most of them are

significance for the basic research, clinical diagnosis and treatment of GIST. Genetic testing is widely used in many fields, such as
identifying pathological diagnosis of GIST, judging prognosis and guiding targeted drug therapy. In recent years , numerous studies have
shown that liquid biopsy techniques, including circulating tumor DNA (ctDNA) detection, have shown extremely important clinical
values and broad application prospects for the diagnosis and treatment of GIST. This article reviews the value of ¢tDNA detection in the
diagnosis and treatment of GIST.
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iz FH ctDNA K I 4 AR S 7 4k M 28748 ] LA fif pe 4k
R M GRS P b A A 38 M LA AR IR [ A8, DA sk ok
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ZESIA N B — ddPCR A I T 22 ctDNA H £ 4
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ctDNA FE47 W AT DL EUIRE X TKT 367 BUs: 45
FHOGAR L, RETE WL T A 25 097 580 SR S 4k & 1 ot
2, NI HALIATY R o Johansson 55 & B ctDNA
IR Jz e 4 Bf i geg 57 far , ct DNA K-S AL AT TFAR
VIR R BE A OC o AR HIT ctDNA AS I FH 44 17 28
B IR EF ARV . JEARIG IR
AR TE D) 1T A5 ISR 4R Y I SR A A Gz ) 3]
ctDNA, ZHWFFE UL tDNA 36 7] LU F3EA T ARG
SRR . Jilg 25 55 5 ddPCR 4 14 Jir g 45 S 1
ctDNA [ & 5 595 T35 sl M 0 g /N 222 0E M G
ctDNA Z 5 1t S Bt o3 70 fif RIS 1 Bl EE , DAL A
A ctDNA BT AE Sk A= 4 7 W 3R 7 R g AR

Je Bl o
5 ctDNA #M B FiEE GIST W E

GIST i35 101 52 B hgg 07 ebgg K/ (AR
T3 SER TR G R AR
PRI 2 HZ W, e S5 s
S PR AR AR 22—, 6T L I A R 1) GG 30 R T
T R TE A ELAT AR I ROL B, i B A
WF5T % B tDNA 5 GIST B J & 350457 b id K/ (R
12) \Fletcher 73 A% 43 B4 52 5 PFRARE HoAA W 3%
A s B AAE -+ 38 I B I8 ctDNA PR 2
KA NG LS e FR M AR K
Fletcher 73 & X R fa i & UL M 0 244 v 1
R A E MR ELAR /DN B R BEAIR A AR
B, DNA BHMR B 5 . LAk, ctDNA PHE B
Tk A A R T B o ctDNA 7E GIST 1236
Ha VR B A W e b o R A R LS 5
AW FT G AT KIT 56 R 28 A8 46 0 45 B T 37 4
GIST Y TiJ5 ™ . ctDNA €75 J& 1k J ] GIST & 1)
M7 TS R, DNA SA5AOR: GIST 1l iy s el
K. Yoo 25 K BLIMTE AR ) ctDNA FHAEFELE
KR KIT R H 5248 5 B A AR A OG  axst
5T 34381 ct DNA A ] FHF 74k GIST )5 .

6 ctDNA il 9 E b iz B

R 2FH A aDNA B T RES F 20
I ) % B 3 L % o e 20 B ) R T s R AT
{5 H HT ctDNA B35 0 14 8 1AL 6 AT R
ctDNA R G R EHE L 5 0 558281k, A B T
X GIST AT A A 43+ 437 . BEAF ctDNA Kl
AT LB BRI AR S O, T A IR AR AT 1 T 24 3 R
FAR AL G E L R, R A Z BT IR R
450 5 PRGN — e 2 MR JR B AR i A3 8] v
FEEUDNA, 11if ctDNA Ha] £ 21 GIST £ 5 3k [H )5 &
PEFNAE & PR RR S 588 5w R AT 1 B 4 BT, %o Figgg 1
TR FE R A B B S FE R Y, ctDNA ZKF- S g
S i 9eE B ey, LG TR GIST B8 38 Mg o 55 19
ctDNA 1E by 5 B e 57 19 AE b -5 90 1 GIST A&
H R FEH A, AR IZ W7 T, ctDNA 7] LUK
F| GIST & KITHEH 945 11 548 g 7548 1l
AL DGR 3] 55 4k e i 245 A4H 5C 1Y KIT B2 A 17 S0 I
F S821F 275 Fl1 PGDFRA £ [H 18 4h i 7 D842V %
AR LS CHE A L A A GIST J g 4 UL A TPS3 5878
FEPPY 3k SESE DU R 52 A8 AT AR R R S i A b ks
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Table 1 Summary of studies on the application of ctDNA testing in GIST from 2013 to 2022
YE# AEA FEFREE I SR

