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ABSTRACT

The gastroenteropancreatic (GEP) system is the site of origin of about two thirds of all neuroendocrine neoplasms (NENs) of the human body.
GEP-NENs encompass a wide spectrum of entities, from very indolent tumors to highly aggressive carcinomas. They represent a challenge for
the oncologist and a correct diagnostic approach is crucial for the management of patients. The nomenclature and classification of these tumors
have been a matter of debate for more than a century, since their first description by Siegfried Oberdorfer. The last WHO classification provided a
robust and easy-to-use tool to prognostically stratify GEP-NENs, based on morphological aspects and on proliferation rate. This review examines
current approaches to the diagnosis and prognostic classification of GEP-NENS, focusing on the critical use of morphological parameters and
immunohistochemical stainings, including diagnostic, site-specific and prognostic markers. The key issues of the current classification are
addressed, including the emerging topics about cases with discordant morphology and proliferative index. Finally, we attempted to highlight the
diagnostic pitfalls and the caveats in the use of immunohistochemical stains.
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BACKGROUND

Neuroendocrine neoplasms (NENs) are a heterogeneous
group of epithelial neoplastic proliferations arising in
a large number of body organs. Irrespectively of their
primary site and of their grade of differentiation, neoplastic
cells share features of neural and endocrine differentiation:
they present secretory granules, synaptic-like vesicles and
are potentially capable of producing amine and/or peptide
hormonal products. About two thirds of NENs arise in the
gastrointestinal tract and pancreas (1).

Gastroenteropancreatic (GEP) NENs are relatively rare
tumors, although their incidence is steadily increasing
and epidemiological studies report a present estimated
prevalence of 35/100.000 (1, 2). The improvement of
diagnostic techniques has led to an increased number
of diagnosed cases and, in contrast with the past, most
of the tumors belong to the so called “nonfunctioning”
category, as they are not associated with symptoms and
signs of hormone hypersecretion. Among “functioning”
GEP-NENSs, gastrinoma, associated with Zollinger-
Ellison syndrome, and insulinoma, associated with insulin
hypersecretion syndrome, are the most frequent ones.
Carcinoid syndrome, due to serotonin hypersecretion
by intestinal and, more rarely, pancreatic NETs is a rare

finding, as only neoplasms widely metastatic to the liver are
associated with this syndrome (3, 4).

The high heterogeneity of the biological and clinical features
of GEP-NENS represents a challenge for the oncologist and
a correct diagnostic approach is crucial for the management
of patients. GEP-NENs encompass a wide spectrum of
neoplasms, from “benign” or very indolent tumors to highly
aggressive carcinomas. Accordingly, the morphological
features of these neoplastic proliferations are variable and
must be carefully identified by the pathologist in order to
produce a correct and complete histopathological report,
which will be the starting point for the optimal treatment
and follow up of each patient (5).

The most critical aspects in diagnosing a GEP-NEN can
be summarized as follows; i) recognizing the malignant/
aggressive potential in a well to moderately differentiated
tumor; ii) identifying the neuroendocrine nature of a
poorly differentiated high grade carcinoma; iii) correctly
integrating the morphological aspects with other prognostic
indicators, such as proliferative rate, for a better definition
of clinically aggressive tumors. In the management of these
diagnostic challenges, a comprehensive morphological
and immunohistochemical appraisal represents the most
reliable tool for the pathologist.
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MORPHOLOGICAL FEATURES

GEP-NENSs are morphologically heterogeneous. A useful
and effective framework for the diagnosis is based on
the differentiation degree of these neoplasms, which are
subdivided in two broad categories: well-differentiated
neuroendocrine  tumors and  poorly  differentiated
neuroendocrine carcinomas (Table I). A third category is
represented by neoplasms with both a neuroendocrine
and a non-neuroendocrine component (usually adenoma,
adenocarcinoma or squamous cell carcinoma), which
are currently classified as mixed adenoneuroendocrine
carcinomas (MANECs) (6-8).

