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The diagnosis and management of pancreatic neuroendocrine neoplasms (NENs) have evolved significantly in recent years.
There are several diagnostic and therapeutic challenges and controversies regarding the management of these lesions. In
this review, we focus on the recent significant changes and controversial issues regarding the diagnosis and management of

NENs and discuss the role of imaging in the multidisciplinary team approach.
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INTRODUCTION

Pancreatic neuroendocrine neoplasms (NENs) are a
diverse group of tumors that show heterogeneity in their
pathologic, functional, and clinical features. As a general
concept, well-differentiated pancreatic NENs are categorized
as neuroendocrine tumors (NETs) and poorly differentiated
pancreatic NENs as neuroendocrine carcinomas (NECs) (1).

Received January 14, 2018; accepted after revision July 9, 2018.
This study was supported by the Korea Health Technology R&D
Project through the Korea Health Industry Development Institute
(No. HI18C1216) and a grant from the Asan Institute for Life
Sciences, Asan Medical Center (No. 2015-0636).

Corresponding author: Kyung Won Kim, MD, PhD, Department of
Radiology and Research Institute of Radiology, University of Ulsan
College of Medicine, Asan Medical Center, 88 Olympic-ro 43-gil,
Songpa-gu, Seoul 05505, Korea.

o Tel: (822) 3010-4377 * Fax: (822) 476-4719

® E-mail: medimash@gmail.com

This is an Open Access article distributed under the terms of

the Creative Commons Attribution Non-Commercial License
(https://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

Copyright © 2019 The Korean Society of Radiology

There have been rapid advances in knowledge regarding
the pathophysiology and molecular biology of NENs in
recent years, which have led to improvements in the
diagnosis and management of patients with these lesions
(2) and application of new therapeutic strategies for well-
differentiated NENs.

In 2017, there were substantial changes in the grading
and staging systems for NEN. First, the World Health
Organization (WHO) grading system changed the definition
of grade 3 NET/NEC. Second, the 8th American Joint
Committee on Cancer (AJCC) changed its TNM staging
system for NEN. Third, the treatment strategies changed
according to the new concepts of grade 3 NET/NEC.

These changes were implemented in order to solve the
controversial issues that arose in the 2010 WHO grading
system (3) and the 7th AJCC staging system (4). These
issues were that the definition of grade 3 NEN in the 2010
WHO grading system was too broad to distinguish NETs from
NECs, which is critical in terms of choosing appropriate
treatment strategies, and that there was a discrepancy
in the T3 stage, which is the most important stage in
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determining resectability, between the 7th AJCC and
European Neuroendocrine Tumor Society (ENETS) staging
systems (5, 6).

Radiologists should be aware of these recent updates
and their rationale in order to give a key role in the
multidisciplinary team. In this review, we focus on current
issues concerning NENs, provide a comprehensive update
on their diagnosis and management, and discuss the role of
imaging in the multidisciplinary team approach.

Background to the Updates in the 2017 WHO
Grading System

Ambiguity of Grade 3 NEC in the 2010 WHO Grading
System

The 2010 WHO classification categorizes NEN as a NET
(3) grade 1, NET grade 2, and NEC grade 3 (Table 1). In
general, a well-differentiated NEN is composed of cells
showing minimal to moderate atypia, lacks necrosis,
expresses general markers of neuroendocrine differentiation,
i.e., diffuse and intense synaptophysin or chromogranin
A staining, and produces hormones. In contrast, poorly
differentiated NEN is composed of highly atypical small
cells or cells of large to intermediate size that express
general markers of neuroendocrine differentiation, i.e., faint
synaptophysin or chromogranin A staining. The histologic
grading was based on the Ki-67 index or mitotic index that
should be counted in tumor hot spots. Ki-67 is an excellent
marker of cell proliferation. The fraction of Ki-67-positive
tumor cells (the Ki-67 labeling index) is often correlated
with the clinical course of cancer and its prognosis (7, 8).
If there is a discrepancy between the Ki-67 index and the
mitotic index, the higher grade should be used.

