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W5 4 H 9% AT % % (colorectal liver metastasis, CRLM)F AR A FEIT AN ZR W ETER 2 —. FlHHE
E 4 3F CRLM 8 57 M A B T R B CRLM BB I L. B M F 456 M % H 15 ¥ FHAE & (L CRLM ty 57
FLlE, AT TUNCRLMEY X £ &, W FATH, 2 FHEURTE. 44555 E ¥ 0 4 4 CRLMA £ o A %5 2 4
Bt — PR R TR TN 48 4. AR E A 38 3t 1 CRLM # R #1482 ¥ /8 DNA(circulating tumor DNA, ctDNA)
AT, THEZTACRLMAH W TG, FIH—FHFLHHT. FXW L4 N 75K 64 D% 4 j o 9 % A
HrCRLMA A7 B &, A TN RIZ BT TR WA E B ERS. tsbh, CRLMMF A 2 2 5 7 4 S 38 25 497 380
FRUME, N IETY R RAR R K2, HEEFRN I HESHCRLMA B ZH KU R ET A RRET BAN
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Kl RRES, SEMERES, KRR, 95t &

25 H i (colorectal cancer, CRC)&E H AT & HRZE I
T B TH A S 2 —, T E R ek AR
e AR RCRCEBGER R > —. Hrh
W e i WA AL R RS B, K2 25% I CRCE
HWNZE O RIS, R0 & R F v >
BB E AR AT, ERGSS % T R4 (col-
orectal liver metastases, CRLM)IGJT I KR IR, #)
B T AR S0 00 8 2 e B R 20%), T
CRLMZEaYIkRG, it 50 838 i shE 2
KB RS AT BRI 2540 A5 CRLMUR 2 1 vh (37 442
FREHR] AN R VAR R 2130, A5 2930% ) 835 42
32 —2RA) T IIE] B R HE R CRLME— AN K &
SER S ZHB. 2 BRI B At R
I T 1) S o LA ROk 4 BB YT B SO M 25 S R
FETER. AAERIIRIRYT BT BAYT 1 A8 o A v e 2
A6 I PF-Ak CRLM MR (1) S5 B 7k DL BT 24 ) i U

T SR REARAIRIT TR, DhiF—2 8 im R
JPRL. IAER, R E B RN AE I 25 BT S
TR TRV R R, PR AR SR AR M = 2 A I A 3R
SHEAR, GG 2E. HLURHE. JEFR R DNA
(circulating tumor DNA, ctDNA). FRANMEIIF. 2548
B RGN ZE CRLM AU 7 A5 DAty 10 FH 1) e T i e Jre 25
R(EN), BENCRLMESIEALIRI T IS SIS

1 CRLMASIRH Y

AR FIE AT AR R AR 7 R R 2 4
A SRR E AR AL B RV bR i S B, kTR T
B RE B A= DA e, X PR S RRAT B TR T TRE A2
TER WA T O iR ) 2373 B4, 2509 7k L R Bt
Ja. TR, TR AR AYER S HE) 1k, L
L5 AT RS G 1) R ek, i R4l e i
Wiy SR TS VA B AR
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Figure 1 Application of imaging, pathology, liquid biopsy, single cell sequencing and organoid culture in accurate medical detection and evaluation of