Well differentiated neuroendocrine tumors (WD-NETs) are
generally well circumscribed, sometimes encapsulated
(in the pancreas), tumors with a uniform cut surface.
Histologically, they are characterized by an organoid
proliferation of uniform cells, with moderately abundant
granular and eosinophilic cytoplasm containing numerous
secretory granules (Figure 1A). Oncocytic and clear cell
features may be present (Figure 1B,C) (9, 10, 11). Nuclei are
generally round, with clumped or finely granular (“salt and
pepper”) chromatin and small nucleoli. Nuclear atypia may
be up to moderate in some cases, and pleomorphic cells
with large atypical nuclei may be present (Figure 1D), but
this is not necessarily related to the biologic aggressiveness
of the tumor (12). According to Soga and Tazawa (13),
the architectural pattern of growth can be subclassified as
follows: insular solid type, with nests of small to medium
size (type A), trabecular type (type B), glandular type
(type C) or diffuse type (type D) (Figure 2A-D). Different
architectural types may be related to the site of origin: ileal
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and appendiceal neoplasms are mostly type A, whereas
rectal tumors are frequently type B, and type C is a frequent
feature of ampullary tumors. As WD-NETs may behave in a
malignant fashion, it is important to look for morphological
clues that can be associated with tumor aggressiveness,
such as the invasion of blood and lymphatic vessels and of
perineural spaces, the infiltration of the capsule, if present,
and of adjacent tissues. Another mandatory evaluation is
mitotic count, together with the assessment of the Ki67
proliferative index (see “Immunohistochemistry”) (5).

GEP WD-NETs should be differentiated from a number of
epithelial and non-epithelial neoplasms, depending on the
site of origin. In the pancreas the most challenging differential
diagnosis are acinar cell carcinoma and solid pseudopapillary
tumor. Adenocarcinomas and the epithelioid variant of
gastrointestinal stromal tumor (GIST) should be included
among the differential diagnoses in the ampullary region
and, more in general, in the whole tubular gastrointestinal
tract. The morphological aspects, together with a proper
immunohistochemical panel, lead to the correct diagnosis.

Poorly differentiated neuroendocrine carcinomas (PD-NECs)
are highly aggressive neoplasms. Macroscopically, they are
poorly circumscribed, may show large areas of necrosis and
hemorrhage and show deep infiltration of the bowel wall or
the peripancreatic tissue (in the pancreas) and are frequently
metastatic when diagnosed. Microscopically, PD-NECs are
characterized by a solid proliferation of cells, in large nests
or in sheets with large areas of “geographic chart” necrosis
(Figure 3A). Like lung tumors, they have traditionally been
divided into the small and large cell subtypes, based on the
morphological features of the neoplastic cells. Small cell

Table I: Morphological features of well and poorly differentiated neuroendocrine neoplasms

WD-NET PD-NEC
Small cell type Large cell type

Pattern of growth Insular, trabecular, acinar* Diffuse Diffuse/organoid
Cell size Medium Small/medium Large

Moderately abundant Abundant
Cytoplasm Finely granular Scant . .

. s Eosinophilic

Eosinophilic

Round Round or oval Round
Nucleus . . » . .

Dispersed chromatin (“salt and pepper”) Hyperchromatic Vesicular
Nucleolus Small Incospicuous Evident
Necrosis Absent or focal Large areas Large areas
Mitosis 0-20 mitoses x10HPF >20 mitoses xX10HPF |>20 mitoses x10HPF
Ki67 index <20% >20% >20%

*: according to the architectural patterns proposed by Soga and Tazawa (13 and Figure 2), WD-NET: Well differentiated neuroendocrine tumor,

PD-NEC: Poorly differentiated neuroendocrine carcinoma, HPF: High power field.
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Figure 1: A) Well differentiated neuroendocrine tumor (WD-NET) composed of uniform cells, with moderately abundant granular
and eosinophilic cytoplasm. Nuclei are round, with clumped and finely granular (“salt and pepper”) chromatin and small nucleoli. B)
Example of an oncocytic WD-NET of the pancreas showing cells with abundant eosinophilic cytoplasm. C) Appendiceal clear cell WD-
NET composed of cells with a central located nucleus and abundant foamy microvesicular clear cytoplasm. D) Ileal WD-NET showing
several pleomorphic cells.

