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[ Abstract ] Objective: To establish and validate a radiomics nomogram in the non-invasive prediction of extramural venous
invasion (EMVI) in rectal cancer. Methods: This retrospective study included preoperative images of 147 rectal cancer patients
in The First Affiliated Hospital of Nanjing Medical University. All patients were randomly divided into training cohort and
validation cohort with a ratio of 7 : 3. Five clinical factors, including age, sex, preoperative histological grade by colonoscopy,
carcinoembryonic antigen (CEA) and carbohydrate antigen (CA) 19-9 levels and six high revolution magnetic resonance imaging
(MRI) features, including tumor site and length, T stage, N stage, circumferential resection margin (CRM) and MRI defined-EMVI
(mrEMVI) were recorded. Image segmentation was performed by manually delineating the whole tumors on readout segmentation
of long variable echo-trains (RESOLVE) diffusion-weighted imaging (DWI) and then copied onto the corresponding apparent

diffusion coefficient (ADC) maps. The maximum-relevance and minimum-redundancy (mRMR) and the least absolute shrinkage
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and selection operator (LASSO) methods were used to select radiomics features. Logistic regression analysis was employed to
construct models based on clinical factors and high revolution MRI features (clinical model), tumor radiomics features (radiomics
model), and clinical model combined with tumor radiomics features (combined model nomogram). Then calibration curve was uesd
to evaluate the calibration efficiency of nomogram. Receiver operating characteristic (ROC) curve was performed to assess the
diagnostic efficacy of each model in two cohorts. The area under curve (AUC) was calculated for each ROC curve. The DeLong test
was conducted to compare AUCs between models. Decision curve analysis (DCA) was performed to assess the clinical usefulness of
the three models by quantifying the net benefits at different threshold probabilities in the validation cohort. Results: The combined
model showed higher AUCs (training cohort 0.928, validation cohort 0.891) than clinical model and radiomics model. The result of
DCA indicated that using nomograms of combined model to predict EMVI gains more benefits than clinical model and radiomics
model at any threshold probabilities in the validation cohort. Conclusion: The radiomics nomogram, incorporating RESOLVE ADC

based-radiomic features from the original tumor with clinical predict factors was promising to serve as a reliable clinical tool for

preoperative non-invasive prediction of EMVI in rectal cancer.

[ Key words ] Rectal cancer; Extramural venous invasion; Magnetic resonance imaging; Radiomics; Prediction model
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( diffusion-weighted imaging, DWI) , PAN H 3l
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RHMALT2INAASR ( T2-weighted imaging,
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E1 mrEMVIEES B
A: mrEMVI 043; B: mEMVI 143; C: mrEMVI243; D: mrEMVI 343; E: mrEMVI 443, 1F430~243 HmrEMVIBTE, 3~4% Fy B .
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Ji 2 I8 (R OT H g 4 3¢ 114 ) )y 3 3388 J2 W A% T
Bk, BS54 IFR3D ROT, I i A0 N 2 m
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YIghE (10341]) MEGUESE (4441) o Ik
LRI UEEE HEM VI & A 550120 32.3%
28.5% (P=0.854) . #IIZ4EH, EMVIFH
PR FMEMVIFHPEL 8] 1 52 T4 . CRMA
mrEM VIS 22 R A Geit 222 X (Poilh

