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Abstract
Neuroendocrine neoplasms/tumours (NENs/NETs) of the large intestine are detected increasingly often, especially rectal tumours, which 
is probably associated with the widespread use of screening colonoscopy.
There is a growing body of evidence supporting the thesis that the NENs of the rectum and the NENs of the colon are two different 
diseases. Rectal NENs are usually small lesions, of low to moderate histological malignancy, associated with good prognosis, and most 
may be treated endoscopically. NENs of the colon, however, are often aggressive, poorly differentiated, associated with a poor or uncer-
tain prognosis, and require surgical treatment. The management guidelines regarding these groups of patients are constantly changing. 
On the basis of the recent literature data and conclusions reached by the working meeting of the Polish Network of Neuroendocrine 
Tumours (December 2016), this study completes and updates the data and management guidelines regarding colorectal NENs published 
in Endokrynologia Polska 2013; 64: 358–368.
(Endokrynol Pol 2017; 68 (2): 250–260)
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1. Epidemiology

1.1. Introduction
The rate of detection of colorectal neuroendocrine neo-
plasms (NENs) is increasing, and this tendency is likely 
to continue due to the widespread use of colonoscopy, 
including as a screening tool, and the removal of all di-
agnosed lesions [1–9]. The authors of the recent ENETS 
consensus state that there is a growing body of evidence 
supporting the thesis that the NEN of the rectum and 
the NEN of the colon are two different diseases [9].

1.2. Epidemiology
Rectal NENs are usually small lesions (most < 1 cm), and 
their histological malignancy is low to moderate (G1, G2), 
whereas NENs of the colon are often aggressive, poorly 
differentiated, and more malignant (G3). Colonic NENs 
account for 7.8% and rectal NENs for 13.7% of all neu-
roendocrine neoplasms [2]. The most common site for 
colonic tumours is the caecum, and this location is more 
frequent in females [2]. The mean age at disease onset is 
70 years [3]. Rectal tumours are the third largest group of 
gastrointestinal NENs. They account for approximately 
1% of all rectal tumours. They are detected by one in 
1000–2000 endoscopic examinations [1, 5, 6, 10]. Since 
the year 2000, rectal NENs occur or are detected more 
frequently than small intestinal NENs [9]. This is pro
bably associated with the widespread use of screening 
colonoscopy [1, 8, 9]. According to Japanese and Korean 
data, rectal NENs are slightly more common in the male 
population (M/F ratio — 1.5 and OR 1.9) [11], whereas 
American and Polish data demonstrate a similar preva-
lence of these neoplasms in both sexes [2, 5, 9]. In the 
USA, the highest incidence of these neoplasms is found 
in Asian (OR = 10) and black patients (OR = 1.96) [8, 11].

The mean age of patients with rectal NENs is 56 
years. The statistical data records 4.2 cases of rectal 
NENs per 1,000,000 citizens [8, 11].

Rectal NENs are typically single lesions, although 
multiple lesions have also been described in the lit-
erature. Complete colonoscopy is recommended if 
neuroendocrine lesions are found in the rectum [12].

2. Clinical characteristics

2.1. Clinical characteristics and symptomatology
Colorectal neuroendocrine neoplasms arise from two 
types of cell:

—— EC (enterochromaffin) cells, which secrete seroto-
nin, and are typically located in the ascending colon;

—— L cells, which secrete glucagon-like peptide (GLP) 
and YY peptide, and are found in the remaining 
part of the colon and rectum [8].
Colorectal NENs characteristically do not secrete 

specific hormones, and their clinical symptoms correlate 
with their location and stage of advancement [8].

The symptoms associated with colonic neuroendo-
crine neoplasms are non-specific. They mainly include 
changes in bowel movements (mostly diarrhoea) and, 
in the case of advanced disease, abdominal pain, weight 
loss, and palpable lesions in the abdominal cavity. 
Weakness and decreased effort tolerance, often associ-
ated with gastrointestinal blood loss, may also occur. 
Moreover, patients may suffer from gastrointestinal 
obstruction, which often requires an urgent surgical 
intervention. The above symptoms are similar for all 
neoplasms occurring in this part of the gastrointestinal 
tract, suggesting the initial diagnosis of adenocarci-
noma, the most common neoplasm affecting the large 
intestine. Despite the presence of serotonin-producing 
cells, carcinoid syndrome with its characteristic symp-
toms is rarely observed (< 5%) [3]. According to the 
largest database, SEER, the local lesions account for 
approximately 45% at the moment of diagnosis [13]. 
Distant metastases are found in 16–40% of patients. The 
five-year survival rate in colonic tumours, the lowest 
of all the gastrointestinal neuroendocrine neoplasms, is 
40–70%, depending on the size of the primary tumour, 
histological grade, and clinical stage [2, 13]. The mean 
survival time is 261 months for locally advanced lesions, 
and less in the case of regional lymph node metastases 
or distant metastases (36 months and 5 months, respec-
tively) [8, 13].

Rectal neuroendocrine neoplasms are most fre-
quently detected accidentally during an endoscopic 
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examination. The symptoms are also non-specific, 
including changes in bowel movement, gastroin-
testinal bleeding, or tenesmus. Carcinoid syndrome 
almost never occurs, due to the very rare presence 
of EC serotonin-secreting cells in this location (0.1%). 
At the moment of diagnosis, the majority (75–85%) of 
detected lesions are localised. The five-year survival 
rate is 75–100%, depending on the histological grade, 
proliferation index, and clinical stage [2].

Multiple Endocrine Neoplasia (MEN) syndrome 
and other genetically conditioned syndromes are very 
rarely associated with colorectal NENs [7, 8]. NENs in 
first-line family members increase the risk of the disease 
by a factor of four.

In 13% of patients with a colorectal NEN, another 
neoplasm develops [2, 4, 5]. The gastrointestinal tract, 
including the colon, is the most common site for syn-
chronous tumours, while metachronous neoplasms 
primarily affect the lungs, prostate gland, and urinary 
tract. The detection of gastric GIST as a metachronous 
tumour in a patient with rectal NEN has been presented 
by Polish authors [14].

3. Diagnostics

3.1. Biochemical diagnostics
There is no specific marker for colorectal neuroendo-
crine neoplasms. Determination of serum chromogra-
nin A concentration is still the most valuable method of 
monitoring, treating, and anticipating the course of the 
disease. CgA concentration may be elevated and cor-
relate with the severity of the neoplastic disease [15, 16]  
(*evidence level 3).

As tumours in this part of the gastrointestinal tract 
rarely secrete serotonin, the concentration of 5-hydrox-
yindoleacetic acid in the 24-hour urine collection usu-
ally remains normal. The concentration of serum acid 
phosphatase may be elevated in the case of neoplasms 
demonstrating expression of the prostate-specific frac-
tion [8, 17, 18] (* evidence level 5).

Minimal consensus statement on biochemical tests:
— serum CgA remains the most important biochemical 

marker in the diagnostics, monitoring, and establishing the 
prognosis in colorectal NENs.

3.2. Pathomorphological diagnostics
3.2.1. Pathogenesis
Similarly to the above discussed NENs in different 
gastrointestinal locations, colorectal neuroendocrine 
neoplasms are divided into well-differentiated neu-
roendocrine neoplasms with Ki-67 below 3% — NET 
G1, with Ki-67 index between 3 and 20% — NET G2, 
and with Ki-67 over 20% – neuroendocrine carcinomas 

(NECs): large- or small-cell, as well as mixed neuroendo-
crine non-neuroendocrine neoplasms (MINENs). There 
is also a small group of well-differentiated tumours with 
Ki-67 index over 20%, which in the AJCC eighth edi-
tion 2017 are referred to as NET G3 [19]. The diagnostic 
criteria are discussed in Chapter 2.2 and (Table V, VI and 
VII) (see p. 82–86).

