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Somatostatin receptor 2A expression is a feature of well-differentiated neuroendocrine neoplasms and is
important for their diagnosis and therapy. Little is known about somatostatin receptor 2A expression in poorly
differentiated neuroendocrine neoplasms in relation to TP53 and RB1 status and how these features may
contribute to the separation of well from poorly differentiated neuroendocrine neoplasms with a proliferation
index above 20%. This study investigates the expression of somatostatin receptors, p53 and Rb1, and TP53
alterations in pancreatic and extrapancreatic well and poorly differentiated neuroendocrine neoplasms (Ki67-
index 420%). Thirty-seven poorly differentiated neuroendocrine neoplasms of pancreatic (n= 12) and
extrapancreatic origin (n= 25) as well as 10 well-differentiated neuroendocrine neoplasms of the pancreas
(n= 9) and rectum (n= 1) with a Ki67-index 420% were immunostained for synaptophysin, chromogranin A,
Ki67, CD56, p53, Rb1, ATRX, DAXX, progesterone receptor, somatostatin receptor 2A, somatostatin receptor 5,
and cytokeratin 20, and sequenced for TP53, exons 5–9. Somatostatin receptor 2A was positive in 6/37 of poorly
differentiated and in 8/10 of well-differentiated neuroendocrine neoplasms. One well-differentiated and two
poorly differentiated neuroendocrine neoplasms expressed somatostatin receptor 5. Abnormal nuclear p53 and
Rb1 staining was found in 29/37 and 22/37 poorly differentiated neuroendocrine neoplasms, respectively,
whereas all well-differentiated neuroendocrine neoplasms showed normal p53 and Rb1 expression. TP53 gene
alterations were restricted to poorly differentiated neuroendocrine neoplasms (24/34) and correlated well with
p53 expression. All cases were progesterone receptor negative. Somatostatin receptor 2A expression is not
limited to well-differentiated neuroendocrine neoplasms but also occurs in 16% of poorly differentiated
neuroendocrine neoplasms from various sites. Most poorly differentiated neuroendocrine neoplasms are
characterized by TP53 alterations and Rb1 loss, usually in the absence of somatostatin receptor 2A expression.
In the pancreas, these criteria contribute to separate well-differentiated neuroendocrine neoplasms with a Ki67-
index above 20% from poorly differentiated neuroendocrine neoplasms.
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The 2010 World Health Organization tumor classifi-
cation of the gastroenteropancreatic system for
neuroendocrine neoplasms defines the tumors with
well-differentiated histology and a Ki67-index below
20% as neuroendocrine tumors. In contrast, poorly
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differentiated neuroendocrine neoplasms that are
called neuroendocrine carcinomas have a Ki67-
index greater than 20%. Arguments in favor of this
distinction are profound differences in tumor pro-
gression (slow vs fast), hormone production (expres-
sion vs no expression), hormonal syndromes
(syndromes vs no syndromes), association with
hereditary endocrine tumor syndromes (such as
multiple endocrine neoplasia type 1, von Hippel
Lindau or neurofibromatosis type 1 vs no associa-
tion), and genetic profiles (MEN1, DAXX/ARTX,
TSC2, PTEN, PIK3CA and VHL gene alterations vs
TP53 and RB1 gene alterations).1–5 This subdivision
of the neuroendocrine neoplasms into well and
poorly differentiated groups probably also applies
to the respective neoplasms outside the gastroenter-
opancreatic organ system as for instance in the lung
(typical and atypical carcinoids vs poorly differen-
tiated neuroendocrine carcinomas), head and neck
area or the urinary bladder.

The subdivision of the neuroendocrine neoplasms
into two biologically distinct groups is crucial for the
treatment of these tumors.6,7 Neuroendocrine tumors
are initially treated by surgery that is usually
followed by various bioresponse modifiers such as
somatostatin analogs, chemotherapy with streptozo-
tocin, temozolomid and/or peptide radio receptor
therapy, if the tumors pursue a malignant course.1
Poorly differentiated neuroendocrine neoplasms are
rarely resected, but treated with platinum-based
chemotherapy.6 In recent years, peptide radio recep-
tor therapy has gained increasing importance as an
effective treatment option for neuroendocrine
tumors, provided that the tumors express somatosta-
tin receptors, as the ligand consists of a somatostatin
analog coupled to a radioisotope such as yttrium or
lutetium.8,9 Strong membranous immunohistochem-
ical expression highly correlates with somatostatin
receptor imaging.10–13 Somatostatin analogs are well
established in the treatment of neuroendocrine
tumors due to their inhibition of hormonal symptoms
and their anti-proliferative effect.14 The progression
free survival rate in a subset of metastatic G1 and G2
enteropancreatic neuroendocrine tumors is longer
when treated with somatostatin analogs.15

