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Introduction

Pancreatic neuroendocrine neoplasms (NEN) are rare, with an estimated incidence of less than 1 per 100,000 individuals per year in the general population [START_REF] Dasari | Trends in the incidence, prevalence, and survival outcomes in patients with neuroendocrine tumors in the United States[END_REF][START_REF] Yao | One hundred years after " Carcinoid": epidemiology of and prognostic factors for neuroendocrine tumors in 35,825 cases in the United States[END_REF][START_REF] Halfdanarson | Pancreatic neuroendocrine tumors (PNETs): incidence, prognosis and recent trend toward improved survival[END_REF]. The clinical presentation, course, tumor aggressiveness and prognosis of NEN are very heterogeneous [START_REF] Halfdanarson | Pancreatic neuroendocrine tumors (PNETs): incidence, prognosis and recent trend toward improved survival[END_REF][START_REF] De Mestier | Tumeurs neuroendocrines digestives[END_REF][START_REF] Franko | Non-functional neuroendocrine carcinoma of the pancreas: incidence, tumor biology, and outcomes in 2,158 patients[END_REF][START_REF] Milione | The clinicopathologic heterogeneity of grade 3 gastroenteropancreatic neuroendocrine Neoplasms: morphological differentiation and proliferation identify different prognostic categories[END_REF]. One of the most important prognostic factors of this entity is tumor grade assessed by the Ki-67 index, which corresponds to the percentage of cells whose nucleus is marked by the monoclonal antibody MIB-1 [START_REF] Bosman | WHO classification of tumours of the digestive system[END_REF][START_REF] Perren | ENETS Consensus guidelines for the standards of care in neuroendocrine tumors: pathology, diagnosis and prognostic stratification[END_REF]. Tumor grade is a reflection of cell proliferation.

According to the European Neuroendocrine Tumor Society (ENETS) and the 2010 revised World Health Organization (WHO) classification [START_REF] Bosman | WHO classification of tumours of the digestive system[END_REF][START_REF] Perren | ENETS Consensus guidelines for the standards of care in neuroendocrine tumors: pathology, diagnosis and prognostic stratification[END_REF], NEN are classified as grade 1 (G1, Ki-67 ≤ 2%), grade 2 (G2, Ki-67 3-20%), and grade 3 (G3, Ki-67 >20%). Grade 3 NENs are called neuroendocrine carcinomas (NECs), while the other two correspond to neuroendocrine tumors (NETs).

Based on these classifications, NECs are supposed to be poorly differentiated and NET welldifferentiated tumors. However, recent reports have shown that a subset of grade 3 NENs includ well-differentiated tumors [START_REF] Vélayoudom-Céphise | Are G3 ENETS neuroendocrine neoplasms heterogeneous?[END_REF][START_REF] Scoazec | Professional practices and diagnostic issues in neuroendocrine tumour pathology: results of a prospective one-year survey among French pathologists (the PRONET Study)[END_REF]. Moreover, tumor differentiation was shown to be associated with patient outcome [START_REF] Raj | Treatment response and outcomes of grade 3 pancreatic neuroendocrine neoplasms based on morphology: well differentiated versus poorly differentiated[END_REF]. Thus, the 2017 revised WHO classification [START_REF] Lloyd | WHO classification of tumours of endocrine organs[END_REF] included tumor differentiation to subdivide pancreatic G3 NENs into well-differentiated G3 NETs and poorly-differentiated G3 NECs, or "neuroendocrine carcinomas".

