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Abstract

The thyroid gland in the neck plays a crucial role in metabolism, growth, and calcium regulation.
It has two lobes connected by an isthmus and is highly vascularized, receiving blood from the
superior and inferior thyroid arteries. Venous drainage occurs through the superior, middle, and
inferior thyroid veins, while lymphatic drainage involves nodes around the trachea and neck.
Medullary thyroid cancer (MTC), originating from parafollicular C cells, accounts for 4-10% of
thyroid cancers and can be sporadic or hereditary. Diagnosis includes fine-needle aspiration,
calcitonin, and CEA levels, with imaging for metastasis. Treatment often involves thyroidectomy
and lymph node dissection. Targeted therapies, such as RET-kinase inhibitors, are available for
advanced cases. Post-surgery, monitoring serum calcitonin and CEA helps assess recurrence.
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Thyroid Gland Anatomy

The thyroid gland is a midline structure in the anterior neck, functioning as an endocrine organ. It
produces thyroid hormone and calcitonin, regulating metabolism, growth, and calcium levels in
the blood [1]. Diseases affecting the thyroid include inflammatory conditions like thyroiditis,
autoimmune disorders such as Graves' disease, and cancers including papillary, medullary, and
follicular thyroid carcinomas [2].

Surgical Anatomy

The thyroid consists of two lobes connected by the isthmus, located at the second and third tracheal
rings. It lies behind the strap muscles and wraps around the cricoid cartilage and tracheal rings,
positioned from C5 to T1 vertebrae. The thyroid is attached to the trachea via Berry’s ligament
[3]. The gland, along with the esophagus, pharynx, and trachea, is housed within the visceral
compartment, bounded by pretracheal fascia. The normal thyroid has symmetrical lobes with a
central isthmus and often a pyramidal extension called the tubercle of Zuckerkandl [4].
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Fig (1): Diagram showing typical locations of the thyroid and parathyroid glands in the neck [5].

Blood Supply

The thyroid gland has a highly vascular supply, being six times more vascular than the kidney and
three to four times more vascular than the brain. Blood supply comes from the paired superior and
inferior thyroid arteries. The superior thyroid artery, branching from the external carotid artery
near the superior horn of the thyroid cartilage, moves towards the gland’s superior pole and divides
into branches. One branch supplies the dorsal thyroid, while the superficial branch supplies
muscles like the sternothyroid and sternohyoid, as well as the cricothyroid branch, isthmus, and
lateral lobes [6]. The inferior thyroid artery originates from the thyrocervical trunk and reaches the
posterior lateral lobe. Its largest branch, the ascending cervical artery, should not be mistaken for
the inferior thyroid artery itself [7]. In 10% of people, the thyroid artery arises, often from the
brachiocephalic trunk, to supply the isthmus and anterior gland [8].

Venous and Lymphatic Drainage

The thyroid is drained by the superior, middle, and inferior thyroid veins. The middle and superior
veins drain into the internal jugular vein, while the inferior vein drains into either the subclavian
or brachiocephalic veins. Lymphatic drainage involves the prelaryngeal, pretracheal, paratracheal,
and lower deep cervical nodes, with the isthmus and inferior lateral lobes draining into the
paratracheal and lower deep cervical nodes, and the superior portions of the gland draining into
superior pretracheal and cervical nodes [9].
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Fig (2): Blood Supply of the thyroid gland [10].

Nerve Supply: The thyroid gland is primarily innervated by the autonomic nervous system.
Parasympathetic innervation comes from the vagus nerve, while sympathetic fibers originate from
the inferior, middle, and superior ganglia of the sympathetic trunk [11].

Medullary Thyroid Cancer

Medullary thyroid cancer (MTC) arises from parafollicular C cells in the thyroid, producing
calcitonin, which is key for diagnosis [12]. Recent advancements in molecular pathogenesis and
genetic testing have led to better patient risk stratification and the identification of molecular
targets for therapy [13]. Prophylactic thyroidectomy is recommended for high-risk patients, and
tyrosine kinase inhibitors are approved for progressive, metastatic MTC [ 14].

Etiology

Seventy-five to eighty percent of MTC cases are sporadic, while the rest are familial, associated
with multiple endocrine neoplasia (MEN) types 2A, 2B, and familial MTC (FMTC). Germline
mutations in the RET gene are linked to MEN2 and FMTC, while 40-50% of sporadic MTCs have
acquired RET mutations [15].
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Epidemiology

MTC accounts for 4-10% of thyroid cancers in the U.S. Sporadic MTC peaks in the fifth to sixth
decades, while MEN-associated MTC appears earlier, around the second to third decades [16].

Clinical Presentation

Sporadic MTC: Sporadic MTC represents 75% of cases, with a peak age of onset in the fourth to
sixth decades [17]. A solitary thyroid nodule occurs in 75-95% of cases, with 70% having cervical
lymph node metastasis at diagnosis. Up to 15% have symptoms of upper aerodigestive tract
compression, and 5-10% are present with distant metastases, often in the liver, lungs, bones, and
less commonly, the brain [18-20]. Calcitonin screening for MTC is controversial, but metastatic
spread appears to be decreasing with early detection [21]. Systemic symptoms include diarrhea or
flushing, with rare cases of ectopic Cushing's syndrome from ACTH secretion [ 13].

