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Abstract: [ Objective] To investigate the value of preoperative dual-layer spectral detector CT (DLCT) parameters in
predicting lymph node metastasis (LNM) of non—functional pancreatic neuroendocrine neoplasms (NF-pNENs).
[Methods] A retrospective study was conducted on patients with pathologically confirmed NF-pNENs who underwent

preoperative contrast—enhanced DLCT examination between September 2019 and July 2024. Regions of interest (ROIs)
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were manually delineated on three representative slices of the solid component of the lesion, and the mean values were
recorded. Conventional CT parameters, monochromatic energy images (40 keV, 70 keV, 100 keV), iodine concentration
maps, and effective atomic number (Z,) maps in the pancreatic parenchymal phase and portal venous phase were
acquired. A total of 34 parameters, including clinical characteristics, imaging features, conventional CT and DLCT
quantitative parameters, were analyzed. Intergroup differences were compared between the LNM and non—LNM groups.
Independent predictive factors were screened using logistic regression and least absolute shrinkage and selection operator
(LASSO) regression. Receiver operating characteristic (ROC) curves were generated for each predictive model, and the
area under the curve (AUC) was calculated to evaluate the predictive efficacy. [Results] A total of 82 patients with NF-
pNENs were enrolled, including 37 males and 45 females, with a mean age of 49.7+14.7 years. Thirty patients were
performed with LNM and 52 were with non—LNM. After univariate logistic regression, LASSO regression and multivariate
stepwise logistic regression analyses, body mass index (BMI), organ invasion, normalized CT value in the portal venous
phase (nCTv) and normalized iodine concentration in the portal venous phase (nICv) were identified as independent
predictive factors. The AUCs of the clinical-radiological qualitative model (BMI+organ invasion) , conventional CT model
(nCTv) , DLCT model (nICv) and comprehensive model (organ invasion+nlCv) were 0.815 (0.719, 0.910) , 0.750
(0.642, 0.858), 0.829 (0.733, 0.925) and 0.865 (0.879, 0.953), respectively. The comprehensive model combining
clinical-radiological and DLCT characteristics exhibited superior predictive performance.[Conclusion] DLCT parameters
are more effective than conventional CT parameters in predicting LNM in NF=pNENs, enabling non—invasive preoperative
prediction and assisting clinical decision—making.
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A 57-year—old man with a pathologically confirmed non—functional pancreatic neuroendocrine tumor and no lymph node metastasis. A=F: show,

in order, a 120 kVp mixed—energy image, virtual single-energy images at 40, 70, and 100 keV, an iodine—free image, and an effective atomic number

image. A1-F1 denotes the pancreatic parenchymal phase, and A2—F2 denotes the portal venous phase.
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Fig. 1 Example of dual-layer spectral detector CT image of a patient with nonfunctional pancreatic neuroendocrine tumor
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Table 1 Comparison of clinical, radiological, and dual-layer spectral detector CT characteristics between patients in the

metastatic and non—metastatic lymph node groups

Index Non-LNM (n=52) LNM (n=30) Statistical values P

Clinical characteristics

Agelyear 50.0 + 14.9 49.2 + 14.5 0.059 0.809
BMI/(kg/m*) 22.30 +2.57 20.38 +2.34 11.277 0.001
Sex/(female/male) 29/23 16/14 <0.001 >0.999
CA19-9(+) 5(10) 5(17) Fisher 0.485
CA125(+) 7 (13) 9 (30) 2.344 0.126
CEA(+) 4(8) 5(17) Fisher 0.276
NSE(+) 31 (60) 18 (60) <0.001 >0.999

Radiological features

Location 0.051 0.821
Head/neck 20 (38) 10 (33)
Body/tail 32 (62) 20 (67)

Pain 0.626 0.429
No 37 (71) 18 (60)
Yes 15 (29) 12 (40)

Jaundice Fisher 0.551
No 51 (98) 28 (93)
Yes 1(2) 2(7)

Margin 7.735 0.005
Non clear 22 (42) 23 (77)
Clear 30 (58) 7(23)

Calcium Fisher >0.999
No 44 (85) 25 (83)
Yes 8 (15) 5(17)

Organ invasion 13.412 <0.001
No 44 (85) 13 (43)
Yes 8 (15) 17 (57)

