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In 1907 Oberndorfer reported on little carcinomas of the small intestine [13]. He described 

seven cases and emphasized the benign nature of these lesions. In retrospect it is clear that 

similar tumors had been reported before 1907. In 1838 Merling reported a tumor of the 

appendix that could have been a carcinoid [12]. In 1867 Langhans saw a polypous tumor in 

the ileum [8] and in 1882 Beger described an adenocarcinoma of the appendix [1]. In 1888, 

Lubarsch gave a classical description of multiple carcinoids in the ileum in two patients and 

he called these tumors little carcinomata [9]. 

 

When Oberndorfer demonstrated his results on the carcinoids before the German Pathology 

Society in Dresden, his suggestion that the lesions represented a special cancer were heavily 

debated [14]. A number of renowned pathologists considered them malformations, 

adenomyomas, or a tumorous change of a heterotopic pancreas anlage [18]. However, as more 

and more small tumors were detected and described in the intestine, the neoplastic nature of 

the lesion was generally accepted.  

 

In 1910, Hübschmann compared the tumor cells with the cells that had been described by 

Kultschitzky in the crypts of Lieberkühn [6]. These cells corresponded to those that had 

already been found and described by Heidenhain in the stomach in 1870 [5]. Soon after 

Hübschmann, Masson developed his argentaffinity reaction and demonstrated that the 

granules in the Kultschitzky cells and the cells of the carcinoids both stained with his silver 

technique [10]. Consequently, Masson termed the intestinal carcinoids argentaffinoma [11]. 

Although many other histogenetic pathways were discussed over the years, the origin from 

the so-called enterochromaffin cells of the intestinal mucosa was finally accepted [4].  

 

The endocrine cell system that gives rise to carcinoids was further expanded by the work of 

Feyrter on the diffuse endocrine system that was composed of argentaffin-positive and 

argyrophilic clear cells [3]. A further step forward in characterizing these endocrine cells was 

made by Anthony Pearse in 1969 [16], who called the cells APUD (amine precursor uptake 

and decarboxylation) cells and postulated that they derived from the neural crest. However, 

the neural crest origin of the diffuse neuroendocrine system proved to be wrong and has 

currently been replaced by the concept of the entodermal origin of the neuroendocrine cells of 

the gastrointestinal tract. 

 

Descriptions of patients suffering from diarrhea, cyanosis, cough and flushing started in 1931 

[2, 19]. The first report of a carcinoid syndrome, however, was probably by Ransom [17], 

who described a 50-year-old woman with severe diarrhea and a metastasizing tumor 

originating from small nodules in the ileum. It was not until 1953 that the carcinoid syndrome 

was related to the hypersecretion of serotonin from the carcinoid tumor [7].  

 

Originally Oberndorfer considered carcinoids to be benign, although one of Lubarsch’s cases 

had probably metastasized. As soon as other carcinoids with lymph node metastases were 

observed, in his contribution to Henke and Lubarsch’s textbook on pathological anatomy and 

histology in 1929 [15] he admitted that there are also metastasizing carcinoids. The discussion 

on the benign and/or malignant nature of carcinoids continued for a long time until it was 

generally accepted that all carcinoids have a malignant potential. 

 

In recent years it has become clear that the morphological and biological features of 

neuroendocrine tumors (NETs), especially those arising from the gastroenteropancreatic 

system, are heterogeneous. In the last two decades efforts were therefore made to define NET 

features that discriminate tumors with almost no risk/low risk from low grade malignant well 

differentiated neuroendocrine tumors and high grade malignant poorly differentiated tumors 

in the different parts of the digestive system and elsewhere. This resulted in a new WHO 

classification of the gastroenteropancreatic NETs. Further efforts are still necessary, however, 

to improve the prognostic assessment of an individual NET.  
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MOLECULAR EVENTS IN GASTROINTESTINAL AND PANCREATIC 
NEUROENDOCRINE TUMORS   
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BACKGROUND 

GI and pancreatic NETs originate from the cells of the diffuse endocrine system 
derived from the embryonic neural crest, neuroectoderm and endoderm.  NETs can be 
functional (release hormones) or non-functional (1-3). 

It is important to recognize that molecular studies of GI and pancreatic NETs to date 
have been affected by several factors: 

1) Heterogeneity of tumors;  

2) Difficulty in predicting tumor  behavior and prognosis; 

3)  Rarity of tumors and relatively small study sample size; 

4) Use of different GI-NET classifications by investigators for tumor selection; 

5) Differences in genetic composition of GI-NETs vs. epithelial tumors;  

6) Tendency to study known epithelial genes/oncogenes first. 

GI-NET Classifications Used in Molecular Studies (1, 4-6) 

GI CARCINOIDS are traditionally considered serotonin (5-hydroxytrytamine)-
secreting and argentaffin positive:   

Foregut: stomach, first part of duodenum and pancreas 

Midgut: small intestine (second portion of duodenum, jejunum, ileum) and large 
intestine (appendix, ascending colon) 

Hindgut: transverse colon, descending colon and rectum 

PANCREATIC AND DUODENAL NETS (functional) are commonly classified 
according to the predominant hormone secreted: gastrinoma, insulinoma, VIPoma, 
glucagonoma, somatostatinoma. Clinically silent NETs are called non-functional (2). 
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WHO CLASSIFICATION OF ENDOCRINE TUMORS (4) 

Well-differentiated endocrine tumors (benign or uncertain behavior) 

Well-differentiated endocrine carcinomas (low-grade malignant behavior) 

Poorly differentiated endocrine carcinomas (high-grade malignant behavior) 

MOLECULAR GENETICS OF GI- AND PANCREATIC NETs 

The hope is that the finding of specific genetic alterations that are characteristic of 

GI-PNETs will lead to improved diagnosis and characterization of these tumors and 

will enable a modification of current morphologic classifications.  

Because the enteroendocrine cells are epithelial cells derived from the same stem cell 

as the other cell lineages, the investigation of the same mechanisms of neoplastic 

progression leading to adenocarcinoma were applied to many studies of gut endocrine 

tumors.  However, the results of such studies led to conclusions that GI-PNETs do not 

share the same mechanism of development and neoplastic progression with GI 

epithelial tumors (2, 3). 

Epithelial Carcinoma Genes Are Not Involved in GI-PNET Tumorigenesis (2, 3) 

Despite APC (adenomatous polyposis coli; familial adenomatous polyposis) gene’s 

ubiquitous expression and crucial role in cellular homeostasis and neoplastic 

progression in colon and small bowel adenocarcinomas, it does not seem to have an 

impact on neoplastic progression in enteroendocrine cells.  DCC (deleted in colon 

cancer gene) gene is not involved. DNA mismatch repair (MSH2 and MLH) genes, 

(Lynch syndrome) are not involved. 

