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[Abstract] Circulating tumor cells (CTCs), regarded as the “seed cells” of tumor metastasis, are closely associated with tumor
progression, therapeutic response, and patient prognosis through changes in their abundance, molecular phenotypes, and functional
states. With the development of precision oncology, CTC detection has gradually evolved from simple enumeration toward molecular
subtyping and therapeutic decision support. In recent years, nanopeptide-based CTC enrichment and subtyping platforms have emerged
as promising liquid biopsy technologies. By integrating peptide-functionalized magnetic nanobead-mediated enrichment with

multidimensional molecular profiling, these platforms can improve the capture of rare CTCs and provide a cellular basis for therapeutic
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target detection, treatment monitoring, and early warning of drug resistance. The nanopeptide-based CTC detection technology

developed by the National Center for Nanoscience and Technology, China (NCNST) has established a clinically accessible detection

system with high sensitivity and specificity, promoting the transition of CTC detection from “quantitative assessment” to a 2.0 era

centered on molecular subtyping and treatment decision support. This review focuses on the core principles, key technological

breakthroughs, and clinical translational value of nanopeptide-based CTC detection platforms in precision cancer biotherapy, and

discusses the challenges related to standardization, cost control, level of clinical evidence, and translation into companion diagnostics,

to provide a reference for optimizing precision biotherapeutic strategies in oncology.
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BGETHETMEAREBNASET . AL

T, CTC # W B 6 FT & & R A% A 2h 25 Ja Il &% 4
X, AR A A AP 8 F B

£ T4k £ R b LB Bk B0 CTC AR M 3 A 7T &£
EECICE#H—F M A REPD-Ll Rik, HE
CTC £ # PD-L1 fi¥ J& 28 BfL FEL M EL 7T 20 (cTPS) 1T 4
B PD-1/PD-L1 M # A6 T B EH =™ KA
% RR L 90 K BB B & CTC 3 # 1| PD-L1 % ik #9 #F
RET, BTG 2 F B 8 b8 & & B X PD-1 5
FPD-LIWETT BT R EME XM 5 AREH
PD-L1 4 A8 b, E A B 3 — F e, X
# R CTC-PD-L1 # W 7T 8k %, 9% ¥6 J7 7 20 3T 16 4% ¢
— PR AR E e A e 77 A, (8 H W R EE R SR B R A i
PR E P — F R,

CTC-PD-L1/cTPS By 21 A4 & .18 7] Fl T % 0% 3697
HBFTRIFGERFEHBEEXNLA ., EREZE
FLEBREERARET EHITREATEGFNE
BRBAIF AL, EATGEFITEE UL KX S
PsP 5 HPD. i if % %2 §5 U cTPS & AL, ¥ 4 Il JR # #7
REHBIRYE: £ G F Dot B cTPS #H 4 T %,
HEER T ME A Rk R RR B, REMFE
G 57 57 U6 9T 3K 3 B VT B 5 o TPS AR VA T B H b
F&, W 4R R VT 66 A7 AR BB % 9k ik B 5E UK A v
HHRENG, NEAEREN FEFERRAMAE
MG A THERERELT AR AR
F, 5K % BEE] & cTPS M il iy B #0488 or, ¢ TPS
A A V] 86 Bh TR B PsP Au I HPD, A %, 0% W6 9T
HEEERETITHEEZHNHAE R

BAKRE 90K £ K CTC A I 75 4, 0% 96 7 4Tk i
B8 F A By BRI W7 40 B i 2 & 77 72 CTC, T
T T3 3T CTC-PD-L1/cTPS & 3 47 , X7 %X 36 T 7T %%
TS RNRENTELE. Ak, Fabt—F
%A T RR A L fZ A X 4 RAFAE K ctDNA %
AT, FEEABEA S F O RETHEET R P RIEHE
W K2R, B AR E m 5 E B SRR 96T 9T TN
Foifrt 25 TR R
42 ¥e@is77 5 ADC.TKI A %45 F

