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The finding of liver metastases in thyroid cancer is relatively uncommon. Treatment is complex and depends on several factors, including location, number and size of lesions, associated symptoms, extrahepatic disease and patient’s condition. In this context, interventional radiological treatments have been successfully used to optimize disease control or for palliative purposes and have generally been well tolerated. However, careful selection of candidates for such procedures in a multidisciplinary context is crucial.
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Introduction

Thyroid cancer (TC) comprises a heterogeneous group of malignant diseases, including well-differentiated carcinomas such as papillary and follicular thyroid carcinoma — collectively referred to as differentiated thyroid carcinoma (DTC) — as well as more aggressive subtypes such as medullary thyroid carcinoma (MTC) and anaplastic thyroid carcinoma (ATC). These histotypes differ significantly in their biological behavior, prognosis and therapeutic strategies. DTC often takes an indolent course and responds well to radioiodine therapy, while MTC and especially ATC pose greater therapeutic challenges due to early metastasis and resistance to conventional treatments. In ATC, palliative measures usually offer only a temporary benefit, whereas in advanced DTC or MTC— - especially in oligometastatic disease — locoregional treatments can contribute to long-term disease control and symptom relief.

Liver metastases (LM) are seen in approximately 50% of patients with advanced MTC and usually present as diffuse liver involvement. In contrast, LM are rare in DTC and occur in only 0.5–3.5% of metastatic cases. Clinically, LM in DTC are often asymptomatic or associated with non-specific abdominal complaints; in rare cases, hyperfunctional metastases can lead to clinical hyperthyroidism. In MTC, LM can cause gastrointestinal symptoms, including diarrhoea, especially in advanced disease.

The treatment of LM in thyroid cancer is complex and is influenced by the tumor burden, location of the lesion, symptoms, performance status and extent of extrahepatic disease. Surgical resection may be appropriate for isolated, resectable LM, particularly in patients with limited extrahepatic spread, and is associated with improved survival. However, in diffuse bilobar involvement of the liver, which is common in MTC, surgical resection is usually not possible.

In DTC, LM often occurs in conjunction with radioiodine-refractory disease, making RAI therapy ineffective. In such cases, systemic therapy with tyrosine kinase inhibitors (TKIs) is often used. However, LM may respond less well and for a shorter time compared to other metastatic sites, such as lung lesions.

Interventional radiological treatments (IRT) have been shown to be valuable tools in the treatment of both primary and metastatic liver tumors. Techniques such as radiofrequency ablation (RFA), microwave ablation (MWA), transarterial chemoembolization (TACE) and selective internal radiation therapy (SIRT) offer local tumor control with relatively low systemic toxicity. Due to their minimally invasive nature, they are suitable for patients with limited functional reserve or contraindications to surgery. In thyroid cancer, IRT can not only serve palliative purposes, but can also help to postpone systemic therapy or treat oligoprogressive disease during TKI treatment.

It is controversial whether IRT could impair the efficacy of TKIs by altering tumor vascularization. Conversely, tumor removal by local therapy may improve the results of systemic treatment. Depending on patient-specific factors, different IRT modalities can be combined with systemic or surgical strategies to optimize treatment.

Given the rarity and complexity of LM in thyroid cancer, individualized treatment approaches within multidisciplinary teams are essential. The aim of this review is to summarize the current evidence and clinical considerations for the use of IRT in the treatment of liver metastases in thyroid cancer.





Methods

For this review, we conducted a non-systematic literature search in the PubMed/MEDLINE, Scopus and Google Scholar databases up to March 2025. The search terms included combinations of “thyroid cancer”, “liver metastases”, “interventional radiology”, “radiofrequency ablation”, “chemoembolization”, “selective internal radiotherapy” and “tyrosine kinase inhibitors”. English-language articles were considered, including original studies, retrospective series, systematic reviews and relevant case reports. Studies were included based on their relevance to the role of interventional radiology in the treatment of liver metastases from DTC and MTC. We excluded articles that focused exclusively on anaplastic thyroid carcinoma or non-liver metastases or that lacked treatment-related outcomes. While our approach did not follow PRISMA guidelines, it aimed to ensure broad yet focused coverage of current evidence.




Metastatic patterns vary by subtype

According to registry analyses, metastatic patterns differ significantly among thyroid cancer subtypes (1–3). Overall, 35.1% of patients developed metastases, with statistically significant variation among histotypes (P < 0.0001):

	38.7% for follicular thyroid carcinoma

	17.3% for papillary thyroid carcinoma

	75.4% for anaplastic thyroid carcinoma

	47.8% for medullary thyroid carcinoma



For papillary (79.7%), follicular (72.9%), and anaplastic (92.1%) subtypes, the most frequent metastatic site was the lung (1–3). In contrast, for the medullary subtype, liver metastases were most prevalent (81.3%), while lung involvement was observed in only 56.3% of cases (P < .0001). Bone metastases occurred in 40.6% of medullary and 15.7% of anaplastic cases (P = 0.008).

Cardiac metastases were noted in 23.7% of papillary and 19.1% of anaplastic cases, compared with only 6.3% in medullary and follicular subtypes (P = 0.029).

The medullary subtype was most frequently associated with multisite metastasis (81.2%).





Ablative techniques

Ablative techniques employ thermal energy to induce tumor necrosis through coagulation. In the treatment of liver metastases (LM) from thyroid cancer (TC), the most widely used modalities include radiofrequency ablation (RFA), microwave ablation (MWA), and laser ablation (LA) (4). These procedures—performed percutaneously or laparoscopically—are continuously guided by ultrasound, from electrode (or antenna) placement to energy delivery and post-procedure assessment (Figure 1). Ablation is primarily indicated for a limited number of lesions, even when large, for curative intent or tumor debulking, including as a bridge to surgery.
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Figure 1 | 60-year-old man with pleural metastases and osteolytic bone lesion on CT (A). Two antennas for cryoablation (IceCure medical HQ) were placed in the lesion for 4 minutes under US and CBCT guidance (B-F).

