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Abstract

Neuroendocrine tumors (NETs) include a spectrum of neoplasms characterized by histologic
heterogeneity with significant clinical differences. Generally are well differentiated tumors but often
present metastases at diagnosis. Conventional imaging techniques result insufficient in early diagnosis
and therapy monitoring. Standardized morphological criteria to assess treatment response are
inadequate in NETSs, because of their biologic evolution and the cytostatic nature of new oncologic
treatments. Functional imaging modalities have improved the understanding and diagnosis of NETs by

the use of somatostatin analogue tracers labelled with radioisotopes. '

In-Octreotide scintigraphy was
considered the gold standard imaging modalities for NET detection with a diagnostic accuracy
approximately of 90%. Actually ®*Ga-Dota-SST radiotracers (SSTRTs) PET/CT represent a superior
imaging procedure with higher accuracy in detection of NET lesions as compared to morphological
imaging procedures and somatostatin receptor scintigraphy. Additionally, the use of somatostatin
analogue radiolabelled tracers offers the possibility to non-invasively evaluate the presence of
somatostatin receptor expression on NET cells, with direct therapeutic implications. However, in the

management of patients with NETs and in the evaluation of response to therapy the specialists

ISSN: 2057-3782 (Online)
http://dx.doi.org/10.17229/jdit.2014-1030-006 81


http://www.openmedscience.com/
mailto:elisabetta.giovannini@asl5.liguria.it

Journal of Diagnostic Imaging in Therapy. 2014; 1(1): 81-102 Giovannini et al.

opinions remain various. This review is based on a PubMed search of medical literature and presents
the systems of classification, grading and staging of NETs. It also summarizes common
recommendations for the management of patients with NETSs, focused especially on the role of %Ga-
DOTA-SSTRTs PET/CT. In this review, the function of ®*Ga-DOTA-SSTRTs PET/CT in pediatric

neuroendocrine tumors is also explored.

KeyWOl‘dS: neuroendocrine tumors, %8Ga-DOTA-SSTRTs PET/CT, somatostatin receptor.

Introduction

Neuroendocrine neoplasms (NETs) are tumors with an incidence of approximately 5/100,000 per year.
Annual incidence is increasing over the past decades due to improvements in diagnosis and the
availability of a more sensitive biochemical evaluation. Therefore, although NETs are traditionally
considered rare, their prevalence is higher than that for gastric, esophageal and pancreatic cancers.
Despite the improved diagnostic workup, making a diagnosis of NETs is usually challenging and often
delayed. As a result metastatic disease at diagnosis is common. The detection of NETs by conventional
imaging, such as computed tomography (CT), ultrasonography (US), and magnetic resonance imaging
(MRI) is limited [1]. Moreover, even in those patients with localized disease, the prognosis is not
favourable with a five-year survival rate of less than 80% because of a high risk of recurrence in a not
negligible proportion of patients [2-3].

Biology

Neuroendocrine neoplasms originate from neuroectoderma or endoderma cells and have both neural
and endocrine cell features. It is well known that NETs can develop in almost all tissues or organs in
the body, especially in the gastroenteropancreatic tract and lungs and rarely in the ovary [2]. They are
characterized by an ample range of histological appearance and biological behavior These tumors
show tissue immunoreactivity for markers of neuroendocrine differentiation (synaptophysin,
chromogranin A, CD56, and NSE) and may secrete various peptides and hormones [4]. NETs are
frequently placed in the submucosa or more deeply intramurally and can invade surrounding tissues.
The tumoral cells can be organized variously in islands, glands or sheets.

Often neuroendocrine cells show minimal pleomorphism but they can evolve in anaplasia andrapid
mitotic activity leading to intratumoral areas of necrosis. Some neuroendocrine tumor cells express
hormone receptors with a strong avidity for specific hormones that can be exploited for diagnosis and
treatment purposes. In particular, neuroendocrine tumors possess somatostatin receptors (SSTRs) with
a very variable expression in terms of density and subtypes. Five subtypes of SSTRs, SSTRs 1-5; have
been cloned and they belong to a distinct group within the superfamily of G-protein-coupled receptors
with seven transmembrane regions [5].

A high density of somatostatin receptors is found in neuroendocrine tumors, such as pituitary
adenoma, gastroentropancreatic tumors, carcinoid, pheochromocytoma, paraganglioma, medullary
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thyroid cancer, and small cell lung carcinoma. Tumors of the nervous system including meningioma,
neuroblastoma, and medulloblastoma also often express a high density of SSTR. Tumors not
originating from the neural or endocrine cells, such as lymphoma, breast cancer, renal cell cancer,
hepatocellular carcinoma, prostate cancer, sarcoma and gastric cancer, may also express SSTR. The
expression of SSTR is not specific for malignancy. Some benign lesions may also express SSTR, for
example, active granulomas in sarcoidosis [6].

Classification of Neuroendocrine Tumors

A consensus about a recognized uniform grading system for neuroendocrine neoplasms has been
difficult to achieve. The systems proffered by the American Joint Committee on Cancer (AJCC),
World Health Organization (WHO), European Neuroendocrine Tumor Society (ENETS) and others
provide useful prognostic information [1, 7].

Neuroendocrine neoplasms can be classified by: anatomic site of origin; histology: well-differentiated
(G1 and G2) NETs, poorly differentiated (G3) carcinomas or undifferentiated neoplasms; extent of
disease: local, regional or distant metastases.

