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Introduction and outline of the thesis 

Abstract 

Gastrointest inal and pancreatic endocrine tumors are neoplasms of which the 
pathogenesis is not completely understood and of which the clinical behavior is 
difficult to predict. In this review current knowledge on these tumors is discussed 
and it is suggested that the increasing understanding of the normal development 
of gastrointestinal and pancreatic endocrine cells, the accumulating data on genetic 
alterations in endocrine tumors and reappraisal of the hypotheses on their patho
genesis formulated in the past, may help in resolving these issues. 

History 

When the French-born Canadian pathologist Pierre Masson retired exactly 50 
years ago, he left an impressive oeuvre containing interesting concepts on the 
origin of gastrointestinal endocrine cells and the pathogenesis of gastrointestinal 
and especially appendiceal carcinoids. He was convinced that gastrointestinal 
endocrine cells arise from the gastrointestinal epithelium itself and do not, as 
proposed by others, migrate from a neural plexus towards the mucosa. 
Moreover, he thought that appendiceal carcinoids originate from undifferentiat
ed cells at the base of the crypts, which bud off the epithelium, form complexes 
wi th the subepithelial neural plexus and subsequently acquire their endocrine 
granules, which in a way might be regarded as a sort of stem cell concept. Con
cerning carcinoids elsewhere in the gastrointestinal tract, he also described a 
subepithelial intraneural argentaffin cell as the cell of origin.1-3 

In the same period Feyrter recognized that the endocrine cells scattered in the epi
thelium of various organs, including the gastrointestinal tract, might be regarded 
as part of a diffuse endocrine/paracrine system4 and Masson's ideas were forgot
ten when Pearse showed that these cells share important ultrastructural and 
biochemical characteristics, especially the Amine-Frecursor-l/ptake-and-Decar-
boxylation capacity. These observations were consistent with a common origin 
of the APUD cells, for which the neural crest appeared the only possible candidate.5 

However, experiments by Le Douarin and colleagues in quail-chick chimeras 
provided strong evidence against a neural crest origin of most endocrine cells, 
except thyroid C-cells, ganglia and paraganglia.6 Although their results could 
not completely rule out an ectodermal origin of gastrointestinal endocrine cells, 
they pointed more towards an endodermal origin, thereby supporting Masson's 
view and forming a base for the stem cell concept used today.7 

Developmental b io logy 

Illustrative of this concept is the current knowledge on the development of the 
endocrine cells in the intestine and pancreas at both the cellular and molecular 
level, to which data from animal models have contributed significantly. 
The intestinal epithelium, which is of endodermal origin, contains four main 
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CHAPTER 1 

cell types: enterocytes, goblet cells, Paneth cells and endocrine cells. These are 
thought to arise from omnipotent stem cells at the base of the crypts of Lieber-
kühn. Experimental mouse models suggest that the omnipotent stem cells give 
rise to enterocyte precursors and to (common) precursors of goblet cells, Paneth 
cells and endocrine cells, sometimes designated as secretory stem cells.8- 9 This 
happens under the influence of transcription factors. A transcription factor 
encoded by a caudal-related homeobox gene and involved in early intestinal 
development and differentiation is Cdx2. Cdx2 expression is maintained in the 
adult intestinal epithelium, although expression in Paneth cells is weak.10 ' n 

Differentiation into a secretory stem cell and its descendants is thought to be 
directed by transcription factors encoded by genes of the basic helix-loop-helix 
(bHLH) family, of which Ma th l is (one of) the first in the pathway. 8 Subsequent 
differentiation towards an endocrine cell is regulated by the transcription factor 
neurogenin 3 (ngn3).9 Its downstream target NeuroD/BETA2 is especially 
required for the development of secretin and cholecystokinin producing intesti
nal endocrine cells.12 Endocrine differentiation is repressed by Notch signaling. 
Notch is a t ransmembrane receptor which exerts its function via lateral inhibi
tion. Hesl is an important transcriptional repressor of this pathway. 1 3 - 1 4 

Although an obvious role for ngn3 in the differentiation of goblet cells and 
Paneth cells has not been established, recently published data suggest its tran
sient expression in a subset of their precursors.15 

The development of the pancreatic endocrine cells, organized in the islets of Langer-
hans, shows differences from, but also striking similarities to intestinal endo
crine development. The pancreas arises from the duodenal region of the embryonic 
foregut, where expression of the Pancreas Duodenum Homeodomain protein 1 
(Pdxl) is required for the formation of the ventral and dorsal primordium, 
which in a later stage fuse to form the adult organ. At the cellular level, the pan
creatic primordia contain Pdxl positive epithelium, which forms primitive ducts 
from which the endocrine cells arise.16- 17 As in the intestine, animal models 
indicate that ngn3 and neuroD/BETA2 play a role in this process12- 18>19, while 
Notch inhibits endocrine differentiation. For Notch a role has been suggested in 
modulating the development of the exocrine pancreas2 0 and more recently in 
keeping the undifferentiated state of pancreas precursor cells.21 Ma th l , required 
in the intestine for differentiation towards a secretory stem cell phenotype, 
does not seem to play a role in pancreatic development.2 2 Other transcription 
factors downstream of ngn3 and NeuroD/BETA2, involved in endocrine differ
entiation of the pancreas, are Pax4, Nkx2.2, Nkxó.1, Pax6 and Is l l . 2 3 In the adult 
pancreas Pdxl is almost exclusively expressed in the insulin producing /?-cells, in 
which it plays a role in transcriptional activation of the insulin gene, together 
wi th NeuroD/BETA2.24 Although most endocrine cells are organized in the 
islets of Langerhans, scattered endocrine cells are found in the exocrine ducts. 
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Introduction and outline of the thesis 

Developmental biology related to tumorigenesis 
The increasing knowledge on embryonic development influences the ideas on tumor 
pathogenesis and may also be important in endocrine tumor pathology. A tumor 
is regarded as a clonal expansion that in theory originates from a genetically 
unstable and deregulated, terminally differentiated cell, from an unstable, 
deregulated precursor cell already committed to a certain line of differentiation, 
or from a deregulated, undifferentiated, omnipotent stem cell. Although an ori
gin from a terminally differentiated cell can not be ruled out, it has been sug
gested that pancreatic endocrine tumors have a precursor cell origin.25 '27 In part 
this idea is based on the occurrence of mixed pancreatic tumors, consisting of an 
endocrine part combined with ductal or acinar features. The concept of deriva
tion from a precursor cell or omnipotent stem cell is especially attractive for 
these mixed tumors, in which more than one cell type is present, because it pro
vides an overt explanation for their histological features. Another example of a 
mixed tumor is a goblet cell carcinoid, in which the malignant counterparts of 
goblet cells, endocrine cells, and Paneth cells can be found, which is suggestive 
of an origin from an intestinal secretory stem cell, which is thought to be the 
precursor of precisely these cell types. 
In light of the presumed precursor cell origin of certain tumors, including tumors 
consisting of one cell type, an important consideration is that the transcription 
factors playing a role in embryonic development may drive tumorigenesis as 
well. The expression of Ma th l in Merkel cell carcinoma (an endocrine tumor of 
the skin)2 8 and its recently reported repression in colonic adenocarcinoma2 9 is in 
support of this. Other examples of transcription factors expressed in tumors, are 
CDX2 in intestinal tumors, including carcinoids, and Thyroid Transcription 
Factor 1 (TTF1, involved in thyroidal and pulmonary development) in tumors of 
the thyroid and lung.30 ' 3 ! 

Knowledge on the role of transcription factors in (endocrine) tumors may help 
elucidating their pathogenesis and may even in the far future provide a target 
for therapeutic options, such as specific intervention of the pathways governed 
by these molecules and thereby inhibit or st imulate cellular activities of for 
example proliferation or differentiation. However, at this moment data on the 
role of the transcription factors mentioned above in gastrointestinal and pancre
atic endocrine tumors are limited to reports on the expression of CDX2.32» 3 3 

Genetic alterations 
More is known about generalized and also some specific molecular genetic abnor
malities underlying gastrointestinal and pancreatic endocrine tumors. One of 
the genetic changes reported repeatedly in gastrointestinal endocrine tumors, 
especially in midgut carcinoids (carcinoids of jejunum, ileum, ascending colon 
and appendix) and less frequently in pancreatic endocrine tumors, is loss on 
chromosomal arm 18q. Because in most cases no apparent alterations have been 
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found in the tumor suppressor genes DPC4 and DCC, which are located in the af
fected region, it has been suggested that a currently unknown gene on chromosome 
18q is important in the pathogenesis of (especially midgut) endocrine tumors.34"40 

Because in some midgut carcinoids loss of chromosome 16q21 and gain of chro
mosome 4pl4 have been found in metastases but not in the primary tumor, 
genes in this region may play a role in tumor progression.35 Only in a minori ty 
of midgut carcinoids allelic loss on chromosomal arm 1 lq has been described.34 '35>41 

Chromosome 1 lq 13 harbors the tumor suppressor gene responsible for the here
ditary syndrome Multiple Endocrine Neoplasia type 1 (MEN1), which is associ
ated wi th pancreatic endocrine tumors. Pancreatic endocrine tumors of MEN1 
patients and a subset of sporadic cases show loss of heterozygosity of the MEN1 
gene. Because allelic losses distal to this gene have been found, it has been sug
gested that chromosome 1 lq contains other tumor suppressor genes that may 
play a role in pathogenesis as well.40"43 Another hereditary syndrome associated 
wi th pancreatic endocrine tumors is Von Hippel-Lindau (VHL) disease, linked to 
a tumor suppressor gene on chromosome 3p25-26.44 Although pancreatic 
endocrine tumors frequently show loss in this region, mutat ions in the VHL 
gene have not been found in sporadic cases. It is likely that another tumor sup
pressor gene near the VHL gene plays a role in the pathogenesis of sporadic pan
creatic endocrine tumors and there are indications that allelic losses of chromo
some 3p are involved in tumor progression.45- 46 A role in tumor progression has 
also been suggested for putative tumor suppressor loci at chromosome 6q.47 

Moreover, allelic losses on the X-chromosome were found in pancreatic 
endocrine tumors and correlated wi th aggressive tumor behavior.48- 49 C-myc is 
an oncogene that may be involved in the pathogenesis of pancreatic endocrine 
tumors2 6- 50 and genes wi th a tumor suppressor function on chromosome 9p, e.g. 
Ink4A/Arf encoding p l6 , may be of importance in both gastrointestinal and pan
creatic endocrine tumors.2 6 ' 51> 52 

Alterations in tumor suppressor genes and oncogenes commonly involved in 
human cancer, like TP$3, Rb and KRAS, have been described in gastrointestinal 
and pancreatic endocrine tumors, especially in poorly differentiated endocrine 
carcinomas, but they do not seem to play a major role in pathogenesis.50 ' 53~56 

Prognostic features 

Although some of the genes mentioned above may be involved in tumor progres
sion and could be associated wi th an unfavorable prognosis, there are no consis
tent genetic changes in endocrine tumors that can be used to predict tumor 
behavior in an individual patient. Also based on histological criteria it is diffi
cult to predict prognosis. Generally, it is not a problem to recognize poorly dif
ferentiated endocrine carcinomas, which have histological features of small cell 
carcinoma. But in the group of better differentiated tumors, metastasis is the 
only reliable indicator of malignancy. Despite the lack of unequivocal histologi-
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cal criteria for malignancy of a primary tumor, the WHO-classification of endo
crine tumors published in 2000 distinguishes benign tumors, tumors of uncer
tain behavior, low-grade malignant and high grade malignant carcinomas of the 
gastrointestinal t ract 5 7 and pancreas58, based on parameters for which prognos
tic value has been described (for gastrointestinal endocrine tumors site, size, 
depth of invasion, vasoinvasive growth and for pancreatic endocrine tumors also 
proiiierativc activity an»a functionality ^i.t. causing a clinicai syndrome by hor
mone secretion)). In the WHO-classification of tumors of the digestive system 
also published in 2000 59, the same prognostic parameters are mentioned for gas
trointestinal endocrine tumors, for some sites extended wi th proliferative activi
ty, although a similar grading system is not explicitly presented. Also the new 
WHO-classification for pancreatic endocrine tumors (2004)60 does not contain 
significant differences compared to the old version.58 

A recent observation in pancreatic endocrine tumors is the correlation between 
immunohistochemical expression of cytokeratin 19 (Ckl9) and aggressive beha
vior.61 During embryonic development Ckl9 is transiently expressed in all pan
creatic cells, including endocrine cells, but after 16 weeks of gestation Ckl9 
gradually disappears from most cells in the islets of Langerhans, while its expres
sion remains strong in the ducts.6 2 In view of the presumed precursor cell origin 
of pancreatic endocrine tumors, it is tempting to speculate that more aggressive 
pancreatic endocrine tumors arise from an early precursor cell, that has not yet 
lost its Ckl9 expression or that they arise from a precursor cell, that tends to 
differentiate towards a ductal phenotype not yet visible histologically, but 
already evident at the immunohistochemical level. The clinical value of Ckl9 as 
a prognostic marker in pancreatic endocrine tumors remains to be evaluated. 

Conclusion 

The difficulties described above in accurately predicting prognosis of gastroin
testinal and pancreatic endocrine tumors brings us back to the observations of 
Masson. He already described the unpredictable clinical behavior of gastro
intestinal endocrine tumors, and noticed the higher metastat ic capability of ileal 
carcinoids compared to those of the appendix.2 Although we probably would 
not agree wi th his explanation that this is due to the difference in intestinal 
motility between the ileum and appendix, it might be worthwhile to reconsider 
his ideas, in particular on the origin of appendiceal carcinoids, and compare and 
test them wi th the knowledge and possibilities of today. Especially evaluation 
of the role of transcription factors involved in differentiation and of genomic 
alterations in endocrine tumors may help in elucidating their pathogenesis and 
in establishing reliable prognostic parameters. It is predicted that especially 
Masson's concepts on origin and pathogenesis will appear much more valid than 
these were considered over the past 50 years, once the molecular developmental 
biology of the endocrine cell population in the digestive tract has clarified their 
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tumorigenesis 50 years from now. Would there then be better proof of Masson's 
vision than the century it took us to validate his concept? 
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OUTLINE OF THE THESIS 

In this thesis different pathogenetic and clinicopathological aspects of gastroin
testinal and pancreatic endocrine tumors are described. 

Chapter Z is a case report on a gangliocytic paraganglioma of the appendix, a 
very rare endocrine tumor of uncertain histogenesis. 

In chapter 3 the histological, immunohistochemical and molecular characteris
tics of appendiceal goblet cell carcinoids are compared to these characteristics in 
conventional appendiceal carcinoids, appendiceal mucinous cystadeno(carci-
no)mas and colonic adenocarcinomas to clarify their pathogenesis. 

Chapter 4 provides a molecular analysis of an endocrine tumor and a serous 
papillary adenocarcinoma, which were int imately admixed in a patient wi th 
extensively metastasized disease, to find out whether these tumors represent a 
collision of two different neoplasms or a tumor composed of two components 
wi th the same precursor. 

In chapter 5 the value of serological tests for detecting gastric body atrophy, a 
condition in which endocrine cells are affected secundarily, is evaluated. 

Chapter 6 addresses general features of pancreatic endocrine tumors and in 
chapter 7 the origin of the ductules that can be found in pancreatic endocrine 
neoplasms is investigated. 

In chapter 8 the prognostic value of the WHO-classification of endocrine 
tumors of the lung is evaluated in a group of metastasized endocrine tumors of 
midgut or unknown origin and compared to the prognostic value of the Capella 
classification. Also the prognostic value of several clinical and of several 
immunohistochemical parameters is assessed. 
The results are summarized in chapter 9 
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Gangliocytic paraganglioma of the appendix 

Abstract 
Aims 

A case of gangliocytic paraganglioma is reported in the appendix which, to the 
best of our knowledge, is the first case at this particular site to be described in 
modern literature. 

Methods and results 

A 47-year old man with signs and symptoms of acute appendicit is underwent 
appendectomy. In the resected specimen a tumor with a diameter of 9 mm was 
found, which microscopically consisted of three different cell types: (a) epithe
lioid cells lying in a trabecular pat tern and in formations reminiscent of 
'Zellballen' as seen in paragangliomas (b) spindle cells and (c) ganglion-like cells. 
A diagnosis of 'gangliocytic paraganglioma' was made and confirmed by 
immunohistochemical and ultrastructural examination. 

Conclusion 

Gangliocytic paragangliomas are rare tumors of uncertain histogenesis. More than 
40 years ago a tumor in the appendix wi th features similar to our case was 
described by Masson as 'neurocarcino'ide'. Concerning its origin, Masson, as well 
as other authors describing gangliocytic paragangliomas decades later, referred 
to the endodermal-neuroectodermal complexes found by Van Campenhout . It is 
felt tha t the current finding of a gangliocytic paraganglioma in the appendix 
supports the hypothesis that gangliocytic paragangliomas arise from these 
embryonal structures. 

In t roduct ion 

The neuroendocrine system consists of neurosecretory cells, which are scattered 
throughout the body. It gives rise to several neoplasms with neuronal and neuro
endocrine features of which neuroblastoma, ganglioneuroblastoma, ganglio
neuroma, carcinoid and paraganglioma are examples.1 

A rare neoplasm, known as gangliocytic paraganglioma, combines elements of 
some of these tumors. It is characterized by the presence of three different cell-
types: (1) epithelioid cells, resembling paraganglioma or carcinoid tumor cells, 
(2) spindle cells, reminiscent of Schwann cells and (3) ganglion- or ganglion-like 
cells. Most gangliocytic paragangliomas arise in the duodenum and are tumors 
of benign nature, although in a few cases metastases to the regional lymph nodes 
have been described.2 Moreover, patients wi th von Recklinghausen's disease 
seem to have an increased risk for developing a gangliocytic paraganglioma.3-4 

The histogenesis of the tumor is a mat ter of debate. Some authors consider gan
gliocytic paragangliomas as true neoplasms of neuroendocrine origin.5 Because 
of the proximity of most gangliocytic paragangliomas to (ectopic) pancreatic 
tissue and the occasional expression of pancreatic enzymes, others believe that 
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gangliocytic paragangliomas are hamartomatous lesions developing in misplaced 
embryonic pancreatic tissue.2 '6 As we learn from the work of Perrone et al. in the 
first half of this century Van Campenhout described 'sympathetico-insular com
plexes' from endodermal-neuroectodermal origin in the ventral primordium of 
the pancreas. Development of gangliocytic paragangliomas from these complex
es might explain why these tumors consist of both epithelioid and neural cells. 
Van Campenhout found other endodermal-neuroectodermal complexes in the 
liver, small intestine and appendix of mammalian embryos.-1'6 

We report a case of gangliocytic paraganglioma of the appendix, which, to the 
best of our knowledge, comprises the first case at this particular site to be 
described in modern literature. 

Case report 

A 47-year old man underwent appendectomy because of signs and symptoms of 
acute appendicitis. The postoperative course was unremarkable. 
The appendix was submitted for pathological examination. Macroscopically the 
appendix showed a red serosal surface, focally covered with a suppurative exudate. 
The dilated lumen contained feces. A tumor was not seen at gross examination. 
Samples from the base, the mid-zone and the tip were taken for microscopy.In 
the routine H&E stained slides the appendix showed acute inflammation and 
ulceration of the mucosa. A nonencapsulated, unsharply demarcated submucos
al cellular mass (diameter 9 mm) was detected in the tip. In the lesion three dif
ferent celltypes were recognized. The superficial part consisted of large cells 
wi th acidophilic cytoplasm and eccentric nuclei, resembling ganglion cells. They 
were surrounded by spindle cells. In the deeper part of the tumor, there was a 
gradual transition into a component consisting of epithelioid cells, lying in a 
trabecular pat tern and in formations reminiscent of 'Zellballen' as seen in para
gangliomas (figure 2.1). 

trabecular pattern and in aggregates reminiscent of 'Zellballen'. B: The part 
of the tumor, consisting of ganglion-like cells surrounded by spindle cells. 
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Figure 2.2 Immunoh i s tochemica l s ta in ing for S100 in the neural part of the 
t u m o r (A), s h o w i n g pos i t i v i ty in the sp ind le cells and in the ep i the l io id part 
of t he t u m o r (B), show ing S1 00-pos i t i ve sus tentacu lar cells. 

The epithelioid component infiltrated into the muscularis propria and reached 
the serosal surface of the appendix. Given the above three celltypes, the criteria 
for the diagnosis 'gangliocytic paraganglioma' were met. 
Additional immunohistochemical stainings were performed. All three celltypes 
showed weak expression of neuron-specific enolase (NSE). The spindle cells and 
the cells surrounding the 'Zellballen', the so-called sustentacular cells, showed 
S100 positivity (figure 2.2). 
The epithelioid and ganglion-like cells were chromogranin and synaptophysin posi
tive. A part of the epithelioid cells was positive for pancreatic polypeptide (PPP). 
Immunostaining for CAM 5.2, keratin-7, LU-5, vimentin, HMB-45, serotonin, 
glucagon, somatostatin, substance-P and gastrin was completely negative in all 
three cell types. 
The diagnosis 'gangliocytic paraganglioma' was confirmed by ultrastructural 
examination of the paraffin-embedded material. In the epithelioid part of the 
tumor, the cytoplasm of the epithelioid cells contained variable numbers of neu
roendocrine granules, ranging from only a few dispersed granules to massive 
numbers of granules, virtually filling the whole cytoplasm. In addition, there were 
numerous intermediate filaments, often arranged in large whorls. Slender sus
tentacular cells, surrounding and traversing the cell groups, could also be recog
nized. In the part of the tumor that consisted of large ganglion-like cells, neural 
differentiation was evident from the presence of prominent stacks of cisternae 
of rough endoplasmatic reticulum, corresponding to Nissl bodies and numerous 
intermediate filaments. Between the ganglion-like cells, there were many axon-
like cell extensions containing filaments. The epithelioid and neural compo
nents of the tumor were not strictly separated. For example, both the ganglion
like cells and the axon-like structures contained neuroendocrine granules. 
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Discussion 

Gangliocytic paraganglioma is a rare enti ty of uncertain histogenesis. Of the cases 
described in modern literature, none concerns a gangliocytic paraganglioma aris
ing in the appendix. A search of older documents drew our at tention to Masson's 
original description of a 'neuro-carcino'ide' of the appendix, which showed 
remarkable similarities to the lesion that we now know as gangliocytic paragan
glioma.7 In fact, this lesion described by Masson was mentioned previously, 
when it was postulated by Perrone et al. that gangliocytic paragangliomas are 
derived from Van Campenhout 's sympathetico-insular complexes; these endoder-
mal-neuroectodermal complexes can be found in the appendix of mammalian 
embryos and in that regard our case supports the postulated hypothesis concerning 
the origin of gangliocytic paragangliomas from Van Campenhout 's complexes.3 '6 

The fact that the appendix contains neuroendocrine cells could be used as an 
argument in favor of the theory that a gangliocytic paraganglioma is a neoplasm 
of neuroendocrine origin, but it does not explain the presence of the three differ
ent cell types in the tumor. 

