Medullary Thyroid Carcinoma (MTC)
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unii1 (Introduction)

Medullary thyroid carcinoma (MTC) unzidemenlnsesrsin neuroendocrine tumor ﬁﬁﬁgﬂ
Auflnunann parafollicular C-cells uxiSsininulasosay 5 vesuzSwenlnsosnamun unifuiduanimg
voanadeTintesosas 13 veasuniSmonlnsess Tuvarillaiun1sitiads wunsesay 70 veutae
finsnsznevesnisludmauiuviasuiinmne (cervical LN metastasis) wazUszanausosay 10 fndinng
nsra1elUStoYereu (distant metastasis) Tsatifiauduiusiunisatevenmsiugnssufivsosas 25 laun
naxlsA MEN2, MEN3 ua familial MTC (FMTC) Tnemsa3sinenund C-cells annsnasanslavaeio
Lsﬁu calcitonin (Ctn), CEA, chromogranin, ACTH W& somatostatin Tagseauvad Ctn way CEA Tuidenil
Anudutusinensatfuinaves C-cell (c-cell mass) Ssgniinarilandu tumor marker fidndydmsulsndl
M9ATad MTC 9dn15asIaMUTERU basal serum calcitonin figs saufundnguaduayumagaaing,
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1IN3LALAINTTHEAINI9AALN (Clinical presentation)

MTC sindusrnisuanausnuaswulavesiigelugiasngueinis MEN2 uag MEN3 Taswulaly
gwilafunansznuifiounnae wesduawnddgmesninduieaseniunsdeTinneuiesums
Iﬂ&JLQW’]ﬂUé‘lj’JﬁlLﬁﬂ msmwmmwémaqrﬁﬂw MTC sthanmednuaedmellil asmunsuiiviiunae
(palpable neck mass) se8a 0.3-1.4 vispenaluflonsuanslag (asymptomatic) 81n1sn1snaden
(mass effect) Monduduin (dysphagia) wulasnnnnsesas 15 Guaﬂr;gﬂaa 91mInende (diarrhea)
wulauszanasesas 30 dutniduenmsiinulusserilsauann (advanced disease) M3oinisnsyane
Uity emswmuns (flushing) Sadunaainnsfifiszsiu calcitonin Wiegesluuiliosenvdsoonin
(Lsﬁu serotonin, prostaglandins) & ﬂf:j::ummi Ectopic ACTH-dependent Cushing syndrome ‘W‘UIG;J
Uszanausenay 1-3

nsnsznevedlsaanzd (local metastasis) Siiwufl cervical wae mediastinal nodes @3unns
nszaneluaienzdu (distant metastasis) wuiiduuseiian sesasnfston nszgn wazaned

Snsnssending 10 T (ten-year survival rates) d13u MTC svee I, I, Il uas IV Aosevas
100, 93, 71 waz 21 A UAIAU %amsazifaﬁﬁwﬁﬁyﬁa MTC waz pheochromocytoma anansanusasla

Turanafenfu Jwesuseiiutazmiletannednaunisaien nssnals nsnizmndaluiinanis



maaﬁuqmsm RET lneunil pheochromocytoma 53318 9gA993n1 pheochromocytoma nau

LWOLAENATE intraoperative adrenergic crisis FEMINNAAINTOEA

WeSHNeazITaRINe (Pathology and cytology)

Snunizmmamaainen (cytology) ¥as MTC Q%WUL%aéﬂizﬂﬁﬁﬁ’JgﬂLLUU polygonal 38
triangular 31 azurophilic cytoplasmic granules LLazﬁ‘fnLﬂﬁ&lﬂﬁa@;ﬁaﬂﬂmwauL%aé (eccentric
nuclei) 59Ul coarse granular chromatin waz@19wuans amyloid g Snwawaan1awuAIY
warnmane laun spindle-shaped, plasmacytoid, small round cell %58 multinucleated tumor giant
cell 13NV intranuclear e cytoplasmic inclusion AaBMaU oncocytic change suaalsdimwma?ﬁmlﬁ
mié’ljamﬁmﬂuaﬂimﬂﬁ (immunohistochemistry) MTC elvmauan (positive) Mo Chromogranin,

