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ABSTRACT

Objective To investigate the value of contrast-enhanced CT radiomics models and nomogram in
preoperative prediction of perineural invasion (PNI) in gastric cancer. Methods A total of 311 patients with
gastric cancer who received contrast-enhanced CT examination were retrospectively collected, including
155 patients with PNI and 156 patients without PNI. The samples were randomly divided into training
and testing sets in the ratio of 7:3. The regions of interest were delineated on the enhanced CT images,
and the radiomics features were extracted based on FAE software. 12 features significantly correlated
with PNI were screened by principal component analysis and variance analysis. Logistic regression and
support vector machines were used to build radiomics models. Univariate and multivariate analysis were
performed on the clinical features of the patients to determine the independent risk factors associated
with PNI, and clinical models and clinical-radiomics combined models were established. The ROC curves
were used to evaluate the performance of the prediction model. Resufts Tumor location, clinical T stage,
CT assessment of lymph node metastasis, and lymphovascular invasion were independent risk factors for
PNI. The performance of the combined models was better than that of the radiomics models and clinical
models in predicting PNI. The SVM combined model based on the venous phase had the best predictive
efficacy, with AUCs of 0.881(95% Cl: 0.836-0.926) and 0.815(95% Cl: 0.729-0.902) in the training and
testing sets. Conclusion The contrast-enhanced CT-based radiomics model and nomogram had high
application value in predicting the PNI status of gastric cancer.
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SEE—MERMECETENE, HEMBEXRCHNTIERRZ—", ZmE
EVEREFHENETERZOEMETNMA . M. HELEEIE. AEWEE
JB(perineural invasion, PNI)ZE", sEER, BEPNISTGHEXEMRMEIIER
RPEMEM, PNIBIANAERT HEBLERB. MITEE. BESBZIMN—MEERR
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WERE, PNIZEWAERE. BEESETMEHNIRIRRER, BMRIEH, PN
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1.2 CTEI&RES DT BEECTREFZR6/NN U EXETEREUHRBYIRE
STHERTERNTH, FORMBUEZEBFICEKSEEERR) T KBIE, CTHETE
BIEERMEARNENERR., B RaiEc T IEE FEFFME T R(1.5mL/kg,
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PF=512X512, BE=5.00mm, EEEFEE=1.00mm, CTE%H
A F R EMERSHRENE R TTETI R EERE
X, BRElERSHSRERRERSZERS(American Joint
Committee on Cancer, AJCC)E/\MRigr" @INMICTIE R,

1.3 BBAZST

1.3.1 MRk & K ahRBkEAFIBRAKEACTE&R EEEITK-SNAP
W, B—UABSFEIEFRRNMSHEEEENEE G X
BFah5r 8 R AY 4B X (region of interest, ROI), H#X
B = E RSB EFE (volume of interest, VOI) (B 1A-
D)o EHFAAFMHIEIS0FEE, BSE—UBL10FLKAI RS
NEAXZEFHAERMIROI, LUENEGAFIFTENAE—H
%, ER—NBE, BSFERRHNKRETHESBR S E R IZEE
506 £2ERIROI, UTEEGARSFENARN—HE. RE
ANMAB—HEFR K (intraclass and interclass correlation
coefficients, 1CCs)=0.8FHE# T F—F Do

® 10)

B 1A 1D ITK-SNAPJE RO 4] & 7~ 5] A .

1.3.2 8RN S THi% 7EFeAture Explorer Pro(FAE, V 0.5.2)3k
HRIEREGARFEHH#ITEN, FAZ-score T ERBIRINN
IR ANERO, MMEERNINEEE. RBERPDHE
(principal component analysis, PCA)#75Z % #f(analysis of
variance, ANOVA)TfEH SPNIEZ X912 MF L.

1.3.3 BUUNMR B R B 1EE 1&:idi12 4803 (logistic regression,
LR) Az 35 mEH(support vector machine, SVM)MEF&ASF
RE, HimHERMFERAF T (rad-score). RAL0R5TRXR
WIERINGTUNRBNRE Y, WEEER. M5, WEIUE
IRARFHIE# T 2R EMZRA R ogisticE)3Hr, THIEHPNIAHR
YRMRARAMEIRKTIUNER, BERITFEER(P<0.05)MIF
RSN FGAFREE—PWEKERE, XRAZHETLE
¥4 (receiver operating characteristic, ROC)BHITFMN TR
RIS ITIERE, TR ML T EH A (area under curve, AUC). 8%
M. FEMAERE. BRI ERENTZRAZITENIGK
FHE#{TZ AR ogisticBl)3 T, BRARMHEHE(3.5.25R: http://
www.Rproject.org) 4 HlllIR K- R G HFIERE.

