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Introduction

Multiple endocrine neoplasia type 2 (MENZ2), also known as Sipple syndrome, is a group of rare familial cancer
syndromes involving multiple endocrine organs, most commonly thyroid, adrenal glands, and parathyroid. MEN2 was
first described by Sipple in 1961 when he noticed a high association of bilateral pheochromocytomas with medullary
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Etiology

Type 2 MEN
MEN 2

B

E ﬁ RET gene
10q11

Y W

* The RET gene responsible
for type 2 MEN proto-
oncogene, located on band
10q11.2

* RET leads to hyperplasia of
target cells in vivo and
tumor development

MEN2A Pedigree

%)

MTC, dx 38

O

MTC, dx 54

Pheo, dx 67

/42

22
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MTC, dx 22
HPT, dx 24

O

Prophylactic
thyroidectomy, age 5

HPT = hyperparathyroidism; MTC = medullary thyroid cancer; Pheo = pheochromocytoma.



Epidemiology

MEN2 (Multiple Endocrine Neoplasia type 2) is an autosomal dominant syndrome, with a high penetrance for
MTC (Medullary Thyroid Carcinoma). The estimated prevalence of MEN2 is approximately 1 in 30,000 to 35,000
people worldwide. Within MENZ2, there are two subtypes: MEN2A and MEN2B, each with distinct clinical and

genetic characteristics.

MEN2A:

*Prevalence: 60% to 90% of MEN2 families are affected by
MENZ2A.

*Clinical Features: MENZ2A is characterized by MTC,
pheochromocytoma (a tumor of the adrenal glands), and
hyperparathyroidism (overactive parathyroid glands).

*MTC: In MEN2A, MTC usually presents in the first to third
decade of life, often as the first sign of the syndrome, and is
typically bilateral and multicentric.

MENZ2B:

*Prevalence: MEN2B affects a smaller portion of MEN2
families, around 5%.

Clinical Features: MEN2B is marked by an earlier and
more aggressive form of MTC, which often appears in
infancy and may metastasize early.

*MTC: MEN2B MTC can present in infancy and is highly
aggressive.

*Other Features: MEN2B may also present with a
distinctive facial appearance, including a large nose and a
high palate. MEN2B typically does not cause
hyperparathyroidism, but it is strongly associated with
pheochromocytoma.
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Epidemiology (MEN2/MTC)

ATA risk A ATA risk B ATA ATA risk D ,
risk C N1 disease I]

707 — M1 disease D

60 —
50
40
30

20

Earliest age of MTC metastasis (years)

10

Al TN HH [ uﬂ ]

Val804 Leu790 Ser891 Glu768 Cys618 Cys620 Cys630 Cys609 Cys611 Cys634 Met918 Ala883




Epidemiology (MEN2/MTC)

Youngest Age: Spread Youngest Age: Spread to
RET Mutation Comments
to Lymph Nodes (N1) Distant Organs (M1)

High risk, metastasis

C634 6 years 15 years
can occur early
Extremely aggressive
M918T (not shown for N1) 8 months
(MEN2B)
Low-risk (e.g. Metastasis late or

6-33 years 6-68 years
V804, S891) very rare



Pathophysiology

RET gene mutations cause MEN2 syndromes, leading to medullary thyroid carcinoma (MTC).

*Exon 16 (M918T): Very aggressive, early MEN2B, do screening before 6 months.

*Exon 11 (C634): Aggressive MEN2A, screen at 3-5 years.

*Other exons (10, 13-15): Milder MEN2A, screen at 5-10 years.

Early risk-adapted surgery saves lives.
feeoon MIC +PHEO +PHPT +CLA +HSCR ;::‘L?;fﬁe B f‘gigé*
Exon 10
CB09R/G/F/S/Y (] o] (o] O B 5 years
C611R/G/F/S/W/Y Q o] (o] O B 5 years -
CEB18R/G/F/S/Y [e] o] (o] O B 5 years
CB20R/G/F/S/W/Y © o o B Gyears
Exon 11
CE30R/F/S/Y O (o] B 5 years
C634R/G/F/S/W/Y Lo} o] (o] (#] C 3-5 years
Exon 13
ET68D A 5-10years -
L790F g g A 510 iears I
Exon 14
V804L/M [e} ‘o) O » A  5-10vyearst
Exon 15 .
ABB3F Q o] O D <6 months3 -
S891A =l G o A 510 years D
Exon 16
M918T o] o o D <6 months

NH,

Cadherir-like
domains

Cysteine-rich
region

Transmembrane
region

Intracellular
tyrosine kinase



Pathophysiology

This fig. visualizes the pathological sequence in MEN2-
related pediatric medullary thyroid carcinoma. It begins with
C-cell hyperplasia, often identified through screening in
RET mutation carriers. This stage progresses to microscopic
MTC, which is still noninvasive, but can evolve into
macroscopic, multifocal, and bilateral tumors, a hallmark
of hereditary MTC. Solid arrows indicate a high probability
of progression from C-cell hyperplasia to lymph-node
metastases and larger tumors, notably in RET codon 634
mutations. Distant (vascular) metastasis is rarer in children
but possible. The figure highlights the importance of
genotype-based early intervention to halt this cascade before
metastatic spread occurs.
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Lymphatic invasion and Macroscopic multifocal Vascular invasion and
lymph-node metastases and bilateral MTC distant metastases




Lab workup

‘ Genetic testing indicated for MEN2*

'

RET mutation is
known in family

l

Obtain genetic test
report from relative
with mutation

|

Education,

counseling and
informed consent

Known mutation
(single site)
genetic testing

'

RET mutation is
unknown in family

Education,
counseling and
informed consent

Testing for targeted
exons#

!