Most NETs arise from the GI tract (stomach, appendix, duodenum, and small intestine), the
bronchopulmonary system (lungs and thymus), the pancreas, the colon and rectum. The biological
behaviour exhibited by neuroendocrine neoplasms is highly correlated with neoplasm grade. The grade
of a tumor refers to its biologic aggressiveness. The grading system is based on the rate of
proliferation, which is defined by the number of mitoses per 10 high-power microscopic fields or per 2
mm” (mitotic rate), or as the percentage of tumor cells that immunolabel positively for the Ki-67
antigen (Ki-67 index). Briefly, low-grade tumors are characterized by low proliferative indices and are
considered indolent in nature. High-grade tumors tend to be poorly differentiated, have high
proliferative indices and are therefore very aggressive [8] (Tablel).

Grade Tumor

Lung, Thymus (WHO) GEP-NETs (ENETS, WHO)
Low <2 mitoses/10 hpf, AND no necrosis <2 mitoses/10 hpf, AND Ki67 index <3%
Intermediate 2—10 mitoses/10 hpf OR foci of necrosis | 2—20 mitoses/10 hpf, OR Ki67 index 3%—20%
High >10 mitoses/10 hpf >20 mitoses/10 hpf OR Ki67 index >20%

Abbreviations: WHO (World Health Organization); GEP (gastroenteropancreatic); NETs (neuroendocrine tumors);

ENETS (European Neuroendocrine Tumor Society); hpf (high-power fields).

Table 1. Grading Systems for Neuroendocrine.
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For neuroendocrine neoplasms, the presence of necrosis also plays an important role in grading. For
example, G1/G2 bronchial NETs (typical/atypical carcinoids) and G3 bronchial neoplasms (large cell
neuroendocrine carcinoma [LCNEC] and small cell lung carcinoma [SCLC]) exhibit markedly
different behavior. The presence of necrosis, alongside mitotic activity, is a distinguishing feature
between these 2 groups of tumors. NETs can also be classified based on differentiation, referring to the
extent to which neoplastic cells resemble normal cells.

In general, the WHO guidelines divide neuroendocrine neoplasms into 2 clinically distinct pathologic
classes: well- and poorly differentiated. Well-differentiated NETs can be classified as either grade 1 or
grade 2 depending on proliferation and histology. Well-differentiated grade 1 and grade 2 NETs
traditionally have been referred to as carcinoids, regardless of grade or site of origin. Poorly
differentiated grade 3 neuroendocrine carcinomas are characterized by rapid dissemination, resistance
to therapeutic interventions and a highly aggressive course.

Grade Lung, Thymus | GEP-NETs All Sites Pancreas
(WHO) (ENETS, WHO) (Wick) (Hochwald)

Low Carcinoid tumor | Neuroendocrine Neuroendocrine Well-differentiated
tumor, carcinoma, grade 1 pancreatic, Endocrine
grade 1 (G1) neoplasm, low grade

Intermediate | Atypical Neuroendocrine Neuroendocrine Well-differentiated

carcinoid tumor | tumor, carcinoma, grade 2 pancreatic, Endocrine
grade 2 (G2) neoplasm, Intermediate
grade
Small cell Neuroendocrine Neuroendocrine Poorly differentiated
carcinoma carcinoma, carcinoma, grade 3, pancreatic, Endocrine
grade 3 (G3), small cell carcinoma | carcinoma, small cell
High small cell carcinoma carcinoma
Large cell Neuroendocrine Neuroendocrine Poorly differentiated
neuroendocrine | carcinoma carcinoma, grade 3, pancreatic, Endocrine
carcinoma grade 3 (G3), large cell carcinoma, large cell
large cell carcinoma neuroendocrine neuroendocrine
carcinoma carcinoma
Abbreviations: WHO (World Health Organization); GEP (gastroenteropancreatic); NETs (neuroendocrine tumors);
ENETS (European Neuroendocrine Tumor Society).

Table 2. Nomenclature for Neuroendocrine Neoplasms.

Well differentiated NETs have a typical organoid arrangement of cells with nesting, trabecular, or
gyriform patterns. Well differentiated NET cells produce large amounts of secretory granules with
diffuse immunoexpression of neuroendocrine markers. In contrast, poorly differentiated NETS have
atypical, sheet-like, diffuse and irregular nuclei, less cytoplasmic secretory granules and limited
biomarker immunoexpression. Well differentiated NETs are usually of low or intermediate grade
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whereas poorly differentiated NETs are usually high grade. The histological classification of NETs,

including grade (G) and differentiation is outlined in Table 2.

According to the WHO classification 2004, NETs of the lungs share common morphological,

immunohistochemical and molecular characteristics. They can be divided into three main entities

(Table 3): Carcinoid tumors (typical (TC)/atypical (AC)); large cell neuroendocrine carcinomas
(LCNEC); small cell carcinomas (SCLC).

NENs Macroscopy Histology/Cytology
Characterization Necrosis | Mitosis /| Azzopard
10HPF* effect
TC (G1) often central, highly vascularized No <2 no
endoluminal typical neuroendocrine pattern
grey-yellow (i.e. organoid like)
endoscopic high relative unimorph, partly
vascularization granulated cytoplasm
moderate nuclear/cytoplasm
ratio
round, oval, spindle shaped
AC (G2) often peripheral less organoid, possible | 2-10 no
partly less more pleomorphic and larger focal
differentiated with slightly greater
chromatin stained nuclei
moderate nuclear/cytoplasm
ratio
increased cell-atypia
round, oval, spindle shaped
Neuroendo- less differentiated absence of organoid pattern large >10 LCENC:
rine propagation vessel aberrations areas LCNEC: uncommon
carcinoma of | grey-white LCNEC: small often >10 SCLC:
small cell/ often hemorrhage/ | nuclear/cytoplasm ratio SCLC: occasional
intermediate | necrosis SCLC: high nuclear/cytoplasm often >50

or large cell
type (G3)

ratio

partly free chromatin,

big round nuclei, bizarre cell
bodies

* HPF = High Power Field; Azzopardi effect describes encrustation of blood vessels with nuclear basophilic material.