Table 1. WHO Classification: Comparison to WHO 2010 and 2017

Choe et al.

In the 2010 WHO grading system, there was
confusion regarding the discrepancy between grade and
differentiation. “Differentiation” refers to the morphologic
resemblance of the tumor cells to islets of Langerhans. In
contrast, “grade” refers to the aggressiveness of the tumor
cells in terms of their potential for rapid tumor growth and
spread (1, 4). Based on the definition in the 2010 WHO
classification (9), it was possible that morphologically
well-differentiated NETs could show a high Ki-67 level
and be technically classified as grade 3 NEC. These well-
differentiated NETs, which are technically classified as grade
3 NEC, may not be sensitive to the chemotherapy regimen
used in poorly differentiated grade 3 NEC. This finding
suggested that the definition of grade 3 NEC based simply
on the Ki-67 level and/or mitotic index was too broad to
distinguish the differentiation and grade, and could lead
to inappropriate treatment and an unsatisfactory clinical
outcome (4).

The 2017 WHO Grading System

The WHO grading system was revised in 2017 and the
above-mentioned issues have been reflected in the changes
(Table 1) (20). In the revised grading system, a new subset
of well-differentiated NENs has been recognized, i.e., lesions
that are morphologically well-differentiated and often
identical to grade 1 or grade 2 NET but have a high Ki-67
index (> 20%) (11). Interestingly, if an adequate number of
pathologic specimens are available for an accurate mitotic
count, most grade 3 NETs contain a proportion of cells with
a mitotic rate fewer than 20 per 10 high-power and lower-
grade regions may be present elsewhere with the tumor
focus (1). Furthermore, the genomic features of grade 3
NET resemble those of lower-grade NET, i.e., MEN1, DAX,

WHO 2010 Mitoses/10 HPF*  Ki-67 Index* WHO 2017 Mitoses/10 HPF*  Ki-67 Index*
Well-differentiated NENs Well-differentiated NENs
NET grade 1 <2 <3 NET grade 1 <2 <3
NET grade 2 2-20 3-20 NET grade 2 2-20 3-20
NET grade 3 > 20 > 20
Poorly differentiated NENs Poorly differentiated NENs
NEC (small-cell or large-cell), > 20 > 20 NEC grade 3 > 20 > 20
grade 3 Small-cell type
Large-cell type
MANEC MiNEN*

*MiNENs may have non-endocrine component other than adenocarcinoma, e.g., squamous cell carcinoma or acinar cell carcinoma. To
qualify as MiNEN, each component must be at least 30%. HPF = high power fields, MANEC = mixed adenoneuroendocrine carcinoma,
MiNEN = mixed endocrine non-endocrine neoplasm, NEC = neuroendocrine carcinoma, NEN = neuroendocrine neoplasm, NET =

neuroendocrine tumor, WHO = World Health Organization
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and ATRX mutation, and differ markedly from the genomic
alteration in poorly differentiated NEC, i.e., p53 and RB1
mutation.

Another revision to the 2017 WHO grading system is the
change in nomenclature for mixed adenoneuroendocrine
carcinoma, a neoplasm with components of a nonendocrine
carcinoma (mostly ductal adenocarcinoma or acinar cell
carcinoma) combined with a NEN, to mixed endocrine non-
endocrine neoplasm (MiNEN). This change has been made
to reflect the fact that not all MiNENs are high-grade
malignant carcinomas; occasionally one or both of the two
components may belong to the well-differentiated NEN
category and MiNEN may have a non-endocrine component
other than adenocarcinoma, e.g., squamous cell carcinoma
or acinar cell carcinoma.

Background to the Updates in the 8th AJCC
Staging System

The WHO 2010 classification recommended use of
the AJCC TNM staging system (7th edition) but also
acknowledged use of the ENETS staging system proposed
in 2006 (5, 6) (Table 2). Historically, the AJCC/Union for
International Cancer Control (UICC) system has used the
same staging system for NETs and exocrine pancreatic
adenocarcinomas (5), while ENETS has developed a
dedicated staging system for foregut NETs (6).

