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Introduction
Medullary thyroid cancer (MTC) is a rare but aggressive form of 

thyroid cancer that originates from the parafollicular C cells, which are 
responsible for producing calcitonin. While MTC accounts for a small 
percentage of all thyroid cancers, it is particularly significant in the 
context of familial medullary thyroid carcinoma (FMTC), a hereditary 
condition associated with mutations in the RET proto-oncogene. 
FMTC is characterized by the occurrence of MTC in multiple family 
members, often at an early age, and is part of a broader spectrum of 
diseases known as multiple endocrine neoplasia type 2 (MEN2). Early 
detection and accurate diagnosis of MTC in FMTC patients are crucial 
for effective management, including surgical intervention and genetic 
counseling. Imaging techniques, particularly computed tomography 
(CT) and magnetic resonance imaging (MRI), play a vital role in the 
diagnosis and preoperative evaluation of MTC. This article explores 
the role of CT and MRI in diagnosing medullary thyroid cancer in the 
context of familial medullary thyroid carcinoma [1].

Pathophysiology and Clinical Features of Familial Medullary 
Thyroid Carcinoma

Familial medullary thyroid carcinoma (FMTC) is a hereditary 
condition typically caused by mutations in the RET proto-oncogene. 
The mutation leads to constitutive activation of the RET signaling 
pathway, promoting tumorigenesis in the thyroid gland. FMTC is 
often diagnosed in individuals with a family history of MTC, and 
it can manifest at any age, although early-onset MTC is common. 
Patients with FMTC may develop MTC bilaterally, with tumors often 
involving both thyroid lobes. Clinically, MTC presents as a thyroid 
mass, which may be accompanied by elevated levels of calcitonin in the 
blood, a key biomarker for the disease. Other symptoms can include 
neck pain, dysphagia, hoarseness, and cervical lymphadenopathy. 
Due to its aggressive nature, MTC can metastasize early, particularly 
to the regional lymph nodes, liver, lungs, and bones. Early diagnosis 
and accurate staging of the disease are critical for improving survival 
outcomes, and imaging plays an essential role in this process [2].

Role of CT in the Diagnosis of MTC

Computed tomography (CT) is a widely used imaging modality 
in the evaluation of thyroid cancer, including medullary thyroid 
carcinoma. While ultrasound is typically the first-line imaging 
modality for detecting thyroid nodules, CT is often used for further 
assessment, particularly in the context of staging and evaluating for 
metastatic disease. CT provides detailed cross-sectional images of the 
thyroid gland and surrounding structures, including the neck, lymph 
nodes, and other organs. In patients with FMTC, CT can identify both 
primary thyroid tumors and metastatic involvement. Medullary thyroid 
cancers typically present as well-defined, lobulated masses that can be 
heterogeneous in appearance due to areas of necrosis or hemorrhage. 
Contrast-enhanced CT can help differentiate MTC from other thyroid 
lesions, as MTC tends to have a more irregular, vascular pattern 
of enhancement compared to benign thyroid conditions [3]. CT is 
particularly valuable in assessing the extent of lymph node involvement 
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and distant metastasis. Cervical lymphadenopathy is common in MTC, 
and CT can help evaluate the size, shape, and location of lymph nodes, 
providing crucial information for surgical planning. Additionally, 
CT can be used to assess distant metastases, especially in the lungs, 
liver, and bones, which are common sites of spread in advanced 
MTC. However, CT does have limitations in the evaluation of MTC. 
It involves exposure to ionizing radiation, which is a consideration, 
particularly for young patients and those requiring multiple imaging 
studies. Furthermore, CT is less sensitive than ultrasound or MRI in 
detecting small, early-stage thyroid tumors, and it may not provide as 
much soft-tissue contrast as MRI, making it less ideal for assessing the 
thyroid glands parenchyma in detail [4].

