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Introduction

Neuroendocrine tumours (NETs) derive 
from neuroendocrine cells that are disseminated 
in the body, and most frequently arise from 
the gastro-entero-pancreatic (GEP) and 
bronchopulmonary tracts. It is a rare neoplasm 
representing 1–2% of all digestive cancers. 
The majority of NETs are sporadic, and 
about 20% of cases are part of a hereditary 
syndrome. GEP-NETs represent about 60% of 
NET localizations and are most frequently 
detected in the midgut and, more specifically, 
in the small intestine (SI). The incidence has 
increased particularly in the small bowel and 
rectum, primarily due to incidental diagnosis upon 
screening endoscopic procedures.1 The World 
Health Organization (WHO) classification, updated 
in 2022, separates neuroendocrine neoplasms 
(NENs) into well-differentiated NETs and poorly 
differentiated neuroendocrine carcinoma (NEC).2 
NETs, representing 80 to 90% of NEN, are divided 
into three grades based on mitotic count and 
the Ki67 proliferative index (Table 1). NETs are 
often indolent, with a median overall survival (OS) 
of 9.3 years.1 Prognosis depends on the grade, 
primary site, and extent of the disease. Localized 
and G1 NETs are associated with the longest OS 
(up to 30 years for localized G1 appendix NETs). 
Pancreatic NETs (pNETs) have a less favourable 
prognosis than SI-NETs. In this article, we will 
review the classification, diagnosis, and staging 
of well-differentiated GEP-NETs, and discuss the 
different therapeutic options.

Diagnosis and Staging

Diagnosis of GEP-NETs may be an incidental 
finding or suspected from clinical symptoms 
(e.g., bowel obstruction, diarrhea, flushing). 
NENs produce hormones in about 30–45% of 
cases3,4 and symptoms are related to the 
type of hormone secreted (e.g., insulinoma, 
gastrinoma, glucagonoma, vasoactive intestinal 
peptide [VIP]oma, somatostatinoma). Carcinoid 
syndrome (CS), a result of serotonin and other 
vasoactive substance secretion (e.g., tachykinins, 
prostaglandins), is characterized by flushing, 
diarrhea, and right-sided valvular heart disease. 
It is particularly associated with liver metastasis 
since it bypasses the hepatic metabolism 
that inactivates the hormones.5 CS has been 
associated with shorter survival.4 

Histological diagnosis based on surgical 
specimen or core biopsy is essential for 
pathological diagnosis and classification of NENs. 
It is important to keep in mind that NENs are 
heterogeneous, even within the same tumour or 
between different lesions, and this may evolve 
over time. Intra-tumoural heterogeneity can 
be detected in up to 30% of NENs, especially 
in tumours with Ki67 expression >10% and 
sized ≥2 cm. Inter-tumoural heterogeneity, 
i.e., between different locations, is the result of 
molecular alterations–some trials reported a higher 
Ki67 in metastases than primary tumours— and is 
related to tumour size >4 cm.6 

Neuroendocrine tumours (NETs) represent a rare entity, with various anatomic primary tumour 
sites, three different grades, a functional or non-functional status, and differences in somatostatin 
receptor expression, making NETs a heterogeneous disease. The management of these tumours is 
challenging and varies from a simple watch-and-wait strategy to more complex multi-modality treatment 
combinations. The choice of treatments depends on the previously mentioned factors. NETs most 
frequently arise from the gastro-entero-pancreatic (GEP) tract. The article reviews the classification, 
diagnosis, and staging of well-differentiated GEP-NETs, and discusses different therapeutic options.
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Measurement of 24-hour urinary 
5-hydroxyindoleacetic acid (5-HIAA), a metabolic 
product of serotonin, has an excellent 90 percent 
sensitivity and specificity for carcinoid syndrome. 
However, the sensitivity is low in the absence 
of CS.7 Dosage of chromogranin A (CgA), a 
hormonally inactive glycoprotein secreted 
by neuroendocrine cells, is generally not 
recommended for follow-up, mainly because of 
a lack of specificity. False positive results were 
reported due to drugs (proton pump inhibitors), 
food, non-oncologic comorbidities (e.g., renal 
failure, atrophic gastritis, pancreatitis), and 
malignancies (e.g., hepatocellular carcinoma, 
breast and colon cancers).8

Diagnostic imaging should combine 
anatomical and functional modalities. Regular 
computed tomography (CT)-scans are essential 
for staging and follow-up. Well-differentiated 
NETs express the somatostatin receptor (SSTR) 
on the cell surface in about 80% of cases. Nuclear 
medicine modalities have a major role in diagnosis 
and staging and represent a new therapeutic 
option. The type of positron emission tomography 
(PET) to be used depends on the grade of the 
tumour. 68Ga-DOTATATE-PET, in combination 
with CT, is the modality of choice for low-grade 
and differentiated tumours.9 Considering the 
previously discussed tumoural heterogeneity, 
for G2/G3 NETs, both 68Ga-DOTATATE-PET and 
fluorodeoxyglucose (FDG)-PET may be indicated 
to separate low-grade lesions from poorly 
differentiated ones.10 In case of metachronous 
metastases or unexpected progression, a new 
biopsy could be considered.

