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ABSTRACT

Keywords:

Gastroenteropancreatic neuroendocrine tu- Gastroenteropancreatic neuroendocrine tumours are a heteroge-
mours neous group of tumours arising from diffuse endocrine cells,
Ca{'cmm}d causing unique clinical syndromes. These tumours, formerly
Epidemiology named carcinoid, can involve any part of the gastrointestinal tract
Incidence . . .
Survival and the endocrine pancreas and have a wide range of malignant

potential: from benign to poorly differentiated tumours. In this
review we will summarize the data available on the epidemiology
of gastroenteropancreatic tumours as it is reported from around
the world. This includes annual incidence rates at the various
anatomic sites, and trends in incidence rates with time. In addition
age and stage at presentation, gender and racial differences and
finally prognosis and survival were collected when reported.
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Introduction

Gastroenteropancreatic neuroendocrine tumours (GEP-NETs) originate from diffuse neuro-
endocrine cells that are dispersed throughout the gastrointestinal tract and islets of Langerhans in the
pancreas. These cells are unique in their capability to synthesize and secrete neuropeptides and hor-
mones which have a role in normal physiology of the gastrointestinal tract (GIT) [1]. Histologically they
may be identified by specific neuroendocrine markers such as synaptophysin and chromogranin A [2].
GEP-NETs are a heterogeneous group of tumours causing unique clinical syndromes and/or local
symptoms, but may also be asymptomatic and discovered as an incidental finding [1].

Major changes have been made in the classification of NET tumours from their original identifi-
cation by Oberndorfer in the early 1900’s, who coined the name ‘Karzinoide’ to describe submucosal
tumours in the small bowel which followed an indolent course when compared to adenocarcinoma [3].
The WHO classification of GEP-NET is based on histologic grade (based on the Ki-67 index) and degree
of differentiation [4]. This new terminology of NET has yet not been fully accepted around the world,
with many clinicians still using the term carcinoid. Moreover, some publications still classify NET ac-
cording to the embryonic source of the organ (e.g. midgut carcinoid to describe ileal NET) [5,6]. The
WHO 2010 system renders all NETs as neoplasms with a malignant potential [7,8]. This is in contrast to
the older paradigm assuming these are rare, slow growing tumours with an indolent behaviour. We
now know that some GEP-NETs are indolent and slow-growing and therefore remain stable for many
years while others are poorly differentiated and carry a rapid and devastating course [1].

Inconsistency of nomenclature and classification of NET is the major limitation in elucidating the
precise epidemiology of GEP-NET. This is reflected in the International Classification of Disease for
Oncology coding system (ICD-0) that used one of several names to describe the same tumour: apu-
doma/carcinoid tumour/enterchromaffin cell carcinoid and so on (Table 1) [9]. In addition to this, older
cancer registries, included only ‘malignant carcinoids’ while ‘benign’ tumours were not included, while
other registries reported both benign and malignant tumours. This has changed with time, with the
new ICD-0 10 coding already including benign NETs, and may explain some of the rise in incidence of
GEP-NET around the world [9-11]. There are few, more recent publications on the epidemiology of
GEP-NET that used the 2000 WHO classification, only one of which reports incidence rates [12-17].
Some publications from national, regional and institutional cancer registries or registries dedicated to
NET patients, did not clearly define which classification was used for inclusion, and/or relied on the
diagnosis given by the treating physician/institution [5,18-22].

A large autopsy series from Sweden reported an annual incidence rate of 8.4/100,000 for various
NET (carcinoid) between the years 1958 and 1969 [23], which is much higher than what has been

Table 1
ICD oncology codes used for NET in the SEER registry. Copied with permission from
Lawrence B. et al, Endocrinol Metab Clin N Am 2011:1-18.

NET histology ICD code
Carcinoid tumour 8240/3
Enterochromaffin cell carcinoid 8241/3
Goblet cell carcinoid 8243/3
Composite carcinoid 8244/3
Adenocarcinoid 8245/3
Neuroendocrine carcinoma 8246/3
Apudoma 8248/3
Atypical carcinoid tumour 8249/3
Stromal carcinoid 9091/3
Islet cell carcinoma 8150/3
Insulinoma 8151/3
Glucagonoma 8152/3
Gastrinoma 8153/3
Mixed islet cell/exocrine adenocarcinoma 8154/3
VIPoma 8155/3

Somatostatinoma 8156/3
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reported in clinical series from those years [9,24,25]. This discrepancy points to the fact that many NET
may remain asymptomatic throughout life and have no clinical significance. With the rising use of
various imaging techniques for different indications there is also a rise in ‘incidental NET' [26].

