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Glandular duodenal carcinoid-a somatostatin rich
tumour with neuroendocrine associations
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SUMMARY The clinical and pathological features of four cases of duodenal carcinoid tumour are
presented. All four tumours showed a glandular pattern, and in three cases this was associated
with psammoma bodies. In three tumours somatostatin was identified by immunocytochemistry
in most tumour cells. In two cases the duodenal tumours were associated with von Reckling-
hausen's disease and phaeochromocytoma. The importance of these unusual features is discus-
sed, and it is suggested that these glandular carcinoids are a specific subgroup of endocrine cell
tumours which appear to have potentially important clinical and pathological associations.

Carcinoids are a heterogeneous group of tumours,
defined by the World Health Organisation' as
tumours of the diffuse endocrine system, excluding
C cell and islet cell tumours. They have been vari-
ously classified according to the site in which they
occur,2 3 the hormones they produce4 and their his-
tological pattern.5' Carcinoids arising in the
duodenum are rare; they are among the least com-
mon primary malignant tumours of the duodenum,8
and form only 2% of all gastrointestinal carcinoids.6
In the past the most commonly reported functional
link has been with gastrin secretion and the produc-
tion of the Zollinger Ellison syndrome.9
Over the past three years we have seen four

duodenal carcinoids with some unusual pathological
and clinical features. We believe that recognition of
this subgroup of tumours as a separate entity is of
both pathological and clinical importance.

Material and methods

Formalin fixed tissue in paraffin blocks was available
in all cases and wet fixed tissue in case 1. Light mic-
roscopic study was performed on haematoxylin and
eosin, alcian blue, and periodic acid Schiff stained
sections and after Sevier-Munger and Grimelius
argyrophil methods and the Hamperl argentaffin
and von Kossa silver impregnation techniques. For
electron microscopy, wet formalin fixed tissue from
case 1 was refixed in buffered glutaraldehyde, post-
fixed in osmium tetroxide, and "block stained" in
uranyl acetate. This tissue was then embedded in
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Epon 812, and the ultra-thin sections stained on the
grid with lead citrate. Tissue from cases 3 and 4 was
recovered from paraffin blocks, dewaxed, rehy-
drated, and then post-fixed and processed for elec-
tron microscopy as in case 1. Immunocytochemistry
was performed on paraffin sections by the hapten
labelled antibody bridge method of Jasani et al' "1
using antisera to insulin, glucagon, somatostatin,
human pancreatic polypeptide, gastrin, calcitonin,
and neurone specific enolase. The results are shown
in the Table.

CASE 1 (Fig. 1)
A 49-year-old woman with generalised neuro-
fibromatosis underwent an exploratory operation
for suspected phaeochromocytoma. An encapsu-
lated tumour (7 cm diam) was removed from the
region of the right adrenal gland and confirmed his-
tologically as a phaeochromocytoma. During the
operation a nodule in the duodenal wall near the
end of the common bile duct was removed. The cut
surface of the nodule showed a hard whitish oval
mass, 1 cm in diameter, and sections showed a
tumour ulcerating the mucosa and infiltrating the
muscularis. The tumour consisted of regular cells
with eosinophilic granular cytoplasm forming acini
or glands with central lumina, some containing
dense calcified bodies from 5-25 ,um in diameter,
occasionally concentrically laminated, with the
characteristic appearance of psammoma bodies. In
other areas glandular structures were absent and the
cells were arranged in sheets. The tumour elements
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Immunoperoxidase staining results

Antisera to: Insulin Glucagon Somatostatin HPP Gastrin Cakitonin NSE

Case 1 + - - - - ++
Case 2 - - +++ - + - ++
Case 4 - - +++ + - - ++

+ + + = positive stainin$ in most tumour cells.
+ + = positive stainiq in moderate number of tumour cells.
+ = positive staining in occasional tumour cells.
Case 3 was an autopsy case unsuitable for immunolocalisation studies.
HPP = human pancreatic polypeptide.
NSE = neurone specific enolase.

were separated by stroma containing smooth mus-
cle. The overlying mucosa was partly ulcerated and
showed dilatation and elongation of crypts. Struc-
tures resembling normal pancreatic ducts were also
present in the centre of the tumour.

