Case report

External Beam Radiation Therapy in Mediastinal Metastasis of 
Radioiodine-Refractory Papillary Thyroid Carcinoma: A Case Report




Abstract

External beam radiation therapy (EBRT) for mediastinal metastasis of papillary thyroid carcinoma is challenging because of the radioresistance of the cancer cells and surrounding vital organs. A 45 year-old male was diagnosed with mediastinal metastasis of refractory papillary thyroid carcinoma based on 18F-Fluordeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) scan results He received EBRT with the Volumetric Modulated Arc Therapy (VMAT) technique that gave very satisfying results to prevent airway obstruction and improve his symptoms. The total radiation dose was 50 Gy in 25 fractions over five weeks.. One year after radiation therapy, the evaluation showed a good local and clinical response with no late toxicities. This case presentation offers important evidence for EBRT on treating a high risk, unresectable and metastatic papillary thyroid carcinoma where conventional theray not successful to control tumor progression. 
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1. Introduction

Mediastinal metastasis is rare in papillary thyroid carcinoma and may cause severe complications and poor prognosis (Makiuti et al., 1984; Yasuda et al., 2019). However, the effective treatment strategies for mediastinal metastasis remains controversial and challenging (Marrama et al., 2019). Surgical resection and/or radioactive iodine therapy are usually unsatisfactory, Therefore multidisciplinary collaboration is needed to improve the effectiveness of therapy and quality of life in this case.

The role of EBRT for papillary thyroid carcinoma is still controversial. External beam radiation therapy is not generally used in patients with papillary thyroid carcinoma (Cortes-Mateus et al., 2018; Schwartz et al., 2009). According to American Thyroid Association (ATA) guidelines, a bulky tumor mass is one cause of radioiodine resistance, and EBRT is recommended for locoregional control and symptomatic palliation when radioiodine resistance occurs (Ringel et al., 2025). 

This case report showed the effectiveness of EBRT with mild side effects in a patient with mediastinal metastasis of refractory papillary thyroid carcinoma.

2. Case Presentation

A 45-year-old male was referred to the Radiation Oncology Department for evaluation of mild dyspnea, especially on exertion, which had been present for one month. In March 2022, The patient underwent total thyroidectomy and radical neck dissection. Histopathological examination had confirmed of Papillary Thyroid Carcinoma pT2N1M0. Then, the patient wasfollowed by radioactive iodine therapy with a cumulative dose of 250 mCi, as well as adequate euthyrox hormone replacement. The patient had  a history of untreated Hypertension grade 2 (based on JNC 8 criteria).
Routine examinations every 6 months showed that the serum levels of Thyroglobulin Antigen (TgAg) were  <10 ng/mL. In September 2024, serum TgAg level was 1,113 ng/mL and Thyroid Stimulating Hormone (TSH)  level was 220.4 µIU/mL. Evaluation Iodine-131 Whole Body Scan (WBS) showed no uptake. Then, the patient underwent 18F-FDG PET/CT scan and revealed of hypermetabolic anterior mediastinal mass measuring 6.7x4.4x4.3 cm with a maximum standardized uptake value (SUVmax) of 29.4. Histopathological confirmation could not be performed because the patient refused to undergo biopsy and/or surgical resection. Then, the patient was referred for EBRT.

The anterior mediastinal mass was treated using the volumetric modulated arc therapy (VMAT) technique (Figure 1). The total radiation dose was 50 Gy in 25 fractions over five weeks. The treatment volumes consisted of the gross tumor volume (GTV): gross tumor; the clinical target volume (CTV): 0.5-1 cm from the GTV; and the planning target volume (PTV): 0.3 cm from the CTV.

After 15 sessions of radiation therapy (30 Gy), the patient's dyspnea improved. During radiation therapy, the patient only experienced mild dysphagia (grade 1), which was alleviated with general medications. Blood pressure was evaluated daily and routine antihypertensive medication was administered. 