Sources of information on GEP-NET epidemiology
National registries from the US and Europe

The most informative sources for assessing GEP-NET epidemiology are from few national popula-
tion based cancer registries from which the Surveillance Epidemiology and End Results (SEER) data-
base in the US is the largest and most well known [9,27]. The End Results Group (ERG) from 1950 to
1969 and the Third National Cancer Survey (TNCS) between 1969 and 1971 preceded the SEER database
and included early data on the epidemiology of GEP-NET in the US [24]. This was followed by the
National Cancer Institute (NCI) SEER cancer registry. The SEER program was initiated in 1973, and was
a composite of five states and four cities. Since then, NCI has added other states and regions in efforts to
expand the registry of which the latest is the SEER 17, created in 2000, to now represent approximately
15% of the population of the United States and includes information on 5,553,822 cancer patients
diagnosed from 1973 to 2007 (Fig. 1). Among these tumours 49,012 were NET and more than half of
these were GEP-NET [9]. From these databases age adjusted annual incidence rates (IR) of the different
GEP-NET have been assessed and published numerous times. Of note, up to 1986 ‘carcinoid’ tumours
were reported to the SEER database only if they were considered malignant.

Other national cancer registries reporting GEP-NET incidence originate from Norway, Sweden,
Ireland, Netherlands, Denmark, Scotland and the United Kingdom [10,11,20,21,28-31]. Some of these
national registries report incidence for all NET (including bronchial) [29,30], or for all ‘carcinoids’
[20,21,31], while others report on incidence by anatomic site [10,11,28]. National registries dedicated to
NET patients that are not population based, like those from Germany, France, Spain and recently from
[taly are an important source of data on the epidemiology of GEP-NET, but unfortunately are unable to
report on incidence rates of these tumours [13,16,19,22].

Niedrele and colleagues prospectively collected all pathology reports using a standardized histo-
pathological protocol based on the WHO 2000 classification of NET, from all pathology institutions in
Austria between May 2004 and April 2005. Annual incidence rates of GEP-NET at the various anatomic
sites were calculated (Fig. 2 and Table 2). This national report may be the most precise in reporting the
true incidence of these tumours as we perceive them today [14].

I SEER 9 Registry (1973 - 2007)

Seattia. SEER 13 Registry (1992 - 2007)
Puget Sound

W SEER 17 Registry (2000 - 2007)
Il Supplemental SEER State
Not covered by the SEER Program

* Only the Amarican indiarvAlaska Native
populations within this state are covered by SEER

Fig. 1. Geographic distribution of the SEER registries. All shaded areas are covered by SEER 17 registry. Modified with permission
from Lawrence B. et al, Endocrinol Metab Clin N Am 2011:1-18.
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Fig. 2. Number, location and biologic behaviour of GEP NET in Austria 2004-2005 according to anatomic site. Adopted with per-
mission from Niedrele et al., Endocrine-Related Cancer 2010:909-918.

Table 2
Site and incidence (per 100,000 population) of malignant GEP NETS in Austria.
Adopted with permission from Niedrele et al, Endocrine-Related Cancer 2010:909-

918.
Site Malignant NETs?
Oesophagus 0.01
Stomach 0.08
Duodenum 0.02
Pancreas 0.19
Small intestine excl. duodenum 0.29
Appendix 0.08
Colon (incl. rectosigmoid junction) 0.06
Rectum 0.03
Liver 0.05
Meckel’s diverticulum 0.00
Gall bladder incl. bile duct 0.00
Total 0.81

2 Study period: 05/2004-04/2005.
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Regional registries

Important epidemiology data has been published by regional registries in Europe and in the USA,
including: Vaud in Switzerland, Tuscany in Italy, Burgundy in France, Girona in Spain and different
regions within the US (Olmstead county MN, Utah, Florida) [6,32-41].

