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Abstract

Context—According to the 2017 World Health Organization classification, pancreatic
neuroendocrine neoplasms (PanNENSs) include a new category of pancreatic neuroendocrine
tumor, grade 3, which is often difficult to differentiate from pancreatic neuroendocrine carcinoma.
However, pancreatic neuroendocrine tumor grade 3 and pancreatic neuroendocrine carcinoma are
distinct entities with very different clinical presentation, prognosis, and therapeutic strategies.
Recent discoveries on the molecular characteristics of pancreatic neuroendocrine tumors also play
an essential role in the pathologic differential diagnosis of PanNENSs. In addition, the
histopathologic varieties of PanNENSs bring in many differential diagnoses with other pancreatic
neoplasms, especially acinar cell carcinoma, solid pseudopapillary neoplasm, and ductal
adenocarcinoma.

Objective—To provide a brief update of the World Health Organization classification; the
clinical, histopathologic, immunohistochemical, and molecular characteristics; and the differential
diagnoses and biological behavior of PanNENSs.

Data Sources—Analysis of the pertinent literature (PubMed) and authors’ clinical practice
experience based on institutional and consultation materials.

Conclusions—The evolving clinical, histopathologic, immunohistochemical, and molecular
features of PanNENSs are reviewed. Important differential diagnoses with other neoplasms of the
pancreas are discussed.

Pancreatic neuroendocrine neoplasms (PanNENS) account for approximately 1% to 5% of
all pancreatic neoplasms; however, autopsy studies have shown that the prevalence may be
as high as 10%.1° The incidence of PanNENS is increasing each year, largely because of the
improvement of available diagnostic modalities, such as endoscopic ultrasound, somatostatin
receptor scintigraphy, and positron emission tomography.6 During the past couple of
decades, PanNENSs have undergone multiple nomenclature and classification changes,
resulting in confusion between pathologists and clinicians.
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The 2017 World Health Organization (WHO) classification defines PanNENSs as neoplasms
with significant neuroendocrine differentiation and expression of neuroendocrine markers
such as synaptophysin and chromogranin.*® The WHO divides PanNENs into well-
differentiated neuroendocrine neoplasms (pancreatic neuroendocrine tumors [PanNETS]),
poorly differentiated neuroendocrine neoplasms (pancreatic neuroendocrine carcinomas
[PanNECs]), and mixed neuroendocrine-nonneuroendocrine neoplasms. The term
neuroendocrine implies that these tumors are derived from neural crest cells.2:6 However, it
is known that islet cells derive from endoderm, and the neoplastic cells in PanNENs
presumably have the same origin.” In fact, the WHO in 2000/2004 classified these
neoplasms as endocrine tumor/carcinoma.® Despite their embryologic derivation, PanNENs
are histologically similar to neural cells. Electron microscopy shows that the neoplastic cells
contain dense core granules, and the tumor cells express markers of neuroendocrine
differentiation (eg, synaptophysin and chromogranin).1-® Thus, in 2010, this group of tumors
was reclassified as neuroendocrine.

The WHO 2017 classification made a number of changes to the classification of PanNENSs.
One of the most prominent changes was the introduction of well-differentiated PanNEN
grade 3 (G3) to recognize that there have been an increasing number of cases of well-
differentiated PanNENs with high proliferation indices (Ki-67 >20% and/or mitotic rate
>20/10 high-power fields). Inevitably, this change has led to confusion about the
terminology and how to best distinguish PanNET G3 and PanNEC. A second major change
to PanNENSs in the WHO 2017 classification was the Ki-67 cutoff for PanNET G1. Ki-67
less than 3% cutoff is now used for G1 PanNETS (changed from the previous <2% cutoff),
rounded to the nearest whole number. A third change in the classification affects the
nomenclature used for mixed neoplasms. Mixed neuroendocrine-nonneuroendocrine
neoplasm is used to recognize that the mixed neoplasms may occasionally include well-
differentiated components and nonneuroendocrine components beside adenocarcinoma.
Lastly, recommendations were made for Ki-67 evaluation and reporting, which will be
discussed later in this review.

Considering the number of classification changes that have occurred during the last couple
of decades, there is confusion between pathologists and clinicians about the nomenclature
and grading of PanNENs. Management and prognosis differ widely among these PanNENSs,
so it is imperative to accurately differentiate these neoplasms and communicate effectively
with clinicians. This review will discuss the current classification update of PanNENS, their
diagnostic challenges, and their clinical, histopathologic, ancillary, and molecular features.