Demetri 2" 2013 GEW] T EET A ctDNA S3HT A SE I . AEDT R JE RN Je 5 SR it 25 1) GIST /235 1, ct DNA A ]
UL S0 B Jeg AL 2RI P R 7 KIT 3 K 5 9 S i F 2838 I — S04 100% , 55 1 51 i 2828 B — 3K
PE 4 79% , A1 9 Fl 11 58738 A AR — B0 R 849%

Maier 2 2013 38l LU A E AL LR 528 1 GIST F8 2, A3 15 191 i 3% RSl 3] 58 28 1 ofDNA , ofDNA i 1R
RS B AHOCHE . TR ik R R 3 ofDNA S8, VR YT 25 of DNA S REAIG . cfDNA A [ 14
B BV R BRI A K

Yoo 2l 2014 JEMIALIE ctDNA A T4 TKITHZE 5748 . ctDNA HAETELE M KIT LK 2748 5 AR A7 IR AR
ELYIIPS

Kang %5+ 2015 35 KIT £: R 928 0 HLA%SZ TKIVAYT Y GIST S 7EH g 41 LRI ctDNA rh ] LUK 51 AR 7] 58
78 G 3 tDNA RGINFE T 2 i 8 3 EAS IR T HoA SR, 43 IJ2 KIT B 17 Sh 51 S821F 2875 1
PGDFRA B[ 18 4} i 7 D842V 5848 , I H.AE J 2Lbtiv v i 8L T TKITit 2}

Kang 55> 2016 7E I8l KIT HEP 11540 757514 GIST 835 v, 78 13 01l i 3k ct DNA RGN 1A [+] 5785 (A )
—FORNT2%) , 1ETHIEFAE A GIST £ 1Y I 28 REAS rh A A6 ) 51 5 2

Wada %14 2016 4L JE TR 24 GIST H 3 ctDNA 6 21 14 24 7 P 5738 5 70 AT+ b 5 T TRt 24 i £ 2 Gl Fr A
[F], 3 H. ctDNA 1) LU B g R i A2k, 4532 25907697 J5 ot DNA 5 =A%

Xu %5/ 2018  ctDNA Kl 15 i 20 21 DNA K —BOR A 71.9% , JLHIE Y GIST M £ 4£>10 em Ki-67>5%I
ctDNA BHPEZR S, S LU —S0PEsR o ctDNA Rl A3 T 22T DNA A H ARG 21 ) 25 WL 2878

Boonstra 55 2018  Hi— ddPCRAGINAFIE ctDNA 2 MNB T 11 5828 & —Fpml 17197535, nllad 2K ct DNA 4347
MG YT

Namlgs 2514 2018  ctDNA & 5 1 i Jed s 6 B8 b 35 R G, i KU S8 3 o s B RS 5 b %) B 255 1 2 o B 255 5 A ) 1)
ctDNA 2875, 74552 TKUIAYT ISR Tl 31 ct DNA ] BE-5 95 ik Je A ¢

Jilg o) 2019 idAd ddPCR WU 5 (14 g 457 57 1k ctDNA (19 42 5 95051 gl M A g /N SEIEAHDG  etDNA 287458 5
W Ies 71 A RN IS B, ot DNA T AR Ry A= Wb s FH T el o7 I g AR S5 B 5

