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[ Abstract | Primary liver cancer is one of the most common malignant tumors in China, with high incidence and

mortality, and the main pathological type is hepatocellular carcinoma (HCC). Most patients with HCC are already at the advanced
stages at the first diagnosis, with the 5-year survival rate being less than 16%. Early detection and early diagnosis of liver cancer
can help improve the prognosis of patients. Blood testing is commonly used to screen patients with high risks of liver cancer
because it is minimally invasive, objective, economical, repeatable and easy to monitored. This article summarized 3 types of
reported indicators for blood screening of liver cancer: biomarkers that could be directly detected in the serum, biomarkers in
the cargoes transferred by extracellular vesicles, and biomarkers in circulating tumor cells. The advantages and limitations of

each category were discussed. We also provided perspectives for the promising strategies of blood testing for HCC screening and

diagnosis in future.
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RIGEEREG . I . AL . AR ERR DT
JF49( nonalcoholic fatty liver disease, NAFLD ) %7,
Hr NAFLD 1F b K X HCC iy EZ R ™
FHT, AR A HOC I i 1771, (E R
JE T BEARH T4 AR, IR RIZ W i i )y
AT U 03 IR bR 2 ) BRI ELAT R |

R 25k, HA B R8T a-fetoprotein,,
AFP) Il JK % FH % HCC I hr 9, B3R
BUE A B SRR I2 TR M (2022 4F
R ) S KU AN B 6 A A 1E AT — Ul 7R IR
A 1L AFP K I Sk W5 HCC /9 & 4 KB
WG 70 T A BRI B, Ok
Z [ HCC Mg hr s e e ASSCIRIET 1 24
BB HCC ML= b, 20 0 I3 b B3 T A
HAIFREY) . A SN BRI bR S B AR
AN ARAEY) 3 28, X HMIE I I TR

1 iR EEAS RSN

1.1 Fa(irdy AFPR—FHsEiE N, 78
I B )32 T HCC e B2 Ui f 0 1A
AFP 2 HCC [ R BHE N 60%, Fi58 7 90% ",
{H AFP 7E 30%~40% ) HCC M & 1l 1 5 B 1
(<20 ng/mL) , HEE2MEBYENFR ., LSS R
P % R R R AR R T Y o AFP IR T/
N HCC it s, i B 2R Y ofe,
TES T AN S A SR T A a5 . 1288 . O
TR ek Sy T A PE R B L kORI
W AFP 38 BIR % HCC RO E RIS IR R3S
W5 /M = B % K (lens culinaris
agglutinin, LCA) [ 3& F1J1, AFP H] 42N 3 Fp2k
#. AFP-L1. AFP-L2, AFP-L3"*', Frh AFP-L3
F BRI T 4 M, s R DL LS th AFP-L3 5
&L AFP [ ) ( AFP-L3% ) 1 9 i 092 Wi 4
ClmFHE R 10% ), HARSE R 95%, REUE N
51%"* . AFP-L3 By 0% 5 HCC IR/ IHIE,
TE/NHCC ( HAA£<<2 ecm ) " AFP-L3 HYREUEL N
35%~45%, T4 ME EAE K (=5 cm) BEHR
3 7T 3K 80%~90% ' . 1 T AFP-L3 1 5 i Ji
FIXTHAR, 8% 5 AFP B AR HCC A4 Bhi2 Wi
PR
i - FRIEEE ML) ( des-y-carboxy prothrombin,

DCP) M PR4EA &= Kok = s Hu0 - T35 5 W
5 [ Jii (protein induced by vitamin K absence or
antagonist- II, PIVKA- 11 ) , 7E4iA4 R K= o{
HCC B fy s h . BN — 3R A 2
ORISR, 7E HBV AHOCHCC 4, DCP (i
FLH 40 mAU/mL ) 8 BE 5 T AFP . 534k,
DCP 5 AFP JCAHDCHE, PRI X2 HCC BA HoAb
Pk, AFP FI DCP Bt 512 Wt HCC i 2 & T B
JiI DCP & AFP ",

HA R 2R B a8 1 (osteopontin,

OPN) "™ | # /K % & 1 73 (Golgi protein 73,
GP73) " a-1- % ¥ B 4 B (a-1-fucosidase,

AFU ) 2V&s7E B HCC Mgt A —E M.