CLINICAL FEATURES

The WHO 2017 classification divides PanNENSs into PanNETs and PanNECSs, which are
genetically distinct entities with different clinical presentations, prognoses, and therapies
(Table 1).8:9 Pancreatic neuroendocrine tumors affect patients of a wide age range, with most
occurring in the third to sixth decade. The mean age at diagnosis is 50 to 56 years,?11 and
both sexes are affected equally.13° High-grade PanNETSs, however, have a predilection for
males, with a mean age of diagnosis of 52 years.}! The majority of PanNETSs are sporadic,
but about 10% to 20% of cases are found in association with hereditary syndromes.>
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Pancreatic neuroendocrine neoplasms are present in 20% to 70% of patients with multiple
endocrine neoplasia type 1 (MENL1), up to 20% of von Hippel-Lindau (VHL) syndrome
patients, approximately 1% of tuberous sclerosis complex (TSC) patients, and up to 10% of
neurofibromatosis type 1 (NF1) patients.12 Metastases are seen in 34% of low-grade
PanNETSs and 81% of high-grade PanNETs.1! Elevated serum chromogranin A (CgA) levels
have been found in 50% to 100% of patients with PanNETs and have been shown to
correlate with tumor burden and metastasis for PanNETs.13-15 However, because of CgA’s
low specificity and low sensitivity, its use is limited in monitoring therapy response.#14.16

Pancreatic neuroendocrine carcinomas are incredibly rare, accounting for approximately 2%
to 3% of all PanNENSs.17 They are aggressive tumors, and 95% to 100% of patients develop
metastatic disease.?10:18.19 Because of the rarity of PanNECs, most of our understanding
comes from case reports and small series studies. Review of the literature shows that there is
a slight male predilection, affecting men mostly in their sixth to seventh decade of age, with
a mean age of diagnosis of 59 to 65 years.>9:11.18.19 Although CgA is a useful marker for
PanNETSs, it is less useful for PanNECs, especially small cell carcinoma.13:14 This may be
because of the lower number of large dense-core granules within small cell carcinoma,
leading to reduced release of CgA.13 Instead, neuron-specific enolase (NSE) has a better
sensitivity for PanNECs; however, its use is still limited by its low specificity.1315 A
comparison of clinicopathologic characteristics between PanNETs and PanNECs is
summarized in Table 1.

Pancreatic neuroendocrine neoplasms can be further divided into functional and
nonfunctional neoplasms based on the presence of symptoms and clinical presentation.
Functional PanNENs account for 10% to 30% of PanNENs and are defined by the
production of inappropriate hormone and a clinical syndrome related to that hormone (Table
2).6.15.20 Because of the presence of a clinical syndrome, these PanNENSs tend to be
diagnosed earlier than nonfunctional PanNENSs. The mean age of diagnosis is 55 years for
functional and 59 years for nonfunctional PanNENs.321 The secreted hormone characterizes
the clinical presentation, and the clinical diagnosis corresponds to the hormone produced as
well (eg, insulinoma). Insulinomas (40%-60%) and gastrinomas (20%%-50%) are the most
common, followed by VIPoma, glucagonoma, and somatostatinoma.22 Specific functional
PanNETSs carry prognostic complications. For example, insulinomas have a more indolent
course.l

Nonfunctional PanNENs account for approximately 60% to 90% of all PanNENs. 1521 A
critical consideration is that nonfunctional PanNENS are defined by lack of hormone-related
symptoms rather than lack of hormone production. Thus, nonfunctional PanNENS can either
produce or not produce hormones. The lack of symptoms in nonfunctional PanNENSs that do
release hormones has been attributed to unregulated secretion without intracellular buildup
of larger levels of hormone.3 Because there is no clinical presentation, nonfunctional
PanNENSs are often found incidentally on imaging. Patients may present with symptoms due
to the tumor mass, such as abdominal pain (40%-60%), weight loss, intestinal bleeding,
obstruction, and jaundice.1520 Because nonfunctional PanNENSs are diagnosed later, they are
often large (about 70% >5 cm) and found at an advanced stage (60%—85% with liver
metastases).1>20 Nearly all PanNECs are nonfunctional.®18
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There are multiple available imaging modalities that are used to screen for PanNENSs. The
most common initial screening tool is contrast-enhanced computed tomography (CT). On
CT, PanNENSs appear as hypervascular masses that are often round and solid, though about
10% do present as cystic lesions with peripheral enhancement.# Computed tomography has a
sensitivity of about 63% to 82% and a specificity of about 83% to 100% for PanNETSs larger
than 2 cm.# Magnetic resonance imaging is considered a second-line method for PanNEN
detection. It has a higher sensitivity than CT and can detect PanNENS less than 2 cm as well
as small liver metastases, but has a lower specificity.*

Somatostatin receptor scintigraphy is another imaging modality that is used, especially when
a functional PanNEN is suspected but not seen on CT or magnetic resonance imaging. Many
PanNENSs, including nonfunctional PanNENS, express high levels of somatostatin receptors,
and radiolabeled octreotide is used to visualize these neoplasms. Sensitivity can be as high
as 75% to 100%; however, insulinomas and PanNECs have low levels of somatostatin
receptor expression and are not usually detected.* Positron emission tomography cannot
detect most PanNETS because of their low metabolic activity, but PanNECs have increased
metabolic rate with 18F-fluorodeoxyglucose uptake and can be visualized on positron
emission tomography. Activity of 18F-fluorodeoxyglucose has been correlated with
progression and increased mortality. A recently approved diagnostic tool is 68Ga-
DOTATATE, a somatostatin analog labeled with a gallium tracer, which has been shown to
have higher sensitivity than 18F-fluorodeoxyglucose for neuroendocrine tumors.23:24 A
combination of positron emission tomography with 68Ga-DOTATATE and CT is becoming
the preferred method over somatostatin receptor scintigraphy.

