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Abstract Poorly differentiated neuroendocrine carcinomas
(PDNECs) of the gastroenteropancreatic system (GEP) are a
heterogeneous group of aggressive malignancies with a high
propensity for distant metastases and an ominous prognosis.
They have traditionally been divided into small and large cell
subtypes on morphological grounds. However, histological
diagnosis needs to be supported by immunohistochemistry
to avoid possible misdiagnoses either with the more frequent
poorly differentiated adenocarcinomas and squamous cell car-
cinomas or with lymphomas and mesenchymal neoplasms.
Although it is well known that GEP PDNECs are associated
with a poor prognosis, data from some published studies seem
to suggest that there is a fraction of patients with PDNECs
who have better survival than expected. GEP PDNECs are
currently classified according to the criteria proposed in the
2010 WHO classification. They are simply called neuroendo-
crine carcinomas (NECs) and are defined by mitotic count
>20×10 HPF and/or Ki-67 labeling index >20 %. However, a
few recent papers have indicated that some NECs, as defined
by the 2010 WHO scheme, do not show a poorly differenti-
ated morphology as expected. This category seems to show a
better prognosis and, especially, does not respond to cisplatin-
based chemotherapy, which represents the goal standard ther-
apeutic approach to high-grade PDNECs. In the present re-
view, the main morphological, immunohistochemical, and
prognostic features will be discussed as well as the opportu-
nity to introduce a new category characterized by well to
moderately differentiated morphology associated with high

proliferation (mitotic count >20×10 HPF and/or Ki-67 index
>20 %).
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Background

The group of gastroenteropancreatic (GEP) neuroendocrine
neoplasms includes a wide spectrum of neoplastic prolifera-
tions ranging from low-proliferative well-differentiated neu-
roendocrine tumors (NETs) at one extremity to high-grade
poorly differentiated neuroendocrine carcinomas (PDNECs)
composed of atypical cells with high mitotic and Ki-67 pro-
liferative indices at the other. Well and poorly differentiated
neuroendocrine neoplasms are generally considered and
grouped together because their expression of general neuro-
endocrine markers is similar, but they are completely different
in terms of clinical presentation, prognosis, and genetic back-
ground. Interestingly, recent findings have suggested that
PDNECs show a non-neuroendocrine lineage and are not as
closely related to well-differentiated NETs as expected [1, 2].
Consequently, the different response to medical therapy,
which leads to different therapeutic approaches between
NETs and PDNECs, is not surprising. Indeed, the former
should be surgically resected whenever possible in addition
to the treatment with somatostatin analogs, with
temozolamide or, as more recently proposed, with everolimus
and sunitinib [3, 4], while the latter are generally managed
with platinum-based chemotherapy [5, 6], avoiding surgery in
most cases.

Distinguishing between well and poorly differentiated neu-
roendocrine neoplasms is generally easy on morphological
grounds, while the differential diagnosis between PDNECs
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and poorly differentiated non-neuroendocrine carcinomas (i.e.,
squamous cell carcinoma and adenocarcinoma), lymphomas, or
mesenchymal neoplasms can sometimes be difficult. In about
40 % of the cases, PDNECs contain non-neuroendocrine com-
ponents including adenocarcinoma, signet ring cell carcinoma
and, more rarely, squamous cell carcinoma [7]. However, by
definition, the diagnosis of mixed exocrine-neuroendocrine car-
cinomas, which were renamed with the term mixed
adenoneuroendocrine carcinomas (MANECs) in the 2010
World Health Organization (WHO) classification, refers to tu-
mors in which both neuroendocrine and non-neuroendocrine
components represent at least 30 % of the tumor tissue [8, 9].

Morphological Features

PDNECs of the GEP system are high-grade malignant cancers
with a high propensity for distant metastases and an ominous
prognosis. They represent a heterogeneous group of very
aggressive malignancies which show morphological and clin-
ical features similar to those of the more frequent pulmonary
PDNECs. Similarly to the lungs, during the last few decades,
they have traditionally been divided into the small and large
cell subtypes, based on the morphological features of the
neoplastic cells, even though cells of an intermediate size are
also frequently found [8, 9]. Small cell carcinoma was the first
category described in both pulmonary and gastrointestinal
tract. For this reason, most of the published literature on
extra-pulmonary PDNECs is focused on small cell carcinoma.
In contrast, the large cell subtype, which has only recently
been accurately described in the gastrointestinal tract [10–12],
has been less frequently reported. It is worth noting that, in
several cases, various combinations of both small and large
cells can be observed, and the term of “mixed type” has been
proposed for this category [11]. Interestingly, there is no
apparent difference in prognosis among these subgroups of
PDNECs [11–14].

