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Abstract

Objective To describe MR imaging features of non-
hyperfunctioning neuroendocrine pancreatic tumours by com-
paring them to histopathology and to determine the accuracy
of MR imaging in predicting biological behaviour.

Materials and Methods After institutional review board ap-
proval, we retrospectively reviewed 45 patients with patho-
logically proven NF-NET of the pancreas and >1 preoperative
MR/MRCP examinations. Of the NF-NETS, 29/45 (64.4 %)
were G1 and 16/45 (35.5 %) were G2. Image analysis includ-
ed the lesion maximum diameter, vascular encasement,
extrapancreatic spread, signal intensity on T1- and T2-
weighted, contrast enhancement features, and presence of
metastases. Tumour vessel density was calculated on the
histological specimen using a grid.

Results The median maximum diameter of NF-NETs was
20 mm (range 5-200 mm). Eighty per cent of the NF-NETs
were hypointense on T1-weighted images, 82.2 % were
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hyperintense on T2-weighted images, and 75.6 % were

hypervascular. Overall MRI accuracy showed a mean AUC

of 0.86 compared to pathology. Lesions with a maximum

diameter of 30 mm irregular margins, absence of a cleavage

plane with the main pancreatic duct, vascular encasement,

extrapancreatic spread and abdominal metastases were sig-

nificantly associated with malignant NF-NETs. No correla-

tion was found between the tumour vessel density and

contrast-enhanced MR imaging pattern.

Conclusions Hyperintensity on T2-weighted images and

iso-/hypervascularity occurred in 27/45 (60.0 %) of NF-

NETs. MRI identifies malignant NF-NETs with a sensitivity

of 93.3 % and a specificity of 76.9 % (AUC=0.85).

Key Points

* Non-hyperfunctioning neuroendocrine pancreatic tumours
(NF-NET) pose a difficult diagnostic challenge.

* On T2-weighted MRI, 82.2 % of neuroendocrine tumours
appeared hyperintense.

* MR imaging showed 0.94 sensitivity and 0.77 specificity in
predicting biological behaviour.

* The hyper-/isointensity during dynamic MRI did not correlate
with vessel density at pathology.

Keywords Pancreas - Neoplasms - Neuroendocrine tumours -
MR imaging - Biological behaviour - Non-functioning
neuroendocrine tumours

Introduction

Pancreatic neuroendocrine tumours (NETs) originate from
ductal pluripotent stem cells and demonstrate endocrine dif-
ferentiation [1—4], as indicated by the immunohistochemical
positivity to chromogranin A and/or to synaptophysin
depicted at histopathology [5]. NETs represent 2-10 % of
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all pancreatic tumours and can be sporadic or syndromic
[6-9]. Clinically pancreatic NETs can be classified into
hyperfunctioning and non-hyperfunctioning according to
the presence/absence of a distinct clinical syndrome induced
by excessive hormone secretion [10—12].

Non-hyperfunctioning neuroendocrine tumours (NF-
NET) represent 68-80 % of all pancreatic NETs [13, 14].
Although hormonally silent, NF-NETs may cause symptoms
because of the mass effect on adjacent structures [15—17].

The biological behaviour of pancreatic NF-NETs is het-
erogeneous; therefore they are histologically classified into
G1, <2 mitosis per 2 mm? [10 high power fields (HPF) 40x
magnification] and/or Ki-67 index <2 %; G2, 2-20 mitosis
per 2 mm?” and/or Ki-67 index between 3 and 20 %; G3 >21
mitosis per 2 mm? and Ki-67 index >20 %. G1 and G2 refer
to well-differentiated NF-NETs displaying expression of
chromogranin A and synaptophysin, whereas G3 indicates
a poorly differentiated neuroendocrine carcinoma, with
corresponding the 5-year survival rates ranging from
60-100 % for well-differentiated NF-NETs to 29 % for
poorly differentiated carcinomas [10, 18-20].

Surgery is the treatment of choice for NF-NET, even in
synchronous metastatic disease, if at least 90 % of the tumour
mass can be successfully removed [6, 21]. If the tumour is
locally unresectable or widely metastatic, locoregional abla-
tive therapies, medical therapy or peptide receptor radionu-
clide therapy is indicated [6, 21].

From the diagnostic imaging point of view, the medical
need is to diagnose and differentiate NF-NETs from other
pancreatic tumours, namely adenocarcinoma, to assess their
extension and to predict their biological behaviour in order to
tailor the most appropriate treatment.