Endoscopic ultrasonography can provide a high-resolution image of the pancreas. Studies
have shown that it could detect tumors smaller than 2 cm that are often missed on CT.
Pancreatic neuroendocrine tumors appear as well-defined hypoechoic homogenous lesions.*
The majority are solid, but they occasionally may be cystic. Peripancreatic abnormalities,
such as local lymph node and vascular invasion, can be detected by endoscopic
ultrasonography. Endoscopic ultrasonography may also be used to tattoo small lesions and
for fine-needle aspiration to acquire tissue for histologic confirmation prior to surgery.
Although endoscopic ultrasonography has high sensitivity that is equal to that of CT and
magnetic resonance imaging, it is limited by the endoscopist and the limited window of the
pancreatic tail.

HISTOPATHOLOGY

Grossly, PanNENSs are usually solid tumors in the body or tail of the pancreas, although they
may involve the entire pancreas.1” Tumors range from less than 0.5 to 30 cm and are often
softer than the adjacent normal pancreas. Functional tumors are often found at a smaller
size, typically less than 2 cm. Microadenomas (<0.5 cm), on the other hand, are nearly
always nonfunctional.1” Tumors larger than 3 cm tend to be more aggressive, though
severity of symptoms does not correlate with size. Pancreatic neuroendocrine tumors tend to
be solitary, well-circumscribed tumors that vary in color from pink-red to tan-brown (Figure
1, A). Occasionally, they may be firm and sclerotic, appearing white-gray to yellow.1” About
5% of tumors are cystic (Figure 1, B); these also tend to be larger.10 Pancreatic
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neuroendocrine carcinomas are typically solid, relatively circumscribed, and lobulated
tumors that are tan-red to yellow.® They are often hemorrhagic and occasionally can be
necrotic.3 One study showed that PanNECs occur more often in the head of the pancreas,
unlike PanNETS, which often occur in the body and tail. Pancreatic neuroendocrine
carcinoma sizes range from 2 to 18 cm (median, 4 cm).>°

Low-Grade Well-Differentiated PanNENs (PanNETs, G1 and G2)

Well-differentiated PanNENSs have a variety of histopathologic appearances. Differentiation
refers to how well the tumor resembles the original structures, which for PanNETSs are the
islets of Langerhans. Well-differentiated PanNENSs typically have an organoid architecture
with patterns including solid, trabecular, glandular, and tubuloacinar (Figure 2).3 Cells are
small to medium in size, with finely granular, eosinophilic cytoplasm. Nuclei are typically
round or oval and are centrally located with finely stippled chromatin that gives the classic
salt-and-pepper neuroendocrine appearance. The stroma is usually richly vascularized with
variable fibrosis. There is minimal atypia and necrosis is not typically present in low-grade
PanNETSs (G1 and G2).

Although the overall architecture and cytomorphologic features of functioning and
nonfunctioning PanNETS are the same, there are a few features that can differentiate
between types of functioning PanNETs. Amyloid is a unique finding that may be present in
insulinomas. Somatostatinomas tend to have a more glandular architecture and will
occasionally have psammoma bodies.3 Dense stromal fibrosis has also been seen in the rare
serotonin-secreting PanNETs.2

There are a few rare variants of PanNETS that often pose a diagnostic challenge. Clear cell
variant can be found in up to 60% of PanNETs associated with VHL and is characterized by
small to medium-sized cells with clear, multivacuolated cytoplasm and round nuclei with
salt-and-pepper chromatin (Figure 3).5:26 These cells may comprise 30% to 95% of the
tumor and are often accompanied by central hemorrhage that is separated by thin-walled
vessels.26 This variant is particularly challenging as it resembles clear cell renal cell
carcinoma, so metastasis to the pancreas needs to be ruled out.

Lipid-rich variant is commonly mistaken for clear cell variant and is characterized by cells
with foamy, micro-vesicular cytoplasm. The cells mimic adrenal cortical cells and foamy
macrophages; however, electron microscopy confirms that the cytoplasmic vacuoles are
filled with lipid. The nuclear features are typically similar to those of other PanNETSs, with
round nuclei, finely granular cytoplasm, and salt-and-pepper chromatin. However, some
nuclei may be pyknotic and partially obscured by intracytoplasmic vesicles, and the classic
neuroendocrine chromatin is not as evident. Most cases have vague compartmentalization by
delicate vasculature. Unlike the clear cell variant, lipid-rich variant is not significantly
associated with VHL.27

Other rare variants include oncocytic, rhabdoid, and pigmented black neuroendocrine
neoplasm. The oncocytic variant is composed of large cells with granular, eosinophilic
cytoplasm and is found in approximately 7% of PanNENSs.17:28 The rhabdoid variant is
characterized by cells with abundant cytoplasm and eosinophilic globular inclusions that
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displace the nuclei toward the periphery.2? Lastly, pigmented black neoplasms are PanNETs
with neoplastic cells that contain brown-black pigment, and morphologically these
neoplasms mimic metastatic melanoma.3? Pancreatic neuroendocrine tumor variants are
difficult to diagnose on the basis of morphology alone, and immunohistochemistry is
particularly beneficial for demonstrating their neuroendocrine differentiation.

