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Introduction

Neuroendocrine tumors (NET) are a group of tumors that arise from the 
cells of the neuroendocrine system and are found throughout the body. The 
primary site of the tumor is associated with the grade of differentiation. 
Well-differentiated NET are mainly found in the gastrointestinal tract (62%) 
and pulmonary tract (23%) [1]. The first well-differentiated NET were 
identified by Siegfried Oberndorfer, who in 1907 coined the term ‘carcinoid’ 
or ‘carcinoma-like’, recognizing the relatively low malignant features of this 
unusual tumor [2]. NETs are characterized by the presence of cells that 
possess secretory granules and have the ability to secrete specific hormones.

Classification
 The pathological characteristics of the tumor are dependent on the organ 
of origin, the grade of differentiation, the stage of the tumor and the hormone 
production. Traditionally, NETs were classified by their origin, such as the 
pulmonary tract, the pancreas or other gastrointestinal organs. In 2000 the 
World Health Organization (WHO) proposed a new pathologic categorization 
for gastroenteropancreatic NETs based on cellular grading, primary tumor 
size and site, cell proliferation markers, local or vascular invasivity, and the 
production of biologically-active substances. The classification categorizes 
the neuroendocrine tumors as: 1) well-differentiated benign endocrine 
tumors (WDET); 2) well- differentiated endocrine carcinoma (WDEC) with 
low-grade malignant potential and 3) poorly-differentiated endocrine 
carcinoma (PDEC) with high-grade malignant potential [3]. The PDEC were 
subdivided into endocrine carcinoma and small-cell carcinoma. In 2010 the 
WHO launched a new classification [4]. This classification is based on the 
grade of differentiation: 1) grade 1 (G1): mitotic count <2 per 10 x 2mm2 and/
or ≤2% Ki67 index; 2) grade 2 (G2): mitotic count 2 - 20 per 10 x 2mm2 and/or 
3-20 Ki67 index and 3) grade 3 (G3): mitotic count >20 per 10 x 2mm2 and/or 
>20 Ki67 index.
 The classification of lung tumors is based on that of Travis et al. and has 
not been changed since 1981. This system recognizes the following categories: 
1) typical carcinoid, 2) atypical carcinoid, 3) small-cell cancer neuroendocrine 
(SCNC) and 4) large-cell neuroendocrine carcinoma (LCNC) [5], based on 
mitotic index or presence of necrosis. The carcinoids are well-differentiated, 
while the small and large-cell carcinoma are poorly differentiated NETs. 
Table 1 shows the different classification systems. All systems distinguish 
two main groups, the well-differentiated and the poorly differentiated.   
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similar to non-NETs such as pain, bowel obstruction or coughing, depending 
on the site of the primary tumor. 
 The classical carcinoid syndrome occurs in 40-60% of the patients with 
metastatic disease originated from the small bowel or proximal colon, less 
frequently in patients with lung NETs, and do not occur in rectal NETs. 
Carcinoid heart disease is a late complication and occurs in 50-60% of the 
patients with carcinoid syndrome [10;11]. High concentrations of serotonin 
released by the liver metastases enter via the inferior vena cava into the right 
side of the heart (Figure 1). The serotonins are thought to initiate a pathological 
process leading to fibrotic plaques on mainly the tricuspid and the pulmonary 
valves resulting in tricuspid regurgitation, a right-sided heart failure [12]. 

Diagnosis
 Previously, the diagnosis was made by measuring 5-hydroxyindoleacetic 
acid (5-HIAA) in urine   whereas currently the diagnosis is based on tissue 
examination. As NETs are relatively rare and heterogeneous, examination of 
the tumor tissue should be done by a pathologist experienced in the field of 

Clinical presentation 
 Well-differentiated NETs are slowly growing tumors and, even if patients 
have metastases, they may survive for many years (5-year survival: 35%) [6]. 
Presenting symptoms depend on the primary site: tumors found in the small 
bowel may cause bowel obstruction, pancreas tumors cause pain, and lung 
tumors are associated with coughing. Because of the vagueness of the 
symptoms, the diagnosis is frequently delayed; the median time from onset 
of symptoms to diagnosis is 2-5 years, with a range of up to 20 years [7;8]. 
NETs have the ability to secrete a variety of hormones which can lead to 
typical clinical syndromes by these so-called ‘functioning’ tumors [9]. The 
well-known carcinoid syndrome is caused by overproduction of serotonin. It 
is a pattern of symptoms such as abdominal pain, diarrhea and flushing, 
mainly produced by the serotonin of the liver metastases. Although 
functioning tumors may cause typical clinical syndromes, individual 
symptoms tend to be rather ordinary and may not be recognized as a 
syndrome. If NETs are non-functioning, patients present with complaints 
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Table 1  Classification schemes for the digestive system and the lung.

