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Abbreviations
• NET = neuroendocrine tumor
• PNET = pancreatic neuroendocrine tumor
• GEP NET = gastroenteropancreatic neuroendocrine tumor =
neuroendocrine tumor of GI tract and pancreas
• SSTR = somatostatin receptor
• SSA = somatostatin analogue

Sites of NETs
Carcinoid Tumors

Foregut
• Thymus
• Esophagus
• Lung
• Stomach
• Duodenum

Pancreatic NETs
• Insulinoma
• Glucagonoma
• VIPoma
• Pancreatic
polypeptidoma

Midgut
• Appendix
• Ileum
• Cecum
• Ascending
colon

Hindgut
• Distal large
bowel
• Rectum

• Neuroendocrine cells found at
various sites of the body
• Produce hormones and
peptides with biological activity
• NETs can arise in different
organs
• GI tract and pancreas are
common sites of origin for NETs

– Some cases of unknown primary

• Heterogeneous group of
tumors with different biology
and behavior

Epidemiology – SEER data
6.4-fold increase in incidence of all NETs from 1973 to 2012

Increased incidence of earlier stage disease

n=64,971

Trends may be related to improved diagnostic tests and more awareness of disease
Dasari et al. JAMA Oncol. 2017;3:1335.

Incidence of NETs by anatomic site

Incidence per 100,000 persons (SEER 18, 2000-2012 data):
• Lung: 1.49
• GEP NETs: 3.56
• Unknown primary: 0.48

Among GEP NETs:
Small intestine: 29%
Rectum: 29%
Pancreas: 13%

Dasari et al. JAMA Oncol. 2017;3:1335.

Pathologic classification
• GEP NETs are characterized by strong immunohistochemical staining of synaptophysin and
chromogranin
• 2019 WHO classification integrates both morphology (histologic differentiation) and
proliferation (grade)
Morphologic differentiation

Mitotic count/2mm2

Ki67 index

NET G1

Well-differentiated

<2

<3%

NET G2

Well-differentiated

2-20

3-20%

NET G3

Well-differentiated

>20

>20%

NEC

Poorly differentiated

>20

>20%

MiNEN

Well or poorly differentiated

variable

variable

NET: neuroendocrine tumor; NEC: neuroendocrine carcinoma; MiNEN: mixed neuroendocrine/nonneuroendocrine neoplasm
Klimstra DS, Klöppel G, La Rosa S, Rindi G. Classification of neuroendocrine neoplasms of the digestive system. In: WHO Classification of Tumours
Editorial Board editors. WHO classification of tumours, 5th edn. Digestive system tumours. Lyon: IARC; 2019. pp. 16–9

Distinction between NET G3 and NEC
• Change from prior classification
• Compared to NECs, the NET G3 are more likely to:
– Be diagnosed at earlier age and be functional
– Have lower Ki67 (typically 21-55%)
– Have +ve somatostatin receptor imaging
– Carry mutations associated with low/intermediate grade NETs (i.e.
mutations in DAXX, ATRX, MEN1)
– Have longer overall survival (i.e. median OS 98.7 months for NET G3
vs. 17.0 months for NEC, p<0.001)
Heefeld et al. Endocr Relat Cancer 2015;22:657.

Prognosis
• Wide range of prognosis based on:
– Stage at diagnosis (localized > regional > distant)
– Grade (well diff > poor diff)
– Age at diagnosis (younger > older)
– Primary site
– Time of diagnosis (2000-2004 < 2005-2008 < 2008-2012)
• Greater improvement in survival for advanced GEP NETs (especially
carcinoids) due to better therapies

Dasari et al. JAMA Oncol. 2017;3:1335.

Functionality
• GEP NETs may produce and secrete bioactive amines and peptides (hormones,
neuromodulators) causing clinical symptoms
• Classified as functional vs. non-functional tumors
• Symptoms do not correlate with tumor burden
• Treatment of clinical syndromes of hormone excess: somatostatin analogue
(SSA), except insulinoma
Carcinoids (8-35% functional)
- Carcinoid syndrome  flushing, diarrhea,
right sided valvular fibrosis,
bronchoconstriction
- Typically associated with serotonin and
midgut NETs in the setting of liver metastases

PNETs (10-40% functional)
Secretion of:
- *Insulin (insulinoma)  hypoglycemia
- *Gastrin (gastrinoma)  PUD
- Vasoactive intestinal peptide (VIPoma) 
diarrhea, hypoK
- Glucagon (glucagonoma)  flushing,
diarrhea, hyperglycemia

1. Choti et al. J Clin Oncol 2012;30:suppl abstr 4126. 2. Soga et al. J Exp Clin Cancer Res 1999;18:133. 3. Oberg K. Semin Oncol
2010;37:594. 4. Halfdanarson et al. Ann Oncol 2008;19:1727.

