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WY EoHH (P EPEEHRAS) |, 45 B (colorec-
tal cancer, CRC)J&H FEFEAE AH CFE T 2R DU R A . AN
W4, CRCEIFRORIEFRER N JE T 1, I EBERAF
b 0] SR N 9 A SN OE AR SN0 7], e s
FfUFECRCHZE HIAHIE. 45 B ECRCH £
FERTHNG. REBCRCEFETIRRTE R A, LR
FipIRa 0 2 SRR A Ak, HERIRMLIR R AR 20, &
PG AAREE N R VR, B FCRCE K.
e R KR AR, XTCRCTA W] DL R & BRI TR AS,
T FEASTE Z BRI LS. — Wb 35 KA XN
AR 2000~20154F, A R4 S (HAF CRCAE &%
BRE25.5%, FET R TFE52.4%". 1EFRE, CRCIES
PR P ) AR R 2 R 20194F, TR IE
T bR AL N BT AT 2 20005 A, S8 AT LB T 3.2
T, TR e A H SRR AR A ik 2
72.6%F183.4%". [ NANSRIIESE T RIS W

EHMME, Tl E, EMRE0, BEFELE

Bk S5MaEE TR EE AR B R IS W Y e,
HEARANE - JRRAST A BT 38 1 4 B i B0 1) 2 0,
FHZHERZRATT AR AR T IO 2 B
T FISEE . MW S G E R A S AT A e 12
W7 2 BB B . A SO FARBARRA
VeSS B IR T &2 W T TSR, b 1
BTENBPLH . WL L RERYE, BN R L
AR A BEE B AR e
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AN 65 EL I MR R AT TC BRI . AR bR S I 1
£ fEmicroRNA(miRNA) A4 . DNAF JLAL 0
DL R ZRAE, X e S B R B R A FECRC R B P
FENE, JE2WICRCAYE Z > Fhriy, Wl T
CRCIW TG PFAf. X FAEIA A B N o CRC i 2 24
FRARIE T i3 41 RN A FIDN AR ).

1.1 miRNA

miRNA S — 2 1 2922 4% R 41 A% 9 I 4 A5 558 /)N
RNA, 253 K R s & 2 FpA: B4 fE g f. miRNA
LEFIAIXSRASE, N2 BERN ARG, RS TE R bk
R, [R5 32 i I — 2 Wb ). CRCIA:
R RS —EmiRNA ST F =R IR B VIHE, AHEmiR-
21. miR-29a. miR-92aZ%. miR-2 il #HPTEN(E 5
AR HECRCAM M 78 {221, miR-29ai8 i #1134
TKLFAJE#ECRCAII2EY). miR-92aid 1245 RECK -
MMP/{5 5 il f% A HECRCANM 22 AT A% miR-92afF
R bREY), A miR-92aFfImiR-2 1/E N2 lhnE
PO — RGBT CRC AW R, Mok Z AR
CRCZWIMME I mIRNAB L BB UE. TR EZY
W R b T < KR 2 miRN AR R &, TR
PR LT 26 miR-92a7K EXFCRCHEATIZ I ). HHi
CAIRZAECRCH 74 RIEMmiIRNABE A, SR —
BEFPEMIRN AN H— 2R g ie R AN e, i L
K LB AL BRI UE AR S B B PEAL . 1R
T CRCHR A M AN FEAEREA R KO- 578 T ol
FEAR A mIRNAMI NS B, /A P A STk T T
2 URAIE I miRNA A8 9 4433555

1.2 DNAHIJALREY

FEAE % S T B v 1 B A B FH 5 Ak
THIMZHEE. DNAR AR R MR (L h FHE )
PHEERLE, i DNAF SLEL R i Ak B LM 45 5 21
WE R 2 SRR S 7= A S-F - g ms i, M T A8 A R
FAL B DNA. DNASE# AL LG FCRCEM, [ fE
DNAfKH Z L FIDNA R H 34k, L[S 5CRCE L JE.
UAEWFICIESE, R SE R 9 R B Ak BT CRCi2 Wi
F1. RigEESMNAEE P, B2 TDNAF ALK
(R b A= b an e S5 6 i 2 B A R i
B9 “Cologuard” J&:—Fh EACHE ZEMEAGIN,  JR BT
FAFHNDRG4MBMPIB T HAL . KRASEAS . B-Wlgh
F P L R R G0 28 92 2 S iU ARSI (F T 45 A7 2 5 K