Serrano 2547 2019  7E 1245 TKIH 25 1) GIST B H A 115 FT 3 i) ct DNA ARSI 3] KIT JE PR 4 e i 245 28 A8

Dalle %" 2020 A T 1 ISR RIGTT JCR A ET A B GIST S5 ) ctDNA FG N2 TPS3 i [ 5848

I B s 2020 ctDNA 5 GIST A1, ctDNA BH M B 2 ek R A A HIC T ctDNA B R 3

Serrano 251 2020 GIST A ctDNA v HIXF 3, 2828 Y AL R U R B AR . 7RI SRR 9T RIS e A8 1 GIST
B CtDNA HrRERIN 3] KIT 528 5 % Ko 4k Ve ge s

Johansson 4E 2 2021  ctDNA 5 i 7 faf A G , 35 KUK SR 38 tDNA PHIE 3R 8 . atDNA PHIE B 2 2 HOA T ARG #8 .
W BB PRI R Z BT 255EE . ctDNA FTREZ MR GIST Btk R iy A= Wibr iy

George 2+ 2022 J A KIT 3 PR 9848 GIST £ 5 3 2k ct DNA AN 2] i) 58 A8 2 780 5 g 2 20 DN A A 25 S AT AR 5
Y —35 Pk, ctDNA AT G S04k K PR 255878 . 578 ctDNA (1 FRZ/K PRl PRI 2l — 2

Ko 2022 R EAT AL A TCE E R X TKIVAY T AT SN 9 FE I AR A 3 ot DNA 2848 . ARy itk
JEEI) GIST 35 ctDNA HRs i B4k & M 5878 . A3 5% 4% HLB s o J 1) KIT B[R 58 48 T8 GIST s 35 v,
Fr I ctDNA FE78 1 Iises 17 iy v T S8R ) SR

Huang %% 2022 LRI ctDNA 1 Sz Wi 19 sh S A8 Y7 AR B , ot DNA ShZS IEA Y7 ROR S R - 451
TRV R R A SR YT R

YHT CISTH)i2Wr . M ctDNA FEMAI AULEA (F22) . ctDNA ZESR A I & % o

WP IR , e —FP I TE Y GIST AEWhn s S W, XPAGI e i d oh T o sE A ieR

EH W RS ARNTE] , GIST H Fis 1% A7 Bl e 52

(AT Tk 37 S80I s 2 R B AR A Y et DNA R s

Y1, ctDNA FHCHE I+ RAR 2, & P B 78 i 25 L FTiR  7E GIST I IR i2 97 it B H, ctDNA £
B IS VG A AR AR 22 3], AR S bt A DU S AR S AR HETE A B, 45 R AT MLV AR

7 BESRZE
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Table 2 Comparisons of ctDNA detection techniques
HR AR AR fLsi 1= EXPCN
dRCR T 2 008 7 i e R BUEE AR A [65-68]
PCR ¥ R PR P SURB AN © 00 A 58 AR
(EREZ ol AR TORR bR 2 AR, AR R
A 54 RER IR iy 58 i AL N FEA QL PR PR
ddPCR FEA 35 LNV AT = [69-70]
PCRY" 1% AMRARAE 2 T A XA
{5 ki e R AR R R A ANk EIS
A 54 REARHI I 2 iy 28748
qPCR DNA 334 PRAETRT IR | o R A A [66,71]
P W =aez Al REAHI I i 528 ZRR TS et
CHHITHE R R e R TR TELE TS e XU
NS
BEAMing DNA 4% T RAUE R AR R [65,72]
T or s [iER kNG DEs = w7 ) TR AR
PCRY 3 Xof 4 5 PR 20 43 B A3 T
ExE Rl
ARMS-PCR g1t PR R AL GlL7)i3rany [73-74]
PCR "3 o AU IR S AT e 2
HLIK AT T ANTFEEXT B ARFH0 e RIS A a5
CAPP-Seq R A TR SRR JAKL R [66,75]
St =R RN N i BT AR
SCPERRAR AEASHI B TP RR 1Y AR R T A s 5 8
TREE 7
VeIl
NGS SCPE 4% TR IR R R BARab P 2 [76-77]
tiliag CL R BN 1 58 24 A A LU X FRINE A 5
Bt ot T 2R T ) IZ WP AFAE— B iR 2E %

