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Abstract: Owing to the rarity and the biological and clinical heterogeneity of gastroenteropancreatic
neuroendocrine neoplasia (GEP NEN), the management of these patients may be challenging for
physicians. This review highlights the specific features of GEP NEN with particular attention on the
role of Ki67 heterogeneity, the potential prognostic role of novel radiological techniques, and the
clinical usefulness of functional imaging, including 68Ga-DOTA-SST PET/CT and 18F-FDG PET/CT.
Understanding these specific features may help to plan proper and tailored follow-up programs and
therapeutic approaches.

Keywords: neuroendocrine tumors; Ki67; carcinoids; somatostatin analogs; radiomic; positron
emission tomography

1. Introduction

Neuroendocrine neoplasia (NEN) is a heterogeneous group of diseases arising from
the diffuse neuroendocrine system, a wide spectrum of cells distributed throughout the
body able to secrete a variety of hormones and biogenic amines [1]. Although considered
relatively rare, they are increasing over time, accounting for about 0.5% of new malignancies
diagnosis [2]. The improved use of radiology and better recognition of neuroendocrine
histology may explain this trend [3].

Gastroenteropancreatic (GEP) NEN, including NEN of the gastrointestinal tract (GI
NEN) and the pancreas (pNEN), are extremely heterogenous in term of both clinical and
pathological features.

Even if considered as a long-term indolent disease, the growth pattern could be
either very low progressive or rapidly aggressive depending on the tumor site, grading
and staging. Ki67 is considered the most important prognostic factor and the strongest
predictor for poor clinical outcome, driving clinicians to plan their therapeutic choice [4].

Tumor heterogeneity, especially inter-tumor heterogeneity, is well known to be an
intrinsic hallmark in this neoplasia, starting with the tumor’s location to its clinical and
functional aspects. Furthermore, the different (epi)genetic and molecular pathways in-
volved in NEN lead to an extreme variability in tumor biology as it follows from a different
ability to metastasize along with the diverse pattern of metastases.

The emerging concept of intra-tumor heterogeneity in NEN is otherwise less explored.
This refers in particular to the heterogeneity, within the same tumor, of the proliferative

activity and functional aspects in terms of somatostatin receptor (SSTR) expression.
Ki-67 heterogeneity is well-known, depending on biopsy size as well as by comparing

Ki-67 in the primary tumor with that in metastatic recurrences [5]. Furthermore, the
proliferative activity might change over time, advising the need of repeating histological
evaluation to re-assess proliferative activity during the course of the disease in selected
cases [4].
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A hallmark of GEP NEN is the expression of somatostatin receptors (SSTR) on the
tumor cell surface, a feature that may be used for both diagnostic and therapeutic tool [6].
Notably, SSTR expression intensity may vary among different tumor lesions in the same
patients. Furthermore, a heterogenous glycometabolic activity has been observed in some
patients with NEN, owing to the possibility of different radiotracer avidity showed by
18F-FDG PET/CT. Thus, a combined use of 68Ga-DOTA-TATE PET/CT and 18F-FDG
PET/CT has been suggested to combine the potential diagnostic accuracy of these tools [7].

Over the last few years, radiomics has played a significant role in the diagnostic
work-up of NEN by identifying textural parameters potentially able to reflect tumor cell
heterogeneity and correlating with histological grading [8].

As far as tumor treatment is concerned, surgery remains the sole curative option in lo-
calized GEP NEN; however, in advanced disease, a broad therapeutic scenario is available,
including somatostatin analogs (octreotide and lanreotide), peptide receptor radionuclide
therapy (PRRT), targeted therapies (everolimus and sunitinib), and systemic chemother-
apy [9]. Given the complexity of these neoplasms, a multidisciplinary management is
recommended for effective care of patients with this uncommon kind of malignancy [10].

