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Abstract

BACKGROUND

Significant correlation between lymphatic, microvascular, and perineural invasion
(LMPI) and the prognosis of pancreatic neuroendocrine tumors (PENTs) was
confirmed by previous studies. There was no previous study reported the rela-
tionship between magnetic resonance imaging (MRI) parameters and LMPI.

AIM
To determine the feasibility of using preoperative MRI of the pancreas to predict
LMPI in patients with non-functioning PENTs (NFPNETSs).

METHODS

A total of 61 patients with NFPNETs who underwent MRI scans and lymphaden-
ectomy from May 2011 to June 2018 were included in this retrospective study. The
patients were divided into group 1 (n = 34, LMPI negative) and group 2 (n = 27,
LMPI positive). The clinical characteristics and qualitative MRI features were
collected. In order to predict LMPI status in NF-PNETs, a multivariate logistic
regression model was constructed. Diagnostic performance was evaluated by
calculating the receiver operator characteristic (ROC) curve with area under ROC,
sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV) and accuracy.

RESULTS

There were significant differences in the lymph node metastasis stage, tumor
grade, neuron-specific enolase levels, tumor margin, main pancreatic ductal
dilatation, common bile duct dilatation, enhancement pattern, vascular and
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adjacent tissue involvement, synchronous liver metastases, the long axis of the largest lymph node, the short axis of
the largest lymph node, number of the lymph nodes with short axis > 5 or 10 mm, and tumor volume between two
groups (P < 0.05). Multivariate analysis showed that tumor margin (odds ratio = 11.523, P < 0.001) was a predictive
factor for LMPI of NF-PNETs. The area under the receiver value for the predictive performance of combined
predictive factors was 0.855. The sensitivity, specificity, PPV, NPV and accuracy of the model were 48.1% (14/27),
97.1% (33/34),97.1% (13/14), 70.2% (33/47) and 0.754, respectively.

CONCLUSION
Using preoperative MRI, ill-defined tumor margins can effectively predict LMPI in patients with NF-PNETs.

Key Words: Pancreatic neuroendocrine tumors; Magnetic resonance imaging; Lymphatic invasion; Microvascular invasion;
Perineural invasion

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The correlation between comprehensive magnetic resonance imaging features and lymphatic, microvascular, and
perineural invasion (LMPI) of non-functioning pancreatic neuroendocrine tumors (NF-PNETs) were analyzed. A
multivariate model was constructed for predicting LMPI in NF-PNETs. IlI-defined tumor margins resulted as an independent
risk factor for LMPI in patients with NF-PNETs.

Citation: Liu YL, Zhu HB, Chen ML, Sun W, Li XT, Sun YS. Prediction of the lymphatic, microvascular, and perineural invasion of
pancreatic neuroendocrine tumors using preoperative magnetic resonance imaging. World J Gastrointest Surg 2023; 15(12): 2809-
2819

URL: https://www.wjgnet.com/1948-9366/full/v15/i12/2809.htm

DOI: https://dx.doi.org/10.4240/wjgs.v15.112.2809

INTRODUCTION

Pancreatic neuroendocrine tumors (PNETs), which arise from the pancreatic neuroendocrine cells, are comparatively rare
neoplasms that account for approximately 2%-3% of all pancreatic tumors[1-3]. Non-functioning PNETs (NF-PNETs)
comprise approximately 70%-90% of all PNETs and are much more common than functioning PNETs[4]. The clinical
outcomes tend to vary, with the 5-year survival rates ranging from 30%-66%]5].

Surgical resection is still the most effective treatment for PNENs[6,7]. The clinical outcomes tend to vary, with 5 years
recurrence rate after curative surgery ranging from 10% to 40%[8-10]. World Health Organization (WHO) grading[11],
lymph node metastasis (LNM), liver metastasis, and some immune-inflammatory markers have been clearly proven as
significant prognostic factors with disease relapse after surgery in patients with PNETs[12-17]. Moreover, identifying
additional prognostic factors may assist in the stratification of patients for the risk of tumor recurrence or optimization of
operation plan.