HBUReAS, R LR R mT A PR, vl RE SR HE R &
PN o ctDNA A5 I B A $2 {1k b 97 2 A A8 i AL
PRSI AR GO BRI R, T R R RS
B UAFIW S o e Ah , ctDNA AGI BT LA % B it 25
AL A BT M MEIT SO, I AE AR AR YT
JR N 22 FiE B AT T IR 7 RO LA L s R R YT
MM SEEE GIST HE (e R B, T M I R T A
K IGIST B B AE R A AR I T HOR S8, I
5 ctDNA FE 2y 3 B e 5 10 AE b -5 9 v F GIST
R I R R — B 29T S o [RIET ctDNA
oI, T 1 25— SE Bk« tDNA ZEAME I & F A, ©
FT 1 Bk = BRI J7 1% 5 ot DNA 25k Ra L 22 f
155 (16 min~2.5 h) 57 Bl B Mgt , HAS SR e 1 i
PR BN RN S A3 A 7 3kt 25 R I 3 Jn T
MEFE s ct DNA K5 I 1Y 2R 3 23 32 31| KIT/PDGFRA
DR 5878 S S M A 52 I, G F 98 48 HE PDGFRA JE [R 28

5 ct DNA AN (1) R A5 5T KIT R pH 5878 A
F X TP A R GIST, H A T 58 22 B ctDNA
R ] A I 2] K/N-RAS | 35 ¥ R Wi & B (succinate
dehydrogenase , SDH) 25 & A8 FL R BRI A 1k
ctDNA K3z FH T GIST 297 AH A PR (H Y
I ctDNA A A 4y 28 36 R B A A 8ok 78 B
X GIST B PRFNA= 22 A 56 IXURS: g Jie g s o
32 AERARIRTT I R S5 S PP AN S5 T AR
ELR BN AN [ A 0 P T 5%

(&% mk]

[1] BLAY JY,KANG Y K, NISHIDA T, et al. Gastrointesti-
nal stromal tumours| J ]. Nat Rev Dis Primers,2021,7:22

[2] YANG Z X,ZHENG R S,ZHANG S W, et al. Incidence,
distribution of histological subtypes and primary sites of
soft tissue sarcoma in China[J]. Cancer Biol Med, 2019,
16(3):565-574



HA3EH 113

1602 - Mo E R R R 20234F 11
[3] HEMMING M L,HEINRICH M C,BAUER S, et al. Trans- [17] ELAZEZY M ,JOOSSE S A. Techniques of using circu-

[4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

lational insights into gastrointestinal stromal tumor and
current clinical advances[J]. Ann Oncol,2018,29(10) :
2037-2045

SHENDURE J,BALASUBRAMANIAN S,CHURCH G M,
et al. DNA sequencing at 40: past, present and future[J ].
Nature,2017,550(7676) :345-353

ALIX-PANABIERES C,PANTEL K. Clinical applications
of circulating tumor cells and circulating tumor DNA as
liquid biopsy[J ]. Cancer Discov,2016,6(5) :479-491

o [l PR IR 2 23 18 W 18] B & 2 22 51 2, BT
Pivx B ] BOR &l 2 5 2, v [ R T P2 PR B2
grex H A IE E R 2 YT Ll 2 b 2. B ) SR e A
A5 1k PR FH 9 e ARG (2021 RO LT . 1l R A
I°F2R8,2021,26(10) :920-927

HEITZER E, HAQUE I S, ROBERTS C E S, et al. Cur-
rent and future perspectives of liquid biopsies in genomics
-driven ()ncology[ﬂ. Nat Rev Genet,2019,20(2):71-88
BAROELLI A, PANTEL K. Liquid biopsies, what we do
not know(yel) [J]. Cancer Cell ,2017,31(2):172-179
STEWART C M, TSUI D W Y. Circulating cell-free DNA
for non-invasive cancer management [J]. Cancer Genet,
2018,228/229:169-179

