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Abstract

Liver cancer typically arises as a tumor developed from chronic liver disease. The early diagnosis
rate for liver cancer is notably low, resulting in the majority of patients being diagnosed at an al-
ready advanced stage. The advancements in genomic technology have led to significant research
on the utility of liquid biopsy in liver cancer. This article primarily aims to explore and discuss the
applications of circulating free DNA (cfDNA), circulating tumor cells (CTCs), and exosomes for di-

o (E
PEEH .

SCEF|I M A, SO, AR R BORTERTRE 26 Th B AR R D). IR EE 2, 2024, 14(2): 3794-3799.
DOI: 10.12677/acm.2024.142529


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2024.142529
https://doi.org/10.12677/acm.2024.142529
https://www.hanspub.org/

EME, TKKE

agnostic purposes, prognosis evaluation, and treatment monitoring of liver cancer.
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1. 5l

2020 4E, A PAALURANN CERRERERE ) Bon, FHER& SR N RE IREE, HEF =X
SHUEIEARIETIE R . G, T E 60%24 80%I1) T B ARSI CAL T . Ik, KT
FERIATHA . RS A IR T BT N EE ). ORISR s T AR R IR A T 1 S S
Wi 7y, TR G0 A PR 07 2 7 v AL 35 FR A B (1 (AFP) R AR 2R o H 2 SRS G R T2 A 1) B T AR 7 12
Wiy e, BEMEUEZ: 1 AFP MR =k B M BURFEA =i [2]. i, AFP X SLIA T (1) R B
JEAX R 30% % 40%:; 294 1/3 (1) 3 il AFP 22N, 8 7 0t S I I RIBUE L8 47%; B
/2 AFP A, Hou 5 A I () R U SR B 63% [3]. [RItk, BRT7EIA V)75 B — i H i A
I T332, ORI RS AR 57 o VR TSR AT 1948 4E B IR I — PR i 7 7 5K
LA aE I AR I SR A5 00 25 1 R 45 B R R B4 B I MRDIRAS o RAATE AL AR TE I R S o 22 5y
RN=ANTH, BIEIRIEES DNA (CFDNA). PR i 41 e (CT Cs) F 4 Mk 14 (exosomes) [4]

2. BIRFERHAR
2.1. fEINEE DNA

cfDNA 2 —RK L0 120~180 bp 7 DNA 1B, I H 1 DAy 72 ke 4 i 8 1 sl B A A0 J BT 3
MG = WEFREN, BB iAo ofDNA & &0 8w THER & 5], STl S50
(T AH ML 15 T BE A 0% . Ak, 1X 48 cfDNA F B BRI HIROIRES . FEDR 9838t 5 g ZH UM A 6] . R,
I HCC 7 1) cfDNA BEATIRFEIFE, W] DAAS IS e vh i WL RAZ, 3X 04 ofDNA 1E 9 2 Wits
FRATR 7M. HAT, L cFDNA KL 7 v G4 i PEAS IR 2 A . e B A g v A 68 S i) 9% e
PCR, fij s MEAS I i 4G mn@ & 7 (NGS). 307 PCR. itz s A LA R T AR O REER Ly
175 1 (Beaming) & o5& PR INAN & B ARG I AT 0. B4n, Marika [7]% A6 52 PCR B A% 142
AMMIEFEA A hTERT JEREHAT E SAM, KIE 2K cFDNA 7K 5 8 e 0 K/ NI I ) HCC
SRS, I SRSEMAEFIAMTUG A R, Kk, 20 NE—mEERSNTF. Rin, &8
MTCTFH 52 CIDNA HAZTE I BAR SR AL, 1 g A U U mT AR A AR S22, i LA 5= (CNV). oK
3 7 51 (Motif) . Fr BE K /)N (Fragment size) LA % % /MA 25 (nucleosome footprint)2s £ Fh 48 545 B . BFFT A 5
HILZRE 7T CFDNA H ) 22 Fh A S S8 AU W] DL o 1 B2 e o WU P R B 1A

2.2. fEIFBhELAAR
{E 34 98 41 B (circulating tumor cell, CTC) 2 I8 4l il B & B8 i 25 b B2 7 #eAE HE N L3 18 34 1 B

ik
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%o XM ECF H Ashworth EEAE T 1869 4E42H . CTC il A R A MR & Ry B, o id e,

