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Zusammenfassung 
 

Gegenstand: Das Ziel dieser retrospektiven Studie ist die Evaluierung der Bedeutung des 
68Ga-DOTA-NOC-PET/CT in der Diagnostik und im Grading von histologisch gesicherten 

neuroendokrinen Tumoren (NET) des Gastrointestinaltrakts (GI).   

 

Methode: 68Ga-DOTA-NOC-PET/CT-Untersuchungen von 31 Patient*innen mit 

histologisch gesichertem NET des GI wurden ausgewertet. Die Primärtumore des Magen-

Darm-Trakts und deren Fernmetastasen, falls vorhanden, wurden mittels SUVmax- und 

SUVmean-Werten (maximum bzw. mean standardized uptake value) quantifiziert. Der 

SUVmax der Läsionen wurde mit der WHO-Klassifikation (G1, G2, G3) von NET- und 

Tumormarker-Werten verglichen. Bei der Analyse von SUVmax-Werten von Primär- und 

Sekundärtumoren wurden nur Patient*innen mit G1- und G2-Tumor berücksichtigt, da nur 

von einer Person Daten mit G3-Tumor vorlagen. 

 

Ergebnisse: Mittels 68Ga-DOTA-NOC-PET/CT konnten 26 Primärtumore im Colon 

ascendens, Colon descendens, im Bereich der Valvula ileocoecalis, des Coecums, Magens, 

Duodenums, Ileums und Jejunums bei 31 Patient*innen detektiert werden. Der SUVmax 

zeigte keine signifikante Korrelation mit G1- und G2-Tumoren. Signifikante Korrelation gab 

es zwischen dem Alter der Patient*innen und dem SUVmean. Weitere signifikante 

Korrelation gab es zwischen der Tumorlokalisation und dem SUVmax. Tumormarker 

zeigten keine signifikanten Korrelationen zu SUVmax-Werten. 

 

Schlussfolgerung: 68Ga -DOTA-NOC-PET/CT eignet sich als Werkzeug für das Staging 

von NETs des GI-Trakts. Es wird ermöglicht, Tumore in frühen Stadien zu entdecken. 68Ga-

DOTA-NOC-PET/CT ist der Diagnostik der Histopathologie unterlegen, da mit dem 

SUVmax-Wert G1 Läsionen nicht sicher von G2 Läsionen abgegrenzt werden können. 
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Abstract 
 

Subject: The goal of this retrospective study is the evaluation of the value of 68Ga-DOTA-

NOC-PET/CT in diagnosing and staging of histologically verified neuroendocrine tumours 

(NET) of the gastrointestinal tract (GI). 

 

Method: 68Ga-DOTA-NOC-PET/CT images of 31 patients with histologically verified NET 

of the GI were analysed. Primary tumour sites of the GI-tract and the distant metastases, if 

present, were quantified via measurement of SUVmax- and SUVmean-values (maximum 

and mean standardized uptake value, respectively). The SUVmax of these lesions were 

compared with the WHO-classification(G1, G2, G3) of NET and tumour marker values. In 

the analysis of SUVmax-values with primary and secondary tumor sites, only patients with 

G1 and G2 tumours were considered, because only one patient with G3 tumour was present. 

 

Results: Via 68Ga-DOTA-NOC-PET/CT, 26 primary tumour sites in the colon ascendens, 

colon descendens, in proximity to the valvula ileocoecalis, caecum, stomach, duodenum, 

ileum, and jejunum amidst 31 patients could be detected. The SUVmax did not show 

significant correlation with G1 and G2 tumours. Significant correlation was present between 

age of patients and SUVmean. Another significant correlation was found between the tumour 

localisation and SUVmax-values. Tumour markers did not correlate significantly with 

SUVmax-values.  

 

Conclusion: 68Ga -DOTA-NOC-PET/CT is a suitable tool for staging of NETs of the GI-

tract. It allows early detection of tumours in early stages. 68Ga-DOTA-NOC-PET/CT is 

inferior to histopathological examinations because SUVmax-values do not differ between 

G1 and G2 lesions. 
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1 INTRODUCTION 
1.1 Anatomy of duodenum and ileum 
The duodenum and ileum, together with the 

jejunum, form the small intestine (SI). The SI 

absorbs high amounts of nutrients. To achieve high 

nutrient uptake, SI tissue forms layers that include a 

magnitude of small vessels, muscles and nerve cells.  

Four layers can be differentiated in the small 

intestine. Starting from the luminal side, the mucosa 

layer can be found. This layer’s surface consists of 

villi, which improves the efficiency of absorption 

because a larger contact area is created. The villi 

structures consist of different specialised cells, 

including enteroendocrine cells. These 

enteroendocrine cells, particularly their malign 

proliferation, pose the subject-matter of our research.  

The submucosa follows the mucosa layer. It consists 

of connective tissue. In this tissue, blood and 

lymphatic vessels are embedded, combined with a network of nerve cells. 

The third part is called the muscular layer. It consists of two layers of muscle cells, which 

embed nerve cells between them. The muscular layer is very important for the transportation 

of food in one direction. 

The outer layer of the small intestine is called the serosa. Depending on the localisation, 

either mesothelial or epithelial cells are part of this tissue (1) 

1.2 Physiology of duodenum and ileum  
The small bowel absorbs four main types of nutrients; carbohydrates, proteins, fats, and 

vitamins. 

Carbohydrates found in diets usually consist of polysaccharides. Enzymes like amylase 

break down the polysaccharides into smaller parts called monosaccharides. They are 

transported into the bloodstream using two different carriers, SGLT1 and GLUT5. These 

carriers can be found in the brush border of the small bowel. 

The processing and absorption mechanism of proteins differs regarding the anatomical 

region of the gastrointestinal tract. In the stomach, pepsin and a low pH dissolve the peptide 

Figure 1: Schematic anatomical 
depiction of the gastrointestinal 
tract. 
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bonds of proteins. The small bowel, however, uses a much higher pH and different enzymes 

derived from the pancreas.   

Fats are usually found as triglycerides. Their breakdown begins lingual using enzymes. 

Further processing also occurs in the gaster using gastric lipases and in the duodenum using 

pancreatic enzymes. The physiological uptake of free fatty acids happens in the jejunum. 

