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Tumors of the endocrine system 

Commentary on chapter 44 

"Unfortunately I have to open my communication wi th the confession that I am 
in no way in a position to present the complete results of a successful research, 
but at the most to contribute some sporadic observations, which give an idea 
that the construction of the examined object is much more complicated than 
heretofore suspected." 

This c i ta t ion comes from the thesis by Paul Langerhans, published in 1869, in 
which he first describes the pancreatic endocrine cell clusters that were later to 
be named after him, wi thout being aware of their functional significance.1 

It is now clear that the pancreas is an organ that consists of an exocrine part con
taining acini and ductal structures and an endocrine component composed of 
cells organized in the islets described by Langerhans. Since his time, significant 
progress has been made at both the morphologic and molecular level in under
standing embryonic pancreatic development, the physiologic role of the pancre
atic islet cells and the related pathological conditions. 
As described in the chapter on pancreatic endocrine neoplasms (PENs) by Klimstra 
the pancreatic endocrine cells arise from progenitor cells in the primitive ducts of 
the pancreatic primordia. One of the transcription factors essential in the forma
tion of these ducts and also for the functioning of mature beta cells is the Pan
creatic duodenal homeobox 1 protein (Pdxl), which belongs to the homeodomain 
family of proteins. Other transcription factors of the homeodomain family and 
basic helix-loop-helix family subsequently involved in the endocrine differentia
tion of ductal progenitor cells are hepatocyte nuclear factor 6, neurogenin 3, 
NeuroDl/BETA2, Pax4, Nkx2.2, Nkxö.1, Pax6 and Isll.2 Although most endocrine 
cells separate from the ducts and migrate into the exocrine pancreas forming the 
islets of Langerhans, some of them remain at their site of origin and also some 
cells wi th stem cell capacities are thought to remain in the mature pancreas.3 

This understanding of the embryologie development of the endocrine pancreas 
is important wi th respect to the pathogenesis of PENs, because it is now 
believed that PENs originate from a common precursor cell that proliferates and 
differentiates towards an endocrine phenotype. If this is the case, the transcrip
tion factors involved in normal embryonic pancreatic development might prove 
to be important in tumorigenesis as well, and it is therefore conceivable that 
these transcription factors will play a role in diagnosis and prognostication in 
the near future. A recently described transgenic mouse model in which PENs 
developed after infection with a c-myc oncogene bearing retrovirus under the 
control of the pancreas-specific elastase promoter supports this notion. The ex
pression of Pdxl and the endocrine-specific transcription factors Nkx2.2, Pax6 
and Isll could be observed in these neoplasms.4 

Although our understanding of the biology of PENs has grown, it remains sur
prisingly difficult to predict the clinical behavior of a PEN. Assessment of associ
ated clinical findings, tumor size, gross local invasion, metastasis and vascular 
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invasion allows PENs to be subdivided into either functioning or non-functioning 
tumors of benign behavior, uncertain behavior, low-grade malignancy and high-
grade malignancy in the Revised Classification of Neuroendocrine Tumours of the 
Lung, Pancreas and Gut by Capella et al D Although the prognostic value of these 
parameters is disputed, validation of the Capella classification in a group of 82 
sporadic PENs shows a statistically significant difference in survival between 
the neoplasms of different grades.6 Based on the classification by Capella et al., 
the World Health Organisation (WHO) separates PENs into either functioning 
or non-functioning neoplasms of benign behavior, tumors of uncertain behavior, 
well differentiated carcinomas, and poorly differentiated carcinomas/small cell 
carcinomas7 , but wi th different cut off points for tumor size, wi th the addition 
of mitotic activity and proliferation rate (measured by Ki67 labelling). This lat
ter system also does not separate insulinomas from the other PENs. The new 
WHO classification does not contain essential changes compared to the old clas
sification, but the terms macroadenoma and borderline tumor will be replaced in 
order to emphasize the ambiguous clinical behavior rather than implying a cer
tain inherent tumor biology. 

As Klimstra indicates, PENs can be classified in more than one way, but because 
the parameters mentioned earlier seem to be of at least some value and in order 
to obtain consistent classification and comparable research results, it deserves 
consideration to consequently follow the WHO-guidelines in classifying PENs 
until more accurate prognostic parameters have been established. 
Because PENs are well vascularized neoplasms and angiogenesis is an important 
feature of tumorigenesis, the prognostic value of tumor microvessel density and 
the expression of the angiogenic factors of the vascular endothelial growth factor 
family and their receptors have been investigated recently. Although one study 
shows that low microvessel density is an unfavorable prognostic factor and al
though, as mentioned by Klimstra, a role for vascular endothelial growth factor-
C in tumor progression has been suggested, the results of different studies are not 
consistent and do not provide parameters that can be used in clinical practice.8"10 