The majority of gastroenteropancreatic neuroendo-
crine tumors express somatostatin receptor subtypes
1–5 that can be detected by real time polymerase
chain reaction and/or immunohistochemistry.16–18
Especially somatostatin receptor 2 A is highly
expressed in these tumors, whereas the other
somatostatin receptors, for instance somatostatin
receptor 5, have been less often demonstrated.16,19
Somatostatin receptor 2 A has also been found to be
expressed in neuroendocrine tumors/carcinoids and
neuroendocrine carcinomas outside the gastroenter-
opancreatic system, such as in the lung and in the
urinary bladder.19–23 In contrast to neuroendocrine
tumors, the poorly differentiated gastroenteropan-
creatic neuroendocrine neoplasms do rarely express
somatostatin receptor 2 A, thereby usually excluding

these neoplasms from the benefits of peptide radio
receptor therapy. However, as exceptions from this
general notion occur, it is of interest to get a more
precise overview of the ability of poorly differen-
tiated neuroendocrine neoplasms of the gastroenter-
opancreatic system and beyond to express
somatostatin receptor 2 A or somatostatin receptor
5, in particular regarding the predictability of the
expression related to criteria such as morphology,
proliferative activity, and tumor localization.

Recently, the distinction of well from poorly
differentiated neuroendocrine neoplasms by apply-
ing the World Health Organization 2010
classification3 has become difficult for those few
well-differentiated neuroendocrine neoplasms
whose Ki67-index exceeds 20%. Although they have
retained their well-differentiated neuroendocrine
growth pattern, their Ki67-index greater than 20%
gives them a grade G3 that shifts them into the poorly
differentiated neuroendocrine neoplasm category.24
Neoplasms of this type most often originate in the
pancreas and increase their proliferative activity
when developing liver metastases in the course of
the disease. As their behavior is still better than that
of the poorly differentiated neuroendocrine neo-
plasms, and also their treatment response to first-
line platinum-based chemotherapy, as used for
poorly differentiated neuroendocrine neoplasms, is
often poor, there is a need to distinguish these
‘neuroendocrine tumors G3’ clearly from poorly
differentiated neuroendocrine neoplasms.25,26 In
case the histological pattern is ambiguous, surrogate
markers could facilitate the differential diagnosis.
Recent studies have shown that poorly differentiated
neuroendocrine neoplasms of the pancreas often
overexpress p53, show TP53mutations and loose the
expression of Rb1, whereas pancreatic neuroendo-
crine tumors lack these changes but show instead
mutations in the MEN1 gene, DAXX/ATRX genes,
genes belonging to the mTOR pathway and von
Hippel Lindau related genes.2,27,28

However, little is known whether neuroendocrine
tumors G3 retain the features of the neuroendocrine
tumors G1 and G2 with intact TP53 and RB1
function or if these tumors assume an intermediate
status between neuroendocrine tumors and poorly
differentiated neuroendocrine neoplasms. In addi-
tion, it is not clear so far whether they also retain the
ability to express somatostatin receptor 2 A and thus
may respond to peptide radio receptor therapy.

In this study, we therefore addressed three ques-
tions. Firstly, do poorly differentiated neuroendo-
crine neoplasms from various sites including the
pancreas, the colorectum, the urinary bladder, the
parotid gland, and the skin (ie, Merkel cell carcino-
mas) lack the immunohistochemical expression of
somatostatin receptor 2 A and 5? Secondly, how does
the TP53 and RB1 status relate to the expression of
somatostatin receptor 2 A and 5 in poorly differen-
tiated neuroendocrine neoplasms? Thirdly,
how helpful are the TP53, RB1, ATRX, and DAXX

Somatostatin receptors in neuroendocrine neoplasms

588 B Konukiewitz et al

Modern Pathology (2017) 30, 587–598



mutational status and somatostatin receptor
2 A/5 expression patterns in discriminating neuroen-
docrine tumors G3 from poorly differentiated neu-
roendocrine neoplasms in the pancreas? The
answers to these questions reveal somatostatin
receptor 2 A expression in association with intact
TP53 and RB1 status as diagnostically valuable
neuroendocrine tumor G3 features. P53 and Rb1
have a high discriminative power and are helpful
markers to distinguish well from poorly differen-
tiated neuroendocrine neoplasms.

Materials and methods

Patients and Tissues

Formalin-fixed and paraffin-embedded tissue blocks
from 47 surgical resection specimens of primary
neuroendocrine neoplasms with a Ki67-index
420% were retrieved from the Institute of Pathology
and the Consultation Center of Pancreatic and
Endocrine Tumors, Institute of Pathology, Technical
University Munich, Munich, Germany, including 21
neoplasms of pancreatic (n=20) and ampullary
origin (n=1) and 26 neoplasms of extrapancreatic
origin (colorectum, n=10; urinary bladder, n=8;
parotid gland, n=5; Merkel cell carcinoma of the
skin, n=3). The study was approved by the ethics
committee of the Technical University of Munich,
Germany (document no. 129/16 S).