2

M S RATRFITAR L, 207 5o CRCFIHE FE 11 e
B SRR AR (96.4% vs 89.9%), H BRI B 125 (4331 K
73.8% vs 92.3%; 23.8% vs 42.2%)". 5353 E A
24 it W B A LRI O B4 i X “Epi proColon”, JH
A 1o SR A T s A I 988 JE L SEP T9 A 81 F X 35,
H LA K, XTCRCIBURNE H68.2%, FrstER
80%), ZEFRIE, ¢ 1582 i W A TR v T 0 26
{EDNA R = e K 20y, DR RN SDC25E A
FH AL L. N Fe 3T 2 38 1) — T /N AR AT GE PR,
SDC 25 A H1 BE Ak A6 T C R C A9 AR A4 S vk 2 oy
93.3%". E Y —CRCICANSW i K e B A
KM SDC2AN TEPI2HE ] F IEALIE O, BUME:M95.31%,
PS8 96.67% Y. T N AMHSERFSE L AR R AL
A G AT R R, MR TSR TEES Ik
PR R MERR . (HR TR AR AR
SR, HET IV T RS CR O AR AT AR AT AE R X

1.3 DNA%AS

DNAZAR 5| i i 15t A% 1 ol A8 nT S 350 e L DL A 2
AR IS DL AR I R I 28 A8 23 . CRCH VY WL 2848
SHAAPC. KRAS. PIK3CA. DCCv SMAD4FITPS3
. MR APCIIREE R A ZCRC R A Ry R
1z —, Z385%MICRCIFAEAPCEAS . it HE R KRASHE
AR AFAE T CRCH, e RG] CRC L2825 R A
L (40% vs 41%)°>7 | KER/FKRAST S FEKRASE
FIZERI PR, RS BT W0 1t 40 P s 7 A 75 1Y)
. LR R BN APCYIREE R K RASHE
BRIV S:CRC R AL M 250D, Sy rsfes. ©
BT h“Cologuard” st B 6 KRASTRAE HEAT R 7,
CRC B h HA I R 1) 28728 S A IK, s 2
RARNE RIS Wibr Y S R E R, SUSPENR. 4T
KEZBWF T EERIEMNHADNA RAS(U BRAF.
KRAS. TP53FIAPCHAS ) iia i 1% 150U
T IR 25 0 07 285 AU,

2 AR A CANAEDNA

MEFR PRI 41 fifd (circulating tumor cell, CTC)J&+5 i
B SRR i kR SR ILATE B 0 b e 2t B IR BA S
JeE AT DU R MR A 2 AR B, I b
JeR v RS ) LML G IR 48 CRCIR R 43
WG, ATHTCRCAIZIT. Fils DL RAMRAIRTT 7
ZHERY. CRCBH ML G R i 20 i 8355 T
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Table 1 The dysregulation of miRNA in blood and feces of CRC patients

