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Abstract

Purpose: To investigate staging accuracy of MR for
pancreatic neuroendocrine neoplasms (PNETs) and
imaging findings according to the tumor grade.
Materials and methods: Our study consisted of 39
patients with PNET G1 (n = 24), PNET G2 (n = 12),
and pancreatic neuroendocrine carcinoma (PNEC)
(n = 3). All underwent preoperative MRI. Two radiol-
ogists retrospectively reviewed MR findings including
tumor margin, SI on T2WI, enhancement patterns,
degenerative change, duct dilation, and ADC value.
They also assessed T-stage, N-stage, and tumor size.
Statistical analyses were performed using Chi square
tests, ROC analysis, and Fisher’s exact test.
Results: Specific findings for PNEC or PNET G2 were
ill-defined borders (P = 0.001) and hypo-SI on venous-
and delayed-phase (P = 0.016). ADC value showed
significant difference between PNET G1 and G2
(P = 0.007). The Az of ADC value for differentiating
PNET G1 from G2 was 0.743. Sensitivity and specificity
were 70% and 86%. Accuracy for T-staging was 77%

(n = 30) and 85% (n = 33), and for N-staging was 92%

(n = 36) and 87% (n = 34) with moderate agreement.
T-stage showed significant difference according to tumor
grade (P < 0.001), although there was no significant
difference in tumor size or N-stage.
Conclusion: Ill-defined borders and hypo-SI on venous-
and delayed-phase imaging are common findings of
higher grade PNET, and ADC value is helpful for

differentiating PNET G1 from G2. MR is useful for
preoperative evaluation of T-, N-stage. Tumor size of
PNET and T-stage showed significant difference accord-
ing to tumor grade.
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Pancreatic neuroendocrine neoplasms (PNETs) have
traditionally been considered as a rare disease. In recent
years, however, the diagnosed incidence of PNET has
increased due to improved detection and classification
methods. PNETs constitute a heterogeneous group of
tumors that originate from neuroendocrine cells and they
have great behavioral differences [1].

In 2010, the WHO published a classification of neu-
roendocrine tumor (NET) [2]. They classified NET into
NET grade 1, NET grade 2, and neuroendocrine carci-
noma (NEC). The proposed grading was based on the
number of the mitotic count and the percentage of the
Ki67 index. Although the new WHO classification is an
important step toward defining the diverse tumor biol-
ogy of NETs, it does not represent the tumor extent. For
this reason the TNM staging also uses in PNET [3–6].
The classic grading system is based on histological dif-
ferentiation, and the TNM staging system is based on the
tumor extent. Therefore, accurate assessment of the tu-
mor stage and grade is an essential step in the treatment
planning for PNET.Correspondence to: Jung Hoon Kim; email: Jhkim2008@gmail.com
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Due to the recent MR technological developments,
MR has developed into a useful imaging modality for the
pancreas. Several previous studies have shown promising
results using MRI, including MRCP for the detection,
characterization, and staging of pancreatic tumors [7–
11]. Furthermore, recently developed diffusion-weighted
imaging (DWI) has led to improve detection and char-
acterization of focal pancreatic lesions [12, 13]. Although
there are several reports regarding the MR findings for
PNETs, to our knowledge there are no previously re-
ported studies regarding the diagnostic performance of
MRI and DWI according to the WHO classification
compared with the TN-stage of PNETs. Therefore, this
study was designed to assess the staging accuracy of
gadolinium-enhanced MRI and DWI for PNET and
imaging findings according to the tumor grade.