carcinomas (Figure 3B) are composed of small to medium-
sized (2-4 times the size of a small lymphocyte), round to
oval cells with scant cytoplasm, indistinct cell borders and
hyperchromatic nuclei with inconspicuous nucleoli. Large
cell subtypes (Figure 3C) are composed of large cells with
vesicular nuclei showing prominent nucleoli and abundant
eosinophilic cytoplasm. Although tumor cells grow forming
sheets or large nests, in the large cell subtype a more
structured organoid architecture can be observed. Mitotic
figures are extremely frequent, as well as apoptotic bodies,
vascular and perineural infiltration. The neuroendocrine
nature of the neoplastic proliferation has to be confirmed
by immunohistochemical analyses (see below), as the
differential diagnosis includes a number of non-endocrine

Vol. 31, Suppl, 2015; Page 113-127

epithelial neoplasms, as well as, although very rarely, other
poorly differentiated tumors such as PNET, Ewing sarcoma,
desmoplastic small round cell tumors, and myeloid and
lymphoid leukemia.

Mixed adenoneuroendocrine carcinomas (MANECs),
as defined by the most recent WHO classification of
gastrointestinal tumors (6), are neoplasms with both a
neuroendocrine and an epithelial non-neuroendocrine
component, each representing at least 30% of the tumor
mass (Figure 4A-C). The spectrum of mixed neoplasms
is wide and encompasses all the possible combinations
between neuroendocrine neoplasms (NETs and NECs)
and other epithelial tumors (adenomas, adenocarcinomas
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Figure 2: Architectural patterns of growth defined according to Soga and Tazawa (13): A) Insular solid growth with small to medium
sized nests in an ileal well differentiated NET (WD-NET) (Type A). B) Rectal WD-NET with trabecular pattern of growth (type B). C)
Ampullary WD-NET forming tubular and pseudo glandular structures (type C). D) Solid sheets of neoplastic cells in a pancreatic WD-

NET (type D).

and squamous cell carcinomas) arising in the in the tubular
digestive tract and pancreas. Consequently, the biological
and clinical behavior of MANECs is variable and these
tumors need to be stratified into prognostic categories
according to the grade of malignancy of each component
(8) (see “Classification” later in the text).

IMMUNOHISTOCHEMISTRY
Identification of the Neuroendocrine Differentiation

The most useful immunohistochemical markers for the
demonstration of the neuroendocrine nature of a neoplasm
are chromogranin A and synaptophysin (5, 14, 15). The
immunostaining for these two markers is essential in the
diagnosis of PD-NECs, in which the neuroendocrine
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phenotype may be not evident on routine hematoxylin and
eosin stained slides. It is also recommended in WD-NETs,
particularly in cases in which the diagnosis on morphology
alone is not straightforward and in tumors presenting as
metastatic disease from an unknown primary (14, 15).
Synaptophysin immunoreactivity is generally diffuse in
both WD-NETs and PD-NECs (Figure 5A,B) whereas
chromogranin A expression in PD-NECs, especially in
the small cell subtype, may sometimes be absent or focal
and the pattern of immunoreactivity may show a peculiar
perinuclear dot-like staining, instead of the granular diffuse
pattern observed in WD-NETs (Figure 5C,D). For this
reason, care must be taken in the use of chromogranin-A
alone in the diagnostic pathway of PD-NECs. Other

Vol. 31, Suppl, 2015; Page 113-127
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neuroendocrine carcinomas (PD-NECs). A) Large areas of
“geographic chart” necrosis are frequent in these neoplasms. B)
Small cell subtype of PD-NEC is composed of neoplastic cell of
small size, with indistinct cell borders, hyperchromatic nuclei
with incospicuous nucleoli and scant cytoplasm. C) Large cell
subtype is composed of large cells with abundant eosinophilic
cytoplasm and large vesicular nuclei with prominent nucleoli.