Several studies have assessed the performance of computed tomography (CT) and magnetic resonance imaging (MRI) for the prediction of tumor grade [START_REF] Canellas | Prediction of pancreatic neuroendocrine tumor grade based on CT features and texture analysis[END_REF][START_REF] Cappelli | Contrast enhancement pattern on multidetector CT predicts malignancy in pancreatic endocrine tumours[END_REF][START_REF] Kim | Neuroendocrine neoplasms of the pancreas at dynamic enhanced CT: comparison between grade 3 neuroendocrine carcinoma and grade 1/2 neuroendocrine tumour[END_REF][START_REF] Lotfalizadeh | Prediction of pancreatic neuroendocrine tumour grade with MR imaging features: added value of diffusionweighted imaging[END_REF][START_REF] Kim | Prognostic value of CT findings to predict survival outcomes in patients with pancreatic neuroendocrine neoplasms: a single institutional study of 161 patients[END_REF][START_REF] Mebis | Correlation between apparent diffusion coefficient Value on MRI and histopathologic WHO grades of neuroendocrine tumors[END_REF][START_REF] Salahshour | Pancreatic neuroendocrine tumors (pNETs): the predictive value of MDCT characteristics in the differentiation of histopathological grades[END_REF][START_REF] Guo | Pancreatic neuroendocrine tumor: prediction of the tumor grade using magnetic resonance imaging findings and texture analysis with 3-T magnetic resonance[END_REF][START_REF] D'onofrio | CT enhancement and 3D texture analysis of pancreatic neuroendocrine neoplasms[END_REF]. Several imaging features associated with high-grade tumors have been identified such as large tumor size, low enhancement following contrast administration, the presence of necrosis or hemorrhagic content, locoregional invasion, upstream bile or main pancreatic duct dilatation, and distant metastasis [START_REF] Canellas | Prediction of pancreatic neuroendocrine tumor grade based on CT features and texture analysis[END_REF][START_REF] Cappelli | Contrast enhancement pattern on multidetector CT predicts malignancy in pancreatic endocrine tumours[END_REF][START_REF] Kim | Neuroendocrine neoplasms of the pancreas at dynamic enhanced CT: comparison between grade 3 neuroendocrine carcinoma and grade 1/2 neuroendocrine tumour[END_REF][START_REF] Lotfalizadeh | Prediction of pancreatic neuroendocrine tumour grade with MR imaging features: added value of diffusionweighted imaging[END_REF][START_REF] Kim | Prognostic value of CT findings to predict survival outcomes in patients with pancreatic neuroendocrine neoplasms: a single institutional study of 161 patients[END_REF][START_REF] Mebis | Correlation between apparent diffusion coefficient Value on MRI and histopathologic WHO grades of neuroendocrine tumors[END_REF][START_REF] Salahshour | Pancreatic neuroendocrine tumors (pNETs): the predictive value of MDCT characteristics in the differentiation of histopathological grades[END_REF][START_REF] Guo | Pancreatic neuroendocrine tumor: prediction of the tumor grade using magnetic resonance imaging findings and texture analysis with 3-T magnetic resonance[END_REF][START_REF] D'onofrio | CT enhancement and 3D texture analysis of pancreatic neuroendocrine neoplasms[END_REF]. However, none of these has focused on tumor differentiation, or on the comparison between G3-NET and NEC.

The purpose of this study was to compare the morphological imaging features and CT texture histogram parameters of grade 3 pancreatic neuroendocrine tumors and neuroendocrine carcinomas.

Materials and methods

Study population

This study, together with the chart review, was approved by the local institutional review board, and informed patient consent was obtained because of its retrospective design.

Between 2006 and 2017, the data from 68 patients with a pathological diagnosis of G3 pancreatic neuroendocrine neoplasm were collected from a prospective pathological database. Pathological analysis was performed on surgically resected specimens or biopsies of the pancreatic tumors. Forty-seven of these patients with available pre-treatment CT and/or MRI were selected. A centralized pathological review was performed by expert pathologists (J.C. and A.C.) part of the RENATEN network, according to the revised 2017 WHO and 2017 ENETS classifications [START_REF] Perren | ENETS Consensus guidelines for the standards of care in neuroendocrine tumors: pathology, diagnosis and prognostic stratification[END_REF][START_REF] Lloyd | WHO classification of tumours of endocrine organs[END_REF], which reclassified 10 patients as not having G3-NEN (including four with mixed endocrine non-endocrine neoplasms). Thus, the final population included 37 patients (21 men [57%], 16 women [43%]) with a mean age of 56 ± 13 (standard deviation [SD]) years. Twenty-three (62%) patients had NEC and fourteen (38%) G3-NET. Figure 1 shows the flow chart of the study. Demographic, clinical, and laboratory data were retrieved from medical records.