Registries outside of Europe and US

Reports on the epidemiology of GEP-NET outside the US and Europe are quite rare.

Younes et al reported the experience of a group of specialists from Brazilian institutions dedicated to
the treatment of NET patients, in treating 1000 patients with various NETs. They reported on the
relative frequency of the various primary sites and data on survival, but were unable to assess incidence
or prevalence rates [18].

Ito et al reported incidence and prevalence rates of GEP-NETs from Japan in the year 2005 [5]. In this
report GEP-NETs were reported according to embryonic origin, using the old classification of NET:
foregut, midgut and hindgut and not using the WHO classification. Hindgut tumours were the most
common of all GEP-NET in the Japanese population [5].

A retrospective study covering NET registration in one hospital in Taipei, Taiwan sheds light on the
relative frequency of various NET in Taiwan between 1970 and 2005, with no population based inci-
dence rates [15].

In 2011 Lim and colleagues published a retrospective study reviewing the pathology of all 470 GEP-
NETs diagnosed in Seoul Korea between the years 2001 and 2006, classified according to the 2000
WHO classification [17]. This was followed by a second report from Korea published in 2012 by the
gastrointestinal pathology study group of Korean society of pathologists. In this comprehensive
nationwide study, they collected information on 4951 pathology reports of GEP-NETs from 29 hospitals
in Korea between 2000 and 2009, including distribution and survival analysis [12]. Both reports were
not population based and therefore were unable to report annual incidence rates.

For clarity and simplicity all incidence rates (IR) reported in this review are of number of new cases
per 100,000 population per year.

Stomach

NETs of the stomach have been traditionally classified as type I, associated with low acid of atrophic
gastritis, type Il associated with Zollinger Ellison syndrome in Multiple Endocrine Neoplasia type 1
(MENT1), type III ‘sporadic’ with a high malignant potential and type IV which is a poorly differentiated
tumour (for review see reference [42]) [42,43]. Studies reporting on the epidemiology of Gastric NET
(GNET) usually do not report on IR of the different subtypes, nevertheless it is accepted that type I are
the most common, comprising 70-80% of cases followed by type Il 14-20%, while the other two types
are much less common [42]. Registration of GNET in different cancer registries is variable, with some
only documenting malignant tumours while others documenting benign and malignant tumours. In
the SEER database up to 1986 only malignant GNETs were registered.

The relative frequency of GNET among all GEP-NET is in the range of 5-14.6%, and has been rising
according to the SEER database [9,10,12,13,17,24,41,44-47]. A recent report from Austria, found GNETs
to be the most common of all GEP-NETs, the vast majority were benign (Fig. 2) [14], and in Korea they
were the second most common location for GEP-NET after the rectum [12]. The earliest reports on IR of
GNETs from the 1970’s in the UK and the US are in the range of 0.01-0.03 but higher in Vaud Swit-
zerland 0.07 [10,24,32,44,45] (Fig. 3A-C). Other countries in Europe reported higher IR in the 1990’s IR
0.1-0.15 [11,28,33]. With time, there is a clear increase in IR of in the range of 11-16 fold within four
decades in the US and UK, and a more mild increase over shorter time periods in Norway and Swit-
zerland [9-11,27,32] (Fig. 3A-C). The rise in IR of GNETSs represents to some extent a true rise in inci-
dence, but has also been attributed to changes in registration and classification of GNETs, increased use
of endoscopy, raise in awareness and of histologic diagnosis [9-11]. The rise in IR of GNETSs parallels the
rising prescription of proton pump inhibitors, but causality between the two has not been proven yet
[48,49].
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Fig. 3. Incidence rates of GEP NET in the US SEER database (A), males in UK (B) and females in UK (C). Modified with permission
from Lawrence B. et al, Endocrinol Metab Clin N Am 2011: 1-18 (A) and from Ellis et al, Am ] Gastroenterol 2010; 105:2563-2569
(B+C).