Vol. 31, Suppl, 2015; Page 113-127
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general neuroendocrine markers have been proposed
over time, such as neuron specific enolase (NSE), protein
gene product 9.5 (PGP 9.5), CD56 (neural cell adhesion
molecule, N-CAM) and CD57 (leu7) (16). However, the
routine use of these markers has been discouraged, as their
specificity is questionable (15, 17-19), albeit they can be
useful in the diagnostic management of those PD-NECs in
which chromogranin A is expressed less and synaptophysin
immunoreactivity is the only clue to a neuroendocrine
differentiation. On the other hand, while synaptophysin has
proved to be a highly sensitive marker for neuroendocrine
differentiation, its specificity is reduced by the fact that some
non-neuroendocrine neoplasms, such as adrenal cortical
adenomas and carcinomas and solid pseudopapillary
tumor of the pancreas are also immunoreactive for this
marker (16). Consequently, a minimum of two positive
neuroendocrine markers has been recommended to
substantiate the neuroendocrine differentiation of a tumor
(5, 14).

Achaete-scute homolog 1 (ASH1), a transcription factor
involved in the development of fetal lung neuroendocrine
cells, has been recently proved to be a marker of lung and
extra-pulmonary PD-NECs (20). ASH1 expression is almost
exclusively restricted to PD-NECs while it is practically
absent in WD-NETS, with the only exception of rare lung
carcinoids showing a focal and faint immunoreactivity.
For this reason, ASH1 has been proposed as a marker
of poor differentiation in the workup of NENs (20) and
ASH1 immunohistochemistry may be a useful tool in
the diagnostic pathway of small biopsy specimens when
morphology is compromised and is not sufficient to make a
diagnosis of PD-NEC.

Hormonal Markers

Immunohistochemical staining may also be used to
detect hormonal amines or peptides. However, a practical
diagnostic approach does not require routine detection
of hormonal products, even in “functioning” tumors, as
the clinical syndrome and not the immunohistochemical
demonstration of hormone production defines the
functional nature of a GEP-NEN. However, a minimal panel
of markers, composed of pancreatic hormones (insulin,
glucagon, somatostatin, pancreatic polypeptide), gastrin,
and serotonin may be useful for a better evaluation of the
clinical profile of the patient (5, 14, 21).

Assessing the Proliferative Rate

Proliferative rate is a cornerstone in the evaluation of the
histological grade of neuroendocrine tumors. According
to the ENETS proposal (22, 23), the current WHO
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classification has adopted a grading system based on the
proliferation fraction, intended both as mitotic and as Ki67
index (6).

In routine surgical pathology practice, mitotic index is
traditionally evaluated by counting the number of mitoses
per 10 high power fields (HPFs) in hematoxylin-eosin
stained sections. However, for NENs, and especially for WD-
NETs, the recommendation is to express the mitotic index
after counting at least 50 HPFs in hot spot areas (24). It has
been recently demonstrated that the evaluation of mitotic
count using phosphohistone H3 (PHH3)-immunostained
sections improved the inter-observer reproducibility in
mitotic rate assessment and grade assignment of WD-NETs
in both cytological and histological specimens (25, 26).

Ki67 protein expression is strictly associated with cell
proliferation and is detectable in the cell nucleus during all
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Figure 4: Mixed adenoneuroendocrine carcinomas (MANECs)
are neoplasms with both a neuroendocrine and an epithelial
non-neuroendocrine component, each representing at least 30%
of the tumor mass. A) MANEC composed of tubular adenoma
and small cell neuroendocrine carcinoma. B) MANEC composed
of moderately differentiated adenocarcinoma (right upper
corner) and large cell neuroendocrine carcinoma. C) MANEC
composed of squamous cell carcinoma and poorly differentiated
neuroendocrine carcinoma.