One group of PENs of which the aggressive behavior is easily predictable micro
scopically on the basis of cell type, high proliferative activity and presence of 
necrosis, is the poorly differentiated/ small cell carcinomas. However, as 
Klimstra indicates, these neoplasms are rare and before a diagnosis of a poorly 
differentiated PEN is made, a metastasis from a primary tumor elsewhere, espe
cially a bronchial carcinoma, has to be excluded. In these cases the clinical data 
and imaging techniques are important . Additionally, a staining for thyroid tran
scription factor 1 might be of use, but it should be interpreted wi th caution. 
This protein is expressed in the nucleus of normal thyroidal and pulmonary 
epithelial cells and in a large number of the (adeno)carcinomas derived from 
these tissues. Positivity for thyroid transcription factor 1 has been reported in 
90% of the small cell carcinomas of the lung, but also in small cell carcinomas 
from other sites, such as the prostate and urinary bladder.11 Therefore both pos-
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itive and negative labeling results have to be correlated wi th the other available 
data before a final diagnosis is made. 
Another important differential diagnosis on the other side of the spectrum men
tioned by Klimstra is the one of endocrine microadenomas versus enlarged non
neoplastic islets. Enlarged non-neoplastic islets can be seen in islet cell hyperpla
sia, which is a poorly defined and rare condition that should not be confused 
with the much more frequently observed aggregation of islets in chronic pancre
atitis, caused by atrophy of the exocrine pancreas. Islet cell hyperplasia is 
defined as an increase in islet mass due to increased islet size and /or islet num
ber.12 If the islets cells contain enlarged pleomorphic nuclei, if ductuloinsular 
complexes consisting of endocrine cell nests budding off ducts are observed and 
if the patient presents wi th persistent hyperinsulinemic hypoglycemia, indica
tive of beta-cell dysfunction, the term nesidioblastosis is frequently used. Islet 
cell hyperplasia predominantly occurs in newborns, but has also been described 
in adults. In newborns it can be associated wi th maternal diabetes, erythroblas
tosis fetalis, hereditary tyrosinemia or Beckwith-Wiedemann syndrome, but in 
these conditions the histological features of nesidioblastosis are usually not very 
outspoken.1 2 13 Nesidioblastosis can be focal or diffuse. Especially the focal 
form, also referred to as focal adenomatous hyperplasia, has features reminiscent 
of an endocrine microadenoma. But in contrast to the conventional microadeno
ma in which only one cell type is found, the focal variant of nesidioblastosis 
contains a mixture of different cell types. In some sporadic cases of neonatal 
focal nesidioblastosis somatic loss of the maternal allele of the imprinted chro
mosome region l l p l 5 has been described, which encodes a number of candidate 
genes.14 In a part of these cases, the paternal allele of the high affinity sulfo
nylurea receptor (SURi) gene, involved in insulin secretion by beta cells and also 
on chromosome l l p l 5 , shows a germ-line mutat ion. 1 5 The fact that not only 
germ-line mutations, but also somatic genetic alterations have been found, sug
gests that these lesions might be clonal and maybe should be regarded as a func
tioning variant of a microadenoma. Although generally the age of the patients 
(newborns vs adults) and the clinical presentation (hypoglycemia vs asymp
tomatic coincidental finding) differ, it might turn out that both lesions are more 
similar than previously thought from a pathogenetic point of view. 
Extensive discussion of diffuse nesidioblastosis, which is usually not in the dif
ferential of a PEN, is beyond the scope of this commentary. However, the com
bination of islet cell hyperplasia and the presence of multiple pancreatic endocrine 
microadenomas should be mentioned here as a typical feature of multiple 
endocrine neoplasia type 1 syndrome, because as described by Klimstra, most of 
these patients develop clinically relevant PENs in the course of their disease. 
In his chapter Klimstra emphasizes that the difference between functioning and 
nonfunctioning PENs is based on the presence or absence of a clinical syndrome 
with elevated serum peptide levels and that immunohistochemical evidence of 
hormone production does not automatically mean that a PEN is clinically func-
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tioning. In addition, negative stains do not rule out the diagnosis of a functioning 
PEN; hormones can be released from the neoplastic cells so quickly that 
immunohistochemical stains are negative. It is also possible that the neoplasm 
produces a slightly modified hormone that can not be recognized by the antibod
ies used for immunohistochemistry. 
The differential diagnosis of PENs discussed by Klimstra is important not only 
in histology, but also in interpreting fine needle aspirates. PENs can be confused 
wi th acinic cell carcinoma, solid-pseudopapillary (Hamoudi) neoplasm and pan-
creatoblastoma. Cytologic features suggestive of acinic cell carcinoma are pro
minent nucleoli and granular cytoplasm.16 . A solid-pseudopapillary neoplasm is 
characterized by papillary clusters with fibrovascular stalks.The neoplastic cells 
contain abundant metachromatic material, nuclear grooves, foamy macrophages 
and necrosis is often present.1 6 In a pancreatoblastoma multiple cell types can 
be observed in the same neoplasm: small cells with dark nuclei and scanty cyto
plasm and larger epithelial cells, occasionally in an acinar arrangement, with 
abundant granular-to-vacuolated cytoplasm and more prominent nucleoli.16 In 
addition to the cytologic features, the patient characteristics (pancreatoblas
toma in children, solid-pseudopapillary neoplasm in young females) and imaging 
techniques can be helpful in making the correct diagnosis. 

All in all, it is obvious that our knowledge on the endocrine pancreas and its dis
eases has increased immensely since the days of Paul Langerhans. However, the 
words cited from his thesis are still true concerning PENs: we are not yet in a 
position to present the complete results of a successful research, but we can 
contribute some observations. Perhaps in the future the pathogenesis of PENs will 
be unraveled, their biological behavior will be fully understood and the construc
tion of the examined object will seem not as complicated as heretofore suspected. 
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CHAPTER 44 

In t roduct ion 

The endocrine neoplasms of the pancreas represent an important subset of pan
creatic neoplasms both because of the distinctive endocrine paraneoplastic syn
dromes that may be present and because these neoplasms are often less aggres
sive and more amenable to curative surgical therapy than carcinomas of the 
exocrine pancreas. From a pathologic standpoint pancreatic endocrine neoplasms 
(PENs) represent a diagnostic challenge due to the wide range of histological 
patterns that occur. Variability in clinical behavior has frustrated a t tempts to 
sharply define benign and malignant categories of pancreatic endocrine neo
plasms, and a t tent ion has recently been directed towards defining prognostic 
factors and understanding the genetic alterations underlying these neoplasms. 