There are no clear cut gender differences in IR of GNETs [13,16,27,28,32,33,50]. In the US, IR of GNETs
is highest in the black population [11,24,25,27,45,47,51]. Mean age at presentation of GNETs in the US
and Europe is 60-64 years, and slightly older in Taiwan: 67 years [15,16,27,28,44,50], most patients
presenting with local disease [13,27,44,45]. In the US, five-year survival rates of GNETs improved with
time between 1973 and 2007 to reach a rate of 64% [9,11,45] (Fig. 4). It has been speculated whether this
rather low survival rate is negatively influenced by the inclusion of a larger proportion of malignant
versus benign GNETSs in the SEER database [9]. Others reported higher five-year survival rate based on
the SEER database 75-82% [44,50]. Outside the US, five-year survival rates were reported: 45% between
1993 and 2004 in Norway, 61% in Spain, 63.5% in Tuscany, Italy (1985-2005) and 100% in Taiwan (1970-
2005) [11,13,15,33]. Five-year survival of malignant GNETs from 12 European countries between 1985
and 1994 was low at 45.6%, with prognosis being the best in Northern European countries [52]. This
wide variation in survival of patients with GNETs may be due to geographic changes in classification,
diagnosis and management.

Small intestine

Of all small intestinal (SI) NETs including the duodenum, jejunum and ileum; the ileum is the most
common [9,10,53]. SI NETs have been the most common among GEP-NETs in the US and Europe,
comprising 39% of malignant GEP-NETs in UK between 2000 and 2006, and 18.6% of all NET in the pan
SEER registry between 1973 and 2007 [9,10]. In the Netherlands and Germany SI NETs were the second
most common GEP-NETs [19,29]. Interestingly, in eastern Asia SI NET are much less common than in
Western countries [5,12,15,17].

Annual age adjusted IR of small intestinal NETs is available from multiple countries in Europe
[10,11,14,28,32-35,39,41,54] and has been published multiple times from the US SEER database
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Fig. 4. Observed five-year survival rates for GEP-NET primary sites in SEER 17 (1973-2007). Modified with permission from
Lawrence B. et al, Endocrinol Metab Clin N Am 2011: 1-18.

[9,24,27,44,47,50,53,55,56], encompassing various periods between the years1960-2008. In many
countries IR of SI NET are the highest among all GEP-NETs [6,9-11,14,22,30,32,34,35,44]. In Japan
midgut carcinoids had the lowest IR compared to hindgut and foregut carcinoid (0.24, 0.64 and 1.26
respectively) [5]. Incidence rates were the lowest in the 1970’s between 0.07 and 0.48 (minimum in
Burgundy France and maximum in the USA) [9,47,54]. With time, there is clear increase in the IR of SI
NET: 3.8 and 1.8 fold in men and women respectively in the UK between 1971 and 2006 (Fig. 3B+C)
[10] More modest changes were observed in Sweden [28], Burgundy France, Vaud Switzerland and
Norway [11,28,32,35]. The US demonstrated a nearly three fold increase in IR from 1973 to 2007
(0.38-1.08, respectively) [9,50] (Fig. 3). Despite the similar range in fold increase in IR of SI NET in the
US and UK with time, incidence rates in the US are more than twice as high as those in the UK during
the same years (2000-2006): 1.08 in the US SEER database and only 0.46 and 0.32 in males and
females in the UK respectively (Fig. 3A-C) [9,10]. IR rates in Norway (2000-2004) were similar to
those in the US 1.01 [9,11], with lower incidence reported over similar time frames in Austria 0.29
(Table 2) [14].

IR of SI NET increases with age starting at age 40, reaching a peak at the eighth decade of life
[9,10,28,29]. Mean age at diagnosis is between 59 and 65 years [15,19,27,28,44,50], most (58-71%)
patients presenting with regional or distant spread [14,27,47,53]. SI NETs are more common in males
[10,11,28,32,33,47,54], and the US SEER database points at strong racial differences, with incidence
rates that are higher in African Americans compared to whites (both males and females) [11,27,47,53].
Godwin reported five-year survival rate of SI NET to be 52% in the ERG and TNCS US databases [24].
Five-year survival rates in the US have increased since, but data from the US SEER database showed
no improvement of survival between 1973 and 2007, in the range of 62-71% (Fig. 4) [9,53,55]. Higher
five-year survival rates were reported by Maggard: 75% in the same SEER population and by Tsikitis
et al who reported as of 2008, five-year survival rates of 86.2% with improvement with time in non-
Hispanic whites only [50]. Five-year survival rates in Europe were low in Norway and France 59 and
56% respectively and higher in Italy and Spain: 72-89% [11,13,33,54]. Members of the EUROCARE
working group found five-year survival rates of malignant SI NET in the range of 55-64% among 19
centres in 12 European countries, the lowest in Eastern and the highest in Western European
countries [52].
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Pancreatic neuroendocrine tumours