active phases of the cell cycle (G1, S, G2, and M), whereas
it is absent from resting cells (G0). This makes Ki67
antigen a reliable marker for assessing the growth fraction
of a cell population (27). MIB-1 antibody is the reference
monoclonalantibody for detecting Ki67 antigen in formalin-
fixed and paraffin-embedded tissue samples. The WHO
grading requires the assessment of the percentage of Ki67-
immunoreactive cells on a total of 500-2000 neoplastic cells
counted in the areas of higher nuclear labeling (“hot spots”).
Different methods for assessing the Ki67 index can be used,
including eye-balling estimation, automated counting
by image analyzer, manual eye-counting (eye under a
microscope without a grid), and manual count of camera-
captured/printed image. The accuracy and reproducibility
of all these methods have been evaluated in a recently
published paper and eye-balling evaluation, although least
expensive and fastest (average time <1min) has showed poor

Vol. 31, Suppl, 2015; Page 113-127
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Figure 5: Synaptophysin is generally strongly and diffusely expressed by both well differentiated neuroendocrine tumors (A) and poorly
differentiated (B) neuroendocrine carcinomas. Chromogranin A is strongly and diffusely expressed in well differentiated neuroendocrine
tumors (C). In poorly differentiated neuroendocrine carcinomas, especially in the small cell subtype (D), chromogranin A may be focally

expressed with a paranuclear dot-like patter of immunoreactivity.

reliability and reproducibility, whereas automated counting
has turned out to be the most expensive, the least practical,
and showed inaccuracies in overcounting unwanted cells.
Manual eye count was poorly reproducible, while camera-
captured/printed image was the most reliable, practical and
highest reproducible method (28).

Site-Specific Markers

GEP-NENs may present as metastatic disease to the liver,
lymph nodes or other organs and in 30% of the cases the
primary is occult (29). This represents a challenging clinical
situation, in that often therapeutic options also depend on
the site of origin of the NEN and the pathologist should
make every attempt to give some indication about a possible

Vol. 31, Suppl, 2015; Page 113-127

primary site. In recent years, the search for site-specific
markers to use in the diagnostic pathway of metastases
from occult NENs has been greatly expanded. A significant
number of relatively new indicators, mainly represented by
transcription factors involved in the development of fetal
neuroendocrine cells, have been identified.

CDX2 immunoreactivity points towards an intestinal
origin (30, 31). PDXI has been suggested as a marker of
pancreatic origin (32). ISLI, first identified as a marker of
pancreatic origin (33, 34), has also recently been indicated
in rectal NETs (35, 36). TTF1 is a marker of pulmonary
differentiation and may identify metastatic NETs of lung
origin, being negative in NETs of gastrointestinal and
pancreatic origin (37, 38). PAX 8 has been suggested as a
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marker of pancreatic origin (39), but it shows low specificity
being also expressed in gastric, duodenal, appendiceal and
rectal NETs (39, 40).

Although these markers may be useful to search for a
primary occult WD-NET, they must be used with extreme
caution in the diagnostic pathway of metastases from occult
PD-NECs, since they may express these transcription
factors independently of the site of origin. TTF1 expression
can be frequently detected in extra-pulmonary PD-NECs
(38), whilst CDX2 immunoreactivity can also be found in
lung PD-NECs, especially in the large cell subtype (30).
ISL1, commonly considered as a marker of pancreatic
origin, has recently been found in several extra-pancreatic
PD-NECs (41).

Recently, the use and performance of a 92-gene molecular
cancer classifier has been explored for determining the site
of origin of neuroendocrine tumors (42). Four genes were
found to be good discriminators for tumor typing and 15
genes for tumor subtyping. These new and preliminary
findings need to be confirmed prior to entering in the
routine pathological workup (42).

Somatostatin Receptors

Somatostatin receptor scintigraphy including single photon
emission tomography (SPECT) with ''In-DTPA-octreotide
has long been considered the first choice imaging modality
for NENs. However, in the last ten years, many different
somatostatin analogs labeled with Gallium-68 have been
introduced for the diagnostic work-up of GEP NENs with
positron emission tomography/computer tomography (PET/
CT) imaging (43, 44). However, in specific clinical settings
the status of somatostatin receptors may only be evaluable in
tissue specimens, especially when patients did not undergo
nuclear medicine imaging during the clinical diagnostic
workup or when NENs are incidentally discovered during
surgery performed for other reasons. In these situations, the
evaluation of somatostatin receptor expression can be made
immunohistochemically on the tumor tissue. Although
specific antibodies for the various subtypes of somatostatin
receptors do exist (45, 46), those widely diffuse among
laboratories are directed against the receptor subtype 2A.
Immunoreactivity for somatostatin receptor 2A is variably
present in GEP-NENs and its assessment according to the
score proposed by Volante et al. shows a strong correlation
with scintigraphy imaging (Figure 6A-D) (47).
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Prognostic Markers
Well Differentiated Neuroendocrine Tumors