STEWART C M, KOTHARI P D, MOULIERE F, et al.
The value of cell-free DNA for molecular pathology[J]. J
Pathol ,2018,244(5) :616-627

MANDEL P, METAIS P. Nuclear acids in human blood
plasmal J . C R Seances Soc Biol Fil, 1948,142(3/4) :241-
243

LEON S A, SHAPIRO B, SKLAROFF D M, et al. Free
DNA in the serum of cancer patients and the effect of therapy
[J]. Cancer Res, 1977,37(3) : 646-650

STROUN M, ANKER P, MAURICE P, et al. Neoplastic
characteristics of the DNA found in the plasma of cancer
patients[ J ]. Oncology, 1989,46(5) :318-322
SORENSON G D, PRIBISH D M, VALONE F H, et al.
Soluble normal and mutated DNA sequences from single-
copy genes in human blood [J]. Cancer Epidemiol Bio-
markers Prev,1994,3(1):67-71

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

CONTEDUCA V, GURIOLI G, DE GIORGI U. Re: niven
mehra, David dolling, semini sumanasuriya, et al.plasma
cell -free DNA concentration and outcomes from taxane
therapy in metastatic castration - resistant prostate cancer
from two phase Il trials (FIRSTANA and PROSELICA)
[J]. Eur Urol,2018,74(3) :67-68

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

lating tumor DNA as a liquid biopsy component in cancer
management [ J ]. Comput Struct Biotechnol J, 2018, 16:
370-378

MOULIERE F,THIERRY A R. The importance of exami-
ning the proportion of circulating DNA originating from tu-
mor, microenvironment and normal cells in colorectal can-
cer patients [1]. Expert Opin Biol Ther, 2012, 12: 209-
215

ANDERSSON D, FAGMAN H, DALIN M G, et al. Circu-
lating cell -free tumor DNA analysis in pediatric cancers
[J]. Mol Aspects Med,2020,72:100819

GOMEZ - PEREGRINA D, GARCIA - VALVERDE A,
PILCO-JANETA D, et al. Liquid biopsy in gastrointesti-
nal stromal tumors: ready for prime time? [J]. Curr Treat
Options Oncol , 2021 ,22(4):1-19

DIEHL F, SCHMIDT K, CHOTI M A, et al. Circulating
mutant DNA to assess tumor dynamics [J]. Nat Med,
2008,14(9):985-990

RS , XI5 NIRRT KR i RSO A ) 45 B
7T S MR, 2017,37(7) : 728-730

XU H, CHEN L, SHAO Y, et al. Clinical application of
circulating tumor DNA in the genetic analysis of patients
with advanced GIST[J]. Mol Cancer Ther,2018,17(1):
290-296

KAMPS R, BRANDAO R, BOSCH B, et al. Next-genera-
tion sequencing in oncology: genetic diagnosis, risk pre-
diction and cancer classification[J]. Int J Mol Sci, 2017,
18(2):308

RAVEGNINI G, SAMMARINI G, SERRANO C, et al.
Clinical relevance of circulating molecules in cancer :
focus on gastrointestinal stromal tumors [J]. Ther Adv Med
Oncol ,2019,11:175883591983190

G, @ IR DNA 76 5 i H] B 2 3G
(05 B3 SCLT ). [ SE AP RLR AR, 2018, 38(5)
571-574

DEMETRI G D, JEFFERS M, REICHARDT P, et al.
Mutational analysis of plasma DNA from patients (pts)in
the phase I GRID study of regorafenib (REG ) versus
placebo (PL) in tyrosine kinase inhibitor (TKI) -refractory
GIST: Correlating genotype with clinical outcomes [J]. J
Clin Oncol,2013,31(15 Suppl) : 10503

MAIER J,LANGE T,KERLE I, et al. Detection of mutant
free circulating tumor DNA in the plasma of patients with
gastrointestinal stromal tumor harboring activating muta-
tions of CKIT or PDGFRA[J]. Clin Cancer Res, 2013, 19
(17):4854-4867