Small cell carcinomas (Fig. 1) are composed of small- to
medium-sized (2–4 times of lymphocyte size), round to oval
cells with scant cytoplasm and hyperchromatic nuclei with
indistinct nucleoli. Large cell subtypes (Fig. 2) are composed
of large cells with vesicular nuclei showing prominent nucle-
oli and abundant eosinophilic cytoplasm. In both cases, tumor
cells grow forming sheets or large nests (Fig. 1), although in
the large cell subtype, a more structured trabecular or organoid
architecture is frequently observed (Fig. 2). PDNECs show
deep infiltration of the bowel wall or the peripancreatic tissue
(in the pancreas) and are frequently metastatic when diag-
nosed. Large and, sometimes, confluent areas of necrosis, high
mitotic count and perineural and vascular invasion are fre-
quently observed. In some cases, moderate to abundant
peritumoral lymphoid infiltration has been described, and this
seems to be associated with better survival [12].

Immunohistochemical Profile

The histological diagnosis of PDNEC needs to be supported
by immunohistochemical evidence of its neuroendocrine na-
ture to avoid possible misdiagnoses either with the more
frequent poorly differentiated adenocarcinomas and squa-
mous cell carcinomas or with lymphomas and mesenchymal
neoplasms. The first immunohistochemical approach to carci-
nomas with morphological features suggesting a neuroendo-
crine phenotype should include antibodies directed against
general neuroendocrine markers, while the use of antibodies
recognizing specific hormones and amines could also be
considered as an additional investigation, since these specific
markers are rarely expressed in PDNECs [15]. This choice
depends on considering the whole clinical endocrine picture
since PDNECs can develop ectopic endocrine syndromes
including Cushing’s syndrome due to ACTH secretion [16].

There are several commercially available antibodies direct-
ed against general neuroendocrine markers including
synaptophysin, chromogranins, CD56, PGP 9.5, and neuron-
specific enolase (NSE). In our routine practice, we generally
use synaptophysin and chromogranin A together because they
are highly specific and sensitive. Care must be taken to use
chromogranin A alone because it can be only focally positive.
To avoid diagnostic pitfalls, it must be employed together with
synaptophysin, which is expressed intensely and diffusely in
all PDNECs. We do not generally use NSE, PGP 9.5, and
CD56 because, although they have good sensitivity, they are
not highly specific since they are expressed in other types of
non-neuroendocrine neoplasms [17, 18].

In recent years, several attempts have been made to search
for site-specific markers to use in the diagnostic pathway of
metastases from occult neuroendocrine neoplasms. A signifi-
cant number of relatively new indicators have been identified,
and they are mainly represented by transcription factors in-
volved in the development of neuroendocrine cells during
fetal life. CDX2 is a good marker of midgut origin [19, 20],
TTF1 is expressed in a subset of lung carcinoids [21], PDX1
seems to be a good marker of pancreatic origin [22] as well as
ISL1 [23], although the latter has also been identified in NETs
of rectal origin [24]. This group of recently investigated tran-
scription factors works relatively well in the identification of
the primary site of well-differentiated NETs. However, they
must be used with extreme caution in the search for the
primary site of an occult PDNEC, since TTF1 expression
can be frequently detected in extra-pulmonary PDNECs
[21], while CDX2 immunoreactivity can also be found in lung
PDNECs, especially in the large cell subtype [20]. ISL1,
commonly considered as a marker of pancreatic origin, has
recently been found in several extra-pancreatic PDNECs [25].
The expression of the transcription achaete-scute homolog 1
(ASH1) has also recently been investigated in a large series of
lung and extra-pulmonary PDNECs with the aim of using it as a
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marker of lung origin sinceASH1 is involved in the development
of fetal lung neuroendocrine cells [26]. However, as it has been
observed for other transcription factors, ASH1 expression was
found in both lung and extra-pulmonary PDNECs. Interestingly,
in this study, ASH1 expression was almost exclusively restricted
to PDNECs while it was lacking in NETs, with the only excep-
tion of rare lung carcinoids showing a focal and faint immuno-
reactivity. For this reason, ASH1 has been proposed as a marker
of poor differentiation rather than a marker of lung origin [26].
ASH1 immunohistochemistry may be a useful tool in the diag-
nostic pathway of small bioptic specimens when morphology
alone is not sufficient to make a diagnosis of PDNEC. Similarly,
the immunoreactivity of other markers can help in the correct
diagnosis of difficult cases, especially in bioptic specimens with
small amount of available diagnostic material. The expression of
TTF1 in gastric or intestinal bioptic specimens may suggest the
diagnosis of PDNEC, because TTF1 immunoreactivity in gas-
trointestinal or pancreatic NETs is practically absent. The expres-
sion of p53 can also help, because it can be frequently observed
in GEP PDNECs while it is rather rare in NETs [2, 12, 27].

