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ABSTRACT

Objective To explore the predictive value of multi-parameter 3D MRI radiomics model for colorectal
cancer liver metastases (CCLM) and the analysis of related clinical risk factors. Methods From January
2019 to June 2022, the clinical and imaging data of 198 patients with colorectal cancer were collected
from our hosipital who underwent preoperative MRI examination and were confirmed by postoperative
pathology. It was divided into training set (n=159) and verification set (n=39) according to the ratio of 8:2.
The T,WI, DWI and e-THRIVE+ sequences were delineated layer by layer to obtain 3D VOI, and the omics
features were extracted and dimensionality reduction was performed to construct the radiomics model.
The independent risk factors of CCLM were screened out by logistic regression analysis and the clinical
model was constructed. Results The combined T,WI, DWI and e-THRIVE+ imaging model was more
effective in predicting CCLM than the single sequence model. The AUC values of the training set and
validation set were 0.919 and 0.896, respectively. Multivariate logistic regression analysis showed that
CEA, CA199 and NLR were the independent risk factors for liver metastasis of colorectal cancer (P<0.05),
and the AUC values of the clinical models constructed by the three were 0.800 and 0.791 in the training
set and validation set, respectively. Conclusion Multi-parameter 3D MRI imaging model is effective in
predicting liver metastasis of colorectal cancer. The clinical models based on clinical indicators CEA, CA199
and NLR have certain predictive efficacy for liver metastasis of colorectal cancer.
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1.1 ARIR FHARHEHAN2019FE1B E2022FE68 EHBEEFRE—WREERARFTT
MRIZEBARRIEBIEXNI8HILEEMEEE IRKREGRFERE, B1144], =844,
FERR(60111.04)%, FRSEE(31-88)% . IGEMMIEEIRIRS: 2tb619 Rl
5 (n=159) & BE SR (n=39),35E FA RV REA #7289 123,

MANITE: RERBIESANEERRE, AEIRKDHIN 1-1H;, Rail-2@E=d
MRIZE, BGRERYY, THERNEBEFNT . HRIME: BEERSIRKT; &
HEMMENREEEEE, HaRERIERATS.,

1.2 FEBRDE SANHMCRCEEREVEARZH. Ni2ERES. BIERAIELAME
H5-36 8, RIEREIHLE R EE D NEFFEELA(1236)) R AFEZAH (7561).

1.3 (NBRKRERE RARZ3.0T Philips Achieva MR, EERIEIZEMEE, BE
FREF4NVER, LENPEFBMINRNERAESZHITHELES, TERE LA
5-10minflRAEFILEER20mg, USRS, BEANKT. BB UERR
MBXARD, BEETREEHERKH. EERPERIIREXSHOT: (1)HAT.WI
HREEFEERFES): TR=5173ms, TE=85ms, 4EfF: 220X220, BE: 4mm, Eid
B5: 0.5mm, NEX=4, ETL=16; (2)DWI¥ #i#XF5): TR=3150ms, TE=53ms, %E
BE: 375%302, BE: 5mm, BIEEE: 1.5mm, b{E}R800s/mm’, NEX=8; (3)Hhi
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e-THRIVE+FE5(BIT.WI 1838): TR=620ms, TE=20ms, 4BFE:
280X 336, EE: 3mm; MRIE5EXT Lk I8 AR Ik 14 & 5257 Gd-
DTPA, FEX10.1mL/kg, EMEEKE T,

1.4 B&9E TSHRadcloud PAEMEXABAEREN
T.WI. DWI. T.\WI C+E& LB BEIGKRE S IRENBHRE
IMFshZE B A EFRI R F3DEMBX AT (volumn of interest,
VOI), EM#BX (region of interest, RONBEFTHMEBRAEH,
ARERALIEEFFILABESE. RN E BRI (B1A-
1D). HEAMHANENEEABHE, EER>5%, WHEEA
ZIRIRET R EIMRAE MBI R,