Biochemical Tests: Serum calcitonin levels correlate with tumor size and differentiation, and they
are typically high in patients with palpable tumors. CEA is also used as a tumor marker, with anti-
CEA antibodies employed in immunotherapy [22-23].

Imaging: MTC nodules are often solid and hypoechoic, with 16% showing microcalcifications.
In comparison, 69.2% of papillary thyroid cancers are present with similar features [24-25].

Inherited MTC

MEN2A and MEN2B: These autosomal dominant syndromes are linked to distinct RET proto-
oncogene mutations. MEN2A is associated with MTC, pheochromocytoma, and parathyroid

hyperplasia. MTC in MEN2B appears earlier and more aggressively, often with marfanoid features
[26-29].

Diagnosis

Diagnostic guidelines from the ATA (2015) and ESMO (2019) recommend fine-needle aspiration,
neck ultrasound, serum calcitonin, CEA, and RET mutation analysis. CT and MRI are used to
detect metastases [30].

Table (1): Comparison of the sensitivity of MTC detection [31].

Diagnostics Sensitivity Annotations
Primary tumor 75-90%
Lateral neck LN 56% Standard procedure
Central neck LN 6%
US + serum Ctn and CEA Primary tumor 95%
Overall 77-85% Standard procedure
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LN 82%
Liver 87%
Bones -
Lungs 100%
MRI Bones 89-92%
Standard procedure
Liver 76—89%
18F-FDOPA-PET/CT Overall 45-93%
LN 72%
Liver 65%
Lungs 14%
Lateral neck LN 75%
Central neck LN 28%
68Ga-DOTA-TATE-PET/CT Overall 84%
Neck LN 56-63%
Mediastinal LN 100%
New
Liver 9%
Bones 100%
Lungs 57-63%
68Ga-IMP288-PET/CT Overall 89-92%
LN 98-100%
Liver 98—-100% New
Bones 87-92%
Lungs 29-42%
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MTC: medullary thyroid cancer; CEA: carcinoembryonic antigen; Ctn: calcitonin; CT: computed
tomography; LN: lymph nodes; MRI: magnetic resonance imaging; PET: positron emission
tomography.

Diagnosis of MTC

MTC is sometimes diagnosed after thyroid lobectomy following a suspicious or indeterminate
FNA biopsy. Histological specimens show spindle-shaped, pleomorphic cells originating from the
calcitonin-producing parafollicular C cells, with no follicle formation [32].

Serum Calcitonin Screening

Serum calcitonin screening for thyroid nodules remains controversial in the U.S. due to the high
rate of false positives, lack of pentagastrin stimulation testing, and the reliability of FNA biopsy.
In some cases, patients with locoregional metastases may have normal unstimulated calcitonin
levels [33]. However, in European countries where pentagastrin is available, basal and stimulated
calcitonin tests are routinely used to aid in the preoperative diagnosis of MTC [33].

Evaluation of MTC

For patients diagnosed with MTC through cytology, evaluation should include serum calcitonin,
carcinoembryonic antigen (CEA), and neck ultrasound if not already done. Genetic testing for
germline RET mutations and biochemical screening for coexisting tumors, especially
pheochromocytoma, are also recommended. This approach aligns with NCCN and ATA guidelines
for managing MTC [30].
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Fig (3): Evaluation and management of patients with medullary thyroid cancer diagnosed on the
basis of fine needle aspiration biopsy of a thyroid nodule [34].

ADX: adrenalectomy; Ctn: calcitonin; CEA: carcinoembryonic antigen; EBRT: external beam
radiotherapy; FNA: fine needle aspiration, HPTH: hyperparathyroidism; LND: lymph node
dissection; MTC: medullary thyroid cancer; M: metastatic MTC; PHEO: pheochromocytoma;
TKI: tyrosine kinase inhibitor; TTX: total thyroidectomy; US: ultrasound. * Ctn and CEA are
measured to determine whether they are produced by the tumor, and if so, as a baseline for
comparison with the results obtained after surgery. In addition, patients with preoperative Ctn >500
pg/mL require additional preoperative imaging.

Serum Calcitonin and CEA

Patients with MTC should have serum calcitonin and CEA measured. These tests identify tumors
capable of hypersecreting hormones and can be compared postoperatively. Post-surgery, calcitonin
and CEA doubling times are crucial markers for tumor progression and aggressiveness. For
example, a study of 65 patients found 10-year survival rates of 8%, 37%, and 100% for calcitonin
doubling times of less than 6 months, between 6 months and 2 years, and over 2 years, respectively
[22].
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Radiological Evaluation

MTC may spread locally or distantly. Neck ultrasonography is used to detect lymph node
metastasis after FNA biopsy. If preoperative calcitonin exceeds 500 pg/mL, additional imaging
such as chest and neck CT, liver MRI, and bone scintigraphy is required to assess metastasis [36,
37]. FDG-PET is not recommended for routine metastatic screening but is more sensitive to
calcitonin levels above 1000 pg/mL [38]. Somatostatin receptor scintigraphy may help detect
recurrent disease when CT is negative [39].