0.001, 0.004, <0.001) , 4%, %], CEA,
CA19-9., MR BEAKAE . IEND I 2E 578
TGt E L (P>0.05, £1) . 24 M5HFHE
IS I AR AR IE 38 s ) R — Bk (1cc
470.823~0.906 )
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n (%)
L (n=103) IEEE (n=44)
A EMVIFHE2H EMVIBA:ZH Pl EMVIFHPEH EMVIBA:2H Pl
(n=32) (n=71) (n=13) (n=31)
AR 63.5+9.4 62.1£10.4 0.401° 60.5+10.8 63.3+9.7 0.517*
PE
Sk 14 (43.8) 33 (46.5) 0.797° 7(53.8) 16 (51.6) 0.892°
7tk 18 (56.2) 38 (53.5) 6 (462) 15 (48.4)
AR =5y R 0.680° 0.858"
= 9 (28.1) 19 (26.8) 4 (30.8) 12 (38.7)
e 15 (46.9) 39 (54.9) 7(53.8) 14 (452)
e 8 (25.0) 13 (18.3) 2(15.4) 5(16.1)
CEA/ (ng'mL™") 529 +2.42 4.98 +3.07 0.072° 5.01+2.97 4.81+3.03 0.273°
CA19-9/ (ng'mL") 11.27 £5.28 10.58 £5.93 0.672° 10.16 £ 4.91 10.94 £5.29 0.863"
A 0.603° 0.871°
T 5(15.6) 17 (23.9) 3(23.1) 6(19.4)
B 14 (43.8) 30 (42.3) 6 (462) 17 (54.8)
I Bt 13 (40.6) 24 (33.8) 4(30.8) 8 (25.8)
JiRE AR /om 543 +3.27 5.81 +4.02 0.375" 5.19+2.92 5.77+3.58 0.213°
ART/ 0.001° 0.170°
T, 5(15.6) 35 (49.3) 3(23.1) 14 (452)
Tsy 27 (84.4) 36 (50.7) 10 (76.9) 17 (54.8)
NS 0.234" 0.488"
N, 10 (31.2) 31(43.7) 4(30.8) 13 (41.9)
Ni 22 (68.8) 40 (56.3) 9(69.2) 18 (58.1)
CRM 0.004° 0.071°
[5S 14 (43.8) 52 (73.2) 5(385) 21 (67.7)
FHPE 18 (56.2) 19 (26.8) 8 (61.5) 10 (32.3)
mrEMVIT/3 <0.001° 0.007"
0~2 (BME) 11 (34.4) 57 (80.3) 4(30.8) 23 (74.2)
3~4 (FRPE) 21 (65.6) 14 (19.7) 9 (69.2) 8 (25.8)
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PEAY M Il PRASE RS (g Al ST fa B IR R (62) o I

PRAR AR I 5 A6 AESE A ph 28 R 1AL (area

under curve, AUC) 435°450.791, 0.761, RAH
B 080.6% . T1.4%, RS H68.1% .
78.1%, ZWHHERIEE 35 868.9% ., 71.7% ( ££3,
K3) .

F2 WIFEREMVIFEEAMAEAZ B RTEN S TEFBEETHH

HHE ZHE CIFARBHR) ZHE (PARIHA)
AR EL
S HL
OR (95% CI) Pl OR (95%CI) Pl OR (95%CI) PfE
mrEMVI 343 2.13 (1.51~3.01) 0.003 1.68 (1.13~2.49) 0.010 1.32 (1.06~1.64 ) 0.012
CRM 434 (221~7.87) 0.011 2.09 (0.92~4.83) 0.015 2.92 (1.19~7.13) 0.019
EAGTHY 1.09 (0.91~1.32) 0.076
G AR (Rad-score ) 2.93 (1.92~4.47) 0.001 3.78 (2.43~5.89)  <<0.001
3 GREE, MEAFEIFIE S EEFE SR U0 UE 5 BTN B

21 531) Jiin AUC (95% CI) T R RS
PIERS I ARASEHY 0.791 (0.690~0.892 ) 0.689 0.806 0.681

G U AR A 0.890 (0.810~0.963 ) 0.854 0.844 0.896

A Al 0.928 (0.865~0.991) 0.903 0.871 0.944
ianeS I RAR 54 0.761 (0.598~0.924 ) 0.717 0.714 0.781

AL e R 0.850 (0.726~0.974) 0.848 0.786 0.845

i ey PR 0.891 (0.771~1.000 ) 0.870 0.857 0.906
A - B 0- _J
" ®
& &8
m LS

— IRAGHA — AR
024 HARUL AR —  WARHRR
I RASE Y I PRASE A
0.0 T T T T 1 0.0 1 T 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

