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Abstract 

Purpose: To retrospectively elucidate the findings useful in determining the tumor grade of pancreatic 

neuroendocrine tumors (PNETs) by combined assessment of magnetic resonance (MR) and dynamic computed 

tomography (CT) images. 

Materials and methods: Eighty-nine patients with PNETs (96 lesions) were included, and classified as G1, 59; 

G2, 29; and G3, 8 lesions. Image analysis included lesion diameter, shape, enhancement pattern on arterial 

phase (AP) and delayed phase CT images, calcification, cystic portion, main pancreatic duct dilatation, 

signal-intensity on T1-, T2-weighted MR images, and appearance of apparent diffusion coefficient (ADC).    

Results: Significant differences among G1, G2, and G3 groups were noted in tumor maximal diameter 

(p<0.0001), shape (p<0.0001), enhancement pattern on AP image (p<0.0001), cystic portion (p=0.012), and 

ADC finding. In multivariate analysis, ADC finding was the independent factor (p=0.002). The combination 

findings of low ADC ratio (ADC value of the lesion/ADC value of the parenchyma <0.94), not homogeneous 

hyper-attenuation, lobulated shape, and hyper-intensity on T2-weighted image were suggestive of G2 or G3 

with a probability of 100%. Conversely, all lesions with high ADC ratio and small size (≤25mm) belonged to 

G1 group.  

Conclusion: Combined assessment of MR and CT findings could improve the prediction of tumor grading in 

PNETs. 
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Introduction 

Pancreatic neuroendocrine tumors (PNETs) are rare pancreatic tumors with a prevalence of approximately 

one in 100,000 persons, accounting for 1-2 % of all pancreatic neoplasms [1]. Recently, with improvements in 

imaging techniques and the spread of endoscopic ultrasonography-guided fine needle aspiration (EUS-FNA), 

the detectability of small lesions has improved [2].  

All PNETs are supposed to have potential malignancy, but have a wide spectrum of aggressiveness and 

growth pattern [2]. In 2010, the World Health Organization (WHO) classification that differentiated the tumor 

grade of malignancy was modified, and is now widely used in clinical practice [3]. This classification 

differentiated PNETs into neuroendocrine tumors G1, G2 and neuroendocrine carcinoma (G3) based on the 

mitotic count and Ki-67 labeling index [3-6]. This grading system has emerged as the most potent predictive 

factor in many studies [7, 8].  

 Previous studies have suggested the possibility of imaging examinations as a useful modality to determine the 

tumor grade [9-19]. However, most of them used a single modality, or focused on only a small number of cases, 

and thus whether widely used imaging examinations can determine the tumor grade is still controversial. The 

purpose of this study was to retrospectively elucidate the findings useful in determining the tumor grade of 

PNETs by combined assessment of magnetic resonance (MR) and dynamic computed tomography (CT) images. 
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Materials and Methods 

Case selection 

This study was approved by our institutional review board, with informed consent waived because of its 

retrospective nature. It consisted of 101 consecutive patients (55 men and 46 women; mean age, 60 ± 13 years; 

range, 12-87 years) with pathologically proven PNETs with use of pancreatic specimens (surgical resection, n = 

92; and EUS-FNA, n = 9; respectively). This study did not contain any patients in whom the pathological 

diagnosis and tumor grading were performed using metastatic specimens, because of the possibility of a 

mismatch in the grading between the primary pancreatic lesion and metastasis. All patients were selected from 

the pathology files of our hospitals and eight related institutions from the period between January 2006 and June 

2016. Imaging data were available for all patients. The mean period between final imaging (CT or MR) 

examination and pathological diagnosis was 36 ± 32 days (range, 0-150 days). Of 101 patients, eight were 

excluded because of insufficient imaging examinations for evaluation of the detailed radiological findings 

(small [< 5 mm] lesion, n = 7; and only plain CT image, n = 1), and four were excluded because they contained 

other tumor components. Eventually, 89 patients (96 lesions) were included in this study.  

 All PNETs were diagnosed on the basis of the histologic findings of hematoxylin-eosin staining, and 

immunohistochemical expression of chromogranin A and synaptophysin. Moreover, tumor grading was done by 

counting the number of mitoses per 10 high-power-fields, and evaluating the Ki-67 proliferation index. 

