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ABSTRACT

Background and study aims Neuroendocrine neoplasms
(NEN) account for a small number of colorectal neoplasms.
Endoscopic detection is essential for diagnosis, treatment
and follow-up. Little is known about incidence of NENs in
colonoscopy populations or the relationship between clini-
cal, endoscopic and histopathologic features. We evaluated
epidemiology, endoscopic and clinical characteristics of
colorectal NENs in a population-based cohort.

Patients and methods Medical records of NEN cases were
cross-linked with the national pathology database from Jan-
uary 2001 to December 2015, in South Limburg County, the
Netherlands, covering four endoscopy units. Senior pathol-
ogists reviewed and classified NENs using World Health Or-
ganization 5th edition (2019) guidelines.

Results The number of colorectal NEN diagnoses was
stable over time with 0.6 NEN per 1,000 patients. A total
of NENs were detected in 85 patients: 65 neuroendocrine
tumors (NETs) and 20 poorly differentiated neuroendocrine
carcinomas (NECs). Rectal NETs were usually small sessile/
submucosal lesions with yellowish (lipoma-like) color. Colo-
nic NETs were larger sessile/submucosal lesions with darker
color compared to background. Colorectal NECs presented
as large, dark-colored lesions with ulcerated/necrotizing
areas.



Conclusions Our population-based data point to a stable
and low incidence of 0.6 NEN per 1,000 patients in the
Netherlands. Rectal NETs mainly present as small sessile yel-
lowish lesions. Colonic NETs present as larger and darker le-
sions than background mucosa and NECs as darker lesions

than background with ulceration/necrosis. Standardized
endoscopic characterization of colorectal NENs is necessary
to improve recognition of these lesions and provide a basis
for evidence-based treatment and surveillance recommen-
dations.

Introduction

Neuroendocrine neoplasms (NENs) comprise a rare group of
morphologically and biologically heterogeneous malignant tu-
mors [1]. The 2010 and 2019 5th edition World Health Organi-
zation (WHO) classification of gastrointestinal tumors subdi-
vides neuroendocrine neoplasms (NENs) into well-differenti-
ated neuroendocrine tumors (NETs), which are subclassified as
grades (G) 1 to 3 NETs based on their Ki67 index (» Fig. 1), and
poorly differentiated neuroendocrine carcinomas (NECs),
which are subclassified as small cell neuroendocrine carcinoma
(SCNEC) or large cell neuroendocrine carcinoma (LCNEC) [2].

Colorectal NENSs are classified according to primary site, e. g.
colon or rectum, in relation to their different natural history [3].
Rectal NENs are mostly small and generally G1 and G2 NETs,
while colonic NENs are often larger and poorly differentiated
(NECs) showing more aggressive behavior [4].

Previous population-based studies indicate that NENs ac-
count for less than 1% of all colorectal tumors [5,6]. The inci-
dence of NENs in the general population is rising [7]. The vast
majority of colorectal NENs are asymptomatic and found inci-
dentally at colonoscopy [8]. With the implementation of popu-
lation-based colorectal cancer (CRC) screening programs, the
incidence of colorectal NENs has increased from 0.4 per 1,000
patients to 0.6 per 1,000 patients [9-11]. Rectal NETs diag-
nosed through CRC screening programs or diagnosed at sur-
veillance colonoscopy were detected at an earlier stage and
were smaller in size compared to rectal NETs detected on non-
screening colonoscopies [9,12]. Early detection of colorectal
NENs is important, because up to 20% of all NEN patients pres-
ent with metastases at the time of diagnosis, depending on tu-
mor site (colon>rectum) and tumor size [13, 14]. For early de-
tection, it is essential to describe and become familiar with the
endoscopic appearance of colorectal NENs and to use the most
appropriate resection technique: endoscopic mucosal resec-
tion, endoscopic submucosal dissection or surgery [3, 15]. Be-
cause of overall low prevalence, studies on endoscopic charac-
teristics of NENs are limited [16, 17], and data based on the 5th
edition WHO classification are lacking [18].