CT acquisition technique

CT was available in 35/37 (95%) patients. Imaging was performed at Beaujon University Hospital (Clichy, France) in 27/35 patients, using a 64 multi-detector scanner (Advantage® Lighstpeed VCT, GE Healthcare), with tube voltage 120 kVp, matrix size 512 x 512 pixels, use of automatic dose modulation system, gantry rotation times 0.6 sec, acquisition field of view 45 cm. A pre-contrast abdominal acquisition was performed first, followed by pancreatic arterial and portal venous phase acquisitions 45 and 70 sec after intravenous administration of a calculated dose of 2 mL/kg of high concentration (350 ng/mL) iodinated contrast agent at a rate of 3-5 mL/sec. The reconstruction thickness of arterial and portal venous phase images was 1 and 3 mm, respectively. For the remaining 8/35 patients, preoperative CT scans were performed outside the institution on a variety of machines and transferred to the picture archive and communication system (PACS, Carestream Health). Although not all acquisition parameters were available, all acquisitions were helical and all available images had a slice thickness of up to 3 mm. A total of 34/35 (97%), 32/35 (91%), and 32/35 (91%) patients had unenhanced, arterial, and portal venous phase acquisitions of the pancreas, respectively.

MRI acquisition protocol

MRI was available for 16/37 (43%) patients. MRI examinations were performed at BLINDED in 13/16 (81%) patients with a 3.0 T MRI scanner (Achieva®; Philips Healthcare) using a phased-array surface coil. The MR scanner was equipped with high performance gradients and 8-channel phased array coils. Patients fasted for 4-6 hours. The protocol included a T2weighted (T2-w) single-shot sequence, a T2-w fast spin-echo sequence with spectral fat saturation, and a transverse breath-hold 3D T1-weighted (T1-w) fat-suppressed spoiled gradient-recalled echo sequence before and after dynamic injection of extracellular contrast.

Pancreatic arterial and portal venous phase sequences were obtained by bolus trigger and then 60-70 sec after intravenous administration of a gadolinium-based contrast agent, respectively. A free-breathing fat-suppressed single-shot echoplanar diffusion-weighted (DW) sequence was obtained before contrast administration with b values of 0, 150, and 600 sec/mm 2 . Cardiac gating was not used. MRI examinations were performed in other institutions in the remaining three patients.

Precontrast T1-w sequences were obtained in 14/16 (88%) patients, T2-w sequences in 15/16 (94%), contrast-enhanced T1-w sequences in 13/16 (81%), and DW sequences in 11/16 (69%).

Morphological imaging features

Available imaging examinations were retrospectively reviewed on the picture archive and communication system (PACS, Carestream, Kodak), by two radiologists (M.R. and A.A. with 12-and 3 years of experience in pancreas imaging) in consensus. Readers were aware that patients had pancreatic NET of NEC but were blinded to all other information, including clinical and pathological data.

Image analysis included the site of the pancreatic neoplasm (separating head, isthmus, body and tail); largest tumor size (on the axial plane, in mm); tumor margins (well-delineated [clear interface with the adjacent parenchyma] or ill-defined [otherwise]); the presence of calcifications (on precontrast CT); the presence of hemorrhagic content (defined as hyperattenuating hyperintense foci on precontrast T1-w fat-suppressed images); attenuation or signal intensity compared to the adjacent pancreatic parenchyma and visually assessed as hypo-, iso-, or hyperintense/attenuating on precontrast CT, T1-w and T2-w images, contrast-enhanced CT and MRI; tumor homogeneity or heterogeneity; the presence of necrosis (contrast enhancement < 15 Hounsfield units [HU] between pre-contrast and portal venous phase on CT, and/or the absence of enhancement between pre-contrast and portal venous phase on MRI). Tumor necrosis was estimated semi-quantitatively as absent, < 30%, 30-70% or > 70% of the tumor. The presence of local tumor invasion (including vascular encasement or invasion), upstream dilatation of the main pancreatic duct (≥ 2.5 mm), common bile duct (10 mm and ≥ 7 with or without a history of cholecystectomy), the presence of regional lymph nodes >1 cm, and liver metastases, were also noted.

