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Abstract: Significant improvements have taken place in our understanding of classification neuroendocrine
neoplasms of the pancreas in the past decade. These are now regarded in three entirely separate categories:
(I) neuroendocrine tumors (PanNETs) are by definition well differentiated, the pancreatic counterpart
of carcinoids; (IT) neuroendocrine carcinomas, which are poorly differentiated (PDNEC), the pancreatic
examples of small cell carcinomas or large cell neuroendocrine carcinomas; (IIT) other neoplasms that have
neuroendocrine differentiation or a distinct neuroendocrine component. PanNETs are by far the most
common. They are now regarded as malignancies (albeit often curable when low grade and low stage) with
the exception of minute incidental proliferations (tumorlets, or dysplastic-like changes) seen in the setting
of some syndromes like MEN. PanNETs are staged based on their size, and for small T1 tumors, watchful
waiting is now being considered, although these tumors are also known to show about 10% metastatic
rate and/or progression, creating concerns about this approach. PanNETs are graded into 3, based on the
proliferative activity, mostly based on the Ki-67 index, and also partly mitotic activity, although the latter
seldom if ever is the determinant of the final grade. Neuroendocrine neoplasms with well differentiated
morphology but Ki-67 >20% are now regarded as PanNET Grade 3 (G3); they have been shown to have a
prognosis significantly worse than lesser grade PanNETs but still incomparably better than frank PDNECs,
the latter typically has Ki-67 >50% (often much higher) and require platinum-based chemotherapy. There
are also cases that are ambiguous between PanNET-G3 and PDNEC, and very rarely transformation of
the former to the latter appears to occur. For low grade (G1/G2) PanNETS, more refined criteria to further
prognosticate this group are needed. Morphologic variants being recognized may bring new perspectives to
this group.
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Introduction decade, the efforts of European Neuroendocrine Tumor

The concepts regarding neuroendocrine neoplasms arising Society (ENETS) and North American Neuroendocrine
in the pancreas, their terminology, classification and Society (NANETS) have begun to merge with multiple
prognostication have been ever-evolving (1-3). In the past international collaborative studies and consensus
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manuscripts (4-6), leading to several improvements and
revisions, including the updated category designation of
“Pancreatic Neuroendocrine Neoplasm (PanNEN)”, with
the recognition of the rarer poorly differentiated pancreatic
neuroendocrine carcinomas (PDNECs) as a separate
tumor type different than conventional well-differentiated
neuroendocrine tumors (PanNETs) of this organ, also
included in the World Health Organization (WHO) 2019
classification (2,7). Consequently, a more unified approach
to the grading and prognostication of these neoplasms
have been achieved. Many of the molecular/genetic
characteristics of these tumors have been elucidated (8-14).
However, at the same time, many of the controversies
and gaps regarding these tumors also still remain. In the
ensuing text, an update regarding the current concepts
and controversies in the pathology of “PanNENs” will be
provided.

Evolution of terminology

Originally believed to be tumors arising from islets of
Langerhans cells, these neoplasms had been initially
designated “islet cell tumors” and “islet cell carcinomas”
(15,16). However, because of their analogy with other
endocrine neoplasms and carcinoids, and because the cell
of origin is not necessarily provable to be the islets, the
terminology of “endocrine tumor” was adopted instead (17).
Later, the term was modified to “neuroendocrine” with
the goal of distinguishing their identity from neoplasms of
endocrine organs such as adrenal and thyroid.

Transformation of biologic perspective: all
pancreatic neuroendocrine neoplasms are
malignant

The indolent nature of these tumors was appreciated early
on, and in fact, it was believed that smaller examples may be
benign, thus the term “adenoma” was used for years (18).
In the 1996 fascicle of Armed Forces Institute of Pathology,
a category of “macroadenoma” was recognized for those
<3 cm. Later, it became clear that all PanNETs with the
exception of those “dysplastic-like” islet cells proliferations
that are found in the setting of genetic syndromes like
MENTI1 or “adenomatosis” syndromes (19,20), or perhaps
those diminutive incidental lesions (<0.5 cm), all PanNETs
are malignant, albeit mostly slow-growing and often
curable, especially if small and low grade (2,3,21,22). Please
see below for prognostication and size issues.