Evaluation of the Ki-67 index was performed using immunohistochemistry with MIB-1 antibody at the level of 

the maximal diameter of the tumor. All specimens were collected to our institution and re-evaluated by a single 

pancreatic pathologist with 14-years’ experience. In the histopathologic analysis of 96 PNETs, 59 lesions 

(61.5 %) were classified as G1; 29 (30.2 %), as G2; and 8 (8.3 %), as G3.  
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Imaging examinations 

CT imaging 

Computed tomography images were available for all 89 patients (96 lesions). Multi-detector row CT 

examinations were performed with a tube voltage of 120-135 kVp, and an automatic exposure control system. 

Because of the multi-institutional, retrospective nature of the study, several CT scanners were used.  

 All 89 patients underwent non-enhanced and contrast enhanced multiphase (at least two phases, arterial phase 

[AP], and delayed phase [DP]) dynamic CT. AP, and DP images were obtained at 30-45 s, and at more than 

120-s delays, after starting the rapid intravenous injection of nonionic contrast medium using a power injector. 

Early arterial phase (20- to 30-s delay), and portal venous phase (60- to 75-s delay) images were available for 53, 

and 55 patients, respectively. However, these phase images were not assessed in this study. Because of the 

multi-institutional nature of this study, several contrast media with different iodine concentrations (300-370 

mg/ml) were used. 

MR imaging 

 Magnetic resonance images were available for 79 (88.8 %) of 89 patients (86 lesions). Several 1.5 or 3T MR 

scanners were used. All protocols included transverse T1-weighted (2 or 3 dimension gradient-recalled-echo, 

dual gradient-echo, and/or fast-spin-echo) and T2-weighted (fast-spin-echo, single-shot fast-spin-echo, and/or 

fast-recovery fast-spin-echo) images. Echo-planar diffusion-weighted (DW) images using two b values (0-800 

s/mm2, 48 patients; 0-1000, 4 patients) were available for 52 patients (56 lesions). Because of the 

multi-institutional retrospective nature of this study, the scanning protocols were not consistent. 

 Of CT and MR examinations, the initial examination was CT in 63 patients, and MR in 16 patients. The mean 

period between CT and MR examinations was 23 ± 24 days (range 0-97 days).  

 

Image analysis 
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	 All images were independently reviewed by two radiologists with 10 and 15 years’ experience in pancreatic 

radiology, who were blinded to final tumor grade. If the decisions of two radiologists were different in 

subjective parameters, consensus was finally reached through discussion after a reviewing session, and simple 

and quadratic weighted kappa values were calculated to evaluate the inter-reader reproducibility. CT and MR 

images were analyzed for the following parameters for each lesion: lesion maximal diameter, lesion shape 

(round, lobulated, or irregular), enhancement pattern on AP CT image (homogeneous hyper-, homogeneous iso-, 

homogeneous hypo,-attenuation, or heterogeneous attenuation), presence or absence of gradual enhancement on 

DP CT image, presence or absence of calcification, cystic portion, hemorrhage, and main pancreatic duct 

(MPD) dilatation, signal-intensity on T1-weighted, and T2-weighted MR image (hypo-, iso-, or hyper-intensity), 

appearance on apparent diffusion coefficient (ADC) map, and ADC ratio.  

 Lesion diameter and shape were evaluated using multi-planner reconstruction CT images in all cases. 

Measuring lesion diameter was determined by consensus of two radiologists. Enhancement pattern on AP image, 

and signal-intensity on MR image of solid-portions were visually determined by comparison with the 

surrounding pancreatic parenchyma.   

 The value of AP and DP images was individually measured by placing a region of interest (ROI) on the solid 

portion of the lesion. The ROI was drawn to be as large as possible by using a free curve. The ROI location was 

also determined by consensus of two radiologists. The average size of the ROI was 502 ± 995 mm2 (range, 

15-4682 mm2). Gradual enhancement on CT image was determined to be present when the average attenuation 

value of the lesion increased between AP and DP images. In evaluation for diffusion-weighted images, ADC 

value itself was not analyzed because of the inconsistency of MR scanner; instead we evaluated by using two 

methods, visual estimation (reduction or no reduction in ADC compared with the surrounding pancreatic 

parenchyma), and ADC ratio (ADC value of the lesion/ADC value of the pancreatic parenchyma). The ADC 

value of the lesion was measured in the same way as the evaluation of gradual enhancement. The average size of 
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ROI was 376 ± 840 mm2 (range, 17-4807 mm2). The ADC value of the parenchyma was measured by placing 

ROI (size, 100 mm2; shape, round or oval) on the pancreatic parenchyma of the proximal side of the lesion.  

 The cystic portion was defined as non-enhanced areas and/or hyper-intensity similar to the cerebrospinal fluid 

on T2-weighted image. Hemorrhage was defined as hyper-density areas on non contrast-enhanced CT image 

and/or hyper-intensity on T1-weighted image. These imaging findings were compared among G1, G2, and G3 

groups.  

