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Abstract

Purpose of review—Thyroid cancers are endocrine neoplasms with diverse gene expression 

and behavior, for which constantly evolving anatomic and functional imaging/theranostic agents 

have an essential role for diagnosis, staging, and treatment.

Recent findings—To achieve definitive diagnosis, neck ultrasound and associated risk 

stratification systems, notably Thyroid Imaging Reporting and Data System (TI-RADS), allow 

improved thyroid nodule characterization and management guidance. Radioactive iodine-131 

(RAI) has long played a role in management of differentiated thyroid cancer (DTC), with 

recent literature emphasizing its effectiveness for intermediate-high risk cancers, exploring use 

of dosimetry for personalized medicine, and potential for retreatment with RAI following tumor 

redifferentiation. Iodine-124 positron emission tomography/computed tomography (PET/CT) has 

promising application for DTC staging and dosimetry. F18-fluorodeoxyglucose (FDG) PET/CT 

is used for staging of high risk DTC and identification of noniodine-avid disease recurrences, 

with metabolic uptake consistently portending poor prognosis. Poorly differentiated and anaplastic 

thyroid cancers are best assessed with anatomic imaging and F18-FDG PET/ CT, though recent 

studies show a potential theranostic role for Ga68/Lu177-prostate-specific membrane antigen. 

Medullary thyroid cancers are evaluated with ultrasound, CT, magnetic resonance imaging, and 

various positron-emitting radiotracers for PET imaging (F18-DOPA, F18-FDG, and recently 

Ga68-1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA)–octreotate (DOTATATE)); 

the latter may enable treatment with Lu177-DOTATATE.

Summary—Multidisciplinary collaboration is essential to streamline appropriate management, 

given the wide array of available imaging and new therapies for metabolic and genetically 

complex cancers.
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INTRODUCTION AND EPIDEMIOLOGY

Thyroid cancer is the most common endocrine malignancy, frequently affecting younger 

women. Incidence rates tripled in the USA between 1974 and 2013, primarily due 

to increased diagnosis of well differentiated papillary thyroid cancers [1,2], with 

relatively stable incidence of follicular, medullary, and anaplastic cancers. A slight 

decline in incidence was recently observed in 2016–2019, potentially reflecting changing 

management guidelines (increased surveillance of small, low-risk thyroid nodules) to reduce 

overdiagnosis [3,4]. Although prognosis remains excellent for patients with early-stage 

papillary tumors (98% overall 5-year survival), outcomes are much poorer for patients with 

distant metastases (53% 5-year survival), or anaplastic subtypes (9–34% 5-year survival) 

[3]. This emphasizes the importance of accurate imaging to identify aggressive cancers, as 

well as appropriate use of functional imaging for complete staging and potential theranostic 

treatment.

In this review, we provide an overview of current best-practices and recent advances 

in thyroid cancer imaging, emphasizing how imaging can complement clinical staging, 

pathologic evaluation, and how new molecular diagnostics/therapies developments have 

potential to improve outcomes.

THYROID NODULE WORKUP: THYROID IMAGING REPORTING AND DATA 

SYSTEM AND INCIDENTAL THYROID NODULES

While thyroid cancer screening is no longer recommended for asymptomatic patients by 

the USA Preventive Services Task Force as of 2017 [4], abnormal physical examination 

and thyroid function tests often prompt further evaluation with high frequency, linear-array 

thyroid ultrasound, revealing one or more thyroid nodules. Likewise, thyroid nodules are 

frequently observed incidentally on imaging (computed tomography/magnetic resonance 

imaging, MRI/PET) obtained for unrelated concerns. Since most nodules are benign and 

no single feature can definitively diagnose malignancy, accurate nodule characterization and 

risk determination are essential, enabling a delicate balance of the benefits of early cancer 

diagnosis with the morbidity of overdiagnosis and aggressive treatments [5,6].

To standardize reporting and management recommendations of thyroid sonography, the 

American college of radiology (ACR) Thyroid Imaging Reporting and Data System (TI-

RADS) was released in 2017 [7■■,8], and has since become a widely accepted system 

for thyroid nodule risk stratification [alongside the American Thyroid Association (ATA), 

EU-TIRADS in Europe, etc.]. TI-RADS uses a points-based system to assign scores to up to 

four dominant nodules based on five main features, including composition, echogenicity, 

shape, margin, and echogenic foci. Any nodule can be classified, in contrast to the 

ATA system (which uses morphologic patterns), by which up to 14% of nodules are not 

categorizable [9]. Nodules are then assigned categories of TR-1 to TR-5, with higher scores 

indicating increasing risk [8].