_ v CRCHIS s . .
miRNAbREY) FEARSSHY e XYTRE/CRCH  BUBME%)  FrRPE(%) AUC EWTE ER/XE SE R
#)
. e 60(20/40) 88.9 83.3 0.863 gRT-PCR i [10]
miR-21 LG LA 80(40/40) 86.0 73.0 0.783 gRT-PCR Y| [11]
miR-92aF/l ik gy 900679/521) 76.0 64.0 0.772 gRT-PCR EF'%@ ? ?ng [12]
miR-92a-1 iR b 216(68/148) 81.8 95.6 0.914 gRT-PCR EP IEI [13]
miR-29afImiR-92a 1% i 179(59/120) 83.0 84.7 0.883 qRT-PCR i [14]
miR-92 1% A 140(50/90) 89.0 70.0 - qRT-PCR sl [15]
N Microarray
. ik . 268(57/211) 70.1 91.2 0.830 HA [16]
miR-1290 J i HQRT-PCR
il 110(30/80) 76.6 90.2 0.880 GRT-PCR Gl [17]
miScript
. Il ¥ N 154 (24/130) 0.788 miRNA PCR &K [18]
miR-20a it £ 100 (50/50) - - 0.736 array i [19]
gRT-PCR
miR-21F1miR-92a JiiiRG 1A 280 (80/200) 68.0 91.2 0.847 qRT-PCR i [20]
miR-21. miR-29a.
miR-92a. miR-125b I} iR 178(78/100) 84.7 98.7 0.952 qRT-PCR o [ [21]
FimiR-223
miR-24. miR-320a M . .
FmiR423 5p k4 T 241(130/111) 90.7 70.8 0.941 gRT-PCR thE [22]
miR-223fImiR- 92a I3 LA 398(183/215) 75.8 70.5 0.780 qRT-PCR i [7]
. - - 189(101/88) 55.7 733 0.640 qRT-PCR LS| (8]
miR-21 A L8 80(40/40) 86.0 81.1 0.829  gRT-PCR PR [11]
. e . 58(29/29) 89.7 51.7 0.760 gRT-PCR i [ [9]
miR-92a FEf L7 189(101/88) 71.6 733 0.780 qRT-PCR i [8]
. . . 58(29/29) 78.6 66.7 0.770 qRT-PCR i [ [9]
-144%* %* B N
miR-144 i LA 105(40/65) 74.3 87.2 0.829 qRT-PCR  TEKH| [23]
miR-135bFImiR- HfE g 213(109/104) 78.0 68.0 0.790 gRT-PCR [ [24]
135b-5p s " 106(29/77) 96.5 74.1 0.870 qRT-PCR LS| [25]
miR-135b E( A 80(40/40) 92.2 87.7 0.919 qRT-PCR ] [26]
miR-223HImiR-92a B FI 447(309/138) 71.7 79.9 0.810 qRT-PCR Gl [7]
a) “~ AR
(R, MBI B 3 22 T AR A2 BRI PR,

AEI TG NI, 28 I X CRC A SR AR S
A3 51483.05%F1100%") . AEER g 40 ML 7E SR 1l v 43
ARG/, BAR AT DL A 20 it 3% 1T ) EpCAM R #LAR
FAMIRE P S S v, E i TORERRE 40 1 B i) 57
SR i e B 1o o A Rz - 180 5 A B | A 1 26 T
PURERERHA, BB EMRK. H—hm,
CRC AU CFR B AN A AL 25 57 1T BE 235 M 17 24
MR bR R T I ER AR 4
Bl — e FECRCHIYIS Wb 137 F G EF g 41
s, WTFTHEIE—LH K CRCE:FPEEER 8 20 iy

MEFNIF B DNA(circulating free DNA, cfDNA), K
TCAfIDNA, 2 T IR B0 R i 4 Hh i e 2
DNAF Bt. il M2 A - E R A T e DNA 3
SRR T IE R MAI AR, FiE A A — s Jo i
DNASEMRATAR, FRATCANMIREDNA. JCAH g
DNAALFE [F]A g g kb 224 DX Sl sl A ] Ji g o ek Bl
IDNA. e A BEF e o3 IRk e, i h oA
I DNA S i I, st X REA A TSR O e s R A
it 4% 2 W (qQPCR) ZM T fDNA & 1 7] LATEAS fith 983 17 i
1FI e =T FHCellMaxfii A= - & BBSE h, IEERh
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R4 LN TG4 PRI DNA /7 1 B AP is i g,
2T R I i 3L 2 v A ALY 2 L L2 AR
N, DLV AS Hp e 1A ks /L B4 S e 4 .
RPRITUAIF5 114 &1 ] I A 0 A T2 440 e 9 s A
FNCRCKIM H (R RN 73931 R 76.6%~79%, - 86.9%~95%,
RS 186%F197.3% . 4 = IHBFSY R AR IR
B A b R AR JC AN R DNA. % 5 4k
7% X CRC AN HE R 1 s 7 A ) ARk 43 531 100 % Al
80%, HEFM 0% BT A DI R 2R 3K
FP G A R DN A Y 3 A 7K S X f B B 5 CRC R
FEAFIX A3 TEA0 iR DN AASSZ Jifvsga 5 037 4 5 ), {H
HAE R Refr e MA 2 R HoREMES N Z (b
Sy B RNALAL S UL 2 5 R 12 T v .