Data on the epidemiology of pancreatic neuroendocrine tumours (pNET) are limited compared to
other GEP-NETs. These are rare tumours with an estimated incidence rate in several population studies
of <1 [57]. In autopsy studies pNET occur at a higher rate with percentages of patients with a PNET
ranging from 0.07 up to 10% [57]. This wide range is explained by improved awareness and well defined
histological and immunohistochemical criteria that allow clinicians to reliably identify PNET and dif-
ferentiate them from other types of tumours [46]. Of consequence, a number of PNETs is now diag-
nosed on surgical samples or biopsy, even when there is no functioning endocrine syndrome or local
symptoms suggesting this type of tumour. Furthermore, high sensitive and specific imaging tech-
niques, such as computed tomography, SPECT with In-Pentetreotide and Positron Emission To-
mography (PET) with ®8Ga-DOTATATE, ''C 5-HTP and '8F-DOPA, multidetector-row CT and endoscopic
ultrasound are now available helping to detect and localize symptomatic and asymptomatic PNETs
[26,58,59].

In NET registries from Spain, Italy and Germany PNETs were the most common among GEP-NET
[13,16,19], while in France, Girona province in Spain and in a single institution in Seoul, Korea they
were the second most common [17,22,41]. In the pan-SEER population database between 1973 and
2007, PNET consisted only 7.34% of all NET, not changing dramatically in this time frame [9].

There are few reports from European registries indicating that the incidence of PNET is low, but
rising over the last decades. Older studies reported an IR of approximately 0.1 whereas more recent
studies from Europe reported an incidence as high as 0. 3 [11,14,33,35,41]. Incidence rates of PNET from
the SEER database have been reported several times [9,11,27,60,61], showing, similar to what has been
shown in Europe, a rise in incidence ranging from 0.17 in the 1970’s compared to 0.43 in the most
recent report (2003-2007) (Fig. 3A) [9]. Much higher IR of PNET was reported in Japan: 1.01 [5].

Peak incidence rates of PNET are in the sixth to eighth decades and median age at presentation is 60
years [16,19,27,29,60,61]. PNETs are slightly more common in males [11,27,35,60,61] and in the US
a slightly higher IR in African Americans compared to whites has been reported [11,27,61]. The majority
of patients with PNET (77-86%) have regional or distant spread at presentation [13,14,27,29,60,61].
Patients with the multiple endocrine neoplasia Type 1 (MEN1) have a chance of 35-75% to develop
a clinical manifest PNET. In the course of this syndrome PNETs occur at a younger age, are more often
multiple and are, in addition, diagnosed at an earlier stage because of the periodic screening of mu-
tation carriers [62].The familial von Hippel-Lindau disease is also associated with a higher pNET
incidence but not as high as MEN1 [63,64].

PNETs are classified according to the cell of origin. Functioning PNETs secrete bioactive compounds
leading to a clinical syndrome such as insulinomas, gastrinomas and rarer syndromes such as VIPomas,
somatostatinomas and glucagonomas while others are considered non-functional. Not all hormonal
secretion leads to clinical syndromes. Non-functioning tumors are more common than functioning
PNETs [61]. From several studies it has been estimated that of the functioning PNETS, insulinomas are
the most frequently occurring, followed by gastrinomas as the second most commonly occurring
functional tumour type. VIPoma and glucagonomas are more rare [57].