1.4 it DI ASHREASPSSHHA(25.0)FIRE A £(3.5.2) 8
THRITZED . MARTEEEIBLLIRRARAKRKHFishertd
. FAROCHLITMN S TMREAIEE, XTillZRA N
HHROCH L TDelongie R UHIM B R EEL IS, XA
Hosmer-Lemeshowi 3 IERENINE E, FIRRAEHLES
#fr(decision curve analysis, DCA)LbBARIREA 2R, FiE
ST ATMIELE, P<0.053RRESBLRITEE N

24 R
2.1 IBERRERE TIIEAS, PNIFAYSBEMEENMES
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fi. DURE. IRKRTHH. CTIHEHREEESE. HERKERIE
FRESITFER(P<0.05), MMHASR, PNIFAMSHEEEER
L. HERERLEERITFEER, RERFIEHIRIA
HEER(RL). MBS, CTHH. CTiTfhMEEES UM
EEERICEBEPNINIRILBHRE R (R2).

R1 YILRA S W4 8 3 | PRI LL

TE (n=311) Y4B (n=217) P M 28 (n=94) P
PNI(+) PNI() PNI(+)  PNI()

] 0.914 0.351
2 225(72.3%) 78 78 37 32

z 86(27.7%) 30 31 10 15

g 0.646 0.116
>60 246(79.1%) 86 84 35 41

<60 65(20.9%) 22 25 12 6

BB 2R 111 0.036 0.037
FIBK  100(32.2%) 39 25 21 15

Bk 7724.8%) 31 28 12 6

BE 134(43.1%) 38 56 14 26

nEE 0.009 0.913
& 146(46.9%) 58 46 20 22

AR 140(45.0%) 47 47 24 22

i 24(7.7%) 3 15 3 3

e 1(0.3%) 0 1 0 0

PR 0.451 0.530
R 191(61.4%) 65 71 29 26

Hith 120(38.6%) 43 38 18 21

cT93 88 <0.001 0.410
1 12(3.9%) 0 9 1 2

2 20(6.4%) 1 13 1 5

3 14(4.5%) 1 9 2 2

4 265(85.2%) 106 78 43 38

CTHEL R <0.001 0.199
x 61(22.2%) 6 36 7 12

=] 250(77.8%) 102 73 40 35
MERKERIE 0.005 0.023
x 160(51.4%) 47 68 17 28

=] 151(48.6%) 61 41 30 19
Borrmann 0.158 0.097
I 41(13.2%) 9 17 5 10

I 253(81.4%) 89 88 41 35

11 6(1.9%) 3 1 0 2

\Y 11(3.5%) 7 3 1 0

CEA 0.130 0.778
>10U/mL  40(12.9%) 16 9 7 8

<10U/mL  271(87.1%) 92 100 40 39

CA199 0.279 0.583
>37U/mL  56(18.0%) 23 17 7 9

<37U/mL  255(82.0%) 85 92 40 38

CAT2-4 0.341 0.398
>6U/mL  50(16.1%) 20 15 6 9

<6U/mL  261(83.9%) 88 94 41 38

A PN BEMEEIC; T IRKRTHH; CEA: BREHR, CA199: MEXHR199;
CAT2-4: WEEHRT2-40

2 BRBIERRS SARIMTER

TE BREDN SRR
OR(95%Cl) P OR(95%Cl) p

1431 1.202(0.731-1.978)  0.468

S 0.883(0.511-1.525)  0.655

BRI SR 0.644(0.494-0.839)  0.001 0.742(0.557-0.989) 0.042

HURE 0.679(0.476-0.967)  0.032 0.898(0.596-1.352) 0.605

ARKR 1.067(0.676-1.684)  0.781

CT43HA 3.142(1.863-5.300)  <0.001 2.495(1.453-4.285) 0.001

CTHELEH  2.836(1.601-5.025) <0.001 2.758(1.351-5.630) 0.005

HERKEEIE  2.275(1.445-3.583)  <0.001 1.875(1.150-3.057) 0.012

Borrmann%® 1.712(1.092-2.683)  0.019 1.580(0.959-2.604) 0.072

CEA 1.425(0.729-2.786)  0.301

CA199 1.200(0.672-2.143)  0.538

CAT2-4 1.109(0.605-2.031)  0.739