3 FEfErbREY

FEH R bR PR IR T CROYG S FRAL A H il LA A
i v 30 2 F 4 40 i T LR e A e, B0 i 21
Fiv FBREE . S I A i A5, XLt
TECRCEA M /K R E TR EAREY, BA
—ERSME. HATE XL E A B eIt kI T
FeMERm. FEMASF2WEOR. R R AR
W] T 2B ARSI RIS E - S AG.

31 MmEEA. HgEN. BEONFLREN

M a6 (FOBT) /2 CRC TG B i 25 1) E B2 -
Z—, WA A FR AL (gFOBT) M i ik 3%
BRI (FIT).  gFOBT i ieh iet S Ak My Mt 76 M AG M iy
RN, BT EY) &4 s i
W) WA . T ALIE 1Y) & 53 gFOBT 2
PEME. FITRIAIME & A hekE A Shkss &, A~
ZARE L AP T A TR R TR
FEAER /D, BEXIFITHMK T 5. 55 4%, gFOBTI)
TR K S S 4AIR, W FITHUR. Sk,
FIT BE A2 v (0 21 35 1, Ho4s A ShEii
R BUERES R, F R W AGE MR, TR
FEACR ABESAE, CAENIRR AN TB b 12 # )
HITECRCIi A iz .

AR = P Y R | e s = R e
CRCHiEs, (HARMIMEIRAN L. kiR A gl e
PRI, AR T I, 58 SEE G TR gk 2 4
5. HORET, BRI EAAERSER, 4
7B R Et= GRS E | A VBE N e 2 (:]7 N  S

4

AR ML 8 R 1, LR B CRCAYIS W HER
PECY. EFERAE. Q5. BORER RSN RN N E
OB, BERRE 1 E TR, AT RES SR E MK
BRI HH BB, B R — R e, B
SERLT I, 2560060, & i . kg
MRTREIL, FIAE A B il AAE 0 A hn . SRS R
%57 S5hit R, XHFCRCIGISHT, 45/ A 3L
PETCAE 2 SO S R A AR S, BRI E
W LR R LT B R AR 1, 2L
TG LR — LR A TSy, MR TR
RERRAEY. KGR0 2 2R BBl — A K ek B e ek 4
JISHE, BET IRk e Ak, %R M RERSERBE ¢
REA MR M, DTS PG I, R —LEhT
FE R MFAEFLERE A B TAIMICRC, Ay HoAt
IR LD

3.2 FEfb i PSRRI M2 (M2-PK)

M2-PK IR BE A, A AFh A TR, 6 leg 4n ot
R R K rp R AR . M2-PRAERRE 4L L
SRR AL IR R A 6 A i R IRE te Rk, fig
R HE R A MR RS . TECRCHIIRG T, M2-
PR LM Sy 200 88 ke 29 1f 97 e 2 26 . 20009
FHZEM2-PKXICRCH —E 12 Wi 17, HAsM:H
73%~92.8%, HF 51 N83.3%~95.2% 7 7E Mised ki
T, M2-PKXF EHAR/NT1 em BRI AS R 25%
+£5%; X EARKT1 cmAY IR, M2-PKAGH R h47%
+24%, ¥ TeFOBT ", {HiZMIt 45 S L gFOBT
HEAK(86.7% vs 92.2%), HEMAYR PHTESS R st — 201
G e E Z 25 Aok, fll & RA—IU/NEA
WFFEH, MIEM2-PK. IR R (CEA) AR
PLJE19-9 (CA19-9) =FH KA K CRCHY LK
90%"°". H T AR, M. CRCHIAT K INE|M2-PK,
BT LS 7 A g AR R sk
MR AFTE GRG0 S P FR 3 I M2-PKOKF
S T, PR S 2.

