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Multiple Endocrine Neoplasia and Familial Medullary Thyroid
Carcinoma

Young Sik Choi
Department of Internal Medicine, Kosin University College of Medicine, Busan, Korea

Multiple endocrine neoplasia (MEN) is defined as a disorder with neoplasms in two or more different hormonal
fissues in several members of a family. MEN1, or Wermer’s syndrome, is inherited as an autosomal dominant
frait. This syndrome is characterized by neoplasia of the parathyroid glands, enteropancreatic tumors, anterior
pituitary adenomas, and other neuroendocrine tumors with variable penetrance. Inherited medullary thyroid
carcinoma (MTC) consists of MEN2A, MEN2B, and familial medullary thyroid cancer (FMTC). The identification
of hereditary MTC has been facilitated in recent years by direct analysis of germline RET proto-oncogene
mutation.
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Table 1. Expressions of MEN1 with estimated penetrance (in
parentheses) at age 40 yr

Endocrine features Nonendocrine features

Parathyroid adenoma (90%)

Entero—pancreatic tumor

Gastrinoma (40%)

Insulinoma (10%)

NF including pancreatic
polypeptide (20%)

Lipomas (30%)
Facial angiofibromas (85%)
Collagenomas (70%)

Rare, maybe innate, en—

docrine or nonendocrine

features

Glucagonoma, VIPoma (2%)

Foregut carcinoid

Thymic carcinoid NF (2%)

Bronchial carcinoid NF (2%)

Gastric enterochromatfin—like
tumor NF (10%)

Anterior pituitary tumor

Prolactinoma (20%)

Other: GH PRL, GH, NF (5%)

ACTH (2%), TSH (rare)

Adrenal cortex NF (25%)

Pheochromocytoma (1%)
Ependymoma (1%)

NF: nonfunction. Data were adapted from Brandi et al.”
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Table 2. A representative program of tests and test schedules to screen for tumor expression in a highly likely carrier of MEN1

mutation (identified from MENT mutation or other criteria)

Tumor Age to begin (yr) Biochemical tests annually Imaging tests every 3 yr

Parathyroid adenoma 8 Calcium (especially Ca), PTH None

Gastrinoma 20 Gastrin, gastric acid output, secretin None
stimulated gastrin

Insulinoma 5 Fasting glucose; insulin

Other enteropancreatic 20 Chromogranin—A; glucagon; ""In-DTPA octreotide scan, CT or
proinsulin MRI

Anterior pituitary 5 PRL, IGF- MRI

Foregut carcinoid 20 None CT

Data were adapted from Brandi et al.”

125 ] Korean Thyroid Assoc



HRAAANA Z+- Agho] Tt A
& Table 20] 7]&3H%

MEN12| Y

MEN19] Q494 5 Eatol A 7ha 5k Sqbah
7 5FAZU 71Es|2 dnh BAgA715FA

Z& MENIOJA] 7h8 E3HA4) Yehhs 522 of4fo
o], Ago] 40-40417} =&l 90% o]idol A gL’
g BEA7163%5 SR FollA = 2-4%0 A
ok MEN13} ¥elo] gltha el MENIo] Fybe &
715G Ee Ahd 27 537 E
zZ7]o] &¥siy, thgdd (multiple gland) 2.2 WAISH
a, 'y wlof xpo|rt ¢la, Ago] Eatrk A/ el

A= 0:]’“01]/\‘1 .QH]‘ -7, 80-85%+= T FF(single
A
3

RIS BUZS WA Cad] 271} pe] U
9l B2 2 E(parathyroid hormone, PTH) 9] 57}
2 A 2 ek ot A4S S 59

FEHEZEZ Y (computed
tomography, CT)© ]L]- ]—7]4—‘3] A4 (magnetic resonance

imaging, MRD) 2.2 Ztro] 753k,

MEN12| o|&

MENI9| A 2& 44 9 oFEARE Bysiy, &
28 2o Yok opgst Yol uet o F7t 2HW
t}. MEN19] Aol 20-30%= MEN1Y} ks ofvp
o] 2ok MENIS] Bl g2 32 Aol 9
Aro] Fopo] Edtch Wk HF A, ojxts 474
o ARYeRe Ao uaEo] o