MOLECULAR EVENTS IN TUMORS OF FOREGUT 

PANCREAS  
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Pancreatic NETs occur in three hereditary syndromes such as Multiple Endocrine 

Neoplasia type 1 (MEN1), von Hippel-Lindau disease (VHL) and von 

Recklinghausen’s disease (Neurofibromatosis 1) (2). The syndromes are caused by 

defects in three known tumor suppressor genes, respectively: MEN1 on chromosome 

11q13 (610-amino acid protein, MENIN); VHL on chromosome 3p25.5 (213-amino 

acid protein, VHL) and the gene on chromosome 17q11.2 (2485 -amino acid protein, 

neurofibromin). Pancreatic tumors are multiple but their type, location and incidence 

are different in each syndrome (2).  MEN1 pancreatic NETs are located in the 

pancreas and duodenum with the incidence of 80-100% (non-functioning pancreatic 

tumors>gastrinomas>insulinomas). Pancreatic NETs in VHL disease occur only in 

the pancreas, are non-functioning and are seen in 12-17% of patients. Pancreatic 

somatostatinomas occur in 6% of patients with Neurofibromatosis 1. 

Pancreatic and GI Pancreatic and GI NETsNETs in in 
Hereditary SyndromesHereditary Syndromes

Syndrome Syndrome Gene location (product)Gene location (product) NET FrequencyNET Frequency

6% pancreatic 6% pancreatic 
somatostatinomasomatostatinoma

17q11.2 (2485 17q11.2 (2485 --amino amino 
acid protein, acid protein, 
neurofibrominneurofibromin))

Von Von 
RecklinghausenRecklinghausen’’ss
diseasedisease

1212--17% pancreas17% pancreas
all nonall non--functioningfunctioning

3p25.5 (2133p25.5 (213--amino amino 
acid protein, acid protein, VHLVHL))

Von Von HippelHippel--
LindauLindau diseasedisease

8080--100% 100% 
pancreas+duodenumpancreas+duodenum
(NF>(NF>gastrinomagastrinoma>>insulinomainsulinoma
Gastric Gastric carcinoidscarcinoids

11q13 (61011q13 (610--amino amino 
acid protein, acid protein, MENIN)MENIN)

Multiple Multiple 
Endocrine Endocrine 
NeoplasiaNeoplasia
type 1type 1

 
 
 Lubensky IA: Endocrine Pancreas. In "Endocrine Pathology". Ed by LiVolsi VA and Asa S;  
 W. B. Saunders Co.,Philadelphia, London, Toronto, 2002, 205-235. 

MEN1 patients have multiple endocrine tumors of the parathyroid glands, pituitary, 

pancreas, duodenum as well as gastric, lung and thymic carcinoids (7).  Like in 
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hereditary tumors in patients with MEN1, MEN1 gene alteration is an important 

initiating event in about 1/3 of sporadic non-functioning pancreatic NETs, 

insulinomas, and gastrinomas and is documented in tumors regardless of metastases 

(2, 8-9).  Genetic analysis of the counterpart sporadic pancreatic NETs demonstrated 

somatic MEN1 gene mutations accompanied by loss of the wild-type allele in 10-27% 

of insulinomas and 39-45% of gastrinomas (8, 10).  The mutation rate in non-

functioning NETs in different reports is 15-26% (10-11). Because the rate of 11q13 

LOH in sporadic pancreatic NETs is on average 46%, and LOH is not always 

accompanied by somatic mutation, other mechanisms of MEN1 gene inactivation or 

other genes may play a role in sporadic tumor development. 

Thus LOH analysis for more telomeric markers on 11q showed that allelic loss 

consistently and continuously spanned to 11qter (12).  These findings support the 

hypothesis that additional onco/suppressor gene(s) may reside at 11q distal to the 

MEN1 gene and may play a role in the pathogenesis of pancreatic NETs (13-15).  

VHL disease patients develop CNS and retinal hemangiomas, renal cysts and 

carcinomas, pancreatic and epididymal cystadenomas and pheochromocytomas.  

Pancreatic non-functioning NETs are seen in 12-17% of VHL patients (16-17).  Loss 

of heterozygosity at 3p25.5 gene locus is documented in only 30% of sporadic 

pancreatic NETs and is usually not accompanied by somatic VHL gene mutation (18-

20).  These data indicate that VHL gene is not a factor in sporadic pancreatic NET 

development and another gene telomeric to the VHL 3p locus may be involved. 

Variations in the genetic makeup of functioning versus non-functioning pancreatic 

NETs have been demonstrated in small tumors (<2 cm in diameter) by CGH (21). 9q 

gains with a common region of involvement at 9q34 were observed in 46.4% of 

functioning tumors, of which in 50% of insulinomas. However, diffuse genetic 

instability with multiple chromosomal aberrations per tumor was observed, making it 

difficult to evaluate the significance of specific findings. 
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In sporadic gastrinomas, either homozygous deletion or hypermethylation at the 5′ 

region of the p16/MTS1 or p16INK4a tumor suppressor gene on chromosome 9p21 was 

demonstrated (22-23).  Such an abnormality was not observed in 17 insulinomas (24) 

and in 41 pancreatic NETs of different types (25), despite the presence of 9p LOH in 

30% of cases. CGH and high-resolution allelotype analysis confirmed the 

involvement of 9p defects in 20–30% of cases investigated (26-28).  Interestingly, 

p16/MTS1 gene mutation was observed in only one out of a total of 68 tumors 

investigated in different reports. Overall, these findings indicate that other potential 

tumor suppressor genes on chromosome 9p are involved in the genesis of pancreatic 

NETs and suggest that p16/MTS1 or p16INK4a defect is restricted to gastrin-producing 

tumors.  

No defect of the retinoblastoma Rb gene on chromosome 13q was observed in any 

type of pancreatic NET investigated to date (29-30).  

High LOH rates for markers on chromosome 22q (93%) were observed in both 

benign and malignant insulinomas (31). An overexpression of cyclin D1 was 

demonstrated by both immunohistochemistry and Northern analysis in 43% of PET, 

although there was no correlation with any specific tumor phenotype (32). Although 

possibly important in initiation of tumorigenesis in both benign and malignant 

pancreatic NETs these changes were not accompanied by gene mutations and, 

therefore, require further investigation.  

The promoter region CpG island methylation of 12 genes potentially involved in 

endocrine tumor development such as p14, p16, the estrogen receptor (ER), retinoic 

acid receptor-beta 2 (RAR-β), O6-methyl-guanune-methyltransferase (O6-MGMT), 

MEN1 and cyclooxygenase 2 (COX2), recently proved to affect especially the ER 

gene in 9 out of 11 pancreatic NETs (2 gastrinomas and 1 insulinoma) (33). A recent 

similar investigation for 11 candidate tumor suppressor genes in 48 well-

differentiated tumors (of which three were functional) proved a high frequency of 

methylation for the Ras-associated domain gene family 1A (RASSF1A) (75% of 
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cases), p16 (40%), O6-MGMT (40%), RAR-β (25%) and hHMLH1 (23%) (34).  In 

addition, a recent investigation of pancreatic cancer showed RASSF1A promoter 

methylation in 10 out of 12 pancreatic NETs with a similar incidence in both 

malignant (n=6) and benign lesions (35). Since RASSF1A gene mutation is very rarely 

observed in human cancer (36) these findings strongly support the methylation 

mechanism for multiple gene inactivation in PETs and suggest that the ras pathway is 

involved via RASSF1A methylation.  

