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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.   

Chapter 1 Introduction and outline of the thesis 1
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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 

Chapter 1 Introduction and outline of the thesis 1

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.

Inferior
vena cava  Tricuspid

valves  

Aorta

EC cell
NET  

Hepatic metastases
Carcinoid syndrome  

High concentrations of
vasoactive tumor products    
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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 

Chapter 1 Introduction and outline of the thesis 1
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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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Abstract

Purpose: Epidemiological data of neuroendocrine tumors (NET) are mostly 
classified according to the primary site of the tumor. As histological grade 
might be more informative, we evaluated the epidemiological and survival 
data of NET stratified by histological grade, based on the WHO classification 
of 2010 and taken into account the histological codes ‘atypical carcinoid’ and 
‘large cell neuroendocrine carcinoma’ launched in 2000.

Methods: 42,186 patients with NET were identified in the Netherlands from 
1990-2008. Four groups were defined: well-differentiated NET, grade 1 and 2 
(G1NET and G2NET), and poorly differentiated (grade 3) neuroendocrine 
carcinoma, large cell and small cell (LCNEC and SCNEC, respectively). 

Results: Annual incidence for G1NET remained stable at 2.1/100,000, whereas 
an increase was observed for stomach and bowel tumors and a decrease for 
lung tumors. The incidence for G2NET increased from 0.01 in 1990 to 0.16 in 
2008, and for the  LCNEC from <0.1 to 1.8. In SCNEC incidence for men 
decreased from 20.8 to 11.1, whereas for women it increased from 4.4 to 7.6. 
The 5-year relative survival rate improved in G1NET, particularly for patients 
with metastatic G1NET: from 30% in 1990-2000 to 44% in 2001-2008 and for 
SCNEC from 4 to 6%, whereas for LCNEC it decreased from 26 to 21%. 

Conclusion: Stratification by histological grade shows that the increasing 
incidence of NET is mainly explained by the increasing incidence of LCNEC, 
caused by the introduction of new histological terms in 2000. Survival is 
strongly dependent on the histological grade and improved over time. 

Introduction

Neuroendocrine tumors (NETs) are malignant tumors composed of the 
neuroendocrine cells and originating all over the body [1]. Traditionally, 
well-differentiated NETs (carcinoids) were divided into foregut, midgut and 
hindgut carcinoids, based on the embryonic origin of the organs. Foregut 
carcinoids are located in the lung, pancreas, stomach and upper jejunum. 
Midgut carcinoids are the largest group and include all carcinoids arising in 
the lower jejunum, ileum, cecum and appendix. Carcinoids of the colon and 
rectum belong to the hindgut. 
 Histological classification was redefined by the World Health Organization 
(WHO) in 2000 and subsequently adapted by the International Classification 
of Diseases for Oncology, 3rd Edition (ICD-O-3) [2]. This classification divided 
NET into well-differentiated endocrine tumors (WDET), well-differentiated 
endocrine carcinoma (WDEC) and poorly differentiated endocrine carcinoma 
(PDEC). The difference between WDET and WDEC was based on size, invasion, 
localization and the mitotic index. The PDECs were divided into large cell 
endocrine carcinoma and small cell endocrine carcinoma. In 2010, the WHO 
classification for the digestive system was again modified [3]. In this last 
classification, the well-differentiated NETs are stratified by grade of differen-
tiation, i.e. into grade 1 and grade 2. The poorly differentiated carcinoma are 
thus subdivided into large cell neuroendocrine carcinoma (LCNEC) and 
small-cell neuroendocrine carcinoma (SCNEC). However, the histological 
classification for the lung NETs has not been changed since 2000. These tumors 
are still divided into typical (comparable to grade 1) and atypical (comparable 
to grade 2) carcinoid, based on the number of mitoses per high-power field in 
combination with the presence of necrosis [4].
 Most studies on NET are based on the primary site in a specific organ 
system, such as the lung or the gastrointestinal tract, with their own 
classification scheme. Recently in 2010, The North American Neuroendocrine 
Tumor Society (NANETS), compared all existing classification systems and 
proposed to apply a pathological classification irrespective of primary site 
[5]. Although some differences exist between the various systems, there are 
several common characteristics. Three grades were recognized in each 
classification: the low and intermediate grade, the well-differentiated 
tumors, and the high grade or poorly differentiated tumors. 
 In 2001 we presented survival data of only two out of eight regions of the 
Netherlands [6;7]. We reported an improved survival in patients with 
metastatic disease, probably related with the use of octreotide that became 
largely available in The Netherlands. Later, in 2008, a linkage was made 

Chapter 2 Epidemiology of NET in the Netherlands

2



24 25

 In the present study we used the following grouping of histology codes: 
for G1NET M8240-M8242, M8248, M8150-M8153 and M8155-M8156, for 
G2NET M8249, for LCNEC M8013 and for SCNEC M8041. Morphological 
code M8246 was classified according to differentiation grade: grade 1 as 
G1NET, grade 2 as G2NET, and poorly differentiated or  unknown grade as 
LCNEC. Because in most other studies no distinction was made by differen-
tiation or grade, we combined the results of the NETs (excluding SCNEC) in 
order to compare our data with other epidemiological studies, 
 As the TNM classification for NET was only introduced in the 7th edition 
of the UICC TNM Classification of Malignant Tumors (released in 2009), 
stages for NET were still classified as localized, regional or metastatic 
disease. The European Standardized Rate (ESR) was used to calculate 
age-adjusted incidence rates [8]. Survival data were retrieved from the 
Municipal Population Registries that were linked to the NCR since 2008. The 
relative survival rates (RSR) were calculated as the ratio of observed survival 
to the expected survival in the general population of the same age and sex 
for two periods: 1990-2000 and 2001-2008, using the statistical software 
package STATA. Kaplan-Meier curves of the observed survival were 
constructed according to period of diagnosis using STATA.

Results

The total number of patients identified with NET between 1990 and 2008 was 
42,186: 26,682 men (63%) and 15,504 women (37%) (Table 1). According to 
grade of differentiation, 6,960 patients (16.5%) presented with G1NET, 256 
(0.6%) with G2NET, 2,786 with LCNEC (6.6%) and 32,184 patients (76.3%) with 
SCNEC. Median age at diagnosis was 64 years for women and 68 years for 
men. Median age was lower for G1NET and G2NET (59 years and 61 years, 
respectively) than for LCNEC and SCNEC (both 67 years). 

Incidences
 Figure 1 shows the age-standardized incidence rates (ESR) by histological 
groups: incidence of G1NET remained stable at 2.1 per 100,000 inhabitants, 
both in men and women (Figure 1A). The ESR for all patients with G2NET 
increased from 0.01 in 1990 to 0.11 in 2001, the year in which the morphology 
code M8249 for atypical carcinoid was first applied. Even after 2001, the ESR 
of G2NET continued to increase up to 0.16 in 2008. However, this increase in 
the G2NET group did not contribute to a substantial increase for the entire 
group, because the fraction of G2NET within all NETs was only 0.6%. The 

between the Netherlands Cancer Registry (NCR) and the Municipal 
Population Registries which covers the entire Dutch population; this created 
the possibility to investigate in the present study data of all patients with 
NET registered in the Netherlands. 
 The aim of was to evaluate the epidemiological data of patients diagnosed 
with NET between 1990 and 2008 based on the revised histological 
classification of 2010, and to establish whether survival has improved.

Material and Methods
 
The data were extracted from the database of the NCR from January 1 1990 to 
December 31 2008. The NCR covers the entire Dutch population 
(approximately 16 million people). Pathologists enter the histopathology and 
cytopathology reports of the diagnosed malignancies in the Pathologisch 
Anatomisch Landelijk Geautomatiseerd Archief (PALGA), the nationwide Dutch 
Pathology Network, which submits the data to the regional cancer registries. 
Trained registry staff collected data on diagnosis, stage and treatment from 
the medical records using the registration and coding manual of the NCR. 
Patients are coded according to the International Classification of Diseases 
for Oncology (ICD-O).
 For this study, we were dealing with ICD-O versions 1, 2 and 3, which 
were used in the NCR until 1992, during 1993-2000 and since 2001, 
respectively. In the ICD-O-3 classification, released by the WHO in 2000, 
new codes concerning the NETs were introduced for large cell neuroendocrine 
carcinoma (M8013), enterochromaffin-like cell tumors (M8242) and atypical 
carcinoid (M8249). In this study, histology codes M8150-3, M8155-6, M8240-2, 
M8246, M8248-9, M8013 and M8041 were used. Tumors coded as M8240/1 
according to ICD-O versions 2 and 3 (carcinoid tumor NOS of the appendix) 
were also included. NETs of the skin (Merkel cell carcinoma), goblet cell 
carcinoid and NET combined with adenocarcinoma were excluded. 
 Since a uniform classification system for NET, irrespective of primary 
site, has not (yet) been developed, we defined four groups: group 1: well-dif-
ferentiated, low graded NET or carcinoid tumor (G1NET); group 2: well-dif-
ferentiated, intermediate graded or atypical carcinoid NET (G2NET); group 
3: poorly differentiated large-cell neuroendocrine carcinoma (LCNEC); and 
group 4: poorly differentiated small cell carcinoma (SCNEC). This means 
that from the introduction of the ICD-O-3 in the Netherlands in 2001, the 
new histology codes M8249 and M8013 were classified as G2NET and LCNEC, 
respectively. 
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2Table 1   Percentages of neuroendocrine tumors according to histological grade and 
primary site in the Netherlands. Because the ICD-O-3 was launched in 2001, 
percentages are presented from 1990-2000 and from 2001-2008. 

  median age  1990-2000  2001-2008  Total
  M F number G1NET G2NET G3LCC G3SCC number G1NET G2NET G3LCC G3SCC  

Stomach 68 68 261 67% 0% 10% 23% 268 65% 1% 19% 15% 529
Small instestine 66 69 577 96% 1% 3% 0% 657 91% 1% 8% 0% 1234
   duodenum 63 69 83 92% 0% 8% 0% 88 89% 1% 10% 0% 171
   jejunum 65 72 48 100% 0% 0% 0% 54 78% 4% 17% 2% 102
   ileum 66 67 302 96% 1% 2% 1% 347 91% 0% 8% 0% 649
   M. divertikel 68 68 25 100% 0% 0% 0% 26 96% 4% 0% 0% 51
   other/NOS 67 72 119 97% 2% 2% 0% 142 94% 1% 5% 1% 261
Appendix 39 34 1013 100% 0% 0% 0% 753 99% 0% 1% 0% 1766
Colon/rectum 63 62 567 79% 1% 13% 7% 626 70% 2% 19% 8% 1193
   cecum 65 69 148 84% 3% 9% 4% 160 75% 4% 16% 6% 308
   (recto)sigmoid 63 65 88 68% 0% 22% 10% 49 63% 0% 29% 8% 137
   rectum 58 53 248 85% 0% 8% 6% 341 75% 1% 15% 9% 589
   other/NOS 66 70 83 60% 1% 24% 14% 76 41% 3% 43% 13% 159
Pancreas 59 59 333 57% 1% 30% 12% 399 45% 1% 45% 10% 732
Gastrointestinal,  
other/NOS

66 70 232 29% 0% 12% 59% 270 24% 0% 26% 50% 502

   esophagus 67 71 133 2% 0% 5% 93% 153 1% 0% 18% 81% 286
   other/NOS 63 67 99 66% 1% 21% 12% 117 54% 1% 37% 9% 216
Lower respiratory  
tract/thorax

68 64 17923 5% 0% 2% 93% 14102 4% 1% 7% 88% 32025

   larynx 69 63 37 32% 11% 27% 30% 25 20% 20% 40% 20% 62
   trachea 65 64 30 10% 0% 3% 87% 15 33% 0% 13% 53% 45
   lung 68 64 17821 4% 0% 2% 94% 14036 4% 1% 6% 89% 31857
   thymus 51 60 35 71% 6% 23% 0% 26 54% 19% 27% 0% 61
Other sites 71 69 559 13% 1% 11% 64% 559 8% 1% 20% 71% 1118
   head & neck 65 66 60 8% 0% 20% 72% 75 1% 3% 35% 61% 135
   cervix uteri   49 76 5% 0% 13% 82% 42 0% 0% 26% 74% 118
   ovary   63 48 54% 0% 10% 35% 48 54% 0% 10% 35% 96
   prostate 72   87 6% 0% 11% 83% 79 0% 0% 15% 85% 166
   urinary bladder 72 70 156 1% 0% 6% 94% 220 0% 0% 10% 89% 376
   other 69 71 132 29% 2% 23% 46% 95 19% 4% 36% 41% 227
Unknown primary site 69 69 1591 28% 0% 14% 58% 1496 22% 2% 28% 48% 3087
Total 68 64 23056 17% 0% 4% 79% 19130 16% 1% 10% 72% 42186

G1NET, grade 1 neuroendocrine tumors; G2NET, grade 2 neuroendocrine tumors; LCNEC, large cell 
neuroendocrine carcinoma; SCNEC, small cell neuroendocrine carcinoma; NOS, not otherwise specified
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largest increase in incidence was for LCNEC: in females from <0.1 in 1990 to 
1.0 in 2001 and to 1.5 in 2008, and in males even greater: from <0.1 in 1990 to 
1.6 in 2001 and to 2.0 in 2008. In the other group of poorly differentiated 
tumors, the incidence of SCNEC decreased in men from 20.8 in 1990 to 11.1 in 
2008, while the opposite trend was found in women, i.e. an increase from 4.4 
in 1990 to 7.6 in 2008 (Figure 1B). 
 Although the incidence for all G1NET remained stable, within the G1NET 
different trends were observed (Table 2). ESR increased for stomach tumors 
(from 0.09 in 1990-2000 to 0.11 in 2001-2008), for small bowel tumors (from 
0.30 to 0.39) and for large bowel tumors (from 0.25- to 0.30), while a decrease 
were observed for lung tumors (0.49 to 0.39). In the other sites ESR remained 
stable. The incidence in LCNEC increased for all sites with the largest 
contribution of lung tumors, i.e. from 0.18 in 1990-2000 to 0.64 in 2001-2008.
Table 1 shows that the distribution of the histological groups changed over 
time: the contribution of the LCNEC increased from 4% in 1990-2000 to 10% 
in 2001-2008, while the SCNEC decreased from 79% to 72% during the same 
periods. These changes were (in general) observed for all the different 
primary locations. 

Tumor characteristics
 Table 3 shows the age-standardized incidence rates (ESR) of NETs 
stratified by histological grade and primary site of the tumor. To present the 
most accurate numbers, the incidences since 2001 are shown, because in 2001 
the terms “large cell neuroendocrine carcinoma”, “enterochromaffin-like 
cell tumors” and “atypical carcinoid” were implemented. The highest 
incidence of G1NET was found for the appendix (0.57/100,000) followed by 
the lung (0.39), small bowel (0.39) and large bowel (0.30). Men were more 
likely to have a primary tumor in the small bowel (male:female ratio 1.5, data 
not shown), while women more often had a primary tumor in the appendix 
(male:female ratio 0.6) or the lung (male:female ratio 0.8). Women were over-
represented in the  “other sites” (male:female ratio 0.2), because the ovary 
was the predominant primary site within this group.
 In Figure 2, the pie charts show that the distribution of the histological 
groups has a strong correlation with specific primary sites: i.e. G2NET and 
SCNEC mostly present in the lung. 
 The incidence of G2NET was very low (0.14/100,000). Most of these tumors 
were lung tumors (0.10). In the remaining sites very low incidences of G2NETs 
were found (<0.01-0.02). The predominant primary site in the LCNEC group 
was also the lung. Incidence was 0.64/100,000, and was higher in men than in 
women (male:female ratio, 1.9, data not shown). For LCNEC the primary site 

Chapter 2 Epidemiology of NET in the Netherlands

2Figure 1   Age-standardized incidence rates according to sex and histological  
grade in the Netherlands from 1990-2008 for grade 1 and 2 
neuroendocrine tumors and large cell neuroendocrine carcinoma (A)  
and small cell neuroendocrine carcinoma (B).
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was often unknown: incidence was 0.29/100,000. The remaining LCNEC 
tumors were divided over the other organs, with incidence rates ranging 
from 0.04/100,000 in the stomach and small bowel to 0.13 in the pancreas. In 
general, men were more likely to have LCNEC than women (data not shown).
Also in the SCNEC group, most tumors were identified in the lung: 
8.50/100,000, with a higher incidence in men (male:female ratio 1.4). Men 
were also overrepresented in all other primary sites. Only one SCNEC tumor 
was localized in the small bowel and no tumors were registered in the 
appendix. Bladder was the main primary site within the “other sites” (data 
not shown). 
 Tumor stage of cases diagnosed between 2001-2008 was associated with 
primary site and grade (Table 3). In general, the higher the grade of differen-
tiation the more the tumors were metastasized: from 25% for G1NETs, 34% 
for G2NETs to 58% and 61% for LCNEC and SCNEC, respectively. Stage of 
disease was also associated with the site of the primary tumor: appendix 
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2Table 2   Age-standardized incidence rates (per 100,000 inhabitants per year) of 
neuroendocrine tumors (NET) and percentages of NET according to primary 
site, histological grade and stage in the Netherlands. 

  1990 - 2000 2001 - 2008 2001 - 2008
Primary site / grade ESR ESR localized regional metastatic unknown

Stomach 0.13 0.17 39% 11% 23% 26%
G1NET 0.09 0.11 53% 6% 10% 31%

G2NET 0.00 0.00 50% 25% 25% 0%

LCNEC 0.02 0.04 18% 28% 40% 14%

SCNEC 0.02 0.02 5% 12% 56% 27%

Small bowel 0.31 0.43 29% 26% 32% 13%
G1NET 0.30 0.39 30% 27% 30% 13%

G2NET 0.00 0.00 17% 0% 67% 17%

LCNEC 0.01 0.04 15% 30% 39% 17%

SCNEC 0.00 0.00 0% 0% 100% 0%

Appendix 0.63 0.65 96% 2% 2% 0%
G1NET 0.58 0.57 96% 2% 2% 0%

G2NET 0.00 0.00 100% 0% 0% 0%

LCNEC 0.05 0.08 29% 29% 29% 14%

SCNEC 0.00 0.00

Large bowel 0.32 0.42 41% 15% 30% 13%
G1NET 0.25 0.30 52% 11% 20% 17%

G2NET 0.00 0.01 17% 42% 42% 0%

LCNEC 0.05 0.08 16% 29% 48% 7%

SCNEC 0.02 0.03 11% 13% 72% 4%

Pancreas 0.18 0.26 28% 11% 52% 9%
G1NET 0.10 0.11 37% 10% 45% 8%

G2NET 0.00 0.00 0% 0% 100% 0%

LCNEC 0.06 0.13 21% 11% 57% 11%

SCNEC 0.02 0.02 18% 16% 58% 8%

Other GI sites 0.13 0.17 18% 15% 52% 16%
G1NET 0.04 0.04 41% 8% 34% 17%

G2NET 0.00 0.00 100% 0% 0% 0%

LCNEC 0.02 0.05 18% 18% 49% 14%

SCNEC 0.07 0.08 6% 16% 62% 16%

Lung / thorax 10.77 9.63 12% 29% 56% 3%
G1NET 0.49 0.39 73% 11% 8% 8%

G2NET 0.01 0.10 56% 19% 19% 6%

LCNEC 0.18 0.64 24% 25% 47% 3%

SCNEC 10.09 8.50 8% 30% 59% 2%

Table 2   Continued. 

  1990 - 2000 2001 - 2008  2001 - 2008
Primary site / grade ESR ESR localized regional metastatic unknown

Other sites 0.27 0.37 48% 18% 29% 5%
G1NET 0.04 0.03 78% 7% 9% 7%

G2NET 0.00 0.00 57% 29% 14% 0%

LCNEC 0.04 0.08 54% 16% 28% 2%

SCNEC 0.19 0.26 42% 19% 32% 6%

Unknown primary site 0.86 0.99 100%

G1NET 0.25 0.22 100%

G2NET 0.00 0.02 100%

LCNEC 0.12 0.29 100%

SCNEC 0.49 0.46 100%

Total 13.61 13.09 18% 24% 54% 4%
G1NET 2.14 2.14 56% 10% 25% 9%

G2NET 0.03 0.14 44% 17% 34% 5%

LCNEC 0.55 1.43 19% 18% 58% 5%

SCNEC 10.89 9.38 9% 28% 61% 2%

ESR, European age-standardized incidence rates; G1NET, grade 1 neuroendocrine tumors; G2NET, grade 2 
neuroendocrine tumors; LCNEC, large cell neuroendocrine carcinoma; SCNEC, small cell neuroendocrine 

carcinoma; NOS, not otherwise specified  
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tumors were predominantly localized tumors (96%), while lung tumors and 
gastrointestinal tumors other than small bowel tumors were more often 
metastasized (56% and 52%, respectively). Of the 19,130 cases, 1,496 (8%) 
presented with metastatic disease, while the primary site remained unknown. 

Survival
 RSR was strongly associated with histological grade: the 5-year RSR for 
all patients diagnosed between 2001-2008 for G1NET, G2NET, LCNEC and 
SCNEC was 79% [95% confidence interval (CI) 77-80%], 62% (95% CI 53-70%), 
21% (95% CI 19-23%) and 6% 95% CI 6-7%), respectively (Table 3). The same 
trend was observed in the RSR when stratified for stage of disease. However, 
for patients with localized G1NET and G2NET tumors the 5-year RSR was 
comparable: 93% (95% CI 91-95%) and 94% (95% CI 80-102%), respectively.   
As mentioned, the 5-year RSR of localized G2NETs in the period 2001-2008 
was similar to localized G1NETs. However, in more advanced disease the 
survival in G2NETs was lower than in G1NETs: for regional disease 56% (95% 
CI 32-76%) vs. 86% (95% CI 79-91%) and for metastatic disease 24% (95% CI 
14-37%) vs. 44% (95% CI 39-48%).
 If the patients were stratified according to grade of differentiation and 
status of disease, the 5-year RSR of lung NET were lower than the NET of the 
GI tract, as observed in all the LCNEC and in the metastasized SCNEC: 2% 
(95% CI 1-2%) for the lung NET vs. 5% (95% CI 2-11%) for the NET of the GI 
tract. In the G1NET no difference in 5-year RSR was found between the 
primary sites. Too less data were available for the G2NET to evaluate the RSR 
over time after stratifying for status of disease and primary site. 
 In the total G1NET group the 5-year RSR improved over time, from 73% 
(95% CI 72-75%) in 1990-2000 to 79% (95% CI 77-80%) in 2001-2008 (Table 3). 
Although improvement was seen in all sites and all stages, the largest 
increase was in patients with metastatic disease: from 30% (95% CI 27-33%) in 
1990-2000 to 44% (95% CI  39-48%) in 2001-2008. Figure 3A shows that the 
improvement of survival in metastatic G1NET was found from mainly 1999 
onwards. In contrast to the other histopathological groups, the overall RSR 
of the LCNEC group decreased from 26% (95% CI 23-3+%) in 1990-2000 to 
21% (95% CI 19-23%) in 2001-2008. In this group, the RSR was also associated 
with primary site of the tumor: in all stages the RSR of lung tumors was 
worse than the RSR of gastrointestinal tumors and tumors at other sites. 
In general, the RSR is poor in SCNEC, although improvement was observed 
in the 5-year RSR of all sites and stages of SCNECs from 4% (95% CI 4-4%) in 
1990-2000 to 6% (95% CI 6-7%) in 2001-2008. Figure 3B shows that the 
improvement of survival was mainly in the most recent period (2004-2008).   
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2Figure 2   Distribution of the primary sites according to pathologic classification in 
neuroendocrine tumors in the Netherlands from 2001-2008.
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2Table 3   Relative 5-year survival rates from 1990-2000 and from 2001-2008 of 
neuroendocrine tumors according to histological grade, primary site and 
stage of disease. 