An accurate diagnosis is the critical first step to optimize
clinical outcomes in patients with NENs. Endoscopic appear-
ance has only been described in case reports [19] and has not
been examined in population-based studies or related to grade
of differentiation (i.e. G1, G2, G3, based on Ki67) [20]. In this
population-based cohort study, our aim was to describe the in-
cidence of colorectal NENs, clinical characteristics (including
survival), and their endoscopic appearance.
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Patients and methods
Study population and design

This was a multicenter study involving three large-volume hos-
pitals and one diagnostic center in the Netherlands. The three
hospitals included one academic center (Maastricht University
Medical Center +) and two regional hospitals (Zuyderland Med-
ical Center Heerlen, previously Atrium Medical Center, and Zuy-
derland Medical Center Sittard-Geleen, previously Orbis Medi-
cal Center). The diagnostic center is located in Maastricht (Di-
agnostic Center Maastricht, Maastricht). All hospitals are loca-
ted in the county of South Limburg in the Netherlands. The to-
tal county population consists of approximately 605,000 inha-
bitants and has a low net migration rate of six to 13 per 1000
inhabitants per year (according to the Central Office of Statis-
tics, the Netherlands). The study was approved by the Institu-
tional Review Board of the participating hospitals and was re-
gistered in The Netherlands Trial Registry NTR4844 and
NTR3093.

Data from the national population-based pathology data-
base (PALGA, 1ZV 2016-47) were obtained for all patients diag-
nosed with a colorectal neuroendocrine neoplasm (i.e. carci-
noids, neuroendocrine tumors, and neuroendocrine carcino-
mas originating from the colon or rectum) from January 1,
2001 to December 31, 2015. We cross-linked the national pop-
ulation-based pathology database (PALGA) and hospital re-
cords, including colonoscopy reports performed in single pa-
tients, to retrieve all unique cases of colorectal NENs diagnosed
in the county between 2001 and 2015. Inclusion criteria were:
(1) diagnosis of colorectal NEN based on histology of material
obtained during colonoscopy; and (2) availability of follow-up
data. Patients who directly underwent surgery due to colonic
obstruction and in whom a colonoscopy had not been per-
formed were excluded (n=3) (» Fig. 2). Patients with colorectal
metastases of other origin, or NEN other than colon or rectum
(i.e. appendix, ileum, n=63), and external referrals (index colo-
noscopy performed in another hospital and incomplete survival
data, n=6) were excluded.

We collected clinical data from medical charts, endoscopy
and histology reports, regarding macroscopic appearance of
the NENs, tumor location, size, stage, treatment, surveillance,
and patient characteristics (gender, age, medication use, med-
ical history, smoking status, family history, comorbidities, sur-
vival).
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PGEP-NEN nomenclature, 5" ed. WHO classification (2019)

Pathologic assessment Grade Mitotic count Ki 67
(per 10 HPF)
Well-differentiated
NETs
NET G1 <2 <3%
NET G2 2-20 3-20%
NET G3 >20 >20 %
Chromagranin A Ki-67
Poorly differentiated HE-staining Synaptophysin
NECs :
LCNEC | >20 >20 %
SCNEC | >20 >20 %
Chromagranin A Ki-67

* NET G1 (based on Ki-67 and mitotic count). The HE-staining shows abnormal tumor cells, surrounded by normal cells. Both synaptophysin and

chromogranin A staining visualize neuroendocrine tumor cells positive.

** NEC. The HE-staining shows no normal cells anymore. Synaptophysin and chromogranin A staining are both positive. The Ki-67 is in nearly all

cells positive in this case.

» Fig.1 GEP-NEN nomenclature, 5th ed. WHO classification (2019).

Definitions and pathologic assessment

We defined colorectal NENs according to the 5th edition WHO
classification (2019) (»Fig.1) [18]. Second, the poorly differ-
entiated group is designated as NEC and subdivided based on
morphologic types as small cell carcinoma (SCNEC) or large
cell carcinoma (LCNEC) (both Ki67>20% or mitotic index>20/
10 HPF) [1].

Hematoxylin and eosin-stained slides were evaluated and
scored by a consultant pathologist with a special interest in gas-
trointestinal pathology and a random set was reviewed by a
second consultant pathologist. In addition, synaptophysin
staining was available to confirm neuroendocrine differentia-
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tion and Ki67 staining to calculate the Ki-67 proliferation index.
Colorectal neuroendocrine neoplasm grading after pathology
review was used to generate the results.