In addition to proliferative grade and morphological
parameters traditionally considered as prognostic markers
(i.e. vascular and perineural invasion, size, necrosis, etc.),
new prognosticators have recently been proposed. However,
most of them have been investigated mainly in pancreatic
WD-NETs and their prognostic role in WD-NETs of the
gut still has to be ascertained.

Cytokeratin 19 (CK19) is an acidic cytokeratin typically
expressed in exocrine cells of the human adult pancreas,
including duct and centroacinar cells, while it is lacking
in normal endocrine cells of pancreatic islets (48, 49).
Aberrant CK19 expression was found to be an independent
prognostic marker in WD-NETs of the pancreas (50,
51). However, this finding was not confirmed in our
series, in which the expression of CK19, although more
frequently observed in aggressive NETs, did not result
as an independent prognostic marker in multivariate
analysis (52). Moreover, it appeared that the sensitivity
and specificity of the anti-CK19 antibodies in detecting
aggressive pancreatic WD-NETs depend on the clone
employed (52). The authors believe that CK19 expression
should not be routinely investigated, but may be used in
selected cases to better evaluate the possibility of a more
aggressive potential of a pancreatic WD-NET.

CD117 (C-Kit) has been reported to be a marker with
prognostic significance in pancreatic NETs. It was found
to be an independent prognostic marker in aggressive
pancreatic NETs (53).

The death domain-associated proteins genes DAXX
and ATRX encode for proteins involved in chromatin
remodeling, which have been detected in 40% of
pancreatic NETs. Mutations of DAXX and ATRX along
with chromosome instability and the loss of DAXX and
ATRX proteins has been associated with tumor stage
and metastasis, reduced time of relapse free survival and
decreased time of tumor associated survival (54).

In a recent study, high frequency of gene-specific
methylation and low copy number alterations percentages
as well as LINE-1 hypomethylation were significantly
associated with stage IV and with a poor prognosis in grade
1 and grade 2 pancreatic NETs (55). These new findings
suggest that epigenetic alterations such as gene methylation
and chromosomal instability may play a role in tumor
aggressiveness and may be considered as potential markers
of malignancy in pancreatic NETS.

Vol. 31, Suppl, 2015; Page 113-127
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Figure 6: ¥Ga-DOTANOC PET/CT performed in a 50-year old man. Maximum Intensity projection (MIP) image (A) and transaxial
fused images showing intense tracer uptake in a pancreatic neuroendocrine tumor as well as in peri-pancreatic and paracaval lymph
nodes (B) and liver metastases (C) (courtesy of Prof. Vittoria Rufini, Catholic University, Rome, Italy) (D) Tumor cells showed intense
membrane immunoreactivity for somatostatin receptor 2A.
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Poorly Differentiated Neuroendocrine Carcinomas

GEP-NECs are high grade cancers associated with a poor
prognosis. However, the outcome of patients with NECs
may range from very aggressive neoplasms killing patients
in one/two months to NECs with a survival rate better than
expected. It is difficult to identify these groups of patients
on a purely morphological basis, but markers that may
help in identifying these cases have recently been proposed
for, at least, colonic NECs. The immunohistochemical
expression of CD117 was found to be associated with a
much worse outcome (56) and this finding has recently
been confirmed by our group in a large series of GEP
PD-NECs including more than 200 cases of different sites
(unpublished results). Interestingly, c-kit gene mutation
in CD117-immunoreactive colorectal NECs has never
been demonstrated (57, 58) suggesting that in this cancer
subset CD117 overexpression is not mediated via activating
mutations and that imatinib mesylate (Glivec) therapy is
not useful in these patients (59).