Prognostic Markers

Although it is well known that GEP PDNECs are high-grade
cancers associated with a poor prognosis [6], data from a few
published studies [11, 12, 28] and from anecdotal experience
seem to suggest that there is a fraction of patients with
PDNECs who have a better survival rate than expected.
However, it is difficult to identify this small group of patients.

Recently, markers that may help in identifying these cases
have been proposed for colonic PDNECs. The immunohisto-
chemical expression of CD117 was found to be associated
with a much worse outcome in both univariate and multivar-
iate analyses [12], and this finding has recently been con-
firmed by our group in a large series of GEP PDNECs includ-
ing more than 100 cases of different sites (unpublished re-
sults). Interestingly, c-kit gene mutation in CD117 immuno-
reactive colorectal PDNECs has never been demonstrated [29,
30], suggesting that, in this cancer subset, CD117 overexpres-
sion is not mediated via activating mutations and that imatinib
mesylate (Glivec) therapy is not useful in these patients [31].
On the contrary, our group has recently demonstrated that the
simultaneous presence of microsatellite instability (MSI) and
widespread gene methylation is a predictor of better outcome
in patients with colorectal PDNECs, suggesting that the iden-
tification of this molecular subset may help in the prognostic
stratification of patients [12]. Interestingly, this specific mo-
lecular category of PDNECs showed peculiar morphological
and immunohistochemical features, including large cell sub-
type, abundant peritumoral lymphoid infiltrate, and lack of
both histologically documented vascular invasion and CD117
expression. Among these parameters, peritumoral lymphoid
infiltration seems particularly interesting because it indicates
that a host lymphoid response to a tumor may play a pivotal
role in the biology of such cancers as has already been dem-
onstrated in patients with colorectal adenocarcinomas [32].
There is a good correlation of MSI with the immunohisto-
chemical loss of MLH1 protein, suggesting that immunohis-
tochemistry for the mismatch repair proteins (MLH1, MSH2,

Fig. 1 Small cell neuroendocrine
carcinoma of the colon
characterized by sheets of
neoplastic cells in which
abundant necrosis is well evident
(a). Tumor cells are round to oval,
small- to medium-sized (2–4
times of lymphocyte size) with
scant cytoplasm and
hyperchromatic nuclei with
indistinct nucleoli (b)

Fig. 2 This large cell
neuroendocrine carcinoma
showing trabecular architecture
(a) is composed of large cells with
vesicular nuclei showing
prominent nucleoli and abundant
eosinophilic cytoplasm (b)
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MSH6, and PMS2) should be included in the diagnostic panel
to identify unstable carcinomas potentially correlated with a
better prognosis.

The 2010 WHO Classification

The 2010 WHO classification of digestive neoplasms
redefined the terminology to classify neuroendocrine neo-
plasms of the gastrointestinal tract and pancreas [9]. In such
a classification, which is derived from the European
Neuroendorcrine Tumor Society (ENETS) scheme published
in 2006 [33], the proliferative activity represents the most
important tool for classifying neuroendocrine neoplasms in
three distinct clinicopathologic categories, while morpholog-
ical features reduced their diagnostic impact with respect to
the previous WHO classifications [8, 34]. Following this new
scheme, neuroendocrine neoplasms have been divided into
three groups (Table 1): G1NET, G2NET, and neuroendocrine
carcinoma (NEC) that, by definition, are grade 3 (G3) neo-
plasms. This last category should correspond to the previously
defined PDNEC category. In general, both G1 and G2 NETs
correspond to the previous well-differentiated NET (both
benign and uncertain behavior categories) and well-
differentiated neuroendocrine carcinoma categories. It is
worth noting that there is no strict relationship between G1
and G2 NETs and the categories of the previous classification.
Indeed, G1 NETs do not necessary correspond to well-
differentiated NETs of the previous classification just as G2
NETs do not strictly correspond to well-differentiated neuro-
endocrine carcinomas. In other words, G1 NETs can corre-
spond to both well-differentiated NETs and well-differentiated
neuroendocrine carcinomas of the 2000 and 2004 WHO clas-
sifications like G2 NETs. This has recently been demonstrated
for NETs of the stomach [35] and appendix [36].