A OR: fitl; 95%CI: 95%E(EXIE; cT: IEARTHH; CEA: EREHER;
CA199: HEXHTR199; CAT2-4: WEEHRT2-4,



2.2 MBEPRE MehRBkEBRIFRKERE R 2 3R BN H 1780
THRAFRE, ARKRAE-BEDHERE T375MCCs>0.869
R, @I PCAMANOVAMEHBXERFNB4BKEA 77 31 i 121 5
PNIEZ8XAVRMAFIE(R3)o

2.3 MEAFRELERENE ETMHESM. RKTOHLU
R CTIHE MBS RS IR R IIRANNIXHABIAUC
790.712(95%Cl: 0.643-0.781). 0.655(95%Cl: 0.544-0.766).
BPKEASVMRE R AR RERER S, EIIAMNIKARAUCH
0.809(95%Cl: 0.753-0.865). 0.755(95%ClI: 0.656-0.854),
KEEATNPNIBMES FRALKGAFRE, SIMKEE
BAEINZRAMMAEANAUCH0.881(95%Cl: 0.836-0.926).
0.815(95%Cl: 0.729-0.902), 8/&14790.807. 0.798, #&EM
790.817. 0.830, HME0.812. 0.794, JIZKASNHHRE
MEENRAL. K5, ROCHILME2. E3,
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SN ZRAFRIMIRNEE R FIROCH LT 2 [8]3#1T 7 Delonght
¥, LROEBMSYMD LR ENEXRREROCHERISITE
ER(P>0.05), IRFRERESEGEAFERELR. RRERSEKS
WAL, HERBHRITFREN(P=0.035, P=0.018), ME&A
FIRUMBK SRR, KA TFER(P=0.425),

BBk HARadscore MM PR HIE# 1T ZE K LogisticBl)I D47,
£ R BN, Radscore. cTHHBFICTIR M E LB EPNIFHIIRE
ORZE, EIETBATMEETTUPNIXLAYEEE (B4), Hosmer-
Lemeshowil &L ERL B MERESTEE RiF(P=0.522),

WIS DCARL (BIS)IF M ARMNERNFNEE, £RE
™~ E—ENEETER, BEELEGAFERMIGKRERA
BESNRNE, TIESSEPNIEEGTEATRIENBIRKRN
BN EES.

R4 B BRI LR 00 4R T AR R 4 BB EE Y

&3 BhBK AR XA I (E S AE R RASIE R ¥
I AH
AP exponential_firstorder_Median 0.12531
lbp-2D_glszm_SmallAreaEmphasis 0.34023
log-sigma-1-mm-3D_glcm_ClusterShade -0.18757
logarithm_gldm_LargeDependenceHighGrayLevelEmphasis 0.16484
original_firstorder_Median 0.14656
original_shape_Flatness -0.41646
original_shape_Maximum2DDiameterRow 0.13465
original_shape_Sphericity -0.27255
square_firstorder_Skewness -0.20637
square_ngtdm_Strength -0.22437
wavelet-LLH_firstorder_Minimum 0.32427
wavelet-LLL_firstorder_Median 0.15094
VP exponential_firstorder_Mean 0.13960
lbp-2D_glszm_SmallAreaEmphasis 1.15594
log-sigma-1-mm-3D_firstorder_Skewness -0.04718
log-sigma-1-mm-3D_glcm_ClusterShade -0.06711

logarithm_gldm_LargeDependenceHighGrayLevelEmphasis -0.07122

original_shape_Flatness -0.45585
square_firstorder_10Percentile 0.18597
square_firstorder_Median -0.20902
wavelet-HLH_glcm_Correlation 0.34689
wavelet-HLH_glszm_SmallAreaEmphasis 0.34195
wavelet-HLL_firstorder_Median -0.00865
wavelet-LLL_firstorder_Median 0.36373
D AP: mhBkHER; VP: ERBKHA.
o ®
o 3:)

FH2A-FH2B ) f BOMAE AL ) SR 2 Aol K ALROCH: 2. P4 e R- MR AL i .