Periodic acid Schiff and alcian blue stains showed
positive staining in the acinar lumina and also in the
epithelium of the ductal elements. The results of
argentaffin impregnation were negative as were
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those by the Grimelius method. The Sevier-Munger
technique showed argyrophil granules in the tumour
cells. Immunoperoxidase staining showed the pres-
ence of somatostatin and neurone specific enolase in
most tumour cells. Some cells contained insulin.
Ultrastructurally, many tumour cells examined con-
tained numerous spherical intracytoplasmic electron
dense granules of about 450-700 nm diameter, with
no discernible halo.
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Fig. 1 Tumour from case I showing g
eosin x 150. Inset: Immunolocalisation
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flandular spaces and infitration ofmuscle. Haematoxylin and
with anti-somatostatin. DNP hapten sandwich technique x 200.
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Fig. 2 Tumour from case 2 showing regular tumour cells forming glands with many intraluminal

psammoma bodies, in one area associated with disruption of the section. Haematoxylin and eosin

x 500.

CASE 2 (Fig. 2)
A 60-year-old woman with generalised von Reck-
linghausen's neurofibromatosis underwent a
laparotomy to remove bilateral phaeochro-
mocytoma. A firm nodule found in the duodenal
wall close to the common bile duct was biopsied.
Sections of the nodule showed a tumour within the
mucosa without ulceration, the general microscopic
appearances being very similar to these of case 1.
The tumour cells had eosinophilic cytoplasm, regu-
lar nuclei, and were forming glands with lumina,
most containing mucin and many containing psam-
moma bodies. The tumour stroma contained some
fine bundles of smooth muscle and some hyaline
material that did not stain as amyloid.

Argyrophilia could not be shown in the tumour
cells. No material was available for electron micros-
copy, but immunohistochemistry showed neurone
specific enolase and somatostatin in most tumour
cells and a few scattered cells stained for gastrin.

CASE 3 (Fig. 3)
This duodenal tumour was an incidental finding at
postmortem examination of a 79-year-old retired
labourer who died of cor pulmonale and
emphysema. Twelve years before his death he had
had a partial gastrectomy for a chronic gastric ulcer,
followed by a laparotomy for intestinal obstruction
due to adhesions from the previous operation, at
which a Meckel's diverticulum was also removed.
During his last months he had lost weight and suf-
fered from chronic diarrhoea. There was no evi-
dence of tumour elsewhere.

Macroscopically there was a firm 2 cm diameter
mass in the medial wall of the second part of the
duodenum close to, but not affecting, the ampulla of
Vater. Sections showed a circumscribed but not
encapsulated tumour that was largely of a regular
pattern, consisting of pale cells forming acini with a
central lumen. The lumina contained mucin; in some
there were psammoma bodies. Towards the centre
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Fig. 3 Tumour from case 3
showing neoplastic glands
infiltrating smooth muscle. An
intraluminal psammoma body is
present. Haematoxylin and eosin
x 175.

of the tumour there were benign duct like elements
intermingled with a denser stroma containing
smooth muscle.

Results of argentaffin techniques were negative,
but the Grimelius and Sevier-Munger methods
showed patchy impregnation of intracytoplasmic
granules in the cells lining the acini. Ultrastructur-
ally the tumour cells were poorly preserved, but
many intracytoplasmic membrane bound granules,
compatible with endocrine granules, could be
identified.