Computed tomography (CT) is the optimal imaging
investigation for depicting and assessing the extent of
pancreatic NF-NETs [6, 22, 23], whereas magnetic reso-
nance imaging (MRI) is often used as a problem-solving
technique, especially for lesion characterisation, because
of its higher tissue contrast resolution and its ability to
visualise the pancreatic ductal system [24].

The aim of our study was to describe the MR imaging
features of NF-NETs by comparing them to histopathologi-
cal findings and to assess the capability of MR imaging in
predicting the biological behaviour of NF-NETs.

Material and methods

Patient population

The institutional review board approved the study and the
requirement for informed consent was waived. A search of

our institution’s medical records and radiological database
between January 2004 and January 2011 found 130 patients
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with diagnoses of NF-NET to be considered for the inclusion
in this retrospective study.

Inclusion criteria included surgically resected NF-
NET, preoperative MRI/MRCP examination performed
at our institution within the 3 months preceding surgery,
availability of surgical specimens and histopathological
examination of the resected NF-NET.

Exclusion criteria included lack of preoperative
MRI/MRCP (44 patients), no surgical procedure being
carried out (29 patients), poor image quality (4 patients),
von Hippel-Lindau disease (4 patients) and specimens
not being available (4 patients).

Thus, our study population encompassed 45 patients with
a mean age of 51.2 years (range 25-74 years): 28 females
(mean age 51.2 years; range 25-74 years) and 17 males
(mean age 50.7 years; range 25—73 years).

At diagnosis, 21/45 (46.7 %) patients were asymptomatic,
whereas 24/45 (53.3 %) were symptomatic. Symptoms were
abdominal pain in 12/24 (50.0 %), weight loss in 9/24
(37.5 %), diabetes in 7/24 (29.2 %), jaundice in 3/24
(12.5 %) and acute pancreatitis in 3/24 (12.5 %) patients,
with 9 patients presenting with more than one symptom.

All patients underwent preoperative MR/MRCP imaging
and surgical procedures. The median time interval between
MR/MRCP and surgery was 1.2 months (range 0.1-
2.8 months).

Magnetic resonance imaging

MR imaging was performed at 1.5 T (Magnetom Symphony,
Siemens, Erlangen, Germany) using a four-channel phased
array coil.

The patients were asked to fast 4-6 h before the
examination. Furthermore, to eliminate overlapping fluid-
containing organs on T2-weighted images, 50-150 ml of
superparamagnetic iron oxide particles (ferumoxsil, Lumirem,
Guerbet, Aulnay-sous-Bois, France) were administered
10-20 min before MRIL

The MR imaging protocol and pulse sequence parameters
are reported in Table 1.

The dynamic study, during gadolinium-chelate injection,
was obtained by means of a 3D volumetric gradient echo
pulse sequence (VIBE, volumetric interpolated breath-hold
examination) using parallel imaging (GRAPPA acceleration
factor 2) when available. A quadriphasic dynamic study
was performed during 0.1 mmol/kg body weight gadolinium-
chelate injection (Multihance, Bracco, Milan, Italy, or Dotarem,
Guerbet, Aulnay-sous-Bois, France) by means of a power
injector (Spectris, Medrad, Pittsburgh, PA, USA) at 2-2.5 ml/s
by acquiring the pre-contrast-phase, late arterial/pancreatic phase
(3545 s), portal venous phase (75-80 s) and equilibrium-
delayed phase (>180 s).
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Table 1 Magnetic resonance (MR) imaging protocol: pulse sequences and parameters

Pulse sequence Plane TR (ms) TE (ms) Slice thickness (mm)
Chemical shift T1-weighted gradient echo Axial 107-160 24438 7-8

Fat-saturated T2-weighted (RARE) Axial 4,000-4,950 91-102 7-8

T2-weighted half Fourier RARE (HASTE) Coronal and axial o 60-102 4-6

T2-weighted half Fourier RARE (HASTE) Coronal o0 102400 40-60

2D half Fourier RARE (HASTE) MRCP Multiple 0 1,100 40-80

Fat-saturated 3D volumetric gradient echo (VIBE) Axial 4.66 1.87 2.6-3

TR, Repetition time; TE, echo time; RARE, rapid acquisition with relaxation enhancement; HASTE, half Fourier single-shot turbo spin-echo;
MRCP, magnetic resonance cholangiopancreatography; VIBE, volumetric interpolated breath-hold examination; 2D, two dimensional; 3D, three

dimensional
Image analysis

Qualitative image analysis. MR/MRCP images were in-
dependently analysed on a workstation by two radiologists
(RM and RPM; 18 and 30 years of experience in gastro-
intestinal radiology, respectively) who were aware of the
diagnosis of NET but unaware of the surgical/pathological
evaluation of the lesion. Discrepancies were solved by

consensus. Image analysis included the site of the pancre-
atic NF-NET (head, body/tail or diffuse), lesion margins
(sharp or irregular), signal intensity on T1-WI and T2-WI
related to the adjacent pancreatic parenchyma (hypo-, iso-
or hyperintense), contrast enhancement of the neoplasm
during the arterial/pancreatic and portal venous phase of
the dynamic study compared to the adjacent parenchyma
(hypo-, iso- or hyperintense), signal intensity of the