High-Grade Well- and Poorly Differentiated PanNENs (PanNET G3 and PanNEC)

The new WHO 2017 classification acknowledges that well-differentiated PanNENs may be
classified as high grade (G3) and are distinct from poorly differentiated PanNECs.
Numerous studies have shown that PanNET G3 and PanNEC are distinct entities with
different clinical outcomes.1-6:219 The entity that is now considered well-differentiated
PanNET G3 has many morphologic similarities to low-grade PanNETSs. They tend to have a
similar organoid architecture with neoplastic cells that have abundant granular cytoplasm
and salt-and-pepper chromatin (Figure 4, A through C).1! Studies have shown that high-
grade PanNETS have a more indolent course and a poorer response to platinum-based
chemotherapy compared with poorly differentiated PanNECs.1:6:11.19 To further support that
these 2 entities are separate, distinct molecular pathways have been implicated, which will
be discussed later. Because clinical management differs, it is important to accurately
differentiate these neoplasms.

Poorly differentiated PanNENS are always considered high grade and are classified as
PanNECs in the WHO 2017 classification. Pancreatic neuroendocrine carcinomas are
composed of highly atypical neoplastic cells and can be further subclassified by their cell
size into small cell and large cell carcinoma (Figure 4, D and E). Both the small cell and the
large cell variants resemble respective carcinomas of the lung. The small cell variant is
generally composed of diffuse sheets of small cells with molding and hyperchromatic nuclei
with inconspicuous nucleoli and scant cytoplasm, whereas large cell has moderate to
abundant eosinophilic cytoplasm with vesicular nuclei and prominent nucleoli. Large cell
(61%) is more common than small cell (39%).° In general, the neoplastic cells in PanNECs
are pleomorphic and the classic salt-and-pepper chromatin is not as evident. Geographic
necrosis as well as perineural and angiolymphatic invasion are often present in PanNECs.919

Histologically, high-grade PanNET G3 can be difficult to differentiate from PanNEC (Figure
4). Well-differentiated PanNET may rarely have marked nuclear pleomorphism, diffuse
infiltrative patterns, as well as necrosis, making it difficult to separate from PanNECs.®
There are several critical factors to assess when distinguishing between high-grade well-
differentiated and poorly differentiated PanNENSs, including proliferative rate, organoid
growth pattern, and extent of necrosis (Table 1).1° Some studies have shown that PanNECs
on average have a significantly higher proliferative rate, with a Ki-67 rate typically about
50% to 70%.° Pancreatic neuroendocrine carcinomas often have abundant mitosis and
apoptotic bodies as well as tumor necrosis. Coexistence of a conventional carcinoma, such
as adenocarcinoma, is also highly suggestive of PanNECs; well-differentiated PanNETs
rarely combine with conventional carcinoma elements.! On the other hand, coexistence of a
low-grade PanNET supports a diagnosis of PanNET G3 because PanNECs do not arise from
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PanNETSs. Additionally, a history of a low-grade PanNET on a previous biopsy also supports
a high-grade PanNET over a PanNEC.1

Despite the aforementioned histologic clues to differentiate high-grade PanNETs G3 from
PanNECs, Tang et al119 reviewed 33 cases of high-grade PanNENSs and found that
morphology alone was not enough to reach a definitive diagnosis in 61% of cases. Clinical
presentation and diagnostic workup are critical to distinguish challenging high-grade
PanNENSs. High-grade PanNET G3 is more likely to be found incidentally and more likely to
be functional than PanNEC. This can partly be attributed to the fact that PanNECs grow
more rapidly and are more likely to present with obstructive symptoms like abdominal pain,
jaundice, and weight loss. Pancreatitis and diabetes are also more common in PanNECs.
Diagnostic imaging differs, as previously discussed. Genetic studies have shown that
PanNETSs have death domain—associated protein (DAXX) and a-thalassemia/mental
retardation X-linked (ATRX) gene mutations, which can be demonstrated as a loss of
DAXX/ATRX immunohistochemical staining in up to 43% of high-grade PanNETs.1:31:32
Pancreatic neuroendocrine carcinomas, on the other hand, can have mutations in 7P53, RB1,
KRAS, and SMAD4, and the abnormal expression of p53 and/or RB can be found in 92% of
PanNECs.1:®

