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Neuroendocrine Tumors (NETS):

®* Tumors arising from enterochromaffin cells located
in neuroendocrine tissue throughout the body?

NETs can be functional or nonfunctional
and include a heterogeneous group
of neoplasms23

Gastroenteropancreatic neuroendocrine tumors
(=23 HE

Islet cell tumors?

—SST
Receptor

Pheochromocytoma/paraganglioma?3

Poorly differentiated/small cell/atypical
lung carcinoid?

Small cell carcinoma of the lung??

Merkel cell carcinoma?3

® NET Incidence Increasing Dramatically
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Overview of Neuroendocrine
Tumors (NETS)

e NETs are sometimes called carcinoid tumors?

— May be undetected for years without obvious
signs or symptoms Other NET

e NETs can be characterized by ; 1 Foregut
their ability to produce peptides that ; :E:g;"::gus

lead to their syndromes? ! + Lung
. i S « Stomach
— Can be symptomatic and asymptomatic® =+ Duodenum

NETs are generally classified as ) Midgut
foregut, midgut, or hindgut depending ARECHC

. . L <l
on their embryonic origint3 S
— Foregut tumors develop in the respiratory Ascending
tract, thymus, stomach, duodenum,
and pancreas Pancreatic NETs Hindgut
Midgut tumors develop in the small bowel, « Insulinoma . %E\}vaelllarge
appendix, and ascending colon . Rectum
Hindgut tumors develop in the transverse ° Glucagonoma
colon, descending colon, or rectum * VIPoma

* Pancreatic
polypeptidoma

True Incidence and Prevalence
of NETs Most Likely Underestimated

- Incidence of NETs in different populations ranges
from 3 per 100,000 to more than 6 per 100,000—
and appears to be rising dramatically!?

- Diagnosis often occurs late in the course of the
disease?

- Frequency of NETs in autopsy findings suggests
that prevalence is significantly higher than
reporteds34

References: 1. Hauso O, Gustafsson B, Kidd, M, et al. Cancer. 2008;113(10):2655-2664. 2. Modlin IM, Champaneria MC, Chan AKC, Kidd M. Am J Gastroenterol.

2007;102(7):1464-1473.
3. Strosberg JR, Nasir A, Hodul P, Kvols L. Gastrointest Cancer Res. 2008;2(3):113-125. 4. Berge T, Linell F. Acta Pathol Microbiol Scand. 1976;84(4):322-330.
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Characteristics

NETs are malignancies that arise in cells whose normal
function is to secrete peptides
— Sometimes called “carcinoid” tumors

Incidence of NETs has increased 5-fold in the past 30 years

— Exact reasons are unknown, but may include increased
awareness, detection, and/or environmental factors

Most NETs arise in the digestive tract

Median survival 33 months with advanced disease

— Even small tumors can become metastatic
— Survival in metastatic NETs is similar to other late-stage cancers

Neureendocrine tumors (NET)

Carcinoid tumors Diffuse
(GICT) neuroendocrine Pancreatic

74% ga_st_rc?integtinal cell system endocrine
origin: gut itself APUD

25% bronchopulmonary Electron-dense granules tumors (PET)

1% ovary, gallblader, Hormones & amines origin: ductular
extrahepatic bile Neuron specific enolase immature stem cell
ducts, thymus, testis, Synaptophysin
liver, cervix, spleen, Chromogranin A or C
breast, larynx

Caplin ME, Lancet 352:799-805, 1998
Medullary carcinoma of the thyroid

Pheochromocytoma
Melanoma

Heitz PU, Hum Pathol 13:263, 1982
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GICT

° of NET
e Derive from G.I. EC and ECL cells

e Classification - embriological origin:

— Foregut: stomach, pancreas , gallblader,
jejunum, duodenum+bronchi

— Midgut: ileum, appendix, right colon
— Hindgut: left colon, rectum

—rare sites: esophagus, bile ducts, Meckel’s
diverticulum + thymus and breast
Williams ED, Sandler M. Lancet 1963; 1: 238-9

