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Although the majority of pancreatic neoplasms are infiltrating ductal adenocarcinomas or other neoplasms with
ductal differentiation, neoplasms with acinar, endocrine, mixed, or uncertain differentiation constitute a diverse
and distinctive group. The most common and best-characterized nonductal neoplasms are pancreatic
endocrine neoplasm, acinar cell carcinoma, pancreatoblastoma, and solid pseudopapillary neoplasm. This
review details the clinical and pathologic features of these nonductal neoplasms, highlighting diagnostic
criteria including the use of specific immunohistochemical stains to define the cellular differentiation of the
neoplasms.
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One of the most important features of pancreatic
neoplasms, on which their classification in large
part is based, is the line(s) of cellular differentiation
the neoplasm displays. Most pancreatic epithelial
neoplasms recapitulate to some degree one or more
of the normal epithelial cell types of the pancreas:
ductal, acinar, and endocrine. The vast majority of
pancreatic neoplasms (490%) have ductal differ-
entiation, including the most common tumor,
infiltrating ductal adenocarcinoma, as well as many
of the cystic and intraductal neoplasms. The small
group of ‘nonductal’ pancreatic neoplasms includes
endocrine and acinar neoplasms as well as those
with mixed or undetermined differentiation. These
include pancreatic endocrine neoplasms, acinar cell
carcinoma and related entities, pancreatoblastoma,
and solid-pseudopapillary neoplasm. Many of these
entities are highly distinctive pathologically and
clinically, and their features differ substantially
from the more commonly encountered ductal ade-
nocarcinoma. In addition, they all typically have a
solid, hypercellular appearance; thus, they all fall
into the same differential diagnosis. Herein are
presented the clinical and pathologic features of
these uncommon neoplasms.

Pancreatic endocrine neoplasms

Pancreatic neoplasms in which the predominant
line of differentiation is endocrine are designated

‘pancreatic endocrine neoplasms’ (PENs). The
older term ‘islet cell tumor’ is now discouraged
as PENs do not necessarily arise from non-neo-
plastic islet cells and some produce peptide
hormones not encountered in normal islets. PENs
are classified into three categories based on size
and mitotic rate. PENs measuring less than 0.5 cm
are regarded to be biologically benign and are
termed endocrine microadenomas. PENs measur-
ing 0.5 cm or more and having a relatively low
mitotic rate of up to 10 mitoses per 10 high-power
fields (50 mitoses per 50hpf) are termed well-
differentiated pancreatic endocrine neoplasms,
and it is this group that constitutes the majority
of PENs that come to clinical attention. Poorly
differentiated endocrine carcinomas with more that
10 mitoses per 10hpf do arise in the pancreas but
are very rare.

As pancreatic endocrine microadenomas measure
less than 0.5 cm and are by definition nonfunctional,
they rarely come to clinical attention.1,2 Patients
with multiple endocrine neoplasia, type 1 (MEN1)
typically have numerous endocrine microadenomas,
in addition to larger PENs. The prevalence of
sporadic microadenomas is estimated to be as high
as 10% of the adult population at autopsy when
numerous sections of the pancreas are examined;
the rate is lower (1%) when fewer sections are
studied.3,4 Most microadenomas are identified in-
cidentally in pancreata resected for other neoplasms
or at autopsy. Endocrine microadenomas may occur
at any age, but, most are found in adults as their
detection usually depends upon resection of a
portion of the pancreas for some other reasons.
Patients with MEN1 are younger when their PENs
are detected.5Received and accepted 3 August 2006
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The endocrine microadenomas that are recog-
nized grossly are circumscribed but unencapsulated
soft tan nodules averaging 1–2mm. Microscopically,
endocrine microadenomas usually have a nesting
or trabecular architecture with minimal fibrous
stroma between the neoplastic lobules (Figure 1),
although hyalinized amyloid-like material may
be found. The cells closely resemble normal islet
cells, and mitotic figures usually are not identified.
By immunohistochemistry, microadenomas express
general endocrine markers including chromogranin,
synaptophysin, and CD56. Most label for only one or
two of the four normal islet peptides, and it is
common to find either glucagon or PP labeling in the
majority of the cells.4 Labeling for ectopic peptides
such as VIP or gastrin is uncommon.

The differential diagnosis of endocrine micro-
adenomas includes acinar cell nodules as well as
non-neoplastic islets of Langerhans that are either
enlarged (islet hyperplasia) or distorted owing to
chronic pancreatitis (islet aggregation). Acinar cell
nodules6,7 are small, circumscribed collections of
cytologically altered acinar cells. Careful examina-
tion reveals basal polarization of the nuclei and
apical cytoplasmic zymogen granules, distinguish-
ing acinar cell nodules from endocrine microade-
nomas. Because normal non-neoplastic islets vary
considerably in size, occasional islets may overlap
in size with microadenomas. Furthermore, in
chronic pancreatitis there is aggregation of islets
as the exocrine elements atrophy, resulting in
nodular collections of distorted islets and simulat-
ing a neoplasm.8 Non-neoplastic islets retain their
heterogeneous population of different peptide
cell types, and immunohistochemical labeling of
non-neoplastic islets for the normal islet peptides
(insulin, glucagon, somatostatin, and pancreatic
polypeptide (PP)) reveals the presence of all cell
types, in roughly normal numbers and distribution.

By contrast, cells expressing one peptide typically
predominate in endocrine microadenomas. Because
they share many of the histologic features of larger
PENs, it is tempting to assume that microadenomas
represent an earlier phase in the development of
clinically relevant PENs. Certainly, all PENs must
pass through a microadenoma stage as they grow to
sizes greater than 0.5 cm. However, there are a
number of findings including their prevalence, their
peptide cell constitution, and their molecular
profile that suggest that most microadenomas are
not simply smaller versions of PENs. Importantly, it
appears likely that most microadenomas do not
progress beyond the stage of a small, biologically
benign endocrine neoplasm.