Readers were asked to manually draw a region of interest (ROI) encompassing the entire tumor on the axial plane where the tumor was largest, avoiding large vessels to measure tumor attenuation on precontrast and dynamic enhanced-CT (in HU), and the apparent diffusion coefficient (ADC) when available. Relative enhancement (in %) between arterial and precontast, and between portal venous and precontrast images were computed as RE = (Attenuation Arterial or venous -Attenuation precontrast) / Attenuation precontrast

CT histogram analysis

Available CT images of each patient were stored in a specific computer format (DICOM [Digitals Imaging and Communication in Medicine]) and transferred to dedicated software.

Texture analysis was performed using commercially available software (TexRAD software, TexRAD Ltd., www.texrad.com, part of Feedback Plc., Cambridge, UK). Segmentation for texture analysis was performed by reader 1. Three images were selected for each tumor on arterial and portal venous phase acquisitions, including an image with the largest cross-sectional diameter of the tumor, in the cranial third of the tumor, and in the caudal third of the tumor. A ROI was manually drawn on each slice following the tumor margins and encompassing the entire tumor. For further analysis, results from the three arterial phase ROI and for the three portal venous ROIs were averaged, respectively. Histogram analysis was not performed on precontrast acquisitions because tumor delineation from the adjacent pancreas was not reliable.

Segmentation allowed extraction of the frequency of gray-levels in the ROI, which could be transcribed into a histogram of pixel intensity [START_REF] Miles | Colorectal cancer: texture analysis of portal phase hepatic CT images as a potential marker of survival[END_REF]. This analysis was performed with a filtration-histogram method, including an initial filtration step that highlights imaging features of a specific size, followed by histogram analysis of the filtered image. The image filtration step uses a Laplacian of Gaussian spatial band-pass filter that allows extraction of specific structures according to the width of the filter: fine structures by special scaling factor (SSF) 2 (objects radii of 2 mm), medium structures by SSF 3 to 5 (objects radii of 3 to 5 mm) and coarse structures by SSF6 (object radii of 6 mm) (Figure 2). Filter 0 corresponds to the non-filtered, native image. The second step was based on the gray-level histogram analysis and six parameters: first-order parameters of mean gray-level intensity, standard deviation (variation from the mean pixel intensity value), mean of the positive pixels, kurtosis (flatness of the histogram), skewness (symmetry of the histogram), and the secondorder parameter of entropy (the spatial complexity of pixel intensities) [START_REF] Canellas | Prediction of pancreatic neuroendocrine tumor grade based on CT features and texture analysis[END_REF]. After the application of six filters and the calculation of six parameters, a total of 36 CT texture histogram parameters were produced for each imaging phase (arterial and portal).

Statistical analysis

Results were presented as means ± standard deviations and ranges for quantitative data, and as raw numbers, proportions and percentages for categorical variables.

Comparison between G3-NET and NEC was performed with the Mann-Whitney U test for continuous variables, and with the Chi-2 or Fisher's exact tests for categorical variables.

Receiver operating characteristic (ROC) curves were performed and area under ROC curves (AUROC) were also computed. Optimal thresholds values were identified by maximizing the Youden index. The corresponding sensitivities, specificities and accuracies were calculated along with their 95% confidence intervals (CIs). A value of P < 0.05 was considered to indicate significance. All analyses were performed using the Statistical Package for Social Science (SPSS) software (version 20.0, IBM SPSS Inc.).