GICT

e described by Lubarsch in 1888
e the term “carcinoid” — Oberndorfer 1907
® neurosecretory capability:

® Bioactive amines
— Serotonin
— Histamine
— Dopamine
— Norepinephrine
e Peptides
— ACTH Parathyroid hormone-
Calcitonin related protein
Pancreatic polipeptide e Fatty acids
Bradikinin neurotensin — prostaglandins
Tachykinins

Chromogranin
Secretin
Cholecystokinin
Kallikrein
Gastrin

Insulin
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Epidemiology NET

° of all digestive malignhancies
e Incidence

— GICT
* higher incidence in females
* five - year survival rate over 50%

— PET

Godwin J. Cancer 1975; 36: 560-9.

Newton JN, Swerdlow AJ et al. Br J Cancer 1994; 70: 939-42
Modlin IM, Sandor A. Cancer 1997; 79: 813-29.

Levi F, Te VC et al. Br J Cancer 2000; 83:952-5

NET Incidence Increasing Dramatically

US SEER data show a 5-fold increase in the past 30 years

® Lung

u Appendix
Stomach

m Colon

B Small intestine
Rectum
Cecum
Pancreas

Incidence per 100,000 population
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Incidence of NETSs Is Rising Faster
Than Other Malignancies

M Incidence of all
malignant neoplasms

M Incidence of all
neurcendocrine tumors

Incidence per 100,000 for neuroendocrine tumors:
Incidence per 100,000 for all malignant neoplasms

Source: SEER Database

Constellation of Symptoms Can Make a
Differential'Diagnosis Difficult?

Nonspecific Symptoms Are Common to Multiple Diagnoses

Menopause . .
Functional Bowel Disease

Symptoms
* Sweating

* Flushing Irritable Bowel

< Diarrhea Syndrome

Neurosis * Intermittent
abdominal pain

 Bronchoconstriction Alcoholism
* GI bleeding
* Cardiac disease

Peptic Ulcer
Anxiety
Thyrotoxicosis

References: 1. Vinik A, Moattari AR. Dig Dis Sci. 1989;34(3)(suppl):14S-27S. 2. Toth-Fejel S, Pommier RF. Am J Surg. 2004;187(5):575-579.
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Early NET Symptoms Are Often
Nenspecific and Generalized

Flushing
(63%-74%)

Cardiac disease

Bronchoconstriction (14%-41%)

(3%-18%)

Dermatitis
(5%)

Clinical presentation GICT

e Often incidentally e Carcinoid syndrome
— Surgery — Unusual
— Endoscopy — Bioamines cleared by the liver
— Imaging studies — Metastatic disease

e Mass effect e Peptide hormones
— Occasionally pain — Small tumor metastasis
— Commonly luminal — Gastrin: Zollinger-Ellison

obstruction — ACTH: Cushing’s syndrome

* Intense desmoplastic
reaction
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GEP-NETSs Are the Most
Prevalent NETs

Digestive system
fleum
Rectum
Colon
Stomach
Appendix
Duodenum
Pancreas
Jejunum
Biliary
Liver
Trachea, Bronchus, Lung

Gonads Source: SEER Database

30 40

% of Total NETs

NETs Are the Second Most Prevalent
Gl Malignancy

1,200,000

1,100,000

100,000

Colorectal’ GEP-NET? Stomach' Pancreas'  Esophagus' Hepatobiliary'

Prevalence in SEER Database
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The place of the Gastroenterologist

e Digestive symptoms in investigation
e Digestive symptoms related to GEP NET

e Screening for other digestive diseases (
CRC, Chronic Hepatitis )

e Addressed by other specialities for
investigations

Investigations in Gastro

e Endoscopy
e Imaging
e Other
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Endoscopy

¢ Gastroscopy (esophagus, stomach duodenum
e Colonoscopy

e Videocapsule

e Enteroscopy

e Ecoendoscopy

e ERCP

e Magnification NBl and confocal endomicroscopy
usually not usefull

Carcinoid apendicular endoscopie ( colonoscopie,
ileosconie)

