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Abstract
Purpose  To establish a preoperative prediction model for pathological grade of PanNETs based on computed tomography 
(CT), magnetic resonance imaging (MRI) and endoscopic ultrasonography (EUS).
Methods  Clinical data of 58 patients with pathologically confirmed PanNETs were included in this retrospectively study and 
they were divided into grade 1 and grade 2/3. CT, MRI and EUS images were collected within one week before surgery. A 
clinical predictive model based on the independent clinical risk factors and significant radiological features was established. 
The area under receiver operating characteristic curve (AUC) was performed to assess the model.
Results  Gender, pancreatic duct dilatation (PDD) and portal enhancement ratio (PER) were the independent predictors for 
PanNETs grading (P < 0.05). PanNETs grade 1 and grade 2/3 had statistical difference in elastography score (P = 0.001). The 
combination of gender, PDD and PER had better predictive efficiency than each of these three predictors alone, with a high 
AUC of 0.925. The elastography score also achieved an AUC of 0.838.
Conclusion  We proposed a comprehensive model based on preoperative CT, MRI and EUS to predict grade 1 and grade 2/3 
of PanNETs and better informs clinicians on individualized diagnosis and treatment of patients with PanNETs.
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Introduction

Pancreatic neuroendocrine tumors (PanNETs) are a highly 
heterogeneous group of tumors, accounting for approxi-
mately 7% of all neuroendocrine neoplasm (NEN), with an 
incidence rate of 0.8 per 100,000 people [1]. According to 
the universal classification framework for neuroendocrine 
tumors proposed by the International Agency for Research 
on Cancer-World Health Organization (IARC-WHO), Pan-
NETs are divided into grade 1, grade 2, grade 3 and Pan-
creatic neuroendocrine carcinomas (PanNECs) according to 
the number of mitotic rate and the Ki-67 proliferation index 
[2]. PanNECs typically have poorly differentiated morpho-
logical features and Ki-67 index of > 50% [3]. The treat-
ment selection of PanNETs is closely related to pathological 
grade, and whether the operation is considered and the 
choice of operation methods depend on the size, location, 
histopathological grade and stage of the tumor [4]. Recent 
studies have shown that the pathological grade of PanNETs 
has a great correlation with their prognosis. The 5-year 
survival rates of G1, G2 and G3 PanNETs were 79.54%, 
66.88% and 22.53%, respectively [5]. Therefore, accurate 

preoperative prediction of pathological grade is of great sig-
nificance for the prognostic assessment and treatment deci-
sion of PanNETs [6].

Imaging examination is an important means for the 
diagnosis, localization, staging and efficacy evaluation 
of PanNETs [7]. Common imaging examinations include 
computed tomography (CT), magnetic resonance imaging 
(MRI) and endoscopic ultrasonography (EUS). Multiphasic 
enhanced CT, as the preferred imaging examination for most 
patients with PanNETs, plays a crucial role in the qualitative 
and differential diagnosis of tumor [8, 9]. Meanwhile, the 
combination of imaging methods based on enhanced CT 
image features and patients’ clinical information have high 
accuracy in predicting the pathological grade of PanNETs 
[10]. However, CT performs poorly in diagnosing small-
sized PanNETs [11]. A recent study showed that more than 
68% of PanNETs with diameter less than 10 mm and 15% of 
PanNETs with diameter between 11 and 20 mm could not be 
detected by CT [12]. MRI is also an effective mean to diag-
nose, differentiate and evaluate PanNETs. It is a suitable 
alternative method for CT detection and characterization of 
lesions, and it is a good choose when CT manifestations are 
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ambiguous or uncertain [11]. Also, MRI can be used as a 
supplementary means of CT examination because it has a 
high detection rate of PanNETs liver metastasis and lymph 
node metastasis with smaller maximum diameter [13]. EUS 
can provide more insights and access for PanNETs, and play 
a comprehensive role in positioning, staging, confirming and 
treating PanNETs [14]. EUS can observe the pancreas and 
its surrounding structures in detail, especially in the detec-
tion of small lesions (2–5 mm in diameter) with a diagnos-
tic sensitivity of 86-89%, which is better than CT and MRI 
[15]. At present, EUS-guided fine needle aspiration (EUS-
FNA) is a more accurate method to obtain the pathologi-
cal grade of PanNETs before surgery [16]. However, due to 
the random selection of the biopsy sites and the limited size 
of the tissue obtained, the results of needle biopsy may not 
accurately reflect the proliferative status of the entire tumor 
[17]. Meanwhile, the invasive nature of needle biopsy and 
the risk of puncture failure should not be ignored [18].