Endoscopic appearance

Because there was no endoscopic classification of NENs avail-
able, items from the Paris Classification [21], the BLI (Blue Light
Imaging) Adenoma Serrated International Classification (BA-
SIC) [22], and the narrow band imaging International Colorec-
tal Endoscopic (NICE) classification were used [23] to retro-
spectively describe NENs based on colonoscopy reports and
the saved photo documentation of the endoscopic procedure.

Reumkens Ankie et al. Epidemiological, clinical and... Endosc Int Open 2022; 10: E940-E951 | © 2022. The Author(s).



147577 patients who underwent colonoscopy in
South-Limburg, from 2001-2015

157 patients identified with NEN

Exclusion of:

= 63 patients with NEN from other origin
= 6 external referrals with NEN

= 3 patients without colonoscopy

85 patients with colorectal NEN

1
N2 \

NET (G1, G2, G3) NEC (G3 SCENEC and LCNEC)

N =65 N =20
Colon Rectum Colon Rectum
N=12 N=53 N=5 N=15

» Fig.2 Study flowchart for colorectal NEN.

Lipoma-like lesions were defined as yellowish, submucosal le-
sions.

Study endpoints and statistical analysis

Primary endpoints of this study were: (1) epidemiological char-
acteristics; and (2) clinical and endoscopic characteristics of
NENSs. For survival analysis, time to event was calculated from
the date of diagnosis to the time of death from any cause, based
on of the Municipal Personal Records Database or censored at

20 April 2020. Numerical data are presented as mean # stand-
ard deviation (SD) and range or median with interquartile range
(IQR). Differences in numerical variables between groups were
assessed using independent-samples t-test or Mann-Whitney U
tests as appropriate, while chi square (X?) or Fisher’s exact tests
were used for categorical variables. The Fisher-Freeman-Halton
Exact test was used for categorical variables with more than
two categories.

Kaplan-Meier survival analysis was used to estimate overall
survival (OS) of patients with G1 and G2 or G3 NENs. Survival
distributions were compared using the log rank test and Cox re-
gression analyses. Hazard ratios with 95% confidence interval
and corresponding P values were presented. P<0.05 were con-
sidered statistically significant. Analyses were conducted using
IBM SPSS Statistics for Windows version 26.0 (SPSS, IBM Corp.,
Armonk, New York, United States).

Results
Epidemiology

Of the 147,577 single per-patient colonoscopies performed
from January 2001 to December 2015 in South Limburg Coun-
ty, we identified a total of 85 patients who had been diagnosed
with a NEN (»Fig.2). The total number of colonoscopies per
year increased gradually over the 15-year study period (» Fig.
3). The number of diagnosed NENs remained relatively stable
with an average incidence of 0.6 NENs per 1,000 patients per
year.

Clinical features of NEN patients

The 85 patients (65 with NETs and 20 with NECs) had a mean
age of 61.8+11.6 years (range: 33-86 years) and 51.8% were
male. In 17 patients (20 %) the NEN was localized in the colon,
and 68 patients (80%) had a rectal NEN. Of the 68 rectal NENs,

1000000
[ Number of colonoscopies B NEN
147582
100000
gi71 10366 10825 11537 12515 11996 11657 19932 13842 12956
10000 5355 6289 /463
3750 3928
1000
100 85
10 =
3 3
:
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total
NEN 0.3 1.5 0.6 0.5 1.1 0.5 0.6 0.9 0.3 0.6 0.4 0.6 0.5 0.4 0.6 0.6

per 1000 colonoscopies

» Fig.3 Time trends in diagnosis of colorectal NENs.
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» Table1 Characteristics of neuroendocrine tumors.

Age, mean (years) £SD (range)
Gender, male

NET grade

= Grade 1

= Grade 2

= Grade 3

Indication for colonoscopy
= Symptoms

= Screening

= Surveillance

Tumor size

Median, IQR, mm

Category

= <lcm

= 1-2cm

= >2cm
Tumor site colon

= Cecum

= Ascending

= Transverse

= Sigmoid

Endoscopic features
Morphology

= Submucosal/sessile lesion
= (Pseudo)depression or donut-shaped
= Regularsurface

= Vessels: prominent, yes
= Lipoma-like

Color

= Yellowish color

= Darker than background
Stage

= Lymph node metastasis
= Distant metastasis

= Total

Treatment

= Endoscopy

= Surgery

E944

Tumor site

Colon

11

33(5-40)

10

11

Reumkens Ankie et al. Epidemiological, clinical and... Endosc Int Open 2022; 10: E940-E951 | © 2022. The Author(s).

