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Introduction to Neuroendocrine Tumors (NETs)

• Neuroendocrine cells: migrated from the neural crest to the 
gut endoderm

• NETs: neoplasm that arise from cells of the endocrine 
(hormone) and nervous systems.

• NETs have special secretory granules and often producing 
biogenic amines and polypeptide hormones.
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Aaron I. Vinik, Eugene A. Woltering, Thomas M. O’Dorisio, el al. Neuroendocrine tumors: A 

comprehensive guide to diagnosis and management. 5th edition. Inter Science Institute. 2012



Indolent biology Aggressive biology

Well-differentiated neuroendocrine
tumor (carcinoid tumor, atypical 
carcinoid, many primary sites)

Small cell and large cell neuroendocrine
lung cancer

Well-differentiated pancreatic 
neuroendocrine tumor (islet cell tumor)

High-grade poorly differentiated 
neuroendocrine carcinoma (small cell 
and large cell types, many primary sites)

Medullary carcinoma of the thyroid Extrapulmonary small cell carcinoma 
(many primary sites)

Paraganglioma Merkel cell tumor of the skin

Pheochromocytoma Neuroblastoma

http://www.uptodate.com/contents/neuroendocrine-neoplasms-of-unknown-primary-site



http://wrenlaboratories.com/resources/resource-library/clinical/
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Nature History of NETs

Pancreas 2009;38: 876-889



Characteristics of NETs

• Rare

• Usually small, < 1 cm

• Slow growing, months to years

• Usually metastasize before becoming symptomatic, often 
when tumor is < 2 cm

• Expression is episodic, may be silent for years

• Symptoms mimic commonplace conditions and often are 
misdiagnosed

http://www.slideshare.net/suhas9490/pancreatic-neuroendocrine-tumors



Correlation of Tumor Stage and Survival

Cancer 2008;113:256–65





Correlation of Tumor Grade and Survival
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5-year survival rate:

G1: 85%
G2: 78%
G3: 9%



Diagnostic & therapeutic challenges in NETs 

• Heterogeneous group of tumors 

• Wide variety of clinical presentations 

• Late presentation 

• Over 60% of NETs are advanced at the time of diagnosis 

• The median survival for patients with advanced NET is 33 months 

• Different terminology and classifications 

• Histologic diagnosis may be difficult 

• Variety of therapeutic options/approaches 

• Limited phase III evidence for chemotherapy and Peptide Receptor 
Radionuclide Therapy (PRRT)



Cancer Discovery; 1(3); 213–21, 2011.



Somatostatin receptors
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Somatostatin-Receptor (SSTR) Scanning

• 5 sub-classes of 
somatostatin receptors

• SST has affinity for all 
but SSA have differing 
affinity 



Octreoscan

 Indium-111 octreotide
 Half-life: 67 hrs

 Binding to the somatostatin receptor subtype 2 (SSTR2), which is 
predominant in NETs

 Sensitivity: 80-100% (?)

 FDA approval in 1994 



Octreoscan – “false positive”

• Other tumoral uptake

– Astrocytoma, meningioma

– Lymphoma

– Breast cancer

– Renal cell carcinoma

– Gastric cancer

– Differentiated thyroid cancer

– Prostate cancer

– Sarcoma

• Non-tumoral uptake

– Sarcoidosis

– Rheumatoid arthritis

– Graves’ disease

– Bacterial pneumonia, radiation 

pneumonitis



Gallium-68 tracers

 Gallium-68 
 Half-life 68.3 min
 Eluted from a generator

 Tracers
 Ga-68 DOTA-TATE
 Ga-68 DOTA-TOC
 Ga-68 DOTA-NOC



Gallium-68 tracers

Gastroenterol Clin N Am 2010; 39: 923–935

IC50: half maximal inhibitory concentration, 
the effectiveness of a substance in inhibiting a specific biological or biochemical function



Ga-68 DOTATOC In-111 octreotide

Gastroenterol Clin N Am 2010; 39: 923–935



Ga-68 DOTA-TATE

 51 patients with negative or equivocal In-111 octreotide
 Ga-68 DOTATATE (+) in 41 patients

In-111 octreotide Ga-68 DOTA-TATE

J Nucl Med 2010; 51:875–882



Ga-68 DOTA-TOC

 84 patients 
 13 detection of unknown primary

 36 initial staging 

 35 follow-up after therapy

J Nucl Med 2007; 48:508–518



Comparison of FDG, SRS (SPECT)

96 consecutive NET patients

 Overall sensitivity

 SRS: 89%

 FDG: 57%

 Ki-67 > 15% (n=13)

 SRS: 69%

 FDG: 92%

J Nucl Med 2010; 51:704–712



Comparison of FDG and DOTATATE

38 consecutive NET patients

 Sensitivity

 DOTATATE: 31/38 (82%)

 FDG: 25/38 (66%)

 DOTATATE + FDG: 35/38 (92%)

Cancer 2008; 112:2447-55



FDG predicts NET survival

 98 patients

FDG (-)

FDG (+)

FDG (-)

FDG (+)

Clin Cancer Res; 2010;16: 978–85



Conclusions

• Ga-68 DOTATOC imaging is a sensitive tool to detect 
primary tumor localization in patients with suspicious 
neuroendocrine tumor.

• F-18 FDG PET provides a complementary role for detection 
high grade neuroendocrine tumor as compared to Ga-68 
DOTATOC imaging.