Lymphatic, microvascular and perineural invasion (LMPI) greatly impact gastroenterological cancers or gastroentero-
logical neuroendocrine tumors[18,19]. In recent years, LMPI has been confirmed as an independent prognostic factor of
PENTSs[20-22]. However, the identification of lymphatic, microvascular and perineural invasion of PNETs can only be
based on the postoperative pathological diagnosis. As a non-invasive imaging modality, magnetic resonance imaging
(MRI) has been widely used to evaluate PNETs, mainly in terms of detecting and grading[23-26]. Previous MRI studies
mainly focused on differential diagnosis, tumor grading, and recurrence[27-29]. Thus far, no previous study has reported
a correlation between MRI parameters and LMPI. Therefore, this study aims to evaluate the ability of preoperative
clinical indicators and MRI parameters to predict lymphatic, microvascular and perineural invasion in NF-PNETs.

MATERIALS AND METHODS

Patients

This study was conducted in accordance with the Declaration of Helsinki and was approved by the institutional review
board of our hospital. The requirement for informed consent was waived. The medical records were searched from May
2011 to June 2018. All resected PNETs with definite pathologically confirmed lymphatic, microvascular and perineural
invasion status were enrolled, and the patients were excluded according to the following exclusion criteria: (1) No MRI
available or insufficient MR images to do the analysis; (2) The time interval between MRI and surgery was more than two
weeks; and (3) Patient received local or systemic treatment before surgery.
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Preoperative parameters included gender, age, body mass index, symptom (present or absent), total bilirubin, alanine
aminotransferase, aspartate aminotransferase, fasting blood glucose, total lymphocyte count, total neutrophil count,
neutrophil-lymphocyte ratio = lymphocyte count/neutrophil count, alpha-fetoprotein, carcinoembryonic antigen,
carbohydrate antigen 199, carbohydrate antigen 724, and neuron-specific enolase (NSE). Pathological analysis was based
on the WHO 2019 classification, including the tumor grade (according to mitotic count and Ki-67 index), lymphatic
invasion, vascular invasion, neural invasion, and lymph node status.

MR protocols

All examinations were performed on 1.5 T (n = 10) or 3.0 T (1 = 51) MRI scanners, using an 8-channel phased array body
coil with the patients in the supine position. The MRI sequences included T2-weighted single-shot fast spin echo, FSE T1-
weighted imaging (T1WI), and diffusion-weighted imaging (DWI). DWI was performed with single-shot echo-planar
imaging sequence prior to contrast administration with at least b value of 0 and 1000 s/ mm? Dynamic contrast-enhanced
MRI was performed using a breath-hold fat-suppressed 3D T1l-weighted LAVA-Flex sequence before and after
intravenous administration of Gd- DTPA (Magnevist, Bayer Schering Pharma, Berlin, Germany) at a dose of 0.1 mmol/kg
and 2 mL/s, followed by a 20 mL of saline solution flush performed using a power injector. Images were acquired in the
arterial phase (20-35 s), portal phase (60-80 s), and delayed phase (180-240 s), respectively.

MRI features analysis

The patients were randomly grouped, and the reviewers were blinded to the clinical information and the pathological
reports. The following qualitative features were evaluated: (1) Tumor location (pancreatic head/neck, body or tail); (2)
Signal intensity (SI) on T2WI (hypointense, isointense, or hyperintense relative to the surrounding pancreatic
parenchyma); (3) Size (maximum diameter of the tumor); (4) Tumor margin (regular or irregular); (5) Exophytic growth
(present or absent); (6) Presence of upstream main pancreatic ductal dilatation (MPDD) and/or common bile duct
dilatation (CBDD) due to tumor compression; (7) Hyperenhancement at arterial phase (present or absent), presence of
vascular and adjacent organs invasion; (8) Enhancement pattern (homogeneous or heterogeneous); (9) Vascular and
adjacent tissue involvement (present or absent); and (10) Presence of synchronous liver metastases. The distal main
pancreatic duct of the tumor was considered dilated when its diameter was = 5 mm, while CBDD was defined as a
diameter of > 10 mm. Vascular invasion was defined as the tumor directly invading adjacent vessels with the results of
lumen obstruction or occlusion, abutted > 90° of major peri-pancreatic arteries, or abutted > 180° of the adjacent vein. A
regular margin was defined as a round or oval shape with clear demarcation (Figure 1). Otherwise, the tumor with extra-
nodular growth and confluent multi-nodular growth was defined as an irregular margin (Figure 2)[30,31].