Colonic neuroendocrine neoplasms are potentially 
malignant neoplasms. At the early stage they create 
polyps, which macroscopically resemble adenomas. 
However, at the moment of diagnosis they are usually 
exophytic tumours, which in the microscopic assess-
ment are diagnosed as neuroendocrine carcinomas 
or mixed neoplasms (MINENs). Most colonic NENs 
are highly malignant, and at diagnosis approximately 
30% of cases present metastases to the lymph nodes, 
mesentery, peritoneum, and liver [8].

Rectal neuroendocrine neoplasms are a different 
group; they are usually polyps, 1 to 2 cm in diameter, 
with the morphology of well-differentiated neoplasms 
(NET G1, NET G2), infiltrating the mucosa and/or sub-
mucosa, whereas neuroendocrine cancers (NECs) of 
the rectum demonstrate an aggressive clinical course. 
At the moment of diagnosis, metastases to the lymph 
nodes are often found. Colorectal neuroendocrine car-
cinomas are highly malignant neoplasms. Carcinomas 
arising from the large cells account for approximately 
75% of all colorectal NECs, and they are more frequently 
located in the right part of the colon. Sometimes they 
are associated with adenomas and adenocarcinomas. 
Their mitotic activity is high (median of 34/10 HPF), 
with a proliferative activity of more than 20%. Im-
munohistochemical examination sometimes indicates 
low chromogranin A expression and high expression 
of synaptophysin and CD 56. Small-cell carcinomas ac-
count for 25% of colorectal neuroendocrine carcinomas, 
and they are usually found in the distal section of the 
colon and rectum. They may be associated with squa-
mous cell carcinoma or classic adenocarcinoma. They 
demonstrate the expression of chromogranin A and 
synaptophysin; some tumours are cdx2-positive and 
TTF1-positive. The Ki-67 proliferation index is above 
50%, usually close to 100%. It should be emphasised that 
rectal NENs in 28 to 82% of cases express prostatic acid 
phosphatase, potentially resulting in a misdiagnosis of 
tumours arising in male patients [8]. Table I presents the 
pathogenesis of NENs of the colon and rectum

3.2.2. Diagnostic algorithm
In macroscopic assessment the following elements are 
considered:

—— Length of that part of the intestine obtained for 
examination, with the description of the tumour 

*evidence level according to OCEBM [68]
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location relative to the intestine resection margins 
(proximal, distal, and circumferential or radial mar-
gin, examined in the segments of the large intestine 
either unencased or incompletely encased by serosa, 
should be marked with ink);

—— Tumour assessment: number, size in three dimen-
sions, mutual relation of the tumours, cross-section 
appearance, considering extravasation and foci 
of necrosis, and the relation of the tumour to the 
intestinal wall layers;

—— Condition of the mucosa at the tumour site (ulcera-
tion present/not present);

—— Condition of the serosa at the tumour site;
—— Presence and size of the lymph nodes;
—— Presence of other tumours in the intestinal wall [8].
Microscopic assessment is based on the assessment 

of the following parameters:
1.	 Histological type of the NEN according to the WHO 

2017 classification [20], supplemented by Chapter 
2.2 and Tables V and VI (p. 82–86).

2.	 Histological grade G according to ENETS/WHO 
2017.

3.	 Pathomorphological pTNM staging according to 
ENETS and AJCC/UICC [19, 21]

4.	 Assessment of immunohistochemical expression 
of neuroendocrine markers: chromogranin A and 
synaptophysin, as well the Ki-67/MIB1 proliferative 
activity (obligatory).

5.	 Immunohistochemical assessment of the markers: 
NSE, CD56, CDX2, and serotonin (conditional).

6.	 Assessment of surgical margins.
Regarding 1 and 2: histopathological WHO 2017 

NEN classification and histological grading according to 
ENETS/WHO 2017 are presented in part one: "General 
guidelines for the management of gastro-entero-pan-
creatic neuroendocrine neoplasms (recommended by 
the Polish Network of Neuroendocrine Tumours)" (see  
p. 79–110).

Regarding 3: pathological and clinical pTNM staging.
The staging of colorectal neuroendocrine neoplasms is 

verified using the TNM classification according to AJCC/ 
/UICC and ENETS. As for the location of this neoplasm, 
both classifications are consistent. It is important, how-
ever, that the European Neuroendocrine Tumour Society 
classification is also applied to neuroendocrine carcino-
mas. According to the AJCC/UICC classification, NECs 
are assessed by the same criteria as adenocarcinomas, 
not as neuroendocrine neoplasms. Table II gives the TNM 
classification according to the AJCC and ENETS criteria. 
Table III gives the assessment criteria for clinical staging 
of colorectal NENs.

3.2.3. Prognostic indicators in the histopathological 
report

The risk factors of colorectal NEN associated with 
metastases, include: tumour > 2 cm in diameter, in-
vasion of the muscular layer of the colorectal wall, 

Table I. The pathogenesis of colorectal NENs 

Enterochromaffin 
cell (EC)

EC cell NENs are neuroendocrine neoplasms of the 
midgut (midgut-type NEN), which:

— occur mainly in the right part of the colon

— produce serotonin

— present histological and cytochemical 
characteristics similar to NENs in the 
ileocaecal area

— form, morphologically, solid nests surrounded by 
a circumferential palisade of cells, sometimes 
with rosette or bulbous structures, very rarely 
solid fields

— often have desmoplastic stroma

— have a differentiation grade of G1 or G2

— have tumour diameter of approximately 4.9 cm

— have positive cdx2 immunoexpression

L cell L cell NENs are neoplasms of the hindgut 
(hindgut-type NEN), which:

— are found in the distal section of the colon and 
rectum

— produce glucagon-like peptides (GLP-1), PP/
PYY, serotonin (30%), and somatostatin (20%)

— usually form submucosal, single polyp-like 
nodules covered by the intestinal epithelium

— are smaller than 1 cm in over 50% of the tumours

— create trabecular structures in the microscopic 
image, rarely rosette or tubular structures

— do not demonstrate immunoexpression of cdx2

Table II. TNM AJCC 8, UICC 8 Edition 2017 classification of 
colorectal NENs [19, 21]

Feature T — 
primary tumour 
x

Comments

pTX Tumour has not been assessed

pT0 No evidence of a primary tumour

pT1

pT1a 

pT1b

Tumour invades the mucosa or submucosa, size  
≤ 2 cm

Tumour size < 1 cm.

Tumour size 1–2 cm

pT2 Tumour invades the muscularis propria or size  
> 2 cm and invades the mucosa or submucosa

pT3 Tumour penetrates the muscularis propria and 
invades the subserosal tissue, without invading the 
serosa

pT4 Tumour invades the peritoneum, other organs or 
adjacent structures

*evidence level according to OCEBM [68]
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vasoinvasion, and > 2 mitotic figures/10 HPF. It is 
recommended that any focal tumour necrosis is deter-
mined, which indicates a more aggressive tumour [8].

An important parameter in the histopathological 
report on a colorectal NEN is the assessment of the 
proximal, distal, and circumferential margin. The cir-
cumferential margin is assessed in segments of gastroin-
testinal tract either unencased or incompletely encased 
by serosa. It should be noted that it should be marked 
with ink during the macroscopic assessment of the 
surgical material. It is recommended that the distance is 
noted between the tumour foci with the deepest infiltra-
tions and the circumferential margin line. A margin of  
> 1 mm indicates complete resection, whereas a margin of 
≤ 1 mm is interpreted as incomplete [8].

Minimal consensus statement on pathomorphological 
examination:

Minimal histopathological report on colorectal NEN 
should include:

—— Histological type of the neoplasm according to WHO clas-
sification, considering the division into well-differentiated 
neuroendocrine neoplasms (NET G1 and NET G2) with 
Ki-67 index below 20%, and NET G3 and neuroendocrine 
carcinomas (NECs) with Ki-67 index above 20% or mixed 
neoplasms (MINENs);

—— Histological G grading referring to well-differentiated 
neoplasms (NET G1, NET G2, NET G3) and NECs;

—— pTNM histopathological staging according to ENETS and 
AJCC/UICC 8 (2017) classification systems;

—— Assessment of surgical margins.
The histopathological diagnosis of NEN must be confirmed 

by immunohistochemical tests assessing expression of the 
neuroendocrine markers: synaptophysin and chromogranin 
A, as well as Ki-67 proliferative activity using the MIB1 
antigen (*evidence level 3).