 

Statistical Analysis 

	 Statistical significance was evaluated using GraphPad Prism 6 (GraphPad Software, San Diego, Ca), R 

version 3. 2. 2 (R Foundation for Statistical Computing, Vienna, Austria), and SPSS 23.0 (SPSS Inc, Tokyo, 

Japan). Fisher’s exact test or Kruskal-Wallis test with multiple comparison test was used to compare the 

imaging findings among all groups. Additionally, multinomial logistic regression between the tumor grade (G1, 

G2, or G3) and the imaging findings, which showed significant differences in univariate analysis, was 

performed to find the independent factors. Sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV) and odds ratio in the prediction of G1 group for imaging findings, alone and in 

association with others, were calculated. The cutoff values with the best sensitivity and specificity in lesion 

diameter and ADC ratio using ROC curve were calculated. A p value less than 0.05 was considered to indicate a 

statistically significant difference. Regarding inter-reader reproducibility, simple kappa values of lesion shape, 

enhancement pattern on AP CT images, presence or absence of calcification, cystic portion, hemorrhage, MPD 

dilatation, and appearance on ADC map, and weighted kappa values of signal-intensity on T1-weighted, and 

T2-weighted images were calculated. A kappa value less than 0.20 was interpreted as poor agreement, in the 

range of 0.21-0.40 as fair agreement, 0.41-0.60 as moderate agreement, 0.61-0.80 as good agreement, and more 

than 0.81 as excellent agreement.  
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Results 

Imaging findings of all lesions 

The average maximal diameter of the lesions was 28 ± 25 mm (range, 6-142 mm). Thirty-two lesions 

(33.3 %) were located in the head, 32 (33.3 %) in the body, and 32 (33.3 %) in the tail. The lesions appeared as 

round masses in 78 (81.3 %), and as lobulated ones in 18 (18.7 %). Lesions with irregular shape were not found.  

 Solid portions of all 96 lesions were nearly iso-attenuating compared to the surrounding pancreatic 

parenchyma on non-contrast-enhanced CT images. On AP images, 51 lesions (53.1 %) were described as 

homogeneous hyper-attenuation. Homogeneous hypo-attenuation, and heterogeneous attenuation were shown in 

14 lesions (14.6 %), and 17 (17.7 %), respectively. The remaining 14 lesions (14.6 %) demonstrated 

homogeneous iso-attenuation, and were difficult to detect on AP images. On DP images, seven lesions (7.3 %) 

showed gradual enhancement.  

Calcifications, cystic portions, and MPD dilatations were found in 14 lesions (14.6 %), 32 (33.3 %), and 18 

(18.7 %), but hemorrhagic change was not found in any lesions.  

 All 86 lesions were hypo- (n = 66) or iso-intense (n = 20) on T1-weighted images, and 83 lesions (96.5 %) 

were hyper- (n = 47) or iso-intense (n = 36) on T2-weighted images. Of 56 PNETs, ADC was visually reduced 

in 28 lesions (50.0 %), compared with the surrounding pancreatic parenchyma on ADC map, with others 

demonstrated iso- to hyper-intense.  

 Regarding inter-reader reproducibility of visually evaluated imaging parameters, kappa values of lesion shape, 

enhancement pattern on AP CT image, presence or absence of calcification, cystic portion, hemorrhage, MPD 

dilatation, signal-intensity on T1-weighted, and T2-weighted images, and appearance on ADC map were 0.87, 

0.98, 1.0, 0.95, 1.0, 1.0, 0.95, 0.99, and 0.89, respectively. 
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Comparison among G1, G2 and G3 groups 

Comparisons among G1, G2, and G3 groups for each of the imaging findings were summarized in Table 1. 

Significant differences among G1, G2, and G3 groups were noted in tumor maximal diameter, shape, 

enhancement pattern on AP CT image, cystic portion, and ADC finding.  

