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Abstract

Purpose To identify whether the features of preoperative
MDCT or EUS could predict the histopathological grading
scheme of pancreatic neuroendocrine neoplasms (pNENSs).
Methods A total of 25 patients with pNENs were enrolled
in the present study. The qualitative and quantitative vari-
ables were reviewed. The qualitative variables included
location, contour, border, necrosis, intratumoral ves-
sel, homogeneity, calcification, peripancreatic fat/vessel
infiltration, pancreatic duct dilatation, mass within pan-
creas, lymphadenopathy and hepatic metastasis on MDCT
and border, echogenicity, cystic/solid and blood flow on
EUS. The quantitative variables included long diameter
(LD), short diameter (SD), unenhanced mass attenuation
(UMA), unenhanced pancreatic attenuation (UPA), arterial
phase mass attenuation (APMA), arterial phase pancreatic
attenuation (APPA), portal venous phase mass attenua-
tion (PVPMA), portal venous phase pancreatic attenuation
(PVPPA), arterial phase enhancement degree (APED) and
portal venous phase enhancement degree (PVPED). In
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addition, sex and age were also evaluated. Histopathologi-
cal classifications met the criterion of 2010 edition WHO
Histopathological Classifications. Kruskal-Wallis test and
Boruta algorithm were conducted.

Results Lymphadenopathy and peripancreatic fat or vascu-
lar invasion foretold higher histopathological grading level
while well-defined border on EUS image lower grading
level.

Conclusions Lymphadenopathy, border on EUS image and
peripancreatic fat or vascular invasion can predict the histo-
pathological grading scheme of pNENSs.

Keywords Multi-detector computed tomography
(MDCT) - Endosonography - Pancreatic neuroendocrine
neoplasms - Pathological classification - Prognosis

Introduction

Pancreatic neuroendocrine neoplasms (pNENs) are rare
neoplasms which comprise 1-2% of pancreatic neoplasms
[1]. A large population study based on the Surveillance,
Epidemiology, and End Results (SEER) database showed
that the crude annual incidence was only 1.8 per 1,000,000
in females while 2.6 in males and increased with advanc-
ing age [2]. Although their infrequency, pNENs are still
focused by researchers because they have distinct therapeu-
tic strategies (both medical and surgical) and better prog-
nosis compared to pancreatic ductal adenocarcinomas [3,
4]. There has been an increase in its detection rate, which
is attributed to the technical progress of modern imaging
modalities such as multi-detector computed tomography
(MDCT), endoscopic ultrasound (EUS) and EUS-guided
fine-needle aspiration (EUS-FNA). It was reported that
mean detection rate, sensitivity and specificity of CT scan
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in diagnosis pNENs were 73, 73 and 96%, respectively [5].
And EUS-FNA was considered as an effective tool which
provides high-resolution images of pancreas through the
wall of the gastrointestinal tract and obtains cytological
findings and immunocytochemical stains to make the accu-
rate identification of pNENs [6, 7]. Previous study showed
the sensitivity of EUS-FNA for the diagnosis of this entity
was 87% [8]. Therefore, current guidelines recommend
MDCT and EUS as the initial imaging modalities for the
initial work-up for suspected pNENs [9-11]. Histopatho-
logically, 2010 World Health Organization (WHO) clas-
sification divides pNENSs into grade 1 (G1), grade 2 (G2)
and grade 3 (G3, i.e., neuroendocrine carcinoma) according
to a grading scheme based on mitotic count or Ki67 index
[12]. To optimize surgical management, correct preopera-
tive predicting histopathological classifications of pNENs
is ideal. The goal of this study was to identify whether the
features of preoperative MDCT or EUS could predict the
histopathological grading scheme of pNENs.