Based on data from the SEER database it seems that pancreatic NETs exhibited the lowest five-year
survival (27-37.6%) when compared with other GEP-NETS, survival being the lowest in patients pre-
senting at advanced stage (Fig. 4) [9,11,27,60,61], and better in patients with functional PNETs [56].
Higher five-year survival rates have been reported from Norway (43%) [11] Spain (71-78%) [13],
aregional registry in Burgundy France (44%) and from Tuscany Italy (62%) [33]. Consistent with these
reports the EUROCARE study group found five-year survival rates of patients diagnosed with malignant
PNET to be higher in Northern Europe (49%) compared to Eastern European countries (8.5%) [52]. Due
to the heterogeneity of the cohorts of patients with PNET, it is difficult to draw conclusions about
functional status as prognostic factor in terms of survival [57].

Colorectal NET

Describing the epidemiology of NET of the colon is complicated by the fact that different series have
described these tumours either separately or included them with the rectal NET, termed together as
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‘colorectal NET'. In addition some have included appendiceal NET as part of colon NET [33]; in this
review NET of the appendix will be discussed separately from colon NET.

In France, overall colorectal NET IR was 0.19 in men and 0.12 in women between 1976 and 1999 [35].
Reports from Vaud Switzerland from a similar time period (1974-1997) showed much higher IR, with
a strong female predominance: 0.7 in males and 1.74 in females. This registry included appendiceal NET
in the group of colorectal NET, which may explain the higher incidence and the gender differences. In
this time frame, incidence remained high without change in Swiss women, while rates more than
doubled in Swiss men from 0.45 to 0.98 [32]. In Japan IR of hindgut carcinoid, which includes colon and
rectum, was the highest compared to other GEP-NETS, with an IR of 1.26 in the year 2005 [5]. Five-year
survival rate of colorectal NET from 12 European countries between 1975 and 2000 was in the range of
49.9-67%, lowest in Eastern and highest in Western European countries [52].

Colon NETs (rectum excluded)

NETs have been documented in all parts of the colon: cecum, ascending, transverse, descending and
sigmoid. Within the colon there is a predominance of right sided NET [9,10,27,40,47,55,65].

Incidence rates for Colon NET (CNET) have been reported over different time periods in Europe and
the US. IR from the 1970’s in the UK was 0.04 and 0.05 in females and males respectively [ 10] (Fig. 3B+C),
while in Austria NET registration within one year between 2004 and 2005 showed similarly low inci-
dence of malignant colon NET 0.06 (Table 2) [14]. Higher incidence rates were reported between 1983
and 1998 in Sweden at 0.1 [28], and in Norway between 1993 and 1997 at 0.19 [11]. The earliest reports
on incidence of CNET from the US, as reported to the ERG and TCNS, were 0.07-0.15 (lowest in white
females and highest in black males) [24]. Multiple reports of CNETs from the SEER database show low
incidence rates in the mid 70’s in the range of 0.08-0.15 [9,44,47,55]. With time, IR of colon NETs has
increased only mildly in the UK (Fig. 3B+C) and Norway [10,11]. While IR more than doubled in the SEER
database between 1973 and 2007: from 0.15 to 0.4 (Fig. 3A) [9,50]. This increase in incidence of NET of the
colon around the world has been attributed among others, to the increased use of screening colonoscopy
and other imaging modalities, which discover these tumours in asymptomatic patients [9,10,50].

Data on gender differences in IR of CNET are conflicting [13,19,28,32,33,35,40,47,50]. Reports from
the US SEER database show higher IR in African Americans compared to whites, while rates were
higher in whites in the Connecticut tumour registry [11,24,27,40,47,50].

Incidence of CNETSs increases with age starting at age 40-50, reaching a peak in the seventh to ninth
decade [9,28,40,50]. Mean age of patients with colon NET is reported as 63-68 in the US [27,50], and in
the range of 54-61 in European series [19,28,29], most patients (53-86%) presenting with either
regional or distant spread [13,24,27,40,44,50].

Five-year survival rates of CNET in Europe have been reported from Norway: 41% (1993-2004),
Spain: 65% (2001-2008) and Burgundy France: 36% (1976-1999) [11,13,33,35]. Early reports from the
ERG/TCNS US data reported five-year survival rates of 52% between 1950 and 1971 [24]. Gustafsson
reported on an increase in five-year survival from 44% in 1973 to 53.6% in 2004 [55], higher rates of
five-year survival were reported by Maggard: 69% between the years 1973 and 1997 [44], and by
Crocetti 72-87% between 1992 and 1999 [65]. Modlin et al reported no improvement in five-year
survival between two time periods: 1973-1991 and 1992-1999 in the range of 60%, which remain the
same in the SEER 17 encompassing the years 1973-2007 (Fig. 4) [9,47]. In contrast to this, the latest
report on GEP-NETs from the US SEER database claimed that there was an increase in five-year survival
rates of patients with NET of the colon, in the years 1973-2008, reaching an average of 67% [50]. These
conflicting five-year survival rates in the SEER database require further explanation.