Characteristics of carcinoid tumors by location
Foregut

Midgut

Hindgut

Localization

Stomach, duodenum,
bronchus, thymus

Jejunum, ileum,
appendix, ascending
colon

Transverse, descending,
and sigmoid colon,
rectum, genitourinary

Secretory
products

5-hydroxytryptophan,
histamine, multiple
polypeptides

Serotonin
prostaglandins,
polypeptides

Variable

Carcinoid
syndrome

Rare, and atypical when
it happens
(angioedema, hive-like
pink flushing, rash)

Classic (flushing,
diarrhea, wheezing due
to bronchoconstriction,
R valvular involvement)

Rare (usually found on
lower GI endoscopy,
patients may present
with obstructive
symptoms)

1. Loughrey et al. Endocrinol Metab Clin N Am 2018;47:557. 2. UptoDate.

Carcinoid syndrome
Remember to
obtain echo every
2-3 years or as
clinically indicated
in patients with
carcinoid syndrome

Carcinoid heart disease
• 20-65% of patients with carcinoid syndrome
• Plaque-like fibrous thickening classically involving
right heart valves
• Presentation: fatigue, dyspnea, leg edema, ascites,
hepatomegaly, high BNP, possible arrhythmias
• Echocardiogram at baseline – repeat q2-3y or if new symptoms
– May see visible fibrosis, tricuspid regurgitation

• Treatment of carcinoid syndrome and management of heart
failure
• Possible valvular replacement if severe
1. Druce et al. Nat Rev Endorcinol 2009;5:276. 2. Pellikka et al. Cir culation 1993;87:1188. 3. Kulke and
Mayer. NEJM 1999;340:858l.

Workup
• Goals of workup

– Assess primary site and stage
– Pathologic classification (differentiation, grade) – need tissue
– Establish functionality

• NCCN guidelines (v1.2021)

– Recommend: multiphasic CT or MRI abdomen/pelvis
– As appropriate:
•
•
•
•

Somatostatin receptor-based imaging (Ga68 dotatate PET/CT)
Endoscopy
CT chest with or without contrast
Biochemical evaluation as clinically indicated (if suspicious symptoms present)
NCCN Practice Guidelines (Neuroendocrine Tumors). https://www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf

Somatostatin receptor-based imaging
• >90% well-differentiated GEP NETs
express variable levels of SSTR
• Imaging using radiolabelled SSAs
• Bind to SSTR2 and 5 on NET cells
• Functional PET imaging (68Ga DOTATATE
PET/CT) – more sensitive for detecting small
lesions, shorter test time (30-60 min)
compared to OctreoScan (Indium-111
pentetreotide)

- Should stop short-acting SSA at least 24 hours
and long-acting SSA at least 4 weeks before
imaging
- NOT recommended for routine surveillance

http://www.carcinoid.org/2014/06/30/carcinoid-cancer-foundation-awards-grant-tostanford-university/.

Kidd et al. Nat Rev Clin Oncol 2016;13:691.

111-In-DTPAOC SPECT

68-Ga-DOTATOC PET
Buchmann et al. Eur J Nucl Med Mol Imaging 2007;34:1617.

Biochemical testing (NCCN v1.2021)

• Chromogranin A

– Ubiquitous distribution in neuroendocrine tissues, stored in secretory granules and secreted with modified amines
– Sensitive, but non-specific
– Trend is more important
NCCN Practice Guidelines (Neuroendocrine Tumors). https://www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf

False elevations
• Chromogranin A
– Proton pump inhibitors (should be
discontinued at least 2 weeks
before)
– Other disorders: endocrine, GI,
cardiac, inflammatory diseases,
renal impairment, other non-GI
cancers

• 24h urinary 5-HIAA (5hydroxyindoleacetic acid)
– Ingestion of tryptophan/serotoninrich foods
– Avoid for 48h before measurement:
avocado, banana, cantaloupe,
eggplant, pineapple, plum, tomato,
hickory nut/pecan, plantain, kiwi,
date, grapefruit, honeydew, walnut
– Malabsorption syndromes

Systemic therapy for
metastatic GEP NETs

Somatostatin
analogues
(octreotide,
lanreotide)

Molecular targeted
agents (everolimus,
sunitinib)

Peptide radionuclide
receptor therapy
(Lu177-dotatate)

Chemotherapy
(CAPTEM)

• For symptom (if present) and tumor control
• Multidisciplinary approach
• Therapy selection depends on:
• Carcinoid vs. PNET, cell differentiation and grade, SSTR expression, symptoms,
tumor burden, rate of growth

Systemic therapy for symptoms
• Clinical symptoms associated with excess hormone secretion
• SSA is mainstay of treatment
– Octreotide