Activating mutations in the ras family of proto-oncogenes, K-ras, H-ras, N-ras, are 

absent or exceedingly rare in large series of pancreatic NETs investigated (20, 37-39) 

although it was reported as a frequent event in a single study of malignant 

insulinomas(40).  Overall, the ras oncogene seems not play a direct role in the 

development of most pancreatic NETs, with the possible exception of malignant 

insulinomas. However, the ras pathway may be involved in pancreatic endocrine 

tumorigenesis via promoter methylation of the RASSF1A gene (see above) (33, 35). 

Several studies have tried to address the relationship between genetic defects and 

tumor progression or malignancy.  Most relevant data, however, require further 

confirmation. The deletion of either arm of chromosome 1 was found in 10 out of 17 

metastatic pancreatic NETs, with no tumor type prevalence (41). This finding was not 

confirmed by CGH and genome-wide allelotype studies (26-27).  LOH at 3p25, 

centromeric to the locus for VHL disease, was shown to be associated with 

malignancy (18).  This observation was further supported by CGH data on 44 tumors 

of different types (26) and by a large study of 99 pancreatic NETs (42). The frequent 

occurrence of allelic loss at 6q was documented in pancreatic tumors, although its 

association with malignancy and tumor progression was observed by one group (26, 

43) and not confirmed by another (27).  

Well differentiated NETs only rarely display p53 mutations (20, 44-45).  LOH of p53 

gene chromosomal markers on 17p13 was reported in 25% of investigated cases and 

found to be associated with malignancy (38). The absence of relevant p53 mutation 
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suggested that an additional tumor suppressor gene might occur on 17p telomeric to 

p53. Poorly differentiated NE carcinomas of any site show high chromosomal 

instability and frequent p53 changes (46).  It is likely that p53 alteration is not 

involved in pancreatic NET initiation but that it is a late progression event in a poorly 

differentiated endocrine carcinoma of the pancreas  

Allelic loss for markers on chromosome X has been frequently demonstrated in 

malignant compared with benign endocrine tumors (47). The analysis was extended 

to chromosome Y in male patients, resulting in a significant association with short 

survival, the presence of metastases, local invasion and a high Ki-67 proliferation rate 

(48).  

Published data suggest that multiple genetic defects may accumulate, resulting in 

tumor progression and malignancy. LOH for markers of seven different 

oncosuppressor genes was significantly more frequent in malignant (40%) than in 

benign (17%) tumors (38).  A paired CGH study of primary tumors and their 

metastases with a control group of non-metastatic tumors displayed more frequent 

genomic aberrations in metastases than in the corresponding primary tumors when 

compared with non-metastatic cases (49).  In non-functioning pancreatic tumors, a 

high frequency of chromosomal markers loss (fractional allelic loss) correlates with 

aneuploid status and a poorer clinical outcome (27). Finally, in an investigation of 

multiple chromosomal markers, higher percentages of allelic imbalances were 

reported in pancreatic NETs, suggesting chromosomal instability as basis for 

malignant progression (50).  

STOMACH AND DUODENUM 

NETs of stomach and duedenum display frequent LOH for the MEN1 locus at 11q13 

in both familial and sporadic cases (15, 51-52).  LOH at the MEN1 locus occurred in 

75% of gastric (ECL) carcinoids in 23 familial cases and 41% in 46 sporadic cases 

(10). Four out of five poorly differentiated tumors of the stomach also showed allelic 

loss of the MEN1 gene (15, 51, 53). A similar frequency of 11q13 LOH was observed 
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in both familiar and sporadic duodenal gastrinomas (28% and 25% respectively), 

whereas mutation for the MEN1 gene was found only in 22 out of 67 sporadic cases 

(33%) (10). The findings support the initiating role of the MEN1 gene in the 

development of many gastric carcinoids and duodenal gastrinomas.  

Other data are scattered through small studies on various GI-NETs and are therefore 

fragmented. The promoter methylation of several genes, including p14, p16, COX2 

and ER, was frequently observed in two gastric and two duodenal well-differentiated 

tumours(33). Larger series are needed to confirm such observations.  

An investigation of multiple chromosomal markers in nine gastric NETs, six of which 

were poorly differentiated, demonstrated frequent and diffuse allelic imbalances 

mostly in aggressive carcinomas (50). This finding was further demonstrated in 19 

cases of aggressive gastric endocrine carcinoma, 10 of which were poorly 

differentiated, by an independent study (47). Both studies showed frequent LOH for 

markers at the MEN1 and p53 gene loci and demonstrated high chromosomal 

instability. In addition, a loss of Rb expression was frequently observed in 6 out of 9 

well-differentiated gastric endocrine carcinomas and in 7 out of 10 poorly 

differentiated endocrine carcinomas (54). Finally, extensive losses of X chromosomal 

markers were present in four malignant tumors (two of which were poorly 

differentiated) but virtually absent in 29 benign neoplasms investigated (55).  

MOLECULAR EVENTS IN TUMOURS OF MIDGUT  

Midgut NETs rarely display MEN1 gene alterations. A recent study of 16 ileal, 6 

appendicular and 3 rectal well differentiated NETs showed an overall LOH rate of 

9% for informative microsatellites at the MEN1 locus on 11q13 (12). This was 

recently confirmed in five further cases (50). MEN1 gene mutation was found in only 

1 of 12 midgut endocrine tumors studied (56-57).  These data do not support a role 

for the MEN1 gene in the development of midgut NETs.  
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Accumulating evidence suggests the role of genes located on chromosome 18 in the 

induction of well-differentiated midgut NETs.  An imbalance of chromosome 18, 

especially the loss of 18q markers, is the most frequent abnormality detected by 

different techniques in these tumors and appears to be typical of midgut carcinoids 

(58- 61).  A combined CGH/LOH study of 18 classical midgut EC cell tumors losses 

at 18q22-qter were seen in 67% of cases (60), whereas a genome-wide LOH 

screening of 8 tumors showed 18q21 losses to be very frequent (88% of cases) and 

highlighted specific alterations in these neoplasms (61). These alterations were 

telomeric to the loci of the genes SMAD2, SMAD4 and DCC, largely involved in 

colorectal cancer.  

The promoter methylation of different genes is reported in 6 out of 7 well-

differentiated ileal tumors, indicating that this mechanism of gene inactivation plays a 

role in such neoplasms and suggesting that different genes are involved compared 

with pancreatic NETs (33). However, larger studies are necessary to confirm such 

observations.  

Seventeen midgut NETs showed a low frequency of LOH for X chromosome markers 

in malignant tumors (15% of informative markers investigated) and no losses in 

benign tumors (55). A CGH study of 13 primary and 5 metastatic classical midgut 

carcinoids showed that losses at 16q21-qter and gains at 4p14-pter were rare or absent 

in primary tumors and frequent in most metastatic tissues investigated (61). As for 

tumors of foregut derivatives, p53 mutations are only rarely seen in NETs of the 

small intestine (62).  

MOLECULAR EVENTS IN TUMORS OF HINDGUT  

Only a few data are available for this area. Of 15 NETs of large intestine (7 in the 

appendix), 7 showed LOH for MEN1 gene markers, whereas only 1 of 10 studied for 

mutation had one (52, 63).  A mutation of p53 was observed in 1 out of 9 ‘carcinoids’ 

of the colorectum and in 0 of 6cases in the appendix (44). Similar to conventional 

adenocarcinoma, poorly differentiated (small-cell) endocrine carcinomas of the large 
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intestine display frequent LOH for p53, DCC and the adenomatous polyposis coli 

(APC) tumour suppressor loci (64). In the same report, no abnormality of the DCC 

and APC gene chromosomal loci was observed in four well-differentiated tumors, 

‘carcinoids’ (2 from foregut, 1 from the midgut and 1 from the hindgut). Such 

findings suggest that common genetic events lie at the basis of colon cancer and 

poorly differentiated endocrine carcinoma.  

