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Abstract

Purpose To investigate staging accuracy of multidetector CT
(MDCT) for pancreatic neuroendocrine tumour (PNET) and
diagnostic performance for differentiation of PNET from pan-
creatic adenocarcinoma.

Material and methods We included 109 patients with surgi-
cally proven PNET (NETG1=66, NETG2=31, NEC=12)
who underwent MDCT. Two reviewers assessed stage and
presence of predefined CT findings. We analysed the relation-
ship between CT findings and tumour grade. Using PNETs
with uncommon findings, we also estimated the possibility of
PNET or adenocarcinoma.

Results Accuracy for T stage was 85-88 % and N-metastasis
was 83-89 %. Common findings included well
circumscribed, homogeneously enhanced, hypervascular
mass, common in lower grade tumours (p<0.05). Uncommon
findings included ill-defined, heterogencously enhanced,
hypovascular mass and duct dilation, common in higher grade
tumours (p<0.05). Using 31 PNETs with uncommon find-
ings, diagnostic performance for differentiation from adeno-
carcinoma was 0.760—0.806. Duct dilatation was an
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independent predictor for adenocarcinoma (Exp(B)=4.569).

PNETs with uncommon findings were associated with signif-

icantly worse survival versus PNET with common findings

(62.7 vs. 95.7 months, p<0.001).

Conclusion MDCT is useful for preoperative evaluation of

PNET; it not only accurately depicts the tumour stage but also

prediction of tumour grade, because uncommon findings were

more common in higher grade tumours.

Key Points

* CT accurately depicts the T stage and node metastasis of
PNET.

» Uncommon findings were more common in higher grade
tumours.

» CT information may be beneficial for optimal therapeutic
planning.

Keywords MDCT - Neuroendocrine tumour - Prognosis -
Pancreas - Pancreatic cancer

Introduction

Pancreatic neuroendocrine tumours (PNETS) constitute a het-
erogeneous group of tumours that originate from neuroendo-
crine cells. PNETs are classically characterized as slow-grow-
ing, indolent tumours. However, aggressive tumours with ear-
ly metastases have also been reported [1]. The incidence of
PNET is as high as 10 % in pancreatic tumours. In addition,
the current detection rate of incidental PNET during imaging
procedures is increasing [2].

According to the recent WHO classification, PNET has a
spectrum of tumour grades with respect to the mitotic count
and the Ki-67 index, i.e. NET grade 1, NET grade 2 and
neuroendocrine carcinoma (NEC). NET grade 1 is mostly
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benign and has an excellent prognosis, whereas NEC is most-
ly malignant with a poor prognosis [3]. Although the WHO
classification is an important step toward defining the diverse
tumour biology of PNET, it does not represent the tumour
extent. For this reason, many medical institutions use not only
the classical grading system, but also TNM staging [4—6]. The
classical grading system is based on histological differentia-
tion, whereas the TNM staging system is based on the tumour
extent. Therefore, accurate assessment of the tumour stage and
grade is essential when planning PNET treatment.

Contrast-enhanced CT is the primary imaging modality for
evaluating the pancreas. According to previously published
reports, common CT findings of PNET include a well
circumscribed, hypervascular mass, lack of duct dilatation
and the presence of calcification or cystic degeneration [1, 2,
7—-10]. However, we occasionally find PNETs with uncom-
mon CT findings including a hypovascular enhancement pat-
tern or duct dilatation and image findings that closely resem-
ble those of pancreatic ductal adenocarcinoma (PDAC)
[11-14].

Although there are previous reports regarding the CT find-
ings for PNET, to our knowledge, the accuracy of preoperative
CT for determining the staging and the assessment of common
and uncommon CT findings has not yet been established. The
purpose of our study was to investigate the staging accuracy of
MDCT for PNET as well as the common and uncommon
findings. We also assessed diagnostic performance in order
to differentiate PNET with uncommon CT findings from
PDAC.