• Highest affinity for SSTR2
• Short-acting and long-acting formulations
• Recommend short-acting for 2-3 weeks until steady levels of octreotide LAR are reached

– Lanreotide (SSTR2) and pasireotide (SSTR1,2,3,5)

• Equally effective as octreotide in controlling carcinoid syndrome

• Telotristat – for refractory carcinoid syndrome-related diarrhea
– Tryptophan hydroxylase inhibitor in serotonin synthesis pathway

• Consider octreotide during surgery to avoid carcinoid crisis

1. Strosberg et al. J Clin Oncol 2014;19:930. 2. O’Toole et al. Cancer 2000;88:770. 3. Wolin et al. J Clin Oncol 2013;31:suppl 15s;abst 4031.

SSAs have anti-tumor activity against GEP NETs and inhibit growth factors

Chalabi et al. Trends in Endocrinology & Metabolism 2014;25:115.

Octreotide
PROMID trial
Patients with metastatic well-differentiated
midgut NETs, treatment naïve

Octreotide LAR 30 mg IM
every month (n=42)
Placebo (n=43)

- Improvement in median time to
progression (HR 0.34, 95% CI 0.2-0.59,
p=0.000072)
- Stable disease: 67% vs. 37% (at 6m)
- No improvement in overall survival
- Both functional and non-functional
tumors responded
- Most common adverse events related
to GI tract (diarrhea, flatulence)
Rinke et al. J Clin Oncol 2009;27:4656.

Lanreotide
CLARINET trial
- Patients with metastatic well differentiated NETs
- PNET, mid/hindgut, unknown origin
- SSTR positive, non-functioning

Lanreotide 120 mg deep
SC every 28 days (n=101)
Placebo (n=103)

- Improvement in median progression-free
survival
- PFS (at 24m): 65% vs. 33%
- Greater rate of reduction in
chromogranin A by >50%
- No improvement in overall survival or
quality of life

Caplin et al. N Engl J Med 2014;371:224.

Lanreotide side effects
• GI toxicity: diarrhea (26%), abdominal pain (14%), flatulence (8%),
nausea (7%), vomiting (7%)
• Cholelithiasis (10%)

•
•
•
•

– Consider prophylactic cholecystectomy if anticipate long-term use
– Assess with ultrasound of gallbladder and bile ducts every 6-12 months
– Gallstones may be treated with ursodiol

Injection-site pain (7%)
Hyperglycemia (5%)
Headache (5%), lethargy (5%)
Decreased pancreatic enzymes (5%)

Caplin et al. N Engl J Med 2014;371:224.

Everolimus

Atkins et al. Nat Rev Drug Discov 2009;8:535.

Everolimus – RADIANT3
- Patients with metastatic welldifferentiated PNETs
- Disease progression in last 12 months
- Any # and type of prior therapy

Everolimus 10 mg daily
(n=207)

ORR: 5% vs. 2%

Placebo (n=203)

Yao et al. N Engl J Med 2011;364:514.

Everolimus – RADIANT4
- Patients with metastatic welldifferentiated NETs of GI or lung
- Non-functioning

PFS by central review

Everolimus 10 mg daily
(n=205)
2:1

Crossover NOT allowed

ORR: 2% vs. 1%

Placebo (n=97)

OS
Yao et al. Lancet 2016;387:968.

Most significant toxicities: stomatitis, diarrhea, fatigue, infections, rash
Possible hyperglycemia and pneumonitis
Yao et al. Lancet 2016;387:968.

Sunitinib

Aparicio-Gallego et al. Mol Cancer Ther 2011;10:2215.

Sunitinib
- Patients with metastatic welldifferentiated PNET
- Progressed in last 12 months

Median: 11.4 vs. 5.5
months

Sunitinib 37.5 mg daily
(n=86)

ORR: 9.3% vs. 0%

Placebo (n=85)

Benefit observed
across subgroups

Raymond et al. N Engl J Med 2011;304:501.

Raymond et al. N Engl J Med
2011;304:501.

Peptide receptor radionuclide therapy (PRRT)
[111In-DTPA0]Octreotide
[90Y-DOTA0,Tyr3]Octreotide
[177Lu-DOTA0,Tyr3]Octreotide
[177Lu-DOTA0,Tyr3]Octreotate
177Lu-dotatate

• Delivers radionuclides directly to tumor cells via SSTR
• Used for SSTR-positive metastatic well-differentiated NETs in Europe since 1990s
• Lutetium-177 is a beta and gamma emitting radionuclide
Kunz PL. J Clin Oncol 2015;33:1855.