Histological Analysis

Three micrometer-thick slides were cut from each
block and stained with hematoxylin and eosin. The
tumors were histologically classified according to
World Health Organization recommendations as
well-differentiated neuroendocrine neoplasms,
when presenting with typical neuroendocrine
growth pattern (diffuse, nested, trabecular, glandu-
lar, and so on) and low-grade cytological atypia.
Poorly differentiated neoplasms of the pancreas, the
colorectum, the urinary bladder, the parotid gland,
and the skin were subclassified into neoplasms from
small cell, large cell, and Merkel cell type, based on
cytological criteria. Small-cell-type neoplasms con-
sist of small neoplastic cells with a high nucleus to
cytoplasm ratio and dense chromatin. Large-cell-
type neoplasms are defined by larger nuclei with
vesicular chromatin and large nucleoli.3,29

Immunohistochemistry

Immunohistochemistry was performed on 3 µm-
thick paraffin sections using a fully automated slide
preparation system ‘Benchmark XT System’

(Ventana Medical Systems, Tucson, Arizona, USA).
All reagents and buffers were retrieved from
Ventana Medical Systems. Immunohistochemical
analysis was performed using antibodies against

synaptophysin (Ventana Medical Systems, Tucson,
Arizona, USA; 1:1), chromogranin A (Boehringer,
Mannheim, Germany; 1:5000), Ki67 (DakoCytoma-
tion, Glostrup, Denmark; 1:50), CD56 (Cell Marque,
Rocklin, California, USA; 1:4), p53 (DakoCytoma-
tion, Glostrup, Denmark; 1:200), progesterone recep-
tor (DCS, Hamburg, Germany; 1:50), somatostatin
receptor 2 A (ZYTOMED Systems, Berlin, Germany;
1:100), somatostatin receptor 5 (ZYTOMED Systems,
Berlin, Germany; 1:25), cytokeratin 20 (PROGEN
Biotechnik GmbH, Heidelberg, Germany; 1:60), and
Rb1 (BD Biosciences, Heidelberg, Germany; 1:200).
In addition, ATRX (Sigma-Aldrich, Munich, Ger-
many, 1:250) and DAXX (Sigma-Aldrich, Munich,
Germany, 1:100) immunostainings were performed
in pancreatic neuroendocrine neoplasms. Nuclear
(Ki67, p53, progesterone receptor, Rb1, ATRX, and
DAXX), cytoplasmic (synaptophysin, chromogranin
A, cytokeratin 20), and membranous (CD56, soma-
tostatin receptor 2 A, somatostatin receptor 5) stain-
ing were scored as specific. The grading of the
neoplasms was based on the Ki67-index. In poorly
differentiated neuroendocrine neoplasms with a
Ki67-index 450% a minimum of 250–500 neoplas-
tic cells were counted in hot-spot areas by two
observers (GK and BK). In cases of well-
differentiated neuroendocrine neoplasms and poorly
differentiated neuroendocrine neoplasms with Ki67-
index o50%, Ki67-positive cells were manually
counted on prints of photographs containing 4500
cells and including hot-spot areas.30 P53 expression
was scored as abnormal in cases of moderate to
strong nuclear positivity in more than 20% of
neoplastic cells or in cases of complete absence.
The loss of nuclear Rb1, ATRX, and DAXX expres-
sion in 490% of neoplastic cells was considered as
abnormal. The staining of somatostatin receptors was
evaluated using a three tired scoring system (using
the established HER2 scoring system of the breast,
adapted to the somatostatin receptor 2 A expression
patterns in the pancreas). Score 0 (no staining,
weakly membranous staining in o10% of neoplastic
cells) and score 1+ (weakly membranous staining in
410% of neoplastic cells) were recorded as negative,
score 2+ (moderate membranous staining in 410%
of neoplastic cells), and score 3+ (strong membra-
nous staining in 410% of neoplastic cells) were
recorded as positive.31,32

Molecular Sequencing

Neoplastic tissue was microdissected from represen-
tative formalin-fixed and paraffin-embedded tissue
blocks. Genomic DNA was extracted using the FFPE
Tissue Kit (Qiagen). Exon 5–9 of the TP53 gene locus
were amplified by polymerase chain reaction using
the following primers: 5′-atc tgt tca ctt gtg ccc tg-3′
(exon 5 forward), 5′-aac cag ccc tgt cgt ctc tc-3′ (exon
5 reverse), 5′-agg gtc ccc agg cct ctg at-3′ (exon 6 for-
ward), 5′-cac cct taa ccc ctc ctc cc-3′ (exon 6 reverse),
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5′-cca agg cgc act ggc ctc atc-3′ (exon 7 forward),
5′-cag agg ctg ggg cac agc agg-3′ (exon 7 reverse),
5′-ttc ctt act gcc tct tgc tt-3′ (exon 8 forward),
5′-tgt cct gct tgc tta cct cg-3′ (exon 8 reverse),
5′-aag caa gca gga caa gaa gc-3′ (exon 9 forward),
5′-cca ctt gat aag agg tcc ca-3′ (exon 9 reverse). The
polymerase chain reaction products were directly
Sanger sequenced (forward and reverse). Selected
cases were additionally analyzed by massive parallel
sequencing using a panel of 409 genes including all
coding regions of TP53, RB1, KRAS, CDKN2A/p16,
SMAD4, RET, MEN1, ATRX, DAXX, and BRAF
amongst others on an Ion Torrent S5XL platform.

