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Abstract
NETs are neoplasms that emerge from cells of the endocrine and nervous
system, with the majority being well differentiated and slow-growing tumors. Their
common feature is the expression of somatostatin receptors 1-5. The imaging
approach of NETs is based on the classical anatomical techniques and the
radioisotopique techniques of Nuclear Medicine that assess the existence and
functionality of somatostatin receptors with the help of special radiotracers, similar
to somatostatin, labeled with gamma emitting radioisotopes. In addition to classical
imaging, the lesions that express somatostatin receptors are detected with SPECT /
CT hybrid technique (3D images) and PET / CT molecular hybrid technique, which
provide both functional and anatomical information for more accurate diagnosis
and assessment of response to treatment. The purpose of this study is to evaluate
the role of the new SPECT / CT hybrid technique in staging and re-staging of
patients with NETs, as well as to compare it with the classical somatostatin receptor
scintigraphy. The study included patients with a substantiated diagnosis, candidates
for treatment with somatostatin analogues or radiolabeled peptides (staging) and
patients who received treatment and need a response assessment (re-staging) to
determine treatment. First part of the study was the collection of patients that
underwent a standard whole-body somatostatin receptor scintigraphy and SPECT /
CT imaging after administration of 111In-DTPA-octreotide or 99mTc Tektrotyde. In
the second part followed the processing of the scintigraphic findings and finally the
comparison of the 2 techniques.
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Περίληψη
Οι ΝΕΤs είναι νεοπλάσματα που εξορμώνται από κύτταρα του ενδοκρινικού και
νευρικού συστήματος, με την πλειονότητα να είναι όγκοι υψηλής διαφοροποίησης
με αργή εξέλιξη. Κοινό χαρακτηριστικό τους είναι η έκφραση υποδοχέων
σωματοστατίνης 1-5. Η απεικονιστική προσέγγιση των NETs βασίζεται στις
κλασσικές ανατομικές τεχνικές και στις ραδιοϊσοτοπικές τεχνικές της Πυρηνικής
Ιατρικής

που

σωματοστατίνης

εκτιμούν
με

τη

την

ύπαρξη

βοήθεια

και

ειδικών

λειτουργικότητα
ραδιοιχνηθετών,

υποδοχέων

ανάλογα

της

σωματοστατίνης επισημασμένα με ραδιοϊσότοπα τα οποία εκπέμπουν γ
ακτινοβολία. Η εκτίμηση βλαβών που φέρουν υποδοχείς σωματοστατίνης
πραγματοποιείται εκτός από την κλασσική απεικόνιση, με την τελευταίας
τεχνολογίας υβριδική τεχνική SPECT/CT (3D εικόνες) και την μοριακή υβριδική
τεχνική PET/CT, οι οποίες παρέχουν συγχρόνως λειτουργικές και ανατομικές
πληροφορίες με σκοπό την ακριβέστερη διάγνωση και εκτίμηση της ανταπόκρισης
στην θεραπεία. Σκοπός της παρούσας εργασίας είναι η εκτίμηση του ρόλου της
νέας

υβριδικής

τεχνικής

SPECT/CT

στην

αρχική

σταδιοποίηση

και

επανασταδιοποίηση ασθενών με NETs καθώς και η σύγκριση αυτής με το κλασσικό
σπινθηρογράφημα υποδοχέων σωματοστατίνης. Στη μελέτη συμπεριλήφθηκαν
ασθενείς με τεκμηριωμένη διάγνωση υποψήφιοι για θεραπεία με ανάλογα
σωματοστατίνης ή με ραδιοεπισημασμένα πεπτίδια (αρχική σταδιοποίηση) και
ασθενείς οι οποίοι έχουν υποβληθεί σε θεραπεία και χρήζουν εκτίμηση της
ανταπόκρισης (επανασταδιοποίηση) με σκοπό τον καθορισμό της θεραπείας. Στην
πρώτη φάση της μελέτης έγινε η συλλογή των ασθενών που υποβλήθηκαν σε
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κλασσικό ολόσωμο σπινθηρογράφημα υποδοχέων σωματοστατίνης και σε
SPECT/CT απεικόνιση μετά από χορήγηση 111In-DTPA-octreotide ή 99mTc
tektrotyde. Στη δεύτερη φάση ακολούθησε η επεξεργασία των σπινθηρογραφικών
ευρημάτων και τέλος η σύγκριση των 2 τεχνικών.
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1. Introduction - NETs
Neuroendocrine tumors (NETs) are a heterogeneous group of malignancies with
a varied histology, best known for their ability to secrete bioactive peptides. The
term “neuroendocrine” is applied to widely dispersed cells with “neuro” and
“endocrine” properties. The “neuro” property is based on the identification of
dense core granules (DCGs4) that are similar to DCGs present in serotonergic
neurons, which store monoamines. The “endocrine” property refers to the
synthesis and secretion of these monoamines. [1] NETs receive messages (signals)
from the nervous system and respond by making and releasing hormones. These
hormones control many body functions, such as digestion and breathing.

1.1. Neuroendocrine Cells
Neuroendocrine cells are found in almost every organ of the body. They are
mainly found scattered in the gastrointestinal (GI) tract, including the small
intestine, rectum, stomach, colon, esophagus and appendix, the gallbladder, the
pancreas and the thyroid. Neuroendocrine cells are also commonly found in the
lungs or airways into the lungs (bronchi), as well as the respiratory tract of the head
and neck. The neuroendocrine cells scattered throughout these organs are often
referred to as the diffuse neuroendocrine system. Moreover, the pituitary gland,
the parathyroid glands and the inner layer of the adrenal gland (adrenal medulla)
are almost all made up of neuroendocrine cells. Other sites of neuroendocrine cells
include the thymus, kidneys, liver, prostate, skin, cervix, ovaries and testicles
(Figure 1). [2]
15 | P a g e

Figure 1: Part of the neuroendocrine system [2].