R AUC(95%CI) SRkt 5=t BEE PPV NPV

NEE
LR(C)  0.705(0.635-0.775
LR(R)  0.799(0.741-0.856
LR(R+C) 0.845(0.794-0.896

(

(

(

) 0.604
)
)
SVM(C)  0.712(0.643-0.781)
)
)

0.743
0.752
0.625
0.853
0.807

0.594
0.716
0.826
0.633
0.679
0.817

0.615
0.729
0.789
0.597
0.766
0.812

0.615
0.723
0.812
0.645
0.727
0.815

0.634
0.736
0.769
0.655
0.822
0.809

SVM(R)  0.809(0.753-0.865
SVM(R+C) 0.881(0.836-0.926
Mzt A
LR(C)
LR(R)

0.649(0.537-0.761
0.741(0.640-0.841

LR(R+C) 0.805(0.718-0.892
(

(

) 0.598
)
)
SVM(C)  0.655(0.544-0.766)
)
)

0.761
0.804
0.615

0.615
0.617
0.763
0.709

0.585
0.688
0.741
0.617

0.623
0.702
0.723
0.633

0.676
0.833
0.795
0.658
SVYM(R)  0.755(0.656-0.854) 0.870 0.560 0.731 0.678 0.824
SVM(R+C) 0.815(0.729-0.902) 0.798 0.830 0.794 0.788 0.818

7 LR: LogisticEY35347; SVM: ZHFmEH; C: IGRIEE; R: REHAFRE;
R+C: IRR-FBAFBHRAER,; AUC: B TET; 95%Cl: 95%EEXIal;
PPV: PAMFUMIE; NPV: BEMEFUIE,

RS RIS ATNRAFTNE R R R

k] AUC(95%CI) Bt RB=RIE EHWE PPV NPV

ez
LR(C)  0.705(0.635-0.775
LR(R)  0.775(0.716-0.834
LR(R+C) 0.805(0.750-0.861

(

(

(

) 0.604
)
)
SVM(C)  0.712(0.643-0.781)
)
)

0.771
0.798
0.625
0.835
0.688

0.594
0.679
0.743
0.633
0.641
0.844

0.615
0.725
0.771
0.597
0.688
0.766

0.615
0.706
0.757
0.645
0.645
0.815

0.634
0.748
0.786
0.655
0.766
0.730

SVM(R)  0.732(0.666-0.798
SVM(R+C) 0.835(0.782-0.887
it
LR(C)
LR(R)

0.649(0.537-0.761
0.740(0.641-0.838

LR(R+C) 0.776(0.680-0.872
(

(

) 0.598
)
)
SVM(C)  0.655(0.544-0.766)
)
)

0.783
0.717
0.615

0.615
0.638
0.766
0.709

0.585
0.710
0.742
0.617

0.623
0.679
0.750
0.633

0.676
0.750
0.735
0.658
SVM(R)  0.712(0.608-0.816) 0.739 0.638 0.668 0.667 0.714
SVM(R+C) 0.782(0.687-0.877) 0.740 0.766 0.753 0.756 0.750

7 LR: LogisticEY35347; SVM: ZHFMEMN; C: IGFRIEE; R: REHAFRE;
R+C: IGFR-EGAFHAER, AUC: fIZTE; 95%Cl: 95%EFXIE,;
PPV: PRIEFRMME; NPV: FRETUNE,
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SENTEESTNMOE. EMETH. HUEE. ARA%E
RAFHEREE X, EHPNIZBREE NGB EMIRSY
M, EEXXERE, BRPNIAEZEN6.8%-75.6%, AH
RMNBI3LLGIBBHIPNIR £E549.8%, S5UEHFAERF",
ZEERSABEMS(NCCN)IEXIEEMAKISE, PNESKE
BAGEANBRRAER, BIWEEEARGHEATHNIBTY—
1o BAREEAITIEEERIEPN. HENEEILEE£SNKRE
ZERFHBLTIERE" . B, MEEYFEYIRNES
BEANKMNERNFRENENRE AT AEEXEE, BY
ERIEPNIANT SRUTNMOEHRY, g —SRERES
BRI, SETHEMILAT AR, FREEIEAREE
BT,