Methods and materials

Patients

This study was approved by our institutional review
board, and informed consent was not required. After
conducting a computerized search of our hospital’s
pathology files and medical records from February 2006
to June 2011, we identified 61 patients with pathologi-
cally proven NET of the pancreas. Our inclusion criteria
were (a) patients with pancreas NET who had undergone
surgery at our hospital, (b) patients who underwent
preoperative, contrast-enhanced MRI including MRCP
before surgery, (c) a diagnosis of pancreatic NET based
on the pathology examination of a surgical specimen,
and (d) a tumor size larger than 0.5 cm. Thirty-nine
patients were finally included in our retrospective study.
There were 20 men and 19 women with a mean age of
53.9 years (age range, 37–72 years). The mean interval
between the MR examination and the surgery was
15.3 days (range, 2–36 days). All patients had previously
undergone surgery including pylorus-preserving pan-
creaticoduodenectomy (n = 17), Whipple surgery
(n = 4), enucleation (n = 4), and distal pancreatectomy
(n = 14). We retrospectively reviewed the gross and
microscopic descriptions of the resected specimens de-
scribed in the pathology reports. The demographic and
clinical data are shown in Table 1.

MRI

All MRI examinations was performed on either a 1.5 T
or on a 3 T superconducting system (Signa Excite HDX,
GE Medical Systems, Milwaukee, WI, USA, n = 27;
Verio, Siemens Medical Solutions, Erlangen, Germany,
n = 12) using either an 8-channel (Signa Excite HDX)
or a 32-channel (Verio), phased-array torso coil. Patients
fasted for 8 h prior to the MR examination. The MR
parameters of each sequence are summarized in Table 2.
Our MR protocol for the pancreas included transverse,

T2-weighted images (T2WI), including a single-shot, fast
spin-echo (SSFSE) or a half-Fourier acquisition, single-
shot, turbo spin-echo (HASTE) sequence, transverse T1-
weighted imaging (T1WI) including in-phase and op-
posed-phase spoiled gradient echo (GRE) techniques,
breath-hold and respiratory-triggered MRCP images,
and gadolinium-enhanced dynamic MRI using a fat-
saturated, 3D-GRE sequence. Three MRCP methods
were used for evaluation of the biliary and pancreatic
duct anatomy: (1) the breath-hold, single-slice, rapid
acquisition using the relaxation enhancement (RARE)
technique, fast spin-echo (FSE) or turbo spin-echo; (2)
the breath-hold, multislice SSFSE or HASTE technique;
and (3) the respiratory-triggered, 3D-FSE technique.
Thick-slab, single-slice, T2-weighted MRCP images were
obtained in the coronal, coronal oblique, and sagittal
planes in at least six planes. Thin-slab, multislice, T2-
weighted MRCP images were obtained in the coronal
plane. Fifteen sections were acquired per breath-hold
(volumes of coverage, 60 mm). The image data were then
transferred to a workstation (Advanced Workstation,
GE Medical or Leonardo, Siemens), and the 3D MRCP
images were reconstructed using a maximum intensity
projection algorithm to produce oblique images.

Dynamic images were obtained using a fat-sup-
pressed, 3D GRE sequence, i.e., liver acquisition with
volume acceleration, LAVA, GE Medical Systems or
volume interpolation with breath-hold examination,
VIBE, Siemens Medical Solutions, before and after
administration of 0.1 mmol of gadobenate dimeglumine
(MultiHance, Gd-BOPTA; Bracco SpA, Milan, Italy)
per kilogram of the patient’s body weight and with an
injection rate of 2 mL/s. For timing of the contrast
injection, an MR fluoroscopy technique was used which
allows real-time visualization of the heart and aorta
during repetitive measurements at the same coronal po-
sition and with using a T1W GRE sequence. The arterial

Table 1. Demography and clinical data of patients with PNET

No. (n = 39)

Mean age (years) 53.9 ± 9.5a

Male:female patient ratio 20:19
Tumor location

Head 19 (49%)
Uncinate 2 (5%)
Body 10 (26%)
Tail 8 (21%)

Surgical procedure
Whipple 4 (10%)
PPPD 17 (44%)
Enucleation 4 (10%)
Distal pancreatectomy 14 (36%)

Tumor function
Functional 5
Non-functional 34

PPPD pylorus-preserving pancreaticoduodenectomy
a Mean tumor size ± standard deviation
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phase images were obtained 8 s after the arrival of the
gadolinium-bolus was detected in the aorta. Arterial,
portal venous, and delay-phase images were obtained
serially at 20–40 s, 45–65 s, and 3–5 min, respectively,
after contrast injection.