Vitamins are absorbed in the small intestine. There are two types of vitamins, fat-soluble 

and non-fat soluble. Fat-soluble vitamins are A, D, E, and K. The jejunum and ileum are the 

most common sites for vitamin absorption.(2) 

1.3 Neuroendocrine tumours 

1.3.1 Types  
Neuroendocrine cells are dispersed throughout the entire human body. They appear 

sporadically or accumulated in large groups. Endocrine cells secrete the largest amount of 

hormones, which gives them heterogenic characteristics, differing between the cell’s 

localisation. Neuroendocrine tumours (NETs) are rare neoplasms of these cells. The 

gastrointestinal tract (GI) and the respiratory system are widespread places of origin for 

neuroendocrine tumours. Other entities also emerge from the pancreas, the central nervous 

system, and the skin. (3–5) 

1.3.2 Incidence 
The incidence of neuroendocrine tumours, especially of the gastroenteropancreatic (GEP) 

system, is steadily increasing. Neuroendocrine neoplasms usually develop in the upper 

intestine (stomach, esophagus) and pancreas. The colorectal region is also a common site for 

NETs. Neuroendocrine neoplasms of the gallbladder, liver, jejunum, and appendix are 

possible but uncommon. (6)  

1.3.3 Staging 
Grading of NETs is done by analysing their histopathological structure.  These tumours are 

divided into two main groups: well-differentiated and poorly differentiated neuroendocrine 

tumours. Well-differentiated NETs are similar to physiological, endocrine tissue and form 

two main groups, Grade 1 (G1) and Grade 2 (G2). Poorly differentiated NETs are labeled 

Grade 3 (G3) neoplasms. They share very few similarities with physiological tissue, making 

them aggressive, rapidly progressing tumours. (7) 
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1.3.4 Ki67 
Ki67 is a monoclonal antibody first manufactured in the city of Kiel (Ki). The number 67 

refers to the first original clone of this antibody. Ki67 binds to proteins in the nucleolus, 

mostly present in G2 and M phases of the cell cycle. Under microscopic evaluation, Ki67 

labeled, and unlabeled cells can be found. The difference between marked and unmarked 

nuclei shows the Ki67-idex. This index is quantified in percent. There are different cut-off 

values dependent on the tissue evaluated, which determines the tumour (G1, G2, G3). Ki67-

Index has become an essential tool for grading of NETs.  (8) 

1.3.5 Genetics  
Tumours with neuroendocrine properties often present themselves with different genetic 

findings. These findings can be associated with specific genetic syndromes or certain gene 

mutations. 

Genetic syndromes often associated with neuroendocrine tumours are MEN-1, MEN-2 and 

a new MEN type called MEN IV. Moreover, Zollinger–Ellison syndrome, neurofibromatosis 

type I (NF1), Tuberous sclerosis (TS) and von Hippel–Lindau syndrome present themselves 

with gene mutations that pose a particular risk factor for the development of NETs. (9) 

1.3.6 Signs and Symptoms  
Neuroendocrine tumours of GI-tract are often asymptomatic or present themselves with 

indifferent abdominal pain. They are often accidental findings, which prolongs their 

diagnostic time. Jaundice and haemorrhage are uncommon but possible. (9)  Excessive 

hormone secretion of NETs, although uncommon, can lead to the carcinoid syndrome.  

Presence of this syndrome raises the suspicion of hormone producing neoplasms. This 

differential diagnosis causes planning and initialisation of advanced blood tests and imaging 

modalities, oftentimes leading to lower diagnostic time. (4) 

The carcinoid syndrome manifests in 3-13% of patients affected by GI-NETs. This state of 

highly elevated hormone secretion is challenging to control. Patients present a wide range of 

clinical manifestations, including flush, highly elevated bowel movements, respiratory 

problems, and stomach pain. This condition can only be treated symptomatically until the 

underlying cause is found.(10) 

1.3.7 Prognosis 
The prognosis of neuroendocrine tumours is based on two parameters, the Ki67-Index, and 

tumour grading. In SI-NETs, tumour size also plays a role in the prognosis concerning 

distant metastases. The 5‐year survival rates for low‐grade NETs of the midgut are at 79%. 
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Intermediate‐grade neoplasms have a survival rate of 74%, and high‐grade tumours show a 

survival rate of 40%.(11) 

1.4 Tumour markers 
Tumour markers can be tested in blood samples. Common tumour markers for detection of 

NETs are serotonin, chromogranin, and neuron-specific-enolase. Elevated tumour marker 

levels can indicate the presence of NETs. However, this is not enough to pinpoint the exact 

location of the tumour. (12) 

Serotonin (5-hydroxytryptamine, 5-HT) is a hormone in the GI-tract that influences tissue 

function. Moreover, serotonin alters tumour growth. 5-HT tumour markers are commonly 

used to aid diagnosis and follow up of neuroendocrine neoplasms.(13)(14) 

Chromogranin A (CgA) is a secretory protein. Endocrine and neuroendocrine cells secrete 

CgA into the blood to regulate blood vessel function. This biomarker is one of the best 

tumour markers to detect NETs. It is commonly used for follow-up evaluations of 

NETs.(15,16) 

NSE (neuron-specific-enolase) detects the enolase produced by neurons and neuroendocrine 

cells. Elevated NSE levels can indicate an unusually high quantity of neuroendocrine cells 

in the body. This raises the suspicion that a NET is present. NSE is a useful tumour marker 

for GEP-NETs.(17) 
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1.5 Somatostatin 
 

 

Figure 2: Chemical structure of non-synthetic somatostatin. It is a complex molecule 
with a short half-life. (18) 

Somatostatin (SST) is a hormone that functions as a neurotransmitter. It has inhibitory 

properties and a very short half-life of just one to three minutes. SST suppresses both growth 

hormone and thyroid-stimulating hormone. It is mainly produced in the hypothalamus. SST 

is a cyclic tetradecapeptide. It consists of 14 to 25 amino acids and has a molecular weight 

between 11.5 to 15.7 kDa.(19)(20)  

Somatostatin is mostly secreted in the central nervous system (CNS).  Moreover, pancreas 

and GI also secrete this hormone. Other places of physiological secretion include the thyroid 

and lymphoid cells.  SST can also be found in blood vessels and bloodstream. Last but not 

least, kidneys are also known sites of SST secretion. (20) 

Somatostatin binds to five different receptor types, so-called somatostatin receptors (SSTR). 