Materials and methods
Study population

This retrospective study was approved by our institu-
tional review board, and informed consent was waived.
We reviewed cross-referenced records in the departments
of radiology, endoscopy and pathology in our hospital
from July 2012 to June 2015. To develop a study group
of suitable cases for identifying which features of MDCT
or EUS could predict the histopathological classifications
of pNENs, we used the following inclusion criteria: histo-
pathologically confirmed PNENs, available clinicopatho-
logic data (including sex, age and 2010 edition WHO grad-
ing data), available unenhanced and contrast -enhanced
(both the arterial phase and portal venous phase) CT
images, available EUS images. Patients who had already
received surgery, chemotherapy or radiotherapy prior to the
study were excluded from the study.

MDCT technique

Immediately before scanning, 500-800 mL of negative
or positive contrast agent was administered orally to all
patients to distend the gastrointestinal tract. MDCT pro-
tocols included unenhanced and contrast-enhanced CT
(both the arterial phase and the portal venous phase) scan
by using different scanners (SOMATOM Sensation 40 and
SOMATOM Sensation 64; Siemens AG, Medical Solu-
tions, Business Unit CT, Forchheim, Germany). With the
use of a power injector (Ulrich Medizintechnik, Buchb-
runnenweg, Germany), 100—120 mL of nonionic contrast
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agent (iopamidol, 300 mg iodine/mL, Iopamiro; Bracco
Sine, Shanghai, China or iohexol, 300 mg iodine/mL,
Omnipaque 300; Amersham, Shanghai, China) was admin-
istrated (at the rate of 3 mL/s, with a 30- or 60-s delay for
arterial phase or portal vein phase, respectively) via a intra-
venous catheter into a vein in the elbow. The MDCT scan-
ning was performed during inspiratory breath hold. The
parameters for the CT examinations were as follows: tube
voltage, 120 kV; tube current, 250 mA; slice thickness,
3 mm. The original images uploaded to the picture archiv-
ing and communication system (PACS, GE Healthcare-
Centricity RIS CE V2.0; GE Medical Systems, Fairfield,
Conn).

EUS technique

All EUS procedures were performed by two experienced
endosonographers (X. J. Y. and B. S., with 15 and 10 years
of EUS practice, respectively) using a GF-UCT 260 (Olym-
pus, Japan) curve linear echoendoscope with an Aloka
ultrasound processor (Aloka alpha 10, Tokyo, Japan) or an
EG-3870UTK (Pentax, Japan) curve linear echoendoscope
with a Hitachi ultrasound scanning system (Hitachi Prei-
rus, Japan). Conscious sedation was provided to all study
patients with intravenous midazolam and fentanyl. Doppler
imaging was used to identify blood vessels during the pro-
cedures. The original images were uploaded to the PACS
(GE Healthcare-Centricity RIS CE V2.0; GE Medical Sys-
tems, Fairfield, Conn).

MDCT image analysis

MDCT images were presented to two experienced abdomi-
nal radiologists (H. Z. and W. T., with 24 and 9 years of radi-
ology practice, respectively) in a random sequence through
PACS. The radiologists evaluated the qualitative and quan-
titative variables who were blind to the histopathological
classifications and EUS results. The qualitative variables
included the location (head, body or tail; pancreatic head
is on the right of the superior mesenteric-portal vein con-
fluence while pancreatic body is between the left edge of
the superior mesenteric—portal vein confluence and the left
edge of the aorta; pancreatic tail is those arising to the left
of the left edge of the aorta.) contour (round, oval, lobulated
or irregular), border on MDCT(B (MDCT), well-defined or
ill-defined), necrosis (present or absent; the intra-lesional
low attenuation is considered as necrosis at a CT value of
<20 HU), intratumoral vessel (IV, present or absent), homo-
geneity (yes or no), calcification (present or absent), peripan-
creatic fat/vessel infiltration (FVI, present or absent; peripan-
creatic/perivascular fat plane disappears or vessel deforms),
pancreatic duct dilatation (PDD, present or absent), mass
within pancreas (WP, yes or no, mass confined within the
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margin of pancreatic tissue without extension beyond the
margin), lymphadenopathy (short diameter of lymph node
>10 mm, present or absent) present or absent) and hepatic
metastasis (HM, present or absent). All of these qualitative
variables were evaluated on arterial or portal venous phase
depending upon optimal visualization. The quantitative
variables included long diameter of mass (LD, expressed in
millimeter), short diameter of mass (SD, expressed in mil-
limeter), unenhanced mass attenuation (UMA, expressed in
CT value HU), unenhanced pancreatic attenuation (UPA,
expressed in CT value HU), arterial phase mass attenuation
(APMA, expressed in CT value HU), arterial phase pancre-
atic attenuation (APPA, expressed in CT value HU), por-
tal venous phase mass attenuation (PVPMA, expressed in
CT value HU), portal venous phase pancreatic attenuation
(PVPPA, expressed in CT value HU), arterial phase mass
enhancement degree (APED, APMA minus UMA, expressed
in CT value HU) and portal venous phase mass enhance-
ment degree (PVPED, PVPMA minus UMA, expressed in
CT value HU). Discrepancies between the radiologists were
resolved by consensus after reevaluation together.