Statistical Analysis

Statistical analysis was done using SPSS 23.0
statistical software (SPSS, Chicago, IL, USA). Histo-
logical analysis was correlated with immunohisto-
chemical findings and TP53 molecular pathology
using the Chi-square and Fisher’s exact test. Sig-
nificance was considered if the P-value was o0.05.

Results

A total of 47 primary neuroendocrine neoplasms
with Ki67-index exceeding 20% were examined. The
mean age of the patients at diagnosis was 62 years
(range 16–89 years). 57% of the patients were
women and 43% were men (27:20).

Histological Features

Twelve of 21 (57%) pancreatic neuroendocrine
neoplasms (including one ampullary neuroendo-
crine neoplasm) and 25/26 (96%) extrapancreatic
neuroendocrine neoplasms (9 from the colorectum, 8
from the urinary bladder, 5 from the parotid gland, 3
from the skin (ie, Merkel cell carcinomas)) were
classified as poorly differentiated neuroendocrine
neoplasms. Small-cell-type poorly differentiated
neuroendocrine neoplasms were found in the pan-
creas (4/12) and particularly in the urinary bladder
(7/8). Large-cell-type poorly differentiated neuroen-
docrine neoplasms were seen in the pancreas (8/12)
and in the colorectum (7/9). The pancreatic large cell
neuroendocrine neoplasm with the lowest prolifera-
tion (Ki67-index 21%; case 5 on Table 2) showed a
diffuse non-organoid growth pattern (see also Dis-
cussion). All neuroendocrine neoplasms of the skin
and the parotid gland were classified as Merkel cell-
and/or Merkel cell-like carcinomas.29 Three poorly
differentiated neuroendocrine neoplasms from the
pancreas (n=2) and the rectum (n=1) had a
glandular component, two poorly differentiated
neuroendocrine neoplasms (one from the parotid
gland, one from the urinary bladder) had a squamoid
cell component and one poorly differentiated neu-
roendocrine neoplasm (urinary bladder) had a

transitional cell component, exceeding 30% of the
tumor cells, and were therefore classified as mixed
carcinomas.

Ten of the 47 neuroendocrine neoplasms (nine
from the pancreas, one from the rectum) presented
with well-differentiated neuroendocrine growth pat-
terns, mainly with a trabecular arrangement, and
were classified as well-differentiated neuroendo-
crine neoplasms or neuroendocrine tumors G3.
There was no neuroendocrine tumor G3 that in
addition to the well-differentiated component
included poorly differentiated areas.

Immunohistochemical Data in Poorly Differentiated
Neuroendocrine Neoplasms

All neoplasms were synaptophysin positive. Chro-
mogranin A was expressed in 24 of 37 cases. CD56
was expressed in 9/12 pancreatic and in 24/25 of
extrapancreatic poorly differentiated neuroendo-
crine neoplasms with a focal/weak (10/33) or
diffuse/strong (23/33) expression pattern. Cytokera-
tin 20 was detected in 27/37 neoplasms. The Ki67-
index ranged from 21% to 90%.

Around 16% (6/37, pancreas, colon, rectum,
urinary bladder, parotid gland) of poorly differen-
tiated neuroendocrine neoplasms were somatostatin
receptor 2 A positive (score 2+, 5/6; score 3+ 1/6).
And, 32% of the somatostatin receptor 2 A negative
cases (10/31) showed a weak membranous staining
in more than 10% of neoplastic cells, corresponding
to a score of 1+. Somatostatin receptor 5 was
expressed in two cases (score 2+, pancreas, colon).
Abnormal p53 immunolabeling was seen in 75%
(9/12) of pancreatic and in 80% (20/25) of extra-
pancreatic cases. Loss of nuclear Rb1 expression was
more frequent in extrapancreatic (68%, 17/25) than
in pancreatic neoplasms (42%, 5/12). All cases of the
urinary bladder (100%, 8/8) showed an abnormal
Rb1 status, followed by the skin (67%, 2/3), the
parotid gland (60%, 3/5), and the colorectum (44%,
4/9). All cases were progesterone receptor negative.
All poorly differentiated pancreatic neuroendocrine
neoplasms showed a normal nuclear ATRX and
DAXX staining (both 100%, 11/11).