3.3 ETEARAYSEMCRCIEMZE RE A br

— I T3 H A 2 AT 2 OIS FECRCAR
HIAE PN T2 EREN, WETHTCRCE
FRAAAED. R4 B 567422 4B W UHTF-CRC
W, A 16 RSG5 BUW i 2 IEA



P A

XK. BT THE A B 2E 0 E N BFST % HCRCH
KeFfH 2 S EIMMP-9. RBP4, CHI3L1HIC3a, ik
— A F I Luminex$ R IEUE T BT T4E CRC AR &g 4
HRMEPRKFRESTIERA, %A 2HCRCH
I R91.4%, F SRR 100.0%, 2 KRR A BUREE Ky
81.0%, H¢ 575 4189.5%, BRA 2 WrCRCHI R 1) sk
H183.9%, R H97.4%. SR, ZBSE LR FICRC
BE M E AR 2R KA A R 2E R, Y
HIC A AR BIE T 2808 8 AR YA CRCI Ax (1 1
H, AR ARSI A . S5, fof 24 55
K, A . e SR AR 25 5100 Rt i
T KA R S T 2 b 3G E.

4 Wb S

4.1 ZEEIEHA bR

Rifi 7 FE UM SR IR, B A W R a1t 2
FRHLHISZ M CRCIY KA. ZEMH RREZ5 A4 i 2 5 CRC
KRB FET B SR, T =4 TR
YA AN eI I S0 5 RLROR R IR, R 2 Al
HHIETDNAI P AGe it T2 2 B PR 2l 2 o B ik
Kl SR FE SRR Z MR, O KE
Il PRAFF ST 4B T CRC A 7B UE W o Aly, Az iE
FEERARR AECRCIZW AN S T 285 T HeAl.
— I [ BAS A5 B R 52 1 FICRC A8 3 Y 21
T AR 22 501 508 24 A B T2 CRCY
WA AR S, sl R R B BT 2, 17k
5L H 4H (integrated microbial genome, IMG)¥JF. 74~
PRS- 43 FHAE 5325 5803 (species-level molecular op-
erational taxonomic units, mOTUs)F1277™7= L K 21 1% 4
Bf(metagenomic linkage group, MLG)7ECRCH E A
R WIER], 523 TAERFERT 2R i #(AUROC,
A FRAUC) 5 490.86 0.89H10.96. %57k ik
— PRI T — 2200 AR M) B A AR AR ) REAS CRC 5 i
FEXTRRIX Ar k. it pEA2, ik BB A SS9 S
HE— 2B e T 41T LAX 43 CRC AR A I B X R4
AR EYA S, TE3PHLIX AUCHT I R0.71,
0.72710.77", —IFPYBEF AFUBIE & B T 1644114 )i
RERS X o e X1 FRAICRC L, T ZAUROCH
0.887. {HiX LEARAMITE X J7 i R 31 tJed AR gt et R
RPN 5 — IR TSR, i
16 FPZHEX CRCAUHIE, REZFEIERMAUCK

F0.8, FE— it FH 6413 R 5% 3 B 7KF- B AS-31) ()
AUCHE T°0.8 —IfiMeta} 7% CRCHAF 7 5 K 4 L),
T [RIUERL R B HEAT 1TSS, AUCHRAR 90.8"7),
FED G TSm0, A LA IREAR R P 22 5
SR, BT A28 K BRI AR R F 22 3L R
HEARIFCRCEAT R B A TIAEL. SR, X Lehrald)
X 43 i 1B R R A7 10 i BB A BR.

4.2 FEEUNE bR

I 72 FE UG e BRI CRC R g v =F B S
FRIZM T AT/ S CRCF NS T i B e AL Wb i, T4
DSCA bR Y IT AR A AR, A7 B S
PRI T CRCICBIZ I, FRAI7E IR} H RTBF I 4%
Z R T T HHE.