The importance of tumor heterogeneity is notably emphasized in these neoplasms,
but reviews on this topic are scarce. However, this heterogeneity, especially in the same
disease, is a crucial aid for clinicians to better manage patients with this uncommon kind
of neoplasm. Thus, in this review, we explore different aspects of tumor heterogeneity in
GEP NEN from a clinical point of view, with the aim to better understand the complexity
of these neoplasms.

2. Location and Clinical Presentation

According to the embryonic divisions of the digestive tract, GEP NEN were at first
divided in the foregut, (bronchopulmonary, stomach, duodenum, biliary, and pancreas),
midgut (jejunum, ileum, appendix, and proximal colon), and hindgut (distal colon and
rectum) [11]. This classification provides the first source of heterogeneity, in which the
organ/tissue of origin already imprints a distinct set of influencing features defining the
precise nature of the tumor.

The small intestine and the rectum are the most common primary NEN sites in
the digestive tract accounting for 30.8% and 26.3%, respectively [12]. GEP NENs are
clinically divided in functional (30%) and non-functional (70%) according to their ability to
secrete hormones or peptides providing a wide variety of symptoms related to a clinical
syndrome [3]. In patients with a functional GEP NEN, a correct clinical work-up is crucial
and must be considered in therapeutic strategy. Above all the possible syndromes related
to these neoplasms, the most frequent is the carcinoid syndrome characterized by release of
serotonin determining diarrhea, cutaneous flushing and in 20% of cases a carcinoid heart
disease with cardiac valve dysfunction. This syndrome is associated with NEN of the small
intestine, especially when liver metastases occur [13,14]. Most pNENs are hormonally
silent but, in a small rate of patients, a broad spectrum of clinical syndromes may be present
providing a heterogenous clinical scenario ranging from severe peptic ulcer-disease in
gastrinomas to grave hypoglycemia in insulinomas. However, it is important to remark
that up to 90% of patients with pNEN are hormonally silent with an increasing rate of small
and asymptomatic pNEN incidentally diagnosed by imaging. Non-functioning GEP NEN
have generally a silent course and are incidentally diagnosed during imaging, endoscopies
or surgery ruled out for other reason. If symptoms are present, such as abdominal pain or
discomfort, they are usually non-specific leading to a delayed diagnosis.

In some cases, an acute onset may occur (e.g., intestinal obstruction), requiring urgent
surgery and hospitalization.

Furthermore, the heterogenous clinical presentation of GEP NEN it is also affected
by the possibility, in less than 1% of patients, that the tumor arises as part of hereditary
familial syndromes, including multiple endocrine neoplasia type 1 (MEN-1), von Hippel
Lindau (VHL) syndrome, tuberous sclerosis, and neurofibromatosis type 1 [15]. A familial
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syndrome may be suspected particularly in presence of pNEN associated with a family
history of others benign or malign neoplasms such as pheochromocytoma, hamartomas,
neurofibromas, NEN of the pituitary or the parathyroids gland. However, in most cases,
GEP NENs are sporadic without any familial link.