colorectal liver metastasis

L1 SBRAAECRLM IS Wb i

AR GEFAR AR 7T LAAR R4 AGH I 4 AT S 1Y
CRLMYLE, SRT H T Il 3t 30 ) 2 B 52 2 R 512 o
HRIEZG T EES, AEMZER I AWk
Y B G IN G R o ke ) oA 1 22 S AR . R B
AR FEAR S D7 R ARE 2 LA IN Bl G B 110 T R g 1
SR I S 742 (14 S EUI B 48 AN T 19 el ke
FNZFCHELEAWE. HEQ, ARAFF2A LT LR
EZRAY, AU (45 2 FRBOoh BT E P/ BEAILE) . 2L
M. 5)1ESE, ©B AU T CRLMAYIZ L.
Raoi5 A IS BT CT AR SCER 53 B ook [ i PE %
(n=10). 25181 H N FRHPERFH R (n=4) 80 054
F(n=15)CRCEH HFEAT 225700 Mr, S5 R & B[R]
PENT e 58 9 ATV 200 10 35 = T I e 7%
(P<0.05), AP35k 8T R #% 5 E
(P<0.05)". ZBFFTRI, KA AL R AR SO H
THABAEAHE, EAF T RIS WICRLM. B 512
RHRTE, AL /4% (convolutional neural network,
CNN) 2 £ B8 UGBt P A Z FPRFAE, JFE#0IE
BAE g 12 W 5 T A AR & R I, Lee S8 A%
I~TTTH CRC 2 3 (i F CONIN A ST 52 5 A S 1R 2 4R A
SEF AR FBCT AR I T EF R %A oE &

2

B, 55— R ER AR EL, 255 I RERIE AR
L 2E R 0 25 R TR AR T S A7 S B 2 B T L
H K IIZWERECF I AUC=0.747). R FHCNNTY
FAGQ AL 2F R RAE AT LAAG SO0 Pl 68 B0 S s A A
Joakt, AR TFRIBATT IBERE, X B AT (1)
W B O R,

1.2 SEIRA ARV CRLMEL S5 P KBy
TEH

L LR PR A K AR (histopathological growth pat-
tern, HGP)J&—MdL T LFERAL S5 48T AR g I ik
AT R A ZUFEAEY. HNT, CRLMA 3547
FHHGP: B A FNSE g4 e A=/ Hofib /D WA RS
AR, BEEERRTE SRR, AR TCTIR R4
22T MRIAYFZAG 424 7T LG RLX 4 CRLMAYHGP.
Cheng s N4 A T 12600113238 50 RFUIFR AR I CRLM
BE, RGHLURHZAIESCHGP A, Horh e8| 4k
ZE UG A HGP, S8 B RIHGP. A5 & il &5
R R AEAE X 43 B B R HG P RN 25 45 4 438 £ RIHGP
J7 B B A 0 FOI e (U 2R AR RIS IEAE I AUC )
1540.926710.939). [FlA, HanZe A" 05E T 18249112
A CRLM AR B A EMRUE I, 45 4L 7R e R J&] 5%



15 20 2 Rl A B T AT ] B — 3 51 s R ABE 2R X T
HGPRITIIMZLRE. [HIEF, CRLMRZHZUREAAE K 7=
H5EBEMBUG KL, NEHGPEA A [F K fo ik
RIS Hovp | gl g 4 RIHG PR U 2 TP 488 Bt
M, BUERSE . Bk, T CTHY
AR 2 L T MRIF AR 4 24 X S- HGP Y 25 A7 )
TVPAT e SR S Tl s 2 A T