Among these 39 patients, 30 underwent DWI. DWI
was performed on either a 1.5 T (Signa Excite HDX, GE
Medical Systems, Milwaukee, WI, USA, n = 18) or on a
3 T (Verio, Siemens Medical Solutions, Erlangen, Ger-
many, n = 12) superconducting system. The images
were obtained using multisection, single-shot, spin-echo,
echo-planar imaging with a spectral presaturation-
attenuated, inversion-recovery, fat-suppressed pulse se-
quence during free-breathing scanning using a body coil
with b values of 0 and 500 s/mm2. All separate image
series were acquired with diffusion weighting in the axial
direction using three-directional diffusion gradients. The
apparent diffusion coefficient (ADC) values (9 10-3

mm2/s) were calculated as follows: ADC = (1/(b1 - b0))
In(S0/S1).

Image analysis

MRI was retrospectively analyzed by two, board-certi-
fied radiologists (JHK, HWE). These two radiologists
have served primarily as attending, abdominal radiolo-
gists and each has 11 years of clinical experience with
abdominal MRI as part of their daily clinical and re-
search practice. All images were reviewed on a Picture
Archiving and Communications System (PACS) work-
station monitor (m-view, Marotech, Seoul, Korea). The
two radiologists retrospectively and independently re-
viewed each patient’s MRI images. Both reviewers knew
that the patients had undergone surgery for PNET, al-
though they were blinded to all of the patients’ detailed
surgical and pathology findings.

The two radiologists retrospectively and indepen-
dently accessed the T-stage and the lymph node metas-
tasis. The largest diameter of each tumor and the
location of the pancreatic lesions were also recorded. The
reviewers also assessed the MRI findings, including the
tumor margin (well-circumscribed vs. ill-defined bor-
ders), SI on the T2WI, tumor enhancement patterns
(homogeneous vs. heterogeneous), the presence of cystic
change, the presence of diffusion restriction on the DWI,
contrast enhancement seen on the arterial phases, venous
phases, and delayed phases compared with the adjacent
pancreatic parenchyma. The presence of dilated pancre-
atic duct and bile duct were also recorded.

We used the T-staging for pancreatic PNET accord-
ing to the AJCC (American Joint Committee on Cancer)
7th edition [14]. The T-stage of pancreatic cancer is de-
fined by the tumor size and its local spread. Stage T1
tumors are confined to the pancreas and <2 cm in the
largest diameter. In stage T2, the tumor diameter exceeds
2 cm in diameter, although it is still confined to the
pancreatic gland. In stage T3, there is local tumor inva-
sion into the peripancreatic fatty tissue and/or tumor
infiltration into the duodenum or the common bile duct,
but without involvement of the celiac axis or the superior
mesenteric artery. In stage T4, the tumor involves the
celiac axis or the superior mesenteric artery and this is
the unresectable status. Lymph nodes are considered
positive when there is a short-axis diameter greater than
5 mm or when there is necrosis, regardless of its size.

TheADCvalue of pancreaticmassewas alsoobjectively
measured by another reviewer (YJK) who did not partici-
pate in the qualitative image analysis. To obtain the ADC
values, regions of interest (ROIs) were placed on the ADC
maps andwere as large as possible within the three portions
of the lesion (mean circular ROI, 74.8 + 52 mm2), after
which the average ROI values were obtained.