Preprocedural radiological evaluation is critical for determining the number, size, and growth kinetics of LMs, especially in patients with multiple lesions. Lesion location is particularly important: proximity to the biliary ducts—especially near the hepatic hilum—constitutes a relative contraindication due to the risk of ductal stenosis when the bile duct wall lies within the ablation zone (5).

These techniques typically involve short hospitalization and are well tolerated. Potential complications include bile duct injury, hemorrhagic events (e.g. hematoma, intra-abdominal bleeding), liver abscesses, and damage to adjacent organs such as the pleura or lungs (e.g. pleural effusion, pneumothorax).





Vascular techniques

Vascular interventional radiological techniques (IRTs) involve the intra-arterial administration of therapeutic agents to induce ischemic necrosis, exploiting the typically hypervascular nature of LMs from TC. These techniques vary by the agent used:

	Transarterial embolization (TAE) employs inert embolic agents (e.g., polyvinyl alcohol or microspheres)

	Transarterial chemoembolization (TACE), the most commonly used method, combines embolic agents with chemotherapeutic drugs (e.g., epirubicin)

	Transarterial radioembolization (TARE) uses radioactive microspheres, usually loaded with yttrium-90 (^90Y)



These techniques are primarily indicated for diffuse liver involvement, especially in MTC.

In selected cases, vascular and ablative techniques may be combined, e.g. for devascularising a lesion prior to resection or enhancing local control in large metastases.

Procedure planning typically requires contrast-enhanced CT with a three-phase liver protocol to assess lesion vascularity (Figure 1).

Common adverse events include transient elevations in liver enzymes, leukocytosis, and post-embolization syndrome (PES)—characterized by abdominal pain, fever, nausea, and vomiting. Rare but serious events include vascular complications (e.g., bleeding, dissection) and hepatic failure. A potentially better safety profile of TAE compared to TACE remains under investigation (6).





Evidence from clinical practice

Current evidence on IRT for thyroid cancer LM primarily comes from case reports and small retrospective series, often involving fewer than 50 patients (Table 1). Some studies include heterogeneous populations with LM from various primary tumors (e.g. neuroendocrine or hepatic malignancies), limiting the specificity of conclusions for thyroid cancer.


Table 1 | Published data on interventional radiology treatments for liver metastases from thyroid cancer 9adapted from References (7, 8)].
	No. Reference
	Author (year)
	Type of treatment (No. Patients Histology)
	No. (size, range) liver metastases
	Treatment response
	Adverse events ^



	-
	Our series
(2024)
	RFA
(n. 5– DTC)
	Multiple
(25–57mm)
	PR (n. 2)
SD (n. 2)
PD (n. 1)
	No. 5 ↑liver enzymes (G1), no. 2 tumor necrosis


	(8)
	Puleo (2022)
	TARE
(n. 8 – MTC)
	Multiple
(12–551ml)
	CR (n. 1)
PR (n. 4)
SD (n. 1)
- (n. 2)
	↑liver enzymes (G1-G2), severe liver damage


	(7)
	Nervo et al (2021)
	TACE, RFA
(n. 3 – MTC, n. 2 – DTC)
	Single or multiple
(18–55mm)
	PR (n. 1)
SD (n. 2)
PD dopo TACE
e PR dopo RFA (n. 1)
- (n. 1)
	Nausea, abdominal pain, chest pain, ↑liver enzymes (G1-G2)


	(9)
	Bergamini et al (2020)
	TACE, TAE, RFA
(n. 4 – MTC, n. 2 – DTC)
	-
	-
	-


	(10)
	Grozinsky et al (2017)
	TACE
(n. 7 – MTC)
	Multiple
(13–60mm)
	PR (n. 7)
	Nausea, vomiting, abdominal pain, fever, ↑liver enzymes (G1-G2), hypertensive crisis (G3)


	(11)
	Akyildiz et al (2010)
	RFA laparoscopic
(n. 11 – MTC)
	-
	-
	-


	(12)
	Mazzaglia et al (2007)
	RFA laparoscopic
(n. 9 – MTC)
	-
	-
	-


	(13)
	Fromigué et al (2006)
	TACE
(n. 12 – MTC)
	Multiple
(25-98mm)
	PR (n. 5)
SD (n. 5)
PD (n. 2)
	Nausea, vomiting, abdominal pain, fever, ↑liver enzymes (G1), tumor necrosis with pain and fever (G3)


	(14)
	Lorenz et al (2005)
	TACE
(n. 11 – MTC)
	Multiple
	PR (n. 5)
SD (n. 4)
PD (n. 1)
- (n. 1)
	Local erythema, nausea, abdominal pain, ↑hepatic enzymes (G1), hepatic artery dissection (G3)


	(15)
	Berber et al (2002)
	RFA laparoscopic
(n. 6 – MTC)
	-
	-
	-





^Grade according to Common Terminology Criteria Adverse Events (CTCAE) version 5.0 (16).

PR, partial response.

SD, stable disease.

PD, progressive disease.

MTC, medullary thyroid cancer.

DTC, differentiated thyroid cancer.

RFA, radiofrequency thermal ablation.

TACE, transcatheter arterial chemoembolization.

TAE, transcatheter arterial embolization.

TARE, transcatheter arterial radioembolization.

TRI, interventional radiology treatment.



TACE, RFA, and TARE are the most frequently reported IRTs, with less frequent use of TAE, MWA, and LA. Most treated cases involve MTC.

TACE has demonstrated partial response (PR) rates between 50–100% and long-term disease control (>12 months) in MTC patients (10, 17, 18).

