Advances in Clinical Medicine IG/REEZ34 &, 2023, 13(12), 19062-19071 Hans )0
Published Online December 2023 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2023.13122681

1B B £ R4 T 7E Ik R 728 RE Y B AR

RFh, /£ &
HHE R B E B AR AR, B FE

A

ks HiA: 20234F11A13H; FHABEM: 20234F1287H; KA HM: 20234F12A13H

=

FEERHEE KR, WATEREARTTIGERK LN . P55 8 40 B (CTC) R M IR A 11k 88 e B
HENSNE MBI IR, Sd—RITH. FNMREFTHEBFREE. CTCRRIMHTER
—MFARELIESE TR, " RUR T B R BB RS W Ae T ORI, IF BT DATR M R
K. ARSURCTCHIAEYIFIFE. B ATImARH M BRI 7745 CA R AEAS [ SE 4488 s PR b B LR B R T 47
R

XA
PEIOHR AR, RRE, WIS, FRSHT

Advances in Circulating Tumor Cell Assays
for Clinical Cancer Applications

Ningwei Zhang, Bin Ren”

Department of Hepatopancreatobiliary Surgery, Qinghai University Affiliated Hospital, Xining Qinghai

Received: Nov. 13", 2023; accepted: Dec. 7", 2023; published: Dec. 13", 2023

Abstract

With the development of precision medicine, liquid biopsy technology is beginning to be widely
used in clinical practice. Circulating tumor cells (CTC) are tumor cells detached from primary tu-
mors into the peripheral blood circulation, and form new metastases after a series of migration,
adhesion, and aggregation. As a novel noninvasive diagnostic tool, the detection and analysis of
CTC can be used to assist in the diagnosis of tumors in the clinic and monitoring of the treatment
effect, and it can also predict the recurrence of tumors and so on. In this article, we review the bi-
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ological characteristics of CTC, the current commonly used clinical detection methods, and the ap-
plication value in different solid tumors.
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P—)
1. 5=

TEABRIEE Y, e A 5 N i R B ™ R i 2 —[1]. MSRIRIRI SR, KEHEH
TEFS I CERE N RS A MR 8, TR 2R &, X B S0 T F E R FE[2].
H AT AR % T2 Wi 0 95 s AR 104, s TR (CEA) [3]. FIRER I (AFP) [41F1E ST )5 -125
(CA-125) [5]5%, PRIHA I FE 8 Fe A B h AT iy, YERR IR AT v IR AN R 2 NI . S Rl RAH 5%
P A AR BT SRR IR A 054, 8 3o 4 2 R I TR A R oK e o e R R 43 6] SR AE
e K e R R, e A R SRAS I A B SR A 508, SRS IR Ak, DTN R B T R AR 2R [ 7]
FIT AR U5 A AN RE S I S e iR 78 J e A% ot Rt v R I HH IR B A8 784k . 4 B 36 A5G 4 2 2 (1B D R
R, WARTERAE A —FARRAPER 7%, AT DALE [ — Mk A B S ORE DU IR, PP AR 69T ORLAN/
SR I 0 o AR SCRIUOE A B8 20 B (0 A5 SR ARG v DA B A S PR e ) I P 3 A R

2. CTC B4 =245 1E

JE A 98 41 B (Circulating tumor cells, CTC) & M SE AR it 74 3F N ML e m e, @i 7538 R Gt 1%
FIHERETEBH MR8, — kUL, EFHHENMEHN CTC — K EE B - 7wk
(Epithelial-mesenchymal transition, EMT)R§1%,  SEIA b B P i Jed 4 it 1) e 2T 4E A0 B A8 I R B AR Ak, 1
WA b RRS B 53 (o E-50RG 2E 1) 0K PRI/ A R] 7857 29— (anise T 2 ) Rk A3 , AT 7 2 22 e JE A
YA AMEE R BRI EMT A5 B R 28 2 B AN 70 filU R BRAR BB 38 1 oA 3, (RBP4 i )
Kb B [9]. SRTT, BENMEIFE ) CTC R EA IS REM ML, A 1~2.4 h 1E2[9].
HF 8= 0 & AN E R R A, 7RG EIF N CTC ¥ SR T st T/, FONRIET:
[10]. #Ja R /D& CTC Al LMEEIF A ks, W Ha A A+ 2rF 14> CTC [11].

3. CTC B 5%

1T CTC A 40 [ AR ALE A [ B 1 S R, ARRIZEBL [ CTC (e R TR & ik 1
RSS2 R[12]. NILIEE CTC EEMBARA, SHREN T MRS5S MM 5 52 R rhoR s, ZEAE R
Bah, HEELEGIR R ERIETT R R E 4 T b3 B AR Ak 2 A5 b B
3.1 ETREEENIEHEAR

CellSearch®5 /N i 25 [ £ i 25 5 W BV 1) (FDA) Wil BB EF] T CTC ¥kl &4, o
FE TSP 0 i 35 P Rk L e BB [ TS [13] 1% 2R A P 5 TR S5 4 10 B SRR B 4
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T (EpCAM)FLIA, FT XKL EpCAM® b K 4 0 ) G REREVEART IR o« DR 2 B0l Jed a5 L e A0 400 s 45
HOECIE T B2 4mie, FTLh CellSearch® R4 HA A4 ¥ EpCAM FH{E: CTC #Hi 2 [14] [15]. #Rif, 35
EpCAM fEW I b bR EM AT RETE EMT R N, A=A iR IE 2 ARIE[12]. AL HHTR
T8 I A A R AR5 P g AR A AR AR A RS U D7 VR SR R T I — MR g, e A
FH#E 7] EpCAM A1 N-5 K5 2 1 PR U704 53T 2H A1 20 S R PR oK FRE (F-MINPs) A B - e 2850 20 12 A PR
5E CTC [16]. it NAHAAR(FCM) 7 {8 . DU th i e A0 43 B A F 26 hRid ML R CTC, Bl 2 CTC
M E k2 —[17]. Hu S5 N[17]1R F Gy it URL S5 A5 DL am i M 2 (1 (CK)BiiR = S il i) CTC, 4k
1K 2 S8R AR AT 204, Fomn@ & ] USR5 218 CTC,  LRAF i 4H IR i) S 88 v 9 e v ik
B RAEFL 7y THRHE - 50l I 7T [ 18138 AR e i N 05 Fr (HB-Chip) 311, BXA VU I & DNA HEZZ(TDF)
A 2z e 30 N (HCR) M B Y B AR R 48, SEEL T 5 CTC 2 as & R4 s 7 HiIRACR, e Rk
A A R T