Because TI-RADS uses relatively higher size thresholds for fine-needle aspiration (FNA), 

it has been shown to decrease rates of biopsy recommendations by 19.9–46.5%, with the 
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highest specificity among classification systems [7■■,10,11]. It manages to avoid increased 

rates of missed cancers by suggesting surveillance for potentially suspicious nodules: a 

2021 study of 352 malignant nodules showed 98% met criteria for either FNA (68%) 

or follow-up (20%) per TI-RADS [12]. Therefore, the system appears to help prevent 

unnecessary interventions and overdiagnosis while maintaining patient safety. Variability in 

scoring and scanning technique remains a potential challenge for TI-RADS (for example, 

increasing points assigned for nodules with colloid/comet tail artifact misclassified as 

punctate echogenic foci, or a cystic nodule misclassified as solid due to suboptimal image 

quality) [7■■]. However, this is not a problem unique to TI-RADS, as many ultrasound 

features are shared among classification systems, and all systems have been shown to have 

similar interobserver variability [13,14].

TI-RADS is likely to be updated as more data emerge to refine its ability to distinguish 

between benign and malignant nodules. In particular, new ultrasound technology, as well as 

advanced analytics (deep learning, radiomics) have shown favorable results and improved 

nodule risk stratification in various recent studies [7■■]. These include ultrasound 

shear-wave elastography to assess elevated tissue stiffness, a feature common in various 

cancers, with high sensitivities (75–89%) [7■■,15–19], and contrast-enhanced ultrasound 

(CEUS) for real-time visualization of blood-flow (morphology, intensity, kinetics) with 

inert intravascular microbubbles. Features, such as hypo-enhancement, heterogeneous 

enhancement, and slow wash-in/wash-out are indicative of malignancy, with high sensitivity 

(78–90%) and specificity (83–99%) for cancer [20■]. CEUS may also have value for 

diagnosis of extrathyroidal extension [21] and metastatic cervical lymph nodes; nonetheless, 

routine use may be limited due to its operator-dependence, need for direct radiologist 

supervision, higher cost, and longer imaging times [7■■,20■]. Superb microvascular 

imaging (SMI) is an ultrasound technique similar to power Doppler that enables improved 

visualization of small, low-velocity blood vessels, and neovascularity in tumors. Diagnostic 

efficiency of TI-RADS (pooled sensitivity and specificity of 80% and 82%) improved with 

addition of SMI (sensitivity and specificity of 88% and 89%) [22]. Finally, machine learning 

and artificial intelligence is a topic of recent research, and may enable more accurate nodule 

classification than TI-RADS and manual radiologist scoring alone [23,24].

While TI-RADS provides objective risk assessment based on anatomic features for 

individual nodules, its recommendations may be modified by other available imaging 

features. For example, ‘cold’ hypofunctioning nodules with absence of uptake on thyroid 

scintigraphy (I-123 or Tc-99m pertechnetate) are classically associated with an increased 

risk of malignancy; increased late uptake on Tc-99m sestamibi (MIBI) scanning (uptake 

values >5.9) is a reproducible, potentially valuable method to identify cancer in the 

setting of prior indeterminate or nondiagnostic nodule cytology [25]. Incidental focal 

thyroid nodule uptake on positron emission tomography/computed tomography (PET/CT) 

indicates an increased risk of malignancy [26]. A large retrospective study of 52,693 

oncology patients undergoing F18-fluorodeoxyglucose (FDG) PET/CT showed 1003 (1.9%) 

hypermetabolic thyroid nodules; although only 47 patients ultimately underwent thyroid 

surgery, 31 (66%) were found have thyroid cancer. However, death was largely related to 

pre-existing malignancy, with only one due to medullary thyroid cancer [27■■]. A study 

assessing FDG-avid lymph nodes with TI-RADS showed an overall rate of malignancy 
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of 34%; the majority of FDG-avid thyroid nodules were classified as TR-4 and 5 (71%), 

which had particularly high rates of malignancy (24–68%) [28]. Recent studies of Ga-68 