Neuroendocrine cells make and release hormones and peptides in response
to neurological or chemical signals, which can result in symptoms such as flushing
and diarrhea. These hormones enter the blood, travel throughout the body to other
cells (target cells) and attach to specific receptors on target cells, causing changes in
the cells and to their function [2]. Some examples of hormones or peptides
released by neuroendocrine cells are:
 Serotonin (5-HT or 5-hydroxytryptamine), released by nerve cells and helps
with digestion. A lot of the body’s serotonin is found and made in the
neuroendocrine cells of the GI tract where it controls the movement of food
through the GI tract. Serotonin is the most well-known mediator causing
carcinoid syndrome [3].
 Gastrin, a hormone that helps the stomach to release acid and enzymes for the
digestion procedure.
 Insulin, a hormone released by pancreatic islet cells that lowers the level of
glucose in the blood when it’s high.
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 Epinephrine (adrenaline), released by neuroendocrine cells of the adrenal
gland during stress and increases heart rate and blood pressure.
Moreover, neuroendocrine cells have the ability to produce proteins such as
chromogranin A, which serve as biomarkers and to express somatostatin receptors
on their cell surfaces. Therefore, somatostatin analogues can be useful for
diagnostic imaging and treatment.

1.2 Epidemiology
Neuroendocrine tumors account for about 0.5% of all newly diagnosed
malignancies. Although NETs traditionally have been considered uncommon, a
population-based study reported that the incidence of NETs in Canada had risen
markedly from 2.48 to 5.86 per 100,000 per year between 1994 and 2009 with a
female preponderance of around 2.5:1. According to the recent Canadian Cancer
Society statistics, the incidence of NETs is now similar to that of cervical cancer
NETs can develop at any age, but most cases occur in people 60 years of age and
older. The most frequent primary sites (Figure 2) are the gastrointestinal tract
(>50%), lung (27%) and the pancreas (6-9%). 12% to 22% of patients are metastatic.
The number of new cases of NETs diagnosed each year has been rising for about
the last 20 years, probably due to better diagnostic and imaging tests combined
with an increased awareness among pathologists to consider a diagnosis of NET
[1,3,5].
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Figure 2: Common sites of origin of NETs.

1.3 Classification
Confusion and obfuscation have surrounded the terminology of NETs ever since
the pathologist Siegfried Oberndorfer invented the word carcinoid at the turn of
the 20th century to mean “carcinoma-like”. In 1928, Gosset and Masson
characterized carcinoids as NETs on the basis of amine uptake and decarboxylation
properties. In 1963, Williams and Sandler classified carcinoids according to the
embryonic divisions of the digestive tract, that is, foregut, midgut and hindgut.
Foregut NETs comprise lung, thymus, esophagus, stomach, duodenal and
pancreatic tumors. Midgut NETs arise from the neuroendocrine cells of the small
intestine distal to the duodenojejunal flexure, the appendix and the ascending
colon. NETs of the hindgut originate in the distal colon or rectum (Figure 3) [1,3]
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Figure 3: NETs classification by the embryological site of origin [1].

NETs are also grouped by the primary site of the tumor in the body. The most
common are:
 Gastrointestinal neuroendocrine tumors (GI NETs). GI NETs develop in
organs of the gastrointestinal tract, including the small intestine, rectum,
stomach, colon, esophagus, appendix and they usually grow slowly. They are
classified based on the differentiation between NE cells and normal cells and
by how fast the cells are growing (grade). Well-differentiated GI NETs are
made of cells that look and act much like normal cells. These tumors can be
indolent, grow quickly or be aggressive. Poorly differentiated GI NETs are
aggressive cancerous tumors, made of abnormal cells that grow and divide
very quickly compared to normal cells.
 Lung neuroendocrine tumors (lung NETs). They develop in the lungs or
airways, often in the airways that branch off from the windpipe into the lungs
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(bronchi). In 1999, the Travis-WHO classification system divided this group
into four subtypes:
1. Typical carcinoid tumors (cells that look and act like normal, slow
growing, low grade)
2. Atypical carcinoid tumors (well-differentiated cancerous tumors, cells
that look and act much like normal, slow growing, possible spread to
other parts of the body, intermediate grade)
3. Large cell lung NETs (poorly differentiated cancerous tumors, very
abnormal cells, aggressive, quick growing, possible spread to other parts
of the body, high grade)
4. Small cell lung NETs (poorly differentiated cancerous tumors, aggressive,
quick growing, often spread to other parts of the body, high grade)

 Pancreatic neuroendocrine tumors (pNETs). pNETs look like the islet cells of
the pancreas. Islet cells form clusters that include different types of cells that
make hormones, including alpha cells (A cells) that make glucagon, beta cells
(B cells) that make insulin and delta cells (D cells) that make somatostatin.
They are classified like GI NETs, based on the differentiation between NE cells
and normal cells and by how fast the cells are growing (grade). The naming of
pNETs may include the type of cell it looks like or the hormone it makes, such
as gastrinoma, insulinoma, glucagonoma, somatostatinoma.

 Other NETs
1. Medullary Thyroid Carcinoma (MTC)
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2. Paraganglioma
3. Pituitary gland tumors
4. Parathyroid cancer or parathyroid adenoma
5. Thymic neuroendocrine cancer
6. Pheochromocytoma
7. NETs of the ovaries or testicles

1.4 Grading and Staging
Histologic grade reflects the biological aggressiveness of a neoplasm and it is the
key determinant of prognosis. The current World Health Organisation (WHO)
grading system divides NETs into three histologic subgroups depending on
histopathological evaluation of the mitotic rate and the Ki67 index (Table 1). In the
case of lung NETs the presence of necrosis is also taken into account (Table 2). The
Ki67 index is a marker of cell proliferation and measures the percentage of cancer
cells that stain positive for Ki67. The mitotic rate documents the number of mitoses
per 10 high-power microscopic fields.
Tumors with grade 1 (low) or grade 2 (intermediate) are generally considered
well-differentiated and are accompanied by the best prognosis. Grade 3 or poorly
differentiated tumors with a high mitotic and/or Ki67 index display aggressive
behavior and predict the development of metastatic dissemination even in tumors
that are initially clinically localized. Currently, the term “neuroendocrine tumor” is
preferred to describe grade 1 and 2 tumors, whereas the term “neuroendocrine
carcinoma” (NEC) is used to describe grade 3 tumors. In the new WHO 2017 grading
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system, an additional tumor group of grade 3 NECs is incorporated, which is
comprised of histologically well-differentiated tumors that harbour a high
proliferative index above 20% (Table 1). Based on data from the Surveillance,
Epidemiology and End Results Program (United States National Cancer Institute)
database, the median survival for patients with a grade 1, 2 or 3 tumor is 124
months, 64 months and 10 months, respectively [3-5].