3.2. ETHEFHENSERR

CTC 5 Mu4nfubr T AAEAEY 2 o0, EWEsstE e R 2R . fEMFEZIET, MR
Jitl Z(MCF-7. Hep3B. HepG2. LNCaP F1 Hela)f) & flss NAAE A B KT IE% A4 mAR[12], AT
DABET CTC RAT AR 20 S B MB T E I IR b R85 Sk Ao IR0 B oK/ 3 B B R (1ISET) AR 4 i
Je 2 0 A BT A P G e R R SR B A CTC [19], i ix A5 S F 4> B & T EMT 1)
EpCAM CTC. ZHEAM 5 —h i & &E &N CTC KRB, v LAEIEAT - FRIEH . MR4E Warburg
BRSE[20], i M e b R IR A = A R R FE e, FLIR SR AR B B g 3y i T PHES -, AT (36 40
FAM A X B 15 A0 A ) G er o BT AGE F RIS IE B9 Kb T S R AR 45, T L B R
A B A2 H AR AN EpCAM FRIEH) CTC [21]. Al iZrikxbbi 1 - Qs & R 780 B R i
AT REXT 0 B AR, s — 2D b ARAE R R R TT K Parsortix &4, HRHELH AR /NAN
AT RE TR SRR IR B IE, Ve N RS ARIE S, RS CTC SR RSHME, ResEA B A
AW CTC [22]. Liu SF[23]R i JEMES NN T 15 50 1 s VER 17 B #(DLD) 454, it 14k DLD
REREFIE H, B R B R . RS AN f7vS 3 . 1bAh, Sonoda %5 A [241f# AR R~
HIE#s LA & bt Epcam HUARFRIC 2R G K 70 S G 3 B8 41 B [ (CTM, Circulating Tumor Microemboli), 45 %
SR, A FRE R SR eSS A4 24X 40 A4S CTC A1 CTM. 7EBEJRBESERE |, Ning 25 A\[25]17F &
T CTC it R4, KA IEMBH AR S T CTM M 3, -4 TG EHE AN CTM BIATIELEE .

3.3. ETHUFPEEANSBERAR

B2, BT RBERAMERER) CTC 20 BIUNES A IS . iiHA R SR e, BT
SNIEVEAEIRRIS, R SR A s TR E AR, A S AL R . AT B
TG CTC WA MY EREREAT 73 B . Chen %5 [2617F & BN 1] 18 & B 51 0 AR AR (LFAMY) 1
O, gt TAR RS R BAME M 7 EpCAM HTik iy g s, 157 il & A1 0 T U5 7T AORSF
By CTC ffigka. Nasiri SE[27]JF A& MR & 25 B A ARIGTAR M IE 54 58 AR i A P 20 i
B EAM, AP T RS BRI AR 2 4, $E CTC o BACR, 1hi)e &K CTC SHifk
ANGKAORLAEIERN f#E k 5 CTC R NAHABL TR 73 B BR A1, 3% 59 1000 pl/min i, ATIAE] 959% 1 [AlYi
HA 3% 7 AL . T34k, — SR IR thAE CTC AN 2 N . Reza S [28]4: T2 1Y s d
SRR E, WS A CTC A% € HAR 8 B AR S R RIS, #t— P ik
iR AL B RIA KT ERSRBEAE S, Rt 1 AR SRR AT TR e R P B A
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4. CTC ¥7E T ek PR ad im AR Rz

BOFTHOIESER Y, CTC ML RGY BIE — MO EAE R 1 58 0 R A 2247 9 [29], BRIk CTC
AN CRT LA Bl i 2 i 2 W, R vy DA B L IR PR VG T 4R 3 A U TS

4.1. CTC ¥ 7EFF4mAaE A R A

JHH4 a5 (Hepatocellular carcinoma, HCC) & 4 Bk 55 78 A% WA VE R, 2 i AH OCHE T i B DY K
JERI[30]. ERARTERAE I P LAEAT F RN PEDIBR, (R0 R AR R0 B B 1 BB TS 522, AL
WIR BN HCC K67 B BB R L. MR A3ET CellSearch RGN 3k HCC B35 MR F i) CTC,
LERFW], EpCAM'CTC MIFEESIMERIL. AFP BT m . /IR . 2R R m AR AR 77 s S A
JK[31]. WAHMFIFE[32]3RM CTC K sk irnl LAEN Z AT STtk 35 R B PSR sk TR, (HFE%H
BB FCEAIE . Cui 28 N[33]KBL, CTC KMiZ W HCC 1 A Ut AN 57 40 30l 609% A1 95%, KB
CTC "N HCC BFHIZWiHIA &datr. AT HAT AR CTC Ml B F A& A AE A HCC B2l
T.H, FFAM CTC f1 AFP A] fE <425 HCC B3 12 Wik tE[34]. Mezaye % A\ [35]#4 %) HCC-CTC
o3 AT T R ER(HCV) AR ) HCC L2 W, JEA B T4k 78 AFP BIPE HCC BB iz & B .

HHTXT CTC PHIER)E ARG —brifk, (F{ESEEMNZ, WllFr) CTC HEk%, HEKHUE
HZE . A, HCC &3 CTC BRI IR A T B8 2, 1 HRYT )5 CTC MIRFERAA(E ] 1 n HCC
SORMIARE[33]. BEAERIBE TG tH, Nanog JE DS e s 15 PR 14 — S T4 f b s ik, 78 HCC
AT 24 0 R B v R R FH [36] - Lei 55 A [37]38 1 2 Fl RNA JE A7 2 38 H A Al CTC H Nanog”
RHEMEIL, HKRI Nanog'CTC m#RiA S5 HCC BE ARG I KR ER TS M. &l iR F[38]
FTF CTC W4l 0 M 7 R ) HCC-CTC mRNA $E7r R245, 7] LU B4 XU AKX HCC
BTSRRI H SRR, To O B RES BOPPA VAR T BN 1 B B R AT AL TR
#

42. CTC BNELEEMEYNA

H Al PR 45 B W% (Colorectal cancer, CRC) IS W T ZHE TR NS5 A EL . THENLW =25 Bl g
BV CIREE I BA B S, T ] S AR R VSR , (L DR AR N R 8 v P S R R IR 17 A 4 5 AR L [39]
DR b 2 v BB AR S PR AR PR TR, P LA B L SRS 2 R a7 e . BEAE AT S 4RiE T
CTC 7E45 H g vh EAT 2 Wr . TS FOva 7 Ml 77 T I RIS [40]. Yang %8 NI 7ideH, CRC 41
SIS0 FE RN A o B 22 S T RE 252 CTC 4. IRk ki) 38 CTC IHECE =, it CRC fi#
LB CTC 4k, ARSI AR 2 R [41] [42]. MERSZARFAYE CTC 2041 (FR-CTO)E N —Fiphar T
Firged b R A A HOR RS i (¥ CTC AN 53, FEAH SGHE P om HH R AF IS W AR [43] [44]. Yan %5 A
[42]F ] FR-CTC /3 #7 &4 CRC B ML) CTC, SREUA [F BB E A R B B s 2 R, i
HATLAA X 7 5L CRC 3, AImARR AR 6T 7 Rt T S H 40 .