1.3 SARAAEVEAS CRLIVIE R 89 )i

CRLM 3 [K 2825 IR 25 ] LAAT R Ry lfe R VAT Al
TG TR A R IOR(E R, LIs SRS ARk
L ERITIT BRI G RETTEE SAR d 2EAT DL
T ARAR ARG GE ) UG 7 1ok R S R e ik s 2 2
VRIS AER AR, TTE— 25 1 e o e e 1),
RAS/RAF/MEK/MIAME 5 817 54l (555 UL R R 22
HF TR (I BEE S, PN e, A, ImAE
A BRI, 2%t 0 SR VR T e & AR Y
JERACY, PERIE, KRASHAL & LE1E45% B PECRC?!,
NRASTE K ETE2%- 7% A5 TECRCHE# Y, BRAF
GEAL I A 8%-12% KRS PECRCHE Y. Yang %t
LI 7HICRCI AL B T TR K CTRAR T R U 346173
SFAERE FIKRAS/NRAS/BRAFEE H 28 48 147 T W%,
SR EM, B FRHESKRAS/NRAS/BRAFZAE iR
FEAK(P<0.001), FMKRAS/NRAS/BRAFZASHY
AUC. U EFIRR SR 7RI 4E 20 512 0.869 0.757
#10.833, TEAEST10.829. 0.686F10.8574. # T1 &
k& EME(microsatellite instability, MSI)A] LAZKEICRC
KRR, BAETEA%NFEBECRCEE . M TLERN
Fa TR X R RE 17 335, Golia
Pernicka%F 38 13 45 6 1984 £ & (134451 i3 DR A0 Mg
F6AFIMSTRIRD I AR AE, MR & ECTRAAG Hh L
254 AR A F IR AR, BT T AU IR IRAFAE . A&
FEAR U 2 FRIE FUAGR A 24 56 R FRIEAH 45 A 10 3R 7
TRLHY, BRA TR AR E M S Dy T A T HoAth
FhAEEAY, YR AR A AUC /514 0.80F10.79 (4
SEAYRIH96.8%F192.5%) . TR, AR ELH A
P i OO A B AR ARG AT T R I FE R ek,
FEACRLMIP) 4343 BP9

1.4 SPIRAAAECRLM B B v

AR =] APPAR AN (5] PR 5L A T U o 22
5, T IES2 A7 sTFE T AR B CRLM S Y

AAERT SRHGE, CRLMSAAGR A 21 Y SR 5
FHTG A, HAPCRLMAYE S BA R B IFAH &
(HR=0.16~0.63"", FI HR=0.44~0.95""). Dohan%:fi -
552306 CRLMAE & ALI T HITE 2 H B CTI T Bk i 1A
5 A BebgRg AR St 7 TS 6 H RSP A i 1
BT MR (K BE S RECIST L. LIEA AR AR 152,
[, 252 ST A B Aol . R N T 728 1 235
JE LA K24~ H CT UGBS T 22 R AE, P LATE A 2L
g B A=A, FERET BE HH FOLFIRIER & DA b
VER—LRIBTFBURICRLMEE . BT R g4
FREAD, CTEIE FAYCRLM#ZERE . ShapeSI4(GL 14 4H %
FAE) AR 2. LA M PET-C TR By o — 28
PEFI A T WG 5 AR A AR 72,

TR 2% ] BIRS R TE AU AR 4 A AR N Y S R 2 2
TR A BUE T B8 R, X R e i
o) KRR S, A SRR 24 BFEHE, I T4
Ay o EIFITN ST 55, SR, PRS-~ ST HHY ( ml fig g
P—T Rk, T HE 25 SR, R
S E AR Ko A R T A0 . PRI, BFSR N B R AR
AR R AR o IR R B R A mT fig bk, ol i
R IV BRI P M 54 55 X ey ykn]
VLA B = A ANAIE 98 N D3 B8 G b FAE A A 280 7 ) 245 5
FEAR AR RS B v A o] {5 AT B3z . 53 ok, TR
JE 2 S BRI P — D B RN R, R
XS R R e R AR BRI 0, (AT
P s A I R P PR RE FT RE S BT R . IR,
h TSRz ARRE ST, WFE R T BRI A
R 25 RN GR i, I AT I K0 A A0 56 A 3
BB S B, TR A I RUAE I R B F v B
KBS, W8 G R 2 FREE 2 2 FoR, nlLLse
BB I 2 W . TS PEAG FIA YT O AL S
D5 T SR, AN, nT AR AR 2% 2 BORL [ shilR sl e
SEART I SN, IR BYE L TS R RIA YT
. DRI, TR 2 ST BRI AR AR e R S 3 o o 7 sk
AR ZME R, & SRS M B 2 A A Y DG A
BoA.