When we compare the tumor in the appendix of our patient to Masson's descrip
tion and pictures of the 'neuro-carcino'ide' of the appendix, we believe that it is 
indeed the same lesion and that therefore Masson can be considered the first 
who described a gangliocytic paraganglioma of the appendix.7 

Our data do not support the hypothesis that a gangliocytic paraganglioma is a 
hamartomatous lesion that necessarily arises from (embryonic) pancreatic tis
sue. The tumor was found in a part of the gastrointestinal tract that is not very 
close to the pancreas and that is not derived from the foregut. Moreover, the 
appendix did not contain ectopic pancreatic tissue. A part of the epithelioid cells 
was PPP-positive. Although the name pancreatic polypeptide suggests that this 
peptide is specific for pancreatic tissue, expression of PPP has, for example, been 
described in paragangliomas and does not necessarily mean that the cells are of 
pancreatic origin.2 

Interestingly, Masson apparently concurs wi th a derivation of the lesion from 
the endodermal-neuroectodermal complexes as when referring to Van 
Campenhout , he states that: 'Ainsi, 1'hypothèse d'un neurendoderme regoit un 
début, au moins, de confirmation.' 7 
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Are goblet cell carcinoids of the vermiform appendix crypt cell carcinomas? 

Abstract 
Aim 
Goblet cell carcinoids (GCC) of the vermiform appendix are rare neoplasms of 
uncertain histogenesis, wi th features reminiscent of both classical carcinoids 
(CC) and conventional colonic adenocarcinomas (CAC). This study was per
formed to investigate whether GCCs should be regarded as a separate ent i ty or 
as a variant or V_.CJS, or L^A.VJS or or otner primary appendiceal tumors, i.e. muci
nous cystadeno(carcino)mas (MCA). 

Material and Methods 

The immunohistochemical expression pattern of 19 different markers in 16 GCCs 
was compared wi th the expression pattern in 14 CCs, 19 CACs and 10 MCAs. 
The mutat ion status of KRas codon 12 was determined m all tumors by a 
mutant-enriched PCR method. The results were subjected to a stepwise linear 
discriminant analysis. 

Results 

GCCs could be distinguished from the control groups and were characterized by 
diffuse positivity for CAM5.2, CDX2 and CEA, frequent coexpression of Ck7 
and Cl<20, scattered positivity for endocrine markers in up to 50% of the cells 
and a proliferative activity (Ki67 positivity) intermediate between that of CCs 
and CACs. Alterations in KRas codon 12, TP53, DPC4 and in the Wnt-signaling 
pathway were rare or absent in GCCs. Histologically, GCCs showed a typical 
growth pattern and contained different cell types reminiscent of the neoplastic 
counterparts of normal crypt cells. 

Conclusion 

The results suggest, that GCCs should be regarded as a separate entity, probably 
arising from a crypt progenitor cell as previously suggested. Therefore, the formerly 
used term 'crypt cell carcinoma' may be more appropriate than GCC and this diag
nosis also better reflects the more aggressive clinical behavior of these tumors. 

In t roduct ion 

Goblet cell carcinoids, also known as mucinous carcinoids, adenocarcinoids or 
crypt cell carcinomas, are uncommon tumors predominantly found in the vermi
form appendix and characterized by a carcinoid-like growth pat tern of individu
al cell nests and glands separated by smooth muscle or stroma. The tumor cells 
contain intracellular mucin and frequently have signet ring cell morphology. 
There is some expression of endocrine markers, although endocrine features can 
be inconspicuous. The tumors may contain Paneth cells and mucinous lakes.1"4 

At the ultrastructural level amphicnne cells with mucinous vacuoles and dense 
core granules have been described.5 The term goblet cell carcinoid is based on 
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the growth pattern of the tumors and the expression of endocrine markers, both 
reminiscent of classical carcinoids. However, it can be argued that goblet cell car
cinoids have morphological features of adenocarcinomas as well and also their 
biological behavior tends to be more aggressive than that of classical appen
diceal carcinoids.4 '6 '7 

Pathogenetically, goblet cell carcinoids are thought to arise from a multipotential 
epithelial crypt progenitor cell, which provides an explanation for the presence 
of different cell types within one tumor2.4 '8, while an origin from a subepithelial 
endocrine cell has been suggested for conventional carcinoids of the appendix.8~n 

The above suggests that goblet cell carcinoids may better be regarded as a sepa
rate biologic entity, possibly more similar to gastrointestinal adenocarcinomas 
than to conventional appendiceal carcinoids. In order to further clarify this 
issue, in this study the histological, immunohistochemical and molecular char
acteristics of 16 appendiceal goblet cell carcinoids were compared wi th those of 
conventional appendiceal carcinoids, mucinous cystadeno(carcino)mas of the 
appendix and right- and left sided colonic adenocarcinomas. 

Material and methods 
Patients 
All appendiceal tumors diagnosed as goblet cell carcinoid (GCC) at our departments 
or sent to us in consultation under the diagnosis of goblet cell carcinoid during 
the period 1982-2002, were included in the study. Sixteen cases were retrieved 
from the archives of the Departments of Pathology of the Netherlands Cancer 
Insti tute, Amsterdam, the Academic Medical Center, Amsterdam and the Onze 
Lieve Vrouwe Gasthuis, Amsterdam. 
The control cases consisted of 14 conventional appendiceal carcinoids (CC), 10 
appendiceal mucinous cystadeno(carcino)mas (MCA), 10 left sided, moderately 
differentiated colonic adenocarcinomas (CAC) and 9 right sided, moderately dif
ferentiated CACs. 

Immunohistochemistry 
All tumors were stained for the epithelial markers CAM 5.2, cytokeratin 7 (Ck7) 
and cytokeratin 20 (Cl<20), Carcinoembryonic Antigen (CEA), the general endo
crine markers chromogranin, synaptophysin, Neural Cellular Adhesion Molecule 
(NCAM/CD56) and Leu7 (CD57), the hormones glucagon and serotonin, S100 
for the detection of sustentacular cells, the cellular adhesion molecule E-cad-
herin, CDX2 to confirm an origin from intestinal epithelium, CA125 to exclude 
an ovarian origin, the proliferation marker Ki67 and the molecular markers p53, 
DPC4 and 0-catenin. 

The slides were stained by routine immunohistochemical methods. The anti
bodies, dilutions and pretreatment used are listed in table 3.1. 
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Cytokeratin 8 
(CAM5.2) 

CEA 

Ck7 

Ck20 

Chromogranin A 

Synaptophysin 

NCAM/CD56 

Leu7/CD57 

Glucagon 

Serotonin 

S100 

Ki67 

E-cadherin 

B-catenin 

P53 

Smad4/DPC4 

CA125 

CDX2 

Antibody 

Mouse m, 
CAM5.2 

Mouse m, 
l!-7 

Mouse m, 
OVTL 12/30 

Mouse m, 
JT-Ks20.8 

Mouse m, 
DAK-A3 

Rabbit p 

Mouse m, 
123C3.D5 

Mouse m, 
HNK-1 

Rabbit p 

Rabbit p 

Rabbit p 

Mouse m, 
Mib-1 

Mouse m, 
HECD-1 

Rabbit p 

Mouse m, 
DO-7 

Mouse m, 
B8 

Mouse m, 
BGX 324A 

Mouse m, 
CDX2-88 

Dilution 

1:400 

1:2000 

1:800 

1:100 

1:8000 

1:400 

1:1600 

1:50 

1:400 

1:100 

1:4000 

1:4000 

1:2000 

1:2000 

1:1000 

1:200 

1:80 

1:15000 

Source 

Becton 
Dickinson 

DAKO 

Monosan 

Biogenex 

DAKO 

DAKO 

NeoMarkers 

Becton 
Dickinson 

DAKO 

Biogenex 

DAKO 

DAKO 

Zymed 

Neomarkers 

DAKO 

Santa Cruz 
Biotechnology 

Biogenex 

Biogenex 

PT 

Pronase 

Retrieval 

Pronase 

Pronase 

Retrieval 

Retrieval 

Retrieval 

Retrieval 

None 

None 

Retrieval 

Retrieval 

Retrieval 

Retrieval 

Retrieval 

Retrieval 

Retrieval 

Retrieval 

Table 3.1 The antibodies, dilution and pretreatment used for immunohisto-
chemistry. Mouse m = mouse monoclonal antibody, Rabbit p = rabbit poly
clonal antibody. PT=pretreatment. 
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Because the intensity of staining varied considerably for E-cadherm and CDX2, 
it was assessed separately and subdivided in weak, moderate and strong. For all 
markers the percentage of positive tumor cells was evaluated and divided into 5 
categories (0%, 0-5%, 5-25%, 25-50%, 50-75% and 75%-100%). Exceptions were 
made for the markers DPC4, /8-catenin, p53 and Ki67. The DPC4 stain was 
scored as positive if there was any nuclear staining, regardless of extent and 
intensity, or as negative if there was no nuclear staining at all. A /?-catenin stain 
was regarded as positive (indicative for active Wnt-signaling) if nuclear staining 
was observed. In some cases the staining was difficult to interpret and scored as 
inconclusive. The result was negative if there was no nuclear staining. Based on 
previous results, the p53 stain was considered as indicative for a mutat ion if at 
least 10% of the tumor cells was strongly positive, as not conclusive if tumor 
cells were weakly positive, and as negative in cases in which no or weak staining 
in less than 10% of the tumor cells was observed.1 2 1 3 The number of Ki67 posi
tive cells per 100 tumor cells was counted in the areas with the highest and the 
lowest density of positive cells. The average was used as a measure for the pro
liferative activity of the tumor. MCAs could not be evaluated in this way, 
because the proliferative activity was consistently found in the basis of the 
crypts and therefore the Ki67 stain in MCAs was not further analyzed. 

KRas codon 12 analysis 

The mutat ion status of KRas codon 12 was determined by a mutant-enriched 
PCR method as described previously.14 

Statistical analysis 

The following strategy was devised a priori. First it was analyzed whether the 
staining patterns differed in left and right CACs. If not, they could be combined 
thereby simplifying the analysis and increasing its power. Then it was investi
gated which staining patterns could define and separate the control groups. 
Finally, the staining pattern of GCCs was compared to the previously defined 
staining patterns of the other tumor types. Based on the results, it was decided 
whether there was enough evidence to regard GCCs as a separate enti ty. 
Stepwise linear discriminant analysis (sLDA), based on the partial squared correla
tion coefficient, was used to order and select the immunohistochemical markers 
and the KR^s-analysis with respect to their ability to separate the different tumor 
types.15 The number of selected markers was based on the P-value (<0.15) and on 
the effect on the leave-one-out crossvalidated classification error. The significance 
of the relation between a single marker and tumor type or between the crossvali
dated sLDA classification and tumor type was tested by the Fisher's exact test. The 
resulting P-value was corrected for the total number of P-values evaluated in the 
stepwise process by the method of Bonferroni. 

A one-way analysis of variance with Dunnett 's method16 was used to compare the 
results of the Ki67 stain in GCCs with the results in CCs, left CACs and right CACs. 
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Results 
Patients 

The group of patients wi th GCCs comprised 5 males and 11 females wi th a mean 
age of 51 (36-75) years. Nine patients presented with acute appendicitis, in 3 
patients an ovarian carcinoma was suspected, 2 patients had a coecal mass, in 1 
patient an abnormally thickened appendix was found during surgery for rectal 
carcinoma and in 1 patient the appendix was part of a hemicolectomy for a large 
colonic adenoma and grossly unremarkable. Complete clinical follow up was not 
available, but at least 6 of the 16 patients had developed metastases, either at 
presentation or in the course of the disease. Ovaria, omentum and peritoneum 
were most frequently involved. 

Histologically, the tumors showed the typical features of GCCs. They were poorly 
circumscribed and extended mainly from the deeper part of the mucosa through 
the appendiceal wall into the subserosal tissue or mesenteriolar fat. Sometimes, 
the superficial mucosal layer was involved as well, but none of the appendices 
contained dysplastic epithelium. Tumor cell nests were frequently separated by 
stroma. All tumors contained signet ring cells and in most cases at least some 
granule containing cells were observed, reminiscent of endocrine cells, of Paneth 
cells or of undetermined phenotype. 

The control groups consisted of 15 patients with a CC (5 male, 9 female, mean 
age 30 years (10-58)), 10 patients wi th a MCA (4 male, 6 female, mean age 66 
years (55-82)), 10 patients wi th a left sided conventional, moderately differenti
ated CAC (4 males, 6 females, mean age 64 years (51-84)) and 9 patients wi th a 
right sided conventional, moderately differentiated CAC (4 males, 5 females, 
mean age 67 years (53-81)). 

Statistics of the immunohistochemical results and KRas codon 12 muta
tion analysis 

The stepwise linear discriminant analysis (sLDA) indicated that left and right 
CACs could not be combined. The intensity of the CDX2 and E-cadherin stain
ing and the positivity for CA125 resulted in a correct classification of the 9 left 
CACs (in 1 the CA125 status was unknown) and of 8 of the 9 right CACs 
(P = 0.0005; Bonferroni-corrected 0.022). 
The most important marker identified by sLDA to separate the control groups 
was CEA. This marker was negative in CCs, but positive in the other tumor 
types (Bonferroni-corrected: P<0.0001), including GCCs. All non-CC tumors, 
except 3, were CEA positive in more than 75% of the cells. Therefore, CCs and 
CEA were excluded from further analyses. 
sLDA identified KRas as the most important marker to separate the remaining 
control groups (P<0.0001, Bonferroni-corrected: 0.0002). All MCAs had a muta
tion, while all tumors, except 1 left CAC, 1 right CAC and 1 GCC, contained 
wild type KRas (table 3.2). 
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GCC 12 

CAC left 4 

CAC right 6 

MCA 1 

MCA 2 

MCA 3 

MCA 4 

MCA 5 

MCA 6 

MCA 7 

MCA 8 

MCA 9 

MCA 10 

GTT 

AGT 

GAT 

GTT 

GTT 

GAT 

GTT 

GAT 

GTT 

GAT 

GTT 

GAT 

GAT 

Tumor Sequence Amino Acid 
(Wild type = GGT) (Wild type encodes glycine) 

valine 

serine 

asparagine 

valine 

valine 

asparagine 

valine 

asparagine 

valine 

asparagine 

valine 

asparagine 

asparagine 

Table 3.2 The results of the KRas codon 1 2 mutation analysis. Only the tumors 
with a mutated allele are shown. GCC = goblet cell carcinoid, CAC = conven-
tional colonic adenocarcinoma, MCA=mucinous cystadeno(carcino)ma. 

Therefore, in further analyses only CACs and GCCs were included. 
As described above, sLDA showed that the left and right CACs differed in the 
intensity of CDX2- and E-cadherin expression and in the number of CA125 posi
tive cells. Although this had not been noticed before the statistical analysis, it was 
recognized when the slides were reviewed. When the GCCs were compared with 
the CACs on the basis of these markers, half of the GCCs were more similar to the 
left CACs and the remaining GCCs were more similar to the right CACs. However, 
sLDA based on the remaining markers to separate left and right CACs from the 
GCCs, showed that left CACs and GCCs could be distinguished by nuclear expres
sion of /?-catenin (P<0.0001; Bonferroni-corrected: 0.0011), which was frequently 
observed in left CACs, but rare in GCCs. GCCs could be distinguished from right 
CACs by the extent of chromogranin expression (P=0.0007; Bonferroni-corrected: 
0.0086). GCCs generally showed scattered chromogranin positivity, but right 
CACs were chromogranin negative or contained only a few positive cells. 
The proliferative activity of GCCs, assessed in the Ki67 stain, was significantly 
different from and intermediate between the proliferative activity in CCs and 
CACs (table 3.3). 
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Ki67 p-value 

Mean SD 

GCC 27.9 8.1 

CC 1.9 1.1 < 0.001 

CAC left 42.5 5.9 < 0.001 

CAC r ight 40.4 3.3 < 0.001 

Tab le 3.3 The Ki67 stain in gob le t cell carc inoids (GCCs) was s igni f icant ly di f
fe rent f r o m the Ki67 stain in classical carc ino ids (CCs) and in lef t and r i gh t 
conven t i ona l co lon ic adenocarc inomas (CACs). The lef t co lumn shows the 
number of Ki67 posi t ive cells per 200 t u m o r cells. The r igh t c o l u m n shows 
the p-value of the di f ference be tween the Ki67 coun t in GCCs compared w i t h 
the Ki67 coun t in t he o ther t u m o r types. 

The other markers did not have additional discriminative value in the statistical 
analysis, but some observations were made that are wor th mentioning (summa
rized in table 3.4). 
All evaluated tumors in the study- and control groups were diffusely CAM5.2 
positive. Expression of Ck7 and Ck20 was found in all tumor types except CCs, 
which were always Ck7 and Ck20 negative. 
Expression of endocrine markers was variable in GCCs and present in up to 50% 
of the cells. Individual cell nests in GCCs were often closely intermingled wi th 
small neural fibres which stained for synaptophysin, NCAM and Leu7. 
Sometimes it was not possible to discriminate wi th certainty between staining 
of tumor cells or of neural fibres so that positivity for these markers may be 
overestimated in GCCs. This was also the case for S100. This marker showed 
sustentacular cells in all CCs. In GCCs nerve fibres were observed, but no 
unequivocal sustentacular cells. 
All tumors expressed CDX2 and E-cadherin, but in CCs the intensity of the 
staining was remarkably weak. 
Positivity for p53 was rarely found in GCCs. All evaluated tumors showed nor
mal expression of the DPC4 protein. 

Discussion 

In order to investigate whether appendiceal GCCs should be regarded as a sepa
rate ent i ty more similar to gastrointestinal adenocarcinomas than to classical 
carcinoids of the appendix, in this study 16 appendiceal GCCs were compared to 
14 appendiceal CCs, 10 MCAs and 19 conventional CACs. All tumors were 
stained for a panel of 19 immunohistochemical markers and all tumors were 
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analyzed for a mutation of KRas codon 12. Subsequently a stepwise linear discrim
inant analysis (sLDA) was performed. 
The results of sLDA suggest that GCCs indeed can be regarded as a separate entity. 
The most important markers for discriminating between GCCs and the control 
groups are CEA (GCC vs. CC), KRas (GCC vs. MCA), /3-catenin (GCC vs. left 
CAC) and chromogranin (GCC vs.right CAC). If the markers wi thout additional 
discriminative value in sLDA, are also taken into account, GCCs can be described 
as an entity characterized by diffuse positivity for CAM5.2, CDX2 and CEA, fre
quent coexpression of Ck7 and Ck20, scattered positivity for endocrine markers 
in up to 50% of the cells and proliferative activity (Ki67 positivity) intermediate 
between that of CCs and CACs. In concordance with previous studies1 7 '1 9 '2 1 , 
the data presented here suggest that alterations in KRas codon 12, DPC4 and in 
the Wnt-signaling pa thway do not play an important role in GCCs. 7T53-muta-
tions in GCCs have been described previously, but data in the literature are con-
flicting4J7"19 and the present study does not provide evidence for a crucial role 
of this gene in the pathogenesis of GCCs. Possibly more important for GCCs is a 
currently unknown (cluster of) gene(s) on chromosome 18q, because a part of 
this chromosome is frequently deleted in GCCs, as well as in other mucinous 
and nonmucinous appendiceal tumors and midgut carcinoids.19-23"25 However, 
due to the nature of our material (small tumor cell nests separated by nonneo
plastic stroma), we could not perform LOH-analysis. 
GCCs have a typical histological appearance and especially their growth pattern 
can be carcinoid-like, but the signet ring cells, cytonuclear atypia, proliferative 
activity and mucinous lakes are reminiscent of carcinoma. Carcinomatous fea
tures in GCCs have been described extensively by Burke et al., in a report in 
which they try to separate more and less aggressive GCCs.3 Their results indi
cate that a carcinomatous growth pattern, defined as cribriform growth, solid 
areas and single files in more than 50% of the tumor, correlates wi th a worse 
prognosis and the term mixed carcinoid-adenocarcinoma was proposed for these 
neoplasms. However, when the 16 GCCs in the present study were reviewed 
according to these criteria by three pathologists independently, the opinions on 
the diagnosis differed in most cases, varying from goblet cell carcinoid to mixed 
carcinoid-adenocarcinoma and signet ring cell carcinoma, due to different inter
pretation of the criteria for carcinomatous growth, and it was not possible to 
classify the tumors uniformly. There was nevertheless agreement that the 16 
tumors in the study group share important histological, immunohistochemical 
and molecular features. 
In this regard the results presented here are compatible with the previously sug
gested epithelial precursor cell origin of GCCs2 4-8 , especially because in many of 
these tumors the neoplastic counterparts of different crypt cell types (goblet 
cells, endocrine cells and Paneth cells) were recognized. While GCCs are thought 
to arise from a crypt progenitor cell, an origin from subepithelial endocrine cells 
has been proposed for appendiceal CCs.8"11 The immunohistochemical expres-
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sion of CDX2 in appendiceal CCs is weak, but nevertheless suggestive of an origin 
from intestinal epithelium.2 6 It is felt that its expression does not necessarily 
exclude a derivation from a cell of the subepithelial endocrine population. It is 
possible that the subepithelial endocrine cells in the normal appendix arise from 
the crypt stem cells, subsequently migrate into the lamina propria, and form 
complexes wi th neural fibres. If a subepithelial endocrine cell or a migrated 
crypt progenitor cell is the origin of appendiceal CCs, this mechanism, which 
was already proposed by Masson in 1928 27, would explain the (weak) positivity 
for CDX2 and the presence of S100 positive sustentacular cells in these tumors. 
In conclusion, the results of the present study support the view that GCCs 
should be regarded as a separate entity, probably arising from an epithelial crypt 
progenitor cell. It is very likely that the term 'crypt cell carcinoma' formerly 
used is more appropriate and reflects the nature and origin of these tumors. For 
practical purposes it would be better to avoid the term carcinoid, to underscore 
that the biological features of GCCs do not resemble those of CCs, which is also 
reflected by the number of patients in this study with metastasized disease. 
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A tumor with a neuroendocrine and papillary serous component 

Abstract 
Aims 

To examine the clonal origin of a tumor, made up of a neuroendocrine component 
and a papillary serous component, by comparing the pattern of loss of heterozy
gosity (LOH) and the immunohistochemical protein expression of both components. 