© Journal of Gastrointestinal Oncology. All rights reserved.

549

There were slightly different views from Europe
versus the US regarding the biology of neoplasms with
neuroendocrine differentiation. The “adenoma” category
used by European authors (23) was never really endorsed
in the US, with most experts regarding all PanNETs
as malignant, and in fact some proposing to call all of
them carcinoma and to grade them as 1 to 3, with 1
corresponding the carcinoid, 2 to atypical carcinoids and
3 to full-blown small cell and large cell PDNECs (24,25);
however, this approach, while a better reflection of biology
and tumor categorization criteria, nevertheless was not
adopted.

“Pancreatic Neuroendocrine Tumor (PanNET)”
vs. “Poorly Differentiated Pancreatic
Neuroendocrine Carcinoma (PDNEC)” as two
distinct entities

In WHO-2017 endocrine blue book (26) and later in
WHO-2019 for gastrointestinal tract (2), PanNENs
were recognized as an over-arching conceptual category,
but at the same time two very distinct tumor categories
were recognized, determined solely on morphology: (I)
PanNETs, which are the well differentiated neuroendocrine
neoplasms representing what used to be known as “islet
cell tumors/carcinomas”, or the pancreatic counterparts
of “carcinoids”, with typically low proliferative activity,
median Ki-67 (<5%) and only occasional examples above
20%, which are now graded as PanNET Grade 3 (see
Figures 1-3); (II) PDNECs, which are the high-grade (poorly
differentiated) carcinomas with clear-cut neuroendocrine
lineage, are essentially the pancreatic counterparts of small
cell lung cancers or large-cell neuroendocrine carcinomas
of the lung, showing very high proliferative index (Ki-67
typically >50%), and thus much more aggressive and more
responsive to platinum based treatments, albeit temporarily
(see Figure 4) (27,28).

Rather than being two ends of a spectrum, these two
(PanNETs and PDNECs) are currently widely agreed
to be two entirely independent categories with different
origins and different biology, a belief that has been held
by us and many others in the US for years (29). PDNECs
are in essence neuroendocrine (or stem cell) counterparts
of poorly differentiated carcinomas/adenocarcinomas,
sometimes arising in association with them but almost
never from well differentiated PanNETs, and often showing
molecular/genetic alterations placing them phylogenetically
closer to adenocarcinomas (30). In contrast, PanNETs are
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Figure 1 Unlike pancreatic ductal adenocarcinomas which are scirrhous ill-defined lesions, the pancreatic neuroendocrine tumors typically

form a well-demarcated, relatively homogenous and fleshy tumors (A). This is because they are fairly cellular neoplasia in which there

is minimal or no stromal desmoplastic component but rather a delicate fibro-vascular stroma rich in capillaries (which are also often

appreciated at the radiologic level), intervening in between the nests of cells (Hematoxylin & eosin, 40x magnification) (B).
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Figure 2 At the high power microscopic examination, typical PanNETs form nested pattern (distinct, demarcated clusters) composed of
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uniform monotonous cells with fair amount of cytoplasm and the distinctive “salt and pepper” chromatin pattern characteristic of this tumor

type (Hematoxylin & eosin, 100x magnification) (A). Although mitotic activity is generally low, they can be readily evident in some cases (B)

which, if >2 per 10 high power fields, places the tumor in higher grade categories (Hematoxylin & eosin, 100x magnification).

closer to endocrine neoplasia, not showing association with
glandular epithelial malignancies, and showing molecular/
genetic alterations of endocrine tumors like MENT,
Neurofibromatosis, or von-Hippel Lindau syndromes
and not the molecular profile of ductal neoplasia (3,8-10).

Additionally, expression of somatostatin receptor on the
cell membranes is a typical feature of PanNETs, meanwhile
PDNECs do not express this molecule.