1 VB B 191 36 7 Fu ADC 25 47 36 9T R T BR # B9 U6
TR AR F o B K, T8 A R AR A% X B
Bt (8] | B0 B R B M TR R, R DA BB R B A T i
B Rk AT . CTCHE 4B i 7 3%
BEEEM AR, Y E—SRE LRBRAM
ke 1 M 0y o FAFAE, 4 B 96 97 KO ADC . TKI A 25 i
BRENTRE. ETHLKS KRR CTC
o M A 1 TR & CTCH KA H R F MG M,
J& 42 HER2 . CLDN18. 2 .EGFR % 76 77 46 % A7 & ¥y 46 ) #2
BT BEAER,
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EEG®E AN TE, ZHE AT LN CIC £
HER2.CLDN18. 2 4 8 & & 1k , 4 48 AL %8 1 36 97 & ADC
N F RS E, HER2 Z 5L 8 B B R 44
B S B8+ B E B IR 7 8 5, CTC-HER2 46 | &
BT AR B 4L 4 A4S ) FR 4 18 4 JB] i CTC % 34 FH & ol %
TR AR, WA T ANEIEIT T2 + HER2 %
EFMN. FRWE IR, # 3T % 8K §F & HER2 FH 4 &
FlE, EEZHREEETHNENEBREG T AR
it A B, [ A, CTC-HER2 & & 8 o &5 & (L 7] R BRE
ITEA TH# B E N, I 7 88 5 L HER2 677 R AL AR
X HERBBMEESZGT ARANE MK
B A T8 AR 4R B HIBT .

CLDN18.2 2 BB & LB e + & % R iE s
JT ¥ & . 3T AL W CTC L CLDN18. 2 &34, Fl A A 41
BRAIAR BMEAERFESNSEER, §EH
FT B ENREERBERE. HXHAER, XA
2 F 12 474 M B % CTC # &7 CLDN18. 2 RNA, ¥] 4 ff it
CLONIB.2 M T M AERn RERESH . &
ADC i ik & B B9 B T, CTC ¥ & Rk 34 4 W 3F 7]
ATHRESETIBRFRERY  EARF AU,
M A7 ADC 25 41 5 5% Rr ] o fif 25 1 7 48 (AR 48 o

EEFEANFTE,CICHFod#t—FERE
EGFR. [f] & £ #k & J& # B (anaplastic lymphoma
kinase, ALK) \ROS1 % X zf & [F A& R 46, 4 TKI %677
w2 MR G5 B . B, % T EGFR ¥ & 3
/N4 B, fif % B2, CTC—EGFR #& ) 7] 18 4 42 42 6 0 Fn
ctDNA & W B9 %P 78 , A T % 1% 3& & EGFR-TKI 76 /7 Y &
Fiibr A d, L WIEGER T790M X & & % %
MWL R, A TRIAMG T B I HE R G
BITEEY, BTCICHRY T 2 EAREN, 0T
AR TREEIREER, BT 5EGRA A
MR REEE S, NI E2EHIFEIET
2 ROt 2 R

EAKT & , 40K £ K CTC 4 I 4% A 72 38 1) 36 77 Au
ADC.TKI Fl #4358 § W1, R I A L gE 4 LA &5
WAl FARBETRARBERETRELE. K
AELEEARKFATR AMEFERERE FEEL
BEe TR st tEgs P RERER, HED
CTC A& | By B2 — 3+ B0 38 47 14 98 (4 36 77 HF A - W7 Fo i
ERGEE T %A,

43 I3z %M MRD 5 &t 25 1L

CTC M B A R AL BE45 R BR AR I8 177 697 RO B Bk
B R A, BT 40K £ Bk o gE (RS IR B9 CTC A6 1
AT BN MRD I Fr it 25 E R A F A A EE
KRN, GG EFITEAL,CIC N RE% &S
TEHRLAMHE KA TRETMEHESS