Methods and results 

A 70 year old woman, known to have a metastasized neuroendocrine carcinoma, 
underwent resection of the distal part of the ileum, because of obstruction by a 
mesenterial mass. The macroscopically homogeneous mesenterial mass consist
ed histologically of an admixture of a neuroendocrine component and a papillary 
serous carcinoma. 
Loss of heterozygosity (LOH) analysis of both components with a panel of 15 poly
morphic microsatellite markers showed a distinctive pattern of LOH on chromo
some 4q and 17, but involving different alleles at the same locus. Moreover, both 
components showed different immunohistochemical staining patterns for neu
roendocrine markers, cytokeratin 7, carcinoembryonic antigen, and CA125. 

Conclusion 

Both LOH analysis of the neuroendocrine and papillary serous components of this 
tumor and the immunohistochemical profile of both components are consistent 
wi th a different clonal origin. The tumor is probably a collision tumor, in which 
the papillary serous carcinoma must have been of peritoneal origin, because 
necropsy revealed a normal uterus and normal ovaries. 

In t roduct ion 

A composite tumor is defined by the mixture or coexistence of distinct components 
made up of different histological features. Composite tumors are relatively rare 
and they can be encountered at various locations. Composite tumors made up of 
a neuroendocrine component and an adenocarcinoma component have been 
described in the gastrointestinal tract, breast, bladder, ovary and pros ta te . L 2 

An interesting issue concerning these composite tumors is, whether the histo
logically distinctive parts of the tumor reflect the ability of one tumor cell to 
proliferate and differentiate into two different directions, or whether the tumor 
is really composed of two neoplastic clones that have arisen from different cell 
types in close proximity to one another. In this last case the composite tumor 
can be considered as a collision tumor. 3 

Using immunohistochemistry, similarities and differences in protein expression 
between the various tumor components can be demonstrated, but this mostly 
provides information on the differentiation of the tumor cells and does not nec
essarily give any information on their developmental route. However, study of 
genetic changes, which are at the basis of malignant cell transformation, can be 
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very useful for determining the way in which a neoplasm has developed. Therefore, 
the examination and comparison of the pat tern of loss of heterozygosity (LOH) 
in the two parts of a composite tumor can provide a powerful means of answer
ing this question of origin. 
Here, we report a case of a metastasized neuroendocrine carcinoma of the gas
trointestinal tract wi th an admixture of areas of papillary serous carcinoma. 
Because the patient was not known to have a primary tumor resembling a papil
lary serous carcinoma, it was thought possible that the papillary serous compo
nent had arisen from the neuroendocrine tumor or vice versa. Alternatively, it 
could potentially represent a collision of the two neoplasms. A comparison of 
the pat tern of LOH of a spectrum of polymorphic microsatellite markers at vari
ous chromosomal loci in both the neuroendocrine and papillary serous compo
nents, suggested that both components had originated from different cell types. 

Material and methods 
Case report 

A 70 year old woman had a medical history of a right hemicolectomy for a Dukes's 
stage B mucinous adenocarcinoma of the colon at the age of 52 (figure 4.1A). 
At the age of 67 she suffered temporarily from abdominal crampy pain, diarrhoea, 
and weight loss (10 kg). Colonoscopy and other investigations were negative. 
Currently, the patient presented wi th nausea, vomiting and fatigue. At physical 
examination the abdomen was distended, although the liver was not enlarged. 
Ultrasound and an abdominal computed tomography scan revealed multiple 
large liver metastases, enlarged retroperitoneal lymph nodes and a tumor mass 
in the right upper abdomen. A second primary colonic tumor was excluded by 
endoscopy. A liver biopsy showed metastases of a low grade neuroendocrine car
cinoma (carcinoid tumor; figure 4.IB). Urinary 5-hydroxyindole acetic acid 
excretion was not raised. To choose the optimal palliative treatment nuclide 
imaging was performed.4 0 Both the somatostat in receptor imaging with m I n 
pentreotide and the 131I-meta-iodobenzyl guanidine scan showed clear retention 
in the liver metastases and the other abdominal localisations. Just before medical 
t reatment was started, the symptoms of bowel obstruction at the level of the 
duodenum rapidly worsened. At laparotomy a tumor mass was present near the 
pancreas and the ileotransversostomy. This process had induced ischemia of the 
distal ileum.The distal part of the ileum and the obstructing mesenterial tumor 
mass were resected and the vascularisation improved. However, three days later 
signs of ischemia reappeared and at relaparotomy a resection of 40 cm of necrot
ic small bowel was performed. Four days after the second operation the patient 's 
condition deteriorated acutely, as a result of massive bleeding from the superior 
mesenteric artery. A third laparotomy was refused and the patient died at day 9 
after the first operation. A necropsy was performed. 
Gross examination of the distal ileum that was resected during surgery, showed 
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Figure 4.1 A: Mucinous adenocarcinoma of the colon, diagnosed 18 years 
before the current medical history. B:Low grade neuroendocrine carcinoma. 
C: Papillary serous carcinoma in the mesentery of the resected ileum. 
D: Collision of the papillary serous and neuroendocrine component in the 
mesentery of the resected ileum. 

several similar looking, whi te tumor nodules wi th a maximal diameter of 8 cm, 
in the fatty tissue of the mesentery, outside the small bowel wall. Microscopically, 
an admixture of two histologically different components was found in the tumor 
nodules, even though they had a homogeneous macroscopic appearance. One 
component consisted of islets of monotonous epithelial cells wi th round nuclei 
and granular chromatin, consistent with a localisation of the low-grade neuroen
docrine carcinoma, diagnosed previously. The other component consisted of papil
lary formations and tubules covered with serous epithelium the cells of which 
contained enlarged, polymorphic nuclei with a high mitotic activity. Psammoma 
bodies were also present. These features were characteristic of the histological 
appearance of a papillary serous adenocarcinoma (figs 4.1C.D). Both components 
had a different immunohistochemical pattern of protein expression (table 4.1). 
The neuroendocrine component was positive for the common neuroendocrine 
markers such as chromogranin, synaptophysm and NSE, but negative for cyto-
keratin 7, cytokeratin 20, carcinoembryonic antigen (CEA), CA125 and the pro
tein product of the tumor suppressor gene p53. The papillary serous component 
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Marker Neuroendocrine 
carcinoma 

Papillary serous Colonic 
adenocarcinoma adenocarcinoma 

Chromogranin 

Synaptophysin 

NSE 

Cytokeratin 7 

Cytokeratin 20 

CA 125 

CEA 

P53 

Positive 

Positive 

Positive 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

Negative 

Positive 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Positive 

Positive 

Table 4.1 Immunohistochemical results. CEA=carcinoembryonic antigen, 
NSE = neuron-specific enolase. 

did not express neuroendocrine markers, cytokeratin 20, CEA or p53, but was 
CA125 positive. Because the patient apparently had a CA125 positive papillary 
serous tumor, a diagnosis of a disseminated ovarian carcinoma, in addition to 
the already diagnosed neuroendocrine carcinoma, was considered in this patient. 
Surprisingly, at necropsy both ovaries looked normal and their microscopic 
appearance was consistent wi th the age of the patient; no tumor was found. 
We then reviewed the slides of the adenocarcinoma of the colon, for which the 
patient underwent surgery 18 years earlier. The tumor was a mucinous colonic 
adenocarcinoma and this tumor did not show histological similarities to either 
the neuroendocrine carcinoma or the papillary serous adenocarcinoma. Immuno
histochemical staining for CEA and p53 was positive, while the tumor was nega
tive for CA125 and neuroendocrine markers. 
To investigate whether the neuroendocrine carcinoma and papillary serous car
cinoma were two unrelated neoplasms or whether they were derived from the 
same clonal expansion, molecular LOH analysis was performed. 

Loss of heterozygosity (LOH) analysis 

For molecular analysis, one area from each component was examined. From each 
part seven 10 fim thick serial paraffin wax embedded sections were used for 
DNA isolation. Adjacent thin sections were used for histopathologic evaluation 
of the tumor. Sections were dewaxed by standard procedures. The unstained 
sections were incubated for 16 hours in 1 M sodium thiocyanate at 37°C to 
remove crosslinks, followed by two five minute washes in phosphate buffered 
saline. Subsequently, guided by the thin haematoxylin and eosin section, the 
region wi th the highest tumor percentage was scraped wi th a scalpel from the 
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Marker 

D1S228 

D1S2766 

D4S430 

D5S346 

D5S644 

D8S258 

D8S552 

D9S171 

D9S288 

D9S286 

D10S192 

D10S217 

D14S68 

D17S588 

D18S58 

Chromosome 
arm 

1p36 

1p22 

4q28 

5q22-5q23 

5q15 

8p22 

8p22 

9p21 

9p23-9p21 

9p21 

10q23.3-10q24.1 

10q25-

14q24. 

17 

18q22-

10q26 

3-14q31 

18q23 

T1 
conclusion 

Ni 

ROH 

LOH 

Ni 

ROH 

Ni 

Ni 

ROH 

Ni 

ROH 

ROH 

ROH 

LOH 

LOH 

LOH 

T1 LOH 
allele 

allele 1 

_ 

_ 

— 

_ 

-

_ 

_ 

allele 2 

allele 1 

allele 2 

T2 
conclusion 

Ni 

LOH 

LOH 

Ni 

LOH 

Ni 

Ni 

ROH 

Ni 

ROH 

ROH 

ROH 

ROH 

LOH 

ROH 

T2 LOH 
allele 

allele 1 

allele 2 

_ 

allele 1 

_ 

_ 

-

_ 

— 

_ 

allele 2 

-

Table 4.2 Pattern of loss of heterozygosity (LOH) in the neuroendocrine car
cinoma (T1) and the papillary serous adenocarcinoma (T2). 
Ni = not informative, ROH = retention of heterozygosity. 

glass slide, and transferred to a tube containing digestion buffer: 2mg/ml proteinase 
K (Roche, Basel, Switzerland) in 10 mM Tris-HCl (pH 8.0), 50 mM KC1, 2.5 mM 
MgCl2, 0.5% Tween 80 and 0.1 mg/ml gelatine. The estimated tumor percentage 
in both samples was 90%. 
Tubes were incubated for 24 hours at 55°C, proteinase K was heat inactivated at 
95°C for 10 minutes, and after centrifugation the supernatant was transferred to 
a clean tube and stored at 4°C until use. 
DNA samples isolated from the tumor and normal tissue obtained from a sepa
rate tissue block containing a lymph node were analysed using 15 polymorphic 
microsatellite repeat markers selected through Genomic Data Base (table 4.2). 
The fluorescent labelling of the primer allows the semiquantative evaluation of 
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Figure 4.2 The al lel ic imba lance of t he var ious mic rosate l l i te markers used 
f o r the LOH analysis of the t w o t u m o r s . LOH is seen at markers D4S430 
( ch romosoma l arm 4q) and D17S588 ( ch romosome 17) in bo th t u m o r s , bu t 
invo lv ing d i f f e ren t alleles ( ind ica t ive of a d is t inc t o r ig in of the t w o t u m o r s ) . 
Tumor 1 = n e u r o e n d o c r i n e ca rc inoma, t u m o r 2 = pap i l la ry serous adenocarc i 
noma . NR = norma l ra t io , TR = t u m o r ra t io . 

the polymerase chain reaction (PCR) products using the ABI377 automatic sequen
cer. The peak intensity of the PCR products was determined and used to calcu
late the intensity ratio between the two allele-peaks of heterozygotes. This ratio 
is subsequently normalized using the peak intensity of the normal DNA (divided 
by the ratio of the normal alleles) resulting in a LOH-index. An LOH-index 
below 0.75 was interpreted as evidence of LOH, whereas an index above this val
ue was considered to be retention of heterozygosity (ROH). Table 4.2 and fig 4.2 
show the results of the LOH analysis. 
The most important finding is that the neuroendocrine and papillary serous com
ponents both have loss of heterozygosity on chromosome 4q and 17, but involv
ing different alleles at the same locus. This finding, together wi th the distinctive 
pat tern of LOH in both components, suggests that they were derived from dif
ferent neoplastic clones. 
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Discussion 

Here we describe a patient with a widely disseminated neuroendocrine carcinoma 
of unknown origin, who underwent resection of an obstructing mesenterial 
tumor mass, in which areas of papillary serous adenocarcinoma were found in 
close association wi th areas of neuroendocrine carcinoma. Furthermore, 18 years 
earlier, the patient underwent surgery for a mucinous adenocarcinoma of the 
colon, Dukes's stage B, which had been resected completely. 
When a patient presents with a tumor in which histologically distinct components 
are recognized, the question arises whether these components have originated 
from the same precursor cell followed by subsequent differentiation into differ
ent directions or whether the components represent the ' incidental ' collission of 
unrelated neoplasms. 
Immunohistochemical studies of composite carcinoma-carcinoid tumors compared 
with pure carcinoid tumors and adenocarcinomas of the gastrointestinal tract 
have shown, that sometimes one component of a composite tumor expresses a 
protein, that otherwise would be only expected in its counterpart .1 This was 
used as an argument in favor of the hypothesis that these tumors came from a 
common precursor cell. In the case reported here, the immunohistochemical 
profiles of the neuroendocrine component and the areas of papillary serous car
cinoma did not correspond. Thus there is no evidence, that these components 
have a common progenitor cell, although this can not be ruled out completely. 
Molecular genetic analysis in this regard can be more distinctive and definitive 
than immunohistochemistry in examining the origin of two components of a 
composite tumor because this methodology focuses directly on the developmen
tal route of the tumor by studying the alterations in the DNA. In this case, 
LOH-analysis of the areas wi th neuroendocrine and papillary serous differentia
tion was performed, in addition to immunohistochemical examination. This 
technique has already proved to be a powerful tool in demonstrat ing a common 
or a different clonal origin in neuroendocrine and other tumors.6-7 

In our case, 10 of a panel of 15 markers were informative. Six of these 10 infor
mative markers, showed a difference between both components (table 4.2). 
Importantly, two of the markers, on chromosome 4 and 17, demonstrated LOH in 
both components, but involving different alleles at the same locus. These results 
are consistent wi th the two components originating from a different neoplastic 
clone (table 4.2, fig 4.2): because several sections of each component were used 
for LOH analysis, the LOH pattern can be considered as relatively specific for 
that particular part of the tumor. It is very unlikely that two components of the 
same tumor would show a completely different, but specific, pat tern of LOH 
and at the same time would have loss of a different allele at the same locus of a 
particular chromosome.8 Nevertheless, loss of a different allele at the same locus 
within one tumor can be encountered on rare occasions. For example, it can be 
caused by somatic crossing over during mitosis of a cell heterozygous for a 
marker. This results in two daughter cells, both of which are now homozygous 
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for that marker, each having lost a different allele.9 Another possibility is that the 
loss of an allele on a specific chromosome, or part thereof, and the resultant hap-
lo-insufficiency of the genes in this region, might provide a microevolutionary 
(growth) advantage in a specific t umor . 8 1 0 Within a genetically less stable 
tumor, such loss could occur twice and affect different alleles. 
Although these mechanisms can account for genetic heterogeni ty wi th in one 
tumor, we feel that in this case the total pattern of LOH and the pat tern of pro
tein expression suggest that a collision tumor has arisen from a metastasized 
neuroendocrine carcinoma and a papillary serous adenocarcinoma. 
In view of the negative findings in the ovaries and uterus at necropsy, the papillary 
serous adenocarcinoma must be of peritoneal origin. In these tumors, CA125 posi-
tivity has been described.11 Moreover, the site of the tumor and the normal aspect 
of the other visceral organs at necropsy are in accordance with this diagnosis. 
The absence of any microscopic similarities between the colonic adenocarcino
ma and either the neuroendocrine carcinoma or the papillary serous tumor, the 
differences in protein expression between the tumors found by immunohisto-
chemistry and the interval of 18 years between the diagnosis of colonic adeno
carcinoma and metastasized neuroendocrine carcinoma, make it very unlikely 
that there is a relationship between the colonic adenocarcinoma and the other 
two tumors. Unfortunately, due to technical problems (DNA could not be iso
lated from the 18 year old paraffin wax embedded material) LOH-analysis of the 
colonic adenocarcinoma could not be performed to confirm this notion. 
In summary, we report a tumor consisting of a neuroendocrine component and 
areas of papillary serous adenocarcinoma. By means of LOH-analysis and 
immunohistochemistry, a different clonal origin of both tumor components is 
suggested. Because the ovaries and uterus did not contain tumor, the papillary 
serous adenocarcinoma must have been of peritoneal origin. 
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Comparison between serology, endoscopy and histology 

Abstract 
Gastric body atrophy (GBA) is a precursor lesion of gastric cancer. Little is known 
about the value of serological screening for GBA in a primary health care com
munity. The relation between serological findings, endoscopical and histological 
GBA changes was studied in a sample of the general population. 
Consecutive adults (n = 997) were serologically screened for GBA in a Dutch family 
practice; 34 subjects had serological CBA, defined as hypcrgastrinemia (> 100 
ng/1), hypopepsinogenemia A (< 17/ig/l) and a low pepsinogen A/C ratio (< 1.6). 
Two years later, 25 subjects of this group, agreed in serological retesting and 
further investigation wi th gastroscopy and biopsy for assessment according to 
the Sydney system. 

At serological retesting 20 of 25 subjects fulfilled the criteria of GBA again. Histo
logical examination of the corpus biopsies showed advanced GBA in 18 of 24 sub
jects (75%, 1 subject had no corpus biopsies) and 17 of 19 (89%) subjects wi th 
repeated positive serology. After disclosure of serology results, re-examination 
of the biopsies revealed GBA in the 2 patients wi th initially insufficient evidence 
of GBA as well, giving a concordance of 100% (19/19). One subject wi th normal 
serum gastrin at retesting had both antral and body atrophy giving a concor
dance between serological and histological GBA of 95% (19/20). No adenoma
tous polyps, tumors or dysplastic alterations were found. Macroscopic features 
observed during gastroscopy were of no value in the assessment of atrophy. 
Identification by serology of subjects with chronic atrophic body gastritis in 
population-based screening and prevention studies in primary care is adequately 
possible and useful in selecting subjects for endoscopy. 

Introduction 
Chronic atrophic gastritis is a chronic inflammation of the stomach accompanied 
by loss of the specialized glandular cells.' Atrophy leads to thinning of the mucosa 
and is a common denominator in all pathological processes that cause severe 
mucosal damage. The development of chronic atrophic gastritis is a multifacto
rial process, involving microbiological factors like Helicobacter pylori infection, 
unidentified host and environmental factors, or au to immuni ty directed against 
gastric glandular cells.1"4 The autoimmune form of gastritis is typically located 
in the body, whereas the type induced by chronic injury or infection is located 
more often in the antrum. The loss of the glandular structures can be accompa
nied by metaplasia. A large number of studies point to the importance of chronic 
gastritis in the evolution of such gastritis towards mucosal atrophy, intestinal 
metaplasia, dysplasia and finally gastric adenocarcinoma. 5 7 Early identification 
of patients with atrophic gastritis might give opportunities in modifying the 
risk of gastric cancer, which is nowadays the second leading cause of cancer-
related mortality worldwide, having a very poor clinical prognosis.8 Histological 
examination is the most reliable way to determine atrophic gastritis, but this is 
not done routinely. Its principal use is to rule out cancer rather than to deter-
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mine the presence and extent of atrophic gastritis. The by far preferential diag
nostic instrument to screen for atrophic gastritis is a "serum biopsy", i.e. mea
suring serum pepsinogen A and C and serum gastrin as functional markers of the 
gastric mucosa . 9 1 0 Low serum pepsinogen A (PgA) and a low pepsinogen A/C 
ratio in combination wi th elevated serum gastrin, are considered useful predic
tors of gastric body atrophy (GBA). Several studies have shown the diagnostic 
potential of non-invasive, serological biomarkers for atrophic gas t r i t i s . 1 1 1 4 

Taking into account the underlying aetiology of chronic atrophic gastritis, sero
logical testing for H. pylori2'4-10 and parietal cell antibodies has an additional 
diagnostic value.10 '14 

Apart from predisposing to gastric cancer, gastric body atrophy can also lead to 
vitamin Bi2-deficiency. This occurs in both autoimmune corpus gastritis and in 
the more common multifocal pangastritis that involves corpus and antrum and 
usually results from H. pylon' infection. This can already exist for a long time as 
a clinically latent ent i ty wi th possible irreversible cell damage to the nervous 
system.5 '1 5 Early detection of vitamin B12- deficiency is therefore important and 
timely supplementation is indicated to prevent pernicious anemia and neurolog
ical sequelae. It is likely that a significant number of patients suffering from 
vitamin Bij-deficiency caused by atrophic gastritis remain undiagnosed and un
treated and that, wi th regard to public health, it would be important to identify 
these patients in t ime.1 6 Despite the apparent importance of the diagnostic 
potential of serological methods, so far no studies have been conducted in general 
practice to determine the significance of serology in the screening for atrophic 
body gastritis. The purpose of the present study was to evaluate the value of the 
serological markers of atrophy, i.e. blood pepsinogen and gastrin levels, to pre
dict histological GBA in a community-based family practice in The Netherlands. 
Additionally, attention was paid to the relation between macroscopic endoscopical 
findings and histomorphological mucosal changes. Furthermore, we determined 
the prevalence of H. pylori infection on the basis of serological tests and histo
logical examination and the prevalence of auto immuni ty in gastric atrophy. 

