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Summary
Neuroendocrine neoplasms of the pancreatobiliary tract and liver are a heterogeneous 
group that encompass a spectrum of entities with distinct morphological, biological and 
clinical features. Although in the various anatomical sub-sites of this region they show 
specific characteristics, these tumors, as a whole, share several etiological and clinical 
aspects. This review systematically addresses NENs arising in the extrahepatic bile ducts, 
gallbladder, liver and pancreas, with the principal aim of pinpointing essential diagnostic 
and classification issues. In addition, the section on hepatic NENs has been expanded to 
include metastatic disease of unknown primary site.
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Introduction

Neoplastic diseases of the pancreatobiliary tract and liver are rare but 
potentially life-threatening. Although in the various anatomical sub-sites 
of this region they show specific biological and morphological features, 
these tumors, as a whole, share several etiological and clinical aspects. 
Among pancreatobiliary and hepatic malignancies, neuroendocrine ne-
oplasms (NENs) are among the rarest subtypes. This review will sys-
tematically address NENs arising in the extrahepatic bile ducts and gall-
bladder, in the liver and pancreas, with the principal aim of highlighting 
essential diagnostic and classification issues. In addition, the paragraph 
on hepatic NENs has been expanded to include metastatic disease of 
unknown primary site.

Neuroendocrine neoplasms of the biliary tree and liver 

The liver and the intra- and extra-hepatic bile tract (including gallbladder) 
are the rarest sites of occurrence for NENs, if metastatic lesions are ex-
cluded. Here we will revise the available knowledge about primary NENs 
of the biliary tract and liver and discuss the diagnostic management of 
metastatic NENs in the liver.
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Primary NENs of the extrahepatic bile 
ducts (EHBD) and of the gallbladder (GB)

Due to the rarity of these entities, clinicopathological 
studies on large series are lacking. Indeed, even ret-
rospective analyses of large databases and national 
tumor registries, as well as literature meta-analyses, 
are poorly affordable, as the nomenclature in this 
field is often confusing and the distinction between 
neuroendocrine tumors (NETs) and neuroendocrine 
carcinomas (NECs) is not well defined 1,2. However, if 
we consider well documented case reports and case 
series, as well as reviews and meta-analysis on spe-
cific types of NENs, we can summarize the features of 
NETs and NECs in these sites. 
Overall, these neoplasms represent 0.2 to 2% of all 
NENs, and around 2% of all primary malignancies 
arising in EHBD and GB 3,4. Gallbladder NENs most 
commonly arise in women (M:F ratio = 1:4), where-
as only a slight female prevalence (M:F ratio = 2:3) is 
seen in patients with NENs of EHBD 3. All ages can be 
affected, and rare pediatric cases are also described 5. 
In these sites, NECs are much more common than 
NETs and mostly occur in the gallbladder, followed by 
the common distal bile duct and the common hepatic 
duct. 
Although some authors have suggested that NENs of 
the biliary tree may arise from neuroendocrine cells 
of post-inflammatory metaplastic mucosa 6, the most 
likely hypothesis is that they derive from an epithelial 
precursor that may also give rise to glandular neo-
plastic proliferation, in analogy to other gastroenter-
opancreatic NENs 7. Independently from the specific 
mechanism of cancerogenesis, the main risk factor 
for gallbladder NENs is the presence of cholelithiasis 
and cholecystitis 7, whereas no specific etiology has 
been identified for NENs of the EHBD. As concerns 
the pathogenetic mechanisms, little is known about 
the molecular pathways underlying the development 
of GB and HEBD NETs, but alterations in tumor-relat-
ed genes involved in local adenocarcinomas, such as 
TP53, KRAS and RB1, seem not to be present in these 
neoplasms  8. An association with von Hippel-Lindau 
syndrome (VHL) has been proposed for EHBD NETs, 
as two cases have been reported in VHL patients 9,10. 
For NECs of these sites, a very recent paper report-
ing the largest series of GB NECs published until 
now, showed frequent loss of Rb1, hyperexpression 
of p16, and no mutation of BRAF in these cases  11. 
In addition, TP53 point mutation has been found in a 
case 12, while the presence of microsatellite instability 
and alterations of genes involved in the ERBB path-
way (HMCN1 and CDH10) were reported in a case 13. 
These results, together with the evidence that GB and 