Thus, it is now clear that PanNETs and PDNECs are
not really a spectrum but distinct entities. Having said that,
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Figure 3 Neuroendocrine markers of synaptophysin, chromogranin and CDS56 are expressed in the vast majority of PanNETs, detectable

by immunohistochemical analysis. Among these, chromogranin is the most specific, while others can be seen in other tumor types.

Chromogranin immunostain typically shows a granular pattern (A) because it highlights the neurosecretory granules that are abundant in

the tumor cells (Chromogranin immunostain, 100x magnification). Ki-67 immunostain is performed to assess the proliferative index of the

tumor. In this case, the index was found to be >20% in the “hot spot” (B) placing the tumor into the “NET G3” category (previously called

“grade discordant”) (Ki-67 immunostain, 40x magnification).

in a small number of cases that is referred to as “ambiguous
category” (31), they can be impossible to distinguish from
each other, moreover, there seems to be occasional cross-
overs and transformations of a well differentiated PanNET
to PDNEC. However, this is very unusual and does not
negate the concept. This is an area that needs further
clarification.

PanNET-lets: precursors and early/microscopic
PanNETs

Precursor type PanNETs can be encountered in MEN1
patients or those with glucagon cell adenomatosis or insulin
cell adenomatosis, consisting of proliferative islets of
variable sizes and shapes (19,20,32). These can be regarded
as “dysplastic” at least conceptually, if not diagnostically,
when they form a clonal population forming a round
demarcated nodule, often with a capsule. However, naturally,
the definition of an autonomous/neoplastic process is
vague in these cases, fully blown tumors that are <0.5 cm is
acknowledged as “microadenomas”, although we report such
cases as “incidental microscopic PanNET, microadenoma”.
Microadenomas may exhibit loss of heterozygosity for the
MENT gene, as opposed to their precursor lesions (32), and
can also occur incidentally, in the absence of background
changes (proliferative islets) or hereditary syndromes.

© Journal of Gastrointestinal Oncology. All rights reserved.

Prognostication of PanNENs
PanNET or PDNEC

All PanNENs are malignant, perhaps with the exception
of the precursor type “dysplastic” lesions or the tumor-
lets described above. PanNETs are slow growing neoplasia
and those that are low grade and low stage are often
curable. PDNECs, on the other hand, are very aggressive
malignancies.

Therefore, the most important determination in the
evaluation of a PanNEN case, after it is firmly established
to be of neuroendocrine lineage, is whether it is a PanNET
or a PDNEC. The prognosis of PanNETs overall is
incomparably better (and largely in parallel with that of
“carcinoids”) whereas PDNECs are highly aggressive and
rapidly fatal cancers, as dismal, if not worse than ductal
adenocarcinomas (33,34). Even the grade-3 PanNETs, which
have higher proliferation index (Ki-67 >20% by definition,
and sometimes even up to 50%) are in fact closer to lower
grade PanNETs than they are to PDNECs (33). In some
cases, however, it is difficult to make this determination
and for such cases, immunohistochemical examination has
been proposed to make the final classification with p53
overexpression, DPC4 (SMAD4) loss and Retinoblastoma
loss pointing towards PDNEC, while loss of ATRX/DAXX
in favor of a PanNET (1,3,29,35-37). Similarly, somatostatin
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Figure 4 PDNECs are high-grade carcinomas that often show more diffuse growth pattern and necrosis (A) and displaying overt signs of

cytologic malignancy along with mitotic figures and apoptotic bodies (B) [Hematoxylin & eosin, 40x (A) and 100x (B) magnification].

receptor 2A expression is incomparably more common and
abundant in PanNET than PDNEC, which is not only
prognostically significant but also has great importance
in terms of stratifying patients into proper management
algorithms utilizing inhibitors of this molecule (35).
However, this also fails to make the determination in
rare occasions, and the case may have to be classified as
“ambiguous or indeterminate”. It should be kept in mind
tumor heterogeneity can lead to misclassifications and that
in time the diagnosis may have to be modified in some cases,
but these are very rare occurrences. In such cases, the close
clinical evaluation is the only way to appreciate the true
intent of the neoplasm.