12 BEAFEYS  BEHAEEY Y EAR
2 KR 2R BOR R WTIR A, WAL 5%
5 HCC M5 R 2 FIMORA Z 19 5 TE . Liu %2 %t
It PRAS ) 3 G W AR 44k . HCC BB B I3 N- 3
BRI TS AT L, 25 5 os 76 6 Ak f8 35 b i A
HCC I}, GlycoHCCTest ( = - ZL¥¥ -a-1,3- 73 32 4
BMEIEAL — REE5H / WP ZURE -a-1,6- 7204 b
AL o T T R ER S5 R LU XU ) 5 AFP H
FARLY R SR R . [RISFEAH R A2 R A
GEPIR KB, I 1gG R N- BHEEXT AFP [ 1E
1) HCC & HA EZEMAN 2 W B, DL L5
R bR BRI e HCC 2 b By
EHEMBHNME ™ .

13 KEAVKFREH A MXEFERE B0
T 5K M 48 bR 78 12 W 519 HCC /Y il PR B HH v 28
WAFETRIZ AR G 0L, BEA 8 24 135 2
K I 48 by ol v] $2 5 HCC A9 A6 R, 431 =] B
I 3R 12 B 9 = 106 2 A A AFP
AFP-L3% A1 DCP | fif 1 & 4 ) AFP. N &
iz % 4 [ (alanine aminotransferase, ALT) .
K & & R ¥ A W (aspartate aminotransferase,
AST) FrrfrHtr 4 f -5 bk EL 40 i LU (B ( neutrophil-
lymphocyte ratio, NLR) £ Bj F HBV fH ) HCC
(32 W7 o Best % L F i PR B 4 A M 3
fift 96 B A ) M T GALAD W4y & 48, H AR
i GALAD=—10.08+0.09 X 4F#%+1.67 X 14 51+
2.34X1g AFP+0.04 X AFP-L3+1.33 X1g DCP,
AP PR B EUE 1, L HUHE 0; 24 GALAD
PRI A E R —0.63 B, 2 HCC 1 RN
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68.0% . FESFEH 95.0%, H AUC & T H /.

SR, I BB AS i A5 2 1 Sk L 2 L HCC 1)
FEHR R, IR E K HCC B EZ & H
F HBV B4k BT fb i 48 A8 ik, GALAD 11
Iy B G AR —EiE FH T HBV By 3238 KU [ 21
HCC (B . 1R RS SERN B, [ Ao A BA
ST T TR ER IR YL AH OC HCC i 19 GALAD-C
P9y 245, GALAD-C=—11.501+0.099 X 4%+

0.733 X 4 511 4-0.840 X Ig AFP+0.073 X AFP-L3%+
2.364 X1g DCP, A=H R BBUE 1. LHUE
0; IZBR TR BRI Y HCC B R B R 4y
51 82.60% Fl 85.90% ', GALAD. GALAD-C
SV RGBT R HCC 19 A Fiz i, {5
Il RN (B AT T KIS 5E o — A 560 . 13
IEE IR SR Ol A [V P S AR iR VIS E 2 Y G
RINLR 1,

®1 MFEPEETREE HCC SHBEXEBIRSY RS SHEE

Tab 1 Directly detectable protein markers for HCC diagnosis in serum and multi-parameter model