3. Pathology, Staging and Prognosis

Given their rarity and heterogenous pathological aspects, the diagnosis of this neo-
plasm is still a challenge for the pathologist. A broad spectrum of immunohistochemical
markers may be present on the cell’s surface; however, synaptophysin and chromogranin
A (CgA) are usually mainly expressed in well differentiated GEP NENs, whereas poorly
differentiated tumors acquire neuron-specific enolase (NSE) expression loosing CgA ex-
pression. Furthermore, other immunohistochemical markers such as insulin gene enhancer
protein 1 (ISL1), caudal type homeobox 2 (CDX2) and thyroid transcription factor 1 (TTF1),
can be useful to identify primary sites in metastatic well differentiated NEN of unknown
origin [1]. After characterization, the next step consists of the assessment of tumor grade
or proliferative activity, determinate by number of mitosis and/or Ki-67 index evaluated
at immunohistochemistry. Furthermore, tumor cells may maintain characteristics of the
“normal cells”, in case of well differentiated NEN, or become poorly differentiated with
extensive necrosis areas. As far as tumor grade is concerned, the heterogenous tumor
biology of these neoplasia, makes it difficult to provide a grading system which satisfy
all categories. In 2010, The World health Organization (WHO) distinguished into three
categories based on proliferative activity and cell’s differentiation: NEN G1 (Ki67 ≤ 2%) or
G2 (Ki67: 3–20%), and poorly differentiated neuroendocrine carcinoma (NEC) G3 with a
Ki67 > 20%. The new WHO classification updated the cut-off for well differentiated G1–G2
pNEN from 2% to 3% and introduced a new category of high grade well differentiated
pNEN (NEN G3 = well differentiated tumors with Ki67 > 20%) which consists of a separate
entity compared with NEC G3 [16–18]. This last group includes tumors which are further
subclassified into small cell and large cell types. Indeed, the Ki67 level of >55% has been
further proposed to identify those diseases with a higher response to chemotherapy and
worse prognosis, compared to those with a lower proliferative activity (<55%) [19,20].
Correct assessment of tumor grade is crucial as Ki-67 has been well demonstrated to be the
most important prognostic factor and the strongest predictor for poor clinical outcome in
GEP NEN [21,22]. Furthermore, Ki-67 is determinant in planning therapeutic management
in these patients. However, intra-tumor heterogeneity is well recognized in these neo-
plasms, either for primary site or metastatic recurrences, especially for G2 grading [5,23].
Tumor grade discrepancies are even present between primary and metastases and between
different metastatic sites [24,25]. Thus, random sampling biopsy, the usual diagnostic tool,
may be not confident with the real degree of tumor proliferative activity. Furthermore, GEP
NENs often have a long disease course and proliferative activity might change over time
in about 65% of patients, hence, a histological evaluation to re-assess proliferative activity
should be performed in selected cases with rapidly progressive disease, particularly in
those of pancreatic origin [4].

Compared to other cancers, GEP NENs are usually considered less aggressive, with a
potentially indolent clinical course. However, prognosis is very heterogenous depending
on several factors including site of origin, grading, staging and tumor burden. In these
patients with advanced disease, combining different risk factors may provide a prognostic
tool able to better predict clinical outcome, compared with a given single risk factor [26–28].

4. Imaging Investigations

Several modalities of conventional imaging are available for detecting and staging
GEP NEN, including ultrasonography (US), computed tomography (CT) or magnetic reso-
nance imaging (MRI). Diagnosis of gastric, duodenal or rectal NEN are usually incidental
occurring during endoscopic procedures (esofagogastroduodenoscopy, colonoscopy). In
some cases, additional endoscopic ultrasound (EUS) is crucial for asses the degree of