Table 3. Macroscopical, histological and cytological features of pulmonary NETs.
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These neuroendocrine entities are further classified into two groups; according to their biological
aggressiveness [9]: well-differentiated low grade (G1) typical and intermediate grade (G2); atypical
carcinoids; poorly-differentiated high grade (G3) LCNEC and SCLC. In contrast with typical and
atypical carcinoids, LCNEC and SCLC are not closely related to each other regarding the genetic and
epigenetic characteristics. Unlike carcinoids, no precursor lesions are known for SCLCs and LCNECs
[10-12].

In typical carcinoids, regional lymph node metastases can be found in 10-15% and distant metastases
in 3-5% [13]. In atypical carcinoids, nodal metastases are found in 50% and distant metastases in 25%.
As metastases of G1 and G2 NETs are not sensitive to chemotherapy, surgery remains the first choice
of treatment in metastatic diseases. Due to the high metastatic risk (in 50% to 80%) of these tumors,
prophylactic cranial radiation is usually done [14].

Small cell lung cancers because of differences in clinical behavior, therapy and epidemiology are
classified separately. Several staging systems have been proposed for small cell lung cancer (SCLC)
by American Joint Committee on Cancer (AJCC), WHO, Veterans Administration Lung Study Group
(VALG) and International Association for the Study of Lung Cancer (IASLC) [15-16]. The staging
systems include two levels according to metastasis: Limited-Stage Disease (LD) (disease is confined to
the hemithorax of origin, the mediastinum or the supraclavicular nodes, which can be encompassed
within a tolerable radiation therapy port).

Patients with pleural effusion, massive pulmonary tumor, and contralateral supraclavicular nodes have
been both included within and excluded from LD by various groups. Extensive-Stage Disease (ED)
(SCLC has spread beyond the supraclavicular areas and is too widespread to be included within the
definition of LD. Patients with distant metastases (M1) are always considered to have ED) [15-16].
This distinction is crucial because the shape of limited disease responds very well to chemotherapy
associated with radiotherapy, especially with drug combinations that use the cis-platinum. In general
surgery is not recommended [17].

More recently the WHO classification of the neuroendocrine neoplasms of gastroentropancreatic
(GEP) system subdivided them into two major categories: neuroendocrine tumor (NET) and
neuroendocrine carcinoma (NEC), based on histological differentiation (well differentiated and poorly
differentiated), proliferative activity (G1, G2 and G3) and TNM factors (size, infiltration/invasion and
metastasis). NET G1 and NET G2 correspond to what were formerly called well differentiated
endocrine tumor and well differentiated endocrine carcinoma, respectively. NEC G3 is nearly the same
as poorly differentiated endocrine carcinoma and highly malignant [18-19] Table 2.

The European Neuroendocrine Tumor Society and the American Joint Committee on Cancer stage
NETs by the primary tumor (T), lymph node involvement (N), and distant metastasis (M). This TNM
staging represents a new system of NET classification. The definition of TNM varies by each primary
tumor site; however, staging relies predominantly on the size of the tumor and the extent of invasion
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into anatomical structures. For example, a NET in the colon invading the muscularis propria with no
lymph node involvement or distant metastases would be considered Stage IIA or IIB.

The North American Neuroendocrine Tumor Society (NANETS) recommend that pathology reports
provide a TNM stage, based on a system that is specifically referenced in the pathology report [19-20].
In the NET G1, G2 group, SSTR-2A expression is significantly higher in the gastrointestinal primaries
than in the lung primaries. This may suggest that SSTR-2A is a receptor subtype, characterizing the
low grade neuroendocrine neoplasms of GI origin. Among the SSTR subtypes, the expression of
SSTR-2A was significantly high in both the NET and NEC groups. No significant difference was
observed in the expression pattern of SSTR subtypes in the NET and NEC groups.

However, a significant difference in the expression profiles of SSTR-1 and 2A between NEC G3 small
cell type and non-small cell type was obtained. In NEC G3 small cell type, the expression of SSTR-1
and 2A was significantly low. Alternatively, the expression of SSTR-5 is rather high leading to the
conclusion that NEC G3 should be classified into small cell type and non-small cell type for example
lung cancer.

All the specific antibodies against SSTR-1, 2A, 3 and 5 show specific and satisfactory
immunolocalization of SSTR subtypes in the tumor cells. The immunolocalization of SSTR-2A is
usually membranous and intensely stained. Regarding the expression of SSTR-2A in the NET Gl1, G2
group, there is relatively good correlation between the expressions of mRNA (100%) and protein
(>80%). However, in the NEC G3 group the expression of SSTR-2A protein is rather low (61.9%)
compared with the expression of mRNA (95.2%). Such discrepant results may be caused by the
different sensitivities of each detection system.

The immunohistochemical localization of SSTR-1, 3 and 5 is usually cytoplasmic, but membranous
localization is also seen occasionally. No significant correlation is observed between the expression of
neuroendocrine markers (synaptophysin, chromogranin A, CD56, and NSE) and the expression
patterns of SSTR subtypes [21]. The expression of SSTR represents the bases of molecular imaging.

Imaging Modalities

Morphological or structural imaging technologies available for assessment of NETs include CT, MRI,
and ultrasonography. These imaging techniques are used especially to assess the morphologic features,
to identify changes in the target lesions over time and to detect new tumors through use of serial
imaging. Each of these modalities has advantages and disadvantages dependent by tumor characteristic
and location.

Computed Tomography

Computed tomography (CT) is the modality of choice for the initial imaging work-up and for therapy
monitoring of NET disease. Radiologically, pulmonary carcinoids (TC < 2 cm and AC > 4 cm) are
nodules or masses (TC with a smooth margin and AC with an irregular margin). Approximately 30-
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55% of carcinoids cause lobar atelectasis, obstructive pneumonitis and partial obstruction. Their
visualization can improve with intravenous administration of contrast due to the marked enhancement
of their vascular stroma [22].