Materials and methods
Patients

Our institutional review board approved this retrospective
study, and the requirement for informed consent was waived.
From a computerized search of our hospital’s pathology files
and medical records from January 2006 to January 2013, we
identified 136 consecutive patients with surgically proven
PNET who underwent CT before surgery. In this study, we
excluded patients who had undergone a single-phase CT scan
(n=12) or non-contrast-enhanced CT (»=5) and who had in-
sufficient data in order to determine the pathological grade (n=
10). Finally, 109 patients with pathologically proven PNET
were enrolled in this study (Fig. 1). All patients had undergone
surgery, i.e. pylorus-preserving pancreaticoduodenectomy (n=
47), distal pancreatectomy (n=44), tumour enucleation (n=9),
Whipple surgery (n==8) and median pancreatectomy (n=1).
For comparison, we enrolled patients with PDAC. From a
computerized search of our hospital’s pathology files from
January 2010 to June 2010, we identified 29 consecutive

patients with PDAC who underwent surgery and preoperative
dynamic CT.

Multidector CT (MDCT) imaging

Seventy-nine patients underwent quadruple-phase CT and 30
patients underwent triple-phase CT. CTs were obtained using
one of the following commercially available MDCT systems:
four-channel CT system (Mx8000, Marconi Medical Systems,
Cleveland, OH, USA; n=12); cight-channel CT scanner
(Lightspeed, GE Healthcare, Milwaukee, WI, USA; n=17);
16-channel CT scanner (Sensation 16, Siemens Medical Solu-
tions, Erlangen, Germany; n=20); 64-channel CT scanner
(Brilliance 64, Philips Healthcare, Cleveland, OH, USA; n=
35) and dual-source CT scanner (Somatom definition, Sie-
mens Medical Solutions; n=25). The imaging parameters for
the four-, eight-, 16- and 64-detector CT examinations, detec-
tor collimations of 2.5 mm, 1.25 mm, 0.75 mm and 0.625 mm,
and a pitch of 1.25, 1.35, 1.25 and 0.891 were used. Images
with 2.5- to 3.2-mm thick sections were acquired. A section
thickness of 3 mm with a 3-mm reconstruction interval, a field
of view of 300-370 mm, a gantry rotation time of 0.5 s, a tube
current-time product of 150-200 mAs, and a peak voltage of
120 kVp were used for the MDCT scanners. The scanning
parameters for dual-source CT scanners were a detector colli-
mation of 0.6 mm, rotation time of 0.5 s and pitch of 0.85. The
reference tube current time product was set at 80 mAs for a
140-kVp tube and at 340 mAs for an 80-kVp tube. After
120 mL of nonionic contrast material (Iopromide, Ultravist
370, Schering, Berlin, Germany) was administered using a
power injector (Multilevel CT, Medrad, Pittsburgh, PA,
USA) at a rate of 3 mL/s through an 18-gauge, plastic, intra-
venous catheter placed in an antecubital vein, a 20-mL flush of
sterile saline followed. Contrast enhancement was automati-
cally calculated by placing the region-of-interest cursor over
the vessel of interest, i.e. the abdominal aorta, and the level of
the trigger threshold was set at an increase of 100 HU. Early
arterial-phase imaging was automatically obtained 6-9 s after
the trigger threshold was reached. The early and late arterial
phases were acquired separately during each breath-hold
using a minimum inter-scan delay of 5-9 s. The mean imaging
time delay was 23 s for the early arterial phase and 3745 s for
the late arterial phase. Venous-phase imaging was obtained
70 s after triggering.

Imaging interpretation

CT scans were retrospectively analysed by two radiologists
(J.H.K. and H-W.E.), each with 14 years of clinical experience
in abdominal CT. The two radiologists retrospectively and
independently reviewed each patient’s CT image set. Both
reviewers knew that the patients had proven PNET, although
they were blinded to all of the detailed pathology findings.
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Fig. 1 Flowchart of study group
inclusion process. NET G1

Surgically proven pancreatic neuroendocrine tumor
who underwent CT before surgery (n= 136)

neuroendocrine tumour grade 1,
NET G2 neuroendocrine tumour
grade 2, NEC neuroendocrine
carcinoma, PNET pancreatic
neuroendocrine tumour

Excluded patients with

- a single-phase CT scan (n=12)

- non-contrast enhanced CT (n=5)