Table 2. MR parameters

MR scanner T2WI T1 W GRE SS MRCP MS MRCP 3D MRCP FS-3D T1 W GRE DWIa

Signa Excite HDX (n = 27)
TR (ms) ¥ 145 2800 ¥ 4000 5.2 3100
TE (ms) 110 2.0/4.2(OP/IP) 110 110 693 2.5 55
ETL 240 1 240 240 105 1 1
FA 150� 70� 150� 150� 180� 12� 90�
Slab thickness 7 7 50 2 1.0–1.4 2.5 7
FOV (mm) 300–350 300–350 220 200–240 256–320 300–350 380
Matrix 256 9 192 320 9 224 256 9 256 256 9 320 320 9 320 320 9 192 160 9 160

Verio (n = 12)
TR (ms) 900 4.0 2500 2500 2000 3.2 3100
TE (ms) 149 1.3/2.2(OP/IP) 110 909 815 1.2 55
ETL 256 1 256 256 69 1 1
FA 130� 9� 130� 130� 130� 11� 90�
Slab thickness 7 3 50 0.9 0.9 3 7
FOV (mm) 300–380 300–380 220 200 380 300–380 380
Matrix 384 9 307 320 9 288 384 9 307 384 9 307 384 9 366 384 9 307 160 9 160

a b values of 0 and 500 s/mm2
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Statistical analysis

The relationship of the MR findings, tumor grade
according to the WHO 2010 classification, and the T-, N-
stage were assessed using Chi square tests and the
Kruskal–Wallis test. Statistical significance was assumed
at a confidence level of 0.05. The accuracy of the T-
staging and the presence of lymph node metastasis were
assessed using the McNemar test. To assess interobserver
agreement, we performed a simple j analysis of each of
the imaging techniques. The degree of interobserver
agreement, as indicated by the j values, was interpreted
as follows: 0–0.20, slight agreement; 0.21–0.40, fair
agreement; 0.41–0.60, moderate agreement; 0.61–0.80,
substantial agreement; and 0.81–1, almost perfect
agreement. Differences in the accuracy of determining
the tumor size as seen on MRI and that of the surgical
specimen, were assessed using the paired T test. The
diagnostic performance of the ADC for differentiating
the tumor grade was evaluated using the receiver oper-
ating characteristic (ROC) curve (Az). Statistically sig-
nificant MR findings associated with PNEC (P < 0.5)
were further analyzed using multivariate logistic regres-
sion analysis. ROC curve analysis and the McNemar test
were performed using MedCalc statistical software
(version 6.15, MedCalc) for Windows (Microsoft), and
other statistical analyses were conducted using an SPSS
software package (version 14.0, SPSS).

Results

The tumor grade according to the WHO classification
consisted of PNET grade 1 in 24 patients (62%), PNET
grade 2 in 12 patients (31%), and PNEC in three patients
(8%). The T-stage of the PNET consisted of T1 in nine
patients (23%), T2 in 16 (41%), and T3 in 14 (36%). Node
metastasis was confirmed in three patients (8%). Table 3
summarizes the pathology results of the PNET we
identified. Table 4 summarizes the relationship between
the WHO tumor classification and the T-stage, node
metastasis, and tumor size. The T-stage closely corre-
lated to the tumor grade (P < 0.001). All PNECs were
of the T-3 stage, and eight patients with PNET grade 2
(67%) showed the T-3 stage, whereas only three patients
with PNET grade 1 (13%) showed the T-3 stage. Node
metastasis showed no statistical difference according to
the tumor grade (P < 0.565). Regarding tumor size,
PNEC (9.46 ± 9.5 cm) was larger than that of PNET
grade 1 (2.98 ± 1.4 cm) or grade 2 (4.34 ± 3.4 cm)
without statistical significance (P = 0.252).