H—J7 1, AW FFAH CTC KA DR EYVFL CRC 38 15 - Bidard &5 A [45] /1 7 K I,
AIVIBR I #% CRC B L2 M BE VT I ¥ 5y CTC 58U OS W3 AHK . Pan 55 A [46] 1 — T Al HE 1 A 72
sERFeH, Sl ERER TNM 25 CTC FHER 2 IEMSE, H CTC tHE0S I i g 1 B AR i
REEA R, T EMT EMYRB R AR St e R 6 E2E, BT CTC 1) EMT R AL R] RE R e
TG . A F[ATIRIL, SHE TR, WA CTC BIAFETE SR i BLIRZAS R0 5 #7722 41
K, HFUEWEEZE. K, CTC nJREAR IR 14 B W A A7 s 004 FH R bs £40 .
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4.3. CTC ¥ EZLBR = P B R

FLIR s (Breast cancer, BC)FE Ay i WL MR 2 —, B IA A2 Lo s e S8 12 10 58 — K J [ [48]
[49], ESR AJCC 2 8 il CTC 2 BC B3 1T TN R 25, AEX FH2 Wi AH DGR 72 IEAEAR %R [50]
Jin 22 N[50] K3, CTC iMHEAMY AT LAIX 4y BC B 5 R AR B, [ 5 I R 2
R HEVIM . Bl CTC THE0] BE R RSE TR MR BLAE . BRI 2 AN L 25 57688 . %458 7E Shao
AR FE[S1]HHAS BESE, [EIRS ARSI i, CTC Rrilxy BC MiZWirks etk T8 %, Bl DAEN BC
HEE AT A T B Jin 25 N [49] BT SEgNN 1 2014 191 /3, iFAl T CTC KailliZ 7 BC AIMBURE A 69%,
il 93%, KB CTC K lifE BC 2 Wi B AR S GRS A E . A 87t [48]@ T brid CK 4f
FYEPUARSR I — D1 i CTC AR B BB FIRE S, o] DAE A BC R AN R0 I B AR ST A W b 26470
{BXF F 4] BC & 12 WiRE /1 Rk

FEhETE T R CTC AlfE N BC BEMTUE R E, TNEERAEAFLR, B CTCiH¥uk%, PFS
F1 OS HUERHI[50] (HJeiE i J A A A7 0 Il 40 B v A B8 72484k, Tl BLIESE CTC &l 43 i BC i
AT YNIRR T S IR S IR M 0 A R B 301 B A8 42 [52] [53]. 78 K BI[54], FEZeANIA YT A HF4E
CTC PHM:I BC 3% PFS fll OS ¥FEAIK, JA7 5 CTC THEU N FRIG B3 R AR R 1 LR BN TAE4H
By i AR CTC v-Ei i3 o 55 g o 348 52 Bz Adh 3% % 11 XU 384 in 2% DI RH 9 [52] [53], B CTC 14k
VAT MNP VR IT BCR AR E, B CTC THEME TR 2. 1ok, JFER I s #2301
HER2 IRAS VLD FLEE Al iA 3 67%8Y, 77%, $2 750 58 CTC HER2 ik 84 7] LATE S ilfi K HER2 42 /51597 [55] .
Wang 25 A\ [56]HIHF 785 iR 2143 HER2 BT CTC | HER2 (CHER2) A1 %34 ) 8 2 HE47H1 HER2 #217)
BT . ARER, mft cHER2 BEIRYT )5 PFS 19218215435 . Deutsch 55 AN[S7]R 7 T 264 L1
JiJeS HR R B W It B4 B VRYT 4 RRTIG I CTCORA . FFF 4 B E7R, HER2 B A yA 7 LT ] P
RS I LM S A CTC 14

4.4. CTC #4372 Fh & B9 BL F

e A A A BRI RE AR DCAE T E A, la IR0 5 A7 50N 85%, 1 IV XA 6% [58]. Un4-Bh
AR 1) R %o i v Fities A5 3 1) R S B RIS PR TR T 44 T8 3 #5591 Li 26 A [43]1 1B T4
N 354 Bfitigh 1 g 34T CTC MM IZWME Tl . 45 R EoR, ARATEHT CTC RIRER 2UX 7 H R il
CETI R, EX 2 RS T RS ) BE S BR . Duan [60]4 NIk &I, CTC K Ie 5 3 frives (12 Wi
TR 5 1A 53% 1 90%, KB CTC mJ LUE At FIHZ Wit A V0bs 4 . AT Marquette 55 A F[61]
— L% L AR FEFR tH, ISET 433 CTC [ R BUERUK, 5 Tuil s S 7 Mes i & e ge 0 A IR, 645
CTC taili#E NSCLC & i 25 1) S FH 14 52 21 5t

FARE FIAE/NH Bt (NSCLC) & & () 1V 9T 72, AR B IR 5 B R BRI T 2 AT AN ] 3
Gy BT DA 6 R BSE BURR 1) T BN 3R st U 20 J2 [62] o AHOGHR TR I, o - I PR AR AR AR B
A CTC tHEEEM, ARJ5 CTC vHE B3G5 e B Sk % V)M O6[62] . Sedlr (A 72 [63] K 3,
B SR AR A 79, CTC BIPE#F AT AERE NSCLC BB AR J5 & & M e K &, IF H 55
ff) OS FI DFS #i5%. 74k, CTC i3t nl FF MW NSCLC B30T 8L, HANATT 3K 2 o8 K,
NI L0 R AT R B J2 . Frick Z5[64]MIRF 78 KB, HLH1 NSCLC B &34k CTC (=5 M AIHEZ AT
A5 M T80T (SBRT) J5 CTC RREERH 5 JR i &2 K Az db ke #8 25 U AH G o Pailler 558 A [65] A 78 A B, FR.4H
JL /K f) CTC R TT LAAE S ) A2 1 bk 293 Bl (AL K) EE HE Y NSCLC SRF TR 25 (1A TR, il R K30
i Je S5 S MR RO T I 2B A T BT R
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4.5. CTC i 7E H & 14 M-S i & Y B2 FB