Table 1: Grading of NETs according to the WHO-2010 and WHO-2017 classification system [4].

Table 2: Grading of Lung and Thymus NETs according to the WHO grading system [5].

Staging refers to extent of tumor spread throughout the body and occurs
according to the Tumor Node Metastasis (TNM) system. T (tumor) presents the size
and location of the primary tumor. N (node) presents the potential spread of the
tumor to regional lymph nodes. M (metastasis) shows if the cancer has
22 | P a g e

metastasized to other parts of the body. Localized disease represents stages I (T1,
N0 and M0) and II (T2 or T3, N0 and M0). Invasion into adjacent structures (T4) or
lymph node metastases (N1) refers to stage III and distant metastases (M1) with
any T and any N, are the hallmark of stage IV disease. [3,5]

Table 3: TNM classification of NETs.

2. Diagnosis of Neuroendocrine Tumors
The diagnosis of NETs requires a coordinated multidisciplinary effort involving
medical

oncologists, surgeons,

nuclear

medicine physicians, radiologists-

interventional radiologists and pathologists.

2.1 Clinical approach - Medical history
First step in the diagnosis of NETs is to look for the patient’s medical history.
Medical history of a patient is a record of symptoms, risk factors and all the medical
events and problems he have had in the past. Doctors ask first questions about
symptoms that suggest a NET, smoking and if there is any family history or risk
factors of NETs and other cancers. Also, measurement of blood pressure and
examination of the lungs are common methods to look for any signs of a NET. NETs
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that do not release enough or any hormones or substances and do not cause
symptoms refer as non-functional. NETs that make and release hormones and
other substances that cause symptoms, refer as functional NETs.

2.2 Laboratory Exams
For patients presenting with symptoms of a functional NET, biochemical testing
should be targeted to the specific syndrome. Blood chemistry tests measures
certain chemicals in the blood and can help find abnormalities. To diagnose NETs,
they include electrolyte panel that measures the level of water in the body, muscle
function and other body functions. High or low levels of electrolytes may mean that
there are problems with certain organs. Also they include blood sugar (glucose) test
that measures the ability of the body to use energy from food. Abnormal blood
glucose levels may indicate diabetes, problems with the pancreas or a clinical
syndrome like Cushing syndrome.
Moreover, many biochemical markers are measured to help diagnosis of NETs.
An example is 5-HIAA (5-hydroxyindoleacetic acid), a substance made from
serotonin and measured in the urine. HIAA is usually the first biochemical marker
checked when a person has symptoms of carcinoid syndrome. High levels of 5-HIAA
may mean that symptoms are caused by carcinoid syndrome.

2.3 Histology
Central to the diagnosis of all NETs is histological evaluation of tumor tissue.
Except from Ki67 index and mitotic rate, referred in section 1.1.4, some commonly
measured tumor markers in NETs are chromogranin A (CgA), synaptophysin (Syn)
and a plethora of bioactive amines and peptides such as somatostatin, 524 | P a g e

hydroxytryptamine, 5-hydroxytryptophan, serotonin, insulin, gastrin, glucagon,
vasoactive intestinal peptide, growth hormone and adrenocorticotropic hormone.
Chromogranin A is the diagnostic biomarker of choice for NETs. CgA is a protein
found throughout neuroendocrine tissues and circulates in the blood. High levels of
CgA may suggest that there is a functional or non-functional NET because most
NETs cause increased CgA levels. It has a high sensitivity (53%–91%) but low
specificity (< 50%).
Well differentiated NETs (grade 1 and 2) are characteristically arranged in an
organoid or neuroendocrine shape with nesting, trabecular, or gyriform/serpentine
patterns and stain positive for neuroendocrine markers, particularly synaptophysin
and chromogranin A. Ki-67 proliferative index for grade 1 NETs is below 3% and for
grade 2 NETs ranges between 3 and 20% (Figure 4). The tumor cells are small with
relatively uniform round to oval nuclei, inconspicuous nucleoli, and a fine to
coarsely granular chromatin pattern often described as “salt and pepper”. In
contrast, poor differentiated NETs demonstrate a solid “sheetlike” proliferation of
tumor cells with irregular nuclei, high mitotic features, high Ki-67 proliferative index
(>20%) and less cytoplasmic secretory granules.

Figure 4: Pathology specimens of tissue from a neuroendocrine tumor with staining for Ki67. (A) Ki67
index < 3%. (B) Ki67 index 3%–20%. (C) Ki67 index > 20% [5].
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2.4 Imaging modalities
NETs can be suspected because of incidental findings during endoscopic imaging.
Endoscopic ultrasonography is the most sensitive test for the diagnosis of
pancreatic NETs with a sensitivity that ranges between 82% and 93%. It is
particularly useful for identifying tumors less than 2 cm in size and for the
localization of insulinoma.
.

Cross-sectional imaging, functional imaging, hybrid functional SPECT/CT and

hybrid metabolic imaging PET/CT with radiolabelled somatostatin analogues are
valuable tools for the accurate diagnosis, staging and re-staging of patients with
NETs.
There are two general categories of diagnostic imaging modalities that are used
for the diagnosis of NETs. The first category of imaging modalities include
anatomical modalities like standard cross-sectional imaging with computed
tomography (CT) of the thorax, abdomen and pelvis for staging and magnetic
resonance imaging (MRI) of the liver or pancreas in cases where further definition is
required.
Computed Tomography (CT): In primary NETs, the average sensitivity of a CT
scan is 73%. It is useful when the primary tumor site is unknown. CT scans
demonstrate 80% sensitivity for hepatic metastases and 75% sensitivity for
extrahepatic metastases.
Magnetic Resonance Imaging (MRI): MRI is an important imaging modality to
detail hepatic metastases in NETs. It is not as useful as CT for the detection of
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primary small bowel lesions or their associated lymphadenopathy, but is good for
the detection of primary pancreatic NETs.
The second category of imaging modalities include radioisotopique functional
imaging like planar conventional scintigraphic imaging, functional hybrid imaging
SPECT/CT and functional molecular imaging PET/CT using radiolabelled analogues
of somatostatin. These imaging tools have the advantage to detect functional
somatostatin receptors that are overexpressed (1.3.1) in well-differentiated NETs.
[5]. 111Indium pentetreotide and 99mTc-Tektrotyde are mostly used for conventional
and SPECT/CT scintigraphic imaging and 68Ga labeled peptides for PET/CT.