In the 7th AJCC/UICC TNM staging, there is a difference
in T staging between the AJCC/UICC and ENETS systems that
may be a source of confusion for clinicians. Specifically,

T3 is controversial in that it is defined in the AJCC/UICC
system as peripancreatic tumor spread without major
vascular invasion, but in the ENETS system, it is defined

as tumor confined to the pancreas, greater than 4 cm in
size, or invading the duodenum or bile duct. Recognition of
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peripancreatic tumor spread in pathological examinations is
very complicated because the pancreas has irregular lobules
and fatty degeneration/replacement, both of which may
hamper the reproducibility of the criteria (12). Furthermore,
the majority of NENs, even when small and/or well-
differentiated, protrude from the surface of the pancreas,
which may lead to false classification of a small and well-
marginated tumor as T3 disease according to the AJCC/
UICC system, i.e., overestimation of T staging. In contrast,
the ENETS system relies primarily on tumor size, which is

a factor related to the malignant potential of NENs and is
much more reproducible than peripancreatic fat infiltration.
Indeed, a previous study of post-surgical NEN showed that
the ENETS system was superior to the AJCC/UICC system as
a predictor of patient survival (13). In the 7th AJCC/UICC
staging system, there was significant overlap of survival
between stage II and IIT disease, with survival in patients
who had stage III disease being better in some time
periods. The recently modified ENETS system has maintained
the ENETS T, N, and M definitions and adopted the AJCC
staging definitions, as well as demonstrated a significantly
improved ability to stratify the survival outcome based

on stage when compared with the 7th AJCC/UICC staging
system (14, 15).

These inconsistencies and limitations are addressed in the
8th edition of the AJCC/UICC staging system, which is now
modified so as to be consistent with the ENETS system for
well-differentiated NETs. The criterion of peripancreatic soft
tissue invasion has been removed and NETs are now staged
mainly on the basis of size (Table 2).

Updates in Strategies for Treatment

of Pancreatic NENs
The management of NENs is complex, so assessment and

treatment planning should be stepwise and focused (Fig. 1).

Table 2. Differences between AJCC/UICC TNM Staging System and ENETS TNM Staging System (for Well-Differentiated NET of

Pancreas)
T Stage 7th AJCC/UICC ENETS 8th AJCC/UICC
T1 Confined to pancreas, < 2 cm Confined to pancreas*, < 2 cm Confined to pancreas*, <2 cm
T2 Confined to pancreas, > 2 cm Confined to pancreas*, 2-4 cm Confined to pancreas*, 2-4 cm
Peripancreatic spread, without major Confined to pancreas*, > 4 cm, or Confined to pancreas*, > 4 cm, or
T3 . . . . . .
vascular invasion invades duodenum or bile duct invades duodenum or bile duct
T4 Tumor involves coeliac axis or superior Invasion of adjacent organs or major Invasion of adjacent organs or major

mesenteric artery vessels

vessels

*Confined to pancreas means there is no invasion of adjacent organs or wall of large vessels. Extension of tumor into peripancreatic
adipose tissue is NOT basis for staging. AJCC = American Joint Committee on Cancer, ENETS = European Neuroendocrine Tumor Society,

UICC = Union for International Cancer Control
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tumors
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Resection + chemotherapy with small cell lung cancer regimen + RT
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Consider octreotide therapy if hormone secreting tumor
B

Fig. 1. Stepwise management of pancreatic NENs. Revised from 2017 National Comprehensive Cancer Network guidelines.
A. NET. B. NEC. NEC = neuroendocrine carcinomas, NENs = neuroendocrine neoplasms, NET = neuroendocrine tumor, RT = radiation therapy

The first important step is histologic grading and staging of
the lesion, which is crucial for optimal decision-making. The
management strategies, including both chemotherapy and
radiation therapy, for well-differentiated grade 1/2/3 NETs
are completely different from those for poorly differentiated
grade 3 NEC (9, 16-18). In the 2010 WHO classification

era, the management strategies for well-differentiated
grade 3 NET and poorly differentiated NEC were not clearly
established. The most important update in the 2017 WHO
classification is that the treatment strategies for well-
differentiated grade 3 NET and poorly differentiated NEC are

clearly separated (19).