- insufficient pathologic data (n=10)

Main study cohort (n=109)

NET G1 (n= 66), NET G2 (n= 31), NEC (n= 12)
[

PNET with common
CT findings (n=78)

PNET with uncommon
CT findings (n= 31)

All phases of the CT scans were evaluated as a whole. The
two radiologists assessed the T stage and lymph-node metas-
tasis. The largest diameter of each tumour was measured using
the T-staging of PNET according to the AJCC (American Joint
Committee on Cancer) seventh edition [15]. Lymph nodes
were considered positive when there was a short-axis diameter
greater than 5 mm. The radiologists also assessed the image
findings, including the tumour margin (well circumscribed vs.
ill-defined), tumour enhancement (homogeneous vs. hetero-
geneous) during the venous phase, the presence of cystic
change or calcification, contrast-enhancement patterns on the
early arterial, late arterial and venous phases, and the presence
of duct dilatation. When there was a discrepancy between the
two radiologists’ diagnoses, a third reviewer (J.M.L.) with
19 years of clinical experience performing abdominal CT
made the final decision.

After completing the first interpretation session, we defined
atypical PNET using uncommon CT findings. Atypical PNET
showed more than three uncommon CT findings including an
ill-defined border margin, heterogeneous enhancement,
hypovascular on the early arterial phase, hypovascular on
the late arterial phase, hypovascular on the venous phase and
duct dilatation. CT images of PNET with uncommon CT find-
ings and of PDAC were retrospectively analysed by two
board-certified radiologists (J.H.K. and H.W.E.), who had
attended the first interpretation session. In order to reduce
the recall bias, we scheduled the second session 8 weeks after
the first session. On the basis of the previously reported im-
aging features, the radiologists independently graded the pos-
sibility of PNET using a five-point scale: 1 — definitely PNET;
2 — probably PNET; 3 — Indeterminate; 4 — probably PDAC;
and 5 — definitely PDAC. Ratings 1 and 2 assumed the pres-
ence of a PNET. When there was a discrepancy between the
two radiologists’ diagnoses, the third reviewer (J.M.L.) made
the final decision. We also analysed survival data of 107
patients with PNET as two patients had been lost during
follow-up.
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Statistical analysis

The relationship of the tumour grade and the T-staging, node
metastasis, tumour size and CT findings was assessed using
the Chi-square test and one-way analysis of variance
(ANOVA). Statistical significance was assumed at a confi-
dence level of 0.05. The accuracy of the T-staging and the
presence of node metastasis were assessed using the Chi-
square test. To assess interobserver agreement, we performed
a simple k analysis. The degree of interobserver agreement
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 agree-
ment. The diagnostic performance of CT to differentiate
PNET with uncommon CT findings from PDAC was evalu-
ated using the area under the receiver-operating-characteristic
(ROC) curve (Az). Statistically significant CT findings asso-
ciated with PDAC (p<0.05) were further analysed using mul-
tivariate logistic regression analysis. Patient survival probabil-
ities were calculated using the Kaplan-Meier method and were
compared using the log-rank test. ROC curve analysis was
performed using MedCalc statistical software (version 6.15,
MedCalc) for Windows (Microsoft), and other statistical anal-
yses were performed using an SPSS software package (ver-
sion 14.0, SPSS).

Results

The tumour grade consisted of NET grade 1 in 66 patients,
NET grade 2 in 31 patients and NEC in 12 patients. The T
stage of the PNET consisted of T1 in 33 patients, T2 in 37
patients, and T3 in 39 patients. Node metastasis was con-
firmed in 20 patients. Table 1 summarizes the pathology re-
sults of the PNET. The T stage was correlated to the tumour
grade (p<0.001). While ten patients with NEC (83 %) and 17
patients with NET grade 2 (55 %) were of the T-3 stage, only
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Table 1 Relationship between
WHO classification and T stage, Pathology results NET G1 NET G2 NEC p
lymph node metastasis and (n=606) (n=31) (n=12)
tumour size
T stage T-1 (n=33) 25 7 1 <0.001
T-2 (n=37) 29 7 1
T-3 (n=39) 12 17 10
N-metastasis N-0 (n=89) 63 18 8 <0.001
N-1 (n=20) 3 13 4
Tumour size (mm) § 29.4+18.2 24.9+13.7 3724234 342+17.9 0.03*
0.299%*
0.961***