Horh 36 bz - 7R - BB 40[8]. CTC 72 L F Ay SRR VeI v #R R s A il 31, I HAESE AL HL
HAT R B R R AAAE . CTC ARER 1R A8 FIVze Ab % 4% 2 [R] ) A T B B o Jd A I AN/ CTC, I LA
RIGHERAT AR HIBE R, I W8 78 B35 7R N 308840 [9]. BT, # WEHE CTC 7 Fhricd)
4% MAGE-1. MAGE3. GPC-3. K19. CD44. hTERT mRNA %£[10], Hd MAGE #H Sl et
T — PR S SR I0 o B T SRR R A ISR s AR I AH 5G4, CTC B E AR IR IR T R 4555
HIEEA, WLAE— R b ez s R M ARG R A A7 [11] . BT CTC 7EAME i H £k
FAEEMD, B & BRIk BAAEE HE ., H AT W SRS 57V dE % R R R
O SIEWERRE LIRSS, K VAL T PCR AR . Wi g 35 R AN 6 JFAT 24 28 254 R 7 Ko

2.3. Shiink

A s A (exosome) J& H 4% Rl D 43 i 1 ELARAE 40~100 nm AR BENL . "SRR T IR . BV . JRVBAD
B, AEEE RNA FIEAF .. HA 4% mRNA. miRNA. IncRNA 2R [FEZER ) RNA. 253k
(I IATESS 5 5 SRR R R YA, R SR gE i, 7T Re 5 S R AU A . N, Sk E HCC 1
AR R TT LB MAPK/ERK 5518 #%i% S HCC 1 L7 - et AR R[12], [RISbAM bR IS
DLEBARTEAT AR B2 RHAMBR R I CFE 5 SN BT 7 8724 3 CIE R Bk
YIRS, BB RS YUK BURLER R . L AR DA R B s B AN R [ BV E SR e S i . R
G N ZED 0 o3 BT EEAE ] PCR S5 Gu 7%, DA R — S8R B) o b 7 ik, B B A 2 98 O S e A% IR AR
[13].

3. kB R A
3.1 RFFHREESETPHNA

WATER R AL P R AR Tz, W TR s W, JRIT RIS VA . Bk, ofDNATE
e REC W R R B AR . H AT E N R KRR R A T 3234 FlIGIRFEAT cfDNA #E47 T
Ft[14]. @ik NGS 43#r 5-¥2 H R U ms g (5-hme) . % /IMA R B (NF) . 5" R dE 7 A B cfDNA &3,
WA UL E AN AR B AR BT 0T, IR S MO 2R . AR S IR, AT
HEM HIFL ARG T HE e AR ARER X 20 o %0730 AT DUR I T e e i 2 . b4,
Cohen 46 \[15]%k 57 1 —Ff g FLOm AR 7Y “cancerSEEK 7 , 3 3et 3 PR DA AR 1 5 WURR T IO BE & 0 b, A
AT DABR /N R AE (AP e, EE R DUE AR IR B o ARt T — A 61 AN AR/ N,
I PCR J7 53 HTRE A A 1) JiRg s S DR A%, 38 I G 28 0 5 ~F S Al 8 ot DX 43 g A A Jiig A FH 11
B bR BN, %7 VR UE A 7R e AN R R R A R rTEE (R VRN 97%, FEREE N 60%),
AR T e i R 2 I, 5491 1 B s i R IR B 1 100%. Foda 58 A [16]43 FH cfDNA B sr
Prvbl TR AR E L RCEBCEASN 724 4 40 s g BUF i P AR . s B, (A2
REAE Py B BN 7 SO R, T2 JRURS N Ao U0 FH e ) SRR B2y 889%, 4R P 98%, ey AU Mk 1 4
BN 85%. 80%, %75 NIHIE IS WIHRAL T — Rl AR MERERS = I 1k