EHBD NECs are frequently mixed with invasive and 
pre-invasive non-neuroendocrine components, and 
can be called mixed neuroendocrine/non-neuroendo-
crine neoplasms (MiNENs) 11,12,14-17, suggest that also 
in these sites NEC may share common pathogenet-
ic pathways with autoctonous adenocarcinomas, in 
analogy to MiNENs of other digestive and extra-diges-
tive locations 18,19.
Macroscopically, tumor masses have a mean diame-
ter of 2.2 to 3 cm 2,17 in the EHBD, whereas GB NENs 
are larger (mean diameter 3.5 to 5.6 cm) 11,20,21. In the 
gallbladder, the most commonly involved subsite is the 
fundus11. The histopathological appearance of GB and 
EHBD NETs is similar to NETs of other anatomical 
sites, with well differentiated neuroendocrine morphol-
ogy 8, and NECs may be of small or large cell type, and 
can be found in the context of a MiNEN, mixed with 
an adenocarcinoma or a papillary neoplasm 11,17,22. At 
immunohistochemistry, pan-cytokeratins and general 
neuroendocrine markers (synaptophysin and chro-
mogranin A) are expressed  11,17,22, with variable pat-
terns between NETs and NECs, as described in other 
sites (Fig. 1) 23. Cytokeratin 7 has been reported to be 
consistently expressed in GB NECs, in contrast with 
NECs of other digestive sites 17. CD117 immunostain, 
which has also been reported to be positive in NECs 
of other sites, is found in a significant fraction of GB 
NEC and may represent an additional marker in the 
differential diagnosis with poorly differentiated adeno-
carcinoma and with NET and a putative therapeutic 
target 11. A number of hormonal products have been 
found in neoplastic cells of a subset of NETs, main-
ly gastrin and serotonin 2, whereas no data regarding 
transcription factors and other site-specific markers 
is available, apart from the nonspecific expression of 
TTF1 in a subset of NECs  11. Ki-67-related labelling 
index is far above 20% in NECs, whereas in NETs it 
may vary from up to 3% (NET G1) to more than 20% 
(NET G3), through cases in which it ranges between 
more than 3% but less than 20% 24.
The clinical presentation of EHBD and GB NENs 
varies according to their site. EHBD NENs become 
evident due to jaundice and other signs of cholesta-
sis, whereas GB NENs are most often asymptomat-
ic and are occasionally diagnosed during abdominal 
imaging for nonspecific symptoms or after cholecys-
tectomy for cholecystitis 11,17. Very rare cases become 
evident with symptoms of hormone hypersecretion or 
other paraneoplastic syndromes 25. The prognosis of 
EHBD and GB NENs heavily depends on their mor-
phological characterization. Patients with NECs of 
small and large cell type have a poor outcome, with 
an overall survival (OS) at 5 years of 19%, and AJCC 
stage strongly influences prognosis  11,22. In contrast, 
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NETs bear a better prognosis than adenocarcinomas 
of the same anatomical sites, with a 10-year OS of 
36% for gallbladder NETs and 80% for EHBD NETs 26. 
The distinction of NENs from adenocarcinomas of the 
same sites is of paramount importance for establish-
ing a correct treatment, in particular for NECs, which 
are often diagnosed in advanced stages and benefit 
from adjuvant platinum-bases chemotherapy 11.

Primary NENs of the liver

Primary hepatic NENs (H-NENs) are exceedingly rare, 
representing, as a whole, less than 1% of all resected 
primary neoplasms of the liver 27. The distinction from 
metastases from other primary site is important to es-
tablish the treatment and the prognosis of patients 28,29. 