3. RADIOISOTOPIQUE SCINTIGRAPHIC IMAGING
USING RADIOLABELLED PEPTIDES
Imaging of NET can be done by various methods of nuclear medicine. The most
commonly used target is somatostatin receptors.

3.1 Somatostatin Receptors (SSTRs)
Somatostatin is a peptide hormone that mediates its inhibitory effects through
binding to specific cell surface somatostatin receptors (SSTRs) that are G-protein
coupled and belong to the 7-transmembrane receptor family. In vitro studies using
autoradiography

(123I-labelled

somatostatin

analogue)

have

shown

that

somatostatin receptors are overexpressed in 80-90% of the NETs and thus are an
ideal target for molecular imaging. At present, five somatostatin receptor subtypes
have been identified (SSTR1–SSTR5). In NETs, SSTR2 and SSTR5 are those expressed
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the most. Well-differentiated NETs express somatostatin receptors more often, and
at higher density, than do poorly differentiated tumors. The activated somatostatin
receptors mediate their inhibitory effects through at least 4 intracellular pathways
(Figure 5). These include inhibition of adenyl cyclase (AC), the stimulation of
voltage-dependent potassium channels, activation of protein phosphatases, and
activation of intracellular tyrosine phosphatase [10-12, 15].

Figure 5: Mechanism of action of somatostatin receptors and somatostatin analogues [11].

3.2 Radiolabelled Somatostatin Analogues
Several somatostatin synthetic analogs (SSAs) have been developed with longer
half-life. Three of them have been approved in clinical practice: lanreotide and
octreotide are considered first-generation SSAs, and pasireotide is considered a
second-generation SSA. The first synthetic somatostatin analog (SSA) to be
approved by the Food and Drug Administration (FDA) was the octapeptide
octreotide (SMS 201-995) marketed as Sandostatin® (50, 100, and 200 mcg
subcutaneously every 8–12 hours). It is available in both conventional and modified
long-acting release (LAR) injection (Sandostatin LAR®), approved in 1988 and 1998,
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respectively. Sandostatin LAR formulation contains octreotide distributed within
polymer microspheres and it is available for intramuscular injection at doses of 10,
20, or 30 mg every 28 days. Octreotide shows high affinity for SSTR2 and inhibits
the proliferation of the cells expressing SSTR2 gene by activating the tyrosine
phosphatase pathway.
111

Indium(In) - labelled pentetreotide (or 111In-DTPA-octreotide) (octreoscan) is

one of the most commonly used gamma-emitting radiotracers (Figure 6) and is
widely used to visualize SSTR2 and SSTR5 positive tumors in vivo. It is utilized for
diagnosis, staging and restaging of neuroendocrine malignancies, using planar and
single photon emission computed tomography / computed tomography
(SPECT/CT). Several studies have demonstrated that this radiotracer is more
effective in diagnosis and staging of gastroenteropancreatic (GEP) neuroendocrine
tumors.
A recent meta-analysis of molecular imaging methods for NETs reported that
111In-labelled octreotide somatostatin receptor scintigraphic (SRS) imaging had a
sensitivity of 46%–100% for abdominal NETs, 46%–83% for pancreatic NETs and
71% for bronchial NETs [5,10,16]

Figure 6: Chemical Structure of

111

In-octreotide [6].
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More recently a radiolabelled gamma-emitting somatostatin analogue,

99m

Tc-

Tektrotyde or Tc99m-HYNIC-Tyr3-Octreotide (Figure 7) is used, which contains the
analog Tyr3-octreotide (TOC), the substituent 6-hydrazino nicotinic acid (HYNIC),
and the complementary ethylenodiaminodioxide acid (EDDA) substituent for fitting
of

99m

Tc. This radiopeptide has encouraging preclinical data and high binding

affinity to SST2. It also has the advantage of ready availability of radioisotope from
departmental Technetium-99m generators and superior image resolution. The
mean effective dose of

99m

Tc-Tektrotyde is lower than

111

In pentetreotide and

provides a single day imaging protocol [8,9]

Figure 7: Chemical Structure of

99m

Tc Tektrotyde [7].

3.3 Somatostatin Receptor Scintigraphy (SRS) - Radiopeptide
Scintigraphic Imaging
Somatostatin receptor scintigraphy (SRS), also called as octreotide scan, is a type
of scintigraphy used to detect NETs and give important information on the receptor
expression, functional status, metabolism, and tissue viability of

NETs. The

radiolabeled octreotide is injected intravenously. It attaches to the surface of
tumor cells that have receptors for somatostatin. Using a conventional gamma
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camera or a hybrid SPECT/CT gamma camera, the radioactive octreotide is detected
giving information about the functional somatostatin receptors throughout the
body.

3.3.1 Conventional Gamma Camera - Planar Imaging
Conventional gamma camera devices detect photons via a sodium iodide crystal
(NaI crystal), encased in a lead shield and directly coupled to photomultiplier tubes
(PMTs). A collimator, a thick lead shield with holes, acts as a lens to focus the
radiation. Gamma rays emitted by the radiotracer (radiolabeled somatostatin
analogue) given intravenously to the patient travel through the holes in the
collimator to strike the radiation-sensitive crystal. A light pulse is thus created in
the crystal and the outputs of each PMT are amplified and digitized using an
analog-to-digital converter (ADC). A computer calculates where the photon hit the
crystal, with the strongest signal being nearest the site where the photon struck the
detector (Figure 8) [13,14].
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Fιgure 8: Components and function of a gamma camera [14].