Fr 1 cfDNA, fEHERHiZE, SMB R BTSRRI, Cho 5 N7 5 AL H 545
RIN, K B R 4 R M A miR-10b-5p R LAME N FA R 112 Wibs £4, R B SIE 90.7%, HF5
%5 75.0%, AUROC = 0.934, FfHZ 3t 7% S BAA ISR A )5 E . Li &8 A[18]4xMll 7 HCC &
FIMIFSMBE miR-320d, &I T HCC &3 Mg & mi-R320d FKIA/KV L2 FEAK, (3 s )
miR-320d % = AER P (1) X 4> HCC B R Xy e
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AHXT T cfDNA FHAMNME, CTC fEE RSl i S HEA ATz, A —EfEMH. CTC
A LAE 2 Lom K/NSERIN S, A% G SR 05 E K ekl 2 22> 2 em R/ . Cheng %5
N[L91AGI T 176 1528 AN FZRAL CTC, KILT HCC M i &A1 CTC HEHE 2
TFARRTRELL, B CTC B AKZW I E(AUC 0.77495, AJ{=[X[A] 0.704~0.834), &L CTC. AFP fil %
A1) AUC 4358 0.774. 0.669. 0.821. [Hitk, & CTC J&tb AFP B UF[IATEZ Wi fabr. MRk, A
Lo T cfDNA IS, CTC 7EFHE S B2 W B VS IR A, mTRe 2 R A B P 3 2R 4 CTC
b, AESIUA AN 5 M DA B .

3.2. RIFTEH AR RIS a0 R A

Park %5 A\ [20]32E4T 7 — 55 il HCC EFH MATHETEWT 7T . BT B R80T i X7 f5 3647 1 cfDNA
() BT . BF TS BB R, BT RGBS T s ofDNA (3 H2r LG MK cfDNA B 4, s tiiik.
JRYT AR cFDNA AL B3 HMR N 2 28 L JHF PN JC 3 ol 26 A Jm) i 4 il 2R B AR T/ ofDNA 4. AR
B, TG HCC i3 ofDNA 56T IS 2 FUMHE, H cfDNA /KR LME U & 1697 1 R
AR A ) ) SRR AE AR o Takuya 58 A [21]50 8T TR RETIRIT IR HCC &35 K cfDNA, K 12k
2 cfDNA AR T 30 B B AR T 5, 4 FR cdDNA 5228 cfDNA LR A] LLFUIN U 27 5 9
SN FEAG R R R T, 4 FEI CFDNA MRS EE 3. B T cfDNA (& & LAk, Hh Biub st Rt
UG A% o9 W AE F AL T THI S Li 28 N [22]4600 1 155 4438 ik F AR VIBRIGIT B HCC B3, Kl T IGFBP7
FIEALIRAS, Kaplan-Meier Bh£k 041 57 IGFBP7 B 51 H 34k 5 s A FE 3 2 254055 (p < 0.001), B2
HCC A J& i A= A7 A LA iR 52 R A T 5 $ b« 7E TN HCC B3 TS b, % CTC Ml 2o
—EMIREST. Wang 25\ [2318 T M Ui BRI 77 32:1E CTC AL (B, A 37 11K SE-IFISH J732:5%¢
T ARV B 0 P B AT T AT CTC AR, kT 7RSS 8, AR, R5H
6 mi ML K T4 T TN R =54/ CTC 5 4t i 38 25 (T 22 3B AROC, IXHRR T RIAR G &
HH, WREE AL CTC Rl BT 10 8 2 o 2k . AN LS miRNA -5 s B3 1
WG AEEA DG TSR I Li [181%5 AR 1 HCC B I3 AN A miR-320d, 354 /b 5 i 41 g
IRELLE RS R AL ORI AR O, L3 #h iR miR-320d 7K P 0 i 2 AR A7 AN TE s A AE 3 s, et
HCC FIAALAS B TS F 3%

Cai [24155 AR 34 BIATRFVIBR AR HCC g kAT T HKIABE Y, JFE0 AT 1AM i cfEDNA A,
B T AN cfDNA AT, HATAL 1R e 528 4 R — B dr . BF 708 0 I B a2 i K i) T
MAIL, cfDNA BENSTE G R DM AT 4.6 DA RBUWE R &, JEHMRT AFP. DCP (i
FFabr. cfDNA 1R B y7 UG B s N E, L2 AR 7R 7215 2% R IR 52 R W $2 7 e ggg (1)
2K . Wang % A\ [25]%F 62 £ AR 511 HCC B3 4ME dt4T T CTC A, RIL T Bk g4+ i CTC %,
[ CTC AR A CTC HR & m T ARERM G4, FEHIA CTC PR & R F T KRR &, 18]
CTC P #5 A5 To I A A7 ] B B.45 %5 (P < 0.001). _FiRIRERIE /R T cfDNA. CTC FIAMMATLE s
BTG A E 2 R R E IR