These receptors are G-protein coupled. They can be located everywhere in healthy human 

tissue; however, the brain, pituitary gland, eyes, kidneys, pancreas, GI-tract, and heart are 

the most common physiological receptor accumulation sites. GEP-NETs mostly express 
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SSTR2 and SSTR5 receptor subtypes. This behaviour can be exploited for imaging and 

targeted therapy of GI-NETs.(19) 

1.6 Therapy 
Surgery is the primary treatment for neuroendocrine tumours. The tumour has to be correctly 

analysed prior to surgical procedures. Sometimes, other treatment modalities can be 

considered to aid surgery. Targeted therapy poses a different therapeutical approach, which 

can be used instead of surgery. However, surgical resection of NETs remains the only 

curative way.(21) 

Targeted therapy of NETs is based on four main columns, hormone therapy, radioligand 

therapy (PRRT), chemotherapy, and surgery. Somatostatin analogs (SSA) build the 

foundation for treatment of well-differentiated neuroendocrine tumours. NETs express a 

high level of somatostatin receptors (SSTRs). SSAs bind to SSTRs. Consequently, SSAs 

modulate tumour growth and hormone secretion. However, extensive and prolonged use can 

lead to treatment resistance. (6) 

Peptide-Radioreceptor Therapy (PRRT) is based on radionuclides, which are connected to 

somatostatin analogs.  This substance binds to SSTRs and destroys the tumour with their 

radioactive payload. (22) 

A new therapy modality is 177Lu-DOTA-octreotate. It is a PRRT and shows promising 

results in treatment of neuroendocrine tumours. However, therapy response of neoplasms in 

the small intestine (SI-NET) is significantly lower compared to neuroendocrine tumours of 

the pancreas and rectum.(23) 

1.7 Diagnosis 
The diagnosis of a NET poses an essential step in oncologic management of patients. Most 

patients presenting NETs are between 50 to 60 years. Dependent on the suspected 

localisation of the neoplasm, different diagnostic modalities are available. First-line 

diagnostics include chest X-Rays and ultrasonography of the abdomen. Moreover, scans 

performed with Computed Tomography (CT) and magnetic resonance imaging (MRT) are a 

viable diagnostic option. For gastric and colorectal NETs, endoscopy is the choice. 

Furthermore, there are two particular modalities for NET diagnosis. One of them includes a 

group of diagnostic modalities called somatostatin receptor scintigraphy (SRS), performed 

with 111In-pentetreotide (OctreoScan®). The second group includes new diagnostic methods 

with gallium labeled somatostatin analogs (SSAs), like PET/CT with 68Ga-DOTA-

NOC.(4,21) 
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1.8 68Ga-DOTA-NOC PET/CT 

1.8.1 Characteristics of 68Ga DOTA-NOC  

 
Figure 3: Structure of DOTA-NOC. The 68Ga part of 68Ga-DOTA-NOC is not 
depicted. In the end of the manufacturing process, 68Ga is bound to the DOTA 
complex.(24) 

1.8.2 Soamatostatin analogs 
Native somatostatin (SST) has a very short half-life and therefore has only limited properties 

for clinical use. For this reason, synthetic analogues with longer half-lifes have been 

developed. Octreotide, Lanteroide, Vapreotide are SST analogues which are commonly used 

today. Their half-life lasts between 1.7 and 3.8 hours, which is significantly longer compared 

to native SSTs.(19)The DOTA-NOC complex of 68Ga-DOTA is a modified version of 

Octreotide.(25) 
68Ga-DOTA-NOC is a radiopharmaceutical drug consisting of three parts. One is a peptide 

mimicking somatostatin. This peptide attaches specifically to SSTRs. (26)These receptors 

are scattered throughout the entire body. Physiological tracer uptake can be measured in the 
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pituary gland, salivary glands, spleen, liver, head of pancreas, and adrenal glands. The 

kidneys and bladder show high physiological uptake due to renal excretion of the tracer. 

(3)Physiological uptake of 68Ga-DOTA-NOC can be detected in small lymph nodes and 

organs of the small pelvis, like the prostate and uterus. Moreover, breasts and the 

musculoskeletal system can show physiological uptake without indicating a NET. 

Sometimes, focal accumulations of 68Ga-DOTA-NOC are present in lungs and brown fat. 

These physiological findings can lead to pitfalls in diagnosis of NETs and should be taken 

into consideration.(27)  

 
Figure 4: Structure of DOTA complex. This molecule serves as a connection between 
68Ga and the synthetic somatostatin analogue. (28) 

The somatostatin analogue is connected to the DOTA complex, which is a chelator (Fig. 4). 

The third part consists of 68Ga, which is a radionuclide eluted from the 68Ge/68Ga generator. 

It has a brief half-life of 68 minutes, which makes it well suited for clinical use. (29) 68Ga 

binds to the chelator complex, which is the last step in the production of 68Ga-DOTA-NOC. 

(26) This tracer is now ready for application and can be detected with a Positron Emission 

Tomography (PET) scanner. (3,26) 
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 The PET scan is often coupled with a Computed Tomography (CT), which facilitates the 

determination of suspicious PET lesions with their anatomical location inside the body.   

1.8.3 Synthesis of 68Ga and labeling                                
68Ga is eluted from a 68Ge/68Ga generator (Fig. 

5). Modern 68Ge/68Ga generators are using a 

special silica resin, which is metal-free. This is 

an essential step to avoid contamination of 
68Ga with metal agents. Hydrochloric acid 

(HCL) is eluted through the generator and is 

carrying 68Ga, which does not need to be 

purified and is ready for labelling with DOTA 

complexes. This method achieves high grades 

of both purity (>98%) and elution yields of 

approximately 80%.(30) 

Labelling of 68Ga with the DOTA-NOC 

complex is done in a glass vial. Both 

substances get mixed and heated up in a 

heating block. Temperatures in this unit are 

over 90 or over 121 degrees Celsius high. 

Samples that were heated up at around 90 

degrees Celsius need to be filtrated through a 

0.22 μm filter.(31) 

1.8.4 Quality control 
Quality control of the final product can be assessed with many different tests. Testing of 

radiochemical purity is performed using chromatography. Two common methods are High-

Performance Liquid Chromatography (HPLC) and Instant thin-layer chromatography 

(ITLC). Other important tests include sterility and absence of endotoxins in the product. 