In SCLC usually a central mass formed by the combination of primary tumor and lymph node
metastases can be found radiologically. Mediastinal lymph node involvement is present in most cases
(5% to 10% present as a peripheral nodule without lymph node involvement). Reduction and

displacement of major vessels and bronchi and pleural effusion are common findings.

Contrast-enhancement CT examination is especially important in early disease for pre-operative
planning. Three-dimensional (3D) volume rendering technique (VRT) and maximum intensity
projections (MIPs) in CT angiography is useful preoperatively to visualize arterial anatomy and detect

vascular encasement.

The high spatial resolution of current CT scanners allows to show the relation between the pancreatic
duct and tumor in the GEP [23-24]. In general for abdominal imaging, MRI is superior to CT because
of the better soft tissue contrast. On the other hand, the better spatial resolution of CT is more
advantageous for detection of small lung metastases and therefore for examination of the thorax CT
rather than MRI should be performed [25].

Magnetic Resonance Imaging

For MRI, specific imaging protocols for NETs have been described, including hyperintense signal
intensity on fluid-fluid levels on T2-weighted (T2w) imaging and arterial hypervascularity. Intra
vascular contrast enhancement is mandatory in MRI for NETs imaging and it is recommended that the
liver and pancreas should be always examined by so called ‘triple-phase scanning’. The examination is
performed before and during i.v. contrast enhancement in the late arterial phase (portal-venous inflow
phase) and venous (portal-venous) phase. Magnetic resonance cholangiopancreatography (MRCP) is
too generally included in NET evaluation, allowing better visualization of the main bile duct and the
pancreatic duct also respect to CT [26].

Recent studies suggest diffusion-weighted (DW) MR sequences to be very sensitive for the detection
of NET and for characterization of metastases, particularly helping in identify small lesions [27-28].
Additionally, functional MRI examinations (dynamic enhancement contrast MRI: DCE-MRI) with the
introduction of a particular contrast enhancement, gadolinium-EOB-DTPA, has increased sensitivity
and specificity, particularly for the detection of liver metastases. DCE-MRI is able to quantify the
microcirculatory status of the liver prospecting the possibility to go beyond the mere morphologic

assessment [28].

Somatostatin Receptor Imaging
Over-expression of somatostatin receptors (SSTR) is the rationale for molecular imaging in NET. The
receptors are expressed in about 80-90% of NETs [20], particularly in well-differentiated
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neuroendocrine tumors. All the subtypes of SSTR expressed by NET have affinity for the native
peptide. Hence, the sensitivity of somatostatin receptor studies depends on the density of the SSTR in
the tumor and the type of analogue used. Somatostatin receptors are expressed by many
neuroendocrine and non neuroendocrine cells of the body, so different organs may be imaged by
somatostatin receptor scintigraphy including the liver, spleen, pituitary, thyroid, kidneys, adrenal
glands, salivary glands, stomach wall, bowel [29-30].

Scintigraphy

Scintigraphy (SRS) using '

In-DTPA-octreotide (Octreoscan) is the standard method. Whole-body
images (anterior and posterior views) are acquired at 4 and 24 h and single photon computed emission
tomography (SPECT or SPECT/CT) of the abdomen and thorax is performed 24 h after injection. The
sensitivity and specificity of SRS is varying in different reports, although a review comprising 35
centers and 1200 patients showed median 89% (range 67 -- 100%) detection rate and median 84%
(range 57 -- 93%) sensitivity, but the sensitivity at SRS varies with the tumor type and its anatomical
localization [31-32].

PET/CT-*Ga-DOTA-SSTRTs

The introduction of ®*Ga-DOTA-SSTRTs PET/CT for the evaluation of NETs has significantly
improved the diagnostic work-up, previously based only on conventional imaging (CI) modalities
(ultrasound, CT, endoscopy, MRI) and somatostatin receptor scintigraphy (SRS) [33-34]. %Ga-DOTA-
conjugate peptides are rapidly cleared from the blood. Maximal tumour activity accumulation is
reached 70+/-20 min post injection. Excretion is almost entirely through the kidneys [35]. Exist
various **Ga-peptide preparations (**Ga-DOTATOC, %Ga -DOTANOC, **Ga DOTATATE) which
show different affinity to the somatostatin receptor subtypes but appear to be similarly effective in
visualizing NETs in patients [6]. %Ga-DOTATOC binds to SSTR5 with intermediate affinity and
%Ga-DOTANOC has high affinity to SSTR2, SSTR3, and SSTR5 [36].

Functional imaging by PET/CT with ®®Ga-labeled octreotide and octreotate (**Ga-DOTATOC, **Ga-
DOTATATE, ®*Ga-DOTANOC), has shown excellent results in NET patients. In a large number of
studies, PET and PET/CT with these tracers have shown superior to morphologic imaging, mostly in
comparison with CT. A large prospective study also demonstrates a higher accuracy of %¥Ga-
DOTATOC in comparison to the anatomical imaging modality, CT, and conventional SRS [37]. The
advantages of PET over SRS are a higher tissue contrast and a better spatial resolution of about 0.5 cm
compared to 1-1.5 cm with SPECT and planar scintigraphy.

Furthermore, with the 68Ga—preparations there are logistical advantages because of their more favorable
kinetics that allows PET imaging already 1 h after injection [2, 38]. The first clinical investigation on
SSTR targeting using ®*Ga-DOTATOC PET was published in 2001 by Henze et al. [39], who studied
patients with meningiomas. The hypothesis of the study was that PET imaging with ®*Ga-DOTATOC
could help differentiating between meningiomas, neurofibromatosis and metastases, since
meningiomas highly express SSTR2. They imaged three patients with ®*Ga-DOTATOC PET, who had
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a total of eight meningiomas between them. Dynamic PET images of the brain demonstrated rapid
radiopharmaceutical uptake within these tumors.