EUS image analysis

EUS images were presented to two experienced endo-
sonographers (X. J. Y. and B. S., with 15 and 10 years of
EUS practice, respectively) in a random sequence through
PACS who were blind to the histopathological classifica-
tions and MDCT results. Border on EUS (B (EUS), well-
defined or ill-defined), echogenicity (hyperechoic, iso-
echoic or hypoechoic), cystic/solid (CS; solid, cystic or
mixed solid and cystic), and abundant blood flow (yes or
no) were evaluated. Discrepancies between the endosonog-
raphers were also resolved by consensus after reevaluation
together. Furthermore, sex and age were also analyzed.

WHO histopathological classifications

Each pathological report met the criterion of 2010 edition
WHO Histopathological Classifications based on mitotic
count or Ki67 index. pNENs with mitotic count <2 per
10 high-power fields (HPF) and/or Ki67 index <2% was
graded as Grade 1 (G1), pNENs with mitotic count 2-20
per 10 HPF and/or Ki67 index 3-20% was graded as Grade
2 (G2) and pNENSs with mitotic count >20 per 10 HPF and/
or Ki67 index >20% was graded as Grade 3 (G3).

Statistical analysis

The inter-rater agreement (for qualitative data) was esti-
mated by using Kappa statistic. The strength of agreement
was determined by the value of Kappa (<0.20, poor; 0.21-
0.40, fair; 0.41-0.60, moderate; 0.61-0.80, good; 0.81-1.00,

very good). The reliability of measurements or ratings (for
quantitative data) was estimated using intra-class correlation
coefficient. As for intra-class correlation coefficient, the cri-
teria were as below: <0.10, virtually none; 0.11-0.40, slight;
0.41-0.60, fair; 0.61-0.80, moderate; 0.81-1.00, substantial.
The relation between MDCT, EUS, sex or age (including
qualitative and quantitative variables) and histopathologi-
cal grading scheme of pNENs was analyzed using Kruskal-
Wallis test. The analysis was conducted by using MedCalc
statistical software Version 11.4.2.0 (MedCalc Software
bvba, Acacialaan 22, 8400 Ostend, Belgium). In addition,
Feature selection (Boruta algorithm) was also performed
to identify the most important attributes that were indepen-
dently associated with the histopathological grading scheme
of pNENs. This algorithm was a wrapper built around the
Random Forest classification algorithm implemented in R
program (www.r-project.org/) Random Forest [13, 14]. With
this method we could clearly identify which MDCT or EUS
features were the most important attributes that were asso-
ciated with the histopathological grading scheme, indepen-
dently of each other.