1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA)–octreotate (DOTA-TATE) 

show focal thyroid uptake in 4–6% of scans, with 18–21% risk of cancer (particularly 

medullary) among biopsied nodules [29,30]. Likewise, a small study of 341 patients 

undergoing Ga-68 prostate-specific membrane antigen (PSMA) PET for prostate cancers 

showed focal thyroid uptake in seven cases (3%), with only 2 (0.5%) diagnosed with thyroid 

cancer [31]. Accordingly, focal thyroid uptake on PET/CT in a patient without life-limiting 

malignancy warrants ultrasound evaluation, according to 2015 recommendations from the 

ACR Incidental Thyroid Findings Committee [32]. However, subsequent management, 

including FNA, may be conservative, based on the status of the patient’s other malignancy 

[26].

The ACR also suggests thyroid ultrasound as the next step for incidental nodules on 

computed tomography or MRI ≥ 1 cm for patients <35 years, and ≥ 1.5 cm inpatients ≥ 

35 years [32]; smaller nodules are considered low risk and require no follow-up. When 

indicated, ultrasound-guided FNA (using multiple passes with 25–27-gauge needles) with 

cytology enables diagnosis of the majority of suspicious thyroid nodules [33,34]. For 

nondiagnostic samples, repeat FNA is recommended, but larger core needle biopsy also 

has potential to improve tissue yield in larger TR-4/5 nodules >2cm [35]. While molecular 

testing is often performed for nodules with indeterminate-risk cytology, a new 2022 trial also 

showed F18-FDG PET can help risk-stratify indeterminate nodules, avoiding up to 40% of 

unnecessary thyroid surgeries [36].

DIFFERENTIATED THYROID CANCER (PAPILLARY THYROID CANCER AND 

FOLLICULAR THYROID CANCER)

Differentiated thyroid cancer (DTC) is the most common subtype of thyroid cancer 

(>90%), consisting of ubiquitous papillary and less common follicular cancers. Diagnosis 

is established with ultrasound and FNA, with concurrent FNA also performed for 

any suspicious cervical lymph nodes prior to surgery [37]. Contrast-enhanced neck 

computed tomography may be performed for large invasive tumors or clinically apparent 

lymphadenopathy: a recent metanalysis of PTC showed similar sensitivity and specificity 

of ultrasound (73%, 89%) and computed tomography (77%, 88%) for lateral compartment 

cervical lymph node metastases, but higher sensitivity and lower specificity of computed 

tomography (39%, 87%) compared to ultrasound (28%, 95%) for central compartment 

metastases [38■]. Definitive management is thyroidectomy: small PTC (<4cm) without 

nodal metastases may undergo thyroid lobectomy, but larger tumors or those with clear 

lymph nodal metastases typically undergo total thyroidectomy with variable lymph node 

dissection [37]. There is also an increasing role for active surveillance or minimally invasive 

percutaneous ablation (laser, microwave, radiofrequency) by interventional radiology, which 

have been proposed as a viable option for small, low-risk cancers or isolated metastases in 

older patients who are poor surgical candidates [37,39].
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RADIOACTIVE IODINE IMAGING, THERAPY, AND DOSIMETRY

Radioactive iodine-131 (RAI) has been used for thyroid cancer since the 1940 s, and 

represents the first true theranostic agent, targeting the Na-I symporter (NIS) expressed in 

DTC and normal thyroid tissue. I-131 emits 364 KeV gamma rays for imaging with planar 

gamma cameras and single photon emission computed tomography (SPECT)/computed 

tomography systems, as well as damaging beta particles to induce tumor cell death and 

tissue ablation. Today, RAI remains a mainstay for DTC restaging, remnant gland ablation, 

and adjuvant therapy. While considered optional for patients with low risk or micropapillary 

tumors (and has not been shown to improve outcomes), it is typically recommended for ATA 

intermediate-high risk patients [37] based on surgical pathology tumor classification (WHO, 

to be updated in 2022) [40], staging (AJCC/ATA 8th edition guidelines) [41], and ATA risk 

classification [37].