Table 5 summarizes the diagnostic accuracy of MRI
for assessing the T-stage and the presence of lymph node
metastasis. The accuracy for determining the T-stage was
77% (n = 30) for reader 1 and 85% (n = 33) for reader 2
with moderate interobserver agreement (j = 0.78). The
overstage rate was 5% (n = 2) for reader 1 and 3%

(n = 1) for reader 2. The understage rate was 18%

(n = 7) for reader 1 and 13% (n = 5) for reader 2. The
understaging of T3 as T2 on MR was most common for
both readers 1 (n = 6) and 2 (n = 4) (Fig. 1). The
accuracy for determining lymph node metastasis was

Table 3. Pathologic results of the PNET

No. (n = 39)

Mean tumor size (cm)* 3.8 ± 2.1 cm
Tumor grade according to WHO classification

PNETG1 24 (62%)
PNETG2 12 (31%)
PNEC 3 (8%)

T-stage
T-1 9 (23%)
T-2 16 (41%)
T-3 14 (36%)

N-stage
N0 36 (92%)
N1 3 (8%)

* Mean tumor size ± standard deviation

Table 5. Diagnostic accuracy of MRI for T-stage and N-metastasis

Correct
staging

Overstaging Understaging Interobserver
agreement

T-stage 0.78
R-1 30 (77%) 2 (5%) 7 (18%)
R-2 33 (85%) 1 (3%) 5 (13%)

N-metastasis 0.79
R-1 36 (92%) 2 (5%) 1 (3%)
R-2 34 (87%) 4 (10%) 1 (3%)

R Reader

Table 4. Relationship between WHO tumor classification and T, N-stage, and tumor size

PNETG1 (n = 24) PNETG2 (n = 12) PNEC (n = 3) P

T-stage
T-1 (n = 9) 8 1 0 P < 0.001*
T-2 (n = 16) 13 3 0
T-3 (n = 14) 3 8 3

N-metastasis
N-0 (n = 36) 23 10 3 P = 0.565*
N-1 (n = 3) 1 2 0

Tumor size (mm) 29.8 ± 14.6 43.4 ± 34.7 94.6 ± 95.1 P = 0.252**

* Linear-by-linear association
** Kruskal–Wallis Test
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92% (n = 36) for reader 1 and 87% (n = 34) for reader 2
with moderate interobserver agreement (j = 0.79). The
overstage rate was 5% (n = 2) for reader 1 and 10%

(n = 4) for reader 2. The understage rate was 3%

(n = 1) both readers 1 and 2. The mean diameter (+SD)
of the PNET was 3.9 ± 2.7 cm on MRI and
3.8 ± 2.1 cm on the surgical specimen. The tumor size
determined by MR was not statistically different from
the size determined by pathology studies (P = 0.452).

Table 6 summarizes the MRI findings of PNET.
Statistically common MR findings for PNEC or PNET
grade 2 compared with PNET grade 1, were found to be
ill-defined borders (P = 0.001) and hypo-SI on the ve-
nous phase (P = 0.016) and delayed phase (P = 0.019).
Two patients with PNEC (2/3, 67%) and two patients
with PNET grade 2 (2/12, 17%) showed tumors with ill-
defined borders, whereas all patients with PNET grade 1
showed tumors with well-circumscribed borders (Fig. 2).
Two patients with PNEC (2/3, 67%) and four patients
with PNET grade 2 (4/12, 33%) showed hypo-SI on the
venous and delayed phases, whereas only two patients
with PNET grade 1 (8%) showed hypo-SI on the venous
and delayed phases. However, there were no independent
MRI findings to predict PNEC or PNET grade 2 on the
multivariate logistic regression analysis (P < 0.5). The
bile duct or pancreatic duct dilatations are rare in PNET,
in our study only 13% (5/39) of the patients showed bile
duct dilatation and 21% (8/39) showed pancreatic duct
dilatation.

DWI was performed on 20 patients with PNET grade
1 and on 10 patients with PNET grade 2. Fourteen pa-
tients with PNET grade 1 (70%) and nine patients with
PNET grade 2 (90%) showed presence of diffusion
restriction (Fig. 3). The ADC value showed a statistical
difference between PNET grade 1 and grade 2
(1.60 + 0.41 9 10-3 mm2/s vs. 1.24 + 0.127 9 10-3

mm2/s, P = 0.007) (Fig. 4). The area under the ROC
curve (Az) for the ADC value for differentiating PNET
grade 1 from grade 2, was 0.743, and using the cut-off
ADC value of 1.22 9 10-3 mm2/s, the sensitivity was
70% and the specificity was 86%.

