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Introduction
Thyroid cancer is the most common endocrine malignancy, and its 

incidence has been rising globally. Early detection and accurate staging 
are crucial for effective management and determining prognosis. 
Imaging plays a pivotal role in the diagnosis, staging, and follow-up of 
thyroid cancer, offering insights into tumor characteristics, lymph node 
involvement, and distant metastasis. The most commonly encountered 
histological types of thyroid cancer include papillary thyroid carcinoma 
(PTC), follicular thyroid carcinoma (FTC), medullary thyroid 
carcinoma (MTC), and anaplastic thyroid carcinoma (ATC), each of 
which may have distinct imaging features. Imaging modalities such 
as ultrasound (US), computed tomography (CT), magnetic resonance 
imaging (MRI), and positron emission tomography-computed 
tomography (PET-CT) are integral to the clinical workup of thyroid 
cancer. This review examines the role of imaging in the management of 
thyroid cancer, highlighting key imaging techniques, their applications, 
and their limitations [1].

Role of Imaging in Thyroid Cancer Diagnosis

Ultrasound is the first-line imaging modality in the evaluation 
of thyroid lesions. It is widely used due to its accessibility, cost-
effectiveness, and ability to provide real-time, high-resolution images. 
Ultrasound is instrumental in detecting thyroid nodules, a common 
occurrence that can be benign or malignant. It is particularly valuable in 
assessing the characteristics of nodules, such as size, shape, composition 
(solid, cystic, or mixed), and the presence of microcalcifications, all of 
which can raise suspicion for malignancy. Furthermore, ultrasound 
allows for the guided biopsy of suspicious nodules, which is crucial for 
confirming the diagnosis of thyroid cancer. In addition to its diagnostic 
value, ultrasound is essential for assessing regional lymph node 
involvement. Lymph node metastasis is a common feature of thyroid 
cancer, particularly in cases of papillary thyroid carcinoma (PTC), the 
most prevalent histological type. Ultrasound helps identify enlarged 
or abnormal lymph nodes in the neck, enabling targeted fine-needle 
aspiration (FNA) biopsies for pathological confirmation. By evaluating 
the lymph nodes, ultrasound also assists in staging the disease and 
determining the extent of surgical resection required [2].

Techniques for Staging and Assessment of Thyroid Cancer

Once thyroid cancer is diagnosed, imaging is crucial for staging and 
assessing the extent of disease spread, including local invasion, lymph 
node metastasis, and distant metastasis. For this purpose, both high-
resolution ultrasound and other imaging modalities such as computed 
tomography (CT), magnetic resonance imaging (MRI), and positron 
emission tomography (PET) are utilized. CT and MRI are particularly 
useful for evaluating the local spread of thyroid cancer to surrounding 
structures, such as the trachea, esophagus, and major blood vessels. 
In cases of locally advanced thyroid cancer, where surgery may 
be challenging or incomplete resection is possible, these imaging 
modalities help plan the most appropriate surgical approach and 
determine whether adjuvant therapies like radiation or chemotherapy 
are necessary. For example, CT and MRI can help identify vascular 
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invasion or extrathyroidal extension, both of which are associated with 
a poorer prognosis and may influence the decision to perform more 
extensive surgery [3]. PET-CT, which combines the functional imaging 
of PET with the anatomical information of CT, is often employed in 
cases of suspected recurrent or metastatic thyroid cancer. PET imaging, 
particularly with fluorodeoxyglucose (FDG), can detect metabolically 
active tumors, even when they are small or in areas difficult to visualize 
with other imaging techniques. FDG-PET is especially useful in patients 
with differentiated thyroid cancers (DTC) that do not take up iodine, 
a characteristic feature of some cancers like follicular and Hurthle cell 
carcinomas. By identifying distant metastases, PET-CT assists in the 
staging of the disease, monitoring treatment response, and detecting 
recurrence [4].

Role of Imaging in Postoperative Surveillance

After the initial treatment of thyroid cancer, which typically 
involves thyroidectomy and possibly radioiodine therapy, imaging 
plays a critical role in surveillance for recurrence or metastasis. 
Ultrasound remains the primary tool for postoperative monitoring, as 
it can detect local recurrence in the thyroid bed or in regional lymph 
nodes. Regular ultrasound scans help evaluate any changes in the 
size or characteristics of the thyroid remnant, lymph nodes, or scar 
tissue that may suggest recurrent disease. For patients at higher risk 
of recurrence, more advanced imaging techniques such as PET-CT or 
whole-body iodine scanning may be employed. Whole-body iodine 
scanning is particularly useful for detecting iodine-avid metastases, 
which can occur in differentiated thyroid cancers (DTC), such as 
papillary and follicular thyroid cancers. By using radioiodine (I-131) 
as a tracer, this scan provides whole-body imaging to identify areas of 
metastasis, including distant sites like the lungs or bones. However, the 
utility of this imaging technique is limited to cases where the tumor 
retains the ability to absorb iodine, which is not always the case in more 
aggressive or dedifferentiated thyroid cancers. PET-CT may also be 
helpful in cases where conventional iodine scanning is negative, but 
clinical suspicion for recurrence remains high. PET-CT with FDG can 
identify metabolically active cancer cells that do not take up iodine, 
providing essential information for managing patients with persistent 
or recurrent disease. This imaging modality is particularly beneficial in 
the follow-up of patients with aggressive forms of thyroid cancer that 
do not exhibit iodine uptake [5].
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Clinical Implications of Imaging in Thyroid Cancer 
Management