2 CRLMEH SR ARG

YR HE A R CRCIIZ WA MU Y S b,
MLV WAL TP E S B RYE. LR
PG HER AL 2 SRR OLH. R RIECT R BEER K&
N TR BN LUR B fr, 256 HAImIRE R,
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5 YR CRLME % M L3677 28 9 PE P B T VA
R E TR,

2.1 PR AW CRLMAY E B T4 7

ffi i CRLM 4338 [ 1 G B 5 28 (AR S F de £
TRITYUE BT E. Rajpooti1 BNVt e 3 21 /&
T4 17 F1 B 98 (TCGA-CRC-DX) BA 31 FR1 49945 H 25 1)
5025k i & MCRCIZWI ) i &k 1 — i TR B 2 )
A, WHEZ (A1 CRC Y] A &R b il DGR o 4%
MZEARRPIRES. R, MIEAREMN., REafkR
FaEME . BRAFZRADIRZSMITPS3 R ASIRZ AT L H FL
HEZL L3 7 U F AL U R B, 539 L LA &
TR A T R, ELEWRSE R L
(5] %) v T2 92 T K L 40 L D PR B e 8 400 5 e T SRR
FETERASE, 1 LA A% P JRa = i I £ 400 e K e 491 Y 2R
FEN R AN S i AR A e, Il B T 4 B T
TR CRC HRIIfs PR HE 22 28 48 F1 43 F- i 42 (UAMS ) IR 57
ATHFX B E AT, 53T T s T e 414
2= TR E, AR T RETEAIR, JRIGE Ao (a] T pR.

2.2 HBURPITES RGAECRLM BTG A1 2 pillir)
B H

X T CRLMYig kL, — 268 2L 11l RS R R R 9l
A B|CRLMIEZ AR PEAT UIBR AR 5 B TS 32> R 5¢
1, UNordlingeriT43 i PR KU T30 E4E g,
Kt 2 Y RETRGE, TR R/ INR S RS B T
B 51 #0343 (tumor burden score, TBS)¥fCRLM
FB O TUS J 0 BE 7 D44 G A I R KUK P47
SR, X LEPPIr R G0 HORHE T I i AR, IR
FLARZE [E IR A0 A 28548 25 g 2B KRR TE RN 40 i
SERIRRAE, A SRR L PPA CRLMA & UK.

LA, CRLM AT LE i HGPR X 43 AN ]
RO FE—IHGPIFSE R, ARET6A A P AREZ AL
ITINAF e A RUR R, TEIFHER VIR AR J5 SAR A %
iK78%, i HAMIE AR Lt H 3 A3 — LU B 37%.
MRS R, AR A B R e 4 A
BR IS SAEAEIG 321K 53%, T HABS RV ARG R
40%. FE—I78011 B 1) Z L BRI TP kS, £F
S A R B AR e A AL R A L, BT
YRR, A, A HGPHRILE I M S i 5
At AT DL BRI K KU B CRLMER Y. i
[ T LU 5 SCATE TR AN FILL(HE) e A R 200 v,

4

Jecs A 5 B0 694 T 5 5 o 40 i AR A I o 0 10 B AR
Z b BEAEBFSTHGE, =g ]t S CRCERE TG A
Q*H%HZ,AB] )