Considering the disadvantages of the single imaging 
method, the combination of multiple examination methods 
may improve the accuracy of PanNETs diagnosis and pro-
vide more effective information for the formulation of treat-
ment plan and follow-up plan. However, few studies have 
combined two or three imaging methods to predict the path-
ological grade of PanNETs before surgery. Hence, the pur-
pose of this study was to build a comprehensive model based 
on CT, MRI, EUS features and clinical factors to predict the 

pathological grade of PanNETs before operation, and pro-
vide important guideline for clinical decision-making.

Materials and methods

Patient selection

This retrospective study has been approved by the local 
institutional review board. All procedures were in accor-
dance with the Helsinki Declaration and informed consent 
of patients was waived because of the retrospective nature 
of the study. We identified 79 patients with surgically proven 
PanNETs from January 2020 to June 2023. In the definition 
of PanNETs grading, Grade 1 is with mitotic count < 2 per/2 
mm2 and < 3% Ki-67 index, grade 2 is with mitotic count 
with 2–20/2 mm2 and 3–20% Ki-67 index whereas grade 
3 is with mitotic count > 20/2 mm2 and > 20% Ki-67 index. 
PanNECs patients were not included in the study. A flow-
chart of patient enrollment is shown in Fig. 1.

The inclusion criteria were: (1) patients with pathology-
proven PanNETs; (2) patients underwent dynamic pancre-
atic imaging examination within 30 days prior to surgery; 
(3) patients with completeness of clinical data.

The exclusion criteria was: patients received any antitu-
mor therapy before surgery. 21 patients were excluded as 
the following reasons: insufficient pathologic data (n = 8) 

Fig. 1  Flowchart of patient selec-
tion. PanNETs pancreatic neuro-
endocrine tumors; CT computed 
tomography; MRI magnetic reso-
nance imaging; EUS endoscopic 
ultrasonography
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(b) size (the maximum diameter of the tumor in the cross 
section), (c) cystic changes within the tumor (solid or cys-
tic-solid), (d) pancreatic duct dilatation (PDD) (> 3  mm), 
(e) pancreatic atrophy, (f) calcification, (g) tumor margin 
(well defined [tumor margin smooth and clearly visible] 
or poorly defined [with spiculation or infiltration on > 90° 
of the tumor perimeter]), (h) enhancement (homogenous 
or heterogeneous), (i) arterial enhancement ratio (AER, 
hounsfield units (HU) values of tumor/HU values of nor-
mal parenchyma measured on AP) and (j) portal enhance-
ment ratio (PER, HU values of tumor/HU values of normal 
parenchyma measured on PP). The representative CT find-
ings were shown in Fig. 2.

MRI image acquisition and feature analysis

MR scans were performed by using a 3.0-T or 1.5-T unit 
(Signa HDx 3.0-T; GE Medical Systems, Milwaukee, WI, 
United States, or Achieva 1.5-T; Philips, Amsterdam, The 
Netherlands) including conventional axial, sagittal, and 
coronal T1-weighted turbo spin-echo imaging sequence 
(without and with gadolinium), fast spin-echo T2-weighted 
fat-suppressed sequence (echo time/repetition time TE/TR: 
4,000–8,000/80–90 ms); MRCP was performed by using 
heavily T2-weighted fast acquisition spin echo sequence 
(TR/TE: 2,400–6,000/500–800 ms). As for contrast 
enhanced imaging, the patient’s elbow vein was injected 
into 0.1 mmol/kg gadolinium (2.5 ml/s).