Moreover, osmometry and pH tests are performed. (31)(25) 

1.8.5 PET/CT TECHNOLOGY 
Positron Emission Tomography (PET) is a device that consists of two key elements. One is 

the PET device itself, which is assembled of many crystals arranged in a circular pattern 

(Fig. 6). If one of these crystals gets hit by gamma rays, it produces a measurable signal.  

Figure 5: Galli Ad® generator. Notice 
the green lead container on the right 
side; this is where the eluted 68Ga is 
stored. 
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The second key part is a radiopharmaceutical which is injected into the patient. This 

substance must be positron- emitting. The emitted positron collides with an electron and the 

annihilation effect takes place. This effect disperses two annihilation gamma rays in exactly 

opposite directions.  For this reason, if two opposing crystals are hit at the same time, a line 

can be drawn between them. This line is known as Line of Response (LOR). With this data, 

the origin of the particles can be calculated.  

However, the annihilation gamma rays can also collide with atoms of neighbouring tissues, 

which leads to random false positive, false negative or no LORs at all. Therefore, the 

acquired data must be corrected for different tissue effects. This correction is called 

attenuation correction (AC). In standalone PET devices, this correction was achieved with 

the use of an additional radioactive isotope located near to the crystal ring of the PET. This 

isotope moves along the ring and can provide data for AC. However, most modern PET 

devices are coupled with Computed Tomography (CT). Because CT uses circulating x-ray 

tubes, which emit radiation, data from the CT scan can be modified and used for AC. This 

achieves huge advantages, because the PET scan does not need an extra cycle for AC and is 

therefore shorter in duration. Furthermore, PET and CT scans can be computed together and 

provide fusion pictures, which allow for topographical and functional imaging. (32)(33) 

 
The Standard Uptake Value (SUV) provides a semiquantitative analysis of radioactive 

activity in a specific area. AC is very important for measuring SUV accurately. (34) Recent 

findings show that the maximum SUV of NET can be used as a prognostic factor in 

conjunction with the differentiation of the tumour and presence of targeted therapy.(35) 
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Figure 6: PET/CT device. Patients undergoing examination are placed on the 
stretcher, which moves towards the ring depicted in the middle of the picture. First, 
they undergo a CT scan which is followed by a PET scan. 

1.9 Other nuclear medicine examinations 
Somatostatin receptor scintigraphy is a widespread method to detect NETs. This method 

uses synthetic somatostatin analogs which bind to different radionuclides, for example, 111In 

and 99Tc. These radionuclides are γ-emitter. The most common ones are 111In-Octreotide and 
99mTc-HYNIC-TOC. They are used in conjunction with gamma cameras, known as Single-

photon emission computed tomography (SPECT), which can be extended with a CT-scan 

(SPECT-CT).(36)(37)(38) 
111In-Octreotide and 99Tc-HYNIC-TOC are popular diagnostic methods for NET and GI-

NET; however, PET/CT with 68Ga labeled somatostatin analogs pose a better alternative. 

PET/CT with 68Ga-DOTA-NOC and similar derivates show precise images of tumours. 

Faster decay of 68Ga is beneficial because it provides a shorter evaluation time of 90 minutes 

in comparison to 24h in scans with 111In-Octreotide SPECT. Moreover, PET/CT with 

somatostatin labeled 68Ga-DOTA complexes detects more bowel NETs than 111In-

Octreotide with a 96.1% sensitivity compared to 13.7%.(39)  
99mTc-HYNIC-Octreotide SPECT scans of the GI-NETs showed a sensitivity of 50% 

compared to 100% in 68Ga-DOTATATE PET/CT. 68Ga-DOTATATE PET/CT also detects 
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significantly more lesions in the gastrointestinal tract compared to 99mTc-HYNIC-Octreotide 

SPECT. (40) 

1.10 Other modalities 

1.10.1 Computed Tomography 
The computed tomography (CT) is a diagnostic tool that uses rotating X-ray tubes and 

detectors. The CT generates many images in a short time. A computer fuses them and 

generates multiplanar reconstructed images. This method permits the examination of 

anatomical structures in any position imaginable. However, the transversal, sagittal and 

coronal aspects are most commonly used. (41) 

Diagnostic value of the CT in G1 and G2 gastric NETs is limited. It only detects large, 

invasive neoplasms. Sizable, solitary NET lesions include G3 gastric tumours.(41) 

1.10.2 Magnetic Resonance Imaging 
Magnetic resonance imaging (MRI) also is a multiplanar imaging tool. Unlike the CT, it 

does not use X-rays. The MRI shows high contrasts between neoplasms and physiological 

tissue.  High soft tissue contrast makes detection of small NETs possible. (42) This feature 

poses superiorities to the CT-imaging in diagnosing tumours of the abdomen, bone, and 

brain. (41) However, this technology also has some disadvantages. The MRI is more 

expensive than the CT, has a longer scanning time, and is not accessible in all hospitals. 

Moreover, a longer scanning time makes patient cooperation mandatory, which plays an 

important role in the final image quality.(42) 

1.10.3 Endoscopic procedures 
Endoscopic examination of the GI-tract presents a remarkable role in detection and 

management of GI-NETs.  It is the leading diagnostic tool for GI-NETs of unknown primary 

sites, despite the fact that detecting small neuroendocrine tumours is challenging.  (43) The 

biopsy needs to be histopathologically verified to establish diagnosis of a NET. (44) 

There are two different types of endoscopy. The first one is the esophago-gastro-

duodenoscopy, which is used for upper gastrointestinal NETs. The second one is 

colonoscopy, which detects neoplasms of the colon and ileocecal valve. Therefore, it is not 

possible to detect the ileum and jejunum tumours by means of classical endoscopy. In the 

case of midgut tumours, other modalities are needed to detect and diagnose NETs 

precisely.(44) 
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1.11 OBJECTIVE OF OUR STUDY 
Our observation was that 68Ga-DOTA-NOC seems to accumulate in aggressive tumors of 

the GI-tract, causing higher SUVmax values in 68Ga-DOTA-NOC PET/CT imaging. For this 

reason, we suggested the hypothesis that higher SUVmax values could mean higher tumor 

grading, and thus SUVmax could potentially be used for staging of NETs in the GI-tract and 

facilitate therapy of GI-NETs. 