Large cell neuroendocrine carcinomas have variable growth patterns, including diffuse,
organoid/nested, and trabecular. Occasionally, pseudopapillae may be seen, especially in the
peripheries of necrotic areas, and peripheral palisading may occur.219 Rarely, they may have
a glandular architecture. Apoptotic figures and mitotic figures are abundant, but tend to be
less prominent than in small cell carcinomas. Cells are round to polygonal with nuclei with
vesicular chromatin and prominent nucleoli.®11.19

Small cell neuroendocrine carcinomas predominantly have diffuse, sheetlike growth
patterns. Scattered tumor giant cells with hyperchromatic bizarre nuclei or rosettes have
been reported. Tumor cells are relatively small, with high nucleus to cytoplasm ratio,
hyperchromatic nuclei with inconspicuous nucleoli, gritty chromatin, and nuclear molding.®
There is often stromal desmoplasia, and background necrosis is invariably present, ranging
from small foci to geographic necrosis. These tumors tend to have more than 50 mitoses per
10 high-power fields and often have higher mitotic rates and Ki-67 proliferative index
compared with large cell carcinoma.

Mixed Neuroendocrine-Nonneuroendocrine Neoplasms

Mixed neuroendocrine-nonneuroendocrine neoplasm is defined as a mixed neoplasm with
both neuroendocrine and nonneuroendocrine components, where each component must
account for more than 30% of the cell population. Typically, the neuroendocrine component
is mixed with a ductal adenocarcinoma, but it may occasionally be mixed with acinar cell
carcinoma.33 Usually, all of the involved components are high-grade.®

Proliferation Indices

Because differentiating low-grade from high-grade PanNENSs is largely dependent on the
proliferation indices, reproducibility of counting mitoses and Ki-67—positive cells is
necessary. The WHO 2017 classification made recommendations for Ki-67 and mitosis
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reporting, stating that the Ki-67 index should be based on counting at least 500 cells in
higher nuclear labeling areas (“hot spots™) and that mitoses in 50 high-power fields should
be counted. For discrepancies between Ki-67 index and mitotic index grading, the higher
grade is assigned. Lastly, “eyeballing” is discouraged and manual counting of printed images
is recommended.

Discordant mitotic and Ki-67 indices can occur in up to a third of cases.34 Many studies
have demonstrated that assigning the higher grade in cases of discordant mitotic index and
Ki-67 index does have a significant difference in prognoses.®:34 In the majority of these
cases, the Ki-67 index is higher because mitoses tend to decrease over time from resection to
tissue fixation. On the other hand, time to fixation does not affect Ki-67 as it labels cells
from mid-G1 to S and G2 phases.®

Some issues that have made reproducibility difficult include identification of true mitoses
from mimics, non-specificity of Ki-67 stain, and interlaboratory and intralaboratory
variation. The biggest mitotic mimicker is apoptotic debris and pyknotic nuclei, and Ki-67
can be positive in intratumoral lymphocytes as well as endothelial cells.6:34 Some authors
recommend using phosphohistone H3 immunohistochemical stain to separate pyknotic
nuclei from true mitoses and identify hot spots.1:6 Lastly, fixation and processing affects the
staining quality, and currently, there is no standardization of staining.3

Although the WHO 2017 classification has recommendations, the method of Ki-67 counting
is still a subject of much discussion. Counting at least 500 cells is time consuming and not
entirely practical in busy services. However, eyeballing leads to poor reproducibility.5:34
Automated systems have been explored, but limitations include high costs and operator
experience. As the WHO 2017 classification suggests, many studies have opted in favor of
manual counting of a printed image as the most reproducible and accessible method.®

Metastatic PanNENSs are common. Metastases are seen in more than 50% of PanNETs and
up to 100% of PanNECs, and most often involve the liver and lymph nodes.1:910:11 Ope
study has shown that grade discrepancies between the primary tumor and metastasis occur in
up to 55% of cases, and patients have a poorer prognosis when the liver metastasis has a
higher grade than the primary tumor. Therefore it is recommended to regrade metastatic
deposits with mitotic counts and Ki-67.6:35

It is challenging to identify the primary tumor in neuroendocrine metastases because there is
significant morphologic overlap among neuroendocrine neoplasms from the pancreas, other
gastrointestinal sites, and pulmonary sites. Immunohistochemical stains are recommended
for diagnosis, especially in the context of a pulmonary nodule or no clinical history. A recent
study found that a 3-marker panel (TTF1, CDX2, and ISL1) has relatively high accuracy
(82%) in separating metastatic NETs into 3 main primary sites: pancreas/rectum, small
intestine, and lung.3® Another study has shown that a combination of Pax8, NESP55, Islet 1,
and PDX1 is the most specific for PanNENSs.8 TTF1 positivity in isolation is a fairly specific
marker that favors pulmonary primary, but it is not sensitive.8 Molecular methods have also
been used to confirm the primary tumor, such as reverse-transcription polymerase chain
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reaction molecular cancer classifier (92-gene assay); however, this is a costly method and
fresh-frozen tissue is not always available.® Fluorescence in situ hybridization is another
possible tool, as studies® have shown that PanNEN liver metastases were positive for
alternative lengthening of telomeres in 56% of cases, whereas other gastrointestinal
neuroendocrine neoplasms were positive for alternative lengthening of telomeres in only 4%
of cases.