Results

Patients and tumors

Patients and tumors characteristics are provided in Table 1. Two of the 37 included patients had a functional G3-NET (one gastrinoma and one insulinoma representig 5% of all NENs and 14% of G3-NETs. There was no difference in patient gender, age or tumor location between G3-NETs and NECs. Pathological analysis was performed on resected specimens in 21/37 (57%) patients, and biopsy of the pancreas in the remaining 16 patients. G3-NET pathological samples more frequently corresponded to resected specimen than for NEC (93% vs. 35% respectively) (P = 0.001). NEC included 11/23 (48%) large cell and 12/23 (52%) small cell carcinomas. The mean Ki-67 index in the cohort was 50±26 % and it was significantly lower in the G3-NET than in NEC group (mean 27 ± 7 vs. 64 ± 23 %, respectively) (P < 0.001).

CT image analysis

CT image analysis is provided in Table 2 and 3.

There was significantly more necrosis in NEC than in G3-NET (P = 0.030). None of the other qualitative features were significantly different between the groups. NEC were significantly larger than G3-NET (mean 70 ± 51 vs. 42 ± 24mm, respectively; P = 0.039; AUC = 0.694 [95% CI 0.509 -0.879], with 78% sensitivity and 58% specificity for the identification of NEC using >36mm as the threshold value). Mean attenuation of NECs was significantly lower than that of G3-NET on precontrast CT images (30 ± 4 vs. 37 ± 6 HU, respectively; P = 0.002; AUC = 0.794 [95% CI: 0.621 -0.966], with a 64% sensitivity and 91% specificity for the identification of NEC using < 36 HU as the threshold value) and on portal venous phase images (75 ± 18 vs. 92 ± 19 HU, respectively; P = 0.014; AUC = 0.773; 95% CI: 0.587 -0.958] with 83% sensitivity and 70% specificity for the identification of NEC using < 82 HU as the threshold value). When considering the 32 patients with all CT acquisitions, the association of the three above mentioned criteria has an AUC of 0.825 [95% CI: 0.674 -0.976] for the diagnosis of NEC, with 0/20 (0%), 4/20 (20%), 5/20 (25%) and 11/20 (55%) NEC with none, one, two and three criteria.

Figures 3 and4 provide examples of G3-NET and NEC. There was no difference in arterial phase attenuation between the two groups, or in relative enhancement between precontrast and arterial phase images or precontrast and portal venous phase images (P = 0.510 and P = 0.605, respectively).

MR image analysis

Details of MRI image analysis are provided in Table 4. The presence of hemorrhagic content was significantly more frequent in NEC than in G3-NET (4/7 [80%] vs. 0/9 [0%], respectively; P = 0.007). There was no significant difference in other qualitative features between the groups. The mean ADC value of NEC was significantly lower than that of G3-NET (1.1 ± 0.1 ×10 -3 mm 2 /s vs. 1.4 ± 0.2 × 10 -3 mm 2 /s, respectively; P = 0.007; AUC 0.900 [95% CI: 0.694 -1.000], with 80% sensitivity and 89% specificity for the identification of NEC with a threshold value < 1.36 ×10 -3 mm 2 /s (Figures 5).

CT histogram analysis

Table 5 provides details of the CT histogram parameters. Skewness at filters 4 and 5 were significantly lower in NEC than in G3-NET on arterial phase acquisitions (P = 0.031 and P = 0.037, respectively). On portal venous phase acquisitions, the mean attenuation and mean value of positive pixels (MPP) at filter 0 were significantly lower in NEC than in G3-NET (P = 0.023 and P = 0.026, respectively). Entropy at filter 0 was significantly higher in NEC than in G3-NET tumors (P = 0.042). Other parameters were not significantly different between the groups. Table 6 presents the results of ROC curve analysis of the significant parameters.