Item Sensitivity/% Specificity /% Critical value Reference
Protein marker
AFP 60.00 90.00 20 ng/mL [10]
AFP-L3% 51.00 95.00 10% [15]
DCP 82.63 89.12 40 mAU/mL [17]
AFP 67.80 91.23 20 ng/mL [17]
OPN 79.21 63.80 14.64 ng/mL [18]
AFP 54.46 81.00 20 ng/mL [18]
GP73 96.90 96.90 17.5 ng/mL [19]
AFU 90.00 97.50 2.300 5 pmol/(Lemin) [20]
AFP 70.00 85.00 15.25 ng/mL [20]
Combination of multiple markers
DCP-+AFP 91.10 87.02 40 mAU/mL, 20 ng/mL [17]
OPN-+AFP 88.12 74.21 14.64 ng/mL, 20 ng/mL [18]
AFU+AFP 95.00 100.00 2.300 5 pmol/(Lemin), 15.25 ng/mL  [20]
AFP+ AFP-L3%+DCP 82.80 73.20 20 ng/mL, 10%, 40 mAU/mL [23]
Multi-parameter mathematical model
AFP+ALT+AST-+NLR 87.70 77.70 0.378 [24]
GALAD (gender+age+ AFP+ AFP-L3+DCP) 68.00 95.00 —0.63 [25]
GALAD-C (gender+age+ AFP+ AFP-L3+DCP) 82.60 85.90 —0.374 [26]

HCC: Hepatocellular carcinoma; AFP: a-fetoprotein; AFP-L3%: The percentage of a-fetoprotein L3; DCP: Des-y-carboxy

prothrombin; OPN: Osteopontin; GP73: Golgi protein 73; AFU: o-1-fucosidase; ALT: Alanine aminotransferase; AST: Aspartate

aminotransferase; NLR: Neutrophil-lymphocyte ratio.

1.4 miRNA miRNA J&—2Z& iy P IR g b 1) K
FEL R 22 A EATIR ARG IS S RNA 7. B
WARTE R AR M A e, MOk ik 2 9 & IUAE BB
TR CALFEIMYE . MRV . PRYGOFIZR(ESE ) HPAFER
R miRNA P, HHFGA A —E e ™ .
I3 TP AT R H 22 Fh miRNA, K OF 5 1795 i e 5%
YIRS PR PR B9 miRNA ] i i 4 41 i
JHTFIRFEAE Bt A I T Sl 2o SN AR5 25 50k,
(9430 ESHE AL 2, TSI miRNA 4
e /N A 2R, R, PUIL TS 5 miRNA 7K
SEPEASG P miRNA 7K P& 550G 8 15 B A
FEL.

F 58 FE W, 73 miRNA-21 7K 3 T+ 7 Al FH ok

X 4r HCC 518 PR & ( R R F s 5 5 43 il
61.1% Fl1 83.3% ) J HCC SfaHExt BFEA ( REFUE
FRE Sy 51K 87.3% F192.0% ) , ROC i 43#r
78 miRNA-21 i il HCC ) AUC i 0.773, Hi i
HCC IRLREIE T AFP ) | IK4h, HCC B i h
miRNA-15b Al miRNA-130b 925kt 5 2% 1385
miRNA-130b 7& ¥ Il HCC " () AUC & 0913, #
0 R S 43501 Ry 87.7% F11 81.4%; AHILZF,
AR miRNA-15b Kl HCC (1) 7 8505 75 35 98.3%,
5 H H S B H AL N 15.3%, I 7% miRNA-15b
FImiRNA-130b 1451 R LR I 7] LIVE R AFP 7K
SERARA R HCC B i A Fn v ) A= br s
WHEGE N B JF 8 T — T4 45 7 4~ =
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O B4 [ BT 0F 9, 30 3k A ) O TR A oE DA 9 287
18 M 2, YT 9 /B3 Rk H 195 B I PR AT AR
= (BiZHCCHI 36 ™ H REMHEA) M
435 {18 1 2 BT 5 F o, IF MIILTE % H —
#H miRNA ( miRNA-193a-3p. miRNA-369-5p.
miRNA-672, miRNA-429 . let-7i* ) , % £ il %
miRNA 7] ] T 12 4 2, YT 98 8 3 10k Jig S HCC
fg RUB Lt Ab, 7E HBV A 06 B HCC ([
FEB M B oW R AW ) Wiz Wih, —417F
miRNA ) 41 & (miRNA-122, miRNA-192,
miRNA-21, miRNA-223, miRNA-26a, miRNA-27a
1 miRNA-801 ) b #% ik W] B A 55 v i o 1 1,
AUC 1] k%] 0.888 7 |
1.5 K 4% 3F % # RNA (long non-coding RNA,
IncRNA ) IncRNA J&— K it 200 % H IR
(AR ZMAS RNA, FF5E A, S5IEW FHS ML
FhIncRNA 7£ HCC H 57 % %3k, HLUILINC00794°7,
IncRNA SPRY4-IT1 " | IncRNA MALAT ** 4, {H
&, T4) IncRNA 75 HoAth 48 4 sk A 98 1468 405 b
SEH Ik, I, IncRNA 5 HAbL IR HEDE
IR HCC A= Wbr s Wk, ml BB & — ol o AR 1Y
HCC 2 Wi J7 . 4, IncRNA UCAI1 F1 IncRNA
WRAP53 5 AFP 120 &5 S50 1 =ik 100% 1Y 7
BT 2, S341 2 B IncRNA K 20 iR 54k
iEFSHEA 1 (plasmacytoma variant translocation 1,
PVT1 ) FilIncRNA uc002mbe.2 5 AFP {41 &t kb
BURLE ] AFP ORI AR L AN, BT R IR ER
i 3 Ff IncRNA ( LINC00152. RP11-160H22.5
FIXLOC014172 ) 55 AFP 1A #6105 0] T 6 4k,
B TR 2K 17 HCC R 0 v e XU 2