FE AN MO 25 A8 T T, IR A A R 1 LA S
HOHUEHECRCH HA WG M A, YA Tt
(chromosomal instability, CIN)/Z3&HH A Fa e PEr) 3
B Z —, WA N ECRCI A —FEAEdLH, AT
K2165%~T0%H) 3 4 b, 38 % 7] NDNA %44
WP JE T AERDNARE B AL HECRCHY K R,
HE AR SCRCEFH G A BA X Y@ Fa g,
GG ERRIZER . ALE AR, PTRER AT IR Z
APERNFE KRS, AT A0 Tt FE h JE IR 0 35k
FASAEEY, A4 AL B T BRUG A 7 BE H T
Mz g A 2L RS, BRI R — Rz g
SEFUR P FRATATBAR 657200644 A Z20184F10
H 30 1396147 46 7T Y1 BRI CRLM R 1 I IR i,
A3 MR R kb g 4 2 VDN A ebdgg 1) 5 L RN
Ay BRG], HTFEERS AL TP DNARE I ECRLMER &
JFVIBRA G Bk 7 5 R 2, 55 TBSHEA RRIS T 41l
WG IR T B 702, IS5 I DNART LRSS TBS
G325 R i AU, SE A RE A N Bl Ak 7 Rk gR, ik
o XU AN BE ML G B iy gk 2, RIS [F &2 2 K
B, X F A PIBRCRLM B F AT AL AR S5 Sl BhA
I7 T R R R A B R S AR S BA Y, A
HCPR B MR K KU X T = 2 KU 3, il
BIEYT 97 A ok T g b ik g IR YT, AR AR
LR R ohE. SR, ARG B 4 /E CRLMBFZ Hh S
TR, G —e BT Sk, B RNk
ORI AL B BRAR.  FR IO 550 A1 e 11 e e A 2
Yo PRLH 2= P BIF IR SE R, FEAR B = BB E LA TR A
M. HIEF ARG (BT 6 B A 5308 T =5
BT FUETTEEART6, BARIXHE ARIEAW
WEA, (EFE R . RS RUSAR R 25 5 AT AT B
il LA, B AT AR AR 52 = Pt o B < 1o 31
e AR T I %) ) AL S LA = 7 A i B B B, T
T AR B2 E MG ik A b, ELAHE 1 i
P B R R AR AR, SO PRSI B T
AR,

3 ctDNAKNTECRLMIT) ) H

W AR TS A PR R PR K R, 36 B DN A
(ctDNA) itz A0 R LI R L, BE AN e i)



iy, WS K. VEITTHZG . BUSS L2 m
VR AR, CODNATT LAZE & IR R 1 1
TS, REER W R IR T 0, B —E I
PEPO XFFCRLM, eids a4 2% feokt ot DN A I
PG BB ZIRIT IR IR AL O, A B TR R A
T2 N —RTT K.

3.1  ctDNATENYJFRCRLMIT W H

ctDNAKGIAE P H] B CRLM 132 FH S5 R334
PECRCHE A —3K, fe £ B2V B9 k- (minimal resi-
dual disease, MRD) kI LLtkds ARG HBIATT.
ZHFIE C A CRLMZ AT B BE (L3 B4 BRI 7
BENVARYTY « TELE AT VIR CRLM I 4 B VA7 45 & %t
ctDNARHIM A ¥ AE R M T TR,

[ N2 FHR R T ARETCDNAMR A 5 CRLMA J5 4k
2P B R, RATCDNA K- 5 g 7 i i
IEAASE, XHR LA TER. HAEETFRIA21264)
FZPOEZ TR PR IR EE, Hrp40 ARRT
FEZ MK DNAKG I, 7 1l 2% A G H AT AT 28 AR A
HARRTDNABIPER. H A 80% (32451 A6 45 55 4 B
Pk, 57.5%(20/32)ctDNAFHMESR E ARG &, kA
P HI(12.5%) B %, tDNAFHE: B {7 RFS
WS TRAPE R, (A B AL, ctDNAPHPE4 B
FRA W 44 H I AR XU P43 (clinical risk score, CRS)M:
43 R05, (R W44 B E IR G H I

AR, Sk FAMD Andersonft—I 5T 4 X ctDNA
Kl 8 TR A BRI, B 7 PR B R
ctDNARY AR5 R4 A 248 FNCRLMA S5 A A7 2
[ FR. FEFYIBRARFT ARG ctDNARY34%5 35,
1951)(56%) R J5 ctDNAFL B (ctDNA+/-), 737N 541(44%)
53R M FHPE(tDNA++). RJF ctDNA FIM: B 47
TR KA W (recurrence-free  survival, RFS)J&ctDNA
PHYE R E 3L L, HE R KEE ARG HEN. X
— IR IARIATE AR ISR B E A IMSE ctDNA
M SGERIAAAE, PO BB A ARSI PEAd A HiT Y
ctDNASEX BH AT UG )2, R 7% AR JF
CtDNAKPIRZ. TieZE A VRIRISE & VAT RT85%H
CRLME & Al LI ctDNA, 1 TR IG5 24%A] LA
K], A S5 AT B DN AR B 5 KK 3 ctDNA
I ERE M L, HAA IR TR R R MR AR
Loupakis 28 A2V T 1124 32 G TR
CRLM/E#, 7E6144 B h R ctDNA R, Hrhs594