Fig. 1 a-c Small non-functioning neuroendocrine tumour (NF-NET)
of the pancreas classified as adenoma at histology. a Axial fat-saturated
volumetric interpolated breath-hold examination (VIBE) gradient echo
image (TR/TE 4.66/1.87 ms) shows an homogeneously hypointense
non-functioning neuroendocrine tumour (NF-NET), with sharp mar-
gins in the head-isthmus of the pancreas, left to the superior mesenteric
vein. b On axial fat-saturated T2-weighted rapid acquisition with re-
laxation enhancement (RARE) image (TR/TE 4,500/100 ms), the NF-
NET appears slightly hyperintense compared to adjacent pancreatic
parenchyma. The NF-NET presented a maximum diameter of 29 mm

and no signs of either extrapancreatic spread or vascular encasement,
suggesting benign behaviour. ¢ On axial fat-saturated volumetric inter-
polated breath-hold examination (VIBE) gradient echo image (TR/TE
4.66/1.87 ms), acquired during the arterial/pancreatic phase of the
dynamic study, the NF-NET appears isointense compared to adjacent
pancreatic parenchyma. d The macroscopic pathological specimen,
following middle pancreatectomy, shows a well-delimitated, brown,
round non-hyperfunctioning neuroendocrine tumour (NF-NET) of the
pancreas, classified as adenoma, at histology
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neoplasm during the delayed phase compared to the
portal venous phase (washout/retention), encasement of
the mesenteric vessels and coeliac trunk (present/absent),
extrapancreatic spread [involvement of the peri-pancreatic

Fig. 2 a-c Malignant non-functioning neuroendocrine tumour (NF-
NET) of the body-tail of the pancreas, with signs of extrapancreatic
spread classified as high-grade carcinoma at histology. a Axial fat-
saturated T2-weighted rapid acquisition with relaxation enhancement
(RARE) image (TR/TE 4,500/100 ms) shows an NF-NET in the body-
tail of the pancreas, which appears heterogeneously hyperintense on
T2-WI; in addition multiple strongly hyperintense central areas can be
observed, suggesting liquefaction. b On axial fat-saturated T1-weighted
volumetric interpolated breath-hold examination (VIBE) gradient echo
image (TR/TE 4.66/1.87 ms) acquired during the portal venous phase of
the dynamic study shows heterogeneous contrast enhancement of the
NF-NET, with a hypointense central area, suggesting necrosis. The NF-
NET shows extrapancreatic spread with infiltration of the left kidney
(arrowheads). ¢ The surgical specimen (en bloc spleno-pancreatectomy
and resection of the left kidney) shows a large lesion of the body-tail of
the pancreas (*) with irregular margins infiltrating the left kidney
(arrowheads); at histology the neoplasm was classified as high-grade
malignant NF-NET of the pancreas
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fat (present/absent)], the relationship with the main
pancreatic duct (MPD) (cleavage plane or compression/
infiltration) and presence of liver metastases.

Quantitative image analysis was performed by a third
radiologist not involved in the qualitative analysis (MB,
4 years of experience) on a workstation using an

Fig. 3 a-c. Malignant non-functioning neuroendocrine tumour (NF-NET)
of the head of the pancreas without diagnostic imaging findings of malig-
nancy. a This 18-mm-large lesion of the head of the pancreas appeared
hypointense on T1-weighted gradient echo (GRE) image (TR/TE/ 160/
2.8 ms) and hyperintense on fat-saturated T2-weighted rapid acquisition
with relaxation enhancement (RARE) image (TR/TE 4,500/100 ms). b
The lesion shows sharp margins and homogeneous structure. ¢ On axial
fat-saturated T1-weighted volumetric interpolated breath-hold examina-
tion (VIBE) gradient echo image (TR/TE 4.66/1.87 ms), acquired
during the arterial/pancreatic phase of the dynamic study, the NF-NET
appears heterogeneously hyperintense. The MR imaging pattern sug-
gests a benign/borderline NF-NET; at histo-pathology, however, the
neoplasm was classified as low-grade malignant NF-NET because of
its high mitotic index
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Fig. 4 a-b Malignant non-functioning diffuse neuroendocrine tumour
(NF-NET) of the pancreas with peri-pancreatic vessel infiltration. a
Axial fat-saturated T1-weighted volumetric interpolated breath-hold
examination (VIBE) gradient echo image (TR/TE 4.66/1.87 ms) acquired
during the portal venous phase of the dynamic study shows an NF-NET
involving both the head and body of the pancreas, with extrapancreatic
spread and infiltration of the spleno-mesenteric confluence (arrowheads)
confirmed at histopathology. b The axial T2-weighted half Fourier image
(HASTE) shows a wide contact between the NF-NET and the spleno-
mesenteric confluence with endoluminal flow void (arrow), suggesting
vessel wall infiltration without occlusion, indicative of malignant NF-
NET, which was confirmed at histopathology