Differential Diagnosis

Because of the variable architecture and cytomorphologic features that are possible in
PanNENSs, there is a large differential, and here we will address some of the neoplasms that
are more commonly mistaken for PanNENs. The most common entities with overlapping
histopathologic features include acinar cell carcinoma, solid pseudopapillary neoplasm, and
pancreatic ductal adenocarcinoma (Figure 5).

Acinar cell carcinomas are most commonly associated with an acinar architectural pattern,
but like PanNENS, they can have a variety of patterns that overlap with PanNENSs, including
trabecular, glandular, and solid. Furthermore, PanNENs may also display acinar formation.1’
Microscopically, most acinar cell carcinomas have a loose, acinar to clustered arrangement
(Figure 5, A). The neoplastic cells have round nuclei with prominent, cherry-red nucleoli,
and significant granular, eosinophilic cytoplasm. However, some acinar cell carcinomas can
have inconspicuous nucleoli and focal expression of neuroendocrine markers, and thus they
are probably the most relevant mimickers of PanNENs. More importantly, acinar cell
carcinomas are positive for trypsin (Figure 5, B), BCL10, and chymotrypsin, which are
negative in PanNENs,10.33.37

Solid pseudopapillary neoplasms are most commonly seen in young females and will not
produce a clinical hormone syndrome. They are usually large tumors, found in the body and
tail of the pancreas. Microscopically, they have a degenerative papillary appearance, with
foamy histiocytes and broad, hyalinized to myxoid septa. The neoplastic cells typically have
oval nuclei with grooves, fold, or clefts (Figure 5, C). Blood and necrosis are common. Solid
pseudopapillary neoplasms are positive for CD56, NSE, and synaptophysin, which can lead
to a misdiagnosis of neuroendocrine tumor. However, they are positive for B-catenin and are
negative for chromogranin (Figure 5, D).’

Some PanNENs have marked nuclear atypia, and can sometimes be mistaken for pancreatic
ductal adenocarcinomas.1” Microscopically, pancreatic ductal adenocarcinomas often have
glandular architecture, but can have single-cell infiltration, and the neoplastic cells have
irregular nuclear chromatin and prominent nucleoli. Overall, pancreatic ductal
adenocarcinoma cells tend to be more pleomorphic than those in PanNENS. Pancreatic
ductal adenocarcinomas often have necrosis and a high mitotic rate, which can make them
difficult to distinguish from PanNECs.?

IMMUNOHISTOCHEMISTRY AND MOLECULAR STUDIES

Immunohistochemical stains are useful for demonstrating the neuroendocrine features of
PanNENSs. Pancreatic neuroendocrine neoplasms are positive for synaptophysin,

Arch Pathol Lab Med. Author manuscript; available in PMC 2020 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Fang and Shi

Page 10

chromogranin, NSE, CD56, and CD57. More than 95% of PanNENS express synaptophysin
and/or CgA.17 Of these neuroendocrine markers, CgA is the most sensitive and will stain
apically and focally; however, it is not specific. Synaptophysin stain is generally diffuse and
strong, but will be weaker in PanNECs compared with PanNETs.3 Other useful stains
include CK, especially CK8/18/CAMb.2, and E-cadherin.

Specific hormone markers are available to demonstrate hormone production, which may be
useful for functional PanNENs. However, utility in patients without a clinical syndrome is
uncertain. Hormone production can occur in patients without resulting in a clinical
syndrome, but the PanNEN is not classified as a functional tumor in these cases.
Nevertheless, hormone markers are available for insulin, glucagon, somatostatin, gastrin,
VIP, polypeptide, and serotonin, and the staining and distribution of these markers are
unrelated to symptom severity. Staining can vary from focal to diffuse, and multiple
hormones or peptides are frequently detected within the same tumor.

There have been 3 main molecular pathways implicated in PanNETs: MENZ inactivation
(44%), DAXXIATRX mutation and/or loss (43%), and mammalian target of rapamycin
(mTOR) pathway alterations (14%), which include PTEN, TSC2 and PIK3CA.6 Those with
MENI1 and DAXXIATRX alterations carry a better prognosis overall, whereas those with
mTOR mutations have a worse prognosis.1®38 MJENI is the most common mutation found
in hereditary PanNETs. VHL, NF1, and TSC1 diseases have a poorer prognosis compared
with MEN1 tumors.38