All the images were assessed independently by two 
experienced radiologists, who were blinded to the PanNETs 
pathological grade. The tumor features were determined 

and non-contrast CT examinations (n = 13). Finally, total of 
58 patients were included in this study (Fig. 1).

CT image acquisition and feature analysis

All patients underwent CT scan on the supine multi detec-
tor spiral CT scanner (Lightspeed, VCT or discovery hd750, 
GE Healthcare, US) from the right diaphragm to the pubic 
symphysis. The following were CT scan parameters: tube 
voltage 120 kVp, tube current 250–350  mA, collimat-
ing slice thickness 5  mm, reconstruction slice thickness 
1.25 mm, slice interval 5 mm, rotation time 0.6  s, helical 
pitch 1.375, the field of view between 35 and 40 cm, matrix 
512 × 512. Simultaneously all the images used a standard 
reconstruction algorithm. As for enhanced CT scan, the 
patient’s elbow vein was injected into a contrast agent 
(Omnipaque 350 mgI/mL, GE Healthcare, US) of 1.2 mL/
kg per body weight at an injection rate of 3.0 mL/s and then 
40 mL of saline solution was injected at the same injection 
rate. The arterial phase, portal vein phase and equilibrium 
phase images were obtained at 35 s, 70 s and 3 min after 
the injection of contrast agent. Circular or elliptical regions 
of interest (ROIs) were drawn to surround as much of the 
tumor as possible avoiding the calcification, vessels, and 
normal pancreas. Meanwhile, the ROI of normal pancreas 
near the lesion was measured. three adjacent images were 
measured and after that the results were averaged.

For all measurements, the size, shape, and position of the 
ROIs were kept constant between the two phases (arterial 
phase (AP) and portal phase (PP). All tumors were evaluated 
for: (a) tumor location (head, body, or tail of the pancreas), 

Fig. 2  Representative images 
of PanNETs imaging features. 
(A) Representative CT image of 
PanNETs grade 3 with pancreatic 
duct dilatation. (B) Region of 
interest placement on lesion and 
adjacent normal pancreas in an 
axial CT image of arterial phase 
of PanNETs grade 1. (C) Region 
of interest placement on lesion 
and adjacent normal pancreas in 
an axial CT image of portal phase 
of PanNETs grade 1. (D) Repre-
sentative EUS image of PanNETs 
grade 1 evaluated for elastogra-
phy score. PanNETs pancreatic 
neuroendocrine tumors; CT 
computed tomography; EUS 
endoscopic ultrasonography
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Statistical analysis

The data were managed and analyzed by using SPSS 27.0 
(IBM Corp., Armonk, NY, United States). Quantitative data 
were summarized as means ± SD and were analyzed by 
independent-samples t test. Categorical parameters were 
presented as absolute (frequencies) and statistical analysis 
was examined with Chi-square test or Fisher’s exact test. 
Multivariable analyses for PanNETs grading were calcu-
lated with a logistic regression model. Variables with a P 
value < 0.05 in univariable analyses were included in mul-
tivariable analyses. The predictive efficiencies of different 
factors were calculated by using receiver operating char-
acteristic (ROC) curves and the area under the ROC curve 
(AUC) by using MedCalc software (Mariakerke, Belgium). 
P value < 0.05 was considered as statistically significant.

Results

Patients’ characteristics

A total of 58 patients with PanNETs in this study were diag-
nosed through surgical resection and pathological analysis. 
Among these patients, 29 patients (50.0%) were categorized 
as grade 1, 23 (39.7%) were grade 2, and 6 (10.3%) were 
grade 3 according to the WHO classification. Their charac-
teristics are summarized in Table 1. There were 35 men and 
23 women, and the mean age was 56.9 years. Additionally, 
the mean diameter of the lesions was 2.6 cm and 74.1% of 
the tumors were located in the body or tail and 25.9% in the 
head.