Lymph node assessment

If the tumor was located in the pancreatic head/neck, regional nodes included those along the common bile duct,
common hepatic artery, portal vein, the anterior and posterior surfaces of the pancreatic head, and the superior
mesenteric artery. If the tumor was located in the pancreatic body/tail, regional nodes included those along the common
hepatic artery, splenic and superior mesenteric artery[27]. All visible regional lymph nodes in the field of the scan were
analyzed. The size of the largest lymph node (the long and short axes) was measured, and the short/long ratio was
subsequently calculated. The number of lymph nodes with a short axis > 5 mm, > 10 mm detected on the DWI sequence
was also recorded. Moreover, morphological involvement of LNM was reported when the lymph node with abnormal
round morphology or central necrosis was observed.

Assessment of LMPI

The presence of cancer cells and cancer cell nests in the interstitial space was indicative of lymphatic invasion. A space
filled with lymph and lymphocytes was especially likely to be a lymphatic vessel. When endothelial cells were identified
around the space, the space was considered a lymphatic vessel. When it was difficult to evaluate lymphatic vessels, D2-40
immuno-histochemical staining was applied. The microvascular invasion was highly likely when a circular, semicircular,
or oblong cancer cell nest with regular margins was located in the vicinity of vessels and distant from the main lesion. If
such a cancer cell nest was surrounded by venous wall structures (such as an internal elastic membrane or perivascular
smooth muscle), it was considered to represent microvascular invasion. When it was difficult to identify vessels, Victoria
blue staining was applied to elucidate elastic fibers in vessel walls. Perineural invasion was detected by the finding of
cancer cells in the perineural space and nerve fiber bundles. An independent board-certified pathologist (TF) updated the
data on the prior diagnoses made by previous pathologists using the abovementioned unified definition[20].

Quantitative analysis

One radiologist manually placed regions of interest (ROIs) on the DWI images with a b value of 1000 s/ mm? DCE-MRI
and T2WI images were used as a reference for ROI segmentation. ROIs were also drawn along the primary pancreatic
tumor’s outer border on every slice, carefully avoiding vascular structures, the biliary duct, the pancreatic duct, and
normal pancreatic tissue. ADC values from whole slices of the lesion were averaged as the ADC_,,. The tumor’s
maximum (ADC,,,,) and minimum (ADC,,,) ADC values were also recorded. Tumor volume was multiplied by the slice
thickness.

‘max.

Statistical analysis
The differences in clinical factors and MRI features between groups were compared by using the independent ¢-test or
Mann-Whitney test for continuous variables and the y? test or Fisher’s exact test for categorical variables. The univariate
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Figure 1 A 58-year-old man with pancreatic neuroendocrine tumor grade 2 underwent magnetic resonance imaging. A-C: Magnetic resonance
imaging images demonstrated the regular tumor characteristics on T2-weighted imaging (A), diffusion-weighted imaging (B) and arterial phase (C) of contrast
enhanced images. The tumor shows ill-defined nodular tumor-pancreas interface with infiltrative to adjacent normal pancreatic parenchyma; D: Hematoxylin-eosin
(HE) staining (x 400) reveal that the nerve (black arrowhead) is invaded by the tumor (black arrow); E: HE staining (x 400) shows that the tumor (black arrow) is
located in the vascular lumen.

analysis included 39 variables according to LMPI status. A multivariate logistic regression model was established by
substituting potentially significant variables from univariate analysis into an equation. Diagnostic performance was
evaluated by calculating the receiver operator characteristic (ROC) curve with area under ROC (AUC), sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy. All statistical analyses were
performed with IBM SPSS (Version 22.0; IBM Corp., New York, United States) and R package 3.6.2 (R Foundation for
Statistical Computing, Vienna, Austria). A two-sided P-value < 0.05 was considered as statistical significance.

RESULTS

A total of 61 patients who met the inclusion criteria were enrolled in the study. The clinical, pathological and MRI
features of these patients are shown in Table 1. Their median age was 63 years, 27 (44.3%) patients were male and 34
(55.7%) patients were female (Table 1). The pathologic findings showed LMPI in 27 cases (44.3%) and no LMPI in 34
(55.7%) cases. Patients were divided into two groups according to the LMPI state.