Among H-NENs, NETs are reported to be slightly less 
frequent than NECs  27,30, and these latter are nearly 
always associated with a non-neuroendocrine compo-
nent (hepatocellular carcinoma, HCC) in a MiNEN 18,27. 
No definite sex prevalence has been reported and 
mean age at diagnosis in in the adulthood (around 50 
years), with very rare cases under the age of 40 30,31. 
A meta-analysis of 69 cases showed that the most 
common intrahepatic location was the right lobe, in 
which half of the cases was detected 31. 
The histogenesis of hepatic NENs is controversial and 
it has been proposed that they may derive from ectopic 
intrahepatic pancreatic tissue 32, but it is more conceiv-
able that NETs arise from progenitor cells in intrahe-
patic bile ducts, whereas NECs may follow a common 
pathogenetic pathway with hepatocellular carcinoma 33. 
Definitive data on genetic features of H-NENs are lack-

Figure 1. Small cell neuroendocrine carcinoma of the gallbladder. Solid growth of poorly differentiated small cells with zonal 
necrosis (A). Ki-67-related index is higher than 80% (B) and tumor cells are immunoreactive for synaptophysin (C) and chro-
mogranin A (D). (Hematoxylin-eosin and immunoperoxidase, original magnification x100).
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ing, due to their rarity. Only single cases were studied, 
revealing loss of one copy each of chromosomes 3 and 
18, and gain of 1q in a NET G2 metastatic to the orbit 34, 
whereas TP53 mutations, associated or not with EGFR 
and other well-known cancer related genes were found 
in two cases of NEC 35,36.
Macroscopically, H-NENs are expanding masses in 
the liver parenchyma, with a tannish cut surface that, 
in NECs, may show areas of necrosis and hemor-
rhage. NETs are reported to be larger (mean diame-
ter around 5 cm) than NECs (mean diameter around 
3 cm)  27. The microscopic appearance of H-NETs is 
mainly of a trabecular or pseudo-glandular growth of 
neoplastic cells with well differentiated morphological 
features 27. General neuroendocrine markers are well 
expressed, as well as cytokeratins 7, 18, and 19, but 
HepPar-1, which is a site specific antibody for hepa-
tocellular neoplasms is not expressed  27. Based on 
Ki-67-related proliferative index NETs may be graded, 
but until now only G1 and G2 H-NETs have been re-
ported  33. H-NECs are mainly of the small cell sub-
type, but also large cell variant has been reported 33. 
Both subtypes have overlapping histopathological 
features with NECs in other anatomical sites and are 
typically found in MiNENs, combined with HCC  33. 
However, occasional MiNENs with a cholangiocarci-
noma component have been described 37. Compared 
with NH-NETs, H-NECs show a lower expression of 
general neuroendocrine markers and of cytokeratins. 
HepPar-1 is consistently negative also in NECs 27. As 
a whole, there are no specific morphological or im-
munohistochemical characteristics that may support 
the diagnosis of a primary H-NEN versus a metas-
tasis and the practicing pathologist should always be 
aware that a primary H-NEN is always a diagnosis of 
exclusion, after careful consideration of all clinical and 
radiological information.
The clinical presentation of H-NENs may include non-
specific abdominal symptoms, such as abdominal dis-
comfort or diarrhea, but a significant proportion of cas-
es is asymptomatic 30. Serum liver tests are mostly in 
the normal range and circulating tumor markers have 
no diagnostic value 30. Symptoms of hormone hyperse-
cretion (Zollinger-Ellison syndrome, Cushing syndrome 
and hypercalcemia due to gastrin, adrenocorticotroph 
hormone, and parathyroid hormone, respectively) have 
been reported 38-40. The most important prognostic pa-
rameters is the distinction between NETs and NECs 
and the possibility of radical surgery 30.