The clinical implications of imaging in thyroid cancer are vast 
and multi-faceted. First, imaging helps stratify patients based on their 
risk of recurrence, enabling more tailored surveillance and treatment 
strategies. For example, patients with low-risk papillary thyroid 
carcinoma may only require periodic ultrasound monitoring, while 
those with high-risk features, such as extensive lymph node involvement 
or distant metastasis, may require more frequent and advanced imaging 
techniques like PET-CT or iodine scanning. Second, imaging is critical 
for detecting recurrence or metastasis early, which can significantly 
improve treatment outcomes. Early detection of recurrence, especially 
in patients with high-risk features or those who have undergone total 
thyroidectomy, allows for prompt intervention, which may include 
further surgery, radioiodine therapy, or external beam radiation. For 
instance, ultrasound may reveal small, previously undetected lymph 
node metastases, leading to a more targeted approach in subsequent 
surgery or radiation therapy [6]. Third, imaging plays a pivotal role 
in the assessment of treatment response. After radioiodine therapy, 
imaging techniques such as whole-body iodine scanning and PET-CT 
provide valuable information about the success of the treatment and the 
persistence or progression of disease. For patients who have undergone 
external beam radiation or chemotherapy, follow-up imaging helps 
monitor for any signs of recurrence and assess the response of residual 
disease to therapy.

Challenges and Limitations of Imaging in Thyroid 
Cancer

Despite its importance, imaging in thyroid cancer is not without 
challenges. One of the limitations is the difficulty in detecting small 
metastases or recurrences, particularly in cases where the tumors do 
not retain iodine uptake. These tumors may not be visible on iodine 
scans, and conventional imaging may fail to identify them. Additionally, 
the role of PET-CT in detecting recurrence or metastasis in patients 
with iodine-negative disease remains an area of ongoing research, as 
it can sometimes yield false positives or fail to detect smaller lesions. 
Another limitation is the potential for overdiagnosis, particularly with 
the increased use of high-resolution ultrasound. Small, asymptomatic 
thyroid nodules are commonly detected incidentally, and while 
most are benign, some may require additional evaluation to rule out 
malignancy. Differentiating between benign and malignant lesions 
can be challenging, and the decision to perform biopsy or follow-up 
imaging may vary among clinicians [7].

Future Directions in Imaging for Thyroid Cancer
The future of imaging in thyroid cancer is likely to be shaped by 

advancements in molecular imaging and more personalized approaches 
to patient care. The development of new radiotracers for PET imaging, 

such as those targeting specific thyroid cancer markers, could improve 
the detection of tumors that do not take up iodine or FDG. Advances 
in ultrasound technology, such as elastography and contrast-enhanced 
ultrasound, may also improve the sensitivity of imaging for detecting 
small or low-vascularity tumors, as well as assessing tissue stiffness in 
recurrent disease. Additionally, the integration of artificial intelligence 
(AI) into imaging analysis could revolutionize the way thyroid cancer 
is diagnosed and monitored. AI algorithms may help in automating the 
interpretation of ultrasound or CT images, improving accuracy and 
consistency in detecting malignancies or recurrence. The combination of 
imaging modalities, including advanced MRI, functional imaging, and 
molecular imaging, holds promise for providing a more comprehensive 
and individualized approach to the management of thyroid cancer [8].

Conclusion
Imaging plays a critical role in the diagnosis, staging, and 

management of thyroid cancer. Each imaging modality has specific 
strengths and limitations, and a multimodal approach is often necessary 
for comprehensive evaluation. Ultrasound remains the first-line 
imaging technique for detecting thyroid lesions and assessing cervical 
lymph node involvement, while CT and MRI are particularly useful in 
evaluating the extent of local invasion and distant metastases. PET-CT 
is invaluable in detecting recurrent and metastatic disease, especially in 
cases of poorly differentiated thyroid cancers. As imaging technology 
continues to evolve, its role in the personalized management of thyroid 
cancer will only increase, helping to improve early detection, treatment 
planning, and monitoring of disease progression.
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