*NET G1 vs. NET G2
** NET G1 vs. NEC
*** NET G2 vs. NEC

1 Mean tumour size+standard deviation

NET GI neuroendocrine tumour grade 1, NET G2 neuroendocrine tumour grade 2, NEC neuroendocrine

carcinoma

12 patients with NET grade 1 (18 %) were of the T-3 stage.
Node metastasis was also correlated to the tumour grade
(»<0.001). The tumour size was larger according to the
tumour grade, although without statistical significance ex-
cept for NET grades 1 and 2. NET grade 2 (37.2+
23.4 mm) was significantly larger than NET grade 1
(24.9+13.7 mm, p=0.03).

Table 2 summarizes the diagnostic accuracy of CT for
assessing the T stage and node metastasis. The accuracy for
determining the T stage was 85 % (n=93) for reader 1 and
88 % (n=96) for reader 2, and with almost perfect interobserv-
er agreement (k=0.847). The accuracy for determining each T
stage was 92 % for T1, 91 % for T2 and 88 % for T3 for reader
1 and 93 % for T'1, 92 % for T2 and 92 % for T3 for reader 2.
The accuracy for determining lymph-node metastasis was
83 % for reader 1 and 89 % for reader 2 with substantial
interobserver agreement (k=0.614).

Common CT findings of PNET included its being well
circumscribed, homogeneously enhanced and hypervascular
as seen on the arterial and venous phases, which were more
common in lower grade tumours (p<0.05) (Fig. 2).

Table 2  Diagnostic accuracy of CT for T stage and lymph node metastasis

Alternatively, uncommon CT findings included the PNET be-
ing ill-defined, heterogeneously enhanced and hypovascular
on the arterial and venous phases as well as there being duct
dilation, all of which were more common in higher grade
tumours (p<0.05) (Fig. 3). Sixty-three patients with NET
grade 1 (95 %) and 27 patients with NET grade 2 (87 %)
had tumours with well circumscribed borders, whereas seven
patients with NEC (58 %) had tumours with ill-defined bor-
ders. Fifty-three and 43 patients with NET grade 1 (53/66,
80 %; 43/66, 65 %) had tumours with hypervascularity seen
on the late arterial and venous phases, whereas eight and six
patients with NEC (8/12, 66 %; 6/12, 50 %) had tumours with
hypovascularity seen on the late-arterial and venous phases.
Bile duct or pancreatic duct dilatations were common in higher
grade tumours (p=0.008). Although CT is useful for predicting
the tumour grade, NET grade 2 showed mixed findings. Sixteen
patients with NET grade 2 (16/31, 52 %) showed tumours with
hypervascularity on the late arterial phase, whereas 14 patients
(14/31, 45 %) showed tumours with hypovascularity on the late
arterial phase. Thirteen patients with NET grade 2 (13/31,
42 %) showed bile duct or pancreatic duct dilatation (Fig. 4).

Reader T,N-stage Accuracy (%) 95 % CI  Sensitivity (%) 95 % CI  Specificity (%) 95%CI PPV 95%CI NPV 95 % CI
R1 T-1 92 0.84-0.96 88 0.76-0.99 93 087-099 85 074097 95  0.89-0.99
T2 91 0.83-0.95 97 092-1.0 88 0.79-095 80  0.68-091 98  0.95-1.0
T3 88 0.85-0.93 72 0.57-0.85 97 093-10 93 084-1.0 86  0.78-0.93
N 83 0.74-0.89 65 0.44-0.85 87 0.79-093 52 034071 92  0.85-097
R2 T-1 93 0.86-0.96 88 0.76-0.99 95 0.89-099 88  0.76-0.99 95  0.89-0.99
T2 92 0.84-0.96 97 092-10 89 081-096 82  0.70-0.93 98  0.95-1.0
T3 92 0.84-0.96 79 0.66-0.92 99 095-1.0 97 090-1.0 89  0.82-0.96
N 89 0.81-0.94 60 0.38-0.81 96 091-099 75  053-096 91  0.85-0.97