electronic calibre and included the maximum diameter
of the lesion.

Pathology specimen analysis

The pathologist (DS, 6 years of experience) was asked to
review the specimens of each patient using the same criteria
used for the radiological evaluation and to classify the lesion
according to the grading and TNM classification [20]. Fur-
thermore, quantification of microvessel density (MVD) was
performed by calculating the percentage of the vessel area,
which reflects MVD. All sections taken from the greatest
tumour diameter were immunostained with the anti-CD34
antibody (QBEND10; Novocastra, Burlingame CA, USA)
by using an automated bond polymer refine detection system
(Leica Byosystems, Newcastle Ltd., UK). The areas of
highest vascularisation were found by scanning the sections
at 40x and 100x magnification. For each tumour, three
computerised images with a surface of 1 mm?” were obtained
at a 100x magnification, and a reticule that contained 100
points was applied to each computerised image. Vessels
coinciding with the points were counted, and the result was
expressed as a percentage of area.

All radiological findings were compared to pathological
data by a radiologist (MB) and a pathologist (PC, 25 years of
experience).

Statistical analysis

Interobserver variability of the qualitative image analysis
was assessed by means of k statistics. The strength of agree-
ment was assessed as poor if k<0.20, fair if k=0.21-0.40,
moderate if k=0.41-0.60, good if k=0.61-0.80 and excellent
if k=0.81-1.00.

The distributions of continuous variables are reported
as mean (and/or median) values and range (minimum and
maximum values). Categorical variables are presented as
numbers and percentages. The main outcome considered

Fig. 5 a-b Malignant non-functioning neuroendocrine tumour (NF-
NET) of the body/tail of the pancreas with liver metastases. a On axial
fat-saturated T1-weighted volumetric interpolated breath-hold exami-
nation (VIBE) gradient echo image (TR/TE 4.66/1.87 ms) acquired
during the arterial/pancreatic phase of the dynamic study, the NF-NET
appears heterogeneously hyperintense compared to the adjacent

parenchyma (arrow) and shows signs of extrapancreatic spread. More-
over, multiple hyperintense liver metastases are present. b The surgical
specimen (distal pancreatectomy) shows a lesion of the tail of the
pancreas with irregular margins suggesting an infiltrating growth pat-
tern. At histology the neoplasm was classified as high-grade malignant
NF-NET of the pancreas
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was the histopathological diagnosis of poorly differenti-
ated carcinoma. For data analysis, patients presenting
liver metastases at MRI were not included, their NF-
NETs being certainly malignant, without any need for
further evaluation.

The comparison between subgroups (G1 vs. G2 vs. G3, as
well as TNM stage I/I vs. III/IV) was performed with
Student’s ¢ test and the Mann—Whitney U test for continuous
variables. Qualitative data were compared with the x2 or
Fisher’s exact tests when necessary.

Diagnostic accuracy was assessed as the area under the
receiver-operating characteristic (ROC) curve. Diagnosis
obtained by pathologic examination was the external gold
standard. Sensitivity, specificity and area under curve (AUC)
(and their 95 % confidence intervals) for each significant
parameter in the prediction of malignancy were also calcu-
lated [25, 26]. AUC values <0.60 indicated failed accuracy,
0.61-0.70 poor accuracy, 0.71-0.80 fair accuracy, 0.81-0.90
good accuracy and 0.91-1.00 excellent accuracy.

All tests were two sided. P values<0.05 were considered
statistically significant.

Results
MR imaging
Qualitative image analysis

NF-NETs were located in the head of the pancreas in 22/45
(48.9 %) of the patients and in the body/tail in 14/45
(31.1 %), whereas 9/45 (20.0 %) patients showed a diffuse
involvement of the gland (k=0.98). Lesion margins were
sharp in 30/45 (66.7 %) of the cases and irregular in 15/45
(33.3 %) (k=0.84) (Figs. 1, 2, and 3).