Adequate patient preparation for RAI [low-iodine diet and thyroid stimulating hormone 

(TSH) stimulation] is essential to ensure sufficient therapeutic uptake. A recent study 

shows that a low-iodine diet for 4 days provides equivalent thyroid stimulating hormone 

(TSH) stimulation to 7 days [42], which may improve patient compliance. RAI should 

also be delayed at least four weeks following computed tomography with iodinated 

contrast [43]. TSH stimulation may be performed either by withdrawal of thyroid hormone 

supplementation for 4–5 weeks or rh-TSH (Thyrogen) injections for 1–2 days, the latter of 

which may be better tolerated by patients. A recent multicenter retrospective study affirmed 

similar outcomes for recombinant human thyroid stimulating hormone (rhTSH)-stimulation 

among patients with and without nodal metastases [44]. Hypothyroidism with thyroid 

hormone withdrawal may still be preferable for extensive metastatic disease to ensure 

maximal tumor uptake.

Initial pretherapy diagnostic whole body iodine scans (WBS) are typically performed 1–2 

days after low doses of I-131 (1–5 mCi) or I-123 in order to identify any unsuspected 

metastatic disease, which may prompt higher RAI doses [37,43,45]. While diagnostic WBS 

is somewhat controversial, and not performed at all institutions, a 2015 study affirmed 

their impact on therapeutic decision-making [46], and diagnostic WBS are endorsed by 

the ATA/society of nuclear medicine and molecular imaging in consensus guidelines [47]. 

Nonetheless, posttherapy I-131 scan has higher sensitivity for metastases due to higher doses 

administered.

RAI therapeutic dosing is usually determined empirically, based on individual patient and 

disease factors [47]. Typical activity prescribed is as low as 30–50 mCi for low-risk remnant 

ablation, 100–150 mCi for metastatic neck lymph nodes, and 200 mCi for distant lung/bone 

metastases [48]. Successful ablation rates and recurrence rates are not significantly different 

at various dose ranges, and biological heterogeneity between individuals is well recognized; 

therefore, there is no consensus for a fixed activity approach [49]. Increasing radioactivity 

is required for high risk metastatic disease, but carry an increased risk for unintended side 

effects, such as salivary gland damage, lacrimal gland injury, lung fibrosis, or leukopenia 

[50■■], prompting ongoing interest in using dosimetry to optimize tumor dose based on 

individual patient pharmacokinetics while limiting critical organ damage.
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Available only at select academic institutions with dedicated physicists [51], dosimetry may 

be performed with various techniques prior to I-131 therapy or using posttherapy scans. 

Dosimetry is based on the premise that absorbed radiation dose is dependent on the number 

of radioactive decays in the source region, the energy emitted by each decay event, and the 

energy absorbed by the target region [52■]. Using scans showing anatomic distribution of 

radioactivity over time to estimate residence time (time-integrated activity coefficient), the 

radiation absorbed dose to tumor and normal organs can be estimated. Quantitative SPECT/

computed tomography is more accurate than two-dimensional planar images for precise 

assessments of absorbed dose, but planar imaging is sometimes used due to the higher cost 

and longer scan times associated with SPECT.

Two primary dosimetry paradigms are utilized: maximum targeted activity (MTA), to give 

the highest overall activity without causing toxicity, and lesion-based dosimetry, to give 

the lowest overall dose to deliver a minimum threshold of radiation to a tumor [52■]. 

MTA dosimetry methods in RAI include limiting the maximal activity resulting in <2 Gy 

exposure to the blood (used as a surrogate for bone marrow toxicity) as originally described 

by Benua [53], or targeting a whole-body maximum retained activity at 48 h of 120 mCi 

(or 90 mCi in patients with lung metastases) [54]. A study assessing effectiveness of MTA 

dosimetry (using a combination of serial blood-draws to assess beta radiation and planar 

WBS to assess gamma radiation) showed that DTC patients with dosimetry-guided activity 

administrations had increased rates of complete response and similar side effects compared 

to those undergoing empiric treatment [55]. However, a 2017 study using similar dosimetry 

methodology showed no significant differences in survival [56]. Figure 1 illustrates an 

example of RAI treatment with dosimetry-guided dose escalation.