Interestingly, poorly differentiated endocrine carcinomas may be synchronous with 

conventional adenocarcinomas or develop within adenomas. An investigation of 

poorly differentiated carcinomas arising within in situ/early invasive 

adenocarcinomas suggested a potential clonal divergence with different oncogenic 

pathways (65). A similar conclusion was drawn by LOH analysis for multiple 

chromosomal markers in a rare case of small-cell carcinoma mixed with 

adenocarcinoma of the appendix (66).  Indeed, the investigation of 9 small-cell 

carcinomas of the colorectum compared with 12 adenocarcinomas revealed higher 

chromosomal instability and different genetic abnormalities (54). All studies on 

colonic endocrine small-cell carcinomas reported the high frequency of p53 gene 

abnormality with nuclear protein hyperexpression/accumulation.  

CONCLUSIONS 

1) The molecular genetic mechanism of tumor development of GI and pancreatic 

NETs is complex and largely unknown. 

2) Multiple genes appear to be involved with significant differences for tumors of 

different embryological derivatives.  

3) The MEN1 gene is involved in initiation of 33% of foregut NETs.  

4) 18q defects are present almost exclusively in mid/hindgut NETs. 

5) X-chromosome markers are associated with malignant behavior in foregut tumors 

only. 
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6) Poorly differentiated NE carcinomas of any site show high chromosomal 

instability and frequent p53 alterations. 

Future Studies 

 What classification to use when selecting tumors for analysis? 
 Need molecular genetic analysis of LARGE tumor series of EACH SPECIFIC 

tumor type . 
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Introduction 

For diagnosis and therapy as well as for the understanding of the 

tumorigenesis of malignant tumors the identification of lesions that precede 

neoplastic growth and may represent a sequence of cellular changes from 

hyperplasia to neoplasia is of great interest.  

There are some endocrine tumors that develop on the basis of 

hyperplastic changes, i.e. medullary thyroid carcinoma or pheochromocytoma. 

Furthermore, it is likely that the adenomatous changes of the parathyroid in 

multiple endocrine neoplasia type 1 (MEN1) patients originate from 

hyperplastic changes. All such conditions, except for the ECL-cell hyperplasia 

in chronic atrophic gastritis, are associated with an inherited endocrine 

disorder [1-3]. 

This lecture focuses on endocrine precursor lesions and 

microadenomatosis in the duodenum and pancreas of patients with MEN1. 

Molecular concepts and the potential clinical significance are discussed. In 

addition, two new disease entities are presented. Both are characterized by 

non-MEN1-associated microadenomatosis of the pancreas, but one shows 

glucagon-producing tumors, while the other displays multiple insulinomas. 

Duodenum

Gastrin-producing tumors are the most common type of neuroendocrine tumor 

(NET) in the duodenum [4-6]. Most of them are associated with a Zollinger–

3

Ellison syndrome (ZES) characterized by elevated fasting gastrin serum 

levels, a positive gastrin secretin stimulation test and clinical symptoms such 

as recurrent peptic ulcer disease, gastroesophageal reflux disease and, 

occasionally, diarrhea [7]. Though duodenal gastrinomas are often small in 

size (diameter less than 1 cm), they tend to metastasize early to regional 

lymph nodes and the liver [8,9]. Surgical treatment of sporadic gastrinomas by 

local excision and lymphadenectomy is in many cases curative, while the 

same procedure usually does not cure the patient with MEN1-associated 

duodenal gastrinomas [8]. 

In 1990 it was noticed that many duodenal gastrinomas arising in the 

setting of MEN1 are multiple, in contrast to sporadic gastrinomas [10]. 

Recently, it has been shown that in addition to gastrinomas, somatostatin-

producing tumors can also arise in the duodenum of patients with MEN1. 

These multicentric gastrin- and somatostatin-producing NETs were found to 

be associated with gastrin and somatostatin cell precursor lesions within the 

nontumorous duodenal mucosa [9], whose spectrum of proliferative changes 

was similar to that described for ECL cells in chronic atrophic fundus gastritis 

[11]. Therefore, an analogous classification has been proposed (Table 1) that 

distinguishes between diffuse, linear and micronodular hyperplasia of gastrin 

cells associated either with the crypts or with Brunner’s glands. Lesions more 

than 300 μm in size, which were encountered less frequently than the 

hyperplastic changes, were classified as microtumors. The proliferative nature 

of these lesions was confirmed by enhanced Ki-67 expression, contrasting 

with the lack of Ki-67 expression in nonhyperplastic gastrin cells. The 
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hyperproliferative and hyperplastic lesions were found in all patients with 

MEN1 but were absent in patients with sporadic (non-MEN1-associated) 

duodenal gastrinomas and ZES. Because of the smooth transition from 

hyperplastic to early neoplastic gastrin cell lesions these alterations were 

considered to be precursor lesions of the MEN1-associated duodenal 

gastrinomas. The fact that such gastrin cell hyperplasia occurred at various 

sites in the duodenal mucosa explains the multifocality of MEN1 gastrinomas 

and the failure to cure patients with MEN1-associated ZES by simple tumor 

excision. 

Tumor precursor lesions are assumed to show a sequence of genetic 

changes that lead to overt neoplasia. In MEN1 patients all somatic cells 

harbor a germline mutation of the MEN1 gene, which is considered to be a 

tumor suppressor gene [3,12,13]. Recently, a loss of heterozygosity (LOH) of 

the MEN1 gene and/or the centromere 11 was demonstrated in approximately 

50% of MEN1-associated duodenal NETs [14]. Allelic loss was detected in 

tumors as small as 300 μm (gastrin) and 400 μm (somatostatin) in diameter. 

In contrast to tumors, the hyperplastic gastrin and somatostatin cells 

consistently lacked LOH on chromosome 11q13. This finding suggested that 

though the hyperplastic cells were hyperproliferative and carried the MEN1

germline mutation, they had not yet assumed the neoplastic genotype 

characterized by the allelic loss of 11q13. We do not know what mechanisms 

enhance the proliferation of gastrin cells and produce hyperplasia, but they 

could be related to an increased responsiveness of the gastrin cell bearing the 

germ cell MEN1 mutation to certain growth factors.  
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In conclusion, allelic deletion of the second MEN1 gene seems to be a 

pivotal event in the development of multifocal gastrin and somatostatin cell 

neoplasms in the duodenum of MEN1 patients. The observation of distinct 

deletion patterns in the synchronous MEN1 tumors supports the concept that 

each gastrin-producing tumor in an individual MEN1 patient arises from an 

independent cell clone.   

Pancreas

Most pancreatic NETs are sporadic tumors. Approximately 10% of pancreatic 

NETs arise in patients with a hereditary background of MEN1 [3,13]. The 

presence of multiple small endocrine tumors in the pancreas (i.e. up to 5 mm 

in diameter) has been referred to as microadenomatosis and has been 

described in association with the MEN1 syndrome [15]. MEN1-associated 

pancreatic microadenomatosis is usually accompanied by one or more 

macrotumors (diameter >5 mm), some of which may be functionally active 

[13,15,16]. 

