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Cystic lesions and neoplasms of the pancreas are
uncommon, but they are of special interest because
they can usually be cured by resection. During the
last decade, the spectrum of these tumors has in-
creased considerably. We present a series of five
cystic lesions of the pancreas that differ from all
categories described so far. The patients affected by
these tumors were three men and two women
(mean age, 57 y). Four lesions were unifocal and
involved the head of the pancreas; one was multi-
focal and involved the pancreatic head and tail.
Grossly, these tumors presented as unilocular or
multilocular thin-walled cysts that contained turbid
fluid, or, in two cases, blood, and lacked any com-
munication with the duct system. Microscopically,
the cysts were lined by cuboidal to columnar
mucin-producing cells, supported by a small band
of dense fibrous stroma. Immunocytochemically,
the epithelial cells were positive for cytokeratins 7,
8, 18, 19, and 20 (except one), and Ca 19-9 but were
negative for trypsin, CEA, synaptophysin, chromo-
granin A, calretinin, and �-inhibin. In four of the
five lesions, the epithelial cells expressed MUC5AC,
and in one of the five, MUC1. MUC2 and MUC6
were not expressed in any of the lesions. The stro-
mal cells lacked the nuclear progesterone positivity
that is typical ofmucinous cystic neoplasms. During
a mean follow-up period of 2 years, there were no
recurrences or cases of malignant transformation
after resection. The results suggest that these cystic
lesions are distinct from mucinous cystic neo-
plasms, themost important entity in the differential
diagnosis. Because they may represent a nonneo-
plastic cystic change of the pancreas, we propose

the descriptive term mucinous nonneoplastic cyst
for these tumors of unknown pathogenesis.
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Cystic tumors of the pancreas may be either neo-
plastic or nonneoplastic. The predominant neo-
plastic types are intraductal papillary mucinous
neoplasms, mucinous cystic neoplasms, serous cys-
tic adenomas, and solid pseudopapillary neoplasms
(1). The remaining cystic tumors (the term cystic
tumor denotes any cystic lump, regardless of
whether it is neoplastic or not) comprise neo-
plasms, such as acinar cystadenocarcinomas, cystic
endocrine tumors, dermoid cysts, and ductal ade-
nocarcinomas with cystic features (2, 3). They also
include nonneoplastic lesions, such as lymphoepi-
thelial cysts and other types that have been given
various names but are poorly characterized (2,
4–6).
Recently, we observed a special type of cystic

lesion of the pancreas composed of mucinous cells
that were not supported by an ovarian-like stroma
and did not show any obvious neoplastic potential.
Here we report the clinicopathological features of a
series of five cases of these recently observed, novel
cystic lesions of the pancreas.

MATERIALS AND METHODS

The cases we studied were collected from the
consultation files of the Department of Pathology at
the University of Kiel. Four cases came from hos-
pitals in Europe, and one came from Japan. Table 1
summarizes the most important clinicopathologi-
cal data. In all patients, the tumors had been re-
moved surgically.
The tissue of the cystic lesions was fixed in 10%

formaldehyde, embedded in paraffin, and sec-
tioned. The sections were stained with hematoxylin
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and eosin, periodic acid–Schiff with and without
diastase digestion, and Alcian blue at pH 2.5. They
were additionally stained using the avidin–biotin
peroxidase complex technique and by employing
monoclonal (M) or polyclonal (P) antibodies
against cytokeratin 7 (CK7, M, 1:1000; DAKO,
Copenhagen, Denmark); cytokeratins 8, 18, and 19
(CAM 5.2, M, 1:10, Becton Dickinson, Mountain
View, CA); cytokeratin 20 (CK20, M, 1:20; DAKO);
carcinoembryonic antigen (CEA, M, 1:20; DAKO);
carbohydrate antigen 19-9 (CA 19-9, M, 1:40; kindly
provided by Dr. H. Kalthoff, Kiel, Germany); the
mucin antigens MUC1 (M, 1.100, NovoCastra, New-
castle, United Kingdom), MUC2 (M, 1:50; Novo-
Castra), MUC5AC (M, 1:500; Chemicon, Temecula,
CA), and MUC6 (M, 1:100;NovoCastra); �-inhibin
(M, 1:10; Serotec, Oxford, United Kingdom); calreti-
nin (P, 1:100, Chemicon); trypsin (P, 1:1000; our
laboratory); progesterone receptor (P, 1:100; Ven-
tana, Strasbourg, France); synaptophysin (P, 1:100;
Ventana); and chromogranin A (M, Ventana). The
proliferative activity was assessed by staining the
tissue with the antibody KiS5 (equivalent to Ki67).
Appropriate positive and negative controls were
systematically included.

RESULTS

Clinical Findings
One lesion was detected incidentally. Two pa-

tients presented with epigastric discomfort and
pain, and the other two showed obstructive jaun-
dice caused by compression and dislocation of the
common bile duct by the cystic lesion. Computed
tomography revealed a unilocular cyst (Fig. 1). In
one case, endoscopic retrograde cholangiopancrea-
tography was performed. It did not reveal any com-
munication between the mass and the main pan-
creatic duct or biliary tract. None of the patients
developed a tumor recurrence. All are alive and well
(mean follow-up, 2 y; range, 1–8 y).