CASE 4 (Fig. 4)
A 42-year-old woman underwent a laparotomy to
remove a 10 cm diameter cystadenoma of the ovary.
She had complained of episodic watery diarrhoea
and had previously undergone cholecystectomy for
gall stones. No stigmata of neurofibromatosis were
noted. A nodule at the duodenal-jejunal flexure was
discovered during a routine search of the abdomen
and removed. The duodenal tumour was a pale firm
1 cm diameter nodule within the bowel wall. His-

tology showed a well circumscribed but non-
encapsulated tumour, which infiltrated the overlying
mucosa. It consisted mainly of "nests" or "packets"
of regular tumour cells with pale cytoplasm and reg-
ular round nuclei. In some areas, however, the cells
formed acini, some with a central lumen containing
mucin. No psammoma bodies were seen, but, as in
previous cases, there were smooth muscle bundles
and pancreatic duct like structures within the
tumour.
The tumour cells were negative with both argen-

taffin and argyrophil techniques, but some cells
within the ductal elements contained argyrophil
positive granules. Immunoperoxidase staining
showed that almost all tumour cells were
immunoreactive to antibodies to somatostatin and
neurone specific enolase, with a few cells staining for
human pancreatic polypeptide.

Electron microscopy of tissue recovered from
paraffin blocks showed that the tumour cells con-
tained many spherical intracytoplasmic membrane
bound electron dense granules of approximately
170-350 nm diameter.
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Fig. 4 Tumour from case 4. (a) Low power view showing tumour affecting the mucosa and submucosa ofthe
duodenum. Haematoxylin and eosin x IO. (b) Immunolocalisation with anti-human pancreatic polypeptide showing
occasional strongly positive cells. DNP hapten sandwich technique x 500. (c) Numerous dense core secretory
granules are present in the cytoplasm ofa tumour cell in tissue recovered from a paraffin block, Epon embedded, and
uranyl acetatellead citrate stained x 10 500. (d) Immunolocalisation with anti-somatostatin. DNP hapten sandwich
technique x 175.

Discussion

These tumours are clearly carcinoids as they are
composed almost exclusively of cells which show
evidence of endocrine differentiation by silver
impregnation techniques, by electron microscopy,
and by immunolocalisation. We regard them as of
low grade malignancy on the basis of local invasion;
none of them showed evidence of metastases, the

nuclear morphology was regular, and mitoses were
scanty. There were several interesting features
which merit discussion, the unusual pathological
pattern, the hormone content, and the clinical
associations being the main points.
The major pathological feature of interest in these

tumours was the true glandular pattern of the
tumour, which could lead to confusion with exocrine
adenocarcinoma or with a Brunner's gland tumour.
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This acinar appearance was the dominant feature of
three tumours and was a minor component in the
fourth. A glandular pattern is described as a variant
in carcinoid tumours,5' but it is uncommon. The
association of a glandular pattern with a rather pale
cytoplasm in some of these tumours increases the
possibility of confusion with other tumours. Another
interesting histological observation was the presence
in three of our four tumours of laminated calcified
basophilic structures resembling psammoma bodies
occurring mainly in the lumina of the glandular
structures. These are not a commonly recognised
feature of carcinoids, although we believe that the
case reported by Murayama et al'2 of a duodenal
carcinoid showing both glandular lumina and
psammoma bodies clearly belongs to the group of
tumours that we are reporting. This combination of
histological features makes this tumour type an
easily identifiable entity.
The presence of normal or near normal ducts

within three of these tumours deserves comment,
but we are uncertain of its importance. The ducts
were cytologically benign and resembled normal
ampullary ducts. Such inclusions of normal ducts
have been previously described in endocrine cell
tumours of the pancreas'3"" and have been previ-
ously noted by one of us (EDW) in a gastric car-
cinoid. The ducts may be normal or heterotopic
structures trapped within the tumour or they may
form an integral part of the tumour. The ultrastruc-
tural features of these tumours were not diagnostic
of any single endocrine cell type, but preservation,
fixation, and technique differed in each case, and
none was ideally prepared for electron microscopy.
The second major feature of interest in these