1-Hp5

1R

B3 AR, MEAFEBMEKAEET L ELHEMVIFIROCH &

A BRI HAEITEI SRR R UEAE HH IIROCHIZE .
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ZmRMR 5 FILASSO [l 5 BE A7 REAIE 5
VERIBELE , SRJG R 2 1 R 2 58 0l )3 7 Hr kg
AR AT JE N TA SR A F R . 52
G F BRI AR . Rad-score=0.829 x
Uniformity—0.278 x Range+0.412 x LowIntensityS
mallAreaEmphasis+0.862 x ClusterShade angle90
offset7-1.072 x ClusterProminence angle45
offset7-0.455 x LongRunHighGreyLevelEmph
asis__angle0 offset4+0.258 x RunLengthNon-
uniformity _AllDirection_offset4 SD—-1.344,

AR AR 2R AR B UESE A AUC

78.6%, PSRN 89.6% . 84.5%, LWHENf
BEArR85.4% . 84.8% (3, K3) .
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A Il Rt ST FG 6 DR 2R R AR 20 2 i 0 B A A
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I, HE RER2MGE, FoRPIG M. BAHE
BB R AE NN ZR AL P I R2°0.765, TESIEL
H1°50.624, FREIARBIGE rho 26 B LA BT
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B A5 A R A I 4 RN 6 IE 5 P I AUC 3 1)
90.928. 0.891, REEFHINT 1%, 85.7%,
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I T T
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BEl5 Bk EHRE 2k
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T IR
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0.867 (95% CI 0.759~0.971) , RAEKE HT1.8%,
FESEEN87.5%, IEWIHERIE NT76.1% (El6)

1.0

0.8 -

02 AUC=0.867 (95% CI 0.75~0.977)

0.0 , ,
0.0 02 0.4 0.6 0.8 1.0
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3 i 1w

AT LG I R AE G DR 28 FISEAR A 22 A
Fa g T —Fp TR T H A EM VI ECA
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R T H o

TE R R AR ff . CRMBH DL K %5 5 1Y
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B [ Z . CRM PH P AC 3R 76 ME 25 B W & B
<1 mm (13 Bl N A7 7E 1 98 i R A 5 % %
PEWR LS, 38T b 240 B AR A0 B3 1 a5
W AE SRR, REEE R, HESKE
EMVI ') BEAAFSY 0 %W, mrEMVIIESY
T A J5 9 PR AA K A EMVIFH P A RS 22 785
K (28.2%~62.0% ) , HAEEAL AT EERIEMVI,
RImrEMVIPESr24r (Al RgBidE ) M35 (Al g
B ) IF AR R AR 20 T RE A SRR X T
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FgRw U HAR WS PR Y 2 R
(3 mm) , AR TFRE M2 S {5 & e kR
F R ARBUE Z A iR 5 B

TE LA 32 FH I IR — 5248 41 27 6 A 55 70 13
EMVIFBFZE T, Yuds U0 5@ ok B 4 2 o
MRIFY A% 20 27 (E RT3 30 T 8 7 g BB 45 A 150
(WAL RE BefE, TEVIZREE MG IESE TP AUCH
BIAE] T 0.90410.812, AHFFE S5 Al R ST
K2 ( CRMAImrEMVIIESY; ) Ll K RESOLVE
ADCHY G A A AR B R K], TEVIZREE T
AR P AUCH 51 40.928110.891, 2 Wik BE
P T REAERRTSE 1 7 L I B FE AR 2 2
T, AWEFE o5 — 3 A TR 91 4k B 7E 4001
mrEM VIS8 2~3 53 (R kL (A sE A5 22 R v A 7
Peo TERXPFIEA R T, RS RIS
AUCK#I T0.867, HA RIFHZWRLAE.

ARWFTEATAE R IR B0, ARG k[l it
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