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Abstract

Background Small bowel neuroendocrine neoplasms (SB-NEN) are rare cancers, population-based studies are
needed to study this rare indolent disease. The aim of this study was to explore trends in epidemiology, treatment and
survival outcomes of patients with SB-NEN based on Dutch nationwide data.

Patients and methods Patients with grade 1 or 2 SB-NEN diagnosed between 2005 and 2015 were retrieved from the
Netherlands Cancer Registry and linked to The Nationwide Network and Registry of Histo- and Cytopathology in the
Netherlands. Age-adjusted incidence rates were calculated based using the direct standardization method. Survival
analyses were performed with the Kaplan—-Meier method.

Results A total of 1132 patients were included for epidemiological analyses. The age-adjusted incidence rate of SB-
NEN increased from 0.52 to 0.81 per 100.000 person-years between 2005 and 2015. Incidence was higher for males
than females (0.93 vs. 0.69 in 2015). Most patients had grade 1 tumours (83%). Surgery was performed in 86% of
patients, with resection of the primary tumour in 99%. During the study period, administration of somatostatin
analogues (SSAs) increased from 5 to 22% for stage III and from 27 to 63% for stage IV disease. Mean follow-up was
61 (standard deviation 38) months. Survival data were complete for 975/1132 patients and five-year overall survival
was 75% for stage I-1I, 75% for stage III and 57% for stage IV.

Conclusions This study shows an increase in the incidence of SB-NEN in the Netherlands. A predominant role of
surgery was found in all disease stages. Use of SSAs has increased over time.
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supplementary material available at https://doi.org/10.1007/s00268-
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Introduction

Small bowel neuroendocrine neoplasms (SB-NEN) are
classified as a rare cancer type based on the incidence
of <4/100.00 persons per year [1]. Despite its rarity, it
represents 40% of all neoplasms of the small bowe0O0l [2],
while simultaneously being the most common site of origin
of gastroenteropancreatic neuroendocrine neoplasms
(GEP-NEN) (incidence 1.05 per 100.000 person-years) [1].

Patients present with non-specific symptoms (e.g.
abdominal pain) in 40% of the cases. Patients experience
symptoms related to excessive hormone secretion (e.g.
diarrhoea, flushing) in 20-30% of the cases [3]. Survival
rates of SB-NEN are relatively high compared to other
NENSs, despite the delay (caused by non-specific symp-
toms) in diagnosis of these patients [1]. Two-thirds of the
patients have locoregional disease (stage I-III) with a cor-
responding 5-year overall survival ranging between 97 and
100% [3, 4]. The remaining one-third has distant metas-
tases (stage IV) with a reported 5-year overall survival of
approximately 85%. This favourable outcome in the
metastatic setting as compared to other malignancies might
be due to the fact that some patients (with liver only
metastases) are still eligible for curative intent surgery [3].

Recently, an increase in incidence and prevalence of
GEP-NENs was observed in a study from the United States
of America (USA) based on Surveillance, Epidemiology
and End Results (SEER) data [1]. The most recent epi-
demiological evaluation of SB-NENs in the Netherlands
was based on data between 1980 and 1997 [5]. The aim of
this study was to provide an update of these Dutch data and
to explore trends in epidemiology, treatment and survival
outcomes of patients with grade 1 and 2 SB-NEN between
2005 and 2015.

Methods
Study design

All patients with grade 1 and 2 SB-NEN diagnosed
between 2005 and 2015 were retrieved from the Nether-
lands Cancer Registry (NCR). This registry contains all
cases of cancer in the Netherlands (mean total population
of 16.9 million during the study period) based on hospital
records, and pathology reports, treatment and survival data.
Full pathology reports were requested from The Nation-
wide Network and Registry of Histo- and Cytopathology in
the Netherlands (PALGA; Pathologisch-Anatomisch Lan-
delijk Geautomiseerd Archief) [6]. This study is performed
in accordance with the STROBE guidelines [7].