58.3

8.3

16.7

33.3

66

83.3

16.7

80.0

16.7

333

66.7

333

16.7

33.3

16.7

58.3

Rectum

41

11

6 (3-9)

41

53
15
51
23

45

45

46

47.2

84.9

77.4
1.9

20.8

77.4
17.0

5.7

23/24=95.8

84.9

84.9

5.7
7.5

7.5

5.7

P value

0.006'

0.001"

0.040!
0.32
<0.001"

0.0017

0.018’

0.033!

<0.001'

<0.001'



»Table1 (Continuation)

Tumor site
Colon Rectum P value
N=12 % N=53 %
= Surgery+(neo)adjuvant therapy 1 8.3 1 1.9 0.29
= Palliative therapy 0 0 1 1.9 1.00
= No treatment 2 16.7 2 3.8 0.51
Resection
= Complete endoscopically 2 16.7 46 86.8 <0.001"
= Complete surgically? 8 66.7 4 7.5 <0.001"
After complete resection
= Recurrence 0 3 2 £
= Metastasis 1 g 3 E

NET, neuroendocrine tumor; IQR, interquartile range.

1P<0.05.

2 With or without (neo)adjuvant therapy.

3 No percentages were calculated because follow-up endoscopy or radiology was not completed in all patients.

» Table2 Characteristics of neuroendocrine carcinomas.

Tumor site
Colon % Rectum % Pvalue
(n=5) (n=15)
Age, mean (years) £SD (range) 69+4(63-75) 72+10(53-86) 0.54
Gender, male 4 80.0 8 53.3 0.60
NEC
= LCNEC 3 60.0 9 60.0 1.00
= SCNEC 2 40.0 6 40.0 1.00
Indication for colonoscopy
= Symptoms 4 80.0 15 100 1.00
= Screening 0 0 0 0 1.00
= Surveillance 1 20.0 0 0 1.00
Tumor size
= Median, IQR, mm 48 (33-59) 50 (30-80) 0.44
Category
= <lcm 0 0 0 0 1.00
= 1-2cm 0 0 1 6.7 1.00
= >2cm 5 100 14 93.3 1.00
Tumor site colon
= Caecum 2 40.0 - - -
= Ascending 1 20.0 - - -
= Transverse 1 20.0 = = =
= Sigmoid 1 20.0 - - -

Reumkens Ankie et al. Epidemiological, clinical and... Endosc Int Open 2022; 10: E940-E951 | © 2022. The Author(s). E945
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»Table2 (Continuation)

Tumor site
Colon
(n=5)

Endoscopic features

Morphology

= Submucosal lesion 0’

= (Pseudo)depression 4

= Irregular surface 4

= Regular surface 1

= Ulceration/necrosis 4

= Semi-circular 3

= Stenosis 0

Color

= Yellowish color 0

= Darker than background 5

Stage

= Lymph node metastasis 1

= Distant metastasis 2

= Total 3

Treatment

= Endoscopy 0

= Surgery 2

= Surgery+(neo)adjuvant therapy 1

= Palliative therapy 0

= Notreatment 2

After complete resection

= Recurrence 1

= Metastasis 2

% Rectum % Pvalue
(n=15)

0 0’ 0

80.0 13 86.7 1.00

80.0 13 86.7 1.00

20.0 2 13.3

80.0 13 86.7 1.00

60.0 5 33.3 0.35

0 5 33.3 0.27

0 0 0

100.0 15 100.0

20.0 3 20.0 1.00

40.0 8 53.3 0.61

60.0 9 60.0 1.00

0 1 6.7 1.00

40.0 4 26.7 0.58

20.0 1 6.7 0.41

0 6 40.0 1.00

40.0 3 20.0 0.38

2 1 2

2 4 2

SD, standard deviation; NEC, neuroendocrine carcinoma; LCNEC, large cell neuroendocrine carcinoma; SCNEC, small cell neuroendocrine carcinoma; IQR, inter-

quartile range.
T With or without (neo)adjuvant therapy.