Well-Differentiated Grade 1/2/3 NETs

At the time of the initial evaluation, it is important
to distinguish resectable locoregional tumors from
unresectable or metastatic tumors (20). Complete resection
of resectable locoregional NET achieves an excellent
outcome (20). The surgical methods used are determined
based on the location and size of the tumor as well as its
clinicopathologic features. Enucleation may be possible for
small (maximum tumor size < 2 cm) peripherally located

https://doi.org/10.3348/kjr.2018.0040 kjronline.org



New Classification for Pancreatic NENs

NETs other than insulinomas, although peripancreatic
lymph node dissection should also be performed because

of the risk of nodal metastasis (21). For large (> 2-cm)

NETs or deep-seated tumors, conventional pancreatectomy
should be performed with peripancreatic lymphadenectomy.
According to the 2017 National Comprehensive Cancer
Network guidelines, appropriate negative margins, including
adjacent organs, should be obtained for nonfunctional
tumors with a malignant appearance (9). For unresectable
and metastatic NENs, the treatment strategy is complex
and requires a multidisciplinary team approach. In

patients with a resectable primary tumor and resectable
metastatic disease, complete surgical resection of both,
most commonly by pancreatectomy plus hepatic resection,
should be considered first in order to achieve a better
survival outcome (22). In patients with unresectable
disease, treatment decisions should be based on symptoms,
tumor burden, and evidence of disease progression. For
asymptomatic, stable, low-volume disease, observation and/
or treatment with octreotide is recommended until disease
progression. In patients with a significant and symptomatic
tumor burden or disease progression, several active
treatment options can be considered, including molecular-
targeted therapeutic agents such as sunitinib or everolimus
(17, 23), cytotoxic chemotherapy (9, 17), and liver-directed
therapies, including transarterial embolization, ablation, or
cytoreductive surgery (20). Peptide receptor radionuclide or
chemoradionuclide therapy using radionuclide tracers, e.g.,
"Lu-dotatate or *Y-dotatate, is another treatment option
for patients with advanced, metastatic, and progressive
NET. Most well-differentiated tumors retain high expression
of somatostatin receptors that can be identified by
molecular imaging and targeted therapeutically by peptide
receptor radionuclide therapy. Phase II and III clinical trials

NET-grade 1
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of peptide receptor radionuclide therapy have achieved
encouraging patient survival rates, radiographic regression,
and improvement in symptoms (16, 24, 25).

Poorly Differentiated Grade 3 NEC

Grade 3 NEC in the pancreas has clinicopathologic
features similar to those of small-cell lung cancer, including
immunohistochemical findings and aggressive clinical
behavior (7). Therefore, NEC is regarded as extrapulmonary
small-cell or large-cell carcinoma and its management
is similar to that used for small-cell lung cancer (17). A
combination of platinum (cisplatin or carboplatin) and
etoposide is generally recommended for NEC and is also
the preferred chemotherapeutic regimen for small-cell lung
cancer (26, 27).

Updates Regarding Pancreatic NENs

Imaging of NENs: NETs versus NECs

The distinction between grade 1/2/3 NETs and grade
3 NEC based on imaging features is clinically relevant in
view of the difference in patient management. There are a
few reports on the imaging findings for NENs according to
the 2010 WHO classification (28-31). These lesions show
a range of imaging features depending on their histologic
grading (Fig. 2).