Results

A total of 25 patients with pNENs (13 males and 12
females; mean age, 54.6 years; age range, 26—75 years)
were enrolled in the present study. Each patient had soli-
tary lesion. There were nine patients diagnosed as Gl,
eleven patients G2 and five patients G3. The values of
Kappa suggested that the agreement between two radiolo-
gists was good or very good: B (EUS), 0.84; B (MDCT),
0.84; blood flow, 0.76; calcification 0.83; contour, 0.83;
CS, 0.78; echo, 0.70; FVI, 0.84; HM, 0.72; homogene-
ity, 0.75; 1V, 0.75; location, 0.75; lymphadenopathy, 0.80;
necrosis, 0.82; PDD, 0.78; WP, 0.75. The results of intra-
class correlation coefficient showed that the reliability of
measurements or ratings was substantial: UMA, single
measure 0.82, average measure 0.90; UPA, single measure
0.94, average measure 0.97; APMA, single measure 0.85,
average measure 0.92; APPA, single measure 0.99, aver-
age measure 0.99; PVPMA, single measure 0.98, average
measure 0.99; PVPPA, single measure 0.95, average meas-
ure 0.98; APED, single measure 0.83, average measure
0.91; PVPED, single measure 0.96, average measure 0.98;
LD, single measure 0.99, average measure 0.99; SD, sin-
gle measure 0.99, average measure 1.00. We adopted the
results estimated by H. Z. as the final results.

Qualitative analysis by Kruskal-Wallis test

Qualitative analysis by Kruskal-Wallis test for MDCT or
EUS features are summarized in Table 1. G3 pNENs were
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Table 1 Qualitative analysis according to histopathological grading
scheme

Qualitative vari- Gl(n=9) G2(n=11) G3(n=5) p value*

able

Sex 0.3893
Male 4 (44.44) 5(45.45) 4 (80.00)

Female 5(55.56) 6 (54.55) 1(20.00)

Location 0.2676
Head 4 (44.44) 5(45.45) 4 (80.00)

Body 3(33.33) 1 (9.09) 1 (20.00)
Tail 2(22.22) 5(45.45)  0(0.00)

Contour 0.4861

Round 4 (44.44) 1(9.09) 2 (40.00)
Oval 1 (11.11) 3(27.27) 0(0.00)
Lobulated 3(33.33) 5(45.45)  2(40.00)

Irregular 1(11.11) 2 (18.18)  1(20.00)

B(MDCT) 0.0614
Well-defined 6 (66.67) 5(45.45)  0(0.00)

Il1-defined 3(33.33) 6 (54.55)  5(100.00)

Necrosis 0.2526
Absent 8 (88.89) 6 (54.55) 3 (60.00)

Present 1 (11.11) 5(45.45)  2(40.00)

v 0.6785
Absent 8 (88.89) 8 (72.73) 4 (80.00)

Present 1(11.11) 3(27.27)  1(20.00)

Homogeneity 0.1305
No 3(33.33) 8(72.73) 4 (80.00)

Yes 6 (66.67) 3(27.27) 1(20.00)

Calcification 0.1246
Absent 9(100.00) 8 (72.73)  5(10.00)

Present 0 (0.00) 3(27.27) 0(0.00)

FVI 0.0232}
Absent 7 (77.78) 5(45.45)  0(0.00)

Present 2(22.22) 6 (54.55)  5(100.00)

PDD 0.1565
Absent 9(100.00) 8 (72.73) 3 (60.00)

Present 0 (0.00) 3(27.27) 2 (40.00)

WP 0.0373}
Absent 3(33.33) 8 (72.73) 5 (100.00)

Present 6 (66.67) 3(27.27) 0(0.00)

Lymphadenopathy 0.0074+
Absent 9(100.00)  8(72.73)  1(20.00)

Present 0 (0.00) 3(27.27) 4(80.00)

HM 0.0707
Absent 9(100.00) 6 (54.55) 3 (60.00)

Present 0 (00.00) 5(4545)  2(40.00)

B(EUS) 0.0079%
Well-defined 8 (88.89) 2 (18.18) 2 (40.00)
Ill-defined 1(11.11) 9(81.82) 3 (60.00)