Discussion

This study compared morphological CT and MRI features, as well as CT histogram analysis of pancreas grade 3 neuroendocrine tumors and neuroendocrine carcinomas. We showed that NECs were larger, more necrotic and more heterogeneous than G3-NET on imaging. NEC also more frequently presented with hemorrhagic content and lower ADC values on MRI, and with lower attenuation on precontrast and portal venous phase CT images. These results suggest that imaging may play a complementary role to biopsy to assess the degree of tumor differentiation of high grade pancreatic NEN at presentation. Thus far, most studies assessing the role and performance of imaging for the prediction of the pathological features of NEN have focused on tumor grade, because of its significant prognostic and therapeutic value [START_REF] Canellas | Prediction of pancreatic neuroendocrine tumor grade based on CT features and texture analysis[END_REF][START_REF] Cappelli | Contrast enhancement pattern on multidetector CT predicts malignancy in pancreatic endocrine tumours[END_REF][START_REF] Kim | Neuroendocrine neoplasms of the pancreas at dynamic enhanced CT: comparison between grade 3 neuroendocrine carcinoma and grade 1/2 neuroendocrine tumour[END_REF][START_REF] Lotfalizadeh | Prediction of pancreatic neuroendocrine tumour grade with MR imaging features: added value of diffusionweighted imaging[END_REF][START_REF] Kim | Prognostic value of CT findings to predict survival outcomes in patients with pancreatic neuroendocrine neoplasms: a single institutional study of 161 patients[END_REF]. Indeed, most grade 3 neoplasms have been treated by systemic chemotherapy, while grade 1 and 2 lesions are candidates for several different options, including surgical resection [START_REF] Bilimoria | Clinicopathologic features and treatment trends of pancreatic neuroendocrine tumors: analysis of 9,821 patients[END_REF][START_REF] Kloppel | Classification and pathology of gastroenteropancreatic neuroendocrine neoplasms[END_REF][START_REF] Ramage | Guidelines for the management of gastroenteropancreatic neuroendocrine (including carcinoid) tumours (NETs)[END_REF]. From this perspective, there was little clinical interest in differentiating G3-NET from NEC. Although there is no standardized treatment of G3-NET, the identification of this entity has resulted in a tendency to propose more treatments similar to those for G1/2 NET and has increased the importance of tumor differentiation in treatment algorithms.

The current study shows that lesion size, attenuation on precontrast and portal venous phase CT, necrotic content as well as the ADC value are associated with tumor differentiation. Lesion size is one of the most frequently reported features associated with tumor grade, with NEC being significantly larger [START_REF] Cappelli | Contrast enhancement pattern on multidetector CT predicts malignancy in pancreatic endocrine tumours[END_REF][START_REF] Kim | Neuroendocrine neoplasms of the pancreas at dynamic enhanced CT: comparison between grade 3 neuroendocrine carcinoma and grade 1/2 neuroendocrine tumour[END_REF][START_REF] Hwang | Intravoxel incoherent motion diffusion-weighted imaging of pancreatic neuroendocrine tumors: prediction of the histologic grade using pure diffusion coefficient and tumor size[END_REF][START_REF] Manfredi | Nonhyperfunctioning neuroendocrine tumours of the pancreas: MR imaging appearance and correlation with their biological behaviour[END_REF][START_REF] Luo | Pancreatic neuroendocrine tumours: correlation between MSCT features and pathological classification[END_REF]. Studies have also shown that high-grade neoplasms are more frequently hypoattenuating and hypoenhancing on CT and MRI [START_REF] Cappelli | Contrast enhancement pattern on multidetector CT predicts malignancy in pancreatic endocrine tumours[END_REF][START_REF] Kim | Neuroendocrine neoplasms of the pancreas at dynamic enhanced CT: comparison between grade 3 neuroendocrine carcinoma and grade 1/2 neuroendocrine tumour[END_REF][START_REF] Lotfalizadeh | Prediction of pancreatic neuroendocrine tumour grade with MR imaging features: added value of diffusionweighted imaging[END_REF][START_REF] Kim | Prognostic value of CT findings to predict survival outcomes in patients with pancreatic neuroendocrine neoplasms: a single institutional study of 161 patients[END_REF]. For pathologists, necrosis is one of the best criteria to discriminate welldifferentiated from poorly differentiated tumor. Thus, it is not a surprise to validate such criteria in this study. Finally, the inverse relationship between mean ADC values and tumor grade has also been previously reported in several studies [START_REF] Lotfalizadeh | Prediction of pancreatic neuroendocrine tumour grade with MR imaging features: added value of diffusionweighted imaging[END_REF][START_REF] Wang | Diffusion-weighted MR imaging in pancreatic endocrine tumors correlated with histopathologic characteristics[END_REF][START_REF] Jang | The value of gadoxetic acid-enhanced and diffusionweighted MRI for prediction of grading of pancreatic neuroendocrine tumors[END_REF][START_REF] Kulali | Role of diffusion-weighted MR imaging in predicting the grade of nonfunctional pancreatic neuroendocrine tumors[END_REF]. Lotfalizadeh et al. also suggested that tumor differentiation could influence the ADC value [START_REF] Lotfalizadeh | Prediction of pancreatic neuroendocrine tumour grade with MR imaging features: added value of diffusionweighted imaging[END_REF], and our results confirm this assumption. Thus, this suggests that qualitative and quantitative imaging features associated with tumor grade are also associated with tumor differentiation. In particular, the Ki67 index is significantly higher in NEC than in G3-NET. Therefore, one hypothesis is that these features are actually associated with the Ki-67 index in a continuous fashion from low grade G1 tumors to high-grade NET, and then NEC.