Discussion

It is important to know the tumor stage and grade using
preoperative MR imaging. It is widely accepted that
surgical resection provides a high chance for long-term

Fig. 1. A 57-year-old woman with PNET grade 2. Size of
tumor was 11 cm at pathologic analysis. Tumor confirmed T3
stage with invasion into the peripancreatic fatty tissue. A
Dynamic images using a fat-suppressed, 3D GRE sequence.
On the arterial phase, a well-circumscribed mass located in
the head of the pancreas shows arterial enhancement (ar-
rows). Both radiologists interpreted this as T2 stage. B The
mass shows high signal intensity with cystic degeneration on
the fast spin-echo T2-weighted MR image (arrows). C Diffu-
sion-weighted image (b—500 s/mm2) shows the mass with
high signal intensity and D an ADC value of 1.21 9 10-3

mm2/s.

b
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survival for patients with PNETs [6, 15]. And as the T-
stage of pancreatic cancer is defined by both the tumor
size and the local spread, accurate T-staging is essential
in order to differentiate resectable from unresectable
PNET. According to previous reports, radiologic imag-
ing is highly sensitive for assessing the T-stage in pan-
creatic adenocarcinoma [16]. However, to our knowledge
no prior study has attempted to assess the MR accuracy
of the T-, N-stage of PNET. As seen by our results, MRI
is very useful for preoperatively evaluating the T-stage,
node metastasis, and tumor size. In our study, the
accuracy for determining the T-stage was 77% (n = 30)
for reader 1 and 85% (n = 33) for reader 2. The T-stage
of pancreatic cancer is defined by both the tumor size
and its local spread. According to our study, MR has a
tendency to understage tumors. The understaging of T3
as T2 on MR was most common for both readers 1
(n = 6) and 2 (n = 4). T3 was defined as local tumor
invasion into the peripancreatic fatty tissue and/or tumor
infiltration into either the duodenum or the common bile
duct. In our patient, although there was tumor invasion
into the peripancreatic fatty tissue, the duodenum or the
common bile duct, most patients showed a well-defined
tumor margin without increased signal intensity of the
peripancreatic fat seen on MRI. These findings explain
the misdiagnosis of T3 as T2. In our study, the accuracy
for the N-stage was 92% (n = 36) and 87% (n = 34) and
with moderate agreement (j = 0.79). The tumor size
(3.9 ± 2.7 cm) seen on MR was not statistically different

from the size determined by pathology (3.8 ± 2.1 cm,
P = 0.452).

PNETs are heterogeneous in their morphological and
biological features. Despite great behavioral differences
between PNETs, they are grouped together as PNETs
because of similarities in cell structure. We recently use
both the WHO classification and the TNM staging to
evaluate PNETs, both of which have advantages and
disadvantages [1, 3–6, 15]. The WHO grading system is
based on proliferation with the following definitions of
mitotic count and Ki67 index: PNET grade 1 (mitotic
count <2 per 10 HPF and/or <2% Ki-67 index); PNET
grade 2 (mitotic count 2–20 per 10 HPF and/or 3–20%

Ki-67 index); and NEC (mitotic count >20 per 10 HPF
and/or >20% Ki-67 index) [2]. Use of the WHO classi-
fication is an important step toward defining the diverse
tumor biology of NETs as it can represent a tumor’s
inherent malignant potential. However, WHO classifi-
cation does not represent the tumor extent. In contrast,
TNM staging is widely used for most types of pancreatic
cancers and is based on the tumor extent. According to
our study, T-stage statistically closely correlates to the
WHO tumor grade (P < 0.001). The tumor size of
PNEC (9.46 ± 9.5 cm) was also larger than the PNET
grade 1 (2.98 ± 1.4 cm) or grade 2 (4.34 ± 3.4 cm), al-
though without statistical significance (P = 0.252).
However, the occurrence of node metastasis showed no
statistically significant difference according to the tumor
grade (P < 0.565).