The simultaneous presence of microsatellite instability
(MSI) and widespread gene methylation was found to be
a predictor of a better outcome in patients with colorectal
NECs (60) and we have recently confirmed this finding
in a larger series including NECs of the entire tubular
gut (unpublished results). The identification of this
molecular subset may help in the prognostic stratification
of patients. This specific molecular category of NECs is
difficult to recognize morphologically, although the large
cell subtype, an abundant peritumoral lymphoid infiltrate
and the lack of both histologically documented vascular
invasion and CD117 expression are frequently observed.
Since there is a good correlation between MSI and the
immunohistochemical loss of mismatch repairs proteins,
we suggest that immunohistochemistry for MLH1, MSH2,
MSH6, and PMS2 should be included in the diagnostic
panel to identify unstable carcinomas potentially correlated
with a better prognosis.

NOMENCLATURE AND CLASSIFICATION
Naming Neuroendocrine Neoplasms

The debate over the terms used to define neuroendocrine
tumors goes back to the very beginning of 20" century,
when Siegfried Oberdorfer described a series of six
tumors of the small intestine, which he called ‘carcinoid”
(i.e. carcinoma-like) on the assumption that they were
benign neoplastic proliferations (61). At that time, the
endocrine nature of these lesions was unknown and there
was disagreement also on their real neoplastic significance
(62). It was Claude L. Pierre Masson, after he developed
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his argentaffin reaction, who concluded that carcinoid
cells had an endocrine function, and called these tumors
“argentaffinoma” (63). Forty-five years later, Antony G. E.
Pearse proposed the APUD concept, showing that GEP
endocrine cells were capable of amine precursor uptake
and decarboxylation. He coined the term “APUDoma” for
endocrine tumors derived from those cells, and suggested
that APUD cells and related tumors were present also in
non-intestinal sites (64). However, the term carcinoid has
become very popular among pathologists and clinicians
and has been widely used to define a wide spectrum of
neuroendocrine neoplasms arising in the digestive system,
but originating from several different neuroendocrine cell
types. It has failed to adequately convey the variety of such
tumors which show different morphological, biological,
clinical and molecular features, in part related to their site
of origin along the digestive system.

In 1995, Capella and coworkers proposed a new prognostic
classification of GEP NENSs, calling them “neuroendocrine
tumors” (65) and since then the use of the term “carcinoid”
has been discouraged in diagnostic practice in favor of
“neuroendocrine tumor (NET)”, maintaining the term
carcinoid solely in the context of the “carcinoid syndrome”
(66-68). Since then, with slight variation between endocrine
and neuroendocrine, the nomenclature of these tumors
has remained stable and the latest WHO classification of
digestive tumors has readopted these terms (6).

Classifying Neuroendocrine Neoplasms

It soon became very clear that not all “carcinoids” were
clinically benign. Therefore, there was a need to elaborate
a classification scheme, capable of separating potentially
aggressive carcinomas from indolent tumors. This need
became even more apparent when therapeutic options
increased in number and improved in effectiveness. The
classification of GEP NENs has been revised several times
during the last three decades, with the aim of providing
pathologists and oncologists with a robust tool, by which
they would be able to stratity different prognostic groups
of tumors (65, 66, 69). The current WHO classification is
largely based on the guidelines proposed by the European
Neuroendocrine Tumor Society (22, 23) and is composed
of a grading classification and a site-specific staging
system (6). Two main categories have been identified:
neuroendocrine tumors (NETs), broadly corresponding to
“carcinoid tumors” or “well differentiated neuroendocrine
tumors/carcinomas” of previous classifications (66, 69)
and neuroendocrine carcinomas (NECs), corresponding to
poorly differentiated neuroendocrine carcinomas of the
previous classification (66). NETs are further divided in two
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groups (G1 and G2) on the basis of the mitotic count (<2
per 10HPF or 2-20 per 10HPE, respectively) and/or Ki67
index (<2% or 3-20%, respectively). NECs present high
mitotic count (>20 per 10 HPF) and Ki67 index (>20%)
and, by definition, are graded G3 and include small cell and
large cell subtypes (Figure 7A-C).