Stage

As in any malignancy, the stage at presentation is one of the
most important determinants of outcome for PanNENSs.
There used to be different staging systems from different
societies (21,38), and until recently, PanNENs were also
staged significantly different than other cancers; however,
with updated staging systems, the differences have become
minimized (2,26).

Lymph node metastasis or distant metastasis which is
almost always to liver are perhaps the most significant
prognosticators. For the primary tumors, size of the tumor
is an important factor and thus is the main parameter in the
T-stage. As discussed previously, minute Langerhans islet
proliferations can be encountered in the context of some
syndromes like MEN, and these can be viewed conceptually
as “tumorlets” or “dysplastic like” or the “hyperplastic”

© Journal of Gastrointestinal Oncology. All rights reserved.

islets. Full-blown PanNETs may also be discovered
incidentally during workup and resection for other
disorders. It has also been shown that PanNETs with small
sizes are often curable. All these observations have led to the
‘watchful waiting” approach, which is now widely advocated
for small PanNETs (39-41). However, it should be kept in
mind that that even the studies advocating this illustrate
about 10% of the full-blown PanNETs show progression
within up to 5 years, and if the follow-up is extended
to 10 years, this figure is likely to increase significantly.
Therefore, until this issue is further clarified, caution is
warranted in careful case selection and close follow-up.

Grade

As discussed previously, the high-grade PDNECs—as
defined in the lung and that can occur in the pancreas albeit
rarely—are now regarded as a distinct tumor category
(2,3,5,34). There is no sub-grading system for this group;
they are uniformly very aggressive cancers from what we
know so far. They are classified as small versus large cell;
this is not a grading but rather a classification scheme as in
the lungs, but small cell cases may be more aggressive (2,34).

PanNET;, i.e., the well-differentiated neuroendocrine
tumors, on the other hand, are graded into 3 based on the
proliferative activity of the neoplastic cells as illustrated by
Ki-67 and mitotic rate. Of the two, Ki-67 labeling index
seems to be more crucial and somewhat more objective
and reliable (42). In the United States, many experts were
reluctant to use a continuous variable in grading a tumor by
calculation, and it is stll not employed in the lungs because
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of this reluctance. However, especially in the absence of any
other reliable parameter to stratify the patients, Ki-67 fills
the vacuum quite well (43). It is now part of the requirements
of College of American Pathologists cancer synoptic protocol
and thus routinely used also in the US (44).

There are various aspects of Ki-67 index calculation
that needs to be carefully considered. First, per the current
WHO criteria, it is the “hot spot” that must be counted (2).
This is important because studies have shown that, due to
the intratumoral heterogeneity of labeling in the tumors,
about a third of the cases are placed in a different grade if
“random” area count is performed (45). It should be kept in
mind that studies using tissue microarrays are not assessing
the “hot spot” and thus would yield very different results (46).
Same principles also apply to the interpretation of Ki-67 in
small biopsy or cytology specimens, in which the tumor is
partially represented.

One problematic issue in calculating the Ki-67 index
is whether to count lightly staining nuclei as well or not.
Many experts believe that, since Ki-67 is capturing a wide
segment of the cell cycle, any labeling is meaningful and
should be counted; however, there is no consensus on this
matter.

There are also various approaches in counting Ki-67 (47):
eyeballing method, which is the most widely used one,
has been proven to be highly irreproducible and should
be avoided unless the findings are overtly in the extremes,
like clearly <1% or obviously >60%. Unfortunately, about
60% of the cases have an index too close to the cut-off
zone for the eye to clearly determine the precise grade
(47-49). Automated (digital) counting systems are clearly
the future, but currently, they need substantial software
modification for each case for the instrument to distinguish
lymphocytes, endothelial cells and hemosiderin from the
true neuroendocrine cells (48,50,51). We have found that
currently the most reliable and reproducible approach is
to count manually from the image-captured print of the
hot-spot. In this approach, after the identification of the
hot spot by low power screening of the slide, a photograph
of this hot spot is taken and printed, and the positive
and negative cells are counted, and final index is given as
positives divided by positives + negatives. This allows the
calculation of the index in decimals and should be reported
as such (47). A Ki-67 index given as a range is usually
product of eyeballing calculation and should be considered
suspect as a miscalculation.