NENs metastatic to the liver

Virtually all NENs have metastatic potential, and 90% 

of symptomatic patients with symptomatic NENs 
have synchronous metastases at diagnosis, and up 
to 20% of the cases present as metastasis from an 
occult primary 41. The identification of the primary site 
is an important step towards the correct management 
of the patient, particularly for NETs, as the therapeu-
tic approach may vary depending on the primary site 
and cell type. In addition, even when liver metastases 
are unresectable, the surgical treatment of the prima-
ry NET has been shown to have a positive impact of 
patient’s outcome 42. Consequently, thorough morpho-
logical and immunohistochemical analyses are ex-
pected to give important clues to the recognition of the 
site of origin of a metastatic NET. In contrast, NECs, 
independent of the primary site, are currently treated 
with platinum-based regimens, and the role of the pa-
thologist may be limited to the distinction between a 
visceral NEC and a Merkel cell carcinoma of the skin, 
because the latter requires wide local excision, sen-
tinel node biopsy and possibly radiotherapy. Of note, 
most of the diagnostic approaches discussed below 
have poor reliability in the context of NECs. Irrespec-
tive of the primary site, the liver represents the most 
frequent location of metastatic NENs and liver biopsy 
is the most common specimen with which the practic-
ing pathologist is faced in the challenge of differential 
diagnosis.
Digestive NETs, particularly ileal (Fig. 2) and pancre-
atic NETs, are the major sources of liver metastases 
among all NETs. However, also thoracic NETs may 
not infrequently give hepatic secondary localizations. 
As pure morphological features are frequently too 
subtle to recognize and are also commonly obscured 
by crash artifacts in small liver samples, immunohis-
tochemistry turns out to be the corner stone of the 
differential diagnosis in this setting. The wise use of a 
step-wise immunohistochemical approach using tran-
scription factors, hormones and other markers, such 
as carcinoembryonic antigen (CEA), prostate-specific 
acidic phosphatase (PSAP), and others, may be very 
helpful to identify the unknown primary site of a meta-
static NET 23,41. In this respect, despite the existence of 
a wide range of available antibodies for each putative 
primary site (Tab. I), an algorithmic approach is desir-
able to avoid waste of time and of financial resources 
(Fig. 3). In fact, after the initial confirmation of the ep-
ithelial and neuroendocrine nature of the proliferation 
using pan-cytokeratins and general neuroendocrine 
markers (synaptophysin, chromogranin A and, lately, 
the new marker INSM1), as well as of its well differenti-
ated morphology, the use of TTF1 and CDX2 may rep-
resent an initial step for the triage of the possible pri-
mary site. Immunoreactivity for CDX2 points towards a 
gastroenteropancreatic (GEP) origin, whereas TTF1 is 



C. Luchini et al.32

reminiscent of a thoracic primary. The additional use of 
the transcription factor PDX1, which has been reported 
to have a certain specificity for pancreatic NETs, may 
be considered, although, even in expert hands, the im-
munoreaction with commercially available antibodies 
may be difficult to evaluate. In CDX2-positive metas-
tases, the employment of antibodies directed against 
hormonal products like serotonin, pancreatic hor-
mones and glucagon-related peptides may give clues 

to an ileal, pancreatic, or colo-rectal origin, respective-
ly. In addition, other markers may be of help in con-
firming, for example, an ileal (substance P), colo-rectal 
(PSAP), gastric (vesicular monoamine transporter 2, 
v-MAT2) or duodenal (gastrin, somatostatin) primary. 
In this setting, one should not forget the importance of 
using immunohistochemical panels, and not just sin-
gle antibodies, as no individual marker has absolute 
sensitivity and specificity in identifying an unknown 

Figure 2. Ileal NET G2 metastatic to the liver (A) strongly immunoreactive for synaptophysin (B), chromagranin A (C) and 
CDX2 (D). Ki67 proliferation index is about 15% (E) and somatostatin receptor 2A shows strong membranous stain (F) 
(hematoxylin-eosin and immunoperoxidase, original magnification x100).

Table I. Useful immunohistochemical markers for the identification of the occult primary site of a NEN.
Putative primary site Transcription factors Hormones Other markers
Pituitary Pit1, SF1, Tpit, ER-a, GATA-2, 

GATA-3
PRL, GH, TSH, ACTH, FSH, LH, a-SU

Thyroid PAX8, TTF1 Calcitonin CEA, CGRP
Parathyroid GATA-3 PTH
Lung TTF1, OTP Bombesin, serotonin, calcitonin
Stomach CDX2 (Histamine), Serotonin, Ghrelin v-MAT2
Duodenum ISL-1, PDX-1, CDX2 Somatostain, Gastrin
Pancreas ISL-1, PAX6, PDX-1, CDX2 Insulin, Glucagon, PP, Somatostatin, Gastrin, VIP, 