4. g

S ZHF . VA R . RS MERTIR . 1 S 2 M PR S SRR I — A DUJRE, 2020 4E it
FRPAEMBEAN (RERBEIREG ) B, PR SRS N IR, T IS, %R
FECRIE A B ARSI, DR B T S — R A Bl HERRI SRR 73, LUE R R DT [26]. AT,
AFP DG BB 2 07 25 7 2 RS R R PR, T T A BT AR BRI M “ Sbiote”
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Bt ERE H S, AERAEA . Bk, RAOTE-MEESIT. Sk, HEA B R
R P T e 7 27 3

VAR R R R HE R T PP B — b 5 i, SR AN IV SR 5 1 R 15 J2 0K B i 2 B R A7
(271 WATEALAE AR KR 2 W 07 S AN TS F0 77 T B AR i B [28] [29]. AR A 32 26
1% cfDNA ill. CTC R AN SN AT IN,  BERRIN T A HA % . it cfDNA AN ARSI #E AT
T8 B S 2 W T A e 4 RN 5 BE , T AMUA AN CTTC A FIN et 7635 T 7 TG A ks FA LS
CTC fEVTAfi e DIBR A S () = A KU 7 T B AT s BB XA hn B B Al B 03t 17 50 T
BERE IRYT RN AR R B O EL R4S B [30]

SR, H AT AT — AN R Z AL 58, BORARAFBIRHUBHE ™, R I s AN 1
i, SRR ER B AT RETCIREAT M SN . UG, AR A B VA TR AT A — SR O 1),
TAE A AN 77 2, VR A A BE A R B AR DA AR 30, JF ELAE WA AR FROAS: D) F i 1 R
SEATE A MR R, Bl cFDNA W RES 2 2R E T BN se I ML (CHIP) M2 [31]. 3, Wik
AR HARAE 23 XA ER Be 79 B 50— BRI B AR bR AL, Wik /it — b k. 23 EPTid,
AT B — M B BB ) O M 2 Wi 75k, U TR R A e By B2
FEARRMWE T, FATTHR D85 T TR RO, IR ok e P T i ) B AR MR AL i . X0
A BT 3R R R WA, R B BT S AN TS TIU B A S HE TR A A

SE

[1] Singal, A.G., Zhang, E., Narasimman, M., et al. (2022) HCC Surveillance Improves Early Detection, Curative Treat-
ment Receipt, and Survival in Patients with Cirrhosis: A Meta-Analysis. Journal of Hepatology, 77, 128-139.
https://doi.org/10.1016/j.jhep.2022.01.023

[2] Wang, W. and Wei, C. (2020) Advances in the Early Diagnosis of Hepatocellular Carcinoma. Genes & Diseases, 7,
308-319. https://doi.org/10.1016/j.gendis.2020.01.014

[3] Tzartzeva, K., Obi, J., Rich, N.E., et al. (2018) Surveillance Imaging and Alpha Fetoprotein for Early Detection of
Hepatocellular Carcinoma in Patients with Cirrhosis: A Meta-Analysis. Gastroenterology, 154, 1706-1718.E1.
https://doi.org/10.1053/j.gastr0.2018.01.064

[4] Mandel, P. and Metais, P. (1948) Les acides nucléiques du plasma sanguin chez I’homme. Comptes rendus des séances
de la société de biologie et de ses filiales, 142, 241-243.

[5] Van Helden, E.J., Angus, L., et al. (2019) RAS and BRAF Mutations in Cell-Free DNA Are Predictive for Outcome of
Cetuximab Monotherapy in Patients with Tissue-Tested RAS Wild-Type Advanced Colorectal Cancer. Molecular On-
cology, 13, 2361-2374. https://doi.org/10.1002/1878-0261.12550

[6] Lo, Y.M.D., Han, D.S.C,, Jiang, P., et al. (2021) Epigenetics, Fragmentomics, and Topology of Cell-Free DNA in Lig-
uid Biopsies. Science (New York, N.Y.), 372, eaaw3616. https://doi.org/10.1126/science.aaw3616

[7] Piciocchi, M., Cardin, R., Vitale, A., et al. (2013) Circulating Free DNA in the Progression of Liver Damage to Hepa-
tocellular Carcinoma. Hepatology International, 7, 1050-1057. https://doi.org/10.1007/s12072-013-9481-9

[8] Guarino, M. (2007) Epithelial-Mesenchymal Transition and Tumour Invasion. The International Journal of Biochemi-
stry & Cell Biology, 39, 2153-2160. https://doi.org/10.1016/j.biocel.2007.07.011

[9] 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 Hepa-
tology, 18, 2879-2902E9. https://doi.org/10.1016/j.cgh.2020.04.019