Quantitative analysis showed that the standard uptake value (SUV) increased immediately after
injection, and reached a plateau 60-120 min after the injection (mean SUV10.6). There was no
radiopharmaceutical uptake in adjacent healthy brain parenchyma, and even the smallest lesions (7-8
mm) showed high uptake with very high tumor to background ratios. This study provided useful
information about the extent of tumor spread relative to adjacent osseous structures, especially at the
base of the skull. Henze et al. [40] studied meningiomas with dynamic %Ga-DOTATOC PET to
evaluate the utility of obtaining radiotracer kinetic parameters prior to radiotherapy. They performed
dynamic PET studies in 21 patients with a total of 28 lesions.

They demonstrated significant differences between meningiomas and the reference tissue (nasal
mucosa) in the mean SUV (10.5 vs 1.3), and in the kinetic parameters such as vascular fraction (vB),
rate constants ko, ks, ks (1/min) and receptor binding (k;—k;/k;). These factors resulted in very high
tumor-to-background ratios, allowing clear visualization of lesions at the skull base, particularly
important for radiotherapy planning.

There have been several studies using %Ga-DOTATOC PET for the detection of SSTR- positive
malignancies, including metastatic lesions [37]. Hofmann et al. compared "Mn-octreotide scintigraphy
with ®*Ga-DOTATOC PET in eight patients with histologically proved carcinoid tumors. They studied
a total of 40 lesions that were identified either by CT and/or MRL In total ®*Ga-DOTATOCPET
identified 100% of these lesions, whereas '''In-octreotide planar and SPECT imaging identified only
85% of the lesions.

Quantitative analysis showed that %Ga-DOTATOC PET imaging resulted in higher tumor-to-non-
Mn-octreotide. Kowalsk et al. [41]
similarly presented a comparison between %Ga-DOTATOC PET and '''In-DTPA-octreotide imaging

tumor contrast with lower renal accumulation compared to

in four patients with NET. ®*Ga-DOTATOC PET appeared superior especially in detecting small
tumors or tumors bearing only a low density of SSTRs. Both "n-DTPA-octreotide SPECT and **Ga-
DOTATOC PET were less sensitive in the detection of liver metastases of NET compared to CT
because they demonstrated lower overall uptake than the surrounding liver.

NETs are rare lesions that occur most commonly in the gastrointestinal tract and express a mine and
peptide receptors, e.g. SSTR and receptors for vaso intestinal peptide, bombesin, cholecystokinin,
gastrin, and/or substance P.). A recent study addressing the use of %Ga-DOTATOC PET in NET was
reported by Gabriel ef al. [33]. They compared ®*Ga-DOTATOC PET with *™Tc-HYNIC-octreotide

and '

In- DOTATOC scintigraphy and CT in 88 patients with known or suspected NET. Patients were
placed into one of three categories: those with an unknown primary tumor, but with clinical or
biochemical suspicion of neuroendocrine malignancy (13 patients); those for staging of known tumor

(36 patients); and those being followed up after therapy (35 patients). ®*Ga-DOTATOC PET
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demonstrated significantly better diagnostic efficacy with a sensitivity of 97%, a specificity of 92%
and accuracy of 96%.

Furthermore, the combined use of PET and CT gave the highest overall accuracy. Buchmann et al.
[42] compared the relative utility of ®*Ga-DOTATOC PET and '''In-DTPA-octreotide SPECT in the
detection of NET and its manifestations. In that study (25 patients), SUVs of positive lesions on **Ga-
DOTATOC PET were from 0.7 to 29.3 for the mean SUV and from 0.9 to 34.4 for maximum SUV,
while tumor/normal tissue ratios of '''In-DTPA-octreotide SPECT ranged from 1.8 to 7.3. In imaging
of lung and skeletal lesions, ®*Ga-DOTATOC PET was superior to '''In-DTPA-octreotide SPECT
while in regional comparison of liver and brain, was identical.

The authors concluded that ®*Ga-DOTATOC PET is superior to "n-DTPA-octreotide SPECT in the
detection of NET in the lung and skeleton and similar for the detection of NET in the liver and brain.
Compared to %Ga-DOTATOC, which is more specific for SSTR2, %Ga-DOTANOC possesses a
certain degree of selectivity for SSTR2, SSTR3 and SSSTRS and demonstrates more favorable
dosimetry [43]. Similarly, the radiotracer ®*Ga-DOTANOC shows a high sensitivity in the detection of
small lesions, particularly in liver, within lymph nodes and within bone metastases [44-46].

PET/CT-""F-FDG

Change in biology of the tumors is a known phenomenon and is attributed to either a change in the
tumor receptor density or expression of a new receptor. Delineating these receptor changes may help
defining patient’s prognosis and management [34]. Patients on follow-up with clinical or biochemical
suspicion of a recurrence evaluated with '''In-DTPA-octreotide SPECT with poor to absent SSTR
expression raise the probability of altered receptor status. NET is a well-differentiated pathology and
does not express glucose transporter (GLUT) receptors and hence a E_FDG PET/CT study 1s not
utilized in the work up. Dedifferentiating tumors show an increase in the GLUT receptor expression
with a decline in the somatostatin receptor density; hence, an '*F-FDG PET/CT study would be
efficacious in locating sites of tumor spread [47].