Univariate and multivariate analyses of preoperative clinical factors and MRI features

Significant differences were found in tumor margin, enhancement pattern and size of the largest lymph node between the
two groups. Irregular margin (P < 0.001) and heterogeneous enhancement pattern (P = 0.011) were more likely to be seen
in a patient with LMPI. The long axis of the largest lymph node was significantly larger (7.26 + 5.27 vs 4.15 £ 3.29, P =
0.006) in patients with LMPL

Other factors that were identified by univariate analysis to differ between the two groups included lymph node status,
tumor grade, NSE level, CBDD, MPDD, synchronous liver metastases, presence of vascular and adjacent organs
invasions, a number of lymph nodes, and tumor volume (all P < 0.05).

According to the multivariate logistic regression analysis, tumor margin [odds ratio (OR) = 11.523; 95% confidence
interval (CI): 2.966-44.761, P < 0.001] was an independent factor associated with LMPI of NF-PNETs. The enhancement
pattern and size of the largest lymph node, with P-value of 0.056 (OR = 3.833; 95%ClI: 0.907-16.197) and 0.066 (OR =
1.1660; 95%CI: 990-1.374), were included in our predicting model. The diagnostic performance of the multivariate logistic
regression model was shown in Figure 3, with an AUC = 0.855 (95%ClI: 0.750-0.960). The sensitivity, specificity, PPV, NPV
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Table 1 Clinical characteristics, magnetic resonance imaging features of patients with and without lymphatic, microvascular, and

perineural invasion

Lymphatic, microvascular, and perineural invasion

Factors Pvalue
LMPI () (n = 34) LMPI (+) (n = 27)
LNM 0.001
Absent 31 14
Present 3 13
Grade <0.001
1 19 1
2 10 17
B) 5 9
Gender 0.622
Male 16 11
Female 18 16
Age, year 52.59 +13.31 55.78 +11.26 0.324
BMI (kg/m?) 24.93 +3.63 24.36 +4.72 0.593
Symptom 0.264
Absent 14 15
Present 20 12
TB, pmol /L 0.738
<21 29 22
>21 5 5
ALT, IU/L >0.999
<40 30 23
240 4 4
AST, IU/L 0.123
<40 32 21
>40 2 6
FBG, mmol/L 0.095
<6.1 24 14
6.1 9 13
TLC, 10°/L 1.77 £ 0.55 1.62+0.53 0.286
TNGC, 10°/L 3.46 +1.46 3.91+217 0.338
NLR 2.05+0.87 2.56 +1.55 0.107
AFP, ng/mL
<109 34 27
>10.9 0 0
CEA, ng/mL 0.673
<5 26 25
>5 4 2
CA199, U/mL 0.238
<37 28 22
237 2 5
Boishidengs WIGS | https://www.wjgnet.com 2813 December 27,2023 | Volume15 | Issue12 |
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CA724,U/mL 0.488
<59 20 22
259 1 0
NSE, ng/mL 0.023
<16.3 19 10
>16.3 4 10
Tumor location 0.911
Head or neck 17 15
Body 10 7
Tail 7 5
SI on T2WI 0.697
Hypointense 1 2
Isointense 24 19
Hyperintense 9 6
Maximum diameter of the tumor 31.44 £16.53 45.03 £32.21 0.11
Tumor margin <0.001
Defined 27 8
Tlldefined 7 19
Exophytic growth 0.666
Absent 17 12
Present 17 15
MPDD 0.041
Absent 30 18
Present 4 9
CBDD 0.037
Absent 33 21
Present 1 6
Hyperenhancement at the arterial phase 0.062
Present 22 11
Absent 12 16
Enhancement pattern 0.011
Homogeneous 27 13
Heterogeneous 7 14
Vascular and adjacent tissue involvement 0.048
Absent Bill 19
Present 3 8
Synchronous liver metastases 0.003
Absent 31 16
Present 3 11
Long axis of the largest lymph node, mm 7.59 + 6.41 11.63 +£7.42 0.026
Short axis of the largest lymph node, mm 415+3.29 7.26 £5.27 0.006
Ratio of the long/short axis of the largest lymph  0.74 + 0.90 1.37+1.18 0.266
node
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Shape of the largest lymph node 0.092
Normal 31 20
Abnormal 3 7
Number of lymph nodes with the short axis >5  0.74 + 0.88 1.37+1.18 0.026
mm
Number of lymph nodes with the short axis >10  0.09 + 0.38 0.52+0.98 0.014
mm
ADC, o, (X 10° mm?/s) 1444.97 + 360.98 1552.26 + 654.46 0.427
ADC,,, (x 10° mm?/s) 2338.36 + 604.50 2813.16 +1610.93 0.124
ADC,,;, (x 10° mm?/s) 562.43 + 672.51 487.88 + 647.09 0.699
Tumor volume, mm? 17788.45 + 22520.13 47201.46 + 85657.55 0.029