Genetic Screening

Germline RET testing is required for all patients with newly diagnosed sporadic MTC or C-cell
hyperplasia. Sequencing of RET gene exons 10, 11, 13-16 is recommended, and further exons
should be analyzed if there is a strong suspicion of hereditary syndromes. Studies suggest 6-7% of
patients with sporadic MTC have RET germline mutations, while approximately 60% have
somatic mutations in tumor cells, correlating with poorer prognosis [41- 43].

Testing for Coexisting Tumors

Patients with MTC, especially those with a RET mutation, should be screened for coexisting
tumors like pheochromocytoma and hyperparathyroidism. This includes measuring serum calcium
and plasma fractionated metanephrines before thyroidectomy [44, 45].

Staging
TNM Staging

The pTNM staging system (eighth edition) by UICC and AJCC categorizes MTC based on tumor
size, extrathyroidal invasion, and metastasis [46, 47]:

o Stage I: Tumors <2 cm, confined to the thyroid.

e Stage II: Tumors >2 cm within the thyroid or any size with extrathyroidal extension into
strap muscles without lymph node metastasis.

o Stage III: Tumors of any size with central neck lymph node metastasis (levels VI or VII),
with or without strap muscle invasion.

o Stage IV: Distant metastases, lymph node involvement outside central neck, or gross
invasion into neck structures beyond strap muscles.

Differential Diagnosis

A neck mass often represents benign thyroid nodules or cysts, with other causes including
congenital anomalies, inflammatory lymph node enlargement, or neoplastic disorders [48].
Elevated calcitonin can also be due to hypercalcemia, hypergastrinemia, neuroendocrine tumors,
renal insufficiency, or other thyroid conditions. Omeprazole, beta blockers, and glucocorticoids
may cause hypercalcitoninemia, and heterophilic antibodies can falsely raise calcitonin levels.
Elevated CEA may occur due to heterophilic antibodies, gastrointestinal inflammation, benign
lung disease, nonthyroid malignancies, or smoking [35, 49].
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Surgical Management of MTC
MTC Diagnosed Following Lobectomy

For MTC discovered after lobectomy, further investigation is essential to detect inherited MTC
and consider total thyroidectomy to prevent contralateral MTC. Key investigations include basal
serum calcitonin levels, neck ultrasonography, RET mutation screening, and a detailed family
history. Observation may be considered if margins are negative, the disease is unifocal, and there
is no C cell hyperplasia. Reoperation with lymph node dissection is required for positive
ultrasonographic findings and elevated calcitonin levels. The ATA advises total thyroidectomy if
elevated calcitonin persists after 3 months or if residual disease is evident. The BTA recommends
total thyroidectomy for tumors >5 mm and serum calcitonin measurement for tumors <5 mm to
determine further surgery [50].

Pre-Surgically Diagnosed MTC
Diagnosis and Treatment

MTC can be suspected through thyroid nodule cytology, elevated serum calcitonin levels, or
detection of RET proto-oncogene mutations. Total thyroidectomy is preferred due to the high rates
of multifocal (15%) and bilateral (5%) MTC (51,52). Radiological evidence and clinical suspicion
guide this decision.

MTC Confined to the Neck

Total thyroidectomy is recommended for MTC confined to the neck, including complete tumor
excision and regional lymph node removal, ensuring optimal disease-free survival. Preoperative
ultrasonography and intraoperative findings aid in guiding cervical lymph node dissection [53].
Node-negative MTC patients generally have survival rates similar to the general population. For
small intrathyroidal MTCs with calcitonin <20 ng/L, prophylactic central lymph node dissection
(CND) may be omitted as lymph node involvement is rare [52]. Prophylactic lateral neck
dissection (LND) is controversial and should be guided by serum calcitonin levels. The ATA
recommends CND and ipsilateral LND for baseline calcitonin >20 ng/L, with additional
contralateral LND for levels >200 ng/L. The BTA suggests ipsilateral LND based on tumor size
and calcitonin levels or frozen section results, avoiding prophylactic contralateral LND without
evidence of nodal involvement [52].

MTC with Nodal Involvement

For MTC with preoperative nodal involvement, total thyroidectomy with CND and dissection of
involved lateral neck compartments is preferred. If basal calcitonin >200 ng/L and no distant
metastasis, prophylactic dissection of wuninvolved contralateral neck compartments is
recommended [54].

Locally-Advanced or Metastatic MTC

Total thyroidectomy with lymph node dissection is advised for locally-advanced or metastatic
MTC, often with palliative intent. A function-preserving approach is preferred to maintain speech,
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swallowing, and parathyroid function. The surgical approach should be individualized based on
patient preferences, comorbidities, and life expectancy [55].

Prophylactic Thyroidectomy in Inherited MTC
Indications and Guidelines

Prophylactic thyroidectomy is recommended for individuals with inherited RET proto-oncogene
mutations but no clinical disease. The ATA classifies risk based on mutations: highest risk (MEN
2B syndrome, M918T mutation), high-risk (C634F/G/R/S/W/Y, A883F mutations), and moderate-
risk [56]. High-risk patients should undergo total thyroidectomy with CND in infancy. MEN 2A
syndrome patients with high-risk mutations are monitored closely and should have total
thyroidectomy by age 5. Adults with MEN 2B syndrome and RET mutations should have
prophylactic total thyroidectomy with CND [57].