CTC A TEIG RFE B T3, ARASI 73 iR 58 A B, BT DA H A7 32 B2 5 T S v v I
R AT AT 12 W . AHOCHTFE K, CTC R ATAE M [X 43 g i i (pancreatic cancer, PC)FI R i R L5597 1
AT B [44] [66]. 4 CAL19-9 R IR FH ML s BAPE LS iy, CTC m LAE A X J3 IR R i Je 5 g i I
AR SE[66]. 2RT, CTC Al /e PC KW E AT REA a1 CAL9-9, —HELA RIS E =T
PAFRIRR S BB I [44]. Cheng 55 N [671HWF 545 SR KB, CTC farilll w] 35 Bh X 43 511 5 i (EGC) 5 R
PR B, (2T EGC MRHEAZNT, Fxd B e i AL B SR AT #HAT T IA T IR AL T R AKIE . Yang 45
N [68]— T ATHE MR T 25 SR B, CTC A2 Wi A 41 i e (CaP) BB M AR S 14 22 v T B 2 ik S ML
JR(PSA), BIHTE 4~10 ng/mL MK PSA /KF, CTC XA PSA i2Wr CaP (1 £k T At 5 1 FDA #bi: (1)
FPSAITPSA. iXEeRf 5K B T CTC E I PR AR SRR 1) S A ARSI (3 77, IR ARS HE R T 32
BT HES T .

HeAh, MO FARERUE T CTC R IIAE V2 T s Tl fs (s PR A . Wang 58 A [69] K3, 5 CTC
A1) PDAC B AfEL, CTC FHME4LE % PFS Al OS W S BEMK. [HI RATHGE Y CTC 4R 5 CTC
THEE N AT BEACR A AR E T A I 2 AL B [70] . Li S8 N[7110F Fe4R H, CTC FHER Y B B
BR[OS A PFS M5, 5 CTC BTk AL, CTC FHIERE TNM 2 BATER:, s fbiiz, HE 5
RAGMER . — Bk, CTM Rl FER RIS AR, NEZEWEHEBR GC £ CTM i F A,
A REA BT 3R I PR 0 I HE R PR [25) . tBAT BF 72 [72]%F U e B 4 3047 CTC K IIIEAT Fish etk B,
Fx CTC iH#oh, [M7E)i CTC H4rth > 0.3 BN i 5 Bk F<0.1 5355 2.1 . Di S A[73]HK
B, EWRAEFIGIT AR, & CTC iH 5T fg /e mCRPC BH TG ARMMERINE. ik, ¥ CTC
K 5 9iE B BORAS AR SE &, FREeshas il CTC /K, x40 16097 BUR TS Y f it 7
TH,

5. ZRSRE

CTC il # & MJFUR I i v F 35 NS0 LK R 4, A3 T BT R A6 Rkt . CTC ARSI 7 M 4
DB “CWRIERL BOR, FE TIRIIRR . BAEMEYEE R, MEERSE . BUSANGT R
HEZ . HEl, CTC 7y BB MA 58 4 i, CTC THECMAE i PR 88 (412 WA 1t f Tl
BT A R Al BRE LTS R AR S5 BB S AS E0] SEARIR BEAT Il R 12 16 R R Rt — DR 0 T7
o BEAh, BEXE &5 CTC AZMTVERIRIE A TR, L™ M IR BT RIS HIA R, A BT SEBIAE DT %
Z IRV EE 34T, AT 2347 45 SR SR 4= i AN uER , etk CTC M el R iZWrh R o 55— W75
I ARG CTC A A ) 73 1R Y EAT B2 0 58 PRI 2 2 R SR 2 2 S5 D RE 0, DA R BB R AR R 45 2
KR BN, DAFEEII R K. FeRe AN 25 WL WF 7C SR04 B i (R R FE A1 2

Flzs oA
P AEE ¥ IAEER S MR
{2 Rk AHR
sk TR AT EE T BE R EREAGTIESERK, 8RR E EIFREER.
8308

[1] Sung, H., Ferlay, J., Siegel, R.L., et al. (2021) Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and

DOI: 10.12677/acm.2023.13122681 19067 I IR = =23t e


https://doi.org/10.12677/acm.2023.13122681

S P

[2]
(3]
[4]

(5]

(6]
[7]
(8]

[°]

[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal for Clinicians, 71, 209-249.
https://doi.org/10.3322/caac.21660

Klein, C.A. (2020) Cancer Progression and the Invisible Phase of Metastatic Colonization. Nature Reviews Cancer, 20,
681-694. https://doi.org/10.1038/s41568-020-00300-6

Lakemeyer, L., Sander, S., Wittau, M., et al. (2021) Diagnostic and Prognostic Value of CEA and CA19-9 in Colorec-
tal Cancer. Diseases, 9, Article No. 21. https://doi.org/10.3390/diseases9010021

Luo, P., Wu, S., Yu, Y., et al. (2020) Current Status and Perspective Biomarkers in AFP Negative HCC: Towards Screen-
ing for and Diagnosing Hepatocellular Carcinoma at an Earlier Stage. Pathology and Oncology Research, 26, 599-603.
https://doi.org/10.1007/s12253-019-00585-5

Zhang, M., Cheng, S., Jin, Y., et al. (2021) Roles of CA125 in Diagnosis, Prediction, and Oncogenesis of Ovarian Cancer.
Biochimica et Biophysica Acta (BBA)—Reviews on Cancer, 1875, Article ID: 188503.
https://doi.org/10.1016/j.bbcan.2021.188503

O’Shea, A.S. (2022) Clinical Staging of Ovarian Cancer. Methods in Molecular Biology, 2424, 3-10.
https://doi.org/10.1007/978-1-0716-1956-8_1

Li, C., Holman, J.B., Shi, Z., et al. (2023) On-Chip Modeling of Tumor Evolution: Advances, Challenges and Oppor-
tunities. Materials Today Bio, 21, Article ID: 100724. https://doi.org/10.1016/j.mtbio.2023.100724

Shen, C., Rawal, S., Brown, R., et al. (2023) Automatic Detection of Circulating Tumor Cells and Cancer Associated
Fibroblasts Using Deep Learning. Scientific Reports, 13, Article No. 5708.
https://doi.org/10.1038/s41598-023-32955-0