2 K3 5 ctDNA A B, CTC 1F 4 7 Vit Je 28 B, =] o — 2%
XHEORE ARTA SRS THEE R,
B W67 = & AR R N1E
EFREN 7', 55 EEEITRIENATE
(Response Evaluation Criteria in Solid Tumors,
RECIST) = B K 48 Bt i (R AL (L AT 1P, B 77 2
—EEE RN ERAFHTEFRE . CICHK £ fo
A FREZWN T R FERBIEIT R, ERAR
KA, WML E B ERRIEIT )5, 40 i CTC £k
B IEIT KRR T T M Y67 142 9 CTC Bk
ELRHIAFTAWGERERE R o FRER, EER
TREMAR KR HERN G, §TEXLRIET.
281496 97 B ADC . TKI 76 77 B9 B &, 7 25 B 9 CTC A~ X
HENTHM BT RGBT NEETEA TH
BRI R BR ST 2 B A
ZE MRD ¥ 4 # , CTC 4 W =] Al TR Al 76 77 & 11 77
EREMBARNE LEE. VRDEWNEE X
MHEZER, KGR IEMIEIT G CTCHEAH R
TEENRHFERGEARNR. HXERARL
TEREREABCICHLEMAMES EARNR A&
MEx®, B, RECICRN A FHts mE
BN EE, AR B T Fe R B S T R s E R it
KB
EILREABEEFRR T, 4 AECTCHHE &
I REBRE S TR *—FEERT RS, fl,
Wk & % fk (estrogen receptor, ER) 2 %k £ % &
(progesterone receptor, PR)FH M & # 7 = &4 1L
WA wkitIT 7 %, ERFPRIAK B H T H BXA K&
fEFET , A BRETAE, AR ER,ET
CTICRAH#ATHTRES, EHCICERE MK A
7 ¥ T4 & :ER 3 PR FE £ & 2 CTC /& & % i1 53. 8%
A F90.0% ER F1PRFA M & & B A7T. 1% R A £
100. 0%; G IT ECTCIH M BB 1.3.5 F LR A&
724 5 A 96.6%. 92. 8%.69. 0%, & T & ¥ Z &7
#., R—ERBR,CICRNESE S FoRMETT
TABLEE A, ¥ fb it — PR A H G R A RN E
FEEXEWA,CTCR I BT WEEBITEH
THEBEMN, g% A £ IZ BT B EIEIT
ADC.TKI 7697 W2 # 7] K A& % B £ K & % BE Wit
HREMER pmkkEEmET ., &4 HNCTC
#E . FakrfERL R, RS
BRI, AN ET T ERAERERE. fln,
EGFR-TKI &7 i£ £ % &4 I BGFR T790M % fit 28 % &,
HER2 2 CLDN18. 2 ¥ v ¥ /7 I 12 +  HL 88 K38 T 1%
HR A E, N TREALCIC) FARAKEHNESR
No M, 40Kk £ BR CTC AR I 72 57 % Mol = 89 & U
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MiEET%efAE"  Mu*—FEMBEBITEN
T8 o e R L e i 25 AL IR A
44 FIHE GRS &

W & Mie T A KBS, BT AR £ Rk e
B TR W9 CTC A M A2 B8 7 28007 & L R % 4 7 Fo
AN BEH W BEE—ERARN. FHEHEZRF
FAFEFLA, G5 7E B8 A E W R A
s PEH IR, CTC A I = 18 4 &2 18 % A % A AT i 2 4
AN T A, A & fE A B 4 U A i R R SR AR Bk HE B
KA -

EfEFEHFESHABNETREHELER F,
% 7 & 1+ & #HlL w7 B 3 # (low—dose computed
tomography, LDCT) & & & Al & & F B , (B (B FE M =%
Bw, &K d B %3 % (pure ground-glass
opacity, pGGO) & T R G AW F & — E R IR .
MRERFARER, ETHKE KRN
CTC 4 3% A A pGGO B A M 45 Al o 1y 2 1A & T 1 4F
{E (receiver operating characteristic, ROC) #f
% T @ M (area under the curve, AUC) 3% Z|0. 833,
RERE A7 80. 0%, 4F 5 £ 47 83. 3%, # R HE T ME AR K
FIREHWEEANT, A TREMIA NG TR EL
TRACE , B A3 B0 7 R B F A

EFRBRETARMREZRELANE RN RS E+,
GEARHETE —EMNE. &0 HEF ke H4t
FRIER BA L% FFEF R, EES M E /MK
AR I BCH R BR AR N S R R 4 B 5 E AT R R
Bk, H#rild ARERSHAEHRZEFIE R
T ER,LLCTC = 24v/4 mL 4k JE i & & B, IR B &
R B3 o 5 E 93, 2%, BB B8 % 88. 2%; 72
R BRANILRE B, ZEERA AR &
F W R R E A — o5 3k B 96. 4%, [ M TR E A
80. 0%, X % R4RIR, CTC AN A A ¥R IR & T
AR IFEREATKE, FHTROBEAEER
HEBT. AN ERBEERRTHRESE,