To achieve this, we set our main goal to be the determination of the correlation between 

SUVmax and tumor grading (G1-G3).  

Our secondary goals were to determine other possible factors that could correlate with 

SUVmax values, including localisation of primary, age, gender and tumor markers. 

Moreover, we wanted to observe if there where changes in therapy following PET/CT scans 

with 68Ga-DOTA-NOC.  

Finally, we also wanted to quantify metastases. We determined their quantity, location and 

SUVmax and SUVmean values. With this data, we tried to analyse the relationship between 

the primary tumor site and its metastases. 
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2 METHODS 
2.1 SETTING/LOCATION 
The study was conducted in the department of nuclear medicine at the Medical University 

of Graz. 

2.2 PARTICIPANTS 
We only included patients with NETs of the GI-Tract. These participants were selected if 

they underwent imaging with 68Ga-DOTA-NOC PET/CT prior to therapy.  

Further inclusion criteria were histopathologically verified lesions containing the Grading 

and Ki67-Index. This data was derived from the histopathological reports. 

Moreover, patients with tumour markers derived from blood like Chromogranin A, 

Serotonin and NSE were enrolled in our study. We performed a correlation analysis between 

biomarker-values with SUVmax-values from primary NET sites. The aim of this analysis 

was to evaluate if these values are indirectly linked together by tumour activity. 

Patients who underwent surgery or any kind of therapy (e.g., chemotherapy, hormone 

therapy, etc.) prior to our examination were excluded.  The absence of verified 

histopathology and pancreatic lesions were also excluded from our analysis. 

2.3 STUDY DESIGN, SAMPLE SIZE 
Our study has an observational and retrospective design. We collected data from 265 patients 

from January 2015 to October 2019. With our exclusion and inclusion criteria applied, thirty-

one patients have met our criteria. 

2.4 PET SCANS 
PET scans were performed using two different integrated PET/CT scanners (Discovery, 

GEHealthcare, Milwaukee, U.S.A and Biograph mCT, Siemens, Erlangen, Germany). 

Initially, low-dose CT scan acquisition was performed followed by a PET scan, which was 

acquired from skull base to mid-thigh. 

The examinations were performed 60min post injectionem and patients had to void their 

bladder and deposit all metallic items before examination. Informed consent had to be given 

by the patients for the imaging procedure. This consent was not related to our study. The 

dosage of 68Ga-DOTA-NOC was measured dependent on the patient bodyweight. The mean 

dose of applied 68Ga-DOTA-NOC consisted of 150.1 MBq. 

The shooting mode was static, and the scan was three-dimensional. The whole examination 

included six bed positions. Each of them took 4 minutes and any further bed position 5 
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minutes. Approximately two hours were needed for this examination, including all process 

steps from anamnesis until image editing. The data were reconstructed using an iterative 

algorithm. 

2.5 PET IMAGE EVALUATION 
We used 68Ga-DOTA-NOC PET/CT scans to evaluate patients with NETs of the GI-Tract. 

In the acquired images, we analysed the primary tumour site. We measured tumour size, 

volume, SUVmax and SUVmean. Moreover, we determined the localisation of the primary 

tumour. Patients presenting with metastases underwent the same analysis for each location 

of the metastasis. 

2.6 PATIENTS HISTORY EVALUATION 
Data were extracted manually from the patient data information system openMEDOCS 

(KAGes, Graz, Austria) TM. We retrieved patient history, including age, gender, tumour 

markers and therapy.  

Moreover, histopathological evaluation, including grading (G1-G3), differentiation and Ki-

67idex were retrieved from histopathological reports. 

For data storage we used tables in Microsoft Excel 2010TM. After completion of this table, 

we anonymized patient data using numerical encryption. 

2.7 STATISTICAL TOOLS 
We used the Kolmogorov-Smirnov and Shapiro-Wilk test to determine normal distribution.  

Mann-Whitney-U test was performed for analysis correction in our nonparametric data. 

Moreover, patient data was analysed using descriptive statistics. 

2.8 ETHICS 
This study was performed in accordance with ethical standards laid down in the 1964 

Declaration of Helsinki and its later amendments and was approved by our local ethical 

committee. The need for informed consent was waived for this retrospective study. 
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3 RESULTS 
We detected a total of 19 G1, 6 G2 and one G3 primary neuroendocrine neoplasms out of 

31 patients with histologically verified NET lesions. 

Analysis of data was performed in two stages: the first stage consisted of the quantification 

of primary NET site and 68Ga-DOTA-NOC uptake. Distribution of age and gender was 

analysed. Parameters linked to clinical management of GI-NET (tumour markers, therapy 

modalities used following 68Ga-DOTA-NOC scans) where evaluated. 

In the second phase, we analysed metastases. These tests were performed to determine 

aggressive properties of primary NETs. Finally, we described severe metastases of a G3 

NET. 

3.1 PARTICIPANT CHARACTERISTICS 

1: not enough data points available, calculation of median and IQR not possible or 
feasible 2: Includes routine follow-up examinations with endoscopy and other imaging 
modalities 

Overall, 31 patients (20 females and 11 males, mean age 65.8 ± 11.9; range: 44-88 y) with 

GI-NETs were included in the study. Women are prone to have higher incidence of 

presenting NETs. G1 NET tumours were presented in 63.2% of female patients. In G2 NET 

tumours the incidence was even higher in 83.3% of female patients and only 16.7% in male 

PATIENT 
CHARACTERISTICS 

Number of 
patients 

SUVmax 
 median 

SUVmax 
 IQR 

SEX 
  male 
  female 

 
11 
20 

 
22.3 
9.7 

 
5.6-57.7 
4.1-27 

Stage 
  localised 
  metastases 

 
17 
14 

 
11.7 
20.8 

 
4.3-38.2 
8.6-32.5 

Treatment 
  Surgery 
  Chemo therapy 
  SSA 
  PRRT1 
  Watchful Waiting2 

 
12 
3 
7 
2 

15 

 
34.9 
50.5 
50.5 
2.3 

3.76 

 
5.6-45.8 

1.8-113.7 
32.6-57.7 

- 
3.8-11.7 

WHO Ki67-Index 2010 (%) 
  G1 
  G2 
  G31 

 
19 
6 
1 

 
11.7 
24.6 
1.8 

 
3.8-50.5 
4.4-36 

- 

Table 1: Patient characteristics 
 
 
 



 

 17 

patients. We did not observe any different tracer uptake patterns concerning the gender of 

our patients. 