Study population

Patients with pathologically proven grade 1 and 2 SB-NEN
of any stage were included. The diagnosis was based on the
International Classification of Disease-Oncology (ICD-O-
3) morphology codes according to the World Health
Organisation classification [8]. Exclusion criteria were
duodenal NENSs, autopsy and cytology data, benign neo-
plasms and non-neuroendocrine neoplasms. Neuroen-
docrine carcinoma, mixed adenoneuroendocrine carcinoma
(MANEC) and patients with multiple primary cancers (e.g.
adenocarcinoma of the colon/breast cancer/lymphoma and
SB-NEN) were only used to calculate incidence rates.
Patients with high-grade tumours (NET G3, neuroen-
docrine carcinomas and MANEC) were excluded from
survival analyses. Autopsy data were excluded because
those patients died of other reasons than cancer-related, and
cytology data were excluded because histology is consid-
ered the standard to diagnose SB-NENs (3).

Data collection

Primary tumour location was classified as jejunum (C17.1),
ileum (C17.2) or small bowel not otherwise specified
(C17.9), according to the ICD-O-3 codes. C17.9 reports
were checked manually for tumour location. Tumour grade
was based on the Ki67 index or mitoses index reported in
the pathology reports, whichever was higher [9]. Tumour
stage was reported based on the pathological tumour-node-
metastasis (TNM) classification at the time of registration
(6th edition during 2003-2009 and 7th edition during
2010-2016), supplemented with the clinical TNM classi-
fication [10, 11]. A one-digit summary stage (Extent of
Disease) was recorded in patients without pathological
confirmation of cancer [12]. The Extent of Disease code is
used for patients who had no TNM stage available.

Data in both NCR and PALGA databases correspond
based on unique NCR-codes. This feature was used to
couple both datasets. Data regarding topography (site of
primary), differentiation grade, resection margins, TNM
staging, tumour positive lymph nodes reported by the NCR
were cross-checked with the full pathology reports pro-
vided by PALGA. Morphology codes (cell of origin) were
used in case of a mismatch in differentiation grade [13].
Data from PALGA prevailed, in case of disagreement
between both datasets, because the pathology reports are
more detailed. Tumour grading was based on the WHO
2010 classification. Finally, all tumours were restaged
according to the 8th edition of the TNM classification to
avoid differences between different TNM classifications
[14]. The study period was divided into three time periods
(2005-2007, 2008-2011 and 2012-2015), based on the
publication date of the ENETS guidelines to compare
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different treatment strategies, stratified for disease stage
[15, 16]. NCR only includes treatments 9 months before or
after diagnosis.

In case of multiple pathology reports (e.g. one biopsy
followed by resection), the first date was used for survival
analyses. Time to treatment analyses could not be per-
formed because the diagnosis was based on pathology data,
which was often the date of surgery. Survival was defined
as the time between date of diagnosis and date of death or
censored at last follow-up date. Records of patients with
pathologically proven recurrences were assessed for pos-
sible tumour dedifferentiation (i.e. tumour grade change
from G1 to G2). Incidental diagnosis was defined as a
patient whose first pathology report describes a resection
with signs of ileus/stenosis/perforation, without previous
biopsy available.

Statistical analysis

Study populations were categorized into five age groups
(<20, 2040, 40-65, 65-80 and >80) according to Statis-
tics Netherlands (CBS). Age-adjusted incidence rates were
calculated, as this enables comparison with other countries,
based on population data from CBS and were age-adjusted
to the European Standard Population (ESP) of 2010 using
the direct standardization method [17]. Baseline and
treatment characteristics were compared between regional
and university hospitals. Survival analyses were performed
using the Kaplan—-Meier method and compared with the
Log-Rank test. To analyse differences in survival outcomes
over the years, overall survival was calculated by strati-
fying for periods at which different versions of the ENETS
guidelines were published (2005-2007, 2008-2011 and
2012-2015). Univariable and multivariable Cox propor-
tional hazards regression models were used to estimate
hazard ratios (HR) with 95% confidence intervals (95% CI)
to identify factors associated with survival. A two-sided
P value <0.05 was considered statistically significant. Data
were analysed using the Statistical Package for Social
Sciences (SPSS) version 26.0 (IBM Corp. Armonk, NY,
USA).