!y

'

No mutation

Mutation

No mutation

‘ Variant of uncertain

(true negative) significance
No additional MEN2 management Patient unlikely Risk uncertain;
evaluation for indicated$ to have manage on a
MEN2 needed hereditary MTC!! case-by-case basis

Recommend genetic
testing to at-risk
relatives

Serum Caleitonin
{Basal)

Stimulated Caleitonin

CEA
(Carcincembryonic
Antigen)

RET Genetic Testing

Plasma Free
Metanephrines

Serum Ca/PTH

Thyroid Function
Tests

Chromogranin &

MTC marker (C-cell
praduct)

Early tumor detection in

gene carmiers

Turnor marker

Confirm MENZ2; identify

mutation

Screen for

pheochromocytoma

Screen for primary
hyperparathyroidism

General thyroid status

Weuroendocrine tumor
marker [adjunctive)

Warkedly
elevated

Elzvated
[more
sensitive)

Frequently
elevated

Pathogenic
RET wariant

Karkedly
elevated if

present

Elevated if
PHPT present

Usually normal
in MTC

May be
elevated

Diagnosis, risk

stratification, monitoring;
rises early in mutation

carmers

For equivocal basal
calcitonin or early
screening in children

Carmelates with tumor
sizefburden; less sensitive

than calcitonin

Diagnostic, directs family
screening and timing of

intervention

Rulz out Pheo before any
surgery; annual screening

for mutation carriers

Mainly MENZA; tested at
baseline and as per
symptoms

Mot diagnostic for MTC;
routine baseline

Mat specific/sensitive;
optional use



Therapeutic approaches

Consider 5p strategy for MEN2/MTC

Prevention

Prediction

Personalization

Preemption

Precision

Advanced Focus in MEN2/MTC

Universal RET genotyping/variant cascade; at-risk counseling

Codon-specific risk: age of onset, penetrance, phenotype

Genotype-tailored surgery timing and surveillance

Preclinical intervention (thyroidectomy befare biochemical or clinical disease)

Ultra-sensitive biomarkers, molecular imaging, targeted RET inhibition
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Personalization

o

Prediction

prevention



RET Germline
mutation

!

« Normal physical
exam and normal US
of the neck

- Measure serum levels
of Ctn and CEA

Therapeutic approaches

—

MEN2B
> (ATA-HST)
) - MEN2A
—» Children > (ATA-H)
MENZ2A
(ATA-MOD)

TTX in the first year, or
the first months of life,
based on discussions
with the endocrinolo-
gist, the surgeon, and
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 6

—>» maonths for one year
then annually

+ Begin screening for
PHEO at 11 years
of age

TTX at or before 5
years of age based on
serum Ctn levels

> - Same as above

MNormal serum Ctn

TTX to be performed
when the serum Ctn
level becomes ele-
vated, or in childhood
if the parents do not
wish to embark on

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

- Follow with evalua-
tion every 6 months
for 1 year, then
annually if serum Ctn
remains undetectable
or within normal
range

- Begin screening for
PHEO at 16 years
of age

—

«If serum Ctn is
|5 elevated but

« Annual testing. If Ctn
becomes elevated,

Adults

Elevated serum Ctn

Y

* Exclude PHEO

«TTX and dissection
of lymph node com-
partments depending
on US findings and

mrESmAnaratiy e CoEsr e

< 150 pg/mL measure
serum levels of Ctn
and CEA every3to6
months to determine
doubling times

+If serum Cinis = 150
pa/mL initiate imaging
procedures to detect
MTC metasases

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

» consider systemic
therapies




Therapeutic approaches

Detectable Ctn but

< 150 pg/mL and no
evidence of persistent
or recurrent MTC on
physical exam or US

| ——

- Physical exam and

US of the neck
Status - Measure serum
TTX levels of Ctn, CEA,

TFTs, and TSH every
6 to 12 months

Ctn>
150 pg/mL

+ Physical exam and
US of neck every 6
months

+ Measure serum Ctn
and CEAevery 3to 6
months to determine
doubling times

+ If serum Ctn > 150
pa/mL perform im-
aging procedures to
detect recurrent MTC

« Consider treating
regional disease by
surgical resection,
EBRT, or other mo-
dalities depending on
site and associated
risks

« Patients with progres-
sive systemic disease
should be treated
with systemic therapy
(preferentially a TKI),
or participate in a
clinical trial

A

Imaging
positive
A

Ctn undetectable or
within normal range

If physical exam and
US remain normal,

——»| evaluate every 6

months for 1 year, then
annually

o *Imaging procedures

to detect metastases

Imaging
negative

Y

« Physical exam and
repeat imaging
studies every 6 to 12
months

« Measure serum Ctn
and CEAevery3to 8
months to determine
doubling times
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