3.3.2 Single Photon Emission Computed Tomography (SPECT)
Single Photon Emission Computed Tomography (SPECT) describes tomographic
gamma camera images that acquired by rotating the camera around the patient
(Figure 9). The data are reconstructed into tomographic images in three planes:
transaxial, coronal and sagittal. SPECT is being increasingly used to provide better
delineation especially of deep lesions. The acquisition of SPECT imaging, when
compared with planar scans, has proved very useful, especially in the case of
tumors that are small, located in the abdomen and not visualized on planar scans.
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Figure 9: SPECT machine and images – University Hospital of Heraklion

3.3.3 Hybrid Single Photon Emission Computed Tomography / Computed
Tomography (SPECT/CT) - the end of unclear medicine
Although SPECT is able to improve the possibility of localizing a focus of
abnormal accumulation in cross-sections, normal activity-containing structures may
be more difficult to identify. Recently, a new imaging device combining a dual-head
gamma camera with low-dose CT has been introduced, thus permitting attenuation
correction and correct fusion of SPECT and CT images taken during the same
session without moving the patient or using external markers and difficult
mathematical algorithms. By combining the anatomical localizing capability of CT
with SPECT data, disease sites can be identified more accurately (Figure 10).
Addition of CT to a SPECT device enables the use of CT to calculate attenuation of
the photon with resultant improvement in accurate anatomic localization of the
radioactive signal as well as, potentially, the ability to quantify the signal. SPECT/CT
hybrid images are able to provide additional information that improves the
diagnostic accuracy and confidence of SPECT interpretation and leads to changes in
33 | P a g e

therapeutic options in about 25 % of patients. Most commercial SPECT units are
thus now available with a CT [13, 16].

Figure 10: SPECT/CT machine and images – University Hospital of Heraklion

3.3.4 Positron emission Computed Tomography / Computed Tomography
(PET/CT)
The newest advance in somatostatin receptor-based imaging is the introduction
of

68

Ga labeled radioligands, whose uptake is measured by PET scan. Its superior

spatial resolution derives from the fact that it measures the radiation from two
photons coincidentally.

Figure 11: PET/CT machine and images
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3.4 Indications
The indications for somatostatin receptor-based imaging are:


detection and localization of primary NETs and their metastases,



staging,



follow-up for disease recurrence and to select patients for peptide receptor
radionuclide therapy (PRRT).

3.5 Preparation


Long acting octreotide should be discontinued 4 to 6 weeks prior to imaging
and the patient should be transitioned to a short acting regimen.



For OctreoScan, patients need only to void prior to image acquisition.



If the abdomen is the area of interest, use of laxatives the night prior to
imaging may minimize the amount of nonpathologic uptake in the bowel, as
approximately 2% of the labeled somatostatin analog is cleared via the
hepatobiliary system and will end up in the intestine.



The OctreoScan images are obtained 4 and 24 h after intravenous injection of
the radioligand

4. Management of Neuroendocrine Tumors
Individualized treatment plans are formulated based on tumor factors such as
site, stage, grade, differentiation, symptoms and patient factors such as age,
comorbidities, patient’s preferences and overall health.
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4.1 Surgery
Surgery is the main treatment for most NETs. Most people with NETs benefit
from some type of surgery when it is possible to be done. An appropriate oncologic
operation focused on margin-negative resection (R0 resection) and adequate
lymphadenectomy is the only curative treatment modality to date. The type of
resection done usually depends on where the tumor is located and its size.
Resections that may be done for NETs include local excision or endoscopic
resection, gastric resection or gastrectomy, appendectomy, lung resection, liver
resection, total thyroidectomy, distal pancreatectomy.
Lymph node dissection can be done when there is suspect of cancer in nearby
lymph nodes based on the results of imaging tests and the size of the primary
tumor. It is usually done at the same time with resection and the choice of the
lymph nodes that will be removed, depends on the primary site of NET [1, 21].

4.2 Chemotherapy
Chemotherapy uses anticancer drugs to destroy cancer cells. The type of
chemotherapy drug or combination depends mainly on the primary site of the
tumor. It is reccomended mostly for poorly differentiated neuroendocrine
carcinomas when other treatments don’t work or can’t be used, often in the form
of adjuvant platinum-based chemotherapy. Chemotherapy may also be offered to
help relieve symptoms.
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Patients with pNETs may respond well to treatment with streptozocin and other
alkylating agents (Table 1). In an initial randomized trial, the combination of
streptozocin and doxorubicin was associated with a combined biochemical and
radiologic response rate of 69% together with a survival benefit and a median
overall survival of 2.2 years. Streptozocin was approved by the US Food and Drug
Administration as a treatment for patients with pancreatic neuroendocrine tumors
[1, 21].

4.3 Targeted Therapy
Neuroendocrine tumors often overexpress the vascular endothelial growth
factor (VEGF) in midgut carcinoid tumors and pancreatic endocrine tumors.
Bevacizumab, a monocolonal antibody directing against the VEGF ligand was one of
the first such treatments evaluated in neuroendocrine tumors. A randomized phase
II study in advanced carcinoid tumor patients suggested that treatment with
Bevacizumab was associated with objective tumor responses and improvement in
progression-free survival when compared to treatment with alpha interferon. A
second phase II study, demonstrated that treatment with Sunitinib, a tyrosine
kinase inhibitor targeting not only the VEGF receptor but also PDGFR, RET, and cKit, resulted in tumor responses in 16% of pancreatic neuroendocrine tumor
patients. Sunitinib is approved by the FDA for the treatment of advanced pNETs.
Also, inhibitors of mTOR represent a second class of “targeted” agents that have
shown preliminary evidence of activity in neuroendocrine tumors. An example is
Everolimus (Afinitor), a drug approved by the U.S. Food and Drug Administration
(FDA) for the treatment of advanced NETs of the GI tract, lung, and pancreas. This
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drug can help slow down the growth of these tumors in some patients, but it does
not usually shrink tumors. Side effects include mouth sores, lowering of blood
counts, and fatigue [1, 21].

4.4 Radiotherapy
Radiation therapy is the use of high-energy x-rays or other particles to destroy
tumor cells. A radiation therapy regimen, or schedule, usually consists of a specific
number of treatments given over a set period of time. The most common type of
radiation treatment for a NET is called external-beam radiation therapy which uses
a machine for direct radiation through the skin to the cancer site.
It is most often used as part of supportive care to relieve symptoms, such as
pain, caused by cancer that has spread to the bone and other areas of the body
(metastasized) [1, 21].

4.5 Immunotherapy
It is also called as biologic therapy. It is designed to boost the body's natural
defenses to fight the tumor. It uses materials made either by the body or in a
laboratory to improve, target, or restore immune system function. Interferon alfa2b (Intron A) is a type of immunotherapy that has been used to treat NETs. It helps
the body’s immune system work better and can lessen diarrhea and flushing. It may
also shrink tumors [1, 21].