ACTH, Serotonin, Calcitonin, others
Jejunum/Ileum CDX2 Serotonin v-MAT1
Appendix CDX2 Serotonin, Glucagon-like peptides
Colon-rectum CDX2 PYY, Glucagon-like peptides, Serotonin Prostatic acid 

phosphatase
Paraganglioma GATA-3 (Catecholamines) Tyrosine hydroxylase, 

v-MAT1, v-MAT2
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primary. Just as an example, the positive immunostain 
for TTF1 is not exclusive of lung NETs (carcinoids), as, 
in the context of NENs, medullary thyroid carcinomas 
(MTCs) are also TTF1-positive and, in turn, calcitonin 
expression is not an absolutely affordable marker of 
MTCs, as also lung NETs may stain positive for this 
hormone. In such case, a positive stain for CEA favors 
MTC versus lung NET 41. 
Liver metastases from NETs arising in rare sites (ex-
tra-GEP and extra-thoracic) are possible findings and 
even in this case immunohistochemistry may be of 
help (Tab. I, Fig. 1). For example, the possibility of me-
tastases from pituitary NETs should not be underesti-
mated, particularly in the clinical context of a Cushing 
syndrome 43. In this case, the use of pituitary-specific 
transcription factors may be useful to reach a correct 
diagnosis. Finally, another useful immunohistochem-
ical tool that can support the clinical search for the 
unknown primary site of a NET is the immunostain 
for somatostatin receptors (SSTRs). Indeed, a strong 
membranous positivity for SSTR2A and/or for SSTR5 
has a good correlation with the avidity of the neo-
plasm for somatostatin analogues-based imaging that 
can identify the primary NET 44.
In conclusion, the workup of a metastatic NEN repre-
sents a critical responsibility of pathologists. It requires 

careful interpretation of clinical, morphologic and im-
munohistochemical findings. The use of a panel of 
approach combining cytokeratins along with anatomic 
site-related transcription factors, hormones and other 
biomarkers can assist identifying the origin of the met-
astatic NEN. The power of this approach is limited in 
the setting of poorly differentiated NENs (NECs).

Neuroendocrine neoplasms of the 
pancreas

NENs of the pancreas (PanNENs) are a heterogene-
ous group of tumors with different histologic, molecu-
lar and clinical features. The current World Health Or-
ganization (WHO) diagnostic guidelines have refined 
their classification, which reflects more appropriately 
the different biological landscapes and prognostic im-
plications 24. 
Definition/Terminology. The heterogeneous group 
of neuroendocrine lesions of the pancreas has been 
named as pancreatic neuroendocrine neoplasm (Pan-
NEN). The current WHO classification subdivides Pan-
NEN in three main categories: i) pancreatic neuroen-
docrine microadenoma (lesion < 5 mm); ii) well-differ-
entiated pancreatic neuroendocrine tumor (PanNET), 