Medullary Thyroid Microcarcinoma (microMTC)
Characteristics and Management

MicroMTCs, defined as MTCs <1 cm, present a 23% risk of lymph node metastasis even at 5 mm.
Guidelines generally recommend thyroidectomy with central lymph node dissection (CND) for
these patients [58].

Emerging Therapies
Targeted and Immunotherapy

Surgical resection is the primary treatment for MTC. For patients with extensive metastatic disease
not amenable to surgery or radiotherapy, targeted therapy is an option. RET-kinase inhibitors, like
selpercatinib or pralsetinib, are used for tumors with RET mutations. Multi-targeted kinase
inhibitors, such as sunitinib, cabozantinib, vandetanib, lenvatinib, or sorafenib, are used for tumors
without RET mutations [59]. Immunotherapy, including tumor-derived vaccines and monoclonal
antibodies with radioisotopes, is investigational and not yet standard for MTC [60].

Postoperative Management
Monitoring and Thyroxin Therapy

Post-surgery, patients must be monitored for hypoparathyroidism and nerve injuries [61]. Thyroxin
(levothyroxine, T4) therapy should start at 1.6 mcg/kg body weight (0.075-0.15 mg daily), with
TSH levels assessed in six weeks. T4 therapy aims to maintain a euthyroid state; suppression of
TSH is not necessary as MTC cells are not TSH-responsive. Radioiodine therapy is contraindicated
because MTC cells do not concentrate iodine [62].

Subsequent Management
Follow-Up and Assessments

After thyroidectomy, serum calcitonin and carcinoembryonic antigen (CEA) levels are measured
2-3 months post-surgery to evaluate for residual disease. Patients with normal CEA and
undetectable calcitonin are considered biochemically cured, with a five-year recurrence rate of 5%
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[63]. Calcitonin levels may take months to reach their nadir, but significant declines often occur
within days for those achieving biochemical remission [64, 65].

Follow-Up for Biochemically Cured Patients

For patients with undetectable calcitonin and normal CEA post-surgery, follow-up includes [65,
66]:

o Physical examination biannually for 2 years, then annually.

e Serum calcitonin and CEA measurements biannually for 2 years, then annually.

e Neck ultrasound 3-12 months post-surgery based on prior lymph node involvement.
e Additional imaging only if calcitonin or CEA levels rise during follow-up.

Persistent Hypercalcitoninemia
Risk and Prognosis

High basal serum calcitonin values three or more months post-surgery suggest residual disease.
About 30-55% of patients with palpable or macroscopic MTC have persistently high calcitonin
levels [67]. The prognosis varies by age and disease extent at initial surgery. In a study of 899
MTC patients, those with postoperative hypercalcitoninemia had a 70% 10-year survival rate,
compared to 98% for those biochemically cured. Younger age and no lymph node involvement
were associated with better outcomes [68].

Evaluation and Management
Calcitonin <150 pg/mL:

When calcitonin is detectable but <150 pg/mL two to six months after surgery, persistent
locoregional disease is likely. Neck ultrasound and possibly CT or MRI should assess for
macroscopic metastatic disease. If imaging is positive, detailed dissection of local and regional
nodal tissue is recommended, focusing on areas with confirmed disease. If imaging is negative and
calcitonin levels are stable, neck ultrasound should be conducted every 6 to 12 months for 2 to 3
years, then less frequently. Additional imaging is needed if calcitonin or CEA levels rise [69].

Calcitonin >150 pg/mL:

Calcitonin >150 pg/mL two to six months after surgery suggests possible distant metastases.
Patients should undergo neck ultrasound and comprehensive imaging (CT or MRI of neck, chest,
abdomen; bone scan or MRI for skeletal metastases). Liver metastases, occurring in ~45% of
advanced cases, are best identified with contrast-enhanced liver CT or MRI. If imaging is negative,
continued monitoring with physical exams and serum calcitonin and CEA measurements is
advised. Stable calcitonin levels in the 150 to 300 pg/mL range typically require yearly neck
ultrasounds, with additional imaging based on rising calcitonin or CEA values. FDG-PET scans
are considered when calcitonin exceeds 500-1000 pg/mL, with a sensitivity of 78% when
calcitonin >1000 pg/mL [70]. Radionuclide bone imaging and invasive localization techniques are
rarely used and only if they would affect treatment decisions.
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Treatment
If imaging reveals disease, treatment options include surgical resection and/or external beam
radiation therapy (EBRT) [71].

Management of Persistent/Recurrent Disease
Treatment Options

For persistent or recurrent MTC, treatment includes observation, surgical resection, external beam
radiation therapy (EBRT), and other therapies like radiofrequency ablation, cryo-ablation,
embolization, or systemic treatments. Previously, routine surgical interventions were common, but
often did not normalize serum calcitonin levels. This has led to a more selective approach to
intervention and consideration of observation in some patients [70]. Management depends on
factors such as disease localization, volume, location, symptoms, and progression risk [71].