T'T stage, N lymph node metastasis, PPV positive predictive value, NPV negative predictive value, CI confidence interval
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Fig. 2 A 69-year-old woman
with pancreatic neuroendocrine
tumour grade 1. (a, b) On
pancreatic (a) and venous (b)
phases of dynamic contrast-
enhanced CT images, a well
circumscribed mass located in the
tail of the pancreas shows
hypervascular enhancement on
pancreatic (arrows) phase and
homogeneous enhancement on
venous phase. There is no definite
duct dilatation in the upstream
pancreatic parenchyma
(arrowheads). (¢) Cross section of
specimen shows well defined
white to yellow mass in the tail of
the pancreas. (d) Ki-67
immunostaining shows positive
in 0.4 % of tumour cells (original
magnificationx 100)

In addition, there were no independent CT findings to predict
higher grade PNET on multivariate logistic regression analysis
(»<0.05). Table 3 summarizes the PNET CT findings accord-
ing to the tumour grade.

Thirty-one patients (31/109, 28 %) with PNET showed
more than three uncommon CT findings. PNET with uncom-
mon CT findings indicated nine patients with NET grade 1
(9/66, 14 %), 14 patients with NET grade 2 (14/31, 45 %) and
eight patients with NEC (8/12, 67 %). Az for the differentia-
tion of atypical PNET from PDAC were 0.806 and 0.760 with
excellent agreement (k=0.831) (Fig. 5). Pancreatic duct

Fig. 3 A 40-year-old man with
pancreatic neuroendocrine
carcinoma. (a-d) On pancreatic
(a) and venous (b, ¢) phases of
dynamic contrast-enhanced CT
images, a well circumscribed
mass located in the head of the
pancreas shows hypovascular
enhancement on pancreatic
(arrow) and homogeneous iso
attenuation on venous (arrow)
phase. The dilated bile duct and
pancreatic duct are noted
(arrowheads). (d) Ki-67
immunostaining shows positive
in 40 % of tumour cells (original
magnificationx 100)

@ Springer

dilatation (10/31 in PNET vs. 19/29 in PDAC, P=0.019)
and homogeneous enhancement (12/31 PNET vs. 20/29 in
PDAC, P=0.01) were more common in PDAC than PNET.
Table 4 summarizes the CT findings of atypical PNET and
PDAC. Pancreatic duct dilatation was an independent CT pre-
dictor for PDAC (Exp(B)=4.569, 95.0 % CI=1.445-14.453,
p=0.01). PNET with uncommon CT findings were associated
with a significantly worse overall survival rate compared to
PNET with common CT findings (mean survival; 62.7+5.8
(51.229-74.308) months vs. 95.7+1.8 (92.197-99.349)
months, p<0.001) (Fig. 6).
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Fig. 4 A 53-year-old woman with pancreatic neuroendocrine tumour
grade 2. (a-¢) On pancreatic (a) and venous (b) phases of dynamic
contrast-enhanced CT images, an ill-defined mass located in the head of
the pancreas shows homogeneous hypovascular enhancement on
pancreatic (arrow) and venous (arrow) phase. Biliary stent is noted

(arrowhead). On venous phases (c¢), the dilated pancreatic duct and air-
biliary gram in the dilated bile duct are noted (arrowheads). There is an
enlarged lymph node in the portocaval space (arrow). (d) Ki-67
immunostaining shows positive in 13.6 % of tumour cells (original

magnificationx 100)

Table 3  CT findings of pancreatic neuroendocrine tumours (NET) according to WHO tumour classification

CT findings Tumour grade p Correlation coefficient
NET G1 NET G2 NEC Total
(n=66) (n=31) (n=12)
Margin Well circumscribed 63 27 5 95 <0.001 437
[1l-defined 3 4 7 14
Cystic degeneration 25 18 5 48 0.173 102
Calcification 13 8 2 23 0.729 .013
Enhancement Homogeneous 42 12 4 58 0.01 248
Heterogeneous 24 19 8 51
Enhancement pattern Pre Low 21 6 5 32 0.916 .010
Iso 44 25 7 76
High 1 0 0 1
Early arterial Low 11 10 7 28 0.002 .350
Iso 5 1 2 8
High 30 12 1 43
Late arterial Low 12 14 8 34 <0.001 394
Iso 1 1 1 3
High 53 16 3 72
Venous Low 6 12 6 24 <0.001 428
Iso 17 9 4 30
High 43 10 2 55
Duct dilation 12 13 7 32 0.008 255