Results

A total of 1451 patients were identified, of whom 1132
were eligible for epidemiological analysis. The age-ad-
justed incidence rate increased from 0.52 to 0.81 per
100.000 persons years between 2005 and 2015 (Fig. 1).
Males had higher incidence rates than females throughout
the years, with an incidence of 0.93 versus 0.69 per
100.000 persons in 2015.
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Fig.1 Age-adjusted incidence rates of patients diagnosed with SB-
NEN between 2005 and 2015 in the Netherlands, stratified for sex

Patients demographics

After excluding multiple primary cancers (N=122), high-
grade tumours (N=28) and MANEC (N=7), 975 patients
were left for survival analyses. Mean age at diagnosis was
63 (SD £12) years. Baseline characteristics are summa-
rized in Table 1. Patients from university hospitals were
significantly younger and had significantly more often
multiple primary SB-NEN than patients from primary
centres. All other patient and tumour characteristics were
similar for the two types of hospitals. Mean follow-up was
61 (SD £38) months, and all-cause mortality was 33%.
Most patients had a grade 1 tumour (83%) (WHO 2010).
Lymph node metastases (either pN1 or pN2) were present
in 84% of G1 and 89% of G2 tumours (P=0.26). Distant
metastases were more frequent in G2 (56%) than G1 (34%)
tumours (P<0.001), and in node-positive than node-nega-
tive tumours (36% vs. 26%) (P=0.030).

Survival outcomes

Five-year overall survival of the entire cohort was 67%
(Fig. 2a). There were no significant differences in overall
survival for patients diagnosed in different years (5-year
overall survival of 62% in 2005-2007, 67% in 2008-2011
and 62% in 2012-2015, P=0.39), or diagnosed in academic
(66%) or regional hospitals (67%) (P=0.74). Differences in
survival outcomes between different types of hospitals and
stratified for disease stages were present but were not
significant: stage I-II 72 versus. 89%, stage III 76 versus.
67%, stage IV 56 versus. 62% for regional vs. academic
hospitals, respectively. Five-year overall survival was 70%
for G1, which was significantly higher (P=0.002) than the
64% survival rate for G2 tumours (Fig. 2b). Stratified for
stage, 5-year overall survival was 75% for stage I-II, 75%
for stage III and 57% for stage IV (Fig. 2c). Stage I-1I and
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Table 1 Patient and tumour characteristics stratified for centre of diagnosis
Characteristics Missing Total (N=974) Diagnosis at:
Regional hospital (N=788) University hospital (N=186) P value
Sex
Male 0 511 (52) 414 (53) 97 (52) 0.92
Age 0
<20 1 (0) 0 (0) 1(1) 0.002
20 up to 40 26 (3) 20 (3) 6 (3)
40 up to 65 482 (49) 372 (47) 110 (59)
65 up to 80 386 (40) 324 (41) 62 (33)
>80 79 (8) 72 (9) 7(4)
Clinical disease stage 431 (44) 358 (83) 73 (17)
Stage I-11 40 (4) 34 (8) 6 (5) 0.63
Stage 111 119 (12) 93 (21) 26 (23)
Stage IV 384 (39) 303 (71) 81 (72)
Pathological TNM-stage 184 (19) 155 (84) 29 (16)
pT
Tl 49 (5) 40 (6) 9 (6) 0.45
T2 92 (9) 79 (13) 13 (8)
T3 386 (40) 303 (48) 83 (53)
T4 263 (27) 211 (33) 52 (33)
Multiple tumours * 172 (18) 128 (17) 44 (24) 0.031
pN 256 (26) 214 (84) 42 (16)
NO 109 (11) 90 (16) 19 (13) 0.71
N1 510 (52) 404 (70) 106 (74)
N2 99 (10) 80 (14) 19 (13)
pM1 *
pMla 209 (21) 168 (57) 41 (56) 0.78
pMI1b 129 (13) 104 (36) 25 (34)
pMlc 28 (3) 21 (7) 7 (10)
Prognostic stage group 128 (13) 111 (87) 17 (13)
Stage I-1I 70 (7) 57 (8) 13 (8) 0.95
Stage 111 410 (42) 327 (48) 83 (49)
Stage IV 366 (38) 293 (43) 73 (43)
Tumour grade 11 (1) 10 (91) 109
Grade 1 800 (82) 652 (84) 148 (80) 0.22
Grade 2 163 (17) 126 (16) 37 (20)
Recurrence *
Dedifferentiation 9/79 (11) 7/61 (12) 2/18 (11) 0.08