1.5 HETSE. PRENE. BEWRE MRadcloudFEM MR
EGPHRENHELA22TINEERGRE, A=A, —MFit
H37T8MERFEL EBMELEITEEHES MR BBRER
BENSH. EFERNRTHFESES420 REKIFEARM
R =451, SURSMENRIEBEREREKEMRERLEL
BIEMEITE, H15750, UEAXEERMER. XALE
E{& (threshold=0.9). Select K Best(threshold=0.01)F1&/)
33U 4e AN %X B F (least absolute shrinkage and selection
operator, LASSO)(cv=3, max_iter=1000) =F755% LU TT
REHE, TH—PRHDERNIIER%E, ETMENE, MR
RAfER (support vector machine, SVM) ZFRENMET &
GAFRERE, HRAREBER(confusion matriax) 5 7E
WIFTREMNER M. BAANNIRKRER (Fi. FBEKR. &
B, CEAKF. CA199KF. NLR)RA®EZHAZogistic@)IFHFE
CCLMBYMHII BRI, MEIRRIER,

1.6 A% FASPSS 27.00 MEDH. Fxf(FEH. MEE
B)EEMAEHITESHERY, FEESHHE, LUK EInE
ERT, HEER(MR. CEAKTE. CAL99KF) LTt ERT, &
SRR ARSI RARIEARTRERFEHRK, hEE
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BIA-EID £, %, 534, EIA-EI1CH-FIATNL. DVI. e-THRIVE+E b Ji g
R FHAEER, AR A ARL E1DN 4 E f52]63D VoL,

NZEENABZER. P<0.05, HEEREBRITFEEN. XA%
RARZFELOIEMRIGHRER, WERERITEEXNIEGHITE
HELIERE(ROC) & DT, HiItBRHMBENEHL TER (area
under the curve, AUC),

24 R

2.1 InFR—ARRRILER IS ESWIEEEAFELR. MEKE.
M. CEAKFE. CAL99KF. NLREREHIHHE X (P>0.05)
(&1)o

1 HpBEE—RBHLR

S plEES IESE 3
M-(n=99) M+(n=60) M-(n=24) M+ (n=15)

FR(%) 59.98+11.40 61.30+10.63 59.50+11.85 60.53+10.05 0.029

£#=Z(cm) 4.231+1.58 448+1.17 4,61+1.54 5.09%3.06 0.084

51

% 48 41 14 11 0.068

z 51 19 10 4

CEAKF(ng/mL) 0.368

0-5 80 24 17 7

=5 19 36 T 8

CA1997K ¥ (U/mL) 0.326

0-37 93 34 20 10

=37 6 26 4 5

NLR 0.064

0-2.84 70 27 20 6

>2.84 29 33 4 9

A M- BRFER; M+ BFFER,; IR (carcinoembryonic antigen, CEA);
PEXHR199(carbohydrate antigen199, CA199); iR S HE A LL{E (neutrophil-to-lymphocyteratio, NLR)o

2.2 WEMESKEME 5EFBAEREEMI22TMHES
R T 1078 MEIE, SAFHASelect K Besti&i% R 7698 MEE,
&fE, A LASSO BAfE 7T FREAEN20MRMEE, &
KATFRAEN (SVM) DRBUET R ERAFER (E2A-2B),
RN TIRATHERGAFER, ERKXFELEFITER,
CEAKF., CA199KFRNLRKFERBAITERN(P<0.05), F
. HEKRE. HIERTRITERNX(P>0.05), #—PZRE
BIBEIN I ERCEAKTF. CAL99KFERNLRKEEREHAS
FiITEENX(P<0.05), BIffitt =& 2CCLMAYIR BREAZR,
HITIRREE R (R2),

2.3 BEREMBERIES R

2.3.1 REBAFRINERLIEELLIR(R3, B3A-3C) @ith
i, T.WI. DWI. e-THRIVE+ =ERENSZGAFERE

INERE(AUC=0.919) 5 101F & (AUC=0.896) P TN M RE T
B—EARAFRE, 23 ATWIGNEEAUC=0.819, BIEE
AUC=0.787). DWI(IIZREAUC=0.880, FLIEEAUC=0.844).
e-THRIVE+(IIZREEAUC=0.902, I8IFEAUC=0.858), RAREE
FFE, RN GRERNIAERE BTN RE,