Palliation of Symptoms

Diarrhea

Diarrhea, often linked to large liver metastases, significantly impacts quality of life. First-line
treatments include dietary adjustments and anti-motility agents (loperamide, diphenoxylate-
atropine, codeine). Somatostatin analogs may offer some relief. Surgical debulking or
chemoembolization may also help [72, 73].

Ectopic Cushing's Syndrome

Vandetanib is recommended as a first-line treatment for ectopic Cushing's syndrome, due to its
rapid effect on cortisol levels. Medical therapies (ketoconazole, metyrapone, mitotane,
mifepristone) are less effective and less tolerated. Bilateral adrenalectomy, though effective, is
challenging due to comorbidities [74].

Prognosis

Sporadic MTC usually starts between ages 50-60, while hereditary cases present earlier. Prognosis
is influenced by tumor genotype, baseline biomarkers, tumor extent, metastases, sex, and age [27].
Basal serum calcitonin (bCtn) and carcinoembryonic antigen (CEA) doubling times help assess
prognosis. High serum Ca9.9 positivity and CEA levels are associated with poorer outcomes. Early
changes in CEA levels can predict progression-free survival (p = 0.02) [75]. Poorly differentiated
histology and high Ki-67 expression are linked to rapid progression [76].

Hereditary MTCs generally appear earlier but show similar aggressiveness to sporadic cases.
Younger age in sporadic MTCs is associated with longer survival but not with reduced cancer-
related deaths [77]. Lymph node metastases are present at diagnosis in 30-60% of cases. MTC has
a higher mortality rate compared to well-differentiated thyroid cancers. The 5-year survival rate is
80-97%, and the 10-year survival rate is 75-88%. Recurrence occurs in up to 50% of patients
[78].References

1. Benvenga S, Tuccari G, Ieni A, Vita R. Thyroid gland: anatomy and physiology.
Encyclopedia of Endocrine Diseases. 2018;4:382-90.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




MEDULLARY THYROID CANCER: GENERAL REVIEW
1924

2. Mense MG, Boorman GA. Thyroid gland. Boorman's pathology of the rat: Elsevier;
2018. p. 669-86.

3. Furlow PW, Mathisen DJ. Surgical anatomy of the trachea. Annals of cardiothoracic
surgery. 2018;7(2):255.

4. Sutcliffe P, Lasrado S. Anatomy, head and neck, deep cervical neck fascia. 2019.

5. Alenezi SA, Elgazzar AH. Endocrine System. In: Elgazzar AH, editor. The
Pathophysiologic Basis of Nuclear Medicine. Cham: Springer International Publishing; 2022. p.
219-61.

6. Abdreshov S, Akhmetbaeva N, Atanbaeva G, Mamataeva A, Nauryzbai U.
Adrenergic innervation of the thyroid gland, blood and lymph vessels, and lymph nodes in
hypothyroidism. Bulletin of Experimental Biology and Medicine. 2019;168:295-9.

7. Ostrowski P, Bonczar M, Shafarenko K, Rams D, Dziedzic M, Gabryszuk K, et al.
The thyrocervical trunk: an analysis of its morphology and variations. Anatomical Science
International. 2023;98(2):240-8.

8. Chandrakala S, Anupama M, Nagashree M. Cadaveric Study Of Thyroidea Ima
Artery Variations In South Indian Population. Int J Acad Med Pharm. 2023;5(4):1068-70.

9. Singh R. Variations of venous drainage of the thyroid gland and their surgical
implications: a narrative review. Jornal Vascular Brasileiro. 2023;22:¢20220163.

10. Stathatos N. Anatomy and Physiology of the Thyroid Gland. In: Luster M, Duntas
LH, Wartofsky L, editors. The Thyroid and Its Diseases: A Comprehensive Guide for the
Clinician. Cham: Springer International Publishing; 2019. p. 3-12.

11. Zhang Z, Boelen A, Kalsbeek A, Fliers E. TRH neurons and thyroid hormone
coordinate the hypothalamic response to cold. European thyroid journal. 2018;7(6):279-88.

12. Ferrari SM, Fallahi P, Elia G, Ragusa F, Ruffilli I, Paparo SR, et al., editors. Thyroid
autoimmune disorders and cancer. Seminars in cancer biology; 2020: Elsevier.

13. Gambardella C, Offi C, Patrone R, Clarizia G, Mauriello C, Tartaglia E, et al.
Calcitonin negative Medullary Thyroid Carcinoma: a challenging diagnosis or a medical
dilemma? BMC endocrine disorders. 2019;19:1-12.

14. Viola D, Elisei R. Management of medullary thyroid cancer. Endocrinology and
Metabolism Clinics. 2019;48(1):285-301.

15. Sokoll LJ, Chan DW. Malignancy-associated endocrine disorders. Handbook of
Diagnostic Endocrinology: Elsevier; 2021. p. 449-75.

16. Kushchayev SV, Kushchayeva YS, Tella SH, Glushko T, Pacak K, Teytelboym OM.
Medullary thyroid carcinoma: an update on imaging. Journal of thyroid research. 2019;2019.