Bold numbers depict statistically significant P values

*Depicts characteristics for which missing variables could not reliably be calculated.

III disease showed significantly better survival compared to

Treatment strategies

stage IV disease, with an absolute difference in mean

survival of at least 21 months (P=0.019 and P<0.001,
respectively). Presence or absence of multifocal primary
SB-NEN did not affect survival (P=0.75). Pathologically
proven recurrence was present in 80/975 (8%) patients, and

9/80 (11%) had tumour dedifferentiation.

The majority of the patients underwent surgery (86%),
which comprised resection of the primary tumour in 99%
(Table 2). The RO resection rates increased over the years
and was 84%, 81% and 62% in stage I-II, stage III and

stage IV disease (Table 2). Findings that suggest an
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incidental diagnosis were ileus, stenosis and perforation,
which were reported in 2-3% of the pathology reports.
SSA use was significantly higher in university hospitals
90/223 (40%) patients, compared to 98/613 (16%) patients
in regional hospitals (P<0.001).
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Survival was not different for stage IV disease after
primary or simultaneous resection of primary and metas-
tases (Supplementary Fig. 1). Survival after surgery and
after surgery combined with somatostatin analogues
(SSAs) were significantly longer than survival after SSA
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Table 2 Trends in treatment for patients with SB-NEN in the Netherlands, according to postoperative disease stage

Stage Treatment 2005-2007, No. (%) 2008-2011, No. (%) 2012-2015, No. (%)
Stage I-1I Total patients 13 (100) 25 (100) 32 (100)
Primary resection® 13 (100) 25 (100) 32 (100)
RO 10 (77) 20 (80) 27 (84)
R1/2 2 (15) 2 (8) 2 (6)
SSA - 14 4 (13)
Stage III Total patients 73 (100) 142 (100) 195 (100)
Primary resection® 70 (96) 136 (96) 190 (97)
RO 46 (65) 100 (74) 154 (81)
R1/2 12 (17) 20 (15) 20 (11)
SSA 4(5) 17 (12) 43 (22)
PRRT - 1(1) -
Systemic therapy - - 1(D)
No therapy - 2 (1) 3 Q)
Stage IV Total patients 73 (100) 123 (100) 170 (100)
Primary resection® 61 (84) 89 (72) 116 (68)
RO 31 (51) 61 (69) 72 (62)
R1/2 15 (25) 18 (20) 24 (21)
Metastasectomy 11 (15) 23 (19) 20 (12)
SSA 20 (27) 54 (44) 107 (63)
Systemic therapy 23 2(2) 2(D)
RFA 1 (1) 1 (1) -
PRRT 1(1) 2(2) -
Embolization - 2(2) 3 Q)
Radiotherapy - 1(1) -
No therapy 6 (8) 2(2) 9 (5)

Treatments are reported in a range of 9 months before or after diagnosis

#Resection margins do not add up to 100% due to missing variables

PRRT peptide receptor radioligand therapy, RFA radiofrequency ablation, SSA somatostatin analogues

alone (P<0.001, P=0.001) (Fig. 2d). A similar effect is
observed in the presence of distant metastases (Supple-
mentary Fig. 2). Surgery, SSA or a combination of both
were included in the survival analyses, since the other
treatment groups were too small.