NET GI neuroendocrine tumour grade 1, NET G2 neuroendocrine tumour grade 2, NEC neuroendocrine carcinoma

@ Springer



1344

Eur Radiol (2016) 26:1338-1347

Fig. 5 Receiver operating
characteristic curve for diagnostic
performance of CT regarding the
differentiation of PNET with
uncommon CT findings from
pancreatic adenocarcinoma in
reader 1 and reader 2. The area
under the curve is 0.806 for reader
1 and 0.760 for reader 2 with
excellent agreement (k=0.831)

Discussion

Our study results show that the accuracy of CT for determin-
ing the T stage was 85 % and 88 % and node metastasis was
83 % and 89 %. The common findings of PNET included a
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well circumscribed, homogeneously enhanced and
hypervascular appearance, which were more common in low-

er grade tumours (p<0.05). On the other hand, uncommon
findings included an ill-defined, heterogeneously enhanced
and hypovascular appearance and duct dilation, which were

Table 4 CT findings of pancreatic neuroendocrine tumours (NET) with uncommon findings and pancreatic adenocarcinoma (ca.)

CT findings NET Pancreatic ca. p Correlation
(n=31) (n=29) coefficient
Size 31.83+14.6 28.17+13.41 0.317 131
Margin Well circumscribed 20 16 0.460 .095
IlI-defined borders 11 13
Cystic degeneration 16 8 0.058 245
Calcification 7 3 0.204 .164
Enhancement Homogeneous 12 20 0.019 .303
Heterogeneous 19 9
Enhancement patterns Pre Low 12 9 0.569 .074
Iso 18 19
High 1 1
Early Arterial Low 26 24 0.591 .070
Iso 1 4
High 4 1
Late Arterial Low 27 24 0.738 .043
Iso 0 4
High 4 1
Venous Low 21 24 0.571 162
Iso 8 4
High 2 1
P-dilatation 10 19 0.01 333
Common bile-duct dilatation 9 8 0.901 .016
Atrophy 4 10 0.068 255
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more common in higher grade tumours (p<0.05). Using 31
PNET with uncommon findings, the diagnostic performance
of CT for differentiating from PDAC was 0.806 and 0.760.
Pancreatic duct dilatation was an independent predictor for
PDAC (Exp(B)=4.569). In addition, PNET with uncommon
CT findings was associated with a significantly worse survival
rate.

PNETs are heterogeneous in their morphological and bio-
logical features. Due to their rarity and heterogeneity, accurate
diagnosis before surgery has been challenging. According to
our results, CT accurately depicts the T stage as well as node
metastasis. CT findings are also helpful for predicting the
tumour grade. According to previously published reports,
common CT findings of PNET include a well circumscribed
mass with early enhancement, no ductal dilatation and lack of
vascular encasement [1, 2, 7-10]. These results are similar to
those of our study. In previous reports, common findings,
especially the early enhancement, have been described in ap-
proximately 61-80 % of PNETs. On the other hand, uncom-
mon imaging findings, including hypo-enhancement, were
only seen in a small portion of PNETs [11-14, 16]. In our
study, 31 patients (31/109, 28 %) with PNET showed more
than three uncommon CT findings including them being ill-
defined, heterogeneously enhanced and hypovascular, as seen
on arterial- and venous-phase images, as well as duct dilation,
and which were usually seen in higher grade tumours (p<0.05).
Although CT is useful for predicting the tumour grade, NET
grade 2 showed mixed findings. In our study, 12 (39 %) patients
with NET grade 2 showed tumours with homogeneous en-
hancement, whereas 19 (61 %) patients showed tumours with
heterogeneous enhancement. Sixteen (52 %) patients with NET

Time (months)

grade 2 showed tumours with hypervascularity, whereas 14
(45 %) patients showed tumours with hypovascularity. Thirteen
(42 %) patients with NET grade 2 showed duct dilatation. In
NET grade 2 tumours, CT only has a limited role in predicting
the tumour grade.