Patients and methods 
Study population 
In a period of 2 years a total of 997 adults, consecutively entering the primary 
health care system because of common medical problems, volunteered in sero
logical screening for GBA in the general practice of one of us (AK) in 's-Graven-
polder, a rural village in the South-West of The Netherlands. Exclusion criteria 
were age <18 years and current pregnancy. The participants were asked to 
donate a fasting blood sample and to fill in a questionnaire on the frequency and 
severity of gastric symptoms during the preceding 3 months , past gastric dis
eases and the use of stomach- and/or antibiotic drugs. Examination of the whole 
group revealed serological GBA in 34 persons (3.4%, 15 M, 19 F; mean age 67 
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years, range 28-91).Two years later, 25 of the 34 subjects (12 M, 13 F; mean age 
67 years) agreed in undergoing upper gastrointestinal endoscopy after an over
night fast, combined wi th serological retesting of the markers of atrophy, of 
anti-H.pylori- and autoimmune antibodies. The remaining 9 subjects were not 
biopsied for the following reasons: 3 persons had deceased, 2 persons had moved 
out of the region, 2 persons were not able to undergo endoscopy because of seri
ous comorbidity and 2 persons refused fttrthei investigation.The study was per
formed according to the declaration of Helsinki and all participants gave 
informed consent before entering the study. 

Serological examination 

All obtained serum samples were tested by well-validated radioimmunoassays for 
levels of pepsinogen A (PgA), pepsinogen C (PgC) and gastrin.17 Our validated 
criteria for advanced serological GBA, corresponding to pentagastrin refractory 
achlorhydria or severe hypochlorhydria (peak acid output <5 mmol/hr) expressed 
in the level of the serum markers, were defined as a serum concentration of PgA 
< 17 ng/\, a PgA/C ratio < 1.6 and an accompanying serum concentration of gastrin 
>100 ng/1.1 7 hi. pylori serology was performed by a validated enzyme immuno
assay using specific immunoglobulin G against H. pylori. The results were expressed 
as the absorbance index (AI): serum wi th an AI >0.32 IgG H. pylori antibody 
was considered evidence of H. /?y/cn'-infection.18 Additionally, all serum samples 
were tested for parietal cell- and intrinsic factor autoantibodies using commer
cially available kits, respectively Autoscreen 1, Scimedx Corporation, Denville, 
NJ 07834, USA and Genesis Diagnostics Ltd, Little Port, UK. Serum vitamin B12 

concentration was tested by Immulite® 2000 Vitamin B12, Diagnostic Products 
Corporation, Los Angeles, CA 90045-5597, USA. 

Endoscopic Examination 

Patients fasted for at least 9 hours before the examination. Gastroscopy was per
formed in the usual manner using Olympus video-endoscopy equipment. Endo
scopic characteristics and appearances of gastric mucosal inflammation were 
recorded for each subject according to the Sydney System, Endoscopic division.19 

The following characteristics were scored: normal mucosa with its pink colour, 
wi th uniform smoothness and lustre, versus endoscopic characteristics of 
inflammation e.g. 1. edema - 2. erythema - 3. friability - 4. exudates - 5. flat ero
sions - 6. raised erosions - 7. rugal hyperplasia - 8. rugal atrophy - 9. visibility of 
vascular pattern - 10. intramural bleeding spots - 11. nodularity. After maxi
mum air insufflation at the end of examination, the corpus was examined for 
the presence of rugae. The grade of the various macroscopic features was scored 
as absent, mild, moderate or severe. 
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Biopsy collection 

Biopsy samples were obtained using a standard pinch-biopsy forceps. Antral and 
fundic biopsy specimens were systematically collected as follows: 6 biopsies from 
the mid antrum, about 2 cm pre-pyloric from the anterior and posterior antral 
wall, 4 for histological examination, 2 for culture; 6 biopsies from the mid body, 
about 5 cm distal of the gastro-esophageal junction from the anterior and poste
rior body wall, also 4 for histological examination and 2 for culture. Biopsies for 
histology were fixed in 10% buffered formalin. 

Histological Examination 

All biopsies from each subject were routinely fixed in 10% buffered formalin and 
embedded in paraffin blocks. Five micron sections were hematoxylin and eosin 
stained and examined by 2 expert gastrointestinal pathologists (SvE & GJAO) 
according to the updated Sydney classification system. Additional immuno-
staining was performed with antibodies against gastrin, chromogranin and H. 
pylori to identify gastrin producing G-cells, enterochromaffin-like cells and H. 
pylori, respectively. The diagnosis of chronic atrophic gastritis was based on the 
full spectrum of the updated Sydney System scores,1 1 9 i.e. chronic inflamma
tion, activity, glandular atrophy, intestinal metaplasia and absence or presence 
of H. pylori, systematically applied to the biopsy specimens. Chronic inflamma
tion was evaluated on the basis of an increase of mononuclear cell infiltration of 
the lamina propria. Activity of gastritis was defined according to the presence or 
absence of intra-epithelial granulocytes. Gastric atrophy refers to the loss of the 
deeper specialized glands, i.e. in the body the parietal cells and secondly the 
chief cells. The loss of the glandular structures can be accompanied by metapla
sia.1 All histopathological issues were semiquantitatively graded as absent, mild, 
moderate or severe. The biopsy specimens were reviewed by the 2 above men
tioned experienced pathologists. In case of disagreement the pathologists dis
cussed the case to reach consensus. 

Results 
Retesting of serum markers of atrophy 

Retesting of the markers of atrophy, undertaken 2 years after the initial screening 
and immediately before endoscopy, revealed serological gastric body atrophy in 
only 20 of 25 subjects (Table 5.1). The 5 "drop-out" subjects showed the follow 

Table 5.1 Serological, endoscopical and histological characteristics in 25 pri
mary healthcare subjects with focus on gastric atrophy. * no corpus 
biopsy specimens, ** no antrum biopsy specimens, ?* too small biop
sy specimens, no optimal diagnosis, PgA=pepsinogen A, PgA/C ratio 
= ratio pepsinogen A/pepsinogen C, GBA=gastric body atrophy, 
GAA= gastric antral atrophy, + = mild, + + = moderate, + + + = severe 
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Nr. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Serolog 

Gastrin 

1760 

1245 

102 

3100 

239 

193 

2885 

184 

1995 

1750 

2300 

1960 

1391 

156 

940 

137 

324 

593 

486 

418 

1775 

492 

259 

488 

438 

ical markers 

PgA 

2 

2 

12 

2 

3 

9 

7 

16 

1 

5 

2 

2 

13 

14 

7 

5 

7 

3 

7 

2 

6 

15 

2 

4 

7 

PgA/c 
ratio 

0.3 

0.1 

1.4 

0.3 

0.3 

0.5 

0.6 

0.6 

0.1 

0.4 

0.1 

0.3 

0.6 

1.2 

0.4 

0.4 

0.3 

0.3 

0.3 

0.5 

0.7 

0.8 

0.1 

0.3 

1.0 

Serology after 

Gastrin 
retest 

1664 

1269 

86 

2212 

123 

134 

933 

68 

764 

534 

2086 

1352 

1791 

59 

77 

116 

628 

552 

459 

146 

2257 

1179 

159 

1284 

284 

PgA 
retest 

1 

2 

17 

1 

3 

25 

8 

16 

1 

2 

0 

1 

3 

17 

9 

3 

9 

3 

5 

6 

1 

14 

4 

6 

11 

2 yrs 

PgA/C 
ratio 

retest 

0.3 

0.2 

2.7 

0.3 

0.4 

1.7 

0.9 

0.7 

0.1 

0.2 

0.1 

0.4 

0.3 

3.5 

5.3 

0.7 

0.8 

0.7 

0.3 

1.3 

0.3 

0.8 

0.3 

0.5 

0.8 

Serology 

GBA 
after 
retest 

+ 
+ 

-

+ 
+ 

-

+ 

-

+ 
+ 
+ 
+ 
+ 

-

-

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Histology 

GBA 
after 
retest 

+ + + 
+ + + 

-
* 

+ + + 
-

+ + + 
+ + 

+ + + 
+ + + 
+ + + 
+ + + 

+ + 

-

-

+ + + 
+ + + 

+ + 
+ + 

+ + 
+ + + 

+ + 
+ + 

+ + + 
+ + + 

GAA 
after 

retest 

-

-

-

+ 

-

-

+ 

-

-

-

-

-

-
** 

+ + + 
?* 

-

+ 

-

-

+ 
+ + 
+ + 

+ + + 

Endo
scopy 

GBA 
after 

retest 

-

-

-

+ 
+ 

-

-

-

-

+ 

-

+ 
+ 
+ 

-

-

-

+ 

-

-

-

-

-

+ 
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ing serological characteristics: 1 subject (no. 8) had normal gastrin after retesting 
wi th low PgA and a low PgA/C ratio, thus no longer fulfilling the serological cri
teria of GBA. The remaining 4 subjects showed normal serum pepsinogens and 
normal gastrin after retesting. Two of these persons (nos. 3 and 14) had border
line test results in the first round and the other 2 individuals (nos. 6 and 15) had 
an unexplained conversion to normal levels of the serum markers (Table 5.1). 

Histopathologic findings 
As expected after serological retesting, 4 individuals with normal serology (nos. 
3,6,14,15) had no evidence of histological body atrophy, but only modest aspecific 
chronic inflammation. One subject (no. 8), with normal gastrin and low PgA 
wi th a low A/C ratio, thus partially fulfilling the criteria of serological body 
atrophy, had antral and body atrophy in the biopsies, so making the serological 
profile false negative. 
Moderate to severe body a t rophy was found in 17 of 20 subjects wi th repeated 
serological GBA. With regard to the other 3 subjects: from one subject (no. 4) 
only antrum biopsy specimens and no corpus biopsies were available; the second 
person (no. 23) had severe H. pylori gastritis, preventing optimal grading of atrophic 
changes and the third subject (no. 17) had aspecific inflammation wi th atrophy 
that was difficult to recognize. 
Because of the discrepancy between serological and histological results in the 2 
subjects and the outspoken atrophy profile in the retest "serum biopsy", the 
biopsies were reviewed and showed the presence of body atrophy after all, also 
in these 2 serologically atrophic subjects (nos. 17 and 23). 
Antral biopsies showed atrophic changes in 8 of 23 subjects. One subject had no 
antrum biopsies (no. 15), another subject had inadequate antral biopsies for op
timal histopathological investigation (no. 17). H. pylori was identified in the 
biopsies of 7 (35%) of 20 persons with GBA. Eleven GBA subjects showed evidence 
of ECL-cell hyperplasia in the corpus biopsy specimens. None of the investigated 
subjects showed evidence of gastric dysplasia or malignancy. 

Serological results related to histological findings 
On the basis of the serological findings after retesting and histological reviewing, 
all 19 persons showed histological GBA. One histological GBA-subject wi th a 
normal serum gastrin level at retesting, therefore only partially fulfilling the 
serological GBA criteria (false-negative), had developed antral intestinal meta
plasia in addition to GBA (no. 8 in table 5.1), giving a concordance between sero
logical and histological GBA of 95% (19/20). 

Endoscopic diagnoses 
In 8 subjects (40%) of the group of 20 individuals with repeated serological GBA, 
moderate to severe atrophic gastritis of the corpus was diagnosed endoscopically, 
based on the presence of a vascular pat tern in a slightly distended stomach with 
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absent or flattened folds. In 2 of those 8 persons also atrophic gastritis of the antrum 
was found endoscopically. Greyish patches, histologically corresponding to 
intestinal metaplasia, were found in 2 of the 8 subjects. In 10 of the remaining 
12 subjects, an erythematous exudative gastritis was diagnosed. Finally, 2 sub
jects had a flat erosive gastritis. 

The 5 "drop-out" subjects without serological body atrophy showed the following 
endoscopical appearances: person nos. 3, 6 and 8 erythematous exudative, no. 14 
mild atrophic and no. 15 flat erosive. 

Endoscopic features related to histological findings 

The endoscopic diagnosis of body atrophy, made in 8 of 20 subjects, was confirmed 
histologically in 6 of them. One subject had no corpus biopsies and the other per
son (no. 14) had only modest chronic inflammation in the corpus biopsies. The 
absence of folds and presence of visible vessels, as gastroscopic atrophy features, 
had only a positive predictive value in the diagnosis of body atrophy, but the 
absence or presence of visible vessels had no diagnostic value in ant rum atrophy. 
In 4 persons wi th normal endoscopic features the biopsies showed mild to severe 
corpus atrophy and a normal to mild ant rum atrophy. 

The 11 subjects wi th macroscopic erythematous exudative gastritis had the fol
lowing histological diagnoses: 6 showed moderate to severe body atrophy and 5 
had a normal histological appearance. The remaining 2 individuals wi th macro
scopic flat erosive gastritis showed advanced body atrophy and a modest chronic 
body gastritis, respectively. Biopsies of greyish patches confirmed the endoscop
ical diagnosis of intestinal metaplasia. Overall, there appeared to be a very weak 
correlation between endoscopic and histological findings. 

Anti-
H. pylori 

Total 

+ ve 

- ve 

Anti PC & IF 

+ ve 

4 

7 

11 

- ve 

8 

1 

9 

Total 

12 

8 

20 

Table 5.2 A n t i - H. py lor i and a u t o i m m u n e serology in 20 h is to log ica l gastr ic 
body a t rophy subjects . A n t i - H . py lor i = an t ibod ies to Hel icobacter 
py lor i , An t i -PC= an t ibod ies t o par ietal cells, Ant i - IF = an t i bod ies t o 
int r ins ic fac to r , + ve = pos i t i ve , - ve = negat ive 
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Anti 
H. pylori 

Total 

+ ve 

- ve 

An 

+ ve 

2 

4 

6 

W PC & IF 

- ve 

1 

1 

2 

Total 

3 

5 

8 

Table 5.3 A n t i - H. py lor i serology and a u t o i m m u n i t y in 8 subjects w i t h v i ta
m in B-|2 def ic iency. An t i -H . py lor i = an t i bod ies to Hel icobacter 
py lo r i , Ant i -PC = ant ibod ies t o par ie ta l cel ls, Ant i - IF = an t ibod ies t o 
in t r ins ic fac to r , + ve = pos i t ive, - ve = negat ive 

H. pylori- and autoimmune serology in GBA-patients 

H. pylori serology was positive in 12 (60%) of the 20 histologically identified GBA 
persons. 11 (55%) of 20 GBA subjects had antibodies to parietal cells and/or 
antibodies to intrinsic factor (1 person had only antibodies to intrinsic factor); 4 
persons had both antibodies to H. pylori and to parietal cells (20%). One female 
person was seronegative for H. pylori, parietal cells and intrinsic factor. She 
appeared to have an IgG AI 0.29, so near the serological cut off point, indicating 
an extinguished H.pylori-infection (Table 5.2). 
After retesting, it is worth noting that a H.pylori-seioconversion of 2 subjects 
(no. 14 and 25) had taken place in the elapsed 2 years, respectively from H.pylori 
seropositive to negative and the reverse way in the other patient. Patient no. 14 
showed also the abovementioned conversion from serological body atrophy to a 
normal profile. 

Vitamin B12 deficiency 

The levels of all histological GBA persons ranged from 53 to 399 pmol/1. Eight 
(40%) subjects of 20 histological GBA persons had low (< 120 pmol/1) serum 
vitamin B12 levels. The distribution of H. pylori and auto immuni ty in our GBA-
subjects wi th vitamin Bi2-deficiency is shown in table 5.3. 

History of gastric complaints 

Analysis of the questionnaires of the 20 subjects wi th histological GBA on the 
frequency and severity of any epigastric pain, heartburn, nausea, belching and 
acid regurgitation, showed that 11 persons (55%) never had stomach complaints, 
4 (20%) seldomly, 3 (15%) sometimes and 2 persons (10%) often. None of the 
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Sex(M/F) 11/9 

Median age at diagnosis (yrs) 68 (range 31-93) 

History of complaints 
Never 11 subjects (55%) 
Seldom 4 (20%) 
Sometimes 3 (15%) 
Often 2(10%) 

Positive H. pylori serology 12 (60%) 

Positive H. pylori histology 7 (35%) 

Autoimmunity 11(55%) 

(antibodies-parietal cells 

& intrinsic factor detectable) 

H. pylori & autoimmunity positive 4 (20%) 

Vitamin B12 level 4-(<120 pmol/l) 8 (40%) (range <53-399) 

Median serum gastrin level (ng/l) 882 (range 68-2257) 

Median pepsinogen A level (^g/l) 5 (range 0-14) 

Table 5.4 Characteristics and functional findings at diagnosis of 20 subjects 
with histological gastric body atrophy. 

subjects had gastric complaints severe enough to consult a doctor or to use drugs. 
Of the 4 individuals wi th a normal serological profile after retesting and without 
histological body atrophy, 2 had never and 2 had sometimes gastric complaints. 
Finally, the characteristics and functional findings of the 20 subjects wi th GBA 
are summarized in table 5.4. 

Discussion 

The value of serology for the histological diagnosis of gastric body atrophy was 
assessed in a Dutch general practice. To our knowledge, this is the first study in 
which the diagnostic value of the gastric serum biopsy is investigated in a pri
mary health care setting. Although serological gastric investigation is already 
more than 2 decades generally accepted as a diagnostic non-invasive tool20 , it 
has never got appropriate a t tent ion in primary care. Most of the currently avail
able data, regarding the prevalence of chronic atrophic gastritis in the general 
population, are obtained from endoscopic studies of hospital outpat ients wi th 
dyspeptic problems, referred to Gastroenterology Depar tmen t s . 9 2 1 The addi-

65 



CHAPTER 5 

tional value of our study is that we enrolled a large number (997) of adult subjects, 
consecutively entering the general practice for common health questions, so we 
were able to screen a representative sample of the general indigenous Dutch 
population. 
In the present s tudy the result of serological retesting, 2 years after the initial 
serological screening, is noteworthy. In the evaluative group of 25 individuals 
for endoscopy, only 20 subjects appeared to be sero-atrophic at retesting. Retes
ting is advisable in cases of borderline test results and when a substantial interval 
in time elapses between screening and follow up investigation. Serological results 
are most reliable immediately before endoscopy because of certainty that the 
target group of subjects has an empty stomach. Moreover, because the serological 
and histological biopsies are taken at the same time, the mutual comparison is 
more reliable. The serum biopsy is a biologic parameter and consequently liable 
to variability. Taking into account the dynamics of gastritis, progress (patient 
no. 8) and also regress (patient no. 14) of atrophic gastritis can be reported. 
Considering the histological examination after serological retesting, all 19 sub
jects with serological GBA and corpus biopsies, showed histological GBA, giving 
a concordance of 100%. However, 1 subject wi th normal serum gastrin at retest
ing, therefore only partially fulfilling the serological atrophy criteria (false-nega
tive), had antral atrophy wi th intestinal metaplasia in addition to GBA (patient 
no. 8), giving a concordance between serological and histological GBA of 95% 
(19/20). In fact, this was the single subject among 20 individuals wi th GBA who 
had serological evidence of extended antral atrophy. The rarity of serologically 
extended antral a trophy in subjects with GBA is in agreement wi th a study by 
Bins et al. in factory workers and their spouses, who reported a single case wi th 
normal gastrin pointing to antral atrophy in one of 14 subjects wi th pentagas-
trin-refractory achlorhydria.22 

Furthermore, our study confirms that macroscopic diagnoses with regard to atro
phy as observed during endoscopy are of limited value. Only 6 of 20 patients 
wi th gastric atrophy were identified. The remaining 14 atrophy-patients had 
variable diagnoses, mainly erythematous exudative gastritis but also flat erosive 
gastritis and even a normal appearance. Except for the absence of rugae and the 
presence of visible vessels in the fully insufflated stomach, as signs of moderate 
to severe atrophic corpus gastritis, macroscopic features observed during gas-
troscopy appeared to have a very weak correlation wi th histological findings. 
This is in accordance wi th most previous studies and it must be emphasized that 
the ultimate diagnosis of atrophic gastritis should be based on histological 
examination of the gastric mucosa.1 9 2 1-2 3 

Gastric atrophy is the endpoint of chronic active gastritis, mainly caused by H. 
pylori infection3 '4-24 or gastric autoimmuni ty associated wi th pernicious 
anemia.25 Therefore in our GBA group we investigated the prevalence of H. 
pylori infection and autoantibodies to parietal cells and intrinsic factor. It is 
reported that PgA is upregulated in H. pylori-iniected patients compared with H. 