In Table 2, time trends in treatment modalities for SB-
NEN are presented. All patients with stage I-II disease
underwent resection. Throughout the years, the resection
rate for stage I-III disease remained high (96-100%) and
administration of SSAs increased from 5 to 22% for stage
IIT between 2005 and 2015. In patients with stage IV dis-
ease, the primary tumour resection rate decreased, while
administration of SSAs more than doubled during the study
period from 27 to 63%. Complete (R0O) resections were
performed in 57/62 (90%) patients with stage I-II disease,
300/352 (85%) patients with stage III disease and 164/221
(74%) patients with stage IV disease. All treatments that
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are reported in the NCR database took place within
9 months from diagnosis.

Factors associated with survival

Male sex, age between 20 and 40, 65-80 and >80 years,
stage I-II and III disease, grade 2 tumours, surgery and SSA
use showed an association with a shorter overall survival in
univariable analysis. In multivariable analysis, male sex
(HR 1.39, 95% CI 1.09-1.78, P=0.008), age between 65
and 80 years (HR 2.93, 95% CI 2.23-3.87, P<0.001),
age >80 years (HR 9.99, 95% CI 6.61-15.11, P<0.001),
stage III disease (HR 0.51, 95% CI 0.38-0.69, P<0.001
with stage IV as reference), grade 2 tumours (HR 1.48,
95% CI 1.09-2.02, P=0.013) and not having surgery (HR
1.50, 95% CI 1.07-2.09, P=0.018) all showed a significant
association with a shorter overall survival. The results of
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univariable and multivariable analyses for overall survival
are shown in Table 3.

Discussion

This population-based study observed an increase in inci-
dence of grade 1 and 2 SB-NEN between 2005 and 2015,
and surgery remained the mainstay of treatment. The most
remarkable changes were seen for stage IV SB-NEN, with
a reduced rate of surgery and substantial increase in the use
of SSAs. Survival did not change over time. Five-year
overall survival rate of 75% for stage I-II disease was
relatively low and similar to survival of patients with stage
III SB-NEN.

The increase in incidence of SB-NEN in the Netherlands
(56% in the last 10 years (0.81 per 100.000 persons) can be

explained by more clinical awareness and increased uti-
lization of cross-sectional imaging for any reason, even
including screening. Such imaging might reveal asymp-
tomatic liver lesions or lymph node metastases in the
mesentery, that eventually turn-out to originate from SB-
NEN. Furthermore, SB-NEN might increasingly be diag-
nosed as incidentalomas by pathologists in resection
specimens after surgery for other diagnoses. The incidence
has also risen compared to the prior study conducted in the
Netherlands, which dates from 2001 [5]. Previous popu-
lation-based studies conducted in Europe reported compa-
rable increased incidence rates: 0.29 in Austria
(2004-2005, grade 1 and 2 only), 0.30 in Italy (1981-2005,
grades not reported), 0.80 in Iceland (2000-2014, grades
not reported) and 0.81 in Norway (1993-2004, grades not
reported), per 100.000 persons (18-21). Another explana-
tion for the increase in incidence is an ageing population.

Table 3 Univariable and multivariable survival analyses of patients with SB-NEN in the Netherlands

Risk factors Univariable analysis

Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Sex

Male 1.19 (0.96-1.48) 0.12 1.39 (1.09-1.78) 0.008

Female 1 [Reference] 1 [Reference]
Age

<20 - -

20 up to 40 0.20 (0.03-1.41) 0.11 0.27 (0.04-1.95) 0.19

40 up to 65 1 [Reference] 1 [Reference]

65 up to 80 2.81 (2.19-3.60) <0.001 2.93 (2.23-3.87) <0.001

>80 6.34 (4.52-8.89) <0.001 9.99 (6.61-15.11) <0.001
Multiple primary SB-NEN

Yes 1.03 (0.77-1.38) 0.83 -

No 1 [Reference] -
Disease stage

Stage I-11 0.56 (0.34-0.91) 0.020 0.63 (0.37-1.07) 0.08

Stage 111 0.55 (0.42-0.70) <0.001 0.51 (0.38-0.69) <0.001

Stage IV 1 [Reference]
Tumour grade

Grade 1 1 [Reference] 1 [Reference]

Grade 2 1.49 (1.12-1.99) 0.006 1.48 (1.09-2.02) 0.013
Resection margin

RO 1 [Reference] -

R1/2 1.14 (0.81-1.60) 0.44 -

Surgery

Yes 1 [Reference] 1 [Reference]