On T1-weighted images, NF-NETs were hypointense
compared to the adjacent parenchyma in 36/45 (80.0 %)

Table 2 Sensitivity and specificity of magnetic resonance (MR) with
MR cholangiopancreatography (MRCP) (MR/MRCP) in the assess-
ment of qualitative imaging parameters of NF-NETs compared to

patients (Figs. 1, 2, and 3) and isointense in the remaining
9/45 (20.0 %) (k=0.92). On T2-weighted images, they
appeared hyperintense in 37/45 (82.2 %) of patients (Figs. 1,
2, 3, and 4), isointense in 5/45 (11.1 %) and hypointense in
3/45 (6.7 %) (k=0.87).

During the arterial/pancreatic phase of the dynamic study,
NF-NETs appeared hyperintense compared to the adjacent
parenchyma in 27/45 (60.0 %) patients (Fig. 3), hypointense
in 11/45 (24.4 %) and isointense in 7/45 (15.6 %) (k=0.87)
(Fig. 1). During the portal venous phase NF-NETs appeared
hyperintense in 26/45 (56.8 %) patients (Fig. 2), hypointense
in 11/45 (24.4 %) and isointense in 8/45 (17.8 %) (k=0.89).
During the delayed phase, the neoplasms showed retention in
26/45 (57.8 %) compared to the previous portal venous
phase and washout in 18/45 (40.0 %) of the cases; in 1/45
(2.2 %) patients the delayed phase was not available
(k=0.85).

A sub-analysis showed that 27/45 (60.0 %) of NF-NETs
appeared both hyperintense on T2-weighted images and
iso-/hyperintense during the arterial/pancreatic phase of the
dynamic study, representing the most frequent pattern at MR
imaging in our series (Figs. 1, 2, and 3). One of 45 (2.2 %)
NF-NETs appeared both hypointense on T2-weighted im-
ages and hypointense during the arterial/pancreatic phase of
the dynamic study, representing a difficult differential diag-
nosis with pancreatic adenocarcinoma.

Vascular encasement was present in 12/45 (26.7 %) of
the cases and absent in 33/45 (73.3 %) (k=0.82) (Fig. 4).
Extrapancreatic spread was present in 11/45 (24.4 %) of
the NF-NETs and absent in 34/45 (75.6 %) (k=0.84)
(Figs. 2, 4 and 5).

The main pancreatic duct was compressed/infiltrated in
29/45 (64.4 %) cases and not involved in 16/45 (35.6 %)
(k=0.74). Dilatation of the upstream main pancreatic duct
was present in 15/45 (33.3 %) of the cases and absent in
25/45 (55.6 %). In 5/45 (11.1 %) cases the upstream MPD
was impossible to evaluate because of the location of the
neoplasm in the tail of the gland. The suprapancreatic

histopathology. Absolute values and 95 % confidence intervals (CI)
are reported; the area under the curve (AUC) represents the summary
parameter

Sensitivity (95 % CI)

Specificity (95 % CI) AUC (95 % CI)

Lesion margins 0.81 (0.54-0.96)
0.92 (0.62-1.0)
0.58 (0.28-0.85)
0.87 (0.69-0.96)
0.93 (0.66-1.0)

0.67 (0.22-0.96)

Vascular encasement
Extrapancreatic spread
MPD involvement
Upstream MPD dilatation
CBD dilatation

0.93 (0.77-0.99)
0.97 (0.84-1.0)
0.88 (0.72-0.97)
0.80 (0.52-0.96)
0.94 (0.79-0.99)
1.0 (0.91-1.0)

0.87 (0.74-0.95)
0.94 (0.83-0.99)
0.73 (0.58-0.85)
0.83 (0.72-0.95)
0.93 (0.82-0.99)
0.83 (0.69-0.93)

MPD, main pancreatic duct; CBD, common main duct; AUC, area under the curve
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common bile duct showed a normal calibre in 41/45 (91.1 %)  Liver metastases were present in 4/45 (8.9 %) patients and
of the cases, whereas it appeared dilated in 4/45 (8.9 %).  absent in 41/45 (91.1 %) (k=1.0) (Fig. 5).