Better outcomes appear associated with lower hepatic tumor burden (<30%), though benefit has also been reported in patients with extensive disease and large metastases (>30 mm) (10).

TACE has also been effective in alleviating symptoms such as diarrhea and abdominal pain.

TACE is generally well tolerated, with adverse events (AEs) being mild and transient. The incidence of AEs increases with repeated procedures, and rare serious complications—such as hypertensive crises or hepatic artery dissection—have been reported.

RFA has shown good results in MTC even for large lesions (up to 70 mm) (19).

In DTC-related LM, data are limited due to the rarity of this presentation. Nonetheless, both vascular and ablative IRTs have been used with encouraging outcomes, including in lesions up to 170 mm in size (20, 21). Reported AEs were typically mild and self-limiting.

IRT has also been successfully integrated into multimodal treatment strategies, including enhancing RAI uptake following local tumor reduction (19, 20), and as neoadjuvant therapy prior to metastasectomy (21).

The combination of IRT with systemic therapies such as TKIs is under preliminary investigation, with early data suggesting potential benefit (4).





Guidelines

The most recent international guidelines on the treatment of thyroid cancer (TC) acknowledge the use of interventional radiological treatments (IRTs) (Table 2) (1, 22, 25, 27–31), although none provide strict recommendations for their application. This is due to both the limited and heterogeneous evidence, much of which is extrapolated from studies on other malignancies, and the high level of technical expertise required to perform these procedures.


Table 2 | Societal recommendations on the use of Interventional radiologist on the management of metastastic thyroid cancer.
	Reference
	Guidelines, year
	Hystology
	Suggestion for interventional radiology treatments



	(22)
	ATA
2015
	DTC
	Can be considered valid alternatives to surgery and should be taken into consideration before starting systemic therapy in case of symptomatic metastases/at high risk of local complications


	(23)
	ATA
2015
	MTC
	Indicated in patients with growing or symptomatic LM.
TACE should be considered in patients with ME <30 mm and limited hepatic involvement (less than one third)


	(24)
	ESMO
2019
	DTC
MTC
	Can be considered in case of single LM.
Interventional treatments may be useful for symptom control
in cases of CTM and single dominant LM that are growing
compared to the rest of the disease.
TACE can be considered in case of contraindication to both surgery
and ablative interventional treatments


	(25)
	ETA
2019
	DTC
RAI-non response
	TACE can be used especially for LM<30 mm
and in case of liver involvement <30%.
RFA can be used to treat single unresectable LMs or as debulking before surgery


	(26)
	ETA/CIRS
2021
	DTC
	Should be considered as part of a multimodal approach
in patients at increased surgical risk in whom
other treatment modalities would be ineffective





ATA, American Thyroid Association.

CIRS, Cardiovascular and Interventional Radiological Society of Europe.

ESMO, European Society of Medical Oncology.

ETA, European Thyroid Association.

LM, liver metastasis.

RAI, radioiodine.

RFA, radiofrequency thermal ablation.

TACE, transcatheter arterial chemoembolization.

CTD, differentiated thyroid carcinoma.

CTM, medullary thyroid carcinoma.



According to the European Thyroid Association (ETA) guidelines for the management of radioiodine-refractory TC, IRTs may be considered either in combination with systemic therapy or as standalone treatment in cases of single-lesion progression or oligoprogression confined to one organ. The objectives include improving local disease control, delaying the initiation of systemic therapy, and/or relieving symptoms. In this context, tyrosine kinase inhibitor (TKI) therapy can be continued or temporarily paused for a few days (25, 31, 32).

Most guidelines highlight that ablative IRTs should be considered for patients with isolated or limited liver metastases (LMs), particularly when surgical resection is not feasible.

In contrast, vascular IRTs are recommended for patients with diffuse LM, provided that the liver burden is not massive and the lesions are relatively small and accessible. These techniques may also be appropriate when ablative options are contraindicated, such as in cases where metastases are adjacent to the bile ducts or near the hepatic hilum.

All guidelines emphasize the importance of a multimodal, multidisciplinary approach, ideally through discussion in dedicated tumor boards, to ensure that treatment decisions are personalized and aimed at optimizing disease control.





Clinical benefit and integration in the treatment of thyroid cancer

Interventional radiological treatments (IRTs) such as RFA, MWA, TACE and TARE have shown promise in the treatment of liver metastases (LM) in TC (NEW Table 3). However, their clinical benefit is not yet well defined due to limited high-quality data and heterogeneity of patient populations and techniques (25, 31, 32).


Table 3 | Comparison of interventional radiology techniques for liver metastases in thyroid cancer.
	Technique
	Indications
	Advantages
	Limitations
	Reported Outcomes



	Radiofrequency Ablation (RFA)
	Few, well localised liver metastases; lesions <5 cm; if surgery is not feasible
	Minimally invasive; good local control; repeatable; outpatient treatment possible
	Risk of injury to the bile ducts; less effective near large vessels (heat sink effect); size restrictions
	Partial response in selected cases; control rates up to 80%; long-term control in small lesions


	Microwave Ablation (MWA)
	Similar to RFA; often preferred for larger lesions or when heat-sink effect is a concern
	Faster heating; better penetration; less affected by heat-sink effect; larger ablation zones
	Requires specialized equipment; proximity to vital structures is a risk; still heat-sink sensitive
	Similar to RFA with potentially larger ablation volumes; promising results in initial studies


	Transarterial Chemoembolization (TACE)
	Diffuse liver metastases, especially in medullary thyroid carcinoma (MTC); symptom control
	Combines ischemia with localized chemotherapy; good for hypervascular tumors; symptom relief
	Post-embolization syndrome; hepatic toxicity; multiple sessions often required
	Partial response rates of 50–100%; symptom control >12 months in some cases