2 No percentages were calculated because follow-up endoscopy or radiology was not completed in all patients.

66% (n=45)were G1,12% (n=8) G2, 0% (n=0) G3 NET, and 22
% (n=15) NEC G3 after pathology review (» Table 1 and » Table
2). Of the 17 colonic NENs, 65% (n=11) were G1,0% (n=0) G2,
6% (n=1) G3 NET, and 29% (n=5) G3 NEC (» Table1 and » Ta-
ble2). Of the patients with colonic NEC, 80% had gastrointesti-
nal symptoms (i.e. hematochezia or changed stool habits) vs
100 % of the rectal NEC patients (» Table 2).

Rectal versus colonic NETs G1, G2 and G3

Macroscopically, NETs and NECs were different tumors (» Fig. 4,
» Fig.5, » Fig.6 and » Table1 and » Table2). The most com-
mon NET in the colon and rectum was G1 (colon 91.7 % and rec-

tum 84.9%), while G2 and G3 NENs were rare (» Table 1). Colo-
nic NETs were larger compared to rectal NETs (33 mm IQR 5-40,
vs. 6mm IQR 3-9) (P=0.006). Rectal NETs were mostly sessile/
submucosal tumors and (» Fig.4) more often had a reqgular sur-
face compared to colonic NETs (96.2 vs. 75.0%, P=0.040)
(»Table1), and a yellowish color (84.9 vs. 33.3%, P=0.001)
and, therefore, wer more frequently described as lipoma-like
(84.9% vs. 16.7%, P<0.001).

Colonic NETs (» Fig.5) were most frequently located in the
cecum (83.3%), 66% were relatively large (>2cm) sessile/sub-
mucosal lesions and they were more frequently darker than
background mucosa compared to rectal NETs (66.7 vs. 15.1%,

E946 Reumkens Ankie et al. Epidemiological, clinical and... Endosc Int Open 2022; 10: E940-E951 | © 2022. The Author(s).



Submucosal lesion with Vessels

regular surface

Round pits

» Fig.4 Macroscopy of rectal NETs.

Submucosal lesion Tubular/ Vessels

round pits

» Fig.5 Macroscopy of colonic NETs.

P=0.001) (»Table1). There were no significant differences in
the presence of prominent vessels, (pseudo)depression, and
pit pattern between rectal and colonic NEN (» Table 1, »Fig. 4
and » Fig.5).

The percentage of locoregional lymph node metastases (N1)
at diagnosis was higher in colonic NETs (33.3 %) vs. rectal NETs
(5.7%) (P=0.018). The majority of the rectal NETs were re-
moved endoscopically (86.8%) (» Table 1), while the majority
of the colonic NETs required surgery (58.3%).

Rectal versus colonic NECs

NECs were endoscopically darker than background mucosa in
80% of the colonic and 60 % of the rectal NECs (» Table 2, » Fig.
6). The majority of the NECs were associated with ulceration or
necrosis (80 % in both the colon and rectum group). There was
no statistically significant difference in tumor size for colonic
and rectal NECs (48 mm IQR 33-59 vs 50 mm IQR 30-80 mm, P
=0.44). Three (60 %) of the colonic NECs and nine (60 %) of the
rectal NECs were LCNECs (»Table2). Colorectal LCNECs and
SNECS did not differ with respect to irregular surface, (pseudo)
depression, ulceration, necrosis or color (» Fig. 6).

Reumkens Ankie et al. Epidemiological, clinical and... Endosc Int Open 2022; 10: E940-E951 | © 2022. The Author(s).

Color

Mucosa-colored
with lacy vessels

Submucosal
lesion with
irreqular surface

(Pseudo)
depression*

Not
applicable

Regular/ Not Ulcerated lesion
irregular applicable with elevated borders
surface and irregular surface

Survival

Median follow-up time was 7.0 years (IQR 2.0-11.0). The medi-
an follow-up time for patient with G1, G2, or G3 NETs was 8.8
years (IQR 5.9-11.5) and for NEC patients 0.5 years (IQR 0.3-
1.4).

Of all patients with G1, G2 and G3 NETs, 1-, 3-, and 5-year OS
rates were 95%, 91 %, and 91 %, and for those with NECs, 1-, 3-,
and 5-year OS rates were 35%, 20%, and 15%, respectively
(»Fig. 7). With respect to location, of all patients with colonic
G1, G2 and G3 NET, 1-, 3- and 5-year OS rates were 83%, 83%
and 83 % respectively, and for those with rectal NETs, 98 %, 94 %,
and 92 %, respectively (P=0.47). OS rates for poorly differenti-
ated NECs were similar with respect to tumor site (colon vs. rec-
tum).