Table 6. MR findings of PPNET according to WHO tumor classification

MR findings Tumor grade P

PNETG1 (n = 24) PNETG2 (n = 12) PNEC (n = 3) Total

Margin
Well-circumscribed 24 10 1 35 0.001*
Ill-defined borders 0 2 2 4

SI on T2WI
Low 0 2 1 3 0.155*
Iso 4 1 0 5
High 20 9 2 31

Enhancement
Homogeneous 6 3 1 10 0.951*
Heterogeneous 18 9 2 29
Cystic degeneration 18 9 2 29 0.951
Enhance patterns

Arterial
Low 3 5 2 10 0.152*
Iso 7 2 0 9
High 14 5 1 20

Venous
Low 2 4 2 8 0.016*
Iso 11 4 1 16
High 11 4 0 15

Delay
Low 2 4 2 8 0.019*
Iso 10 4 1 15
High 12 4 0 16

CBD-dilatation 1 3 1 5 0.115
P-duct dilation 3 5 0 8 0.82

* Linear-by-linear association
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According to previous reports, common MR findings
of PNET include well-defined, low signal intensity on
T1WI, high signal intensity on T2WI, and immediate
intense enhancement on post-contrast images [8–11].
These results are similar to those described in our study,
in which the common MR findings of PNET included a
well-circumscribed margin (35/39), high signal intensity
on T2WI (31/39), cystic degeneration with heterogeneous
enhancement (29/38), arterial enhancement (20/39), and
iso- to high-signal intensity on the portal and delayed
phases (31/39). The previous reports also confirmed that
biliary dilatation is uncommon in PNET, and which
agrees with our study results which showed bile duct
dilatation in 13% (5/39) and pancreatic duct dilatation in
21% (8/39).

It is important to predict the tumor grade using pre-
operative MR imaging as some of these tumors grow
slowly and exhibit benign behavior, whereas others grow
more rapidly and display malignant behavior. However,

PNECs are rare, accounting for less than 2%–3% of all
PNETs. There are a few reports regarding PNEC [11, 17,
18]. Ichikawa et al. [17] reported that the PNECs seen in
their study were large, i.e., with a mean diameter of
5.8 cm, and that they demonstrated minimal and
homogeneous enhancement, thus mimicking pancreatic
ductal adenocarcinoma, lymphoma, and metastatic dis-
ease. Although our study demonstrates a wide spectrum
of morphological characteristics, signal characteristics,
and enhancement patterns in PNET, our results show
that statistically specific MR imaging findings for higher
grade PNET included ill-defined borders (P = 0.001)
and hypo-SI seen on the venous phase (P = 0.016) and
the delayed phase (P = 0.019). Two patients with PNEC
(2/3, 67%) and two patients with PNET grade 2 (2/12,
17%) showed tumors with ill-defined borders, whereas all
patients with PNET grade 1 showed tumors with well-
circumscribed borders. Two patients with PNEC (2/3,
67%) and four patients with PNET grade 2 (4/12, 33%)

Fig. 2. A 65-year-old man with PNEC. Size of tumor was
9.2 cm at pathologic analysis. Tumor confirmed T3 stage with
invasion into the common bile duct and the peripancreatic fatty
tissue. A–C Dynamic images using a fat-suppressed, 3D GRE
sequence. A On the precontrast phase, an ill-defined low signal
intensity mass (arrows) compare with pancreatic parenchyma

(arrowheads) is noted in the head of the pancreas. B On the
arterial phase, the mass shows heterogenous low signal intensity
(arrows) compared with pancreatic parenchyma (arrowheads).
C The mass shows low signal intensity on the delayed phase
(arrows) compared with pancreatic parenchyma. The dilated bile
duct is noted. Both radiologists interpreted this as T3 stage.
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showed hypo-SI on the venous and delayed phases,
whereas only two patients with PNET grade 1 (8%)
showed hypo-SI on the venous and delayed phases.