KANG G, SOHN B S,PYO J S, et al. Detecting primary

KIT mutations in presurgical plasma of patients with gas-



HA3EE 11
20234E11 H

TR, I, P

£ G DNA KGN AE B B 0] o2y LT .
B R RE A (B ARBLE ) , 2023 ,43(11) : 1596-1604

<1603 -

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

trointestinal stromal tumor[J]. Mol Diagn Ther, 2016, 20
(4):347-351

DALLE F C, GUARDASCIONE M, DE MATTIA E, et al.
Clonal selection of a novel deleterious TP53 somatic muta-
tion discovered in c¢tDNA of a KIT/PDGFRA wild - type
gastrointestinal stromal tumor resistant to imatinib [J].
Front Pharmacol,2020,11:36

AR R 2SR 2 B I AR A4, P BRI P 2
SIRHER I 7323 E I [ B 27 &k 2 B 2x , v [ i

PRIE 22 B IR BUR & %X & o2z, %5, B I BosE 4
PR B [ 53 (2020 ) [T ). o ESE AR
i%,2020,40(10) : 1109-1119

AYES TG TR RE. I PRI 157 5 T ARTE
RS0 M 18] SR PRI LD . R A AR 2 (1
f),2019,11(1)10-15

SHARMA A K, DE LA TORRE J,IJZERMAN N S, et al.
Location of gastrointestinal stromal tumor (GIST) in the
stomach predicts tumor mutation profile and drug sensiti-
vity[ﬂ. Clin Cancer Res,2021,27(19) :5334-5342
JAKHETIYA A, GARG P, PRAKASH G, et al. Targeted
therapy of gastrointestinal stromal tumours [J]. World J
Gastrointest Surg,2016, 8(5):345-352

RAITIO A, SALIM A, MULLASSERY D, et al. Current
treatment and outcomes of pediatric gastrointestinal stro-

mal tumors (GIST) : a systematic review of published stud-

ies[J]. Pediatr Surg Int, 2021, 37(9):1161-1165

e S PN E T
LPUEIINSE & LT 51 2, W ORI 2 03

PRI rh L GO S S 4. 18 ] TR ) 2
PIIGTT 25 W v [ L R R L) ). v [ R e 2 2%
i,2021,41(20) :2041-2049

PIVEE & IR, DR . B M 8] R wh O S Sk
PR 25U AT RE ], e AR, 2019,

22(9):886-790

KALFUSOVA A ,LINKE Z, KALINOVA M, et al. Gas-
trointestinal stromal tumors: summary of mutational status
of the primary/secondary KIT/PDGFRA mutations, BRAF
mutations and SDH defects [J ]. Pathol Res Pract, 2019,
215(12):152708

SERRANO C, MARINO-ENRIQUEZ A, TAO D L, et al.
Complementary activity of tyrosine kinase inhibitors
against secondary kit mutations in imatinib-resistant gas-
trointestinal stromal tumours[J]. Br J Cancer, 2019, 120
(6):612-620

RV T, St AF. H IR TR o1 AL
LR HEIR T B oE e [0 ). v [ B8 2 i i 2% i (Hs

fi7),2022,14(11):59-66
DERMAWAN J K, RUBIN B P. Molecular pathogenesis

of gastrointestinal stromal tumor: a paradigm for persona-

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

lized medicine[J ]. Annu Rev Pathol Mech Dis,2022,17:
323-344

JANKU F,ABDUL RAZAK A R,CHI P, et al. Switch con-
trol inhibition of KIT and PDGFRA in patients with ad-
vanced gastrointestinal stromal tumor: a phase I study of
ripretinib[]]. J Clin Oncol,2020,38(28) :3294-3303
BLAY J Y, SERRANO C, HEINRICH M C, et al.
Ripretinib in patients with advanced gastrointestinal stro-
mal tumours (INVICTUS) : a double-blind, randomised,
placebo-controlled, phase 3 trial[J]. Lancet Oncol , 2020,
21(7):923-934