4 T2 W ¢ (45, IncRNA 1, 7] /5 2 HCC 1y
IET G bR, )40, IncRNA WRAPS3 & —
T 7 9 05 A i 4, R0 HCC g I m & &
U IncRNA-ATB il 78 HCC 82 i 5 %
R, BAREBUR AR MR, BAEBEN
T HE R IncRNA miR503HG | & —AN A F1l 1
R kR .
1.6 *RJK RNA (circular RNA, circRNA )  circRNA
SR Z ST 37K I 1 P R E 4 AS RNA, J& R
K mRNA 16 BT P2 L cireRNA B FRR 25
P AN 32 RNA B, Rk faw BN B
circRNA J7 9 £ 7E 5 € 1Y) miRNA 455 67 58, 7]

54 miRNA 1Y £ 35, P, circRNA Y 58 £ 5
WA I ke . o TSR e ME R, 1K
WY cireRNA B IA A AR il s A TS R A=)
PR .

3 AL I RFEAS ARSI % B, cireRNA CDYL 7
JHH s R S T i, O R T R A B R
41 F (epithelial cell adhesion molecule, EpCAM )
FH P 4 )T i 2 4 200 A T B circRNA CDYL i
it 3% 4 PE 45 4 miRNA-892a #l miRNA-328-3p,
53 ) 5 Y I R JR 4B K I (hepatoma-derived
growth factor, HDGF ) F1 ik & iff & B + K &
ik Wi ¥2 4k B (‘hypoxia-inducible factor asparagine
hydroxylase, HIFIAN) [) mRNA J& i A B 1E H
M 2. It, cireRNA CDYL 5% circRNA CDYL
B £+ HDGF Hil HIFIAN ¥ A {E 2 HCC 2 Wi 1)
tRaE Y . A BEST S5 Mt T exoRBase 1 1 I
H HCC 1 IE ML I FE AR 7Y cireRNA 35 3K 3,
A M hsa_circ_0004001 ., hsa_circ_0004123 . hsa_circ_
0075792 Je =3 B2 & 78 HCC Y2 Wi b HAT I TE
MBS LI PP R TG A TP S W et A
MRAShR Y I 2,

g TR, BRI AR Y s A H R
IR Tz B2 Wb Y, X HCC R 2
W B B VR, B T RS AR Y 2 R s 1
23 2 07 A = AR, P gE A Bk 2 A
BRI G 2 B HCC, HH AL R I 75 2L
P 2 O RBEEAKIE; miRNA ., IncRNA Fil
circRNA J2 1 L5 H ] EA4ZAG A bR s i o
BE T I, 5 HCC W3k B UIHIOC, ZEbrEY
YRR E PR S I HCC MR RE I A Ff i — 2D i

