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Abstract

Objective: To explore the independent risk factors of perineural invasion in gastric cancer, and to
establish the diagnostic prediction model. Methods: The clinicopathological data of 543 patients
with gastric cancer who underwent radical gastrectomy in the Yan’an University Affiliated Hospit-
al from January 2017 to December 2020 were collected. According to the postoperative patholog-
ical examination results, the gastric cancer patients were divided into two groups: the perineural
invasion negative group (275 cases) and the perineural invasion positive group (268 cases). Un-
ivariate Logistic regression analysis was performed on the clinicopathological indicators included
in this study, and statistically significant indicators were obtained. Multivariate Logistic regres-
sion analysis was performed on these indicators to determine the independent risk factors for pe-
rineural invasion in gastric cancer. In addition, Hosmer-Lemeshow goodness of fit was used to test
the fitting effect. The diagnostic prediction model for perineural invasion in gastric cancer was
established, and the diagnostic value of the model was verified by ROC curve and univariate Logis-
tic regression analysis. Results: Univariate Logistic regression analysis showed that body weight,
BM]I, lymphocytes, monocytes, erythrocytes, hemoglobin, platelet, NLR, PLR, LMR, albumin, CEA,
CA19-9, CA72-4, maximum tumor diameter, degree of tumor differentiation, tumor tissue type,
depth of tumor invasion, lymph node metastasis and tumor deposit were statistically significant
indicators. Multivariate Logistic regression analysis showed that maximum tumor diameter (P =
0.010, OR: 1.226, 95% CI: 1.049~1.433), degree of tumor differentiation (P < 0.001, OR: 3.000, 95%
CI: 1.660~5.423), depth of tumor invasion (P < 0.001, OR: 6.323, 95% CI: 2.766~14.453), lymph
node metastasis (P < 0.001, OR: 42.884, 95% CI: 11.470~160.338) and tumor deposit (P < 0.001,
OR: 17.454, 95% CI: 6.759~45.071) were independent risk factors for perineural invasion in gas-
tric cancer. Hosmer-Lemeshow goodness of fit test showed that the five clinicopathological indi-
cators had good fitting effect (x? = 7.581, P = 0.475). According to the independent risk factors, the
diagnostic prediction model for perineural invasion in gastric cancer could be established as fol-
lows: P = e*/(1 + e¥), x = -4.118 + 0.204 x maximum tumor diameter + 1.099 x degree of tumor dif-
ferentiation + 1.844 x depth of tumor invasion + 3.759 x lymph node metastasis + 2.860 x tumor
deposit. The area under the ROC curve was 0.944, and the asymptotic 95% CI was 0.926~0.961.
The diagnostic cut-off value of the predictive model was 0.5122, which corresponded to a sensitiv-
ity of 0.836 and a specificity of 0.935. In addition, the prediction accuracy of this diagnostic model
was 87.1% and the results of univariate Logistic regression analysis indicated that the prediction
accuracy of this diagnostic model was high. Conclusion: Maximum tumor diameter, degree of tu-
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mor differentiation, depth of tumor invasion, lymph node metastasis and tumor deposit are inde-
pendent risk factors for perineural invasion in gastric cancer. The diagnostic prediction model for
perineural invasion in gastric cancer established in this study has high sensitivity and specificity,
and high prediction accuracy, suggesting that the prediction model has good diagnostic value and
good practical application value.
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1. 51§

B A AEERME IR R R, AR A SRS W B T 100 /5, RUEERE X 50 4EH, B
R R RBE T 2RI G BT NI, AH B 70 AR e i AH DG IR 58 = RBEIRI[ 1] 7] i 8 15 5 i (9 5 R AE 1
BIE A2 5 A BRI 42.6%F1 45.0%, Fli AHME, SEEERTE I E S [2]. BRS04
T HEIM A B E R, e R — M B2 2 M 0 R R R E IO e AR, TR |
JigeEs 55 LT DA R R e S VE 2 e S R BIUS [3] [4]. I EMARILRE BREEB N EEREL —, BE
SECB RN ARG R R AR E R R B RN RIS Sk E SRR AT R % UM G,
oy 2 i A AR IUEI R0 s MhAME B R A K RS RE M. I R B A S R R S AR
FAAIE, S iR 40 A ) & R AR R R e MEAE I [B] . AR H AT OC B e A B e 2 R JL fE IS R 3R
MR TS A HRIE, (HRARAAE 538 0 A s W poi e 8y, Rt g it — DR % . At Fe il it [B] i 4y
AT HE 22 K2 B g = e S HAT - ARVA T (1) 543 91 B e B IR PR BEUERE, R 52 mm B e J Bl 2420 1
MR R R, B S B B SRS W TR, DA A I R R B LR TR . 12
W7 FNVE ST S (R TSR AT I 2 A8
2. ZERERE
21. HigEni%