G1NET G2NET LCNEC SCNEC
1990-2000 2001-2008 1990-2000 2001-2008 1990-2000 2001-2008 1990-2000 2001-2008

RSR 95% CI RSR 95% CI RSR 95% CI RSR 95% CI RSR 95% CI RSR 95% CI RSR 95% CI RSR 95% CI

All 73% 72-75% 79% 77-80% 38% 24-53% 62% 53-70% 26% 23-29% 21% 19-23% 4% 4-4% 6% 6-7%

GI tract 79% 77-81% 82% 80-84% * 61% 33-83% 33% 27-40% 33% 28-38% 5% 2-8% 9% 5-14%

Lung 82% 79-86% 89% 85-93% * 71% 59-80% 21% 16-26% 16% 13-19% 4% 3-4% 6% 5-6%

Other 78% 68-87% 86% 70-97% * * 46% 35-58% 35% 26-45% 22% 18-27% 21% 16-27%

Unknown 29% 25-34% 38% 31-44% * 23% 9-42% 14% 10-20% 13% 10-18% 3% 2-5% 6% 4-8%

Localized 92% 90-93% 93% 91-95% * 94% 80-102% 51% 43-59% 48% 41-54% 11% 9-12% 18% 16-21%

GI tract 92% 89-93% 92% 89-94% * * 59% 43-73% 61% 47-74% 13% 4-27% 14% 4-32%

Lung 93% 90-96% 96% 92-99% * 95% 81-103% 44% 33-56% 42% 33-50% 9% 8-10% 15% 13-18%

Other 90% 75-100% 98% 78-107% * * 54% 37-70% 49% 35-63% 35% 28-43% 37% 27-46%

Regional 73% 67-79% 86% 79-91% * 56% 32-76% 29% 21-38% 21% 16-27% 5% 5-6% 12% 10-13%

GI tract 76% 69-83% 84% 76-91% * * 36% 21-53% 35% 23-47% 9% 3-19% 20% 8-36%

Lung 62% 50-72% 89% 72-98% * 66% 37-85% 22% 13-13% 14% 9-20% 5% 5-6% 12% 10-13%

Other * * * * * * 8% 3-16% 17% 8-29%

Distant 30% 27-33% 44% 39-48% * 24% 14-37% 13% 10-16% 11% 9-13% 1% 1-1% 2% 2-2%

GI tract 32% 27-38% 50% 43-56% * * 21% 14-29% 19% 14-25% 0% 0-0% 5% 2-11%

Lung 16% 6-29% 36% 18-56% * 19% 6-37% 1% 0-6% 4% 2-7% 1% 0-1% 2% 1-2%

Other * * * * * 0% 0-0% 8% 3-15% 5% 2-11%

Unknown 29% 25-34% 38% 31-44% * 23% 9-42% 14% 10-20% 13% 10-18% 3% 2-5% 6% 4-8%

Unknown 71% 66-76% 72% 64-80% * * 34% 21-48% 32% 19-47% 6% 4-7% 10% 6-15%

GI tract 72% 66-78% 75% 66-83% * * 35% 18-54% 46% 28-65% 6% 1-18% 16% 5-34%

Lung 69% 56-80% 65% 41-82% * * * 0% 0-0% 5% 4-7% 8% 5-13%

Other * * * * * * 20% 8-37% 21% 7-43%

G1NET; grade 1 neuroendocrine tumors, G2NET; grade 2 neuroendocrine tumors, LCNEC; large cell 
neuroendocrine carcinoma, SCNEC; small cell neuroendocrine carcinoma, RSR; Relative survival rate, 

CI; Confidence interval, GI; gastro-intestinal  
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Discussion   

This study, including over 42,000 patients with NET, covers the entire 
population in the Netherlands from 1990-2008 and is, to our knowledge, one 
of the largest series of epidemiological data of NET. The linkage between the 
NCR and the Municipal Population Registries allowed to present the survival 
data of these patients. Thus far, only a few large population-based studies 
have presented epidemiological data on NETs [9-15]. These studies were 
mainly stratified by the primary site of the tumor, with little or no attention 
paid to histological grade. In our study, the NETs are initially classified 
according to their histopathological grade, irrespective of primary site. 
 In the present study investigating incidence rates, histological grade was 
not equally distributed among tumor sites, which should be taken into 
account had we been able to compare our data with other studies. The 
incidence of G1NET was stable. The incidence for G2NET and LCNEC 
increased, whereas the incidence for SCNEC decreased in males and 
increased in females. An increase in relative survival was found in all histo-
pathological groups, except for LCNEC. A major increase in survival was 
observed for patients with metastatic G1NET. 
 
Incidences
 In 2008, Hauso et al. compared NET data, including well-differentiated 
NET and LCNEC of the Norwegian Registry of Cancer (NorCR), with data of 
the National Cancer Institute’s Surveillance, Epidemiology and End Results 
(SEER) in the USA [16]. They reported a marked increase of NETs in both 
regions: in Norway the incidence of NETs increased from 2.4 (in 1993-1997) to 
4.1 (in 2000-2004), while in the USA, the incidence of NETs in Caucasian 
people increased from 4.2 to 5.8 in the same period. The trend of almost 
doubling of the incidences for NETs in Norway was comparable to our data 
in the Netherlands: from 2.9 (in 1990-2000, data not shown) to 3.7 (in 
2001-2008). Unfortunately, Hauso et al. did not present incidence rates 
according to histological grade. Therefore, it is unknown which group(s) was 
(were) responsible for the increase. In the Netherlands, the increase of NETs 
was found mainly in the LCNEC group. This increase might be mainly 
explained by the introduction in 2001 of the histology code M8013 (large cell 
neuroendocrine carcinoma). Before 2001 these tumors were most likely 
diagnosed as “large cell carcinoma, not otherwise specified”, or “poorly 
differentiated carcinoid tumor”. However, eight years after the introduction 
of this code a stabilization of the incidence in the LCNEC was (still) not 
observed. Improved diagnostic modalities or increased awareness of 
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2Figure 3   Survival curves according to period of diagnosis for metastatic  
well-differentiated (grade 1) neuroendocrine tumors (A, log-rank test:  
P < 0.0001) and for small cell lung cancer (B, log-rank test: P < 0.0001). 
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was the main site (Figure 2). When comparing our data (by summing the 
numbers of histological groups, excluding the small cell carcinoma) the most 
evident disparities were found in the large bowel (NCR, 0.39: NorCR, 0.49 
and SEER, 0.87). On the other hand, a higher incidence of appendix tumors 
was identified in the NCR (0.49) than in the NorCR (0.16) and in the SEER 
(0.30). As mentioned before, the higher incidence was probably due to 
registration in the Netherlands of the appendix tumors before the ICDO-2, 
whereas these tumors were not registered in other countries 
 When the SCNECs were excluded, the overall proportion of localized 
disease was 46% which was similar to the proportion observed in the USA 
(40% for the white population), but much higher than that in Norway (27%). 
The large contribution of the localized diseases of the appendix tumors in 
the Netherlands could be responsible for the high proportion of localized 
disease. The lower proportion of unknown extent of disease (10%) in the 
Netherlands in comparison to the USA and Norway (~20%) might be partially 
explained by more detailed registration of stage in the Netherlands. In the 
Netherlands, NCR staff collect patient data in the hospitals and have full 
access to all medical files.

Survival
 In the present study, the histological stratification differs from the study 
with survival data of the SEER, published by Yao et al. [15], who stratified 
patients according to stage of disease. Although comparison of the SEER data 
with our data was seriously hampered by this difference in stratification, we 
observed the same trends for survival. There was an ongoing improvement of 
survival for G1NET, especially a remarkable improvement for patients with 
metastatic disease (5-year survival improved from 30% in 1990-2000 to 44% in 
2001-2008), which was comparable with the SEER database [15]; i.e. Yao et al. 
observed a significant improvement in survival in patients with metastatic NET 
(irrespective of grade) from 25% in 1973-1987 to 40% in 1988-2004. The 
introduction of octreotide in 1987, and the long-acting octreotide in 1992, might 
explain this increase in survival. In addition to the use of octreotide, better 
diagnostic tools and therefore earlier diagnosis may have contributed to a longer 
survival. Since, for example, a recurrence is detected earlier, an earlier adaptation 
of treatment is possible. The observed deterioration of survival in the LCNEC 
group might be explained by partial misclassification during 1990-1999. 
Especially atypical carcinoids (belonging to G2NET) might have been included 
in LCNEC during the first period. As the survival rate of atypical carcinoid is 
higher than for LCNEC, a more accurate classification during the second period 
may have caused the decrease in the survival rate of LCNEC. 

pathologists for the diagnosis of LCNEC might account for the increase of 
incidence; however, it might also be a actual increase. In 2010 Ellis et al. also 
reported an increase in the incidence of gastrointestinal NETs in England 
[17]. Our data on the incidence of gastrointestinal tumors was higher than 
that reported in England (1.96 vs. 1.33, respectively). The incidence of 
appendix tumors in Norway and the USA might be underestimated because, 
before introduction of the ICD-O-2, carcinoids of the appendix were 
considered benign and subsequently not registered. In the Netherlands, 
appendix tumors have always been registered in the Dutch pathology 
registry (PALGA) and subsequently notified to the NCR, irrespective of the 
designation ‘benign’ or ‘malignant’. Similar to others, in the English study 
Ellis et al. provided no information on the grade of malignancy. 
 Although the incidence for all G1NET in the Netherlands remained 
stable, we did observe increases for the stomach tumors and for the small 
and large bowel tumors. Yao et al. suggested that the increase of colorectal 
carcinoids was caused by screening programs [15]. However, in the 
Netherlands the screening for these colorectal tumors was not yet introduced. 
Better imaging techniques and/or more awareness of the NET could 
contribute to this increase. With the proposed screening program for 
colorectal carcinoma in The Netherlands, we expect an ongoing increase of 
colorectal NETs. The observed decrease in G1NET of the lung was most likely 
related with the smoking habits. Men caused the decrease, while the 
incidence for women remained stable (data not shown). 
 In the present study, the incidence of G2NET increased, mostly 
attributable to the introduction of the histology code M8249 for the atypical 
carcinoid as a separate entity in the ICD-O-3 classification. Before 2001 these 
tumors were usually diagnosed and coded as carcinoid or as unspecified 
neuroendocrine carcinoma (G1NET or LCNEC). The small number of G2NETs 
registered before 2001, had been registered as moderately differentiated 
neuroendocrine carcinoma. 
 The incidence of SCNEC was mainly determined by small cell lung 
cancers, which comprise 91% of all SCNEC. Similar to other regions (e.g. 
North America, Australia and Europe), we observed an increasing incidence 
of SCNEC in women, but not in men [18]. This trend is probably related to the 
different smoking habits of men and women. 

Tumor characteristics
 Large differences were found in the distribution of the site of the primary 
tumors related to the grade of differentiation: the GI tract was the 
predominant site for G1NET, while in the other histological groups the lung 
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 In 2009, Lepage et al. reported great disparities in survival from malignant 
digestive endocrine tumors between 19 cancer registries in 12 European 
countries [19], In patients diagnosed from 1985-1994 the overall 5-year 
survival was 48%, ranging from 38% in eastern Europe to 60% in northern 
Europe. Unfortunately, the distribution between the histological grade 
groups was unknown. In our study, the 5-year survival for the gastrointesti-
nal tract was 79% for the G1NET and 33% for the LCNEC in patients diagnosed 
from 1991-2000. As the age-standardized incidence rates for LCNEC increased 
considerably and therefore made a greater contribution to the overall survival 
rates, in our opinion we should present the survival rates stratified by 
histological grade
 In our study, the prognosis of the SCNEC improved for all sites and 
stages. Janssen-Heijnen et al., investigating survival of small cell lung cancers 
since 1975, claimed that no further increase of survival of small-cell lung 
cancers could be seen in the 1990s [20]. However, since 2000, we observed 
prolonged survival for all stages of small-cell lung cancer. The introduction 
of concurrent chemoradiotherapy for patients with limited disease, and the 
addition of cranial irradiation for patients with extensive disease, might 
have contributed to these improvements [21].
 In conclusion, the increase of the incidence of NETs in the Netherlands 
was mainly observed in poorly differentiated large-cell neuroendocrine 
carcinoma. The main explanation for this might be the newly launched term 
‘large cell neuroendocrine carcinoma’ in 2000. However, improved diagnostic 
modalities and/or an actual increase in the incidence of these carcinomas 
may also have contributed to this increase. The incidence of well-differenti-
ated NETs remained relatively stable. The incidence of the small cell 
neuroendocrine carcinoma decreased in men and increased in women. The 
large group of lung SCNECs was responsible for this change of incidence, 
which is associated with changes in smoking behavior. 
 Prolonged survival in patients with metastatic G1NETs could be 
attributed to improved use of octreotide. The longer survival in patients with 
SCNECs could be a related to concurrent chemoradiotherapy and cranial 
irradiation. The apparent slight worsening of prognosis for the LCNEC could 
be attributed to the improved classification system since 2000.
 We recommend presenting epidemiological data of the NET divided into 
their histological grade, because the grade of NET is strongly associated with 
incidence, origin, stage and outcome of the disease.
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Abstract

Background: Urinary 5-HIAA excretion is a well-known marker in 
neuroendocrine tumors (NETs), but it has a low sensitivity and the 24-hour 
collection is inconvenient for patients. Chromogranin A (CgA) is a promising 
marker, but a thorough evaluation during follow-up is still lacking. 

Methods: 39 patients with metastatic gastrointestinal NETs were monitored 
during treatment with the long-acting octreotide SandostatinLAR®. A 
comparison was made between serum CgA and urinary 5-HIAA in relation 
to quality of life (HRQL) assessed by the EORTC QLQ-C30 questionnaire, 
supplemented with questions specific to carcinoid symptoms. Survival 
analyses were performed to examine the association between the markers 
and survival time.

Results: Correlations were found between CgA and physical functioning  
(P = 0.01) and quality of life (P = 0.03), while no significant correlations were 
observed between 5-HIAA levels and any of the self-reported health 
outcomes. Cox regression showed an association between CgA levels and 
survival time (P = 0.02), while no significant association was observed 
between 5-HIAA levels and survival time. 

Conclusion: Stronger correlations of CgA compared to 5-HIAA with physical 
functioning and wellbeing, the convenience of measuring in blood, as well 
as the prognostic value of CgA for survival, makes CgA the recommended 
marker in the management of patients with metastatic NETs.

Background

Neuroendocrine tumors (NETs) may arise in various organs and frequently 
present with liver metastases. These tumors are well known for their 
production of vasoactive hormones, but they can also be non-secretory, 
depending on the primary site of the tumor [1]. Particularly in midgut 
tumors, serotonin is the most prominent hormone, associated with  
diarrhea  and flushes. The degradation product of serotonin, measured as 
the 5-hydroxyindoleacetic acid (5-HIAA) in a 24-hour urine specimen, is not 
only important in making the diagnosis, but is also useful as a marker for the 
evaluation of treatment effect [2]. However, the level of 5-HIAA excretion  
is not directly related to the severity of symptoms, and fluctuations in  
the level of 5-HIAA are large [3]. Therefore, several measurements over time 
are needed for a definitive biochemical response evaluation. In addition,  
the collection of 24-hour urine samples is inconvenient for the patient and 
sometimes unreliable.  Therefore, a simpler and more accurate marker is 
desirable for these patients. 
 Chromogranin A (CgA), measured in plasma or serum, has been described 
as a promising marker in NETs [4;5]. The chromogranins play an important 
role in the regulation of storage and secretion of hormones and peptides. 
Several studies have demonstrated elevated CgA levels in hormone-secret-
ing as well as non-hormone-secreting tumors, making it a universal marker 
in NETs [6;7]. Like computed tomography (CT) scans, levels of circulating 
CgA are correlated to the tumor burden and could reflect a response to 
therapy [7]. However, little information exists about the validity of CgA 
during treatment of patients with NETs and the data that are available have 
been derived from small series of patients [4;8]. 
 The objective of the current study was to assess whether CgA is a suitable 
alternative to urinary 5-HIAA as a biomarker during treatment of patients 
with metastatic NETs. Toward this end, we compared CgA to 5-HIAA as part 
of the evaluation of the response to treatment with a somatostatin analogue. 
Assessment of response to treatment was based on patients’ scores on the 
EORTC quality of life questionnaire, the QLQ-C30, with questions added 
about specific carcinoid symptoms [9-12]. For the comparison of CgA to 
5-HIAA, we focused on those health-related quality of life (HRQL) outcomes 
believed to be most relevant to assessing the treatment effect of the 
somatostatin analogue. We also examined the association between 5-HIAA 
and CgA and overall survival time.  
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3-indoleacetic acid in human urine. This assay is based on the competition 
principle and the microtiter plate separation. An unknown amount of antigen 
present in the sample and a fixed amount of enzyme-labeled antigen compete 
for the binding sites of the antibodies coated onto the wells. After incubation 
the wells are washed to stop the competition reaction. Having added the TMB 
substrate solution, the concentration of antigen is inversely proportional to the 
optical density measured. The measured optical densities of the standards are 
used to construct a calibration curve against which the unknown samples are 
calculated. This assay has intra-assay variations of 5% at a mean of 20 and 7% 
at a mean of 199 µmol/l and inter-assay variations of 13% at a mean of 22 and 
12% at a mean of 141 µmol/l. The reference value in our laboratory has been 
established as below or equal to 40 µmol/24h [3]. 
 CgA is an acidic, hydrophilic protein of 49 kDa, present in chromaffin 
granules of the neuroendocrine cells and is a member of the granin family. 
CGA-RIA CT is a solid-phase, two-site immunoradiometric assay. Two 
monoclonal antibodies were prepared against sterically remote sites on the 
CgA molecule. The first is coated on the tube, while the second is radiolabeled 
with iodine-125, and is used as a tracer (CIS bio international, Gif-sur-Yvette, 
France) [4;5]. All samples were diluted 10 times in order to achieve a detection 
limit of 15 µg/l. Intra-assay CVs were below 6.0% and inter-assay CVs were 
below 9.0% at 30, 144 and 1000 µg/l. Reference value in our laboratory has 
been established as below or equal to 120 µg/l.

Statistics
 Repeated measurement analyses, using mixed linear models, were 
performed to examine the change in the HRQL outcomes and the tumor 
markers. The association between the tumor markers and the HRQL 
outcomes was calculated with repeated measurement analyses, using linear 
random coefficient models in which all available assessments were included. 
The association between the tumor markers and the HRQL outcomes is 
represented as the slope, i.e. percent change in a tumor marker per 10 points 
on the relevant HRQL scale. 
 Cox regression analysis was performed to determine the association between 
pretreatment 5-HIAA and CgA levels and survival time. Survival time was 
recorded from the first time of measurement until death or last date of follow-up. 
Survival curves were constructed with categorized variables according to the 
Kaplan-Meier method. Therefore, 5-HIAA and CgA levels were divided into 3 
groups with cutoff levels at 100 and 1000 µmol/24h and µg/l, respectively.
 Because of the positive skewness of the tumor markers, results were log 
transformed. Statistical significance was established at a level of P < 0.05.

Methods
 
Patients
 To compare the validity of measuring CgA levels in serum with 5-HIAA 
levels in urine, we examined both markers in gastrointestinal NET patients 
who participated in a phase II trial of SandostatinLAR®, a long-acting 
somatostatin analogue octreotide that is injected intramuscularly every 4 
weeks with a starting dose of 20 mg. The dosage was adjusted according to 
symptoms and urinary 5-HIAA. Both patients who had and had not been 
previously treated with short-acting octreotide (Sandostatin®) were eligible for 
the study. Those patients not previously treated with Sandostatin® received it 
subcutaneously for 2 weeks prior to receiving SandostatinLAR®. All patients 
continued to receive subcutaneous Sandostatin® for another 2 weeks after the 
first intramuscular injection with SandostatinLAR®. No time limits were set 
for patients who had already been pretreated with Sandostatin®. 
 Blood samples were drawn, 24-hour urine specimens collected, and 
questionnaires administered at baseline, and at 3, 6, 9 and 12 months just before 
the SandostatinLAR® injection. Patients were asked to avoid serotonin-rich food 
such as bananas, walnuts and pineapples 2 days before and during the collection 
day. Urine and serum samples were stored at -30°C until analysis. 5-HIAA 
assays were performed weekly, while CgA assays were performed retrospec-
tively in one batch. Measurement of tumor size was performed with CT-scans at 
the 6-month interval, earlier in case of clinical deterioration. All patients gave 
their written informed consent to participate in the study. 

Questionnaire
 Patients were asked to complete the QLQ-C30, a 30-item questionnaire 
designed to assess the HRQL of cancer patients, in general. In the current 
analysis, we focused on those HRQL outcomes that were hypothesized to be 
particularly relevant to patients with carcinoid syndrome, namely physical 
functioning, overall HRQL and diarrhea. Two questions were added to 
evaluate specific carcinoid symptoms, namely flushes and abdominal pain 
[9;13;14]. All scores were linearly transformed to a 0 – 100 scale. For the 
physical functioning and overall HRQL scale, a higher score represents a 
high level of functioning and wellbeing. For the symptom measures, a higher 
score represents more symptoms. 

Markers
 The 5-HIAA ELISA kit, produced by DRG Instruments (Marburg, 
Germany), provides materials for the quantitative measurement of 5-hydroxy-

Chapter 3 CgA and 5-HIAA during FU

3



50 51

Results

Between January 1999 and November 2001, 39 patients were enrolled in the 
study. Patients’ sociodemographic and clinical characteristics are shown in 
Table 1. Blood samples were available for 26 (67%) patients at all time points, 
for 9 patients (23%) at 4 time points, and for 4 patients (10%) at 2 or 3 time 
points. The questionnaires were completed by 18 patients (46%) at all 5 time 
points, by 10 patients (26%) at 4 time points, and by 11 patients (28%) at 3 or 
fewer time points. None of the patients used proton pump inhibitors, which 
could increase the CgA levels.
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Table 1   Patient characteristics. 

Age, years 
   mean (range) 61 (43 - 80) 
Sex, M : F 19 : 20
Primary tumor 
   Foregut 3
   Midgut 16
   Hindgut 1
   Unknown *) 19
Liver metastases, yes : no 35 : 4
Carcinoid syndrome, yes : no 39 : 0
Tricuspidal valve regurgitation 
   0 = No abnormality 17
   1 = Mild 7
   2 = Moderate 3
   3 = Severe 3
   4 = Extreme 5
History of Sandostatin® 
   New patients, n (pretreated for 2 weeks) 24
   Switched patients, n 15
   Length of pretreatment, months 
   median (range) 6 (2 - 37) 
Disease related deaths, yes : no 29 : 10
Survival time, months 
   median (range) 48 (3 - 96) 

*) patients showed carcinoid syndrome, probably midgut tumors 
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 The descriptive statistics for the tumor markers and for the HRQL 
outcomes and carcinoid symptoms are shown in Table 2. For the entire set of 
measurements, 81% of the 5-HIAA levels and 75% of the CgA levels were 
elevated. Mean physical functioning scores were around 80 (of 100), and 
remained relatively stable over time. Mean global quality of life scores varied 
between 70 at baseline and 64 at the 12 month assessment. Mean scores of the 
carcinoid symptoms, diarrhea, flushes and abdominal pain, remained 
relatively stable over time, with the exception of flushes, which decreased 
from 36 (of 100) at baseline to 17 after 12 months (P = 0.017). Urinary 5-HIAA 
levels did not change significantly over time, while CgA showed a significant 
decrease in serum concentrations, with the greatest decrease after 3 months 
(P = 0.004)
 Decreasing CgA serum levels were correlated significantly with improved 
levels of physical functioning (P = 0.01) and global quality of life (P = 0.03), 
and were marginally correlated with a reduction in flushes (P = 0.07). No 
significant correlations were found between 5-HIAA levels and any of the 
HRQL outcomes (Table 3). 
 The median survival time for all patients was 48 (range 3 – 96) months. 
During the follow-up period 29 patients died as a result of disease. Cox 
regression analyses indicated an association between CgA levels and 
survival time (P = 0.02). The hazard ratio for CgA per unit on the log scale, 
corresponding to a tenfold increase on the linear scale, was 2.4 (95% CI 1.4 – 
4.1). There was no significant association between survival and 5-HIAA 
levels (P = 0.12, data not shown). Figures 1 displays the time to survival in 
relation to the baseline values of both markers.
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Table 3   Relation between tumor markers and quality of life questionnaire 
parameters. 