tumours was the presence of immunohistochemi-
cally identifiable somatostatin in three of the four
tumours (Table). The fourth was a postmortem case,
and a negative result is of no importance as we have
found that somatostatin is not well preserved in
postmortem material. Occasional somatostatin cells
are found in a wide variety of endocrine tumours,
but tumours composed largely of somatostatin con-
taining cells, as in these cases, are rare and have
sometimes been recognised as a result of excess
somatostatin production. In our cases the granular
morphology was variable, but the presence of
somatostatin in most cells would justify the sub-
classification of D cell carcinoid. We have not used
the term somatostatinoma to describe these cases as
we believe that this should be reserved for cases in
which there is evidence of a high circulating
somatostatin concentration produced by a tumour.
The somatostatinoma syndrome consists of diabetes
mellitus, cholelithiasis, and diarrhoea;'5 the only
features possibly related to this syndrome noted in
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our four cases were diarrhoea in one and diarrhoea
and previous cholelithiasis in another. It is of par-
ticular interest to note that endocrine cells contain-
ing somatostatin show a different morphology in dif-
ferent tissues. In the stomach and pancreas the
somatostatin cells show long processes which con-
tact other cell types and presumably influence their
function. In the duodenum the somatostatin contain-
ing cells show a flask like shape, do not possess long
processes, but do contact the lumen.'6 This differ-
ei.ce in morphology may well correlate with this
unusual glandular pattern of endocrine tumours of
somatostatin cells in the duodenum. It is of interest
that the first report of a duodenal "somato-
statinoma" was described microscopically as an
adenocarcinoma because the tumour contained
glandular areas.'7 We believe that this tumour may
well have belonged to the group of tumours we
describe here.
The clinical feature of particular interest in these

cases was the presence in two patients of both von
Recklinghausen's disease and phaeochromocytoma.
This link is unlikely to be coincidental; a recent
report'8 and a review of the published work'9 show
six other cases with duodenal tumours associated
with von Recklinghausen's disease, phaeochro-
mocytoma, or both conditions. We believe that this
is a specific form of multiple endocrine neoplasia
and suggest that if two of the three components are
present the third should be sought. We have pointed
out elsewhere the existence of two distinct neuro-
endocrine syndromes: neurofibromatosis with
phaeochromocytoma and duodenal carcinoid (some,
and possibly all, being somatostatin containing), and
von Hippel-Lindau syndrome with phaeochromo-
cytoma and pancreatic islet cell tumours. We have
tentatively suggested that they should be referred to
as MEN Illa and b.'9
We considered the possibility that the duodenal

tumours, because of their association with von Reck-
linghausen's disease and phaeochromocytoma,
might be of neural origin. We believe this to be
unlikely because no intestinal endocrine cell has yet
been shown to be derived from the neural crest and
because of the occasional admixture of other hor-
mone containing cell types. This pattern is seen in
other carcinoids and islet cell tumours, for which the
available evidence supports an endodermal origin.
We therefore report the occurrence of a distinc-

tive group of duodenal carcinoids, usually occurring
near the ampulla of Vater, which can be character-
ised histologically by their glandular pattern and
somatostatin content, with, in addition, in some
cases, luminal psammoma bodies. Some of the
tumours are associated with von Recklinghausen's
disease and phaeochromocytoma. The clinical
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importance of these tumours requires further eluci-
dation, but the presence of diarrhoea in two cases
raises the possibility of a humoral effect. The his-
tological recognition of the particular features of this
group of tumours should enable them to be sepa-
rated and allow the study of these various associated
interesting features.

We thank the following for allowing us to study their
material: Dr GD Powell of Rotherham District
General Hospital (case 1), Dr ID Ansell and Dr DC
Banks of the City Hospital, Nottingham (case 2), Dr
WH Beasley of Bronglais Hospital, Aberystwyth
(case 3), and Professor LE Hughes of the University
Department of Surgery, Cardiff (case 4).
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