Y8 B 2017 4F 01 H % 2020 4F 12 A #EAE 22 K% Mt J& BR B AT T ARG YT 1 543 491 5 96 23 I A B 1%
o, AR A 5 K 45 Tk B s 3 2 O B Bk 22 12 AU BA PR 2H.(275 91 R ] Bl sk 22 42 JUBH 44,268 51) i 2
PINbRHE: © BESZARMER BIERE AR, FNAREREHHIZ AN ERE: @ EARRIHITE; ©@ RA%EN
AR EL R HEBRARAE: © BEAEH B2 W FIRIT EBMFARE; @ RuTHEZE b7 #;
@ IEARREE G RA A . AW AL Ol 2 K R R e B2 i dtt, P B AR RO
St R
2.2. iRiEHF

AT TG I e br: © B — TR, AFREMER. FR . 5. AR E LA 620 (body
mass index, BM1); @ S AFMLHE HAHC bR, 8O, PR, Mg, R, 248
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Mo, MATER A M/MR. PR - k40 AR EL 22 (neutrophil-lymphocyte ratio, NLR). Ifil/Mi - itk EL4H
Jitl Lt 2 (platelet-lymphocyte ratio, PLR) P A itk B2 40 - H4% 41 A b 22 (lymphocyte-monocyte ratio, LMR); G
BEARFIHDIREA IR R, BFEEAMEARRI: @ BFARATHAEME RIHE KR, B REEHUR
(carcinoembryonic antigen, CEA). #E25#1JR 19-9 (carbohydrate antigen 19-9, CA19-9) LA K iR 72-4
(carbohydrate antigen 72-4, CA72-4); ® #% ABO Ii%; ® HHARJGHIEANEIGIR, IR R KERZ.
A B (B BRI . BRI BETX). MR WRE e + ey R 40) . Mgk
BRI AERRIE) RRIEIRE (T + Tow Ta+ To) A LM SR LR AT ToRE 455

23. Gt FERE

K] SPSS 26.0 H AT H AT BE it 04 o XEGNNARHIE FE (1 A B F AR 2E AT H K 25 Logistic 51443
Br, AN P AE . % H (odds ratio, OR) LA K 95% & {7 [X [a] (confidence interval, CI), #1753 %I 545 4%
TR R T R B IX B FRFR AT Z I Logistic [FIVE4HT, 4RiT75 H B & Bl 22 J0 AT fa 6 A
%, AR Hosmer-Lemeshow 01441t B2 G 304D & 80 o AR A 37 A B DR 26 mT LA o7, B i JB) Bl 442 00
(RIS I RN AL, [ B %2 FH 52583 LA 4R-1iF (receiver operator characteristic, ROC) i £k F1 82 [K| 3 Logistic [7]
I3 MrIAIE AR B2 B . P < 0.05 FoR 2 57 B it 3o

3. &R
3.1. 543 B mEEBEMHEZRIEWEERE Logistic BElVAST4T

543 il 5 9 F 3 ) B P AR AU B R 2 Logistic [RVA 0BT 45 5 LA 1. fRE. BMIL REL4HME. A%
M. ZO4Rf. M0 A, If/MR. NLR. PLR. LMR. HZE . CEA. CA19-9. CA72-4. iR KH
By R AEFEE . R ZIEAL . RIIR IR T . IR EE S B R DI R 45 71 R AT 424 = U TR
HYabr, MERN. F#. S| A4, PRI, GEkt. ABO B LR i A B 1S E e
BER, 58EEEMERITR.

Table 1. The results of univariate Logistic regression analysis of perineural invasion in gastric cancer
% 1. BRAEWZRICHEER Logistic BT F LR

Bzt [EVEER FriEiR Wald 14 H H P{H OR OR ff] 95% CI
PR 0.381 0.216 3.116 1 0.078 1.464 0.959~2.235
G 0.012 0.009 1.958 1 0.162 1.012 0.995~1.030
L] -0.001 0.012 0.006 1 0.941 0.999 0.976~1.023
PR -0.021 0.008 6.743 1 0.009 0.979 0.964~0.995
BMI -0.083 0.027 9.803 1 0.002 0.920 0.873~0.969
SE i) 0.047 0.038 1.600 1 0.206 1.049 0.974~1.129
e 4 0.066 0.040 2.762 1 0.097 1.068 0.988~1.155
AN -0.360 0.145 6.199 1 0.013 0.698 0.526~0.926
HAZ A 1.788 0.555 10.373 1 0.001 5.976 2.013~17.737
Bzl -0.491 0.109 20.425 1 <0.001 0.612 0.495~0.757
MmLLEA -0.012 0.003 18.120 1 <0.001 0.988 0.982~0.993
RN 0.004 0.001 15.108 1 <0.001 1.004 1.002~1.006
NLR 0.105 0.035 8.731 1 0.003 1.110 1.036~1.190
PLR 0.004 0.001 15.680 1 <0.001 1.004 1.002~1.005