The female to male distribution showed 20 (64.5%) females, and 11 (35.5%) males. Gender 

shows no correlation with SUVmax. 

For further analysis we had to exclude 5 patients, leaving us with 26 data left. The reason 

for the exclusion of these participants was missing data, because some patients were treated 

externally, and we could not access their reports or history.  

3.2  RESULT MAIN OBJECTIVE 
We observed correlation between age and SUVmean values (r = .37; p = .042), in a way that 

higher age results in a higher SUVmean. (Figure 7) Age and SUVmax values did not show 

a significant correlation with age. Our patient collective was aged 44 to 88 years old (65.82 

mean, SD=11.86).  

 Correlation analysis was performed with SUVmax and SUVmean values, respectively. 

However, SUVmean values did not show significant correlation to other parameters, with 

the exception of patient age. For this reason, SUVmean values were excluded in the 

following parts of the result section. 

SUVmax values differ depending on primary site localisation (p = .042) and are depicted in 

table 1. The large intestine and stomach show the lowest SUVmax values, the highest 

SUVmax value was observed in the duodenum. (Figure 8) 

SUVmax has no correlation with the tumour grading G1 and G2 (calculated p-value of 0.78 

derived from the Mann-Whitney-U test). The median SUVmax of all tumours was 16.5 (IQR 

of 4.3-38.6). G1 NETs show lower SUVmax values (median=11.7, IQR=3.8-50.5) compared 

to G2 neoplasms (median= 24.55, IQR=4.4-36.75). 

 
Table 2: Primary tumour sites and their 68Ga-DOTA-NOC uptake measured in 
SUVmax. 

 

LOCATION SUVmax 
 Valid N Median Minimum Maximum 
Ileum 2 45.4 38.2 52.6 
Ileocoecal 4 44.75 22.3 57.7 
Jejunum 2 27.05 21.5 32.6 
Duodenum 6 16.5 5.57 141.5 
Stomach 2 6.33 3.76 17.6 
Colon 4 6.05 3.31 36 
Coecum 2 4.78 1.76 7.8 
Rectum 4 3.14 1.27 73.7 
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Figure 7: Scatterplot of SUVmax, SUVmean and age. SUVmean shows a significant 
correlation to age, whereas SUVmax does not correlate with age. 

  
 

Figure 8: SUVmax and primary tumour location. High SUVmax values were 
observed in the duodenum. Low SUVmax values were present in gastric NETs and 
neoplasms of the coecum, colon and rectum. 
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3.3 CLINICAL MANAGEMENT 

3.3.1 Tumourmarkers 
Chromogranin A, Serotonin and NSE did not correlate significantly with SUVmax values as 

depicted in table 3. However, serotonin shows a slight correlation with SUVmax values of 

NETs in the ileum.  
Table 3: Correlation and number of tumour markers in relation to primary tumour 
sites. 

Tumour marker             SUVmax  

 Stomach Jejunum1 Ileum2 Colon3 Rectum Total 

Serotonin 

  p 0.391 0.337 0.005 - 0.600 0.061 

  n 5 7 6 2 4 24 

NSE4 

  p 0.600 0.645 .493 - 0.800 0.379 

  n 4 7 8 2 4 25 

Chromogranin A 

  p 0.208 0.406 0.531 0.667 0.600 0.920 

  n 6 9 8 3 4 30 
1: includes NETs in the duodenum. 2: includes ileocoecal NETs. 3: not enough data 
points available, calculation of significance not possible or feasible. 4: Neuron-
specific-enolase 

3.3.2 Therapy 
Watchful waiting was the main and/or the additional therapy of choice in 15 cases and 

correlated with lower SUVmax values. (Median= 5.57, Range 1.27-19, p=0.001) Seven 

patients treated with SSA had significantly higher SUVmax values (Median = 50.5, Range 

21.5 - 73.7) compared to patients without SSA therapy (Median = 8.5, Range 1.27 - 141.50) 

(p = 0.001). Surgery was performed in twelve cases; chemotherapy was performed in three 

cases and radioligand therapy was initiated two times. These therapy modalities did not 

correlate with SUVmax. 

3.4 METASTASES 
Out of 31 patients with confirmed NET, 14 cases presented metastases. We detected a total 

of 75 lesions with suspicious 68Ga-DOTA-NOC accumulation and uptake, depicted in table 

2. Gastric NET did not show any metastases, whereas primary tumours in the SI commonly 
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express secondary tumour sites in the bone, liver and lymph nodes. Figure 9 and 11a show 

a 78-year-old patient with G1 NET. The primary tumour site was situated in the valvula 

ileocoecalis. Multiple metastases were present in the liver, lymph nodes and bone. The 

patient was treated with somatostatin analogs (Leotrid)® since 2018 in a palliative setting. 

However, the patient did not undergo surgery. 

 

Figure 9: G1 NET with primary tumour site in the valvula ileocoecalis. A: Primary 
lesion. B: Secondary tumour site in the liver. C: Metastasis in the proximal femur 
bone. D: Metastases in the infrarenal lymph nodes. 

 

 

Table 4: Number and location of metastases detected with 68Ga-DOTA-NOC PET/CT 
scans in relationship to GI-NET primary site. 

 

PRIMARY SITE METASTASES 
Location n Small Intestine Bone Liver Lymph node 
Stomach 6 - - - - 
Duodenum, Jejunum 9 - 5 9 2 
Ileum, Ileocoecal, Coecum 8 2 5 6 7 
Colon 4 - - - 2 
Rectum 4 - - 2 4 
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3.4.1 Special Case with G3 
Correlation analysis of G3 NETs was left out because it was only present in one patient. 

However, the severe metastases of this tumour can be seen in figure 10 and 11b. 

This patient presented with Neuroendocrine Carcinoma (NEC) of the coecum. This 

neoplasm had a KI67-Index between 80 and 90%. Furthermore, metastases were present in 

lymph nodes, liver, lung, bone, and the brain. The patient died two years after initial 

diagnosis of the neuroendocrine neoplasm. The physical examination showed signs of 

choledocholithiasis, with icteric changes of the sclera and the dermis. Furthermore, the 

patient was hospitalised because of hematemesis.  

