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Objectives

1.I1dentify clinical features, natural history and inheritance patterns
for inherited neuroendocrine tumors.

2. Assess evidence-based surveillance and management guidelines
for patients with inherited neuroendocrine tumors.

What classifies as an Endocrine Tumor?

= Primary hyperparathyroidism: adenoma or hyperplasia
= Secretory or non secretory: prolactin, ACTH, TSH, gonadotropins

= Usually secrete multiple hormones (cortisol, androgens, aldosterone)
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Conditions Associated with NET

Genetic Testing Guidelines for NET
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When To Think About Genetic Testing for NET
Individuals with any of the following:

Adrenocortical carcinoma
Paraganglioma/ Pheochromocytoma

Parathyroid adenoma or primary hyperparathyroidism before age 30 or multiple
parathyroid adenomas

Medullary thyroid carcinoma
Two or more of the following:

Primary hyperparathyroidism
Duodenal/pancreatic neuroendocrine tumor

Case 1

35 y/o male

Newly diagnosed Pancreas Neuroendocrine Tumor
History of kidney stones

Referred to Genetics
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Case 1 Family History

Genetic Test Results

MEN1+
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Inheritance of MEN1

Autosomal Dominant
1in 2 (50%) chance

Variable expression

MEN1 Gene and Multiple Endocrine Neoplasia Type 1
Wermer syndrome
MEN1

Other:

Adrenal adenomas 27-36%
Angiofibromas
Collagenomas

Lipomas
Meningiomas
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Parathyroid Tumors
* 4 gland hyperplasia

Workup for primary hyperparathyroidism

» Elevated serum calcium, high or inappropriately normal
PTH, elevated urine calcium, (250HD nl or low)

= Low BMD, kidney stones, ? Renal insufficiency

Pituitary

Can be secreting or non secreting
» Prolactin
= |GF-1
= TSH (with Free T4)

» LH/FSH (with testosterone or estradiol (or evaluate for
menses in women)
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Neuroendocrine Tumors

Gl Neuroendocrine tumors (GI-NET):
Pancreatic Neuroendocrine tumors (pNET)
Thymic Neuroendocrine tumors

Also called GEPNET(gastroenteropancreatic tumors)
Gastric, duodenal, pancreatic, jejuno-ileal, colorectal
Previously called carcinoid tumors

All NETs have the potential to secrete specific hormones into circulation
= Location is associated with hormone secreted
= Up to 80% of pNETs are non functional (non secreting)

= Many GI-NETs can be associated with flushing, diarrhea, and
wheezing (carcinoid syndrome)
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Case 2

Healthy 35 y/o female referred to Endocrine Clinic

Daughter found to have a thyroid nodule and biopsy showed
medullary thyroid carcinoma

Thyroid nodule biopsy testing showed a RET mutation

Germline mutation: mutation in your DNA that is
in all your cells and you can pass on to your
relatives

Somatic (tumor) mutation: mutations that can
occur in your tumor, but may not be in your DNA.

**If you have a tumor mutation, then you
should also have your germline DNA tested to
see if this is something that your family can
inherit
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RET Gene and Multiple Endocrine Neoplasia Type 2
MEN2

(Sipple syndrome)

Multiple Endocrine Neoplasia Type 2
RET gene

MEN
Type 2
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Evaluation

« Always screen for Pheochromocytoma PRIOR to any
invasive procedures or surgery!!

same as with MEN1

Medullary Thyroid Carcinoma

Calcitonin producing tumor of the parafollicular C cells of the thyroid gland
Multifocal C cell hyperplasia is a precursor to cancer
Serum Calcitonin (basal or stimulated) are elevated

Diagnosis: Thyroid and neck ultrasound, FNA nodules
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What if you have a RET mutation?

Germline mutation

Wells et al. Revised ATA Medullary Thyroid Cancer Guidelines
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If the RET mutation is positive...