Based on the results of statistical analysis with multiple comparison test, the maximal diameter of the lesion 

was significantly smaller in G1 group than G2 or G3 groups lesions (average maximal diameter, 18 versus 40, 

56 mm, respectively; G1 versus G2, p = 0.0004; G1 versus G3, p = 0.0005) (Figure 1-3). Moreover, the 

proportion of round lesions was significantly higher in G1 group than in G2 or G3 groups (G1 versus G2, p = 

0.0251; G1 versus G3, p = 0.0002) (Figure 1-3). The homogeneous hyper-attenuating lesions on AP CT images 

were most frequently seen in G1 group as compared to the other groups (G1, 74.6; G2, 24.1; and G3, 0 %, 

respectively). In contrast, the rate of homogeneous hypo-attenuating and heterogeneous attenuating lesions was 

higher in G2 or G3 groups than in G1 group (G2, 20.7 and 31.0; G3, 50.0 and 37.5; versus G1, 6.8 and 8.4 %, 

respectively) (Figure 1-4). On DP images, gradual enhancement tended to be less frequently seen in G1 group 

than G2 or G3 groups, but without significant differences between any of the groups.    

 The frequency of cystic portion was significantly higher in G2 group than G1 group (G1, 23.7 %; G2, 55.2 %; 

p = 0.0137). On the other hand, the rate of calcification and MPD dilatation also tended to be higher in G2 

group than G1 group, but these differences were not significant between any of the groups.  

 On MRI, three lesions showed hypo intensity on T2-weighted MR images. Of three, two lesions were 

pathologically diagnosed as G2, and one as G1. In visual assessment, reductions in ADC were less frequently 

seen in G1 group than G2 or G3 group (G1, 29.4; G2, 76.5; and G3, 100%, respectively; G1 versus G2, p = 

0.0074; G1 versus G3, p =0.0078) on ADC map (Figure 1-5). The ADC ratio was significantly higher in G1 

group than G2 or G3 groups (average ratio, 1.01 versus 0.78, 0.69, respectively; G1 versus G2, p = 0.0008; G1 

versus G3, p = 0.0067).  
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 Compared to G2 groups, the proportion of lobulated lesions was significantly higher in G3 group (p = 0.0345). 

G3 lesions also demonstrated larger size, homogeneous hypo-enhancement or heterogeneous enhancement on 

AP image, delayed enhancement on DP image, hypo intensity on ADC map, and lower ADC ratio, but none of 

these differences was significant.  

 Based on the results of multivariate analysis by multinomial logistic regression between the tumor grade and 

imaging findings (lesion maximal diameter, shape, cystic portion, enhancement pattern on AP CT image, and 

appearance on ADC map) in 56 lesions, in which all imaging parameters were evaluated, showed that 

appearance on ADC map was the only independent factor (p = 0.002).  

 Of 87 resected lesions (remaining 9 lesions diagnosed by EUS-FNA were excluded), significant differences 

among G1, G2, and G3 groups were also noted in tumor maximal diameter, shape, enhancement pattern on AP 

CT image, cystic portion, visual ADC estimation, and ADC ratio (p = 0.0001, p = 0.0007, p < 0.0001, p = 

0.0223, p = 0.0031, and p = 0.0004, respectively).  

 

Combined analysis of imaging findings 

Sensitivity, specificity, PPV, NPV and odds ratio in the prediction of G1 group for each imaging finding 

were summarized in Table 2. PPVs and NPVs with small size (25 mm or smaller), round shape, homogeneous 

hyper-attenuation on AP image, absence of gradual enhancement on DP image, absence of calcification, 

absence of cystic portion, absence of MPD dilatation, iso-intensity on T1-weighted image, absence of 

hypo-intensity on T2-weighted image, no reduction in ADC compared with the pancreatic parenchyma (visual 

assessment), and high ADC ratio (0.94 or higher) were 77.3, 70.5, 86.3, 61.8, 63.4, 70.3, 64.1, 70.0, 62.7, 85.7, 

92.3, and 73.3, 77.8, 66.7, 42.9, 50.0, 56.3, 50.0, 40.9, 66.7, 64.3, 66.7, respectively. PPV showed 89.1 % (41 of 

46 lesions) by applying the combination pertaining to three CT images (small size [25 mm or smaller], round 

shape, and homogeneous hyper-attenuation on AP image). Conversely, the lesions with the opposite imaging 
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findings (large size, lobulated shape, and no early enhancement pattern) belonged to G2 or G3 groups with a 

probability of 87.5 (14 of 16 lesions).  