DOI: 10.12677/acm.2021.117427 2954 I IR = =23t e


https://doi.org/10.12677/acm.2021.117427

Continued
LMR -0.202 0.045 19.939 1 <0.001 0.817 0.748~0.893
HEH -0.067 0.019 12.748 1 <0.001 0.935 0.901~0.970
HERE -0.089 0.316 0.079 1 0.779 0.915 0.493~1.700
CEA 0.011 0.004 7.470 1 0.006 1.011 1.003~1.020
CA19-9 0.004 0.001 18.996 1 <0.001 1.004 1.002~1.006
CAT2-4 0.025 0.007 13.577 1 <0.001 1.025 1.012~1.038
ABO [f# - - 4.418 3 0.220 - -
AR 0.000 - - - - 1.000 -
AB Y -0.158 0.356 0.198 1 0.656 0.854 0.425~1.714
B A —0.465 0.232 4,038 1 0.044 0.628 0.399~0.989
o -0.118 0.216 0.301 1 0.583 0.889 0.582~1.356
i e B K ELAR: 0.532 0.059 82.536 1 <0.001 1.702 1.518~1.909
i 88 o7 - - 2.011 2 0.366 - -
FITHRX 0.000 - - - - 1.000 -
BHARX 0.131 0.229 0.329 1 0.566 1.140 0.728~1.786
EELINY -0.166 0.202 0.674 1 0.412 0.847 0.570~1.259
Ji e o3 AR 1.818 0.190 91.796 1 <0.001 6.158 4.246~8.931
i 4 2T 0.578 0.251 5.314 1 0.021 1.782 1.090~2.912
el e R 2.939 0.285 106.473 1 <0.001 18.900 10.814~33.031
ML 4.994 0.594 70.690 1 <0.001 147.556 46.062~472.684
St 45 4.354 0.432 101.654 1 <0.001 77.772 33.362~181.297

3.2.543 fIBBmBERAEHERILMWBER Logistic EIVAH

VR Logistic [1] U553 H 45 Rt BAG Goit 5 = CRIIR R BEFR AR 1E1T 2 R 3 Logistic [543 17, 45
BWFE 2, SRR, 290, MEA. CA19-9. CA72-4, MR KER. MR, MR
REE S RS R UL R 451 2 B Gt B ISR EEFE bR, TR, BMIL K400, BRA% A0 A
Mf/pR. NLR. PLR. LMR. HIEEF. CEA LW EMIBAH LM ES % IR ER, 5 EEABEME
RIBTE K . &Ik 5 G AT Z R 3% Logistic [B1VH 4> 8 o] A1, [R5 K B4 (P = 0.010, OR: 1.226, 95% ClI:
1.049~1.433). 83 4L FEEE (P < 0.001, OR: 3.000, 95% Cl: 1.660~5.423). fJRii=iERE (P < 0.001, OR:
6.323, 95% Cl: 2.766~14.453). k452 (P < 0.001, OR: 42.884, 95% Cl: 11.470~160.338) LA 2 Ji 45 5 (P <
0.001, OR: 17.454, 95% CI: 6.759~45.071)72 & Ji& i FEl#h 22 L AL e R &, 455K WAk 3. AN H
Hosmer-Lemeshow 6145t A 56 13- J011% LI I PR B FE AR L& BOR BT (o = 7.581, P = 0.475),

Table 2. The results of multivariate Logistic regression analysis of perineural invasion in gastric cancer