Calcitonin uay CEA walvnaau (negative) e Thyroglobulin

miﬁﬁ?lﬁmaﬂLLazmiiJ'a'zLﬁum\i%'aLﬂfl (Tumor Markers & biochemical assessment)

«  Serum Calcitonin \uuUlvaaneiien 32 nsnozily ladnsumsiteds fmusveuuans
N1 warAnnunsSien MTC adnfiensdsie <10 peg/mL Iﬂaszﬁuwgﬂﬂ’iﬂumﬂmmas
Tudinidn szeu Calcitonin annsalanensaimnandewenisnszagluneuiimiesla wu
<20 pg/mL hiﬁmﬁm?im, 20-50 pg/mL Aeananisnszangly ipsilateral central iLag lateral
LN, 51-200 pg/mL JAe9me contralateral central LN, 201-500 pg/mL JA8ame contralateral
lateral LN laguinsziu >500 pg/mL JedAnuidne upper mediastinal LN ag distant
metastasis

« Carcinoembryonic antigen (CEA) «Ju marker filufianusimnziangas awwuéwqﬂoﬁu
AMESnEUTeIARUEIMS MiauzSwr i unilusdlevilunislyinnalse (follow up)
574U Calcitonin s¥#u CEA ﬁgﬂﬂﬁﬁ 100 ne/mL duusiuleniain distant metastasis GNAN

3088y 75

msUsTfiunaunIsHIGn (Preoperative evaluation)
wiidineufineslysesauarlaumsidadoidesmuain FNA 1udu MTC aslasunismma

s¥#u Calcitonin way CEA luidon, ¥dansamunae, wazdinsIadasizn DNA e RET germline

mutation uaﬂmﬂﬁgawimﬁummw pheochromocytoma e primary hyperparathyroidism

(HPTH) t@u® N190180 NSIE@AAU19 (CT 439 MRI) 910 119N wazsiu nasnau bone scintigraphy



wuzihluyinlunsainasdeniinisnszanevealse (wu dseslsanroduusiiuning, 191015%3001013

WAAIUBINIINTZANY MIBTeeU Calcitonin > 500 pg/mL)

Thyroid nodule: FNA

diagnosss of MTC
*US of neck
- Measure serum leveis of Ct
and CEA
+ DNA analysis for RET germiine
mutation
v
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FIG. 1. Management of patients with a thyroid nodule and histological diagnosis of medullary thyroid carcinoma. ADX,
adrenalectomy: Ctn, calcitonin; CEA, carcinoembryonic antigen: EBRT, external beam radiotherapy: FNA, fine-needle
aspiration; HPTH, hyperparathyroidism; LND, lymph node dissection; MTC, medullary thyroid carcinoma; M, metastatic
MTC; PHEO, pheochromocytoma; RET, REarranged during Transfection; TKI, tyrosine kinase inhibitor; TTX, total thy-
roidectomy; UE ultrasound.

HUINI9NT53NE (Management)

« N15W16A (Surgical management) mﬂl@iﬁwé’ﬂgmmiﬂwmalﬂaiamfwmﬁaqﬁﬂamﬂ
Samsrwausuayludl distant metastasis wuztiilyi total thyroidectomy 5aufu central
node dissection (level VI) miniinsnszangliineuimdesiine uwuzadilh total
thyroidectomy 59ufU central way lateral neck dissections (WR15841 contralateral neck
dissection %1 Calcitonin > 200 pg/mL) lunsaifilsanszaneuin e1afiasannidia debulking
surgery Lﬁaamumﬁwﬂ Msnau Msvheuesinsesn wavnsedeulmasdlva luwuzi
Tulnnisshwmeus$dlelodu (RA) ndwmndndmsu MTC

e NITINWILUY systemic (Systemic therapy) iuéﬂaaﬁﬁ progressive systemic disease ﬁﬁ
wanzi3avunalng (significant turnor burden) wazdionnns msiasannIssnwme Tyrosine
kinase Inhibitors (TKI) mﬁaaﬂqméﬁia RET waiz VEGFR (191 Cabozantinib wag Vandetanib)
y3eenfisuds RET Tasiamn (1w Selpercatinib uae Pralsetinib) gnianlemaniunveinms
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N1INAFBUNINNUINTTU (Genetic Testing)