MENI gene is a tumor-suppressor gene, located on chromosome 11g13, that encodes for
menin, which promotes the expression of cell cycle inhibitors and prevents p-cell
proliferation.8:1 AJENZ mutation is found in approximately 21% of sporadic PanNETSs.
6.15.38 5ome studies!® suggest that there may be a tumor suppressor gene distal to the menin
gene involved with tumorigenesis of PanNETs. Recent studies® have also shown that
disruption of tumor suppression in MENL1 is dependent on the PI3K-Akt-mTOR pathway,
and is mediated by PHLDAZ3, an inhibitor of Akt. DAXX/ATRX, on the other hand, is
important for telomeric chromatin stabilization, and dysregulation results in unlimited cell
cycling of neoplastic cells.®

VHL gene impairment is also associated with nearly 25% of sporadic PanNETSs and is
associated with a worse prognosis.38 Previous literature3® states that somatic mutations of
the VHL gene are rare. However, Schmitt et al38 found that 6% (n=37) of PanNETSs had
hypermethylation in the VAL promoter, and fluorescence in situ hybridization demonstrated
that 18% (n = 78) of their tumors had a VHL gene deletion. It has been proposed that VHL,
as well as NF1 and TSC1, is important in hypoxia signaling, which has been shown to have
arole in sporadic PanNETSs. The pVHL protein is found in a protein complex that marks
hypoxia inducible factor 1 (HIF1) for proteasomal degradation, so a decrease of pVHL
results in a buildup of HIF1 and subsequently increased transcription of hypoxia-inducible
genes.38

The genes implicated in PanNETSs are distinct from those associated with PanNECs and
mixed neuroendocrine-nonneuroendocrine neoplasms. The molecular alterations in
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PanNECs and mixed neuroendocrine-nonneuroendocrine neoplasms are more similar to
adenocarcinomas, which are associated with microsatellite instability, and 7P53, KRAS,
APC, BRAF, and RB mutations.® Conversely, DAXXI ATRX mutations are not found in
PanNECs. 7P53and RB are tumor suppressor genes that are important for cell division and
apoptosis, and whereas inactivation of the TP53 and Rb/p16 pathways has been implicated
in PanNECs, no such relationship has been found in PanNETs.19:19 Abnormal 7P53and RB
gene expression can be demonstrated by immunohistochemical stains in PanNECS, either as
a strong nuclear expression of TP53 due to nuclear accumulation caused by the gene
mutation or as a loss of RB expression.®

Finally, whole-genome sequencing is continuously discovering new gene mutations that may
be involved with tumorigenesis of PanNETSs. Novel germline mutations in DNA repair genes
such as MUTYH, CHECK?Z2, and BRCAZ have been discovered in sporadic PanNETs.1°
Studies on promoter hypermethylation, resulting in silencing of tumor suppressor genes,
have shown that RASSFIA, p16/INK4A, and O6-MGMT may also be involved with
PanNETs tumorigenesis.1®> Despite an increased understanding of PanNETSs genetics, there
is no evidence that identifying specific genetic changes impacts management. Thus, genetic
analysis is not currently recommended.1®

PROGNOSIS AND TREATMENT

Most PanNENSs follow an indolent course, and adverse prognostic factors include tumor
size, functional status, metastasis, and tumor grade. A Ki-67 greater than 5% has also been
associated with a worse prognosis.3® For low-grade PanNETS, the overall 10-year survival is
60% to 70%.10 Small, low-grade PanNETSs that are less than 2 cm in size have a 10-year
survival of more than 95%.10 High-grade PanNENSs, however, carry a poor prognosis. High-
grade (G3) PanNETSs have a 5-year survival of 22%, compared with the 5-year survival of
61% in G2 PanNETSs. Pancreatic neuroendocrine carcinomas have a 5-year survival of 17%.
10.18 Because of the wide spectrum of presentation and prognoses, a multidisciplinary
approach is recommended for every case.

The standard treatment approach in all PanNET cases is surgery, either exploratory
laparotomy or a laparoscopic or robotic approach. It is especially recommended for cases
associated with tumor complications such as bleeding and bowel obstruction.® For small
(<2 cm), nonfunctional, low-grade PanNETS, surgery may be delayed for a wait-and-see
approach because of their indolent nature. However, some studies have shown that nodal
metastases occur in up to 30% of these patients, so surgical resection has been advocated
regardless.1> An important consideration prior to surgery is the functionality of the
neoplasm. Surgery is recommended for all functional tumors, and it is also recommended to
reduce symptoms via medical management prior to surgery.1® Additional drug therapy is
recommended in PanNENSs with aggressive and extensive disease.