Well-differentiated pancreatic endocrine neo-
plasms constitute one of the more interesting
families of pancreatic neoplasms owing to the
variety of paraneoplastic syndromes with which
they may be associated. They are subclassified as
functional or nonfunctional depending upon the
presence or absence of such a paraneoplastic
syndrome. Functional PENs include insulinomas,
glucagonomas, somatostatinomas, gastrinomas, VI-
Pomas (vasoactive intestinal polypeptide-omas),
serotonin secreting tumors, and other rare ectopic
hormone-producing and mixed hormone-producing
entities. A PEN not associated with a clinical
syndrome is designated a nonfunctional PEN. It is
important to recognize that the designation func-
tional PEN only applies to those neoplasms asso-
ciated with a corresponding clinical syndrome.1

Many other PENs ‘function’, in the sense that they
produce peptide hormones that may be detected
in the serum or in the neoplastic cells by immuno-
histochemistry;9,10 however, these ‘nonsyndromic’
PENs are still categorized with the nonfunctional
group. An exception to this rule, for historical
reasons, is the PP cell PEN or PPoma,11,12 a PEN
that is demonstrated to produce predominantly PP
by immunohistochemistry. Most such PENs also
have serum elevations of PP, but there are no
specific symptoms attributable to PP, so PPomas
are technically nonsyndromic PENs, despite being
traditionally classified with the functional group.

PENs constitute 1–2% of pancreatic neoplasms.1

The prevalence of PENs in the general population
is about one in 100 000.13 Although functional
PENs were overrepresented in older studies, non-
functional PENs currently comprise more than half
of surgically resected cases.9 Among the functional
variants,1 insulinomas make up 42%, gastrinomas
24%, glucagonomas 14%, VIPomas 10%, somato-
statinomas 6%, and the remaining ectopic and
multiple hormone-producing neoplasms are rare.14–16

PENs are most common between the ages of 40 and
60 (mean¼ 58)4,17 and are rare in childhood. Overall,
both men and women develop PENs with an
equal frequency, although there are some differences
in the male-to-female ratio among the different
functional types. The presenting clinical features

Figure 1 Endocrine microadenoma. This 2mm endocrine neo-
plasm is circumscribed but not encapsulated and consists of
ribbons and nests of uniform cells.
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depend upon the presence and type of any endo-
crine paraneoplastic syndrome. A detailed descrip-
tion of the clinical features of each syndrome is
beyond the scope of this discussion; interested
readers are referred to the pertinent sections of
the WHO publication (DeLellis RA, Lloyd RV,
Heitz PU, Eng C, eds. Pathology and Genetics of
Tumours of Endocrine Organs. IARC Press: Lyon,
2004, pp 176–208). Patients with nonfunctional
PENs usually present with nonspecific symptoms
including abdominal pain or nausea. Rarely PENs
compress the bile duct and cause jaundice. Ap-
proximately 15% of nonfunctional PENs are identi-
fied incidentally on abdominal imaging studies.18

Finally, a sizeable group of patients with PENs
present with symptoms related to metastatic
disease, usually in the liver.

Some PENs arise in patients with hereditary syn-
dromes including MEN1 and von Hippel–Lindau
(VHL) syndromes. Patients with MEN1 typically
have multiple endocrine neoplasms in the pancreas,
including both microadenomas and PENs,5,19 at least
one of which is functional.5,19,20 Gastrinomas are the
most common functional PEN in MEN1 patients,
followed by insulinomas, VIPomas, glucagonomas,
and PENs producing growth hormone releasing
factor and inducing acromegaly. PENs occur in
about 5–10% of patients with VHL syndrome and
may be multiple. The majority are nonfunctional21

and many (60%) have a foamy clear cell appear-
ance.22 VHL patients also develop serous cystic
neoplasms in the pancreas, and mixed PEN/serous
cystic neoplasms also occur, likely representing
collision tumors.

PENs occur throughout the pancreas, and about
60% of PENs arise in the pancreatic tail.4 The gross
appearance varies widely. Smaller PENs are usually
sharply circumscribed or even encapsulated and are
composed of uniform red-tan to yellow parenchyma.
Larger PENs are multinodular and can grossly
demonstrate evidence of invasive growth (Figure
2). Some PENs are very soft whereas others are firm
or even sclerotic. Areas of hemorrhage or, less
commonly, necrosis may be found. Rarely PENs
are grossly cystic,23 with a single central locule
surrounded by a thin rim of neoplastic parenchyma.

The microscopic appearance of PENs is also
highly varied. Most PENs have a relatively circum-
scribed border, with a fibrotic pseudocapsule par-
tially or entirely surrounding the tumor, but
invasive growth is actually quite common. Archi-
tecturally, PENs typically have nesting, trabecular,
or gyriform patterns, often with different patterns in
different regions of the neoplasm (Figure 3). Numer-
ous small vessels, each surrounded by a variable
amount of fibrotic stroma, encircle the clusters of
neoplastic cells. In some cases, there is little
collagen in the stroma, but in others the stroma
is densely hyalinized. Amyloid deposition may
occur24,25 (especially in insulinomas), as may psammo-
matous calcifications. The cells are usually

polygonal and vary in size. The cytoplasm may be
eosinophilic or amphophilic and is usually moder-
ately abundant. Often the nucleus is peripherally

Figure 2 Well-differentiated pancreatic endocrine neoplasm.
Grossly, the tumor is multinodular and circumscribed and
consists of uniform pink-tan tissue.

Figure 3 Pancreatic endocrine neoplasm. Microscopically the
tumors have typical organoid growth patterns, such as nesting (a)
and gyriform (b).
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located, resulting in a plasmacytoid appearance to
the cytoplasm. Lumen formation may occur, usually
within large nests of cells, resulting in a cribriform
pattern (Figure 4). The cells lining the lumina are
cytologically the same as the endocrine cells in the
solid regions; this circumstance is to be distin-
guished from PENs that contain a separate non-
endocrine glandular component (see below). Nuclei
are round to oval and usually uniform in size and
shape, with the classic coarsely stippled ‘salt and
pepper’ chromatin characteristic of other well-
differentiated endocrine neoplasms (Figure 5).
Nucleoli are usually inconspicuous, but some PENs
have prominent nucleoli. The mitotic rate varies
from undetectable (o1 mitosis per 50hpf) to 10
mitoses per 10hpf; endocrine neoplasms with more
than 10 mitoses per 10hpf are considered poorly
differentiated endocrine carcinomas. Necrosis is not
typically found in smaller PENs. When present, foci
of necrosis may be large and confluent (‘infarct-like’)

or they may appear as more punctate foci in the
center of the neoplastic nests.