In general, well-differentiated NETs are usually smaller
than NECs. NETs are well-enhancing when compared with
the adjacent pancreatic parenchyma as seen on both
arterial and portal venous phase imaging, while most NECs
show hypoenhancement in comparison with the adjacent
pancreatic parenchyma, particularly on portal venous
phase imaging (28). Two studies have investigated the
dynamic enhancement pattern of NENs (30, 31), and both

Fig. 2. Imaging spectrum of pancreatic NENs according to histologic grade.

A. Low-grade NET is generally small-sized and has well-defined margins on imaging (arrow). B. Higher-grade NET is likely to be larger or more
frequently show necrotic change (arrow). C. NEC shows less enhancement than NET, and presents as iso-enhancing or hypoenhancing mass in
pancreas. Margin of NEC may be less well demarcated than that of NET (arrow).
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Fig. 3. Grade 1 NET in 42-year-old man.

A. 2.9-cm, arterial enhancing hypervascular mass in tail of pancreas was found on initial contrast-enhanced CT (arrows). B. After seven years,
hypervascular mass in tail of pancreas had increased in size (arrow) and there was new hypervascular mass in liver (arrowheads), suggestive of
hepatic metastasis. Fluid collection and peripancreatic infiltration were also present because of secondary pancreatitis. C. On **F-FDG PET/CT,
tumors showed negative or weak uptake. D. PET/CT with ®gallium-labeled somatostatin analog revealed 3.3-cm mass with markedly increased
uptake (maximum standard uptake value, 40.6) in tail of pancreas (arrow), other foci in body of pancreas, and additional hepatic masses
(arrowheads) with increased uptake, suggesting multifocal NET with overexpression of somatostatin receptor. Physiologic uptake was seen in both
adrenal glands. E. Patient underwent transarterial embolization for management of hepatic metastases and arteriography showed hypervascular
mass in right portion of liver. CT = computed tomography, FDG = fluorodeoxyglucose, PET = positron-emission tomography
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Synaptophysin +

F
Fig. 3. Grade 1 NET in 42-year-old man.
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Ki-67 index (1.5 %)

Chromogranin +

F. On histologic specimens (x 100) obtained during liver biopsy, tumor appeared to have relatively uniform and round nuclei with abundant
cytoplasmic granules on H&E staining, low Ki-67 index (1.5%), and diffuse positivity on synaptophysin and chromogranin staining. These
imaging and histologic findings suggested morphologically well-differentiated NET. H&E = hematoxylin and eosin

suggest that the pattern of enhancement is correlated
with prognostic factors (30, 31) or fibrosis (30). In those
studies, tumors that showed an “early enhancement and
plateau” or “progressive enhancement” pattern tended to be
associated with a worse prognosis and a higher proportion of
fibrosis compared with tumors that showed an “early rapid
enhancement with washout” pattern. Invasive features,
including bile duct dilatation and vascular invasion, were
also more common with NECs than with NETs (28).
Functional imaging studies, specifically somatostatin
receptor scintigraphy (SRS) and "*F-fluorodeoxyglucose
positron-emission tomography (FDG-PET), help to
distinguish well-differentiated NETs from poorly
differentiated NECs. SRS is based on the biological
characteristics of NETs in that somatostatin receptors are
highly expressed on the surface of well-differentiated NETs.

kjronline.org https://doi.org/10.3348/kjr.2018.0040

Octreotide (*'In pentetreotide), the most commonly used
somatostatin analog, selectively binds to the expressed
somatostatin receptor of a NET. Interestingly, well-
differentiated NETs frequently present as strongly positive
on SRS, while poorly differentiated NECs are usually
negative or only weakly positive. In contrast, on FDG-PET
scanning, which reflects glucose metabolism in tumors,
well-differentiated NETs usually show little or no FDG uptake
whereas poorly differentiated NECs show high FDG uptake
(32). Based on these observations, the combination of
contrast hyperenhancement on computed tomography (CT)/
magnetic resonance imaging (MRI), high uptake on SRS,
and low FDG avidity on FDG-PET is more suggestive of well-
differentiated NET (Fig. 3). Conversely, the combination

of hypoenhancement on CT/MRI, low uptake on SRS, and
high FDG avidity on FDG-PET is more suggestive of poorly
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differentiated NEC (Fig. 4) (33).