The Normal Endocrine Pancreas 

In the normal pancreas, the endocrine cells are largely found wi th in the islets of 
Langerhans, although approximately 10% of pancreatic endocrine cells are 
extrainsular, usually distributed wi thin the ducts.1 During development, all of 
the pancreatic endocrine cells originate from the embryonic ducts and are there
fore of endodermal origin.2 The histologic appearance and cellular composition 
of the islets differ between the regions of the pancreas derived from the dorsal 
and ventral embryologie pancreatic primordial (Fig. 6.1). 
The majority (90%) of the islets consist of roughly spherical collections of cells 
derived from the embryonic dorsal pancreas. 

Figure 6.1 Norma l pancreat ic islets. Compact islets (A) are rough l y spher i 
cal , cons is t ing of closely packed lobules of endocr ine cells separated by cap
i l lar ies. Di f fuse islets (B) are less we l l c i rcumscr ibed and have a t rabecu la r 
a r rangemen t , w i t h in te rposed acini be tween the endocr ine cells. 
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Endocrine microadenoma 

Well differentiated pancreatic endocrine neoplasm 

Functional pancreatic endocrine neoplasm 

Insulinoma 
Glucagonoma 
Somatostatinoma 
VIPoma 
Gastrinoma 
Carcinoid tumor 
Other ectopic and mixed hormone producing neoplasms 

Non-functional pancreatic endocrine neoplasm 

(not otherwise specified) 
PPoma 

Poorly differentiated endocrine carcinoma 

Small cell carcinoma 
Large cell endocrine carcinoma 

Mixed endocrine carcinomas 

Mixed ductal-endocrine carcinoma 
Mixed acinar-endocrine carcinoma 
Mixed acinar-endocrine-ductal carcinoma 

Table 6.1 Classification of pancreatic endocrine neoplasms. 

These compact islets are abundant in the body and tail but are also found in 
the head of the gland and contain predominantly alpha and beta cells, wi th 
minor populations of PP and delta cells.3 In the portion of the head of the pan
creas derived from the embryonic ventral pancreas (essentially, the uncinate 
process), the islets have a trabecular configuration and are rather ill-defined, 
wi th interposi t ion between cords of acinar cells. These diffuse islets also con
tain many beta cells but are predominantly (70%) composed of PP cells, wi th 
few delta and alpha cells.3 

General Features and Classification 

PENs account for roughly 2-4% of clinically detected pancreatic neoplasms. Since 
endocrine microadenomas are relatively common incidental findings, the preva
lence of PENs at autopsy (between 1-10% of autopsies1-4) is significantly higher 
than the clinical prevalence. Males and females are equally affected. PENs may 
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arise at any age 3, but most occur between the ages of 30 and 60 yrs; those aris
ing in patients with multiple endocrine neoplasia 1 (MEN1) syndrome occur at a 
younger age. 

Several different classification systems can be applied to endocrine neoplasms of 
the pancreas (Table 6.1). 

The majority are in the well differentiated category, in the sense that they retain 
the organoid architecture typical of endocrine organs and have a relatively low 
proliferative rate. PENs measuring less than 0.5 cm are designated as endocrine 
microadenomas. Microadenomas are the only PENs that can be regarded as com
pletely benign. Most of the remainder of well differentiated PENs are low to 
intermediate grade malignancies, and despite numerous studies on prognostic 
factors, no specific classification system has achieved widespread acceptance. 
Finally, a small group of primary pancreatic neoplasms qualify as high grade 
endocrine carcinomas due to their diffuse architecture, high proliferative rate, 
and abundant necrosis. 

The well differentiated PENs are also subclassified based on the presence and type 
of associated clinical syndrome due to inappropriate hormone secretion by the 
tumor. PENs are designated as insulinoma, glucagonoma, gastrinoma, etc. if the 
patient exhibits characteristic clinical findings in the presence of elevated serum 
levels of the responsible peptide or bioamine. These "functional" PENs are listed 
in Table 6.2. 
PENs wi thout a clinical syndrome are termed "nonfunctional", although most of 

Cell type Syndrome Clinical Findings 

Insulinoma 

Glucagonoma 

VIPoma 

Gastrinoma 

^ cell 

a cell 

Somatostatinoma 8 eel 

Unknown 

G cell 

Insulinoma Hypoglycemia 
syndrome 

Glucagonoma Skin rash, stomatitis, 
syndrome diabetes, weight loss 

Somatostatinoma Diabetes, 
syndrome 

Verner-Morrison 
syndrome 

Zollinger-Ellison 
Syndrome 

cholelithiasis 

Watery diarrhea, 
hypokalemia, 
achlorhydria 

Peptic ulcers 

Table 6.2 Functional pancreatic endocrine neoplasms. 
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these PENs also exhibit some evidence of hormone production if serum peptide 
levels are measured or immunohistochemistry is employed to detect them.6 A non
functional PEN that is documented to produce a specific hormone may be desig
nated based on the corresponding cell type (e.g., "alpha cell neoplasm'', "beta cell 
neoplasm", etc.), but they should not be labeled as functional tumors in the ab
sence of the appropriate clinical syndrome.1 The presence or absence of an asso
ciated clinical syndrome has prognostic significance; therefore, the relevant clin
ical distinction is between "syndromic" and "non-syndromic" PENs. However, 
the "functional" and "nonfunctional" terminology is entrenched in the lexicon. 
It should be noted that rare PENs have been described that exhibit expression of 
pancreatic polypeptide (PP) by immunohistochemistry, associated wi th eleva
tions in serum PP levels.7 '8 Although these neoplasms have been designated 
"PPomas", there is no known clinical syndrome associated wi th PP hypersecre
tion, so PPomas are categorized as nonfunctional PENs. Many PENs producing 
somatostatin, calcitonin, and neurotensin also fall in the nonfunctional group. 
Based on surgical studies, approximately one third of all PENs are nonfunctional 
1,9,10,11. i n MEN1 patients wi th multiple PENs, a greater proportion of the indi
vidual tumors are nonfunctional1 2 , but most MEN1 patients have at least one 
PEN that is functional.1-13 '14 Insulinomas are the most common functional tumors 
(45%), followed by gastrinomas (20%), glucagonomas (13%), VIPomas (10%), 
and somatostatinomas (5%). PENs producing other unusual syndromes (Cushing's 
syndrome, carcinoid syndrome, acromegaly, etc.) occur but are rare.15-16 '17 