Immunohistochemical Data in Well-Differentiated
Neuroendocrine Neoplasms with a Ki67-Index Greater
than 20% (Neuroendocrine Tumors G3)

All neoplasms were synaptophysin and chromogra-
nin A positive. The Ki67-index ranged from 21% to
36%. Eight of ten neuroendocrine tumors G3 were
somatostatin receptor 2 A positive (score 2+, 6/8;
score 3+, 2/8). Somatostatin receptor 5 (score 2+) was
expressed in a single pancreatic neuroendocrine
tumor G3. No abnormal immunostaining of p53
and Rb1 was detected. CD56 and cytokeratin 20 were
expressed in all neuroendocrine tumors G3. All
cases were progesterone receptor negative. Nuclear
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ATRX and DAXX losses were seen in 1/9 and in 3/9
pancreatic neuroendocrine tumors G3, respectively.

Figures 1 and 2 show the histological and
immunohistochemical stainings for somatostatin
receptor 2 A, Ki67, and Rb1 of extrapancreatic poorly
differentiated neuroendocrine neoplasms and pan-
creatic neuroendocrine neoplasms with a Ki67-index
420%, respectively. Figure 3 shows the ATRX
and DAXX immunohistochemistry in pancreatic
neuroendocrine carcinomas and neuroendocrine
tumors G3.

Molecular TP53 Status

Molecular analysis of exons 5–9 of the TP53 gene
was performed in 44/47 cases (three cases of poorly
differentiated neuroendocrine neoplasms of the
urinary bladder were not available for molecular
analysis). 71% (24/34) of poorly differentiated

neuroendocrine neoplasms harbored TP53 muta-
tions. Exon 5 was altered in 38% (9/24), exon 6 in
8% (2/24), exon 7 in 25% (6/24), exon 8 in 25%
(6/24), and exon 9 in 13% (3/24) of the cases. One
parotid gland neuroendocrine carcinoma and one
Merkel cell carcinoma showed mutations both in
exons 5 and 9, and in exons 6 and 8, respectively.
Most mutations were missense mutations (58%,
15/26), followed by nonsense mutations (15%, 4/26),
splice site defects (12%, 3/26) and frameshift
mutations (12%, 3/26) as well as deletions (4%,
1/26). 64% (7/11) of pancreatic poorly differentiated
neuroendocrine neoplasms were TP53 mutated,
either in exon 5 (4/7) or exon 7 (3/7). The ampullary
poorly differentiated neuroendocrine neoplasm
showed a mutation in exon 8. Amongst extrapan-
creatic poorly differentiated neuroendocrine neo-
plasms, 73% (16/22) of them were TP53 mutated
(2/5 of the parotid gland, 2/3 Merkel cell carcinomas,

Figure 1 Immunohistochemistry of extrapancreatic poorly differentiated neuroendocrine carcinomas: (a–c) large cell neuroendocrine
carcinoma of the colon (a) with expression of somatostatin receptor 2 A (b, score 2+), a Ki67-index of 60% (b, inset) and normal nuclear
expression of Rb1 (c); (d–f) small cell neuroendocrine carcinoma of the urinary bladder (d) with expression of somatostatin receptor 2 A (e,
score 3+), a Ki67-index of 90% (e, inset) and nuclear loss of Rb1 (f); (g–i) Merkel cell type neuroendocrine carcinoma of the parotid gland
(g) with a somatostatin receptor 2 A score 1+ (h), a Ki67-index of 90% (h, inset) and nuclear loss of Rb1 (i).
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8/9 of the colorectum, 4/5 of the urinary bladder). All
neuroendocrine tumors G3 were TP53 wild type.

Table 1 summarizes immunohistochemical and
molecular findings in poorly differentiated neuroen-
docrine neoplasms of pancreatic and extrapancreatic
origin. Table 2 summarizes the clinicopathological
data including immunohistochemistry and molecu-
lar analysis of poorly differentiated neuroendocrine
neoplasms and neuroendocrine tumors G3 of the
pancreas. Three neuroendocrine carcinomas showed
a TP53 wild-type status and a normal immunohis-
tochemistry for p53 and Rb1, while their histology
was compatible with neuroendocrine carcinoma
features (case numbers 1, 3, 5; Table 2). Deep
sequencing confirmed the wild-type status of TP53
and RB1, but revealed mutations in case 1, affecting
NF1, CSMD3, EP300, KDM5C, AKT3, CDH5, ERBB2,
and BIRC5. Case 5, which had a Ki67-index of 21%
despite its diffuse non-organoid histology (see also
discussion and Figure 5) and a somatostatin receptor

2 A 1+ score, and case 3 had no mutation in any of
the genes included in our panel (data not shown).

Correlation Between Somatostatin Receptor 2 A, p53,
Rb1, and TP53 Status

Neuroendocrine tumors G3 were significantly more
often somatostatin receptor 2 A positive than their
poorly differentiated counterparts (P-value: 0.0001)
and showed a normal p53 expression (P-value:
0.0001). TP53 wild-type status was significantly
associated with well-differentiated morphology
(P-value: 0.0001). Somatostatin receptor 2 A positive
poorly differentiated neuroendocrine neoplasms
harbored TP53 mutations in four of six cases.
Abnormal p53 immunolabeling was an indicator
for TP53 gene alterations (23/26 cases, 88%, P-value:
0.0001) and often occurred in combination with
nuclear Rb1 loss (P-value: 0.001). Loss of nuclear