10
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Carcinoid apendicular endoscopie ( colonoscopie,
ileosconie)

Carcinoid apendicular endoscopie ( colonoscopie,
ileoscopie)

11
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Carcinoid apendicular endoscopie ( colonoscopie,
ileoscopie)

Carcinoid apendicular endoscopie ( colonoscopie,
ileosconie)
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Carcinoid apendicular endoscopie ( colonoscopie,
ileosconie)

L]

Carcinoid apendicular endoscopie ( colonoscopie,
ileoscopie)
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Carcinoid apendicular endoscopie ( colonoscopie,
ileosconie)

Carcinoid apendicular endoscopie ( colonoscopie,
ileosconie)
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Carcinoid apendicular endoscopie ( colonoscopie,
ileosconie)
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PillCam™ SB

Imaging

e Abdominal ultrasound
— Ideal for screening
— Very usefull for histology

o CT

e MRI

e Octreoscan
e Angiography
e Other

09.05.2012
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TUMORA CARCINOIDA ILEOCOL ICA OPERATA CU
MULTIPLE DETERMINARI SECUNDARE HEPATICE

|
I

|t
=
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.“ Inst. Clinic Fundeni 1D:285/20882
I Abdomen Name :
= >

TIs8.3 HIg.¥9
Gen

+D 4.12cm N %D 2.82cm +D/xD 1.46

Metastaze hepatice de tumora carcinoida
(hipervasculare)

19
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Tumora endocrina chistica pancreatica

Insuliom pancreatic (dublu site) la RMN-T2

20
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Arteriografie selectiva — mica tumora endocrina
pancreatica

21
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Chemoembolisation

CT/ MRI - diagnosticul imagistic,
corelatie pozitiva cu cel histopatologic

27
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Natural History of a NET

Vague abdominal symptoms
Diarrhea

Flushing

—’

Time

Adapted with permission from Vinik A, Moattari AR. Dig Dis Sci. 1989;34(3)(suppl):14S-27S.

L_ocation

Gastric

3% Duodenum
‘ - W Gastric

B Duodenum
@ Small Bowel
B Appendix

@ Colon

B Rectum

O Other

Appendix
20%

Modlin IM. Sandor A. Cancer 79:813-29, 1997
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Diagnosis

e Delayed

—irritable bowel syndrome, peptic ulcer
disease, gastritis, Crohn’s disease

e Diarrhea and flushing
e 5-HIAA in 24-hour urine collection
—liquid cromatography

— /3% sensitivity 100% specificity
for systemic draining carcinoid tumor

Feldman JM, O’Dorisio TM. Am J Med 81:41-8, 1986.

NETs Are Often Advanced at the
Time of ‘Diagnosis

Distant metastases

Regional spread

Localized Metastatic Source: SEER Database

09.05.2012
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Metastatic disease

e Computed tomography/magnetic resonance
e Positron emission tomography

e Somatostatin receptor scintigraphy (SRS)

— 90% of tumors have high levels of high-affinity
receptors for somatostatin

— SPECT
— 111 n labeled pentreotide
— Detection rate
e Metaiodobenzylguanidine (M*3BG)

— + 111 |n pentreotide sensitivity
Anthony LB et al.Digestion 57: 50-3, 1996

Krausz Y, et al. AmJ Gastroenterol 93: 66-70, 1998.

Diagnosis

e Clinical history

e Laboratory abnormalities

e Plasma hormone concentrations
® Imaging studies

e Immunohystochemistry

09.05.2012

30



09.05.2012

Primary tumor

e Gl contrast studies
— Small bowel follow-through
e Computed tomography
— “spike wheel” pattern caused by desmoplasia
e Scintigraphic studies
— Tumors larger than 1 cm
e Mesenteric angiography
— Hypervascular tumors

CT Scans and MRIs Are Needed
to LLocalize GEP-s

Median detection rates
and sensitivities for CT
and MRI are about 80%!

Advanced dynamic
scanning techniques
with rapid contrast
injection are required?

CT scans and MRIs are
used in following the
course of the disease!?