Many morphologic variants of PENs have been
described. Approximately 7% of PENs are onco-
cytic.26 Oncocytic PENs are architecturally similar
to conventional PENs but are composed of cells with
abundant granular eosinophilic cytoplasm (Figure
6).26–29 Clear cell change also occurs in PENs and is
particularly common in PENs arising in patients
with VHL syndrome.22 In these cases, the cells have
abundant foamy cytoplasm (Figure 7), and intracel-
lular fat can be demonstrated. Some PENs have
marked nuclear atypia throughout the neoplasm.
These ‘pleomorphic PENs’ may be mistaken for
high-grade neoplasms such as ductal carcinomas
or undifferentiated carcinomas,30 but they do not
demonstrate an elevated mitotic rate or necrosis.
Despite their atypical cytology, pleomorphic PENs
do not appear to have a more aggressive behavior
than conventional PENs. Also reported is a variant

Figure 4 Pancreatic endocrine neoplasm with gland formation.
The lumina are lined by endocrine cells.

Figure 5 Pancreatic endocrine neoplasm, cytology. The nuclei are
uniform with a coarsely stippled chromatin pattern. Mitoses are
not evident.

Figure 6 Oncocytic pancreatic endocrine neoplasm. There is
abundant granular eosinophilic cytoplasm.

Figure 7 Clear cell pancreatic endocrine neoplasm. The cells
have foamy clear cytoplasm.
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of PEN with rhabdoid morphology. These neoplasms
have eccentrically located nuclei and inclusion-like,
glassy cytoplasm.

Although it is common to find focal lumen
formation in PENs, some PENs also contain a
population of glands that are distinct from the
surrounding endocrine elements (Figure 8). The
glands resemble small intralobular ducts, and PENs
with significant numbers of small glands have been
designated ‘ductuloinsular tumors’ of the pancreas.
Although this designation suggests that the glands
are an inherent, neoplastic component of the
tumor,31,32 recent studies have demonstrated that
the glands are not monoclonal and are therefore
entrapped, non-neoplastic ductules.33

By immunohistochemistry, more than 95% of
PENs label for chromogranin and/or synaptophysin,
the latter being more consistently expressed.34 CD 57
(Leu7), CD 56 (neural cell adhesion molecule), and
NSE (neuron-specific enolase) are also usually
expressed. Immunohistochemical labeling for spe-
cific peptides demonstrates a wide range of positiv-
ity. Many different peptides have been detected,10

including the normal islet peptides as well as many
other ectopic peptides including gastrin, vasoactive
intestinal polypeptide, cholecystokinin, adreno-
corticotrophic hormone, and others.4 The neoplastic
cells may also express bioamines such as serotonin.
The pattern of labeling for these hormones varies
widely; some PENs are diffusely positive for only
one peptide, others show focal labeling for one or
more peptides.17,35,36 Functional PENs usually show
labeling for the peptide that is responsible for the
clinical syndrome.

PENs also commonly express markers of acinar
differentiation (the pancreatic enzymes trypsin or
chymotrypsin) in scattered cells.9,37,38 If more than
25% of the neoplastic cells in a predominantly
endocrine neoplasm express markers of acinar
differentiation, the neoplasm should be classified

as a mixed acinar-endocrine carcinoma.39 Staining
for a-1-antitrypsin can also be found in PENs, so this
marker is not specific for acinar differentiation.
Focal staining for glycoprotein markers of ductal
differentiation such as DUPAN2 or CA 19-9 is found
in 22 and 13% of PENs, respectively.9,37,40 CEA is
much less commonly expressed. It should be noted
that immunohistochemical labeling for glycopro-
teins in a PEN is not sufficient evidence for a
diagnosis of mixed ductal-endocrine carcinoma
unless a morphologically separate component of
ductal adenocarcinoma can be recognized. Normal
islet cells express progesterone receptors and CD 99,
and about half of PENs label for these markers as
well.9,41,42 Proliferation markers such as Ki67 are
expressed in less than 10% of the neoplastic cells,
and in most cases the rate is between 5% and less
than 1%.1,4,14,43

Genetic studies have identified many chromo-
somal alterations in PENs; however, activation of
oncogenes has not been implicated in their develop-
ment. Chromosomal losses are more common than
gains.44–46 Neoplasms arising in patients with the
MEN1 syndrome have germ line mutations in
the MEN1 gene on chromosome 11q13 and somatic
loss of the second allele. Losses on the short arm of
chromosome 11 are also present in 70% of sporadic
PENs, but specific MEN1 gene mutations are only
present in approximately 20% of sporadic PENs,
suggesting involvement of another tumor suppressor
gene on the same chromosomal arm.47–56 PENs
arising in patients with VHL syndrome usually
show biallelic inactivation of the VHL gene,57 but
this gene is rarely abnormal in sporadic PENs.52

Most of the genes involved in the development of
ductal adenocarcinoma of the pancreas are not
targeted in PENs.49,53,58,59 In particular, KRAS, p53,
p16, and DPC4 are not mutated in most PENs,
although the p16 gene is inactivated by hypermethy-
lation of the promotor in 40% of PENs.60–62 In
general, larger and more advanced stage PENs have
more genetic alterations than smaller PENs. Thus,
there appears to be genetic progression in PENs that
parallels clinical progression. In fact, there are data
to suggest that PENs begin as small poly- or
oligoclonal proliferations and develop into more
aggressive monoclonal neoplasms as they grow.63

The natural history of PENs has long been
regarded to be unpredictable, although a better
understanding of prognostic factors now allow
relatively accurate prediction of clinical behavior.
Small PENs lacking adverse prognostic features (see
below) can be cured by surgical resection. Many
insulinomas fit this category, as they are generally
less than 2 cm when detected. As insulinomas
comprise nearly half of functional PENs, the prog-
nosis of the entire group of functional PENs is
better than that of nonfunctional PENs. Most PENs
other than the insulinomas are usually larger at
diagnosis, and the prognosis for this group is much
less favorable.64 Approximately 50–80% of these

Figure 8 Pancreatic endocrine neoplasm with entrapped non-
neoplastic ductules. The glands are cytologically distinct from the
surrounding neoplastic endocrine cells.
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neoplasms recur or metastasize,18,65–68 although
sometimes only after many years. The 5-year
survival after surgical resection for nonfunctional
PENs is 65%, and the 10-year survival is 45%.9

Additional patients present with metastatic disease
and do not undergo resection, so the survival of
all patients with PENs is even less than these
figures suggest.