66 



Comparison between serology, endoscopy and histology 

pylori-uniniected patients. Consequently, the serological finding of a low serum PgA 
level and a low PgA/C ratio in a H. pylori infected patient is strongly indicative 
of gastric body atrophy.2 6 H. pylori was identified histologically, using hema
toxylin and eosin and immunohistochemical stains, in 7 (35%) of the 20 individ
uals wi th GBA while H. pylori serology was positive in 12 (60%) subjects. 
Routine biopsy sampling may underestimate the true prevalence of H. pylori 
infection in diffuse atrophic gastri t is .2 7 Therefore serological testing of H. pylori 
infection in gastric atrophy is warranted in such patients.2 8 Apart from that , 
considering the natural course of H. pylori antibodies and gastric mucosal histol
ogy in patients wi th advanced atrophic gastritis, H. pylori antibodies disappear 
spontaneously within 10 years in almost one fourth of patients wi th advanced 
atrophic corpus gastritis. The disappearance of H. pylori antibodies is accompa
nied by no or only a mild improvement of the gastric mucosa.29 The conversion 
to seronegativity found in 1 subject in this study may belong to the category of 
spontaneous disappearance of H. pylori antibodies and the conversion to sero-
positivity in another person may point to a de novo infection or recrudescence. 
Regarding the autoimmune pathogenesis of gastric body atrophy, in this prima
ry care study 11 (55%) of 20 persons wi th serological atrophy at retesting had 
antibodies to parietal cells and/or antibodies to intrinsic factor. 
In the current study all 20 patients with histologically proven atrophy had either 
antibodies to H. pylori (60%) or to parietal cell and intrinsic factor (55%), which 
is in agreement with the etiology of gastric atrophy. Four (20%) patients had 
both H. pylori and autoimmune antibodies which matches wi th several studies 
on a possible role of H. pylori in the development of autoimmune gastri t is .3 0 - 3 2 

One patient was seronegative overall but had an IgG AI to H.pylori of 0.29, just 
below the serological upper limit, pointing to H. pylori-iniection in the past, a 
so-called serological scar. According to the histological diagnosis of gastric body 
atrophy, our study revealed vitamin £>i2-deficiency in several participants: 8 
(40%) subjects of the group of 20 GBA patients showed a low serum vitamin B12 
level under the reference value, 7 of them were previously unknown with a defi
ciency. Adequate subst i tut ion has been started by now. In the causal distribu
tion in our study population au to immuni ty dominates over H. pylori (table 5.3). 
Because of the evident hypergastrinemia in advanced GBA, at tent ion was also 
paid to the prevalence of enterochromaffin-like cell (ECL) hyperplasia in the cor
pus biopsies. Gastrin has a trophic effect on the ECL cells of the oxyntic mucosa, 
st imulating their function and proliferation.33 ECL-cell hyperplasia in the gas
tric corpus is a common feature in diffuse chronic atrophic gastritis restricted to 
the fundus, with or without associated pernicious anemia and in H. pylori-relat
ed multifocal chronic atrophic gastrit is.3 4 In our study 11 of the investigated 
subjects with GBA had ECL-cell hyperplasia. There was no evidence of develop
ment from hyperplastic ECL cells into carcinoid tumors. 
This study in a Dutch general communi ty confirms previously reported data 
showing that a high serum gastrin and a low serum pepsinogen A, together wi th 
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a low pepsinogen A/C ratio, are good predictors of the presence of atrophic body 
gastritis as a cancer-prone lesion. A reliable serological test to detect GBA is 
important for population-based screening and prevention studies. The serological 
gastric biopsy has the advantage that it reflects the status of the whole stomach. 
However, histological investigation remains essential for the ult imate manage
ment of gastric diseases and is the reference standard in the detection of atroph
ic gastritis. Actually, serological and histological methods may be complemen
tary in the diagnostic assessment of atrophic gastric pathology. In the absence 
of widespread screening recommendations in primary care, the early detection 
and prevention of gastric cancer will depend on individual forward-thinking 
practitioners. In recent years, much evidence now indicates that first-degree rel
atives of patients with gastric cancer carry an increased risk of developing 
atrophic body gastritis in the presence of H. pylori infection.7 '35 

Finally, our study confirms that there is no relation between atrophy and gastric 
complaints. None of the subjects with GBA had gastric complaints severe enough 
to consult a doctor or to use drugs. So, the only way to detect subjects wi th gas
tric atrophy, wi th focus on people at risk, is screening wi th a serum biopsy. 
This study was performed in a group of subjects, selected from a large cohort on 
the basis of serological evidence of GBA. However, it can not be excluded that 
there are subjects wi th histological GBA among the subjects who did not fulfill 
the serological criteria of GBA. In conclusion, this study in a community-based 
family practice emphasizes the diagnostic value of gastric serology for general 
practitioners. A serological gastric biopsy can be used as a reliable non-invasive 
screening-instrument in basic health care centers in selecting patients for further 
invasive investigation for chronic atrophic body gastritis and should be recom
mended in the assessment of subjects at risk for gastric cancer. 
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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. 
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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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Ductuloinsular tumors of the pancreas 

Abstract 
Rare pancreatic neoplasms have been reported that show both endocrine and 
exocrine differentiation in the neoplastic components. In addition, pancreatic 
endocrine tumors may contain small, cytologically bland ductules intimately 
admixed wi th the endocrine component. It was recently suggested that these 
ductules represent an intrinsic part of the tumor, i.e. that the ductules are neo
plastic, and the term 'ductulo-insular tumors of the pancreas' was proposed. In 
the present study, the nature of the ductular component of 16 cases of ductule-
containing pancreatic endocrine tumors was investigated at the molecular level. 
Molecular genetic changes often present in ductal pancreatic neoplasms were 
not found by immunohistochemistry for DPC4, p53 and ERBB2 and by sequence 
analysis of KRAS codon 12. An X-chromosome inactivation clonality assay of 
one such tumor from a female patient indicated that the neuroendocrine compo
nent was monoclonal, contrasting wi th the ductular component that was poly
clonal. The lymph node and liver metastases from three patients only contained 
the neuroendocrine component and no ductules were observed. 
Although certain morphologic features of ductule-contaimng endocrine tumors are 
reminiscent of the embryonic development of the human pancreas, none of the 
tumors expressed PDX-1, a transcription factor essential in pancreatic organ devel
opment. Based on our results, it is suggested that the ductular component occa
sionally found in pancreatic endocrine tumors is the result of entrapment of preex
isting nonneoplastic ductules, and that the tumors are otherwise not distinctive 
from conventional pancreatic endocrine tumors. Although the phenomenon is rare, 
it is important to recognize and to distinguish these tumors from true mixed duc-
tal-endocrine neoplasms, which are generally more clinically aggressive. 
'Pancreatic endocrine tumors with entrapped ductules' would be the preferred 
nomenclature, since it better reflects the nonneoplastic nature of the ductules. 

Introduction 
The human pancreas is an organ composed of exocrine (acinar and ductal) and 
endocrine cells. These cell types can appear in pancreatic neoplasms, and the 
corresponding tumors have distinctive histologic characteristics. Sometimes 
mixed tumors wi th exocrine as well as endocrine differentiation occur.10 '11»15 

These rare tumors are not well-characterized but have significant components 
of two cell lineages that are both considered to be neoplastic. Some pancreatic 
endocrine tumors (PETs) contain morphologically separate small ductules, sug
gestive of a mixed ductal-endocrine neoplasm. The main part of these tumors 
consists of endocrine cells, intermingled wi th small, bland-appearing ductules 
reminiscent of the nonneoplastic ductules found in pancreatic lobules, especially 
in regions of atrophy. These ductules are usually in close association with the 
endocrine cells, resembling so-called 'ductuloinsular complexes', but the two 
cell types are readily distinguishable by morphology and immunohistochem-
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istry. The origin of the ductular component is controversial and has never been 
investigated thoroughly. It has been suggested previously that the ductular 
component reflects ent rapment of preexisting nonneoplastic ductules by an 
otherwise conventional endocrine tumor.11-18 However, a recent study suggest
ed that the ductules should be considered as an intrinsic part of the tumor, ie, 
they are neoplastic.2 

If this were true, one would expect to encounter some of the genetic changes 
frequently occurring in other ductular neoplasms of the pancreas, such as muta
tions in KRAS codon 12, mactivation of DPCn and TP55 and amplification of 
ERBB2: at least there should be evidence of clonal origin of the ductules similar 
to the endocrine component. Also, because of the close relationship between the 
endocrine and ductular elements (resembling ductulomsular complexes), anoth
er hypothesis is that ductule-containing endocrine tumors arise from multipo-
tent stem cells and are mimicking embryonic pancreatic development. During 
embryonic pancreatic development mult ipotent stem cells give rise to the ducts. 
Some of the duct cells form committed endocrine cells, which grow into islets 
that are still connected to the ducts, but in a later stage separate and migrate 
into the exocrine pancreas.7-16 To determine whether ductuloinsular tumors 
have other than morphologic features related to embryonic pancreatic develop
ment, one could examine the protein expression of Pancreatic Duodenal 
Homeobox protein 1 (PDXl),1-12-16-20'21 an important transcription factor involved 
in the formation of primitive pancreatic ductal, endocrine and acinar cells. 
When we recently encountered a case of a ductule-containing endocrine tumor, 
we investigated the nature of the ductular component at the molecular level. By 
reviewing the archives of three hospitals, 15 tumors showing the same micro
scopic features were found and similarly analyzed. 

Case 

A 27- year-old man presented wi th recurrent episodes of hyperinsulinemic hypo
glycemia. Although the patient 's signs and symptoms were indicative of an 
insulinoma, a tumor could not be detected at clinical evaluation. A pancreatic 
tail resection was performed. Both grossly and by light microscopy the resected 
specimen showed no abnormalities. Postoperatively, the patient was treated 
wi th diazoxide to prevent the recurrence of hypoglycemia. He visited the hospi
tal at irregular intervals. Fourteen years later, at the age of 41, the patient still 
had symptoms of hyperinsulinemic hypoglycemia. This time radiographic imag
ing showed a tumor in the remaining pancreas, which was enucleated. 
Postoperatively, the patient was normoglycemic. 

Grossly, the resected specimen contained a reddish, circumscribed but not encap
sulated lesion with a diameter of 1 cm, surrounded by a small rim of pancreatic tis
sue. Microscopically, the main part of the lesion showed the histological character
istics of an endocrine tumor. It was formed by cells arranged in nests and 
trabecula. The cells had centrally located nuclei with finely dispersed chromatin 
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F igu re 7.1 A: One of t he t u m o r s ( index case) consis ted of closely i n t e r m i n 
gled duc tu la r and endoc r ine componen ts (hematoxy l in and eosin) .B: Posi-
t i v i t y fo r synap tophys in con f i rms the endocr ine na tu re of t h e main par t of 
t he tumor .The duc tu les are negat ive for endocr ine markers . C: The duc tu la r 
componen t is cy tokerat in 7 posit ive, whereas the endocr ine cells are cytoker-
at in 7 negative. D: The immunoh is tochemica l stain fo r PDX-1 is negat ive in 
both components . The insert shows fetal pancreas, used as a posit ive cont ro l . 

and inconspicuous nucleoli. In the central part of the lesion another component 
was observed. This component consisted of tubular structures, reminiscent of non
neoplastic pancreatic ductules, intermingled with the endocrine cells. The cells 
forming the ductules showed no nuclear atypia. Mitotic activity was absent in 
both the endocrine and in the ductular elements. There was no infiltrative, peri
neural or vasoinvasive growth. In the surrounding rim of pancreatic tissue outside 
the tumor no abnormal islets or periductal endocrine cells were found. A diagnosis 
of 'pancreatic endocrine tumor with entrapped ductules' was made (Fig. 7.1A). 
Positive immunohistochemical staining for chromogranin, synaptophysin and 
neuron-specific enolase confirmed the endocrine nature of the main part of the 
lesion (Fig. 7.IB). The ductular component was negative for endocrine markers, 
but expressed pankeratin, cytokeratin 8, cytokeratin 7 and carcinoembryonic 
antigen, markers for which the endocrine part of the tumor was negative (Fig 
7.1C). The endocrine cells, but not the ductules, showed strong positivity for 
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insulin, consistent with the symptoms of the patient. Stains for glucagon, somato
statin, pancreatic polypeptide, adrenocorticotropic hormone, gastrin, calcitonin, 
serotonin and S100 were negative in both components. The proliferative activity 
of the tumor, assessed by staining wi th Ki67, was variable, but generally low 
(less than 1%), especially in the ductular component. Both components were 
negative for PDX-1 (Fig 7.1D). 

By ul t ras t ructural examinat ion of the paraffin-embedded tissue, separate cells 
wi th either an endocrine or a ductular phenotype could be identified in the 
tumor. The ductules were generally separated from the endocrine cells by a con
tinuous basement membrane. However, some endocrine cells were present with
in the ductular structures, interspersed between the basement membrane and 
the basal surface of the ductular cells. No transitional cell types were found. 
Acinar cells were present adjacent to, but not in, the tumor. 
The expression of a number of gene products known to be involved in neoplastic 
transformation of pancreatic ductal cells was examined immunohistochemically. 
Stains for p53 and ERBB2 were negative in both parts of the tumor. Normal 
expression of DPC4 was found in the endocrine and in the ductular component. 
A mutat ion in codon 12 of the KRAS gene could not be detected by sequence-
analysis of microdissected tumor tissue. 
Review of the slides from the pancreatic tail resection performed 14 years earlier 
did not reveal any histologic abnormalities in either the endocrine or exocrine 
compartment . 

Material and methods 
Patients 
The study was extended wi th 15 additional cases retrieved from the archives of 
the Departments of Pathology of the Academic Medical Center, Amsterdam The 
Netherlands (6 cases), of Memorial Sloan-Kettering Cancer Center, New York, 
NY (5 cases) and of the University Hospitals, Kiel, Germany (4 cases). Tumors 
were included if the main portion consisted of endocrine cells, if the tumor con
tained a ductular component, which was not only present at the peripheral rim 
of the tumor, but also in more centrally located areas amidst tumor fields and if 
there was close association of the ductules wi th the endocrine cells (resembling 
ductuloinsular complexes). 

Immunohistochemistry 
Immunohis tochemical stains were performed on 5-^m sections of paraffin-
embedded tumor tissue as described previously.3 The tumors from the Academic 
Medical Center, Amsterdam and from the Memorial Sloan-Kettering Cancer 
Center, New York were formalin-fixed. The tumors from the University 
Hospital, Kiel were fixed in Bouin's-fixative. 
The index case was stained wi th all antibodies shown in table 7.1. 
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Antigen 

Pankeratin 

CK8 

CK7 

CK19 

CEA 

Chromo-
granin A 

Synapto-
physin 

NSE 

Insulin 

Glucagon 

Somatostatin 

PP 

ACTH 

Gastrin 

Calcitonin 

Serotonin 

a r an t i -
Chymotrypsin 

S100 

Ki67 

P53 

ERBB2 

DPC4/Smad 4 

PDX-1 

Clone 

Polyclonal 

CAM5.2 

OV-TL 

RCK108 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

Polyclonal 

MIB-1 

DO-7 + 
BP53-12 

E2-4001 

B8 

Polyclonal 

Dilution 

1:10 000 

1:100 

1:500 

1:1600 

1:2000 

1:1000 

1:200 

1:10 000 

1:200 

1:1600 

1:3200 

1:1000 

1:400 

1:2000 

1:6000 

1:100 

1: 10 000 

1:3200 

1:100 

1:200 

1:200 

1:100 

1:5000 

Source 

DAKO 

Becton & 
Dickinson 

Biogenex 

Biogenex 

DAKO 

DAKO 

DAKO 

Seralab 

DAKO 

DAKO 

DAKO 

DAKO 

Organon 

DAKO 

DAKO 

Biogenex 

DAKO 

DAKO 

DAKO 

Neomarkers 

Neomarkers 

Santa Cruz 

Palle Serup 

Pretreatment 

Pepsin 

Pepsin 

Pepsin 

Pepsin 

-

-

Citrate 

-

-

-

-

-

-

-

-

-

Citrate 

Citrate 

Citrate 

Citrate 

Citrate 

Table 7.1 Ant ibodies and pre t reatment used for the immunohis tochemica l 
stains. CEA=carcinoembryonic ant igen, NSE = neuron-specif ic enolase, 
PP=pancreatic po lypept ide, ACTH = adrenocor t icot ropic hormone. 
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In the other tumors stains for chromogranin, synaptophysin, cytokeratin 7 and 
cytokeratin 19 were performed to confirm the endocrine nature of the mam part 
of the tumor and to confirm the nonendocrine nature of the ductules. All tumors 
were stained for PDX-1, p53, ERBB2, DPC4 and Ki67 to examine the relationship 
wi th pancreatic embryonic development and to assess the ductules for abnor
malities commonly detected in pancreatic ductal neoplasms. The PDX-1 anti
body was a gift from Palle Serup from the Hagedorn Research Institute, Gentofte, 
Denmark. Human fetal pancreas at 17 weeks of gestation served as a positive 
control for the PDX-1 staining. The primary antibody was replaced by phos
phate-buffered saline as the negative control. 

KRAS codon 12 analysis 

Sequence-analysis of KRAS codon 12 was performed on all tumors after micro
dissection of paraffin-embedded tissue that contained both the ductular and the 
endocrine components. If the results of the paraffin-embedded material were 
inconclusive, fresh frozen tumor tissue was also analyzed. Cell suspensions con
sisting of the colon carcinoma cell line SW 480 (homozygous for a GGT-GTT 
KRAS codon 12 mutat ion) and the colon carcinoma cell line HT 29 (wild type 
KRAS) were used as controls. Placental DNA was used as a control for nonspe
cific hybridization. 
Tumor tissue from 10 slides of 5 /jm was microdissected. DNA was purified wi th 
the Puregene DNA Purification system (Centra systems Minneapolis, MN) 
according to the manufacturer 's instructions and dissolved in a final volume of 
15//1. A first PCR was performed as described previously 4 with 1 \i\ DNA, 25 
pmol primer forward (5'-CTGAATATAAACTTGTGGTAGTTGGACCT-3'), 25 
pmol primer reverse (5'-CATGAAAATGGTCAGAGAAACC-3'), 2.0 mM MgCl2, 
1 0 0 / J M dNTP and 0.35 U Platinum Taq (Invitrogen, Carlsbad, CA). Fifteen 
cycles of 30 seconds at 94°C, 30 seconds at 55°C and 1 minute at 72°C were run, 
starting with a denaturation step of 3 minutes at 94°C and finishing with an 
annealing step of 5 minutes at 72°C. The PCR-product was purified with the 
Qiaquick PCR purification kit (Westburg, Leusden, The Netherlands) and incu
bated during 1 hour with a mixture 10 U restriction enzyme BSTN-1 (Bio-labs, 
Bend, OR in the buffer provided by the manufacturer and 0.2 /ig BSA (purified 
BSA lOOx, Bio-labs) in a total volume of lOjal. Then a second PCR was performed 
using 1 ji\ digested DNA, 25 pmol primer forward-2 (5'-CTCGCAACT-
GAATATAAACTTGTCGTACTTGGACCT-3'), 25 pmol primer reverse-2 (5'-
TCAAAGAATGGTCCTGCACC-3'), 3.5 mM MgCl2, 100//M dNTP and 1 U 
Platinum Taq (Invitrogen). Thirty-five cycles were run using the same PCR pro
gram. The PCR-product was purified with the Qiaquick purification kit. The 
sequence reaction was performed with the DNA sequencing kit, BigDye-
Terminator Cycle sequencing Ready Reaction (Applied Biosystems, Warrinton, 
UK) according to the manufacturer 's instructions, using primer forward-3 (5'-
CTCGCAACTGAATATAAACTTGTC-3') and primer reverse-3 (5'-TCAAA-
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GAATGGTCCTGGACC-3'). The sequence reaction products were run on an ABI 
Prism 3100 Automatic Sequencer (Perkin Elmer biosystems, Foster City, CA) 
and analyzed subsequently. 

X-chromosome inactivation clonality assay 

A clonality assay based on X-chromosome inactivation by methylation in 
PomTID^ in/i iT-nniificTfmn Qf •"h^ Human Androncii Pece^tor ^hiL~i\lARA^ ^ene on 
the X-chromosome was performed on case 7. The endocrine and ductular com
ponents were analyzed separately after microdissection of both components by 
laser capsule microdissection using the PALM® Laser Microbeam 
Microdissection System (Microlaser Technologies, Bernried, Germany) on 10/im 
unfixed fresh-frozen sections counterstained wi th hematoxylin. DNA was puri
fied wi th the Puregene DNA purification kit (Centra systems) according to the 
manufacturer 's instructions. The DNA concentration was measured with the 
Picogreen kit (Turner designs, Sunnyvale, CA). 
DNA of both the endocrine and ductular components was incubated with the 
restriction enzyme Hpa II (Roche, Basel, Switzerland), which is methylation 
sensitive. As a control for the digestion DNA of both the endocrine and the duc
tular components was incubated with the restriction enzyme Msp I (Roche), 
which recognizes the same restriction site, unmethylated and hemimethylated. 
As an internal control DNA of a tumor from a male patient was added to all 
samples. All samples (17,5 /vl) contained 70 U enzyme and buffer provided by the 
manufacturer, 50 ng purified DNA of either the endocrine or ductular compo
nent and 5 ng DNA of the internal control. Samples to which no enzymes were 
added served as a negative control. After incubation for 5 h at 37°C an identical 
amount of enzyme and buffer was added in a final volume of 35 fil. The samples 
were incubated overnight at 37°C. 
After digestion a nested PCR was performed to amplify the HUMARA gene. The 
first PCR was done wi th the complete digested sample, 175 ng primer forward 
(5 '-GCTGTGAAGGTTGCTGTTCCTCAT-3') , 175 ng primer reverse (5'-CGTC-
CAAGACCTACCGAGGAGCTT-3') and a total concentration of 3,6 mM MgCI2. 
Twen ty cycles of 1 minute at 96°C, 1 minute at 66°C and 1 minute at 72°C were 
run, starting wi th a denaturation step at 96°C for 3 minutes and finishing wi th 
an annealing step at 72°C for 7 minutes. The PCR products were purified wi th 
the Qiaquick PCR purification kit (Westburg) and dissolved in an end-volume of 
30 fil. The second PCR was performed with 2 jA purified DNA, 100 ng primer for
w a r d s (5'-TCCAGAATCTG TTCCAGAGCGTGC-3'), 100 ng primer reverse-2 
(5'-ATGGGCTTGGGGAGAACCATCCTC-3'and a total concentration of 1.8 
mM MgCl2. The same PCR program was run as for the first PCR. Finally, 1,5 fj\ 
of the PCR product was analyzed by an automatic ABI3100 sequencer and 
Genescan 2.1 software (Perkin Elmer Biosystems). 
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Results 
Patients 

In order to strengthen the evidence for the nonneoplastic nature of the ductular 
component in the pancreatic endocrine tumor described above, 15 pancreatic 
tumors from 10 male and 5 female patients with a mean age of 59 years (range 
19-79 years) were analyzed additionally. Eight of the 15 tumors behaved clini
cally as an insulinoma, one of the tumors produced the glucagonoma syndrome 
and the remaining 6 tumors were nonfunctioning. Three of the 15 patients had 
lymph node metastases. In 1 of these patients the tumor had also metastasized 
to the liver. The clinical data are shown in table 7.2. 