Figure 3. Practical diagnostic algorithm for the identification of the unknown primary site of a metastatic neuroendocrine 
tumor (NET). CKs, Cytokeratins; NE, Neuroendocrine; Syn, synaptophysin; Chrom A, chromogranin A; Sub P, substance P; 
Ins, insulin; Gluc, glucagon; Som, somatostatin; GLP, glucagon-like peptides; PSAP, prostate-specific acidic phosphatase; 
*GATA3 for breast NENs (but it is also positive in gonadotroph pituitary NETs); SSTR2A and SSTR5 to predict avidity to so-
matostatin analogues-based imaging.
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which includes functional PanNETs (F-PanNENs; 
tumors with clinical evidence of hormone production, 
such as insulinoma, glucagonoma, gastrinoma, VIPo-
ma, etc.) and non-functional PanNETs (NF-PanNET); 
iii) poorly differentiated pancreatic neuroendocrine 
carcinoma (PanNEC), featuring either small cell or 
large cell PanNECs 24.
The last WHO classification has subdivided PanNETs 
into three subgroups of tumors: i) Grade 1 PanNET 
(PanNET G1): <  2 mitoses/2 mm2 and a Ki-67 pro-
liferation index <  3%; Grade 2 PanNET (PanNET 
G2): 2-20 mitoses/2 mm2 or a Ki-67 proliferation in-
dex of 3-20%; Grade 3 PanNET (PanNET G3): > 20 
mitoses/2 mm2 or a Ki-67 proliferation index >  20% 
24. This last category represents the main novelty in 
PanNENs classification, and should be distinguished 
from PanNEC, which in turn includes small-cell and 
large-cell carcinoma 24.
A last category to be considered is represented by Mi-
NEN. Both components must represent at least 30% 
of the total tumor mass, are usually high-grade (G3) 
and the non-neuroendocrine part is generally repre-
sented by acinar carcinoma or ductal adenocarcino-
ma 18,19,24.
Macroscopic description. Because of their small 
size, microadenoma are rarely documented during 
routine sampling. PanNETs are usually brownish le-
sions, with lobulated or pushing borders and soft to 
fleshy consistency. The vast majority of PanNETs are 
encapsulated, at least in part, and sharply demarcat-
ed from the adjacent pancreatic parenchyma. Cystic 
changes are rare but, if present, a unilocular cyst is 
reported. Conversely, PanNECs generally show in-
filtrative margins, hard consistency and brownish to 
whitish color; typically, necrotic areas are reported.
Histopathology. A classic example of neuroendo-
crine microadenoma is shown in Figure 4, and para-
digmatic examples of PanNETs G1, G2 and G3 and 
of PanNEC are depicted in Figure 5. By definition, 
neuroendocrine microadenoma is a small and well 
differentiated neuroendocrine neoplasm. Histological-
ly, NF-PanNETs display a well-differentiated growth 
pattern, with a spectrum of architectural patterns, in-
cluding solid-nesting, paraganglioma-like, trabecular, 
gyriform and glandular aspects24,45,46. The stroma is 
highly vascular, but areas with dense and hyalinized 
collagen are often present. Most of neoplastic cells 
are monomorphic, cuboidal and with the classic nuclei 
showing “salt and pepper” chromatin texture  24,45,46. 
They are centrally located and polarized. In addition 
to these classical aspects, some functional PanNETs 
may exhibit particular features, although distinctive 
morphological hallmarks are lacking. The more pe-
culiar histological features for functional PanNETs 

are the following: i) insulinoma: trabecular and solid 
growth patterns, with normal pancreatic ducts often 
entrapped within tumor mass; a stromal deposit of is-
let amyloid polypeptide is quite specific but very rare 
(5% of cases) 47; ii) gastrinoma: trabecular and glan-
dular growth patterns  48; iii) glucagonoma: presence 
of densely arranged trabecular structures with scant 
stroma  49; iv) somatostatinoma: psammomatous cal-
cification are quite common, although they are more 
typical of duodenal location 50; v) serotonin-producing 
PanNETs: a trabecular architecture is the most com-
mon pattern, and vascular / perineural invasion is fre-
quent even in G1 tumors 51.
PanNECs present distinctive histologic features and 
have been subdivided in small-cell and large-cell Pan-
NECs24. Small-cell PanNECs are characterized by dif-
fuse sheets of cells with scant cytoplasm, round or 
elongated nuclei and finely granular chromatin. As in 
the pulmonary counterpart, nuclear moulding may be 
also present 24,52. Large-cell PanNECs is a more com-
mon subtype, and is composed by round to polygonal 
large cells with coarse chromatin and prominent nu-
clei 24,52. Both small-cell and large-cell PanNECs show 
necrotic areas, often with a comedo-like appearance.
MiNEN are mixed neuroendocrine-non-neuroendo-
crine neoplasms, where which each counterpart ac-
counts at least for 30% of the entire lesion 24,53. The 
non-neuroendocrine counterpart, which is usually 
represented by acinar cell carcinoma or ductal adeno-
carcinoma, reflects its conventional morphology.
Immunohistochemical and molecular markers. 
As neuroendocrine neoplasms, PanNETs are usually 
stained by pan-cytokeratins and general neuroendo-
crine markers such as Synaptophysin and Chromo-
granin-A, with known variability between NETs and 
NECs 23,24. Other markers that may be added to the 