O7%) I MBI, BAR, RIFIEGIH tDNAFRAR
AR R S A Sk, FRATH LT T RIAR I ctDNA Y
I BRI 210 R 30 R DN A7 S5 45 7 5 PR % 7K P4
o P R R Y R B e, R AT YT BRI ctDNARE
IR A% 000 B 4 ) IR IR Y7 SN . AR B S BhiR T
JEATSRERTIN B tDNA B 5 5 B E BN I E KA
WK, A MctDNAS T A 0] LUK S BMRD, i
A LA A4 Bh il 5 CRLMIBR AR 5 & B A1k 4l B
BITHE.

3.2 ctDNATEANYIFRCRLMIT)N H

I CRCIY 4 BHA YT RIARYE B8 19> T4 24
HEIE, 1T R P 23 5 0 T B TR YT O U D A
Z 1 B  TREAI R AR B9 & R, i ctDNA
AT A 210 i 35 DR 2R ARS8 IR YT R IR I il R AE T
R E RO YRR, A, A R A 4 (R ASFE P
ZEAS MRS AT AR Ky 520 IO EGER BAHTIA YT 1Y Ji o Mt 24
FEFR; PRI BRAF Y P AR R = AT
(Encorafenib, Binimetinib, Cetuximab)fid i ilEF5 5 5
REHBUGIERRC. BIR, R HLUGRIF AT I R
o7 P B T B, T RS T ARG 140 T A5 A S PR o i
FATFIRIR. eah, RIS RS T S M es 56 R A A 2 5
k.

B, MancaZs \ 3T ValentinoWF o dE, &
T3 i DN ARG I 52 17 e 4 28 1 1 B A R 1 LA
K AFRTEAE HPTEGFRY 7L Rk 25 5 0. XA &
HRLR M FEA A B 14T, 251 5
JE R SVREARTN P 25 SR AT XS L. R BRAE 2 HTEGFRIA
ST R ECRCEE T, Rl F|RASHIPIK3CA
Gk MEZAE. IF HAESR FHIFOLFOX KA JE SbiifyT
W EE R VE 22 S5 98 R, ctDNAKZIN 41 & BLRAS/
PIK3CARAEM A MG 2E, VAF>S%TEH 22, X
FWctDNA A B AE A TR SURE AR B 25 BR 1 %
e RIS FH (B, T LA Ay s v b 0 2 L 1) 97 3K 25
B AL TR R FAM LI, RBUERE
CRCH A MIEADNAH 1) RAS F1 BRAF 1E[Z55
4142.6%F150.0%, HAFH 53 5143.6%F10.7%. BFFEIESE
TR ) 3 R S AR RS S TR Ry 4 B IR 2 K A 28
ARSI A, R PR 2 (0 I [ S 25 AL S B, S b
AR B | ESIG R TS 1Y 2RI 22, I RAS/BRAF 2745
HURE A Sy A R ) S AT SO AR A A 30 (B S

NPT, 42451 B RAS/BRAFZ 75 ()5 B 1
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CRCHEH XM THIEGFRIGIT IR B BE. 28 s =4
i 24P A S DR SR AN B, R RAS PR 25 LR AR R AT
B4 2 mCRCEFHS. TophamPIA"" @it zh &
ctDNAZGT AN T 241 0] 5 Z2 58 THEGFRIA
ST IImCRCIRANA 2 AE K135, %5 H S HTEGFRIGYT AH
K ZAF RS (124 ) $5 DI 25 (29 3R 5
FERELA (13 FE ), I RZLAUFSEHIEGFRUA R34S
PRI 24 S 1k 225 91k B9 SE R Rk s & . R, ARYE
SIACIDNASTHTEE AR, A B T IE 2% 5k e IRIA Y P T 24
PEHR SRS E AR Y7 SR