PENs may be associated wi th a number of genetic syndromes, most important ly 
MEN1 and von Hippel-Lindau (VHL) syndromes.18-19 In these cases, the genetic 
abnormality underlying the syndrome plays a role in the development of the 
PENs, which often are multiple.2 0 '2 1 The pathologic features of these PENs are 
generally similar to those occurring sporadically, although the PENs in VHL syn
drome patients may have clear cell features and may be associated wi th a serous 
cystic neoplasm.22 

Pathologic Features 
The gross appearance of PENs is generally that of a circumscribed, solid mass 
composed of tan, uniform, fleshy parenchyma (Fig. 6.2). 
Larger PENs are multinodular, wi th fibrous septa dividing the neoplasm. Some 
examples have more abundant fibrous stroma, imparting a firm consistency. 
Cystic change is a less common phenomenon2 3 , usually in the form of a single 
central locule lined by a thin rim of neoplastic cells (Fig. 6.3). 
Most PENs have an expansile growth pattern, and small neoplasms may be com
pletely surrounded by a fibrous capsule. It is common to find invasive growth, 
however, including extension into the adjacent tissues such as the residual pan
creatic parenchyma, the peripancreatic soft tissues, vessels, or adjacent organs 
(e.g., the spleen). 
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Figure 6.2 Gross appearance of pancreatic endocrine neoplasms. Some exam
ples are relatively small and circumscribed (A), consisting of a uniform tan neo
plasm sharply demarcated from the surrounding pancreas. Larger examples (B) 
exhibit a more multinodular pattern. In this case, there is extensive hemor
rhage and cystic degeneration, with gross invasion of the spleen. 

Figure 6.3 Cystic pancreatic 
endocrine neoplasm. There's a cen
tral unilocular cyst separated from a 
fibrous capsule by a thin rim of tan 
tumor parenchyma. 

Figure 6.4 Architectural patterns of pancreatic endocrine neoplasms. Many 
examples demonstrate a nesting pattern (A), wi th thin fibrovascular septa 
separating relatively uniform neoplastic cells. In the gyriform pattern (B), 
thin interanastomosing trabecula of endocrine cells are found. 
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Figure 6.5 Cytologic features of pan
creatic endocr ine neoplasms. The 
nuclei are r o u n d t o oval and re lat ive
ly u n i f o r m , and the c h r o m a t i n is 
coarsely g ranu la r . The cy top lasm is 
moderate in amount and amphophi l ic . 

Figure 6.6 Some pancreat ic endo
cr ine neoplasms demons t ra te abun 
dan t hya l in ized s t roma be tween the 
nests of neoplast ic endocr ine cells. 

PENs are histologically characteristic at both the architectural and cytologic lev
els. Many different architectural arrangements have been recognized, all collec
tively referred to as "organoid" patterns. Cells are arranged in regular nests, rib
bons, or trabecula, and it is common for more than one pat tern to be found in 
different regions of a single neoplasm (Fig. 6.4). 
The trabecular pattern is particularly characteristic, and when thin, complex 
trabecula are interwoven, the term gyriform is applied to the architecture. The 
cytology of PENs is often similar to that of other well differentiated endocrine 
neoplasms such as carcinoid tumors. The nuclei are usually round to oval and 
uniform (Fig. 6.5), although scattered enlarged nuclei are not uncommon. 

: ;i%-O «*w?V$ï*&•' a&<<V-* 
r->**'#*\ m£-\ "%*• «'•• /'yvi-**.,-

1 **S--*gbr*;£ v*V ®S>'* 
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Figure 6.7 Less c o m m o n pat te rns of pancreat ic endoc r ine neoplasms. On
cocyt ic PENs (A) have a b u n d a n t , g ranu lar eos inoph i l i c cy top lasm due to 
numerous m i t o c h o n d r i a . Clear cell PENs (B) have f o a m y to clear cy top lasm 
due t o accumu la t i on of numerous small vesicles. 
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Figure 6.8 P leomorphic pancreat ic 
endocr ine neoplasms. The nuclei are 
en larged and a typ ica l , but there is 
also a b u n d a n t cy top lasm and the 
m i t o t i c rate is not increased. 