Open Questions and Future Perspectives

Although the 2010 WHO classification has the great advan-
tage of being easier to use than the previous one, especially for
the diagnosis of low and intermediate malignant tumor types,
it seems to present some difficulties in adequately recognizing
the so-called NEC category. This is mainly due to the fact that
NECs are neoplasms that, by definition, show a wide range of
proliferation with a Ki-67 index ranging from 20 to 100% and

a mitotic index >20 mitoses×10 HPF, independently of the
morphological picture. The observation that some tumors
showing a well to moderately morphological differentiation
together with a Ki-67 index higher than 20 % has appeared
since the beginning of the application of the 2010 WHO
classification in routine practice, and a few papers have de-
scribed and reported this possible discrepancy. In the stomach,
these tumors were defined as histologically moderately differ-
entiated with high proliferation [35], while, in the pancreas,
they were defined as neuroendocrine neoplasms G3 and sep-
arated from neuroendocrine carcinomas [25]. These studies
only described the dichotomy between morphology and pro-
liferation without studying, in detail, the clinical and thera-
peutic features of this intermediate category.

This topic has recently been investigated by at least three
research teams, and three interesting studies (two papers and
one abstract) have been reported in the English literature.
Basturk et al. [37] demonstrated that pancreatic neuroendo-
crine neoplasms showing a G2 mitotic count (2–20 mitoses×
10 HPF) but a G3 Ki-67 proliferative index (>20 %) were
associated with a statistically (p=0.017) better behavior than
G3 tumors characterized by both >20 mitoses×10 HPF and
>20 % Ki-67 index. Similar results were found by
Vélayoudom-Céphise et al. [38] who investigated a series of
28 cases of neuroendocrine neoplasms with a Ki-67 prolifer-
ative index >20 % in which 12 showed a well-differentiated
morphology and 16 a poorly differentiated morphology re-
sembling large cell neuroendocrine carcinomas. These authors
first classified tumors morphologically following the criteria
proposed for lung [39] and GEP neuroendocrine neoplasms
[8]. They did not find a significant difference in the overall
survival between the two categories (p=0.34). However, they
more rarely observed a short survival (<2 years) in G3 well-
differentiated NETs (25 % of the cases) than in G3 large cell
neuroendocrine carcinomas (62.5 % of the cases, p=0.049).
An important finding of this study was represented by the fact
that patients with G3 well-differentiated NETs did not show a
response to cisplatin-based chemotherapy in contrast to high-
grade large cell neuroendocrine carcinomas [38]. The different
response to cisplatin-based chemotherapy was also found by
Sorbye et al. who observed a statistical difference in survival
and response to therapy when NECs were divided into two
categories using a cutoff of 55 % for the Ki-67 index [40]. In
particular, patients bearing gastrointestinal neuroendocrine
neoplasms with less than 55 % had a significant longer sur-
vival (p<0.05), even if it was only 4 months, than patients
with highly proliferative neoplasms (Ki-67>55 %). More
interestingly, these patients were also less responsive to che-
motherapy resembling the patients with G3well-differentiated
NETs described by Vélayoudom-Céphise et al. [38].

Taken together, all these new findings suggest that high-
proliferative activity, as defined by G3 grading according to
the ENETS and 2010 WHO proposals, should not be

Table 1 2010 WHO
classification [9]

NET neuroendocrine tu-
mor, NEC neuroendo-
crine carcinoma

Mitoses Ki-67 (%)

NET G1 <2 <2

NET G2 2–20 3–20

NEC >20 >20
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considered per se as synonymous of poorly differentiated
NEC. This implies that proliferation alone is not sufficient
for the classification of high-grade neuroendocrine neoplasms
and we need to go back to morphology and add it to prolifer-
ative indices to correctly classify these neoplasms. A new
category of high-grade NENs defined by the combination of
G3 proliferation grade and well to moderately differentiated
morphological features (Fig. 3) should be created and sepa-
rated from neoplasms showing the typical morphological
features of either small or large cell neuroendocrine carcino-
mas. Although the prognostic meaning of this distinction
needs to be validated in large tumor series, data so far reported
seem to suggest that this difference is mainly important for the
choice of chemotherapy treatment. The evaluation of the
immunohistochemical pattern of chromogranin A reactivity
has recently been proposed as an additional useful tool to help
in the differential diagnosis between high-grade PDNECs and
NETs with high proliferation [14]. Indeed, chromogranin A is
generally focal with a dot-like paranuclear expression in
PDNECs, while it is diffusely and strongly positive in the
cytoplasm of most cells in NETs with high proliferation.

For these reasons, the 2010 WHO classification may be
modified to introduce a new category between G2 NET and
NEC that could be defined as G3 NET. In this new possible
classification, the term NEC should be restricted to those
neoplasms showing the typical morphological features of
either small or large cell neuroendocrine carcinomas as

defined in the 2000 WHO classification which also show
more than 55 % of Ki-67 index.
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