[10] El-Mazny, A., Sayed, M. and Sharaf, S. (2014) Human Telomerase Reverse Transcriptase Messenger RNA (TERT
MRNA) as a Tumour Marker for Early Detection of Hepatocellular Carcinoma. Arab Journal of Gastroenterology: The
Official Publication of the Pan-Arab Association of Gastroenterology, 15, 68-71.
https://doi.org/10.1016/j.ajg.2014.04.001

[11] 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

[12] Chen, L., Guo, P., He, Y., et al. (2018) HCC-Derived Exosomes Elicit HCC Progression and Recurrence by Epitheli-

DOI: 10.12677/acm.2024.142529 3798 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142529
https://doi.org/10.1016/j.jhep.2022.01.023
https://doi.org/10.1016/j.gendis.2020.01.014
https://doi.org/10.1053/j.gastro.2018.01.064
https://doi.org/10.1002/1878-0261.12550
https://doi.org/10.1126/science.aaw3616
https://doi.org/10.1007/s12072-013-9481-9
https://doi.org/10.1016/j.biocel.2007.07.011
https://doi.org/10.1016/j.cgh.2020.04.019
https://doi.org/10.1016/j.ajg.2014.04.001
https://doi.org/10.1016/j.ebiom.2022.104237

ZERRE, TKRKE

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]
[29]

[30]

[31]

al-Mesenchymal Transition through MAPK/ERK Signalling Pathway. Cell Death & Disease, 9, Article No. 513.
https://doi.org/10.1038/s41419-018-0534-9

Doldan, X., Fagundez, P., Cayota, A., et al. (2016) Electrochemical Sandwich Immunosensor for Determination of
Exosomes Based on Surface Marker-Mediated Signal Amplification. Analytical Chemistry, 88, 10466-10473.
https://doi.org/10.1021/acs.analchem.6b02421

Chen, L., Abou-Alfa, G.K., Zheng, B., et al. (2021) Genome-Scale Profiling of Circulating Cell-Free DNA Signatures
for Early Detection of Hepatocellular Carcinoma in Cirrhotic Patients. Cell Research, 31, 589-592.
https://doi.org/10.1038/s41422-020-00457-7

Cohen, J.D., Li, L., Wang, Y., et al. (2018) Detection and Localization of Surgically Resectable Cancers with a Mul-
ti-Analyte Blood Test. Science (New York, N.Y.), 359, 926-930.

Foda, Z.H., Annapragada, A.V., Boyapati, K., et al. (2023) Detecting Liver Cancer Using Cell-Free DNA Fragmen-
tomes. Cancer Discovery, 13, 616-631. https://doi.org/10.1158/2159-8290.CD-22-0659

Cho, H.J., Eun, J.W., Baek, G.O., et al. (2020) Serum Exosomal MicroRNA, MiR-10b-5p, as a Potential Diagnostic
Biomarker for Early-Stage Hepatocellular Carcinoma. Journal of Clinical Medicine, 9, Article No. 281.
https://doi.org/10.3390/jcm9010281

Li, W., Ding, X., Wang, S., et al. (2020) Downregulation of Serum Exosomal MiR-320d Predicts Poor Prognosis in
Hepatocellular Carcinoma. Journal of Clinical Laboratory Analysis, 34, E23239. https://doi.org/10.1002/jcla.23239

Cheng, Y., Luo, L., Zhang, J., et al. (2019) Diagnostic Value of Different Phenotype Circulating Tumor Cells in He-
patocellular Carcinoma. Journal of Gastrointestinal Surgery: Official Journal of the Society for Surgery of the Alimen-
tary Tract, 23, 2354-2361. https://doi.org/10.1007/s11605-018-04067-y

Park, S., Lee, E.J., Rim, C.H., et al. (2018) Plasma Cell-Free DNA as a Predictive Marker after Radiotherapy for He-
patocellular Carcinoma. Yonsei Medical Journal, 59, 470-479. https://doi.org/10.3349/ymj.2018.59.4.470

Watanabe, T., Suzuki, Y., Kuroda, H., et al. (2023) Circulating Cell-Free DNA as a Biomarker for Prognosis and Re-
sponse to Systemic Therapy in Patients with Unresectable Hepatocellular Carcinoma. Oncology, 101, 714-722.
https://doi.org/10.1159/000531671