Gross Pathology
The tumors showed a macrocystic pattern. Their

maximum diameter ranged from 3 to 12 cm (Table
1). They were well-circumscribed, round lesions
that, on cut section, displayed either a unilocular

cyst (one case) or multilocular cysts that were filled
with turbid fluid or bloody material (Fig. 2). The
multilocular cystic lesions were composed of two to
four cysts that were separated by thin septa. All
lesions involved the head of the pancreas. One pa-
tient additionally had a cystic lesion in the tail of
the pancreas. In all cases, no communications of
the cysts with the pancreatic duct or biliary system
were found.

Light Microscopy
In four cases, the wall of the grossly visible cysts

contained a few tiny microcysts. The cysts were
lined by a single layer of cylindrical or cuboidal
epithelial cells (Fig. 3A). There were also areas in
which the epithelial layer was extremely flattened,
and in one case this was the predominant appear-
ance of the epithelium. There were no papillary or
microglandular structures. The cytoplasm of the
lining cells was eosinophilic and showed periodic
acid–Schiff (without and with diastase digestion;
Fig. 3B) and Alcian blue staining that was usually
restricted to the apical portion. The nuclei were
round to oval and lacked pleomorphic changes and
mitotic figures. In one case, there was massive ep-
ithelial denudation because of a fresh hemorrhage
filling the cyst with blood. In two cases, there were
hemosiderin-containing macrophages in the cyst
wall as signs of an old hemorrhage. The fibrous

FIGURE 1. Computed tomography scan revealing a large cystic mass,
about 12 cm in diameter, in the head of the pancreas, without
communication with the pancreatic duct or biliary system (Patient 4).

TABLE 1. Clinicopathological Data on Mucinous Nonneoplastic Cysts of the Pancreas

No. Age (y) Sex Site Size Uni-multilocular Symptoms

1 20 f Head, tail 3 Multilocular Obstructive jaundice, first resection
1 year earlier (9-cm cyst in tail)

2 66 m Head, body 4 Multilocular Incidental finding
3 72 f Head 5 Multilocular Epigastric discomfort
4 60 m Head 12 Unilocular Obstructive jaundice
5 68 m Head 3.5 Multilocular Abdominal pain

f, female; m, male.
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stroma supporting the cysts was thin, band-like,
and paucicellular with occasional hyalinization
and, in one case, calcification and metaplastic bone
formation. In three cases, the stroma showed scat-
tered lymphocytes and macrophages. Because of
the absence of islets of Langerhans, ductal ele-
ments, or nerve trunks in the cyst wall, the cystic
lesions appeared well separated from the adjoining
pancreatic parenchyma. In one case, the adjoining
parenchyma contained multiple foci of adenoma-
toid hyperplasia. In the other cases, there were only
single ducts displaying PanIN-1A and 1B lesions (7,
8). Fibrotic changes were lacking.

Immunocytochemistry
Immunocytochemically, the cyst lining cells ex-

pressed the cytokeratins 7, 8, 18, 19, and 20 (except
in one case) to a variable extent. CA19-9 was posi-
tive in all cases. In four of the five cases, the cyst
lining cells were positive for MUC5AC, whereas
only one case expressed MUC1 and none expressed
MUC2 or MUC6. Carcinoembryonic antigen, tryp-
sin, calretinin, �-inhibin, vimentin, chromogranin
A, and synaptophysin were also not expressed. Not
only the epithelial layer but also the stromal cells
were negative for the progesterone receptor. The
proliferative activity of the epithelial cells, as as-
sessed with KiS5, was �1%.

DISCUSSION

These cystic lesions, which we observed in the
pancreas of five patients, were characterized by
mucinous differentiation of the lining epithelium;
lack of cellular atypia or increased proliferation; a
thin rim of supporting, almost acellular stroma;
lack of communication with the duct or biliary sys-
tem; preferential localization in the pancreatic
head; and no obvious sex predilection. Because of

the absence of any neoplastic features, in other
words, cellular atypia, increased proliferation, inva-
sive growth pattern, and metastatic spread, we
termed this change a mucinous nonneoplastic cyst
(MNC).

The most challenging differential diagnosis of
MNC is versus pancreatic retention cysts and mu-
cinous cystic neoplasms (MCN), because both of
these changes are lined by epithelium that is similar
to that of MNCs.

Retention cysts are caused by obstruction of an
interlobular pancreatic duct by an intraductal ob-
stacle or a narrowing of its lumen. Intraductal ob-
stacles are viscous mucin, as in cystic fibrosis; cal-
culi, as in alcoholic chronic pancreatitis; or reactive
or neoplastic epithelial proliferations, as in
PanIN-1B lesions (7) or intraductal neoplasms (9–
11). Narrowing of the lumen is caused by fibrosis, as
in chronic pancreatitis, or by neoplastic infiltration
of the periductal tissue, as in ductal adenocarcino-
mas or endocrine neoplasms (2). In all of these
cases, the resulting retention cysts are rather small
lesions, not larger than 0.5 to 1 cm. In our cases, the
cysts were large (�3 cm), and they were not asso-
ciated with any of the conditions mentioned above.
In particular, there was no pancreatic fibrosis or

FIGURE 2. Macroscopic appearance. A unilocular cyst containing
chocolate-colored old blood, with compression and dislocation of the
common bile duct (same patient as Fig. 1).