Vascular invasion 10.013 0.002
No 43 (83) 14 (47)
Yes 9(17) 16 (53)

Liver metastases 4.468 0.035
No 33 (63) 11 (37)
Yes 19 (37) 19 (63)

Pancreatic duct dilation 0.564 0.453
No 40 (77) 20 (67)
Yes 12 (23) 10 (33)

Bile duct dilation Fisher 0.094
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2k
Index Non-LNM (n=52) LNM (n=30) Statistical values P
No 50 (96) 25 (83)
Yes 2 (4) 5(17)
Grade 7.735 0.005
Gl 18 (35) 5(17)
G2 31 (60) 15 (50)
G3 3(6) 7(23)
NEC 0(0) 3 (10)
CT reported LNM 4701 0.030
No 41 (79) 16 (53)
Yes 11(21) 14 (47)
Tumor diameter/mm 35 (24.3, 46.8) 43 (29.5, 54.8) 2.301 0.129
VMI 44.02 (41.56, 46.14) 42.78 (40.61, 44.40) 3.307 0.081
Pancreatic parenchymal phase
nCTa 0.40 (0.27, 0.55) 0.29 (0.23, 0.44) 4713 0.030
n40a 0.33 (0.20, 0.48) 0.21 (0.14, 0.36) 6.265 0.012
n70a 0.41 (0.27, 0.54) 0.29 (0.23, 0.43) 5.339 0.021
n100a 0.50+0.16 0.4120.15 6.418 0.013
nlCa 0.28 (0.16, 0.47) 0.14 (0.09, 0.31) 7.292 0.007
nZeffa 0.80+0.08 0.750.07 6.511 0.013
Portal-venous phase
nCTv 0.67+0.15 0.530.16 16.976 <0.001
n40y 0.59+0.19 0.42+0.17 14.611 <0.001
n70y 0.66+0.17 0.52+0.16 12.377 <0.001
n100v 0.73 (0.65, 0.82) 0.67 (0.57, 0.74) 6.558 0.010
nlCv 0.60+0.18 0.3620.17 33.528 <0.001
nZeffy 0.90+0.05 0.87+0.05 10.222 0.002

The normality of continuous variables was assessed using Shapiro—Wilk tests, with normally distributed data presented as mean + standard devia-

tion (compared via Student’s t—tests) and nonparametric data reported as median with interquartile range (IQR; analyzed via Kruskal-Wallis tests).

Categorical variables were expressed as frequencies or percentages and analyzed usin or Fisher’s exact tests. LNM: lymph node metastases; BMI:
2 P q p 2 y g ymp

body mass index; CA19-9: carbohydrate antigen 19-9; CA125: carbohydrate antigen 125; CEA: carcinoembryonic antigen; NSE: neuron—specific

enolase; NEC: neuroendocrine carcinoma; VMI: virtual monenergetic image; n40: normalized 40 keV monenergetic; n70: normalized 70 keV single

energy; n100: normalized 100 keV single energy; nlC: normalized iodine concentration; nZeff: normalized effective atomic number; prefix a: pancre-

atic parenchymal phase; suffix v: portal-venous phase.
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Table 2 Univariate logistic regression analysis of clinical-radiological characteristics and CT parameters

Characieristics Ocds 959%Cl P | Characteristics 0ds 959%C1 P
ratio ratio
R . Crlksirr 1100 0.325-3.728  0.878
BMI 0727  0.589-0.896  0.003 |Pancreatic duct dilation ~ 1.667 0.615-4.513 0315
G 1103 0.448-2720  0.831 | Bile duct dilation 5000  0.906-27.609  0.065
Age 0996  0.966-1.027 0806 | VMI 0962 0.899-1.029  0.260
i 1644  0.639-4232 0302 | Pancreatic parenchymal phase
Jaundice 3.643  0316-41.978  0.300 |nCTa 0.678 0.496-0926  0.015
CA19-9 1880 0.497-7.117 0353 | nd0a 0.661 0.484-0.905  0.010
CA125 2755 0903-8405 0075 |n70a 0.669 0.488-0919  0.013
CEA 2400 0.591-9.741 0221 |nl100a 0.682 0.497-0.936  0.018
NSE 1016  0406-2.541 0973 |nlCa 0.651 0.478-0.888  0.007
Reblopiel astiias e 0442 0227-0.860  0.016
ez 0223  0081-0.612  0.004 | Portal-venous phase
G fapseom 7192 2533-20421  <0.001 |nCTy 0.524  0.360-0.763  0.001
sl fareeton 5460  1.978-15070  0.001 |ndOv 0.607 0.450-0.819  0.001
Vs o 3000  1.180-7.624  0.021 | n70v 0.601 0431-0.839  0.003
CT reported LNM 3261 1226-8.677  0.018 ||nl00v 0.678 0.490-0.938  0.019
s QPG 1008 0994-1.021 0277 | nlCv 0456 0.316-0.660 <0.001
i 1250 0.487-3208  0.643 | nZeffy 0233 0.085-0.641  0.005