	Transarterial Radioembolization (TARE)
	Diffuse liver involvement, especially when TACE is contraindicated; radioiodine-refractory disease
	Delivers targeted internal radiation; useful in poor surgical candidates; prolonged control
	Requires radioprotection protocols; limited availability; delayed therapeutic effect
	Effective for palliation; improved disease control in selected patients; data still emerging










Comparative effectiveness

Among the ablative techniques, RFA and MWA are the most commonly used. MWA may offer advantages for larger tumors or those close to vascular structures due to its higher and more uniform thermal profile, while RFA remains effective for smaller, peripheral lesions. Laser ablation (LA) has been less frequently reported and its role in LM of TC remains marginal and experimental. Vascular procedures such as TACE and TARE have been shown to be clinically effective, particularly in MTC due to its hypervascular nature (20, 21). TACE is the most commonly described technique, with partial response rates of up to 100% in small series and symptomatic improvement of diarrhoea and abdominal pain. TARE is less well studied but may be an alternative for patients who are not suitable for TACE or have larger tumors. There is a lack of comparative data and no head-to-head studies have been conducted. Consequently, the choice of technique still depends on availability, the experience of the surgeon, the characteristics of the lesions (size, location, number) and vascularity (Figure 2).

[image: Flowchart depicting decision-making for liver metastases in thyroid cancer. Begins with lesion type: Limited Disease (fewer than three lesions) or Diffuse Disease (more than four lesions). Limited Disease explores surgical feasibility and non-surgical options like ablative or vascular techniques, considering proximity to bile ducts. Diffuse Disease involves evaluating liver function, leading to Transarterial Chemoembolization (TACE) for good status or Transarterial Radioembolization (TARE) for poor status. Concludes with combined or systemic therapy integration.]
Figure 2 | Algorithm for selecting interventional treatments based on clinical scenarios.





Criteria for patient selection

Patient selection is crucial for the success of IRT (19, 21, 30). Candidates for ablative IRT usually have:

	A limited number of LMs (usually ≤3)

	A good performance status

	Absence of lesions near critical structures (e.g. bile ducts)

	Stable or indolent extrahepatic disease



Vascular IRTs (e.g. TACE/TARE) are more suitable for:

	Multiple or bilobar liver metastases

	Predominantly MTC histotype

	Symptomatic disease requiring rapid tumor control

	Patients who are not candidates for surgery or systemic therapies



Careful multidisciplinary assessment is essential, involving endocrinologists, interventional radiologists, oncologists and surgeons, to determine the best therapeutic strategy.





Limitations and safety profile

The main limitations of IRTs in TC are:

	Lack of prospective data

	Risk of complications (e.g. bile duct injury, liver abscess, post-embolization syndrome)

	Difficulty in treating lesions near the hilum

	Possible overlap or interference with systemic therapies (e.g. anti-angiogenic TKIs)



Most reported adverse events are mild and transient, but serious events such as hepatic artery dissection or liver failure may occur, albeit rarely (6, 30).





Long-term outcomes and survival benefit

Data on long-term outcomes are sparse. Retrospective series report durable local control (>12 months in many cases) and symptom relief, particularly in MTC (30, 32). However, there is no definitive evidence that IRT improves overall survival and it should currently be considered as part of a palliative or adjunctive approach rather than a curative measure.





Integration into clinical pathways

International guidelines now cautiously refer to IRT as an optional treatment for oligoprogressive disease or as a means of delaying the initiation of systemic therapy in RAI-refractory DTC or metastatic MTC (25, 31, 32). In practice, however, IRT is only used in large centers with interventional expertise and is often outside the standardized treatment pathways. To better integrate IRTs into the treatment of thyroid cancer, future steps should include:

	Prospective registries and multi-center studies

	Inclusion of IRT in national and international guidelines

	Definition of standard referral pathways and criteria for patient authorization



In summary, while IRT is a valuable therapeutic option for selected patients, its role needs to be defined as part of a multimodal and personalized treatment strategy supported by structured evidence and multidisciplinary leadership.






Biomarkers for non-invasive detection and monitoring

The integration of biochemical and molecular biomarkers with radiological techniques offers promising opportunities to improve the detection, monitoring and personalized treatment of LM in thyroid cancer TC. While IRTs allow local control, non-invasive biomarkers can serve as valuable tools for early detection of metastatic progression, assessment of response to treatment and follow-up after surgery (33–35). In MTC, calcitonin and carcinoembryonic antigen (CEA) are well-established circulating biomarkers. A progressive increase in calcitonin, especially with a doubling time of less than 6 months, is a highly predictive indicator of metastatic disease, including liver. CEA can complement calcitonin by providing additional prognostic information, especially in de-differentiated or rapidly progressing disease. High baseline levels of calcitonin, often above 1,000 pg/ml, have been associated with systemic spread and should prompt more intensive radiological monitoring, particularly of the liver. A decrease in calcitonin levels or stabilization of its doubling time after IRT may indicate a response to treatment and contribute to early assessment of therapeutic benefit, particularly if radiological changes are delayed or equivocal. In differentiated thyroid carcinoma, serum thyroglobulin (Tg) is the most important biomarker for monitoring recurrence or metastasis in patients treated with total thyroidectomy and radioiodine ablation. In patients with radioiodine-refractory disease, an increase in unstimulated Tg may precede radiological evidence of LM and should be considered an early signal for intensification of imaging and re-evaluation of therapeutic strategies (33–38). Following IRT, Tg kinetics may be useful in monitoring response, although fluctuations due to tumor necrosis or inflammation should be interpreted with caution. In both DTC and MTC, the absence of a corresponding increase in tumor markers despite radiological progression, or vice versa, may indicate tumor dedifferentiation requiring biopsy, molecular profiling or a change in therapeutic strategy.