FIGURE 3. The cysts are lined by a single layer of cylindrical or
cuboidal epithelial cells. Staining with hematoxylin and eosin (A) and
periodic acid–Schiff (B).
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tumorous proliferations in the pancreatic tissue ad-
jacent to the MNCs. Endoscopic retrograde pancre-
atography and careful gross preparation also ex-
cluded a communication with the pancreatic duct
system.

The MCN of the pancreas, as classified by Com-
pagno and Oertel (12) and described by many other
authors (13–18), presents as a well circumscribed
unilocular or multilocular cystic tumor, which, in
�90% of the cases, is localized in the body and tail
of the pancreas of women (18), features that were
missing in the MNCs. Further differences concern
the histological findings. Although MCNs are also
composed of columnar cells with mucinous differ-
entiation that share with the epithelial cells of
MNCs the periodic acid–Schiff and Alcian blue
staining and the expression of a number of other
markers (compare below), in MCNs the columnar
cells may show all grades of cellular atypia and are
supported by an ovarian-like stroma (4, 17), find-
ings that are not observed in MNCs. However,
MCNs and MNCs also have some features in com-
mon. Both express the cytokeratins that distinguish
many pancreatic ductal cells, in other words, cyto-
keratins 7, 8, 18 and 19 (19). This cytokeratin spec-
trum also includes cytokeratin 20, which is not ex-
pressed in the normal duct epithelium of the
pancreas (20) but was found in both MNCs and
MCNs (data for MCNs are not shown). Of the mucin
markers, MUC5AC was demonstrated in all but one
MNC and was recently also observed in all MCNs
(data not shown). These findings suggest that
MNCs and MCNs have a similar epithelial pheno-
type but differ in their stromal component and in
their potential for malignant cellular
transformation.

No other cystic lesions and neoplasms of the
pancreas (1) cause problems in the differential di-
agnosis of MNCs. Thus MNCs can easily be distin-
guished from intraductal papillary–mucinous neo-
plasms by their lack of communication with the
duct system (21); from solid pseudopapillary neo-
plasms by their lack of female predominance,
pseudocystic degeneration, and cellular features
(22–24); from serous cystic tumors by their lack of
serous differentiation (25); from paraampullary du-
odenal wall cysts by their location in the duodenal
wall and submucosa (2, 26); and from the recently
described acinar cystic transformation (5) and cys-
tic endocrine tumors (27) by their lack of acinar or
endocrine cell differentiation, respectively.

The cause and the development of MNCs are not
known. It may be speculated that they are caused
by a developmental defect of the pancreas, result-
ing in a focal cystic transformation of the duct
system. The reason why the epithelial cells of MNCs
differ from normal pancreatic ductal cells in their
positivity for CK20 and MUC5AC (20, 28) may be

that metaplastic changes take place in the epithe-
lium when the congenitally sealed duct structures
are slowly filled with secretions from the lining
cells. This process may then lead to the expression
of MUC5AC (28, 29). An alternative explanation
would be that MNCs develop from duplicated gas-
trointestinal tissue, forming an enterogenic cyst (2).
However, other features of intestinal mucosa, such
as Paneth or goblet cells, that would support this
assumption are completely lacking. Interestingly,
there are cystic lesions in the liver that show simi-
larities with MNC (30). The so-called solitary bile
duct cyst is, like MNC, lined by cuboidal or colum-
nar, sometimes mucin-producing, epithelium.
However, this cystic lesion is only unilocular and
therefore not fully comparable to MNC. Neverthe-
less, it may be related to MNC of the pancreas. Its
pathogenesis is unclear. The other cystic lesion of
the liver that has to be discussed in connection with
MNC is biliary cystadenoma. This tumor, however,
corresponds to the mucinous cystic neoplasm of
the pancreas (21), which, as discussed earlier,
clearly differs from MNC.

In summary, we have described a small series of
previously unreported cystic lesions of the pancreas
that show distinctive morphologic and immunocy-
tochemical features setting them apart from all
other cystic lesions and neoplasms of the pancreas
(1). The only difficulties may arise in distinguishing
them from MCN. This cystic tumor, which we
named mucinous non-neoplastic cyst, follows a be-
nign course. However, it seems that sudden bleed-
ing into the MNC may complicate its course, as was
seen in two of our cases. This in turn led to a
sudden expansion of the MNC, causing obstruction
of the nearby common bile duct and development
of jaundice. The cause of the bleeding into the cyst
is not known, but it seems that small vessels in the
wall of the MNCs become more and more vulner-
able when the cyst grows and the pressure on its
wall increases.
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