2.3.2 ImPRIEELN R R I IE S LR (R4, E4A-4B)BILLER, &
FCEAKTF., CAL99KFRNLRFFHEZMNIRREREIIGESLE
IEERMAUCIED 71790.800%0.791, &FRE—IaKERRE, 5
FACEAKT(IZREAUC=0.704, HIFEAUC=0.688). CA199
IKE(IZREAUC=0.686, FIFEAUC=0.666). NLR(Ill% %
AUC=0.629, I0IESEAUC=0.646), EEFUNMRET LREEA
FIREL,
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2 BRED LREEADM
M-(n=123) M+(n=75) x 2/t P B SE Wald P OR 95%ClI
Fie 59.89+11.43 61.15+10.45 -1.76 0.438
K7 4.30%1.57 4.60+1.71 -1.243  0.215
g1l 6.833  0.09
2 62 52
z 61 23
CEAKF 28.711 <0.001 1.171 0.366 10.219  0.001 3.227 1.573-6.617
0-5 97 31
=5 26 44
CA199kF 31.283 <0.001 1.857 0.46 16.267 <0.001 6.402 2.567-15.782
0-37 113 44
=37 10 31
NLR 16.848 <0.001 1.427 0.359 15.793 <0.001 4.164 2.061-8.416
0-2.84 90 33
>284 33 4
R3 EEBREAMNCCLMEE R4 IRFRBEBEFACCLMBEE
B35 AUC 95% Cl Sensitivity  Specificity 451 AUC 95% Cl Sensitivity Specificity
ke ZREE
ToWI 0.819 0.665-0.973 0.720 0.670 CEA 0.704 0.617-0.791 0.600 0.808
DWI 0.880 0.813-0.947 0.760 0.800 CA199  0.686 0.569-0.777 0.433 0.567
e-THRIVE+  0.902 0.841-0.963 0.840 0.850 NLR 0.629 0.538-0.719 0.550 0.450
=% 0.919 0.811-1.000 0.830 0.800 =% 0.800 0.724-0.875 0.583 0.909
Cirahia-S Urahia-S
TWI 0.787  0.645-0.929 0.840 0.670 CEA 0.688  0.609-0.766 0.587 0.789
DWI 0.844 0.701-0.987 0.830 0.670 CA199  0.666 0.584-0.748 0.413 0.919
e-THRIVE+  0.858 0.788-0.928 0.840 0.620 NLR 0.646 0.565-0.726 0.560 0.732
=% 0.896 0.834-0.958 0.820 0.830 =% 0.791 0.722-0.859 0.547 0.911
o e/ @

F3A P HRAFEAEBAN GERICH %, BB PHRAFKEMEIIEERCH%; E3C 87| &R EA R T 6k oy R G EM
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FFAERCRCMITHEBMNETESREE, CCLMBECRCEEMNEE
R, MAE5) (0% & E280%-90%) B BATREF K22
Pk (AN, 38, UE, AEZEEESEMm), Hik
RIELES £ EHEA% T, BHRE, XT:_FH =L
BE, R BT neoadj[uvantchemoradlotherapy, nCRT)
HAgEEEREKBEEE", MEBECRCHSEEEFRNE
15%xhH, If %EH(cllmcal benefit rate, CBR)KFt#E%T
REY, CCLMER AL EHRATNESMBES, CRCISITE
SHEFHFER, *ETEZOBiEw%ﬁEPlCCLMﬁLﬁ%Dé?\é/n?’“