Treatment

Surgery

Localized Well-differentiated G1&G2 NETs

For well-differentiated G1 and G2 NETs, 
surgery is the treatment of choice. The modality 
and extent of surgery depend on the site and 
size of the tumour, the local invasiveness, 
and the risk of lymph node metastasis.11 An 
endoscopic resection for small size (<1 cm) 
duodenal, rectal, and type 1 and 2 gastric NETs 
is a valid option. Non-functional pancreatic NETs 
sized 2 cm or smaller generally have an indolent 
course for which an observation strategy may 
be considered.12 For young patients, avoiding 
long-term surveillance with multiple imaging tests 
and their resulting costs could be an argument 
for upfront surgery. There is a clear indication 
of surgery for functional pancreatic NETs, 
irrespective of tumour size. To prevent carcinoid 
crisis during surgery, perioperative octreotide 
treatment has traditionally been recommended. 
However, its indication is now controversial as a 
review and meta-analysis showed limited benefit.13 
An intravenous injection of octreotide should 
be available in case of hemodynamic instability 
during surgery, in addition to intravenous fluid 
resuscitation. There is currently no data to support 
an adjuvant systemic treatment. Surveillance 
imaging after curative surgery is recommended for 
up to 10 years.14

Table 1. WHO 2022 classification of neuroendocrine neoplasms of the gastroenteropancreatric system2; courtesy of 
Nathalie Baudoux, MD and Mustapha Tehfe, MD, MSC. 
 
Abbreviations: HPF: high-power field, NEC: neuroendocrine carcinoma, NEN: neuroendocrine neoplasm, 
WHO: World Health Organization

Grade Mitotic index 
(/10 HPF)

Ki67 index
(%)

Well-differentiated NEN

G1 - low <2 <3

G2 - intermediate 2–20 3–20

G3 - high >20 >20

Poorly-differentiated NEN
= NEC

G3 >20 >20
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Advanced and Metastatic Disease
Resection of the primary tumour could lead 

to prolonged survival in metastatic G1 or G2 
GEP-NET cases.15 Nevertheless, there is a lack 
of prospective data to conclude a clear strategy. 
SI-NETs are a particular situation where palliative 
surgical resection of the primary lesion should be 
considered because of the frequent association 
with desmoplasia and fibrosis, which can lead to a 
bowel obstruction or ischemia. This is particularly 
true in symptomatic patients with abdominal pain 
or symptoms of intestinal obstruction. 

In cases of GEP-NETs with only liver 
metastases that can be completely resected, 
surgery can improve quality of life and 
survival.16 When the liver is the predominant 
site of metastasis but without any surgical 
possibility, a liver-directed approach like hepatic 
embolization (e.g., trans-arterial embolization, 
chemoembolization, or radioembolization) may be 
a valuable alternative.17

Liver transplantation could be considered 
in selected cases of patients <60 years with 
unresectable liver metastases without other 
metastatic sites, with a minimum of 6 months 
of disease stabilization, as assessed by an 
experienced multidisciplinary team. A systematic 
review has reported recurrence rates of 
33% to 57%.18

Systemic Treatments Options (Table 2)
Systemic therapy has the dual aim of 

controlling symptoms and improving survival 
outcomes. Whether to watch and wait or to treat 
depends on the tumour characteristics, grade, ki67 
expression, sites, and metastatic burden, as well 
as the presence of symptoms and the aim of the 
treatment (curative versus palliative). All available 
options must be explained and discussed with 
the patient.