In 2016, the US Food and Drug Administration approved
the use of a new radioactive tracer, ®gallium dotatate, for
PET imaging in order to localize somatostatin receptor-
positive NETs. Better results have been achieved using this
tracer than those obtained using conventional SRS (34-36)
because the spatial resolution of PET/CT is better than that
of single photon emission computed tomography (SPECT)
and its affinity for the receptor is higher than that of
octreotide.

Diagnostic Challenges

Although the diagnosis and grading of NENs is primarily
determined by histologic examination of biopsy or
surgical specimens, several controversies remain in which
imaging may have a role. NENs are difficult to diagnose by
hematoxylin and eosin staining and are usually confirmed
by immunohistochemistry. However, not all pancreatic
tumors are evaluated by immunohistochemistry because this
is only performed in certain situations, i.e., when clinicians
suspect a functioning tumor on the basis of characteristic

D
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clinical features or laboratory findings, radiologists suspect
NEN on the basis of the imaging features, or pathologists
suspect NEN based on the morphology of the lesion. The
majority of NENs are non-functioning tumors that are
detected incidentally, so it is important for radiologists
to have at least a clue on imaging in order to suggest a
diagnosis of NEN (37). Some NENs show atypical imaging
features, such as cystic change or intraductal growth, which
may impede a correct diagnosis. For example, NENs with a
cystic appearance have been reported to be misdiagnosed
in 43% of patients (38, 39). Furthermore, it has recently
been reported that serotonin-producing NETs can arise
from the wall of the pancreatic duct and cause obstruction/
stenosis of the duct as well as ductal dilatation upstream,
thus mimicking intraductal papillary mucinous neoplasms
(40). Therefore, radiologists should be aware of both the
typical and atypical features of NENs (Fig. 5).

Another diagnostic challenge occurs when there is
a discrepancy between the imaging features and the
histology in that NENs, especially NECs, do not always
show positive immunohistochemistry markers (41). In

! bl (1- &': ',‘ 7
‘h'- a F' hﬁ_ ?“;‘3?‘!‘%-
PR

Fig. 4. Grade 3 NEC in 41-year-old woman. This patient was referred to our hospital with tentative diagnosis of ductal carcinoma of

pancreas.

A. Magnetic resonance cholangiopancreatography showed abrupt tapering of intrapancreatic common bile duct with diffuse upstream dilatation. B.
Contrast-enhanced CT showed 2.5-cm, relatively well-defined, low attenuating solid mass in head of pancreas. C. Tumor showed high FDG avidity
on FDG-PET. Imaging reports suggested possibility of NEC as well as ductal adenocarcinoma of pancreas, indicating need for biopsy. D. H&E
staining (x 40) revealed small, round, blue cells in tumor. Immunohistochemistry specimens (x 40) showed positivity on synaptophysin (E) and
Ki-67 (F) staining with Ki-67 proliferation index of 70%. These findings confirmed diagnosis of NEC.
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some patients diagnosed by biopsy, a small tissue sample
might not be positive for immunohistochemistry markers
such as chromogranin A or synaptophysin. Moreover, in
some patients, the tissue sample may not be representative
of the entire tumor, and the sample may underestimate

the histologic grading (42). In addition, a morphology
suggestive of NEC, e.qg., diffuse architecture, irreqular
nuclei, and less cytoplasmic granularity, may not always
correlate with the immunohistologic expression or
histologic grading based on the Ki-67 index and mitotic
index. Challenging cases are the subject of multidisciplinary
discussion by pathologists, oncologists, and radiologists in
order to determine the next management steps, including

Fig. 5. Atypical imaging findings in patients with pancreatic NENs.
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additional immunohistochemistry using other markers,

e.g., CD56 and neuron-specific enolase, additional imaging
using other modalities, and imaging-guided re-biopsy or
treatment based on the imaging and clinical features.
Radiologists, as a part of the multidisciplinary team, should
provide feedback to oncologists and pathologists regarding
the agreement or discrepancy of imaging to/from clinical
and histologic findings.