The body composition and nutrition status where severely reduced and a confused state of 

mind was present.  

The therapeutic interventions included diagnostic probe excision of the primary tumour site.  

Emergency laparotomy was performed, leading to hemicolectomy and ileostomy. 

Metastases of the brain were treated with radiation therapy. Further interventions included 

Port-à-Cath-implantation, palliative chemotherapy with Cisplatin/Etoposid, watchful 

waiting and best supportive care. 
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Figure 10: G3 NET metastases with colon as primary site, which was removed prior 
to the examination. A: CT image with bone window. The arrow indicates a secondary 
lesion in the hip bone (acetabulum) B: CT image of the liver. The liver imposes 
without destinctive lesions, contrary to D and F. C: PET image, same slice as A. The 
secondary tumor site in the hip bone shows tracer uptake. D: PET image, same slice 
as B. The arrows indicate multiple metastases with tracer uptake in the liver. E: 
Fusion image of the hip. The secondary lesion is visible in CT and PET imaging. F: 
fusion image of liver metastases. The arows indicate areas which show secondary 
tumor lesions. PET and CT imaging combinend can show the anatomical localisation 
of the metastases which where not visible in CT alone. 
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Figure 11: 68Ga-DOTA-NOC PET images in coronal axis A: G1 NET, primary 
tumour site in the valvula ileocoecalis. Secondary tumour sites are present in the 
liver and the left proximal femur bone. Metastases are also present in paraaortic and 
infrarenal lymph nodes (right). B: G3 NET, primary tumour site in the caecum (not 
visible). The patient presents paraaortic lymph node metastases and bone metastasis 
in the acetabulum of the left hip bone. The hypophysis and Injection site are visible. 

  

A B 
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4 DISCUSSION 
 
Females presented with GI-NET more often than men, with a female to male ratio of 1.8:1. 

This female predominance is similar to other studies which show a female to male ratio of 

2.5:1.(4) Gender had no correlation with SUV values. 

 

We found that age correlated significantly with SUVmean. This could mean that receptor 

density in GI-NETs changes with age. If this is true, age could be a factor for an indication 

of targeted therapies and their therapeutic outcome. We observed patients aged between 44 

and 88 years, with a mean age of 65.8±11.9. The age of our patients is higher compared to 

findings in literature, which describe GEP-NETs occurring between 50 to 60 years of age 

(4). The mean age of patients presenting SI-NETs was also described lower, with a mean 

age of 57.9 years (range: 25-88). (45) 

  

We found no significant correlation between SUVmax and tumour grading G1 and G2. 

However, SUVmax values differed significantly depending on primary tumour site. 

 

Most of our cases presented with G1 NET. This means that GI-NETs provide enough 

somatostatin receptors for uptake of 68Ga-DOTA-NOC for PET/CT detection.  Most NETs 

where present in the duodenum, gaster, colon and rectum.  

 

The jejunum, ileum and coecum were locations with lower numbers of primary NET lesions. 

We detected a total of six neuroendocrine neoplasms in these locations.  

 

Our results concerning the clinical management of patients showed that SSA therapy and 

watchful waiting correlate significantly with SUVmax values. No correlation was found 

between tumour markers and SUVmax. Watchful waiting, surgery and SSA were therapy 

modalities of frequent use. The administration of chemotherapeutic agents and receptor 

therapy was used less frequently, being the therapy of choice in five cases. 

Analysis of metastases showed that gastric NETs did not have metastases. Finally, we 

analysed our G3 NET case of the coecum. This patient presented extensive distance 

metastases and clinical symptoms. 

 

Following the interpretation of our results, we decided to apply the null hypothesis. We 

would say that G1 and G2 do not show significant SUVmax values because the receptor 
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activity is similar between them. We think that this behaviour arises from the morphology 

of GI-NETs, which grow at a slow rate and therefore probably do not express high numbers 

of receptors. Moreover, the Ki67-Index used for grading is a marker for mitotic count in the 

nucleolus of cells and is probably not representative for receptor activity. (8) Tests between 

mitotic activity and receptor activity could yield no results because these activities are 

possibly not as strongly bound together as we thought. Moreover, Ki67-Index is evaluated 

under the microscope, where marked cells are counted. Cell counts between 500 and 1000 

cells determine the grading. (8) This is a very meticulous process, where only a few cells 

can change the grading between G1 and G2. PET/CT can show different results influenced 

by voluntary and involuntary patient movement.(46) Involuntary peristaltic activity in the 

GI-tract possibly interferes with SUVmax measurement, leading to higher or lower results. 

Involuntary movement and resulting SUVmax deviation could be high, thereby masking a 

statistical correlation. 

 

There are certain tumour markers that can indicate the presence of NETs. The most common 

ones are CgA, NSE, Serotonin, 5-HIAA, neurokinin A (NKA), and cluster of differentiation 

56 (CD56).(12,47) 

Most of our patients were tested for NSE, CgA and Serotonin. We wanted to compare the 

sensitivity and specificity of tumour markers with sensitivity and specificity of SUVmax. 

However, we realised that this test could potentially lead to selection bias. This bias could 

arise because we only included patients with histologically confirmed NETs prior to therapy 

that underwent examination with 68Ga-DOTA-NOC PET/CT, and not all patients who 

presented themselves with a SI-NET between 2017 and 2019. For this reason, 68Ga-DOTA-

NOC PET/CT would always yield better results than tumour markers.  

 

We did not detect metastases in gastric NETs. However, gastric NETs often present with 

low grading. Metastases are uncommon findings in these low-grade NETs.(48) Moreover, 

common treatment for these neoplasms is endoscopic resection and follow-up examinations. 