Shaik, M.R., Sagar, P.R., Shaik, N.A., et al. (2023) Liquid Biopsy in Hepatocellular Carcinoma: The Significance of
Circulating Tumor Cells in Diagnosis, Prognosis, and Treatment Monitoring. International Journal of Molecular
Sciences, 24, Article No. 10644. https://doi.org/10.3390/ijms241310644

Han, H.J., Sung, J.Y., Kim, S.H., et al. (2021) Fibronectin Regulates Anoikis Resistance via Cell Aggregate Formation.
Cancer Letters, 508, 59-72. https://doi.org/10.1016/j.canlet.2021.03.011

Alemzadeh, E., Allahqoli, L., Dehghan, H., et al. (2023) Circulating Tumor Cells and Circulating Tumor DNA in
Breast Cancer Diagnosis and Monitoring. Oncology Research, 31, 667-675. https://doi.org/10.32604/0r.2023.028406

Ju, S., Chen, C., Zhang, J., et al. (2022) Detection of Circulating Tumor Cells: Opportunities and Challenges. Biomarker
Research, 10, Article No. 58. https://doi.org/10.1186/s40364-022-00403-2

Rushton, A.J., Nteliopoulos, G., Shaw, J.A., et al. (2021) A Review of Circulating Tumour Cell Enrichment Technolo-
gies. Cancers (Basel), 13, Article No. 970. https://doi.org/10.3390/cancers13050970

Marcuello, M., Vymetalkova, V., Neves, R.P.L., et al. (2019) Circulating Biomarkers for Early Detection and Clinical
Management of Colorectal Cancer. Molecular Aspects of Medicine, 69, 107-122.
https://doi.org/10.1016/j.mam.2019.06.002

Xia, W, Li, H., Li, Y., et al. (2021) In Vivo Coinstantaneous ldentification of Hepatocellular Carcinoma Circulating
Tumor Cells by Dual-Targeting Magnetic-Fluorescent Nanobeads. Nano Letters, 21, 634-641.
https://doi.org/10.1021/acs.nanolett.0c04180

Wang, Z., Sun, N., Liu, H., et al. (2019) High-Efficiency Isolation and Rapid Identification of Heterogeneous Circu-
lating Tumor Cells (CTCs) Using Dual-Antibody-Modified Fluorescent-Magnetic Nanoparticles. ACS Applied Mate-
rials & Interfaces, 11, 39586-39593. https://doi.org/10.1021/acsami.9b14051

Hu, L., Chen, X., Chen, M., et al. (2021) Enrichment and Detection of Circulating Tumor Cells by Immunomagnetic
Beads and Flow Cytometry. Biotechnology Letters, 43, 25-34. https://doi.org/10.1007/s10529-020-03007-8

Wang, C., Xu, Y., Li, S., et al. (2022) Designer Tetrahedral DNA Framework-Based Microfluidic Technology for Multi-
valent Capture and Release of Circulating Tumor Cells. Materials Today Bio, 16, Article ID: 100346.
https://doi.org/10.1016/j.mtbio.2022.100346

Tamminga, M., Andree, K.C., Hiltermann, T.J.N., et al. (2020) Detection of Circulating Tumor Cells in the Diagnostic
Leukapheresis Product of Non-Small-Cell Lung Cancer Patients Comparing CellSearch® and ISET. Cancers (Basel),
12, Article No. 896. https://doi.org/10.3390/cancers12040896

Deng, Z., Wu, S., Wang, Y., et al. (2022) Circulating Tumor Cell Isolation for Cancer Diagnosis and Prognosis. EBi-
oMedicine, 83, Article ID: 104237. https://doi.org/10.1016/j.ebiom.2022.104237

Wu, S., Gu, L., Qin, J., et al. (2020) Rapid Label-Free Isolation of Circulating Tumor Cells from Patients’ Peripheral
Blood Using Electrically Charged FeO Nanoparticles. ACS Applied Materials & Interfaces, 12, 4193-4203.
https://doi.org/10.1021/acsami.9b16385

Acheampong, E., Abed, A., Morici, M., et al. (2022) Evaluation of PD-L1 Expression on Circulating Tumour Cells in
Small-Cell Lung Cancer. Translational Lung Cancer Research, 11, 440-451. https://doi.org/10.21037/tlcr-21-819

DOI: 10.12677/acm.2023.13122681 19068 Il R 125 23k i


https://doi.org/10.12677/acm.2023.13122681
https://doi.org/10.3322/caac.21660
https://doi.org/10.1038/s41568-020-00300-6
https://doi.org/10.3390/diseases9010021
https://doi.org/10.1007/s12253-019-00585-5
https://doi.org/10.1016/j.bbcan.2021.188503
https://doi.org/10.1007/978-1-0716-1956-8_1
https://doi.org/10.1016/j.mtbio.2023.100724
https://doi.org/10.1038/s41598-023-32955-0
https://doi.org/10.3390/ijms241310644
https://doi.org/10.1016/j.canlet.2021.03.011
https://doi.org/10.32604/or.2023.028406
https://doi.org/10.1186/s40364-022-00403-2
https://doi.org/10.3390/cancers13050970
https://doi.org/10.1016/j.mam.2019.06.002
https://doi.org/10.1021/acs.nanolett.0c04180
https://doi.org/10.1021/acsami.9b14051
https://doi.org/10.1007/s10529-020-03007-8
https://doi.org/10.1016/j.mtbio.2022.100346
https://doi.org/10.3390/cancers12040896
https://doi.org/10.1016/j.ebiom.2022.104237
https://doi.org/10.1021/acsami.9b16385
https://doi.org/10.21037/tlcr-21-819

S P

[23]

[24]

[25]

[26]

[27]
(28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Liu, Z., Huang, Y., Liang, W., et al. (2021) Cascaded Filter Deterministic Lateral Displacement Microchips for Isola-
tion and Molecular Analysis of Circulating Tumor Cells and Fusion Cells. Lab on a Chip, 21, 2881-2891.
https://doi.org/10.1039/D1L C00360G

Sonoda, T., Yanagitani, N., Suga, K., et al. (2020) A Novel System to Detect Circulating Tumor Cells Using Two Dif-
ferent Size-Selective Microfilters. Anticancer Research, 40, 5577-5582. https://doi.org/10.21873/anticanres.14570

Ning, D., Cui, K., Liu, M., et al. (2021) Comparison of Cell Search and Circulating Tumor Cells (CTC)-Biopsy Sys-
tems in Detecting Peripheral Blood Circulating Tumor Cells in Patients with Gastric Cancer. Medical Science Monitor,
27, 926565. https://doi.org/10.12659/MSM.926565