Zi b, ctDNAYECRLMBFSY H HAT B RS, B4,
T e IR —BE AR AN A IR i, R LA
TEZFICDNAKINE A, A0 —ACIFE, B R A Bk
FN R AR S, AR RS RSk
NSRBI S, FEES R0 — BTtz 35
M. P, coDNATEARFBEZ AR E2ES, 02
LR R, W YRR BT . B
TS BEAE, KB [H ZE ] RERZ I ctDN ARSI () v 1
PEFITAT S, PRIIL, SCEICtDNATECRLM A (4 1 1 FH,
Rt e (NPT 2 7 AIE A B

4 AL IS TR ECRLMI W H

4.1 ANIEMFECRLMIY ) H]

B IR B ARAE S — R B PR, AT RLSE
IR0 B S BRI T A3, s A LA 1) S o
Pk, FRAFEALHMIACT- YRR 2 L A S 4 RN ER 1 B4 55
ZFER, FEASCRLMY TR HUS U2 ety ryT
ROT A AT

H i 540 i) 7 £ AR AE CRCHIFFE s i) o, A 3 22
TE T AT IR PR e 0 AN S B 181 55, 248 b T Ioh
Bt e, X R 5 IE R AL RA YRS
SRR IR 245 A R LU 3], A s e A2 A4, DT B
FERRE AL PPAE IR AL, AR AR
ST O IR IR B AR 1] BT B0 L /KT X &5 i i =
TEHE RS UGHT T RGN 2, #7145
B IR B B N BURRY 1) S0 B 7 SR 2R R 5 e £
PEIRITIITER], 878 T Anti-CSFIRGLEEIRIT T 32 (1 i
Je FH 5 W Y (tumor-associated macrophage, TAM)
AN RE S CRCEZ HHIUSPP 1+ TAMAHIIME:, Al fE
7 Anti-CSFIRSFRUMILR IR, 5 —Tk AR Bk
SRR T R e LA RN A 3 R0 %5 (] S 21

6

2200 M1 T CRLMIR S 5, % BT 4% ) S e o 85
GUIT ) IZ W E, s B T e .
MRC 1+ CCL18+3 1 it 5 W 41 i b T 2K 4 fb A G
TEFRIRAS, (HHARELS T IR, A58 0 ULER 2
BibY T BB AR T B A A LIRS, e XS ARYT
RURRIY FBE KT T R P e . BRI SRR,
HE) VAT R A0 AT i A ] B S 0 L A AR VB AR R
U T T PD- R A5 300 R 2k 4 B AT TR
TRREER(MSS)CRLME A I F3CH PR, —Ik A
5 6] A BAF 5 ) FH BP0 B0 A T TL- 1OBEL I Yo P
T2 FICAR-THHMIIATFMSSEICRLMY P AL, BT
AT T CRLM A = AE R B IL- 10/ A B SSE,  bhig
TIL-1037Y7 575 CRLMGIREE G 53 40 26 10 ek [ 4
AR L. S5 BRIL-103RY7 5 B 5 3 = CD8+ T4l
FL A6, HmE 40O HLA-DRAYFE TR, FHH4o 7k gk
CAR-THIAEIThAE, A IR MSSEICRLMY T, h
LI 2 B T 25— = o AT AU 28 45 T CRLMO A B2 B4
JI3E, HoAE T D R M TR AICR LM IR I 40 3% 2R 1)
25, HCRLMYTRGEAG SR T3 42 idr s ).
BEAN, BRARAITF ST 3 B e A G 2T 2 40 il (CAF) 5 g
o PEAM AT 25 BE A G, b B 47 AR CRLM A 5%
BCET 2 20 5 PR A e AN R R R — T
VT AR5 4 RN T CRC I & AL FIDE L K 47 CRLM
() PR BB, 2 SR s TE A RS B v AR Y
MCAM+ CAFA[fEi@ id Notchfs 58 ML T
CD8 CXCL134M A i