Combining receptor imaging studies with BE.FDG PET/CT study may help in staging the disease as
per the WHO classification which is based on the histology-type 1a: Well-differentiated benign, type
1b: Well differentiated with low-grade malignancy, and type 2 poorly differentiated. The prognosis of
the tumor is dependent on the differentiation of the tumor, poorly differentiated having a bad prognosis
[46]. In many patients there were a large number of tumor lesions, often with multiple lesions in the
same organ (e.g., liver metastases). In some patients there was variable uptake of tracer at different
lesion sites. Moreover, heterogeneous uptake within tumor lesions indicates that percutaneous biopsy
may not fully reflect in vivo tumor heterogeneity. Despite these limitations, which to a large extent are
inevitable in an imaging study, tumor grade and proliferation appeared to be related to tumor **Ga-
DOTATATE and "*F-FDG uptake.
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%Ga-DOTANOC PET/CT was superior to '*F-FDG PET/CT in patient based analysis. In region based
analysis, ®*Ga-DOTANOC PET/CT results superior to '*F-FDG PET/CT in detecting lymph node
metastases; no statistically significant differences there are in liver and skeletal lesions detection. Their
role is complementary and the combination of %Ga-DOTA-NOC PET/CT and "*F-FDG PET/CT helps
defining the total disease burden and selecting patients for a proper therapeutic groups [48].

Clinical Indication to perform **Ga-DOTA-Conjugate peptides PET/CT

In the management of NETs ®*Ga-DOTA-conjugate peptides PET/CT is used to:

localize primary tumours and detect sites of metastatic disease (staging) [49];

follow-up of patients with known disease, if at the first diagnosis the tumor showed SST receptor, to
detect residual, recurrent or progressive disease (restaging) [31, 42-43];

determine SST receptor status (patients with SST receptor-positive tumors are more likely to respond
to Octreotide therapy) [46];

select patients with metastatic disease for SST receptor radionuclide therapy (with 177Lu or Py-
DOTA-peptides ) [46];

monitor the response to therapy (surgery, radiotherapy chemotherapy or SST receptor radionuclide
therapy) [7].

Staging

Numerous studies assessed the role of ®*GA-DOTA in NET. Ambrosini ef al. [47,50] in a study
included 90 patients with pathologic confirmation of NET, exploring the clinical impact of **Ga-
DOTANOC PET/CT compared with CT for staging and change of therapy. Considering all cases,
%Ga-DOTANOC PET/CT changed both stage and therapy in 50 of 90 (55.5%) patients. The most
frequent impact on the management (27 patients) was the initiation or continuance of peptide receptor
radionuclide therapy, followed by the initiation or continuance of somatostatin analog medical
treatment (7 patients) and referral to surgery (6 patients). PET prevented unnecessary surgery in 6
patients and excluded from treatment with somatostatin analogues 2 patients with NET lesions that did
not express somatostatin receptors.

Less frequent impacts on management included the initiation of radiotherapy (1 patient), further
diagnostic investigation (1 patient), and liver transplantation (1 patient). The Authors concluded
highlighting the importance of the clinical role of PET in the management of NET [47].

Rakesh er al. [48] evaluated the role of ®*Ga-DOTATOC PET/CT for detection and staging of
pancreatic NETs. They enrolled twenty patients with clinically suspected and/or proven pancreatic
NET. Patients underwent ®*Ga-DOTATOC PET/CT, CT with contrast enhancement (ceCT), and R,
FDG PET/CT for staging and/or localizing the primary lesion.

The imaging results were compared with histopathology and with clinical follow up. ®*Ga-DOTATOC
PET/CT correctly localized primary tumor in all 20, ceCT in 15 and "*F-FDG PET/CT in 2 patients.
Additionally ®*Ga-DOTATOC PET/CT detected metastases in 13 patients, ceCT in 7 and '°*F-FDG
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PET/CT in 2. They concluded that ®*Ga-DOTATOC PET/CT is a very useful imaging investigation for
diagnosing and staging pancreatic NET.

Haug et al. tested the %Ga-DOTATATE PET/CT as a diagnostic tool to improve the detection of
tumor in a cohort of patients with suspected, no localized NET. 8Ga-DOTATATE PET/CT was
performed in 104 consecutive patients with clinical suspicion of NET. Presence of NET was
histologically verified in 36 cases. ®*Ga-DOTATATE PET/CT identified NET in 29 of the 36 cases
and excluded the presence of a NET in 61 of the 68 non-NET patients, indicating a sensitivity of 81%
and specificity of 90%. PET/CT gave a false-positive result in 7 patients and a false-negative in
another 7 patients, indicating positive and negative predictive values of 81% and 90%, respectively,
and an accuracy of 87%.

The conclusion was that ®*Ga-DOTATATE PET/CT is highly accurate in patients with clinical
symptoms of NETs or elevated levels of tumor markers and should be used in clinical routine
diagnostics [49].

Sharm er al. investigate about the predictive value of °®Ga-DOTANOC PET/CT in patients with
suspected NET. They studied 164 patients who underwent %Ga-DOTANOC PET/CT. Histopathology
(n = 55) and clinical/imaging follow-up (n = 109; median, 11 months) was used as reference standard.
Primary tumor was demonstrated in 90 patients (commonest site-pancreas) and metastasis in 30
(commonest site-liver). PET/CT was true positive in 92 patients, true negative in 58, false positive in
9, and false negative in 5. The overall sensitivity was 94.8%, specificity was 86.5%, positive predictive
value was 91%, negative predictive value was 92%, and accuracy was 91.4%.

The Authors conclude that ®*Ga-DOTANOC PET/CT shows high positive and negative predictive
values in patients with suspected NET and can be routinely used for this purpose [51]. Naswa et al.
considering that many small lesions and metastases of NET remain occult on CT evaluated the
diagnostic performance of ®*Ga-DOTANOC PET/CT in gastrinoma patients with negative or equivocal
CT findings (n: 25). Diagnostic performance of ®*Ga-DOTANOC PET/CT was superior in patients
with equivocal ceCT findings than that in patients with negative ceCT. %Ga-DOTANOC PET/CT

showed more accuracy than ceCT [52].