A grading flowchart based on the combination of MR and CT findings is shown in Figure 6. This flowchart 

targeted 56 lesions in which all of the imaging parameters were analyzed. First, if the answers were ‘Yes’ to two 

questions pertaining to the MR and CT images, low ADC ratio (0.94 >), and not homogeneous 

hyper-attenuation on AP image, 17 of 22 lesions belonged to G2 or G3 groups (G2, n = 12; G3, n = 5). Of these, 

12 lesions were small size (25 mm or smaller), and 8 of 12 lesions belonged to G2 or G3 groups (G2, n = 6; G3, 

n = 2) (Figure 4). Second, of 22 lesions (‘Yes’ group for first question), if the answers were ‘Yes’ to two 

questions, lobulated shape, and hyper-intensity on T2-weighted image, the rate of G2 or G3 was 100 % (G2, n 

=2; G3, n =3) (Figure 3). Third, of 34 lesions (‘No’ group for first question), if the answers were ‘Yes’ (high 

ADC ratio [0.94 or higher], and small size [25 mm or smaller]), the rate of G1 lesions was 100 % (20 of 20 

lesions) (Figure 2). 
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Discussion 

 Our results showed several imaging findings of PNETs, of which the following: smaller tumor size (≤ 25 mm), 

round shape, homogeneous hyper-attenuation on AP CT image, and no reduction in ADC compared with the 

pancreatic parenchyma by visual assessment (or high ADC ratio [0.94 ≤]) were predictive of G1, whereas larger 

tumor size, lobulated shape, homogeneous hypo-attenuation or heterogeneous attenuation, and reduction in 

ADC (or low ADC ratio) were suggestive of G2 or G3.  

	 So far, several reports, including some of small numbers of cases, have focused on the imaging features 

useful in predicting the malignancy of PNETs. Similar to the results of this study, several CT findings such as 

tumor size, shape and vascularity of the tumor correlated with the tumor grade in recent studies [9-14]. 

Regarding vascularity, we assessed not only AP image but also gradual enhancement on DP image, however, no 

significant difference was detected. Degeneration (calcification or cystic portion), and MPD dilatation have 

been reported as predictive factors in some of the previous studies [13, 14]. This study also showed that the 

frequency of cystic degeneration, perhaps due to necrosis, was significantly higher in G2 group than in G1 

group. Although the rate of calcification and MPD dilatation tended to be higher in G2 group than in G1 group, 

neither showed significant difference. We did not evaluate invasion of large vessels and adjacent organs, or the 

presence/absence of metastases, which are important predictive factors associated with TNM staging.  

Recently, the number of reports showing the utility of MR images [15-19], in particular ADC value in 

tumor grading has been increasing. These studies have noted the mean ADC value of G1 lesions or 

well-differentiated neuroendocrine neoplasms to be 1.48-1.75x10-3 mm2/sec, and that of G2, G3 lesions or 

neuroendocrine carcinoma 1.00-1.24 [16-18]. Although, the mean ADC value of each group in this study was 

not analyzed, because of the inconsistency of MR scanner and parameter due to multi-institutional study nature, 

the result of ADC ratio (ADC value of the lesion/ADC value of the pancreatic parenchyma) and simple visual 
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assessment for ADC map (whether there was a reduction or no reduction, compared with the surrounding 

pancreatic parenchyma) were almost compatible with former studies. A recent study of intravoxel incoherent 

motion DW images also showed similar corresponding results [19].  

In this study, PPV and NPV in the prediction of G1 for each single CT finding correlating tumor grade (size, 

shape, and enhancement pattern on AP image) ranged from 70.5 – 86.3 %, and 66.7 – 77.8 %, respectively. 

These figures showed slight improvement by applying the combination pertaining to CT images. That is, small 

(≤ 25 mm), round, and homogeneous early enhanced lesions, which are often suspected in routine practice of 

being typical PNETs [20], belonged to G1 group with a probability of 89.1 % (41 of 46 lesions). Conversely, the 

lesions with the opposite imaging findings (large size, lobulated shape, and no early enhancement pattern) 

belonged to G2 or G3 groups with a probability of 87.5 %. Moreover, by assessing the MR finding (ADC) and 

CT image in combination, the predictive accuracy showed further improvement. That is, although the number of 

lesions was small (5 lesions), all of the lesions with the combination findings of low ADC ratio (0.94 >), no 

early enhancement pattern, lobulated shape, and hyper intensity on T2-weighted image, belonged to G2 or G3 

groups, and of these, 3 lesions were G3. In addition, all of the lesions (20 of 20 lesions) with high ADC ratio 

and small size (≤ 25 mm) were G1.   

Based on the result of the combinational assessment, it was also revealed that in small tumors (≤ 25 mm), 

G2 or G3 lesions were present. Even in small tumors, the lesions not showing early homogeneous enhancement, 

and being reduced in ADC were considered to have the possibility of belonging to G2 or G3 group (66.7 %).  