5 BEESRKRE

5.1 LBATHL

B o0, BAARE AT R AT Z ] 29 CTC I /K R F By
Ze 8 #L.  E R CTC 4o M 77 2 . 35 EpCAM 1K # & 4.
BER AL E MRELRRENERESF S
MBEABE, FETFEEHIRE FALERRE,
HRFACATERTHEINM T ETEREZR, X
MERTHHERZ BIREFEEMETIR, OF
MAEH,.CICHBHEANGERAET FEELR
ERMNEFREAG, FUBRFEIL N R EEF
KA G L IRMBEANE . 5 ctDNA A8 E, CTC 46 ]

TR R EERRR, CEFHREE LR T
AF¥RN 2 FLERLEEZETHMIN, E—FFH
BIEZFH TR HRALERS,

HA,BMARAREGRE T CTCE AW ZH#
J . BEECICANTFE, AELEMRERALELE S
NGS Bk 5 20 jfl £ 4 ¥ AT AR 77 R, 8 ¥ (R ¥ % F
RE&E EXRAANEKRRAEMGEEFLIITRE, FHE
KieMFRRE™ . STEELEE A RN
V6T JBEE I8 77 JADC.TKI 7677 A MRD & 2T =,
EAFEARTMEARE MR Y., FAilb, TR R A,
BHER GRELEGAENE RN TF &, £
) CTC A ) AN A+ R ] A& 1) s R % AL R Rl BN & &
GIEE

W sh, A CTC By B & 2 & BT i 49 F A% N v #
AR @B RS, CTCHESN A L £ ERAK, ¥
ZEAAREEFMARERTH, R L2y T
MHAEERGEAEE, HRXYER, YCICHH K
RARE, FEa Fo M EHE RH L T %, 72
JrEEFECICHEER, ZFAL YR Y., R,
LA CellSearch 7 X &k 84 A M & £ BAR Hi4F £
FRAFEMBATR R, B 5 IR 4 7 EMT 8 CTC, T it
Rup G R kR REEAEX, LRET
B I 55 CTC 40 W 9 i SR A 1B

B, BAR R 8 2 M 2 B CTC e IR # 1Ly
EERFE, K E 2% M RNA N F (single—cell RNA
sequencing, scRNA-seq) . 240 g X H 4 % . & &g A
¥R L EFEASITFEZARTIN,CTCH M /L%
FEKRKES TR L HIE KRR RSB E
AERE REEFKRR AR EMBEER, CTCH
HIEH R E T R R AR e ok B, #E
— ST BELSNEE  FRZ G —F AT ER
ERMBEEE THEFREZEELS—ZTEER
AP, RARTT F L CTC e U G JR %% 14 T8 i A 9 ok AR i
FETCICAFEF+HEERFRNTF B2
BTG, FEE B AR RETEMA L FHR
YA A DLAR
52 AR

BRERK,CTCRMKAWLBENRET Z%H
BABA . BREEREERERIGKRE A EE
Bo. BIREGHNZEUE . ERAM KA A HIE
AT AR I R A R T AR R, CTC R/ 2 3 — 7 A
BAARNIELENEEEY BT EELF
Fho

B, BA L HFE SN R A CTCH R E 2
FE, BAEAEFA BRHA xNAREERA
HAE, T E A E WA CTC B 4 T 41E, B R b8 5
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Bl T ERAFET I AN . AR SHFR
A BT E B CTC iy S 2k 1% T 40 AR 98 4 X 4 T
TR BT AR S R AL, O R e R AT R R
BT BEMARERES, B, THEME S EF
3 (multiple kernel learning, MKL) % &y 4E 48 7]
ATRu s A58 RESLG, A THRRY ZE
B ORERECICHRMEREERES . KK, ATE
HEALHFN M TEENKRLKCICEEH AL
A A EEZICIC e o A R i 5238 B7, 3 5 CTC
AT R RAE TR TR