Histology 

By definition, the histological features of the tumors were similar to the features 
of the index case. The main part of the tumors consisted of endocrine cells. All 

Case 

1 (index case) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Sex 

M 

F 

M 

M 

M 

F 

F 

M 

M 

F 

F 

M 

M 

M 

M 

M 

Age 
(in years) 

41 

68 

37 

66 

56 

69 

74 

75 

70 

40 

52 

79 

46 

19 

77 

52 

Hormone-
production 

Insulinoma 

Glucagonoma 

Nonfunctioning 

Insulinoma 

Nonfunctioning 

Insulinoma 

Nonfunctioning 

Insulinoma 

Nonfunctioning 

Nonfunctioning 

Insulinoma 

Nonfunctioning 

Insulinoma 

Insulinoma 

Insulinoma 

Insulinoma 

Tumor 
size (cm 

1 

7 

3 

1.5 

1.7 

1.5 

3 

1 

2.5 

4 

4 

2.8 

1 

1 

2 

2.3 

) 
Meta
stasis 

? 

No 

? 

? 

No 

? 

5 lymph nodes 

? 

3 lymph nodes 

2 lymph nodes, liver 

No 

No 

No 

No 

No 

No 

Table 7.2 Clinical data of the patients included in the study. 
M = male, F = female 
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Figure 7.2 A: One of the tumors not only contained ductules, but also non
neoplastic islets (case no.10, hematoxylin and eosin). B-D: The normal arrange
ment of hormone-producing cells shown by immunohistochemical stains for 
insulin, glucagon and somatostatin, respectively, confirms the presence of a 
normal islet in the nonfunctioning tumor, which is negative for these hormones. 

primary tumors contained a variable number of ductules, also in the central part 
of the tumor. There was close association of the endocrine elements with the duc
tules. The ductules were lined by bland cuboidal epithelium without mitotic activ
ity or evident cytoplasmic mucin. Importantly, in the 10 lymph node metastases 
from 3 patients, only the endocrine component but no ductules were found. Also 
the liver metastasis from one of the patients consisted only of endocrine cells. 
In 15 of the 16 tumors including the index case, at least a small rim of surround
ing pancreas was available for histologic examination. In 4 cases this surround
ing pancreatic tissue showed severe chronic pancreatitis with ductular transfor
mation of the acinar cells and extensive fibrosis, which extended into the tumor. 
In a few cases not only ductules, but also normal islets were found in the fibrot-
ic tissue, which was intermingled wi th the tumor (Fig. 7.2). 
In 7 of the 16 tumors the surrounding pancreas showed focal signs of chronic 
pancreatit is. In the other patients pancreatitis was not a striking feature. 
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Figure 7.3 A: The ductular component before digestion with Hpa II: two 
alleles of the HUMARA gene from the ductules and one allele of the 
(unmethylated) HUMARA gene from the internal control are present. B: The 
ductular component after digestion with Hpa II: still two alleles of the 
HUMARA gene from the ductules are present. Compared with A there is no 
important shift in the ratio between the two alleles (from 1:0.99 to 1:1.56), 
indicating that the ductules are polyclonal. The allele from the internal con
trol has been digested completely.C: The endocrine component before 
digestion with Hpa II: two alleles of the HUMARA gene from the endocrine 
cells and one allele of the HUMARA gene from the internal control are pre
sent. The alleles from the endocrine cells show a difference in amplification 
(ratio 1:5.88). D: The endocrine component after digestion with Hpa II: still 
two alleles of the HUMARA gene from the endocrine cells are present, but 
they show a large shift in the ratio between the two alleles (from 1:5.88 to 
1:1.69), which indicates that the same allele in the endocrine cells has been 
digested by Hpa II, although not completely, and that the same allele is 
methylated. These results suggest that the endocrine cells are monoclonal. 
The allele from the internal control has been digested completely. 
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Immunohistochemistry 

In all tumors the endocrine component was positive for the endocrine markers 
chromogranin and synaptophysm and negative for cytokeratin 7. Sometimes, the 
endocrine component also expressed cytokeratin 19, but always more weakly than 
the ductules. In all cases, the ductular component was strongly positive for cyto
keratin 7 and cytokeratin 19, but negative for chromogranin and synaptophysin. 
In cases in which the surrounding pancreas showed severe chronic pancreatitis, 
the expression of cytokeratin 7 and cytokeratin 19 had increased in the areas 
with ductular transformation, compared with normal exocrine pancreatic tissue. 
In all tumors the Ki67 stain showed a low proliferative rate, both in the endo
crine and in the ductular component. None of the ductules expressed PDX-1. 
Also the stains for p53 and ERBB2 were negative. There was a normal expression 
of DPC4 in all cases. 

KRAS codon 12 analysis 

In none of the tumors was a mutat ion in KRAS codon 12 detected. 

X-chromosome inactivation analysis 

A clonality assay based on at random X-chromosome inactivation by methylation 
in females and amplification of the HUMARA gene on the X-chromosome was 
performed on the ductular and endocrine component of the tumor from a female 
patient (case no. 7). Both components were microdissected and analyzed sepa
rately. Figure 7.3 panel A shows that two different alleles of the HUMARA gene 
were present in the ductules before digestion wi th the methylation-sensitive 
restriction enzyme Hpa II. 
If the ductules were monoclonal, in all ductular cells the same allele of the HUMARA 
gene would be methylated and the same unmethylated allele would be digested 
by the Hpa II enzyme: after digestion only one allele would remain. However, 
after digestion wi th Hpa II there were still two peaks wi th only a small shift in 
the ratio between the two alleles (from 1:0.99 to 1:1.56, Fig. 7.3B), suggesting 
that the alleles of the HUMARA gene in the ductular cells were methylated at 
random: thus the ductular cells were polyclonal. 
Before digestion the endocrine component also showed two different alleles of the 
HUMARA gene. The ratio of 1:5.88 indicates that there was a difference in the 
amplification of the two alleles (Fig. 7.3C). After digestion wi th Hpa II these 
two peaks remained (Fig. 7.3D). However, a large shift in the ratio (from 1:5.88 
to 1:1.69) between the two alleles occurred, indicating that the same allele in 
the endocrine cells had been digested by Hpa II, although not completely, and 
that the same allele in these cells was methylated. These results indicate that , in 
contrast to the ductular component, the endocrine cells were monoclonal. 
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Discussion 

Pancreatic neoplasms with both ductal and endocrine elements are rare.2-9-11'13'18»19 

Various terms have been used in the literature for these entities, including 'duc-
tuloinsular tumor' , 'duct-acinar-islet cell tumor' , and 'mucin-producing islet cell 
adenoma'. Whereas some of these reported cases contain neoplastic elements 
wi th both endocrine and ductal differentiation, we think that others represent 
conventional pancreatic endocrine tumors wi th entrapped, nonneoplastic duc
tules.2 The characteristics of this second group of tumors have not been clearly 
elucidated and the present study is the first in which the nature of the ductular 
component has been investigated at the molecular level. 

To establish whether the ductules are neoplastic or not, the expression of a number 
of gene products known to be involved in neoplastic transformation of the duc
tal tumors in the pancreas was investigated. Amplification of ERBB2 and point 
mutat ions in codon 12 of the KRAS oncogene are early genetic changes in the 
stepwise development of pancreatic ductal adenocarcinoma and are also com
monly observed in other ductal neoplasms (including intraductal papillary-
mucinous neoplasms and mucinous cystic neoplasms). Inactivation of the 77*53 
and DPC4 tumor suppressor genes appears to occur late in this multistage 
sequence.8 In the tumors included in this study no evidence for genetic changes 
were found by immunohistochemistry for ERBB2, p53 and DPC4 and by 
sequence analysis for a KRAS codon 12 mutat ion. Therefore these data do not 
lend support to the hypothesis that the ductular component is neoplastic. The 
results of the X-chromosome inactivation analysis, performed on both compo
nents of the tumor from a female patient, even more strongly suggest that the 
ductules are nonneoplastic. In interpreting this analysis one has to be aware of 
difficulties that can arise: because X-chromosome inactivation in females shows 
a patchy distribution, nonneoplastic cells from the same area can have inactiva
tion of the same X-chromosome, incorrectly suggesting monoclonal i ty . 6 1 4 To 
prevent this in our case, tissue was sampled in different areas of the tumor. 
Results apparently suggesting polyclonality can be found due to contaminat ion 
wi th inflammatory or stromal cells.6 In our case, contaminat ion was avoided as 
much as possible by using laser capsule microdissection for obtaining tissue 
from the ductules, which is a very accurate method for isolating small cell 
groups or even single cells for further analysis. Because the X-chromosome inac
tivation analysis is based on comparing amplification of two alleles of a gene 
before and after digestion wi th a restriction enzyme, the results are dependent 
of the completeness of digestion and equal amplification of the alleles on both 
X-chromosomes.4 Therefore, we used an internal control. Taking these consider
ations into account, the results of the X-chromosome analysis in the present 
study indicate that the ductules are polyclonal while the endocrine component 
is monoclonal. 

It is interesting to note that in other tumors with both exocrine and endocrine 
components, microallelotyping has been used to demonstrate that both compo-
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nents were clonal and closely related.5 These tumors from the stomach and colon 
demonstrated clearly neoplastic features in both exocrine and endocrine compo
nents, the latter largely representing high grade neuroendocrine carcinomas. 
Thus, it is possible to prove the relationship of morphologically diverse compo
nents within a 'mixed' tumor. 
In contrast to the results presented here other authors consider the ductular 
Component to be neoplastic. In a lecent study,*- a ductular component in other
wise classical pancreatic endocrine tumors was a rather common finding, pre
sent in 15 of 92 cases (16,3%). It was suggested that the ductular component 
consists of neoductules, which arise from transformed endocrine tumor cells 
and thus are neoplastic. However, no convincing evidence supporting this 
hypothesis was provided. Some of the tumors described by others as 'ductuloin
sular' are wor thy of comment here. Some cases showed neoplastic epithelium, 
invasion of surrounding tissue, perineural growth and sometimes metastasis, 
which all suggests a neoplastic nature and tumor biology.18 It is felt that these 
tumors are either true mixed ductal-endocrine carcinomas or pancreatic 
endocrine tumors wi th reactive atypia of entrapped ductules. Another reported 
case had a liver metastasis that contained ductules while the primary tumor 
consisted of a endocrine component only, suggesting a neoplastic nature to the 
ductules.1 7 However, these ductules might represent nonneoplastic bile ducts 
entrapped by a conventional endocrine tumor. In our series the 3 cases wi th 
metastases only showed the endocrine component in the lymph nodes and liver. 
Furthermore, in all our cases the nuclear morphology was bland wi thout atypia 
and wi thout proliferative activity. 
Even if the ductular component is not neoplastic, it could still be an intrinsic part 
of the tumor. The pathogenesis of pancreatic endocrine tumors might be related 
to (or recapitulate) embryonic pancreatic development, during which islet cells 
arise from primitive ducts.7-16 Islet formation from ducts, mimicking this pro
cess, occurs, for example, in nesidioblastosis, but this is a more generalized phe
nomenon2 2 , that does not produce a circumscribed mass. If embryonic ducts 
may give rise to the endocrine neoplasm, expression of PDX-1 could be found in 
the ductular component of the tumors, because PDX-1 is considered to be an 
important regulator of early pancreatic development. However, immunohis to-
chemical stains for the PDX-1 protein were negative, and we have no evidence 
to support this hypothesis. Because the results of this study support neither the 
hypothesis of a neoplastic origin of the ductules nor the hypothesis of mimicry 
of embryonic development, the most obvious explanation for the presence of a 
ductular component in endocrine tumors of the pancreas, is entrapment of pre
existing pancreatic ductules. The chronic pancreatitis observed in the surround
ing pancreas in 11 of the 16 cases is compatible wi th entrapment: in chronic 
pancreatitis the number of ductules increases by ductular transformation of aci
nar cells and in the fibrotic tissue that results from the inflammation, ductules 
and islets may remain as the only preexisting structures. Also, in chronic pancre-
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atitis there may be close association of nonneoplastic ductules and islets ('duc-
tulomsular complexes'), closely resembling the juxtaposition of endocrine and 
ductular elements observed in the tumors we studied. 
In summary, although some authors consider ductules found within pancreatic 
endocrine tumors to be neoplastic and part of the original tumor, and although 
the histological features of these tumors are reminiscent of pancreatic organ 
development, the results presented here favor another pathogenesis. Most likely, 
the lesion reflects the simple entrapment of preexisting pancreatic ductules by a 
'conventional ' pancreatic endocrine tumor, possibly enhanced by accompanying 
chronic pancreatitis in the surrounding pancreas. It is important to recognize 
this lesion and to appreciate the nonneoplastic nature of the ductules, which 
may be less rare than previously thought.2 It is suggested to call these tumors 
'pancreatic endocrine tumors with entrapped ductules ' to describe their nature 
more precisely. The biology is similar to the biology of a conventional pancreatic 
endocrine tumor.2 
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Pancreatic endocrine tumors with ductules 
To the editor 

We would like to compliment van Eeden and colleagues on their meticulous study, 
which confirms the nonneoplastic nature of ductules encountered in pancreatic 
endocrine tumors.3 

They have concluded from clonality studies and immunohistochemistry that the 
ductular component is entrapped rather than a neoplastic process. We have com
mented previously on the presence of ductules in pancreatic endocrine tumors,1 

and we wish to present some additional observations. 
Four cases of so-called ductuloinsular pancreatic endocrine tumors were retrieved 
from the files of the Departments of Pathology, University Health Network, 
Toronto, and Wayne State University, Harper University Hospital, Detroit . All 
4 cases were clinically symptomatic insulin-producing tumors. It is wor th not
ing that 9 of 16 cases reported by van Eeden et al3 and 6 of 15 cases in the series 
by Deshpande et al2 were insulin-producing endocrine tumors. 
Microscopically, all 4 cases showed tubules intimately associated wi th the endo
crine elements. Many of the cytologically benign tubules were centrally located 
within these tumors. Focal chronic pancreatitis, remote to the tumor mass, was 
present. In addition, all the tumors were characterized by dense stromal sclero
sis in which the ductules were embedded. This latter feature was also comment
ed on by Deshpande et al.2 

We agree wi th van Eeden et al3 that the ductules are nonneoplastic; we would 
like to reiterate that the prevalence of insulin production and stromal fibrosis 
raises the question whether these two features are involved in the process. It 
would appear that both insulin and stromal sclerosis are recurring and common 
threads in this characteristic pancreatic endocrine tumor. 
It is well recogized that factors, such as insulin-like growth factor and t rans
forming growth factor alpha and beta, are capable of inducing fibrosis. Are the 
ductules merely resident entrapped ductules or are they proliferating in reaction 
to the extensive stromal fibrosis and growth factors? In our cases, the ductules 
were clustered and multiple, and their number, size and distribution suggest a 
nonneoplastic, proliferative process. It is possible that these ductules are prolif
erating in response to the "trophic" or "proxicrine" effect of the endocrine cells. 
If this is the case, then this phenomenon may introduce a new perspective to 
endocrine-exocrine interaction in the pancreas, and to the age-old question of 
whether local endocrine activity has any role in the initiation and progression of 
ductal neoplasia, and indeed, in influencing the aggressiveness of ductal adeno
carcinoma by exerting a "proxicrine" effect, a term coined by Dr. Murray Korc 
(personal communication, Utah, September 1999). This term has been used to 
describe the trophic effect of endocrine cells that are in close proximity to duc
tal cells, as opposed to either autocrine or paracrine activity. These are issues 
that warrant separate consideration and further scrutinity. 
The nature of the ductules may present an mtruiging intellectual exercise, but 
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from a practical point of view, it is important to recognize this particular type 
of endocrine tumor at frozen section as the ductules embedded wi thin a sclerot
ic stroma can be mistaken for ductal carcinoma of the pancreas. 

Runjan Chetty, MB,BCh,FRCPC, DPhil 
Sylvia L. Asa, MD, PhD 
Department of Pathology, University Health Network, University of Toronto, 
Toronto, Ontario, Canada 

N. Volkan Adsay, MD 
Department of Pathology, Wayne State University, Harper University Hospital, 
Detroit, MI 
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Authors' reply 
The comments by Chetty and colleagues are very much appreciated, and we agree 
that it is critical to appreciate the nonneoplastic nature of the ductules for prop
er diagnosis. As far as the mechanisms and the pathogenesis are concerned, a 
number of questions remain. 
Whether or not the phenomenon of entrapped ductules needs to be regarded as 
quite typical for insulinomas depends on the prevalence of insulinomas in the 
group of pancreatic endocrine tumors (PETs) with entrapped nonneoplastic duc
tules compared to the number of insulinomas in the group of conventional 
PETs. Up to 60% of the conventional PETs have been reported to be insulino
mas.4 In this respect, the findings of 6 insulinomas in the group of 15 PETs wi th 
entrapped nonneoplastic ductules (40%) reported by Deshpande et al.2 and 9 in 
16 cases (56%) in our own study3 are not unexpected. That ductules were found 
in the majority of 40 PETs reviewed at the Toronto inst i tut ion as reported in a 
previous letter1 also suggests that this phenomenon is not specific for insulinomas. 
Based on the observation that the ductules are multiple and clustered, Chet ty 
and colleagues propose that they result from a nonneoplastic proliferative pro
cess. However, in our experience the ductules do not contain mitotic figures and 
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Figure 7.4 Liver metastasis of a previously reported PET with entrapped 
nonneoplastic ductules.3 The metastasis contains both entrapped hepato-
cytes (A), as confirmed in the CD1 0 immunostaining for bile canalicuIi (B), 
and ductules (C), as confirmed in the cytokeratin 7 immunostaining (D). 

show a very low proliferative rate based on Ki67 immunohistochemical staining. 
Therefore, if proliferation plays a role, it has to be an extremely slow process. In 
our opinion, ductular transformation is another possible pathogenetic mecha
nism. Our results are not consistent with ductular transformation of the neo
plastic endocrine cells, as suggested by Deshpande et al.,2 but ductular transfor
mation of entrapped acinar cells from the surrounding pancreas, a phenomenon 
frequently observed in chronic pancreatitis, is possible. Alternatively, the duc
tules could represent residual entrapped preexisting small intralobular ductules 
that remain within the growing endocrine tumor following atrophy of the acinar 
elements. A similar juxtaposition of ductules and islets is seen in areas of chron
ic pancreatitis where there is extensive acinar atrophy ("ductuloinsular com
plexes"). Indeed, chronic pancreatitis was observed in 11 of our 16 cases. 
Moreover, as we have shown, ductules are not the only structures entrapped by 
PETs. In some of our cases, normal pancreatic islets were also found within the 
tumors.3 Interestingly, after submission of our manuscript, one of the patients 
included in our study (case no. 3), underwent resection of liver metastases. He 
also had developed symptoms of hypergastrinemia. Histologically, the tumor 

1 2 2 



Ductuloinsular tumors of the pancreas 

nodules in the liver showed the features of a metastatic PET, and in one of these 
nodules not only ductules, but also clusters of hepatocytes were found (Fig. 7.4). 
While the ductules within the metastat ic tumor may be either entrapped bile 
ducts or transformed hepatocytes, the presence of pancreatic islets in primary 
PETs and hepatocytes in a liver metastasis indicates that entrapment of 
nonneoplastic elements certainly occurs, perhaps accompanied by transforma
tion or proliferation. 

These observations do not exclude, as suggested by Chetty et al., that PETs pro
duce trophic factors that exert their influence on the surrounding tissue and 
induce the fibrosis observed in the tumors. But taking into account that not all 
PETs wi th entrapped structures are insulinomas, it is most likely that any such 
trophic factors can be produced by different types of PETs. 
We agree with Chetty and colleagues that this is an intriguing issue and that 
more research is needed before the pathogenesis of PETs with entrapped non
neoplastic ductules will be fully understood. 

Susanne van Eeden, Wendy W.J. de Leng, G. Johan A. Offerhaus, Folkert H. 
Morsink, Marian A.J. Weterman, Ronald R. de Krijger, Günter Klöppel, and 
David S. Klimstra. 
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Abstract 

Metastasized neuroendocrine tumors of the gastrointestinal tract and of unknown 
origin show a highly variable clinical course. Within this group, low-grade and 
high-grade malignant tumors can be recognized based on the 'revised classification 
of neuroendocrine tumours of the lung, pancreas and gut' by Capella et al in 1995. 
The present study investigated whether fine-tuning the prediction of prognosis 
was possible by dividing the group of low-grade malignant tumors of midgut and 
of unknown origin into typical and atypical carcinoids by grading them according 
to the World Health Organisation classification (WHO) criteria for neuroendocrine 
tumors of the lung. Moreover, the prognostic value of immunohistochemical stain-
ings and clinical parameters was evaluated. The study group comprised patients 
diagnosed between 1983 and 1999 with liver metastases of a neuroendocrine tumor 
of the midgut (n= 40) or of unknown origin (n= 16). As a control for the consisten
cy of grading, 10 patients with metastasized neuroendocrine tumors of the lung 
were evaluated as well. Immunohistochemical stainings for chromogranin A, synap-
tophysm, Leu 7/CD57, NCAM/CD56, cytokeratm 8, bcl 2, p53, Ki67 and HER2/neu 
were performed. The clinical parameters age, gender, urinary 5-HIAA level and pres
ence or absence of the carcinoid syndrome were evaluated. 
Tumors of the midgut and of unknown origin were evaluated together, because 
they were clinically similar. In this group of 56 patients, both the Capella- and 
the WHO-classification systems recognized the high-grade malignant tumors 
wi th a bad prognosis. When the low-grade malignant tumors (Capella) were 
divided into typical and atypical carcinoids (WHO) no difference in survival was 
observed, but when the dichotomy into typical and atypical was based on mitot
ic count alone, the difference became borderline significant (p= 0.072). Of the 
immunohistochemical stainings used, synaptophysin, cytokeratin 8 and Ki67 
had limited prognostic value. Age above 60 was the only clinical parameter of 
unfavorable prognostic significance. 
We conclude that high-grade malignant neuroendocrine tumors of the midgut and 
of unknown origin are recognized by both the Capella classification and by the 
WHO classification of neuroendocrine tumors of the lung. Further subdividing 
low-grade malignant tumors at this location appears of less value than in the lung, 
but assessing the mitotic activity of these tumors might be of prognostic value. 