SEPNISTHMMME LB I EEX, MEDDREN
R, BROEER, REPNIHRKHESY, XoeRIRES
BLIREER. TEEN, MEETEEMIEREEEN, N
MHMEEPNIB R, AHRSEESERIGKRTHEIRCT
IMERELEEBEERPNINRIBRER, SHEAEMR—.
HwangZMARKXM, BREPNISHENEELETEX, HE
REEILEEEPNIRNEE, RETHEAIMERERKNBEE,
S5XMRWER—K. B, FARERERPNISHBEIHUE
EEEXY, XOESERENHEX, BRTBRMEMSEES
ZAETR™Y, SeERNEARERNTANBENHHRER
B, AMAFED). SHRHNMELEHEEILENRREES,

EIMBEEF T ACTHMRIBLURSIHPNI, MERIESM
INGERRMET, BAEYERNBRRBSEANLSECTRRIETY
SRPNIHTRETN, WBEEZHir5506#BHEREEN
MR ARIANILEE CTEIG MR DA, HELRBSHIE, Wi
TINH B S EPNINISFRTIEEIER, KERIERM P T
BIAUCS3 B90.935810.828, ZIMGFRAEE {f F AHFRZ N B 26
fii. IRRTHBACTIEHBEEBTMENIEFRER, BEXR
IZRBFNMEARAUCH F40.712F10.655, XATAES AHIZT
IR RIE R gy \PNIB R S FNE F R E %, 13 P5 @
SIRCTEG L MECTEMMITEKEACTE, +EHIZRE
HEHESFRCTENE. %EEAMES BT CTENE U R
PiZEREL, 3L ESEOHIT O HFEE SPNIE XM S5 E
ROCHA%, HAUCEERATX0.772,

EHRATE - HERBRBTOMNEERIE, HHAAT
BWEERNRXY I EE, BAESHEENIERIERLSIZM R
NFEHEGALEE, EHRFELHNESHRTFORBOE
BBE™, AytilZE™ ERAMazdai - EER AR EE G S E
ROIFIZERSUBHHE, ARSI E RGNS BN
PNIZERB, T AUCHO0.482-0.754, Zheng "% i@id12EX
SRR GATIST, HREGATEREMEGAR-I
REEAEA AT RIMTNEEPN, ENEERNRE AUC K
0.82(95%Cl: 0.69-0.94), AHARERAETFIDMNDEIFEDIE
B 7 138 CTEhRKEAF B AKER Y PR R R ATROI, FIRBRAS S
RIBEABEEFITNEGATEE, HEARKIETSEE
IRARIERE, BAREFRBLBEARE, BFRIFFNBEEPN

SRR, PGAPEROTNMAERES R TFIERER,
MR T HBRAFHENIRFRIERNBE S BERERFTUNPNIH
WBRTF, NEAMMEAMAUCHFIXE T0.881(95%Cl:
0.836-0.926) #1 0.815(95%Cl: 0.729-0.902), E&RkERRIR 1R
IR B A R BTN M BE39 S TR RIS R, XAJRER AR
BB R P A M BB IE R, TisehkiBENE R ARARR
MM ENBLIER, BASHRERITHKPRLERE, 3
gh, AHARIGB S BB AIMIEEE, B itERS %
BEBEEEPNIMRREE, NFIRKNAEREEER.

ARARGE—LHRMYE: ()AARS—MEHN. EFREH
R, WENREASER, #—F T ARESURIMBRIISIES
NER; 2)RETRINEAATEE S E&#1T T AL
RIB, BIHRTEEHRAREINEE, RESHFENTM, (3)4H

20235118 %2145 $£118 5516985
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RIABIFEDHTPNIFREMBEEENRARERL, HRWX
ERENABEFAERBERHTHED, AEREERTPNISH
[REE R BIMEX M,

GEFR, BRCTRGAFERMBEREX RGN E &
PNIRBEENNBNE, REREHTH-TAKERERER
R, ARENMMUAT AR, MNELAXMREHRERSE,

2EH
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