One of the most controversial aspects of PENs has
been the prediction of prognosis. A number of
adverse prognostic factors have been described and
are generally well accepted, including tumor size,
mitotic rate, presence of necrosis, extrapancreatic
invasion, and vascular invasion, in addition to the
presence of nodal or distant metastases.1,2,4,9,69

Peptide production detected in the serum or by
immunohistochemistry is not a prognostic factor for
nonfunctional PENs.9 Nuclear pleomorphism is also
not a useful predictor,30 although some studies have
demonstrated a correlation between overall nuclear
grade and prognosis.9 Other factors reportedly
predictive of more aggressive behavior (at least in
univariate analyses) include loss of progesterone
receptor expression,42,43 aneuploidy,70,71 increased
Ki67 labeling index,43,72 loss of heterozygosity (LOH)
of chromosome 17p13,20 LOH of chromosome 22q,73

increased fractional allelic loss,74 upregulated CD44
isoform expression,75,76 and immunohistochemical
expression of cytokeratin 19.77 A number of grading
schemes have been proposed for PENs, including
some that attempt to separate them into benign and
malignant groups as well as others that simply
stratify the risk for recurrence. The most recent
WHO classification1 separates PENs (other than
microadenomas) into two general groups: ‘well-
differentiated endocrine tumors’ and ‘well-differen-
tiated endocrine carcinomas’. According to this
system, well-differentiated endocrine tumors are
confined to the pancreas (or have only local
extension into peripancreatic tissues) whereas
well-differentiated endocrine carcinomas have
either gross local invasion or metastases to lymph
nodes or distant sites. Within the well-differentiated
endocrine tumor category, those PENs that measure
less than 2 cm in diameter, have less than two
mitoses per 10hpf (or have a Ki67 labeling index
less than 2%), and demonstrate no perineural or
vascular invasion are predicted to have ‘benign
behavior’; those that either are greater than 2 cm in
diameter, have 2–10 mitoses per 10hpf (or have a
Ki67 index greater than 2%), or have perineural or
vascular invasion are considered to have ‘uncertain
behavior’.1 No group of PENs other than microade-
nomas is specifically designated as a benign neo-
plasm, and the subcategories provide an indication
of the likely clinical behavior based on relatively
well-characterized prognostic factors. Another re-
cently proposed grading system for PENs utilizes the
strong prognostic correlation of proliferative rate
and necrosis to separate PENs into low-grade and
intermediate-grade categories.9 In this classification,

low-grade PENs have no necrosis and less than two
mitoses per 50hpf whereas intermediate-grade PENs
have either necrosis OR a mitotic rate of 2–50 per
50hpf. Again, no group of PENs is classified as
benign, but the low- and intermediate-grade groups
have highly significant differences in disease-free
and disease-specific survival.

The differential diagnosis of PENs includes other
solid, cellular pancreatic neoplasms that are dis-
cussed elsewhere in this review, including acinar
cell carcinoma, pancreatoblastoma, mixed acinar-
endocrine carcinoma, and solid-pseudopapillary
neoplasm. Acinar cell carcinoma, pancreatoblasto-
ma, and mixed acinar-endocrine carcinoma are all
predominantly acinar neoplasms.39,78–80 Recognition
of acinar formations is therefore helpful to suggest
these entities should be considered. Acinar neo-
plasms often have single prominent nucleoli and
may have an elevated mitotic rate, pancreatoblasto-
mas generally affect young children and have
distinctive squamoid nests.81 If any of these acinar
neoplasms is considered, immunohistochemical
staining for pancreatic enzymes (trypsin, chymo-
trypsin, and lipase) can be used to document the
acinar differentiation.39,78,79 Solid-pseudopapillary
neoplasm shares some architectural features with
PENs but additionally has characteristic degenera-
tive pseudopapillae in additional to aggregates of
foamy histiocytes, large cytoplasmic hyaline glo-
bules, and longitudinal nuclear grooves.82 Although
PENs and solid-pseudopapillary neoplasms both
express synaptophysin and CD 56, solid-pseudopa-
pillary neoplasms are never chromogranin positive,
express CD 10, and show an abnormal nuclear
pattern of labeling for b-catenin.83 When PENs
display variations in nuclear morphology and gland
formation, they may be mistaken for ductal adeno-
carcinomas. In contrast to ductal adenocarcinomas,
PENs generally maintain some degree of pushing
growth pattern (at least grossly), and they usually
lack significant mitotic activity and necrosis. Care-
ful attention to the cytologic appearance as well as
recognition of the wide array of patterns encoun-
tered in PENs will aid in proper diagnosis. Im-
munolabeling for chromogranin and synaptophysin
is usually diagnostic if the possibility of a PEN is
considered.

The least common endocrine neoplasm to arise
in the pancreas is poorly differentiated (high grade)
endocrine carcinoma. These neoplasms are highly
aggressive, poorly differentiated carcinomas with
morphologic features suggesting endocrine differ-
entiation, a high proliferative rate (greater than
10 mitoses per 10hpf), and abundant necrosis.
Poorly differentiated endocrine carcinomas consti-
tute at most 2–3% of all pancreatic endocrine
neoplasms.4 They usually arise in adults84 and
there is a male predominance.85 Some cases have
associated paraneoplastic syndromes including
Cushing’s syndrome,86 hypercalcemia,87 and carci-
noid syndrome.16 In contrast to well-differentiated
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PENs, poorly differentiated endocrine carcinomas
are highly aggressive, with early dissemination and
a rapidly fatal course. Some examples have the
typical pathologic features of small cell carcino-
mas85,88,89 and are designated as such. Other poorly
differentiated endocrine carcinomas are composed
of larger cells with more abundant cytoplasm,
resembling large cell neuroendocrine carcinomas
of the lung and other sites. The mitotic rate is high
in both the small cell and large cell type of poorly
differentiated endocrine carcinoma (Figure 9), aver-
aging 30–40 per 10hpf in large cell endocrine
carcinomas and 50–80 per 10hpf in small cell
carcinomas. Immunohistochemistry reveals positiv-
ity for synaptophysin and chromogranin in most
poorly differentiated endocrine carcinomas of the
pancreas, although the labeling may be focal. For
histologically typical examples of small cell carci-
noma, it is not required to document endocrine
differentiation to establish the diagnosis, but for the
large cell type, positivity for one of these markers
should be found. Reflecting the high mitotic rate,
Ki67 stains 40–90% of the cells in poorly differ-
entiated endocrine carcinomas. Owing to the rarity
of poorly differentiated endocrine carcinomas in the
pancreas, the possibility of a metastasis from the
lung or direct extension from a contiguous site (eg,
the ampulla of Vater, where poorly differentiated
endocrine carcinomas are more common90) must
always be considered. Pancreatic involvement by
primitive neuroectodermal tumors91 and desmoplas-
tic small round cell tumors92 should also be
considered in the differential diagnosis.