2 HRSNER A TR EMIRE

20 At A/ 70 S DA AT S 56 Bk 40 4y
A B KU L5 ) R BE SR /IMAR, A5 I (A ol 2
. AT RIS ME s — R EA Y
TR, nrEtEE e . RS AEN . IR,
eI . DNA FIRNA ', H 5 4Lk 40 i A6 L 40
RS IR P N 2 N A L R R .
Sk 0 TRIIE, LA A A D R I o v
240t A0 T DA X B R AR, R,
20 i A1 4% 34 3 i O A% R B B 1 B E S HOC A )
PRAEPIR A EAN
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Tab 2 Directly detectable nucleic acid markers for diagnosis or progression of HCC in serum
Biomarker Diagnosi's/ Biological function Reference
prognosis
miRNA
miRNA-21 1 Diagnosis  Early screening of HCC [33]
miRNA-15b, miRNA-130b Diagnosis  Early screening of HCC [34]
miRNA-193a-3p, miRNA-369-5p, miRNA-672, Diagnosis  Early screening of HCC [35]
miRNA-429, let-7i*
miRNA-122, miRNA-192, miRNA-21, miRNA-223, Diagnosis  Early screening of HCC [36]
miRNA-26a, miRNA-27a, miRNA-801
IncRNA
IncRNA UCA1, IncRNA WRAP53 1 Diagnosis  Early screening of HCC [40]
IncRNA PVT1, IncRNA uc002mbe.2 Diagnosis  Early screening of HCC [41]
LINCO00152, RP11-160H22.5, XLOCO014172 Diagnosis  Early screening of HCC [42]
IncRNA WRAPS53 1 Prognosis  Correlated with HCC metastasis [40]
IncRNA-ATB 1 Prognosis  Promoting HCC metastasis [43]
IncRNA miRS03HG 1 Prognosis  Suppressing HCC recurrence and metastasis [ 44 ]
circRNA
circ-CDYL/circ-CDYL, HDGF, HIF1AN 1 Diagnosis  Early screening of HCC [47]
hsa circ_0004001/hsa_circ_0004123/hsa_circ 0075792/ Diagnosis  TNM staging and tumor size [48]

hsa_circ_0004001, hsa_circ 0004123, hsa circ 0075792 1

HCC: Hepatocellular carcinoma; miRNA: MicroRNA; IncRNA: Long non-coding RNA; circRNA: Circular RNA.

2.1 PR ABARG A mARED  HPIMK R —
Bl E 42 29 30~150 nm 4 [R] % R 5 AR R 4h ffg Ak
Wi, HNE & RNA, & A RS, Rk
B, AH LT PR R 30 dE HCC R 5, HCC &
F 4b W K o miRNA-21-5p. miRNA-10b-5p.
miRNA-221-3p #1 miRNA-223-3p | "5, 3B %
WF 5% 2& B HCC F& 44 1M 8 S W & ' miRNA-18a.,
miRNA-221, miRNA-222 Fll miRNA-224 /K F Jt
7, 1M miRNA-101, miRNA-106b, miRNA-122,
miRNA-195 Fl miRNA-125b 7K 7 F F& 5250, 53 4}
e PE T AN WA i LINCO00161 76 HCC £ 3% 19 1l 1
FEAH 9, BZ5REARE MRS L X
B4k B RGP AN A miRNA I IncRNA A i F
# Bhiz Wi HCC, JULH W] LIAE S AFP B 14 i HCC
BRI . A, TEIFRBHAR)E &
& HCC 3 14 10375 Hp RS S0 380 A1 3l 44 v 1 9 356 1R
miRNA-718 BFM T RE K BH D, MG IMBEK
 miRNA-1247-3p 23k 7K -5 HCC YRS AH 5,
DA 1B 5E 2 WG R A AR miRNA 7] - ) iy
2R .