Chen, K., Dopico, P., Varillas, J., et al. (2019) Integration of Lateral Filter Arrays with Immunoaffinity for Circulat-
ing-Tumor-Cell Isolation. Angewandte Chemie International Edition in English, 58, 7606-7610.
https://doi.org/10.1002/anie.201901412

Nasiri, R., Shamloo, A. and Akbari, J. (2021) Design of a Hybrid Inertial and Magnetophoretic Microfluidic Device for
CTCs Separation from Blood. Micromachines (Basel), 12, Article No. 877. https://doi.org/10.3390/mi12080877

Reza, K.K., Dey, S., Wuethrich, A,, et al. (2021) In Situ Single Cell Proteomics Reveals Circulating Tumor Cell Hete-
rogeneity during Treatment. ACS Nano, 15, 11231-11243. https://doi.org/10.1021/acsnano.0c10008

Nikanjam, M., Kato, S. and Kurzrock, R. (2022) Liquid Biopsy: Current Technology and Clinical Applications. Jour-
nal of Hematology & Oncology, 15, Article No. 131. https://doi.org/10.1186/s13045-022-01351-y

Rashed, W.M., Kandeil, M.A.M., Mahmoud, M.O., et al. (2020) Hepatocellular Carcinoma (HCC) in Egypt: A Com-
prehensive Overview. Journal of the Egyptian National Cancer Institute, 32, Article No. 5.
https://doi.org/10.1186/s43046-020-0016-x

Ahn, J.C., Teng, P.C., Chen, P.J., et al. (2021) Detection of Circulating Tumor Cells and Their Implications as a Bio-
marker for Diagnosis, Prognostication, and Therapeutic Monitoring in Hepatocellular Carcinoma. Hepatology, 73, 422-436.
https://doi.org/10.1002/hep.31165

Qi, L.N., Xiang, B.D., Wu, F.X., et al. (2018) Circulating Tumor Cells Undergoing EMT Provide a Metric for Diagno-
sis and Prognosis of Patients with Hepatocellular Carcinoma. Cancer Research, 78, 4731-4744.
https://doi.org/10.1158/0008-5472.CAN-17-2459

Cui, K., Ou, Y., Shen, Y., et al. (2020) Clinical Value of Circulating Tumor Cells for the Diagnosis and Prognosis of
Hepatocellular Carcinoma (HCC): A Systematic Review and Meta-Analysis. Medicine (Baltimore), 99, e22242.
https://doi.org/10.1097/MD.0000000000022242

Chen, V.L., Xu, D., Wicha, M.S., et al. (2020) Utility of Liquid Biopsy Analysis in Detection of Hepatocellular Carci-
noma, Determination of Prognosis, and Disease Monitoring: A Systematic Review. Clinical Gastroenterology and
Hepatology, 18, 2879-2902.e9. https://doi.org/10.1016/j.cgh.2020.04.019

El-Mezayen, H.A., El-Kassas, M., El-Taweel, F.M., et al. (2022) Diagnostic Performance of Circulating Tumor Cells
for Predicting of Hepatocellular Carcinoma in Hepatitis C Virus-High Risk Patients: Role of Liquid Biopsy. Asian Pa-
cific Journal of Cancer Prevention, 23, 2541-2549. https://doi.org/10.31557/APJCP.2022.23.7.2541

Cao, J., Zhao, M., Liu, J., et al. (2019) RACK1 Promotes Self-Renewal and Chemoresistance of Cancer Stem Cells in
Human Hepatocellular Carcinoma through Stabilizing Nanog. Theranostics, 9, 811-828.
https://doi.org/10.7150/thno.29271

Lei, Y., Wang, X., Sun, H., et al. (2021) Association of Preoperative NANOG-Positive Circulating Tumor Cell Levels
with Recurrence of Hepatocellular Carcinoma. Frontiers in Oncology, 11, Article ID: 601668.
https://doi.org/10.3389/fonc.2021.601668

Lee, Y.T., Sun, N., Kim, M., et al. (2022) Circulating Tumor Cell-Based Messenger RNA Scoring System for Prog-
nostication of Hepatocellular Carcinoma: Translating Tissue-Based Messenger RNA Profiling Into a Noninvasive Set-
ting. Liver Transplantation, 28, 200-214. https://doi.org/10.1002/1t.26337

Raza, A., Khan, A.Q., Inchakalody, V.P., et al. (2022) Dynamic Liquid Biopsy Components as Predictive and Prog-
nostic Biomarkers in Colorectal Cancer. Journal of Experimental & Clinical Cancer Research, 41, Article No. 99.
https://doi.org/10.1186/s13046-022-02318-0

Mirza, S., Bhadresha, K., Mughal, M.J., et al. (2023) Liquid Biopsy Approaches and Immunotherapy in Colorectal
Cancer for Precision Medicine: Are We There Yet. Frontiers in Oncology, 12, Article ID: 1023565.
https://doi.org/10.3389/fonc.2022.1023565

Yang, C., Zhuang, W., Hu, Y., et al. (2018) Clinical Significance of Peripheral Circulating Tumor Cell Counts in Co-
lorectal Polyps and Non-Metastatic Colorectal Cancer. World Journal of Surgical Oncology, 16, Article No. 13.
https://doi.org/10.1186/s12957-017-1305-2

Yan, S., Guo, W., Liu, Y., et al. (2022) The Role of Folate Receptor-Positive Circulating Tumor Cell Analysis in the
Diagnosis of Colorectal Cancer: A Retrospective Cohort Study. International Journal of Clinical Oncology, 27,

DOI: 10.12677/acm.2023.13122681 19069 Il R 125 23k i


https://doi.org/10.12677/acm.2023.13122681
https://doi.org/10.1039/D1LC00360G
https://doi.org/10.21873/anticanres.14570
https://doi.org/10.12659/MSM.926565
https://doi.org/10.1002/anie.201901412
https://doi.org/10.3390/mi12080877
https://doi.org/10.1021/acsnano.0c10008
https://doi.org/10.1186/s13045-022-01351-y
https://doi.org/10.1186/s43046-020-0016-x
https://doi.org/10.1002/hep.31165
https://doi.org/10.1158/0008-5472.CAN-17-2459
https://doi.org/10.1097/MD.0000000000022242
https://doi.org/10.1016/j.cgh.2020.04.019
https://doi.org/10.31557/APJCP.2022.23.7.2541
https://doi.org/10.7150/thno.29271
https://doi.org/10.3389/fonc.2021.601668
https://doi.org/10.1002/lt.26337
https://doi.org/10.1186/s13046-022-02318-0
https://doi.org/10.3389/fonc.2022.1023565
https://doi.org/10.1186/s12957-017-1305-2

