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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 
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 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 
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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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Chapter 2 Epidemiology of NET in the Netherlands

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). 

0.00 

0.25 

0.50 

0.75 

1.00 

0 2 4 6 8 10 
Years after diagnosis 

1990-1993 
1994-1998 
1999-2003 
2004-2008 

0.00 

0.25 

0.50 

0.75 

1.00 

0 0.5 1 1.5 2 2.5 3 

Years after diagnosis 

1990-1993 
1994-1998 
1999-2003 
2004-2008 

Su
rv

iv
al

 p
ro

ba
bl

ity
 

Su
rv

iv
al

 p
ro

ba
bl

ity
 

A

B



38 39

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.

References

1.  Modlin IM, Oberg K, Chung DC, Jensen RT, De Herder WW, Thakker RV, Caplin M, Delle 
Fave G, Kaltsas GA, Krenning EP, Moss SF, Nilsson O, Rindi G, Salazar R, Ruszniewski P, 
Sundin A. Gastroenteropancreatic neuroendocrine tumours. Lancet Oncol 2008; 9:61-72.

2.  Solcia E, Kloppel G, Sobin L. Histological Typing of Endocrine Tumours. WHO International 
Histological Classification of Tumours. Berlin: Springer, 2000.

3.  Bosman FT, Carneiro F, Hruban RH, Theise ND. WHO Classification of the tumours of the 
digestive system. Lyon, France: IARC Press, 2010.

4.  Travis W, Colby T, Corrin B, Shimosato Y, Brambilla E, Sobin. Histological Typing of Lung and 
Pleural Tumours. WHO International Histological Classification of Tumours. Berlin: Springer, 
1999.

5.  Klimstra DS, Modlin IR, Coppola D, Lloyd RV, Suster S. The pathologic classification of 
neuroendocrine tumors: a review of nomenclature, grading, and staging systems. Pancreas 
2010; 39:707-712.

6.  Quaedvlieg PF, Visser O, Lamers CB, Janssen-Heijen ML, Taal BG. Epidemiology and 
survival in patients with carcinoid disease in The Netherlands. An epidemiological study 
with 2391 patients. Ann Oncol 2001; 12:1295-1300.

7.  Taal BG, Visser O. Epidemiology of neuroendocrine tumours. Neuroendocrinology 2004; 80 
Suppl 1:3-7.

8.  Curado M, Edwards B, Shin H, Storm H, Ferlay J, Heanue M, Boyle P. Age-standardisation 
and denominators. Cancer Incidence in Five Continents. Lyon: IARC, 2007.

9.  Garcia-Carbonero R, Capdevila J, Crespo-Herrero G, Diaz-Perez JA, Martinez Del Prado MP, 
Alonso Orduna V, Sevilla-Garcia I, Villabona-Artero C, Beguiristain-Gomez A, 
Llanos-Munoz M, Marazuela M, Alvarez-Escola C, Castellano D, Vilar E, Jimenez-Fonseca P, 
Teule A, Sastre-Valera J, Benavent-Vinuelas M, Monleon A, Salazar R. Incidence, patterns of 
care and prognostic factors for outcome of gastroenteropancreatic neuroendocrine tumors 
(GEP-NETs): results from the National Cancer Registry of Spain (RGETNE). Ann Oncol 2010; 
21:1794-1803.

10.  Hemminki K, Li X. Incidence trends and risk factors of carcinoid tumors: a nationwide 
epidemiologic study from Sweden. Cancer 2001; 92:2204-2210.

11.  Lepage C, Rachet B, Coleman MP. Survival from malignant digestive endocrine tumors in 
England and Wales: a population-based study. Gastroenterology 2007; 132:899-904.

12.  Levi F, Te VC, Randimbison L, Rindi G, La Vecchia C. Epidemiology of carcinoid neoplasms 
in Vaud, Switzerland, 1974-97. Br J Cancer 2000; 83:952-955.

13.  Modlin IM, Lye KD, Kidd M. A 5-decade analysis of 13,715 carcinoid tumors. Cancer 2003; 
97:934-959.

14.  Perez EA, Koniaris LG, Snell SE, Gutierrez JC, Sumner WE, III, Lee DJ, Hodgson NC, 
Livingstone AS, Franceschi D. 7201 carcinoids: increasing incidence overall and dispropor-
tionate mortality in the elderly. World J Surg 2007; 31:1022-1030.

15.  Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE, Abdalla EK, Fleming JB, Vauthey 
JN, Rashid A, Evans DB. One hundred years after “carcinoid”: epidemiology of and 
prognostic factors for neuroendocrine tumors in 35,825 cases in the United States. J Clin 
Oncol 2008; 26:3063-3072.

16.  Hauso O, Gustafsson BI, Kidd M, Waldum HL, Drozdov I, Chan AK, Modlin IM. 
Neuroendocrine tumor epidemiology: contrasting Norway and North America. Cancer 2008; 
113:2655-2664.

17.  Ellis L, Shale MJ, Coleman MP. Carcinoid tumors of the gastrointestinal tract: trends in 
incidence in England since 1971. Am J Gastroenterol 2010; 105:2563-2569.

Chapter 2 Epidemiology of NET in the Netherlands

2



42 43

18.  Janssen-Heijnen ML, Coebergh JW. Trends in incidence and prognosis of the histological 
subtypes of lung cancer in North America, Australia, New Zealand and Europe. Lung Cancer 
2001; 31:123-137.

19.  Lepage C, Ciccolallo L, De Angelis R, Bouvier AM, Faivre J, Gatta G. European disparities in 
malignant digestive endocrine tumours survival. Int J Cancer 2010; 126:2928-2934.

20.  Janssen-Heijnen ML, Schipper RM, Klinkhamer PJ, Crommelin MA, Coebergh JW. 
Improvement and plateau in survival of small-cell lung cancer since 1975: a population-
based study. Ann Oncol 1998; 9:543-547.

21.  Murray N, Turrisi AT, III. A review of first-line treatment for small-cell lung cancer. J Thorac 
Oncol 2006; 1:270-278.

Chapter 2 Epidemiology of NET in the Netherlands

2