In t roduct ion 

The term 'Karzinoid' was introduced in 1904 by Oberndorfer, who described 
malignant intestinal tumors wi th distinct morphologic characteristics that 
behaved less agressively than conventional adenocarcinomas in this site. The 
neuroendocrine origin of carcinoids was proposed by Ciaccio in 1906 and further 
established by Cosset and Masson during the following decades.1 Today it is 
well known that neuroendocrine tumors do not only arise throughout the gas
trointestinal tract, but also in the lung, pancreas and, less frequently, in the medi-
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astinum, breast, hepatobiliary system and urogenital tract.2 

Although Oberndorfer already knew that most gastrointestinal neuroendocrine 
tumors have a better prognosis than gastrointestinal adenocarcinomas, accurate 
prediction of survival in patients wi th gastrointestinal neuroendocrine neo
plasms remains a difficult task for both clinicians and pathologists. Even in a 
group of patients wi th metastatic disease, the clinical course is highly variable. 
Therefore, more insight into the clinical and histologic features associated with 
prognosis is needed to optimize patient management. This insight can help the 
clinician choose the optimal pharmacologic t reatment and make a better selec
tion of patients who would benefit from extensive surgical procedures, such as 
valvular replacement to treat carcinoid heart disease.3-4 '5 

Probably the most useful classification for predicting prognosis of neuroendocrine 
tumors of the gastrointestinal tract is the revised classification of neuroen
docrine tumours of the lung, pancreas and gut published by Capella et al in 1995.6 

This classification system evaluates not only the histopathologic criteria of tumor 
size, angioinvasion, and infiltrative growth, but also the tumor site and whether or 
not the tumor is functionally active (i.e., causes a clinical syndrome by hormone 
production). Based on these criteria, in each site neuroendocrine tumors are graded 
as benign, borderline malignant, low-grade malignant or high-grade malignant.6 

Many patients wi th gastrointestinal neuroendocrine tumors present with meta
static disease and most of their tumors would be low-grade malignant according 
to the Capella classification system. The same holds true for patients wi th neu
roendocrine tumors of unknown origin. In these cases of metastatic disease, a 
disadvantage the Capella classification system is, that in this group of low-grade 
malignant tumors, it is not possible to distinguish patients with significant dif
ferences in survival, although this would be desirable from a clinical standpoint. 
For neuroendocrine tumors of the lung, a histologic classification system that 
shows a clear correlation with prognosis was proposed by Travis et al8 and sub
sequently adopted by the World Health Organization (WHO). This classifica
tion system is now used in daily practice. Based on cellular atypia, mitotic activ
ity and presence or absence of necrosis, pulmonary neuroendocrine tumors are 
divided into 4 categories: typical carcinoid, atypical carcinoid and high-grade 
neuroendocrine carcinoma, large-cell type or small-cell type.7-8 '9 

Until now, no studies have been published investigating whether the WHO clas
sification for neuroendocrine tumors of the lung would be applicable on neu
roendocrine tumors of other sites and would be of more prognostic value than 
other classifications. Thus the present study is the first to examine whether 
grading metastasized neuroendocrine tumors of the gastrointestinal tract or of 
unknown origin according to the criteria used for pulmonary neuroendocrine 
tumors provides a more accurate prediction of survival than the Capella classifi
cation. As a control for the consistency of grading, a group of patients with a 
neuroendocrine tumor of the lung was evaluated similarly. 
Also evaluated is the prognostic value of immunohis tochemical stainings for 
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chromogranin A. synaptophysin, Leu7/CD57, NCAM/CD56, cytokeratin 8, p53, 
bcI2, HER2/neu and Ki67and the clinical parameters age, gender, urinary 5-
HIAA and presence or absence of carcinoid syndrome. 

Mater ia l and methods 
Patients 

The s tudy included 56 pat ients referred to The Nether lands Cancer Ins t i tu te 
between 1983 and 1999 with liver metastasis of a neuroendocrine tumor of the 
midgut or of unknown origin. To establish the site of the primary tumor, CT 
scans and octreotide- and/or meta-iodobenzylguanide (MIBG) scans were per
formed in all patients. In all cases the diagnosis of neuroendocrine tumor had 
been confirmed by histologic examination.The diagnosis of liver metastasis was 
made on radiologic imaging in all patients, 29 of whom had liver biopsies includ
ed in this study. Patients wi th a second malignancy and patients with mixed 
tumors were excluded. Applying these criteria, 40 patients with a neuroendocrine 
tumor of the midgut and 16 patients with a neuroendocrine tumor of unknown 
origin were included in the study. Ten patients wi th a metastasized neuroen
docrine tumor of the lung served as a control group to validate tumor grading. 
Clinical data of each patient - sex, age at diagnosis of liver metastasis, site of the 
pimary tumor, level of urinary 5-HIAA, signs and symptoms consistent with the 
carcinoid syndrome and follow up - were retrieved from the medical records. 
Survival of the patients was calculated from the date of diagnosis of the liver 
metastases. The study end point was the patient 's death. Observation time was 
from 1983 to June 2001. 

Histology 

For each patient, a tissue sample was available either from the primary tumor or 
from 1 or more metastases or from the primary tumor and 1 or more metastases 
(table 8.1). 

Midgut 

Unknown 

Lung 

(n = 40) 

(n-16) 

(n = 10) 

P 

7 

-

5 

M 

17 

16 

3 

P+ M 

16 

-

2 

Total 

68 

18 

12 

Table 8.1 Number of patients in each group, of whom tissue is available 
from the primary tumor (P), one or more metastases (M) or the 
primary tumor and one or more metastases (P+ M). Total=the 
total number of tissue blocks examined in each group. 
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M (n = 40) 

U (n = 16) 

L (n = 10) 

Total 

Chr.A 

37 

13 

10 

60 

Syn 

37 

12 

10 

59 

CD57 

37 

12 

10 

59 

CD56 

33 

9 

9 

51 

CK8 

36 

13 

9 

58 

P53 

37 

11 

9 

57 

Bcl2 

37 

10 

10 

58 

HER2 

33 

9 

9 

51 

Ki67 

38 

11 

10 

59 

Table 8.2 The number of pa t ien ts in each g roup of w h o m slides were avai l 
able fo r i m m u n o h i s t o c h e m i c a l s ta in ing . M = m i d g u t , U = of 
u n k n o w n o r i g i n , L = l u n g . Chr.A = ch romog ran in A, Syn = synapto -
phys in , CK8 = cy toke ra t i n 8, HER2 = HER2/neu. 

A total of 98 specimens of 66 patients were evaluated, wi th multiple specimens 
obtained from 27 patients. 
Histologic evaluation was performed on 4pm routinely hematoxylin and eosin-
stained slides from formalin-fixed and paraffin-embedded tissue. The slides of 
both primary tumors and metastases were graded according to the Capella clas
sification and also, regardless of their site, according to the WHO classification 
of neuroendocrine tumors of the lung. The presence of necrosis was also evalu
ated separately. 

Immunohistochemistry 

When unstained slides of the paraffine-embedded tissue were available, immuno
histochemical stains for chromogranm A, synaptohysin, CD57/Leu7, CD56/ 
NCAM, cytokeratin 8, p53, bcl2, HER2/neu and Ki67 were performed on tumor 
sections from all sites in each case (table 8.2). 
The staimngs were performed according to routinely used methods with the 
antibodies and pretreatment listed in table 8.3. 
The Ki67 staining was evaluated by counting the number of positive tumor cells 
per 1 mm2 . For the other stainings tumor cell positivity was divided into 6 cate
gories: 0%, <5%, 5 to 25%, 25 to 50%, 50 to 75% and 75 to 100%. Because the 
results of most stainings fell in either the highest or lowest categories, for prac
tical purposes staining of <25% of the tumor cells was considered negative, and 
staining of >25% of the tumor cells was considered positive. Only membrane 
staining was considered positive for CD56/NCAM and HER2/neu; cytoplasmic 
staining was regarded as background. 

If stains from more than 1 site in 1 patient were available, then the site wi th the 
highest histologic grade was used for statistical analysis. If the sites did not differ in 
histologic grade, the 'most unfavorable' result was used, that is, the highest value 
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Chromo-
granin A 

Synapto-
physin 

CD57/Leu7 

CD56/NCAM 

Cytokeratin 8 

P53 

Bel 2 

HER2/neu 

Ki67 

Antibody 

Mouse M. 
LK2H10 

Rabbit P. 

Mouse M. 
HNK-1 

Mouse M. 
123C3.D5 

Mouse M. 
CAM 5.2 

Mouse M. 
DO-7 

Mouse M. 
124 

Mouse M. 
3B5 

Rabbit P. 

Dilution 

1:2000 

1:400 

1:100 

1:1600 

1:250 

1:8000 

1:100 

1:10000 

1:1200 

Source 

NeoMarkers, 
Freemont, CA 

DAKO, 
Glostrup, 
Denmark 

Becton 
Dickinson, 
Franklin Lakes, 
NJ 

NeoMarkers, 
Freemont, CA 

Becton 
Dickinson, 
Franklin Lakes, 
NJ 

DAKO, 
Glostrup, 
Denmark 

DAKO, 
Glostrup, 
Denmark 

NeoMarkers, 
Freemont, CA 

DAKO, 
Glostrup, 
Denmark 

Pre-
treatment 

None 

Pronase 

Retrieval 

Retrieval 

Pronase 

Retrieval 

Retrieval 

Retrieval 

Retrieval 

Table 8.3 Immunoh i s tochem ica l mater ia ls and methods . Mouse M. = mouse 
monoc lona l a n t i b o d y , Rabbi t P. = rabb i t a n t i - h u m a n po lyc lona l 
an t i body . 

for p53, bcl2, HER2/neu and Ki67and the lowest value for chromogranin A, synapto-
physin, Leu7/CD57 and cytokeratin 8. Because the literature provides inconsistent 
data on the relationship between prognosis and CD56/NCAM expression10, analy
ses with both the highest and the lowest value of CD56/NCAM were performed. 
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Statistical analysis 

SPSS 10.0 (SPSS, Chicago, IL) was used for all statistical analyses. Survival was 
calculated using the Kaplan-Meier method. Univariate analysis of clinical and 
histologic data as prognostic variables was performed using the log-rank test. 
Cox's proportional hazards regression model was used to identify independent 
prognostic variables. The significance of categorical differences between groups 
was calculated using Fisher's exact test. Pearson's correlation test was used to 
determine the correlation between the number of Ki67-positive cells and mitotic 
activity. P-values < 0.05 were considered statistically significant. 

Results 
Clinical parameters 

The clinical parameters of the pat ients in each group are shown in table 8.4. 
The groups show a similar sex and age distribution and generally the expected 
correlation between normal or elevated levels of 5-HIAA and the absence or 
presence of the carcinoid syndrome. Only 5 patients wi th tumors of the midgut 
and 2 patients wi th tumors of unknown origin had elevated 5-HIAA levels with
out the carcinoid syndrome and 1 patient wi th a tumor of unknown origin suf
fered from the carcinoid syndrome, but had a normal 5-HIAA level. 
Because the patients with neuroendocrine tumors of the midgut and the patients 
wi th neuroendocrine tumors of unknown origin did not show statistically sig
nificant differences in the aforementioned clinical characteristics, these groups 
have been evaluated together as 1 group of 56 patients in the analyses described 
here. Median follow up in this group was 44 months . Of the 56 patients, 42 died 
of tumor-related causes. 

Midgut Unknown Lung 
(n = 40) (n = 16) (n = 10) 

7 

3 

37-83 
(median 61) 

5/9 

5/9 

Table 8.4 The clinical characteristics of the patients in each group. 

Male 

Female 

Age 

Elevated 5-HIAA 

Carcinoid syndrome 

16 

24 

40-83 
(median 62) 

35/39 

29/40 

9 

7 

37-79 
(median 62) 

13/16 

12/16 
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Midgut /Unknown origin Lung 

(n = 56) (n = 10) 

Capel la , low grade 54 8 

Cape l la , h igh g rade 2 2 

WHO, typ ica l carc ino id 37 4 

WHO, atyp ica l carc ino id 16 4 

WHO, h igh grade 3 2 

Table 8.5 Neuroendocr ine t u m o r s of m i d g u t and u n k n o w n or ig in and pu l 
monary neuroendocr ine t u m o r s g raded accord ing to the Capella 
c lassi f icat ion and accord ing to the WHO classi f icat ion of neuroen
docr ine t umors of t he l ung . 

Median follow up in the group of patients with pulmonary tumors was 33 months. 
During this period, 8 patients died of tumor-related causes. 
Statistical analysis did not show significant differences in the clinical parameters 
between the group of 56 patients wi th tumors of the midgut and of unknown 
origin and the group of 10 patients wi th tumors of the lung. Moreover, univari
ate analysis of the clinical parameters showed that age above 60 years was the 
only clinical parameter of prognostic significance in both groups (p = 0.02 and 
p = 0.03 respectively); older patients had a significantly shorter survival. 

Histology 

The results of grading all tumors according to the Capella classification and ac
cording to the WHO classification of neuroendocrine tumors of the lung are 
summarized in table 8.5. 
To evaluate the grading methods, the tumors of the 10 patients with metasta
sized neuroendocrine tumors of the lung were analyzed first. In this group no 
discrepancies in grade were found by either the Capella or the WHO classifica
tion, when more than 1 site in 1 patient was examined. Both classifications rec
ognized the same 2 tumors as high-grade malignant. In the lung, high-grade 
malignant tumors had a statistically significant worse prognosis than tumors of 
low-grade malignancy (Capella) or typical and atypical carcinoids (WHO) 
(p = 0.0100 in both classifications). The difference in survival between typical 
carcinoids and atypical carcinoids showed a trend toward significance 
(p = 0.085). The 4 patients wi th atypical carcinoids all died wi th a mean survival 
of 29 months , whereas 2 of the 4 patients wi th typical carcinoids survived, wi th 
a mean follow-up of 53 months. 
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Figure 8.1 Survival accord ing to g rade fo r NE tumors of m i d g u t or of 
u n k n o w n pr imary site 

In the group of 56 pat ients wi th tumors of the midgut or of unknown origin, 
discrepancies in grade between different sites in 1 patient were found in 1 case 
using the Capella classification (1 metastasis of low-grade malignancy and 1 
metastasis of high-grade malignancy) and in 5 cases using the WHO classification 
(2 typical carcinoid primaries with atypical carcinoid metastases, 2 atypical carci
noid primaries with typical carcinoid metastases and 1 unknown primary wi th an 
atypical carcinoid metastasis and a high-grade malignant metastasis). In these 
patients, the highest grade was used for statistical analysis. By applying the 
Capella classification, 2 of the 56 tumors were graded as high-grade malignant, 
whereas the WHO classification recognized 3 tumors as high-grade in this group. 
Analysis of grade related to survival showed that both classifications recognized 
the high-grade malignant tumors wi th a bad prognosis on 1 side and the tumors 
with better survival rates - that is, of low-grade malignancy (Capella) or typical 
and atypical carcinoids (WHO) - on the other side (p = 0 and p = 0.0039 respec
tively). Fine-tuning of predicting survival in the group of patients wi th meta
static low-grade malignant disease by grading according to the WHO classifica
tion of neuroendocrine lung tumors seemed impossible; the difference in 
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survival between patients wi th metastasized typical carcinoid and patients with 
metastasized atypical carcinoid was not statistically significant (p = 0.2). However, 
the WHO classification is based on 2 parameters: mitotic activity and necrosis. 
If the low-grade malignant tumors were divided into 2 groups, based on mitotic 
activity alone, using a treshold of 2 mitoses/2 mm 2 , then the difference in sur
vival showed a trend toward significance (p = 0.072, Fig 8.1). 
In addition, the prognostic value of the presence or absence of necrosis was analyzed 
separately. All high-grade tumors and 5 low-grade tumors of midgut or unknown 
origin showed necrosis, but this parameter had no prognostic significance. 

Immunohistochemistry 

The results of the immunohistochemical stainings are shown in table 8.6. 
The neuroendocrine markers chromogranin A, synaptophysin and CD57/Leu7 
are positive in 95 to 100% of both pulmonary tumors and tumors of the midgut 

Chr.A 

Syn 

CD57/Leu7 

CD56 low 

CD56 high 

Cytokeratin 8 

P53 

Bel 2 

HER2/neu 

Ki67 

M/U 

TC 

29/31 

27/31 

28/31 

13/24 

15/24 

28/30 

0/31 

0/29 

0/24 

0/31 

M/U 

AC 

14/16 

12/15 

14/15 

8/15 

9/15 

14/16 

0/15 

1/15 

0/15 

0/15 

M/U 

High 
grade 

2/3 

2/3 

1/3 

2/3 

2/3 

2/3 

1/3 

2/3 

0/3 

2/3 

Lung 
TC 

4/4 

4/4 

2/4 

2/3 

2/3 

3/3 

0/3 

1/4 

0/3 

0/4 

Lung 
AC 

3/4 

2/4 

2/4 

3/4 

3/4 

3/4 

1/4 

3/4 

0/4 

0/4 

Lung 
High 
grade 

0/2 

2/2 

0/2 

2/2 

2/2 

1/2 

2/2 

2/2 

0/2 

2/2 

Table 8.6 Results of the immunohistochemical stainings according to grade 
and primary site. The number of positives per number of cases 
stained, are indicated. M/U=tumors of midgut or unknown origin, 
TC = typical carcinoid, AC = atypical carcinoid, Chr.A = chromo-
granin A, Syn = synaptophysin. When more than 1 site was stained 
for CD56/NCAM and discrepancies were found, the analysis was 
done with the lowest score (CD56 low) as well as wi th the highest 
score (CD56 high). 
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or unknown origin. Bcl2 is only occasionally positive in the latter group. In both 
pulmonary tumors and tumors of midgut and unknown origin, the number of 
Ki67-positive cells correlates wi th the mitotic activity of the tumor. Pearson's 
coefficient is 0.88 when low- and high-grade malignant tumors are analyzed 
together and 0.55 when only low-grade tumors are analyzed. In both groups, 
high-grade tumors are recognized in the Ki67 staining, when a treshold of 1000 
positive nuclei per mm 2 is used. The number of cases showing positivity for p53 
was too small (midgut or unknown origin, n = l ; lung, n = 3), to allow reliable 
statistical analysis. Low or absent expression of cytokeratin 8 or synaptophysin 
in tumors of midgut or unknown origin turns out to be an unfavorable prognos
tic factor in both the group of low-grade tumors and in the group as a whole 
(cytokeratin 8: all tumors of midgut or unknown origin, p = 0.001; low-grade 
tumors of midgut or unknown origin. p = 0.006; synaptophysin: all tumors of 
midgut or unknown origin, p = 0.009; low-grade tumors of midgut or unknown 
origin, p = 0.03). 

Discussion 

This study investigated the prognostic value of histologic grading, immunohis-
tochemical staimngs, and clinical parameters in a group of 56 patients. The goal 
was to find a way to fine-tune the prediction of prognosis and thereby optimize 
patient management in metastasized neuroendocrine tumors of the gastroin
testinal tract and of unknown origin. This is the first study in nonbronchial 
neuroendocrine tumors comparing the prognostic value of 2 histological classifi
cations: the revised classification of neuroendocrine tumors of the lung, pan
creas and gut by Capella et al6 and the WHO classification of neuroendocrine 
tumors of the lung.7"-9 The latter might provide a basis for a more accurate pre
diction of survival, because it distinguishes 2 categories (typical and atypical 
carcinoid) in a group of metastasized tumors that would all be graded as low-
grade malignant according to the Capella classification system. As a control for 
the consistency of grading, a group of 10 patients wi th a metastasized neuroen
docrine tumor of the lung was evaluated. 
In the group of 56 patients wi th tumors of the midgut and of unknown origin 
the tumors graded as high-grade malignant according to the Capella (2 tumors) 
and the WHO classification (3 tumors), had a significantly worse prognosis 
(p = 0 and p = 0.0039) than the other tumors in this group. However, when these 
other tumors (all low-grade malignant according to the Capella classification 
system) were graded according to the WHO classification system, no significant 
difference in survival was found between patients wi th typical and atypical car
cinoids (p = 0.2). When only mitotic activity (treshold 2/2 mm2) and not the 
absence or presence of necrosis was used as a criterium to identify 2 prognosti-
cally different groups wi thin the group of low-grade malignant tumors, the dif
ference in survival showed a trend toward significance (p = 0.072). 
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In the group of lung tumors both the Capella and the WHO classification sys
tems recognized the high-grade malignant neoplasms wi th a signifcantly worse 
prognosis than the other tumors in the group (p = 0.0001). When the low grade 
malignant tumors were divided into typical and atypical carcinoids, differences 
in survival showed a trend toward significance (p = 0.085). Because the number 
of patients is limited and all patients have metastasized tumors which influ
ences prognosis regardless of histologic grade, this trend toward significance 
appears to be in concordance with the expectations based on the l i terature7 '9 

and indicates that the criteria for grading the tumors were applied correctly. 
When interpreting these results, it is important to realize that the study group 
of nonbronchial tumors is a selected group comprising patients wi th metastatic 
disease. Finding differences in survival in a group of patients wi th an unfavor
able prognostic factor (i.e., metastases) might require a larger group of patients 
than was available in the present study to reach statistical significance. 
Moreover, it may well be that neuroendocrine tumors of midgut and unknown 
origin are fundamentally different from neuroendocrine tumors of the lung. 
Important findings in this respect were recently published by Zhao et al.11 