3.3. Location diagnostics
3.3.1. Endoscopic diagnostics
The basic diagnostic method in colorectal NENs is co-
lonoscopy with a biopsy for morphological assessment, 
supplemented by echoendoscopic examination (EUS). 
EUS is mainly performed in rectal lesions. In colonic 
tumours diagnosed as submucosal polyps/lesions, the 
colonoscopic assessment may be supplemented by USG 
mini-probe. The large intestine may also be examined 
using capsule endoscopy [8, 23].

Colonic NENs are most frequently lesions that 
macroscopically resemble cancer infiltration; diag-
nosed early, they take the form of submucosal polyps/
tumours. Most rectal NENs (80%) demonstrate char-
acteristic morphological features. They are nodular 
with a wide base, smooth on the surface, covered by 
a mucosa of normal appearance or slightly yellow/

white [5–8]. Atypical features, observed in 20% of cases, 
include: semi-pedunculated shape, reddening of the 
mucosa, central depression, and erosion or ulceration 
on the surface. Atypical features occur mostly in lesions  
> 1 cm. Ulceration of the surface is associated with  
a worse prognosis. Lesions are usually single, and lo-
cated in the middle part of the rectum.

Contrary to other subepithelial lesions, in most pa-
tients (83%) with NEN, the biopsy results are positive [4]. 
This is because NENs arise from the muscular layer of 
the mucosa.

EUS allows the distinguishing of an epithelial polyp 
from a NEN (different echogenicity of lesions and dif-
ferent layer from which the lesion derives), determines 
the stage of local advancement, and helps in the choice 
of optimal therapy (i.e. endoscopic or surgical treat-
ment) [8, 9, 24]. Using EUS enables precise assessment 
of the size of the lesion, and determination of the depth 
of infiltration, and description of the condition of lymph 
nodes. The sensitivity and specificity of this test in the 
assessment of the depth of infiltration is 87% and 93%, 
respectively [6]. In EUS, colorectal NENs manifested 
as polyps are well demarcated, iso- or hypoechogenic, 
homogenous lesions derived from the muscular layer 
of the mucosa. The lesion may infiltrate the submucosa; 
deeper layers are invaded less frequently.

In the case of neuroendocrine rectal lesions of < 1 cm 
diameter, some authors do not recommend EUS as a tool 
for the assessment of the stage of disease advancement [24].  
However, the recent ENETS guidelines strongly recom-
mend EUS in rectal NENs over 5 mm in diameter [9].

3.3.2. Other imaging examinations
As mentioned above, colonoscopy supplemented 
by EUS examination is essential in the diagnostics of 
colorectal tumours. In the case of lesions closing the 
intestinal lumen, full colonoscopy is impossible. In 
such cases, recommended are multiphase abdominal 
and pelvic CT (computed tomography)/MRI (magnetic 
resonance imaging), before and after the administration 
of the contrast medium, after filling the gastrointestinal 
tract with negative contrast, or CT colonography [8, 26].

Table III. Colorectal GEP NENs staging according to TNM 
AJCC 8, UICC. Edition 2017 [19, 20]

Stage I T1 N0 M0

Stage IIa T2 N0 M0

Stage IIb T3 N0 M0

Stage IIIa T4 N0 M0

Stage IIIb Any T N1 M0

Stage IV Any T, any N M1

*evidence level according to OCEBM [68]
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To assess the stage of advancement, abdominal 
ultrasonography (US), CT/MRI, and somatostatin recep-
tor imaging (SRI) may be used. Abdominal ultrasound 
is a useful tool for the initial assessment of hepatic 
metastases and for planning/performing a biopsy. To 
assess the lesions in the chest, abdominal cavity, and 
pelvis multiphase computed tomography or magnetic 
resonance (abdominal cavity and pelvis) is used. MRI 
of the pelvis is the method of choice to assess the local 
advancement of a rectal neoplasm. There are no sepa-
rate data available for the sensitivity of SRI in the group 
of patients with colorectal NETs. SRI enables detection 
of lesions with increased somatostatin receptor (SSTR) 
expression, which is necessary to determine patient 
eligibility for treatment with somatostatin analogues 
or for radioisotope therapy based on these receptors 
(peptide receptor radionuclide therapy, PRRT) [8].

In the case of negative SRI results, a PET/CT exami-
nation should be considered after the administration of 
18F DOPA, for NECs and for quickly growing NENs, and 
PET/CT scan after the administration of 18FDG [27, 28].

Minimal consensus on imaging examinations:
—— Colonoscopy is the test of choice in the diagnostics of 
colorectal tumours.

—— EUS is recommended in rectal NENs ≥ 5 mm.
—— CT/MRI/SRI is recommended for assessing the stage of 
tumour advancement and detecting metastases (*evidence 
level 2/3).

—— SRI is required to determine a patient’s eligibility for an-
tiproliferative treatment with SSA and PRRT (*evidence 
level 2/3).

——  18FDG PET/CT examination is indicated in patients with 
NECs, with rapidly growing NETs, and in patients quali-
fied for radioisotope therapy (*evidence level 3).

4. Treatment

4.1. Surgical treatment
4.1.1. Surgical treatment of colonic NENs
Recommendations regarding surgical treatment of 
colonic NENs are analogous  to  those  regarding 
the treatment of colonic adenocarcinoma [8]. Resec-
tion (performed by open or laparoscopic access) with 
lymphadenectomy is indicated in patients with tu-
mours without distant metastases (*evidence level 1). In 
the case of  NENs G1 and G2 with distant metastases 
(usually to the liver), a palliative resection with regional 
lymphadenectomy is recommended (*evidence level 1) or, 
if possible, maximal cytoreduction of the tumour (*evi-
dence level 2), even if complete reduction is not achieved.

In the case of invasion of the adjacent organs, if 
possible from the technical point of view, a multi-
organ excision with left- or right-sided hemicolectomy 

is suggested, or extensive resections of the transverse 
colon, considering the extent of the lymphatic drainage 
(*evidence level 1) [8].

4.1.2. Surgical treatment of rectal NENs
If the lesion does not qualify for endoscopic treatment 
(ESD), surgical therapy is the method of choice. Clas-
sical surgical techniques include low anterior resection 
or abdominosacral/perineal amputation of the rectum, 
whereas minimally invasive methods include transanal 
endoscopic microsurgery (TEM) or laparoscopic resec-
tional procedures.

Figure 1 gives the r e c o m m e n d e d  algorithm for 
the treatment of rectal neuroendocrine neoplasms [8].

Indications for local resection of rectal NEN (TEM, 
ESD) include tumour size < 1 cm, absence of lymph 
node invasion, and good tumour differentiation [7]. 
Local treatment of larger lesions, up to 2 cm, is possible. 
The treatment is considered sufficient if the pathomor-
phological examination does not reveal any adverse 
prognostic factors [7–9].

Local excision using the TEM technique is a prom-
ising therapeutic option because it enables transanal 
transmural excision of the lesion. Literature data reveals 
the superiority of TEM over classical local excision 
through the open anus because the method demon-
strates high efficacy and safety in groups of carefully 
selected patients [29].

In a study by Kim et al. (2012), in 97% of patients 
undergoing the TEM procedure free margins were 
obtained in the histopathological examination [30].

In another study, Wu et al. demonstrated a higher 
rate of free margins obtained after using the TEM tech-
nique (100%) compared to ESD and EMR (82.6% and 
65.5%, respectively) [31].