CS 0.2650
Solid 9(100.00) 9 (81.82)  5(100.00)
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Table 1 continued

Qualitative vari- Gl(n=9) G2(n=11) G3(n=15) p value*

able
Cystic or mixed 0 (0.00) 2 (18.18)  0(0.00)
solid
Cystic 0 (0.00) 0 (0.00) 0 (0.00)
Echogenicity 0.5284
Hypoechoic 6(66.67) 10(90.91) 5 (100.00)
Isoechoic 3(33.33) 1(9.09) 0 (0.00)
Hyperechoic 0 (0.00) 0 (0.00) 0 (0.00)
Abundant bloodflow 0.7961
No 3(33.33) 5(45.45)  3(60.00)
Yes 6 (66.67) 6 (54.55)  2(40.00)

Data are numbers of patients, with percentages in parentheses. Per-
centages may not add up to 100% because of rounding

B(MDCT) border (MDCT), FVI fat or vascular invasion, PDD pan-
creatic duct dilatation, WP mass within pancreas, HM hepatic metas-
tasis, B(EUS) border (EUS), CS cystic/solid

* Calculated with Kruskal-Wallis test

1 Significant values

Table 2 Quantitative analysis according to histopathological grading
scheme

Quantitative variable Mean Std dev p value*
UMA 40.92 5.90 0.8649
UPA 41.56 9.39 0.4175
APMA 124.32 57.20 0.0722
APPA 86.80 29.30 0.2008
PVPMA 102.64 25.67 0.7906
PVPPA 82.88 18.32 0.6043
APED 83.40 56.40 0.0626
PVPED 61.72 25.48 0.8461
LD 40.72 25.92 0.1018
SD 32.64 21.19 0.1318
Age 54.60 10.96 0.0077%

Std Dev standard deviation, UMA unenhanced mass attenuation, UPA
unenhanced pancreatic attenuation, APMA arterial phase mass attenu-
ation, APPA arterial phase pancreatic attenuation, PVPMA portal
venous phase mass attenuation, PVPPA portal venous phase pancre-
atic attenuation, APED arterial phase enhancement degree, PVPED
portal venous phase enhancement degree, LD long diameter, SD short
diameter

* Calculated with Kruskal-Wallis test

+ Significant values

apt to break through the pancreatic capsule (p < 0.05) and
none of G3 pNENs were within pancreas in our study.
Accordingly, peripancreatic fat or vascular invasion was
more common in G3 pNENs (p < 0.05) and all of G3
masses presented this sign. More G3 pNENs (80%) were
associated with lymphadenopathy (p < 0.01). On EUS
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Fig. 1 Feature selection analysis (Boruta algorithm) to identify vari-
ables most closely related to the histopathological grading scheme of
pNENSs. All the qualitative and quantitative variables were ranked as
possible determinants of the histopathological grading. Green col-
umns (lymphadenopathy, SD, B.EUS. and FVI) were confirmed as
being “important” attributes for the histopathological grading scheme
of pNENSs. Yellow columns (WP, APPA, APMA and PDD) represent
“tentative” attributes whereas red (HM, LD, BMDCT, echo, necro-
sis, CS, age, IV, bloodflow, homogeneity, calcification, sex, contour,
PVPPA, UMA, PVPMA, location, UPA) “rejected”. Blue columns

images, well-defined masses (88.89%) were significantly
more prevalent in G1 pNENs (p < 0.001). Other 13 quali-
tative image features (sex, location, contour, border on
MDCT images, necrosis, intratumoral vessel, homogeneity,
calcification, pancreatic duct dilatation, hepatic metastasis,
echogenicity, cystic/solid and blood flow) had no signifi-
cant difference among three histopathological grading lev-
els (p > 0.05).

Quantitative image analysis by Kruskal-Wallis test

Only one quantitative feature (age) had significant dif-
ference among three histopathological grading levels
(p < 0.01). Ten other quantitative image features (LD, SD,
UMA, UPA, APMA, APPA, PVPMA, PVPPA, APED and
PVPED) were no significant difference among three histo-
pathological grading levels (p > 0.05). These results were
listed in Table 2.