Figure 2 Immunohistochemistry of pancreatic neuroendocrine neoplasms with a Ki67-index above 20%: (a–c) small cell neuroendocrine
carcinoma (a) with a somatostatin receptor 2 A score 1+ (b), a Ki67-index of 55% (b, inset) and normal nuclear expression of Rb1 (c); (d–f)
large cell neuroendocrine carcinoma (d) with expression of somatostatin receptor 2 A (e, score 2+), a Ki67-index of 70% (e, inset) and
nuclear loss of Rb1 (f); (g–i) neuroendocrine tumor G3 (g) with expression of somatostatin receptor 2 A (h, score 2+), a Ki67-index of 21%
(h, inset) and normal nuclear expression of Rb1 (i).
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Rb1 was not present in neuroendocrine tumors G3,
but was frequently found in neuroendocrine
neoplasms with poorly differentiated morphology
(P-value: 0.001). Figure 4 shows normal and abnor-
mal nuclear p53 stainings and TP53 mutations.

Discussion

There is increasing evidence that the low proliferative
well-differentiated neuroendocrine neoplasms (G1–2)
and the high proliferative poorly differentiated

Figure 3 Immunohistochemistry of ATRX and DAXX in pancreatic neuroendocrine neoplasms with a Ki67-index above 20%: (a and b)
large cell neuroendocrine carcinomas of the pancreas with normal nuclear expression of ATRX (a) and DAXX (b); (c and d)
neuroendocrine tumors G3 with nuclear loss of ATRX (c) and DAXX (d), endothelial cells served as positive internal controls.

Table 1 Immunohistochemical expression (Ki67, somatostatin receptor 2 A, somatostatin receptor 5, Rb1, and p53) and TP53 status in
poorly differentiated neuroendocrine neoplasms of pancreatic and extrapancreatic origin

Organ Diagnosis n Ki67-range SSTR2Aa SSTR5a Rb1b p53c TP53d

Pancreas Neuroendocrine carcinoma 12 21–90% 8% (1/12) 8% (1/12) 42% (5/12) 75% (9/12) 67% (8/12)
Colorectum Neuroendocrine carcinoma 9 30–90% 22% (2/9) 11% (1/9) 44% (4/9) 89% (8/9) 89% (8/9)
Urinary bladder Neuroendocrine carcinoma 8 40–90% 25% (2/8) 0% (0/8) 100% (8/8) 100% (8/8) 80% (4/5)
Parotid gland Neuroendocrine carcinoma 5 30–90% 20% (1/5) 0% (0/5) 60% (3/5) 40% (2/5) 40% (2/5)
Skin Merkel cell carcinoma 3 50–80% 0% (0/3) 0% (0/3) 67% (2/3) 67% (2/3) 67% (2/3)

Abbreviation: SSTR, somatostatin receptor.
aScore 2+ and 3+.
bLoss of nuclear positivity in 490% of cells.
cNuclear positivity in 420% of cells or complete loss.
dMutations in exons 5–9.
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neuroendocrine neoplasms (G3) belong to two
biologically different entities of neuroendocrine
neoplasms.2 The results of our study confirm and
extend this notion. We show that the majority of
poorly differentiated neuroendocrine neoplasms,
pancreatic as well as extrapancreatic, lack significant
somatostatin receptor 2 A expression, a key finding
in well-differentiated neuroendocrine neoplasms,
and, at the same time, have TP53 and RB1 gene
alterations. This dichotomy also applies to those
neuroendocrine neoplasms that maintain their
well-differentiated histology although their Ki67-
index exceeds 20%. Accordingly, these neuroendo-
crine neoplasms have been provisionally termed
‘neuroendocrine tumors G3’. They are mainly of
pancreatic and only rarely of extrapancreatic
origin.24,33,34

The membranous expression of somatostatin
receptor 2 A is a typical feature of well-
differentiated neuroendocrine tumors of different
origin.18 In contrast, somatostatin receptor 2 A
expression in highly proliferative neuroendocrine
neoplasms has only been demonstrated in a fraction
of tumors from various sites.16,19,35 In Kaemmerer’s
study investigating somatostatin receptor 2 A expres-
sion in gastroenteropancreatic neuroendocrine neo-
plasms (together with the CXCR4 chemokine
receptor), 23% of the tumors regarded to be G3 were

strongly somatostatin receptor 2 A positive.16 Using
the established HER2 scoring system of the breast
and adapting it to the somatostatin receptor 2 A
expression patterns in the pancreas,31,32 our data in
poorly differentiated neuroendocrine neoplasms of
pancreatic and extrapancreatic origin demonstrated
that somatostatin receptor 2 A, scored 2+ and 3+, was
positive in 16% of these neoplasms including one in
the pancreas and in the parotid gland, as well as two
cases each in the colon and the urinary bladder. The
positive tumors belonged to the small or large cell
category and showed a range between 50% and 90%
of proliferative activity. For example, the three
pancreatic poorly differentiated neuroendocrine
neoplasms with the lowest Ki67-index (between
21% and 35%) were all somatostatin receptor 2 A
negative.