Tumours > 2 cm in diameter (according to some au-
thors, even those > 1.5 cm) are frequently associated with 
infiltration of the muscle membrane. In such cases resec-
tional procedures are recommended, preferably saving 
the sphincters. Anterior resection of the rectum with 
total excision of the mesorectum (TME, total mesorectal 
excision) is the procedure of choice, possibly including 
construction of protective stomy [8, 32].

Radical resection is also recommended in the pres-
ence of other risk factors for the regional lymph nodes, 
such as: high tumour mitotic index (G2, G3, Ki-67 > 2%),  
invasion of lymphatic and blood vessels, or positive 
expression of HES77 [33, 34].

In the case of T3 and T4 tumours with invasion to 
the local lymph nodes, oncological radicality can be 
achieved, provided there are no distant metastases.

If the tumour is located low in the rectum, or if it in-
vades the sphincter, then abdominosacral or abdominop-

*evidence level according to OCEBM [68]
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erineal amputation are recommended (*evidence level 1).  
The most recent data also question the established limit 
diameter. Some authors suggest that tumour size over  
15 mm is the cut-off point between local excision and ab-
dominoperineal rectal amputation because in this group 
the risk of distant metastases is very high. In such cases 
ESD resection is burdened with a high risk of oncological 
failure. In special cases, especially if the patient does not 
consent to a radical procedure, using the TEM technique 
can be an optimal solution. However, the patient must be 
informed that in the case of unfavourable results of the 
histopathological examination of the tumour removed via 
TEM, a radical rectal resection may be necessary.

In a series of cases described by Gleeson et al., no 
metastases were found if the lesion size did not exceed  
9 mm [35]. Local resection was considered safe in lesions 
of 10 to 16 mm in diameter in the study by McDermott 
et al. (however, it was a collective analysis, in which the 
quality of data was evaluated as low or moderate for all 
the cases included in the series) [36]. One study questioned 
the superiority of a radical resection over a local excision 
procedure in the case of rectal NENs of 10 to 20 mm in di-
ameter, with or without lymph node invasion, because the 
radical resection may adversely affect quality of life [37].

In locally and systemically advanced tumours with 
distant metastases, radical resections are not recom-
mended because in this group of patients survival is 
6–9 months following the diagnosis [8, 9].

Palliative surgery is indicated in the case of a bleed-
ing tumour if local haemostasis is ineffective (e.g. argon 
plasma coagulator, APC), or gastrointestinal obstruction 
(*evidence level 1). In NETs of G1 and G2 with metastases 
limited to the liver a radical local excision of the tumour 
with subsequent resection of hepatic parenchyma (me-
tastasectomy) (*evidence level 1) or, in certain cases, a liver 
transplant (*evidence level 4) [8]. However, it should be 
emphasised that the available literature presents only 
the results of treatment of individual series of patients 
with colorectal NENs with hepatic metastases [38].

In the case of incomplete excision of a rectal tumour 
during an endoscopic procedure, it is recommended 
that salvage surgery is performed. Analysis of the lit-
erature does not allow the unambiguous establishment 
of whether salvage treatment is necessary, and if it is, 
the data does not indicate clearly which option is the 
best. Therefore, each case should be treated individu-
ally, based on the patient’s risk factors and the clinical 
experience of the physician and the centre. Following 
incomplete resection with endoscopic techniques or 
after procedures performed with other techniques, the 
patient should be referred to centres specialising in the 
treatment of NENs (Fig. 2).
Minimal consensus statement on surgical treatment:

—— Colonic NENs mostly require surgical treatment.
—— Rectal NENs associated with adverse prognostic factors 
(regardless of the size)

—— and tumours of 2 cm or more in diameter should be treated 
surgically.

4.2. Endoscopic treatment of colorectal 
neuroendocrine neoplasms
For endoscopic treatment of colorectal NENs, eligible 
patients should be those who are at almost no risk of 
metastases to regional lymph nodes or of distant me-

Treatment of rectal NENs

Any NEN < 1 cm 
or 1–2 cm
without adverse 
prognostic factors

Endoscopic/
/microsurgical
 treatment

Any > 2 cm 
or 1–2 cm 
with adverse
 prognostic factors

Surgical 
treatment

*Transanal Laparoscopic Through 
open access

ESD

TEM

Trough 
the open 
rectum access

Abdominoperineal 
amputation 
of the rectum

Anterior 
resection 
of the rectum

Abdominoperineal 
amputation 
of the rectum

TEM

Figure 1. Algorithm for the treatment of neuroendocrine rectal 
neoplasms (according to Starzyńska et al. [8]); *in individual cases

Figure 2. Algorithm of management in case of incomplete TEM 
or endoscopic treatment (according to Hyoung RK et al. [39])

positive margins, 
residual tumour,
radicality cannot 
be assessed

<1 cm or 1-2 cm 
without risk factors 

<2 cm with 
risk factors

>2 cm

TEM/ESD/EMR/
polypectomy

Rectal resection

re — TEM

positive margins, 
residual tumour, angioinvasion/
/lymph nodes invasion

positive margins, 
residual tumour,
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*evidence level according to OCEBM [68]
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tastases. Endoscopic mucosal dissection (ESD) is the 
optimal treatment method because it is associated with 
the highest R0 resection rate [40–44].

In colonic NENs, due to the high risk of metastases 
to regional lymph nodes, surgical treatment is recom-
mended. In a study based on a large group of patients 
with colonic NENs treated surgically (923 patients), Al. 
Natour et al. analysed the relationship between the size 
of lesion, depth of invasion, and occurrence of metasta-
ses. The authors demonstrated that in the case of early 
detected lesions, smaller than 1 cm, and limited to the 
mucosa, the risk of metastases to the regional lymph 
nodes was 4%, and for other lesions it was ≥ 14% [45].

Approximately 80% of rectal NENs qualify for en-
doscopic local therapy. It has been documented that in 
rectal NENs the size of the tumour is a sensitive indica-
tor of the risk of the metastases to the regional lymph 
nodes and disease progression [36]. It has also been 
demonstrated that only in patients with neoplasms of < 
10 mm the risk of metastases is low and prognosis good. 
In this group, the ratio of patients with regional lymph 
node invasion is 3%, and with distant metastases it is 
1.6%. With tumours of 11–19 mm, the risk of metastases 
increased to 66%, and 50% for regional lymph nodes 
and distant metastases. In the case of lesions > 20 mm, 
in 73% of patients metastatic lesions were found in the 
lymph nodes at the diagnosis, while in all of the patients 
(100%) distant metastases occurred.

Established prognostic factors include depth of 
invasion, vascular status, and proliferation index. Bad 
prognostic markers/risk factors include invasion of 
the muscularis propria, lymph node invasion or/and 
angioinvasion, and proliferation index > 2%.

According to McDermott et al., rectal NENs of up 
to 10 mm, without any risk factors, are eligible for 
endoscopic treatment [37]. In the group of lesions  
10–20 mm in diameter the neoplasm may be removed 
endoscopically, and after assessment of the preparation/ 
/risk factors, further management can be determined. 
Rectal NENs > 20 mm, and those with bad prognostic 
markers, should undergo radical surgical treatment, 
including resection of the mesorectum.

Classical polypectomy cannot be performed in the 
treatment of colorectal neuroendocrine neoplasms be-
cause these lesions derive from the second layer of the 
gastrointestinal wall (muscularis mucosae) and grow 
towards the submucosa. In most cases, with small le-
sions (up to 1 cm), endoscopic mucosal resection (EMR) 
is conducted, in different versions, as well as endoscopic 
submucosal dissection (ESD) [40–44]. The latter has been 
proven to be the method of choice. ESD, in comparison 
to EMR, provides a higher ratio of en bloc and R0 resec-
tions (100% vs. 89% and 82–91% vs. 65–70%), while the 

frequency of complications is similar. Most complications 
(delayed bleeding, perforation) may be treated endo-
scopically. No fatal complications have been reported.