Table 3. Clinical subtypes of MEN?2

Young Sik Choi

MEN29} SAA 7P S0

>~

1961 Sipple'’& ZPAFAI Qo] FuHE ZMAIEF 1
oS Bt 1968 Steiner 57 ZHAEE, 7t
ARzl B 75T X5 Y Cushingd-2 7f
Aof 16]E BI5HHA MEN22FY 3§ Ho1% o MEN2

L 1984 MEN2AS} MEN2BE 2259l o, MEN2
9} FMTCO] UAFAS Table 337 2ok

AP ALL 1906 Jaquer Vo 0J3f ofh o] =

Z 7R oA A o7 2L 7]eE9en] 1959

d Hazardo] Q5] 2ZIsHd ERo] 7|&H1, 1 &
Williams'”o]] 9|8} calcitoning £H] }L 2AFA o]
parafollicular CA|Z oA WA= S uks] A o).

71—Al—/\-]/\7<101-0 MENZQ] TQ ;é_f_ 2 95% ]APoﬂ
A SR Sguto 2 9kx|7) 7SSl R X RER
+ A¥E 7Hl(atrisk) RS 27]0f Hdsto] o9t
A e f = Aolth o= MEN2 &3} 71
Sof o5t AEAA} Al ] wet 2E AL
At 27| GAIQl CAlZ I54l0] T S5HA %1
&= FAlolth
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= 50% o]FoA TYEI 1132 FEHFoz T3t
ok B 5RAES MEN2AO G 2HYstT
MEN2BOJ A = E/P5HA] Qb=
o] FHEES oF 15-25% X*Eolﬂi B35S
ohibg Agol ool Aok Fubil &, Marfand A
3 5 MEN2BO|A Subelo] UehdrhFig. 1).”
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Subtype Clinical presentation
MTC PHEO HPTH Other features
MEN2A (90%) 100% 10—-60% 10—-25% Usually no other associated abnormalities
MEN2B (5%) 100% 50% 0% Earlier onset than MEN2A, mucosal neuroma
FMTC (5%) 100% 0% 0% Late onset, indolent course

FMTC: familial medullary thyroid carcinoma without MEN, HPTH: hyperparathyroidism, MEN: multiple endocrine neoplasia, MTC:
medullary thyroid carcinoma, PHEO: pheochromocytoma. Data were adapted from Eng.‘?’)
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Fig. 1. A case of MEN2B

with mucosal neuromas (A,
B) and pheochromocytoma
(C, arrows). Marked disten—
sion of the ascending and
transverse colon (short arrow)
and enlargement of right ad—
renal gland with multifocal low
attenuation (long arrow) are
noted. A RET protooncogene
germline mutation in codon
918, exon 16 (D). Figures
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198730l §314 WHAHAS o] THEE SAAE
TEAA 108 FAAS] SAA T2 (centromeric) O]
k= 7ol &ALt 1 & 1993W MEN2& 9] &
AZ7E SAA 1098] Aol f1%]5H0, RET proto-
oncogene©| AT TH{MAZ QAEQH 1 &
MEN2A, MEN2B@} FMTC ZAFo]lA RET proto-
oncogene®] HiAEHAHo]7} & Hch”