—> Children

MENZB

> (ATA-HST)

MEN2A
(ATA-H)

the first months of life,
based on discussions
with the endocrinolo-
gist, the surgeon, and
—3 the parents. Level VI
lymph node dissection
dependent on the
ability to identify and
preserve or transplant
the parathyroid glands

* Physical exam, US
of the neck, and
measurement of
serum levels of Ctn
and CEA every &

—»  months for one year
then annually

= Begin screening for

PHEQ at 11 years

of age

years of age based on
serum Ctn levels

RET Germling
mutation

» Normal physical
exam and normal US
of the neck

* Measure serum levels
of Ctn and CEA

MENZA
(ATA-MOD)

TTX to be performad
when the serum Cin
level becomes ele-
vated, or in childhood
if the parents do not
> wish t'; embark en

- a lengthly period of
evaluation, which
might last for years or
decades

TTX at or before 5

(> + Same as above

« Follow with evalua-
tion every 6 months
for 1 year, then
annually if serum Ctn
remains unc

«If serum Ctn is

or within normal
range

* Begin screening for
PHEOQ at 16 years

of age

—»  Adults

Elevated serum Cin

Normal serum Cin

+ Annual testing. If Ctn
| becomes elevated,

* Exclude PHEQ
+TTX and dissection
of lymph node com-

but
< 150 pg/mL measure
serum levels of Ctn
and CEAevery 3to 6
manths to determine
doubling times

*If serum Cin is > 150
pa/mL initiate imaging
procedures to detect
MTC metasases

+If metasases are
found, treatment
is based on site, If
systemic disease

on US findings and
preoperative serum

I partments dep it
‘ Ctn levels

consider
therapies

Y
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Case 3

38 y/o male referred to Hereditary Cancer Clinic
History of renal cell carcinoma (clear cell) at age 30

Paraganglioma identified at age 35

Case 3 Family History

26

13



2/21/2024

Hereditary Paraganglioma & Pheochromocytoma

4 nuclear genes encode Mitochondrial Complex ||
subunits

SDHAF2
MAX
TMEM127
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Genetic Test Results

SDHB+

28

14



Pheochromocytomas(Pheo) and
Paragangliomas (PARA)

Tumors of the autonomic nervous system: 2-8 million
persons affected

40% arise in persons with a known germline genetic
mutation

Metastatic disease: 15-25% of all pheos and paras
= 40% of metastatic pheos and paras have a

NANETS guidelines. Pancreas journal.2021;50(
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Risk of Location Risk of
Pheo/Para metastasis

1-13% Pheo 12%

VHL 20% Ph 5% S
< .
o €0 ° mutations
RET (MEN2) 50% Pheo <5%
SDHA 10% Para, Pheo 12%
SDHB 25% Para, HN, Pheo 25-50%
SDHC Low HN, Thoracic <5%
SDHD 45% HN, Para, Pheo <5-8%
SDHAF2 Low HN Low
TMEMA127 Low Pheo, para less <5%
MAX Unknown Pheo unknown
FH Low Para May be high
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Hereditary Paraganglioma
Clinical Features

* Associated tumors:
Gl Stromal Tumora
 Renal Cell Carcinoma

 HTN, sweating, headaches, palpitations, orthostatic
hypotension, anxiety, nausea/vomiting
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THINGS TO AVOID PRIOR Tylenol
TO BIOCHEMICAL TESTING

Levodopa, methyldopa

Labetolol, carvedilol

Tamsulosin

Venlefaxine

HCTZ

Buspirone

Lamotrigine

Aribiprazole

Stimulants (Ritalin,Adderall,Vivance)
MAQ inhibitors

Beware of false positive results

32
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Imaging

= CT or)MRI of the area where the tumor is located (base of skull to
pelvis

» Functional imaging:

: higher sensitivity for metastatic Para

: _ 11 best sensitivity for metastatic Para
should be done if considering PRRT)
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Hereditary Paraganglioma
Screening

Nature Reviews, July 2021
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Inheritance of SDHB

Autosomal Dominant
1in 2 (50%) chance

Variable expression

Inheritance of SDHD

SDHB gene carrie
unaffected

1in 2 (50%) chance to

inherit gene SDHB+
affected

Autosomal Dominant

36
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Case 4

29 y/o female referred to Multidisciplinary Breast Clinic
Right breast intraductal carcinoma

History of childhood seizures

Genetic Test Results

NF1+
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NF1 Gene and Neurofibromatosis Type1
Clinical Features

NF1
Diagnostic Criteria

Six or more café au lait spots (prepubertal:
>5 mm; postpubertal: >15 mm)

Two or more neurofibromas of any type or
>1 plexiform neurofibroma

Axillary or inguinal freckling

Tumors/Cancer Associated with NF1
Lifetime Risk 60%

CNS tumors:
= Neurofibroma
Astrocytoma
Ependymoma
Glioma (optic and non-optic)
Primitive neuroectodermal tumor (PNET)
Malignant peripheral nerve sheath tumor (8-19%)

Carcinoid tumors
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Neurofibromatosis Type1
Adult Management and Screening
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