No 1.99 (1.53-2.62) <0.001 1.50 (1.07-2.09) 0.018
SSA

Yes 1.25 (0.98-1.60) 0.07 1.09 (0.81-1.46) 0.57

No 1 [Reference] 1 [Reference]

Bold numbers depict statistically significant P values
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While some studies report relatively high 5-year overall
survival rates for stage IV disease (69—85%), this trend is
not seen in the Netherlands where survival rates are lower
(57%) [1-22]. Similarly, 5-year overall survival in stage
I-1I was relatively low (75%) compared to the literature [3].
This could be due to differences in patient populations
regarding competing risks of death, besides pathological
classification, inclusion criteria (because only grade 1 and 2
were included), statistical methods, treatment differences
between countries, and different inclusion periods. Survival
outcomes differ between treatment strategies (Fig. 2d), but
this is probably due to the imbalance in disease stages
among the different treatment modalities (Table 2). We
also observed a relatively low pathologically proven
recurrence rate (8%), which is most likely an underesti-
mation, as other studies report recurrence rates as high as
31-64% [23, 24]. The low recurrence rate might be
explained by the high frequency of lack of histological
confirmation of recurrent disease and subsequently under-
reporting in the PALGA database. Indeed, Cives et al.
diagnosed macroscopic recurrence by imaging or surgical
exploration, and Le Roux et al. diagnosed recurrence in
asymptomatic patients with imaging during follow-up
monitoring [23, 24].

Multifocal SB-NEN were only present in 18% of the
patients, which differs from the literature (45-54%)
[25, 26]. However, our data show that tumour multifocality
is not associated with overall survival [26]. A Swiss pop-
ulation-based study investigating treatment sequences in
NENs found that 80% of SB-NEN patients received sur-
gery (either with or without subsequent therapy), which is a
similar rate as found by the present study (86%) [27]. An
increase in SSA administration was seen for all stages, with
a doubling for stage IV SB-NEN. This is probably a con-
sequence of the positive effects of SSAs that have been
reported: reduction of excessive hormone secretion by
(liver) metastases, prolonged progression-free survival and
anti-proliferative effects [28, 29].

Surprisingly, no significant differences in neither clini-
cal or pathological TNM stages were observed between
university and regional hospitals. Hence, patients were not
referred for surgical resection to either one of those centres
based on cTNM stages between 2005 and 2015. It is likely
that centralization improves patient outcomes as choosing
the right treatment strategy is evenly, if not more, chal-
lenging than executing the treatment itself (except for
complex surgery). Nevertheless, current data did not show
any survival difference between academic and regional
hospitals. Probably, clinicians should focus first on dis-
cussing all patients in a multidisciplinary team (MDT)
meeting in a specialized centre for NENs. Taken together,
an international, multicentre registry with data on patient
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level is needed to carefully investigate diagnostic, treat-
ment and outcome variables.

Long-term nationwide population-based data were used
for this study, making it more representative than cohort
studies and enable description of trends over the years.
However, the findings of this study should be seen in light
of some limitations. Comorbidity data were missing which
might have influenced survival. To reduce this effect,
patients with multiple primary cancers were excluded from
survival analyses. Second, pTNM stage was used as a
stratifying factor although in real-life treatment strategies
are chosen based on cTNM stage. Third, pathological
classification of NENs according to the WHO has changed
over the years. This could lead to wrongly classified
lesions. Fourth, imaging data during follow-up were not
present, which is especially useful to give insights in dis-
ease recurrence and therefore the actual incidence is
probably higher than reported by the NCR. Finally, treat-
ment is only registered within 9 months from diagnosis,
and the dataset lacks details on several specific local
treatments of metastatic disease, such as peptide receptor
radionuclide therapy, embolization, stereotactic radiother-
apy and thermal ablation. This limits evaluation of all types
of treatments given during complete follow-up.