Boruta algorithm for qualitative or quantitative
analysis

Boruta algorithm confirmed that four features (lymphad-
enopathy, SD, border on EUS image and peripancreatic fat

e BwOCT s oS 00

T T T T T T T T T T T T T T T T

0 ymoracencpamy

Attributes

represent “‘shadow attributes”. The Y axis represents the value of
importance (mean, median, minimum, and maximum Z). APMA arte-
rial phase mass attenuation, APPA arterial phase pancreatic attenua-
tion, CS cystic/solid, FVI fat or vascular invasion, HM hepatic metas-
tasis, /V intratumoral vessel, LD long diameter, PDD pancreatic duct
dilatation, PVPMA portal venous phase mass attenuation, PVPPA
portal venous phase pancreatic attenuation, SD short diameter, UMA
unenhanced mass attenuation, UPA unenhanced pancreatic attenua-
tion, WP within pancreas

or vascular invasion) were confirmed important in related
to histopathological grading levels. Four features (APED,
APPA, LD and mass within pancreas) were identified ten-
tative and 20 features (age, sex, location, contour, necro-
sis, homogeneity, echo, calcification, intratumoral vessel,
hepatic metastasis, border on MDCT image, blood flow,
CS, UMA, PPD, UPA, APMA, PVPMA, PVPED and
PVPPA) unimportant. The results of Boruta algorithm are
presented in Fig. 1.

Combined with results of aforementioned two statisti-
cal tests, we found that three features, lymphadenopathy,
border on EUS image and peripancreatic fat or vascular
invasion, related to the histopathological grading scheme-
namely, presenting lymphadenopathy and peripancreatic fat
or vascular invasion were inclined to higher histopathologi-
cal grading level (Fig. 2) while well-defined border on EUS
image indicated lower (Fig. 3).

Discussion
It is of great significance to evaluate pNENs preopera-

tively because they were considered as potential malig-
nancy [15]. Several imaging modalities, including
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Fig.2 AG3pNENina
59-year-old man. Axial contrast-
enhanced CT scans (a arterial
phase; b portal venous phase)
depict peripancreatic fat infiltra-
tion (arrows) adjacent to the
mass in the head of pancreas.
The lower level image (c portal
venous phase) shows retroperi-
toneal lymphadenopathy (stars).
d EUS demonstrates a hypo-
echoic solid mass in the head of
pancreas with ill-defined border
(arrows)

Fig.3 A GI1 pNEN in a 43-year-old woman. a Axial arterial phase
contrast-enhanced CT scans depict enhancing nodule in the tail of
pancreas (arrows). b The nodule (arrow) on axial portal venous phase

morphological imaging (MDCT, MRI or EUS) and func-
tional imaging (SPET or PET-CT), are often used as pre-
operative detection, localization or diagnostic workup for
suspected pNENs [16-20]. Some studies evaluated the
value of diffusion-weighted imaging in prediction of the
histologic grade of pNENs. Jang et al. found that ADC
values and ADC ratios of tumor to pancreas (ADC value
of tumor/ADC value of pancreas) in patients with benign
pNEN (mean, 1.48 x 107> mm?¥s, 1.11 £ 0.25, each)
were higher than those in patients with non-benign pNEN
(mean, 1.04 x 1073 mm?%s, 0.74 £+ 0.13, each) [21].
Another study using intravoxel incoherent motion (IVIM)
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contrast-enhanced CT scans is poorly enhancing. ¢ EUS demonstrates
a hypoechoic solid mass in the tail of pancreas with well-defined bor-
der (arrows)