Role of MRI in the Diagnosis of MTC

Magnetic resonance imaging (MRI) is another crucial imaging 
technique for diagnosing and staging medullary thyroid carcinoma, 
particularly in patients with FMTC. MRI is especially useful in 
providing detailed soft-tissue contrast, which is beneficial for evaluating 
the thyroid gland, adjacent structures, and lymph node involvement. It 
also offers the advantage of not using ionizing radiation, making it a 
safer option for young patients who may require long-term follow-up. 
In patients with MTC, MRI can help delineate the primary tumor from 
surrounding tissues, providing detailed images of the thyroid gland and 
its relationship to adjacent structures, such as the trachea, esophagus, 
and major blood vessels. Medullary thyroid cancers often appear as 
well-defined, heterogeneous masses on MRI, similar to CT, although 
MRI can offer better soft-tissue contrast and better characterization of 
the tumor’s extent. Contrast-enhanced MRI can also be used to assess 
the vascularity of the tumor, with MTC often showing high vascularity, 
which can be an important distinguishing feature from other thyroid 
tumors [5]. MRI is particularly useful for evaluating regional lymph 
node involvement in patients with MTC. Cervical lymphadenopathy is 
frequently seen in MTC, and MRI offers superior soft-tissue resolution, 
allowing for better visualization of lymph nodes, especially those 
located deeper in the neck or those that are difficult to assess with CT 
or ultrasound. Additionally, MRI can be used to assess for extracervical 
metastases, particularly to the lungs and liver, although CT may still 
be preferred for the evaluation of lung metastases due to its superior 
resolution for chest imaging [6].
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Advantages and Limitations of CT and MRI

The main advantage of CT in the evaluation of MTC is its ability to 
provide detailed images of the thyroid gland, cervical lymph nodes, and 
distant organs, particularly the lungs, liver, and bones. It is especially 
valuable in staging advanced disease and identifying distant metastasis. 
However, CT’s reliance on ionizing radiation and its lower soft-tissue 
contrast compared to MRI are notable limitations. It may also be 
less sensitive for detecting small thyroid tumors or subtle regional 
lymph node involvement. MRI, in contrast, offers superior soft-tissue 
contrast, making it particularly useful in evaluating the thyroid gland 
and surrounding tissues. It does not involve ionizing radiation, which 
is advantageous for long-term follow-up, especially in hereditary 
conditions like FMTC. MRI’s ability to provide high-resolution images 
of lymph nodes and adjacent structures also enhances its role in staging 
and surgical planning. However, MRI may not be as effective as CT 
in assessing lung metastases, and it can be more time-consuming and 
less accessible than CT in some clinical settings. In clinical practice, 
the combination of both CT and MRI can provide a comprehensive 
evaluation of medullary thyroid carcinoma in FMTC patients. While CT 
is useful for evaluating distant metastasis and lymph node involvement, 
MRI offers superior soft-tissue imaging, particularly for assessing the 
thyroid gland, regional lymph nodes, and adjacent structures. Together, 
these imaging modalities allow for a more accurate diagnosis, staging, 
and treatment planning in patients with FMTC.

Conclusion
The diagnosis of medullary thyroid carcinoma in patients with 

familial medullary thyroid carcinoma (FMTC) requires a comprehensive 
approach, and imaging plays a crucial role in this process. Both 

computed tomography (CT) and magnetic resonance imaging (MRI) 
provide valuable information for evaluating the primary tumor, lymph 
node involvement, and distant metastasis. While CT offers detailed 
anatomical information and is useful for assessing distant metastases, 
MRI provides superior soft-tissue contrast and is particularly beneficial 
for evaluating the thyroid gland and surrounding structures. The 
combination of these imaging techniques enhances the accuracy of 
diagnosis, staging, and treatment planning, ultimately improving 
patient outcomes. In clinical practice, both CT and MRI should be 
considered complementary tools, with each offering unique strengths 
in the assessment of medullary thyroid carcinoma in FMTC patients.
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