31



Chromogranin A (CgA): A Valuable
Diagnosticcand Prognostic Tool

- Elevated serum CgA and/or immunohistochemical
(IHC) staining of tumor for CgA is diagnostic of NETs

— Offers 85% sensitivity and 96% specificity for NETs?

Other conditions can cause increased CgA levels and
contribute to false-positive results!

— Chronic gastritis, renal dysfunction, proton pump inhibitor

therapy

CgA is used to monitor treatment response

More sensitive than radiology for measuring

progression?

2 Yo I YT
= NET well

.| differentiated

¥ TR

' Poorly differentiated

y carcinoma

RN OIRA
R A

i i« carcinoma

b, Table 1 WHO

I ',v £ sfv o Sl ) lf‘.V".'"

Well differentiated

e

(Heitz et al. 2004)

1. Well-differentiated endocrine tumor
1.1. Benign behavior
Confined to the pancreas, <2cm in diameter, <2 mitoses
per 10 HPF, <2% Ki-67-positive cells, no angioinvasion, or
perineural invasion
1.2. Uncertain behavior
Confined to the pancreas and one or more of the following
features: >2 cm in diameter, >2 mitoses per 10 HPF, >2%
Ki-67-positive cells, angioinvasion, perineural invasion
2. Well-differentiated endocrine carcinoma
Low-grade malignant
Gross local invasion and/or metastases
3. Poorly differentiated carcinoma
High-grade malignant
>10 mitoses per HPF

HPF, high-power field.

09.05.2012
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o v P &.
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Sinaptofizina

Metastatic disease

e Computed tomography/magnetic resonance
e Positron emission tomography

e Somatostatin receptor scintigraphy (SRS)

— 90% of tumors have high levels of high-affinity
receptors for somatostatin

— SPECT
— 11 n labeled pentreotide
— Detection rate

e Metaiodobenzylguanidine (M13BG)

— + 11 |n pentreotide sensitivity
Anthony LB et al.Digestion 57: 50-3, 1996

Krausz Y, et al. AmJ Gastroenterol 93: 66-70, 1998.
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Angiography with selective
uptake of hormones

e.Selectivedntra-arteriallnjection of secretine
(gastrinoma) or calcium (other functional
EPT) with assessment of hormonal
concentration in hepatic venous blood
Indication:
— To locate insulinomas after Octreoscan/EUS
negative (succes rate 88-100%)

— To evaluate liver presurgically before
cytoreduction

— To locate functional GEP in patients with MEN1
with multiple lesions
Lo CY et al. Surgery 2000

Imaging_technique

Somatostatin Receptor Scintigrafy [111In-
diethylenetriaminepeneta-acetic acid-DPhel]-
(Octreoscan) — high affinity for receptors
sst2/sst5, with higher density in most cases PET
— ldentify 50-70% from primitive PET

— Higher sensibility in defining hepatic tumor load
(almost 90%)

Schillaci O et al. J Nucl Med 2003
— SPECT technology increase sensibility
Positron Emission Tomography 11C-5-
hydroxytryptophan or 8Ga-DOTA-Tyr3-octreotide
with higher sensibility than Octreoscan
— 97% compared with 55%

Gabriel M et al. J Nucl Med 2007

34
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Octreoscan

35
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R LUINANN anAd Carrinnid Cyindraman
e 5-hydroxyindoleacetic acid (5-HIAA) is the
primary metabolite of serotonin?

e Increased urinary excretion of 5-HIAA is
observed in patients with carcinoid
syndromel?

e Chronic elevation of 5-HIAA has been
linked
to life-threatening carcinoid heart disease?

36



Urinary 5-Hydroxyindoleacetic Acid (5-HIAA): A Diagnostic Test
for-Patients,With.Carcinoid-Symptoms

Shown to have a sensitivity of 64% and a specificity of
98% for NET with carcinoid syndrome!

Measured in a 24-hour urine specimen?'3

— Serotonin-rich foods (eg, bananas, avocados, plums, eggplant,
tomatoes, plantains, pineapples, and walnuts) may increase
5-HIAA levels, resulting in false positives!?