LNM: Lymph node metastasis; BMI: Body mass index; TB: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; FBG: Fasting
blood glucose; TLC: Total lymphocyte count; TNC: Total neutrophil count; NLR: Neutrophil-lymphocyte ratio; AFP: Alpha-fetoprotein; CEA:
Carcinoembryonic antigen; CA199: Carbohydrate antigen 199; CA724: Carbohydrate antigen 724; NSE: Neuron-specific enolase; MPDD: Main pancreatic
duct dilatation; CBDD: Common bile duct dilatation; ADC: Apparent diffusion coefficient; T2ZWI: T2-weighted imaging; LMPI: Lymphatic, microvascular,

and perineural invasion; SI: Signal intensity.

44 X 7
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DOI: 10.4240/wjgs.v15.i12.2809 Copyright ©The Author(s) 2023.

Figure 2 A 52-year-old woman with pancreatic neuroendocrine tumor grade 1 underwent magnetic resonance imaging. A-C: Magnetic
resonance imaging (MRI) images revealed the regular tumor characteristics on T2-weighted imaging (A), diffusion-weighted imaging (B) and arterial phase (C) of
contrast enhanced images. A round, well demarcated tumor with smooth contours is shown on MRIs (white arrow). The tumor pancreas interface is clear; D and E:
Hematoxylin-eosin staining (x 400) reveal that the space between the vascular and nerve (black arrow) and the tumor (black arrow) is clear.

and accuracy of the model were 48.1% (14/27), 97.1% (33/34), 97.1% (13/14), 70.2% (33/47) and 0.754, respectively. The
optimal cut-off point of the probability of our multivariate model for predicting LMPI was 43%.
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Figure 3 The receiver operating characteristic curve for diagnostic performance of multivariate model regarding the lymphatic,
microvascular, and perineural invasion of pancreatic neuroendocrine tumors. The area under the curve is 0.855 (95% confidence interval: 0.750-
0.960).

DISCUSSION

Tumor cells can metastatic to regional lymph nodes or distant organs through vascular and lymphatic vessels and nerves,
which may represent the agressiveness of the tumor[9]. LMPI, an independent risk factor for postoperative recurrence of
NF-PNETs[20-22], has an important role in lymph node involvement and tumor staging to some extent. Moreover, the
combination of WHO grades and LMPI may assist in stratifying the patients at risk of tumor recurrence or optimizing the
operation procedure. LMPI is of great significance for deciding whether further cleaning or extended resection is required
in gastrointestinal cancer and gastrointestinal neuroendocrine tumors[18,19]. However, LMPI of gastrointestinal cancer
can be obtained before endoscopy, while LMPI of PNETs can only be obtained through postoperative pathological
examination. Previous researches reported that MRI features could be employed to predict patient’s prognosis, which
might guide surgeons’ surgical plan and individualized treatment of PNETs patients[32]. Consequently, this study
analyzed the relationship between pre-operative clinical and MRI features and LMPL

We found that the tumor margin of NF-PNETs was an independent predictor for LMPI (OR = 11.523; 95%CI: 2.966-
44.761, P < 0.001). Our results showed that NFPNETs with an ill-defined margin of the tumor were more aggressive,
which was consistent with former researches. In their study, it reveal that there was significant correlation between ill-
defined margin and clinical variables relevant to disease progressions and also poor overall survival[30]. Likewise, De
Robertis et al[33] found that ill-defined margins were more likely to be seen in G2-3 than in G1 tumors, and also more
common in stage III-IV PNETs than in low-stage tumors. Our current results revealed that LNM was more common in
tumors with irregular margins than those with well-defined margins, which further validated the relevance between ill-
defined margins and tumor aggressiveness in NF-PNETSs. According to our multivariate model, the best cut-off value of
the probability for predicting LMPI was 43%, and to the best of our knowledge, the cut-of value of the probability for the
prediction of LMPI has not been reported for NF-PNETs.