Mitotic count is the second determinant of the grade
in the current grading system. Whichever of the two is

© Journal of Gastrointestinal Oncology. All rights reserved.
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higher trumps for the final grade. Mitotic count is given as
number of mitotic figures per field area, unlike the Ki-67
index, which is given as percent of cells labeling. In addition
to being extremely cumbersome, mitotic count and the
literature on it, are fraud with challenges that lead to
erroneous impressions. Most of the earlier studies/literature
provided the mitotic count result as “per high-power field”,
referring to the high-power objective of the microscopes
such as 5 mitosis per high-power field. However, it was later
recognized that the “power fields” (high-power objectives)
of different microscopes vary greatly, often up to 2 folds,
meaning a tumor calculated as 5 in one microscope could
yield 10 per high-power field in another. In the WHO
201772019 (2), it is now mandated that the results are
provided by field area, which requires the calculation of
the field area of the microscope that the measurement is
being taken on. There are other challenges about mitotic
count; for example, even what constitutes a mitotic figure
is highly subjective. Moreover, counting the stroma poor
versus stroma rich areas of the very same tumor with same
mitotic activity may yield vastly different results. These
render mitotic activity as a very weak partner in this grading
scheme. Thankfully, with a few exceptions (42), Ki-67
trumps mitotic count for the final grade in the vast majority
(33,52), even when mitotic figures were highlighted by
phosphohistone H3 immunohistochemistry (53).

Adjunct prognosticators

For neuroendocrine neoplasia, in various organs, it has
been documented that necrosis is a sign of a more rapidly
growing tumor and aggressive behavior. In the pancreas,
necrosis is a common feature of PDNECs, and in fact is
often one of the diagnostic characteristics. However, for
PanNE'Ts, the significance of necrosis as a prognostic factor
has been somewhat controversial. In the study by Hochwald
and Klimstra in 2002, necrosis had appeared as one of
the best prognosticators but this could not be verified in
other studies (54-56). Also, it is not clear whether necrosis
is independent of Ki-67 and mitotic activity, which are
all indicators of high proliferative rate. Nevertheless, we
believe necrosis should be duly recorded and taken into
consideration in management of PanNETs as well.

Along those lines, vascular invasion and perineural
invasion are presumed to be indicators of aggressive
behavior; however, this presumption has yet to be proven
in large-scale studies with long-term follow-up. Currently,
their value as prognostic factors is mostly intuitive with
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variable results in the literature (53,57,58). It is also true for
various biological markers. At the immunohistochemical
level, especially CK19 and CD117 (C-kit), and more
recently ATRX/DAXX have been implicated as signs of
aggressive behavior among various other markers, but none
have yet proven (9,59-61). A variety of molecular markers
are also under investigation for this purpose. As mentioned
previously, some of these such p53, loss of Retinoblastoma
and loss of SMAD4 which are incomparably more common
in PDNECs, and virtually non-existing in PanNETs and
are already in clinical use for ambiguous cases.

One important prognostic determinant appears to
be the underlying genetic disease if there is one. It has
been documented that the PanNETs that develop in the
background of syndromes like MENT1 or “glucagon cell
adenomatosis”, which are often multifocal and in the
background of “dysplastic” like islet cell proliferations, are
in fact more benevolent in general (19,20,32,62). If there
is exclusive hormone production by the tumor, which also
seems to be an indicator of behavior, but it is not clear how
much of this is attributable to the cell biology and how
much to early detection phenomenon. For example, the vast
majority of “insulinomas” are benevolent but they are also
often small at the time of diagnosis due to the hormonal
manifestations leading to early diagnosis.