Discussion

Highly relevant findings in our population-based study are that:
1) the incidence of NENSs is low and relatively stable; and 2) an
endoscopic signature is provided for colorectal NETs and NECs.
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» Fig.6 Macroscopy of colorectal NEC (LCNEC vs SCNEC).

—_
o

o
)

<
o)}

<
i

o
[N]

WHO-classification
== NET
= NEC
+ NET-censored
+ NEC-censored

Cumulative survival of NEN patients

=

0 1 2 3 4 5 6

L.

7 8 9 10

Survival of NEN patients per year

No at risk 0 1 2| 3 4 5 6
NET 65 62 60 59 59 59 58
NEC 20 7 4 4 3 3 2

Years

7 8 9 10 11 12 13 14 15
58 57 56 54 53 52 52 52 52
2 2 1 - - - - - -

» Fig. 7 Survival of patients with colorectal NET vs NEC, corrected for age and gender.

In a comprehensive data collection based on our clinical
practice over the past 15 years, we characterized the endo-
scopic and histologic features of NETs and NECs according to
the 5% edition WHO classification [18]. Rectal NETs present
mostly as small sessile/submucosal yellowish (lipoma-like) le-
sions with regular surface. Colonic NETs present mostly as lar-
ger sessile lesions, with irregular surface in 25%, prominent
vessels, and more often darker (than background) than yellow-
ish or lipoma-like color. NECs present as darker (than back-
ground mucosa), larger lesions with ulcerative-necrotizing fea-
tures, both for rectal and colonic NECs.

Based on reports from Asia and the United States, the num-
ber of colorectal NENs detected is rising, which is due to an in-

E948

crease in the number of colonoscopies [19,24]. With an aver-
age of 0.6 NEN per 1,000 patients, the incidence of NENs is
slightly higher compared to the study of Korse et al, which re-
ported an incidence of 0.43 colorectal NENs per 1,000 patients
(0.33/1000 for NETs and 0.10/1000 for NECs), in the Nether-
lands in the period 2001 to 2010 [25]. The slightly higher inci-
dence in our study may be related to implementation of the
CRC program in the Netherlands that occurred after 2010. This
is confirmed by data from the UK showing that implementation
of the CRC screening program has led to a higher ratio of iden-
tified NETs (0.6 per 1,000 patients) compared to data from the
general UK population [11]. The 5-year survival of patients with
NETs appeared to be 91%. However the 5-year survival of pa-

Reumkens Ankie et al. Epidemiological, clinical and... Endosc Int Open 2022; 10: E940-E951 | © 2022. The Author(s).



tients with NECs is worse (15 %) compared to the 5-year survival
rate for colorectal cancer, which has reached almost 65% in the
Western World [26].

Diagnosis and management of colorectal neuroendocrine
neoplasms is challenging because of the low incidence, and
limited data on endoscopic appearance and combined endos-
copy and histopathology-based diagnosis and optimal thera-
peutic approach [3,16,27]. Missing a NEN can potentially result
in worse outcome and should be prevented. The first step is to
create awareness by endoscopists about the need to recognize
colorectal NENs during endoscopy. The second step is to ade-
quately resect suspicious NEN lesions in the colon and rectum,
thereby limiting the risk of metastasis [20,28]. Metastasis risk
has been associated with tumor grade (Ki-67) and presence of
lymphovascular invasion and of a central depression in the le-
sion [13,29]. Furthermore, metastasis risk seems to be related
to tumor location; colon NETs more often are metastatic than
rectal NETs [30]. This is probably related to tumor size [31].
Awareness by the endoscopist with recognition of these endo-
scopic lesions can result in early detection of well-differenti-
ated NENs and radical endoscopic resections in a first or second
attempt [32]. Previous studies have not fully characterized the
macroscopic appearances of NEN subtypes [17,32]. Highly rel-
evant is that rectal NETs are distinguishable from other polyps
and tumors, based on their yellowish (lipoma-like) color, sessile
or submucosal appearance, usually with a depressed central
area when larger than 1cm [17]. Relevant also is that colorectal
NETs should be distinguished from lipomas. With reported
prevalence of 0.2 % to 4.4 % [33], colonic lipomas are character-
ized by an intact mucosa and the diagnosis is suggested based
on the “pillow sign” (tumor indents when depressed using the
biopsy forceps) or the “naked fat sign” with extrusion of yellow-
ish fat after repeated biopsy [34,35]. Vessel distribution ap-
pears to be similar to the surrounding mucosa [35]. In contrast
to lipomas, NETs have a more pronounced vessel pattern com-
pared to the surrounding mucosa and the “pillow sign” and
“naked fat sign” are lacking. Data on how often lipoma-like le-
sions eventually appear to be NENs are still lacking. All yellowish
lesions in the rectum visualized during colonoscopy, (without
the pillow and/or naked fat sign) should potentially be consid-
ered NETs and resection planned. In contrast to smaller rectal
NETs, colonic NETs are often larger than 2cm and show less li-
poma-like characteristics, as confirmed by our data [36].