Conclusions

In conclusion, this study showed an increase in the inci-
dence of grade 1 and 2 SB-NEN, which is not uniformly
reported in Europe. Surgery is still the cornerstone of
treatment. An increase in use of SSAs was observed in
stage IV disease over time. Stage-dependent survival was
relatively low compared to the literature and remained
similar over time.

Acknowledgements The authors thank IKNL, PALGA and CBS for
providing data.

Funding The authors did not receive funding of any kind to conduct
this research.

Declarations
Conflict of interest The authors have no conflict of interest.

Ethical approval This study was conducted in accordance with the
World Medical Association Declaration of Helsinki. No specific
approval from the ethics committee was requested, as all data that
were supplied were anonymized.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate



World J Surg (2021) 45:2482-2491

2491

if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

10.

11.

13.

. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y et al (2017)

Trends in the Incidence, prevalence, and survival outcomes in
patients with neuroendocrine tumors in the United States. JAMA
Oncol 3(10):1335-1342

. Barsouk A, Rawla P, Barsouk A, Thandra KC (2019) Epidemi-

ology of cancers of the small intestine: trends, risk factors, and
prevention. Med  Sci  7(3):46.  https://doi.org/10.3390/
medsci7030046

. Niederle B, Pape UF, Costa F, Gross D, Kelestimur F, Knigge U

et al (2016) ENETS consensus guidelines update for neuroen-
docrine neoplasms of the jejunum and ileum. Neuroendocrinol-
ogy 103(2):125-138

. Modlin IM, Champaneria MC, Chan AK, Kidd M (2007) A three-

decade analysis of 3911 small intestinal neuroendocrine tumors:
the rapid pace of no progress. Am J Gastroenterol
102(7):1464-1473

. Quaedvlieg PF, Visser O, Lamers CB, Janssen-Heijen ML, Taal

BG (2001) Epidemiology and survival in patients with carcinoid
disease in The Netherlands. An epidemiological study with 2391
patients. Ann oncol 12(9):1295-1300

. Casparie M, Tiebosch AT, Burger G, Blauwgeers H, van de Pol

A, van Krieken JH et al (2007) Pathology databanking and
biobanking in The Netherlands, a central role for PALGA, the
nationwide histopathology and cytopathology data network and
archive. Cell Oncol 29(1):19-24

. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,

Vandenbroucke JP (2008) The strengthening the reporting of
observational studies in epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol
61(4):344-349

. Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin LH, Parkin

DM et al (2000) International classification of diseases for
oncology 3rd, ed. World Health Organization, Geneva, p 2000

. Bosman FT, Carneiro F, Hruban RH, Theise ND (2010) WHO

classification of tumours of the digestive system: World Health
Organization

Sobin L, Wittekin C (eds) (2002) International union against
cancer (UICC) TNM classification of malignant tumours, 6th edn.
Wiley-Liss, New York

Sobin L, Gospodarowicz M, Wittekind C (eds) (2009) Interna-
tional union against cancer (UICC) TNM classification of
malignant tumors, 7th edn. Wiley-Blackwell, Oxford, UK

. Shambaugh EM, Ries LG, Young J, Kruse MA, Platz CE, Ryan

RF (1992) SEER extent of disease 1988 codes and coding
instructions. National Cancer Institute, Rockville, MD

Korse CM, Taal BG, van Velthuysen ML, Visser O (2013)
Incidence and survival of neuroendocrine tumours in the
Netherlands according to histological grade: experience of two
decades of cancer registry. Eur J Cancer 49(8):1975-1983

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Wash-
ington MK, et al (2017) AJCC cancer staging manual. 8th (ed):
Springer International Publishing

Pape UF, Perren A, Niederle B, Gross D, Gress T, Costa F et al
(2012) ENETS consensus guidelines for the management of
patients with neuroendocrine neoplasms from the jejuno-ileum
and the appendix including goblet cell carcinomas. Neuroen-
docrinology 95(2):135-156

Eriksson B, Kloppel G, Krenning E, Ahlman H, Plockinger U,
Wiedenmann B et al (2008) Consensus guidelines for the man-
agement of patients with digestive neuroendocrine tumors—well-
differentiated jejunal-ileal tumor/carcinoma. Neuroendocrinology
87(1):8-19