B T miRNA, HCC & 3 I i 51 W 14 v iz 45
B A B e R s R . WFoY R R, P ELbE
%k 4E % 3 45 & & A ( galectin-3-binding protein,

LG3BP) F1 3 & % % Bk & 1 %Z 7K (polymeric
immunoglobulin receptor, PIGR ) 7£ HCC & &
RIS, TE A RO HCC Y & A=, AUC
BT AFP 7 IAh, HCC B MR A e s
& SMAD % % il 51 3 ( SMAD family member 3,

SMAD3) HyFMNBAE, HKF-5 HCC B # P 5
SRR R B VIS Y L S — IR, e
FEPEAH I 53 W i S U4 v BT R R AL B A DG B 1 1
(adenylyl cyclase-associated protein 1, CAP1)
HEE, LS HCC BB ME KA —E ™

22 meEaAEAKGAYREH IR
H A2 K 100~1 000 nm (1 2 ] 403 36, 5T i
WAL, HA SRR A, T AR R
TAMAR, HAE R K5 8 i AR K AR H

HATC A — S pF R 98 T e v b i 2 B AR
HCC i2Wr fn# f5 F8 An 1 T BE . B, HCC 3
FAY 1L 24 T 9 M2 Y T 1 PR A T ( pyruvate kinase
M2, PKM2) HJ7K-F- 5 25 fm TN, 5 HCC &
ERIEMEY L IR HLAR S R & & B HCC i
% v HepParl " i v i B0 2 TR A 0
F, ST HCC RE BUR . & R
— I 5 DAl T M98 AH DG BORE (tumor-associated
microparticle, taMP ) ] HCC Fl I 45 4 45 ) F1
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W (. BEFE A B, 7E HCC FIAHAS i rp K
MV (annexin V) " EpCAM™ CD147" taMP
FT+E, [AE, annexin V5 EpCAM ™22 Vi b 45
F13Z4& 1 ( monoclonal antibody to asialoglycoprotein
receptor 1, ASGPR1) © CD133" taMP u] ] T % 51|
JHF I Ao e (HCC FRHAE e ) . A4k iR
ORI I B . A LU RE AR, I R
fjannexin V© EpCAM ™ ASGPR1™ taMP i 4 i,

HIKFAE ARG 7 d N TR, X — &R

i% taMP 5 IR R VIR SE 7 R T e R T AR
BV RASAEA, taMP ¥R FE AR Ak o] H T4 HCC
M & A= AN UE R . HCC H & A A Il o2 v 7K SF
B T LR, H'S HCC Mg R/ Bt
SEAUH TNM ZMIAIE Y o 25 End, dnishatis
BRI 2R 7K AR K AR A 28 AR AL 38 FR A% PR S B 182
AL 2 W S fiUs et — e 2%, HA1ER
eI W TS A bR S el setE (R 3)

&3 ERINFERAHMEE HCC 2B THUEIREY

Tab 3 Diagnosis or prognostic markers of HCC with extracellular vesicles as carrier

Biomarker Diagnosis/prognosis Biological function Reference
Exosome

miRNA-21-5p, miRNA-10b-5p/miRNA- Diagnosis Promoting HCC development [51]
221-3p/miRNA-223-3p 1
miRNA-18a, miRNA-221, miRNA-222, Diagnosis and prognosis Inducing the proliferation and migration of [52-53]
miRNA-224 1 HCC cells
miRNA-101, miRNA-106b, miRNA-122, Diagnosis and prognosis Suppressing HCC progression [52-53]
miRNA-195, miRNA-125b |
miRNA-718 | Prognosis Suppressing cell proliferation in HCC [55]
miRNA-1247-3p 1 Prognosis Promote lung metastasis of HCC [56]
LINCO0161 1 Prognosis Promoting tumor migration and invasion in HCC [54]
LG3BP, PIGR 1 Prognosis Promoting HCC progression, tumor cell [57]

SMAD3 1 Diagnosis and prognosis
CAP1 7 Prognosis
Microvesicle
PKM2 1 Diagnosis
Circulating HepParl "microparticles 1 Prognosis
Annexin V* EpCAM"ASGPR1"taMP1  Diagnosis

transformation, invasion and proliferation
Inducing cell adhesion, promoting lung metastasis [ 58]
Correlated with HCC metastasis [59]

Remodeling the TME to promote HCC progression [ 61]
through inducing monocyte-to-macrophage

differentiation
Correlating with tumor recurrence [62]
Promoting liver cancer progression [63]

HCC: Hepatocellular carcinoma; miRNA: MicroRNA; LG3BP: Galectin-3-binding protein; PIGR: Polymeric immunoglobulin
receptor; SMAD3: SMAD family member 3; CAP1: Adenylyl cyclase-associated protein 1; PKM2: Pyruvate kinase M2; TME: Tumor

microenvironment; EpCAM: Epithelial cell adhesion molecule; ASGPR1: Monoclonal antibody to asialoglycoprotein receptor 1;

taMP: Tumor-associated microparticle.