Colorectal NECs have macroscopic features that are quite
different from NETs. NECs appear as large, darker than back-
ground-colored mucosa, ulcerated or necrotic lesions and,
therefore, are difficult to distinguish from colorectal cancers.
Historically, tumor size has always been a main predictor for
survival and metastatic patterns of NENs [4].

Colonic NETs are more aggressive and have worse prognosis
compared with rectal NETs, as was confirmed in our study. Sur-
vival of patients with NETs is generally more favorable than with
NECs, because of the lesions’ more slowly growing character
compared to fast and aggressive tumor growth of NECs [37].
Our population-based data confirm these findings and those of
the previously reported survival data in the SEER Program [6].
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Even with early detection of NENs, metastatic disease can be
present. In metastatic disease, treatment (surgical or systemic)
may prolong survival. Therefore, it is highly relevant to detect
these NENs at an early stage. Because treatment, and thereby
prognosis, for patients with colonic and rectal NENs is different
and depends on tumor size, local extent, grade, and stage [32],
optimal endoscopic and histologic diagnosis is required [18].
Surveillance recommendations after complete resection of
neuroendocrine neoplasms vary across international guidelines
[3,27], probably due to inconsistencies in definitions and diag-
nosis and limitations in the available data.

For those reasons, European Neuroendocrine Tumor Society
(ENET) members have started to develop a training program in
NET recognition for endoscopists [38]. In future studies, NENs
have to be defined using WHO terms, diagnosed using WHO-
recommended stains (i.e. synaptophysin), and their mitotic
count and Ki-67 index should be determined [39, 40].

The strengths of our study are the regional population-
based character with analysis of all colorectal NENs identified
in our practices over a period of 15 years. We reviewed clinical
and endoscopic features of NENs and graded them on histopa-
thology according to the newest WHO classification.

The current study has several limitations. First, despite this
large colonoscopy database, the number of NETs examined in
our study was small, and is in line with previous studies. NETs
could have been missed or underreported during endoscopy,
because of insufficient awareness on the part of the endos-
copist. Second, the CRC screening program in the Netherlands
began in 2014, and only 2 years of screening were included in
the 15-year study period. The period after 2015 was used to ob-
tain adequate data for follow-up. Third, during the second half
of our study period, high-definition (HD) endoscopy was gradu-
allyimplemented, so only a subset of photos were collected and
stored at HD quality. Optimal HD photo and video documenta-
tion will help lead to more detailed description of endoscopic
characteristics and can be used for training purposes. Fourth,
we need more photo/video documentation to describe colonic
NETs in more detail. Although not statistically significant, their
vascular pattern is most likely macroscopically different in com-
parison to other colonic neoplasia.

Colorectal NENs should be described according to the most
recent WHO classification to assume uniform definitions and
diagnosis. This will lead to further standardization and help to
improve management and uniform surveillance recommenda-
tions in the guidelines on colorectal NENs.

Conclusions

In conclusion, our population-based data point to relatively
stable and low incidence of 0.6 NENs per 1,000 patients in the
Netherlands. Rectal NETs mainly present as small, sessile yel-
lowish lesions. Colonic NETs present as larger and darker lesions
than the background mucosa and NECs as darker lesions than
the background with ulceration/necrosis. Adequate manage-
ment of NENs requires training of endoscopists in recognition
of specific features, followed by en-bloc resection and histolo-
gical diagnosis. Training of endoscopists to recognize NENs
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using videos and e-learning will provide the basis for appropri-
ate endoscopic diagnosis and resection and for evidence-based
surveillance recommendations.
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