Parameter Slope (SE)a SD  
slope

P value Slope  
(SE)

SD  
slope

P value

Physical functioning - 1.4% (4.3) 10.2% 0.74 -10.7% (4.1) 11.4% 0.01

Global Quality of Life - 3.7% (3.6) 6.7% 0.31 -  8.2% (3.7) 10.0% 0.03

Diarrhea - 0.9% (2.6) 7.9% 0.74 + 0.9% (2.3) 7.0% 0.69

Flushes +0.3% (2.2) 6.8% 0.89 + 3.7% (2.0) 7.1% 0.07

Abdominal pain +3.0% (1.9) 0.4% 0.12 + 2.8% (1.7) 2.3% 0.12

Linear model with random coefficients  
a i.e. % change per 10 points

Figure 1   Overall survival in relation to 5-HIAA (A) and Chromogranin A (B). 
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difference in survival in patients with different levels of 5-HIAA, while 
Janson et al. [23] observed a higher risk of death associated with high urinary 
5-HIAA levels. A drawback of the findings of Janson et al. was the 
dichotomous distribution of the markers: cutoff levels for urinary 5-HIAA 
and CgA were arbitrarily chosen at 300 µmol/24h and 5000 µg/l, respectively. 
We examined the associations between the continuous, log-transformed 
markers and survival time in order to examine the associations between the 
whole range of biomarkers and survival time.  
 The principle aim of the SandostatinLAR® trial was to investigate the 
effect of switching from treatment with the short-acting Sandostatin® to the 
long-acting SandostatinLAR®. Several publications have already shown that 
SandostatinLAR® is an effective treatment [13;24;25]. The long-acting drug 
has to be administered only once every 4 weeks by intramuscular injection, 
rather than twice or three times daily as a subcutaneous injection. In the 
current study new patients all started with the short-acting Sandostatin 
leading to immediate improvement and fall in hormone production. The 
change to SandostatinLAR® had only a limited effect, with a significant 
decrease observed in flushes over the whole study period, and a decrease in 
CgA levels after 3 months. This finding may be explained, at least in part, by 
the selection of patients. Most patients had advanced disease and all had 
undergone at least 2 weeks of treatment with the short-acting Sandostatin® 
(maximum of 3 years) prior to treatment with the long-acting SandostatinLAR®. 
Urinary 5-HIAA levels were decreased after the start of treatment with the 
short-acting Sandostatin® (data not shown) and remained stable during 
treatment with the long-acting SandostatinLAR®. In contrast, CgA decreased 
further during treatment with the SandostatinLAR®. Since CgA is co-secreted 
with the specific hormone products of the neuroendocrine cells into the 
circulation and given our finding of a decrease in CgA and a reduction of 
flushes, this study suggests that other hormone products like serotonin may 
play an important role in the origin of flushes as well. Despite the small 
decrease in CgA levels and the stable level of 5-HIAA, the repeated measures 
in the linear random coefficient analysis supported our finding that CgA 
correlated better with physical functioning and quality of life than did 
5-HIAA. Presently, we use the CgA in daily practice for optimal dosing of 
medication.   
 In summary, the stronger correlations of CgA over 5-HIAA with 
functioning and wellbeing, as well as the prognostic value of CgA for 
survival suggest that CgA is a better marker than urinary 5-HIAA during 
treatment in patients with NET. The use of CgA has the added advantage 
over 5-HIAA of being measured in blood, which is more convenient for 

Discussion

NETs are slow growing tumors, known for the production of vasoactive 
hormones. In most cases (approximately 90%), tumor evaluation by CT scan 
shows stabilization and no tumor reduction during treatment with octreotide 
analogues or the combination of interferon plus meta-iodobenzylguanidine 
(MIBG), while biochemical response has been reported in 39% of cases [15]. 
Therefore, an improvement in symptoms, reflecting a clear fall in the tumor 
marker 5-HIAA, is an important goal of treatment. Recently, CgA measured 
in serum has become a more established tumor marker as an alternative to 
urinary 5-HIAA. CgA has the advantage of being more frequently present in 
all types of NET [16]. Bajetta et al. [17] reported that the sensitivity of CgA in 
patients with NET was much higher compared to 5-HIAA (68 and 35% 
respectively), while the specificity in patients who were considered disease 
free was high for both assays (86 and 100%, respectively). We adjusted the 
CgA assay by diluting the samples to achieve a lower detection limit so that 
the measurement would be more sensitive in the lower range. 5-HIAA shows 
high specificity for midgut tumors, whereas CgA is not related to tumor 
location. CgA is omnipresent in neuroendocrine tissues, which makes it 
suitable as a tissue and serum marker of NETs [18;19]. 
 Several studies have shown that CgA measured in serum is more sensitive 
than urinary 5-HIAA for detecting a relapse or predicting symptom relief in 
patients with NETs [6;17;20-22]. However, these studies were based on small 
series [22], or included only one or two measurements per patient [20;21]. 
Additionally, no direct comparisons were made between biomarker values 
and self-reported functioning and symptom burden [17]. In the present 
study, we investigated the association between urinary 5-HIAA and CgA in 
serum, and self-reported HRQL outcomes and carcinoid symptoms in a 
relatively large series of patients with carcinoid tumors (n = 39), using 
repeated measures of both biomarkers and the self-reported outcomes. 
Changes in CgA were found to correlate significantly with changes in 
physical functioning and global quality of life during treatment with a 
long-acting sandostatin analog. No such significant associations were 
observed between 5-HIAA and self-reported health outcomes. Contrary to 
earlier findings [8], neither 5-HIAA nor CgA were found to correlate 
significantly with diarrhea or abdominal pain, although there was a marginal 
association observed with flushes. 
 Additionally, we were able to confirm the finding of Janson et al. that 
patients with high CgA levels at entry have a shorter median survival than 
those with lower levels of CgA. However, we observed no significant 
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patients because blood is also drawn for other laboratory tests which are 
necessary for monitoring patients’ disease. For these reasons, we would 
strongly recommend the use of CgA as a biomarker in the management of 
patients with NET. 
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Abstract

Purpose: For the last decade chromogranin-A (CgA) has been a well- 
established marker for neuroendocrine tumors (NETs) and N-terminal 
pro-brain natriuretic peptide (NT-proBNP) has been a useful marker for left 
ventricular dysfunction. This study examined the diagnostic value of CgA 
and NT-proBNP for carcinoid heart disease (CHD), and their prognostic 
value for overall survival in NET patients.   

Patient and Methods: Serum samples were obtained and cardiac ultrasound 
studies performed in 102 NET patients. The criterion for mild and severe 
CHD was tricuspid regurgitation (TR) stage I/II and III/IV, respectively. 
Proportional odds and Cox proportional hazards models were constructed 
to identify the association between CHD and overall survival with patient 
characteristics and the two markers.

Results: Severe CHD was found in 15 (15%) of 102 patients, 13 of whom  
had elevated NT-proBNP levels. In the univariate proportional odds model 
CHD was correlated with age (P = 0.007), CgA (P = 0.002) and NT-proBNP  
(P < 0.001), while in the multivariate model NT-proBNP and CgA were 
significantly associated with CHD (P < 0.001 and P = 0.01). In the univariate 
Cox models, age (P = 0.04), sex (P = 0.03), CgA (P = 0.003) and NT-proBNP  
(P = 0.04) were related to overall survival, and in the multivariate model  
CgA and NT-proBNP remained significantly related to overall survival  
(P = 0.002 and P = 0.04, respectively).

Conclusion: NT-proBNP and CgA are very important markers in the 
diagnosis of CHD in patients with NET. Furthermore, patients with elevated 
NT-proBNP in addition to elevated CgA levels showed worse overall survival 
than patients with elevated CgA alone. 

Introduction

Neuroendocrine tumors (NETs), which originate from neuroendocrine cells, 
are widely distributed in the body. In most patients, the primary tumor is 
found in the midgut (i.e. jejunum, ileum, appendix, and right-sided colon: 
60% to 80%) and less frequently in the lung (20%) [1;2]. At the time of diagnosis 
20% to 30% of the patients with NET present with the carcinoid syndrome, a 
pattern of symptoms such as abdominal pain, diarrhea, and flushing, caused 
by an overproduction of vasoactive peptides. Particularly in midgut tumors, 
serotonin is the most prominent peptide [3;4]. In the past, urinary 5-HIAA 
was used to evaluate treatment; this has recently been replaced by the serum 
marker chromogranin-A (CgA), present in chromaffin granules of the 
neuroendocrine cells [5-9].
 Carcinoid heart disease (CHD) develops in 20% to 70% of the patients 
with liver metastases and is a major cause of death in patients with carcinoid 
syndrome [10-13]. The long-lasting exposure to overproduction of serotonin 
may play an important role in the pathogenesis of CHD [14]. In patients  
with CHD, right atrial and/or right ventricular dilation is present in up to 
90% of patients. The tricuspid valve leaflets are often thickened, caused by 
endocardial plaques of fibrous tissue leading to regurgitation [15;16]. 
 In the follow-up of NET patients, echocardiography plays an important 
role in the detection of fibrosis of the heart valves. However, echocardiogra-
phy is labor intensive, costly and the involvement of a cardiologist is 
obligatory. An option to screen for cardiac dysfunction is the use of natriuretic 
peptide levels in blood. Atrial natriuretic peptide (ANP), as well as the 
second member B-type (brain) natriuretic peptide (BNP), are produced by 
myocardial cells and influence the electrolyte and fluid balance in an 
organism [17-19]. Pro-BNP is secreted mainly by the ventricle and is cleaved 
into physiologically active BNP and the inactive degradation product 
N-terminal pro-brain natriuretic peptide (NT-proBNP) [20]. The stable 
peptide NT-proBNP is a useful marker for left ventricular dysfunction [21-24]. 
 This study investigated the diagnostic value of CgA and NT-proBNP for 
CHD in a large group of NET patients, and also examined the prognostic 
value of CgA and NT-proBNP for overall survival. 
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Statistics
 Comparison between the cardiac ultrasound parameters was made by 
one-way analysis of variance (ANOVA) for age and Kruskal-Wallis or 
Mann-Whitney tests for the biomarkers. χ2 tests were used in case of 
categorical variables. Receiver operating characteristic (ROC) curves were 
constructed to compare the accuracy of CgA and NT-proBNP with respect to 
the presence of severe CHD. The value of both CgA and NT-proBNP with the 
shortest distance from the curve to the left upper corner in the ROC-curves 
was calculated and the variance in these values determined using simple 
bootstraps stratified by CHD (n = 5,000). Proportional odds and Cox 
proportional hazards models were respectively constructed to identify the 
association between CHD and overall survival with patient characteristics 
(age, sex, presence of carcinoid syndrome and occurrence of metastases) and 
the two markers. In both cases a backward elimination based on marginal 
Wald statistics was used to remove factors not significantly related to the 
variable of interest. In the proportional odds models patients were classified 
as having none, mild or severe occurrence of CHD, the NT-proBNP levels 
were dichotomized into normal versus elevated levels using the clinically 
determined cutoff value, and CgA was implemented as a continuous variable 
with a log transform. Score and partial residuals were calculated to ensure 
that the proportionality and ordinality assumptions were satisfied. In the 
Cox proportional hazards models both markers were dichotomized into 
normal versus elevated levels. Overall survival curves from the date of blood 
sampling were constructed using the Kaplan-Meier method. Statistical 
significance was established at P < 0.05.

Results

Cardiac ultrasound images and blood samples were available from 102 
patients with NET who visited the outpatient department. Table 1 gives the 
patient characteristics, biomarker levels and echocardiographic findings 
according to the degree of CHD. Patients with severe CHD were older than 
patients with lower stages (P = 0.02). No differences were found for sex, 
metastatic disease or carcinoid syndrome. 
 All patients with metastatic disease presented with liver metastases, 
except for one patient who had skin and bone metastases only. In one patient 
with severe CHD, liver metastases could not be detected even though he 
suffered from carcinoid syndrome; this patient had metastases of the retro-
peritoneal lymph nodes, which might explain the CHD.

Patient and methods

Patients
 Patients diagnosed with NET who visited the outpatient department  
of the Netherlands Cancer Institute for follow-up (between November 1999 
and May 2007) were eligible for this retrospective study. Inclusion criteria 
consisted of the availability of a cardiac ultrasound image, and the 
determination of CgA and NT-proBNP levels. 

Cardiac Ultrasound Imaging
 Two-dimensional echocardiography with continuous wave Doppler and 
color flow Doppler studies were performed using standard techniques. Echo-
cardiographic parameters analyzed were tricuspid valve morphology 
(normal, thickened or diminished), tricuspid regurgitation (TR) (normal, I/II 
or III/IV), right atrium dilation (normal, I/II or III/IV) and right ventricle 
dilation (normal, I/II or III/IV). In this study TR was used as a measure for 
CHD, because TR is the outcome of tricuspid valve abnormalities with or 
without atrium and ventricle dilation [25]. TR stage 0, I/II or III/IV was 
defined as no, mild or severe CHD, respectively.

Biomarkers
 CgA was measured by means of a solid-phase, two-site immunoradio-
metric assay, the CGA-RIA kit (CIS Bio-international, Gif-sur-Yvette, France). 
Two monoclonal antibodies were prepared against sterically remote sites on 
the CgA molecule. The first one is coated on the tube, the second is 
radiolabeled with 125iodine, and is used as a tracer [9;26]. All samples were 
prediluted ten times to achieve a detection limit of 15 µg/l. In our laboratory, 
the reference value of CgA measured in 90 healthy volunteers, has been 
established as ≤120 µg/l (unpublished data), which is comparable with 
literature [27]. 
 NT-proBNP was measured on the Modular Analytics E170, an 
immunoassay analyzer using the electrochemiluminescence technique 
(Roche Diagnostics, Mannheim, Germany) [28]. Normal levels of NT-proBNP 
are dependent on both sex and age. With increasing age elevated levels of 
NT-proBNP are more frequently found in apparently healthy individuals, 
thus reflecting the increasing frequency of cardiac dysfunction [29]. Since 
approximately 90% of the patients in the present study were older than 50 
years, we used a cutoff level of 24 pmol/l, i.e. 200 ng/l [30].
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 With the upper limit of normal (ULN) as cutoff level, 23 patients (66%) in 
the group without CHD had elevated CgA levels, compared with 38 patients 
(73%) in the mild CHD group and with all the patients in the severe CHD 
group (P = 0.04). The sensitivity of CgA to predict severe CHD was 100%, but 
the specificity was only 30%. Larger significant differences in elevated 
NT-proBNP levels were found between the CHD groups (i.e. ranging from 
14% in the non-CHD group to 87% in the severe CHD group (P < 0.001). 
Specificity for predicting severe CHD was 80%. 
 To compare the accuracy of CgA and NT-proBNP in NET-patients, 
ROC-curves were constructed (Figure 1). The CgA level with the shortest 
distance from the curve to the left upper corner was 784 µg/l (inter-quartile 
range: 571 to 822), resulting in a specificity of 75% and a sensitivity of 73% for 
predicting CHD. For NT-proBNP the threshold was 28 µg/l (interquartile 
range: 28 to 29 µg/l), resulting in a specificity of 84% and a sensitivity of 87% 
for predicting CHD in NET patients, comparable to the results using the 
ULN as cutoff level (80% and 87%, respectively).
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Table 1   Characteristics of the patients with neuroendocrine tumors at first cardiac 
ultrasound. 

Group

Total group Without CHD Mild CHD Severe CHD
n (%) n (%) n (%) n (%) P value 

Number of patients 102 35 52 15

Age, years
    Mean (SD) 61 (10) 59 (10) 62 (9) 67 (7) 0.02
Sex
    Male 54 (53%) 20 (57%) 23 (44%) 11 (73%) 0.11
    Female 48 (47%) 15 (43%) 29 (56%) 4 (27%)
Distant metastases 85 (83%) 27 (77%) 44 (85%) 14 (93%) 0.35
Carcinoid syndrome 76 (74%) 23 (66%) 40 (77%) 13 (87%) 0.25
CgA, µg/l
    Median 340 207 340 2.212 0.001
    25%-75% (111-1,154) (53-656) (102-1,064) (571-4,341)
NT-proBNP, pmol/l
    Median 15 7 15 54 <0.001
    25%-75% (7-28) (≤6-15) (10-23) (29-145)
CgA, µg/l
    ≥120 76 (74%) 23 (66%) 38 (73%) 15 (100%) 0.04
NT-proBNP, pmol/l
     ≥24 30 (29%) 5 (14%) 12 (23%) 13 (87%) <0.001

Cardiac ultrasound characteristics

Right atrium dilation
    0, No 67 (70%) 26 (81%) 40 (82%) 1 (7%) <0.001
    I/II, Mild 17 (18%) 6 (19%) 9 (18%) 2 (13%)
    III/IV, Severe 12 (12%) 0 0 12 (80%)
    Missing 6 3 3 0
Right ventricle  dilation
    0, No 82 (84%) 31 (97%) 47 (96%) 3 (20%) <0.001
    I/II, Mild 8 (8%) 1 (3%) 2 (4%) 5 (33%)
    III/IV, Severe 7 (7%) 0 0 7 (47%)
    Missing 6 3 3 0
Tricuspid valve morphology
    Normal 71 (71%) 31 (91%) 39 (75%) 1 (7%) <0.001
    Thickened/diminished 29 (29%) 3 (9%) 13 (25%) 13 (93%)
    missing 2 1 0 1
Tricuspid regurgitation
   0 35 (34%) 35 (100%) 0 0 <0.001
   I 31 (30%) 0 31 (60%) 0
   II 21 (21%) 0 21 (40%) 0
   III 5 (5%) 0 0 5 (33%)
   IV 10 (9%) 0 0 10 (67%)

Figure 1   Receiver operating characteristic (ROC) curve demonstrating the accuracy 
of chromogranin A (CgA) (AUC 0.79 ± 0.07) and NT-proBNP (AUC 0.88 ± 
0.06)  in distinguishing patients with severe carcinoid heart disease (CHD) 
from patients without or with mild CHD (P = 0.239).  

 NT-proBNP 
 CgA  

 

1.0 0.8 0.6 0.4 0.2 0.0 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

1 - Speci�city

Se
ns

iti
vi

ty



68 69

 Univariate and multivariate proportional odds models were conducted to 
determine the association of CHD with patient characteristics and the 
markers (Table 3). Analyses included age, sex, metastatic disease, carcinoid 
syndrome, CgA and NT-proBNP. The NT-proBNP levels were dichotomized, 
because 24 out of 102 patients (24%) were below the detection limit. The cutoff 
level based on the ULN, 24 pmol/l, was chosen because the value of 28 pmol/l 
was well comparable to the threshold of 28 pmol/l obtained from the 
ROC-curve (Figure 1). A clear cutoff level for CgA could not be found due to 
the wide interquartile range (571 to 822). To avoid loss of information, CgA 
was implemented as a continuous variable.  Univariate analyses showed that 
age (P = 0.007), CgA (P = 0.002) and NT-proBNP (P < 0.001) were significantly 
associated with CHD. In the multivariate analysis, NT-proBNP (P < 0.001) 
and CgA (P = 0.01) were significantly associated with CHD. 

 Two patients showed severe CHD despite having normal NT-proBNP 
levels. The first patient showed normal cardiac ultrasound findings, but 
unfortunately the morphology of the tricuspid valve could not be visualized. 
The second patient had a normal NT-proBNP level on the first echocardio-
graphic examination, but developed elevated fluctuating levels during later 
measurements (range 16 to 133 pmol/l), while no change of CHD could be 
observed on cardiac ultrasound imaging. 
 Severe dilation of the right atrium or right ventricle was only present in 
the severe CHD group. Aberrant valve morphology was found in 13 of 14 
patients with severe CHD. Median CgA and NT-proBNP levels were 
compared with respect to degree of TR, degree of tricuspid valve morphology, 
and stage of right atrium and right ventricle. Increases in both CgA and 
NT-proBNP levels were associated with a worse outcome on cardiac 
parameters, with more significant P values for NT-proBNP than for CgA 
(Table 2). 
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Table 2   Levels of CgA and NT-proBNP according to cardiac ultrasound 
characteristics. 

CgA (µg/l) NT-proBNP (pmol/l)
Characteristic n Median (25%-75%) Median (25%-75%)

Tricuspid regurgitation
   0 35 207 (53-656) 7 (≤6-15)
   I/II 53 340 (102-1,064) 15 (10-23)
   III/IV 14 2,212 (571-4,341) 54 (29-145)
   P value 0.001 <0.001
Right atrium dilation
   0 7 220 (85-954) 13 (≤6-20)
   I/II 17 285 (150-1,005) 16 (≤6-24)
   III/IV 12 2,430 (794-4,075) 92 (30-254)
   P value 0.001 <0.001
Right ventricle  dilation
   0 82 270 (98-970) 14 (≤6-22)
   I/II 8 388 (94-812) 33 (13-118)
   III/IV 6 2,647 (828-5,910) 54 (29-299)
   P value 0.009 0.001
Tricuspid valve morphology
   Normal 71 215 (76-666) 13 (≤6-23)
   Thickened/diminished 29 822 (308-2,987) 21 (13-79)
   P value 0.001 <0.001

CgA, Chromogranin-A; NT-proBNP, N-terminal pro-brain natriuretic peptide

Table 3   Proportional-odds regression analyses to evaluate variables associated 
with carcinoid heart disease. 

Model OR 95% CI P  value

Univariate 

   Age, 69 vs 55 years (75% vs 25%) 2.2 1.2 - 3.8 0.007
   Sex, female vs male 0.9 0.4 - 1.9 0.78
   Distant metastases, yes vs no 2.1 0.8 - 5.6 0.16
   Carcinoid syndrome, yes vs no 2.1 0.9 - 4.9 0.1
   CgA, 1,136 vs 117 µg/l (75% vs 25%) 2.5 1.4 - 4.4 0.002
   NT-proBNP,  ≥24 vs <24 pmol/l 8.8 3.2 - 24.2 <0.001

Multivariate *

   NT-proBNP,  ≥24 vs <24 pmol/l 7.3 2.7 - 20.1 <0.001
   CgA, 1,136 vs 117 µg/l (75% vs 25%) 2.1 1.2 - 3.9 0.01

OR, odds ratio; CgA, Chromogranin-A; NT-proBNP, N-terminal pro-brain natriuretic peptide  
NOTE: Carcinoid heart disease was classified as none, mild or severe occurrence of carcinoid heart disease
*  Multivariate model with backward elimination was used to remove factors not significantly related to 

risk of carcinoid heart disease   
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Discussion
 
Since echocardiography is laborious and patients have to visit the cardiologist, 
a biomarker which reflects the status of CHD is desirable. NT-proBNP has 
recently proven useful in general practice to diagnose acute and chronic 
heart failure [31]. In a previous study with only 32 patients, we concluded 
that NT-proBNP might be helpful in the diagnosis of CHD [30]. In this study 
with 102 patients, we investigated the role of NT-proBNP in combination 
with CgA, currently the routine tumor marker for NETs [7;32;33]. Our study 
demonstrated that increasing NT-proBNP and CgA levels were associated 
with CHD, and that higher CgA and NT-proBNP levels showed a worse 
overall survival.  

 To investigate the prognostic value for overall survival of CgA and 
NT-proBNP, Cox regression analyses were constructed. The median survival 
time was 3.3 years (range, 1 month to 7.9 years) and 42 patients (41%) died. 
Univariate analyses indicated significant associations for age (P = 0.04), sex 
(P = 0.03), CgA (P = 0.003) and NT-proBNP (P = 0.04) with survival. In the 
multivariate Cox model there was an independent association with survival 
for CgA (P = 0.002) and NT-proBNP (P = 0.04) (Table 4). Figure 2 shows 
Kaplan-Meier curves with the three patient groups according to normal or 
elevated CgA and NT-proBNP levels. The group with normal CgA contains 
both normal and elevated NT-proBNP due to the small number (n = 5) of 
patients with (slightly) elevated NT-proBNP levels. After 5 years, the survival 
probability of patients with normal CgA levels was 81%, whereas patients 
with elevated CgA and normal NT-proBNP levels had a survival probability 
of 44%, and patients with both elevated levels had a survival probability of 
only 16%. 
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Table 4   Univariate and multivariate Cox regression analyses of prognostic factors in 
patients with neuroendocrine tumors. 

Model HR 95% CI P  value

Univariate 

   Age, 69 vs 55 years (75% vs 25%) 1.7 1.02 - 2.7 0.04
   Sex, female vs male 0.5 0.3 - 0.9 0.03
   Distant metastases, yes vs no 2.6 0.9 - 7.2 0.08
   Carcinoid syndrome, yes vs no 1.4 0.6 - 3.2 0.40
   CgA,  ≥120 vs <120 µg/l 6.1 1.9 - 19.9 0.003
   NT-proBNP,  ≥24 vs <24 pmol/l 1.9 1.0 - 3.5 0.04

Multivariate  *

   CgA,  ≥120 vs <120 µg/l 6.2 1.9 - 20.2 0.002
   NT-proBNP,  ≥24 vs <24 pmol/l 1.9 1.0 - 3.6 0.04

HR, Hazard ratio; CgA, Chromogranin-A; NT-proBNP,  N-terminal pro-brain natriuretic peptide
*  Multivariate model with backward elimination was used to remove factors not significantly related  

to survival time   

Figure 2   Overall survival curves according to normal and elevated chromogranin-A 
(CgA) and NT-proBNP levels in patients with a neuroendocrine tumor.  