421 EEHBAH

AR R T L N R IR B,
FA 5= Mg i 1 M A 2 A0 = A AR R IO R i CRC &
JRIS SRR A M Fad AT BH 223800 B-cateninf5 =
2 20194 (B A 5 RIS &
FIGHE W) AR BRI 5 CRCH L R RAFHE
FHSEMETY, EAZ MR B CRC SR 3 2 (B RE A % i
F g R e R ARG P R R S R Y
SETERT ] B E ARG, XA RAAEIVIICRC B
R, R FZAE b B MR AT R R KB IX /P CRCR
S REXS R, BURE NT2.1%~77.7%, FiSHEN
79.5%~91.0%""". 4 HAZMRFF I S . B
FFE . AHERRE I m7 B FITHEA T4 0T, %A e I U
AN ZE92.8%, H5 R R181.5% Y. HAZ M1 55 SUE;
FFBRJE (14 FL 91 AT 7 g CRCT A A= W bm i, S0t
H184.6%, FEFMER92.3% ). % AETEHURPE. FE
P B S0 BH A {5 T A0 A
HRFrE,

422 —NEFWAEEITEIm3

AL AL, A AR B REA S T
— AR HEm3T. 2T RREARIRAIE, &I m 3T
S5 ELRIR NCRC R ZE 00 b =F 1 1 38 5 T {a X 1R,
H %W TR LA Em3 i FDNAJE S 5
Lachnoclostridium sp. YL320 3R 41 3— X 3a 7 51 A1
U HF97%. SRR — BN Fm3 M Lachnoclostridium
sp. YL32FEFEAFER 22 5. DRy m 3L D5 1 4 v
YR O] e 25 Lachnoclostridium sp. YL32 L M)
Fl7e1 AR B4 B HAE CRC R A v 4R A 15 a0k

5
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— ST TR BRI ARSIy I, PR I m 305 T FIT A0
AR, m3nYHUSAEH48.0%, MIFITEHA%R
FFER ~ BRARZE BAT R RIHDURT B8 2 A 100 M e etk A
IR1099.3%8542.2%70. Mm35 BRI R . KR
JOFFRR . $OFF R S FITHRA R, % 41A K CRCHI
R MR ) AR 43 BB 0 4 90.9% F148.5% 7). m3
5 ERAF . BRI . B X FITH A A
FE K I TG A bR R 2 R 0 AR R e B B A TRIT
(41.9% vs 0%)""". AN, m3i Bt — A SERE ST T2
Jge s 2, m3. HAZARFF R AR 25 MU B 2
TERI BRI &2 % I AUROC 40.74 (95%CI: 0.65~0.82),
TR ]81.3%, 5 SE }55.4%, BH S TRITH I &
SV IR B BRI (8.3%). m3VE WA AT AR, HAR K
HEFANZAEAN [ A 16 7 AR 2T LA B P R R
FE. LT E RN . ATRETERY . SRR IE RIIE
SEm3EAERAECRCIZ W A3 i i . m 33 [R] HAZ%
WFFIR  BORZEMAT A . Ui R FITIAL A Bon i
L B FHFIT S A 2 W sk, 78 3w 2 Wiy
R OIZANE AR AL A B ) 2 ARG 25 T qPCR
FAR, HARMXEREL, ARSI, AR
PR
423 pkstk AT HE

—RRIAFT R A R IE R & PR e f R
Al pks™ 1 3 B 5 7 51 (B 5 b pks+ R I AF 1),
2B MR IHFT R & (colibactin). KIGFT 2= 2 —FhAEH
iDNARIEEZ, 755 DNA SUETEE & AT BN BIKF
FIHEEP AL WY, 8 DNAZAS 7 FECRC A L. F5E
BIR, pks+ R HATEEECRCER (388 rp 4 )3 & T
. 3BT QPCREGINIR E R 2R A A KR LK elbA, 1
JEE R 56.4%, FRSEN81.5%. Y5 HARH EEES
T BF, 3P0 20 5 s o K DI CRC Y s M R
84.6%, FrtER63.1%"". Mpks+ KIHHFFE . BA%E
FIE LSRRI . BRI, gFOBTER GG
MCRCH, AUCH0.887, sl H75%, Fistth
98.1%*.
424 BAHEEE. HUEREAMEZRS
PATHE

NS PR T T AR ER T R W 5 E WSS AT
PR RIE T H I S AR, 7ECRCEF M 5
Fhi, FHACRCHY LA rTRES A W iEn) O i -Bs i )
PEARFEA . o F EAZARNT 1R 09 T kA g AN S 3k P
FISK WU IMYCEA L B 0 rpo BRE N FETLY CRC R h