We also performed multivariate analysis to find the independent factors in the imaging findings, which 

showed significant differences in univariate analysis. Multinomial logistic regression analysis in both CT and 

MR findings of 56 lesions showed appearance on ADC map was only significantly associated with the tumor 

grade. In recent routine clinical practice, with improvement in imaging techniques, and increase in the frequency 

of CT examination, the incidental detection of pNETs, small and non-functional lesions in particular, has 
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increased. It was considered useful for patients with incidentally detected pNETs on CT images to also undergo 

MR examinations, because the results of multivariate and combinational analysis showed that ADC finding was 

the important factor.   

In routine clinical practice, distinguishing G3 lesions with the poorest prognosis from G1 or G2 lesions 

would be the most important task. G3 lesions tended to be large, lobulated, hypo-attenuating, and show 

reduction in ADC (or lower ADC ratio) than G1 or G2 lesions. In addition, 3 of 5 lesions with the imaging 

findings of reduction in ADC, not homogeneous hyper-attenuation on AP CT image, lobulated shape, and 

hyper-intensity on T2-weighted image, belonged to G3, and even in small tumors, 2 of 12 lesions with the 

combination findings of reduction in ADC, and no early enhancement pattern were G3. However, no significant 

differences in any of these parameters, except lesion shape, were found in this study. This may be attributable to 

the small number of G3 lesions available for this study, because Kim DW et al. reported significant differences 

between G3 and G1/G2 lesions by analyzing the dynamic CT findings [14]. Just as combinatorial assessment of 

CT and MR findings improved the predictive accuracy for G1 lesions in this study, useful findings predictive of 

G3 lesions might be found by multi-modality analysis with a large number of G3 lesions.  

As with other pancreatic tumors, EUS-FNA plays an important role in diagnosing and grading of PNETs 

[21-25]. But it is a somewhat invasive and operator dependent procedure, and some complications including 

hemorrhage and pancreatitis have also been recognized. Also, it is sometimes difficult to obtain sufficient tissue 

to adequately diagnose and grade the tumor [23-25]. A collaborative approach with imaging examinations and 

EUS-FNA would be essential for the optimal management of PNET patients.  

Whether all PNETs should be resected immediately or not is a very important issue. At this time, all PNETs 

are considered as having malignant potential and surgical resection is recommended [26-28], but with the recent 

increasingly frequent detection of PNETs, the feasibility of careful follow-up especially of small PNETs, has 

been suggested [9, 27-29]. Observation should be considered in patients with small lesions, having the imaging 
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findings for predicting G1 such as no reduction in ADC. However, for lesions with the imaging findings for 

suggesting G2 or G3 such as reduction in ADC and/or not homogeneous hyper-attenuation on AP CT image, the 

therapeutic approach should be chosen carefully, because the possibility of malignancy exists even when they 

are small. 

 This study had a few limitations. First, because of its retrospective and multi-institutional nature, the CT and 

MR scanners, protocols and contrast material were inconsistent. Second, our study included nine (10.1 %) cases 

diagnosed and graded by EUS-FNA, although there was a potential for upgrade influenced by intra-tumor 

heterogeneity, when using a resected specimen [25]. Thus, we also analyzed in 87 resected lesions (remaining 9 

lesions diagnosed by EUS-FNA were excluded), and the results were similar to those of all lesions. Third, ADC 

map was available for only for 52 patients (58.4 %). Lastly, our study included only a small number of G3 

lesions, because of their lower frequency, namely only 6.8% of PNETs [7]. To more precisely define the most 

predictive imaging findings for G3 lesions, further study of a large number of G3 lesions might be required.  

 In conclusion, tumor size, shape, enhancement pattern including homogeneity on AP CT image, cystic 

degeneration, and ADC were correlated with the tumor grade of PNETs. Combined assessment of both MR and 

dynamic CT findings could improve the prediction of tumor grading in PNETs.  
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Figure legends 

Figure 1 Graphs show the comparison among G1, G2, and G3 groups. (a) Statistical significance in lesion 

maximal diameter is analyzed by using Kruskal-Wallis test with multiple comparison test. Mean value ± 

standard deviation is given under the graph. (b, c, d) Significances in lesion shape, enhancement pattern on 

arterial phase (AP) CT image, and appearance on apparent diffusion coefficient (ADC) map are analyzed by 

using Fisher’s exact test with multiple comparison test. (c, d) Visual assessments, by comparison with the 

surrounding pancreatic parenchyma, are performed.  