The overall comparison showed an association between the markers and overall survival 
(P < 0.001). All pairwise comparisons showed significant differences between the groups with respect to 
overall survival (data not shown).
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showed no atrial or ventricle dilation and the pulmonary valve was normal; 
unfortunately the morphology of the tricuspid valve could not be visualized 
on echocardiography. The second patient had a normal NT-proBNP level on 
the first echocardiography, but developed elevated, fluctuating levels during 
later measurements (range 16 to 133 pmol/l) while no change of CHD could 
be observed on echocardiography. The specificity for NT-proBNP was 80%. 
Of the 88 patients without CHD or with mild CHD, 18 had elevated 
NT-proBNP levels. One patient with mild CHD had an NT-proBNP level of 
502 pmol/l and developed severe CHD later on; another patient with an 
NT-proBNP of 208 pmol/l showed dyspnea, but suffered from left ventricular 
heart failure. Of the other patients with slightly increased NT-proBNP levels, 
their mean age was 5 years older than other patients in this subgroup with a 
normal NT-proBNP level. It is known that in healthy individuals NT-proBNP 
levels are more often elevated with increasing age [36].  
 This study failed to confirm reports from others [10-13] that the presence 
of carcinoid syndrome is associated with CHD, but we did find a trend for 
this association. The overproduction of serotonin, which leads to carcinoid 
syndrome, is generally accepted to be responsible for CHD. The reason that 
we did not find a significant association could be the high percentage of 
patients with metastases resulting in carcinoid syndrome. 
 Of the prognostic parameters for overall survival CgA was the most 
significant, but NT-proBNP was also an independent prognostic variable The 
Kaplan-Meier curves clearly indicate an association between CgA and 
NT-proBNP levels and survival. After 5 years 81% of the patients with normal 
CgA levels had survived, whereas patients with elevated CgA and normal 
NT-proBNP levels had a survival probability of 44%, and patients with 
elevated CgA and elevated NT-proBNP levels had a survival probability of 
only 16% (Figure 2). 
 The increasing prevalence of heart failure with increasing age [37] as well 
as the positive association of NT-proBNP with age [38;39] indicates that great 
care is needed when evaluating elevated NT-proBNP levels. Another 
consideration is the biological variation of NT-proBNP. Due to the rapid 
turnover of proBNP into BNP and NT-proBNP, and the short half-life time of 
NT-proBNP (60 to 120 minutes), large intra-individual biological variations 
can be expected in healthy subjects and in patients with chronic heart failure 
[40;41]. Although no data are available on the fluctuation in patients with 
CHD, the biological variation of NT-proBNP has been investigated in other 
patient groups. The variation is reported to range from 9% to 33% in healthy 
subjects, and up to 35% in patients with chronic left heart failure [42-45]. 
However, these latter results are conflicting and further investigations are 

 Cardiac ultrasound plays a central role in the evaluation of CHD in NET 
patients. One problem is the lack of a widely accepted definition for CHD. 
Several studies have been published in which different scoring systems were 
used to identify CHD. Moller et al. [34] estimated the severity of CHD as the 
sum of scores for diverse right heart abnormalities. Westberg et al. [13] also 
introduced a scoring system in which they defined tricuspid valve disease as 
a summation of tricuspid valve abnormalities. In an earlier study, we used a 
modification of this index: CHD was defined as a thickened tricuspid valve 
with additional stage III or IV tricuspid valve regurgitation [35]. A drawback 
of these scoring systems is the assumption that the abnormalities for the 
different items contributed equally to the severity of CHD. In this study, the 
criterion for CHD was TR stage III or IV; we used this simple definition 
because TR represents the clinical symptoms of right heart failure and TR is 
the outcome of tricuspid valve abnormalities with or without atrium and 
ventricle dilation [25]. A mild or severe tricuspid regurgitation was found in 
53 of 76 patients with carcinoid syndrome (70%), which is similar to the 
findings of Westberg et al. who reported that (among patients with carcinoid 
syndrome) 65% had tricuspid abnormalities. In the present study, the 
tricuspid valves could be visualized in 14 out of 15 patients with CHD. 
Thirteen of these 14 patients (93%) showed thickened or shortened tricuspid 
leaflets; this percentage is  similar to that reported by Pellika et al. [15] in a 
cohort of 74 patients with CHD of which 97% had valve abnormalities.
 In our laboratory,  the ULN of CgA and NT-proBNP were established as 120 
µg/l and 24 pmol/l respectively, resulting in a sensitivity of 100%, but a 
specificity of only 30% for CgA, while for NT-proBNP a sensitivity of 87% and 
a specificity of 80% was found for predicting CHD. In our study group of 
mainly patients with metastasized NET with elevated CgA levels, the use of 
the ULN as cutoff level is not obvious. In the literature, up to 50% of patients 
with carcinoid syndrome may eventually develop CHD [15]. Seventy-six (74%) 
of 102 patients showed elevated CgA levels, but only 15 patients (15%) had 
CHD; thus, it is not surprising that in patients with NET a low specificity for 
diagnosis of CHD was found. After constructing an ROC curve a cutoff level 
of 784 µg/l for CgA was found for predicting CHD in this study group, 
resulting in a sensitivity of 73% and a specificity of 75%. Unfortunately, the 
interquartile range was rather wide; therefore a clear cutoff level could not be 
given. The multivariate proportional odds model showed that NT-proBNP and 
CgA were independently associated with CHD. Especially, NT-proBNP has 
been proved as a helpful marker in diagnosing CHD.   
 In our study the sensitivity NT-proBNP for predicting severe CHD was 
87%; two patients had normal NT-proBNP levels. One of these patients 
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Abstract

Background: Progastrin-releasing peptide (proGRP) is a recently identified 
biomarker of small cell lung cancer (SCLC). In well-differentiated 
neuroendocrine tumors (WDNETs), this study investigates the association 
between proGRP and tumor characteristics and the prognostic value of 
proGRP levels compared with chromogranin A (CgA) levels. 

Patients and methods: Serum samples were obtained in 282 patients with 
WDNET. The receiver operating characteristic (ROC) technique was used to 
assess specificity and sensitivity in the identification of a primary tumor 
location. Cox proportional hazards models and Kaplan-Meier curves were 
constructed to determine the association between patients’ characteristics 
and tumor markers with survival. 

Results: For proGRP, the ROC curve indicated a cutoff level of 90 ng/l 
(approximately twice the upper reference value), with a specificity of 99% 
and a sensitivity of 43% in distinguishing primary pulmonary tumors from 
other sites. In the multivariate Cox model both proGRP and CgA were 
strongly associated with survival (P < 0.0001 for both variables). 

Conclusion: A high-risk proGRP level (more than twice the upper reference 
value) in patients with WDNETs is a strong indication for a primary tumor in 
the lung. Besides CgA, proGRP is a complementary tumor marker for 
prognosis and treatment monitoring in patients with neuroendocrine 
tumors.

Introduction

Chromogranin A (CgA) is the most frequently used tumor marker in well- 
differentiated neuroendocrine tumors (WDNETs) [1-3]. Although CgA is a more 
sensitive marker than 5-hydroxyindoleacetic acid (5-HIAA) which was used 
until the last decade, it has some limitations [4]. Elevated CgA may also occur in 
chronic atrophic gastritis, inflammatory diseases, renal impairment and, often, 
during the widely used treatment of proton pump inhibitors (PPIs) [5;6]. 
 Progastrin-releasing peptide (proGRP) was recently reported as a promising 
tumor marker for small cell lung cancer (SCLC) [7;8]. ProGRP is a precursor form 
of gastrin-releasing peptide (GRP) (or mammalian bombesin), which is a 
neuropeptide hormone originally isolated from porcine gastric tissue [9]. GRP  
is widely distributed throughout the gastrointestinal and pulmonary tract. GRP 
is produced by SCLC cells and could be helpful in the monitoring of patients 
[10]. However, because GRP is extremely unstable (half-life time is ± 2 min) it  
is not suitable as a tumor marker. On the other hand, proGRP is very stable  
and has a long half-life of 19-28 days. Therefore, several immunoassays have 
been developed to measure this peptide. ProGRP has been studied extensively 
in SCLC [7;11-15]. However, few data are available on proGRP levels in the  
blood of patients with NET. Only one group (in Spain) found significantly high 
proGRP levels in two out of four patients with NET [16]. 
 The aims of this study were to investigate the association between 
proGRP and tumor characteristics (e.g. localization, grade of differentiation); 
and to examine the prognostic value of proGRP compared with CgA in 
patients with WDNETs. 

Patients and methods

Patients and healthy individuals
 All patients diagnosed with WDNET who were referred to the Netherlands 
Cancer Institute from 1994 to 2009 were included in this study. They were 
diagnosed according to the recommendations of the World Health 
Organization [17;18]. Grade of differentiation was based on the number of 
mitoses: grade 1 (G1), <2 per 2mm2 and grade 2 (G2), 2-10 per 2mm2 [19;20]. 
Patient characteristics were extracted from patient records. Blood samples 
were collected before starting treatment in our institute and were stored at 
-30oC until the measurements. A total of 297 healthy volunteers (visitors of 
our institute from 2003 to 2009) were asked to donate blood to establish 
reference values. All participants of the study gave their informed consent.
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established as 88 µg/l and for proGRP as 53 ng/l. Log-transformed CgA was 
positively correlated with age (r = 0.41, P < 0.001). No difference in CgA levels 
was found between men and women. There was a weak association of 
proGRP with age (r = 0.13, P = 0.027) but no association was found with sex. 

Patients   
 The study population (n = 282) consisted of 244 patients with G1 
differentiated and 38 with G2 differentiated NET (Table 1). Men and women 
were equally divided between the groups. Most G1 primary tumors were 
found in the small bowel (29%), while the lung was the predominant site in 

Assays
 ProGRP was measured on the ARCHITECT i System, an immunoassay 

analyzer using the chemiluminescent technique (Abbott, Wiesbaden, 
Germany) [21]. The expected upper limit of normal (ULN) for proGRP is 63 
ng/l. CgA was measured by means of the chromogranin A radioimmuno-
assay coated tube (the CGA-RIACT) as described previously (CIS Bio-inter-
national, Gif-sur-Yvette, France) [4]. The manufacturer suggests a ULN of 98 
µg/l for CgA.

Statistics
 Due to the asymmetric distribution of the biomarker values log-transfor-
mations were applied. The ULN for healthy persons was defined as the 95th 
percentile according to the guidelines of the Clinical and Laboratory 
Standards Institute (CLSI C28-A3) [22]. A two-group Gaussian mixture model 
was constructed to determine outliers [23], which were excluded prior to the 
calculation of the ULN. Associations between age and the log-transformed 
tumor markers were calculated with Pearson’s correlation coefficients. 
Comparison of median values was done with nonparametric tests. The 
receiver operating characteristic (ROC) technique was used to assess 
specificity and sensitivity in the identification of tumor origin (lung versus 
other) and grade of differentiation (G1 versus G2) of different thresholds 
defining elevated proGRP. A multivariate logistic regression model was used 
to investigate the association between tumor characteristics and proGRP. 
Therefore, the proGRP was dichotomized according to the threshold as 
found in the ROC curves. 
 Martingale residual plots were used to assess the appropriate functional 
form of proGRP and CgA in relation to overall survival [24]. Unadjusted 
(univariate) and adjusted (multivariate) Cox proportional hazard models 
were constructed to determine the association between patient characteris-
tics and tumor markers with overall survival. The Kaplan-Meier technique 
was employed to depict the association between the tumor markers and 
survival. 

Results

Reference values
 Fifteen out of the 297 healthy individuals (5%) showed abnormal CgA 
values. These individuals were excluded from subsequent analyses. No 
outliers were identified in the proGRP levels. The ULN for CgA was then 
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Table 1   Baseline characteristics of healthy individuals and of patients with well-

differentiated neuroendocrine tumors. 

Healthy Well-differentiated neuroendocrine tumors
Grade 1 Grade 2 All

n = 297 n = 244 n = 38 n = 282

Sex
   Male 148 117 20 137
   Female 149 127 18 145

Age, years
mean (SD) 49 (13) 60 (12) 54 (13) 59 (12)

Pretreatment, n (%)
   No n.a. 121 (50%) 22 (58%) 143 (50%)
   Yes 123 (50%) 16 (42%) 139 (50%)

Site
   Small bowel n.a. 71 (29%) 0 (0%) 71 (25%)
   Appendix 8 (3%) 0 (0%) 8 (3%)
   Colon/rectum 34 (14%) 5 (13%) 39 (14%)
   Pancreas 17 (7%) 3 (8%) 20 (7%)
   Lung 23 (10%) 19 (50%) 42 (15%)
   Other sites 10 (4%) 3 (8%) 13 (5%)
   Unknown 81 (33%) 8 (21%) 89 (31%)

Metastatic disease, n (%)
   No n.a. 55 (22%) 6 (16%) 61 (22%)
   Yes 189 (78%) 32 (84%) 221 (78%)

Deceased
   No n.a. 142 (58%) 15 (40%) 157 (56%)
   Yes 102 (42%) 23 (60%) 125 (44%)

SD, standard deviation; n.a., not applicable
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the G2 NET (50%). Of the 282 patients, 89 (31%) presented with metastatic 
disease of primary tumors of unknown origin. At the time of the analyses 
125 patients (44%) had died. The median follow-up time was 3 (range 0-12) 
years. 
 High proGRP levels were only found in patients with WDNET in  
pulmonary tumors and tumors of unknown origin (Figure 1). Moreover, 
Mann-Whitney tests showed no association between proGRP values and the 
grade of differentiation for patients with primary sites outside of the lung, 
and for patients with primary tumors of unknown origin (P = 0.337 and 
0.251, respectively). However, for the group with a primary lung tumor, 
higher values were found in  G2 than in G1 NET (P = 0.003). In Figure 2A the 
ROC curve indicates that a proGRP with a cutoff value of 90 ng/l results in a 
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5Figure 1   Progastrin-releasing peptide (proGRP) levels according to primary 
site and grade of differentiation in patients with well differentiated 
neuroendocrine tumors (WDNET) compared with proGRP in healthy 
controls.   

High proGRP levels were only found in patients with WDNET in  pulmonary tumors and tumors of 
unknown origin.
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Figure 2   Receiver operating characteristic curves for the performance of 
progastrin-releasing peptide (proGRP) according to primary lung and 
non-lung (A) neuroendocrine tumors, and according to grade  
of differentiation (B).  

The highest specificity with a reasonable sensitivity was found at a level of 90 ng/l. 
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 To illustrate the association between these markers and overall survival, 
Kaplan-Meier curves were constructed with proGRP dichotomized at the 90 
ng/l threshold (as established in the Martingale residuals plot) and CgA at 
the ULN (88 µg/l) (Figure 3). The overall 5-year survival with low values for 
both markers was 78% [95% confidence interval (CI) 67% to 89%]; however, 
with both markers elevated this was only 15% (95% CI 0% to 38%). With one 
of the markers elevated the 5-year survival rate was in between these two 
values. 

specificity of 99% and a sensitivity of 43% (Figure 2). This value had the 
highest specificity while maintaining a reasonable sensitivity to distinguish 
primary lung tumors from the other primary tumors (negative and positive 
predictive values were 86% and 90%, respectively). At this same level of 90 
ng/l, the specificity was 97% and sensitivity 42% when an ROC curve was 
generated according to the grade of differentiation (G1 versus G2) (Figure 
2B). Primary site as well as grade of differentiation were significant predictive 
variables to detect a proGRP ≥ 90 ng/l (Table 2). Using this threshold value, 
in 9 of 89 patients with a tumor of unknown origin, the proGRP level was 
greater than 90 ng/l. All nine patients were treated according to the accepted 
guidelines for patients with NET containing somatostatin analogs and/or 
metaiodinebenzylguanidine (MIBG), depending on the results of the radio-
nucleotide tests. In five patients interferon-alpha was used as an additional 
treatment. One female patient in poor condition received no treatment 
because the octreotide and MIBG scans were negative. 
There was no association between CgA levels and primary tumor location or 
grade of differentiation (data not shown).

Survival analyses
 The Martingale residual plot indicated that proGRP should be split into 
two groups with a threshold of 90 ng/l, the same value as found in the ROC 
curve. CgA required a log-transform. In the univariate analysis, age, grade of 
differentiation, primary site, metastatic disease and both tumor markers 
were associated with overall survival (Table 3). In the multivariate model 
both proGRP and CgA were strongly associated with survival (P < 0.0001 for 
both variables).
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Table 2   Multivariate logistic regression model to predict a progastrin-releasing 
peptide level ≥ 90 ng/l in patients with well differentiated neuroendocrine 
tumors based on grade of differentiation and primary tumor site. 

P value OR 95% CI

Grade 1  vs grade 2 <0.0001 10.9 3.9 to 30.2

Non-lung vs lung <0.0001 12.3 3.7 to 41.0

OR, odds ratio; CI, confidence interval

Table 3   Univariate and multivariate models Cox regression analyses of prognostic 
variables in patients with well-differentiated neuroendocrine tumors. 

n Events HR P value HR P value

Univariate Multivariate

Age, years 282 125 1.04 <0.0001 1.04 <0.0001
Sex
   Male 137 69 1 0.04 1 0.08
   Female 145 56 0.69 0.72
Differentiation
   Grade 1 244 102 1 0.0002 1 0.01
   Grade 2 38 23 2.37 2.24
Primary site
   Non-lung 151 53 1 0.003 1 0.66
   Lung 42 18 1.42 0.2 0.77 0.44
   Unknown 89 54 1.94 0.001 1.06 0.80
Pretreatment
   No 143 66 1 0.50 1 0.69
   Yes 139 59 0.88 1.08
Metastasis
   No 61 11 1 <0.0001 1 0.03
   Yes 221 114 4.20 2.16
proGRP, ng/l
   <90 253 106 1 <0.0001 1 <0.0001
   ≥90 29 19 2.87 3.43
log_CgA, µg/l 282 125 2.13 <0.0001 1.71 <0.0001

HR, Hazard Ratio; proGRP, progastrin-releasing peptide; CgA, chromogranin A
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difference of 10 ng/l (i.e. 53 ng/l instead of 63 ng/l) was acceptable and 
confirms that, in the present study, measurement of proGRP in long-stored 
serum was feasible.
 We also found a lower ULN of 88 µg/l for CgA, as compared to the 
manufacturer’s recommended ULN of 98 µg/l. Our lower value could be due 
to the exclusion of the 5% of healthy individuals with unusually high values. 
Although an elevated CgA level is primarily associated with neuroendocrine 
tumor disease, it may also occur in conjunction with renal failure, 
inflammatory diseases, gastro-intestinal disorders and heart failure [28]. 
However, the main cause of false-positive CgA levels is the use of PPIs [6], 
which are widely administered in the general population [29]. PPIs suppress 
acid secretion and elevate CgA as a consequence of gastric enterochromaf-
fin-like neuroendocrine cell hyperplasia. Therefore, a considerable number 
of healthy individuals could present with falsely elevated CgA levels. Since 
this phenomenon might not have been taken into account, the former 
reference values may have been slightly too high. In future studies, we 
recommend to record all medications that are used by the study volunteers. 
The high specificity of proGRP for diagnosing pulmonary NET may help 
clinicians to localize the primary tumor in patients with a metastatic NET of 
unknown origin. The present study also shows that survival is shorter among 
patients in whom both markers are elevated. Most likely this occurred only 
in patients with lung NETs, since proGRP had a specificity of 99%. If a patient 
has a high proGRP and a chest X-ray is inconclusive, a chest CT scan or 
nuclear scans are more reliable to detect lung tumor lesions. Patients with 
WDNET are generally treated with weak anti-proliferative agents (such as 
somatostatin analogs) when there are metastases. Our study indicates that in 
patients with a primary tumor in the lung a more aggressive therapy is 
needed because they have a less favorable prognosis [30]. For these patients 
with pulmonary NET, interferon-alpha or a SCLC regimen (cisplatin plus 
etoposide) may be advised [31-33]. In the present study, nine patients with a 
primary tumor of unknown origin had elevated proGRP levels which were 
suggestive for pulmonary NET; in retrospect, this might have implied the 
need for a more intensive therapy. 
 The Cox proportion hazard models showed that both CgA and proGRP 
have significant prognostic value, and that proGRP is a useful complementary 
tumor marker in addition to CgA in pulmonary NET for monitoring treatment. 
Firstly, proGRP could be valuable due to the relatively low specificity of CgA 
caused by elevated levels related to, for example, inflammatory diseases, 
renal impairment and during treatment with PPIs; secondly, proGRP could 
be the marker of choice in patients with normal CgA levels. The sensitivity of 

Discussion 

In the last decade proGRP has proven to be a promising biomarker for 
monitoring treatment in patients with SCLC [15;16;25;26]. Since there was a 
suggestion that proGRP might be a useful marker in patients with NET, we 
investigated its value in WDNET in comparison with CgA [16]. The present 
study shows that elevated proGRP levels (≥ 90 ng/l) are only found in NET 
originating from the lung or from unknown primary site. Furthermore, Cox 
regression models show that proGRP offers additional prognostic value 
compared with that provided by CgA. 
 In the present study, the reference values for proGRP and CgA were lower 
than the manufacturer’s recommendations: for proGRP we found a lower 
ULN of 53 ng/l as compared to the recommended 63 ng/l. Also, in this study 
proGRP was measured in sera that had been stored at -30oC for an average of 
3.5 years. It is suggested that thrombin (a serine protease) which is generated 
during the clotting process, inactivates the stability of proGRP by proteolysis 
which could cause a decrease of proGRP in serum [14;27]. Unfortunately, 
nothing is known about the effects of long storage. In our opinion the 
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Figure 3   Kaplan-Meier overall survival curves according to low and high 
chromogranin A (CgA) and progastrin-releasing peptide (proGRP) levels.   
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CgA was 68%, which means that in the present study 91 patients (32%) had 
normal values. Of these 91 patients, 15 (19%) had elevated proGRP levels. 
With the recent availability of an automated proGRP assay, these latter 
patients could easily be monitored during their disease [21].
 In summary, the threshold value of 90 ng/l, obtained from the ROC curve 
and also found in the survival analyses when examining the prognostic 
value of proGRP, is approximately twice the ULN. This means that patients 
with proGRP greater than twice the ULN have high-risk proGRP levels; a 
high-risk proGRP level in WDNET is a strong indication for a primary tumor 
in the lung. If a patient with pulmonary NET presents both an elevated CgA 
and a high-risk proGRP level, the clinician should consider this as a strong 
indication to apply earlier a more intensive treatment. ProGRP appears to be 
a complementary marker for prognosis in pulmonary NET.
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Abstract

Background: Chromogranin A (CgA) is the most important tumor marker for 
well-differentiated neuroendocrine tumors (NET) and neuron specific enolase 
(NSE) for poorly differentiated neuroendocrine carcinoma (NEC). This study 
investigated whether the markers progastrin-releasing peptide (proGRP) and 
cytokeratin fragments (CKfr) CK8, CK18 and CK19 (MonoTotal®) can be of 
additional value to the histological classification and help predict survival in 
these patients. 

Methods: CgA, NSE, proGRP and CKfr were measured in 242 patients with 
grade 1 NET (G1NET), 38 with grade 2 NET (G2NET), 42 with large cell NEC 
(LCNEC), 251 with small cell NEC (SCNEC) and in 282 healthy persons. Results 
were compared with tumor characteristics and survival by means of Receiver 
Operating Characteristics (ROC) curves and Cox regression analyses.

Results: The largest area under the ROC curve was for CgA (0.86, 0.91 and 0.90, 
respectively) when comparing patients with G1NET, G2NET and LCNEC with 
healthy persons. ProGRP showed the highest sensitivity (73%) at 95% specificity 
in patients with SCNEC. In a multivariate survival analysis, only CKfr was 
associated with survival (P < 0.0001) for patients with well-differentiated NET 
(G1NET and G2NET). For patients with poorly differentiated NEC, both CKfr 
and NSE were associated with survival (P < 0.0001 and P = 0.003, respectively).

Conclusion: Within all histological groups a combination of tumor markers 
proved to be more informative as diagnostic and prognostic marker than each 
marker alone. In patients with well-differentiated NET and LCNEC we 
recommend the use of CgA and CKfr, while in patients with SCNEC, proGRP 
and CKfr are preferred.

Introduction

Classification of neuroendocrine tumors (NET) is an area of ongoing debate 
[1-3]. In 2010, the WHO released a new classification scheme for the digestive 
system based on histological grade [4]. This classification divides NETs into 
well-differentiated NET, including grade 1 and 2 (G1NET and G2NET) and 
poorly differentiated (grade 3) neuroendocrine carcinoma (NEC), including 
large and small cell neuroendocrine carcinoma (LCNEC and SCNEC). 
Meanwhile, the classification for lung tumors has not changed since 1994 and 
was already based on grade of differentiation [3]. These tumors are divided into 
typical (comparable to grade 1) and atypical (comparable to grade 2) carcinoid, 
based on the number of mitoses per high-power field in combination with the 
presence of necrosis.
 Currently, chromogranin A (CgA) is the most frequently used marker, 
especially in the management of patients with well-differentiated NET, but has 
some limitations, as various assays are available and an international standard-
ization is lacking. In addition, elevated CgA levels may be caused by renal or 
liver failure, and the use of proton pump inhibitors [5;6]. For poorly differentiated 
NEC, neuron-specific enolase (NSE) is the marker of choice [7-9]. NSE is present 
in neurons and neuroendocrine cells and can therefore serve as biomarker. 
 Progastrin-releasing peptide (proGRP) is a promising tumor marker for small 
cell lung cancer (SCLC) [10;11]. ProGRP is the precursor of the neuropeptide gas-
trin-releasing peptide (GRP) and its production is increased in SCLCs [10;11]. 
Molina et al. described elevated levels in patients with NET, but the histological 
characteristics of these tumors were not mentioned. Cytokeratin fragments 
(CKfr) are sensitive indicators of tumor cell turnover and thus especially useful 
in the management of patients with malignancies of epithelial origin [12]. 
MonoTotal® is an assay used to determine cytokeratin 8, 18 and 19 (CK8, CK18 
and CK19) fragments in serum. Moreover, CKfr is associated with angiogenesis 
factors which may play a role in NET; however, CKfr has not yet been investigated 
in NET [13;14].
 Therefore, this study evaluates the role of CgA, NSE, proGRP and CKfr in 
the diagnosis and prognosis of NET.