The recent use of DWI in patients with abdominal
disease provides promising results for tumor character-
ization [12, 13, 19, 20]. DWI detects the random motion
of water molecules within biologic tissue and produces a
representative ADC value, however, there are only a few
published reports which assessed PNET using DWI.
Wang et al. [13] recently reported that ADC correlates
well with the Ki-67 labeling index and may thus help to
predict the growth of endocrine tumors. They assessed 18
patients with PNETs. According to their results, PNEC
had significantly lower ADC values than those of PNET
(1.00 + 0.19 9 10-3 mm2/s vs. 1.75 + 0.53 9 10-3

mm2/s, P < 0.01). They suggested that variation in the
ADC values of endocrine tumors may be influenced by
the combination of tumor cellularity, the proportion of
cytoplasm, and extracellular fibrosis. In our study, the
ADC value showed a statistically significant difference
between PNET grade 1 and grade 2 (1.60 + 0.41 9 10-3

mm2/s vs. 1.24 + 0.127 9 10-3 mm2/s, P = 0.007). The
area under the ROC curve (Az) for the ADC value dif-
ferentiating PNET grade 1 from grade 2, was 0.743, and
using the cut-off ADC value as 1.22 9 10-3 mm2/s, the
sensitivity was 70% and the specificity was 86%. Despite
its promising potential for predicting the tumor grade,

Fig. 4. Box–whisker plots of the ADC values in patients with
PNET grade 1 and grade 2. The ADC value showed a sta-
tistical difference between PNET grade 1 and grade 2
(1.60 + 0.41 9 10-3 mm2/s vs. 1.24 + 0.127 9 10-3 mm2/s,
P = 0.007).

Fig. 3. A 47-year-old man with PNET grade 1. Size of tumor
was 3.2 cm at pathologic analysis. Tumor confirmed T2
stage. A, B Dynamic images using a fat-suppressed, 3D GRE
sequence. A On the arterial phase, a well-circumscribed
mass located in the uncinate of the pancreas shows arterial
enhancement (arrows). B The mass shows a well-defined
tumor margin with high signal intensity on the venous phases
(arrows). Both radiologists interpreted this as T2 stage. C
Diffusion-weighted image (b—500 s/mm2) shows the mass
with high signal intensity (arrows) and D an ADC value of
2.3 9 10-3 mm2/s.

b
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further studies with a larger patient population will be
needed in order to address the value of DWI in PNET.

Our study had a number of limitations. First, our
study includes only surgically proven patients with
PNET; those with PNET who did not undergo surgery
were excluded. Therefore, our study population did not
reflect the entire spectrum of PNET, e.g., our study in-
cluded only three patients with PNEC. Although the
incidence of PNEC is rare, many patients with PNEC are
combined with metastasis and, therefore, do not undergo
surgery. Second, our study was retrospective and
undertaken at a single institution and which may have
introduced unintended biases. One of them is that not all
patients underwent DWI As only 20 patients with PNET
grade 1 and 10 patients with PNET grade 2 underwent
DWI. There were no study patients with PNEC who
underwent DWI. Further studies with a larger sample
size will be needed in order to address the value of DWI
in PNET.

Despite these limitations, to our knowledge, there are
no dedicated MRI studies preoperatively predicting the
tumor grade and TN-stage of PNET. We believe that
MR imaging can provide the comprehensive information
needed for the preoperative imaging diagnosis of the
tumor grade and stage in PNET, and which is clinically
important for predicting the patient prognosis and
determining the optimal surgical strategy. Our study
demonstrates that ill-defined tumor borders and hypo-SI
seen on the venous and delayed phases are common
findings of higher grade PNET and that the ADC value
is helpful for differentiating PNET grade 1 from grade 2.
MR imaging is useful for the preoperative evaluation of
the T-stage, N-stage, and tumor size of PNET, especially
as the T-stage showed a statistically significant difference
depending on the tumor grade.
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