This classification, although easy to use, presents at least
two critical points, which should be carefully addressed by
the pathologist. First: the separation between NET G1 and
NET G2, which are significantly different on prognostic
grounds, relies only upon subtle differences in proliferation
rate. For this reason, strict criteria for establishing mitotic
count (mitotic figures counted in 50 HPE, 1 HPF = 2 mm?)
and Ki67 index (percentage of stained nuclei on 500-2000
cells, in areas of strongest labeling) have been proposed (see
above paragraph on proliferation assessment). The second
issue is about a subset of cases in which morphology and
proliferation index are discordant. The distinction between
well differentiated NETs and poorly differentiated NECs
is straightforward in the overwhelming majority of cases.
However, the application of the 2010 WHO classification
has quickly highlighted the existence of a subset of cases
with well to moderately differentiated morphology and high
proliferation rate (mitotic count and/or Ki67 index) (19, 70-
72). This fact raises two questions: i) how should these cases
be classified? Can we call them NEC G3, or should we add a
category, such as “moderately differentiated NETs with high
proliferation index”, as has been done in the stomach (73) or,
again, neuroendocrine tumors G3, as done in the pancreas?
(41) ii) Are these cases prognostically different from NET
G2 and NEC G3? While a definite answer to the former
question is not available to date, several studies have shown
that these cases have a worse overall survival than NET
G2, but also a significantly better prognosis than poorly
differentiated NECs and, in addition, they seem not to
benefit from platinum-based therapy (71, 72, 74, 75). These
results suggest that a new category including high-grade
neuroendocrine neoplasms defined by a well differentiated
morphology and high proliferation rate should be identified
and introduced in a future classification scheme.

Mixed exocrine-neuroendocrine neoplasms of the GEP
system have been defined in the 2010 WHO classification
with the term “mixed adenoneuroendocrine carcinomas
(MANECs)” (6). By definition, they are composed of
both exocrine and neuroendocrine components (Figure
4) and each of them must represent at least 30% of the
lesion. However, this term does not adequately convey
the different types of mixed neoplasms. Indeed, both the
exocrine and the neuroendocrine components can have
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Figure 7: A) Ki67 index in a grade 1 well differentiated
neuroendocrine tumor, B) in a grade 2 well differentiated
neuroendocrine tumor, C) and in a grade 3 neuroendocrine
carcinoma.
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different morphological features ranging from adenomas to
adenocarcinomas or squamous cell carcinomas in exocrine
components and from well to poorly differentiated NENs in
neuroendocrine components (8). The different combination
of these tumor types gives rise to different prognostic
categories ranging from indolent neoplasms composed of
adenoma and NETG1 to very aggressive ones characterized
by NECs associated with an exocrine component (adenoma,
adenocarcinoma or squamous cell carcinoma). For this
reason MANEC should not be considered as a unique
entity but as a spectrum of different neoplastic diseases.
We suggest modifying the term MANEC with “mixed
adenoneuroendocrine neoplasms (MANENs)” or, better,
“mixed neuroendocrine/non neuroendocrine neoplasms”
which include the different tumor entities summarized in
Table II.

Table II: Different types of mixed exocrine-neuroendocrine
neoplasms, grouped according to the grade of malignancy.
Modified from the paper by La Rosa et al.(8)

Mixed Adenoneuroendocrine Neoplasms (MANENS)

Mixed Adenoneuroendocrine Carcinoma (MANEC)
High-grade malignant
Mixed adenoma/adenocarcinoma-NEC
Mixed squamous cell carcinoma-NEC
Intermediate grade malignant
Mixed adenocarcinoma-G1/G2 NET*
Mixed diffuse carcinoma-G1/G2 NET*
Mixed Adenoneuroendocrine Tumor (MANET)
Adenoma/NET

NEC: Poorly differentiated neuroendocrine carcinoma, *: GI1-G2

according to WHO 2010 classification (6), NET: Neuroendocrine tumor.
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