Lesion-based dosimetry for RAI was first performed by Maxon in 1983 demonstrating 

effective responses with > 300 Gy absorbed dose to remnant thyroid tissue and > 80 Gy 

to metastases [57]. A dosimetry study of the effects of high-activity 250 mCi RAI therapy 

reported higher absorbed dose to bone marrow under hypothyroid stimulation compared 

to rhTSH-stimulation. Lesion-based dosimetry also confirmed that bone metastases were 

difficult to treat, with only 55% receiving >100 Gy activity, suggesting that increasing dose 

to iodine-avid bone lesions would exceed safety margin to bone marrow [58]. Posttherapy 

dosimetry in patients with distant M1 metastatic disease based on post-RAI imaging at 2, 3, 

7 days was performed in a cohort of 30 patients with 102 radioiodine therapies; complete 

response (biochemical and radiological) occurred in only 10%, partial response in 33%, 

and the remainder had progressive disease. Absorbed dose of >20 Gy to metastases was 

considered supportive of continued RAI treatments, whereas lesser absorbed doses were 

indicative of iodine-refractory tumor, for which ineffective RAI could be discontinued [59]. 

Dosimetry can therefore provide quantitative guidance for efficacious and safe radioiodine 

treatments while avoiding futile treatments or excess toxicity.

I-124 PET/CT is a promising newer modality with particular value in lesion-based dosimetry 

[60,61] due to its long half-life (4.2 d) and high spatial resolution. Despite challenges in 

quantitative imaging (complex decay scheme with multiple gamma-rays, low positron yield), 

prompt gamma correction has been used successfully to create diagnostic-quality PET 

imaging [62]. The higher spatial resolution of PET over SPECT is particularly attractive 
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for lesion-based dosimetry before RAI therapy in DTC because lesion size can be very 

small. I-124 PET imaging is also valuable for clinical trials, and was previously used 

in a ground-breaking study treating noniodine-avid thyroid cancers with I-131 following 

re-sensitization with the MEK-kinase inhibitor selumentinib; PET uptake was predictive of 

I-131 uptake and improved outcomes [63]. I-124 PET with dosimetry was similarly used in 

a more recent trial inducing iodine sensitivity in BRAF-mutant thyroid cancers treated with 

a BRAF-kinase inhibitor, identifying patients with sufficient tumor uptake for RAI treatment 

[64]. However, I-124 is still not currently Food and Drug Administration (FDA) approved, 

therefore limiting its applications in routine clinical practice [52■].

RECURRENT, IODINE-REFRACTORY, AND NONIODINE AVID 

DIFFERENTIATED THYROID CANCER

Following surgery and RAI therapy, patients without evidence of residual DTC undergo 

routine clinical and laboratory follow-up. Rising thyroglobulin levels typically prompts neck 

ultrasound to evaluate for structural evidence of recurrent disease, as well as a diagnostic 

I-131 scan to identify iodine-avid metastases that could be targeted for RAI therapy. 

However, such iodine scans are frequently negative due to tumor dedifferentiation and down-

regulation of the NIS after RAI, conferring ‘iodine resistance’ [65]. Empiric retreatment 

of such patients with RAI was not shown to induce substantial tumor response or improve 

survival [66]. Lack of iodine uptake on radioiodine scintigraphy is often accompanied by 

an upregulation of GLUT-1 glucose transporters, known as the ‘flip-flop’ phenomenon, 

resulting in increased tumor uptake on FDG-PET/CT [65,67]. FDG uptake in recurrent DTC 

tumors is independently associated with increased risk of disease progression and poorer 

thyroid cancer survival [68–71].

Several metanalyses of FDG-PET/CT among patients with biochemical evidence of 

recurrent DTC and negative iodine scanning showed pooled sensitivity of 80–89% and 

specificity of 75–84% in detecting metastases [72–74]. rhTSH (Thyrogen)-stimulation, 

extensive metastases, higher thyroglobulin levels, and shorter Tg doubling time (<1 year) 

are all associated with increased likelihood of metastatic lesion identification on FDG-PET/ 

computed tomography [75–77]. Current ATA guidelines recommend FDG-PET/CT only in 

patients with elevated Tg >10ng/mL and negative iodine scan [37] although 10–20% of 

patients with Tg levels less than this threshold may show evidence of disease [76]. PET 

findings guide subsequent management: localized FDG-avid metastases may be targeted for 

surgical resection or external beam radiation (EBRT), whereas more widespread metastases 

prompt treatment with systemic tyrosine kinase inhibitors, including lenvatinib and sorafenib 

[65]. Follow-up FDG-PET/CT may then be used to monitor functional tumor response to 

therapy [78]. Interestingly, FDG-PET/MRI may be valuable for local recurrence and neck 

lymph node metastases [79], but does not improve distant metastatic DTC diagnosis, given 

its poor sensitivity for lung metastases [80].