CT histogram analysis identified several parameters associated with tumor differentiation. The most relevant portal venous phase parameters were consistent with conventional CT quantitative analysis. Indeed, the evaluation of the mean and mean positive pixel parameters on filter 0 (i.e., no filter) is closely related to attenuation. Among others, entropy in portal venous phase acquisitions was significantly higher in NEC than in G3-NET.

Entropy is a recognized marker of tissue heterogeneity, and CT histogram analysis is a useful tool to assess tumor heterogeneity [START_REF] Zacharaki | Classification of brain tumor type and grade using MRI texture and shape in a machine learning scheme[END_REF]. Several studies suggested that neoplasms with greater intra-tumor heterogeneity are associated with a poorer prognosis [START_REF] Zacharaki | Classification of brain tumor type and grade using MRI texture and shape in a machine learning scheme[END_REF][START_REF] Skogen | Measurements of heterogeneity in gliomas on computed tomography relationship to tumour grade[END_REF]. However, an increase in tumor heterogeneity is not always associated with increased aggressiveness or with poor prognosis. Ng et al. reported that colorectal carcinomas with more homogeneous histogram parameters were associated with a worse prognosis [START_REF] Ng | Assessment of primary colorectal cancer heterogeneity by using whole-tumor texture analysis: contrast-enhanced CT texture as a biomarker of 5-year survival[END_REF].

Information in the literature on the use of histogram analysis in neuroendocrine neoplasms is limited and all available studies focus on tumor grade. In a retrospective study including 66 pancreatic neuroendocrine neoplasms, Choi TW et al. showed that several parameters on arterial and portal venous phase acquisitions could help estimate tumor grade [START_REF] Choi | Pancreatic neuroendocrine tumor: prediction of the tumor grade using CT findings and computerized texture analysis[END_REF]. In that study, the diagnostic performance of histogram analysis was found to be better than that of CT (AUC = 0.774 vs. 0.683). In a similar study, Canellas et al. showed that tumor heterogeneity (assessed by evaluating entropy) was also predictive of tumor grade [START_REF] Canellas | Prediction of pancreatic neuroendocrine tumor grade based on CT features and texture analysis[END_REF]. In that study, grade 2 and 3 NEN had significantly higher entropy than grade 1 tumors. Our results are similar, but are applied to tumor differentiation. On pathology, NECs are typically homogeneous neoplasms and lack a lower-grade component while G3-NET frequently show a coexisting or a prior G1/G2 component. Therefore, one might hypothesize that NEC are more homogeneous than G3-NET, which make our result more difficult to interpret. It may be that entropy catches more than tumor heterogeneity. It is important to note that our results do not suggest that imaging reduces the need for pathological analysis. High-grade NEN must be confirmed by pathological analysis before treatment can be determined.

Nevertheless, pathological analysis is often performed on small tissue fragments offered by biopsy that may be subject to sample bias in such large tumors. Our results humbly suggest that cross-sectional imaging may have a complementary role by providing a 'birds'eye view', thus enabling radiologists to estimate tumor differentiation on top of tumor grade during the initial diagnostic work-up or to suggest the need for a second biopsy in case of significant discrepancy.