Moreover, univariate analysis of this study showed that G2-3 tumors were more likely to develop LMPI (P < 0.001),
similar to a previous study[12]. Other factors that were significantly different according to the LMPI state LMPI (P < 0.05)
included tumor margin, enhancement pattern, the long axis and the short axis of the largest lymph node of the largest
lymph node status, NSE level, CBDD, MPDD, synchronous liver metastases, presence of vascular and adjacent organs
invasion, and a number of the lymph node and tumor volume. Most of these factors reflect the imaging performance of
aggressiveness of the tumor to some extent. De Robertis et al[33] reported that heterogeneous enhancement is a reliable
predictor of G2-3 tuners (specificity, 71%). Oba et al[31] reported that G2-3 tumors are significantly larger than G1 tumors,
while Hyodo et al[34] found that heterogeneous enhancement was correlated with tumor size. Nevertheless, our results
showed no significant difference in tumor size between the two groups, which could be due to two following reasons:
First, we did not group the tumor by tumor sizes, such as 10 mm and 20 mm. Second, we did not further analyze the
lymphatic, microvascular and perineural invasions, respectively.

The information on the relationship between ADC values and lymphatic, microvascular and perineural invasion is
relatively rare. In their study, Harimoto et al[35] reported that venous, neural invasion and lower mean ADC values <
1458 x 10 mm?/s were independent impact factors of LNM. Although our study showed that patients with LMPI were
significantly associated with LN status, there was no significant difference in ADC values between the two groups (P >
0.05). This may be because the clinical behavior and histopathologic appearances of NF-PNETs widely vary, which may
further lead to the overlap between the ADC values. Partelli et al[36] found that the ADC,,,,, value of PNETs was

‘mean
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significantly higher than that in G1-PNETs. But, Hwang et al[26] reported that there was no significant difference of ADC
values between the G1 and G2+3 tumors.

Study limitations

First, this study did not analyze lymphatic, microvascular, and perineural invasion respectively. Previous studies
revealed that microvascular invasion, microvascular, and perineural invasion were prognostic factors of postoperative
recurrence[20-22]. Further studies are needed to evaluate the correlation between MRI features and lymphatic invasion,
microvascular invasion and perineural invasion respectively. Second, different MR scanners were used due to the
retrospective design; however, different scanners and protocols did not obviously affect the morphological classification
and measurement. Thirdly, other information, such as DCE sequence and intravoxel incoherent motion, were not
included and should be investigated by future studies.

CONCLUSION

Herein, we elaborated on the relationship between MRI features and LMPI of NF-PNETs. As one of the MRI features, the
tumor margin has an important role in predicting LMPI in patients with NF-PNETs.

ARTICLE HIGHLIGHTS

Research background

Pancreatic neuroendocrine tumors (PNETs) are comparatively rare neoplasms. Lymphatic, microvascular, and perineural
invasion (LMPI) was significantly correlated with the prognosis of PENTs which was confirmed by previous studies.
There was no previous study reported the relationship between magnetic resonance imaging (MRI) parameters and
LMPL

Research motivation
The key problem is whether preoperative MRI of the pancreas can predict LMPI in patients with non-functioning NF-
PNETs.

Research objectives

The main objective is to determine the feasibility to predict lymphatic, microvascular and perineural invasion in patients
with non-functioning PENTs (NF-PNETs) by using preoperative MRI of the pancreas. MRI is a non-invasive imaging
modality, and there will be more broad application prospects.

Research methods
The comprehensive clinical indicators and MRI parameters of patients with NF-PNETs were collected. A multivariate
logistic regression model was established and the diagnostic performance was evaluated.

Research results

Patients were divided into two groups according to the LMPI state. Irregular margin (P < 0.001) and heterogeneous
enhancement pattern (P = 0.011) were more likely to be seen in a patient with LMPI. The long axis of the largest lymph
node was significantly larger (7.26 + 5.27 vs 4.15 + 3.29, P = 0.006) in patients with LMPI. According to the multivariate
logistic regression analysis, tumor margin (odds ratio = 11.523; 95% confidence interval: 2.966-44.761, P < 0.001) was an
independent factor associated with LMPI of NF-PNETs.

Research conclusions
The relationship between MRI features and LMPI of NF-PNETs was elaborated. The tumor margin, which is one of the
MRI features, has an important role in predicting LMPI in patients with NF-PNETs.

Research perspectives

This study evaluated the relationship between preoperative clinical indicators, MRI parameters and LMPI in NF-PNETs.
To evaluate the correlation between MRI features and lymphatic invasion, microvascular invasion and perineural
invasion respectively.
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