Table 3 Univariate analysis

involving the 41/45 lesions with- Grading P
out evidence of abdominal me-

tastases at MRI. Association be- G1 (n=29) G2 (n=16)

tween the different MRI patterns

of NF-NETs and their biological n % Cases/ row n % Cases/ row

behaviour, expressed by tumour
grading, is shown. The strength of ~ Diameter of the neoplasm

the association is quantified by <30 mm 22 88.0 % 3 12.0 % <0.0001
means of the P value (significant >30 mm 7 43.8 % 9 56.3 %
association if P <0.05) Locati
ocation
Head 19 90.5 % 2 9.5 % 0.123
Body/tail 4 36.4 % 7 63.6 %
Diffuse 6 66.7 % 3 333 %
Margins
Sharp 21 75.0 % 7 25.0 % 0.084
Irregular 8 61.5 % 5 38.5 %
MPD relation
Normal 14 933 % 1 6.7 % 0.002
Infiltration 15 57.7 % 11 42.3 %
Upstream MPD
Normal 20 74.1 % 7 259 % 0.105
Dilated 9 64.3 % 5 357 %
Upstream CBD
Normal 27 73.0 % 10 27.0 % 0.637
Dilated 2 50.0 % 2 50.0 %
Vascular encasement
Absent 27 84.4 % 5 15.6 % 0.001
Present 2 222 % 7 77.8 %
Local spread
Absent 28 84.8 % 5 152 % 0.006
Peripancreatic fat 1 20.0 % 4 80.0 %
Adjacent organs 0 0.0 % 3 100.0 %
Signal intensity on T1-WI
Hypointense 22 64.7 % 12 353 % 0.215
Isointense 7 100.0 % 0 0.0 %
Hyperintense 0 0.0 % 0 0.0 %
Signal intensity on T2-WI
Hypointense 1 50.0 % 1 50.0 % 0.143
Isointense 3 60.0 % 2 40.0 %
Hyperintense 25 73.5 % 9 26.5 %
Signal intensity on arterial/pancreatic phase
Hypointense 7 70.0 % 3 30.0 % 0.568
Isointense 5 714 % 2 28.6 %
Hyperintense 17 70.8 % 7 29.2 %
Signal intensity on portal venous phase
Hypointense 5 455 % 6 54.5 % 0.398
Isointense 6 75.0 % 2 25.0 %
Hyperintense 18 81.8 % 4 18.2 %
MPD, Main pancreatic duct; Delayed phase
CBD, common bile duct; SI, Washout 9 52.9 % 8 471 % 0.255
signal intensity; T1-WI, T1- Retention 19 82.6 % 4 17.4 %
weighted images; T2-WI, T2- Not evaluable 1 100.0 % 0 0.0 %

weighted images
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Table 4 Univariate analysis in-
volving the 41/45 lesions without
evidence of abdominal metastases
at MRI. Association between the
different MRI patterns of NF-
NETs and TNM stage is shown.
The strength of the association

is quantified by means of the

P value (significant association
if P<0.05)

MPD, Main pancreatic duct;
CBD, common bile duct; SI,
signal intensity; T1-WI, T1-
weighted images; T2-WI, T2-
weighted images

Quantitative image analysis

NF-NETs presented a mean maximum diameter of 39 mm
(range 5 — 200 mm), with a median value of 20 mm.

@ Springer

TNM stage cluster P
I-ITa-IIb (n=32) Mla-IIIb-1V (n=13)
n % Cases/ row n % Cases/ row
Diameter of the neoplasm
<30 mm 21 84.0 % 4 16.0 %
>30 mm 4 25.0 % 12 75.0 %
Location
Head 16 76.2 % 5 23.8 % 0.123
Body/tail 5 455 % 54.5 %
Diffuse 4 44.4 % 5 55.6 %
Margins
Sharp 20 71.4 % 8 28.6 % 0.084
Irregular 5 38.5 % 8 61.5 %
MPD relation
Normal 14 933 % 1 6.7 % 0.002
Infiltration 11 42.3 % 15 57.7 %
Upstream MPD
Normal 19 70.4 % 8 29.6 % 0.105
Dilated 6 42.9 % 8 57.1 %
Upstream CBD
Normal 23 62.2 % 14 37.8 % 0.637
Dilated 2 50.0 % 2 50.0 %
Vascular encasement
Absent 24 75.0 % 8 25.0 % 0.001
Present 1 11.1 % 8 88.9 %
Local spread
Absent 24 72.7 % 9 273 % 0.006
Peripancreatic fat 1 20.0 % 4 80.0 %
Adjacent organs 0 0.0 % 3 100.0 %
Signal intensity on T1-WI
Hypointense 19 559 % 15 44.1 % 0.215
Isointense 6 85.7 % 1 14.3 %
Hyperintense 0 0.0 % 0 0.0 %
Signal intensity on T2-WI
Hypointense 0 0.0 % 2 100.0 % 0.143
Isointense 4 80.0 % 1 20.0 %
Hyperintense 21 61.8 % 13 382 %
Signal intensity on arterial/pancreatic phase
Hypointense 7 70.0 % 3 30.0 % 0.568
Isointense 5 71.4 % 2 28.6 %
Hyperintense 13 542 % 11 45.8 %
Signal intensity on portal venous phase
Hypointense 5 45.5 % 6 545 % 0.398
Isointense 6 75.0 % 2 25.0 %
Hyperintense 14 63.6 % 8 36.4 %
Delayed phase
Washout 9 52.9 % 8 47.1 % 0.255
Retention 16 69.6 % 7 30.4 %
Not evaluable 0 0.0 % 1 100.0 %