GEORGE S, VON MEHREN M, FLETCHER ], et al.
Phase I study of ponatinib in advanced gastrointestinal
stromal tumors: efficacy, safety, and impact of liquid biopsy
and other biomarkers[J]. Clin Cancer Res,2022,28(7) :
1268-1276

KANG G, BAE B N, SOHN B S, et al. Detection of KIT
and PDGFRA mutations in the plasma of patients with
gastrointestinal stromal tumor [ J . Target Oncol, 2015, 10
(4):597-601

WADA N,KUROKAWA Y, TAKAHASHI T, et al. Detec-
ting secondary C-KIT mutations in the peripheral blood of
patients with imatinib-resistant gastrointestinal stromal tu-
mor[J]. Oncology,2016,90(2):112-117

SERRANO C,LEAL A,KUANG Y N, et al. Phase I study
of rapid alternation of sunitinib and regorafenib for the
treatment of tyrosine kinase inhibitor refractory gastroin-
testinal stromal tumors [J]. Clin Cancer Res, 2019, 25
(24):7287-7293

NAML@US H M, BOYE K, MISHKIN S J, et al. Noninva-
sive detection of ctDNA reveals intratumor heterogeneity
and is associated with tumor burden in gastrointestinal
stromal tumor[J ]. Mol Cancer Ther,2018,17(11) :2473-
2480

KO TK,LEE E,NG C CY,et al. Circulating tumor DNA
mutations in progressive gastrointestinal stromal tumors
identify biomarkers of treatment resistance and uncover
potential therapeutic strategies [J]. Front Oncol, 2022,
12:840843

BRI TE W NCON (2 24 P 8T i PR 55 B 45 1
(2018 4F 26 1 Ji) ) 18 I 1) JSO9RE TN 2 ST 240 5 ik
(1], S IAMEERK . 2018,38(5) :515-519
TOfUEEIE K B B R MR IR SR
RERIT (1], A2 B B L T 2% 35, 2019, 8(3) -
217-220

JOHANSSON G, BERNDSEN M, LINDSKOG S, et al.
Monitoring circulating tumor DNA during surgical treat-
ment in patients with gastrointestinal stromal tumors [J].

Mol Cancer Ther,2021,20(12):2568-2576



HA3EH 113

<1604 - Mom B OB K o % 2023411 A
[53] BOONSTRA P A, TER ELST A, TIBBESMA M, et al. A JeAESERE YT R N N EL)/OL]. AW 549

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

single digital droplet PCR assay to detect multiple KIT
exon 11 mutations in tumor and plasma from patients with
gastrointestinal stromal tumors [J]. Oncotarget, 2018, 9
(17):13870-13883

EOWLH B NCCONCHCH 2L 9 I K 52 B 45 me
(2017 4F25 2 Ji ) ) 18 I ) SR 1A 28 9 243 5 o e 1
(I ] SRR , 2017, 37(6) : 644-648
HUANG S Q,GUO X D, XIA Y Z, et al. Genotyping guided
ripretinib directly after the progression of first-line ima-
tinib therapy in advanced gastrointestinal stromal tumor:
a case report[ﬂ. Ann Transl Med,2022,10(2):118

JILG S, RASSNER M, MAIER J, et al. Circulating ¢KIT
and PDGFRA DNA indicates disease activity in Gastroin-
testinal Stromal Tumor (GIST) [J]. Int J Cancer, 2019,
145(8):2292-2303

M e, sk SEEH ABARIE, 45, ) SR U s R 2R
1 Meta 7347 [J ] #TTH P4 PR 45 5 78 7, 2018, 28(9) :
798-800

BICEA AL T, 45 RPN DNA 7E S i 18]
BORZIa R AT ], i EE2Y,2020,41(15) :58-60
SAPONARA M, URBINI M, ASTOLFI A, et al. Molecular
characterization of metastatic exon 11 mutant gastrointes-
tinal stromal tumors (GIST) beyond KIT/PDGFRageno-
type evaluated by next generation sequencing (NGS) [J].
Oncotarget,2015,6(39) :42243-42257