Rectal NETs

In the SEER database the frequency of rectal NET (RNET) has been increasing steadily and as of
2000-2007, RNETs are slightly more common than small intestinal NET, each comprising about 17% of
all NET [9,27,50]. In Taiwan during 35 years of registration, rectal NETs were the most common of all
NET (61%) and in two reports from Korea they were the most common of GEP-NET (48-55%) [12,15,17].
In Europe RNETs are much less common within all GEP-NET, 9% in the UK and 5.8% in Spain [10,13].
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IR of RNETs was as low as 0.01 in the UK between 1970 and 1989 [10], but higher in Italy, Norway
and Sweden when reported from the mid 1980’s and on 0.1-0.22 [11,28,33,34]. Notably IR of malignant
RNET in Austria between 2004 and 2005 was 0.08 (Table 2) [14]. IR in the US from the 1970’s was
reported several times, and was in the range of 0.09-0.4 [24,44,47]. IR of rectal NET has been rising
more than ten fold in the UK [10] (Fig. 3B+C), with a much less dramatic increase in Norway (15%) [11].
In the US SEER population IR of RNETs have increased ten fold between 1973 and 2007 (Fig. 3A)
[9,27,50]. IR of RNET in the US SEER database between 2000 and 2006 is about ten times as high as the
IR in the same years in the UK (Fig. 3A-C). Not all increase in IR can be attributed to higher rates of
colonoscopy and sigmoidoscopy [9,10].

Mean age at diagnosis of rectal NET is between age 52-57 [15,19,27,28,44], and most patients
present with local disease [13,24,27,44,47]. RNETs are more common in males in some but not all
populations [11,13,16,27,47], and in the US these tumours are far more common in black males and
females compared to whites [11,24,27,47,51]. In the US, RNETs have an excellent five-year survival
reaching about 90% (Fig. 4) [9,11,24,44,47,50]. Similarly high five-year survival rates have been reported
from Taiwan: 86%, with lower rates in Norway and Spain 74% and 64% respectively [11,13,15].

Appendix

Reporting of malignant and benign appendiceal NET varied with time in different countries. Fur-
thermore, in some countries NET of the appendix was included as part of all colon NET, a classification
that letter was changed. Goblet cell tumour of the appendix was inconsistently included or excluded as
a NET in different registries, profoundly affecting five-year survival rates of this group on NETs.

NET of the appendix (Appendiceal NET; ANET) is considered one of the least common in the SEER
database (3.44% of all NETS 1973-2007) [9,27,50] in Norway (4.8% of all NET 1993-2004) [11] and in the
far east [12,15,17]. Having said that, in the ERG (1950-1969) and TCNS (1969-1971) US databases,
which preceded the SEER, appendiceal NET were the most common: 43.9% and 35% of all NET. This
‘drop’ in frequency of NET of the appendix is due to the fact that the first two registries included both
benign and malignant ANET, while the SEER up to 1986 reported only malignant tumours [51]. In
several European countries the relative frequency of ANET is among the highest; comprising 38% of all
GINET in the UK (2000-2006) and of GEP-NET in Girona, Spain (1994-2004) [10,14,21,28-30,33,34,41].
Part of this geographical variability is attributed to differences in registration.

Early reports on IR of appendiceal ANET from Europe, showed a rate as low as 0.03 in the UK in the
early 1970s’ [10] with higher rates in the 1980-1990s’ in Tuscany Italy, Norway and Sweden 0.09, 0.1
and 0.4 respectively [11,28,34]. Incidence rate of malignant NET of the appendix in Austria was 0.08
between 2004 and 2005 (Table 2) [14]. In the US TNCS database IR were as high as 0.79 in white females
between 1969 and 1971 [24]. Early SEER data reported lower overall rates between 0.07 and 0.15
[9,44,47,55]. These differences are again explained by inclusion of only malignant ANETs in the SEER
database [51].