Emerging biomarkers and molecular tools

Advances in liquid biopsy, including the detection of circulating tumor DNA (ctDNA) and microRNAs (miRNAs), may provide future opportunities for non-invasive, real-time monitoring of metastatic burden. These tools could potentially:

	Detect minimal residual disease after local treatment (e.g. RFA or TACE)

	Identify resistance mutations under TKI therapy

	Stratify patients who are likely to benefit from IRT compared to systemic approaches



Although not yet routinely used in thyroid cancer, ongoing studies are investigating their feasibility and predictive value, particularly in advanced or treatment-resistant cases.





Multimodal integration

The combination of biochemical markers with radiological examinations improves the precision of patient selection for IRTs and enables more individualized follow-up strategies:

	High-risk biomarker profiles (e.g. rapidly rising calcitonin or Tg) can prioritize patients for early IRT.

	Post-intervention biomarker trends can be used to help decide on the timing of systemic therapy or repeated local interventions.



Future clinical algorithms should incorporate both imaging and biomarkers for comprehensive disease monitoring to ensure timely therapeutic adjustments and optimize outcomes (Figure 3).

[image: Flowchart illustrating the process of capturing thyroid cancer metastasis, detailing peculiarities, and processing. Left section lists diagnostic methods such as ultrasound, CT scan, MRI, and others. Middle section outlines peculiarity factors like spread, size, and atypical structures. Right section describes processing through AI, machine learning, and neural network classification, leading to targeted therapy. Key elements involve biopsy, histology, immunohistochemical staining, molecular analysis, and prediction utilizing a multidisciplinary approach.]
Figure 3 | Proposed integration of radiological and biochemical markers for the assessment of metastatic disease.







Discussion

The use of IRT in the treatment of LM in TC is a promising but under-researched therapeutic option. While both ablative and vascular techniques have shown encouraging results in selected cases, current evidence is mainly based on small, retrospective studies or single case reports with limited generalizability. Ablative techniques such as RFA, MWA and LA appear to be particularly suitable for patients with a limited number of LM, especially when the lesions are well localized and surgically inaccessible. These procedures provide good local control, even in large metastases, and are generally well tolerated. However, their applicability is limited by technical considerations — in particular the proximity of the lesions to critical biliary structures — and patient-specific factors. Despite promising results, the heterogeneity of techniques and reporting standards limits the ability to draw robust conclusions regarding efficacy or comparative superiority.

Vascular techniques, including TACE, TAE and TARE, have been used more frequently in MTC due to the typically hypervascular nature of these metastases. TACE in particular has shown partial response rates of up to 100% in some small series and can help to alleviate symptoms such as diarrhoea or pain. However, these procedures are associated with a unique toxicity profile — including post-embolization syndrome and, less commonly, vascular complications — and require careful patient selection.

The combined use of ablative and vascular IRTs as part of a multimodality treatment strategy has been proposed in certain clinical contexts, such as debulking prior to systemic therapy or to enable metastasectomy. In addition, some reports suggest a potential role for IRT in improving the efficacy of radioiodine therapy or maintaining disease control during treatment with tyrosine kinase inhibitors (TKIs). Although these applications are theoretically sound, they have not been validated in prospective studies and are based on highly selected populations.

A major limitation of the current literature is the lack of prospective data, standardized outcome reports and uniform approval criteria. In addition, many reports include patients with liver metastases that are not due to thyroid cancer, making it difficult to limit the results specifically to thyroid cancer. The rarity of liver metastases in DTC and the often widespread disease in MTC further complicate a systematic review.

Guidelines from the European Thyroid Association and other societies now cautiously recognize IRT as a viable option in the treatment landscape of RAI-refractory or oligoprogressive TC, but there are no standardized algorithms. Decision-making remains highly individualized and should be carried out in a multidisciplinary setting, ideally with the involvement of dedicated endocrine tumor boards.

In addition to imaging and IRT techniques, the inclusion of biochemical and molecular markers in the clinical decision-making process can improve patient stratification and treatment monitoring. Biomarkers related to oxidative stress, as well as new genomic and proteomic profiles, are increasingly being investigated for their prognostic and predictive utility in advanced thyroid cancer. These could help identify patients at higher risk of metastasis, including the liver, and guide the intensity or combination of treatments.

In addition, liquid biopsy techniques — such as circulating tumor DNA (ctDNA), circulating tumor cells (CTCs) and exosomal RNA profiles — hold promise for non-invasive detection of micrometastases. In thyroid cancer, preliminary studies have shown the feasibility of liquid biopsy for monitoring disease burden, predicting response to treatment and detecting early recurrence, although clinical implementation is still in its infancy. Incorporating these approaches into future studies with IRT may allow for better response assessment and long-term monitoring in patients with liver metastases.




Knowledge gaps and future directions

A key limitation of the current literature is the lack of prospective data, standardized outcome reports and uniform approval criteria. In addition, many reports include patients with liver metastases that are not due to thyroid cancer, making it difficult to limit the results specifically to thyroid cancer. The rarity of liver metastases in DTC and the often widespread disease in MTC further complicate systematic investigation.

	Lack of high-level evidence: There is an urgent need for multicenter prospective studies to evaluate the efficacy and safety of IRTs in well-defined TC populations.

	Definition of patient selection criteria: Stratification by tumor burden, location, histotype and previous treatments is essential to optimize outcomes.

	Standardization of outcome measures: The use of RECIST criteria, symptom relief scales and quality of life metrics should be encouraged to allow comparison between trials.

	Integration with systemic therapies: The timing and sequencing of IRT in relation to TKIs is still uncertain and requires further clinical investigation.

	Cost-effectiveness and access: Assessing the feasibility and sustainability of IRT in different healthcare settings should be part of future health policy considerations.