YOO C,RYUM H,NA Y S, et al. Analysis of serum pro-
tein biomarkers, circulating tumor DNA , and dovitinib ac-
tivity in patients with tyrosine kinase inhibitor-refractory
gastrointestinal stromal tumors [J]. Ann Oncol, 2014, 25
(11):2272-2277

SIRAVEGNA G,MARSONI S,SIENA S, et al. Integrating
liquid biopsies into the management of cancer [J]. Nat
Rev Clin Oncol ,2017,14(9) :531-548

SALUJA H, KARAPETIS C S, PEDERSEN S K, et al.
The use of circulating tumor DNA for prognosis of gastro-
intestinal cancers[ ] |. Front Oncol,2018,8:275

PV, P GEAR , DR . AT R 8 i W) B
BTl ). e B IR L , 2020,23(9) : 917-
921

SERRANO C, VIVANCOS A, LOPEZ-POUSA A, et al.
Clinical value of next generation sequencing of plasma
cell-free DNA in gastrointestinal stromal tumors [J]. BMC
Cancer,2020,20(1):1-12

TWHTE, B 5, 520, JRERMIE DNA RGN - KL
FACEIFL ] A2 HEE,2019,31(10) : 1384-1395
SR R AR, AR SE PR BRI DNA K H A

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

PrEfiE R 2023(2023-05-29)[2023-06-08 . doi: 10.164
76/).pibb.2023.0062
MORENO-MANUEL A,CALABUIG-FARINAS S,OBRA-
DOR-HEVIA A, et al. dPCR application in liquid biop-
sies: divide and conquer [J]. Expert Rev Mol Diagn,
2021,21(1):3-15
DONG L, WANG X, WANG S, et al. Interlaboratory
assessment of droplet digital PCR for quantification of
BRAF V600E mutation using a novel DNA reference ma-
terial[ ] ]. Talanta,2020,207: 120293
DE KOCK R, VAN DEN BORNE B, YOUSSEF-EL SOUD
M, et al. Therapy monitoring of EGFR-positive non-small-
cell lung cancer patients using ddPCR multiplex assays
[J]. ] Mol Diagn,2021,23(4) :495-505
GUO Q M, WANG L, YU W ], et al. Detection of plasma
EGFR mutations in NSCLC patients with a validated ddPCR
lung cfDNA assay[,]]. J Cancer,2019,10(18) :4341-4349
DOMNICH A, DE PACE V,PENNATI B M, et al. Evalua-
tion of extraction-free RT-qPCR methods for SARS-CoV-2
diagnostics[ﬂ. Arch Virol,2021,166(10) :2825-2828
NIKANJAM M, KATO S, KURZROCK R. Liquid biopsy:
current technology and clinical applications [J]. ] Hema-
tol Oncol,2022,15(1):1-14
CHEN J G,XU X Y,DALHAIMER P, et al. Tetra-primer
amplification - refractory mutation system (ARMS) —PCR
for genotyping mouse leptin gene mutation [J]. Animals,
2022,12(19):2680
XU JC,WUW,WUCY,etal A large-scale, multi-
centered trial evaluating the sensitivity and specificity of
digital PCR versus ARMS-PCR for detecting ctDNA-based
EGFR p.T790M in non-small-cell lung cancer patients[]J].
Transl Lung Cancer Res, 2021, 10(10):3888-3901
LIHZ,JING C W,WU J Z, et al. Circulating tumor DNA
detection: a potential tool for colorectal cancer manage-
ment[ J]. Oncol Lett,2019,17(2) :1409-1416
DEVESON I W, GONG B S, LAI K, et al. Evaluating the
analytical validity of circulating tumor DNA sequencing
assays for precision oncology [J]. Nat Biotechnol,, 2021,
39(9):1115-1128
FRANK M J, HOSSAIN N M, BUKHARI A, et al. Moni-
toring of circulating tumor DNA improves early relapse
detection after axicabtagene ciloleucel infusion in large B-
cell lymphoma: results of a prospective multi-institutional
trial[J]. J Clin Oncol ,2021,39(27) :3034-3043

(W EH] 2023-05-27

(A 445 FRI5 )