Although the identification of the MEN1 gene on 11q13 has led to 

extensive studies of the genetic and clinical features of the MEN1 syndrome, 

our knowledge of the development and pathology of pancreatic endocrine 

neoplasms in MEN1 is mainly based on reports of individual cases. Only few 

studies on a series of MEN1 patients have been published [15,16]. In a recent 

study by our group we analyzed pancreatic specimens from 28 MEN1 patients 

[17]. Previous studies showed that microadenomatosis in MEN1 patients is 

6

highly variable as far as the number of tumors and their hormonal profiles are 

concerned [15,16,18]. We confirmed these observations and established a 

high penetrance for pancreatic microadenomatosis (> 80%) in MEN1 patients. 

The hormone-positive microadenomas were usually multihormonal, with 

glucagon as the predominant hormone. Although many patients had 

numerous microadenomas they did not appear to be associated with a 

hormonal syndrome. If symptoms of inappropriate hormone secretion, such as 

persistent hyperinsulinemic hypoglycemia (PHH), were present, they could be 

related to one or more insulin-producing macrotumors.  

As tiny as the pancreatic microadenomas in MEN1 were (i.e. less than 

200 μm), they showed the signs of neoplastic tumors: (1) monohormonality, 

(2) trabecular growth pattern and (3) a distinct stromal component [15-17]. 

Furthermore, Vortmeyer et al. [19] and we [20] demonstrated LOH of the 

MEN1 gene locus in MEN1-associated pancreatic miroadenomas.  

Opinions vary as to which type of endocrine cell lesion precedes the 

development of microadenomas in patients with MEN1. Recently, Vortmeyer 

et al. [19] found 11q13 LOH in duct-associated lesions but not in islets and 

their conclusion was that there is a “non-islet cell origin of pancreatic islet cell 

tumors.” In our study using a technique combining fluorescence in situ-

hybridization of the MEN1 locus and the centromeric region of chromosome 

11q with hormone immunostaining, we found loss of one MEN1 allele in all 

microadenomas and in 19 of 20 monohormonal endocrine cell clusters 

examined. By contrast, LOH on 11q was absent in islets and ductal or acinar 

structures. Our results indicate that monohormonal endocrine cell clusters 
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represent a minute form of microadenomas. The frequent presence of single 

nonneoplastic insulin cells in microadenomas and the occurrence of 

monohormonal endocrine cell clusters intermingled with islets suggest an islet 

origin of microadenomas rather than a non-islet origin.  

Non-MEN1-related microadenomatosis of the pancreas 

Microadenomatosis of the endocrine pancreas has been described in a single 

case report of a patient with VHL syndrome [21]. In contrast, in a study by 

Lubensky et al. [22], the smallest tumor encountered in a series of 30 Von-

Hippel-Lindau (VHL)-associated PETs was 0.4 cm in diameter, but 

microadenomatosis was not described in any of their cases. We screened the 

clinico-pathological records of 425 patients suffering from pancreatic NETs 

[17] and found only two who fulfilled the criteria of a VHL syndrome. The two 

patients exhibited solitary functionally inactive clear cell NETs without 

associated microadenomatosis. These observations do not exclude the 

possibility that microadenomatosis is a feature of VHL-associated pancreatic 

NETs, but might suggest that the frequency of this feature is lower than in 

MEN1.

A special finding was the identification of pancreatic microadenomatosis 

in 9 patients who had multiple microadenomas but neither clinical nor genetic 

features of the MEN1 or VHL syndrome. Five of these 9 patients suffered from 

hyperinsulinemic hypoglycemia and had, in addition insulin-positive 

microadenomas, insulin-positive macrotumors. Two of the 5 patients with 
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hyperinsulinemic hypoglycemia had only insulin-positive microadenomas, 

most of which were less than 1 mm in diameter. Four other patients had 

multiple small glucagon-expressing neoplasms, three of them with additional 

macrotumors. None of the four patients with multiple glucagon-producing 

NETs showed clinical signs of a glucagonoma syndrome. This observation 

suggests that what we encountered is two new disease entities characterized 

by pancreatic endocrine microadenomatosis; one causing hyperinsulinemic 

hyperglycemia, the other without any clinical syndrome but numerous 

glucagon-producing tumors. The mechanisms that may cause the 

microadenomatosis in these patients are as yet unknown. 

Brief bullet points 

(1) MEN1-associated duodenal and pancreatic endocrine tumors are 

preceded by proliferative endocrine cell changes and microtumors  

(2) Allelic deletion of the MEN1 gene in early neoplastic lesions but not in 

hyperplastic lesions may reflect a pivotal genetic event in the development 

of multifocal MEN1-associated endocrine neoplasms.  

(3) The observation of distinct deletion patterns in very small synchronous 

tumors supports the concept that each MEN1-associated tumor in an 

individual MEN1 patient arises from an independent cell clone.

(4) Most sporadic (non-MEN1-associated) endocrine tumors lack evidence of 

precursor lesions.  
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(5) Two types of pancreatic microadenomatosis without any hereditary 

background were identified that were characterized either by multiple 

hormonally silent glucagon-producing tumors or multiple syndromatic 

insulin-producing tumors. 
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Table 1. Classification of proliferative gastrin cell lesions in the duodenum of patients with 

MEN1

Pattern Definition 

Diffuse hyperplasia Increase in single gastrin-positive cells (confirmed by morphometric analysis) 

Linear hyperplasia Formation of chains of five or more gastrin-positive cells and  2 chains per mm 

Micronodular hyperplasia Nodules of gastrin-positive cells with more than 5 gastrin-positive cells within glands or crypt (30 μm
to 90 μm) 

Enlarged nodule Nodules of gastrin-positive cells with solid architecture ( 90 μm to <210 μm)

Microinvasive lesion Small clusters of gastrin-positive cells localized in the lamina propria between the glands and 

surrounded by thickened collagen  

Microtumor Tumorous lesion with trabecular growth pattern and extensive fibrosis (diameter >250 μm) 



PROGNOSTIC FACTORS IN GI NETs 
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Parma, Italy 
 
The (neuro)endocrine tumors of the gastrointestinal tract are 
believed to originate from cells of the diffuse (neuro)endocrine 
system (DNES).  14 different endocrine cell types are known and 
characterized as producing a wide range of hormones and bioactive 
molecules and display a type-specific regional distribution.  
Endocrine tumor cells are largely similar in phenotype and 
distribution to their normal counterpart.  The endocrine nature of 
tumor cells is based on the identification of markers of endocrine 
differentiation, including chromogranin A (in large dense core 
vesicles) and synaptophysin (in small synaptic like vesicles).  
Potentially useful antigens are also the cytosol markers neuron-
specific enolase (NSE) and the protein gene product 9.5 (PGP9.5), 
as well as the membrane-bound marker CD56 n-CAM.  Specific 
neuroendocrine markers correspond to the hormonal product of the 
endocrine cell type.  A tumor counterpart exists only for a 
fraction of the 14 normal DES cells.  
 