Of note, while FDG-PET is not recommended for initial staging, some DTC may be FDG-

avid at diagnosis, particularly noniodine avid subtypes (BRAFV600E mutations, Hurthle 

cell carcinoma), large tumors, high risk features on histopathology, or widely metastatic 
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tumors (high proliferative rates, variable gene expression) [65,81,82]. A study of patients 

with intermediate and high risk DTC undergoing both iodine scanning and FDG-PET 

at diagnosis revealed additional lesions FDG-avid lesions in 14% of patients, potentially 

altering management and prognosis [83]. However, because of low sensitivity and negative 

predictive value for most metastases [84], FDG-PET is not routinely recommended for DTC 

initial staging.

Several other novel PET agents have been investigated for DTC. FDA-approved Ga-68 

DOTA peptides (such as DOTATATE, targeting somatostatin receptors) may be administered 

for iodine-negative cancers. A 2014 analysis showed Ga-68 DOTA PET detected fewer 

lesions relative to FDG (65% vs. 90%), although both modalities detected lesions that 

changed management in 20–30% of cases [85]. Somatostatin receptor expression in thyroid 

cancer metastases may also allow a patient to receive theranostic treatment with Lu-177 

DOTATATE peptide receptor radionuclide therapy (PRRT). Smaller studies of the newly 

FDA-approved Ga-68-PSMA for prostate cancer (and promising Ga-68 FAPI) also showed 

variable DTC uptake with potential theranostic implications [86,87■,88]. Experimental, 

non-FDA approved PET agents specifically targeting DTC include Ga-68 DOTA-(RGD)2, 

targeting an integrin marker in angio-neogenesis [89], and F-18 tetrafluoroborate, a substrate 

for the NIS [90].

POORLY DIFFERENTIATED (PDTC) AND ANAPLASTIC THYROID CANCER 

(ATC)

ATC is a rare subtype primarily affecting older patients, comprising <5% of newly 

diagnosed thyroid cancers. It is characterized by rapid growth, extensive local invasion, and 

very poor survival (6–8 month median survival). PDTC represents an intermediate histologic 

subtype between DTC and ATC, also with poor prognosis [65]. Both tumors are typically 

diagnosed with ultrasound or computed tomography, followed by FNA. Surgical resection 

provides the best chance for disease control and survival, but may not be possible for large 

tumors with extensive infiltration. External beam radiation, cytotoxic chemotherapy, and/or 

targeted molecular therapies may be used for adjuvant therapy or for palliative treatment of 

unresectable disease [91].

The ATA recommends F18-FDG PET/CT (and/or anatomic computed tomography) for 

initial staging of these cancers, given excellent sensitivity and high frequency of metastases 

at diagnosis [92]. Radioiodine scanning and radioiodine therapy play a very limited role 

given usual lack of NIS expression, which portends an adverse prognosis. A small study 

of 16 patients with ATC showed F18-FDG-PET was positive in 100% of cases and 

affected clinical management in half of cases [93]. Prognostically, both tumor volumes 

and high SUV max at FDG-PET are negative predictors of ATC survival, whereas negative 

posttreatment PET was predictive of long-term remission [94■]. PET also enabled improved 

diagnosis of bone metastases, which were not always visible on anatomic computed 

tomography [94■].

Theranostics are of particular interest for such aggressive cancers, but are challenging to 

evaluate in such rare malignancies; clinically available radiotracers have been used in few 
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patients on an experimental basis. Ga68-PSMA PET/CT and MRI were recently performed 

among a small cohorts of patients with PDTC and ATC [95,96], with variable results: 74% 

of poorly differentiated tumor metastases were detected in one small study, while only 11% 

of PDTC metastases (and no ATC metastases) were detected in another. In the latter study, 

only one patient underwent treatment with Lu-177 PSMA, stabilizing their disease for 7 

months [96].