2 BREABEWEZRIEMZER Logistic EYISFHLER

Bzt [EVEER3 PR Wald 18 H R P{H OR OR ] 95% ClI
[ENGH 0.048 0.035 1.803 1 0.179 1.049 0.978~1.124
BMI -0.168 0.111 2.282 1 0.131 0.845 0.679~1.051
R EL A -0.810 0.723 1.256 1 0.262 0.445 0.108~1.834
Az 1.170 2277 0.264 1 0.607 3.222 0.037~279.358
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ZL40 L -1.100 0.472 5.439 1 0.020 0.333 0.132~0.839
M8 0.048 0.015 10.935 1 0.001 1.049 1.020~1.079
[IIRAN 0.002 0.004 0.350 1 0.554 1.002 0.995~1.009
NLR -0.125 0.106 1.405 1 0.236 0.882 0.717~1.085
PLR 0.000 0.004 0.000 1 0.997 1.000 0.993~1.007
LMR -0.081 0.170 0.224 1 0.636 0.923 0.661~1.288
HEA -0.066 0.043 2.361 1 0.124 0.936 0.860~1.018
CEA -0.013 0.011 1.476 1 0.224 0.987 0.996~1.008
CA19-9 0.003 0.001 7.588 1 0.006 1.003 1.001~1.004
CAT72-4 -0.024 0.007 10.635 1 0.001 0.976 0.962~0.990
Ji e e K ELAR 0.311 0.108 8.244 1 0.004 1.365 1.104~1.688
i 8 oy AL P FEE 1.182 0.359 10.841 1 0.001 3.261 1.613~6.590
JifrJgg 4H £ T 0.852 0.470 3.293 1 0.070 2.345 0.934~5.887
i B i R B 1.668 0.460 13.119 1 <0.001 5.300 2.150~13.069
NS oy 2 4.765 0.834 32.655 1 <0.001 117.304 22.886~601.246
S 3.384 0.590 32.865 1 <0.001 29.494 9.274~93.802
W -1.809 1.908 0.899 1 0.343 0.164 -
Table 3. The results of multivariate Logistic regression analysis of five clinicopathological indicators

3. AMImAREIEIRAZE R Logistic B3I F 4R

izt EVEEYd Pk iR Wald {f H P {& OR OR ff 95% C
Ji e B K AR 0.204 0.080 6.573 1 0.010 1.226 1.049~1.433
Ji g o3 AE 1.099 0.302 13.238 1 <0.001 3.000 1.660~5.423
iR v v VA 1.844 0.422 19.112 1 <0.001 6.323 2.766~14.453
N 2 3.759 0.673 31.202 1 <0.001 42.884 11.470~160.338
g 2.860 0.484 34.901 1 <0.001 17.454 6.759~45.071
s -4.118 0.482 73.001 1 <0.001 0.016 -

3.3. IR EE I R HISE N E 54T

X IR A AR S . MRIRE R EE . RS DL SR A DY I AR AT, SRR 4.0 K
P 3 A 4 g5 5L, v DU ST B o Bl AR L B2 W PO AR Y - P = €(1 + €), x = -4.118 + 0.204 x Jifr
JAONEAL +1.009 x iR UREE + 1.844 x RIRIEIREE +3.759 x R4 FE +2.860 x w4k {i.
Hh e NERF L, 2108 2.71828. ¥4 543 I B i M AR HE 12 W TR A AL AR B LG B P, RIS
NiH ROC i ZRIsiE i A iz Wi i B (L1 1), #hZe AN 0.944, #Tik 95% CI &y 0.926~0.961. fk#E
ROC [l £ A6 56 45 A0 5 1) OB B FIRE e, THRAS H 20 B 4R B0 K8y 0.770,  HEXF IR Fr) T 4S5 842 I
Il FHE N 0.5122, 1ZIn FHEN B FIBBURR S N 0.836, HFsw oy 0.935. Ih4ah 543 5 B i 38 Bl 412
ORI GE FRAT — o FIERE,  BPTME R T 855 T 0.5122 AW & Bl s 20 B MR E N 1, /DT
0.5122 | Wi > J&] [ # 2A2 JURA 1 FFERAE A 0, [RIE e F PR 2% Logistic 151 UA 40 A s 36 12212 B iS4 1) o)
2, SERMAE 5. £ 6. ZS WAL AT E i S A 4 E 87.1% L K HER R Logistic [H1)A 40 45 H 45
PRORTZ AR T A R
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Table 4. The assignment results of four classification variables
4 MmoETENMESER

Ei=27n A
Jihgeg oAb = @tk + ok 1= Kok
Ji IR R T R 0=T1+ Ty 1=Ts+Ts
WELE 0= LB, 1= HIKEELT
FE LR 0= THE4ET; 1= AlEar
1.0
0.8
0.6
{5
]
i3
0.4 .
0.2
0.0k
0.0 0.2 0.4 0.6 0.8 1.0
1- fetk

Figure 1. The ROC curve of the diagnostic prediction model for perineural invasion in gastric cancer
1. BEAEMHZFRICIZEHTNERAE ROC fitk

Table 5. The classification table of the diagnostic prediction model for perineural invasion in gastric cancer