Clinical and radiological characteristics

The clinical characteristics, CT features and MRI features 
are summarized in Table  2. Significant differences were 
found in gender, tumor size, the presence or absence of 
PDD, tumor margin, AER and PER among PanNETs G1 
and PanNETs G2/3 tumors (all P < 0.05). PanNETs G2/3 
usually occurred in female and showed larger size, higher 
rate of PDD and poorly defined margin compared with Pan-
NETs G1. In addition, the AER and PER in PanNETs G2/3 
were significantly lower than those in PanNETs G1. As for 
MRI finding, there were no significant differences in TIWI, 
T2WI and DWI signal intensity and enhancement heteroge-
neity between PanNETs G1and PanNETs G2/3.

CT features showing significant differences between Pan-
NETs G2/3 and G1 were selected for multivariable logistic 
regression analysis, and the result showed that gender, PDD 
and PER are independent predictors for differentiating Pan-
NETs G2/G3 from PanNETs G1 (Table 3).

based on the lesion signal intensity in (a) T1WI (hypoin-
tense, isointense), (b) T2WI (hypointense, isointense or 
hyperintense) and (c) DWI (moderate hyperintense or 
marked hyperintense).

EUS image acquisition and feature analysis

Before endoscopic or surgical resection, patients under-
went EUS examinations after anesthesiologist conducted 
moderate sedation with fentanyl and propofol. EUS was 
performed by using radial echoendoscopes (GF-UM2000; 
Olympus Medical Systems, Tokyo, Japan) and/or linear 
echoendoscopes (UCT 260; Olympus Medical Systems, 
Tokyo, Japan), matching mainframe/ultrasound process-
ing system (EU‑M2000 and/or EU‑ME2; Olympus Medi-
cal Systems, Tokyo, Japan) at frequencies of 6, 7.5, and 
10 MHz. EUS examinations were conducted and evaluated 
by several experienced endoscopists which referred to doc-
tors who had been practicing for at least 5 years and had 
conducted at least 200 EUS examinations every year.

All tumors were evaluated for elastography score. The 
scoring criteria were: 1, the image showed a homogenous 
soft tissue area (green) corresponding to normal tissue; 2, 
the image indicated heterogenous soft tissue (green, yellow, 
and red) corresponding to fibrosis or inflammatory tissue; 3, 
the image displayed mixed colors or a honeycombed elas-
tography pattern indicative of mixed hard and soft tissue 
making the interpretation difficult; 4, the image displayed 
a small soft (green) central area surrounded by mainly 
hard (blue) tissue corresponding to a malignant hypervas-
cularized lesion and 5 was assigned to lesions represent-
ing mainly hard (blue) tissue with areas of heterogeneous 
soft tissue (green, red) representing zones of necrosis in an 
advanced malignant lesions [19]. The representative EUS 
imaging was shown in Fig. 2.

Table 1  Patient demographics (n = 58)
Characteristic Value
Gender
  Male 35 (60.3%)
  Female 23 (39.7%)
Age (y)
  Mean ± SD 56.9 ± 11.5
Tumor location
  Head 13 (25.9%)
  Body or tail 45 (74.1%)
Tumor size (cm)
  Mean ± SD 2.6 ± 1.9
WHO grade
  1 29 (50.0%)
  2 23 (39.7%)
  3 6 (10.3%)
WHO world health organization; data in parentheses are percentages
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Predictive performances of clinical and imaging 
findings for pannets