4.6 Peptide receptor radionuclide therapy (PRRT)
A high incidence of somatostatin receptor expression in neuroendocrine tumors
provides the rationale for radionuclide therapy as a treatment modality for patients
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with inoperable or metastatic disease. It combines a radioactive material with a
substance to target cancer cells throughout the body. Several radiolabelled
somatostatin analogues (1.3.2) have been developed to treat patients with
somatostatin receptor–positive metastatic tumors. The available radiolabelled
somatostatin analogues differ from one another in their affinity for the various
somatostatin receptor subtypes and in the radionuclides to which they are
conjugated. The most frequently used radionuclides for targeted radiotherapy are
indium 111 (111In), yttrium 90 ( 90Y), and lutetium 177 (177Lu), which differ from one
another in terms of emitted particles, particle energy, and tissue penetration.
Encouraging results have been obtained with various somatostatin analogues
coupled to 90Y, a high-energy β-particle emitter. The first somatostatin analogue
radiolabelled with 90Y and used for peptide receptor radionuclide therapy was
[DOTA,Tyr3]octreotide

(DOTATOC).

In

comparison

with

octreotide,

the

phenylalanine residue at position 3 has been replaced with tyrosine, making the
compound more hydrophilic, with increased affinity for the somatostatin receptor
SST2.
In 2018, the FDA approved a treatment called 177Lu-dotatate (Lutathera) for
advanced GI tract NETs and pNETs. It is a radioactive drug that works by binding to
a cell’s somatostatin receptor, which may be present on certain tumors. After
binding to the receptor, the drug enters the cell, allowing radiation to damage the
tumor cells. The broader term to describe this treatment is peptide receptor
radionuclide therapy (PRRT).
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4.7 Hepatic Arterial Embolization – Radioembolization
If cancer has spread to the liver, hepatic arterial embolization can be used. This
method blocks or slows down the flow of blood through the main blood vessel to
the liver (hepatic artery), so that the liver tumors do not receive the oxygen and
nutrients they need to grow. Sometimes hepatic arterial embolization is combined
with chemotherapy and is called chemoembolization. Side effects include pain
around the liver, fever, and higher levels of liver enzymes as measured by blood
tests for a few days or weeks after treatment.
Another one liver directed therapy method is radioembolization. This form of
radiation therapy involves the use of tiny beads made of glass or resin that contain
low levels of radioactive yttrium-90. The beads are put into the blood vessel that
sends blood to the tumor in the liver. The beads then become stuck in the liver and
deliver the radiation directly to the tumor. This treatment avoids exposing other
areas of the body to radiation. There are 2 FDA-approved methods of
radioembolization: SIR-Spheres and TheraSphere [21].
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SPECIAL PART
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1. Purpose
The purpose of the study is


to evaluate the role of a new hybrid imaging modality SPECT/CT 16 slices in
diagnosing, staging and restaging of patients with different type of NETs



to compare SPECT/CT octreoscan with conventional planar octreoscan in
patients candidates for somatostatin therapy.

The purpose of this study has an important clinical impact since SPECT/CT could be
used as an alternative imaging modality in cases of absence of the gold standard
imaging modality PET/CT.

2. Methodology
2.1 Patients
All patients admitted in this study were derived from the University Hospital of
Heraklion, Crete and a written informed consent was obtained. The study was
approved by the hospital ethics committee. Between January 2019 and May 2020,
a total of 49 patients (19 men and 30 women, aged 63.7 years) with different types
of histopathologically proven NET (small bowel, lung, stomach, pancreas) were
prospectively recruited to the department of Nuclear Medicine. Inclusion criteria
consisted of clinical suspicion of NET, histopathologically proven NET, equivocal or
suspicious CT or other imaging modalities. All 49 patients underwent planar
scintigraphy and hybrid SPECT/CT imaging with 99mTc tektrotyde or 111In
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octreotide for staging or restaging purposes and for therapeutic management
decision (Table 4).

Patients

49

Gender
Female

30 (61.2%)

Male

19 (38.8%)

Average Age

63,7

99m Tc Tektrotyde

18

111In Octreotide

31

Table 4: Number of patients included in the study, gender, average age and number of patients who
received 99m Tc Tektrotyde and 111 In Octreotide.

2.2 Methods
All patients underwent both planar somatostatin receptor scintigraphy (SRS) and
single-photon-emission CT/CT (SPECT/CT).

2.2.1 Whole Body Planar Somatostatin Receptor Scintigraphy (wbPSRS)
Patients were intravenously injected with 740 MBq (20mCi) of
or 6mCi

111

In octreotide. Two hours after injection of

after i.v injection of

111

99m

99m

Tc tektrotyde

Tc tektrotyde and 24 hrs

In octreotide, a wbPSRS (anterior and posterior projection)

scan was performed on a dual head SPECT γ camera (GE Healthcare Medical
Systems, Discovery NM/CT 670) equipped with a high-resolution low energy parallel
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hole collimator. The energy window was centred on the photon energy peak for
99m

Tc at 140 keV with a window width of 20%.

2.2.2 SPECT/CT Somatostatin Receptor Scintigraphy
All patients underwent a SPECT/CT SRS imaging immediately after the wbPSRS in
designated areas. The following SPECT protocol involved the following parameters:
15 s per frame, step and shoot acquisition, 64 projections with 180 degrees rotation
for each camera head, and a 128 Χ 128 matrix. A low-dose CT scan was performed
immediately after SPECT acquisition with the patient in the same position. For CT
imaging, the following acquisition parameters were used: 50–200 mAs, 120 kV, and
slice thickness of 3.75 mm and pitch of 1.25. A low dose technique was used. No
intravenous contrast agent was given.