RET A= 21719] exon gene O & ?—7\']5401 Ao
o, 2@ A atol R2te 24l 7|UA 841
el S 7|5 8lsh=t, RET T2 AJAHQL OPUl
wito] FRA AIZ 9 BT 724y go
FHE Az O 2oz FAEo] QtkFig 2).”
RET B2/l 7|U4AIE 44 5h= otnliit 5 3 719
otu|AkS BISA7 = §A4 Fd ool Q5o
2A 7IUAI7E 2/ etEo] MEN27L 8= 0], DNA
A7|4A]0] BAS o] 85HH MEN2 BHko] 79| 100%
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adapted from Kim et al.'”
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RETmRNA Inactivating  Activating RET mutations RET protein
Exon Codon
l NH,"
HSCR MEN2A FMTC FMTC/ MEN2B SMTC | )
5' MEN2A Signal-
HSCR peptide
Cadherin-
like domain
v
------- Q@ --- 609
------- @ @61 .
ystein-ricl
_______ ‘_______._________________________________'618 domain
------- @@ o s m s s soeeo-620
———————————————— ®------------------d------630
——————— ®---—--------- 834
Trans-
membrane
domain
---------------- @ @ 768
---------------- Q- 700 TK-1
———————————————— Q- 701
_________________________________________________________ Tyrosine
o ® 804 kinase
""""""""""""""""""" ® @88 domains
———————————————— Q- - 801
———————————————————————————————————— Q®----1-----@--------918 TK-2
Germline mutations Somatic
mutations
3 @ Frequently occurring mutations COO

@ Infrequently occurring mutations

Fig. 2. RET tyrosine kinase receptor mutations in MEN2, FMTC and sporadic MTC. FMTC: familial medullary thyroid cancer,
HSCR: Hirschsprung disease, MEN: multiple endocrine neoplasia, SMTC: sporadic medullary thyroid cancer. Figure adapted
from de Groot et al”?

Table 4. Genotype and phenotype correlation in MEN2

Domain Exon

Codon

Phenotype

Extracelluar 0

1
1
Intracellular 1
1
1
1

D O~ W —

609,

630
768
804

883,

918

, 634
, 790, 791

891

611, 618, 620 MEN2A, FMTC

FMTC, MEN2A
FMTC

FMTC, MENZ2B
MEN2B

[e] [e]
NN o T A =270
A, R os WA
22
o] AA EAL Table 59F Zrh?

1) Calcitonin: 1968 RE A4t Al A4 9t
O] 83 markerZ o]-§E|o] gtk HFAolA= 10
L oJsts Heltk oA = At WSAALE Y

v
Patled CHE 3458 ual 9ol 84
Uepd 5 ok

2) Pentagastrin stimulation test: CAlZ =41 ®
A A e 2717l -85t A=
FolL} U Tl M ARSI S ZAtolch 7
2 pentagastring 0.5 ug/kg JUWFAF T 05, 25
, 1042 F0f| calcitoning S5t ok FAE &
FAFSHH @4, E, substernal tightness, flushing,
tingling 5°] YEFd 4 Itk Calcitonin©] 100 ng/L ©|

do 1r

dr ok
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Table 5. Clinical syndromes associated with MTC

Sporadic MTC MEN2A MEN2B FMTC
RET mutation exons Somatic Germline Germline Germline
10,11,13-16 10,11 15,16 10,11,18,14,15
Age to begin (yr) <40 <20 <10 <20, >50
Multicentricity Rare 100% 100% 100%
Bilaterality Rare 100% 100% 100%
C—cell hyperplasia Rare 100% 100% 100%

Data were adapted from Bachelot et al.??

| Genetic testing indicated for MEN2 |

v

v

RET mutation is
known in family

RET mutation is
unknown in family

v

Obtain genetic test
report from relative
with mutation

v

v

Education,
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informed consent

Education,
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informed consent

v

v

Known mutation
(single site)

Testing for targeted
exons

genetic testing

v vy v

v
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(true negative) Mutation

No mutation

Variant of uncertain
significance

v v v

v

No additional
evaluation for
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MEN2 management
indicated

Patient unlikely
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Risk uncertain;
manage on a
case-by-case basis

v

Recommend genetic
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relatives
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Fig. 3. Multistep process for
MEN?2 genetic testing. Figure
adapted from Eng et al®’
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Table 6. American Thyroid Association risk level and prophylactic thyroidectomy testing and therapy