Low expression levels of somatostatin receptor 2 A
(score 1+) were found in ten poorly differentiated
neuroendocrine neoplasms. Miederer showed that
few neuroendocrine neoplasms detected by soma-
tostatin receptor imaging were somatostatin receptor
2 A negative.12 This discrepancy between imaging
and immunohistochemistry is most likely due to
tumor heterogeneity regarding somatostatin receptor
2 A expression which effects imaging, as a large scale
method, much less than immunohistochemical
examination that screens only a small tumor area.

Table 2 Clinicopathological data in poorly (NEC) and well-differentiated (NET) neuroendocrine neoplasms of the pancreasa

Case Diagnosis Age Sex

Immunohistochemistry Molecular pathology

Syn CG Ki67 SSTR2A SSTR5 ATRX DAXX Rb1 p53 TP53, exons 5–9

Poorly differentiated neuroendocrine neoplasms
1 NEC, sc 56 F Pos Neg 60% Neg (0) Neg (1+) N N N N WT
2 NEC, sc 62 F Pos Posb 55% Neg (1+) Neg (0) N N N A Exon 7; c.742C4G; p.R248G
3 NEC, sc 16 F Pos Pos 50% Neg (0) Neg (0) N N N N WT
4 NEC, scc 75 M Pos Pos 60% Neg (0) Neg (0) NA NA A A Exon 8; c.800G4A; p.R267Q
5 NEC, lc 43 F Pos Pos 21% Neg (1+) Neg (0) N N N N WT
6 NEC, lc 56 F Pos Pos 30% Neg (1+) Neg (1+) N N A A Exon 5; c.524G4A; p.R175H
7 NEC, lc 76 F Pos Pos 60% Neg (0) Pos (2+) N N N A Exon 5; c.454C4A; p.P152T
8 NEC, lcc 64 M Pos Posb 35% Neg (0) Neg (1+) N N N A Exon 7; c.769_770insAC; p.L257fs
9 NEC, lc 32 F Pos Posb 70% Pos (2+) Neg (0) N N A A WT
10 NEC, lc 64 M Pos Posb 40% Neg (1+) Neg (1+) N N A A Exon 5; c.488 A4G; p.Y163C
11 NEC, lc 74 M Pos Pos 90% Neg (0) Neg (1+) N N A A Exon 7; c.723delC; p.S241fs
12 NEC, lc 51 F Pos Neg 55% Neg (0) Neg (0) N N N A Exon 5; c.524G4A; p.R175H

Neuroendocrine tumors G3
13 NET, G3 78 F Pos Posb 28% Pos (3+) Neg (0) N A N N WT
14 NET, G3 53 F Pos Pos 21% Pos (2+) Neg (1+) N N N N WT
15 NET, G3 58 F Pos posb 25% Pos (2+) Neg (1+) A N N N WT
16 NET, G3 57 F Pos Pos 23% Pos (2+) Neg (0) N A N N WT
17 NET, G3 44 F Pos Pos 32% Pos (2+) Pos (2+) N N N N WT
18 NET, G3 47 F Pos Pos 36% Neg (0) Neg (0) N N N N WT
19 NET, G3 72 F Pos Pos 26% Pos (3+) Neg (1+) N A N N WT
20 NET, G3 69 F Pos Posb 25% Pos (2+) Neg (1+) N N N N WT
21 NET, G3 25 M Pos Pos 27% Neg (0) Neg (0) N N N N WT

Abbreviations: A, abnormal; CG, chromogranin A; lc, large cell type; N, normal; NA, not available; Neg, negative; Pos, positive ; sc, small cell type;
SSTR, somatostatin receptor; Syn, synaptophysin; WT, wild type.
aIncluding one ampullary NEC.
bFocal expression of chromogranin.
cMixed adenoneuroendocrine carcinoma.
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It is therefore possible that among our score 1+
somatostatin receptor 2 A positive poorly differen-
tiated neuroendocrine neoplasms are some tumors
that might be detected by imaging.

Somatostatin receptor 5, which shares the mem-
branous expression with somatostatin receptor 2 A,
was only found to be expressed in three cases,
including two poorly differentiated neuroendocrine
neoplasms and one neuroendocrine tumor G3.
Somatostatin receptor 5 expression was neither
correlated to somatostatin receptor 2 A positivity
nor to any of the above mentioned tumor criteria.
These data suggest that somatostatin receptor 5
probably does not play any significant functional
role in neuroendocrine neoplasms, neither in those
with well nor with poorly differentiated histology.