In summary, while IRTs show promise for the treatment of LM in TC, their current use is largely empirical and limited to specialist centers. Moving this area forward requires not only better evidence, but also consensus on clinical pathways to support consistent, evidence-based decision-making.






Conclusions

Vascular and ablative interventional radiological treatments (IRTs) are a promising option for improving disease control or palliation in patients with liver metastases (LM) from medullary thyroid carcinoma (MTC) and differentiated thyroid carcinoma (DTC), although current evidence is limited. These procedures are generally well tolerated and can be used either as stand-alone measures or in combination with each other or with systemic therapies (e.g. tyrosine kinase inhibitors [TKIs]) as part of a multimodal treatment strategy. It is crucial that IRTs are carried out in specialized centers with extensive expertise and only after rigorous patient selection in a multidisciplinary setting. Prospective, multicenter studies are urgently needed in advanced thyroid cancer (TC) to better define patient selection criteria and optimal timing of treatment and to determine the true impact of IRTs on long-term survival outcomes (39–41).





Author contributions

DZ: Writing – original draft, Writing – review & editing. JS: Writing – original draft. AC: Writing – original draft. FF: Writing – original draft. GD: Writing – original draft, Writing – review & editing. LW: Writing – original draft, Writing – review & editing. AA: Writing – original draft. AI: Writing – original draft. GC: Writing – original draft. FB: Methodology, Validation, Writing – review & editing. CC: Methodology, Validation, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by the Department of Science and Technology of Jilin Province (no. YDZJ202401167ZYTS), China.




Acknowledgments

The authors sincerely thank all the clinicians of the division for their support.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

	 Baloch, ZW, Asa, SL, Barletta, JA, Ghossein, RA, Juhlin, CC, Jung, CK, et al. Overview of the 2022 WHO classification of thyroid neoplasms. Endocr Pathol. (2022) 33:27–63. doi: 10.1007/s12022-022-09707-3, PMID: 35288841


	 Durante, C, Haddy, N, Baudin, E, Leboulleux, S, Hartl, D, Travagli, JP, et al. Long-term outcome of 444 patients with distant metastases from papillary and follicular thyroid carcinoma: benefits and limits of radioiodine therapy. J Clin Endocrinol Metab. (2006) 91:2892–9. doi: 10.1210/jc.2005-2838, PMID: 16684830


	 Tuttle, RM, Ahuja, S, Avram, AM, Bernet, VJ, Bourguet, P, Daniels, GH, et al. Controversies, consensus, and collaboration in the use of 131I therapy in differentiated thyroid cancer: a joint statement from the American thyroid association, the European association of nuclear medicine, the society of nuclear medicine and molecular imaging, and the European thyroid association. Thyroid. (2019) 29:461–70. doi: 10.1089/thy.2018.0597, PMID: 30900516


	 Izzo, F, Granata, V, Grassi, R, Fusco, R, Palaia, R, Delrio, P, et al. Radiofrequency ablation and microwave ablation in liver tumors: an update. Oncologist. (2019) 24:e990–e1005. doi: 10.1634/theoncologist.2018-0337, PMID: 31217342


	 Crocetti, L, de Baere, T, and Lencioni, R. Quality improvement guidelines for radiofrequency ablation of liver tumors. Cardiovasc Interv Radiol. (2010) 33:11–7. doi: 10.1007/s00270-009-9736-y, PMID: 19924474


	 Fiore, F, Del Prete, M, Franco, R, Marotta, V, Ramundo, V, Marciello, F, et al. Transarterial embolization (TAE) is equally effective and slightly safer than transarterial chemoembolization (TACE) to manage liver metastases in neuroendocrine tumors. Endocr. (2014) 47:177–82. doi: 10.1007/s12020-013-0130-9, PMID: 24385266


	 Nervo, A, Ragni, A, Retta, F, Calandri, M, Gazzera, C, Gallo, M, et al. Interventional radiology approaches for liver metastases from thyroid cancer: a case series and overview of the literature. J Gastrointest Cancer. (2021) 52:823–32. doi: 10.1007/s12029-021-00646-6, PMID: 33999355


	 Puleo, L, Agate, L, Bargellini, I, Boni, G, Piaggi, P, Traino, C, et al. Yttrium-90 transarterial radioembolization for liver metastases from medullary thyroid cancer. Eur Thyroid J. (2022) 11:e220130. doi: 10.1530/ETJ-22-0130, PMID: 36126186


	 Bergamini, C, Cavalieri, S, Cascella, T, Lanocita, R, Alfieri, S, Resteghini, C, et al. Local therapies for liver metastases of rare head and neck cancers: a monoinstitutional case series. Tumori. (2020) 2020:300891620952844. doi: 10.1177/0300891620952844, PMID: 32924878


	 Grozinsky-Glasberg, S, Bloom, AI, Lev-Cohain, N, Klimov, A, Besiso, H, and Gross, DJ. The role of hepatic trans-arterial chemoembolization in metastatic medullary thyroid carcinoma: a specialist center experience and review of the literature. Eur J Endocrinol. (2017) 176:463–70. doi: 10.1530/EJE-16-0960, PMID: 28100632


	 Akyildiz, HY, Mitchell, J, Milas, M, Siperstein, A, and Berber, E. Laparoscopic radiofrequency thermal ablation of neuroendocrine hepatic metastases: long-term follow-up. Surgery. (2010) 148:1288–93; discussion 1293. doi: 10.1016/j.surg.2010.09.014, PMID: 21134563


	 Mazzaglia, PJ, Berber, E, Milas, M, and Siperstein, AE. Laparoscopic radiofrequency ablation of neuroendocrine liver metastases: a 10-year experience evaluating predictors of survival. Surgery. (2007) 142:10–9. doi: 10.1016/j.surg.2007.01.036, PMID: 17629995