Pace M, Gissler M, Lanzieri G, Grande E, Wojtyniak B, Cayotte
E, et al (2013) Revision of the European Standard Population—
Report of Eurostat’s task force. In: Commission EE (ed), 3rd edn,
Luxembourg: Publications Office of the European Union
Niederle MB, Hackl M, Kaserer K, Niederle B (2010) Gas-
troenteropancreatic neuroendocrine tumours: the current inci-
dence and staging based on the WHO and European
Neuroendocrine Tumour Society classification: an analysis based
on prospectively collected parameters. 17 4 909

. Caldarella A, Crocetti E, Paci E (2011) Distribution, incidence,

and prognosis in neuroendocrine tumors: a population based
study from a cancer registry. Pathol Oncol Res 17(3):759-763
Hauso O, Gustafsson BI, Kidd M, Waldum HL, Drozdov I, Chan
AKC et al (2008) Neuroendocrine tumor epidemiology. Cancer
113(10):2655-2664

Gudmundsdottir H, Moller PH, Jonasson JG, Bjornsson ES
(2019) Gastroenteropancreatic neuroendocrine tumors in Iceland:
a population-based study. Scand J Gastroenterol 54(1):69-75
Jann H, Roll S, Couvelard A, Hentic O, Pavel M, Muller-Nord-
horn J et al (2011) Neuroendocrine tumors of midgut and hindgut
origin: tumor-node-metastasis classification determines clinical
outcome. Cancer 117(15):3332-3341

Cives M, Anaya DA, Soares H, Coppola D, Strosberg J (2017)
Analysis of postoperative recurrence in stage I-III midgut neu-
roendocrine tumors. JNCI J Natl Cancer Inst 110(3):282-289
Le Roux C, Lombard-Bohas C, Delmas C, Dominguez-Tinajero
S, Ruszniewski P, Samalin E et al (2011) Relapse factors for ileal
neuroendocrine tumours after curative surgery: a retrospective
French multicentre study. Dig Liver Dis 43(10):828-833

Gangi A, Siegel E, Barmparas G, Lo S, Jamil LH, Hendifar A
et al (2018) Multifocality in small bowel neuroendocrine tumors.
J Gastrointest Surg 22(2):303-309

Choi AB, Maxwell JE, Keck KIJ, Bellizzi AJ, Dillon IS,
O’Dorisio TM et al (2017) Is Multifocality an indicator of
aggressive behavior in small bowel neuroendocrine tumors?
Pancreas 46(9):1115-1120

Kollar A, Butikofer L, Ochsenbein A, Stettler C, Trepp R (2020)
Treatment sequence in patients with neuroendocrine tumours: a
nationwide multicentre, observational analysis of the Swiss
neuroendocrine tumour registry. Swiss Med Wkly 150:w20176
Kacmaz E, Heidsma CM, Besselink MGH, Dreijerink KMA,
Klumpen HJ, Nieveen van Dijkum EJM et al (2019) Treatment of
liver metastases from midgut neuroendocrine tumours: a sys-
tematic review and meta-analysis. J Clin Med 8(3):403. https://
doi.org/10.3390/jcm8030403

Caplin ME, Pavel M, Cwikta JB, Phan AT, Raderer M,
Sedlackova E et al (2014) Lanreotide in metastatic enteropan-
creatic neuroendocrine tumors. N Engl J Med 371(3):224-233

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/medsci7030046
https://doi.org/10.3390/medsci7030046
https://doi.org/10.3390/jcm8030403
https://doi.org/10.3390/jcm8030403

	Update on Incidence, Prevalence, Treatment and Survival of Patients with Small Bowel Neuroendocrine Neoplasms in the Netherlands
	Abstract
	Background
	Patients and methods
	Results
	Conclusions

	Introduction
	Methods
	Study design
	Study population
	Data collection
	Statistical analysis

	Results
	Patients demographics
	Survival outcomes
	Treatment strategies
	Factors associated with survival

	Discussion
	Conclusions
	Funding
	References