ATA risk Age of RET
level testing

Age of required
first US

Age of required
first serum Ct

Age of prophylactic
surgery

D ASAP and within the ASAP and within the

1st year of life 1st year of life
C <3-5 years <3-5 years
B <3-5 years <3-5 years
<3-5 years <3-5 years

<3-5 years
<3-5 years
<3-5 years

6 months, if surgery not ASAP and within the 1st year of

already done life

Before age 5 years

Consider surgery before age 5
May delay surgery beyond age 5
years if stringent criteria are met

Data were adapted from Kloos et a\_w
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high risk) 0] codon 768, 790, 791, 804, 891 7}%
ok ATA-BOF C 0] oo 7+ Ydol 3t

HEY 23 2=

WA EA g0l EpAolth CAHZolF2 &4
G5 bilaterally) 0. 2 ZAY5HT], 5 Ao CAE9
A opdol HHEA| htTiRHe Yol ooz 1
2 4 Utk 20099 ATAS] Zded el tigt A=
AN s e A o7t TAEA] o2 F¢
WadEA T A8y S dxzd8AeS d1

sha 9w, 5% A 95 YZAHoIrL BAY H 9o
o 9% YzEYAES St Jom Austn gt
E AUl WAEA gotelehE RET $70
Ape] EeAwol7t 9lovl ATA 918 S2o] et oy

=
2 &g APeh(Table 6)."

ZA4l Ctof: CHEb LHEHIME 7hEA L2
References

1) Brandi ML, Gagel RF, Angeli A, Bilezikian JP, Beck-Peccoz
P, Bordi C, ¢t al. Guidelines for diagnosis and therapy of MEN
type 1 and type 2. | Clin Endocrinol Metab 2001;86(12):5658-
71.

Pelizzo MR, Boschin IM, Bernante P, Toniato A, Piotto A,
Pagetta C, et al. Natural history, diagnosis, treatment and

N
~

outcome of medullary thyroid cancer: 37 years experience on 157
patients. Eur | Surg Oncol 2007;33(4):493-7.

Larsson C, Skogseid B, Oberg K, Nakamura Y, Nordenskjold
M. Multiple endocrine neoplasia type 1 gene maps to chromosome
11 and is lost in insulinoma. Nature 1988;332(6159):85-7.
Chandrasekharappa SC, Guru SC, Manickam P, Olufemi SE,
Collins FS, Emmert-Buck MR, ez al. Positional cloning of the
gene for multiple endocrine neoplasia-type 1. Science 1997;
276(5311):404-7.

5) Waldmann J, Fendrich V, Habbe N, Bartsch DK, Slater EP,

3

=

4

=

Vol. 5, No. 2, 2012 130



(=)
=

~
~

x©
=

e
~

10)

11)

12)

13)

15)

131

Multiple Endocrine Neoplasia and Familial Medullary Thyroid Carcinoma

Kann PH, et al. Screening of patients with multiple endocrine
neoplasia type 1 (MEN-1): a critical analysis of its value. World
J Surg 2009;33(6):1208-18.

Rizzoli R, Green ] 3rd, Marx S]. Primary hyperparathyroidism
in familial multiple endocrine neoplasia type I. Long-term
Sfollow-up of serum calcium levels after parathyroidectomy. Am
J Med 1985;78(3):467-74.

Uchino S, Noguchi S, Sato M, Yamashita H, Yamashita H,
Watanabe S, et al. Screening of the Menl gene and discovery
of germ-line and somatic mutations in apparently sporadic
parathyroid tumors. Cancer Res 2000;60(19):5553-7.

Sato M, Miyauchi A, Namihira H, Bhuiyan MM, Imachi H,
Murao K, ez al. A newly recognized germline mutation of
MENI gene identified in a patient with parathyroid adenoma
and carcinoma. Endocrine 2000;12(3):223-6.