These authors examined neuroendocrine tumors of the lung and gastrointestinal 
tract by comparative genomic hybridization and found deletions of chromosome 
l l q exclusively in 36% of the bronchial tumors and losses of chromosome 18q 
and 18p in 38% and 33%, respectively, of only the gastrointestinal tumors. 
These differences in genetic alterations indicate that neuroendocrine tumors of 
the lung are histogenetically different from neuroendocrine tumors of the gas
trointestinal tract and thus might behave differently. Therefore, a classification 
developped for grading neuroendocrine tumors of the lung is not necessarily 
applicable on neuroendocrine tumors of other sites. 
A remarkable finding was that in the study group, in contrast to pulmonary 
tumors, necrosis could not be used as a criterium to distinguish typical and 
atypical carinoids. This possibly may be due to the effect of the hormones 
secreted by gastrointestinal tumors. These often cause (mesenterial) fibrosis and 
ischemia. Necrosis in these tumors might be ischemic (secondary) necrosis, 
which does not negatively influence prognosis, instead of true tumor necrosis, 
which might be a prognostically adverse characteristic of the neoplasm itself. 
Of the investigated immunohistochemical stainings investigated, Ki67, cytoker-
atin 8 and synaptophysin had at least some prognostic value. Bel 2 was not cor
related to survival, but was more often expressed in the pulmonary tumors. This 
is in concordance wi th the results of other studies. Positivity for p53 and bcl 2 is 
mainly, although not exclusively, reported in neuroendocrine tumors of the 
lung, especially in small cell carcinomas. Their role in neuroendocrine tumors of 
the gastrointestinal tract seems limited.12"16 

A promising study has been published on the amplification and immunohisto
chemical expression of the epidermal growth factor receptor HER2/neu in neu
roendocrine tumors of the gastrointestinal tract, predominantly in metastasized 
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tumors . 1 7 Surprisingly, none of the tumors in the present study - all metasta
sized by definition -showed any positivity. Although the possibility that this is 
due to technical differences and to different methods of scoring the immunohis-
tochmical stammgs can not be ruled out, the present study does not provide evi
dence for a role of HER2/neu in neuroendocrine tumors. 
Conflicting data on the prognostic significance of NCAM expression have been 
published.10-14 This study found no prognostic value of this marker, but the 
number of tumors stained was limited. It would be interesting to investigate 
whether metastases of neuroendocrine tumors lose expression of this cellular 
adhesion molecule in comparison wi th the primary tumor. 
Several studies have reported the prognostic value of Ki67 positivity in neuroen
docrine tumors.1 4 '1 5-1 8 '1 9 However, the correlation between Ki67 positivity and 
mitotic activity is not taken into account, although this seems to be essential in 
determining the additional value of a marker for cell proliferation. This relation
ship appears to depend on tumor type and differentiation.20 In this study, as 
expected, the number of Ki67 positive cells correlated better with mitotic activity 
when high-grade and low-grade malignant tumors were evaluated together than 
it did in the group of low-grade malignant tumors alone. No additional value of 
Ki67 staining was seen; high-grade malignant tumors can be easily recognized 
by counting mitotic figures in an hematoxylin and eosin staining, whereas Ki67 
positivity does not show significant differences within the group of low-grade 
malignant tumors. 
In this study the only clinical parameter wi th (unfavorable) prognostic value 
was age greater than 60 years. This result is in concordance wi th other studies in 
which age turned out to be a significant prognostic factor.21"23 Prognostic value 
of elevated urinary 5-HIAA and the presence of carcinoid syndrome has been 
described. However, these parameters might not be independent, but might be 
related to metastatic disease, which is prognostically unfavorable anyway.24"26 

The results of the present study support this notion; all patients had metas
tases, but urinary 5-HIAA level and presence or absence of carcinoid syndrome 
were not of prognostic significance. 
In conclusion, the present study shows that high-grade and low-grade neuroen
docrine tumors of the gastrointestinal tract and of unknown origin can be recog
nized by 2 different classifications. Moreover, mitotic activity of Ï 2 / 2 mm 2 may 
recognize tumors wi th an unfavorable prognosis within the group of low-grade 
malignant tumors, although more research in this area is needed. A better under
standing of the molecular biology and pathogenesis of neuroendocrine tumors 
might be of crucial importance in further exploring this area. 
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Summary 

Gastrointest inal and pancreatic endocrine tumors are relatively rare neoplasms 
of which the pathogenesis is not completely understood and of which the clinical 
behavior is difficult to predict. This thesis does not only describe general fea
tures of these lesions, but also contains studies on specific aspects, that may 
contribute to unraveling their pathogenesis and may help in predicting progno
sis and in guiding clinical management. Throughout the chapters it is shown 
that there is a close relationship between the endocrine compartment and the 
surrounding (exocrine) tissues of the gastrointestinal tract and pancreas. 

Chapter 1 describes the state of the art concerning gastrointestinal and pancre
atic endocrine tumors and indicates that hypotheses formulated in the past 
regarding their origin and the increasing knowledge from the field of develop
mental biology may be of use in investigating these tumors. 

In chaffer 2 the first case in modern l i terature of an appendiceal gangliocytic 
paraganglioma is reported. A gangliocytic paraganglioma is a very rare tumor, 
mostly arising in the duodenum, and consisting of a component with features of 
a conventional paraganglioma, combined wi th ganglion-like cells and spindle 
cells reminiscent of Schwann cells. It is suggested that these tumors originate 
from the endodermal-neuroectodermal complexes originally described in the 
first half of the 20 t h century by Van Campenhout in mammalian embryos. 

Chaffer 3 comprises a study of appendiceal goblet cell carcinoids. Although these 
tumors usually have (some) endocrine features, it is shown that they have many 
similarities to conventional adenocarcinomas as well. Based on their morpholog
ical and immunohistochemical characteristics it is suggested that goblet cell car
cinoids represent a separate enti ty arising from crypt progenitor cells for which 
the formerly used term 'crypt cell carcinoma' may be more appropriate. 

Chaffer 4 describes an intimately admixed endocrine tumor and a papillary serous 
adenocarcinoma in a patient with extensively metastasized disease. Since the 
loss of heterozygosity (LOH) analysis shows a distinctive pat tern of LOH in 
both tumor components, including loss of different alleles at two loci, and since 
both components show a different immunohistochemical staining pattern, it is 
concluded that they most likely are from different clonal origin and probably do 
not represent a composite tumor. 

The results of chaffer 5 indicate that the combinat ion of hypergastr inemia, 
hypopepsinogenemia and a low pepsinogen A/C ratio is a good serological mark
er for gastric body atrophy and correlates with the findings in gastric biopsies. 
However, 1 patient wi th a false negative result shows that the serological profile 
can be influenced by gastric pathology outside the gastric body and it should 
therefore be interpreted with caution. 
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Chapter 6 addresses general features of pancreatic endocrine tumors and especially 
focuses on the difficulties in histopathological diagnosis. 

In chapter 7 it is shown that the ductules that can be found in pancreatic endocrine 
tumors are nonneoplastic in nature and may be due to entrapment , possibly 
enhanced by chronic pancreatitis. Recognizing this enti ty is important , because 
the ductules do not adversely affect prognosis and should not be confused wi th 
the exocrine part of a mixed endocrine-exocrine pancreatic tumor, which is an 
aggressive neoplasm. 

In chapter 8 it is investigated whether the WHO-classification of endocrine tumors 
of the lung more accurately predicts prognosis than the Capella-classification of 
neuroendocrine tumors of lung, pancreas and gut in a group of 56 patients wi th 
metastasized endocrine tumors of the midgut and of unknown origin. Both clas
sifications recognize the clinically aggressive, poorly differentiated tumors. 
Within the group of better differentiated carcinomas only the WHO-classifica
tion is of borderline significant prognostic value (p = 0.072) if mitotic activity, 
but not the presence or absence of necrosis is taken into account. Also increased 
proliferative activity in the Ki67 staining, loss of CAM5.2 or synaptophysin 
expression and age above 60, are unfavorable prognostic factors. 

When endocrine cells are discussed, the differences between 'endocrine' and 'exo
crine' are frequently emphasized. Compared to their exocrine counterparts endo
crine cells have a distinctive distribution pattern, either scattered throughout 
the epithelial lining or organized in small clusters or in separate organs. Moreover, 
they have their own morphological features with intracytoplasmic endocrine gran
ules, a concomitant immunohistochemical staining pattern and their own specific 
regulatory functions. Also when gastrointestinal and pancreatic endocrine tumors 
are compared with the exocrine neoplasms at these sites, several differences can be 
noticed. Apart from the differences at the cellular level, endocrine tumors are rela
tively rare, while gastrointestinal and pancreatic adenocarcinomas belong to the 
leading causes of cancer-related deaths. Not only their relative infrequency, but 
also the observation that gastrointestinal and pancreatic endocrine tumors gener
ally have a more favorable prognosis than gastrointestinal and pancreatic adeno
carcinomas, even when metastasized, may explain why endocrine tumors are con
sidered as a less important public health problem and why they have not received 
as much attention as their exocrine counterparts. This is reflected at the molecular 
level. In colorectal adenocarcinoma a multistep progression model of genetic alter
ations, the concomitant precursor lesions and the role of the Wnt-signaling path
way are currently well established and have increased our understanding of 
tumorigenesis profoundly. Analogously, a multistep progression model for pancre
atic adenocarcinoma has been developed and precursor lesions and their underlying 
molecular genetic alterations have been delineated. 
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Summary 

However, data on genetic alterations in gastrointestinal and pancreatic endocrine 
tumors are relatively limited. One of the candidate genes important in the 
pathogenesis of endocrine tumors of the midgut may be on chromosomal arm 
18q, a part of which is frequently lost in these tumors. Since the well known 
tumor suppressor genes in this region (DPC4, DCC) do not seem to be affected, 
another, yet unknown gene is probably involved. Also in pancreatic endocrine 
tumors genetic alterations have been described, of which the A4EN1 gene may be 
the most well known, but wi th the available data it is not (yet) possible to pro
vide a complete pathogenetic model. Although morphological abnormalities 
have been described in the endocrine pancreas of MENl-pat ients , it has not been 
unequivocally established that they represent precursor lesions of pancreatic 
endocrine tumors. 
An important question is whether despite the contrasts the strict separation 
between endocrine and exocrine cells and tumors is legitimate and whether time 
has come to focus more on their similarities instead of on their differences. 
The currently available data indicate that all epithelial cell types in the gastroin
testinal tract and pancreas arise from common progenitor cells, which differen
tiate along various pathways, directed by transcription factors. So in fact all 
epithelial cells in these organs are thought to share their original ancestry. 
While it can not be excluded that (some) tumors may come from their deregulat
ed mature counterparts, it is tempting to speculate that at least a number of 
them originate from the progenitor cells mentioned above and that the same 
mechanisms involved in epithelial development and regeneration play a role in 
tumorigenesis as well. The capacity to proliferate and thereby the likelihood of 
acquiring genetic damage is supposedly higher in progenitor cells than in termi
nally differentiated cells, which do not divide. Other arguments in favor of the 
latter hypothesis are the occurrence of mixed endocrine-exocrine tumors in 
which different cell types can be recognized at the morphological level, and the 
endocrine features that can be detected in otherwise ordinary adenocarcinomas 
when using immunohistochemistry. The striking number of Paneth cells and 
endocrine cells that may be found in intestinal adenomas or in dysplastic 
intestinal epithelium may also point to various differentiation pathways within 
epithelial lesions, that are considered as clonal. 
For pure endocrine tumors of the gastrointestinal tract and of the pancreas the 
'progenitor-cell hypothesis ' means that an origin from a crypt progenitor cell and 
from a pancreatic progenitor cell respectively, have to be seriously considered. 
Research on the role of transcription factors involved in differentiation, clonali-
ty assays on tumors consisting of more than one cell type and an ongoing search 
for genetic alterations may help to finally unravel the pathogenesis of gastroin
testinal and pancreatic endocrine tumors. It may then turn out that endocrine 
and exocrine tumors have their origin in common and that they both can be 
regarded as neoplastic mimickers of embryonic development. 
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Endocriene tumoren van de pancreas en tractus digestivus zijn relatief zeldzame 
tumoren, waarvan de pathogenese niet volledig wordt begrepen en waarvan het 
klinische beloop vaak moeilijk te voorspellen is. 
In dit proefschrift worden niet alleen algemene kenmerken van deze tumoren 
besproken, maar komen ook specifieke eigenschappen aan de orde, die wellicht 
een bijdrage kunnen leveren aan het ophelderen van de pathogenese en die wel
licht kunnen helpen bij het nauwkeuriger voorspellen van de prognose en bij het 
bepalen van het klinisch te voeren beleid. In de verschillende hoofdstukken 
wordt duidelijk, dat er een nauwe relatie is tussen de endocriene cellen en het 
omringende (exocriene) weefsel van de pancreas en tractus digestivus. 

In hoofdstuk 1 wordt een overzicht gegeven over de huidige kennis omtrent endo
criene tumoren van de pancreas en tractus digestivus. Er wordt aangegeven, dat 
oude hypothesen over het ontstaan van deze tumoren en de toenemende kennis 
vanuit de ontwikkelingsbiologie van belang kunnen zijn in toekomstig onderzoek. 

Hoofdstuk 2 beschrijft de eerste casus in de moderne literatuur van een ganglio-
cytair paraganglioom in de appendix. Een gangliocytair paraganglioom is een erg 
zeldzame tumor, die voornamelijk in het duodenum voorkomt. Histologisch 
bestaat deze tumor uit een component die vergelijkbaar is met een conventio
neel paraganglioom. Daarnaast worden ganglion-achtige cellen en op Schwannse 
cellen gelijkende spoelcellen aangetroffen. Er wordt aangegeven dat deze tumo
ren mogelijk ontstaan uit de endodermale-neuroectodermale complexen, die oor
spronkelijk in de eerste helft van de 20e eeuw door Van Campenhout zijn 
beschreven in embryo's van zoogdieren. 

Hoofdstuk 3 is een studie naar goblet cel carcinoïden van de appendix. Hoewel 
deze tumoren vaak endocriene kenmerken hebben, tonen zij ook gelijkenissen 
met conventionele adenocarcinomen. Op grond van hun morfologische en 
immuunhistochemische eigenschappen wordt aannemelijk gemaakt, dat goblet 
cel carcinoïden een aparte entiteit vormen en dat zij ontstaan vanuit onrijpe 
(progenitor) cellen in de basis van de crypten. Derhalve is de oudere term "crypt 
cel carcinoom' wellicht een correctere benaming voor deze tumoren. 

In hoofdstuk 4 wordt een patiënt besproken met een uitgebreid gemetastaseerd 
proces, dat bestaat uit een met elkaar verweven endocriene- en papillair sereuze 
component. Beide componenten tonen een verschillend patroon van verlies van 
heterozygotie, met op 2 loei verlies van verschillende allelen. Daarnaast tonen 
beide componenten een verschillend immuunhistochemisch profiel. Op grond 
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van deze bevindingen wordt geconcludeerd, dat beide componenten waarschijn
lijk van verschillende origine zijn en niet behoren tot een zelfde clonaal proces 
met verschillende differentiatierichtingen (composite tumor). 

De resultaten van hoofdstuk 5 laten zien, dat de combinatie van hypergastrinemie, 
hypopepsinogenemie en een lage pepsinogeen A/C ratio een goede serologische 
marker is voor atrofie van het maagcorpus slijmvlies en dat deze marker goed 
correleert met de bevindingen in maagslijmvlies biopten. Het vals negatieve 
serologische profiel bij 1 van de patiënten geeft echter aan, dat de serologische 
bevindingen kunnen worden beïnvloed door maagpathologie buiten het corpus 
en dat voorzichtigheid is geboden bij de interpretatie. 

Hoofdstuk 6 behandelt de algemene kenmerken van endocriene pancreastumoren 
en gaat in op de moeilijkheden bij de histopathologische diagnose. 

In hoofdstuk 7 wordt aangetoond dat de ductuli, die kunnen worden aangetroffen 
in endocriene pancreastumoren, niet neoplastisch zijn. Mogelijk betreft het 
preëxistente structuren, die door de tumor worden ingevangen en speelt chroni
sche pancreatitis rondom de tumor hierbij een rol. Omdat de ductuli geen nega
tieve invloed hebben op de prognose, is het belangrijk deze entiteit te herkennen 
en de ductuli niet aan te zien voor de exocriene component van een agressieve 
endocriene-exocriene mengtumor. 

In hoofdstuk 8 wordt onderzocht of de WHO-classificatie van endocriene long
tumoren de prognose nauwkeuriger kan voorspellen dan de Capella-classificatie 
van neuroendocriene tumoren van long, pancreas en darm, in een groep van 56 
patiënten met gemetastaseerde endocriene tumoren uitgaande van de midden
darm of van onbekende origine. Beide classificaties herkennen de agressieve, 
slecht gedifferentieerde tumoren. In de groep van de beter gedifferentieerde 
tumoren is de WHO-classificatie bijna significant (p = 0.072) als alleen mitose 
activiteit in beschouwing wordt genomen, maar niet de aan- of afwezigheid van 
necrose. Andere ongunstige prognostische factoren zijn een hoge proliferatie 
activiteit in de Ki67 kleuring, verlies van CAM5.2 of synaptofysine expressie en 
leeftijd boven de 60 jaar. 

Wanneer endocriene cellen het onderwerp van discussie zijn, worden vaak de 
verschillen tussen 'endocrien' en 'exocrien' benadrukt. Vergeleken met exocriene 
cellen hebben endocriene cellen een eigen distributiepatroon. Deels liggen zij als 
losse cellen diffuus verspreid in het epitheel, deels vormen zij kleine clusters of 
aparte organen. Zij hebben typische morfologische kenmerken in de vorm van 
intracytoplasmatische granula, een daarmee samenhangend karakteristiek 
immuunhistochemisch aankleuringspatroon en regulatoire functie. 
Ook als endocriene tumoren van de pancreas en tractus digestivus worden verge-
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leken met hun exocriene tegenhangers, zijn er opvallende verschillen, nog afge
zien van de verschillen op cellulair niveau. Endocriene tumoren zijn relatief 
zeldzaam, terwijl adenocarcinomen van pancreas en tractus digestivus tot de 
meest voorkomende oorzaken van kanker-gerelateerde sterfte behoren. Niet 
alleen het feit dat endocriene tumoren relatief weinig voorkomen, maar ook hun 
relatief gunstige prognose, zelfs bij gemetastaseerde ziekte, verklaart wellicht 
waarom zij met zoveel in de belangstelling staan als de exocriene tumoren. Uit 
wordt weerspiegeld op moleculair niveau. Voor colorectaal adenocarcmoom is 
een stapsgewijs tumor progressiemodel van genetische veranderingen nauwkeu
rig beschreven en is de belangrijke rol van de Wnt-signaleringsroute algemeen 
bekend. Dit heeft ons begrip van tumorigenese in belangrijke mate beïnvloed. 
Analoog aan het model voor colorectaal adenocarcinoom is een progressiemodel 
ontwikkeld voor pancreascarcinoom, waarbij precursor laesies en hun onderlig
gende genetische veranderingen zijn beschreven. 
Kennis over genetische veranderingen in endocriene tumoren van de pancreas en 
tractus digestivus is daarentegen beperkt. Een van de kandidaat genen van 
belang in de pathogenese van endocriene tumoren van de middendarm, is waar
schijnlijk gelegen op chromosoom 18q. Hoewel deze tumoren vaak verlies tonen 
van een deel van dit chromosoom, lijken de bekende tumor suppressor genen in 
deze regio (DPC4, DCC) intact en speelt waarschijnlijk een tot nu toe onbekend 
gen een belangrijke rol. Ook in endocriene pancreastumoren zijn genetische ver
anderingen beschreven, waarbij veranderingen in het MENi gen vermoedelijk de 
bekendste zijn. Het is echter niet mogelijk om met de huidige kennis een com
pleet pathogenetisch model op te stellen. Hoewel morfologische veranderingen 
zijn beschreven m de endocriene pancreas van MEN-1 patiënten, staat niet 
onomstotelijk vast dat die afwijkingen daadwerkelijk precursor laesies zijn van 
endocriene tumoren. 
Een belangrijke vraag is of ondanks de verschillen een strict onderscheid tussen 
endocriene en exocriene cellen gerechtvaardigd is en of niet het moment is aan
gebroken om de aandacht meer te richten op de overeenkomsten in plaats van op 
de verschillen. 
De huidige kennis van de ontwikkelingsbiologie geeft aan, dat de verschillende 
epitheelcellen in de pancreas en tractus digestivus ontstaan uit gemeenschappe
lijke progenitor cellen, die onder invloed van transcriptiefactoren in verschillen
de richtingen differentiëren. Alle epitheliale cellen in deze organen hebben dus 
een gemeenschappelijke origine. 
Hoewel niet kan worden uitgesloten dat (sommige) tumoren onts taan uit gene
tisch ontspoorde, uitgerijpte cellen, is een aantrekkelijke hypothese dat tenmin
ste een aantal tumoren onts taat uit de hierboven genoemde progenitor cellen en 
dat dezelfde mechanismen die van belang zijn in epitheliale differentiatie en 
regeneratie ook een rol spelen in tumorigenese. Er wordt immers verondersteld, 
dat de kans op het oplopen van genetische schade groter is in de snel delende 
progenitor cellen dan in niet delende, volledig uitgerijpte cellen. Andere argu-
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menten, die deze hypothese steunen, zijn het voorkomen van endocriene-exo-
criene mengtumoren, waarin morfologisch verschillende celtypen herkenbaar 
zijn en het voorkomen van immuunhistochemische expressie van endocriene 
markers in conventionele adenocarcinomen zonder specifieke morfologische 
kenmerken. Het opvallend grote aantal Paneth cellen en endocriene cellen dat 
kan worden aangetroffen in intestinale adenomen en in dysplastisch intestinaal 
epitheel, kan eveneens duiden op verschillende differentiatierichtingen in een 
clonaal proces. 

Voor zuivere endocriene tumoren van de pancreas en tractus digestivus betekent 
de 'progenitor cel hypothese ' dat een origine vanuit respectievelijk een pancreas 
progenitor cel en vanuit een crypt progenitor cel overweging verdient. 
Onderzoek naar de rol van transcriptiefactoren betrokken bij differentiatie, clo-
naliteitsanalyses van tumoren met verschillende celtypen en voortzett ing van 
het onderzoek naar genetische veranderingen kunnen wellicht uiteindelijk de 
pathogenese van endocriene tumoren van de pancreas en tractus digestivus ont
rafelen. Dan kan blijken, dat endocriene en exocriene tumoren een gemeen
schappelijke origine delen en dat beide beschouwd kunnen worden als een neo-
plastisch proces dat in feite de embryonale ontwikkeling nabootst . 
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