CI: confidence interval; BMI: body mass index; CA19-9: carbohydrate antigen 19-9; CA125: carbohydrate antigen 125; CEA: carcinoem-

bryonic antigen; NSE: neuron—specific enolase; NEC: neuroendocrine carcinoma; VMI: virtual monenergetic image; n40: normalized 40 keV

monenergetic; n70: normalized 70 keV single energy; n100: normalized 100 keV single energy; nlC: normalized iodine concentration; nZeff: nor-

malized effective atomic number; prefix a: pancreatic parenchymal phase; suffix v: portal-venous phase.
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A1 and A2 are clinical-radiological feature models, while B1 and B2 are spectral CT parameter models. Al and B1 illustrate the selection of the

regularization parameter (\) in LASSO regression; the figures plot the area under the curve against log (\), and the optimal value of \ was selected using

five—fold cross—validation. A2 and B2 show the distribution of coefficients for each variable. A vertical dashed line is drawn at the selected \ value;

variables identified at this point have non—zero coefficients.
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Fig.2 LASSO analysis plots for the clinical-radiological features model and the Spectral CT parameters model
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Table 3 Performance of different models in predicting lymph node metastases of patients with nonfunctioning

neuroendocrine tumors

Models AUC (95%CI) Accuracy Sensitivity Specificity
BMI+Organ invasion 0.815 (0.719-0.910) 0.780 0.800 0.769
nCTy 0.750 (0.642-0.858) 0.744 0.600 0.827
nlCv 0.829 (0.733-0.925) 0.829 0.633 0.942
Organ invasion+nICy 0.879 (0.806-0.953) 0.817 0.867 0.788

CI: confidence interval; BMI: body mass index; nlC: normalized iodine concentration; suffix v: portal-venous phase.

nCTv JyAHC M 37 &R o5& T nCTv 1Y 5E i 155 Y
AUC 5 0.750(95%C1:0.642~0.858; % 3) , RS i >
0.600, F57-5 1% 1y 0.827 , HEHHE 4 0.744
24 BEIECTEESHER

RETE CT A £ 2 B0 45 TR A S 91 R T 1 5 Jk A9
) n40 .n70 . n100 . nlC \nZeff, K 53 R ik
LSS A eI CT o S EUE IR T R A,
HA B Eg 225 (i P<0.05). fli ] LASSO

[ 51 43 AT M e 52 J5 30 0 10 bk 30 %) BB CT 24K
(n40.n70.n100 . nlC . nZeff) , i & ] i bR 30145 i1k
it % J¥ (normalized iodine concentration in the
portal-venous phase, nTCv) A L 25 5% £% 1 A1 56
o AT nlCv 1y EBIAL AUC 2 0.829 (95%Cl:
0.733~0.925; & 3) , BB BE Ty 0.633, ¢ 55 £ R
0.942, HERA 24 0.829.
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Model 1 is a clinical-radiological qualitative model (BMI+organ
invasion), with an AUC of 0.815 (95%CI: 0.719-0.910); Model 2 is a
conventional CT parameter model (nCTv), with an AUC of 0.750
(95%CI: 0.642-0.858); Model 3 is a spectral CT model (nICv), with an
AUC of 0.829 (95%CI: 0.733-0.925); Model 4 is a comprehensive
model (organ invasion+nICv), with a maximum AUC of 0.879 (95%ClI:
0.806-0.953).

B3 Tl B AR SEER ROC H
Fig.3 ROC curves for models predicting lymph node

metastases
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