Geerdink EA, Van der Luijt RB, Lips CJ. Do patients with
multiple endocrine neoplasia syndrome type 1 benefit from
periodical screening? Eur | Endocrinol 2003;149(6):577-82.
Goudet P, Murat A, Binquet C, Cardot-Bauters C, Costa A,
Ruszniewski P, ez al. Risk factors and causes of death in MENI
disease. A GTE (Groupe d'Etude des Tumeurs Endocrines)
cohort study among 758 patients. World | Surg 2010;34(2):249-
55.

Sipple JH. The association of pheochromocytoma with carci-
noma of the thyroid gland. Am | Med 1961;31(1):163-6.
Steiner AL, Goodman AD, Powers SR. Study of a kindred with
pheochromocytoma, medullary thyroid carcinoma, hyperparathy-
roidism and Cushing's disease: multiple endocrine neoplasia, type
2. Medicine (Baltimore) 1968;47(5):371-409.

Eng C. Seminars in medicine of the Beth Israel Hospital,
Boston. The RET proto-oncogene in  multiple endocrine
neoplasia type 2 and Hirschsprung's disease. N Engl ] Med
1996;335(13):943-51.

Jaquet AJ. Ein fall von metastasierenden amyloidtumoren
(lymphosarkom). Virchows Arch 1906;185:251-67.

Williams ED. Histogenesis of medullary carcinoma of the
thyroid. | Clin Pathol 1966;19(2):114-8.

J Korean Thyroid Assoc

16) Webb TA, Sheps SG, Carney JA. Differences between sporadic

17)

18

19)

20

21

22

23

24

25

)

)

)

~

)

)

=

pheochromocytoma and pheochromocytoma in multiple endo-
crime neoplasia, type 2. Am ] Surg Pathol 1980;4(2):121-6.
Kim SW, Lee BJ, Kim JY, Lee KD, Lee B], Kim IJ. Analysis
of RET gene point mutation with multiple endocrine neoplasia
type 2B. ] Clinical Otolaryngol 2007;18(1):79-85.

Mathew CG, Chin KS, Easton DF, Thorpe K, Carter C, Liou
Gl, et al. A linked genetic marker for multiple endocrine
neoplasia type 2A on chromosome 10. Nature 1987;328(6130):
527-8.

Eng C, Smith DP, Mulligan LM, Nagai MA, Healey CS,
Ponder MA, ez al. Point mutation within the tyrosine kinase
domain of the RET proto-oncogene in multiple endocrine
neoplasia type 2B and related sporadic tumours. Hum Mol Genet
1994;3(2):237-41.

de Groot JW, Links TP, Plukker JT, Lips CJ, Hofstra RM.
RET as a diagnostic and therapeutic target in sporadic and
hereditary endocrine tumors. Endocr Rev 2006;27(5):535-60.
Waguespack SG, Rich TA, Perrier ND, Jimenez C, Cote GJ.
Management of medullary thyroid carcinoma and MEN2 synd-
romes in childhood. Nat Rev Endocrinol 2011;7(10):596-607.
Bachelot A, Lombardo F, Baudin E, Bidart JM, Schlumberger
M. Inheritable forms of medullary thyroid carcinoma. Biochimie
2002;84(1):61-6.

American Thyroid Association Guidelines Task Force, Kloos
RT, Eng C, Evans DB, Francis GL, Gagel RF, e al.
Medullary  thyroid cancer: management guidelines of the
American Thyroid Association. Thyroid 2009;19(6):565-612.
Eng C, Mulligan LM, Smith DP, Healey CS, Frilling A, Raue
F, et al. Low frequency of germline mutations in the RET
proto-oncogene in patients with apparently sporadic medullary
thyroid carcinoma. Clin Endocrinol (Oxf) 1995;43(1):123-7.
Zedenius ], Wallin G, Hamberger B, Nordenskjold M, Weber
G, Larsson C. Somatic and MEN 2A de novo mutations
identified in the RET proto-oncogene by screening of sporadic
MTC:s. Hum Mol Genet 1994;3(8):1259-62.