Gastrointestinal tract Pulmonary tract

WHO 1980 WHO 2000 WHO 2010 WHO a

Carcinoid  Well-differentiated 
endocrine tumours 
(WDET)

 NET G1  
(carcinoid) 

Typical carcinoid 

 Well-differentiated 
endocrine carcinoma 
(WDEC)

NET G2 Atypical carcinoid 

 Poorly differentiated 
endocrine 
carcinoma (PDEC)

 NEC  
(large cell type) 

Large cell 
neuroendocrrine 
carcinoma 

 Poorly differentiated 
endocrine 
small cell carcinoma 
(PDEC)

 NEC  
(small cell type) 

Small cell carcinoma 

WHO, World Health Organization; NET, neuroendocrine tumors; NEC, neuroendocrine carcinoma; G, grade 
[4;30]
a Classification for the pulmonary tract has not changed since 1981

Figure 1   Chart showing how high levels of serotonin, released by liver metastases, 
reach the right side of the heart and affect the tricuspid valves.
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A (CgA), currently also the routine marker in our institute. CgA is part of the 
granin family, which also comprises chromogranin B and C and secretogranin 
III – VI [22]. The CgA molecule is a 49 kDa acidic glycoprotein localized in the 
secretory granules of the neuroendocrine cells. The physiological function 
has not yet been fully unraveled, but it is thought that the granins are 
involved in intracellular and extracellular processes. Intracellular they play 
an important role in the storage and secretion of hormones, and extracellular 
as a pro-hormone. After degradation several biologically active peptides are 
released which have different paracrine and autocrine functions (e.g., 
chromostatin, pancreastatin) [23;24]. CgA levels are elevated in most patients 
with well-differentiated metastatic NET, including endocrine pancreatic 
tumors.
 Another widely used non-specific marker is neuron-specific enolase 
(NSE), mainly used in poorly-differentiated NET [25;26]. NSE is the neuron-
specific isomer of the enzyme enolase and is one of the enzymes of the 
glycolotic pathway. It is present in neurons and neuroendocrine cells. NSE is 
useful as a single prognostic factor and activity marker during the follow-up 
of patients with small-cell lung cancer [27]. 
 Other non-specific markers for NETs are catecholamines and tachykinines. 
Catecholamines play a role in the pathophysiology of flushes. Elevated levels 
of urinary excretions of catecholamines and their metabolites were found in 
patients with midgut NETs [28]. The tachykinines, neurokinin A (NKA) and 
substance P (SP), are known to have effects on gastrointestinal motility, 
vasodilatation, and flushing. Both NKA and SP are stored and secreted by 
classical midgut carcinoid tumors [29]. 

The outline of the thesis

The aim of this thesis is to analyze the epidemiological data of neuroendocrine 
tumors available in the Netherlands, and to investigate the clinical relevance 
of biomarkers in serum. Of these markers chromogranine A (CgA) plays an 
important role, but we also examine the clinical value of new available 
markers that are not directly related to NET. 
 Chapter 2 presents the epidemiological data of 42,186 patients with NET 
in the Netherlands from 1990 to 2008. In contrast to most epidemiological 
studies that are based on primary site of the tumors, we present the incidences 
and survival data of NET according to the histological classification based 
on the WHO classification released in 2010. The incidences are compared 
with data from other European countries and the USA.

NET to differentiate these tumors from adenocarcinoma with neuroendocrine 
features and goblet cell carcinoids. In addition to the histological features, it 
is important to report the grade of malignancy by means of the number of 
mitotic cells per mm2 or Ki-67 staining [13]. For lung tumors it is also 
necessary to report the presence of necrosis [5]. The grade of malignancy is 
associated with survival and is therefore relevant for the choice of treatment 
[14].
 Assessment of the location and extent of NETs can be made with 
conventional methods such as CT and/or MRI. In addition, somatostatin 
receptor (SSR) scintigraphy (octreoscan) is used to visualize the tumors with 
radiolabeled somatostatin analogs which bind to SSR subtype 2 and 5 located on 
the cell membrane of the NET cells [15]. Sensitivity is approximately 80%. The 
results of SSR scintigraphy are important for treatment with somatostatin 
analogs (octreotide). Another scintigraphic method is the MIBG scan. 131I-MIBG 
is accumulated in the neurosecretory granules of the chromaffin cells.  
A combination of both these nuclear scans achieves a sensitivity of 95% [16]. 