Subsequently, the predictive performances of the above 
indicators in differentiating PanNETs G2/G3 from PanNETs 
G1 were compared on the basis of ROC curves. The AUC of 
gender, PDD and PER was 0.690 (95% confidence interval 
[CI], 0.551–0.828), 0.638 (95% CI, 0.494–0.782) and 0.791 
(95% CI, 0.673–0.909) respectively. To improve the predic-
tive accuracy, we tested the combination of gender, PDD 
and PER for PanNETs grading. Notably, using the combina-
tion significantly improved the predictive efficiency in dif-
ferentiating patients with PanNETs G2/G3 from those with 
PanNETs G1 when compared to these three variables alone, 
with an AUC of 0.925 (95% CI, 0.825–0.978). In addition, 
the AUC of the elastography score was 0.838 (95% CI, 
0.680–0.995) (Fig. 3; Table 5). The ROC curve analysis also 
showed that the optimal cut-off value of PER and elastogra-
phy score for PanNETs grading was 1.23 and 3.0.

Discussion

The pathological grade of PanNETs was significantly 
related to the treatment and prognosis of patients. Differ-
ent treatment measures will seriously affect the survival of 
patients [20]. Preoperative full understanding of the patho-
logical grade of patients’ tumors plays an important role in 
the selection of surgical methods [21]. In this study, three 

EUS findings

Considering that there are fewer PanNETs patients undergo-
ing EUS, we conducted a univariate analysis individually 
of the elastography scores of 25 patients and found a sig-
nificant difference in elastography scores between G1 and 
G2/3, with G2/3 patients having higher scores (Table 4).

Table 2  The summary of clinical characteristics, CT and MRI findings 
according to PanNETs grade (n = 58)
Variables WHO grade P value

G1 G2/3
Gender 0.003*
Male 23 12
Female 6 17
Age (y) 57.9 ± 11.1 55.8 ± 12.0 0.491
Tumor location 0.354
Head 8 5
Body or tail 21 24
Tumor size (cm) 1.82 ± 1.11 3.31 ± 2.29 0.003*
CT
Cystic 0 0 0.578
Solid 21 19
Cystic-solid 8 10
PDD 0.009*
Yes 2 10
No 27 19
Pancreatic atrophy 0.723
Yes 4 5
No 25 24
Calcification 0.693
Yes 4 3
No 25 26
Tumor margin 0.035*
Well defined 20 12
Poorly defined 9 17
Enhancement 0.294
Homogeneous 19 15
Heterogeneous 10 14
AER 1.50 ± 0.51 1.12 ± 0.49 0.006*
PER 1.40 ± 0.38 0.99 ± 0.34 <0.001*
MRI
T1WI 0.248
Hypointense 14 12
Isointense 2 5
T2WI 0.327
Hypointense 2 4
Isointense 1 2
Hyperintense 13 11
DWI 0.784
Moderate hyperintense 12 12
Marked hyperintense 4 5
WHO world health organization; CT computed tomography; PDD 
pancreatic duct dilation; AER arterial enhancement ratio; PER portal 
enhancement ratio; MRI magnetic resonance imaging

Table 3  Multivariate analysis for differentiating PanNETs G2/G3 from 
PanNETs G1
Variables Odds 

ratio
95%CI P 

value
Gender (Male vs. Female) 0.079 0.013–0.493 0.007*
Tumor size (cm) 1.613 0.908–2.866 0.103
PDD (Yes vs. No) 15.602 1.016-239.697 0.049*
Tumor margin (Poorly vs. 
Well)

2.741 0.455–16.497 0.271

AER 2.988 0.158–56.671 0.466
PER 0.008 0-0.788 0.039*
PDD Pancreatic duct dilation; AER Arterial enhancement ratio; PER 
Portal enhancement ratio

Table 4  The comparison of elastography scores between PanNETs G1 
and PanNETs G2/3
Variables WHO grade P value

G1 (n = 11) G2/3 (n = 14)
Elastography score 2.36 ± 0.51 3.50 ± 0.94 0.001*
  2 7 2
  3 4 5
  4 0 5
  5 0 2
WHO world health organization
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was 0.838, which indicated that EUS could effectively dis-
tinguish PanNETs G1 from G2/3.