S P

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]
[58]
[59]

[60]

[61]

[62]

538-544. https://doi.org/10.1007/s10147-021-02097-2

Li, Z., Cai, J., Zhao, Y., et al. (2022) Folate Receptor-Positive Circulating Tumor Cells in the Preoperative Diagnosis
of Indeterminate Pulmonary Nodules. Journal of Clinical Laboratory Analysis, 36, e24654.
https://doi.org/10.1002/jcla.24654

Cheng, H., He, W., Yang, J., et al. (2020) Ligand-Targeted Polymerase Chain Reaction for the Detection of Folate Re-
ceptor-Positive Circulating Tumour Cells as a Potential Diagnostic Biomarker for Pancreatic Cancer. Cell Proliferation,
53, €12880. https://doi.org/10.1111/cpr.12880

Bidard, F.C., Kiavue, N., Ychou, M., et al. (2019) Circulating Tumor Cells and Circulating Tumor DNA Detection in
Potentially Resectable Metastatic Colorectal Cancer: A Prospective Ancillary Study to the Unicancer Prodige-14 Trial.
Cells, 8, Article No. 516. https://doi.org/10.3390/cells8060516

Pan, R.J., Hong, H.J., Sun, J., et al. (2021) Detection and Clinical Value of Circulating Tumor Cells as an Assisted
Prognostic Marker in Colorectal Cancer Patients. Cancer Management and Research, 13, 4567-4578.
https://doi.org/10.2147/CMAR.S300554

Zhong, Y., Ma, T., Qiao, T., et al. (2021) Role of Phenotypes of Circulating Tumor Cells in the Diagnosis and Treat-
ment of Colorectal Cancer. Cancer Management and Research, 13, 7077-7085.
https://doi.org/10.2147/CMAR.S316544

Karimi, N., Oloomi, M. and Orafa, Z. (2020) Circulating Tumor Cells Detection in Patients with Early Breast Cancer
Using MACS Immunomagnetic Flow Cytometry. Avicenna Journal of Medical Biotechnology, 12, 148-156.

Jin, T., Chen, Y., Chen, Q.Y., et al. (2023) Circulating Tumor Cells in Peripheral Blood as a Diagnostic Biomarker of
Breast Cancer: A Meta-Analysis. Frontiers in Oncology, 13, Article ID: 1103146.
https://doi.org/10.3389/fonc.2023.1103146

Jin, L., Zhao, W., Zhang, J., et al. (2020) Evaluation of the Diagnostic Value of Circulating Tumor Cells with Cyto-
Sorter® CTC Capture System in Patients with Breast Cancer. Cancer Medicine, 9, 1638-1647.
https://doi.org/10.1002/cam4.2825

Shao, X., Jin, X., Chen, Z., et al. (2022) A Comprehensive Comparison of Circulating Tumor Cells and Breast Imaging
Modalities as Screening Tools for Breast Cancer in Chinese Women. Frontiers in Oncology, 12, Article ID: 890248.
https://doi.org/10.3389/fonc.2022.890248

Méurer, M., Pachmann, K., Wendt, T., et al. (2021) Prospective Monitoring of Circulating Epithelial Tumor Cells
(CETC) Reveals Changes in Gene Expression during Adjuvant Radiotherapy of Breast Cancer Patients. Current On-
cology, 28, 3507-3524. https://doi.org/10.3390/curroncol28050302

Méurer, M., Schott, D., Pizon, M., et al. (2022) Increased Circulating Epithelial Tumor Cells (CETC/CTC) over the

Course of Adjuvant Radiotherapy Is a Predictor of Less Favorable Outcome in Patients with Early-Stage Breast Cancer.
Current Oncology, 30, 261-273. https://doi.org/10.3390/curroncol30010021

Lisencu, L.A., Tranca, S., Bonci, E.A., et al. (2022) The Role of Circulating Tumor Cells in the Prognosis of Metastat-
ic Triple-Negative Breast Cancers: A Systematic Review of the Literature. Biomedicines, 10, Article No. 769.
https://doi.org/10.3390/biomedicines10040769

Stefanovic, S., Deutsch, T.M., Riethdorf, S., et al. (2020) The Lack of Evidence for an Association between Cancer
Biomarker Conversion Patterns and CTC-Status in Patients with Metastatic Breast Cancer. International Journal of
Molecular Sciences, 21, Article No. 2161. https://doi.org/10.3390/ijms21062161

Wang, C., Mu, Z., Ye, Z., et al. (2020) Prognostic Value of HER2 Status on Circulating Tumor Cells in Advanced-Stage
Breast Cancer Patients with HER2-Negative Tumors. Breast Cancer Research and Treatment, 181, 679-689.
https://doi.org/10.1007/s10549-020-05662-x

Deutsch, T.M., Riethdorf, S., Fremd, C., et al. (2020) HER2-Targeted Therapy Influences CTC Status in Metastatic
Breast Cancer. Breast Cancer Research and Treatment, 182, 127-136. https://doi.org/10.1007/s10549-020-05687-2
Liang, W., Chen, Z., Li, C., et al. (2021) Accurate Diagnosis of Pulmonary Nodules Using a Noninvasive DNA Me-
thylation Test. Journal of Clinical Investigation, 131, e145973. https://doi.org/10.1172/JC1145973

Xu, C., Xu, X., Shao, W., et al. (2023) CTCs Detection and Whole-Exome Sequencing Might Be Used to Differentiate
Benign and Malignant Pulmonary Nodules. Chinese Journal of Lung Cancer, 26, 449-460.

Duan, G.C., Zhang, X.P., Wang, H.E., et al. (2020) Circulating Tumor Cells as a Screening and Diagnostic Marker for
Early-Stage Non-Small Cell Lung Cancer. OncoTargets and Therapy, 13, 1931-1939.
https://doi.org/10.2147/0TT.S241956

Marquette, C.H., Boutros, J., Benzaquen, J., et al. (2020) Circulating Tumour Cells as a Potential Biomarker for Lung
Cancer Screening: A Prospective Cohort Study. The Lancet Respiratory Medicine, 8, 709-716.