Figure 4. Example of a classical neuroendocrine microade-
noma. This category includes small (<0.5 cm) well-differenti-
ated neuroendocrine neoplasms. Original magnification: x20.
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diagnostic PanNET algorythm, but have low accu-
rancy are: i) CD56, which has a high sensitivity but 
a low specificity, ii) CD200, which stains in the pan-
creas both PanNETs and solid pseudopapillary neo-
plasms (SPNs), iii) Islet-1, whose expression is not 
restricted to PanNETs but is also commonly found in 
well and poorly differentiated NENs in extrapancreat-
ic sites 23,24,56. In the prognostic grading of PanNETs, 
the evaluation of Ki-67 proliferation index (using clone 
MIB1) is crucial, as stated before in this review. Ki-
67 may be useful also in the differential diagnosis 
between PanNET G3 vs. PanNEC  52. In the former, 
Ki-67 distribution is heterogeneous and usually shows 
areas with a low (< 20%) proliferation, together with 
highly proliferating areas, whereas PanNECs displays 
a more homogeneous staining, usually present in a 
very high proportion of neoplastic cell nuclei (> 60%). 
Immunohistochemical stains for hormonal products 
(both pancreatic and ectopic) may provide additional 
information for the characterization of both F-PanN-
ENs and NF-PanNENs  23,57, but it has to be noticed 
that the specific diagnosis of F-PanNET must be 
based on the hormone-related clinical syndrome rath-
er than immunohistochemical analysis 24.
PanNETs display a mutational profile that includes 
MEN1, DAXX and ATRX as the most commonly mu-

tated genes, with DAXX and ATRX mutations being 
mutually exclusive 58. Collectively, about 60% of Pan-
NETs carry MEN1/DAXX/ATRX mutations. DAXX and 
ATRX mutations have been recently associated with 
poor prognosis 55. Furthermore, the biological process 
of alternative lengthening of telomeres (ALT), which 
is a telomerase-independent mechanism used by 
different tumors to maintain the telomere length thus 
increasing cell replication’s potential, is activated in a 
subset of PanNETs and associated with an increased 
rate of distant metastases  59. PanNECs commonly 
bear TP53 and RB1 mutations, which are reflected by 
abnormal expression patterns of the related proteins, 
so that the differential diagnosis between PanNET G3 
vs. PanNEC can be supported by immunohistochem-
istry 24,52. Indeed, an abnormal expression pattern for 
p53 and the loss of Rb immunostain strongly corrobo-
rate a PanNEC diagnosis against a PanNET G3. The 
genetic differences between PanNET and PanNEC is 
in keeping with the assumption that they are distinc-
tive and separate tumor entities 45,52.
Differential diagnosis. Besides the importance of 
the distinction between PanNETs G3 and PanNECs, 
the main differential diagnoses of PanNENs include 
pancreatic non-neuroendocrine epithelial malignan-
cies with solid and/or organoid pattern of growth, such 

Figure 5. The entire spectrum of PanNET/NEC is shown. A-C: well differentitated PanNETs, as follows: A) PanNET G1, B) 
PanNET G2, C) PanNET G3; D) PanNEC (black asterisks indicate tumor necrosis). Original magnification: X10.
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as acinar cell carcinoma (ACC), solid pseudopapillary 
neoplasm (SPN) and pancreatoblastoma. Morphology 
and immunohistochemistry are the corner stones of 
a correct a diagnostic panel of antibodies including 
CD10, vimentin, β-catenin and LEF1 for SPNs, and 
Bcl10 and trypsin for acinar cell carcinomas is advisa-
ble in selected cases 60,61.
Clinical aspects. PanNETs and PanNECs display 
distinctive features also under clinical aspects. Most 
NF-PanNETs are small and located in the pancreatic 
tail, thus they are identified incidentally and patients 
do not have specific tumor-related symptoms  24,45. 
F-PanNETs present with hormone-related syndromes 
(e.g., fasting hypoglycemia in insulinomas, diarrhea 
with dermatitis in glucagonomas, Zollinger-Ellison 
syndrome in gastrinomas). Patients with PanNEC 
present more often mass-related symptoms and show 
rapid clinical progression, requiring prompt cytotox-
ic chemotherapy, usually with platinum-based reg-
imens  45. If achievable, complete surgical resection 
remains the most effective modality for the treatment 
of PanNENs.
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