Patients and Methods  

Patients 
Serum samples of all consecutive patients diagnosed with NETs from 1994 until 
2009 were used for the present study with their consent. From each patient one 
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survival. The multivariate analysis included the covariates sex, age, metastatic 
disease, pretreatment, site and grade of differentiation. Additional stepwise 
analyses were performed to determine why different factors became non-signif-
icant in the presence of others. The Kaplan-Meier technique was employed to 
depict the association between the tumor markers (divided into quartiles) and 
survival. 

Results

For this study a total of 855 serum samples were collected: 282 healthy persons, 
280 well-differentiated NET and 293 poorly differentiated NEC (Table 1). Almost 
half of the patients (264/573 = 46%), were pretreated before referral to our 
institute. In patients with G1NET, most tumors originated in the gastro-intesti-
nal tract (n = 129, 53%). In 81 patients with metastatic disease (33%), the primary 
tumor site was unknown. The lung was the predominant site in G2NET and 
SCNEC: 50% and 80%, respectively. In the LCNEC group, most tumors were 
located in the lung and the pancreas (21% for both sites). Median survival was 
associated with histological differentiation: 42% of the G1NET patients had died 
with a median overall survival of 5.8 years, while in 88% of the SCNEC patients 
had died with a median survival of 0.6 years. 
 In the healthy volunteers, no association was found between the four 
markers and age. However, there was an association between CKfr and sex 
(Mann-Whitney: P < 0.001). For CKfr the ULN for women was 83 U/l and for 
men it was 120 U/l. The ULN for CgA, NSE and proGRP were 87 µg/l, 13.0 µg/l 
and 53 ng/l, respectively. 
 In well-differentiated NET, the median CgA level was higher compared to 
poorly differentiated NEC (204 and 73 µg/l, respectively) as shown in Figure 1. 
However, in LCNEC the median value of CgA (71 µg/l) did not differ from that 
in well-differentiated NET (P = 0.49). In contrast, the median levels of the other 
tumor markers (NSE, proGRP and CKfr) were higher in patients with poorly 
differentiated NEC compared to patients with well-differentiated NET. Although 
the median proGRP level in the small group of LCNEC (n = 42) was similar to 
those in well-differentiated NET (P = 0.24). Extremely high proGRP levels were 
also found in patients with well-differentiated NET. 
 CKfr levels were strongly associated with grade of differentiation: median 
values were 37, 68, 141 and 230 U/l for healthy persons, G1NET, G2NET and 
LCNEC, respectively. The median level for CKfr in SCNEC was lower than in 
LCNEC (109 versus 230 U/L, P = 0.012).
 Figure 2 shows that the diagnostic performance of the tumor markers in 

blood sample was taken at the time of initial presentation to our institute. After 
centrifuging, serum was stored at -30oC until measurement. 
 Patients were divided into two main groups according to the WHO 
classification  [4;15;16]: well-differentiated NET (G1NET and G2NET); and poorly 
differentiated NEC (grade 3) with LCNEC and SCNEC. In addition, age, sex, 
survival data, stage of disease (limited/extensive in case of SCNEC, or 
locoregional/metastasized in other histological groups), localisation of the 
primary tumor and pretreatment (yes/no) were registered.

Healthy volunteers
 Relatives of randomly chosen patients visiting our hospital were asked to 
donate blood for research, if they had no cancer in the past. Written informed 
consent was received.

Serum assays
 CgA levels were measured by a solid-phase, two-site immunoradiometric 
assay, the CGA-RIA kit (CIS Bio-international, Gif-sur-Yvette, France) as 
described before [17-19]. NSE levels were measured with the Modular Analytics 
E170 (Elecsys module) analyser (Roche Diagnostics, Mannheim, Germany) using 
the electrochemiluminescence immunoassay (ECLIA) technique [20]. ProGRP 
levels were measured with the ARCHITECT immunoassay analyzer (Abbott, 
Wiesbaden, Germany). CKfr were determined by means of the MonoTotal™IRMA 
assay (IDL Biotech AB, Bromma, Sweden). CKfr measures defined epitopes of 
CK8, CK18 and CK19, using the monoclonal antibodies 6D7, 3F3 and IDLC4 [13]. 

Statistical analyses
 Due to the asymmetric distribution of the biomarker values natural log-
transformations were applied. Upper limits of normal (ULN) for healthy persons 
were defined as the 95th percentile according to the guidelines of the Clinical 
and Laboratory Standards Institute [21]. The sensitivity of the tumor markers for 
the different histological groups was calculated as the percentage of elevated 
levels according to the ULN. Differences in sensitivities between the primary 
sites or between the stages of diseases were calculated with Fisher’s Exact Tests. 
Receiver Operating Characteristic (ROC) curves were constructed to compare 
the predictive ability of the markers to discriminate the patients with NET of 
different histological groups from healthy persons [22]. 
 Martingale residual plots were used to assess the appropriate functional 
form of the tumor markers in relation to overall survival [23]. Univariate and 
multivariate Cox proportional hazard models were constructed to determine 
the association between patient characteristics and tumor markers, with overall 
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Table 1   Patient and tumor characteristics according to histological groups. 

Healthy Well-differentiated Poorly differentiated
persons G1NET G2NET LCNEC SCNEC

Number 282 242 38 42 251

Sex
   Male 142 ( 50%) 116 ( 48%) 20 ( 53%) 18 ( 43%) 149 ( 59%)
   Female 140 ( 50%) 126 ( 52%) 18 ( 47%) 24 ( 57%) 102 ( 41%)
Age, years
   Median 51 61 54 60 60
   Range (18 - 76) (21 - 85) (26 - 80) (23 - 82) (27 - 86)
Pretreatment
   No 120 ( 50%) 22 ( 58%) 29 ( 69%) 138 ( 55%)
   Yes 122 ( 50%) 16 ( 42%) 13 ( 31%) 113 ( 45%)
Site
   Small bowel 71 ( 29%) 0 ( 0%) 0 ( 0%) 0 ( 0%)
   Appendix 8 ( 3%) 0 ( 0%) 0 ( 0%) 0 ( 0%)
   Colon/rectum 33 ( 14%) 5 ( 13%) 3 ( 7%) 2 ( <1%)
   Pancreas 17 ( 7%) 3 ( 8%) 9 ( 21%) 0 ( 0%)
   Lung/thorax 23 ( 10%) 19 ( 50%) 9 ( 21%) 200 ( 80%)
   Bladder 0 ( 0%) 0 ( 0%) 2 ( 5%) 20 ( 8%)
   Other Sites 9 ( 4%) 3 ( 8%) 6 ( 14%) 18 ( 7%)
   Unknown 81 ( 33%) 8 ( 21%) 13 ( 31%) 11 ( 4%)
Stage of disease
   Locoregional/Limited 53 ( 22%) 6 ( 16%) 13 ( 31%) 110 ( 44%)
   Metastatic/Extensive 189 ( 78%) 32 ( 84%) 29 ( 69%) 138 ( 55%)
Patient Status
   Alive 140 ( 58%) 15 ( 39%) 5 ( 12%) 30 ( 12%)
   Dead 102 ( 42%) 23 ( 61%) 37 ( 88%) 221 ( 88%)
OS Duration
   Median 3.2 1.7 0.67 0.61
   Range (0.0014 - 12) (0.03 - 9.8) (0.038 - 10) (0.0055 - 15)
OS
   Median survival 5.8 2.7 0.74 0.64
   95% CI (4.6 - 8.1) (1.4 - 4.9) (0.55 - 1.4) (0.55 - 0.71)
   Events / N 102 / 242 23 / 38 37 / 42 221 / 251

G1NET, grade 1 neuroendocrine tumors; G2NET, grade 2 neuroendocrine tumors; LCNEC, large cell 
neuroendocrine carcinoma; SCNEC, small cell neuroendocrine carcinoma; OS, overall survival;  
CI, confidence interval

Figure 1   Scatterplots of chromogranin A (A), neuron specific enolase (NSE) (B), 
progastrin releasing peptide (proGRP) (C) and cytokeratin fragments CK8, 
CK18 and CK19 (CKfr) (D) in healthy persons, in patients with grade 1 and 
grade 2 neuroendocrine tumours (G1NET and G2NET, respectively), and 
in patients with large cell and small cell neuroendocrine tumours (LCNEC 
and SCNEC, respectively). 

Comparisons are made with Mann-Whitney tests. Dotted lines present the upper limit of normal.
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patients with NET compared to healthy controls differed between the histological 
groups. In patients with well-differentiated NET the highest area under the 
curve (AUC) was found for CgA: 0.86 (95% CI, 0.82-0.89) and 0.91 (95% CI, 
0.84-0.98) for G1NET and G2NET, respectively. Comparable AUCs were found 
for CgA, NSE and CKfr in the LCNEC group: 0.90 (95% CI, 0.83-0.96), 0.83 (95% 
CI, 0.75-0.92) and 0.88 (95% CI, 0.82-0.95), respectively, while the AUC for proGRP 
was much lower: 0.66 (95% CI, 0.56-0.76). For the SCNEC the AUCs for proGRP 
and CKfr did not differ: 0.86 (95% CI, 0.82-0.90) and 0.87 (95% CI, 0.84-0.90), 
respectively). However, at 95% specificity, the sensitivity of proGRP was much 
higher than that of CKfr (73% and 51%, respectively).
 In general, there was no association between CgA and NSE and the primary 
site, except for CgA in the SCNEC: sensitivity (i.e. percentage of elevated values) 
in lung tumors was lower compared to non-lung tumors (33% and 54%, 
respectively) (Table 2). In the poorly differentiated group, an association was 
found between primary site and proGRP: in the LCNEC the sensitivity in the 
tumors of the gastrointestinal tract was 17% compared with 53% in the tumors 
of the non-gastrointestinal tract. In the SCNEC the sensitivity in the lung was 
76% compared with 54% in the non-lung tumors. The sensitivity of the CKfr in 
the tumors of the gastrointestinal tract appeared to be higher than in the other 
tumors, but was not statistically proven.  
 Within all histological groups the percentage elevated values of all four 
markers were higher in patients with distant metastases than in patients with 
locoregional disease.

Survival analyses
 The Martingale residual plots indicate that in the well-differentiated group 
NSE and proGRP appeared to have approximately the same thresholds as 
defined in the healthy group as ULN (13.0 µg/l and 53 ng/l, respectively). Both 
CgA and CKfr appeared to be log-linearly related to overall survival. In the 
univariate Cox regression analyses, sex, age, metastatic disease, primary site, 
grade of differentiation, and all four tumor markers were associated with overall 
survival (Table 3). In the multivariate model only age, metastatic disease and 
CKfr were independently associated with overall survival (P = 0.0004, P = 0.01 
and P < 0.0001, respectively). Figures 3A and 3B show the survival curves for 
CgA and CKfr divided by quartiles for patients with well-differentiated NET.
 In the patients with poorly differentiated NEC, the Martingale residuals 
indicate that CgA and proGRP had a dichotomized association with survival, 
while NSE and CKfr were log-linearly related with survival. In the univariate 
Cox regression analyses, stage of disease, pretreatment and all four markers 
were associated with survival. In the multivariate model, stage of disease, 
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Figure 2   ROC curves illustrating the diagnostic performance of chromogranin 
A (CgA), neuron specific enolase (NSE), progastrin releasing peptide 
(proGRP) and cytokeratin fragments CK8, CK18 and CK19 (CKfr) when 
comparing patients with grade 1 and grade 2 neuroendocrine tumours 
(G1NET and G2NET, respectively), large cell neuroendocrine carcinoma 
(LCNEC) and small cell neuroendocrine carcinoma (SCNEC) with healthy 
persons. 

Area under the ROC curves are presented with 95% confidence interval.

               Area under ROC-curve 
               CgA 0.86 (0.82 – 0.89)
               NSE 0.54 (0.49 – 0.59)
               proGRP 0.63 (0.58 – 0.68)
               MT 0.76 (0.72 – 0.80)

               Area under ROC-curve 
               CgA 0.91 (0.84 – 0.98)
               NSE 0.80 (0.70 – 0.90)
               proGRP 0.75 (0.64 – 0.86)
               MT 0.86 (0.79 – 0.94)

               Area under ROC-curve 
               CgA 0.90 (0.83 – 0.96)
               NSE 0.83 (0.75 – 0.92)
               proGRP 0.66 (0.56 – 0.76)
               MT 0.88 (0.82 – 0.95)

               Area under ROC-curve 
               CgA 0.77 (0.73 – 0.81)
               NSE 0.79 (0.74 – 0.83)
               proGRP 0.86 (0.82 – 0.90)
               MT 0.87 (0.84 – 0.90)
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LCNEC SCNEC 
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Table 2   Sensitivities (percentage elevated values according to upper limit of 
normal) of tumor markers in patients with neuroendocrine tumours 
according to histological grade, primary site and stage of disease. 

CgA NSE proGRP CKfr

P - 
value

P - 
value

P - 
value

P - 
value

G1NET (n = 242) 68% 19% 24%
   Site
      GI tract (n = 129) 60%

0.33
17%

1.00
15%

0.19
29%

1.00
      Non - GI tract (n = 32) 50% 16% 25% 28%
   Stage
      Locoregional (n = 53) 28% 8% 19% 15%

<0.001 0.02 0.37 <0.001
      Distant (n = 189) 79% 23% 25% 41%

G2NET (n = 38) 74% 54% 47% 54%
   Site
      GI tract (n = 8) 63% 63% 38% 75%

0.67 0.68 0.42 0.10
      Non - GI tract (n = 22) 73% 46% 59% 36%
   Stage
      Locoregional (n = 6) 50% 33% 50% 17%

0.31 0.38 1.00 0.08
      Distant (n = 32) 78% 58% 47% 61%

LCNEC (n = 42) 67% 63% 36% 64%
   Site
      GI tract (n = 12) 67% 36% 17% 75%

0.72 0.25 0.06 0.27
      Non - GI tract (n = 17) 59% 65% 53% 53%
   Stage
      Locoregional (n = 13) 46% 50% 46% 38%

0.08 0.31 0.49 0.04
      Distant (n = 29) 76% 68% 31% 76%

SCNEC (n = 251) 37% 62% 73% 50%
   Site
      Non - Lung (n = 40) 54% 70% 54% 54%

0.02 0.22 0.006 0.50
      Lung (n = 200) 33% 59% 76% 48%
   Stage
      Locoregional (n = 110) 26% 45% 63% 31%

0.001 <0.001 0.002 <0.001
      Distant (n = 138) 46% 76% 81% 64%

G1NET, grade 1 neuroendocrine tumors; G2NET, grade 2 neuroendocrine tumors; LCNEC, large cell 
neuroendocrine carcinoma; SCNEC, small cell neuroendocrine carcinoma; CgA, Chromogranin A;  
NSE, Neuron-specific enolase; proGRP, progastrin-releasing peptide; CKfr, Cytokeratin fragments CK8, CK18 
and CK19

Figure 3   Overall survival curves according to the Kaplan-Meier method stratified 
by the quartiles of the tumour markers. Shown are chromogranin A 
(A), cytokeratin fragments (CKfr) (B) in patients with well-differentiated 
neuroendocrine tumours (grade 1 and 2) and NSE (C) and cytokeratin 
fragments (D) in patients with poorly-differentiated neuroendocrine 
carcinoma (large cell and small cell carcinoma). 

Area under the ROC curves are presented with 95% confidence interval.
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Table 3   Cox regression analyses of prognostic factors in patients with 
neuroendocrine tumours. 

Well-differentiated Poorly differentiated
Univariate Multivariate Unadjusted Multivariate

Events/N HR 95% CI P value HR 95% CI P value Events/N HR 95% CI P value HR 95% CI P value

Sex Sex
   Male 69/136 1 0.04 1 0.07    Male 143/167 1 0.93 1 0.46
   Female 56/144 0.7 0.5 - 1.0 0.7 0.5 - 1.0    Female 115/126 1 0.8 - 1.3 1.1 0.8 - 1.4
Age Age
   Years per decade 125/280 1.5 1.3 - 1.8 <0.0001 1.4 1.2 - 1.7 0.0004    Years per decade 258/293 1.1 1.0 - 1.2 0.17 1.01 1.0 - 1.0 0.18
Metastases Metastases
   No 11/59 1 <0.0.001 1 0.01    No 96/123 1 <0.0001 1 0.0004
   Yes 114/221 4.2 2.2 - 7.8 2.3 1.1 - 4.5    Yes 162/170 2.5 1.9 - 3.2 1.8 1.3 - 2.4
Pretreatment Pretreatment
   No 66/142 1 0.47 1 0.28    No 143/167 1 <0.0001 1 <0.0001
   Yes 59/138 0.9 0.6 - 1.2 1.2 0.8 - 1.8    Yes 115/126 1.9 1.5 - 2.5 2.5 1.9 - 3.3
Primary site Primary site
   Small bowel 23/71 1 0.01 1 0.28    Small bowel
   Other sites 30/78 1.3 0.8 - 2.3 1.5 0.8 - 2.6    Other sites 48/60 1 0.14 1 0.001
   Lung 18/42 1.7 0.9 - 3.1 2 1.0 - 3.9    Lung 188/209 1.4 1.0 - 1.9 1.8 1.3 - 2.6
   Unknown 54/89 2.2 1.4 - 3.7 1.2 0.7 - 2.1    Unknown 22/24 1.2 0.7 - 2.0 0.9 0.5 - 1.5
Histological grade Histological grade
   grade 1 102/242 1 0.001 1 0.42    grade 1 37/42 1 0.49 1 0.89
   grade 2 23/38 2.4 1.5 - 3.8 1.3 0.7 - 2.3    grade 2 221/251 1.1 0.8 - 1.6 1 0.7 - 1.6
CgA, µg/l CgA, µg/l

147/172 1 1 0.57
   log 125/280 1.4 1.3 - 1.5 <0.0001 1.1 1.0 - 1.2 0.08    log 111/121 1.5 1.2 - 1.9 0.001 1.1 0.8 - 1.4
NSE, µg/l NSE, µg/l
   normal 79/211 1 1 0.33    normal <0.0001 0.0003
   elevated 46/69 3.5 2.4 - 5.1 <0.0001 1.3 0.8 - 2.1    elevated 258/293 1.4 1.2 - 1.5 1.2 1.1 - 1.4
proGRP, ng/l proGRP, ng/l
   normal 84/204 1 0.001 1 0.08    normal 79/96 1 0.04 1 0.69
   elevated 41/76 2.0 1.4 - 2.9 1.5 1.0 - 2.2    elevated 179/197 1.3 1.0 - 1.7 1.1 0.8 - 1.5
CKfr, U/l CKfr, U/l
   log 125/280 2.2 1.9 - 2.6 <0.0001 1.8 1.4 - 2.3 <0.0001    log 258/293 1.7 1.5 - 1.9 <0.0001 1.5 1.3 - 1.8 <0.0001

HR, hazard ratio; CI, Confidence interval; CgA, chromogranin-A; NSE, neuron specific enolase; proGRP, 
progastrin-releasing peptide; CKFR, Cytokeratin fragments CK8, CK18 and CK19
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but thus far not in NET. The cytokeratin marker MonoTotal® measures the 
cytokeratin fragments CK8, CK18 and CK19 in serum and was initially developed 
for the management of patients with non-small cell lung cancer (NSCLC) [14]. 
Another cytokeratin fragments assay, Tissue Polypeptide Antigen (TPA), 
measures the same fragments. TPA has been used as a serological marker in 
various epithelial cell-associated carcinoma. A direct comparison of MonoTotal® 
and TPA, only presented in an abstract, shows that MonoTotal® has a better 
sensitivity than TPA: 71% versus 53% at 95% specificity in patients with NSCLC 
(dr. L. Holubec, Charles University, Czech Republic). Cytokeratins are 
intermediate filament proteins found in the cytoskeleton and specific for 
epithelial cells. The expression profile of cytokeratins usually remains stable 
during transformation into malignant cells and might be of additional value as 
biomarker in pathology [12;36]. Cytokeratins are also useful as serum tumor 
marker for monitoring treatment as they reflect tumor cell turnover [12;14]. In 
the present study, a strong association between CKfr and histological grade was 
found, which underlines that CKfr might  indeed be related to tumor cell 
turnover. 
 The association of CKfr with tumor activity was also found when we 
investigated the association of tumor markers with overall survival. CKfr was 
the only independent prognostic tumor marker for survival (P < 0.0001) in well-
differentiated NET. As CKfr  reflects tumor activity and CgA tumor burden, 
they provide essential information about tumor growth [37].  
 CgA and CKfr were also the most informative markers in LCNEC. Although 
NSE was also an independent prognostic variable for overall survival, the 
clinician might consider CKfr or NSE in addition to CgA. This is in line with 
Molina et al. who reported that NSE had a strong prognostic value, independent 
of clinical parameters (such as age, , Karnofsky Index, symptoms and smoking 
status) in NSCLC [38]. Since NSE in erythrocytes and platelets leads to elevated 
results in hemolyzed [39], CKfr might be a better alternative as additional tumor 
marker to CgA. 
 In the present study proGRP was the most accurate marker to discriminate 
SCNEC from healthy persons, especially in lung tumors; this finding is in 
agreement with others [10;33]. Thus, the combination of proGRP, the most 
sensitive marker, and CKfr indicative of tumor is informative for the course of 
disease. NSE might also be added, as it is an independent prognostic variable for 
overall survival. 
 Since tumor markers are useful in evaluation of patient management, the 
markers should be further examined in a longitudinal study.
 In conclusion, this cross-sectional study provides promising information 
about the four markers with respect to their diagnostic and prognostic value for 

pretreatment, site of primary tumor, NSE and CKfr were significantly associated 
with overall survival. Patients with lung tumors tended to have a poorer survival 
than patients with other primary tumor sites (HR = 1.8, P = 0.0004) (Table 3). 
Figures 3C and 3D show the survival curves for CgA and CKfr divided by 
quartiles. 

Discussion

This is the first study in which the tumor markers progastrin-releasing peptide 
(proGRP) and cytokeratin fragments CK8, CK18 and CK19 (CKfr) in addition to 
the established markers CgA and NSE were investigated in patients with NET. 
Recently published studies demonstrated the relevance of  classifying the NET 
according to improved histopathological grading [24-26]. Therefore, this grading 
system (from G1 to G3) was also applied in our study group.
 In recent years CgA showed the highest sensitivities in patients with well-
differentiated NET for G1NET and G2NET (68% and 74%, respectively); these 
values are similar to those reported earlier by our group (74%) [19] and by others 
(68%-80%) [9;27-29]. We found a much lower sensitivity (37%) in the 251 patients 
with SCNEC. The same low sensitivity was reported by Cimitan et al. (37%) who 
compared CgA levels with somatostatin receptor scintigraphy findings in 20 
patients with poorly differentiated NEC of whom 14 had SCNEC [30]. This low 
sensitivity of CgA in SCNEC might be explained by the rarity of large dense-core 
granules, which release CgA in the blood circulation [6]. The sensitivity of 67% 
in 42 patients included in this study, shows that CgA is a suitable marker for 
LCNEC.
 NSE proved to be associated with the poorly differentiated NEC (sensitivity 
was 63% in LCNEC and 62% and SCNEC). A large difference was observed 
within patients with well-differentiated NET: 19% in G1NET and 54% in G2NET. 
These values are comparable to those in other studies (range 18%-43%), although 
no information was given about the grading of these tumors [9;28;31]. Due to a 
sensitivity of 54% in G2NET, NSE might be of additional value to CgA. 
 ProGRP is established as a promising marker for small cell lung cancer 
[11;32;33]. In the present study, proGRP was the most sensitive marker in patients 
with SCNEC (73%). However, in patients with non-lung SCNEC the sensitivity 
was only 54%. In spite of a reasonable sensitivity for non-lung tumors (54%), 
proGRP is a more suitable maker for patients with lung tumors (76%). This 
confirmed our results for proGRP in an earlier study, in which a high proGRP 
indicated a primary tumor in the lung [34]. 
 Cytokeratins in tissue as additional prognostic markers are reported [35], 
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Abstract

Background: Chromogranin A (CgA) is the most common tumor marker in 
patients with neuroendocrine tumors (NET). False elevation of CgA levels is 
mainly caused by proton pump inhibitors (PPIs). We examined whether 
 discontinuation of PPIs, or replacement by H2-receptor antagonists (H2RA), 
resulted in a decrease of CgA levels. 

Methods: 196 patients with well-differentiated NET were examined for CgA 
and the use of PPIs. Patients with an unexpectedly high CgA level not 
connected with tumor activity discontinued PPIs, or used H2RA instead; 
two weeks later CgA level was measured again.