Wu, C.Y,, Lee, C.L., Wu, C.F., et al. (2020) Circulating Tumor Cells as a Tool of Minimal Residual Disease Can Pre-

DOI: 10.12677/acm.2023.13122681 19070 Il R 125 23k i


https://doi.org/10.12677/acm.2023.13122681
https://doi.org/10.1007/s10147-021-02097-2
https://doi.org/10.1002/jcla.24654
https://doi.org/10.1111/cpr.12880
https://doi.org/10.3390/cells8060516
https://doi.org/10.2147/CMAR.S300554
https://doi.org/10.2147/CMAR.S316544
https://doi.org/10.3389/fonc.2023.1103146
https://doi.org/10.1002/cam4.2825
https://doi.org/10.3389/fonc.2022.890248
https://doi.org/10.3390/curroncol28050302
https://doi.org/10.3390/curroncol30010021
https://doi.org/10.3390/biomedicines10040769
https://doi.org/10.3390/ijms21062161
https://doi.org/10.1007/s10549-020-05662-x
https://doi.org/10.1007/s10549-020-05687-2
https://doi.org/10.1172/JCI145973
https://doi.org/10.2147/OTT.S241956

S P

[63]

[64]

[65]

[66]
[67]

[68]

[69]

[70]
[71]

[72]

[73]

dict Lung Cancer Recurrence: A Longitudinal, Prospective Trial. Diagnostics (Basel), 10, Article No. 144.
https://doi.org/10.3390/diagnostics10030144

Wankhede, D., Grover, S. and Hofman, P. (2022) Circulating Tumor Cells as a Predictive Biomarker in Resectable
Lung Cancer: A Systematic Review and Meta-Analysis. Cancers (Basel), 14, Article No. 6112.
https://doi.org/10.3390/cancers14246112

Frick, M.A., Feigenberg, S.J., Jean-Baptiste, S.R., et al. (2020) Circulating Tumor Cells Are Associated with Recurrent
Disease in Patients with Early-Stage Non-Small Cell Lung Cancer Treated with Stereotactic Body Radiotherapy. Clin-
ical Cancer Research, 26, 2372-2380. https://doi.org/10.1158/1078-0432.CCR-19-2158

Pailler, E., Faugeroux, V., Oulhen, M., et al. (2019) Acquired Resistance Mutations to ALK Inhibitors Identified by
Single Circulating Tumor Cell Sequencing in ALK-Rearranged Non-Small-Cell Lung Cancer. Clinical Cancer Re-
search, 25, 6671-6682. https://doi.org/10.1158/1078-0432.CCR-19-1176

Chen, J., Wang, H., Zhou, L., et al. (2022) A Combination of Circulating Tumor Cells and CA199 Improves the Diag-
nosis of Pancreatic Cancer. Journal of Clinical Laboratory Analysis, 36, e24341. https://doi.org/10.1002/jcla.24341

Cheng, R., Peng, Y., Sun, X., et al. (2023) Circulating Tumor Cells as Diagnostic Markers of Early Gastric Cancer and
Gastric Precancerous Lesions. Oncology, 101, 512-519. https://doi.org/10.1159/000531323

Yang, Z., Bai, H., Hu, L., et al. (2022) Improving the Diagnosis of Prostate Cancer by Telomerase-Positive Circulating
Tumor Cells: A Prospective Pilot Study. EClinicalMedicine, 43, Article ID: 101161.
https://doi.org/10.1016/j.eclinm.2021.101161

Wang, Y., Yu, X., Hartmann, D., et al. (2020) Circulating Tumor Cells in Peripheral Blood of Pancreatic Cancer Pa-
tients and Their Prognostic Role: A Systematic Review and Meta-Analysis. HPB (Oxford), 22, 660-669.
https://doi.org/10.1016/j.hpb.2019.11.003

Zhang, Y., Wang, F., Ning, N., et al. (2015) Patterns of Circulating Tumor Cells Identified by CEP8, CK and CD45 in
Pancreatic Cancer. International Journal of Cancer, 136, 1228-1233. https://doi.org/10.1002/ijc.29070

Li, Z., Song, M., Han, S., et al. (2022) The Prognostic Role of Circulating Tumor Cells in Gastric Cancer: A Meta-Analysis.
Frontiers in Oncology, 12, Article ID: 963091. https://doi.org/10.3389/fonc.2022.963091

Yang, J., Ma, J., Jin, Y., et al. (2021) Development and Validation for Prognostic Nomogram of Epithelial Ovarian
Cancer Recurrence Based on Circulating Tumor Cells and Epithelial-Mesenchymal Transition. Scientific Reports, 11, Ar-
ticle No. 6540. https://doi.org/10.1038/s41598-021-86122-4

Di Lorenzo, G., Zappavigna, S., Crocetto, F., et al. (2021) Assessment of Total, PTEN, and AR-V7 Circulating Tumor
Cell Count by Flow Cytometry in Patients with Metastatic Castration-Resistant Prostate Cancer Receiving Enzaluta-
mide. Clinical Genitourinary Cancer, 19, 286-e298. https://doi.org/10.1016/j.clgc.2021.03.021

DOI: 10.12677/acm.2023.13122681 19071 Il R 125 23k i


https://doi.org/10.12677/acm.2023.13122681
https://doi.org/10.3390/diagnostics10030144
https://doi.org/10.3390/cancers14246112
https://doi.org/10.1158/1078-0432.CCR-19-2158
https://doi.org/10.1158/1078-0432.CCR-19-1176
https://doi.org/10.1002/jcla.24341
https://doi.org/10.1159/000531323
https://doi.org/10.1016/j.eclinm.2021.101161
https://doi.org/10.1016/j.hpb.2019.11.003
https://doi.org/10.1002/ijc.29070
https://doi.org/10.3389/fonc.2022.963091
https://doi.org/10.1038/s41598-021-86122-4
https://doi.org/10.1016/j.clgc.2021.03.021

	循环肿瘤细胞检测在临床癌症的应用进展
	摘  要
	关键词
	Advances in Circulating Tumor Cell Assays for Clinical Cancer Applications
	Abstract
	Keywords
	1. 背景
	2. CTC的生物学特征
	3. CTC的检测方法
	3.1. 基于免疫选择的分离技术
	3.2. 基于物理特性的分离技术
	3.3. 基于生物和物理结合的分离技术

	4. CTC检测在恶性实体肿瘤的临床应用
	4.1. CTC检测在肝细胞癌中的应用
	4.2. CTC检测在结直肠癌中的应用
	4.3. CTC检测在乳腺癌中的应用
	4.4. CTC检测在肺癌中的应用 
	4.5. CTC检测在其它恶性肿瘤诊断中的应用

	5. 结论与展望
	利益冲突声明
	作者贡献声明
	参考文献