	 Fromigué, J, De Baere, T, Baudin, E, Dromain, C, Leboulleux, S, and Schlumberger, M. Chemoembolization for liver metastases from medullary thyroid carcinoma. J Clin Endocrinol Metab. (2006) 91:2496–9. doi: 10.1210/jc.2005-2401, PMID: 16608897


	 Lorenz, K, Brauckhoff, M, Behrmann, C, Sekulla, C, Ukkat, J, Brauckhoff, K, et al. Selective arterial chemoembolization for hepatic metastases from medullary thyroid carcinoma. Surgery. (2005) 138:986–93. doi: 10.1016/j.surg.2005.09.020, PMID: 16360382


	 Berber, E, Flesher, N, and Siperstein, AE. Laparoscopic radiofrequency ablation of neuroendocrine liver metastases. World J Surg. (2002) 26:985–90. doi: 10.1007/s00268-002-6629-5, PMID: 12016479


	Common Terminology Criteria for Adverse Events (CTCAE)Version 5.0. USA, National Cancer Institute: U.S. Department of Health and Human Services (2017).


	 Carrafiello, G, Laganà, D, Ianniello, A, Dionigi, G, Novario, R, Recaldini, C, et al. Post-radiofrequency ablation syndrome after percutaneous radiofrequency of abdominal tumors: one center experience and review of published works. Australas Radiol. (2007) 51:550–4. doi: 10.1111/j.1440-1673.2007.01871.x, PMID: 17958690


	 Ierardi, AM, Biondetti, P, Padovano, B, Magenta Biasina, A, Bongini, M, and Carrafiello, G. Intra-caval percutaneous radiofrequency ablation for a neuroendocrine tumor (NET) metastasis in transplanted liver. Cardiovasc Intervent Radiol. (2018) 41:1962–7. doi: 10.1007/s00270-018-2032-y, PMID: 30014252


	 Ierardi, AM, Floridi, C, Fontana, F, Chini, C, Giorlando, F, Piacentino, F, et al. Microwave ablation of liver metastases to overcome the limitations of radiofrequency ablation. Radiol Med. (2013) 118:949–61. doi: 10.1007/s11547-013-0968-1, PMID: 23892957


	 Guglielmi, R, Pacella, CM, Dottorini, ME, Bizzarri, GC, Todino, V, Crescenzi, A, et al. Severe thyrotoxicosis due to hyperfunctioning liver metastasis from follicular carcinoma: treatment with 131I and interstitial laser ablation. Thyroid. (1999) 9:173–7. doi: 10.1089/thy.1999.9.173, PMID: 10090318


	 Kesim, S, Ones, T, Ozguven, S, Dulundu, E, and Baltacioglu, F. Selective internal radiation therapy for liver metastasis of papillary thyroid carcinoma. Clin Nucl Med. (2020) 45:76–7. doi: 10.1097/RLU.0000000000002763, PMID: 31524685


	 Haugen, BR, Alexander, EK, Bible, KC, Doherty, GM, Mandel, SJ, Nikiforov, YE, et al. 2015 American Thyroid Association management guidelines for adult patients with thyroid nodules and differentiated thyroid cancer: the American Thyroid Association Guidelines Task Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid. (2016) 26:1–133. doi: 10.1089/thy.2015.0020, PMID: 26462967


	 Wells, SA Jr, Asa, SL, Dralle, H, Elisei, R, Evans, DB, Gagel, RF, et al. Revised American Thyroid Association guidelines for the management of medullary thyroid carcinoma. Thyroid. (2015) 25:567–610. doi: 10.1089/thy.2014.0335, PMID: 25810047


	 Filetti, S, Durante, C, Hartl, D, Leboulleux, S, Locati, LD, Newbold, K, et al. Thyroid cancer: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol. (2019) 30:1856–83. doi: 10.1093/annonc/mdz400, PMID: 31549998


	 Fugazzola, L, Elisei, R, Fuhrer, D, Jarzab, B, Leboulleux, S, Newbold, K, et al. 2019 European Thyroid Association guidelines for the treatment and follow-up of advanced radioiodine-refractory thyroid cancer. Eur Thyroid J. (2019) 8:227–45. doi: 10.1159/000502229, PMID: 31768334


	 Mauri, G, Hegedüs, L, Bandula, S, Cazzato, RL, Czarniecka, A, Dudeck, O, et al. European Thyroid Association and Cardiovascular and Interventional Radiological Society of Europe 2021 clinical practice guideline for the use of minimally invasive treatments in Malignant thyroid lesions. Eur Thyroid J. (2021) 10:185–97. doi: 10.1159/000516469, PMID: 34178704


	 Romeo, P, Colombo, C, Granata, R, Calareso, G, Gualeni, AV, Dugo, M, et al. Circulating miR-375 as a novel prognostic marker for metastatic medullary thyroid cancer patients. Endocr Relat Cancer. (2018) 25:217–31. doi: 10.1530/ERC-17-0389, PMID: 29298817


	 de la Fouchardière, C, Fugazzola, L, Locati, LD, Alvarez, CV, Peeters, RP, Camacho, P, et al. Improved guidance is needed to optimize diagnostics and treatment of patients with thyroid cancer in Europe. Endocrine. (2024) 83:585–93. doi: 10.1007/s12020-023-03610-5, PMID: 38001324


	 Carrafiello, G, Fontana, F, Cotta, E, Petullà, M, Brunese, L, Mangini, M, et al. Ultrasound-guided thermal radiofrequency ablation (RFA) as an adjunct to systemic chemotherapy for breast cancer liver metastases. Radiol Med. (2011) 116:1059–66. doi: 10.1007/s11547-011-0697-2, PMID: 21643632