As PNET with uncommon CT findings closely resembles
PDAC, PNETs: are often misdiagnosed as PDAC. In our study,
the diagnostic performance for differentiating PNET with un-
common findings from PDAC was 0.760 to 0.806. Tummala
at al. [17] investigated the incidence of pancreatic duct dilata-
tion in malignant tumours. They confirmed that 152 of 187
(81.2 %) patients with focal, pancreatic, solid lesions with
duct dilatation had malignant tumour. Among these 152 pa-
tients, 134 (88 %) were confirmed with PDAC and 14 (9 %)
were confirmed to have PNET. Therefore, pancreatic duct
dilatation is considered to be one of the most important CT
findings indicating PDAC. Our results are analogous with
their results in that in our study pancreatic duct dilatation
was an independent predictor for PDAC (Exp(B)=4.569).

Many pathological parameters have been identified which
predict the prognosis following PNET resection, including
tumour grade, Ki-67 index and mitotic count [18, 19]. How-
ever, accurate prediction of the prognosis before surgery has
been challenging [11-14]. Worhunsky et al. [14] investigated
the correlation between the degree of tumour enhancement on
CT and the overall patient survival. In their study, they
analysed the CT images of 118 patients with PNET. The ma-
jority had hyperenhancing tumours (68 %) or isoenhancing
tumours (10 %). Hypoenhancement was noted in 22 % of
the PNETs. In their study, hypoenhancing PNETs were asso-
ciated with a significantly worse overall patient survival rate
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than hyperenhancing or isoenhancing tumours (5-year, 54 %
vs. 93 % vs. 89 %). On multivariate analysis, only
hypoenhancement (HR=2.32, p=0.02) was independently asso-
ciated with patient survival. Rodallec et al. [12] also confirmed
the correlation between hypoenhancing tumours and poor differ-
entiation as well as the decreased survival rate. D’ Assignies et al.
[11] found tumour blood flow, as measured with perfusion CT, to
be associated with microvessel density and tumour differentia-
tion. It was proposed that enhancement during the arterial phase
is a surrogate parameter for vascularization and perfusion and
may indicate tumour differentiation in PNET. Our findings are
analogous with the findings of previous such studies. PNETs
with uncommon CT findings, including hypo-enhancement,
were associated with a significantly worse overall survival rate
compared to PNETs with typical CT findings (62.7 vs.
95.7 months). PNETs with uncommon CT findings would, there-
fore, be one of the predictors of a poor outcome.

Our study has several possible limitations. First, it had a
retrospective design and there was a possibility of selection
bias. As we could only include patients with surgically
resected PNETSs, our study population did not reflect the entire
spectrum of PNET. Second, contrast-enhanced CT was per-
formed with different CT scanners and 30 patients did not
undergo early arterial-phase scanning. However, despite this
heterogeneity, all patients underwent contrast-enhanced, mul-
tiphasic CT including late arterial phase, the so-called pancre-
atic parenchymal phase, which is the most important phase for
evaluation of the enhancement patterns of focal pancreatic
lesions [20, 21] . In addition to this, in our study, early arterial
enhancement showed similar enhancement patterns to those
of the late arterial phase in each patient. We also used the
accepted protocol as well as acceptable and adequate CT im-
age quality.

In conclusion, our results show that preoperative CT accu-
rately depicts the T stage and node metastasis of PNETs. The
common findings were more common in lower grade tu-
mours, whereas uncommon findings were more common in
higher grade tumours. PNETs with uncommon findings were
also associated with a significantly worse overall survival.
Although CT is useful for predicting the tumour grade, NET
grade 2 showed mixed findings. As it is sometimes difficult to
differentiate PNET with uncommon CT findings from PDAC,
clinicians should be particularly aware. CT information is ben-
eficial for optimal therapeutic planning using a multidisciplin-
ary team approach.
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