High levels have prognostic value and are
associated with

— Reduced survival?
— Progressive carcinoid heart disease*

Indium In-111 Pentetreotide

(Octreoscan™)

09.05.2012
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Conclusions

Diagnosis of NETs can be difficult, as patients may be asymptomatic or
present with nonspecific symptoms in early stages of disease

— Time to diagnosis estimated to be 5 to 7 years for most patients
An increased index of suspicion could shorten the path to diagnosis
— A systematic approach to diagnosing NETs includes physical exam/history to
identify symptoms, testing for serum markers of NETs, imaging to localize tumor,
biopsy/surgery, and pathologic evaluation

Serum CgA is one of the critical diagnostic biomarkers of NETs

CdA levels are elevated in 90% of NETs
5-HIAA levels have prognostic value in patients with NETs with
carcinoid syndrome

Serum CgA and urinary 5-HIAA are important markers of tumor burden and
disease progression

Octreoscan™ is a highly sensitive imaging technique that is
diagnostic for NETs

A Shifting Treatment Paradigm:From
Symptom Control to Tumor Control

- Carcinoid crisis was major cause of morbidity and
mortality in the past!

— Rarely occurs since the introduction of somatostatin
analogues

- Currently, death often results from metastasis
leading to organ failure!
— Liver is the most common site of NET metastases?3
e Emerging therapies enable tumor control to
become the goal of therapy

— Multidisciplinary team needed to optimize
evaluation

38
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Types; of-tumor-1998-2008 (GEP NET)
Fundeni'Gastroenterology Center

e 46/ 66,485 admissions
e four types:
— 23 carcinoids 2%

insulinoma

(including PET) P -
gastrinomas - carcinoid

52%

gastrinoma

Insulinomas o
undiff

undifferentiated =X

non-functioning
neuroendocrine
carcinoma

[
0 0 0
O10
SAVAS O 9 <10
7¥/—/
he aya a 0 ] 7
a a 0 _— 1
9 JS—
O O -
o A _
— @l 6
O O
O OTLE aragnosea o
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Pathology.

e histological diagnosis more
often obtained in the case of
carcinoids because the
location of the primary tumor
or the presence of hepatic
metastases offered easier
access for tissue sampling. careinoid - gastrinomas - nsulinoma

W histopathology ¥ other

diagnosis of gastrinoma and insulinoma supported
mainly by history or hypoglycemic symptoms
respectively, in addition to the identification of the
primary tumor found almost exclusively in the pancreas.

symptoms

hypoglicemic

L ocation

pancreas

pancreas

1 3 1 4 1

distal ileum
pancreas

tomach

3 2

w

carcinoid undiff.  gastrinoma insulinom
Site of primary tumor
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Tissue sample

e Surgery offered the final
diagnosis in five cases out
of which two were ileal ‘
carcinoids and one was a
rectal carcinoid.

Four cases were diagnosed

by ultrasound guided biopsy m surgery

from hepatic nodules and ultrasound guided biopsy
the other five by endoscopic ® endoscopic biopsy
tissue samples from tumors

located in the stomach and

rectum.

¥ Gastric carcinoid &

b

B

CGH Fundeni

41



09.05.2012

Gastric carcinoid

Rectal carcinoid | ‘ ‘f{, Y.

42
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Rectal carcinoid

Hepatic metastasis

43
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Hepatic metastasis

Chromogranin A — diffuse positivity

> S

44
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Synaptophysin — diffuse positivity

Ki 67 <30%

45
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Successful localization

e the primary tumor was
successfully found in
the majority of cases

gastrinomas and
Insulinomas in the
pancreas

more difficult for the
carcinolds because of
the various sites
involved

LLocalization modality

Irrespective of the type ©
of tumor, those located
in the pancreas were

identified mainly by CT
scan while those found
in the gastrointestinal

tract were identified by = eacess  teom  Recum  stomach
radlology OI’ H CT scan Enteroclysis M Barium enema