Resectability

Surgery remains the only curative option for NENs, so
determining resectability is very important, regardless
of the histologic grade. Unlike exocrine pancreatic

A. Intraductal growth in 42-year-old woman. Axial contrast-enhanced CT scan shows large mass (arrow on left) with intraductal growth causing
diffuse dilatation of bile duct upstream (arrows on right). First differential diagnosis was invasive cancer arising from intraductal papillary
mucinous neoplasm. However, lesion was confirmed to be grade 3 NEC after surgical resection. B. Cystic change in 48-year-old man. Axial
contrast-enhanced CT image shows 5.6-cm cystic lesion with relatively thick wall in tail of pancreas. Preoperative imaging diagnosis was
pseudocyst or cystic neoplasm of pancreas. However, surgical specimen confirmed that lesion was grade 1 NET with cystic change. C. Vascular
invasion with tumor thrombus in 29-year-old man. Axial contrast-enhanced CT image shows large heterogeneous attenuating mass involving body
and tail of pancreas and left para-aortic area (arrowhead). Vascular invasion is apparent and there is tumor thrombus extending into splenoportal

confluence (arrow). Biopsy confirmed diagnosis of grade 3 NEC.

kjronline.org https://doi.org/10.3348/kjr.2018.0040
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adenocarcinoma, potential curative resection of NENs should
be considered even in patients with metastatic disease. A
combined approach that includes surgery and liver ablation
is also an option. In patients with NEN and metastatic
disease, if it is possible to treat both the primary and
metastatic disease by resection and/or ablation, aggressive
treatment should be considered first. Radiologists should be
knowledgeable regarding the comprehensive treatment plan
and provide useful information regarding the resectability/
treatability of the disease in addition to the differential
diagnosis and TNM staging.

The resectability criteria for NEN and pancreatic ductal
adenocarcinoma may be interpreted differently. In
pancreatic ductal adenocarcinoma, which is frequently
infiltrative, major vascular invasion to the celiac trunk,
superior mesenteric artery, common hepatic artery, and
portal vein/superior mesenteric vein is the most common
cause of tumor unresectability and requires detailed
preoperative evaluation. However, NENs are usually well-
demarcated tumors rather than infiltrative tumors, so
warrant different resectability criteria. Even the pattern
of vascular invasion of NEN differs from that of ductal
pancreatic adenocarcinoma. NENs tend to penetrate the
vessel wall directly and locally and to project into the
vessel. A NEN may occasionally form a tumor thrombus,
especially in the vein (43). Therefore, at our institution,
surgeons are often able to resect a tumor with vascular
invasion successfully unless there is extensive tumor
thrombus. From this perspective, the resectability of NENs
needs to be determined less strictly preoperatively than that

Choe et al.

of ductal pancreatic adenocarcinoma (Fig. 6). Surprisingly,
there are no published studies on the diagnostic accuracy
of preoperative CT/MRI for determining the resectability of
NENs, and this is an area that warrants further research.

Future Directions of Imaging for NENs

The imaging, surveillance, and management of NENs are
continuing to develop. Novel molecular biomarkers, such
as circulating tumor cells, have been identified in patients
with NEN and seem to have prognostic value. The ongoing
development of agents targeted to particular molecular
pathways, including for vascular endothelial growth factor
(sunitinib), as well as mammalian target of rapamycin
inhibitors (everolimus) and tyrosine kinase inhibitors is also
promising. The recent discovery that some somatostatin
receptors are truncated (44, 45), resulting in aberrant
signaling, suggests that more detailed examination of the
somatostatin receptor status in tumor tissue may offer
the opportunity to customize more selective and effective
treatment. In the future, a combination of complementary
CT, MR, and nuclear imaging with a novel tracer should
have a role in detection and grading of the primary tumor,
evaluation of local invasiveness and resectability using
more objective morphologic criteria, staging of distant
metastasis, and prediction and evaluation of the treatment
response after appropriate molecularly targeted treatment
or peptide receptor radionuclide therapy. Currently, efforts
are being made to differentiate the grade of NEN more
accurately using the CT perfusion technique (dynamic