** 

The chromatin is coarsely granular and clumped, imparting the classic "salt and 
pepper" appearance characteristic of well differentiated endocrine neoplasms in 
general. Nucleoli may be inconspicuous, although many PENs have easily identi
fiable or even prominent nucleoli. 
The architectural and cytologic features described above are key to recognizing 
PENs, but there are many variations in histology that may cause diagnostic dilem
mas. The range of patterns one may encounter in PENs exceeds that of nearly all 
other endocrine neoplasms. The stroma varies considerably in amount. Some PENs 
have nearly no collagen within the neoplasm (Fig. 6Ah); there is only a thin (but 
abundant) fibrovascular stroma separating the cellular nests. Other examples con
tain abundant, hyalinized or amyloid-like stroma that results in the appearance of 
sparse, thin epithelial cords compressed by broad bands of collagen (Fig. 6. 6). 
Calcifications may be found, including psammoma bodies.24 The quant i ty and 
appearance of the cytoplasm also varies. A moderate amount of amphophilic to 
basophilic cytoplasm is typical, but PENs with oncocytic cytoplasm 25,26,27 o r 

clear cell change have been described (Fig. 6. 7). 
The la t ter type is reportedly more common in pat ients wi th VHL syndrome. 2 2 

Some PENs have scant cytoplasm, and the resulting high nucleus-to-cytoplasm 
ratio tha t may cause confusion wi th small cell carcinomas or primitive neuroec
todermal tumors. The nuclear morphology may also vary; PENs with marked 
nuclear pleomorphism have been reported28 , and these cases are commonly con
fused wi th ductal carcinomas or other high grade neoplasms (Fig. 6. 8). 
In these instances, the nuclear atypia is not generally accompanied by an increased 
proliferative rate and does not appear to have adverse prognostic significance. 
Mitotic rate is an important measure of aggressiveness in PENs. Well differenti
ated PENs are defined to have less than 10 mitotic figures per 10 high power 
microscopic fields (hpf); neoplasms wi th 10 or more mitoses per 10 hpf are con
sidered high grade endocrine carcinomas (see below). In many PENs, mitotic fig
ures are nearly undetectable, a search of 30 to 50 hpf (or more) being required to 
find even a single mitotic figure. Some PENs have a higher proliferative rate, and 
the finding of 2 or more mitoses per 50 hpf places a PEN in a worse prognostic 
category.29 Necrosis is also variably present; most commonly it is accompanied 
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Figure 6.9 Glands in pancreat ic endocr ine neoplasms. In some cases, t he 
neoplast ic endocr ine cells f o r m lumina (A), whe re each g land is f o r m e d of 
cells s imi lar to those in the sol id regions of t he neop lasm. In o ther PENs (B), 
non-neop las t i c ductu les are en t rapped w i t h i n the t u m o r . There is very close 
j ux tapos i t i on be tween the neoplast ic endocr ine cells and the non-neop las t i c 
g landu la r ep i t he l i um . 

by an increase in proliferative rate and signifies a more aggressive PEN. 
Glands may also be found in PENs and may take several forms. In some cases, 
the neoplastic endocrine cells form lumina (Fig. 6.9A). 
Although these gland-forming PENs may be mistaken for adenocarcinomas, the 
cells lining the lumina retain endocrine differentiation and are cytologically 
similar to the more abundant solid areas that typically are present. In other cas
es, non-neoplastic ductules are entrapped wi thin PENs.30 '31 The neoplastic 
endocrine cells are often closely juxtaposed to the ductules, but they are cyto
logically distinct (Fig. 6.9B). Finally, true mixed ductal-endocrme carcinomas 
occur; these are discussed below (see "Mixed" Endocrine Neoplasms). 

Immunohistochemistry and Electron Microscopy 
Once the diagnosis of PENs is suspected based on the histologic features, there 
are several methods to confirm the diagnosis. Classical silver staining techniques 
to demonstrate neurosecretory granules have largely been replaced by immuno
histochemistry. Expression of general endocrine markers including chromo-
granin, synaptophysin, and neural cell adhesion molecular (CD56) is detectable 
in essentially all PENs.32 Synaptophysin expression is commonly more diffuse, 
and some PENs may demonstrate only focal staining for chromogranin (Fig. 6.10). 
Expression of peptides such as insulin, glucagon, PP, somatostatin, gastrin, or 
vasoactive intestinal polypeptide is common, and most functional PENs can be 
shown to produce the appropriate peptide by immunohistochemistry.6 In addi
tion, minor cell populations producing a variety of other peptides are commonly 
detectable.0 3 '3 4 '3 5 Nonfunctional PENs also contain a variety of peptide cell 
types, usually (but not inevitably) comprising less than 25% of the total cell 
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Figure 6.10 Immunoh i s t ochem ica l s ta in ing of pancreat ic endocr ine neo
plasms. Most label w i t h bo th c h r o m o g r a n i n (A) and synap tophys in (B). In 
some PENs, the synap tophys in s ta in ing is more in tense and d i f fuse . 

population. Other "ectopic" peptides often are produced as well, and exhaustive 
immunohistochemical labeling for species such as ACTH, bombesin, calcitonin, 
neurotensin, etc., identifies additional secretory products. 
Many PENs also immunolabel for glycoproteins such as carcinoembryonic antigen 
(CEA) and CA19.9 29,36,37j especially those with gland formation. Focal acinar dif
ferentiation may also be present in scattered cells that label for trypsin or chymo-
trypsin.37 '38 A subset of PENs expresses CD99, as do normal islet cells. Labeling of 
PENs with the proliferation marker MIB1 demonstrates a relatively low prolifera
tive rate in keeping with their low mitotic rate. Generally 1-5% of the nuclei are 
labeled, but some examples demonstrate labeling of up to 10% of cells.1. 
Although many elegant studies documented the util i ty of electron microscopy 
for the diagnosis of PENs, this technique has largely been supplanted by ïmmuno-
histochemistry. If ultrastructural examination is performed, PENs contain rela
tively abundant 100-350 nm dense core neurosecretory granules.3 9 '4 0 Most have 
a nonspecific morphology, with dense cores content separated by a halo from the 
limiting membrane. Morphologically characteristic secretory granules of alpha 
or beta cells are sometimes found in the corresponding functional PENs. s5 '41 