There are multiple drug therapies available for PanNETS. Long-acting somatostatin
analogues, such as octreotide, lanreotide, and pasireotide, have been considered the mainstay
therapy for PanNETs. The majority of PanNETS have a high expression of somatostatin
receptors, and somatostatin both inhibits the release of neuroendocrine hormones and has a
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direct antiproliferative effect on the tumors.8-14.15 However, the tumor response to
somatostatin analogues decreases in higher-grade PanNETSs, and a significant reduction in
effectiveness has been noted in PanNETSs with Ki-67 more than 5%.% Somatostatin
analogues are not recommended for PanNECs.6:14.15

For more aggressive PanNETS, cytotoxic chemotherapy and molecular therapy are also
available. A combination of streptozotocin and fluorouracil is recommended in PanNETS
with Ki-67 more than 10%, as well as for tumors that progressed while treated with
somatostatin analogues.® Temozolomide has also been found to be beneficial for advanced
PanNETSs, especially when combined with other agents.1> Molecular therapies including
everolimus, an mTOR inhibitor, and sunitinib, a tyrosine kinase inhibitor, have been found to
be effective against advanced PanNETs G1 and G2.6:14.15.20 el |-differentiated PanNENSs
with a Ki-67 less than 55% have a decent response to cytotoxic chemotherapy and molecular
therapy, whereas PanNET G3 with Ki-67 more than 55% is less likely to respond and may
be more likely to response to platinum-based chemotherapy.®15 However, well-
differentiated PanNENS, including high grade, have a poor response to platinum-based
chemotherapy. In fact, one review found that only an average of 9% of PanNET G3
responded to platinum-based therapy.23

Unlike PanNETSs, PanNECs have a favorable response to platinum-based chemotherapy.
1.6.9.15 A combination of alkylating agents and antimetabolites along with the platinum-
based chemotherapy is recommended, especially in tumors with Ki-67 more than 55%.1 At
this time, both small cell and large cell PanNECs are managed similarly, but some data
suggest that large cell carcinomas do not respond to platinum-based chemotherapy as well as
small cell carcinomas.18 An optimal chemotherapy regimen has not been determined for
large cell PanNECs.

Metastases of PanNENs are common in the liver. Localized metastases are handled
surgically, but unresectable cases may need additional radio/chemotherapies.? Somatostatin
analogues are recommended in advanced PanNETS, especially those with multiple liver
metastases.l15> Metastatic PanNECs are commonly treated with platinum-based
chemotherapy.6

CONCLUSION

Pancreatic neuroendocrine neoplasm continues to be a challenging entity to diagnose. The
WHO 2017 classification added well-differentiated high-grade PanNETs G3 to acknowledge
that there is a distinct entity with high proliferation indices separate from PanNECs.
Pancreatic neuroendocrine tumors G3 have the same molecular mutations as low-grade
PanNETSs and are clinically and molecularly distinct from PanNECSs. They respond to the
same chemotherapy regimen as low-grade PanNETS, but carry a worse prognosis than
PanNETs G1 and G2 and a better prognosis than PanNECs. Because the prognoses and
therapeutic strategies differ so drastically between PanNET G3 and PanNEC, it is imperative
to accurately distinguish the 2 for proper clinical care.
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Figurel.
Well-differentiated low-grade pancreatic neuroendocrine tumors (PanNETS), macroscopic:

solitary tumors that are well circumscribed and range in color from pink-red to tan-brown.
A, Most tumors are solid. B, A small fraction can have cystic degeneration and hemorrhage.
These 2 tumors were microscopically consistent with grade 2 PanNETS.
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Figure 2.

Low-grade well-differentiated pancreatic neuroendocrine tumors (PanNETS). A, Grade 1
PanNET: small cells with finely granular cytoplasm and classic salt-and-pepper chromatin,
arranged in a trabecular pattern. C, Grade 2 PanNET. B and D, Ki-67 less than 3% and 3%

to 20% classifies these PanNETS into grades 1 and 2, respectively (hematoxylin-eosin,
original magnification x200 [A and C]; original magnification x100 [B and D]).
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Figure 3.
Clear cell variant of pancreatic neuroendocrine tumors (PanNETS). A, Small cells with clear,

multivacuolated cytoplasm. Salt-and-pepper chromatin may be difficult to appreciate. B,
Strong, diffuse synaptophysin staining supports neuroendocrine differentiation. C, Low
Ki-67 less than 3% supports PanNET grade 1 (hematoxylin-eosin, original magnification
%200 [A]; original magnification x200 [B and C]).
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Figure 4.
Morphologic resemblance among high-grade pancreatic neuroendocrine neoplasms. A

through C, Well-differentiated pancreatic neuroendocrine tumor (PanNET), grade 3. B,
Ki-67 more than 20% classifies this PanNET into grade 3. D, Poorly differentiated
pancreatic neuroendocrine carcinoma (PanNEC), large cell carcinoma. E, Poorly
differentiated PanNEC, small cell carcinoma (hematoxylin-eosin, original magnification
%200 [A, C, D, and EJ; original magnification x100 [B]).
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Figureb.
Morphologic mimickers of pancreatic neuroendocrine neoplasms. A and B, Acinar cell

carcinoma: relatively uniform cells forming acinar architecture with granular, eosinophilic
cytoplasm. B, Trypsin immunohistochemical stain is strongly positive. C and D, Solid
pseudopapillary neoplasm: sheets of polygonal cells with degenerative changes. D, The
tumor cells are diffusely positive for nuclear p-catenin (hematoxylin-eosin, original
magnification x100 [A and C]; original magnification x400 [B and D]).
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