3 TRIRAPIELE B R AR R

706 2 i3 240 e 8 DN SE AR b o kb (Dt &AL
ekt ) Wi vk R SI B I 0 25 2 e A . i
Je8 DNA FJ M Jit & 1 5% A 7% 4 b 9 K A A 988 9 HR
R ROk BN G TR 2 QA H R U ) o
CanPatrol 1 4 4 AR 1 JFAV 24 38 PEA 7406 B4 Fif 9 20 g
K, & 3K 90.18% () HCC a6 i — 5 K
(O R 4 i, B i 5 HCC 19 TNM 43
IR AT HCC RIS Flr o~

H A 5 Ik S, K 2 8006 26 i JE DNA
( circulating tumor DNA, ctDNA ) >k H i 1= Ffll 3R
HUR e A0, X SN RO Befk i) DNA 275
b, HHE I, otDNA & 5 HOR UE 1) e 4 i AH
[ B 3B AL BB O L R ctDNA R ARSI 434 77 12
FES MRS (1) FFRA RS AR A,
6 S /N 240 i it s R T A R AR R T 2 A
ARy (2) SR R I I P T Bowk 22 3k R X 8 )
CtDNA HEA TR, (RS i A% J PR 20 2 A5 W] fig R A4

MR
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HCC B3 1 I 3 b A7 e K ok A A Ay
JEFRFES DNA ( circulating cell-free DNA, ¢fDNA )
X 26N FBEDNA iy 40 08 T A
A WE5E & B cfDNA K (i A41H 73.0 ng/mL ) H
A X5 HCC FITR B IF 9 98 5 R Ge (I e AR T, R
U 0 69.2%, Hr S 93.3% 7 L KEWFSEE
B, cfDNA 5 AFP BH AT LA = HCC (32 b R 4
T B, ARTRESE BT IS Y ofDNA 4R
B, orEs . EE. KRS AR, X ofDNA
I Tt B 8 OB Gi— AR E, R cfDNA Ifil
HOKVAE HCC R rp (VR A A T b o

i T I cfDNA /K- () 5% T+ b, HCC
% i R ] DK I 3] ofDNA (9 S0 17 iR e A | #%
DUBm AR | S0 A4S ofDNA Y 5 A8 b ]
A EL A HCC i A5 A2 Wi 4 1ifs PR . 1 # {8, (HL7E
TE B S S HOC M2 bR o ™ L I 4R R,
XF L3 o cfDNA (1) 52 Y 56 A6 5 A i 52
2 T HORIR AR IR, Wong 25 R kAL
FESPEPCR AR A B, 78 HCC B & Mm% . I
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Tab 4 Markers of HCC diagnosis or progression in circulating tumor cells

Biomarker Detection and analysis method Function Reference
Circulating ~ CanPatrol circulating tumor cells enrichment The content of circulating tumor cells is related to [66-69 ]
tumor cells  technology/in situ hybridization TNM stage of HCC, which is expected to be used for

the prognosis of HCC
ctDNA Detection for a small number of mutation sites/ The ctDNA has the same genetic defects as the tumor [70-73]
high-throughput sequencing cells it comes from
cfDNA Abnormally high levels of cfDNA Early screening of HCC [76-78]
Abnormal methylation of p15/p16 Correlated with HCC progress [80]
RASSF1A methylation High risk of HCC development [81]
5-hme Early screening of HCC [82]

HCC: Hepatocellular carcinoma; ctDNA: Circulating tumor DNA; cfDNA: Circulating cell-free DNA; RASSF1A: Ras

association domain family protein 1 isoform A; 5-hme: 5-hydroxymethylcytosine.
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