Biomarkers
 Depending on the type of cells from the origin of the NET, tumors may 
produce specific hormones. Therefore, these specific markers can be used for 
the diagnosis of the NETs. Irrespective of the subtypes, NETs also produce 
hormones or enzymes which are called non-specific markers. Both markers 
can be used during the follow-up of NETs [17].
 The best-known specific marker is serotonin, which is released by entero-
chromaffin (EC) cells. EC cells are found in the midgut (e.g. small bowel, 
appendix and proximal colon), less frequently in the foregut (e.g. pulmonary 
tract, stomach and pancreas) and seldom in the hindgut (e.g. distal colon and 
rectum). The metabolite of serotonin, 5-hydroxyindoleacetic acid (5-HIAA) is 
secreted in the urine. In the 1900s urinary 5-HIAA was the most widely-used 
tumor marker for diagnosis and follow-up in patients with midgut NETs  
[18;19]. The 5-HIAA levels are also associated with the severity of carcinoid 
heart disease [20]. Serotonin concentrations can be measured in platelet-rich 
plasma. In spite of the high sensitivity, they are not measured routinely. 
Concentrations vary within a day and measurements need special 
pre-analytical precautions. Serotonin as well as 5-HIAA measurements need 
dietary rules, because false-positive levels can be found after serotonin-rich 
food intake, such as bananas, avocados, eggplants and walnuts.  
 Other specific tumor markers are gastrin in gastrinoma, insulin in 
insulinoma, and glucagon in glucagonoma [19;21]. In the last decade, the 
most widely used tumor marker in well-differentiated NETs is chromogranin 
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Urinary 5-hydroxyindoleacetic acid (5-HIAA) was the most frequently used 
tumor marker in well-differentiated NET. In Chapter 3 the increasingly used 
serologic marker chromogranin A (CgA) is evaluated during the monitoring 
of patients with NET. CgA is a promising marker and is more convenient 
than 24-hour urine measurement; however, a thorough evaluation during 
follow-up is lacking. Both these markers are compared with regard to items 
on the quality of life questionnaire, EORTC-QLQ-C30 specific to disease 
activity, supplemented with questions specific to carcinoid symptoms.
 N-terminal pro-brain natriuretic peptide (NT-proBNP) has been a useful 
marker for left ventricular dysfunction. In Chapter 4 the diagnostic value of 
CgA and NT-proBNP is examined for carcinoid heart disease (CHD), as well 
as their prognostic value for overall survival in NET patients.
 Progastrin-releasing peptide (proGRP), the precursor of GRP, is a recently 
identified biomarker of small-cell lung cancer (SCLC). GRP is a gut hormone 
and widely distributed throughout the nervous system, and gastrointestinal 
and pulmonary tract. There are some reports that proGRP is elevated in NET. 
In Chapter 5 the association between proGRP and tumor characteristics (the 
primary site of the tumor and the grade of differentiation) as well as the 
prognostic value of proGRP levels compared with chromogranin A (CgA) 
levels is investigated in patients with well-differentiated NET. 
 CgA and neuron specific enolase (NSE) are the most widely used markers 
in well-differentiated and poorly-differentiated NET, respectively. In 
Chapter 6 we measure proGRP, and cytokeratin fragments (CKfr) 
(MonoTotal®) in addition to CgA and NSE to investigate whether a 
combination of tumor markers might be more informative than each marker 
alone. To establish the reference values and the sensitivity, the markers are 
measured in 282 healthy persons. 
 The most important reason for false-positive CgA values, and a potential 
pitfall in the evaluation of NET, is the use of proton pump inhibitors (PPIs). 
In Chapter 7 the influence of PPIs on CgA levels is investigated. We examine 
whether discontinuation of PPIs, or replacement by H2-receptor antagonists 
(H2RA), results in a decrease of the unexpected elevation of CgA levels in 
patients with NET. 
 In the event of liver metastases, hepatic artery embolization (HAE) can be 
a successful treatment option in patients with NET. However, embolization 
causes hypoxia which stimulates angiogenesis and therefore tumor growth. 
In Chapter 8, angiogenesis activity following HAE is examined by measuring 
vascular endothelial growth factor (VEGF), endothelin-1 (ET-1) and 
C-terminal pro-endothelin-1 (proET-1) in blood.  
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