Endocrines 2021, 2 31

tumor invasion and presence of lymph nodes metastases. EUS is also widely used for
tumor assessment in pNEN either to evaluate disease extension or to provide histolog-
ical specimen through random sampling biopsy [29]. Given the emerging evidence of
heterogeneity of proliferative activity as described earlier, one of the novel aims of the
radiological examinations is to find association between “qualitative” and “quantitative”
information, extracted from pre-existing images, able to correlate with tumor heterogeneity.
This strand refers to “Radiomics” or Texture Analysis (MRI or CT Texture Analysisis),
an emerging area of research which has provided promising results on prognosis and
therapy response assessment in oncologic practice [30]. To date, major research domains
of Radiomics in NEN has been the non-invasive determination of tumor grade, in order
to quantify tumor heterogeneity [31–33]. However, accurate prediction of tumor grade
in GEP NEN is still limited. In a recent experience from our group, it was showed that
some textural parameters such as Kurtosis and Entropy were associated with a poorest
prognosis at CT Texture evaluation [34]. In that study, it was also demonstrated that
CT texture features, such as Mean and Skewness, were significantly different between
pNEN and GI NEN, a figure that may be related to the different biological features of
these two kinds of NEN which results in a usually more unfavorable clinical outcome of
pNEN, compared with GI NEN [35]. One of the hallmarks of NEN is the expression of
SSTR on a cell’s surface, a feature that may be used for both diagnostic and therapeutic
tool. Overall, almost 90% of well differentiated GEP NENs present a positive finding at
somatostatin receptors imaging (SRI) and its impact on clinical outcome has been widely
demonstrated affecting both staging and therapeutic choice [36]. Indeed, the presence
of SSTR is crucial for the management of NEN, particularly when considering treatment
with somatostatin analogues (SSA) and to select patients to be treated with peptide recep-
tor radionuclide therapy (PRRT). SRI imaging has been evolved in last years, and those
with 68Ga-labelled peptides (68Ga-DOTA-SST PET/CT) are currently considered the gold
standard in the diagnosis and management of well differentiated neuroendocrine tumors.
However, poorly differentiated G3 NEN or NEN with a high mitotic index, usually loose
this characteristic showing an increased glucose metabolism similar to aggressive forms
such as adenocarcinoma or undifferentiated disease. Indeed, in the last few years, the role
of 18F-FDG PET/CT in these neoplasms has emerged as an important tool to define tumor
aggressiveness and give relevant prognostic information especially in the management of
G3 NEN [7,37]. In fact, it has been well demonstrated that 18F-FDG PET/CT has a high
diagnostic accuracy to identify progression of disease with unfavorable clinical outcomes in
patients with advanced GEP NEN [38]. In addition, its recently emerging the potential role
of 18F-FDG PET/CT in predicting response to PRRT in advanced NEN [39–41]. According
to the heterogenous biology of these neoplasms, the application of dual tracer functional
imaging has shown that areas of different uptake among the same lesions may be present
in pNEN [42]. Furthermore, a correspondence between predominant tumor uptake (SRI or
FDG) and tumor grade on histology was demonstrated confirming that 68Ga-DOTA-SST
PET/CT is superior to 18F-FDG PET/CT imaging in well differentiated NEN [43]. A cor-
relation between SUVmax and proliferative activity has also been explored however with
heterogenous results. Partelli et al., reported that the median SUVmax value varied between
31.5 and 53.5 in G1–G2 pancreatic NEN at 68Ga-DOTA-SST PET/CT, whereas it was 16.5
in the G3 subgroup. Finally, a prognostic role of SUVmax was proposed by Ambrosini et al.,
who showed that a SUVmax value > 38 at 68Ga-DOTA-SST PET/CT correlated with better
prognosis compared with those with a lower SUVmax value, in a series of G1–G2 pancreatic
NEN [36,42].

Thus, a combined use of both modalities may play a role to better understand tumor
biology in selected patients with heterogenous uptake avidity, rapidly progressive disease
or discrepancy between radiological assessment and clinical evaluation [7].
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5. Treatment Options and Management

Treatment of GEP NEN is affected by several features including site, staging, so-
matostatin receptor’s expression and tumor grade, but the latter is probably the most
employed in clinical practice. To date surgery is considered the only curative option and it
is recommended in G1 or G2 tumors, even in the presence of locoregional disease [9]. Con-
versely, selected cases with limited disease may be managed by a non-invasive approach
by endoscopic follow-up or clinical observation, depending on the primary tumor site [44].

The role of the endoscopist in the management of gastrointestinal NEN has emerged
over recent years, in particular for small gastric or rectal NEN with no risk of lymphovas-
cular invasion. The two main endoscopic techniques used in this setting are the endoscopic
mucosal resection (EMR) and the endoscopic submucosal dissection (ESD), however the
latter is preferred to better achieve complete resection.