Li, F., Qiao, C.Y., Gao, S., et al. (2018) Circulating Cell-Free DNA of Methylated Insulin-Like Growth Factor-Binding
Protein 7 Predicts a Poor Prognosis in Hepatitis B Virus-Associated Hepatocellular Carcinoma after Hepatectomy.
Free Radical Research, 52, 455-464. https://doi.org/10.1080/10715762.2018.1443448

Wang, L., Li, Y., Xu, J., et al. (2018) Quantified Postsurgical Small Cell Size CTCs and EpCAM(+) Circulating Tu-
mor Stem Cells with Cytogenetic Abnormalities in Hepatocellular Carcinoma Patients Determine Cancer Relapse.
Cancer Letters, 412, 99-107. https://doi.org/10.1016/j.canlet.2017.10.004

Cai, Z., Chen, G., Zeng, Y., et al. (2019) Comprehensive Liquid Profiling of Circulating Tumor DNA and Protein
Biomarkers in Long-Term Follow-Up Patients with Hepatocellular Carcinoma. Clinical Cancer Research, 25, 5284-
5294. https://doi.org/10.1158/1078-0432.CCR-18-3477

Wang, Z., Luo, L., Cheng, Y., et al. (2018) Correlation between Postoperative Early Recurrence of Hepatocellular
Carcinoma and Mesenchymal Circulating Tumor Cells in Peripheral Blood. Journal of Gastrointestinal Surgery: Offi-
cial Journal of the Society for Surgery of the Alimentary Tract, 22, 633-639.
https://doi.org/10.1007/s11605-017-3619-3

Feng, H., Li, B., Li, Z., et al. (2021) PIVKA-II Serves as a Potential Biomarker That Complements AFP for the Diag-
nosis of Hepatocellular Carcinoma. BMC Cancer, 21, Article No. 401. https://doi.org/10.1186/s12885-021-08138-3

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

Ma, S., Zhou, M., Xu, Y., et al. (2023) Clinical Application and Detection Techniques of Liquid Biopsy in Gastric
Cancer. Molecular Cancer, 22, Article No. 7. https://doi.org/10.1186/s12943-023-01715-z

Zhang, Z., Wu, H., Chong, W., et al. (2022) Liquid Biopsy in Gastric Cancer: Predictive and Prognostic Biomarkers.
Cell Death & Disease, 13, Article No. 903. https://doi.org/10.1038/s41419-022-05350-2

Trevisan Franga De Lima, L., Broszczak, D., Zhang, X., et al. (2020) The Use of Minimally Invasive Biomarkers for
the Diagnosis and Prognosis of Hepatocellular Carcinoma. Biochimica et Biophysica Acta. Reviews on Cancer, 1874,
Avrticle 1D: 188451. https://doi.org/10.1016/j.bbcan.2020.188451

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/10.1186/513045-022-01351-y

DOI: 10.12677/acm.2024.142529 3799 Il R 2% 27 3k e


https://doi.org/10.12677/acm.2024.142529
https://doi.org/10.1038/s41419-018-0534-9
https://doi.org/10.1021/acs.analchem.6b02421
https://doi.org/10.1038/s41422-020-00457-7
https://doi.org/10.1158/2159-8290.CD-22-0659
https://doi.org/10.3390/jcm9010281
https://doi.org/10.1002/jcla.23239
https://doi.org/10.1007/s11605-018-04067-y
https://doi.org/10.3349/ymj.2018.59.4.470
https://doi.org/10.1159/000531671
https://doi.org/10.1080/10715762.2018.1443448
https://doi.org/10.1016/j.canlet.2017.10.004
https://doi.org/10.1158/1078-0432.CCR-18-3477
https://doi.org/10.1007/s11605-017-3619-3
https://doi.org/10.1186/s12885-021-08138-3
https://doi.org/10.3390/ijms241310644
https://doi.org/10.1186/s12943-023-01715-z
https://doi.org/10.1038/s41419-022-05350-2
https://doi.org/10.1016/j.bbcan.2020.188451
https://doi.org/10.1186/s13045-022-01351-y

	液体活检技术在肝癌诊治中的现状和发展
	摘  要
	关键词
	The Current Status and Development of Liquid Biopsy Technology in the Diagnosis and Treatment of Liver Cancer
	Abstract
	Keywords
	1. 引言
	2. 液体活检的内容
	2.1. 循环游离DNA
	2.2. 循环肿瘤细胞
	2.3. 外泌体

	3. 液体活检的应用
	3.1. 液体活检在肝癌诊断中的应用
	3.2. 液体活检在肝癌的预后中的应用

	4. 讨论
	参考文献