MR imaging-pathological correlation

At pathology, 25/45 (55.6 %) neoplasms were located in the
head of the pancreas, 12/45 (26.7 %) in the body/tail, and
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8/45 (17.8 %) showed diffuse involvement of the gland.
Lesion margins were sharp in 29/45 (64.4 %) of the cases
(Fig. 1) and irregular in 16/45 (35.6 %) (Figs. 2 and 5).
Vascular encasement was present in 12/45 (26.7 %) of the
cases and absent in 33/45 (73.3 %). Extrapancreatic spread
was present in 13/45 (28.9 %) and absent in 32/45 (71.1 %)
(Fig. 2). The main pancreatic duct was compressed/infiltrated
in 29/45 (64.4 %) of the cases and not involved in 16/45
(35.6 %). Dilation of the upstream main pancreatic duct was
present in 15/45 (33.3 %) of the cases, absent in 25/45
(55.6 %) and not evaluable in 5/45 (11.1 %). The
suprapancreatic common bile duct presented a normal calibre
in 41/45 (91.1 %) cases and was dilated in 4/45 (8.9 %).

At surgery, 32 patients had localised NF-NETs: 19 stage I,
7 stage Ila and 6 stage IIb. Thirteen patients had locally
advanced disease: 7 stage IlIb and 6 stage IV [20]. The
pathologist classified the neoplasms as G1 in 29/45 (64.4 %)
of the cases and G2 in 16/45 (35.5 %) of the cases.

NF-NET showed a mean intralesional vessel density of
9.8 (range 5.0-42.7). Benign/border line NF-NET showed a
mean vessel density of 12.7 (range 5.0-42.7). Malignant NF-
NET showed a mean vessel density of 9.4 (range 5.0-15.0).
No significant correlation was found between the vessel
density and signal intensity of the NF-NETs during either
the arterial/pancreatic or portal venous phase of the dynamic
study.

41 MO NFNETs

Vascular
encasement

Yes

Extrapancre
aticspread

Yes

No

Diameter

>3cm

Yes

No

G1NFNET

Fig. 6 Suggested “three-step” diagnostic flow chart for risk stratification
of the biological behaviour (G1 vs. G2/G3) of non-functioning neuroen-
docrine tumours (NF-NETs) as deducted from the observation of 41
patients. Four patients with metastatic NF-NETs (M+) were excluded
from the analysis

At surgery, liver metastases were detected in 4/45 (8.9 %)
patients.

The agreement between qualitative image analysis as
detected on MR/MRCP images and histopathology is report-
ed in Table 2. Namely, the sensitivity and specificity of MR
imaging and the values of the area under the curve (AUC) for
each parameter are reported.

Prediction of malignancy For this sub-analysis 4/45 (8.9 %)
patients presenting liver metastases were not included.

The results of the univariate analysis attempting to iden-
tify MR/MRCP imaging parameters predictive of the biolog-
ical behaviour of NF-NETs (i.e. G1 vs. G2; TNM stage I/II
vs. stage [II/IV) are reported in Tables 3 and 4. In our series, a
significant predictive value of aggressive behaviour of the
neoplasm was identified for the maximum diameter of the
neoplasm (P<0.001), presence of vascular encasement
(P=0.001), vascular encasement (P=0.001), presence of
extrapancreatic spread (P=0.006) and absence of a cleavage
plane with the MPD (P=0.002).

Discussion

One of the medical needs in diagnostic imaging of non-
hyperfunctioning neuroendocrine tumours (NF-NETs) is
the differential diagnosis between NF-NETs and pancreatic
adenocarcinoma when a solid mass is detected at diagnostic
imaging, since overall the 5-year survival for NF-NETs is
30-63 % [6], whereas for pancreatic adenocarcinoma it is
5 % [27]. According to our series, the MR imaging sign
suggestive of NF-NETs is hyperintensity on T2-weighted
images, which was detected in 82.2 % of the patients
(37/45), in contrast to adenocarcinoma, which appears
hypointense on all pulse sequences because of its scirrhous
feature.