In advanced disease of well differentiated G1 or G2 GEP NEN and in the presence
of SSTR expression, somatostatin analogues (SSA) are commonly employed as first line
systemic therapy. After the failure of SSA analogues, a broad scenario of therapeutic
options is available including loco-regional therapies, systematic therapies, chemotherapy,
and novel agents [45]. Loco-regional therapies (e.g., embolization, radiofrequency ablation
or microwave destruction) or cytoreductive surgery should be indicated either in func-
tional tumors to reduce symptoms related to a syndrome (e.g., carcinoid syndrome) or, in
non-functional NEN, when disease is limited to the liver [9,46,47]. In recent years, the thera-
peutic scenario of systematic therapies for metastatic GEP NEN has expanded considerably
as showed in Table 1 [48–53]. Finally, in poorly differentiated NEC G3, chemotherapy
remains the treatment of choice (platinum based regimen), but it may be considered also in
well differentiated NEN in case of rapidly progressive disease and/or after failure of other
therapies, or if SSTR imaging is negative (e.g., capecitabine/temozolomide) [9].

Table 1. Approved medical treatment for advanced G1-G2 GEP NEN.

Study Treatment
Investigated

Population
Enrolled Median PFS ORR

PROMID [48] Octreoride LAR 30 mg
every 4 weeks Naïve midgut NEN 14.3 mo 2%

CLARINET
[49,50]

Lanreotide 120 mg
every 4 weeks

Advanced SSTR+

GEP NEN 32.8 mo NR

RADIANT 3 [51] Everolimus 10 mg Progressive pNEN 11 mo 5%

RADIANT 4 [52] Everolimus 10 mg
Progressive

nonfunctional lung
or GI NEN

11 mo 2%

NETTER 1 [53] 177Lu-Lu DOTATE
Progressive SSTR+

midgut NEN NR 18%

Abbreviations: +, positive; 177Lu-DOTATATE, lutetium-177 dotatate; GEP NEN, gastroenteropancreatic neuroen-
docrine neoplasia; GI, gastrointestinal; LAR, long-acting repeatable; NEN, neuroendocrine neoplasia; NR, not
reached; ORR, overall response rate; PFS, progression-free survival; pNEN, pancreatic neuroendocrine neoplasia;
SSTR, somatostatin receptor.

In functional tumors, symptoms related to a syndrome, may be controlled either
by surgery, or loco-regional therapies or finally by medical treatment (e.g., diazoxide for
insulinoma, anti-secretive and anti-diarrheal drugs in Zollinger–Ellison syndrome). SSA
are used for both control carcinoid syndrome and tumor growth.

Thus, the heterogeneous clinical scenario of these neoplasms leads to a broad spectrum
of possible therapeutic options and medical figures involved the management of patients
with this neoplasma.

To date, a clear treatment algorithm in progressive disease is still lacking. Furthermore,
the heterogenous biology of GEP NEN in terms of both proliferative activity and SSTR
expression, as described earlier, makes it difficult to choose best therapeutic approach.
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Thus, early referral to NEN-dedicated centers may have important implications in reduce
delayed diagnosis and give the possibility of a multidisciplinary therapeutic approach in a
dedicated team improving patient’s clinical outcome [10].

6. Conclusions

GEP neuroendocrine neoplasia are considered a heterogeneous disease for both clinical
and biological behavior, especially for patients with multiple metastases. This review
explores different layers of heterogeneity in GEP NEN and highlights new advances
in imaging in order to quantify tumor heterogeneity and, moreover, the necessity of a
multidisciplinary approach to manage these complex and rare neoplasms, Figure 1.
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Figure 1. Future Directions in GEP NEN.

We particularly focused on the heterogeneity of proliferative activity as its crucial
role to assess prognosis and planning therapeutic options. As a consequence, the recent
tendency is to use conventional or functional imaging in order to provide a surrogate for
tumor biology in terms of both proliferative activity and somatostatin receptor expression.

Understanding the heterogeneity of these neoplasms may provide useful information
for a tailored follow-up program and a personalized therapeutic approach in patients with
GEP NEN.
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