Fig. 6. Discrepancy in determining resectability between imaging and surgery.

A. Contrast-enhanced axial CT scan in 48-year-old man with NET in body of pancreas. Scan shows 5-cm mass (arrow) distortion of contour of
main portal vein because of circumferential contact between tumor and portal vein of more than 180 degrees (arrowheads). These CT findings
may suggest vessel invasion and indicate unresectability. B. Surgical specimen. Exploratory surgery in this patient confirmed that tumor was
resectable in that main portal vein was severely compressed by tumor but without apparent vessel invasion. Therefore, distal pancreatectomy and
splenectomy were performed. Gross specimen showed well-defined, ovoid soft-tissue mass (M) in body of pancreas but without vessel invasion.
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contrast-enhanced [DCE] CT), diffusion-weighted imaging,
or DCE MRI. In previously published studies, quantitative
analysis of enhancement patterns and perfusion parameters
using DCE-MRI has been shown to be both objective and
helpful for evaluation of malignant diseases with regard

to both their diagnosis and monitoring of treatment (46,
47). The apparent diffusion coefficient (ADC) value seen
on diffusion-weighted imaging for a NEN is moderately
correlated with the WHO tumor grade (46, 48). Various
methods for calculating the ADC are now clinically
available; in addition to these, the intravoxel incoherent
motion model (49) allows for extraction of additional
parameters, such as the slow component of diffusion
(representing perfusion-free molecular diffusion), the fast
component of diffusion (incoherent microcirculation or
pseudodiffusion, representing microcapillary perfusion),
and the perfusion fraction, which can provide additional
information regarding tumor characteristics and changes
after administration of anti-angiogenic agents. Furthermore,
with dual-energy CT, by using two different energy levels,
i.e., 80 kVp and 140 kVp, instead of a single-energy

level as used by conventional CT, materials with different
molecular compositions can be differentiated and a variety
of datasets obtained, such as iodinated attenuation maps,
monochromatic images at various energy levels, and virtual
unenhanced images, all of which might add useful tissue
information and allow better contrast of tumor images and
normal tissue planes (50, 51). Functional imaging such as
PET-CT with a new tracer that uses an amine precursor, e.g.,
8F-dihydroxy-L-phenylalanine, F-DOPA and "'C-5-hydroxy-
L-tryptophan, or C-5-HTP to reflect the metabolic activity
of the tumor and not the receptor state, might have a role
in the future for evaluating the treatment response as a
complementary tool which seems to be insufficient to rely
on the current morphologic criteria.

CONCLUSION

We have reviewed the current concepts regarding the
diagnosis and management of pancreatic NENs as well as the
updates and controversies related to tumor grading, staging,
and resectability. Given the complexity of the management
strategies, the importance of the multidisciplinary team
approach has increased. Current management systems
are based on the best available evidence, although there
is a need for more evidence to support best practice in
several areas of ongoing controversy. Radiologists, as part

kjronline.org https://doi.org/10.3348/kjr.2018.0040
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of multidisciplinary teams, should be aware of the details
of current management as well as the controversies that

are not yet resolved so that they can provide practical and
helpful information to physicians and avoid unnecessary or
futile diagnostic investigations or therapeutic interventions.
Future research in pancreatic NEN imaging, including
morphologic and functional imaging techniques, will have

a role in resolving these controversies in the future in
accordance with the development of novel treatment and
updates from clinical trials.
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