17. Gogna S, Goldberg M, Samson D, Gachabayov M, Felsenreich DM, Azim A, et al.
Medullary thyroid cancer in patients older than 45—Epidemiologic trends and predictors of
survival. Cancers. 2020;12(11):3124.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




MEDULLARY THYROID CANCER: GENERAL REVIEW
1925

18. Matrone A, Gambale C, Prete A, Piaggi P, Cappagli V, Bottici V, et al. Impact of
advanced age on the clinical presentation and outcome of sporadic medullary thyroid carcinoma.
Cancers. 2020;13(1):94.

19. Larouche V, Akirov A, Thomas C, Krzyzanowska M, Ezzat S. A primer on the
genetics of medullary thyroid cancer. Current Oncology. 2019;26(6):389-94.

20. Al Hassan MS, El Ansari W, Alater A, Darweesh A, Abdelaal A. Choroidal
metastasis as initial presentation of aggressive medullary thyroid carcinoma with widespread
mediastinal, brain, pituitary, bone, lung, and liver metastasis: Case report and literature review.
International journal of surgery case reports. 2021;87:106419.

21. Pelizzo MR, Mazza EI, Mian C, Merante Boschin 1. Medullary thyroid carcinoma.
Expert Review of Anticancer Therapy. 2023;23(9):943-57.

22. Passos I, Stefanidou E, Meditskou-Eythymiadou S, Mironidou-Tzouveleki M,
Manaki V, Magra V, et al. A review of the significance in measuring preoperative and

postoperative carcinoembryonic antigen (CEA) values in patients with medullary thyroid
carcinoma (MTC). Medicina. 2021;57(6):609.

23. Rago T, Vitti P. Risk stratification of thyroid nodules: From ultrasound features to
TIRADS. Cancers. 2022;14(3):717.

24. Chambara N. Malignancy-risk stratification of thyroid nodules: diagnostic utility of
the ultrasound computer-aided diagnosis and advanced ultrasound imaging techniques. 2022.

25. Raue F, Frank-Raue K. Update on multiple endocrine neoplasia type 2: focus on
medullary thyroid carcinoma. Journal of the Endocrine Society. 2018;2(8):933-43.

26. Raue F, Bruckner T, Frank-Raue K. Long-term outcomes and aggressiveness of
hereditary medullary thyroid carcinoma: 40 years of experience at one center. The Journal of
Clinical Endocrinology & Metabolism. 2019;104(10):4264-72.

27. Guilmette J, Nose V. Hereditary and familial thyroid tumours. Histopathology.
2018;72(1):70-81.

28. Hughes M, Feliberti E, Perry R, Vinik A. Multiple endocrine neoplasia type 2A
(including familial medullary carcinoma) and type 2B. 2018.

29. Lockridge R, Bedoya S, Allen T, Widemann BC, Akshintala S, Glod J, et al.
Psychosocial Characteristics and Experiences in Patients with Multiple Endocrine Neoplasia
Type 2 (MEN2) and Medullary Thyroid Carcinoma (MTC). Children. 2022;9(6):774.

30. Thomas C, Asa S, Ezzat S, Sawka A, Goldstein D. Diagnosis and pathologic
characteristics of medullary thyroid carcinoma—review of current guidelines. Current Oncology.
2019;26(5):338-44.

31. Kaliszewski K, Ludwig M, Ludwig B, Mikuta A, Greniuk M, Rudnicki J. Update on
the Diagnosis and Management of Medullary Thyroid Cancer: What Has Changed in Recent
Years? Cancers (Basel). 2022;14(15).

Chelonian Conservation and Biology
https://www.acgpublishing.com/




MEDULLARY THYROID CANCER: GENERAL REVIEW
1926

32. Leimbach RD, Hoang TD, Shakir MK. Diagnostic challenges of medullary thyroid
carcinoma. Oncology. 2021;99(7):422-32.

33. Niederle MB, Scheuba C, Riss P, Selberherr A, Koperek O, Niederle B. Early
diagnosis of medullary thyroid cancer: are calcitonin stimulation tests still indicated in the era of
highly sensitive calcitonin immunoassays? Thyroid. 2020;30(7):974-84.

34. Tuttle M, Ross D, Mulder J. Medullary thyroid cancer: clinical manifestations,
diagnosis and staging. Up to Date. 2017;9:27.

35. Costante G, Lalami Y, Jungels C, Awada A. Calcitonin and Carcinoembryonic
Antigen for the Diagnosis and Management of Medullary Thyroid Carcinoma. Atlas of thyroid
and neuroendocrine tumor markers. 2018:133-50.

36. Mao J, Zhang Q, Zhang H, Zheng K, Wang R, Wang G. Risk factors for lymph node
metastasis in papillary thyroid carcinoma: a systematic review and meta-analysis. Frontiers in
endocrinology. 2020;11:265.

37. Califano I, Pitoia F, Chirico R, de Salazar A, Bastianello M. Prospective Study on the
Performance of 18F-DOPA Positron Emission Tomography/Computed Tomography in Patients
with Medullary Thyroid Carcinoma. 2022.

38. Cantiirk NZ, Giiler SA, Simsek T. Sporadic Medullary Thyroid Cancer. Thyroid and
Parathyroid Diseases: A Case-Based Guide. 2019:377-86.