Morphologic variants

Microscopic examination of PanNETs can reveal a wide
spectrum of histomorphologic variants. The biologic and
prognostic significance of these is gradually becoming
unraveled. Evolving observations including our recent
studies indicate that cases with oncocytic, hepatoid,
rhabdoid phenotype, all of which are characterized by
rich cytoplasm and nucleolar prominence, which indicates
metabolic activity, are associated with significantly larger
size, higher grade and higher stage, and higher frequency
of metastasis and progression. In contrast, cases showing
severe pleomorphism and bizarre nuclei appear to
represent a symplastic phenomenon and paradoxically
more benevolent characteristics (63,64). Same is also true
for paraganglioma-like pattern. There other variants for
which the clinicopathologic characteristics have yet to be
determined. Of note, these variants can create a substantial
diagnostic challenge for pathologists, they are prone to be
misdiagnosed as other tumor types (64). Additionally, some
histologic variants and findings are found to be associated
with specific endocrine expressions; for example serotonin-

© Journal of Gastrointestinal Oncology. All rights reserved.

producing examples seem to be prone to lead to more
sclerosis and located on the duct walls (65).

Other pancreatic tumors with neuroendocrine
differentiation

Signs of neuroendocrine differentiation are commonly
encountered in non-neuroendocrine neoplasms of the
pancreas. Solid pseudopapillary neoplasms morphologically
resemble PanNETs very closely, and typically also express
the most reliable “neuroendocrine marker” synaptophysin,
and therefore often misdiagnosed (66). Diffuse nuclear beta-
catenin expression and lack of keratins and chromogranin
are the markers diagnostic of the former. Acinar cell
carcinoma also not only have close histopathologic mimicry
of PanNETs but also often show true neuroendocrine
differentiation, and in many cases, clear-cut mixed
neuroendocrine component (34,67). The prevailing view is
to classify and manage such tumors as acinar cell carcinoma
provided that acinar nature of the tumor is clearly
demonstrated by acinar markers (trypsin, chymotrypsin
and BCL10). Similarly, pancreatoblastoma is a tumor of
multiphenotypic nature and neuroendocrine differentiation
is a characteristic component, detectable in many
examples. The presence of morules (so called squamoid
corpuscles) is diagnostic of pancreatoblastoma (68).
Occasionally a ductal adenocarcinoma can be seen in a
mixture with neuroendocrine carcinoma (previously called
“MANEC”, i.e., mixed adeno-neuroendocrine carcinoma;
now termed as “MINEN?”, i.e., mixed non-neuroendocrine-
neuroendocrine neoplasm); however, these are exceedingly
uncommon (2). Typically, the neuroendocrine component
is high-grade, although rare cases with well differentiated
tumor are also on record.

Conclusions

All PanNENSs are malignant neoplasms, although incipient
precursor lesions do occur but difficult to define. Poorly
differentiated (high-grade) neuroendocrine carcinomas
(PDNEC:s) are a totally separate entity then PanNETs
(the ordinary, well-differentiated, pancreatic counterparts
of carcinoids, previously called islet cell neoplasms) both
by biology, molecular origins and prognosis. The previous
impression that PanNETs are benevolent tumors with a
subset recognizable as benign (“adenoma”) is being discredit
increasingly with better studies with long-term follow-
up. PanNETs should be regarded as malignant neoplasms

7 Gastrointest Oncol 2020;11(3):548-558 | http://dx.doi.org/10.21037/jg0.2020.03.07



Journal of Gastrointestinal Oncology, Vol 11, No 3 June 2020

although low-grade and low-stage tumors are often curable
if resected. Per WHO 2019, neuroendocrine neoplasms
with Ki-67 >20% are now regarded in two distinct groups,
PanNET Grade 3 or PDNEC, based on the morphologic
characteristics. In prognostication of PanNETs, in
addition to the established parameters of grade (which
is predominantly based on the proliferative activity as
determined by Ki-67 index) and stage (mostly based on size
and metastatic status), other factors such as morphologic
patterns, immunohistochemical and molecular markers are
under investigation.
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