Acinar cell carcinoma and mixed acinar
carcinomas

Acinar differentiation in neoplasms is defined as the
production of pancreatic enzymes, packaged in
zymogen granules, by the neoplastic cells.93 Despite
the fact that acinar cells make up the bulk of the
pancreas, pancreatic neoplasms exhibiting acinar

differentiation are rare. Most acinar neoplasms are
malignant (acinar cell carcinomas or variants there-
of); solid acinar adenomas are not well-recognized,
although recently benign acinar cell cystadenomas
have been reported.94–96

Approximately 1–2% of adult pancreatic neo-
plasms and 15% of pediatric neoplasms are acinar
cell carcinomas.78,97,98 The adult patients average
58 years old, and males are more commonly
affected.78,97,98 Presenting symptoms are usually
nonspecific (abdominal pain, nausea, vomiting,
and weight loss) and jaundice is rare.78,97–99 Some
patients (10–15%) develop the lipase hypersecretion
syndrome, in which massive serum lipase eleva-
tions are accompanied by subcutaneous fat necrosis
and polyarthralgia.100–104 In most cases, hepatic
metastasis are present at the time the syndrome
develops. A number of reports have also documen-
ted secretion of alpha-fetoprotein (AFP), especially
in younger patients.105–109

Acinar cell carcinomas may arise in any portion
of the pancreas.78,97,98 Most are large, averaging
10 cm in diameter, and circumscribed. They are
usually tan to red, soft and fleshy (Figure 10). The
low-power microscopic appearance is characterized
by high neoplastic cellularity and a paucity of
fibrous stroma (Figure 11). The periphery of the
carcinoma may appear circumscribed, although
invasion of tumor through the capsule is common.
Several different architectural patterns are found,
the most common being the solid and acinar
patterns (Figure 12); a mixture of patterns is often
found within an individual tumor. In the acinar
pattern, the neoplastic cells form minute lumina, the
nuclei are basally located, and there is a moderate

Figure 9 Poorly differentiated endocrine carcinoma. There are
abundant mitotic figures.

Figure 10 Acinar cell carcinoma. Grossly, the tumor is soft and
circumscribed, with abundant hemorrhage. It forms a polypoid
mass projecting into the duodenum.
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amount of eosinophilic granular apical cytoplasm.
The solid pattern is characterized by sheets and
nests of cells without evident lumen formation.

Basal palisading of the nuclei may be found at
the interface of the solid nests with the stroma
(Figure 13). Less common architectural patterns
include a glandular pattern, in which acinar
structures are dilated, and a trabecular pattern.
The nuclei in acinar cell carcinomas are relatively
uniform, generally with only moderate variability in
shape and size. Large, central, single nucleoli are
characteristic and can provide an important clue to
the diagnosis in cases with a solid growth pattern.
The mitotic rate is variable; but most acinar cell
carcinomas have easily detectable mitoses. The
cytoplasm in acinar cell carcinomas with abundant
zymogen granules is strikingly eosinophilic and
finely granular (Figure 12). In many cases, however,
the cytoplasmic granularity is not so well devel-
oped, and special stains are needed to demonstrate
the presence of enzyme production. A rare variant of
acinar cell carcinoma (acinar cell cystadenocarci-
noma) is composed of innumerable variably-sized
cysts, each lined by neoplastic acinar cells.98,110–112

Zymogen granules are positive for periodic acid-
Schiff (PAS), resistant to diastase digestion (dPAS)
in 95% of acinar cell carcinomas. In cases with
typical histologic features, the finding of granular
dPAS positivity in the apical cytoplasm may be
sufficient to confirm the diagnosis; however, many
acinar cell carcinomas do not contain sufficient
quantities of zymogen granules for this stain to
provide convincing results, and immunohistochem-
ical staining is a much more specific and sensitive
technique. Staining for enzymes, especially trypsin
and chymotrypsin, has a 95% sensitivity to detect
acinar differentiation (Figure 14).4,78,98,113,114 Inter-
estingly, pancreatic amylase is rarely detected in
acinar cell carcinomas.78,98 Acinar cell carcinomas
also commonly have focal endocrine differentia-
tion.78,98,115 Scattered cells that stain for chromogra-
nin or synaptophysin are found in 35–54% of cases.
Carcinomas with greater degrees of endocrine
differentiation (425% of the neoplastic cells) are

Figure 11 Acinar cell carcinoma. At low power the tumor is
arranged in highly cellular lobules separated by bands of
collagenized stroma.

Figure 12 Acinar cell carcinoma. The typical architectural
patterns are acinar (a) and solid (b). The cells have moderate
amounts of granular, eosinophilic cytoplasm.

Figure 13 Acinar cell carcinoma. The nuclei are uniform and well
polarized, with basal palisading at the interface with the stroma.
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classified as mixed acinar-endocrine carcinomas
(see below). AFP has been detected by immuno-
histochemistry in acinar cell carcinomas in patients
with and without elevated serum AFP.105–108,116

Ultrastructural examination of acinar cell carci-
nomas78,117–122 reveals abundant rough endoplasmic
reticulum and mitochondria. The cells rest on a
basement membrane and have well-developed
lumina. Most acinar cell carcinomas contain large
(125–1000nm) electron dense zymogen granules. A
second granule type, the irregular fibrillary granule,
is also highly characteristic of pancreatic acinar
differentiation.78,118,119,121 These granules are gener-
ally larger than the round zymogen granules,
ranging up to 3500nm, and are irregularly shaped,
often elongated, angulated or bilobed, with fibrillary
internal contents.