EMER, RARREBEFEEFAREE/RFERBARAEEFAL
W T R—ReiEBaTT, BH — LRI TR AT 15
RENBHFE, WAFIRKS B X chPkREX S8 E T, T
B%CRCEEBNBERARIFKLTES, EBERXRBIGERT
MFBRZETIRRDARERESR A, REWFCCLMENE
HATEMTUN, o REFEBNEEBRTLAEEXER.
KEETEEITENGE, SERENETNY. Eit, 55
F/WCCLMEBEHITENRR, RFE. 58, 2ENTHE, MM
MEUHIESGESRT AR, UMBCCLMAA .. REHEBILN
FARUGGHERBENSFELERER, MMEEMERESREN
MR ERMCRCIEAT . Bk, JCRCEEMITCCLM
IEEMFNREELNEE,

KRR ZEBIMRIZEAHZEFEIICCLM #ITTM, K
ARTUBBRMBLRES, #—SRBVENERE", &
FEEMRIELTGAFIFIEXN FCRCUT AT /G KR CCLMAIFR
MR BTREMEBEER, METFTMRERKBNTGATSE
iE, AMERTNCROGEHTGEHEMTE ", BPE " BLHH
CRCEBEARF® G, BHC(TUEERSEERETREREEG—
TARXY, WA, BEES. FangZ FIENETMRI TWI
FHINEGAFER, Hil%&HAMNAUCE0.857(0.787-0.912),
IFLARIAUCTE90.834(0.714-0.918), IERE T HiZE BB TN
B CCLMEMNE, U EZEXFCRCHUMAZEIRIAXER
IR BRAFIFEN CRCTAEHITAMN, HIERATHBENY,
BRACRCEE ZFIIMREAARZFIEH —FITEFFNCCLM
HRAENRLD, BLZEEROITRIN AN, SEMRIL
S23DAIVOILL2DEIROIBRERIEMBRI R BRI ™, MARIAM]
RATEFEIIMREGEZIHE, HRN=HLORFHED T, XXt
CRCHAR T B ERTRNFI M7,

FizZ “MAKRE, HHRAFEHETULIRETNEREN
REBEMFUNREMFERE, ACCLMBEBAERTAHE, I
MR, BHIRKIIBANSENAT RE, Taghaviz™
ZHROARBIMME ST TILFICRCEEFBRKAANCTHRIE, B
ETFNREINEGEAFZ RN FNEEm RSN ERFER
AEREMENSL, HhEGAFEE(IRIEEAUCE=0.86)
KIMMAFIRKIRE (RIEEAUCE=0.71), MAMRIERZS
BMREAGAZFEXCCLMHAITIN, SHEFTWI. DWIK
e-THRIVE+HNEBRAFREXN FCCLMABRSNMEE, H
RO FIRFREER (R ERAFEERIFARAUCE=0.896; If
PRIERIIFAMNAUCE=0.791), AMRRLTHIET 20N RE
EEFGAFRM, HP, BfTHZE(run variance, RV) . &
X FZ 58 38 (low gray level emphasis, LGLE). RERISM%
(grayLevelNonUniformity, GLN)=& GtbmK. EREFEN
2, BT NEERNEGAFHFERXIN, NERRASEN
Fwavelet-HLH_glszm_GraylevelNonUniformity, EEE7E
AFFAR BTSN RRER R ERFHR™; miExn
== IS B exponential_glrim_RunVariancefwavelet-
LHH_glszm_LargeArea Low gray level emphasis,

SAEWREAR, NLREEI TS CRCUUKZCCLMEENT
EEUIRXHAEE-—ENRTER, CEAKEREANEEREE
EMENEERSEY), ABICEA . CAL25KFEHCRCEERS
RESELRME®, AL, XMRM/ANTNLRIEATERER, HiE
KT HMEE, HEMEBAUCETEING ML 7351790.629
$20.646, FUMZLEEMENTHRIE. MEACEA. CA199. NLRERFEE
MieARERNEE—EFNMEE, HilKRIIEHAUCESD B
0.800%20.791, ZAIARMAXICRCAEXIGKEZRILLIR DT,
ERRARSFIEGAFZFHETNCCLMZ S, SHMEXAR
NEEX 5.
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7, BHITT AERERSHPOINPRIELURNMRRE. (2)K[edt
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