Results: 19/196 (10%) patients showed unexpected elevated CgA levels, they 
all used PPI. In 11/19 patients with proven NET and no evidence of disease, 
median CgA decreased from 390 µg/l during PPI treatment to 56 µg/l after 
 discontinuation (P = 0.003). In 11/19 patients with stable disease, median 
CgA decreased from 618 µg/l to 318 µg/l (P = 0.012). In 12/19 patients who 
ceased all acid inhibition, CgA levels decreased by 82%, while in the  
7 patients who replaced PPI with H2RA, CgA decreased by 77% (P = 0.967). 

Conclusion: PPI use causes false elevated CgA levels in patients with NET. 
Study results suggest to stop, or replace PPI by H2RA, to obtain a reliable 
CgA value.   

Introduction

Well-differentiated neuroendocrine tumors (NETs) are rare, slow-growing 
tumors. The disease is diagnosed in approximately 2/100,000 persons per 
year [1]. Tumors may develop at any site of the body, although they generally 
originate in the gastrointestinal tract (62-82%) [2]. Characteristic of NET is 
their secretion of peptides and neuroamines, e.g. serotonin. When liver 
metastases occur, this may lead to symptoms like flushing and diarrhea, 
known as the carcinoid syndrome [3-5]. Eventually, the long-term 
overproduction of serotonin may lead to carcinoid heart disease [6;7]. 
 Chromogranin A (CgA) has replaced the 24-h urine collection of 
 5-hydroxyindoleacetic acid and has become the most important tumor 
marker in the monitoring of NET during and after treatment [8]. CgA is a 
soluble, acidic glycoprotein with 439 amino acids and a molecular mass of 48 
kDa, localized in the secretory granules of the neuroendocrine cells. 
Intracellular it plays an major role in storage and secretion of hormones and 
extracellular as a pro-hormone. After degradation several biologically active 
peptides are released (e.g., chromostatin, pancreastatin) [9;10]. CgA levels 
may also be elevated in other disease processes, such as prostate cancer, liver 
failure, cardiovascular diseases and renal failure [11;12]. However, the use of 
proton pump inhibitors (PPIs) is the most important reason for an elevated 
CgA level, not caused by NET [11]. 
 The effect of PPI on CgA levels has been reported earlier [13-15]. These 
studies suggested an association between CgA levels and the use of PPI, but 
the effect of discontinuation of PPI therapy was not investigated. Because CgA 
is the most widely used tumor marker in patients with NET, this study 
examines whether discontinuation of PPI treatment, or replacement by 
H2-receptor antagonist (H2RA) therapy, decreases or even normalizes the 
unexplained elevation of CgA levels in patients with well-differentiated NET. 

Methods 

For this study, all patients diagnosed with well-differentiated NET visiting 
the outpatient department of the Netherlands Cancer Institute between 2007 
and 2009 with at least two available CgA measurements, were examined. 
Clinical data were retrieved from medical records. Stage of disease was 
based on symptoms, findings at CT scans, or somatostatin receptor 
scintigraphy (SRS). Data on medication, including drugs for acid inhibition, 
were also obtained from the medical records. 
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level decreased from 307 µg/l to 51 µg/l (P = 0.008) after discontinuation of 
PPI (Figure 2A). At that time 7 patients showed normal CgA levels while in  
2 patients the CgA levels decreased by 81% and 89%, respectively. Of the  
19 patients, 10 had stable disease as observed on CT scans or SRS, and no 
 disease-related symptoms. Seven patients stopped acid inhibition  
completely and the remaining 3 patients replaced the PPI by H2RA.  
After two weeks, the CgA level was measured again (Figure 2B). The median 
CgA level decreased from 588 µg/l during PPI-treatment to 226 µg/l  

CgA was determined with the CGA-RIA, a solid-phase, two-site immunora-
diometric (CIS bio International, Gif-sur-Yvette, France) [8;16;17]. The 
reference value in our laboratory was established as < 120 µg/l.  
 Figure 1 shows the inclusion of patients for this study. For each included 
patient, we first registered whether they had an elevated CgA level. All 
patients with a normal CgA level during the study period were excluded 
from further examination. Of the patients with at least one elevated CgA 
level, medical reports were consulted to establish whether the elevated CgA 
level could be related to the disease status. Patients with elevated CgA levels 
showing metastases or tumor progression were also excluded from further 
observation; these elevated  CgA levels were attributed to tumor activity 
only. If patients showed elevated CgA levels that could not be attributed to 
tumor activity, the gastric acid inhibition treatment was registered. Those 
patients with unexpected elevated CgA levels and using PPI were asked to 
(temporarily) discontinue the PPI or to (temporarily) replace the PPI by H2RA 
treatment. After two weeks the CgA level was measured again.  
 Wilcoxon tests and Mann-Whitney tests were applied to compare CgA 
levels during and after PPI treatment, and to compare change in CgA levels 
between patients who discontinued any acid suppressing therapy and 
patients who replaced PPI with H2RA. A P value ≤ 0.05 was considered as 
statistically significant.

Results

Table 1 presents the patient characteristics at the time of the first CgA 
measurement: 196 patients were included (M/F: 88/108, median age 64 years). 
CgA samples per patient were measured at least two times with a median of 
6 (maximum 27) measurements. A total of 55 patients showed normal CgA 
levels during the entire study period and were not further investigated 
(Figure 1). Of the 141 patients, 122 had at least one elevated CgA level that 
was attributed to the status of disease, such as tumor activity or progression 
of disease; also these patients were no longer monitored.
 The remaining 19 patients had unexpected elevated CgA levels that could 
not be attributed to the disease status (Table 2). All 19 patients used PPI and 
their medical records contained no other information (such as renal or liver 
failure) that could explain the high CgA levels. In 9 of these 19 patients there 
was no evidence of disease after resection of the primary NET. Five of the 9 
patients stopped all medication for acid inhibition, and 4 patients replaced 
PPI by H2RA (ranitidine 300 mg daily). In these patients, the median CgA 
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Table 1   Characteristics of the study population. 

n %

Number 196
Sex
   Male 88 45%
   Female 108 55%
Age, years
   median (range) 64 (18 - 89)
Primary tumor site
   Appendix 5 3%
   Small bowel 86 44%
   Large bowel 22 11%
   Lung 21 10%
   Pancreas 17 9%
   Other 4 2%
   Unknown 41 21%
Metastases
   No 57 29%
   Yes 139 71%
Carcinoid syndrome
   No 66 34%
   Yes 130 66%
GFR
   Normal 171 87%
   Decreased 25 13%
Number of CgA measurements
   median (range) 6 (2 -27)
PPI treatment
   No 145 74%
   Yes 51 26%

GFR, Glomerular filtration rate; PPI, Proton Pump Inhibitors; CgA, Chromogranin A
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after treatment (P = 0.005). In 4 of 10 patients (40%) CgA levels even normalized 
(<120 µg/l). 
 In 12 of the 19 patients with unexpected positive CgA levels who stopped 
all acid inhibition, CgA levels decreased by (median) 82% (range 33-89%).  
A similar trend was found in the 7 patients who replaced PPI with H2RA: 
their CgA levels decreased by 77% (range 72-86%) (P = 0.967). 
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Figure 1   Flow chart of patient inclusion in the study.   
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Discussion

Nowadays, CgA is the most widely used tumor marker in NETs [8;11;18]. CgA 
levels are influenced by factors other than tumor load, including renal 
failure, cardiovascular disease and PPIs, among which the use of PPI is the 
most common. We investigated the association of CgA levels and use of PPIs 
in patients treated for NET. High CgA levels were observed in 19 of the 196 
(10%) patients, that could not be explained by tumor recurrence or progressive 
disease. All these patients were PPI users.
 An association between CgA levels and the use of PPI is not new. In 1996, 
Waldum et al. reported that the use of the PPI omeprazole resulted in elevated 
CgA levels in 9 patients with reflux oesophagitis [15]. Later, a Dutch group 
published a cross-sectional study on 114 dyspeptic patients referred for 
upper gastrointestinal endoscopy and showed that CgA levels were higher 
during long-term PPI treatment than during H2RA treatment, or no treatment 
[14]. In 2004, in 6 of 7 patients with elevated CgA levels, Giusti et al. observed 
a significant decrease of CgA levels after discontinuation of omeprazole [13]. 
These studies suggested that decrease in acidity leads to release of gastrin. 
Elevated gastrin leads to hyperplasia of ECL cells and, subsequently, to an 
increase in CgA levels [14;15]. However, there are no reports on the effect of 
PPIs on CgA levels in patients with NET, and more importantly, longitudinal 
data after discontinuation of PPI are lacking. 
 In our group of NET patients the elevated CgA levels significantly 
decreased, or even returned to normal, after discontinuation of gastric acid 
inhibition or replacement of PPI by H2RA therapy. Furthermore, there was 
no difference in the change of CgA levels between these two interventions. 
A discontinuation of PPI of two weeks seemed a reasonable period in which 
to expect a decrease, similar to the report of Giusti et al. [13]. They also 
suggested that cytochrome P450 2C19 (CYP2C19) might play a role in the 
metabolizing of PPI. Desta et al. observed a five-fold higher exposure to PPIs 
in poor metabolizers (PM) than in extensive metabolizers (EM) of CYP2C19 
[19]. As the prevalence of PMs in Caucasian people is 1-3%, in some cases the 
CgA could still be false positive after two weeks of discontinuation. In 
addition, a much higher prevalence was observed (13-23%) in Asian people. 
As the adequate discontinuation period before the measurement of the 
correct CgA levels in PMs has not been investigated, clinicians should be 
aware that these patients might need longer discontinuation of PPI’s. 
 Of 122 patients, 24 (20%) with high CgA levels and with proven tumor 
activity used PPI. Examination of the medical reports showed that the 
concentration of CgA levels was fully attributed to the disease; therefore, 
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Figure 2   Change in chromogranin A levels after discontinuation of proton pump 
inhibitors in patients with well-differentiated neuroendocrine tumors 
without evidence of disease (A), and in patients with stable disease (B). 
Dotted line represents the reference value.   
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they were not asked to discontinue the PPI. With the knowledge of the 
outcome of this study, it is advisable to stop PPI to get an optimal 
determination of CgA. In the group of 55 patients with normal CgA levels, 5 
(9%) were PPI users. The duration of PPI use of these patients was unknown, 
but Sanduleanu et al. suggested that the longer the use of PPI, the higher CgA 
levels will be [14]. In the future, all patients should discontinue PPI use in 
order to obtain a reliable CgA level, irrespective of tumor activity or duration 
of PPI use. 
 In our study population there was no difference in CgA (percentage) 
decrease between patients who stopped acid inhibition completely and 
patients who replaced their PPI by H2RA. H2RA inhibits gastric acid 
production by blocking the H2-receptors of the parietal cells by approximately 
60% [20]. The use of H2RA did not lead to an increase of CgA levels. In 
contrast, PPI is a therapy which almost completely suppresses gastric acid 
[20]. This is achieved by influencing the enzyme H+ / K+ -ATP-ase of the 
parietal cells (gastric proton pump). This acid suppression leads to an 
increase of gastrin, which is a trophic factor for hyperplasia of ECL cells. 
Apparently, the use of H2RA did not cause such hyperplasia of the ECL cells 
that it may lead to an increase of CgA. Although our H2RA group is relatively 
small, this finding confirms the results of Farley et al. who compared the 
H2RA ranitidine with the PPI rabeprazole [21]; they observed increased 
serum gastrin levels in the rabeprazole group in contrast to the ranitidine 
group. 
 In conclusion, chromogranin A (CgA) levels increase in patients with 
NETs due to the use of PPI. It might reduce the potential risk for ECL cells 
hyperplasia and avoid false positive CgA. As PPIs are widely used, e.g. the 
Netherlands has 2.3-4.0 million prescriptions per year in a population of ± 16 
million [22], clinicians should be aware of the influence of PPI use when a 
CgA measurement is required. In patients with NET, we recommend to cease 
or replace PPI with H2-receptor antagonists, to obtain a reliable value of CgA. 
If patients do need a PPI, a discontinuation of two weeks should be sufficient.   
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Abstract

Background: In the event of diffuse hepatic metastases, hepatic artery 
embolization (HAE) can be a successful treatment option in patients with 
well-differentiated neuroendocrine tumors (NET). However, embolization 
causes hypoxia which stimulates angiogenesis and therefore tumor growth. 
This study investigates angiogenesis activity following HAE by measuring 
vascular endothelial growth factor (VEGF), endothelin-1 (ET-1) and 
C-terminal pro-endothelin-1 (proET-1) in blood. 

Methods: Twelve patients with well-differentiated NET and liver metastases 
underwent HAE. VEGF, ET-1 and proET-1 were measured before embolization 
and the days following treatment during hospitalization. Mean levels during 
treatment were compared with those at baseline.

Results: From 12 patients 90 blood samples were obtained before and daily 
for 8 days following HAE. Mean (±SE) VEGF level at baseline was 116 (±33) 
ng/l which increased after HAE to 313 (±46) ng/l at day 6, followed by a 
gradual decrease. ProET-1 showed a similar pattern, with a mean baseline 
level of 9.2 (±2.0) pmol/l and a highest level of 40.8 (±5.7) pmol/l at day 6. 
Some fluctuations were observed for ET-1, with maximum levels at day 3 
compared to baseline levels.

Conclusion: In patients with well-differentiated NET who underwent 
hepatic arterial embolization angiogenic growth factors increase temporarily. 
This implies a need to investigate the effect of antiangiogenic drugs as an 
adjuvant therapy to embolization.

Introduction

Patients with well-differentiated neuroendocrine tumors (NET) often present 
with disseminated disease, mainly metastasized to the liver [1;2]. Due to the 
excretion of hormonal products by the liver metastases, the typical carcinoid 
syndrome (with symptoms such as diarrhea, flushes and abdominal pain) 
may occur. Surgical resection of the liver metastases is the treatment of 
choice, but is frequently impossible due to the extent of disease [3;4]. Although 
somatostatin analogs are highly effective in alleviating carcinoid symptoms 
[5;6], objective tumor regression is rarely seen [7;8].
 In the event of bulky or disseminated hepatic metastases, hepatic artery 
embolization (HAE) or chemoembolization (i.e. with the addition of 
intra-arterial chemotherapy) can be a successful treatment option. Objective 
(radiographic and/or biochemical) response rates of 35-93% have been 
reported [9-14]. However, liver metastases in NET are hypervascular tumors 
and angiogenesis plays an important role in their progression. Furthermore, 
embolization causes hypoxia, which stimulates angiogenesis by inducing 
vascular endothelial growth factor (VEGF) and therefore supporting tumor 
growth [15-17]. In addition, high serum VEGF levels may predict a poor 
response [18]. Although side effects due to angiogenic activity after HAE 
have been suggested, to our knowledge no information is available on the 
course of growth factors after HAE in humans. 
 Therefore, this study investigates angiogenic activity after HAE by 
measuring C-terminal pro-endothelin-1 (proET-1) in addition to the better 
known angiogenesis markers endothelin-1 (ET-1) and VEGF. ProET-1 is the 
precursor of ET-1 which is a relevant player in tumor growth and metastasis 
by various processes, including angiogenesis [19]. 

Methods 

We conducted a prospective study (starting October 2003) in patients with 
well-differentiated, grade 1 (Ki 67 less than 2%) NETs who presented with 
inoperable liver metastases and who were treated with HAE. All patients 
suffered from progressive disease and, prior to HAE, had been treated with 
several therapies including 131I-meta-iodobenzylguanidine, somatostatin 
analogs and interferon.

Embolization procedure
 The HAE procedure was performed as described previously [14]. Briefly, 
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Results

Twelve patients with well-differentiated NET and multiple liver metastases 
were included in this study. The group comprised six men and six women 
with a mean age of 58 (range 40-72) years. The primary tumor was located in 
the lung (n=2), pancreas (n=2), ovary (n=1) or stomach (n=1); in six cases the 
primary sites were unknown. 
 One patient, heavily pretreated, died two weeks after his embolization 
due to progressive liver failure. In the remaining 11 patients, tumor reduction 
was found in 10 patients, but only 3 patients (27%) met the RECIST criteria 
(Table 1). In six of eight patients (75%) an improvement of the carcinoid 
syndrome symptoms was observed. Although the remaining patients did 
not suffer from carcinoid symptoms, their general condition was improved. 
A biochemical response was observed in eight out of 11 patients (73%). In one 
patient the CgA level was increased, whereas no effect was seen on tumor 
size or worsening of symptoms, and in two patients the CgA level remained 
stable. 

Angiogenic growth factors
 A total of 90 blood samples were obtained before HAE and daily during 
the 8 days following embolization. Figure 1 shows the changes in blood 
parameters. At baseline, the mean (±SE) VEGF level was 116 (±33) ng/l. After 
HAE, mean VEGF levels increased gradually to day 6 with maximum mean 
level of 313 (±46) ng/l. Subsequently, VEGF levels decreased to 221 (±27) ng/l 
at day 8. Only the mean VEGF levels at day 6 differed significantly from 
baseline levels. The same pattern of a temporary increase was observed for 
proET-1: after HAE, mean proET-1 levels increased from 9.2 (±2.0) pmol/l at 
baseline to 26.3 (±4.8) at day 3 (P < 0.05). The highest level of 40.8 (±5.7) pmol/l 
was found at day 6 (P < 0.05), then proET-1 decreased to 34.2 (±7.3) pmol/l at 
day 8 (P < 0.05). Fluctuations were observed for ET-1 with the maximum level 
on day 3 post-treatment, followed by a decrease and then another increase at 
day 6. However, only a significant difference of  ET-1 levels was found 
between day 3 and baseline.

the procedure was started with diagnostic arteriography and ultrasound 
echography to assess the arterial anatomy and portal vein patency. Depending 
on the lobe with the largest tumor bulk, selective catheterization of either 
the left or right hepatic artery was performed. In the case that tumors were 
present in both lobes, a second HAE was performed within an interval of 
several months. For permanent vascular obstruction, Ivalon particles of 
300-500 µm were used. The particles, suspended in polyvinyl alcohol and 
mixed with an iodined contrast medium, were injected until statis was 
obtained. For the present study we monitored the first embolization only. 

Patients
 After HAE, patients were monitored daily during their hospitalization 
for postembolization syndrome, including abdominal pain, nausea, fever 
and elevated transaminase levels. We continued the SSA-treatment after 
embolization. To avoid a carcinoid crisis, patients received a shot of 100 µg 
octreotide and a continuous intravenous infusion of 50 µg per hour for the 
following 24h. In all patients the prior treatment with octreotide or lanreotide 
was continued. 
 One tube of blood (with K2EDTA as anticoagulant) was collected from 
each patient just before HAE and on the days following this treatment. After 
centrifuging the blood samples, plasma was stored at -30oC until analysis. 
The number of blood samples depended on the duration of hospitalization. 
The effect of HAE was evaluated at 3 months using three parameters: 1) 
examining the tumor size by four-phase CT-scans in the arterial phase 
according to the revised RECIST guidelines, 2) monitoring the carcinoid 
syndrome symptoms and the patient’s condition via medical records and 3) 
evaluating the biochemical response according to the recommendations of 
the European Group of Tumor Markers [20;21]. All patients provided 
informed consent for participation in this study.

Assays
 VEGF and ET-1 levels were determined by means of ELISA assay (R&D 
Systems, Inc., Minneapolis, USA) [22;23]. ProET-1 was detected using an 
assay in the chemiluminiscence coated tube format as described previously 
(Brahms AG, Henningsdorf Berlin, Germany) [19;24]. 

Statistical analysis
 Comparison of the mean levels of the blood parameters between baseline 
measurements and follow-up measurements were made using paired t-tests. 
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Figure 1   Monitoring of angiogenesis factors following hepatic artery embolization 
(HAE). Bars indicate mean values ± 2 standard errors.   

* P < 0.05, compared with baseline values (paired t-test)
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part of a larger precursor molecule, the pre-proendothelin-1. However, ET-1 
is difficult to measure because it is an unstable molecule and binds to 
receptor and plasma proteins [29]. The breakdown fragment proET-1 is more 
stable than the biologically active molecule ET-1 and is presumably inactive 
in the blood circulation [19;30]. We measured both molecules to compare 
their development during the period after HAE. In fact we saw a fluctuating 
pattern of ET-1, with significant increases the first three days after HAE 
compared to the baseline value. The more stable prohormone fragment, 
proET-1, increased gradually until the sixth day after HAE and decreased 
thereafter. The apparently earlier rise of ET-1 could not be fully explained, 
but the biological activity of ET-1 could play a role in the fluctuating pattern 
of ET-1. ET-1 could have been bound to plasma proteins or tissue receptors 
after the first increase of ET-1 [31]; Brunner et al. showed that binding of ET-1 
to albumin affects the determination of ET-1 in plasma. Moreover, the longer 
half-life time of proET-1 supported the more stable characteristic of proET-1. 
 We found an increase in both the endothelins and VEGF. This finding 
implicates that an adjuvant treatment to inhibit angiogenesis may be required 
to make the procedure more effective. A literature search revealed that 
changes of the antiangiogenic function after hepatic embolization was only 
examined by tegafur/uracil (UFT) administration after transcatheter arterial 
chemoembolization (TACE ) in advanced hepatocellular carcinoma (HCC) 
[32]. Ueda et al. found a prolonged time to treatment failure in the group who 
were treated with UFT compared to the control group. Moreover, they 
observed no increases in serum VEGF levels in the UFT group, whereas 
those in the control group showed a significant increase. The authors 
concluded that UFT administration after TACE was an effective treatment 
and may play a role as adjuvant treatment in advanced HCC. To prolong the 
response duration and to improve the effect of embolization additional 
medical treatment might be applied in the future. Chemotherapy interfering 
with cell proliferation, has a very limited role, as the mitotic index of NET is 
low. The newer drugs such as the anti-angiogenetic bevacizumab may have a 
place, but timing is essential as also the wound healing of the arterial 
puncture can be impaired. The anti-VEGF-R-treatment with sunitinib may 
be promising as it is has been reported to be effective in pancreatic NET. 
Furthermore, we hypothesize that patients with extrahepatic tumors will 
benefit from angiogenesis inhibitors. Microtumors or dormant tumors, not 
located in the treatment field,  may show progression due to the increase of 
growth factors. Chung et al. observed a rapid development of intra- and 
extrahepatic recurrences outside the radiotherapy treatment field in the liver 
and suggested that radiotherapy might increase certain growth factors which 

Discussion

Patients suffering from progressive disease due to advanced hepatic 
metastases from NETs have few treatment options. In these patients, local 
treatment by HAE might be effective [11]. In the present study most patients 
experienced symptomatic improvement (75%), showed tumor regression 
(27%) and had a biochemical response (73%). VEGF and endothelin-1 and 
pro-endothelin1 were measured to investigate the angiogenic effect of HAE. 
A significant increase of these growth factors was found with maximum 
levels approximately 6 days after embolization. 
 After HAE, the finding of an increase of VEGF, as well as an increase of 
ET-1 and its prohormone proET-1, suggests that HAE not only causes 
occlusion of blood vessels but also leads to an adverse side-effect, i.e. an 
opportunity to construct new blood vessels (angiogenesis) by introducing 
growth factors such as VEGF and endothelins. HAE causes tissue hypoxia 
which is a physiological stimulus for angiogenesis by enhancing the 
production of several angiogenic mediators. A few animal studies in rabbits 
and rats provided evidence that the development of new vessels after HAE 
occurred in hepatic residual tumors [25;26]. This development may be one of 
the reasons why the majority of these hepatic metastases did not show 
complete necrosis and why these remaining metastases even had an 
increased inclination to grow further. Von Marsschall et al. analyzed in 
addition to VEGF its receptor (VEGFR) and observed an abundance of blood 
vessels in conjunction with substantial expression of VEGF and VEFGR, 
suggesting that VEGF may regulate angiogenesis in these tumors [26]. Liao 
et al. observed more microvessel density in the tumor margins or areas 
around the necrotic tissues [25]. Therefore, we assumed that the remaining 
viable tumor cells initiated the cascade of release of growth factors.
 Angiogenic mediators, such as endothelin-1 (ET-1).ET-1 belongs to the ET 
family which consists of three amino acid peptides (ET-1, ET-2 and ET-3) and 
two membrane-bound ET-converting enzymes (ECE-1 and ECE-2) [27]. ET-1 
is produced by predominantly vascular endothelial cells of many organs 
[28]. The mechanism by which endothelins induce angiogenesis is not fully 
understood, but probably includes an interaction between tumor cells, the 
stroma and the tumor microenvironment. Endothelins might modulate 
angiogenesis directly by stimulation of endothelial cells and indirectly by 
stimulation of VEGF [27]. 
 In the present study, the newly available assay proET-1 was measured 
since it should indirectly estimate the activity of the ET system. ET-1 was 
originally isolated from vascular endothelial cells. ET-1 is synthesized as 
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angiogenesis inhibitors in combination with HAE.