H R, CTC 3 &8 #F 7 9 CTC % IR 2 2 & (CTC-
derived organoid, CTCDO# Z ¥ 3 — F 16 B H v
AME. YaCICHRSEFTHERMNR S TR
BT, RKRFTEBARAMCICHRANIE AR K ZALEE
A AR SME LB BB BN R, TR £ CTC B9 A 4
FATH BB ERFIET KA. CICKEE BB
RPN, FE AR A S SR T E A
A, TENERGHIFEmEET A, M
S, MR RRE B 3 41 B i CTC A4 2 3D B g 25 88 5 i
RN &, A KEER MY W o7
HIFEeW, REAEHECICEBESMRERZEY
R EHREREEAELFTEALE G, AEHNBEH
VB IT T AT AL A AR o R R IE

B4k, CTC 5 ctDNA . i 4 S UK 7 o AT A A 0
BRA R, R B T A E 4 E B R E A AR S g
%o, CTCH R T BE MM E @R E ek fo s |g
7 UM 15 B, ctDNA ¥ 35 & R Bk fiF J 58 A 1 An i g 71
o7 B A, S AR U 7T 4% 4 B B RNA K48 A J8) 3 TR AR
KER. EMAEMBKALNESERINE—AREIH
R, R SN REERR ., HX
BR B, ZTAHLEF T EACICH ctDNA f5 B #y
A A M SLIRE 4 Wh T 25 AR AE AT o BT A
FEAC AN, ER S F O REERtDNA G
& I AF 78 RNA (circulating tumor RNA, ctRNA) Bk
A AR TE AR T B AL M A DN G B TR R R LT, 4R
TENIMESGTH S HEERKBERLNE L%
. K&, # — % ## % 4 CTC.ctDNA, ctRNA, 4]
WERRZORSYNE B ERERER, AT IHE
S BB VRS L 9E 9T ROR T MRD S 0 fe g 24 i,

& Ja , & iU E B0 M e PR A AT & 7 S CTC i R
B EAENAN D TIRENRRER. KRRLE
SHAAIEREATRS 0 RER AERFR,
Z G A CTC M £ R R LW A JE & & KT .
TR A BN G RB R ET FEREFH
ME. AEEMEHRZIEST EEHIEST RADC.TKI &
T BB 2 T B, CTC 40 M 75 ZE F X Bk 4% 32

B FER, DGR RETHARIETERLER
L5 R . RAKTIE ,CTC AR B A B R & &R FE KM
FrEE MHARFE RRETIE AMERFMAT
BREL ¥, B T2 LRE . BIRAA
AR E R R R T E R R, #
o FLAE R e R £ IR T T R R .

6 % it

CTC 4 3 A By & & 2 I & Wi 1y 2% R $t , BY
MU ERE R EHH N ZOH L 0M &, &P
BREULGFoBE5EEmm" A E SN2 00 &,
KRR T ARE R EANERE R A
AR LR R A, S T MR ST A i #
AeMEa S BN BE—HAF TR L EELE A
T, AR —IEF, EYPEFTE S AHM
Mo BHESNMAATERE L FRE AN EE
HMARETEEZRAER.

FEERARBBEFT OB EHR LN
TUMORFISHER®# A & CTC #o M &% K B ¥ B @4 % B
MREBERRZ — ZBEARBY Z KGR
BB RETHAECICHE £ X @i Bat
ERFERUTRNRE, FBTRAZREAL MK
FlgRERAN; ARELGLEELS FTHRKR, LI
JCTCAR MM EA U HK B EBER NEE. &
KAWETARNEE T F B ARG TN EA
R Z 4 CTC 46 U 72 fiF 8 B A 0 & 7 s il L T/
WREREMRMETREFTONARET HFHEA
B7,

RAE 451 CTC A AT T e 42 A AR A A L4
AR E HKEMIEZELURLE R E G RIEE R R
PR, 1E DAY K £ B oh e b 2k 7 ROR BT AL CTC
o KA TE A AE K AR R R AT T | . K
kL CEIHFSEMMAEFTE EFRMFTEAREMN.
TERELERERR MBS FOWERAR,HFTEA
TERBIRERZTIE, AL2H# — 5 BRELN K
A REER MG R T AR, TR 3 CTC
o I AN AR A T B i i R R LR R 4 A

BARM =, & CTC R M AR #F4% K ,CTCH
PEMBEEELCTRRTAEEMEEZNMERN. ¥
Tk % R B AL BE BR8N CTC A I3 R 1B 0 H Y
EERAER, TR BT R A ME 2 & I A A
HAIE T KT, A 8 AR TS 6 R A 3T B E ¥
KRBHET EARENTERER EHALHE,
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