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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.



Neuroendocrine System
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Well-differentiated neuroendocrine Small cell and large cell neuroendocrine
tumor (carcinoid tumor, atypical lung cancer
carcinoid, many primary sites)

Well-differentiated pancreatic High-grade poorly differentiated
neuroendocrine tumor (islet cell tumor) 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



( Adrenomedullin
Alkalin phosphatase
Bradykinin
Catecholamines
GHRH
hCG o/
Natriuretic peptide:
ANP/BNP
Neurokinin A
NSE
Neuropeptide K/L

\ eYyY.

http://wrenlaboratories.com/resources/resource-library/clinical/



Incidence of NETs Increasing
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Age-standardized incidence rate

Incidence of NETs in Taiwan

(per 100,000)
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Age-standardized incidence rat
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Nature History of NETs

Diagnosis Correct

Irritable Bowel Diagnosis Death

Vague abdominal symptoms Diarrhea

Flushing

Metastases

Primary Tumor Growth

2 4 6 8 10 12 14 16 18 20

Years

Pancreas 2009;38: 876-889



Characteristics of NETs

* Rare
e Usually small, <1 cm
* Slow growing, months to years

* Usually metastasize before becoming symptomatic, often
when tumoris <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
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Grading of GEP-NET
According to ENETS/WHO/AJCC

Grade G1 G2 G3
Ki67 index (%)** <2 390 >20
MI (mitotic count)* <2 2-20 >20

*10 HPF (high power field) = 2 mm2, at least 40 fields (at 40x magnification) evaluated in areas of highest mitotic density.
** MIB1 antibody; % of 2,000 tumour cells in areas of highest nuclear labeling.

1. Rindi G, et al. Virchows Archiv. 2006;449:395-401. 2. Rindi G, et al. Virchows Archiv. 2007;451:757-762.




Correlation of Tumor Grade and Survival

5-year survival rate:

G1l: 85%
G2: 78%
G3: 9%
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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 Ill evidence for chemotherapy and Peptide Receptor
Radionuclide Therapy (PRRT)
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Somatostatin receptors

sst-positive tumours Total no. No. of cases sst pattern

of cases per pattern
sstl 55t2 sst3 sstd 55ty

Tumour types with predominance of sst2

Neuroblastomas S ] — 44+ _ _ _
Meningiomas 6 6 - 4+ — - -
Medulloblastomas 5 5 — 4+ _ _ —
Breast carcinomas 31 20 — +++ — _ _
1 — ++ — — —
1 +++ _ _ _ _
Lymphomas 7 4 _ -+ _ _ _
3 — +4+ — — +
Renal cell carcinomas 7 5 — 444+ _ _ _
2 — ++ — — -
Paragangliomas 10 6 - -+ - _ _
2 +++ — — — _
2 — +++ + — —
Small cell lung cancers 2 2 _ +++ _ _ _
Hepatomas 2 2 — +++ — — _

Eur J Nucl Med. 2001 Jul;28(7):836-46



Somatostatin receptors

MNo. of cases
per pattern
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Tumour types with predominance of sst3

Inactive pitwitary adenomas 30

Turnour types with predominance of 5562 + ss15
G H pituitary adenonias 24
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Somatostatin receptors

sst-positive tissues No. of cases sst pattern
55t 5512 55t3 sstd S5t5

Vessels (veins) 22 - H+ - . _
Nerve plexus (myenteric) 7 - H+ - - -
Pancreatic 1slets 4 _ ot _ _ _
Adrenal medulla 1 - ++ - _ _
Prostatic sttoma 2 - H+ — _ _
(i1astric mucosa 4 +++ - - _ _
Colon mucosa 2 _ ++ _ _ _
Spleen 2 ~ ++ - - _
Lymphond tissucs (tonsils + lymph nodes)

Germinal centre 11 - ++ _ _ _
Lymphoreticular tissue 11 - + + - +

Eur J Nucl Med. 2001 Jul;28(7):836-46



Somatostatin-Receptor (SSTR) Scanning
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Octreoscan

Indium-111 octreotide
o Half-life: 67 hrs

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

Sensitivity: 80-100% (?) Py Octreotide
FDA approval in 1994




Octreoscan — “false positive”

e Other tumoral uptake * Non-tumoral uptake
— Astrocytoma, meningioma — Sarcoidosis
— Lymphoma — Rheumatoid arthritis
— Breast cancer — Graves’ disease
— Renal cell carcinoma — Bacterial pneumonia, radiation
— Gastric cancer pneumonitis

— Differentiated thyroid cancer
— Prostate cancer

— Sarcoma



Gallium-68 tracers

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

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



Gallium-68 tracers

Affinity-Profiles of Somatostatin-Analogues (IC50-Values, nmol/L)

Peptide SSR1 SSR2 SSR3 SSR4 SSR5
Somatostatin-28 3,8 2,5 5,7 4,2 3,7
Gallium-68-DOTATOC >10000 2,5 612 >1000 73
Gallium-68-DOTATATE >10000 0,2 >1000 300 377
Gallium-68-DOTANOC >10000 1,9 40 260 7,2
Indium-111-DTPA-Octreotide >10000 22 182 >1000 273

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

Gastroenterol Clin N Am 2010; 39: 923-935
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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
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J Nucl Med 2010; 51:875-882



Ga-68 DOTA-TOC

o 84 patients

— 13 detection of unknown primary

— 36 initial staging

— 35 follow-up after therapy

Parameter

Sensitivity
Specificity
Accuracy

PET (%) SPECT (%) CT (%)

97
92
96

69/71)  52(37/7) 61 (41/67)
(12/13) R (12113) 71 (12/17)
81/84)  58(49/84) 63 (53/84)

J Nucl Med 2007; 48:508-518



Comparison of FDG, SRS (SPECT)

96 consecutive NET patients

—  Overall sensitivity
« SRS: 89%
e FDG:57%
- Ki-67 > 15% (n=13)
« SRS:69%
o 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

o 98 patients
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Conclusions

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

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