B Endoscopy Ultrasound H Surgery

endOSCOpy Angiography

O R, N W A U O N ® ©
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TARPE ™
OPTINIZER.
* ON 2

Onset of symptoms

T T T T T T T T T !
2 3 5 6 7 8 9 10 11 12

Eprimary tumor B secreted substance
Oalarm symptoms O liver metastasis

® for all GEP endocrine tumors the initial symptoms
were largely related to the production of bioactive
substances (peptides or amines)

09.05.2012
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Initial presentation

e in the case of carcinoids only
patients had complaints related to the
primary tumor and the other
were investigated for liver metastases
revealed by ultrasound.

e only one patient had symptoms that
suggested malignancy.

Interval of diagnosis

Onset-diagnosis interval

Type of tumor Months
carcinoid 15.16

gastrinoma 9.75

insulinoma 47.8
e the interval of diagnosis was extremely
long, more so for the patients with
Insulinomas, despite the severity of
symptoms induced by hypoglycemia.

48
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Metastasis at diagnosis

e Metastases at the moment of
diagnosis were found in
the case of carcinoid tumors,

of them being located in
the liver.

The size of metastatic
nodules, measured by
ultrasound, surpassed
in the majority of cases and s ednena | gtinons
hepatomegaly was found at

clinical examination.

Computer tomography

- e
T

—

e > =
e e T
P )|
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Ultrasenography of the liver

E‘ Inst. Clinic Fundeni  ID:285/2862
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Carcinold characteristics

e in all but one patient the

presence of metastases ..
was associated with ”
elevated urinary 5-HIAA
output, generally

in 24 hours.

alternatively only one of
the patients with
hepatic metastases
showed no increase in
the level of 5-HIAA.

09.05.2012
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Carcinoid syndrome onset

e diarrhea was the
most frequent initial
symptom but
eventually all but
one patient also
developed flush, the
exception being
found in those with a
lower level of urinary
5-HIAA.

Treatment

Surgery was the main
therapeutic option though
with different purposes

In the case of carcinoids it
mainly addressed the
symptoms caused directly
by the primary tumor
because those belonging to
the carcinoid syndrome
depend on the presence of
liver metastases which were

not amenable to resection in
our patients. carcinoid gastrinoma insulinoma

H surgery chemoembolisation H metastasis alcoolisation
B systemic chemotherapy  endoscopic polipectomy ®somatostatin
interferon
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Options

The variety of the adopted therapeutic solutions reflects
the difficulty of choosing a treatment that can do more
harm then good in the case of these slow-growing
neoplasm's, our main purpose being to palliate the
symptoms. On the other hand partial destruction of
malignant tissue may improve survival.

In the case of insulinomas (which are always benign)
removal of the primary tumor also cured the symptoms but
was undertaken only in two cases.

In gastrinomas surgery removed only the target organ for
gastrin, even if the location of the primary tumor was
known.

Conclusions

Neuroendocrine tumors are underdiagnosed (46 cases in
66,485 admission in 10 years)

The primary tumor was easily identified but this can be
improved by somatostatin receptor scintigraphy, even if
it is not clear that this will be of benefit for the patients
which have liver metastases.

For gastrinomas and insulinomas it is essential to find
and remove the primary tumor for solving both the
symptoms and the potential for metastasis.

There is room for improvement in symptom palliation

treatment but also of tumor reduction, in the case of
carcinoids.
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Multidisciplinary Centers Are Associated
With iImproved: Survival for Patients With NETs

* Median survival
of patients with
metastatic carcinoids
treated at “centers of
excellence” is more
than 3 times higher
than median survival
of patients with NETs
iIn SEER database

References: 1. Yao JC, Hassan M, Phan A, et al. J Clin Oncol. 2008;26(18)3063-3072. 2. Welin S, Maleka A, Oberg K, Eriksson B,
Janson ET. Eur J Clin Invest. 2009;39(suppl 1):17-45. Abstract 207.
3. Strosberg J, Gardner N, Kvols L. Neuroendocrinology. 2009;89(4):471-476.
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