Acknowledgments
   
The authors thank T.C. Linders and J.C.G.M. Buning-Kager for their excellent 
technical assistance with the immunoassays.  

Chapter 8 Angiogenesis after embolization

8



140 141

19.  Khan SQ, Dhillon O, Struck J, Quinn P, Morgenthaler NG, Squire IB, Davies JE, Bergmann A, 
Ng LL. C-terminal pro-endothelin-1 offers additional prognostic information in patients 
after acute myocardial infarction: Leicester Acute Myocardial Infarction Peptide (LAMP) 
Study. Am Heart J 2007; 154:736-742.

20.  Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, Dancey J, Arbuck S, 
Gwyther S, Mooney M, Rubinstein L, Shankar L, Dodd L, Kaplan R, Lacombe D, Verweij J. 
New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1). 
Eur J Cancer 2009; 45:228-247.

21.  Bonfrer JM. Working Group on Tumor Marker Criteria (WGTMC). Tumour Biol 1990; 
11:287-288.

22.  Oikawa T, Kushuhara M, Ishikawa S, Hitomi J, Kono A, Iwanaga T, Yamaguchi K. Production 
of endothelin-1 and thrombomodulin by human pancreatic cancer cells. Br J Cancer 1994; 
69:1059-1064.

23.  Senger DR, Van de Water L, Brown LF, Nagy JA, Yeo KT, Yeo TK, Berse B, Jackman RW, 
Dvorak AM, Dvorak HF. Vascular permeability factor (VPF, VEGF) in tumor biology. Cancer 
Metastasis Rev 1993; 12:303-324.

24.  Papassotiriou J, Morgenthaler NG, Struck J, Alonso C, Bergmann A. Immunoluminometric 
assay for measurement of the C-terminal endothelin-1 precursor fragment in human plasma. 
Clin Chem 2006; 52:1144-1151.

25.  Liao XF, Yi JL, Li XR, Deng W, Yang ZF, Tian G. Angiogenesis in rabbit hepatic tumor after 
transcatheter arterial embolization. World J Gastroenterol 2004; 10:1885-1889.

26.  von Marschall Z, Scholz A, Cramer T, Schafer G, Schirner M, Oberg K, Wiedenmann B, 
Hocker M, Rosewicz S. Effects of interferon alpha on vascular endothelial growth factor 
gene transcription and tumor angiogenesis. J Natl Cancer Inst 2003; 95:437-448.

27.  Grimshaw MJ. Endothelins and hypoxia-inducible factor in cancer. Endocr Relat Cancer 2007; 
14:233-244.

28.  Kedzierski RM, Yanagisawa M. Endothelin system: the double-edged sword in health and 
disease. Annu Rev Pharmacol Toxicol 2001; 41:851-876.

29.  Rossi GP, Seccia TM, Albertin G, Pessina AC. Measurement of endothelin: clinical and 
research use. Ann Clin Biochem 2000; 37 ( Pt 5):608-626.

30.  Struck J, Morgenthaler NG, Bergmann A. Proteolytic processing pattern of the endothelin-1 
precursor in vivo. Peptides 2005; 26:2482-2486.

31.  Brunner F, Stessel H, Watzinger N, Loffler BM, Opie LH. Binding of endothelin to plasma 
proteins and tissue receptors: effects on endothelin determination, vasoactivity, and tissue 
kinetics. FEBS Lett 1995; 373:97-101.

32.  Ueda H, Tanaka H, Kida Y, Fukuchi H, Ichinose M. Adjuvant chemotherapy with tegafur/
uracil administration after transcatheter arterial chemoembolization for advanced 
hepatocellular carcinoma. Oncol Rep 2008; 19:1355-1361.

33.  Chung YL, Jian JJ, Cheng SH, Tsai SY, Chuang VP, Soong T, Lin YM, Horng CF. Sublethal 
irradiation induces vascular endothelial growth factor and promotes growth of hepatoma 
cells: implications for radiotherapy of hepatocellular carcinoma. Clin Cancer Res 2006; 
12:2706-2715.

Chapter 8 Angiogenesis after embolization

8



9
Summary and Discussion



144 145

Summary

Neuroendocrine tumors (NETs) are a group of tumors that arise from the 
cells of the neuroendocrine system. These tumors can be found in every 
organ. Their outcome is mainly dependent on the site of the primary tumor, 
grade of differentiation, status of disease and the production of hormones. 
Because of their neuroendocrine characteristics, tumor cells have the ability 
to produce hormones, of which serotonin is the best known. 
 This thesis begins by presenting a review of the epidemiologic data of 
neuroendocrine tumors registered in the Netherlands. In the subsequent 
chapters, the clinical relevance of biomarkers in blood is investigated. 
Chromogranin A (CgA) plays an important role, but biomarkers that are not 
directly related to NET are also examined.
 Chapter 1 is a general introduction to NET, with a focus on biomarkers 
currently used during the management of patients with NET. Traditionally, 
5-hydroxyindoleacetic acid (5-HIAA) was the most widely used tumor 
marker in NET. 5-HIAA is a degradation product of serotonin and is 
measured for 24-hours in urine. However, since 2004, our institute has 
routinely used CgA as the main marker in NET. CgA is present in the 
granules of the neuroendocrine cells and can also be used in non-serotonin-
producing NET. The advantage of the CgA measurement for patients is that 
CgA is measured in blood, so they don’t have to collect 24-hours urine 
anymore. In addition to these two markers, other markers not frequently 
used in NET are discussed, such gastrin, insulin, neuron-specific enolase, 
catecholamines en tachykinines.  
 Chapter 2 presents the epidemiologic data of 42,186 patients with NET in 
the Netherlands from 1990 to 2008. In contrast to most epidemiological 
studies that based their results on the primary site of the tumor, we stratified 
the patients according to the World Health Organization (WHO) histological 
classification of 2010: well-differentiated NET, subdivided into grade 1 and 2 
(G1NET and G2NET, respectively), and poorly-differentiated (grade 3) 
neuroendocrine carcinoma, subdivided into large cell and small cell 
neuroendocrine carcinoma (LCNEC and SCNEC, respectively). The most 
important incidence rates are shown in Table 1. The 5-year relative survival 
rate improved in G1NET, particularly in patients with metastatic G1NET: 
from 30% in 1990-2000 to 44% in 2001-2008. In spite of the poor survival for 
SCNEC, there was a 4% improvement in survival rate between 1990 and 2000 
and a 6% improvement between 2001 and 2008, whereas for LCNEC the 
survival rate decreased from 26% to 21%. The stratification by histological 
grade shows that the increasing incidence of NET was mainly explained by 
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normal was established at 53 ng/l), primary lung tumors could be 
distinguished from tumors in other sites. A proGRP level more than twice 
the upper reference value in patients with well-differentiated NETs is a 
strong indication for a primary tumor in the lung. In the multivariate Cox 
model both proGRP and CgA were strongly associated with survival (p < 
0.0001 for both variables). Besides CgA, proGRP is a complementary tumor 
marker for prognosis and treatment monitoring in patients with NET.
 Subsequently, in Chapter 6 we investigated the tumor markers CgA, 
 neuron-specific enolase (NSE), proGRP and cytokeratin fragments (CKfr) 
CK8, CK18 and CK19 (MonoTotal®) to establish whether they are of additional 
value to the histological classification and prognosis in patients with NET. 
CgA is the most widely used marker in well-differentiated NET, NSE in 
poorly-differentiated neuroendocrine carcinoma, and proGRP should be a 
useful marker in SLCL. CKfr is a measure for necrosis. These four markers 
were measured in 242 patients with grade 1 NET (G1NET), 38 with grade 2 
NET (G2NET), 42 with large cell neuroendocrine carcinoma (LCNEC), 251 
with small cell neuroendocrine carcinoma (SCNEC), and in 282 healthy 
persons for comparison purposes. CgA showed the highest sensitivity and 
specificity to identify G1NET, G2NET and LCNEC and proGRP for the 
patients with SCNEC. In the multivariate survival analyses, only CKfr was 
associated with survival in patients with G1NET and G2NET (p < 0.0001). For 
the patients with SCNEC and LCNEC, both CKfr and NSE were independently 
associated with survival. CgA was the most sensitive marker for predicting 
G1NET, G2NET and LCNEC, and proGRP the most sensitive for SCNEC. 
CKfr seems to be an important prognostic marker for survival of all patients 
with NET. Within all histological groups a combination of tumor markers is 
more informative about tumor growth than each marker alone. Therefore, in 
patients with G1NET, G2NET and LCNEC, CgA and CKfr are the 
recommended markers, while in patients with SCNEC, proGRP and CKfr is 
the best combination. 
 Although CgA is the most important marker in patients with NET, there 
are some pitfalls. The widely used proton pump inhibitors (PPIs) may lead to 
false-positive CgA levels and thus hamper correct interpretation of this 
tumor marker. Therefore, Chapter 7 examines whether discontinuation of 
PPIs, or replacement by H2-receptor antagonists (H2RA), results in a decrease 
in CgA levels in patients with well-differentiated NET. Of the 196 included 
patients, 19 (10%) showed unexpected elevated CgA levels. In 12 of the 19 
patients who ceased all acid inhibition, CgA levels decreased by (median) 
82%, while in the 7 patients who replaced PPI with H2RA, CgA decreased by 
(median) 77% (P = 0.967). Based on the results of these studies, we recommend 

an increasing incidence of LCNEC. The histological term ‘large cell 
neuroendocrine carcinoma’ (introduced in 2000) was mainly responsible for 
the increasing incidence of NET. 
 Chapter 3 presents a comparison between 5-HIAA in 24-hour urine and 
CgA in serum. These two markers were investigated during treatment with 
the long-acting octreotide SandostatinLAR® in 39 patients with metastatic 
well-differentiated NET. The results were evaluated in relation to quality of 
life assessed by the EORTC QLQ-C30 questionnaire, which is specific for 
disease activity. Correlations were found between CgA and physical 
functioning (P = 0.01) and quality of life (P = 0.03), whereas no significant 
correlations were found between 5-HIAA levels and any of the self-reported 
health outcomes. Survival analyses showed an association between CgA 
levels and survival time (P = 0.02), while no significant association was found 
between 5-HIAA levels and survival time. These findings, together with the 
convenience of measuring in blood rather than urine, imply that CgA is the 
marker of choice in the management of patients with metastatic NET.
 Carcinoid heart disease (CHD) is right-sided heart failure, mainly caused 
by fibrosis of the tricuspid valve. This failure is the result of long-term 
exposure to high concentrations of serotonin produced by liver metastases. 
N-terminal pro-brain natriuretic peptide (NT-proBNP) has been a useful 
marker for left ventricular dysfunction. Chapter 4 examines the value of 
NT-proBNP in addition to CgA as a marker for CHD. In 102 patients with 
NET, the NT-proBNP and CgA levels were compared with cardiac ultrasound 
findings. Severe CHD was found in 15 of 102 patients, 13 of whom had 
elevated NT-proBNP levels. In the multivariate logistic regression analysis 
NT-proBNP and CgA were significantly associated with CHD (P < 0.001 and 
P = 0 .01, respectively). In the multivariate survival analysis CgA and 
NT-proBNP were significantly related to overall survival (P = 0.002 and  
P = 0.04, respectively). NT-proBNP and CgA are important markers in the 
diagnosis of CHD in patients with NET. Furthermore, patients with elevated 
NT-proBNP in addition to elevated CgA levels showed worse overall survival 
than patients with elevated CgA level alone. 
 The progastrin-releasing peptide (proGRP), a pro-hormone of GRP, is 
reported to be a promising tumor marker for small cell lung cancer (SLCL). 
GRP is found in the gastrointestinal tract and in the lung. There were reports 
that proGRP should be elevated in NET. Chapter 5 investigates the association 
between proGRP and tumor characteristics, primary site of the tumor and 
the grade of differentiation, as well as the prognostic value of proGRP and 
CgA in 282 patients with well-differentiated NET. As reference group 282 
healthy volunteers were selected. At a threshold of 90 ng/l (upper limit of 

Chapter 9 Summary and discussion

9



148 149

rate and Ki-67; only in the lung is the presence of necrosis used. Unfortunately, 
different criteria still remain for tumors of the digestive system and tumors 
originating in the lung area. In the lung, poorly-differentiated tumors are 
defined as > 10 mitoses per 2 mm2 while the threshold for tumors in the 
digestive system is 20 mitoses per 2 mm2. As the primary site of approximately 
30% of all NETs remains unknown, it is currently not clear how to classify 
these tumors with unknown primary site. One grading system for all sites 
should be established, and is of vital importance for the presentation of 
epidemiologic data or setting-up clinical trials. 
 In this thesis, the tumor marker chromogranin A plays a major role. 
Currently, it is the marker of choice in patients with well-differentiated NET. 
At present, several assays are available with different methodologies, 
different calibrators and different antibodies. Priority should be given to 
international standardization. Without agreement between laboratory 
results it is impossible to compare clinical studies and to set-up multicenter 
clinical trials. 
 This thesis postulates that the cytokeratin fragments have independent 
prognostic value with regard to survival. In addition to CgA, cytokeratin 
fragments (as measure for necrosis) could be of additional value for 
monitoring patients with NET. Prospective longitudinal studies are needed 
to investigate the value of this marker in addition to CgA in the monitoring 
of patients with NET. 
 Biomarkers that identify the primary site of  NET are lacking. This thesis 
reports the value of progastrin-releasing peptide (proGRP) as marker for 
specifying lung tumors. However, more biomarkers related to the origin of 
the tumor need to be developed. Although new biomarkers (such as proGRP) 
and stratification by histological grade (as discussed in this thesis) are 
important developments to classify NETs, subgroup differences still remain 
regarding the outcome of NET. More knowledge on cell biology is required 
and the emerging molecular techniques might help in this matter. For 
example, in the multiple endocrine neoplasia-1 syndrome there is a gene 
mutation of the multiple endocrine neoplasia-1 gene. People with this gene 
mutation have a high risk (70%) of developing NET of the pancreas. Recently 
more gene mutations have been reported in NET. Mutations of the 
mTOR-pathway are found in NET of the pancreas but hardly in ductal 
adenocarcinoma of the pancreas. Peptides activated by mTOR are important 
in cancer cell growth activity, such as proliferation and angiogenesis. 
Promising results have been found in patients with NET of the pancreas 
treated with Everolimus, an mTOR inhibitor. It is likely that patients selected 
on the basis of a mutation in the mTOR pathway may benefit from Everolimus 

to stop or to replace PPI with H2RA in order to obtain a reliable CgA value.   
 In the event of diffuse hepatic metastases, hepatic artery embolization 
(HAE) can be a successful treatment option in patients with well-differenti-
ated NET. However, embolization causes hypoxia which stimulates 
angiogenesis and therefore tumor growth. Chapter 8 investigates 
angiogenesis activity following HAE by measuring vascular endothelial 
growth factor (VEGF), endothelin-1 (ET-1) and C-terminal pro-endothelin-1 
(proET-1) in blood in 12 patients. VEGF, ET-1 and proET-1 were measured 
before embolization and 8 days following treatment during hospitalization. 
VEGF and proET-1 increased after HAE with highest levels at day 6, followed 
by a gradual decrease. Some fluctuations were observed for ET-1, with 
maximum levels at day 3 compared to baseline levels. Angiogenic growth 
factors show a temporary increase after HAE, which can again lead to tumor 
growth. To inhibit this growth it is necessary to investigate the effect of 
antiangiogenic drugs as an adjuvant therapy to embolization.

Discussion

Due to their heterogeneous character, the classification of neuroendocrine 
tumors (NET) remains a topic of ongoing debate. The classification of NETs 
has improved since the release of a new classification system for the digestive 
system by the World Health Organization (WHO) in 2000 and again in 2010. 
Pathologists are now obliged to pay more attention to the grade of malignancy 
by reporting the number of mitoses. This is very important in the decision-
making process for treatment. 
 Similar to lung tumors, the recent WHO classification for the digestive 
system of the NET is now based on proliferation markers, such as the mitotic 
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Table 1   Incidences (number per 100,000 per year) for neuro-endocrine tumors 
per istological group. 

1990 2008

G1NET 2.1 2.1
G2NET 0.01 0.16
LCNEC <0.1 1.8
SCNEC, men 20.8 11.1
SCNEC, women 4.4 7.6
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and other molecular targeted therapies; more studies are needed to 
investigate this hypothesis. 
 Finally, data from the work presented in this thesis provide more insight 
into this heterogeneous group of tumors. Using stratification by grade of 
malignancy allows more efficient presentation of epidemiologic data. The 
results of studies on tumor markers give clinicians increased opportunities 
to improve the management of their patients. It remains a challenge for 
researchers to devise improved treatment strategies based on better 
understanding of tumor biology. For this, ‘centers of excellence’ established 
by the European NeuroEndocrine Society (requiring multidisciplinary 
collaboration) are urgently needed.  
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Samenvatting

Neuro-endocriene tumoren (NET) zijn een groep tumoren die ontstaan uit 
neuro-endocriene cellen en  kunnen in elk orgaan worden gevonden. Hun 
eigenschappen zijn voornamelijk afhankelijk van de plaats van de primaire 
tumor, graad van differentiatie, stadium van de ziekte en de productie van 
hormonen. Serotonine is daarvan de meest bekende.
 In dit proefschrift worden eerst de epidemiologische gegevens van NET 
in Nederland beschreven. In de daarop volgende hoofdstukken wordt de 
klinische betekenis van biomarkers in bloed onderzocht die bij NET 
betrokken zijn. Een belangrijke rol speelt chromogranine A (CgA), maar ook 
tumormarkers die geen rechtstreeks verband met NET hebben, worden 
onderzocht. 
 In hoofdstuk 1 wordt een inleiding gegeven over NET, met bijzondere 
aandacht voor de tumormarkers die bij de behandeling van deze tumoren 
worden gebruikt. Van oudsher was 5-hydroxy-indol-azijnzuur (5-HIAA) de 
meest gebruikte tumormarker bij NET. 5-HIAA is een afbraakproduct van 
serotonine en wordt gemeten in 24-uurs urine. Deze bepaling is in 2004 in 
ons instituut vervangen door de CgA-meting. CgA is aanwezig in de granules 
(opslagblaasjes) van de neuro-endocriene cellen en kan ook gebruikt worden 
bij niet-serotonineproducerende tumoren. Voordeel van de CgA-meting is 
het gemak voor patiënten: daar CgA gemeten wordt in serum hoeven zij 
geen 24-uurs urine meer te verzamelen. Naast deze twee markers worden 
ook andere markers besproken die minder vaak worden toegepast, zoals 
gastrine, insuline, neuron-specific enolase, catecholamines en tachykinines.
In hoofdstuk 2 worden epidemiologische gegevens gepresenteerd van 42.186 
patiënten die in Nederland met NET zijn gediagnosticeerd in de periode van 
1990 tot 2009. In tegenstelling tot de meeste epidemiologische studies die de 
cijfers per tumorlokalisatie presenteren, hebben wij de groep van patiënten 
gestratificeerd volgens de classificatie van de Wereldgezondheidsorganisa-
tie (WHO) van 2010: goed gedifferentieerde NET graad 1 en 2 (respectievelijk 
G1NET en G2NET), en de slecht gedifferentieerde (graad 3) neuro-endocrie-
ne carcinoma. Deze laatste groep wordt onderverdeeld in grootcellig (large 
cell) en kleincellig (small cell) neuro-endocriene carcinoom (respectievelijk 
LCNEC en SCNEC). De belangrijkste incidentiecijfers worden weergegeven 
in Tabel 1. De 5-jaarsoverleving verbeterde voor G1NET, in het bijzonder 
voor patiënten met gemetastaseerde G1NET: van 30% in de periode van 
1990-2000 tot 44% in 2001-2008. Ondanks de slechte overleving voor SCNEC 
werd er een verbetering geconstateerd van 4% in 1990-2000 tot 6% in 
2001-2008, terwijl voor het LCNEC de overleving daalde van 26% naar 21%. 
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aanwijzingen in de literatuur dat proGRP verhoogd zou zijn bij NET. In 
hoofdstuk 5 werd de correlatie tussen progastrin-releasing peptide (proGRP) 
en de tumorkarakteristieken, primaire lokalisatie en differentiatiegraad, 
alsmede de prognostische waarde van proGRP en CgA in 282 patiënten met 
goed gedifferentieerde NET gerapporteerd. Als referentiegroep werden 282 
gezonde vrijwilligers geselecteerd. Bij een afkapwaarde van 90 ng/l 
(normaalwaarde < 53 ng/l) konden primaire longtumoren van tumoren op 
andere lokalisaties onderscheiden worden. Bij patiënten met goed gediffe-
rentieerde NET is een proGRP concentratie, die groter is dan twee keer de 
bovengrens van normaal, een sterke indicatie voor een primaire tumor in de 
long. In de multivariate overlevingsanalyse waren zowel proGRP als CgA 
sterk geassocieerd met overlevingsduur (P < 0,0001 voor beide variabelen), 
waardoor proGRP aanvullende informatie oplevert samen met CgA voor de 
prognose van patiënten met NET.
 Vervolgens werd onderzocht of de tumormarkers CgA, neuron specifiek 
enolase (NSE), proGRP en cytokeratine fragmenten (CKfr) CK8, CK18 en 
CK19 (MonoTotal®) van aanvullende waarde kunnen zijn voor de 
histologische classificatie en een prognostische betekenis hebben voor de 
overlevingsduur bij patiënten met NET (hoofdstuk 6). CgA is de meest 
gebruikte marker bij goed gedifferentieerde NET, NSE bij slecht gedifferenti-
eerde neuro-endocrien carcinoma en proGRP is een veelbelovende marker 
bij SCLC. CKfr is een maat voor necrose (celdood).  Deze vier markers zijn 
gemeten in 242 patiënten met graad 1 NET (G1NET), 38 met graad 2 NET 
(G2NET), 42 met een grootcellig en 251 met een kleincellige neuro-endocrien 
carcinoom (respectievelijk LCNEC en SCNEC) en in 282 gezonde personen. 
CgA had de beste sensitiviteit en specificiteit voor het onderscheid van 
patiënten met G1NET, G2NET, LCNEC met gezonde personen en proGRP 
voor patiënten met SCNEC.  In de multivariate overlevingsanalyses was 
alleen CKfr geassocieerd met overleving (P < 0,0001) voor de patiënten met 
G1NET en G2NET. Voor de patiënten met SCNEC en LCNEC waren zowel 
CKfr als NSE onafhankelijk van elkaar gecorreleerd met de overleving. Voor 
de diagnostiek is CgA de meest gevoelige marker voor het voorspellen van 
G1NET, G2NET en LCNEC en geldt dit voor proGRP bij SCNEC. CKfr lijkt 
een belangrijke prognostische marker voor overleving voor patiënten met 
NET. Voor alle histologische groepen geldt, dat twee tumormerkers elkaar 
zouden kunnen aanvullen wat informatie betreft over de tumorgroei: voor 
patiënten met G1NET, G2NET en LCNEC zijn dat CgA en CKfr en voor 
patiënten met SCNEC de markers proGRP en CKfr.  
 CgA heeft zich bewezen als de belangrijkste marker voor patiënten met 
NET, toch zijn er enkele kanttekeningen. De veel gebruikte protonpomp-

Door stratificatie naar histologische graad bleek de toenemende incidentie 
van NET voornamelijk te verklaren door de toenemende incidentie van 
LCNEC. Deze toename werd vooral veroorzaakt door het toepassen van de 
histologische term “grootcellig neuro-endocrien carcinoom” die in 2001 voor 
het eerst werd gebruikt. 
 In hoofdstuk 3 wordt de vergelijking beschreven tussen 5-HIAA in 
24-uurs urine met CgA in serum. Deze markers werden onderzocht tijdens 
de behandeling met het langwerkende octreotide SandostatinLAR® bij 39 
patiënten met gemetastaseerde, goed gedifferentieerde NET. De resultaten 
werden geëvalueerd in relatie tot de kwaliteit van leven met behulp van de 
EORTC QLQ-C30 vragenlijst, als maat voor de ziekteactiviteit. Er werden 
correlaties gevonden tussen CgA en fysiek functioneren (P = 0,01) en kwaliteit 
van leven (P = 0,03). Er bleek geen enkele significante correlatie te zijn met 
5-HIAA. Overlevingsanalyses toonden een correlatie tussen CgA en 
overleving (P = 0,02), terwijl dit niet werd waargenomen voor 5-HIAA. Deze 
bevindingen, in aanvulling op het gemak van het meten in bloed, geven aan 
dat CgA een te prefereren tumormarker is tijdens de behandeling van 
patiënten met gemetastaseerde NET.
 Carcinoïd hartziekte (CHZ) is het falen van de rechterhelft van het hart 
welke het gevolg is van fibrosering van voornamelijk de tricuspidaalklep. 
Het falen wordt veroorzaakt door langdurige blootstelling aan hoge 
concentraties van serotonine welke door levermetastasen worden 
geproduceerd. N-terminale pro-brain natriuretisch peptide (NT-proBNP) is 
een eiwit die in bloed gemeten wordt om met name linker hartfalen aan te 
tonen. In hoofdstuk 4 wordt de waarde van NT-proBNP, in aanvulling op 
CgA, als marker voor CHZ beschreven. In 102 patiënten met NET werden de 
NT-proBNP- en CgA-concentraties vergeleken met de resultaten die met 
behulp van hartechografie werden gevonden. Ernstige CHZ werd gevonden 
in 15 van de 102 patiënten, 13 van hen had verhoogde NT-proBNP 
concentraties. In de multivariate logistische regressieanalyse waren 
NT-proBNP en CgA significant gecorreleerd met CHZ (respectievelijk P < 
0,001 en P = 0,01). CgA en NT-proBNP waren ook in de multivariate overle-
vingsanalyse significant gecorreleerd met de overleving (respectievelijk P = 
0,002 en P = 0,04). NT-proBNP en CgA zijn belangrijke markers in de diagnose 
van CHZ bij patiënten met NET. Bovendien hebben patiënten met een 
verhoogde NT-proBNP én een verhoogde CgA een slechtere overlevingskans 
dan patiënten met alléén een verhoogde CgA-concentratie.
 Progastrin-releasing peptide (proGRP), een prohormoon van GRP, wordt 
sinds kort gebruikt als tumormarker voor kleincellige longtumoren (SCLC). 
GRP wordt gevonden in de tractus digestivus en in de longen. Er waren 
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Discussie
  