 

Figure 2 G1 lesion in 78-year-old woman. (a) On plain CT image, the lesion cannot be discerned. (b) AP image 

on dynamic multiphase CT shows a small (9 mm), round, and homogeneous hyper-attenuating nodule in the 

pancreas body (arrow). (c) On delayed phase (DP) CT image, the lesion is seen as a slightly hyper-dense nodule 

(arrow) compared with pancreatic parenchyma. (d) On diffusion-weighted (DW) MR image (b = 800), the 

lesion cannot be identified. (e) On ADC map (b = 0-800), the lesion (arrow) does not shows reduction, 

compared with pancreatic parenchyma. ADC ratio is 1.06. (f) On immunohistochemistry of Ki-67, Ki-67

（red-orange color） index is less than 1 %.  

 

Figure 3 G3 lesion in 28-year-old man. (a) AP image on dynamic multiphase CT shows a large (50 mm) 

heterogeneous attenuating lobulated mass (arrow). (b) On DP CT image, the lesion is seen as an iso or slightly 

hyper-dense mass (arrow) compared with pancreatic parenchyma. (c) On T2-weighted MR image, the lesion 

demonstrates heterogeneous slight hyper-intensity (arrow). (d) On DW image (b = 800), the lesion (arrow) is 

hyper-intense. (e) On ADC map (b = 0-800), the lesion (arrow) shows reduction. ADC ratio is 0.66. (f) On 

immunohistochemistry of Ki-67, Ki-67	 （red-orange color） index is approximately 30 %.  
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Figure 4 G3 lesion in 62-year-old woman. (a) AP image on dynamic multiphase CT shows a small (17 mm) 

homogeneous hypo-attenuating nodule (arrow) in pancreas body. (b) On DP CT image, the lesion is seen as an 

iso or slightly hyper-dense nodule (arrow) compared with pancreatic parenchyma. (c) T2-weighted MR image 

shows iso-intense nodule (arrow) with distal main pancreatic duct (MPD) dilatation. (d) On DW image (b = 

800), the lesion (arrow) is hyper-intense. (e) On ADC map (b = 0-800), ADC of the lesion (arrow) is reduced. 

ADC ratio is 0.55. (f) On immunohistochemistry of Ki-67, Ki-67	 （red-orange color） index is approximately 

80 %.  

 

Figure 5 G2 lesion in 72-year-old man (an endoscopic ultrasonography-guided fine needle aspiration case). (a) 

AP image on dynamic multiphase CT shows a small (10 mm) homogeneous hyper-attenuating nodule (arrow) in 

pancreas head. (b) On DP CT image, the lesion is seen as a slightly hyper dense nodule (arrow) compared with 

pancreatic parenchyma. (c) On T2-weighted MR image, the lesion cannot be identified. (d) On DW image (b = 

800), the lesion (arrow) is hyper-intense. (e) On ADC map (b = 0-800), ADC of the lesion (arrow) is reduced. 

ADC ratio is 0.81. (f) On immunohistochemistry of Ki-67, Ki-67	 （red-orange color） index is approximately 

10 %. 

 

Figure 6 A grading flowchart based on the combination of CT and MR findings  

 First, if the answers were ‘Yes’ to two questions pertaining to the MR and CT images, low ADC ratio (0.94 >), 

and not homogeneous hyper-attenuation on AP image, 17 of 22 lesions belonged to G2 or G3 groups. Second, 

of 22 lesions (‘Yes’ group for first question), if the answers were ‘Yes’ to two questions, lobulated shape, and 

hyper-intensity on T2-weighted image, the rate of G2 or G3 was 100 %. Third, of 34 lesions (‘No’ group for 

first question), if the answers were ‘Yes’ (high ADC ratio [0.94 or higher], and small size [25 mm or smaller]), 

the rate of G1 lesions was 100 %. 
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Note.  

*ADC ratio = ADC value of the lesion/ADC value of the surrounding pancreatic parenchyma.  



Table 1 Comparison among G1, G2, and G3 groups for each of imaging finding 

 
G1 group G2 group G3 group p value 

lesion maximum diameter (mm) 18 40 56* < 0.0001 

lesion shape       < 0.0001 

  round 55 (93.2 %) 21 (72.4 %) 2 (25.0 %) 
 

  lobulated 4 (6.8 %) 8 (27.6 %) 6 (75.0 %)   

enhancement pattern on AP image       < 0.0001 

  homogeneous hyper 44 (74.6 %) 7 (24.1 %) 0 (0 %) 
 

  homogeneous iso 6 (10.2 %) 7 (24.1 %) 1 (12.5 %) 
 

  homogeneous hypo 4 (6.8 %) 6 (20.7 %) 4 (50.0 %) 
 

  heterogeneous 5 (8.4 %) 9 (31.0 %) 3 (37.5 %)   
gradual enhancement on DP image       NS 
  (+) 4 (6.8 %) 2 (6.9 %) 1 (12.5 %) 