Functional Pancreatic Endocrine Neoplasms 

From a purely morphologic standpoint, there are no specific microscopic findings 
that distinguish the different types of functional PENs.42 '43-44 Insulinomas are 
usually small; many cases measure less than 2 cm, presumably because insulino
mas are exquisitely symptomatic and are detected at an early stage. Certain his
tologic features were classically described to be characteristic of specific func
tional PENs, such as stromal amyloid in insulinomas or gland formation in 
gastrinomas, but none are sufficiently specific to allow distinction from other 
types of PENs. Somatostatmomas occurring in the periampullary duodenum 
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Figure 6.11 Fine needle aspirate 
smear of pancreatic endocrine neo
plasm. The cells are arranged individ
ually and in loose clusters. Many 
exhibit a plasmacytoid appearance, 
wi th eccentrically located nuclei. The 
chromatin pattern is coarsely granu
lar, characteristic of well-differentia
ted endocrine neoplasms. 

(glandular duodenal carcinoids) do have a distinctive appearance, including well-
formed glands, eosinophilic cytoplasm, and numerous psammoma bodies45, but 
pancreatic somatostat inomas do not share these features. 

Cytologic Findings 

Fine needle aspiration (FNA) is a sensitive technique for the preoperative diag
nosis of PENs.46>47,48,49 Aspirates of PENs produce relatively cellular smears with 
a clean background. The cells are arranged in clusters and individually. Nuclei 
are round to oval and uniform, and the characteristic endocrine chromatin pat
tern is often present. The nuclei are eccentrically located, producing a plasmacy
toid configuration to the cells (Fig 6.11). 
Endocrine differentiation may be documented by immunohistochemical labeling 
for chromogranin or synaptophysin to confirm the diagnosis.50 

Molecular Genetic Features 

Recent cytogenetic and molecular studies have identified many chromosomal 
alterations in PENs. Interestingly, activation of oncogenes does not appear to 
play a major role in the development of these tumors. Comparative genomic 
hybridization studies demonstrate that chromosomal losses are more common 
than gains.51 '52-53 In PENs arising in patients with MEN1 or VHL syndromes, the 
genetic defect responsible for the syndrome is involved in the pathogenesis of 
the pancreatic neoplasms.20-21-54 PENs arising in MEN1 patients show a germ 
line mutat ion in the menin gene on chromosome 1 l q l 3 coupled wi th a somatic 
(acquired) loss of the normal copy of this gene. Studies on sporadic PENs have 
also detected relatively common losses at 1 l q l 3 or elsewhere on the short arm 
of chromosome 11 (70%), but specific menin gene mutat ions are only present in 
approximately 20% of the neoplasms, suggesting involvement of another tumor 
suppressor gene.55-56-57.58.59-60-61.62 Interestingly, insulinomas have a much lower 
frequency of mutat ions in the menin gene than most other functional PENs and 
nonfunctional PENs. The VHL gene is usually normal in sporadic PENs.63 
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The chromosomal alterations that have been described in sporadic PENs are rela
tively consistent and include gams at 4p, 4q. 5q, 7p, 7q, 9q, 12q, 14q, 17p, 17q, 
and 20q and losses at lp , 3p, 6q, 9p, lOp, lOq, l l q , 18q, 22q, Y, and X.51 '52>53 '64.65 

Some of these losses are associated with more aggressive clinical behavior (see 
below). The specific genes involved at most of these loci have yet to be determined. 
Many of the genes targeted in the development of ductal adenocarcinomas of 
the pancreas have been examined in PENs, and most of these arc not targeted in 
PENs.57 '66 '67 '68 In particular, K-ras, TP55, pie, and SMAD4 are not mutated in 
most PENs, although the pie gene is inactivated via hypermethylation of the 
promotor in 40% of cases.69,70,71 Her-2/neu amplification is also not commonly 
detected.72 It appears that promotor methylation, rather than mutat ion, may be 
a relatively common mechanism of tumor suppressor gene inactivation in PENs.69 

Other recent studies have examined gene expression in PENs to determine 
which genes are significantly over- or underexpressed relative to normal islet 
cells. Overexpressed genes include putative oncogenes, growth factors, and cell 
adhesion and migration molecules, whereas the cell cycle regulator p21, the cell 
surface glycoprotein MIC2 (CD99), and putative metastasis suppressor genes 
are among those under-expressed.73 Data from these studies may shed light on 
pathways important in tumorigenesis in PENs, and some of these species may 
prove to be prognostically relevant. 

Some of the genetic alterations in PENs are more commonly detected in larger or 
more advanced stage neoplasms, suggesting that there is continuing genetic pro
gression in PENs that parallels clinical progression. Fewer gams and losses of 
genetic material are seen in smaller PENs (less than 2 cm), although losses at l p 
and l l q and gains at 9q are already present.5 3 In fact, some data suggest that 
smaller PENs may represent poly- or oligoclonal proliferations from which more 
aggressive monoclonal neoplasms may arise.74 

Natural History and Prognostic Considerations 

The natural history of PENs is highly variable. Small neoplasms wi thout adverse 
prognostic features (see below) are readily curable by surgical resection. Many 
insulinomas fall into this category, since they generally measure less than 2 cm 
when detected. Most other functional and all nonfunctional PENs are usually 
larger at diagnosis, and the outcome is much less favorable.75 Approximately 50-
80% of these neoplasms will recur or metastasize1 '10 '76 '77 '78-79 , and up to 30% of 
patients already have metastat ic disease at first presentation. Functional PENs 
with mixed or "ectopic" syndromes are reportedly more aggressive.15 '16 The five 
year survival after surgical resection for nonfunctioning PENs is 65%, but the 
ten year survival is only 45%. 2 9 