De classificatie van neuro-endocriene tumoren (NET) is door hun heterogene 
karakter sinds vele jaren een onderwerp van discussie. Toch is de indeling 
van de NET verbeterd door het classificatiesysteem voor de tractus digestivus 
(maag-darmkanaal) uitgegeven door de Wereldgezondheidsorganisatie 
(WHO) in 2000 en nogmaals geüpdate in 2010. Door pathologen wordt steeds 
meer aandacht besteed aan het vermelden van het aantal celdelingen om de 
graad, de ernst van de maligniteit vast te leggen. Dit is belangrijk voor de 
keuze van behandeling van patiënten met NET.
 De recente WHO-classificatie voor NET-tumoren van de tractus 
digestivus is, net als die voor longtumoren, mede gebaseerd op proliferatie-
kenmerken, zoals mitose-index en Ki-67. Bij longtumoren wordt er tevens 
gekeken naar aanwezigheid van necrose (celdood). Er zijn echter verschillende 
criteria opgesteld voor tumoren van de tractus digestivus en voor 
longtumoren. Bij longtumoren is er al spraken van een slecht gedifferenti-
eerde tumor bij > 10 celdelingen per 2mm2, terwijl bij tumoren van de tractus 
digestivus de grens ligt bij 20 celdelingen per 2mm2. Aangezien de primaire 
locatie van ongeveer 30% van alle NET onbekend is, is het momenteel lastig 
deze tumoren te classificeren. Het opstellen van dezelfde criteria voor het 
vaststellen van differentiatiegraad voor alle NET is duidelijk van vitaal 
belang voor de duiding van epidemiologische gegevens en voor het opzetten 
van klinische studies.
 Een belangrijke rol in dit proefschrift is weggelegd voor de tumormarker 
CgA. Op dit moment is CgA de belangrijkste marker bij patiënten met een 
goed gedifferentieerde NET. Er zijn momenteel diverse testen beschikbaar 
die gebruik maken van verschillende methodieken, standaarden en 
antilichamen. Hoge prioriteit moet er worden gegeven aan internationale 

remmers oftwel maagzuurremmers (PPI’s) kunnen vals positieve 
CgA-resultaten veroorzaken en daardoor de interpretatie van deze 
tumormarker ernstig bemoeilijken. In hoofdstuk 7 werd onderzocht, of 
stopzetten van de PPI’s, of het vervangen door H2-receptor antagonisten 
(H2RA), resulteerde in een daling van CgA-concentraties bij patiënten met 
goed gedifferentieerde NET. Van de 196 onderzochte patiënten toonden 19 
patiënten onverwacht verhoogde CgA concentraties. In 12 van de 19 patiënten 
die de medicatie voor maagzuurremming geheel staakten, daalde de mediane 
CgA-concentratie met 82%, terwijl in de 7 patiënten die de PPI vervingen 
door H2RA de mediane CgA-concentratie daalde met 77% (P = 0,967). 
Vanwege deze bevindingen is onze aanbeveling te stoppen met PPI’s of de 
PPI’s te vervangen door H2RA, teneinde betrouwbare CgA-concentratie te 
verkrijgen.
 Een van de mogelijke, succesvolle behandelingen bij patiënten met lever-
metastasen bij goed gedifferentieerde NET is leverembolisatie. Embolisatie 
(het afsluiten van bloedvaatjes door middel van het inspuiten van kleine 
bolletjes) ontneemt de tumoren van voedingsstoffen en zuurstof waardoor 
tumoren afsterven. Echter, embolisatie veroorzaakt hypoxie (tekort aan 
zuurstof), die angiogenese (vorming van nieuwe bloedvaten) en daardoor 
tumorgroei stimuleert. In hoofdstuk 8 werd de status van angiogenese 
onderzocht na leverembolisatie in 12 patiënten door het meten van de 
groeifactoren in bloed: vasculaire endotheliale groeifactor (VEGF), 
endotheline-1 (ET-1) en C-terminale pro-endotheline-1 (proET-1). VEGF, ET-1 
en proET-1 werden gemeten voor embolisatie en gedurende 8 dagen na de 
behandeling tijdens de ziekenhuisopname. Na de leverembolisatie stegen de 
VEGF en proET-1-concentraties, waarbij de hoogste concentraties werden 
gevonden op dag 6, gevolgd door een geleidelijke daling werd geobserveerd. 
Schommelingen in ET-1-concentraties werden waargenomen voor ET-1, met 
de hoogste concentratie op dag 3. Er bleek een tijdelijke stijging van 
groeifactoren plaats te vinden na leverembolisatie. Dit zou kunnen leiden tot 
angiogenese en vervolgens tumorgroei. Om deze groei tegen te gaan, is het 
aan te bevelen om het effect van angiogeneseremmers te onderzoeken als 
een adjuvante therapie bij leverembolisatie.
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Table 1   Incidentiecijfers (aantal per 100.000 per jaar) voor neuroendocrine 
tumoren per histologische groep. 

1990 2008

G1NET 2.1 2.1
G2NET 0.01 0.16
LCNEC <0.1 1.8
SCNEC, mannen 20.8 11.1
SCNEC, vrouwen 4.4 7.6
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maken voor patiënten met NET. Hiervoor zijn “centers of excellence”, 
ingesteld door de European NeuroEndocrine Society, waar  multidisciplinaire 
samenwerking cruciaal is, dringend nodig.

standaardisatie van deze test. Zonder vergelijkbaarheid van laboratoriumre-
sultaten is het praktisch onmogelijk om klinische studies met elkaar te 
vergelijken of multicenter studies betrouwbaar uit te voeren. 
 In dit proefschrift bleek dat de concentratie van cytokeratinefragmenten 
een onafhankelijke, prognostische waarde hebben met betrekking tot 
overleving. In aanvulling op het gebruik van CgA, zou het meten van cyto-
keratinefragmenten als uiting van necrose van toegevoegde waarde kunnen 
zijn bij het monitoren van patiënten met NET. Prospectieve, longitudinale 
studies zijn nodig om de waarde van deze marker in samenhang met CgA 
tijdens de follow-up van patiënten met NET nader te onderzoeken.
 Biomarkers die de primaire lokalisatie van NET kunnen aantonen, zijn 
tot op heden nauwelijks gevonden (of onderzocht). In dit proefschrift werd 
de waarde van progastrin-releasing peptide (proGRP) als marker voor het 
vaststellen van een longtumor nader getest. Onderzoek naar meer biomarkers 
voor het vaststellen van de lokalisatie van de primaire tumor is essentieel. 
Hoewel nieuwe biomarkers, zoals de in dit proefschrift beschreven proGRP, 
en de indeling op basis van differentiatiegraad belangrijke verbeteringen 
zijn om NET te classificeren, blijven er binnen de subgroepen grote 
verschillen bestaan met betrekking tot het beloop van de ziekte. Om dit te 
verbeteren is meer kennis van de celbiologie van NET uitermate belangrijk. 
De nieuwe moleculaire technieken zouden een belangrijke bijdrage hieraan 
kunnen leveren. Zoals bij het Multipele Endocriene Neoplasie (MEN) I 
syndroom die veroorzaakt wordt door een mutatie van het men-1 gen. Deze 
patiënten hebben een hoog risico op het ontwikkelen van NET van de 
pancreas (70%). Zo zijn er recent ook genmutaties in het mTOR-pathway 
aangetroffen in NET van de pancreas. Eiwitten die door mTOR zijn 
geactiveerd spelen een belangrijke rol bij tumorgroeiprocessen zoals 
proliferatie en angiogenese. Er zijn veelbelovende behandelingsresultaten 
geboekt bij patiënten met NET van de pancreas die behandeld werden met 
Everolimus, een mTOR-remmer. Het is aannemelijk, dat bij selectie van 
patiënten op basis van een mutatie in het mTOR-pathway de effectiviteit van 
de behandeling met bijvoorbeeld Everolimus verbeterd zou kunnen worden. 
Toekomstig onderzoek moet dat uitwijzen.
 Tot slot, door middel van de onderzoeken die beschreven zijn in dit 
proefschrift, is er meer inzicht gekomen in deze heterogene groep van 
tumoren. Door middel van stratificatie naar histologische graad kunnen 
 epidemiologische data beter gepresenteerd en op hun waarde geschat 
worden. De resultaten van de markerstudies geven de clinici mogelijkheden 
om de patiënten beter te vervolgen. Het is een uitdaging voor onderzoekers 
om door het verkrijgen van meer inzicht betere behandelingen mogelijk te 
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Dankwoord

De zebra is het symbool van neuro-endocriene tumoren. De strepen van de 
zebra zijn camouflage, waardoor het lastig is een afzonderlijke zebra te 
herkennen in een kudde. Bij tijd en wijle voelde ik me ook verwant aan de 
zebra. Dat ik niet het gangbare traject heb gevolgd door als OIO (onderzoeker 
in opleiding) onderzoek te doen, maakte soms dat ik slecht herkenbaar was 
in die kudde. Maar door de veiligheid en de steun van de kudde om mij heen, 
ben ik niet afgedwaald en is dit onderzoek tot een goed einde gekomen. Het 
zijn bijzondere jaren geweest. Ik heb niet alleen heel veel geleerd, maar ik 
heb ook veel, inmiddels dierbare, collega’s van andere afdelingen leren 
kennen. Zonder een aantal zebra’s uit deze NKI-AVL-kudde zou dit 
proefschrift nooit tot stand zijn gekomen en die wil ik in het bijzonder 
bedanken. 
 Als eerste mijn copromotor Hans Bonfrer. Beste Hans, nadat ik een aantal 
keer betrokken was geweest bij andere promotieonderzoeken en jij me 
verschillende duwtjes had gegeven, heb ik mij meer en meer op onderzoek 
gericht. Hoewel het van het begin af aan duidelijk was, dat ik niet zou 
promoveren voordat jij het AVL ging verlaten, was je bereid om mij te blijven 
begeleiden. Je hebt me alle ruimte en ondersteuning gegeven om de 
bepalingen te doen die ik dacht nodig te hebben voor dit onderzoek. Hierdoor 
heb ik mezelf kunnen ontwikkelen als zelfstandig onderzoeker. Jouw 
optimisme dat het tot een goed einde zou komen, waardeer ik enorm! 
 Ook mijn andere ander copromotor Babs Taal wil ik bedanken. Beste 
Babs, je hebt mij enthousiast gemaakt om onderzoek te doen in deze 
bijzondere groep tumoren en ik heb er geen seconde spijt van gehad. De 
manier waarop je me wegwijs hebt gemaakt in de fascinerende wereld van 
neuro-endocriene tumoren was heel inspirerend. Zonder jouw stimulerende 
begeleiding zou dit proefschrift nooit tot stand zijn gekomen. Jouw rustige 
manier van begeleiden, met af en toe een heerlijke droge opmerking, gaf mij 
heel veel houvast het juiste pad te bewandelen. 
 Mijn promotor Paul Baas. Beste Paul, ongeveer een jaar geleden vertelde 
je mij dat jouw benoeming tot hoogleraar in aantocht was en dat je bereid 
was om mijn promotor te zijn. Ik moest nog wel lang mijn mond houden, 
maar je trad toch direct op als een stimulerende begeleider. Door jouw 
functie als promotor bij een onderzoek naar neuro-endocriene tumoren is er 
in het NKI-AVL een brug geslagen tussen de neuro-endocriene tumoren van 
de longen en van het maag-darmkanaal. Ik ben er trots op dat ik jouw eerste 
promovenda mag zijn!
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onderzoek wilden aantonen. Ondanks jouw drukke werkzaamheden wist je 
toch altijd weer tijd te vinden om mijn manuscripten na te kijken. Otto Visser 
van de Nederlandse Kankerregistratie wil ik bijzonder bedanken voor zijn 
bijdrage aan het epidemiologieartikel. Beste Otto, het was een lastige puzzel 
om de neuro-endocriene tumoren in kaart te brengen. Mede door jouw 
kennis van andere kankerregistraties en jouw inzicht in de veranderende in-
cidentiecijfers, is die puzzel toch af en het heeft geresulteerd in een mooi 
hoofdstuk van dit proefschrift. 
 De statistici, Guus Hart en Andrew Vincent. Beste Guus, je hebt me 
geholpen met de eerste statistische testen. Voor velen een lastige 
bijkomstigheid bij hun onderzoeken, maar ik vond het leuk en je hebt me 
gestimuleerd om verschillende cursussen te gaan volgen. Ik ben blij dat je 
net nog medeauteur bent van mijn eerste artikel. Dear Andrew, thank you 
for your support in conducting the statistics if it was too complicated to do it 
myself. Your relaxed way of working, made it easy to ask you again and 
again for another test if I was not completely satisfied. 
 Het leuke van het doen van onderzoek, en zeker onderzoek bij neuro-
endocriene tumoren dat je met diverse afdelingen te maken krijgt. Neil 
Aaronson en Martin Muller wil ik hartelijk danken voor hun ondersteuning 
bij het verwerken van de vragenlijsten. Beste Neil, aanvankelijk zou ik een 
heel ander promotieonderzoek doen, waarbij jij mijn promotor zou zijn. Toch 
bleef je belangstelling houden voor mijn bezigheden, en kon ik bij je terecht 
toen ik het even niet meer zag zitten. Ik ben blij dat je toch bij een van mijn 
artikelen medeauteur bent! 
 Van de afdeling radiologie heb ik samengewerkt met Warner Prevoo. 
Beste Warner, het embolizatieartikel is een beetje een vreemde eend in de 
bijt, maar onze bevindingen waren toch heel interessant en ik hoop dat onze 
prettige samenwerking uitmondt in verder onderzoek. Rob Bakker en André 
de Groot van de afdeling cardiologie van het Slotervaartziekenhuis wil ik 
danken voor hun medewerking in het beschikbaar stellen van de resultaten 
van de hartecho’s. 
 De collega’s van de MDL-afdeling wil ik hartelijk danken. Margot en 
Lisette, heel veel dank voor jullie steun en betrokkenheid. Met plezier kijk ik 
terug op ons verblijf in Lissabon! Henk en Annemiek, dank voor jullie 
interesse in de voortgang van mijn onderzoek. Mirte, hartelijk dank voor het 
verzamelen van alle data voor het PPI-onderzoek. Veel succes met je verdere 
studie!
 Collega’s van de thoraxoncologie, de andere afdeling waar een groep 
patiënten met NET worden behandeld wil ik hartelijk danken voor hun 
belangstelling. Beste Michel, dank voor de eerste hulp bij mijn vragen over 

 De overige leden van de promotiecommissie wil ik ook hartelijk danken 
voor het beoordelen va mijn proefschrift.
 Het hoofd van het algemeen klinisch laboratorium W.J. Nooijen bood mij 
de gelegenheid om dit parcours af te leggen. Beste heer Nooijen, ik ben u 
dankbaar dat u mij indertijd de kans gaf om de epidemiologieopleiding te 
gaan volgen. Zonder die opleiding zou ik nooit met dit promotieonderzoek 
gestart zijn. Door mijn veranderende werkzaamheden van de afgelopen 
jaren zijn we veel nauwer gaan samenwerken. Ik ben blij dat we zo aan het 
einde van uw carrière en bij de doorstart van de mijne, elkaar beter hebben 
leren kennen tijdens de wekelijkse besprekingen.
 En dan alle andere collega’s van het AKL. Als eerste natuurlijk: lieve 
Marian en Dorothé, zonder jullie hulp bij het uitvoeren van al die bepalingen 
voor de NET-panelstudie, zou dit project veel langer geduurd hebben. Die 
ontzettende lange series, en vooral die eindeloze wasbeurten, het was een 
enorm klus. Maar het heeft geresulteerd in een paar mooie artikelen. Niet 
alleen jullie hulp bij de assays was onmisbaar, maar door jullie werd ik ook 
gedwongen om me zo nu en dan los te maken van mijn PC, even te ontspannen 
voor een gezellig kletspraatje, heel erg bedankt!
 Lieve Arianne, heel fijn dat je mij te allen tijde wilt helpen in die wirwar 
van kostenpotjes voor het doen van bestellingen, voor het nalezen van 
teksten, je weet er altijd weer fouten uit te halen! Ook veel dank voor jouw 
gezelligheid! Lieve Rob, ruim 20 jaar geleden kwam ik op het isotopenlab 
werken met jou als leidinggevende. Ik vind het altijd heel fijn om met jou 
samen te werken, we kunnen altijd bij elkaar terecht om van alles en nog wat 
met elkaar te bespreken, dank je wel! Colin, wat heerlijk als je er was en even 
een Engels taalprobleem wilde oplossen! Alle collega’s van het AKL die, als 
ze toevallig de klos waren, de extra bepalingen wilden meenemen: dankzij 
jullie snelle doorlooptijden, had ik binnen de kortste keren de resultaten, 
heel veel dank! Dienstdoende collega’s, hoewel het doen van diensten niet 
jullie prioriteit heeft, vond ik het altijd heel fijn als er ś avonds nog iemand 
rondliep die even tijd had voor een kletspraatje. De medewerkers van het 
triallab: Edith, Els, Sandra en Mandy. Jullie zijn een superteam, ik vind het 
erg leuk met jullie samen te werken en het triallab op de kaart te zetten. 
Bedankt voor jullie belangstelling voor mijn onderzoek! Alle andere collega ś 
van het AKL die ik niet genoemd heb, heel veel dank voor jullie belangstelling 
en gezelligheid!
 Ook buiten het AKL hebben velen een bijdrage geleverd aan mijn 
onderzoek, die ik graag wil bedanken. Als eerste Loes van Velthuysen. Beste 
Loes, wat heb ik ontzettend veel van jou geleerd. Jouw kritische vragen 
dwongen mij uiterst zorgvuldig te formuleren wat ik nu precies met mijn 
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voorstellingen of aan de wandel te gaan: heerlijk, heerlijk, ik kijk ernaar uit!!!
 Tot slot Raads natuurlijk, mijn steun en toeverlaat. Lieve Raads, hoe had 
ik het zonder jou moeten doen? Jouw vertrouwen in mij en jouw praktische 
blik op het hele project was precies wat ik nodig had. Jij wist me altijd weer 
het goede pad te wijzen, als ik het in alle chaos helemaal was kwijtgeraakt. 
Het boekje is nu af!!! Ik verheug me op de relaxte, vrije weekenden!

         

Amsterdam, september 2011

 

long-NET. Jouw enthousiasme en gedrevenheid zijn fenomenaal en gelukkig 
werken we nu met andere onderzoeken samen. Rogier en Wieneke, jullie zijn 
de volgende in de rij van Paul’s promovendi, veel succes! Daphne, hartelijk 
dank voor je ondersteuning tijdens de laatste maanden.
 Ook dank ik Annelies (net klaar) en Wilma (volgend jaar?), mijn collega-
promovendi, die niet het normale OIO-pad volgens NKI-regels bewandel(d)
en. Wat vind ik het leuk dat ik jullie op mijn pad ben tegengekomen!! 
Ondanks onze drukke bezigheden, was er altijd even tijd voor een 
stimulerend en vooral een gezellig gesprek. Annelies, veel succes met het 
zoeken naar een juiste invulling van je postdoctijdperk en Wilma veel succes 
met jouw onderzoek. Leuk dat we hierin samenwerken!
 Laraine Visser, many thanks for the very quick and secure way of editing 
the papers. Your contribution in editing resulted in well-written papers.  
I only know you by phone and e-mail, so I hope to meet you once. 
 Heel graag wil ik de stille krachten van ondersteunende afdelingen 
bedanken voor hun hulp in het aanleveren van gegevens: centraal medisch 
archief; de bieb, met name Truud, dank je wel voor al die kopietjes die altijd 
binnenkwamen met een gezellige opmerking; tumorregistratie, Tony van de 
Velde en Anneke Reinders voor jullie supersnelle service.
 Lieve Heidi, ex-collega, wat gezellig om jou na al die jaren weer te spreken. 
Ik ben superblij met de omslag die je samen met René hebt ontworpen, dank 
je wel!!

Door het doen van promotieonderzoek raakte mijn sociale leven in het 
gedrang. Gelukkig had iedereen daar begrip voor. De afspraken die ik nog 
wel maakte, waren daarom des te waardevoller. De meeste energie voor mijn 
werk putte ik uit het maken van muziek en de mensen met wie ik dat deed: 
Strahov, al 18 jaar in dezelfde samenstelling, het leukste kamermuziekgezel-
schap! Heel veel dank voor het heerlijke samenspelen en jullie vriendschap! 
Christiaan, dank je wel voor de fijne lessen waardoor mijn embouchure op 
peil bleef. Ook alle andere muziekvrienden van grote orkesten tot kleine 
 kamermuziekgroepjes, heel veel dank voor het plezierige samenspelen!
 Lieve Myriam en Norine, zus en vriendin, als geen ander weten jullie hoe 
het is om naast je werk een stevige studie op te pakken en dan ook nog eens 
een carrièreswitch te maken. Ik ben heel blij dat jullie mijn paranimfen 
willen zijn. Ik hoop dat we nog vele gezellige afspraken zullen maken!
  Ook alle andere vrienden en familie wil ik heel erg bedanken voor jullie 
steun en belangstelling. Zonder jullie had ik het niet gered. Ik hoop met jullie 
allemaal een borrel te kunnen drinken op 28 september. En daarna weer wat 
vaker afspraken te maken, om bij elkaar te eten, naar concerten of toneel-
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Curriculum Vitae

De auteur van dit proefschrift werd geboren op 4 januari 1960 te Blokker. In 
1978 behaalde zij het VWO-diploma aan het Werenfridus scholengemeen-
schap te Hoorn. Hierna ging zij werken op het klinisch chemisch laboratorium 
van het toenmalige Sint-Jansgasthuis te Hoorn en volgde zij tegelijkertijd de 
HBO-A-analistenopleiding aan het Ir. W. van de Broekinstituut te Amsterdam. 
In 1988 begon zij te werken op het isotopenlab van het Antoni van Leeuwen-
hoekhuis, waar toentertijd de tumormakers handmatig met behulp van 
isotopen werden bepaald. Na een aantal jaren zette zij haar werkzaamheden 
voort als researchanalist bij dr. J.M.G. Bonfrer en deed zij haar eerste onder-
zoekservaringen op bij onderzoek naar het endocriene metabolisme bij 
vrouwen met borstkanker onder supervisie van dr. P.F. Bruning. Na het 
vertrek van dr. Bruning raakte zij betrokken bij diverse onderzoeken naar 
tumormarkers, onder andere bij ovariumcarcinomen, melanomen en neuro-
endocriene tumoren. Hierbij lag het accent vooral op de epidemiologie. Om 
zich daarin meer te verdiepen, volgde zij de masteropleiding epidemiologie 
aan de Vrije Universiteit te Amsterdam waar zij haar diploma behaalde in 
2006. In haar eindscriptie onder begeleiding van dr. M.A. Rookus, onderzocht 
zij de hormonale verschillen tussen natuurlijk en chirurgisch postmeno-
pauzale vrouwen. Een jaar later begon zij het onderzoek bij neuro-endo-
criene tumoren dat tot deze dissertatie heeft geleid. In 2010 ontving zij de 
Wetenschapsprijs Klinische Chemie voor de hoogst gewaardeerde publicatie 
vanuit het wetenschapsdomein der klinische chemie voor haar publicatie in 
de Journal of Clinical Oncology (hoofdstuk 3 van dit proefschrift). 
 In haar vrije tijd speelt zij hoorn in verschillende orkesten en kamer-
muziekensembles.
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