Somatostatin Analogs (SSA)
SSA allow tumour-related symptom relief by 

70-80% and are the first-line treatment for NETs. 
Two long-acting SSA are approved and used in 
Canada: subcutaneous lanreotide autogel (120 mg) 
and intramuscular long-acting release octreotide 
(30 mg), which are both given every 4 weeks. 
Subcutaneous short-acting somatostatin is 
reserved for rapid control of functional symptoms 

and can be given multiple times daily alone or in 
combination with any of the long-acting SSA. In 
cases of persistent diarrhea that is refractory to 
SSA and related to serotonin secretion, telotristat 
ethyl, an oral tryptophan hydroxylase inhibitor, 
has shown efficacy in two Phase 3 trials, the 
TELESTAR and TELECAST trials.19 

Besides their role in symptom control, 
SSA have an anti-proliferative effect through 
the inhibition of growth factors, inhibition of 
angiogenesis, and modulation of the immune 
system. They are also indicated for both functional 
and non-functional advanced GEP-NETs with 
Ki67 <10%, as first-line treatment, alone or in 
combination with other systemic treatments. In 
the PROMID trial, long-acting octreotide showed 
a delayed tumour progression by 8.3 months 
compared to placebo in patients with advanced 
G1 midgut NETs.20 The CLARINET trial, which 
included a larger patient population with advanced 
non-functional G1/G2 (ki67 <10%) GEP-NETs, 
showed a significant prolonged progression-free 
survival (PFS) in patients receiving lanreotide, 
but no OS benefit.21 In situations where there 
is progression on standard lanreotide dosing, 
reducing the interval between injections to 
21 or 14 days could be an option. This strategy 
demonstrated encouraging PFS results in the 
Phase 2 trial CLARINET FORTE, particularly in 
patients with Ki-67 <10%.22 

Peptide Receptor Radionuclide Therapy (PRRT)
PRRT is a type of targeted therapy that uses 

a radiopeptide somatostatin analog (DOTATATE 
or DOTATOC) combined with a radioactive 
compound (generally 177Lutetium [177Lu]) that binds 
to receptors on tumour cells to deliver radioactivity 
cytotoxicity. For patients with SSTR-positive 
GEP-NETs, PRRT is a valid option in the first-line 
setting, as well as in the second-line after 
progression on SSA. 

The NETTER-1 Phase 3 trial included patients 
with midgut NET G1 or G2, after progression on 
SSA, and randomized them to either four injections 
of 177Lu-dotatate or double-dosing of octreotide 
long-acting repeatable (LAR) (60 mg; q4w). In 
this study, treatment improved PFS (28.4 months 
versus 8.5 months, p<0.001), but not OS.23
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The NETTER-2 Phase 3 trial enrolled 
patients newly diagnosed with advanced 
GEP-NETs G2–G3 (Ki67 10–55%) and 
randomized them to either four injections of 
177Lu-dotatate plus octreotide LAR (30 mg; 
q4w), or octreotide LAR (60 mg; q4w).24 
The trial showed a significant gain in PFS 
(22.5 months versus 8.5 months), and the OS 
results are pending. NETTER-2 set up PRRT as 
a new first-line option for G2/G3 (Ki67 10–55%) 
GEP-NET. It is noteworthy to mention the 2–3% 
risk of myelodysplasia associated with PRRT. 
This rate seems even higher in patients who 
previously received chemotherapy.
Tyrosine Kinase Inhibitor (TKI)

Sunitinib
Sunitinib, an oral multi-targeted TKI, was 

compared to placebo in a Phase 3 trial that 
included patients with progressing pancreatic 
NETs who were previously treated with SSA, 
chemotherapy, or local therapy. In this study, the 
median PFS was significantly longer with sunitinib 
(11.4 months versus 5.5 months)25 Although the 
survival benefit favoured sunitinib, the median 
OS could not be estimated because of the high 
number of censored events.

Cabozantinib
Cabozantinib, another oral multi-targeted 

TKI, has been evaluated in a recent Phase 3 trial, 
CABINET, in which patients with advanced G1-G3 
NETs (32% pancreatic) who progressed after 
one or more prior lines (everolimus, sunitinib, or 
177Lu-dotatate). A gain in PFS (8 months versus 
4 months) was observed for G1-G2 GEP-NETs, 
with similar effects found for OS.26

Lenvatinib, sorafenib, pazopanib, axitinib
Lenvatinib, sorafenib, and pazopanib have 

been evaluated in small Phase 2 trials in patients 
with GI-NETs, and a signal of activity was detected 
with response rates of about 22% for pazopanib 
to 44% with lenvatinib. Axitinib was evaluated in 
the Phase 3 trial AXINET in combination with SSA 
for patients with G1-G2 extrapancreatic NETs and 

showed a response rate of 13.2% and a PFS of 
16.6 months (versus 9.9 months for placebo).