As to tumor localization, it appears from our data
and those in other studies that somatostatin receptor
2 A may be present in poorly differentiated

neuroendocrine neoplasms from various sites of the
body, including the pancreas, stomach, colorectum,
urinary bladder, lung, breast, and prostate.16,19–21,35

Whether Merkel cell carcinomas of the skin may be
an exception in this regard, as our data might
suggest, remains to be clarified in a larger series
of cases.

In order to find out whether there is any correla-
tion between the somatostatin receptor 2 A expres-
sion with the TP53 and RB1 status, we investigated
p53 and Rb1 expression or loss, and TP53 mutation
in our tumor series. In confirming a recent genetic
analysis of poorly differentiated small cell and large
cell neuroendocrine neoplasms of the pancreas,2 we
found TP53 mutated in 71% of poorly differentiated
neuroendocrine neoplasms and abnormally
expressed in 78% of the cases. Rb1 was lost in
59% of the cases (Table 1). Abnormal p53 immuno-
labeling (ie, overexpression as well as total loss)

Figure 4 P53 and TP53 in pancreatic neuroendocrine neoplasms: normal nuclear expression of p53 in o20% of the cells of a
neuroendocrine tumor G3 (a); abnormal expression of p53 with complete loss of nuclear staining in a large cell type neuroendocrine
carcinoma (b); nuclear overexpression of p53 in a small cell type neuroendocrine carcinoma (c); Sanger sequences of TP53 mutated cases
with a frameshift (upper row) and a point mutation (lower row) (d).
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matched with TP53 gene alterations in 92% of our
cases. Correlation of the TP53 data with that of
somatostatin receptor 2 A expression revealed no
relationship between the two markers.

Histologically, the differential diagnosis of neu-
roendocrine tumors G3 and poorly differentiated
neuroendocrine neoplasms, particularly of the large
cell subtype, may sometimes be difficult. In these
cases it would be helpful to have immunohisto-
chemical and/or molecular markers available to
identify these tumors. The comparison of the results
in a series of nine primary pancreatic neuroendo-
crine tumors G3 with those in twelve pancreatic
poorly differentiated neuroendocrine neoplasms
shows that the application of somatostatin receptor
2 A, p53, Rb1, ATRX, and DAXX together with a high
Ki67-index can solve the problem in most cases.
Exceptionally, as observed in case 5 (Table 2;
Figure 5), classification as poorly differentiated
neuroendocrine neoplasm may remain difficult, if
it is only based on histology (showing a diffuse non-
organoid growth pattern) and low level somatostatin
receptor 2 A expression, and not on TP53 and RB1
alterations or a high Ki67-index. Progesterone recep-
tor expression, which was also tested, was of no use,
as it was negative in all cases. The discriminative
power in separating neuroendocrine tumors G3 from
poorly differentiated neuroendocrine neoplasms was
greatest for p53, which, in case of abnormal expres-
sion, was associated with poorly differentiated
neuroendocrine neoplasms in almost 78% of the
neoplasms, and, in case of negativity, with all
neuroendocrine tumors G3. A similar but less
sensitive distinction was also seen for Rb1. Soma-
tostatin receptor 2 A, with its 80% positivity in
neuroendocrine tumors G3, was less discriminative
in poorly differentiated neuroendocrine neoplasms
than p53 and Rb1, as it was found to be positive in
six of the latter neoplasms. However, when soma-
tostatin receptor 2 A was combined with p53 and
Rb1, it usually solved the differential diagnosis
between pancreatic neuroendocrine tumors G3 and
poorly differentiated neuroendocrine neoplasms in
most of the cases.

In summary, we showed that the expression of
somatostatin receptor 2 A is not restricted to the
group of well-differentiated neuroendocrine neo-
plasms but may also be detected in a small fraction
of poorly differentiated neuroendocrine neoplasms
of pancreatic and extrapancreatic origin. This makes
these neuroendocrine neoplasms potentially amen-
able to treatment with somatostatin analogs and
peptide radio receptor therapy. Morphological cri-
teria that predict somatostatin receptor 2 A positivity
in poorly differentiated neuroendocrine neoplasms
could not be identified so far. The distinction of
neuroendocrine tumors from poorly differentiated
neuroendocrine neoplasms, that may be especially
difficult in the neuroendocrine tumors G3 of pan-
creatic origin, can be very much improved by the
application of p53 in combination with Rb1 and

somatostatin receptor 2 A. ATRX and DAXX are less
important as their discriminative power is much
lower than that of aforementioned markers. The fact
that p53, Rb1 and somatostatin receptor 2 A have
such a high differential expression in well and
poorly differentiated neuroendocrine neoplasms
further supports the concept of two basically
different groups among the neuroendocrine
neoplasms.5,34
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