39. Beukhof CM, Brabander T, van Nederveen FH, van Velthuysen M-LF, de Rijke YB,
Hofland LJ, et al. Peptide receptor radionuclide therapy in patients with medullary thyroid
carcinoma: predictors and pitfalls. BMC cancer. 2019;19:1-8.

40. Innella G, Rossi C, Romagnoli M, Repaci A, Bianchi D, Cantarini ME, et al. Results
and clinical interpretation of germline RET analysis in a series of patients with medullary thyroid
carcinoma: The challenge of the variants of uncertain significance. Cancers. 2020;12(11):3268.

41. Elisei R, Tacito A, Ramone T, Ciampi R, Bottici V, Cappagli V, et al. Twenty-five
years experience on RET genetic screening on hereditary MTC: an update on the prevalence of
germline RET mutations. Genes. 2019;10(9):698.

42. Chiacchiarini M, Trocchianesi S, Besharat ZM, Po A, Ferretti E. Role of tissue and
circulating microRNAs and DNA as biomarkers in medullary thyroid cancer. Pharmacology &
Therapeutics. 2021;219:107708.

43. Oczko-Wojciechowska M, Czarniecka A, Gawlik T, Jarzab B, Krajewska J. Current
status of the prognostic molecular markers in medullary thyroid carcinoma. Endocrine
Connections. 2020;9(12):R251-R63.

44. Parkhurst E, Calonico E, Abboy S. Utilization of genetic testing for RET mutations in
patients with medullary thyroid carcinoma: a single-center experience. Journal of Genetic
Counseling. 2018;27:1411-6.

45. Dikbas O, Duman AA, Guvendi GF. Medullary thyroid carcinoma and papillary
thyroid carcinoma in the same patient as a collision tumour. Case Reports in Endocrinology.
2019;2019.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




MEDULLARY THYROID CANCER: GENERAL REVIEW
1927

46.ZhiJ, Wu 'Y, Hu L, Zhao J, Liu H, Ruan X, et al. Assessment of the prognostic value
and N1b changes of the eighth TNM/AJCC staging system for differentiated thyroid carcinoma.
International Journal of Clinical Oncology. 2020;25:59-66.

47. Ito Y, Miyauchi A, Hirokawa M, Yamamoto M, Oda H, Masuoka H, et al. Prognostic
value of the 8th edition of the tumor-node-metastasis classification for patients with papillary

thyroid carcinoma: a single-institution study at a high-volume center in Japan. Endocrine
Journal. 2018;65(7):707-16.

48. Barbieri A, Prasad ML, Gilani SM. Thyroid tissue outside the thyroid gland:
differential diagnosis and associated diagnostic challenges. Annals of Diagnostic Pathology.
2020;48:151584.

49. Censi S, Manso J, Mian C. Other markers of medullary thyroid cancer, not only
calcitonin. European Journal of Endocrinology. 2023;188(1):1vac009.

50. Liang W, Shi J, Zhang H, Lv G, Wang T, Wang Y, et al. Total thyroidectomy vs
thyroid lobectomy for localized medullary thyroid cancer in adults: A propensity-matched
survival analysis. Surgery. 2022;172(5):1385-91.

51. Jayasinghe R, Basnayake O, Jayarajah U, Seneviratne S. Management of medullary
carcinoma of the thyroid: a review. J Int Med Res. 2022;50(7):3000605221110698.

52. Jayasinghe R, Basnayake O, Jayarajah U, Seneviratne S. Management of medullary
carcinoma of the thyroid: a review. Journal of International Medical Research.
2022;50(7):03000605221110698.

53. van Gerwen M, Sinclair C, Rahman M, Genden E, Taioli E. The impact of surgery
refusal on thyroid cancer survival: a SEER-based analysis. Endocrine. 2020;70:356-63.

54. Chebib E, Eymerit C, Chabbert-Buffet N, Angelard B, St Guily JL, Périé S. High rate
of IIA/IIB neck groups involvement supports complete lateral neck dissection in thyroid
carcinoma. Gland Surgery. 2020;9(6):1973.

55.Sun Y, DuF, Gao M, Ji Q, Li Z, Zhang Y, et al. Anlotinib for the treatment of
patients with locally advanced or metastatic medullary thyroid cancer. Thyroid.
2018;28(11):1455-61.

56. Machens A, Dralle H. Long-term outcome after DNA-based prophylactic neck
surgery in children at risk of hereditary medullary thyroid cancer. Best Practice & Research
Clinical Endocrinology & Metabolism. 2019;33(4):101274.

57. Machens A, Lorenz K, Weber F, Dralle H. Exceptionality of distant metastasis in
node-negative hereditary and sporadic medullary thyroid cancer: lessons learned. The Journal of
Clinical Endocrinology & Metabolism. 2021;106(8):¢2968-¢79.

58. Kesby N, Mechera R, Fuchs T, Papachristos A, Gild M, Tsang V, et al. Natural
History and Predictive Factors of Outcome in Medullary Thyroid Microcarcinoma. The Journal
of Clinical Endocrinology & Metabolism. 2023:dgad173.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




MEDULLARY THYROID CANCER: GENERAL REVIEW
1928

59. Ceolin L, da Silveira Duval MA, Benini AF, Ferreira CV, Maia AL. Medullary
thyroid carcinoma beyond surgery: advances, challenges, and perspectives. Endocrine-related
cancer. 2019;26(9):R499-R518.