6

B TR XX PSS R A T B IR, AT LAVER
XA CRCEEA, AUCTHETIA0.84"Y, AN, UMM R
BRI T ACBEBR B S 550U 18 T LIS R 1) ) 245
ELAIE IR (— R K T2 T 10 mmp iR 2 1E, 14
R ] ), SRS R88.7%, RSt k81.4% . 1
T ZH 2 K S b i 1 M S5 U R 9 A7 AE 5 CRC R
FAASE. 7R 2R I S T B B L B ) Y 55 LT B
BE R (BFT) AT LA 2k o0 5 766 JE 6 28 1o 28 RS 5 B2 4
MR AE T 2 5 CRC A AL . SRR A RiES
B B AN B R, il % 40 A% Wnt/B-cateninfF
AL, B L PR A,
42,5 iRk T

St b B B TR O T e R BUR TR R
N PR A T LA EL A AR AT TR T ) R S M T s
RN S K B AN M B 4 JE 3, fRFEIL-6 JLIL-855 5 AE
T, O AR s, WAEfe Ttk
RGE. — 2 ALHE I R0 bk B B R ELAZARAT R 1 340
PP IVARR, TEAIFREAR . MR R 4L
BMDJ&, THTIX4rCRCEE FfFXTIE, HAUCH
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Figure 1 (Color online) The sources and types of non-invasive diagnostic markers for CRC. The sources of the markers mainly include blood and
fecal samples. Nucleic acid markers from exfoliative tumor cells could be detected in both blood and fecal samples. Blood markers also include cell-free
DNA and circulating tumor cells. Fecal protein markers originate from host cells or bleeding, such as hemoglobin, transferrin, calreticulin, and M2-PK.
Other fecal markers include metagenomic DNA markers, bacterial markers and bacterial metabolites
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Colorectal cancer (CRC) ranks as the fourth leading cause of cancer-related deaths in China. Early detection of CRC and its
precursor, colorectal adenoma (CRA), is crucial to reduce morbidity and mortality rates. However, the current gold
standard for CRC diagnosis, colonoscopy, is invasive, requires cumbersome preoperative bowel preparation, and is
expensive, leading to poor patient compliance. Therefore, the development of noninvasive diagnostic methods is urgently
needed to improve patient adherence. This review provides a comprehensive overview of the advancements in noninvasive
diagnostic tests for CRC and CRA. Various modalities, including nucleic acid markers, circulating tumor cells (CTCs),
circulating free DNA (cfDNA), protein markers, gut microbiome analysis, gut metabolomics, and imaging techniques, are
discussed, along with their underlying principles and diagnostic accuracies. The advantages and limitations of each
diagnostic modality are also examined, and future trends in the development of noninvasive biomarkers for CRC and CRA
diagnosis are explored. Noninvasive diagnostic markers for CRC and CRA are predominantly sourced from blood and
fecal samples. Nucleic acid markers derived from exfoliated tumor cells can be detected in both blood and fecal samples.
Blood-based markers, such as ¢cfDNA and CTCs, are also utilized. Fecal protein markers originate from host cells or
bleeding, including hemoglobin, transferrin, calreticulin, and M2-PK. Additional fecal markers encompass metagenomic
DNA markers, bacterial markers, and bacterial metabolites. Stool-based testing has proven to be a valuable CRC screening
approach, with the fecal immunochemical test (FIT) being the most widely used noninvasive method. However, FIT
sensitivity for CRC detection varies across different studies and is particularly inadequate for adenoma detection. Recent
investigations have demonstrated that fecal bacterial biomarkers exhibit superior diagnostic sensitivity and accuracy
compared to FIT. Quantification of fecal bacterial markers utilizes qPCR technology, targeting single or multiple bacterial
species or gene markers. Stool-based tests offer the advantages of easy detection and are more suitable for clinical
implementation. It is anticipated that in the near future, novel screening tests based on these fecal biomarkers will replace
FIT, providing higher cost-effectiveness. Moreover, dysbiosis of the oral microbiota holds promise as a noninvasive tool
for CRA and CRC detection. Further research is needed to elucidate the mechanisms underlying oral microbiota dysbiosis
in colorectal carcinogenesis and validate its application in the non-invasive diagnosis of CRC.

colorectal cancer and adenoma, non-invasive screening, biomarkers, imaging modalities
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