(49) 68Ga-DOTA-NOC PET/CT presents a viable diagnostic tool in the detection of gastric 

NETs (50)(51) in addition to endoscopic procedures. We suppose that the absence of 

secondary tumour sites of gastric NETs in our patients is the result of early detection and 

resection of the primary tumour site. For this reason, our patients did not develop metastases 

and no secondary tumour sites are detectable with 68Ga-DOTA-NOC PET/CT. 
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Our case presenting with G3 NET showed extensive metastases without detectable primary 

tumour site in 68Ga-DOTA-NOC PET/CT scans. However, the primary lesion was detectable 

with 18F-FDG PET/CT scans. This could be because 68Ga-DOTA-NOC PET/CT performs 

better in detection of G1 and G2 NETs compared to 18F-FDG imaging. However, 68Ga-

DOTA-NOC PET/CT is outperformed by 18F-FDG scans if lesions are of higher grades, like 

G3 neoplasms, due to absent or diminished somatostatin receptors in dedifferentiated 

tumours.(52) 

 

4.1 Assessment of study strengths and weaknesses 

4.1.1 STUDY STRENGHTS 
We used concise inclusive and exclusive criteria and deliberately excluded patients with 

therapy prior to imaging. This provides SUVmax values which are not lowered trough 

confounding factors of iatrogenic nature. We also included analysis of metastases, clinical 

factors like tumour markers and therapy in addition to our primary goal. Patients with NETs 

undergo treatment in a multimodal fashion(53,54), which highlights the importance of a 

global view of the human body. 

 

4.1.2 LIMITATION OF TECHNOLOGY 
Certain organs show physiological uptake of 68Ga-DOTA-NOC. These include salivary 

glands, kidneys, head of pancreas, liver, and spleen. However, the spleen can form accessory 

spleens outside its anatomical borders. Accessory spleens are labeled physiological. (55) We 

had one patient with an accessory spleen. We did not evaluate this finding as a pathological 

lesion but documented it as a finding associated with common pitfalls. 

 
As the name implies, PET/CT has a CT component. The radiation emerging of the CT scan 

should be taken into consideration in a risk-reward evaluation. However, new combined 

imaging modalities could bypass this problem. New diagnostic devices are in development, 

combining a PET scan with MRI, which lowers the overall radiation exposure and improves 

patient security.(33) 

 

4.1.3 LIMITATION OF OUR STUDY 
One limitation of our study was that we did not correct SUVmax with the primary lesion 

size. This could lead to volume effects and a wrong estimate of SUVmax. (56) (57)  
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Another limitation was our small cohort size. We did not have enough G3 cases to quantify 

them. Moreover, it would be beneficial to have similar numbers of G1 and G2 cases to test, 

because the results are more representative if the tested groups are similar in size. 

We had to exclude four patients with gastric NETs and one patient with primary NET in the 

duodenum, because all of them had no significant tracer accumulation which is reconcilable 

with typical NET uptake patterns. 

The absence of tracer accumulation in gastric NETs could be the result of endoscopic 

screening modalities and resection. The majority of gastric NETs have a polyp structure and 

are resected within gastroscopy. Most low-grade tumours are resected. (58) However, this 

could lead to potentially undetectable primaries in 68Ga-DOTA-NOC PET/CT, because the 

tumour is not present anymore. 

 

4.2 Comparison of findings with previous studies 
Early detection of GI-NETs could be performed with 68Ga-DOTA-NOC PET/CT, because 

it detects G1 and G2 tumours. These are most common stages of GI-NETs, except of 

oesophageal NETs, which present G3 stage in 92.1% of times. (45). 

 

Our analyses show that there is no significant correlation between SUVmax and grading. 

However, it could be possible that we did not take enough factors into consideration. 

Campana D. et al. postulated that SUVmax can be used as prognostic factor in patients with 

NETs. Patients were put into two groups, depending on their Ki67 value. A cut-off value of 

5% was used to differentiate between low and high-grade NETs. SUVmax was significantly 

higher in patients with pancreatic NET and well-differentiated NETs as well as in patients 

with elevated expression of SSR 2A.(35)   

 

Our results show higher values for mean SUVmax (26.6±33.2) compared to a study which 

analysed neuroendocrine tumours with 68Ga-DOTA-NOC PET/CT. In SI-NETs, they 

detected a mean SUVmax of 9.1±6.0 and 11.3±3.7 for previously unknown and known 

neuroendocrine neoplasms.(59) The reason for our elevated SUVmax values could be that 

we only included patients prior to therapy. Prasad et al. only used two inclusion criteria, 

histologically verified NET and unidentified primary tumour site. This means that patients 

possibly underwent therapy prior to PET/CT evaluation. This could lead to lower SUV 

values, because the tumour was already treated and shows less receptor activity. 
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4.3 Consideration of clinical and scientific implications  
We used a cut-off Ki67-Index value of 3% and 5%. However, it seems that a standardized 

cut-off value for all NETs is not always the best way. Especially for ileal NETs, a cut-off 

value of 5% or even 1% should be used to determine between low and high-grade neoplasms. 

(8) We still used the standard cut off values, because they were used in the documentation 

of pathology. However, other cut-off values would probably yield other results and correlate 

with SUVmax of 68Ga-DOTA-NOC PET/CT. The ideal cut-off value for Ki67-Index for SI-

NETs is unknown to this day. 

 

Most patients underwent watchful waiting, which is the result of regular endoscopic follow-

up examinations. Gastric NETs were commonly linked to a watchful-waiting approach 

following the resection and histopathological verification of the neuroendocrine neoplasm. 

In 12 cases, surgery was the treatment of choice, which could be a result of imaging and 

localisation of the primary with 68Ga-DOTA-NOC. 

Nuclear medicine modalities can change the therapeutical approach of NETs. Imaging of 

GEP-NETs with 111In and 99mTc labeled SRS invoke a different therapeutical approach in 17 

to 28% of cases.(60) This change of therapy is lower compared to PET/CT imaging with 
68Ga-DOTA-NOC, which brings a change in therapy in 36.5%. (33) 

 

4.4 SUGGESTIONS FOR FUTURE RESEARCH 
For future research, we suggest that more parameters should be used for staging of GI-NET 

with 68Ga-DOTA-NOC PET/CT. In addition to SUVmax values of the primary tumour site, 

parameters like age, tumour diameter, prior therapy and exact location in the GI-tract should 

be taken into consideration. Moreover, a cut-off value of the Ki67-Index should be 

developed to differentiate between low- and high-grade NETs. This cut-off value should be 

analysed in comparison to patient outcome and therapeutic consequence. 

 

4.5 CONCLUSION 
We conclude that SUVmax values alone cannot be used to differentiate between G1 and G2 

GI-NET.  However, 68Ga-DOTA-NOC detects lesions even in early stages of disease. Early 

detection of GI-NETs could provoke, or partly even trigger a change in therapy, which in 

turn has an impact on clinical management of these patients. 
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