The current WHO classifications [3; 4; 10] provide a common 
definition frame and specific “clinicopathological correlations” 
according to tumor anatomical location.  Two major tumor 
categories are identified according to histology and tumor cell 
differentiation: i) well-differentiated neoplasms; ii) poorly 
differentiated carcinomas.  
 
Well differentiated neoplasms as a rule express the whole set of 
general markers of endocrine differentiation and display abundant 
large dense core vesicles with variable hormone content(s).  The 
site distribution of well differentiated endocrine tumors largely 
corresponds to the normal DES cell counterpart, suggesting 
retained differentiation programs.  This feature reflects the 
concept of endocrine tumors heterogeneity according to tumor site 
of origin and necessarily requires specific tumor cell typing.  
The genetic background of well differentiated endocrine tumors is 
complex and may vary depending on the site of origin (foregut, 
midgut and hindgut).  Unexpectedly high frequency of genetic 
defects is reported.  Abnormality of the Multiple Endocrine 
Neoplasia of type 1 (MEN1) gene is restricted to foregut tumors, 
while 18q chromosomal abnormality is more frequently observed in 
lower gut tumors.  
 
Poorly differentiated endocrine carcinoma cells usually lack large 
dense core vesicles and related markers, whereas widely express 
synaptophysin, NSE and PGP 9.5.  Though more often observed in the 
stomach and large intestine, there is no site-specific 
distribution.  This feature reflects the concept that poorly 
differentiated endocrine carcinomas are more commonly reputed to 
derive from endocrine-committed, multipotent cells rather than 
from differentiated endocrine cells.  The genetic background of 
poorly differentiated endocrine carcinomas consistently display an 
elevated frequency of genetic defect and is characterized by 
common p53 gene abnormalities. 
 

While for poorly differentiated carcinomas a poor prognosis is 
implicit, predicting the behavior of well-differentiated neoplasms 
is problematic.  In well-differentiated neoplasms three categories 
can be defined by WHO at diagnosis as: i) “benign behavior” 
tumors, or tumors with potentially benign course, ii) “uncertain 
behavior” tumors, or tumors with potentially low grade malignant 
course and iii) “carcinomas”, with low grade malignant course. 
 
The following malignancy criteria were adopted by WHO 
classification for the definition of carcinoma: a) evidence of 
metastasis and b) invasion of muscularis propria/fat tissue/nearby 
organs.  Notably, for appendiceal endocrine tumors the wall-
invasion criterion represents a significant exception.  A 
combination of variables are additionally provided to allocate a 
specific case to the category of “benign behavior” (low risk) or 
to the category of “uncertain behavior”.  Such variables are 
defined within the frame of the site-specific “clinicopathological 
correlations” provided by WHO and include: a) the clinical 
variable, i.e. the presence of an hyperfunctional endocrine 
syndrome (nonfunctioning or functioning tumor); b) several 
variables more pertinent to a staging system like size, 
angioinvasion and, for appendix only, the wall invasion; and c) 
the proliferation status as assessed by Ki67 index (pancreas 
only).  For numerical variables the cut-offs vary according to 
tumor anatomical location [10].  
 
The application of the WHO classification following the above 
criteria proved effective in predicting the behavior of GEP 
endocrine tumors and useful for the patients’ management and 
treatment [e.g. see 1; 2; 6; 9].  
 
Several other histopathological variables have been investigated 
especially in foregut endocrine tumors (stomach, duodenum and 
pancreas) and proved effective predictors of malignancy.  For 
pancreatic endocrine tumors these included: p53 hyperexpression; 
high index of aneuploidy at flow cytometry; AgNOR percentage >5%; 
lack of progesterone receptor immunoreactivity; alpha-hCG 
immunnoreactivity; high PCNA index; high Ki67 index; CD10 
metalloproteinase expression; low microvessel density; low VEGF 
expression; increased lymphatic vessel density; size •3 cm; 
vascular and perineural invasion; mitotic index •2 (x10 HPF); 
nuclear atypia.  For midgut tumors, a recent investigation showed 
that Ki67 >2.6% proved informative of poor prognosis at univariate 
analysis, though not informative at multivariate [11].  Genetic 
markers have been also proposed as informative variables and some 
of them proved promising or potentially useful.  Finally, from a 
clinical standpoint, the most important predictive factor for poor 
prognosis appear to be the presence of metastases either to the 
liver or at distance [6; 11]. 
 
Overall, the incidence of histological/genetic variables of poor 
prognosis appear to follow specific trends along the 
differentiation spectrum of endocrine tumors of the gut and 
pancreas (e.g. while, similar to microvessel density, the 
expression of LDCV markers decreases along this path, by converse 
the mitotic count, the Ki67 index and the frequency of genetic 
defects increase). 
 

Previous work suggested the usefulness of a grading system for 
endocrine tumors too [5; 7; 12].  In the attempt to integrate the 
WHO classifications and to overcome difficulties in their 
practical application, a new grading system was recently proposed 
for foregut tumors [8] based on mitotic count and Ki67 index as 
follows: G1, mitotic count <2 per 10 high power field (HPF) and/or 
•2% Ki67 index; G2, mitotic count 2-20 and/or 3-20% Ki67 index; 
G3, mitotic count >20 per 10 HPF and/or >20% Ki67 index.  To allow 
a practical patients’ stratification a TNM proposal was also 
formulated for foregut endocrine tumors, and separately for tumors 
of the stomach, duodenum/ampulla/proximal jejunum and pancreas.  
Following the current TNM format, for tumor (T) sizes, T1 were 
those defined by the various site-specific WHO 
“clinicopathological correlations” for “benign behavior” tumors, 
T2 for tumors of “uncertain behavior” (when available) and T3 and 
T4 for deeply invasive tumors according to site-specific features.  
Lymph-node (N) and distant metastasis (M) were defined as absent 
(N0 or M0) or present (N1 or M1).  Accordingly a staging system 
was defined, with stage I for NET tumors with limited growth, 
stage II for larger or more invasive tumors though in absence of 
metastases, stage III for tumors invading the surrounding 
structures or with loco-regional metastases and stage IV implying 
distant metastases.  Both grading and TNM/staging proposals were 
formulated, discussed and consensually approved at a dedicated 
expert meeting involving endocrine pathologists and clinicians 
from various branches (medicine/endocrinology/gastroenterology; 
surgery; radiology/radiotherapy).  Validation by future 
clinicopathological work is needed. 
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Gastrointestinal neuroendocrine tumors (GI NETs), traditionally known as 
carcinoids, have generated interest far disproportionate to their incidence. When 
Oberndorfer originally coined the term Karzinoid for tumors that resembled 
adenocarcinomas but did not behave like them, he implied an indolent and benign 
clinical behavior for these neoplasms(1). When reports of these tumors metastasizing, 
and of patients dying from them, appeared in the literature, he modified his stance(2), 
and with time the potentially malignant nature of these tumors was gradually established 
and accepted(3). 

 
With the gradual realization that this diversity was not limited to clinical behavior 

alone, but was also shared by their histologic, histochemical, immunohistochemical and 
ultrastructural characteristics as well, it became clear that these differences in this 
seemingly homogeneous family of endocrine tumors were site-related, and led to Williams 
and Sandler’s classification based on the embryologic derivation of their anatomic site-of-
origin(4). 