ESD enables removal of the tumour in one piece (en 
bloc), within the healthy tissue, regardless of the size of 
the lesion or the presence of fibrosis. Application of this 
method became possible after the Olympus Tokyo com-
pany introduced a special knife (insulation tip-IT knife), 
which reduced the risk of perforation due to a porcelain 
ball-shaped tip. The procedure starts by marking the 
borders of the lesion, allowing for a healthy tissue margin. 
Saline solution with diluted adrenalin and indigo carmine 
is injected into the submucosa to elevate it and increase 
its volume. When a small incision is made, the next steps 
include performing a round incision and dissection of 
the lesion within the submucosa. Endoscopic treatment 
is associated with very good longterm results [41].

ESD procedures are performed in Poland in the fol-
lowing centres Department General, Gastroenterologi-
cal and Gastrointestinal Neoplasms Surgery Teaching 
Hospital, Medical University of Lublin; Endotherapy 
Non-public Health Care Facility in Warsaw; Depart-
ment Gastroenterology, CMKP, Warsaw; Oncology 
Centre, Bydgoszcz; Department of Gastroenterology, 
Medical University in Białystok; and the Department 
of Gastroenterology, Pomeranian Medical University 
in Szczecin. The largest number of procedures were 
performed in Szczecin.

Minimal consensus statement on endoscopic treatment:
—— Endoscopic treatment of colorectal NENs concerns mostly 
lesions in the rectum.

—— ESD is the treatment of choice among endoscopic tech-
niques.

—— Rectal NENs of up to 1 cm in diameter is an optimal 
indication for endoscopic treatment.

—— Rectal NENs of 10–20 mm in diameter may be removed 
endoscopically (ESD), and after the assessment of the prepa-
ration/risk factors, further management can be determined.

4.3. Pharmacological treatment
4.3.1. Biotherapy

Somatostatin analogues (SSA)
Carcinoid syndrome is very rare in colorectal neu-
roendocrine tumours. In the case of a disseminated 
neoplastic process with the symptoms of excessive 
serotonin secretion, using somatostatin analogues is 
the treatment of choice (*evidence level 1) [46]. In non-
functional neuroendocrine neoplasms (NF-NENs), 
there is no conclusive evidence of the anti-neoplastic 
effectiveness of SSA, but their effectiveness may not 
be excluded, due to the results of the CLARINET and 
RADIANT-2 studies [47,48].

*evidence level according to OCEBM [68]
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Targeted therapy — m-TOR inhibitors (everolimus)
An analysis of the RADIANT-2 subgroups, including 
only those patients with advanced G1/G2 colorectal 
NENs, has demonstrated that, statistically, the progres-
sion-free survival of the patients who received everoli-
mus plus octreotide LAR (median PFS 29.9 months,  
n = 19) was significantly longer than in those patients 
receiving placebo plus octreotide LAR (median PFS 6.6 
months, n = 20). Using both drugs (everolimus + SSA) 
in combination may be justified in the case of G1/G2 
neoplasms, but further verification is required [48]. The 
CLARINET study did not demonstrate any clear advan-
tages of using lanreotide; however, the data regarding 
neuroendocrine neoplasms of the large intestine in this 
subgroup was too limited to draw any conclusions.

Everolimus is recommended in non-resectable, lo-
cally advanced and/or metastatic colorectal NENs (G1 
and G2) as a second-line therapy, if SSA treatment is 
ineffective, or as a third-line therapy, if SAA and/or in-
terferon alpha (INF-α) (currently unavailable in Poland) 
and PRRT therapy is unsuccessful [46, 49].

4.3.2. Chemotherapy
Chemotherapy is indicated primarily in the treatment 
of patients diagnosed with neuroendocrine carcinomas 
(NEC). In the case of poorly-differentiated NECs, stand-
ard management should involve chemotherapy using 
platin derivatives [46, 50, 51]. Detailed recommendations 
are presented in “Diagnostic and therapeutic guidelines 
for gastro-entero-pancreatic neuroendocrine neoplasms” 
(see p. 79–110). Second-line therapy in patients with 
NECs should be considered individually, exclusively in 
patients with good function (*evidence level 4).

Regimens based on oxiplatin (FOLFOX, XELOX), 
irinotecan (FOLFIRI, IP), or temozolomide are recom-
mended (*evidence level 4) [52–56].

Chemotherapy involving platin derivatives may be 
repeated in patients who demonstrate good response to 
first-line treatment that persists for over three months, 
and if no side effects of the therapy are observed.

In patients with NETs chemotherapy is not recom-
mended, except for NET G2 with Ki-67 > 15%, and ag-
gressive course (RECIST progression within 3-6 months), 
or without SSTR expression, if other therapeutic methods 
are unsuccessful, i.e. the disease progresses despite the 
treatment with everolimus (presently not refunded for this 
indication in Poland) or INF-α (presently unavailable in  
Poland) [45]. Chemotherapy is based on temozolomide and/ 
/or capecitabine and/or capecitabine with bevacizumab (beva-
cizumab is not refunded in this indication in Poland) [57, 58].

Patients with MINEN of the large intestine should be 
treated following the standards of the oncological man-
agement intended for classical colorectal carcinomas.

Minimal consensus for pharmacological treatment:
—— In patients with colorectal NETs with carcinoid syndrome 
symptoms, SSA therapy is a treatment of choice.

—— In patients with non-surgical, locally advanced, and/or 
metastatic colorectal NETs G1 and G2 without SSTR 
expression, SAA should be considered as the first-line an-
tiproliferative therapy; in case of progression, everolimus 
or PRRT is recommended.

—— In patients with Ki-67 > 15%, if the disease still pro-
gresses rapidly, temozolomide and/or capecitabine-based 
chemotherapy is recommended.

—— In patients with NECs, the treatment of choice involves 
chemotherapy with the use of platin derivatives.

4.4. Peptide Receptor Radionuclide Therapy with 
radioisotope-labelled somatostatin analogues 
(PRRT)
Presently, there is very limited data concerning the 
effectiveness of targeted therapy with radioisotope-
labelled somatostatin analogues in the group of pa-
tients with colorectal NENs. The observed survival 
following PRRT is shorter than in midgut tumours [59]. 
However, there are no randomised data in this group 
of patients. Qualification and treatment should follow 
the principles described in “Diagnostic and therapeutic 
guidelines for gastro-entero-pancreatic neuroendocrine 
neoplasms (recommended by the Polish Network of 
Neuroendocrine Tumours)” (see p. 79–110).

PRRT in hindgut tumours should be considered in 
patients with diffused or non-resectable NETs, demon-
strating high overexpression of somatostatin receptors, 
confirmed by SRI examination [59–68].

Minimal consensus statement on radioisotope treat-
ment:

PRRT should be considered in patients with diffused or 
non-resectable hindgut NETs, if the tumour presents high 
overexpression of somatostatin receptors in the SRI examina-
tion (*evidence level 3/4).

4.5. Follow-up 
After a complete endoscopic or surgical removal of the 
colorectal neuroendocrine neoplasm, the following 
follow-up is recommended [7, 8, 22]:

—— G1, G2 tumours up to 1 cm, without lymph node me-
tastases, without invasion of the muscularis propria – 
regular monitoring of patients is not recommended;

—— G3 tumours smaller than 1 cm and G1–3 tumours of 
1–2 cm: colonoscopy every 12 months;

—— tumours larger than 2 cm: obligatory follow-up ex-
aminations: G1/G2 tumours: colonoscopy/imaging 
examination/CgA in the first year; for G3 tumours, 
the same examinations every 4–6 months in the first 
year, then once a year.