Previous studies have highlighted the significant poten-
tial of radiomics in predicting the preoperative pathological 
grade of PanNETs. A single-centered study found an inter-
pretable radiomics-based random forest model which can 
effectively differentiate between G1 and G2/3 of PanNETs, 
demonstrating favorable interpretability [18]. A recent study 
proposed a comprehensive nomogram consisting of tumor 
margin and fusion radiomic signature as a powerful tool to 
predict grade 1 and grade 2/3 PanNETs preoperatively and 
assist the clinical decision-making for PanNETs patients 
[22]. Another study showed that the maximum intensity 
feature can help to identify the G1 PanNETs from G2 Pan-
NETs on the arterial phase images of MRI, which may be 
also applied to early recurrence or progression after sur-
gical resection of PanNETs in the further study [23]. But 
radiomics has certain limitations. First, the sample size 
of most radiomics studies is small which may reduce the 
credibility of the results. Second, these studies are mostly 
single-centered studies and lack reliable external validation. 
Finally, the inconsistency of radiomics feature selection in 
different studies weakens the trust in these models [24]. 
Therefore, it may be a more direct way to predict the patho-
logical grade of PanNETs preoperatively through imaging 
examination.

A previous study indicated significant difference was 
found in PDD among PanNETs G1, G2, and PanNECs G3 
tumors (P < 0.05) [25]. Canellas et al. found that tumors 
with PDD were six times more likely to develop intermedi-
ate or high grade tumors than tumors without PDD [26]. 
Another study including 94 patients with PanNETs found 
that PDD may help to identify different pathological grade 
of PanNETs [27]. For the result that G2/3 are more likely to 
cause PDD, the reasons are as follows: first, PanNETs G2/3 
may have a larger volume, as showed in our study, which is 

imaging modalities were used to establish the preoperative 
prediction model of pathological grade of PanNETs: CT, 
MRI, and EUS. Considering that EUS is an invasive exami-
nation which has not been routinely included before 2022 at 
our institution, the number of patients who underwent EUS 
was relatively small (n = 25), we performed a separate uni-
variate analysis of elastography scores of EUS.

In the present study, based on the clinical characteristics, 
CT and MRI findings, univariate logistic regression analysis 
showed that gender, tumor diameter, PDD, tumor margin, 
AER and PER were significantly different between patients 
with PanNETs G1 and G2/3 (P < 0.05). By multivariate 
analysis, gender, PDD and PER were predictive factors for 
pathological grade of PanNETs. In the analysis of the pre-
dictive efficiencies of these factors, female (AUC = 0.690), 
PDD (AUC = 0.638) and low PER (AUC = 0.791) showed a 
great performance of prediction of PanNETs G2/3. Mean-
while, the predictive efficiency was significantly improved 
when these variables were combined (AUC = 0.925). In 
addition, there was also a significant difference in elastog-
raphy score between PanNETs G1 and G2/3, and the AUC 

Table 5  Predictive efficiencies of different variables in differentiating 
patients with PanNETs G2/3 and PanNETs G1
Variables Sen-

sitiv-
ity 
(%)

Speci-
ficity 
(%)

95%CI AUC P value

Gender 58.6 79.3 0.551–0.828 0.690 0.0016*
PDD 54.5 93.1 0.494–0.782 0.638 0.0067*
PER 86.2 69.0 0.673–0.909 0.791 < 0.001*
Gen-
der + PDD + PER

86.2 93.1 0.825–0.978 0.925 < 0.001*

Elastography score 50.0 100.00 0.680–0.995 0.838 < 0.001*
PDD pancreatic duct dilatation; PER portal enhancement ratio; CI 
confidence interval; AUC the area under the receiver operating char-
acteristic curve

Fig. 3  ROC curve analysis of 
gender, PDD, PER (A) and 
elastography score (B) for dif-
ferentiating PanNETs G2/G3 
from PanNETs G1. ROC receiver 
operating characteristic; PDD 
pancreatic duct dilation; PER 
portal enhancement ratio; Pan-
NETs pancreatic neuroendocrine 
tumors; AUC the area under the 
ROC curve
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in gender in patients with different grades of PanNETs [37]. 
The result that females are more likely to suffer from Pan-
NETs G2/3 may be related to the small sample size of our 
institution and need to be validated by larger sample size.