Acinar cell carcinomas generally lack the most
common abnormalities of ductal carcinomas,123,124

such as mutations in the KRAS oncogene53,59,98,125 or
abnormalities in p53, DPC4, and p16.53,126 Recent
work has identified losses on chromosome arm 11p
in 50% of cases.126 In addition, 24% of acinar cell
carcinomas have abnormalities in the APC/b-catenin
pathway, either through activating mutations of the
b-catenin gene or truncating mutations of the APC
gene.126

Acinar cell carcinomas are highly aggressive
neoplasms. Approximately 50% of patients have
metastatic disease at presentation, and more than
half of the remaining patients develop metastases
later in their clinical course.78 Most often metastatic
disease is found in regional lymph nodes and the
liver. The ultimate survival of patients with acinar
cell carcinoma is very poor (5-year survival¼ 6%),78

although it appears that this neoplasm is not quite as
rapidly lethal as conventional ductal adenocarci-
noma. The median survival for all patients is 18–19
months,78,127 and it is not uncommon for patients
with distant metastases to survive for 2–3 years.
Pediatric patients seem to have a better prognosis
than adults.78

The differential diagnosis of acinar cell carcinoma
is similar to that of PENs (see above), with which
acinar cell carcinomas are commonly confused.
Because acinar cell carcinomas can contain scat-
tered endocrine cells, the finding of only focal
immunolabeling for chromogranin or synaptophysin
in a putative PEN is not sufficient to exclude
the diagnosis of acinar cell carcinoma. Immuno-
histochemical staining for trypsin and chymotryp-
sin is needed to assess for acinar differentiation
in such cases. Furthermore, the quantitation of
acinar and endocrine components (if present) is
necessary to recognize mixed acinar-endocrine
carcinomas (see below). Pancreatoblastomas are
also fundamentally acinar neoplasms with similar
histology features as well as prominent acinar
differentiation based on immunohistochemistry.
However, pancreatoblastomas usually affect chil-
dren under 10 years old, and microscopically
they have characteristic squamoid nests that
distinguish them from acinar cell carcinomas. A
final entity that may be confused with acinar cell
carcinoma is solid-pseudopapillary neoplasm.82

These neoplasms can have extensive solid areas
with uniform, polygonal cells resembling the solid
areas of acinar cell carcinoma. However, solid-
pseudopapillary neoplasms demonstrate character-
istic degenerative pseudopapillary formations and
never exhibit true lumen formation, so the presence
of an acinar or glandular pattern would exclude
this entity. Finally, solid-pseudopapillary neo-
plasms never express trypsin or chymotrypsin,
instead staining for a-1-antitrypsin, vimentin,
CD56, and CD10.

Some pancreatic neoplasms have significant ele-
ments of more than one line of differentiation, and
although tumors with all possible combinations of
cell types have been reported (mixed acinar-endo-
crine carcinoma, mixed acinar-ductal carcinoma,
mixed ductal-endocrine carcinoma, and mixed
acinar-endocrine-ductal carcinoma), most of these
mixed neoplasms have a predominant acinar com-
ponent. Mixed acinar-endocrine carcinoma is the
best characterized of these.99,109,115,120,128–133 By arbi-
trary definition, each component must comprise at
least 25% of the neoplasm for a diagnosis of mixed
acinar-endocrine carcinoma. In most cases, the
histological features only hint at the possibility of
bidirectional differentiation, and only by immuno-
histochemistry can the presence and extent of the
two cell types be determined. Other mixed tumors
are defined similarly, with the mixed acinar-ductal
and mixed acinar-endocrine-ductal carcinomas hav-
ing elements of ductal differentiation in the form of
intracellular mucin-containing cells or cells that
stain for glycoproteins such as CEA, CA 19-9, B72.3,
DUPAN2, or CA 125. Again, 25% of the tumor must
be composed of each cell type for the diagnosis to be
established. All of these mixed acinar carcinomas
are clinically aggressive, similar to pure acinar cell
carcinomas.

Figure 14 Acinar cell carcinoma. Immunohistochemical staining
for trypsin.
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Pancreatoblastoma

Pancreatoblastoma is a malignant epithelial neo-
plasm showing multiple lines of differentiation,
most prominently acinar, that grows in solid,
nesting, and acinar patterns and has characteristic
squamoid nests.4,134,135 Pancreatoblastoma is the
most common pancreatic neoplasm of child-
hood,136,137 where it makes up approximately 25%
of the cases.136–138 Most pancreatoblastomas occur in
children under 10 (mean age of pediatric cases is 4
years), although one-third of reported cases have
affected adults.79,139–146 There is a slight male
predominance. Some pancreatoblastomas have
occurred in patients with Beckwith–Weidemann
syndrome, and these cases were congenital and
cystic.147–150 A single case was reported in an adult
patient with Familial Adenomatous Polyposis.151

Presenting symptoms are usually nonspecific;
jaundice is uncommon, and the paraneoplastic
syndromes of PENs and acinar cell carcinoma have
not been reported.79,139–143,145,146 Like acinar cell
carcinomas, pancreatoblastomas can have serum
elevations in AFP.142,143,152–157

Pancreatoblastomas average 10.6 cm and arise in
the head and the tail of the gland with equal
frequencies.79,139–143,145,146 Pancreatoblastomas are
usually well-circumscribed and lobulated, soft,
and fleshy on cut section. Microscopically, at low
power the tumor has large lobules of highly cellular
tissue separated by broad fibrous bands (Figure 15).
The lobules often have a geographic pattern of
lighter and darker staining cells, reflecting the
different cell types of pancreatoblastoma. The darker
cells are sheets and nests of relatively small
epithelial cells, some of which form acinar lumina.
The nuclei are small and round with prominent
central nucleoli. The cytoplasm is usually scant
and amphophilic, although some cells may have

granular eosinophilic cytoplasm. The lighter cells
are usually arranged in nests that can be circum-
scribed. These cells have more abundant eosinophi-
lic cytoplasm and the nuclei are larger, more oval,
and have more pale-staining chromatin than those
in the darker staining regions. Some of the lighter
cells are spindle shaped, and the whorling pattern of
these nests produces a somewhat squamous appear-
ance (Figure 16). Rarely, keratinization is found as
well. These clusters of cells have been designated
‘squamoid nests’ (or squamoid corpuscles) and are
one of the most characteristic features of pancreato-
blastomas. Some pancreatoblastomas also have
mucinous glands, but these are rare. Finally, the
stromal bands between the epithelial islands are
composed of hypercellular spindle cells with vari-
able collagenization. The stroma is particularly
cellular in pancreatoblastomas affecting children,
and in rare cases a neoplastic mesenchymal compo-
nent is present.79

Immunohistochemical staining demonstrates the
multiple epithelial lines of differentiation that
characterize pancreatoblastomas. Many cases show
labeling for markers of acinar, endocrine, and ductal
differentiation, although in almost every case, acinar
differentiation is predominant. Positive staining for
trypsin and chymotrypsin is found in nearly every
case; lipase is positive less commonly.79,158–161

Endocrine markers chromogranin and synaptophy-
sin are positive in two-thirds of cases in a highly
variable proportion of the cells.79 Staining for islet
peptides is not generally found. Finally, the ductal
elements, present in 50–65% of cases, express
glycoprotein markers such as CEA, B72.3, and
DUPAN-2.79,159 Interesting, the squamoid nests do
not demonstrate a consistent direction of differen-
tiation based on immunohistochemistry. In most
cases the squamoid nests are not immunoreactive,
although they may occasionally label with acinar or

Figure 15 Pancreatoblastoma. At low power the tumor is
lobulated and has a geographic pattern owing to the different
cell types that are present. The stroma is hypercellular.