éﬂaaﬁ%ﬁaﬁf&ﬂu sporadic MTC nﬂiwmaﬁ%’mﬁmn genetic testing Lfiew germline
RET mutation snnwunananewug uuziilvmsvaundnlurseunianie vinvesnisnaeiugluseeu
Codon 9zvaednszsiuaudes (ATA Risk Level: moderate, high, highest) Faasnananisdndula
gananlumsindnUsaiu (prophylactic thyroidectomy) o891 Codon 918 (ATA-highest risk)

wugthlwiwdnnngludusnuesdin Turaeil Codon 883, 634 (ATA-high risk) wuzilvifianglaiu

59

TABLE 4. RELATIONSHIP OF COMMON RET MUTATIONS TO RISK OF AGGRESSIVE MTC IN MEN2A
AND MEN2B, AnD 10 THE INCIDENCE OF PHEO, HPTH, CLA, AND HD 1N MEN2A

RET mutation® Exon MIC risk level® Incidence of PHEO® Incidence of HPTH® CcLA? HD"
G533C 8 MOD + - N N
C609F/G/R/S/Y 10 MOD +/++ + N Y
C611F/G/SIYIW 10 MOD +/++ + N X:
C618F/R/S 10 MOD +/++ + N Y
C620F/R/S 10 MOD +/++ + N Y
C630R/Y 11 MOD +/++ + N N
D631Y 11 MOD +4+4+ - N N
C634F/G/R/IS/IWIY 11 H +4 ++ Y N
K666E 11 MOD + - N N
E768D 13 MOD - - N N
L790F 13 MOD + - N N
V804L 14 MOD + + N N
V804M 14 MOD + + Y N
A883F 15 H +++ - N N
S891A 15 MOD + + N N
R912P 16 MOD - - N N
MOI18T 16 HST 4+ - N N

“The references for each of the RET mutations can be found in the Supplementary Information, where all reported RET mutations in MTC
are listed.

PRisk of aggressive MTC: MOD, moderate; H, high; HST, highest.

“Incidence of PHEO and HPTH: + = ~ 10%; ++ = ~20%-30%; +++ = ~ 50%.

9y, positive occurrence; N, negative occurrence.
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FIG. 2. Management of patients with a RET germline mutation detected on genetic screening. ATA, American Thyroid
Association risk categories for aggressive medullary thyroid carcinoma (MTC) (HST, highest risk, H, high risk, MOD,
moderate risk); Ctn, calcitonin; CEA, carcinoembryonic antigen; HPTH, hyperparathyroidism; PHEO, pheochromocytoma;
RET, REarranged during Transfection; TTX, total thyroidectomy; US, ultrasound.



nﬂsﬁﬂmﬂuﬁéhnﬁsﬁqﬁﬂ(Fouowhup)

W&ImFR total thyroidectorny AI5MS79526U Calcitonin, CEA, TFTs wag TSH NN 6-12 Lhau

yn Calcitonin widsndansslamy vidoeglunamund Tuamasnmenardansieniunnoyn
6 vieuludusn mniunsradasads

mInNsEsU Calcitonin Salaws <150 pe/mL waznsaalumuseslsaainnsuszdiumanadn
warSansemunnslnAnnuSan e IuAReNN 6 oy TfuLTE Calcitonin way CEA N 3-6 iiou
\ieR1uans doubling time

#INTEAU Calcitonin >150 pg/nﬂ_ééaaqﬁbﬂﬂﬁﬂisﬂﬂﬂiﬂaﬁbazﬁﬁé(dstantrneﬁastags)ﬂasﬁw

A15RTIINNSIANULBY i CT chest, contrast-enhanced MRI #U %158 bone scan
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FIG. 3. Management of patients following thyroidectomy for persistent or recurrent medullary thyroid i Cm,
calcitonin; CEA, carcinoembryonic antigen; EBRT, external beam radiotherapy; MTC, medullary thyroid carcinoma; TFTs,
thyroid function tests; TSH, thyrotropin; TKI, tyrosine kinase inhibitor; TTX, total thyroidectomy: US, ultrasound.
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