Therapy

Although the neuroendocrine tumors tend to have a slow growth, often they are diagnosed in the
metastatic phase. The wide range of type of neuroendocrine tumors implies the need for a variety of
treatments. Therapy is typically multidisciplinary and must be adapted to each patient according to the
tumor type, the extent of disease and symptoms. Surgery remains the primary modality for cure in
patients with limited disease, early-stage disease. When this is not possible, medical therapy with
somatostatin analogs are the mainstay for control of hormone-related symptoms associated with NETs
as well as suppression of disease progression.
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In addition to symptom control, treatment with long-acting somatostatin analogues has demonstrated
antitumor activity, prolonging time to disease progression in patients with metastatic NETs. The
targeted therapies, including the oral mTOR inhibitor everolimus and the tyrosine kinases inhibitor
sunitinib have been shown to improve progression-free survival in patients with progressive malignant
disease. Peptide receptor radionuclide therapy (PRRT) has also shown promising results in patients
with disseminated disease. A high prevalence of somatostatin receptor expression among NETs
provides the rationale for peptide receptor-targeted therapy as a treatment modality in patients with
inoperable or metastatic disease. The most frequently used radionuclides for targeted radiotherapy in
NETs are indium (*''In), yttrium *°Y), and lutetium (!’

and tissue penetration [52-53]. Both the yttrium- and the lutetium-labeled compounds have

Lu), which differs in emitted particles, energy
demonstrated promising results in patients with NET [54-55].

Treatment response

Imaging plays a pivotal role in follow-up surveillance and assessment of response in patients with
NETs. However, the complex clinical course of NETs and cytostatic nature of many NET treatments
pose specific challenges for the assessment of response. The pitfalls of conventional morphologic
imaging in evaluating disease after treatment are well established. Inherent difficulties include
identifying and monitoring small volume disease, defining and reproducibly measuring individual
large volume of lesions and time lag before tumor decrease occurs after the start of chemotherapy and

radiotherapy.

Additionally, a discrepancy between patient outcomes and decrease in tumor size has been well
documented in patients with gastrointestinal stromal tumors treated with imatinib. Similarly, the
limitations of RECIST in predicting survival have been noted in patients with advanced hepatocellular
carcinoma treated with sorafenib. In the SHARP trial, only 2% of patients in the treated group
demonstrated a partial response by RECIST despite improvement in overall survival. These findings
suggest that tumor shrinkage may not predict poor outcome in patients treated with targeted therapies
because tumors may respond to targeted therapy by undergoing necrosis or cystic changes without
decreasing, and possibly even increasing, in size.

Residual masses or fibroses that do not contain viable tumor can cause further uncertainty [20,29].
Functional imaging providing information on tumor physiology may have a great potential for
measuring treatment response in patients in whom tumor variation of volume is not predictable.
Response to targeted therapies that demonstrate cytostatic versus cytocidal effects may be associated
mainly with a decrease in metabolism, even in the absence of a major reduction in tumor size.

Therefore, changes in functioning or metabolic characteristics of the tissue may be more predictive of
outcome than the tumor size criteria used by RECIST. Physiologic changes can be detected much
earlier than changes in size, allowing to evaluate previously response to therapy. Several functional
imaging techniques including dynamic contrast-enhanced (DCE) MRI, diffusion weighted MRI (DW-
MRI), PET/CT and SPECT/CT have demonstrated promising ability to provide quantitative
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information regarding the change of molecular characteristics of tumors after treatment [22,29].
Somatostatin receptor imaging is used for monitoring NET treatment and is valuable as a complement
in patients with biochemical or clinical progressive disease for the detection of new lesions [53].
However, there are no unique opinions about the role of somatostatin receptor PET/CT imaging in
treatment monitoring, particularly for therapy with analogue of somatostatin.

Similarly there are no specific references in the guidelines of NET probably because studies with a
large number of patients remain to be performed [54]. Based on the possible limitations of SRS and
%Ga-DOTATOC PET/CT for monitoring therapy with analogues of somatostatin, in patients with
well-differentiated NETSs, other tracers could be considered for imaging such as '*F-dopamine, '*’I-

iodine-alphamethyltyrosine and ''C-5-hydroxy-tryptophan (*'C-5-HTP) [58].

In a recent study of 61 patients, E_DOPA-PET/CT showed 91% sensitivity and 96% specificity for
NET detection and resulted in a change of therapy in more than one quarter of the patients [55]. In a
larger study of 82 patients, the accuracy of "F-DOPA-PET/CT for initial NET localization and
staging, follow-up and diagnosis of recurrent disease was confirmed [56].

In comparative studies, however, the use of %Ga-labelled octreotide rather than F-DOPA has been
shown to be more advantageous for NET visualization [60]. Although published studies measuring
labeled L-DOPA or 5-HTP uptake before and during treatment for monitoring therapy in NET are
lacking, interesting results have been noted from small studies in the setting of therapeutic monitoring.
Currently, the feasibility of 5-HTP-PET and L-DOPA-PET for therapeutic monitoring in NETs is
limited by the few centers that have the capability to perform the procedure [58].

Recurrence

%Ga-DOTATATE PET/CT is accurate in detection of recurrent NET after surgery. When it is
possible, complete surgical resection with curative intent of the primary tumor should be performed;
however, many patients may develop disease recurrence. The probability of recurrence may vary
depending on the site and the biologic aggressiveness of the tumor. In literature definitive studies
evaluating recurrence rates and median time to tumor recurrence after resection and eventually

adjuvant regimens are scarce.