 
  (-) 55 (93.2 %) 27 (93.1 %) 7 (87.5 %) 

 
calcification       NS 

  (+) 7 (11.9 %) 5 (17.2 %) 2 (25.0 %) 
 

  (-) 52 (88.1 %) 24 (82.8 %) 6 (75.0 %)   

cystic potion       0.012 

  (+) 14 (23.7 %) 16 (55.2 %) 2 (25.0 %) 
 

  (-) 45 (76.3 %) 13 (44.8 %) 6 (75.0 %)   

MPD dilatation       NS 

  (+) 9 (15.2 %) 7 (24.1 %) 2 (25.0 %) 
 

  (-) 50 (84.8 %) 22 (75.9 %) 6 (75.0 %)   

T1-weighted image       NS 

  iso 14 (26.4 %) 6 (23.1 %) 0 (0 %) 
 

  hypo 39 (73.6 %) 20 (76.9 %) 7 (100 %)   

T2-weighted image       NS 

  hyper 28 (52.8 %) 13 (50.0 %) 6 (85.7 %) 
 

  iso 24 (45.3 %) 11 (42.3 %) 1 (14.3 %) 
 

  hypo 1 (1.9 %) 2 (7.7 %) 0 (0 %)   

appearance on ADC map       0.0002 

  hypo (reduction in ADC) 10 (29.4 %) 13 (76.5 %) 5 100 %) 
 

  iso-hyper (no reduction in ADC) 24 (70.6 %) 4 (23.5 %) 0 (0 %)   

ADC ratio 1.01 0.78 0.69 < 0.0001 
Note. Data were number of lesions, with percentages in parentheses.  

Statistical evaluation was performed among all groups by using Fisher's or Kruskal-Wallis test.  

AP = arterial phase, DP = delayed phase, MPD = main pancreatic duct, ADC = apparent diffusion coefficient 

*Data were mean values. Total number of lesions in G1, G2, and G3 groups were 59, 29, and 8 lesions, respectively.  

**Data were mean values. Total number of lesions in G1, G2, and G3 groups were 34, 17, and 5 lesions, respectively.  

 



Table 2 Sensitivity, Specificity, PPV and NPV in the prediction of G1 for each imaging finding 

  Sensitivity Specificity PPV NPV 
Odds ratio (95% 

CL) 
diameter (≤ 25 mm) 86.4 (51/59) 59.5 (22/37) 77.3 (51/66) 73.3 (22/30) 9.35 (3.46-25.25) 
lesion shape (round) 93.2 (55/59) 37.8 (14/37) 70.5 (55/78) 77.8 (14/18) 8.37 (2.49-28.16) 
enhancement pattern on AP CT image 74.6 (44/59) 81.1 (30/37) 86.3 (44/51) 66.7 (30/45) 12.57 (4.58-34.53) 
absence of gradual enhancement 93.2 (55/59) 8.1 (3/37) 61.8 (55/89) 42.9 (3/7) 1.21 (0.26-5.76) 
absence of calcification 88.1 (52/59) 18.9 (7/37) 63.4 (52/82) 50.0 (7/14) 1.73 (0.55-5.42) 
absence of cystic portion 76.3 (45/59) 48.6 (18/37) 70.3 (45/64) 56.3 (18/32) 3.05 (1.26-7.35) 
absence of MPD dilatation 84.7 (50/59) 24.3 (9/37) 64.1 (46/78) 50.0 (9/18) 1.79 (0.64-5.02) 
T1-weighted image (iso intensity) 26.4 (14/53) 81.8 (27/33) 70.0 (14/20) 40.9 (27/66) 1.62 (0.55-4.73) 
T2-weighted image (no hypo intensity) 98.1 (52/53) 6.1 (2/33) 62.7 (51/83) 66.7 (2/3) 3.36 (0.29-38.56) 
ADC map (no reduction in ADC) 70.6 (24/34) 81.8 (18/22) 85.7 (24/28) 64.3 (18/28) 10.80 (2.91-40.07) 
ADC ratio (0.94 ≤) 70.6 (24/34) 92.3 (20/22) 92.3 (24/26) 66.7 (20/30) 24.00 (4.70-122.5) 

 
 Note. Data were percentages, with number of lesions in parentheses. 

PPV = positive predictive value, NPV = negative predictive value, 95% Cl = 95% cofidence intervals,  
 

AP = arterial phase, MPD = main pancreatic duct, ADC = apparent diffusion coefficient 
  

 

 