Mammalian Target of Rapamycin 
(mTOR) Inhibitors

Everolimus has been evaluated in several 
Phase 3 trials in G1-G2 advanced GEP-NETs. The 
first trial, RADIANT-2, included mostly patients 
with progressing SI-NETs associated with CS, 
who were randomized to receive everolimus 
10 mg daily versus placebo, plus octreotide LAR 
(30 mg; q4w).27 A first analysis did not show a 
statistically significant gain in PFS. In a subsequent 
analysis with adjustment for prognostic factors, 
such as performance status and CgA level, 
everolimus was found to improve PFS with a 
38% reduction risk of progression, but did not 
benefit OS. The second trial, RADIANT-3, included 
patients with advanced pan-NETs, and showed 
a PFS benefit in favour of the everolimus arm 
(11 months versus 4.6 months).28 Finally, the 
RADIANT-4 trial included patients with advanced 
pre-treated non-functional GI-NETs (24%) and 
lung NETs, randomly assigned to everolimus 
versus placebo29 A statistically significant gain in 
PFS was observed (11 months versus 3.9 months), 
as well as a trend towards improved OS. The 
response rate in all these trials was <10%.

Recently, everolimus plus lanreotide 
versus everolimus alone as a first-line treatment 
was evaluated in the Phase 3 STARTER-NET 
trial in G1/G2 GEP-NETs.30 The combination 
arm showed a statistically significant benefit 
in PFS (29.7 versus 13.6 months) and ORR 
(23% versus 8.3%), but not in OS.

The combination of everolimus/bevacizumab 
versus everolimus alone was addressed in 
a randomized Phase 2 trial in pancreatic 
NETs. The combination arm showed a better 
ORR (31% versus 12%), a minor gain of PFS 
(16.7 months versus 14 months), no OS benefit, 
and significant toxicity.31 This combination is not 
approved in Canada.
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Chemotherapy
The role and place of chemotherapy in the 

treatment of NETs have yet to be defined. The 
primary site, the tumour grade, Ki67 expression, 
and the burden and aggressiveness of the disease 
are among the factors determining the indication for 
cytotoxic drugs. Streptozocin and/or doxorubicin 
and/or fluorouracil have historically been used and 
emerged from controversial trials.32 

The most commonly used chemotherapy 
regimens are capecitabine plus temozolomide 
(CAPTEM) and 5-FU, leucovorin, and oxaliplatin 
(FOLFOX). In a phase 2 trial, CAPTEM 
versus temozolomide alone in pre-treated 
but chemotherapy-naïve G1/G2 advanced 
pancreatic-NETs demonstrated a gain in PFS 
(22.7 months versus 14.4 months) and ORR 
(40% versus 34%).33 A systematic review 
confirmed these data and suggests that this 
regimen is more effective in pancreatic than 
non-pancreatic NETs.34

In a retrospective analysis of patients with 
G3 GEP-NETs who received chemotherapy in the 
first-line setting, FOLFOX was shown to result in 
the best ORR (56.4%), and CAPTEM in the longest 
PFS (12 months).35

Among patients with G1/G3 pancreatic-NETs 
previously treated with CAPTEM, FOLFOX seems 
to be effective according to a small retrospective 
trial (ORR: 45.2%, disease control rate: 93.5%).36

A platinum-based chemotherapy plus 
etoposide regimen is indicated for neuroendocrine 
carcinomas, but showed no efficacy in G1/G2 or 
G3 differentiated NETs.37

Immunotherapy
Trials with immune checkpoint inhibitors have 

been disappointing, and their role in NETs has yet 
to be defined.38 The combination of an immune 
checkpoint inhibitor and anti-vascular endothelial 
growth factor (VEGF) therapy has shown objective 
responses and encouraging PFS in a small 
single-arm trial.39

Sequencing Therapies
The sequence of treatment depends on the 

localization of the primary tumour site, tumour 
grade, functional or non-functional status, 
expression or absence of somatostatin receptor, 
as well as widespread and growth development 
of the disease. There is no established consensus 
on treatment sequencing because trials are 
lacking. We propose an algorithm of treatment in 
Figure 1. Clinical and radiological surveillance is an 
acceptable option for asymptomatic disease with 
a low tumour burden. Choosing between cytotoxic 
chemotherapy or PPRT for rapidly progressive 
NETs with high Ki67 should take into consideration 
the above-mentioned factors and the accessibility 
to each treatment. The ongoing Phase 3 
COMPOSE trial compares these two options, which 
will inform the best therapeutic strategy.

Conclusion

GEP-NET remains a rare and heterogeneous 
disease with no clear consensus on the 
optimal sequencing of therapy. Understanding 
and predicting the behaviour of the disease 
depends on multiple above-mentioned disease 
characteristics. With increasing incidence and 
prevalence, more patients will be able to enroll 
in clinical trials, which will help choose the most 
adequate treatment for patients with NET. Since 
GEP-NETs are generally indolent and have an 
expected survival of several years, the indication 
and effectiveness of treatments with preservation 
of quality of life must be properly balanced. 
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