diffusion-weighted imaging showed that there were lower
pure diffusion coefficients (D values) in grade 2 and 3 than
those in grade 1 (0.95 vs 1.21 x 1073 mm%/s; p = 0.009)
and pure diffusion coefficient (D) was possibly a better
index than ADC (total) was in differentiating grade 1 from
grade 2 or 3 pNEN [22]. Furthermore, several researchers
used positron emission tomography (PET) in predicting
grade in pNENs. The SUV, . of G3 was higher than that
of G1/G2 (5.0 & 2.5 vs. 2.7 £ 1.6). Using 2.5 as a cutoff
value of SUV ., the sensitivity, specificity, and accuracy
of differentiating G3 tumors from G1/G2 were 100.0, 62.5
and 66.7%, respectively [23].
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As for a noninvasive technique, MDCT is the most
widely modality for primary tumor, metastases or recur-
rence, owing to its high spatial and temporal resolution [19,
24]. It can acquire data quickly, create multiplanar refor-
mation by images postprocessing and display images in
the desired planes. EUS, a minimally invasive method, can
depict smaller lesion invisible on other imaging methods
because its higher frequency probe can position in prox-
imity to the pancreas [25]. Furthermore, EUS-FNA can
obtain histological diagnosis with high accuracy as part of
the preoperative evaluation, which is applied to not primary
pancreatic lesions, but also peripancreatic lymphatic metas-
tases [26, 27]. Based on the above-mentioned advantages,
MDCT and EUS are popular assessment approaches for
pNENS.

According to our results, well-defined border on EUS
image indicated lower histopathological grading (tending
to be benign), whereas lymphadenopathy and peripancre-
atic fat or vascular invasion were inclined to higher his-
topathological grading (tending to be malignant). These
findings were partially consistent with the previous stud-
ies: Gallotti A reported that presence of vascular invasion,
lymph node enlargement or pancreatic duct dilatation was
more highly related to non-benign lesions than to benign
tumors [28]. In another study from Luo, however, univari-
ate analysis suggested eight CT features (size, contour,
cystic necrosis, boundary, dilatation of the main pancreatic
duct, peripancreatic tissue or vascular invasion, lymphad-
enopathy and distant metastasis) had statistically signifi-
cant differences among the histopathological grading of
pNENs while multivariate analysis revealed that only one
CT feature (peripancreatic tissue or vascular invasion) was
significantly associated with the histopathological grad-
ing [29]. In the latter study, we noticed that tumor size
had different statistical results in univariate analysis but
not in multivariate analysis. This phenomenon was also
observed in our series: SD (short diameter of tumor) was
associated with histopathological grading in Boruta algo-
rithm but they were irrelevant in Kruskal-Wallis test. In
addition, Hwang [22] believed that grades 2 and 3 pNENs
were significantly larger than grade 1 tumors and Kishi
[30] found that smaller pNENs had little risk of metastases
or recurrence. Thus, whether tumor size was correlation
with histopathological grading is a debatable point and
need be validated by larger sample sizes. As for enhance-
ment features of pPNENs, some researchers [31] found that
hypoenhancing pNENSs on arterial phase had significantly
worse overall survival after a resection and proved it to be
an independent predictor of poor prognosis. These tumors
with biological aggressiveness were inclined to lymph
node or liver metastases. In our cohort, however, enhance-
ment features did not predict whether the lesions were

benign or malignant. We speculated that this inconform-
ity maybe ascribed to different contrast enhancement scan
protocols used.

There were several limitations to our study. To start
with, various CT scanners and nonionic contrast agents
were used in the present study because this retrospective
study had no designated scanner and contrast agent. And
secondly EUS elastography data were not adopted owing
to incomplete records. Although these defects, we believe
our findings may be helpful in predicting the histopatho-
logical grading and in planning individualized treatment for
pNEN:S.

In conclusion, three features of MDCT or EUS can
predict the histopathological grading scheme of pNENs-
lymphadenopathy, peripancreatic fat or vascular invasion
or border on EUS image. Lymphadenopathy and peripan-
creatic fat or vascular invasion are inclined to malignancy
whereas well-defined border on EUS image indicates
benign tumor.
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