2.2.3 Interpretation
Image analysis was performed on a dedicated functional workstation (Xeleris 4
Workstation, GE Medical Systems, Milwaukee, WI) equipped with DICOM viewing
software for imaging reconstruction. SPECT data were reconstructed using GE’s
software Evolution Bone.
Qualitative analysis was performed first on wbPSRS, followed by hybrid SPECT/CT
SRS. SPECT/CT images were evaluated in all three planes: coronal, sagittal, and
transverse. Findings from SPECT/CT BS were compared with the results of wbPBS.
The final diagnosis was based on the 16 slices CT part of the SPECT/CT findings
corresponding to the area of increased uptake of the radiotracer on wbPBS and
SPECT images.
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Next step was to search for the record of the patients and their examinations
with the help of Evorad RIS – PACS. Evorad RIS - PACS is a software for workstations
and servers, with central database, electronic patient record, statistics, information
analysis and medical image archiving. Then, patients were classified in 2 groups,
those that received

99m

Tc-tektrotyde and those who received

111

In octreotide. The

age of the patients, the social security number and the date of the examination,
were also noted. From the 49 cases, 18 patients (36.7%) received 99mTc tektrotyde
with average age 59.8. Thirty one patients (63.3%) received 111In octreotide with
66 years average age.
Qualitative analysis for both planar and SPECT/CT scintigrams was performed
using a XELERIS 4 workstation. All patients were classified as: score 0: negative (no
abnormal - pathological finding), score 1 : positive (pathological uptake, lesions
with increased uptake of the radiotracer) and score 2: equivocal (unspecific
lesions). For all patients the number and site of lesions was evaluated on both
planar and SPECT/CT imaging modality.
The table below presents the number given to the cases and its meaning (Table 5).

Table 5: The results given to the 49 cases studied and their corresponding number.

After this classification of patients, next step was a statistical analysis according
to the results given for wbPSRS and SPECT/CT and the origin and site of NETs. Then,
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with the help of the statistics, a comparison between the two imaging techniques
took place. All these data can be found in Chapter 3 of the Special Part (Results).

3. Results
3.1 Patient – based Analysis
Out of 49 cases, 18 patients with average age 59.8 had a planar SRS followed by
SPECT/CT with

99m

Tc – Tektrotyde. From the planar images 6 patients found to be

negative, with no pathological findings (score 0), 6 patients found to be positive
(score 1) and 6 patients had an equivocal result (score 2). On the other hand, from
SPECT/CT images, 5 negative patients were found, 12 positive and only 1 with
equivocal result (Figure 12).

Spect/CT

Planar
6
6

6

6

Positive

Negative

4

Positive

2

Equivocal

0

Negative

12

15
10

Equivocal

5

5

1

0

Figure 12: Diagrams with the number of patients for each result (negative, positive, equivocal) for
planar images and SPECT/CT with 99mTc – Tektrotyde .

The same statistical analysis followed and in the case of

111

In-octreotide. Thirty

one patients with average age 66 years had a planar SRS followed by SCECT/CT.
Fifteen patients had a negative planar SRS study, 8 patients had positive findings
and also 8 patients characterized as equivocal. In SPECT/CT the number of

46 | P a g e

negatives and positives increased to 19 and 11 respectively and equivocal
decreased to 1.

Planar

Spect/CT

15
15

19
8

Negative

8

10

Positive

5

20

Positive

10

1

Equivocal

0

Negative

11

Equivocal

0

Figure 13: Diagrams with the number of patients for each result (negative, positive, equivocal) for
planar images and SPECT/CT with

In total, for both

99m

Tc - tektrotyde and

111

111

In-octreotide.

In – octreotide, 42.98% of the

patients had negative planar images and 48.96% had negative SPECT/CT images
(score 0). Positive findings (score 1) were found in 28.57% and 46.96% of all
patients with planar and SPECT/CT images respectively. Equivocal results found in
28.57% of the planar SRS images and only in 4,08% of SPECT/CT images (Figure
14).

Figure 14: Total diagram with the number of patients for each result (negative, positive, equivocal)
for planar images and SPECT/CT for all the patients regardless of radiotracer.
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From these statistics, it can be seen that SPECT/ CT increased the number of
patients with negative and positive results and greatly reduced the number of
equivocal ones. Specifically, 14 patients with equivocal findings from planar images,
recorded as positive with SPECT/CT.

3.2 Lesion – based Analysis
SPECT/CT detected more lesions than planar SRS in 18 patients. Most common
sites of lesions were thorax and abdomen according to planar images and lung,
lymph nodes and intestine according to SPECT/CT. It can also be noticed that the
site of lesions becomes more specific for the same patient after SPECT/CT.
According to the indications of patients, the most common origin/type of NET is
small bowel NET, with lung and stomach NETs following in the 2 nd and 3rd place
respectively (Figure 15).

ORIGIN OF NET
LUNG
PANCREAS
8

2

1

7

STOMACH

4

SMALL BOWEL

1
3

6

PARAGANGLIOMA

2
2

LARGE BOWEL

13

MTC
APPENDIX
THORACIC WALL
PITUITARY

Figure 15: Diagram with the most common sites of NETs found in this study.
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4. Discussion
The clinical impact of SPECT/CT hybrid imaging on SRS studies was
retrospectively assessed in 49 patients with known or suspected NETs, to evaluate
the extent of disease and thus obtain guidance for the patients’ future
management.
Of the 49 patients included in this study, with confirmed or suspected NETs, 21
presented no abnormal pathological findings with planar SRS and characterized as
negative (score 0). With SPECT/CT, 24 patients were characterized as negative. On
the other hand, 14 patients presented lesions with increased uptake of the
radiotracer with planar images and 23 with SPECT/CT. These cases characterized
as positive (score 1). Finally, the equivocal cases (score 3) were 14 and 2 for planar
and SPECT/CT images, respectively.
SPECT/CT gave additional information in 30 patients (61.2 %). Fourteen out of
49 patients showed abnormalities (score 1) with planar images. With SPECT/CT
this number increased by 18.37%. The location of at least one lesion was changed
or a new lesion location was established as a result of the additional anatomical
information from SPECT/CT in 11 of the 14 positive cases (78.6%). An example is a
patient with operated small bowel NET that underwent 111 In octreotide scan for
restaging. Planar images depicted a lesion in the abdomen (arrow), as it can be
seen in figure 16A. SPECT/CT localized this lesion in the mesenterium (Figure
16B1), but also depicted a solitary liver lesion (segment V) (Figure 16B2).
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A

B1

B2

Figure 16: Patient with operated small bowel NET that underwent 111 In Octreotide. A) Planar
images: A Lesion depicted in the abdomen (arrow). B1) SPECT/CT localized this lesion in the
mesenterium. B2) SPECT/CT depicted a solitary liver lesion (segment V).