Figure 16 Pancreatoblastoma. The tumor has well-developed
acinar formations and contains circumscribed squamous nests
(right), a helpful diagnostic feature.
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endocrine markers, and in 30% of the cases they
label with antibodies to carcinoembryonic antigen.79

AFP is expressed in some pancreatoblastomas,
typically those with serum elevations.142,143,152–157

Ultrastructural examination of pancreatoblasto-
mas confirms the presence of acinar differentiation,
with zymogen granules and irregular fibrillary
granules that are somewhat less abundant than in
acinar cell carcinomas. Some cases also have
ultrastructural evidence of endocrine and ductal
differentiation (neurosecretory and mucin gran-
ules).79,117,143,145,152,159

The molecular alterations in pancreatoblastoma
are similar to those of hepatoblastoma and acinar
cell carcinoma.151 The most common genetic altera-
tion identified to date is LOH of the short arm of
chromosome 11p.148,151 Alterations in the b-catenin/
APC pathway have been reported in 50–80% of
pancreatoblastomas.151,162 Most often these involve
the b-catenin gene, although a pancreatoblastoma
that arose in a patient with familial adenomatous
polyposis had biallelic inactivation of the APC
gene.151 Most pancreatoblastomas lack the common
genetic alterations of infiltrating ductal adenocarci-
noma: The DPC4 gene is targeted in only a minority
(22%) of cases,151 and most pancreatoblastomas are
wild type for the KRAS oncogene and show normal
expression of p53.79,139,151

One-third of patients with pancreatoblastomas
have metastases at the time of diagnosis, and
additional patients develop metastases later in their
course.79,139–146 The liver is the most common site of
metastases, followed by regional lymph nodes, lung,
and peritoneum.79,139–143,145,146 The prognosis of
pancreatoblastomas differs in children and adults.
Pediatric patients with localized tumors can be
cured by complete surgical resection. Children with
metastatic disease have generally faired poorly,
although recent reports of favorable responses to
chemotherapy and radiation163–167 suggest that even
some of these patients may experience long-term
survival. In adults, pancreatoblastomas have been
nearly universally fatal, with most cases progressing
quickly, similar to acinar cell carcinomas.79,144

The differential diagnosis includes the other
solid, cellular neoplasms of the pancreas discussed
herein. However, the extensive acinar differentia-
tion of pancreatoblastomas along with the close
histologic similarities of pancreatoblastoma to aci-
nar cell carcinoma (and mixed acinar carcinomas)
can make these entities hard to distinguish, espe-
cially on the basis of a biopsy. Although many
histologic features differ between classic cases of
acinar cell carcinoma and pancreatoblastoma (extent
of lobulation, cellularity of stroma, geographic low-
power pattern, prominence of endocrine and ductal
components, etc), it is the squamoid nests that most
specifically distinguish these two neoplasms. Some
pancreatoblastomas have only scarce squamoid
nests, and it can be argued that pancreatoblastoma
and acinar cell carcinoma are so closely related that

they could be considered the same entity. But
there are clear differences, and we regard the
relationship of the two to be similar to that of
hepatocellular carcinoma and hepatoblastoma. In
pediatric patients, most neoplasms with acinar
differentiation prove to be pancreatoblastomas, so
a careful search for squamoid nests should be
performed in an effort to establish the diagnosis of
pancreatoblastoma. In adults, acinar cell carcinomas
are more common, and one should reserve the
diagnosis of pancreatoblastoma for cases with
classic histology features.

Solid-pseudopapillary neoplasm

Solid-pseudopapillary neoplasm is a distinctive
low-grade malignant epithelial neoplasm character-
ized by a solid growth pattern of discohesive poly-
gonal cells with abundant degenerative changes,
including cystic degenerative and formation of
pseudopapillae.4,82,135,168 The line of cellular differ-
entiation remains uncertain despite numerous
studies. Many alternative terms have been applied
to solid-pseudopapillary neoplasm, including
solid-pseudopapillary tumor, papillary cystic neo-
plasm, solid and papillary epithelial neoplasm,
papillary-cystic epithelial neoplasm, papillary-
cystic carcinoma, solid and papillary neoplasm,
Hamoudi tumor, and Frantz’s tumor.

Solid-pseudopapillary neoplasms are uncommon,
accounting for 2–5% of all pancreatic malignan-
cies.4,169,170 These tumors predominantly affect
females (89% female), with a mean age of 28 years
(range of 7–79 years). Most patients present with
nonspecific symptoms related to the intra-abdom-
inal mass,169,171–173 and a palpable mass or incidental
radiographic finding may be the route of tumor
discovery in asymptomatic individuals. Rarely
solid-pseudopapillary neoplasms rupture, causing
potentially life-threatening hemoperitoneum.174–176

A number of solid-pseudopapillary neoplasms have
been reported in women who are pregnant or post-
partum,171,177 but it is possible that the tumors are
detected at this time as they typically affect women
of child-bearing age who come to medical attention
at the time of pregnancy.

Solid-pseudopapillary neoplasms may arise any-
where within the pancreas.169,170,173,175,178 Most cases
are quite large at diagnosis (mean diameter of
9–10 cm), although with the increased use of cross-
section imaging techniques, more cases are being
diagnosed when less than 5 cm.179,180 Grossly, solid-
pseudopapillary neoplasms appear to be circum-
scribed or even partially encapsulated. The larger
examples are particularly prone to develop degene-
rative cystic changes, and near complete cystic
change may occur, simulating a pseudocyst. In the
solid areas, the tumors are red-tan and very soft,
friable, and hemorrhagic (Figure 17).175,180 True
necrosis is uncommon but may occur. Some
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examples have more abundant fibrous stroma that
imparts a firm consistency.