	 De Leo, S, Di Stefano, M, Persani, L, Fugazzola, L, and Colombo, C. Lenvatinib as first-line treatment for advanced thyroid cancer: long progression-free survival. Endocrine. (2021) 72:462–9. doi: 10.1007/s12020-020-02477-0, PMID: 32885329


	 Fugazzola, L, Elisei, R, Fuhrer, D, Jarzab, B, Leboulleux, S, Newbold, K, et al. 2019 European thyroid association guidelines for the treatment and follow-up of advanced radioiodine-refractory thyroid cancer. Eur Thyroid J. (2019) 8:227–45. doi: 10.1159/000502229, PMID: 31768334


	 Worden, F, Fassnacht, M, Shi, Y, Hadjieva, T, Bonichon, F, Gao, M, et al. Safety and tolerability of sorafenib in patients with radioiodine-refractory thyroid cancer. Endocr Relat Cancer. (2015) 22:877–87. doi: 10.1530/ERC-15-0252, PMID: 26370187


	 Li, Z, Wang, K, Qu, J, Zhang, J, Meng, J, Li, J, et al. Identification of novel biomarkers for Malignant thyroid nodules: A preliminary study based on ultrasound omics. Ann BioMed Eng. (2025) 53:1192–8. doi: 10.1007/s10439-025-03698-y, PMID: 40032790


	 Verrienti, A, Pecce, V, Grani, G, Del Gatto, V, Barp, S, Maranghi, M, et al. Serum microRNA-146a-5p and microRNA-221-3p as potential clinical biomarkers for papillary thyroid carcinoma. J Endocrinol Invest. (2025) 48:619–31. doi: 10.1007/s40618-024-02467-3, PMID: 39298113


	 Li, S, Wei, X, Wang, L, Zhang, G, Jiang, L, Zhou, X, et al. Dual-source dual- energy CT and deep learning for equivocal lymph nodes on CT images for thyroid cancer. Eur Radiol. (2024) 34:7567–79. doi: 10.1007/s00330-024-10854-w, PMID: 38904758


	 Peng, Y, Wang, TT, Wang, JZ, Wang, H, Fan, RY, Gong, LG, et al. The application of artificial intelligence in thyroid nodules: A systematic review based on bibliometric analysis. Endocr Metab Immune Disord Drug Targets. (2024) 24:1280–90. doi: 10.2174/0118715303264254231117113456, PMID: 38178659


	 Arabi, M, Nazari, M, Salahshour, A, Jenabi, E, Hajianfar, G, Khateri, M, et al. A machine learning-based sonomics for prediction of thyroid nodule Malignancies. Endocrine. (2023) 82:326–34. doi: 10.1007/s12020-023-03407-6, PMID: 37291392


	 Besharat, ZM, Trocchianesi, S, Verrienti, A, Ciampi, R, Cantara, S, Romei, C, et al. Circulating miR-26b-5p and miR-451a as diagnostic biomarkers in medullary thyroid carcinoma patients. J Endocrinol Invest. (2023) 46:2583–99. doi: 10.1007/s40618-023-02115-2, PMID: 37286863


	 Karapanou, O, Simeakis, G, Vlassopoulou, B, Alevizaki, M, and Saltiki, K. Advanced RAI-refractory thyroid cancer: an update on treatment perspectives. Endocr Relat Cancer. (2022) 29:R57–66. doi: 10.1530/ERC-22-0006, PMID: 35266878


	 Fugazzola, L. Medullary thyroid cancer - An update. Best Pract Res Clin Endocrinol Metab. (2023) 37:101655. doi: 10.1016/j.beem.2022.101655, PMID: 35422397


	 Riker, AI, Hodgdon, IA, Dewenter, TA, Marshall, R, and Boulmay, B. Metastatic papillary thyroid cancer to the liver: the central role of a multidisciplinary approach to treatment. Ochsner J. (2021) 21:224–9. doi: 10.31486/toj.20.0067, PMID: 34239388







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Zhang, Spisani, Ceriello, Frattini, Brucchi, Dionigi, Wan, Angileri, Colombo, Ierardi and Carrafiello. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1445855-g003.jpg
THYROID CANCER
METASTASIS CAPTURE

Ultrasound
CT Scan
MRI
PET scan
RAI scan
Bone scan
SPECT/CT

THYROID CANCER

METASTASIS PECULIARITY

Spread
Number
Location
Size
Shape

Radioguided biopsy

Tissue
Hystology
Data

Biochemical
Markers
Data

Image tiles

Sutypes
Mitosis
Nuclear features
Atypical structures
Necrosis
Vascular invasion

Lymph invasion

DETAILS
PROCESSING

Pixel subsets

Artificial intelligence

Machine learning
Deep learning @

Classification

Neural Network
Multidisciplinary

Predictions

Immunohistochemical staining

BRAF V600 mutation

Molecular analysis
P53 mutations

TARGET
THERAPY






OEBPS/Images/cover.jpg
, frontiers | Frontiersin Endocrinology

Navigating the complexity of current
interventional radiological approaches for
distant metastases in thyroid cancer





OEBPS/Images/fendo-16-1445855-g001.jpg





OEBPS/Images/fendo-16-1445855-g002.jpg
Liver Metastases Detected
in Thyroid Cancer

Lesion Type

\

Diffuse Disease
(>4 lesions or bilobar disease)

Limited Disease
(<3 lesions, localized/unilobar)

Evaluate liver function
& performace status

Surgical Candidate?
Surgical Resection Feaseable?

J /\

Non a surgical candidate TACE TARE
i (good status) (poor status)

Near bile ducts?

Ablative Techniques
(RFA/MWA)

Vascular Techniques
TACE/TARE

[_Combined Approach or Systemic Therapy Integration—l






OEBPS/Images/crossmark.jpg
©

2

i

|