Our study has certain limitations, in particular its retrospective design in a small population.

However, G3 pancreatic NEN are rare and our cohort is thus fairly large, and the study is strengthened by a centralized pathological reviewing by expert pathologists. In addition, CT and MRI images were obtained on several scanners, and acquisition protocols were not fully standardized. Thus, our study is limited by missing data and sequences and histogram analyses should be interpreted with caution. Moreover, we did not have 3D (volumetric) histogram analysis, because it was not available on the software used (TexRAD ®) at the time of the study. As a result, important characteristics such as tumor heterogeneity may have been underestimated in two-dimensional analysis. This bias was limited by analyzing three images per acquisition and per lesion. The TexRAD® software is often used for CT histogram analysis. Nevertheless, its influence on results cannot be underestimated. Finally, the lack of assessment of inter-reader agreement should be acknowledged.

In conclusion, pancreatic NECs are larger, more necrotic, more hypoattenuating and more heterogeneous with hemorrhagic content than G3-NETs on CT and MRI. Imaging could help identify tumor differentiation in addition to tumor grade. CT Texture analysis offers a promising approach whose added value requires further investigation. The largest diameter of the tumor was 28mm (smaller than the 36 mm threshold value). The mean tumor attenuation of the lesion on precontrast images was 42 Hounsfield units (HU) (A, higher than the 36 HU threshold), 79 HU on arterial phase (B), and 99 HU on portal phase (C, higher than the 82 HU threshold). The lesion was confirmed as a G3-NET at histopathological analysis. The mean ADC value (B) was 0.8103mm2/s (lower than the 1.36 10-3 mm2/s threshold). The lesion was confirmed as NEC at histopathological analysis. Table 6. ROC curve analysis of features and parameters found significantly different between grade 3 neuroendocrine tumors (G3-NET) and neuroendocrine carcinomas (NEC). 
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 1 Figure 1. Flow chart of the study population.
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 2 Figure 2. Example of histogram analysis of a neuroendocrine carcinoma (NEC) of the body-tail of the pancreas in a 57-year-old man. The tumor is segmented by a blue line on portal venous phase CT images (a). Corresponding images with spatial filters 2 (b), 4 (c), and 6 (d) are presented. The associated histograms are computed allowing for the extraction of texture analysis.

Figure 3 .

 3 Figure3. Contrast-enhanced CT of a neuroendocrine carcinoma (NEC) of the body and tail of the pancreas in a 63-year-old woman. A shows precontrast, B shows arterial phase, and C shows portal venous phase. The largest diameter of the tumor was 180 mm (larger than the 36 mm threshold value). The mean tumor attenuation of the lesion on precontrast images was 29 Hounsfield units (HU) (A, lower than the 36 HU threshold), 81 HU on arterial phase (B), and 78 HU on portal phase (C, lower than the 82 HU threshold). The lesion was confirmed as a NEC at histopathological analysis.

Figure 4 .

 4 Figure 4. Contrast-enhanced CT of a grade 3 neuroendocrine tumor (G3-NET of the head of the pancreas in a 59-year-old man. A shows precontrast, B shows arterial phase, and C shows portal venous phase image. The largest diameter of the tumor was 28mm (smaller than the 36 mm threshold value). The mean tumor attenuation of the lesion on precontrast images was 42 Hounsfield units (HU) (A, higher than the 36 HU threshold), 79 HU on arterial phase (B), and 99 HU on portal phase (C, higher than the 82 HU threshold). The lesion was confirmed as a G3-NET at histopathological analysis.
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 5 Figure 5. Neuroendocrine carcinoma (NEC) of the tail of the pancreas locally invading the splenic hilum in a 53-year-old man. Precontrast T1-weighted MR image (A) shows a large and heterogeneous lesion with hyperintense foci consistent with hemorrhagic content (arrow in A).The mean ADC value (B) was 0.8103mm2/s (lower than the 1.36 10-3 mm2/s threshold). The lesion was confirmed as NEC at histopathological analysis.
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