MEDULLARY THYROID CANCER

Medullary thyroid cancer (MTC) is a rare neuroendocrine neoplasm arising from 

parafollicular C thyroid cells, accounting for only 1–2% of thyroid cancers. It is associated 

with mutations in the RET oncogene, either sporadic or occurring in the context of 

autosomal dominant MEN 2A or MEN 2B (20–30% of cases) [97]; therefore, all MTC 

patients should undergo genetic testing to detect germline mutations . While patients with 

known predisposition may undergo screening or prophylactic thyroidectomy, all other 

patients are diagnosed similarly to other thyroid cancers (diagnostic ultrasound or computed 

tomography), with subsequent FNA. Calcitonin and carcinoembryonic antigen (CEA) are 

common tumor markers, and FNA samples should be analyzed specifically for elevated 

calcitonin if there is clinical suspicion for MTC [98]. Standard therapy consists of total 

thyroidectomy with variable neck dissection, with consideration of EBRT or tyrosine kinase 

inhibitors if gross residual disease.

Initial staging is performed with anatomic imaging. Neck ultrasound is required in all 

patients, and more extensive testing is ordered if there is suspected high volume disease, 

including contrast-enhanced computed tomography neck/chest, multiphasic computed 

tomography abdomen/pelvis or liver MRI, and pelvic MRI [97]. Tc-99 MDP bone scan 

is also suggested for detection of osseous metastases, though may have limited sensitivity. 

Radioiodine scintigraphy has no role in MTC. PET imaging has replaced conventional 

nuclear medicine imaging with limited sensitivity for MTC, notably In-111 pentetreotide, 

I-123 mIBG and Tc99m-pentavalent dimercaptosuccinic acid.

Restaging and suspected recurrence typically begins with a similar imaging workup, and 

functional imaging with PET/CT (F18-FDG, F18-DOPA, and/or Ga68-DOTATATE tracers) 

subsequently used to detect occult disease or characterize indeterminate anatomic imaging 

findings. F18-DOPA is an alternate PET agent that targets the L-type amino acid transporter, 

which is expressed in MTC as well as pheochromocytomas [65]. While it is considered the 

most accurate modality to detect recurrent/metastatic MTC [99■,100–102], particularly liver 

and cervical lymph node metastases, it has limited availability outside specialized academic 

institutions. F18-DOPA PET is most likely to show uptake in MTC metastases among 

patients with elevated calcitonin (>150 ng/mL), with an overall sensitivity of 47–83% 

[103]. F18-FDG PET has moderate sensitivity for MTC metastases (59–69%) [104], with 

highest yield among patients with short tumor marker doubling times (<1 year). A study of 

F18-FDG PET found sensitivity 92%, specificity 86% in MTC with elevated calcitonin, with 

significant impact on management decisions [105].
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Finally, given its theranostic potential, Ga-68 DOTATATE, a somatostatin analogue with 

high affinity for SSTR2, widely available for neuroendocrine imaging, may be used to 

evaluate for metastatic MTC [106]. This tracer displays less reliable uptake compared 

to other neuroendocrine neoplasms, with only limited sensitivity for MTC (64%) [106], 

particularly bone metastases. However, a recent study of Ga68-DOTATATE PET actually 

found greater performance than conventional imaging in 37% of 14/38 patients, altering 

patient management by detecting neck nodes and bone metastases [107]. Nonetheless, 

identification of somatostatin receptor type 2 expression may also qualify a patient with 

refractory disease for Lu-177 PRRT: a recent small series reported 62% of patients 

with confirmed DOTATATE uptake (27/43) showed imaging evidence of disease response 

following PRRT [108]. Targeted new PET agents with Ga-68/Lu-177 theranostic pairs 

are also currently being investigated, including those targeting cholecystokinin-2 (CCK2R) 

receptors (DOTA-PPF11) and minigastrin (DOTA-MGS5) [99■].

Examples of PET/CT uptake in patients with MTC are shown in Fig. 2.

CONCLUSION

Imaging of thyroid cancer continues to evolve, and accordingly, radiologists and nuclear 

medicine physicians must be able to provide thoughtful interpretation of such advanced 

functional imaging techniques to ensure optimal patient outcomes. Furthermore, with rapid 

developments in the field, a multidisciplinary approach is necessary to ensure appropriate 

workup, management, and treatment recommendations.
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KEY POINTS

• Improvements in ultrasound technology and TI-RADS risk stratification have 

influenced management of thyroid nodules, optimizing radiologic diagnosis 

of clinically relevant cancers.