However data regarding recurrence after surgery should help identifying patient subgroups at
particularly high risk of recurrence. Nevertheless, in patients with primarily localized stages, there is
potential for improving 5-year survival rates, which remain less than 80%, because of recurrence in a
comparably high proportion of patients. In a cohort of patients with pancreatic NET, 42% developed
recurrent disease, manifesting in most cases with hepatic metastases after curative resection of the
primary tumor, while in a cohort of patients with small-bowel NET, 59% developed recurrent disease,
with a median time to recurrence of 32 months. Despite the considerable risk of development of
recurrent disease in patients with NET, there is no consensus about the most favorable imaging
modality for postsurgical follow-up, best intervals and duration of follow-up.
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Positron emission tomography (PET) findings with ®*Ga-labeled somatostatin analogs enables a good
correlation with expression of somatostatin receptor type 2, which is typically high in resected NETs
"n-pentetreotide SRS,
with a positive effect on patient treatment and prognostic accuracy. Recently, one study showed the
high value of 68Ga—tetra.azacyclododecane tetraacetic acid-octreotate (®*Ga-DOTATATE) PET/CT in
patients who are suspected of having a NET, such that it is now recommended by the guidelines of the

[61]. PET with somatostatin analogs is superior to conventional imaging and

European Neuroendocrine Tumor Society [57]. Some of these studies have also included patients
during follow-up after curative surgery and **Ga-DOTATATE PET/CT proved a high accuracy in
detection of recurrent NET after surgery however lack of specific and consistent data.

Pediatric NET

Neuroendocrine tumors arising from the neural crest, such as neuroblastomas, form a large proportion
of childhood malignancies, accounting for 7% to 10% of all pediatric neoplasms, while
gastroenteropancreatic-NETs form a small subgroup of neural crest tumors whose imaging findings are
not well-described in children. Certain tumors occur as part of hereditary syndromes such as multiple
endocrine neoplasia types 1 and 2, von Hippel-Lindau disease, neurofibromatosis type 1, Carney
complex, pheochromocytoma-paraganglioma syndrome and familial medullary thyroid carcinoma.

These syndromes generally appear at a young age and are characterized by specific genetic
abnormalities. The combined use of molecular and anatomical imaging techniques results in improved
sensitivity and specificity of both diagnostic and surveillance scans for children with medulloblastoma,
neuroblastoma, and neuroendocrine tumors [58]. Castleberry et al. demonstrated how molecular
targeting of somatostatin receptors can be exploited to differentiate embryonal versus astrocytic brain
tumors at diagnosis and provide examples of the sensitivity of combined imaging techniques for
identification of recurrent medulloblastoma.

They discuss the use of both MIBG and Octreoscan for molecularly targeted diagnoses and
identification of metastatic disease in neuroblastoma and the new molecularly targeted imaging
techniques including PET. The Authors also argue that the combination of imaging modalities is
useful to identify early recurrences [59].

Complete surgery is the only known curative modality and unfortunately, more than half of NET
(excluding appendiceal carcinoid) diagnosed in children are metastatic at diagnosis [2]. Although these
tumors can produce distinct clinical syndromes due to their secretory capacity, they are under
diagnosed in children, resulting in delays in detection [60].

A retrospective analysis of 30 patients (18 males 12 females; age range: 1-18 years; mean age 7.8
years) with histologically confirmed NETs underwent a %Ga-DOTATATE PET/CT scan for primary
staging. The completed study resulted in 11 neuroblastomas, 8 phaeochromocytomas, 5 GEP-NETs, 2
pancreatic NETSs, 2 paragangliomas, 1 bronchial carcinoid and 1 ganglioneuroma. All of the above
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patients underwent a **Ga-DOTATATE PET/CT scan at time of diagnosis for primary staging of their

oncologic state.

Contrast enhanced CT performed at the time of PET scan acquisition was used for comparison with
PET data. Eighteen-74 MBq of radioactivity of %Ga-DOTATATE was injected intravenously in each
patient and after 45-60 min ®*Ga-DOTATATE PET/CT was performed. Diagnostic ceCT acquired
with ®®Ga-DOTATATE PET/CT scan was with 120 kV, 40 mA, in the age group of 0-3 years, 120 kV,
60 mA, in age group of 3-6 years and 120 kV, 70 mA, in age group of 6-12 years.

Seventeen/30 patients had no evidence of bone metastases on any imaging modality or on clinical
follow-up while the rest of 13 patients showed evidence of bone metastases. Nine showed positivity
both on ®®*Ga-DOTATATE PET and CT scan while four showed positivity only on %Ga-DOTATATE
PET. Compared with CT scan %Ga-DOTATATE PET detected bone metastases at a significantly
higher rate (P = 0.0039). On a per lesion analysis, out of a total of 225 lesions detected by %Ga-
DOTATATE PET, only 84 lesions could be detected by CT scan. Another study in a small patient
cohort indicated that ®*Ga-DOTA-TOC PET may be superior to '“I-MIBG scintigraphy and
complementary to CT and MRI technique in providing particularly valuable information for
pretherapeutic staging of phaecochromocytoma and neuroblastoma [61].

Conclusion

Several studies have shown the higher accuracy of ®®Ga-DOTA-TOC for the detection of NET lesions
as compared to conventional imaging. The use of **Ga-DOTA-TOC is not only limited to a better
overall accuracy but also provide valuable data regarding the pattern of expression of SST on target
lesions, which represents a useful non-invasive modality for selecting patients for therapy with hot or
cold somatostatin analogues. In response to treatment morphology-based criteria to assess tumor
response have many limitations for NETs, which are often slow growing and frequently demonstrate
low response rates when based on conventional radiological criteria, furthermore, many NET
treatments do not induce cytotoxic effects and the lesion volume do not modify.

The imaging techniques which measure changes in tumor physiology and metabolism should be
considered in treatment assessment and subsequently in the follow up. These include 68Ga—peptide
PET/CT, molecular imaging with PET tracers that are not based on somatostatin receptor targeting and
functional MRI. However, further data are needed to better plain the integrated use of metabolic and
receptor-targeted tracers in the clinical management of patients with NET.
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