The microscopic appearance of solid-pseudo-
papillary neoplasm is somewhat variable but highly
characteristic. Solid sheets of uniform polygonal
cells are separated into nests by abundant capillary-
sized vessels (Figure 18).178,179,181,182 There is no true
lumen formation. The cells are relatively discohe-
sive, and in areas away from the vessels, cell drop
away, leaving a ragged cuff of neoplastic cells
clinging to the blood vessels; this results in the
characteristic pseudopapillae (Figure 19). Other
degenerative changes included foamy cytoplasm in
the tumor cells as well as aggregates of foamy
histiocytes. The nuclei are sometimes oriented away
from the vessels, resulting in a zone of cytoplasm
separating the capillaries from the nuclei. The
cytoplasm is usually eosinophilic but can also be

clear or vacuolated. Clusters of cells contain large
eosinophilic dPAS-positive hyaline globules, an-
other characteristic features (Figure 20a). The nuclei
are round to oval, uniform, and have frequent
longitudinal nuclear grooves (Figure 20b). Mitoses
are very rare (range 0–10/50 high-power fields),
and pleomorphism is unusual but has been re-
ported.181,183 Some cases have more extensive stro-
mal hyalinization, resulting in nests of tumor
entrapped within the heavily collagenized stroma.
Balls of stroma with myxoid change may be found
within the solid regions of the tumor as well.

Despite the well-circumscribed gross appearance,
the neoplastic cells often invade the adjacent non-
neoplastic pancreas, intimately intermingling with
the parenchymal elements.181 The adjacent acini
often appear separated from the neoplastic cells by
only a basement membrane. Another characteristic
finding is ‘blood lakes’ at the periphery of the
neoplasm: pools of red cells are found admixed with
nests of neoplastic cells, giving the appearance of
vascular invasion, although definite penetration of
capsular vessels is hard to document in these
regions.

Recently, two cases were reported of high-grade
malignant transformation in solid-pseudopapillary
neoplasm.183 These cases showed residual areas of a
conventional solid-pseudopapillary neoplasm but
also had diffuse sheets of more markedly atypical
cells with true tumor necrosis and a relatively high
mitotic rate (35 and 69 per 50hpf, respectively). One
of these neoplasms contained a focus of sarcomatoid
carcinoma as well. These two patients both experi-
enced rapid disease progression and death from
tumor, in contrast to the normal natural history of
solid-pseudopapillary neoplasm (see below).

Most solid-pseudopapillary neoplasms stain
for vimentin, CD10, neuron-specific enolase,
CD56, progesterone receptors, and a-1-antitrypsin

Figure 17 Solid pseudopapillary neoplasm. Grossly the tumor is
soft and fleshy, with areas of hemorrhage. Small irregular cysts are
present.

Figure 18 Solid pseudopapillary neoplasm. Solid areas without
specific architectural patterns give way to irregular cystic spaces
containing pseudopapillae.

Figure 19 Solid pseudopapillary neoplasm. The pseudopapillae
consist of central capillaries surrounded by a cuff of neoplastic
cells. The nuclei are oriented away from the vessels.
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(Figure 21),169,178,182,184–188 and the pattern of staining
for the last marker parallels the distribution of the
hyaline globules. The neoplasms variably express
synaptophysin and cytokeratins178,187 and are con-
sistently negative for chromogranin, ductal markers
(glycoproteins), and acinar markers (trypsin and
chymotrypsin). Immunolabeling for b-catenin de-
monstrates abnormal nuclear labeling in 490% of
the tumors,83,182,189 and 75% also express cyclin
D1.83,190 The pattern of staining is not typical for any
normal epithelial cells of the pancreas. There is
certainly no evidence for acinar or ductal differ-
entiation, and although the positivity for CD56 and
synaptophysin might suggest an endocrine pheno-
type, the most specific endocrine marker (chromo-
granin) is always negative.

By electron microscopy solid-pseudopapillary
neoplasms show epithelial differentiation includ-
ing an incomplete basal lamina, rudimentary
lumina, and poorly defined intercellular junc-
tions.178,184,191–194 The neoplastic cells usually
contain numerous mitochondria, abundant rough

endoplasmic reticulum, and some annulate
lamellae.184,191,193,195 Most cases also have large
(500–3000nm) membrane-bound electron dense
granules that contain internal granular and membra-
nous debris, resembling the contents of complex
secondary lysosomes. Immunoelectron microscopic
studies have demonstrated the presence of a-1-
antitrypsin within these granules, confirming that
they correspond to the eosinophilic hyaline globules
identified by light microscopy.82

Solid-pseudopapillary neoplasms lack the genetic
alterations of infiltrating ductal adenocarcinomas
(KRAS, p16, DPC4, and p53 genes).53,83,186,190,196–198

Almost all, however, have somatic point mutations
in exon 3 of the b-catenin gene,83,189 implicating the
same genetic pathway that is abnormal in acinar
neoplasms (acinar cell carcinoma and pancreato-
blastoma). As expected in the presence of b-catenin
activation, solid-pseudopapillary neoplasms typi-
cally have cyclin D1 overexpression.83

Although solid-pseudopapillary neoplasm is
regarded to be malignant, it is extremely indolent.
Complete surgical resection results in a cure in
the majority of patients.169,191 Only 10–15% of
all patients have metastases that are usually
present at the time of first diagnosis.169 When
present, metastases are usually limited to the liver
and peritoneum, lymph node metastases being
exceptional.82,169,170,175,191,199 Even patients with
metastases generally survive for years or even
decades, and it is uncommon for patients to die
from direct effects of the tumor.180,200,201 However,
the two patients with apparent high-grade malignant
transformation of solid-pseudopapillary neoplasms
had a highly aggressive course, dying after 6 and 16
months, respectively.183

The differential diagnosis again includes the other
solid, cellular pancreatic neoplasms (PEN, acinar
cell carcinoma, pancreatoblastoma). The finding of

Figure 20 Solid pseudopapillary neoplasm. Aggregates of large
hyaline globules are present (a). The nuclei are oval and exhibit
longitudinal grooves (b).

Figure 21 Solid pseudopapillary neoplasm. Immunohistochem-
ical staining for alpha-1-antitrypsin reveals granular staining
corresponding to the hyaline globules.
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true luminal spaces is helpful to suggest one of these
rather than solid-pseudopapillary neoplasm. In
difficult cases, staining for trypsin, chymotrypsin,
and chromogranin will usually help confirm one of
the alternative diagnoses, and if these markers are
all negative, positive staining for vimentin, CD10,
CD56, and a-1-antitrypsin should be sufficient to
confirm the diagnosis. One entity that can cause
diagnostic difficulty is pseudocyst. The degenera-
tive changes of solid-pseudopapillary neoplasms
can result in a gross and microscopic pattern almost
indistinguishable from a pseudocyst. The occur-
rence of a lesion in a young female without a history
of pancreatitis or other predispositions to a pseudo-
cyst indicates that a thorough search for residual
tumor should be performed.
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