• I-131 scintigraphy and RAI therapy continues to play a crucial role in patients 

with DTC, enabling remnant ablation and therapy for patients at higher 

risk for recurrence, and both I-131 scintigraphy and I-124 PET/CT, allow 

dosimetry for personalized management.

• F18-FDG PET/CT is valuable for recurrent/noniodine avid DTC, all PDTC/

ATC, and recurrent medullary thyroid cancer (MTC), with metabolic uptake 

indicating poor prognosis in these thyroid cancers.

• F18-DOPA PET/CT is valuable for diagnosing recurrent MTC with the 

highest sensitivity.

• Ga68-DOTATATE PET has potential applications in MTC or noniodine avid 

thyroid cancers; with potential role for identifying patients who may benefit 

from PRRT.
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FIGURE 1. 
Hypothyroid diagnostic I-131 scan (1 mCi dose) (a) anterior and posterior whole body 

and (b) fused axial SPECT/computed tomography in a 38 year old female with an 8 cm 

invasive follicular thyroid cancer, status posttotal thyroidectomy and 120 mCi I-131, now 

presents with for second radioiodine therapy with dosimetry-guidance. Thyroglobulin was 

22 ng/mL with a TSH of 37 mIU/L. Stage 2, T3, N1, M1 disease. Planar scan demonstrates 

iodine-avid disease in the lower thoracic spine (T8), lumbar spine (L2), sacrum, left iliac 

crest, left acetabulum, and calvarium; representative examples are shown with arrows on 

SPECT/ computed tomography. Full body dosimetry with three time points was performed 

(24 h, 48 h, 72 h). The blood dosimetry estimated 0.35 cGy per mCi, indicating maximum 

of 565 mCi I-131 to limit blood exposure to < 2 Gy. Based on dosimetry, 350 mCi dose of 

I-131 was administered, which was tolerated and there was a durable response.
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FIGURE 2. 
(a) F18-FDG PET MIPS and (b) I-131 diagnostic whole body scan in a 54 year old. female 

with both medullary thyroid cancer and papillary thyroid cancer, an unusual combination. 

Patient had a strong family history of MEN2, elevated CEA levels to 2.1 pg/mL, and genetic 

testing was positive for RET mutation. Initial F18-FDG PET scan (a) was performed, 

showing a hypermetabolic right thyroid lobe nodule concerning for malignancy. Total 

thyroidectomy was performed. The surgically resected pathology specimen demonstrated 

a 2.0 cm classic variant papillary thyroid cancer in the right thyroid lobe (corresponding 

to the FDG-avid nodule), 1 +/26 metastatic lymph nodes with central compartment lymph 

nodes, and a 1.8 cm medullary thyroid carcinoma confined to the left lobe of the thyroid 

(no PET correlate). Her I-131 thyroid cancer scanned showed remnant thyroid tissue and 

she received medium dose RAI therapy to facilitate surveillance of her papillary thyroid 

cancer. (c) F18-FDG PET scan in a 61 year old female with medullary thyroid carcinoma. 

There is uptake in neoplastic disease in the right thyroid bed, bilateral neck and thoracic 

inlet nodes. Her calcitonin was elevated at 102 pg/mL and CEA 6 ng/mL. She had a notable 

prior history of total thyroidectomy and bilateral central compartment dissection for MTC 

20years earlier. She had a recurrence 11 years earlier with multiple re-excisions of left 

supraclavicular lymph nodes. She had further recurrence and reoperative neck dissection 

of bilateral cervical and supraclavicular lymph nodes followed by XRT with 70 Gy in 

35 fractions to residual disease in the neck and superior mediastinum 6years earlier. She 

also had a second course of XRT 1 year earlier. (d) Ga-68-DOTATATE PET MIPS and 

(e) axial and coronal fused PET/CT images in a 63 y.o. female with medullary thyroid 

cancer. There is somatostatin receptor type 2 expression in bony metastases with focal 

uptake in the skull and cervical spine (arrows). Her calcitonin was elevated at 884 pg/mL 

and CEA 6 ng/mL at time of imaging. CEA, carcinoembryonic antigen; CT, computed 

tomography; 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA)--octreotate 

(DOTATATE); FDG, 18F-fluorodeoxyglucose; MIP, maximum intensity projection; PECT, 

positron emission tomography.
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