F* 5. BREABHASRILISEFNREE 5 35R

T

IEHIE 4 E
& FE A 2 A28 BE & Bl 2 A2 AL B
J& BB+ AR AR 1 259 16 94.2
S
JA B 242080 P 54 214 79.9
JSYINEE 87.1

Table 6. The results of univariate Logistic regression analysis of the diagnostic prediction model for perineural invasion in
gastric cancer

7 6. BRABMARILSHETNREE BRE R Logistic EIYFNHEER

iz EVEES-s FrifEis Wald {& H P {H OR OR [ 95% ClI
VIR TR AL 7R 4.161 0.299 193.360 1 <0.001 64.150 35.684~115.325
gy -1.568 0.150 109.839 1 <0.001 0.208 -
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4. 7ig

JE P AR A0 IR R AL & I A IR A B R I 78, CAEAN R R AL g ok 21, R
T 9T 438 5 o Jo] R A2 R JU IR & 2 R AE 6.8% % 75.6% 2 [8][3] [6]. ASHFFTAN NI 543 1) 5 Jes b L [
FREAZAL K A %0 49.36% (268/543) . Fifi 5 T 47K [H A AMIE T8 (I ASBHIR N, BRI 2 (R IEdR R 7~ 15 el
SALRRANR Y B — A BB, ARG MR AR EBIEN A AT 4[7] [8]. Deng %5 [9]HIHF
Fidat, JE BRI R B R E AR VIR AR S S A A A T AR A I A S TS R 3R . b A
Chen Z5[10]FRF 72t IR T 28LAIAE Ao DRI ST 20 Wi T MR8 ok S o J) Bl 4o 22 AR ST I A UG i3k A7
fili, AT $ R E B I A 28 T T i DA SR TS b AR e 2

Del Rio Z5[11]/WF st #&th, 7B EE T, g/ N o] ISR R MR G AR AL s[RI s /N2 —
AN EIVEAA TR, S5aAFHEZEMIC: AN KNS RERE R BB A C, NAE
LG R . [EIE Zhao SF[12]MIWF AR B, IR /N2 itk EL S B M B s R S S R R, B
Jed R /IN [ 5 T T DA e vk T 5 B 1 e A TS TN A HE R . ARE RIS RS Bid—8, 2R
Logistic [ V74 #1745 427 iR i K BEL#2(P = 0.010, OR: 1.226, 95% ClI: 1.049~1.433) 2 H i F [l #2212 50
POAST fERE R 2R, RO g R/ INTE B 0 8 B 1R A0 R A R R R p R ¥ BB EE . Feng %5[13]
(IR FC R B0 B 9 ) o A RR P S 4R . M PPRIAr . PR R/ BRIV . R EE 4 5 A8 LR g 43 3
REMR . WAMEHSEE[L4RE TSR, IR o AGFR B R R AR B T ik e ST R A R 3R . AN A )
45 2% B R AL RS2 (P < 0.001, OR: 3.000, 95% Cl: 1.660~5.423) 2 & Ji J&] [l ¥ 2 AR A0 F S ST 15 [ B 2%
I A4 1) 1 o B R AR B A2 U AT e 1 2 3 v T s AR R AT B e R o ORI A W e 2
REEXS T € B S AR T NE R OCEE, W TR MR N RIEBR ) B, AR TR
BEAE H 0] LA BIRGA ME VIR, 1kt TR IE BRI B e N 75 BT ARVIBR[15]. A 5045 S B g iz i
TREE(P < 0.001, OR: 6.323, 95% CI: 2.766~14.453) /& {5 J& A FE # A2 AU ML fE R R 3R, ed e TSI (T 5
+ T 1Y g BB R AR A AR A2 A0 A PT RE S3 m T MR IRIEVR BN Ty + T, M B R B T R
DRI, 0] LT B i R 5 B B Uk B 45 5 F2 A A2 o S 38 UG I B[R 3R 2 —[16] [17]. AW A4
N B R E AR AR R, UL SRBUR BRI K AR B3 EFH(P < 0.001, OR: 42.884, 95%
Cl: 11.470~160.338), X $7m I PRI A 7E O B s A I, BEOGTE MR R A e F o FLR AR JA BBl s 2R AR 5%
WA o 3 45T SRR T IR 0 BRI . R S5 568 . B RIR B SRR 5SS, BEEMIR IR, A 4 b
AR, AR i 4517 [18] . Tan SE[191HUBFFE4E T 4 19 AP E B 3 PR 7 B SR 2 I A A7 A
JRE R AT I . AW AR A AR SE T A 45 10 B e B R A A B A0 T REME B3 e T 4
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