*evidence level according to OCEBM [68]
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Follow-up imaging examinations:
—— for lesions in the rectum: EUS, colonoscopy, MRI;
—— for lesions in the colon: CT, colonoscopy;
—— liver assessment: contrast-enhanced MRI, multi-
detector CT.
It is recommended that serum CgA is determined 

for ten years.
A precise system of risk assessment for rectal NENs 

has been developed, including a combination of four 
features: size, depth of invasion, vascular invasion, and 
mitotic index [8, 21]. Each parameter can be awarded 
0–2 points (Table IV). Zero points means a low-risk 
patient, 1–2 points — a medium risk patient, and 3 or 
more points — a high-risk patient. Low-risk patients 
(lesion < 1 cm, limited to the mucosa/submucosa, 
without vascular invasion, mitotic index < 2/50 HPF) 
do not require imaging tests for the assessment of the 
stage of the disease, and do not need monitoring. In 
medium-risk patients imaging examinations should 
be considered and follow-up tests performed. High-
risk patients require imaging examinations before the 
planned treatment, and frequent follow-up examina-
tions, due to a high risk of distant metastases (47%) and 
local recurrence (31%).

Minimal consensus statement on follow-up:
Minimal consensus on follow-up examinations in colo-

rectal NENs:
—— for lesions in the rectum: EUS, colonoscopy, MRI;
—— for lesions in the colon: CT, colonoscopy;
—— liver assessment: contrast-enhanced MRI, multi-detector CT;
—— all lesions larger than 2 cm will require follow-up; smaller 
tumours should be followed up in the presence of poor 
prognostic factors (*evidence level 3).
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Table IV. Risk assessment system for rectal NENs — CaRRS 
(according to Fahy et al. [21])

No. of 
points

Tumour 
size

 Depth of 
invasion

Angioinvasion Mitotic index

0 < 1 cm Mucosa/
submucosa

Absent < 2/50 HPF

1 1–1.9 cm Muscularis 
propria or 
deeper

Present ≥ 2/50 HPF

2 ≥ 2 cm  – –  –

Risk assessment 0 points — low risk, 1–2 points — indirect risk, ≥ 3 points — high risk

http://dx.doi.org/10.1056/NEJMoa054967
https://www.ncbi.nlm.nih.gov/pubmed/17079760
http://dx.doi.org/10.1002/cncr.11105
https://www.ncbi.nlm.nih.gov/pubmed/12569593
https://www.ncbi.nlm.nih.gov/pubmed/15887161
https://www.ncbi.nlm.nih.gov/pubmed/11786770
http://dx.doi.org/10.1159/000335594
https://www.ncbi.nlm.nih.gov/pubmed/22261972
http://dx.doi.org/10.5603/EP.2013.0032
https://www.ncbi.nlm.nih.gov/pubmed/24431120
http://dx.doi.org/10.1159/000443166
https://www.ncbi.nlm.nih.gov/pubmed/26730835
http://dx.doi.org/10.1055/s-2004-814202
https://www.ncbi.nlm.nih.gov/pubmed/15057680
http://dx.doi.org/10.1097/DCR.0b013e318291f512
http://dx.doi.org/10.1097/DCR.0b013e318291f512
https://www.ncbi.nlm.nih.gov/pubmed/23838863
https://www.ncbi.nlm.nih.gov/pubmed/25168053
http://dx.doi.org/10.1200/JCO.2007.15.4377
https://www.ncbi.nlm.nih.gov/pubmed/18565894
http://dx.doi.org/10.1016/j.regpep.2004.03.017
https://www.ncbi.nlm.nih.gov/pubmed/15177946
https://www.ncbi.nlm.nih.gov/pubmed/1245271
https://www.ncbi.nlm.nih.gov/pubmed/3026083
http://dx.doi.org/10.1007/978-3-319-40618-3_33
http://dx.doi.org/10.1245/s10434-006-9197-3
https://www.ncbi.nlm.nih.gov/pubmed/17094024
http://dx.doi.org/10.1055/s-0029-1215360
http://dx.doi.org/10.1055/s-0029-1215360
https://www.ncbi.nlm.nih.gov/pubmed/19967618
http://dx.doi.org/10.1007/s10350-006-0589-z
http://dx.doi.org/10.1007/s10350-006-0589-z
https://www.ncbi.nlm.nih.gov/pubmed/16752204
http://dx.doi.org/10.1001/jama.2009.832
https://www.ncbi.nlm.nih.gov/pubmed/19531785
http://dx.doi.org/10.1200/JCO.2007.15.1126
https://www.ncbi.nlm.nih.gov/pubmed/18349401


260

Colorectal neuroendocrine neoplasms — management guidelines	 Starzyńska Teresa et al.

SZ
K

O
LE

N
IE

 
PO

D
YP

LO
M

O
W

E

27.	 Binderup T, Knigge U, Loft A, et al. 18F-fluorodeoxyglucose positron 
emission tomography predicts survival of patients with neuroendocrine 
tumors. Clin Cancer Res. 2010; 16(3): 978–985, doi: 10.1158/1078-0432.
CCR-09-1759, indexed in Pubmed: 20103666.

28.	 Zieliński T, Przywózka A, Szczepkowski M. Przezodbytowa mikrochi-
rurgia endoskopowa. Chirurgia po Dyplomie. 2013; 10: 12–17.

29.	 Kim HR, Lee WY, Jung KUk, et al. Transanal endoscopic microsurgery for 
the treatment of well-differentiated rectal neuroendocrine tumors. J Ko-
rean Soc Coloproctol. 2012; 28(4): 201–204, doi: 10.3393/jksc.2012.28.4.201, 
indexed in Pubmed: 22993706.

30.	 Wu J, Srirajaskanthan R, Ramage J. Rectal neuroendocrine tumor. 
Dig Endosc. 2014; 26(4): 532–533, doi: 10.1111/den.12308, indexed in 
Pubmed: 25040208.

31.	 Szczepkowski M, Banasiewicz T, Krokowicz P, et al. Polski Konsensus  
w sprawie stomii pro-tekcyjnej, Pol. Przeg Chir. 2014; 86: 717–741.

32.	 Ni SJ, Sheng WQ, Du X. Pathologic research update of colorectal neu-
roendocrine tumors. World J Gastroenterol. 2010; 16(14): 1713–1719, 
indexed in Pubmed: 20380002.

33.	 Jernman J, Hagström J, Mäenpää H, et al. Expression of Stem Cell-
associated Marker HES77 in Rectal Neuroendocrine Tumors. Anticancer 
Res. 2015; 35(7): 3767–3772, indexed in Pubmed: 26124320.

34.	 Gleeson FC, Levy MJ, Dozois EJ, et al. Endoscopically identified well-
differentiated rectal carcinoid tumors: impact of tumor size on the 
natural history and outcomes. Gastrointest Endosc. 2014; 80(1): 144–151, 
doi: 10.1016/j.gie.2013.11.031, indexed in Pubmed: 24462168.

35.	 McDermott FD, Heeney A, Courtney D, et al. Rectal carcinoids:  
a systematic review. Surg Endosc. 2014; 28(7): 2020–2026, doi: 10.1007/
s00464-014-3430-0, indexed in Pubmed: 24584484.

36.	 Shigeta K, Okabayashi K, Hasegawa H, et al. Long-term outcome of 
patients with locally resected high- and low-risk rectal carcinoid tumors. 
J Gastrointest Surg. 2014; 18(4): 768–773, doi: 10.1007/s11605-014-2468-6, 
indexed in Pubmed: 24519035.

37.	 Al-Jiffry BO, Al-Malki O. Neuroendocrine small cell rectal cancer metas-
tasizing to the liver: a unique treatment strategy, case report, and review 
of the literature. World J Surg Oncol. 2013; 11: 153, doi: 10.1186/1477-
7819-11-153, indexed in Pubmed: 23844568.

38.	 Lee DS, Jeon SW, Park SY, et al. The feasibility of endoscopic submucosal 
dissection for rectal carcinoid tumors: comparison with endoscopic 
mucosal resection. Endoscopy. 2010; 42(8): 647–651, doi: 10.1055/s-0030-
1255591, indexed in Pubmed: 20669076.