Metastases usually occur first in regional lymph nodes and liver80, wi th more 
distant metastases developing late in the course of the disease. Despite the high 
rate of metastasis, relatively long survival is typical. Because the disease pro-
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gresses slowly, many patients live for several years or even over a decade follow
ing the appearance of metastases. Unfortunately, metastat ic PENs are relatively 
resistant to chemotherapy, and cure is unlikely after metastases develop. 
One of the most controversial aspects of PENs is the predicting of their clinical 
behavior. For many years, a t tempts were made to separate PENs into benign and 
malignant categories; recently, a borderline malignant potential category was 
proposed as well.1 Because some PENs that demonstrate malignant behavior 
have deceptively bland histologic features, it was felt that few pathologic para
meters accurately stratify PENs, and only the finding of locally invasive growth, 
large vessel invasion, or distant metastases could be considered absolute criteria 
of malignancy. Even with these criteria, however, some "malignant" PENs do not 
recur after resection and some "benign" PENs lacking these features ultimately 
prove lethal. More recently, it has been recognized that PENs treated by surgical 
resection have had the natural history of the neoplasm interrupted, and that a 
completely resected PEN that does not recur may not have been biologically 
benign, since malignant neoplasms can be cured by early surgical intervention. 
Current studies have focused on defining prognostic parameters to predict 
which resected PENs are most likely to recur or metastasize, essentially treating 
all clinically relevant PENs as malignant neoplasms.2 9 The exception is the 
endocrine microadenoma, which can be accepted as benign. Of course, most 
microadenomas are incidental findings wi thout clinical symptoms. Features of 
prognostic significance in PENs include tumor size, mitotic rate, presence of 
necrosis, extrapancreatic invasion, and vascular invasion, in addition to the 
presence of nodal or distant metastases.1-29 '81 Peptide production detected in the 
serum or by immunohistochemistry is not a prognostic factor for nonfunctional 
PENs.29 Nuclear pleomorphism is also not a useful predictor28; however, some 
studies have demonstrated a correlation between overall nuclear grade and prog
nosis.2 9 Other factors reportedly predictive of more aggressive behavior include 
loss of progesterone receptor expression82-83, aneuploidy84-85, increased Ki67 or 
PCNA labeling index86, loss of heterozygosity (LOH) of chromosome 17pl31 2 , 
LOH of chromosome 22q 65, increased fractional allelic loss64, upregulated CD44 
isoform expression87-88, and immunohistochemical expression of cytokeratin 
19.89 Other allelic losses associated wi th malignant behavior include loss of 
chomosomes lp 9 0 , 3p51-66-91, 6q51-92, and X.93 Aberrant methylation of tumor 
suppressor gene promotors is also more commonly detected in advanced stage 
PENs69, as is upregulation of vascular endothelial growth factor C.94 Loss of p27 
expression95 and methylation of the promotor of the DNA mismatch repair gene 
hMLH 96 appear to be markers of indolent behavior. 

Although no uniform grading system has been employed for PENs (other than the 
distinction from high grade endocrine carcinomas), a proposal has been made to 
use the mitotic rate and presence of necrosis to separate low grade PENs from an 
intermediate grade category.29 Under that proposal, cases demonstrating two or 
more mitoses per 50 hpf or the presence of necrosis are considered intermediate 
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grade, whereas those lacking these features are considered low grade. Alternatively, 
PENs have been separated into benign, borderline, and low grade malignant cat
egories based on a combination of tumor size, mitotic rate, vascular invasion, 
gross local invasion, and metastases.1-97 

Dif ferent ia l Diagnosis 

The pathologic differential diagnosis for PENs includes acinar cell carcinoma, 
pancreatoblastoma, solid-pseudopapillary tumor, and ductal adenocarcinoma. 
Features helpful for separating these entities are presented in Table 6.3. 

Histologic Findings Immunohistochemical 
Findings 

Pancreatic Endocrine Organoid architecture, 
Neoplasm hyalinized stroma, 

coarsely clumped chromatin, 
few mitosis 

Chromogranin ( + ) 
Synaptophysin ( + ) 

Acinar Cell 
Carcinoma 

Solid and acinar patterns, 
granular eosinophilic cytoplasm, 

prominent nucleoli, 
plentiful mitoses 

Trypsin ( + ) 
Chymotrypsin ( + ) 
Chromogranin (F) 
Synaptophysin (F) 

Pancreatoblastoma Solid and acinar patterns, 
squamoid corpuscles, 

cellular stroma 

Trypsin ( + ) 
Chymotrypsin ( + ) 
Chromogranin (F) 
Synaptophysin (F) 

Solid-
Pseudopapillary 
Tumor 

Solid and pseudopapillary 
patterns, nuclear 

grooves, hyaline cytoplasmic 
globules, foamy histiocytes 

Vimentin ( + ) 
arrantitrypsin ( + ) 
Chromogranin (-) 

Trypsin (-) 

Ductal 
Adenocarcinoma 

Simple glands, 
intracellular mucin, 

desmoplastic stroma, 
marked nuclear atypia 

Chromogranin (F) 