Also, this study concludes a patient with histologically proven NET following a
liver lesion biopsy. Planar imaging showed a liver lesion (big arrow), and an uptake
in the pelvis (small arrow) (Figure 17A). SPECT/CT then showed a big liver lesion in
the R lobe (segments VII and VIII), but also revealed a lesion in the L lobe (segment
IV) and an extra one in the R lobe (segment V) (Figure 17B1,B2). SPECT/CT
characterized the lesion in the pelvis as a mesenteric one (17C).
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A
B1

B2

Figure 17: 11 In- octreotide scan of a patient with histologically proven NET.A) Planar imaging
showed a liver lesion (big arrow), and an uptake in the pelvis (small arrow). B1) SPECT/CT showed a
big liver lesion in the R lobe (segments VII and VIII),but also revealed a lesion in the L lobe (segment
IV) and B2) an extra one in the R lobe (segment V). C) SPECT/CT images in transaxial, coronal and
sagittal plane. SPECT/CT characterized the lesion in the pelvis as a mesenteric one.
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According to the study of Sainz-Esteban A. et al. [18], SPECT/CT improved the
anatomical localization of lesions detected with the conventional SRS in 67.6% of
the cases. On the other hand, Castaldi P. et al. [19] found that SPECT/CT provided
precise anatomical localization of lesions in 20 cases (37%) and Krausz et al. [20]
reported that SPECT/CT fusion images improved anatomical localization of
detected lesions in 32% of NET patients evaluated with SRS. In this study,
SPECT/CT improved the anatomical localization of lesions in 78.6% of the cases.
Furthermore, SPECT/CT was able to reduce the number of equivocal cases by
24.5% (from 14/49 to 2/49) and correctly re-classify 9 patients who had equivocal
result as positive and 5 as negative for NET. Therefore, SPECT/CT allowed correct
classification of a higher number of cases. According to Spanu et al. [17], SPECT/CT
proved very reliable tool for correctly changing patient classification in respect of
conventional imaging data in an elevated number of patients (27.9%), including 20
cases completely negative at conventional imaging. In the study of Sainz-Esteban
A. et al. [18], of the 107 SRS included, SPECT/CT resulted in a significant reduction
of equivocal cases by 12.2% [14/107 (13.1%) vs. 1/107 (0.9%)]. Similarly, in this
study SPECT/CT reduced equivocal cases, by 24.5%, from 14/49 (28.57%) to 2/49
(4.08%). Overall, SPECT/CT imaging led to a significantly higher proportion of
correctly classified patients in both studies. One example of an equivocal case that
reclassified as positive was a patient with clinically suspected insulinoma. This
patient underwent CT and MRI without any pathological finding. Also, the patient
underwent 99m Tc-Tektrotyde scan that reported as equivocal by planar imaging
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alone (Figure 18A). Following SPECT/CT, the scan was reported as positive for
insulinoma in the pancreas tail as it can be seen in Figure 18B.

A

B1

B2

B3
Figure 18: Patient with clinically suspected insulinoma that underwent 99m Tc-Tektrotyde scan.
Images in transaxial, coronal and sagittal plane. A) Planar images (equivocal). B1) CT images, B2)
SPECT images and B3) SPECT/CT A Lesion observed in the pancreas tail (insulinoma).

The most common sites of lesions presented in this study, were thorax and
abdomen according to planar images and lung, lymph nodes and intestine
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according to SPECT/CT images. The type of NET with the most cases is small bowel
NET, which is classified according to Williams and Sandler (1963) in midgut NETs.
Specifically, 13 were the patients with confirmed or possible small bowel NET
(26.5%). In the 2nd place with the most cases are lung NETs. In this type 7 patients
were found (14.28%). In the 3rd place follows the stomach NETs with 6 cases. Lung
and stomach NETs are included to foregut NETs.
The results of this study indicate that the hybrid SPECT/CT system provides
improved localization of scintigraphic findings in most of the patients, defined as a
more precise interpretation of the anatomical site of radiopharmaceutical uptake.
It can improve diagnosis and staging of patients with NETs evaluated by SRS with
111

In-octreotide or

99m

Tc – tektrotyde, thus making it possible to choose more

accurately the best therapeutic options. It also allows single time-point imaging,
making SRS more comfortable for the patient, and restricting the acquisition of
delayed images to selected cases.

5. Conclusions
SPECT/CT is a hybrid imaging technique, which combines the benefits of the
functional information from SPECT with the detailed anatomical data provided by
CT. The increasing availability of hybrid SPECT/CT devices offers superior accuracy
for localization and functional characterization of NETs in comparison with
traditional planar images.
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According to the results of this study, SPECT/CT is able to improve the
diagnostic accuracy of planar images using either 111In - octreotide or 99m Tc –
Tektrotyde. Apart from the advantages of better sensitivity and specificity,
SPECT/CT provides incremental diagnostic value and greater reader confidence.
Also it changes the clinical management in a significant percentage of patients
with NETs and should therefore always be performed.
For NETs, this imaging modality is currently the best available imaging option
with gamma emitting radiopharmaceuticals and it can still be considered a very
useful alternative to PET/CT.
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7. Appendix
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Figure 19: Patient with operated lung NET underwent 99m Tc-Tektrotyde can for restaging. A) Planar
imaging showed multiple liver lesions, as well as lesions in the posterior mediastinum (arrow), upper
abdomen (arrow) and pelvis (arrow). B1) SPECT/CT localized the lesion of the upper abdomen in the
L lobe of the liver. B2) The lesions of the pelvis and C) the posterior mediastinum proved to be bony
lesions (R sacrum and thoracic vertebrae respectively).

A
C
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Β

Figure 20: 111 In- octreotide scan in a patient with operated small bowel NET for staging. A) Planar
imaging showed uptake in the abdomen. B) SPECT/CT images in transaxial, coronal and sagittal
plane. After SPECT/CT imaging, the uptake was reported as normal distribution in the bowel.

A
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C

Figure 21: A patient with medullary thyroid cancer (MTC) underwent 99m Tc-tektrotyde scan. A)
Planar imaging showed two lesions in the L neck (arrow). B1) SPECT/CT imaging accurately localized
the L neck lesions in the block of lymph nodes Level IIb and B2) a lymph node Level IV. C) Moreover,
SPECT/CT revealed new bony lesions in the spine (C7,T1,T2)
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