Another MR imaging feature helpful in the characterisation
of NF-NETs is the hyperintensity or isointensity during the
arterial/pancreatic phase of the dynamic study, encompassing
75.5 % (34/45) of lesions in our series, in contrast to adeno-
carcinoma, which appears hypointense during the arterial/
pancreatic phase in 89 % of the cases [28]. Furthermore, when
we combine the two above-mentioned parameters (i.e.
hyperintensity on T2-WI and hyper-/isointensity during the
arterial/pancreatic phase), 27/45 (60.0 %) of the patients in our
series showed this pattern, whereas only 1/45 (2.2 %) NF-
NETs appeared both hypointense on T2-weighted images
and hypointense during the arterial/pancreatic phase of the
dynamic study, becoming impossible to differentiate from
pancreatic adenocarcinoma.

In our series, the MR imaging pattern, as depicted during
the arterial/pancreatic phase of the dynamic study, did not
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correlate with the mean vessel density, as observed on the
pathological specimen, suggesting that the diagnostic imag-
ing appearance during the dynamic study is most likely the
result of different factors, such as blood flow, blood volume
and permeability, in addition to mean vessel density [29].

In the evaluation of morphological aspects of NF-NETs,
MRI showed an AUC curve of 0.86 compared to histopa-
thology and therefore can be considered an accurate method
for the prediction of pathological findings in NF-NETs. The
single evaluated parameters presented AUC values ranging
from 0.73 (presence of extrapancreatic spread) to 0.94 (pres-
ence of vascular encasement).

The treatment of choice for NF-NETs is surgical resection,
which should always be performed if technically feasible,
even in case of metastatic disease, because of the quite
favourable prognosis of these neoplasms. The surgical strate-
gy, however, can differ according to tumour location (consid-
ering its anatomical position and its relation with MPD) and
tumour size, but also according to its potential malignancy.
The surgical options range from a simple tumour enucleation,
which, however, is only considered to be curative for adeno-
mas and borderline lesions, to partial or total pancreatectomy,
which is necessary in order to reach a curative intent in case of
carcinoma [6]. Therefore, it is important to give the surgeons
information about not only the location and the size of NF-
NET, but also the risk of malignant behaviour. In this setting,
besides the well-established criteria of malignancy such as the
presence of metastases, extrapancreatic spread, vascular en-
casement and irregular margins, the parameter associated with
malignancy is tumour size, in agreement with other published
series [30]. In our series, the mean size of benign/borderline
NF-NETs (20 mm) was statistically lower (<0.001) compared
to malignant NF-NETs (70 mm).

All these parameters, however, if independently consid-
ered showed a low sensitivity in the detection of malignancy,
with values ranging from 21.0 % (presence of abdominal
metastases) to 57.9 % (presence of vascular encasement), the
latter most likely related to the fact that neuroendocrine
tumours are responsible for neoplastic venous thrombosis
rather than vascular encasement [31]. In order to try to
improve the sensitivity in the identification of malignant
NF-NETs, we combined the malignancy-correlated parame-
ters together, suggesting a “three-step” flow chart (Fig. 6).
By applying this diagnostic algorithm, a sensitivity of 0.93
and specificity of 0.77 in the identification of malignant
lesions and an AUC of 0.85 in the identification of malignant
NF-NETs can be achieved. The relation between the neo-
plasm and the main pancreatic duct (compressed/infiltrated
vs. not involved) was not included in this algorithm because,
although strongly concordant with pathological findings
(AUC=0.83) and significantly correlated with malignancy
(P=0.003), it was the only parameter that did not show high
concordance in the interobserver agreement (k=0.74).

@ Springer

Our study has several limitations that the authors are well
aware of, mainly related to the retrospective design of the
study: the most noticeable is a selection bias in the patient
population, since in the study we only included patients with
proven NF-NET who underwent surgery.

In conclusion, non-hyperfunctioning neuroendocrine
pancreatic tumours showed magnetic resonance imaging
features such as hyperintensity on T2-weighted images and
hyper-/isointensity during the arterial/pancreatic phase of
enhancement that are helpful in making the differential
diagnosis of solid pancreatic masses. MR imaging showed
a sensitivity of 93.3 % and specificity of 76.9 % (AUC=0.85)
in assessing features useful for treatment planning, such as
vascular encasement and extrapancreatic spread, when com-
pared to histopathology.
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