39.	 Sung HY, Kim SW, Kang WK, et al. Long-term prognosis of an endo-
scopically treated rectal neuroendocrine tumor: 10-year experience in 
a single institution. Eur J Gastroenterol Hepatol. 2012; 24(8): 978–983, 
doi: 10.1097/MEG.0b013e3283551e0b, indexed in Pubmed: 22647741.

40.	 Suzuki S, Ishii N, Uemura M et al. Endoscopic submucosal dissection (ESD) 
for gastrointesti-nal carcinoid tumors. Surg Endosc 2012; 26: 759–763.

41.	 Lee EJ, Lee JB, Lee SH, et al. Endoscopic submucosal dissection for 
colorectal tumors--1,000 colorectal ESD cases: one specialized institute’s 
experiences. Surg Endosc. 2013; 27(1): 31–39, doi: 10.1007/s00464-012-
2403-4, indexed in Pubmed: 22729707.

42.	 Kim JiH, Baek IlH, Kim KOh, et al. Usefulness and feasibility of en-
doscopic submucosal dissection for colorectal tumor: a nationwide 
multicenter retrospective study in Korea. J Gastrointest Oncol. 2016; 
7(6): 924–930, doi: 10.21037/jgo.2016.06.08, indexed in Pubmed: 28078115.

43.	 Al Natour RH, Saund MS, Sanchez VM, et al. Tumor size and depth pre-
dict rate of lymph node metastasis in colon carcinoids and can be used to 
select patients for endoscopic resection. J Gastrointest Surg. 2012; 16(3): 
595–602, doi: 10.1007/s11605-011-1786-1, indexed in Pubmed: 22143420.

44.	 Pavel M, O’Toole D, Costa F, et al. Vienna Consensus Conference 
participants. ENETS Consensus Guidelines Update for the Manage-
ment of Distant Metastatic Disease of Intestinal, Pancreatic, Bronchial 
Neuroendocrine Neoplasms (NEN) and NEN of Unknown Primary 
Site. Neuroendocrinology. 2016; 103(2): 172–185, doi: 10.1159/000443167, 
indexed in Pubmed: 26731013.

45.	 Caplin A, Ruszniewski P, Pavel M, et al. A rondomized double-blind, 
placebo controlled study with lanreotide antyproliferative response in 
patients with gastroneteropancreatic neuroendocrine tumors (CLARI-
NET) Eur J Cancer. 2013; 49(supl. 3): S3.

46.	 Castellano D, Bajetta E, Panneerselvam A, et al. RADIANT-2 Study 
Group. Everolimus plus octreotide long-acting repeatable in patients 
with colorectal neuroendocrine tumors: a subgroup analysis of the 
phase III RADIANT-2 study. Oncologist. 2013; 18(1): 46–53, doi: 10.1634/
theoncologist.2012-0263, indexed in Pubmed: 23263288.

47.	 Yao JC, Fazio N, Singh S, et al. RAD001 in Advanced Neuroendocrine Tu-
mours, Fourth Trial (RADIANT-4) Study Group. Lancet. 2016; 387: 968–77.

48.	 Moertel C, Kvols L, O’Connell M, et al. Treatment of neuroendocrine 
carcinomas with combined etoposide and cisplatin. Evidence of major 
therapeutic activity in the anaplastic variants of these neoplasms. Cancer. 
1991; 68(2): 227–232, doi: 10.1002/1097-0142(19910715)68:2<227::aid-
cncr2820680202>3.0.co;2-i.

49.	 Mitry E, Baudin E, Ducreux M, et al. Treatment of poorly differentiated 
neuroendocrine tumours with etoposide and cisplatin. Br J Cancer. 

1999; 81(8): 1351–1355, doi: 10.1038/sj.bjc.6690325, indexed in Pubmed: 
10604732.

50.	 Hadoux J, Malka D, Planchard D, et al. Post-first-line FOLFOX chemother-
apy for grade 3 neuroendocrine carcinoma. Endocr Relat Cancer. 2015; 
22(3): 289–298, doi: 10.1530/ERC-15-0075, indexed in Pubmed: 25770151.

51.	 Bajetta E, Catena L, Procopio G, et al. Are capecitabine and oxaliplatin 
(XELOX) suitable treatments for progressing low-grade and high-grade 
neuroendocrine tumours? Cancer Chemother Pharmacol. 2007; 59(5): 
637–642, doi: 10.1007/s00280-006-0306-6, indexed in Pubmed: 16937105.

52.	 Hentic O, Hammel P, Couvelard A, et al. FOLFIRI regimen: an effective 
second-line chemotherapy after failure of etoposide-platinum combi-
nation in patients with neuroendocrine carcinomas grade 3. Endocr 
Relat Cancer. 2012; 19(6): 751–757, doi: 10.1530/ERC-12-0002, indexed 
in Pubmed: 22940375.

53.	 Welin S, Sorbye H, Sebjornsen S, et al. Clinical effect of temozolomide-
based chemotherapy in poorly differentiated endocrine carcinoma after 
progression on first-line chemotherapy. Cancer. 2011; 117(20): 4617–4622, 
doi: 10.1002/cncr.26124, indexed in Pubmed: 21456005.

54.	 Olsen IH, Sørensen JB, Federspiel B, et al. Temozolomide as second 
or third line treatment of patients with neuroendocrine carcinomas. 
ScientificWorldJournal. 2012; 2012: 170496, doi: 10.1100/2012/170496, 
indexed in Pubmed: 22973169.

55.	 Koumarianou A, Kaltsas G, Kulke MH, et al. Temozolomide in Advanced 
Neuroendocrine Neoplasms: Pharmacological and Clinical Aspects. 
Neuroendocrinology. 2015; 101(4): 274–288, doi: 10.1159/000430816, 
indexed in Pubmed: 25924937.

56.	 Mitry E, Walter T, Baudin E, et al. Bevacizumab plus capecitabine in 
patients with progressive advanced well-differentiated neuroendocrine 
tumors of the gastro-intestinal (GI-NETs) tract (BETTER trial)--a phase II 
non-randomised trial. Eur J Cancer. 2014; 50(18): 3107–3115, doi: 10.1016/j.
ejca.2014.10.001, indexed in Pubmed: 25454413.

57.	 Villard L, Romer A, Marincek N, et al. Cohort study of somatostatin-
based radiopeptide therapy with [(90)Y-DOTA]-TOC versus [(90)
Y-DOTA]-TOC plus [(177)Lu-DOTA]-TOC in neuroendocrine cancers. 
J Clin Oncol. 2012; 30(10): 1100–1106, doi: 10.1200/JCO.2011.37.2151, 
indexed in Pubmed: 22393097.

58.	 Cwikla JB, Sankowski A, Seklecka N, et al. Efficacy of radionuclide 
treatment DOTATATE Y-90 in patients with progressive metastatic gas-
troenteropancreatic neuroendocrine carcinomas (GEP-NETs): a phase 
II study. Ann Oncol. 2010; 21(4): 787–794, doi: 10.1093/annonc/mdp372, 
indexed in Pubmed: 19833821.

59.	 Kwekkeboom DJ, de Herder WW, van Eijck CHJ, et al. Peptide receptor 
radionuclide therapy in patients with gastroenteropancreatic neuroen-
docrine tumors. Semin Nucl Med. 2010; 40(2): 78–88, doi: 10.1053/j.
semnuclmed.2009.10.004, indexed in Pubmed: 20113677.

60.	 Bodei L, Cremonesi M, Grana CM, et al. Peptide receptor radionuclide 
therapy with ¹⁷⁷Lu-DOTATATE: the IEO phase I-II study. Eur J Nucl Med 
Mol Imaging. 2011; 38(12): 2125–2135, doi: 10.1007/s00259-011-1902-1, 
indexed in Pubmed: 21892623.