The incidence rate of ANET increased dramatically with time in the UK: an 11 fold increase in males
and ten fold increases in females, largely explained by the inclusion of benign tumours in cancer
registration in recent years. Having said that, there was also a five fold increase in the rates of malignant
tumours in this site [10]. Milder increases in IR were also observed in Sweden and Norway [28].
Analysis of the SEER data shows an early decrease and then a stabilization of IR [11]. The initial decrease
in IR has been attributed to differences in registration of all vs. only malignant NETs [9,11,27,47,50].

Appendiceal NET is most commonly an incidental finding on appendectomy preformed for acute
appendicitis and this partially explains the younger age at presentation of this subset of GEP-NET
ranging between age 31 and 49 in different series [47]. This may also explain the very low rate of
regional or distant metastasis seen with these tumours [16,19,27-29,47,50].

IR of ANET is twice as high in females compared to males in Europe and in the US [13,27,29]. These
gender differences have been attributed by some to the higher rates of appendectomies and gynae-
cological procedures in females. In the US incidence rates by race varied with time with no consistent
racial differences between blacks and whites [10,11,24,27-29,44,47,50].

Survival rates of appendiceal NET are higher than most GEP-NET both in Europe and the US. In
Europe five-year survival rates of 74-95% were reported, being the lowest in Norway where inclusion
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of Goblet cell tumours lowered five-year survival rates significantly [11,24,27,47]. In the US, five-year
survival rates between 1973 and 2008 were reported as high as 90% by Tsikitis and colleagues,
but only 81% by Lawrence et al [11,13,29]. Higher survival rates were reported in series from the
1970’s when benign tumours comprised the majority of NET at this site [9,50]. This relatively high
five-year survival rate is explained among others, by the specific characteristics of this anatomic
location but more probably by the incidental discovery and curative surgery done early for these
tumors [24,55].

Summary

Gastro-entero-pancreatic neuroendocrine tumors (GEP-NETSs) are a heterogeneous group, formally
called ‘carcinoids’. They can involve any part of the gut with a wide range of malignant potential.
Reports on the epidemiology of GEP-NET from around the world are not homogenous in the type of
tumors included, classification and terminology, with the new WHO classification yet to gain a more
worldwide acceptance. Data on the epidemiology of GEP-NET from many parts of the world is still
lacking.

The relative frequency and annual incidence rate per 100,000 population of GEP-NETs change with
time and with the geographical location around the world. NET of the rectum is the most common in
east Asia and in recent years also in the US SEER database. Small intestinal NETs are still the most
common in males in the UK while appendiceal NETs are more common in females. Registries that are
dedicated to NET patients show a much higher frequency of pancreatic NET when compared to pop-
ulation based studies. Incidence rates of GEP-NETs have been increasing with time with the largest
increases found in NET of the stomach and rectum. Incidence rates of GPE NETs show gender and racial
differences which varies with tumour localization. Prognosis of GEP-NET patients is high when com-
pared to adenocarcinoma of the same location. Five-year survival rates are highest in rectal and
appendiceal NET, but lower in small intestinal and pancreatic NETs, with large variability in survival
between countries in Europe and the US.

Practice points

o Annual incidence rates of most gastro-entero-pancreatic tumors are rising around the world
in recent years.

e NET of the rectum is the most common GEP-NET in the Far East and now also in the US.

e The rise in incidence of GEP-NET is only partially explained by increases in anatomic, func-
tional and luminal imaging done for screening or as part of an investigation for other
indications.

e The prevalence of GEP-NET is not reported in many parts of the world.

Research agenda

e Uniform classification, preferably using the updated WHO system should be accepted
worldwide and used in future studies on the epidemiology of GEP-NET.

o National cancer and NET registries should collaborate in order to supply data on age adjusted
annual incidence rates and prevalence of these tumors.

e Further research is needed to find the environmental and genetic factors affecting differences
in the epidemiology of GEP-NET around the world.

e Increased awareness and improved treatment modalities by multidisciplinary teams are
expected to raise five-year survival rates of various GEP-NETSs.
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