Table 6.3 Differential diagnosis of pancreatic endocrine neoplasms. +: posi
tive, -: negative, F: focally positive 
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The first three share wi th PENs a solid, hypercellular appearance and a nesting 
growth pattern. Acinar cell carcinoma and pancreatoblastoma exhibit acinar dif
ferentiation and demonstrate well-formed acinar structures and granular, 
eosinophilic cytoplasm.9 8 '9 9 '1 0 0 Pancreatoblastomas also have distinctive 
squamoid corpuscles and a hypercellular stromal component. Both acinar cell 
carcinoma and pancreatoblastoma consistently produce pancreatic exocrine 
enzymes and can be distinguished from PENs by immunohistochemical labeling 
for trypsin and chymotrypsin, which are usually diffusely expressed. However, 
both acinar cell carcinoma and pancreatoblastoma may also contain a minor 
component of endocrine cells, so focal labeling for chromogranin and synapto-
physin may be found. Solid-pseudopapillary tumors have many histologic simi
larities with PENs but can be distinguished by the presence of pseudopapillae, 
nuclear grooves, aggregates of foamy tumor cells and histocytes, and collections 
of large hyaline globules.101 By immunohistochemistry, solid-pseudopapillary 
tumors do express CD56 and often also synaptophysm, but they are never posi
tive for chromogranin. The hyaline globules of solid-pseudopapillary tumors 
stain for alpha-1-antitrypsin, and there is consistent positivity for CD10 and 
nuclear accumulation of /3-catenin. Solid-pseudopapillary tumors express 
vimentin but are negative or only focally positive for keratin. Pancreatic ductal 
adenocarcinomas generally are not difficult to distinguish from PENs, wi th the 
exception of PENs that exhibit gland formation. Even in such PENs, the glands 
are found within larger nests of cells, in contrast to the individual infiltrating 
glands of ductal adenocarcinomas, and intracellular mucin is not present. Ductal 
adenocarcinomas usually also have a higher mitotic rate and more significant 
nuclear pleomorphism. 

Endocrine microadenomas may be confused with enlarged non-neoplastic islets.102 

Immunohistochemical staining for islet peptides is helpful. Non-neoplastic islets 
retain the normal proportions and distribution of peptide cell types, whereas 
microadenomas generally have a predominance of one cell type (commonly 
alpha or PP cells). 

" M i x e d " Endocrine Neoplasms 

Minor endocrine elements are relatively common in predominant ly exocrine 
pancreatic neoplasms. Thus, it should not be surprising that rare neoplasms 
exist in which both endocrine and exocrine components are significantly repre
sented. These "mixed" neoplasms have been arbitrarily defined to contain more 
than 25% of each component, and endocrine, acinar, and ductal lines of differen
tiation may all be represented (Fig. 6.12). 
Reported mixed neoplasms that contain an endocrine component include mixed 
ductal-endocrine carcinoma, mixed acinar-endocrine carcinoma, and mixed aci-
nar-endocrine-ductal carcinoma.1 0 3 '1 0 4 '1 0 5 '1 0 6 '1 0 7 '1 0 8 '1 0 9 In most reported exam
ples, the exocrine elements predominate. The different cell types are usually 
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Figure 6.12 Mixed endocrine carcinomas. In mixed ductal-endocrine carcino
mas (A), there are solid nests of endocrine cells mixed with neoplastic duc
tal structures that contain mucin and markedly atypical nuclei. A mixed aci-
nar-endocrine carcinoma (B), contains well differentiated endocrine cells 
with round, centrally located nuclei and pale cytoplasm (bottom) as well as 
acinar elements that have basally located nuclei wi th prominent nucleoli 
and granular, eosinophilic cytoplasm (top). 

intimately intermixed, and immunohistochemical labeling is often necessary to 
detect the various lines of differentiation. It should be noted that ductal differ
entiation in the form of lumen formation or expression of glycoproteins such as 
Cal9.9 is common in conventional PENs50 and does not const i tute sufficient 
evidence for a diagnosis of mixed ductal-endocrine carcinoma. Rather, a separate 
distinct gland-forming component with intracellular mucin production should 
be found combined wi th the endocrine elements. Most reported mixed pancreat
ic neoplasms have demonstrated aggressive clinical behavior, paralleling that of 
the more aggressive exocrine component. 

High Grade Endocrine Carcinoma 

High grade endocrine carcinomas are extremely rare in the pancreas. These neo
plasms are related to small cell carcinomas.110,111.112^ a n c j metastasis from sites 
such as the lung have to be excluded before an example can be accepted as pri
mary in the pancreas. Most patients are older adults, similar to the distribution 
of ductal adenocarcinomas. The neoplasms are often large and metastat ic at 
diagnosis, so resected examples are few. Histologically, high grade endocrine 
carcinomas may be composed of either small or large cells (Fig. 6.13). 
The neoplastic cells grow in diffuse sheets and have a markedly infiltrative growth 
pattern. There is often little nesting or other architectural pat terns. The princi
ple feature that separates this group from well differentiated PENs is the prolif
erative rate. More than 10 mitoses per 10 hpf should be found, and often the 
rate is 50 or more. In addition, there is abundant necrosis. A diagnosis of small 
cell carcinoma may be rendered for a high grade endocrine carcinoma when there 
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Figure 6.13 Small cell carcinoma of 
the pancreas. This high grade endo
crine carcinoma is composed of sheets 
of small cells with fusiform nuclei and 
minimal cytoplasm. The mitotic rate is 
very high, consistent with the high 
grade nature of this neoplasm. 

are predominant ly cells wi th minimal cytoplasm and fusiform nuclei wi th a 
granular chromatin pat tern and inconspicuous nucleoli. In other high grade 
endocrine carcinomas the cells are larger, with moderate amounts of cytoplasm, 
the nuclei are round, and nucleoli are prominent. These large cell endocrine car
cinomas must be distinguished from poorly differentiated carcinomas lacking 
endocrine differentiation, so immunohistochemical labeling for chromogranm 
or synaptophysin must be performed to confirm the diagnosis. High grade 
endocrine carcinomas of the pancreas are highly aggressive neoplasms, with a 
natural history equal to or more virulent than that of ductal adenocarcinomas. 
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