60. Di Molfetta S, Dotto A, Fanciulli G, Florio T, Feola T, Colao A, et al. Immune
checkpoint inhibitors: new weapons against medullary thyroid cancer? Frontiers in
Endocrinology. 2021;12:667784.

61. Kim M, Kim BH. Current guidelines for management of medullary thyroid
carcinoma. Endocrinology and Metabolism. 2021;36(3):514-24.

62. Arrangoiz R, Cordera F, Caba D, Moreno E, de-Leon EL, Munoz M. Medullary
thyroid carcinoma literature review and current management. J Clin Endocrinal and Diabetes.
2018.

63. Andrade F, Rondeau G, Boucai L, Zeuren R, Shaha AR, Ganly I, et al. Serum
calcitonin nadirs to undetectable levels within 1 month of curative surgery in medullary thyroid
cancer. Archives of endocrinology and metabolism. 2019;63:137-41.

64. Chen L, Zhao K, Li F, He X. Medullary thyroid carcinoma with elevated serum CEA
and normal serum calcitonin after surgery: a case report and literature review. Frontiers in
Oncology. 2020;10:526716.

65. Tovkai O, Palamarchuk V, Shidlovskyi O, Shidlovskyi V, Kuts V, Smoliar V, et al.
Rationale For The Application Of Calcitonin Level In The Early Postoperative Period To
Evaluate The Effectiveness Of Surgical Treatment Of Medullary Thyroid Cancer. Acta
Endocrinologica (Bucharest). 2023;19(1):142.

66. Fanget F, Demarchi M, Maillard L, Lintis A, Decaussin M, Lifante J. Medullary
thyroid cancer outcomes in patients with undetectable versus normalized postoperative calcitonin
levels. British Journal of Surgery. 2021;108(9):1064-71.

67. Salh AM, Ahmed SF, Oma SS, Hassan SH, Mohammed SH, Kakamad FH.
Medullary thyroid carcinoma with normal serum calcitonin and carcinoembryonic levels; a case
with review of literature. International Journal of Surgery Open. 2022;39:100443.

68. Ball DW. Management of Postoperative Hypercalcitoninemia in Medullary Thyroid
Carcinoma. Thyroid Cancer: A Case-Based Approach. 2021:311-8.

69. Liu Q, Nie X, He Y, Li G. Updated Cutoff Values of Basal Serum Calcitonin to
Discriminate True Medullary Thyroid Cancer from Other Conditions of Hypercalcitoninemia.
2021.

70. Park H, Park J, Choi MS, Kim J, Kim H, Shin JH, et al. Preoperative serum calcitonin
and its correlation with extent of lymph node metastasis in medullary thyroid carcinoma.
Cancers. 2020;12(10):2894.

71. Allelein S, Ehlers M, Morneau C, Schwartz K, Goretzki PE, Seppel T, et al.
Measurement of basal serum calcitonin for the diagnosis of medullary thyroid cancer. Hormone
and Metabolic Research. 2018;50(01):23-8.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




MEDULLARY THYROID CANCER: GENERAL REVIEW
1929

72. Pivovarova Al, Patrick S, Reddy PJ. Sporadic medullary thyroid carcinoma with
paraneoplastic Cushing syndrome. Case Reports in Endocrinology. 2019;2019.

73. Shakir MK, Spiro AJ, Mai VQ, Hoang TD. Diarrhea as an initial presentation in
patients with medullary thyroid cancer: delaying the diagnosis. Case Reports in
Gastroenterology. 2020;14(2):391-401.

74. Corsello A, Ramunno V, Locantore P, Pacini G, Rossi ED, Torino F, et al. Medullary
Thyroid Cancer with Ectopic Cushing's Syndrome: A Case Report and Systematic Review of
Detailed Cases from the Literature. Thyroid. 2022;32(11):1281-98.

75. Broecker-Preuss M, Simon D, Fries M, Kornely E, Weber M, Vardarli I, et al. Update
on Calcitonin Screening for Medullary Thyroid Carcinoma and the Results of a Retrospective
Analysis of 12,984 Patients with Thyroid Nodules. Cancers. 2023;15(8):2333.

76. Moura M, Cabrera R, Esteves S, Cavaco B, Soares P, Leite V. Correlation of
molecular data with histopathological and clinical features in a series of 66 patients with
medullary thyroid carcinoma. Journal of Endocrinological Investigation. 2021:1-10.

77. Kotwal A, Erickson D, Geske JR, Hay ID, Castro MR. Predicting outcomes in
sporadic and hereditary medullary thyroid carcinoma over two decades. Thyroid.
2021;31(4):616-26.

78. Zhou T-H, Zhao L-Q, Zhang Y, Wu F, Lu K-N, Mao L-L, et al. The prediction of
metastases of lateral cervical lymph node in medullary thyroid carcinoma. Frontiers in
Endocrinology. 2021;12:741289.

Chelonian Conservation and Biology
https://www.acgpublishing.com/