 
However, inconsistencies gradually became apparent within each subtype as 

well, when sporadically occurring (Type III) gastric carcinoids were seen to be more 
aggressive than their broncho-pulmonary counterparts, appendiceal carcinoids to be 
more indolent than the ileal ones, and rectal carcinoids to be more benign than those 
arising in the colon.  

 
Further diversities in the clinicopathologic profiles of these tumors became 

apparent when some tumors were seen to be multicentric, while others were 
endocrinologically functional and gave rise to a variety of clinical syndromes (acromegaly, 
Zollinger-Ellison, or Cushing’s syndrome etc). Likewise, some tumors were associated 
with other gastrointestinal and extra-intestinal malignancies(5,6,7), while yet others were 
associated with such familial disorders as neurofibromatosis, the MEN-1, von Hipple 
Lindau, or even the FAP syndromes(8-13). Some of these differences, although baffling at 
first, can now be easily explained by our current knowledge of the various neuroendocrine 
cell types in the gut, their physiology, their interrelationship with each other and factors that 
modulate their maturation and their hyperplastic and neoplastic proliferations.  

 
 The gastrointestinal mucosa is populated by a constellation of 15 or so 

morphologically, and functionally distinct neuroendocrine cell types. The distributional 
pattern and relative numbers of each cell type in any anatomical segment of the gut is 
dictated by the physiologic needs pertinent to that site. Thus, the histamine-producing 
ECL cells, that play a pivotal part in gastric acid secretion, are exclusively present in the 
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oxyntic mucosa, while the gastrin-producing G cells are predominantly located in the 
antrum where they can fine-tune gastric acid secretion by monitoring the intraluminal pH. 
Since somatostatin has a much broader sphere of influence, the somatostatin-producing D 
cells are much more widely dispersed. 

   
GI-NETs arise as a result of one or more genetic and molecular aberrations in cells 

that are “neuroendocrine-committed” but may or may not be terminally differentiated into a 
specific cell type. Tumors supposedly arising from terminally differentiated cells generally 
recapitulate the phenotypic features of a parent cell type that is normally present in the 
gastrointestinal mucosa, and are therefore commonly referred to as G -, D-, EC-, or ECL 
cell NETs, as identified by their dominant secretory, immunohistochemical or 
ultrastructural characteristics. This is also supported by the fact that the distributional 
pattern of each such tumor closely parallels that of their prototypic progenitor cell type. 
Thus ECL cell NETs, in keeping with the normal distribution of the histamine-producing 
ECL cells, arise exclusively in the stomach; while EC cell NETs most often originate in the 
midgut where the serotonin-producing EC-cells are the dominant cell type. However, there 
are two notable exceptions to this broad generalization. Although the gastrin-producing G 
cells are most numerous in the antrum, G-cell NETs are far more common in the 
duodenum than in the antrum, and even though the somatostatin-producing D cells are 
dispersed uniformly throughout the gut, D cell tumors in the gut almost exclusively occur in 
the duodenum.  It is possible that since the duodenum is the commonest site for extra-
pancreatic G- and D-cell tumors, its local tissue and/or luminal microenvironment may 
have a role in their histogenesis. These exceptions aside, the concept of GI-NETs arising 
from “neuroendocrine committed” but variably differentiated cell types also helps explain 
how certain NETs are more homogeneous (true to type) and have a dominant 
monohormonal secretory pattern, while others acquire a more variegated phenotype and 
have a multisecretory profile.  

 
Thus Oberndorfer’s original concept regarding these tumors has gradually evolved 

into one where despite their sharing a number of generic similarities, they show significant 
diversity in their morphology, their secretory products, functional characteristics, molecular 
events involved in their pathogenesis, their association with certain clinical syndromes, 
familial and non-familial disorders, and most importantly, their biologic behavior and clinical 
outcome. Some of these aspects are discussed below, and since the others are going to 
be discussed by the subsequent speakers, they will not be included in this presentation. 

 
 

Multicentricity: 
 

GI-NETs are often multicentric(14). This tendency for multicentricity  appears to be 
site-related, and is most often seen with gastric and jeuno-ileal NETs(14,15) , less frequently 
with duodenal tumors(16,17), and only infrequently with colorectal or appendiceal ones. The 
high incidence of multicentricity in gastric NETs is easily explained by the fact that the vast 
majority of such tumors are of the ECL cell type and arise in a background of ECL cell 
hyperplasia in chronically hypergastrinemic patients(15). Currently, two types of multicentric 
gastric ECL cell tumors are recognized (type I and type II), and it is of interest that while 
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they are histologically identical, they differ significantly from each other in their 
pathogenesis, their biologic aggressiveness and clinical outcome. For their clinical 
management therefore, they need to be distinguished from each other(15). The sporadically 
occurring type-I ECL cell tumors arise in patients with pernicious anemia and chronic 
atrophic gastritis type A, while the type-II tumors are familial and arise in MEN-1patients 
with the Z-E syndrome. The salient differences in their clinicopathologic profiles are briefly 
summarized in Table 1.  

 
Table 1:  Comparative Profiles of Gastric NETs Types I & II 

 
 Features Type – I Type – II    

Incidence ++++ + 
Age 40 – 80 yrs 20 – 35 yrs 
Gender Bias M:F = 1:2.3 M:F = 1:1 
Genetic Bias No  Yes (MEN-1) 
Gastric body mucosa Atrophic Hypertrophic 
LOH of MEN-1 gene Occasional Frequent 
Clinical Behavior Indolent More Aggressive 
Nodal metastases 3 – 8% ~30% 
Prognosis Excellent (++++) V. Good (+++) 
 

Duodenal gastrinomas can be multicentric too and arise from a similar antropyloric 
and duodenal G cell hyperplasia, but all such tumors occur in patients with the MEN-1 
syndrome and are related to an underlying mutation of the MEN-1 gene(16,18). It is of 
interest that while the G cells are most heavily represented in the antrum, these 
multicentric G-cell tumors are almost exclusively seen in the duodenum, where they occur 
as tiny mucosal/submucosal tumors that arise in a background of G-cell hyperplasia. 
Despite their small size, these endocrinologically functional tumors are clinically 
aggressive and associated with regional nodal metastases in 60-80% of cases at 
detection(19). In a small subset of these patients, the hypergastrinemia from the 
concomitant antropyloric and duodenal G-cell hyperplasia induces a secondary ECL cell 
hyperplasia that often culminates in multicentric ECL cell NETs in these patients(20). 

 
No such explanations can be proposed for the multicentricity seen in upto 33% of 

jejuno-ileal NETs, since these tumors are mostly sporadic, of the EC cell type, and un-
associated with any underlying EC cell hyperplasia. 

 
Even though multicentricity may be seen in upto 33% of jejuno-ileal NETs, no such 

explanations can be proposed for their multicentricity, since these tumors are mostly 
sporadic, of the EC cell type, and un-associated with any underlying EC cell hyperplasia. 
Molecular studies indicate that most multicentric jejuno-ileal NETs are independent 
primaries(21). Perhaps an unidentified growth factor, a genetic alteration, or a change in the 
local microenvironment of the affected bowel segment may have a role to play. Be it as it 
may, multicentric jejuno-ileal NETs tend to occur in younger patients, are more often 
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associated with a carcinoid syndrome, and have a poorer prognosis(22). Overall therefore, 
regardless of their tumor stage, multicentric jejuno-ileal NETs tend to behave more 
aggressively. 