UTAESR, ke ik £ (Y AFF 5 R FH 240 e 00 1 AR
SCRCAME A S e, a8 [ B i — A B A e g )
EERSAT N, YU R A RS A ) R T A R R R YT S A
S KRS R IR A0 A, AL S CRLMAE N 1)
CRCFEREBLA BIRY T Y7 RO TA $ 148 PP 200 ik J2 1 1) 40 1
bRy, — TR K FAE NatureHBIFFE ) FH BA 20 B 0 5
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Research advances on precision medicine testing in clinical
application in colorectal liver metastasis
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Heterogeneity of Colorectal Liver Metastasis (CRLM) is a key determinant of variable responses to systemic therapies, and
precision medicine diagnostics have shown great potential in assessing this heterogeneity, offering the possibility to
overcome current therapeutic limitations for CRLM.

The integration of radiomics with artificial intelligence (AI) allows for an in-depth analysis of imaging texture features to
evaluate tumor biological characteristics, andpredict molecular typing, drug responses, and prognosis. Particularly in the
early diagnosis of CRLM, radiomic features such as entropy and uniformity are essential for identifying minute lesions.
Deep learning models, including Convolutional Neural Networks (CNNs), have significantly enhanced diagnostic
capabilities and demonstrated substantial value in distinguishing histopathological growth patterns of CRLM, predicting
genotypes, and assessing prognosis. The ongoing optimization of model interpretability and generalizability continues to
drive the advancement of precision medicine.

Histopathology, the gold standard for the diagnosis and staging of Colorectal Cancer (CRC), has been enriched by the
combination of digital pathology and Al technologies, offering new perspectives for personalized treatment and prognostic
assessment. Pathomics, which predicts the molecular typing of CRLM, and histopathological scoring systems such as
Tumor Burden Score (TBS), play a crucial role in prognosis assessment. Moreover, subcellular structural parameters like
the tumor stroma ratio, DNA ploidy, and nuclear typing have been confirmed to have significant prognostic value.
However, pathomics still faces challenges in sample acquisition, limitations of technical platforms, and the complexity of
data analysis.

Circulating Tumor DNA (ctDNA) detection, as an emerging non-invasive diagnostic approach, has demonstrated its
clinical value in screening for CRLM, monitoring recurrence, assessing therapeutic resistance, and prognosis. ctDNA can
be utilized for the detection of minimal residual disease (MRD), guiding postoperative adjuvant therapy, reflecting tumor
burden and treatment responses, and thus predicting recurrence. The dynamics of ctDNA are closely related to patient
prognosis and contribute to the realization of personalized treatment. Nevertheless, due to the diversity of detection
technologies and challenges in accuracy and reliability, ctDNA detection techniques require further optimization and
standardization.

Single-cell sequencing technology, by thoroughly analyzing the heterogeneity of CRLM cell populations, provides a
novel perspective for immunotherapy and efficacy evaluation. This technology reveals changes in the tumor
microenvironment cell groups andexplores immune therapy tolerance, as well as metabolic pathways, offering a scientific
basis for the development of new treatment strategies. Although single-cell sequencing technology is relatively mature, it
still faces challenges in the complexity of data analysis and cost issues.

Organoid culture technology, as a novel preclinical model, can predict patient responses to treatment and closely replicate
the physiological characteristics of the primary tumor, which is significant for drug efficacy evaluation. However, this
technology also faces certain challenges in practical application.

In summary, precision medicine diagnostics have provided a powerful impetus for scientific research and the
optimization of treatment strategies for CRLM. Despite certain challenges in technological development and clinical
application, they hold immeasurable potential for future oncology treatment.
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