61.	 Kunikowska J, Królicki L, Hubalewska-Dydejczyk A, et al. Clinical 
results of radionuclide therapy of neuroendocrine tumours with 
90Y-DOTATATE and tandem 90Y/177Lu-DOTATATE: which is a better 
therapy option? Eur J Nucl Med Mol Imaging. 2011; 38(10): 1788–1797, 
doi: 10.1007/s00259-011-1833-x, indexed in Pubmed: 21553086.

62.	 Sowa-Staszczak A, Pach D, Kunikowska J, et al. Efficacy and safety of 
90Y-DOTATATE therapy in neuroendocrine tumours. Endokrynol Pol. 
2011; 62(5): 392–400, indexed in Pubmed: 22069099.

63.	 Pach D, Sowa-Staszczak A, Kunikowska J, et al. Repeated cycles of 
peptide receptor radionuclide therapy (PRRT)--results and side-effects 
of the radioisotope 90Y-DOTA TATE, 177Lu-DOTA TATE or 90Y/177Lu-
DOTA TATE therapy in patients with disseminated NET. Radiother 
Oncol. 2012; 102(1): 45–50, doi: 10.1016/j.radonc.2011.08.006, indexed 
in Pubmed: 21885142.

64.	 Kunikowska J, Królicki L, Sowa-Staszczak A, et al. Polish experience in Pep-
tide receptor radionuclide therapy. Recent Results Cancer Res. 2013; 194: 
467–478, doi: 10.1007/978-3-642-27994-2_26, indexed in Pubmed: 22918776.

65.	 Kunikowska J, Królicki L, Sowa-Staszczak A, et al. Nephrotoxicity after 
PRRT - still a serious clinical problem? Renal toxicity after peptide receptor 
radionuclide therapy with 90Y-DOTATATE and 90Y/177Lu-DOTATATE. 
Endokrynol Pol. 2013; 64(1): 13–20, indexed in Pubmed: 23450442.

66.	 Vinjamuri S, Gilbert TM, Banks M, et al. Peptide receptor radionuclide 
therapy with (90)Y-DOTATATE/(90)Y-DOTATOC in patients with pro-
gressive metastatic neuroendocrine tumours: assessment of response, 
survival and toxicity. Br J Cancer. 2013; 108(7): 1440–1448, doi: 10.1038/
bjc.2013.103, indexed in Pubmed: 23492685.

67.	 Bodei L, Mueller-Brand J, Baum RP, et al. The joint IAEA, EANM, and SN-
MMI practical guidance on peptide receptor radionuclide therapy (PRRNT) 
in neuroendocrine tumours. Eur J Nucl Med Mol Imaging. 2013; 40(5): 
800–816, doi: 10.1007/s00259-012-2330-6, indexed in Pubmed: 23389427.

68.	 OCEBM Levels of Evidence Working Group*. “The Oxford 2011 Levels 
of Evidence”. Oxford Centre for Evidence-Based Medicine. http://www.
cebm.net/ index.aspx?o=5653. 

http://dx.doi.org/10.1158/1078-0432.CCR-09-1759
http://dx.doi.org/10.1158/1078-0432.CCR-09-1759
http://dx.doi.org/10.3393/jksc.2012.28.4.201
https://www.ncbi.nlm.nih.gov/pubmed/22993706
http://dx.doi.org/10.1111/den.12308
https://www.ncbi.nlm.nih.gov/pubmed/25040208
https://www.ncbi.nlm.nih.gov/pubmed/20380002
https://www.ncbi.nlm.nih.gov/pubmed/26124320
http://dx.doi.org/10.1016/j.gie.2013.11.031
https://www.ncbi.nlm.nih.gov/pubmed/24462168
http://dx.doi.org/10.1007/s00464-014-3430-0
http://dx.doi.org/10.1007/s00464-014-3430-0
https://www.ncbi.nlm.nih.gov/pubmed/24584484
http://dx.doi.org/10.1007/s11605-014-2468-6
https://www.ncbi.nlm.nih.gov/pubmed/24519035
http://dx.doi.org/10.1186/1477-7819-11-153
http://dx.doi.org/10.1186/1477-7819-11-153
https://www.ncbi.nlm.nih.gov/pubmed/23844568
http://dx.doi.org/10.1055/s-0030-1255591
http://dx.doi.org/10.1055/s-0030-1255591
https://www.ncbi.nlm.nih.gov/pubmed/20669076
http://dx.doi.org/10.1097/MEG.0b013e3283551e0b
https://www.ncbi.nlm.nih.gov/pubmed/22647741
http://dx.doi.org/10.1007/s00464-012-2403-4
http://dx.doi.org/10.1007/s00464-012-2403-4
https://www.ncbi.nlm.nih.gov/pubmed/22729707
http://dx.doi.org/10.21037/jgo.2016.06.08
https://www.ncbi.nlm.nih.gov/pubmed/28078115
http://dx.doi.org/10.1007/s11605-011-1786-1
https://www.ncbi.nlm.nih.gov/pubmed/22143420
http://dx.doi.org/10.1159/000443167
https://www.ncbi.nlm.nih.gov/pubmed/26731013
http://dx.doi.org/10.1634/theoncologist.2012-0263
http://dx.doi.org/10.1634/theoncologist.2012-0263
https://www.ncbi.nlm.nih.gov/pubmed/23263288
http://dx.doi.org/10.1002/1097-0142%2819910715%2968:2%3C227::aid-cncr2820680202%3E3.0.co;2-i
http://dx.doi.org/10.1002/1097-0142%2819910715%2968:2%3C227::aid-cncr2820680202%3E3.0.co;2-i
http://dx.doi.org/10.1038/sj.bjc.6690325
https://www.ncbi.nlm.nih.gov/pubmed/10604732
http://dx.doi.org/10.1530/ERC-15-0075
https://www.ncbi.nlm.nih.gov/pubmed/25770151
http://dx.doi.org/10.1007/s00280-006-0306-6
https://www.ncbi.nlm.nih.gov/pubmed/16937105
http://dx.doi.org/10.1530/ERC-12-0002
https://www.ncbi.nlm.nih.gov/pubmed/22940375
http://dx.doi.org/10.1002/cncr.26124
https://www.ncbi.nlm.nih.gov/pubmed/21456005
http://dx.doi.org/10.1100/2012/170496
https://www.ncbi.nlm.nih.gov/pubmed/22973169
http://dx.doi.org/10.1159/000430816
https://www.ncbi.nlm.nih.gov/pubmed/25924937
http://dx.doi.org/10.1016/j.ejca.2014.10.001
http://dx.doi.org/10.1016/j.ejca.2014.10.001
https://www.ncbi.nlm.nih.gov/pubmed/25454413
http://dx.doi.org/10.1200/JCO.2011.37.2151
https://www.ncbi.nlm.nih.gov/pubmed/22393097
http://dx.doi.org/10.1093/annonc/mdp372
https://www.ncbi.nlm.nih.gov/pubmed/19833821
http://dx.doi.org/10.1053/j.semnuclmed.2009.10.004
http://dx.doi.org/10.1053/j.semnuclmed.2009.10.004
http://dx.doi.org/10.1007/s00259-011-1902-1
https://www.ncbi.nlm.nih.gov/pubmed/21892623
http://dx.doi.org/10.1007/s00259-011-1833-x
https://www.ncbi.nlm.nih.gov/pubmed/21553086
https://www.ncbi.nlm.nih.gov/pubmed/22069099
http://dx.doi.org/10.1016/j.radonc.2011.08.006
https://www.ncbi.nlm.nih.gov/pubmed/21885142
http://dx.doi.org/10.1007/978-3-642-27994-2_26
https://www.ncbi.nlm.nih.gov/pubmed/22918776
https://www.ncbi.nlm.nih.gov/pubmed/23450442
http://dx.doi.org/10.1038/bjc.2013.103
http://dx.doi.org/10.1038/bjc.2013.103
https://www.ncbi.nlm.nih.gov/pubmed/23492685
http://dx.doi.org/10.1007/s00259-012-2330-6
https://www.ncbi.nlm.nih.gov/pubmed/23389427