 
 

Association with Other Tumors: 
 

Pooled data indicates that GI-NETs are associated with other primary intestinal and 
extra-intestinal tumors in about 17% of cases (range 12-46%), and that this is more often 
seen with ileal NETs (29-52%), than with appendiceal (13-32%) or colorectal tumors (5-
32%). It is of interest that the commonest site for such second primary tumors (SPTs) is 
the gastrointestinal tract (32-62%), followed by the genitourinary (9-22%) and the lower 
respiratory tracts (9-13%)(23). The vast majority (59-87%) of such SPTs are synchronous 
and clearly more malignant than the GI-NETs themselves(23).  Since about 87-91% of such 
patients present with symptoms related to the SPT rather than the GI-NET, this 
association appears fortuitous, and related to the incidental detection of an asymptomatic 
NET at surgery or work-up for the SPT(23). This is also supported by the observation that 
NETs account for nearly 90% of all small bowel tumors found incidentally at autopsy(24). 
Whereas it has been speculated that the secretory products of GI-NETs can themselves 
influence the initiation and/or promotion of the associated non-endocrine SPTs(5,25), there 
is no evidence of any such mechanism. Another likely possibility involves an as yet 
uncharacterized genetic alteration that predisposes to the development of two 
independent primaries, one of which happens to be a GI-NET. However, there is no data 
to indicate that sporadically occurring GI-NETs and their associated SPTs share a 
common chromosomal abnormality. 

 
 

Predictors of Malignancy: 
 

Diversity in GI-NETs even extends to such features as predictors of their 
malignant behavior. While the vast majority of these tumors are well differentiated, 
some are poorly differentiated neoplasms that behave like conventional carcinomas and 
have a much poorer prognosis. The recent WHO classification, based on a combination 
of the site of origin and the clinicopathologic features of these tumors, categorizes them 
into 1) well differentiated neuroendocrine tumors (WD-NETs) to include tumors that are 
clearly benign and those that are anticipated to have an uncertain behavior (i.e. a low 
grade malignant potential); 2) well differentiated endocrine carcinomas (WD-NECAs), 
and 3) poorly differentiated endocrine carcinomas (PD-NECAs). A clearcut distinction 
between "benign" (WD-NETs) and "malignant" (WD-NECAs) can be confidently made 
only in the presence of metastases, or if the tumor is ≥ 2cm in size, extends deep into 
the muscularis propria or shows lymphovascular invasion. Since these features are 
clearly impossible to evaluate in biopsy material, a final judgement should be deferred 
until the resected specimen has been examined. In the absence of demonstrable 
metastases, predictions of their aggressive behavior have traditionally relied on a 
combination of such indicators of malignancy as their anatomic site of origin, their size, 
histologic grade, extent of their intramural penetration, presence of lymphovascular 
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invasion, proliferative activity as judged by mitotic count/10 HPF or a high Ki-67/MIB-1 
labeling index, and lastly, the functionality of the tumor. The relative significance of each 
of these features, is again dependent on the site of origin of these tumors. 

 
Tumor Site: The anatomic site of origin of GI-NETs is overall an important 

predictor of their biologic behavior. Thus only a small proportion of gastric carcinoids (type 
III NETs) are clearly malignant. Duodenal, jejuno-ileal and colonic carcinoids (even when 
small) are, on the other hand, often malignant and most have already metastasized by the 
time they are detected; whereas appendiceal and rectal NETs are usually benign, even 
though most of them may show deep intramural invasion that is otherwise associated with 
malignancy.  

 
Tumor Size: Tumor size too is a reliable independent predictor of aggressive 

behavior in certain sites. In the stomach at least, tumors ≤1cm in size are generally 
benign, while those ≥ 3 cm in size are invariably malignant(26). For duodenal tumors size 
does not appear to be a reliable predictor of eventual behavior, since even the relatively 
small tumors tend to be deeply invasive and aggressive. However, for jejuno-ileal 
tumors, size of turns out to be a significant discriminator since 80% of tumors ≥ 2cm in 
size show metastases when first discovered, while less than 2% of those under 1 cm do 
so(27). The aggressive potential of tumors 1-2 cm in size resembles that of the larger 
lesions. Appendiceal NETs smaller than 2cm, on the other hand, are slow growing 
indolent tumors and are regarded as benign, while those >2cm in size are generally 
regarded as aggressive tumors and treated by a hemicolectomy. However, it should be 
mentioned that size as a criterion is reliable only for non-functioning tumors, since the 
functional ones, regardless of whether they are familial or non-familial, are often overtly 
malignant and metastatic at detection. 

 
Local Invasion: Whereas local tissue invasion by GI-NETs does not in itself imply 

malignancy, invasion into the muscularis propria is associated with a high incidence of 
metastatic spread. In one series, 90% of the deeply invasive tumors had already 
metastasized when first detected, whereas none of the superficially invasive tumors had 
done so(28). The WHO classification too emphasizes tumor invasion of the muscularis 
propria as an important distinguishing feature of WD-NECAs. But here too appendiceal 
NETs are an exception. Since even the clearly benign ones often show extension into the 
muscularis propria, appendiceal NETs are not considered malignant until they extend into 
the mesoappendix.  

  
 Proliferative Index: Though a high Ki-67 index (≥ 150/10HPF) is a reliable 

independent predictor of malignancy in gastric NETs(26), it fails to discriminate between 
benign and malignant jejuno-ileal or colorectal NETs(29). Nonetheless, in keeping with 
other tumors, a Ki-67 labeling index of >15% of tumor cell nuclei in gastric NETs, and a 
similar index of >10 % in jejuno-ileal NETs has been suggested as a reliable marker of 
aggressive growth(30).   

  
Expression of Growth Factors: In addition to their secretory products, GI-NETs 

are also known to express a variety of growth factors (a-FGF, b-FGF-α & β, IGF and 
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PDGF etc.) and their receptors. Since the concurrent expression of growth factors and 
their corresponding receptors is expected to confer an autonomy of growth to the tumor 
cells by autocrine or paracrine mechanisms(31), it has been argued that the 
presence/absence of such expression in GI-NETs might be helpful in separating benign 
from malignant tumors. However, since such expression appears related to either the site 
of origin of these tumors or their progenitor cell type, it has not achieved diagnostic 
utility(32).  

 
In conclusion therefore, it is clear that in the 100 years since Oberndorfer’s original 

description, carcinoids (or GI-NETs as we now refer to them),are thought of as a “family“ of 
tumors that share such generic features as an origin from a  “common/closely related” cell 
lineage (as demonstrated by their reactivity for the common NE markers) and an abilty to 
secrete varying amounts of one or more of a variety of amines/peptides etc. However, they 
show significant heterogeneity as to their pathogenesis, their ability to give rise to certain 
clinical syndromes, their association with certain heritable conditions (MEN-1, MEN-2, 
VRNF-1 and VHL etc., and last of all their prognostic indicators and biological behavior. 
Even though significant strides have been made in our understanding of some of these 
features, it appears that we may be just scratching the surface and that there still remains 
a lot to be learnt about their “unity in diversity.” 
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