- Patients with metastatic welldifferentiated midgut NETs
- SSTR-positive
- Progressed during treatment
with octreotide LAR for at
least 12 wks prior to study

177Lu-Dotatate 7.4
GBq/200mCi every 8
weeks x 4 + octreotide
LAR 30 mg IM (n=116)
Octreotide LAR 60 mg IM
every 4 weeks (n=113)

• For renal protection, IV amino acid
solution (lysine, arginine) given
concomitantly for at least 4 hours
starting 30 min before infusion of
177Lu-Dotatate
• Octreotide LAR given 24 hours after
each infusion of 177Lu-Dotatate,
then monthly
Strosberg et al. N Engl J Med 2017;376:125.

Rate of progression-free survival at 20 months:
65% vs. 11%
Median PFS: not reached vs. 8.4 months
(HR 0.21, 95% CI 0.13-0.33, p<0.001)

Interim analysis for overall survival:
14 vs. 26 deaths (p=0.004)

Strosberg et al. N Engl J Med 2017;376:125.

• 177Lu-Dotatate group:
- Nausea 59%, vomiting 47% (due
to amino acid), fatigue/asthenia
40%
- Grade 3 or 4: neutropenia 1%,
thrombocytopenia 2%,
lymphopenia 9% (none in control
group)
• No renal toxicity observed at median
follow-up duration of 14 months
• 1 patient developed myelodysplastic
syndrome possibly related to PRRT
Strosberg et al. N Engl J Med 2017;376:125.

Update of NETTER-1

Median OS: not reached vs. 27.4 months

Median PFS: 28.4 vs. 8.5 months
(HR 0.214, 95% CI 0.139-0.331, p<0.0001)
Strosberg et al. J Clin Oncol 2018;36:suppl abstr 4099.

PRRT approved for
refractory SSTRexpressing welldifferentiated GEP NETs

Pharmacokinetics:
• Half-life 6.71 days
• Poorly metabolized and mainly excreted renally as
intact compound
• 60% eliminated in urine within 24h; 65% within
48h
Use in patients with CKD:
• CrCl <30 mL/min: contraindicated
• CrCl <50 mL/min: not recommended
• Mild to moderate CKD with CrCl ≥50 mL/min: use with
caution, consider dose reduction
1. https://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm594043.htm 2. Lutathera® monograph

Practical considerations for 177Lu-Dotatate
• Interval between each infusion is 8 (+/-1) weeks, can be
extended up to 16 weeks for toxicity
• May use half-dose (3.7 GBq) due to toxicity
• *No long-acting SSA within 4 weeks of treatment
• *No short-acting SSA within 24 hours of treatment
• Concomitant infusion of amino acid solution is required for
renal protection (over 4 hours)
– Composition: lysine 25g, arginine 25g in 1L NS
Lutathera® monograph

Chemotherapy
• Carcinoids

– Generally do not respond well to chemotherapy
– May be considered for progressive disease with no other standard or trial
options

• PNETs

– Activity has been shown with alkylating agents
– May be initially considered for bulky, rapidly progressing, and/or
symptomatic well-differentiated PNETs
• Greater response rate

– Synergistic activity of temozolomide and capecitabine in PNET in
preclinical and early studies
1. Fine et al. Cancer Chemother Pharmacol 2013;71:663. 2. Strosberg et al. Cancer 2011;117:268.

A randomized phase II study of temozolomide or temozolomide and capecitabine in patients with advanced pancreatic neuroendocrine tumors: A trial of the ECOG-ACRIN Cancer
Research Group (E2211)

Presented By Pamela Kunz at 2018 ASCO Annual Meeting

E2211 Study Design

Concurrent SSAs allowed

Presented By Pamela Kunz at 2018 ASCO Annual Meeting

• Grade was not
associated with PFS/OS
• PFS/OS benefits were
observed after adjusting
for grade

Kunz et al. J Clin Oncol 2018;36:suppl; abstr 4004.

●

Safety
–
–

Grade 3/4 treatment-related AEs: 44% vs. 22% (p=0.007)
Most common grade 3/4 AEs with CAPTEM – neutropenia (13%),
thrombocytopenia (8%), nausea/vomiting (8%), diarrhea (8%),
lymphopenia (5%), fatigue (5%)
Kunz et al. J Clin Oncol 2018;36:suppl; abstr 4004.

Summary of systemic therapy for unresectable or
metastatic well-differentiated GEP NETs
Carcinoid tumor
• SSA (octreotide, lanreotide)
• PRRT
• Everolimus

PNET
• SSA (octreotide, lanreotide)
• PRRT
• Everolimus
• Sunitinib
• CAPTEM

Other cytotoxic chemotherapy regimens may be considered (less preferred)
(for instance, FOLFOX or CAPOX)

No data to support a specific sequence of systemic therapy options
Consider clinical trials

Thank you for your attention!