However, this study has some limitations, which must 
be taken into account when interpreting the results. First, 
this is a single center-based retrospective study. Second, the 
number of patients is small, with only 6 cases of PanNETs 
G3. Considering that PanNETs is a relatively rare type of 
pancreatic tumor, the number of patients in this study is 
acceptable from the data published in the literature. Finally, 
we have not further distinguished G2 and G3, which may 
not be enough to clarify the usefulness of the model. Further 
large-scale and prospective studies are needed to clearly 
evaluate the role of these indicators in PanNETs classifica-
tion prediction.

In conclusion, we confirmed the effectiveness of the 
combination of contrast-enhanced CT and EUS in predict-
ing the preoperative pathological grade of PanNETs in this 
study. Combining gender, PDD, PER and elastography 
score can improve the accuracy of preoperative prediction 
of PanNETs grade.
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easy to compress the pancreatic duct and cause obstruction. 
Second, it may be because the tumor extensive fibrosis in 
the cytoplasm and around the lesion caused obstruction by 
pulling the catheter. Finally, G2/3 PanNETs are more inva-
sive, and have a certain chance to invade the pancreas, duo-
denum and biliary system which cause PDD.

The PER was defined as the portal tumor HU value 
divided by the adjacent parenchyma HU value on the same 
phase [28]. In a single-center study that included 94 patients 
with PanNETs, PER had the highest AUC for quantitative 
characteristics at 0.855 [29]. Another recent study found 
that the tumor-pancreas enhancement ratio in the portal 
stage reliably identified tumors in all cases of G3 [30]. It is 
reported that the tumor PER reflects microvascular density 
(MVD), and the MVD is also found to be low in PanNETs 
G3. Therefore, it is possible and reasonable to predict the 
pathological grade by AER and PER [31]. All these features 
were addressed in the present study, showing significant 
predictive value, which is similar to the previously reported 
results.

MRI has been shown to be of great value in detecting and 
characterizing PanNETs as well as detecting liver metas-
tases. MRI and contrast-enhanced scan clearly showed 
the size, shape, enhancement characteristics of pancreatic 
lesions and the extent of PDD [32]. In terms of predicting 
pathological grade, Guo and Toshima et al. showed there 
were no significant differences in T1WI/T2WI signal inten-
sity and enhancement heterogeneity between patients with 
different grades of PanNETs [33, 34]. This is consistent with 
our results, suggesting that the predictive efficacy of T1WI/
T2WI for grading PanNETs is low. Although there was no 
difference in DWI between PanNETs G1 and PanNETs 
G2/3 in our results, some studies have shown the effective-
ness of predicting pathological grade by apparent diffusion 
coefficient (ADC) values of the tumor in DWI [35], and in 
the future we may need to expand the sample size for further 
validation.

EUS is usually applied to the preoperative diagnosis of 
PanNETs rather than pathological grading. A recent study 
reported that some features of EUS like well-defined mar-
gins, vascularization, hypoechoic appearance, and the pres-
ence of a hypoechoic rim were significantly associated 
with PanNETs diagnosis [14]. Elastography in EUS usually 
indicates the appearance of focal pancreatic lesions, which 
is characterized by uneven, mainly blue, with small green 
and red areas. A more uniform blue pattern is more typi-
cal in PanNETs [36]. Our result showed that PanNETs G2/3 
had higher elastography scores than G1 which revealed that 
elastography score can be used as a predictor of preoperative 
pathological grade of PanNETs. The effect of gender on the 
pathological grade of PanNETs is currently controversial, 
with most studies suggesting that there are no differences 
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