A follow-up evaluation was performed 6 months after radiation therapy, revealing that the serum level of TgAg had decreased to 415 ng/mL. In October 2025, a PET/CT scan showed that the size of the anterior mediastinal mass and SUV had decreased compared to the PET/CT scan before radiation therapy (3.0x2.4x2.2 cm vs. 6.7x4.4x4.3 cm and 11.6 vs. 29.4, respectively; see Figures 23a and 23b). The serum TgAg level had also decreased to 150 ng/mL. Based on these results, the patient was recommended for targeted therapy with tyrosine kinase inhibitor to control his disease, as well as routine evaluations of the TgAg serum level and PET/CT scan every 6 months.
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Fig. 1. EBRT with VMAT technique
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Structure 
	
Min Dose (cGy)
	
Max Dose (cGy)
	
Mean Dose (cGy)

	Left lung
	50.7
	5265.7
	1142

	Right lung
	78.3
	5286.5
	1348.5

	Total lung
	51.9
	5276.3
	1515.3

	Heart 
	51.2
	5065.5
	674

	Spinal cord
	203.8
	3374.6
	2124

	Esophagus
	918
	5142.6
	4235.6

	GTV
	4986.8
	5330.8
	5159

	CTV
	4956.9
	5349.2
	5170

	PTV
	4701.4
	5321.1
	5149
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             (before radiation therapy)	      (1 year after radiation therapy) 

3. Discussion

Papillary carcinoma is the most common type of well-differentiated thyroid carcinoma and generally demonstrates indolent biological behaviour. However, it frequently spreads to regional lymph nodes and, less commonly, to distant organs About 11% of patients with papillary thyroid carcinoma present with metastasis outside the neck region and mediastinum (Somasundar, 2020). Papillary thyroid carcinoma occurs more frequently, peaking in incidence in patients aged 30-50 years (Arrangoiz et al., 2021; Forma et al., 2025). The prognosis is excellent with appropriate treatment. However, about 5% of patients will develop metastases that are difficult to treat with standard therapies (Busaidy et al., 2012).

The standard definitive therapy for patients with differentiated papillary thyroid carcinoma is surgical resection followed by radioactive iodine therapy to detect and eradicate any residual cancer cells, along with thyroid-stimulating hormone suppressive therapy (Mihailović, 2025; Somasundar, 2020). Throughout tumor progression, cellular dedifferentiation can occur, which is usually accompanied by more aggressive cancer growth and metastasis. It can also result in the loss of the ability to accumulate iodine (He et al., 2025). These conditions make tumor cells resistant to standard therapeutic modalities. The prognosis is better when metastasis is radioiodine avid than when it is radioiodine non-avid. In this case, other therapy options must be considered because a failure to respond to radioactive iodine indicates that the cancer is more aggressive (Busaidy et al., 2012).

Evaluation with PET/CT scan plays an important role in refractory papillary thyroid carcinoma that cannot be examined with routine WBS because of radioiodine non-avidity. In such cases, 18F-FDGis retained by cancer cells with high glucose uptake, which are missed by iodine scintigraphy (Abdelhamed et al. 2022; Wimmer et al., 2020).

The role of EBRT in differentiated papillary thyroid carcinoma is still controversial due to the lack of literature about these cases. However, in clinical practice, EBRT is indicated for bulky, unresectable tumors; residual tumors after surgery; tumors without radioactive iodine uptake; postoperative serum Tg levels of at least 1 ng/mL; and patients with a high likelihood of microscopic residual disease (Ringel et al., 2025).

The incidence of mediastinal metastasis in papillary thyroid carcinoma has been reported to range from 2.7% to 22% (Moritani, 2016; Smith et al., 2012; Wang et al., 2013). In this case report, the diagnosis of mediastinal metastasis was determined based on the PET/CT scan result showing a hypermetabolic anterior mediastinal along with a very high TgAg level and the patient's history of papillary thyroid carcinoma.

The routine evaluation of the WBS showed no uptake of radioactive iodine in the mediastinal mass. This condition indicated radioactive iodine-refractory papillary thyroid carcinoma, which could not be managed with standard radioactive iodine therapy. The patient's primary complaint, due to the bulky mediastinal tumor, could pose a serious clinical challenge with a poor prognosis if not properly treated. The patient refused surgical resection as the main therapy. Therefore, other therapeutic options had to be considered. In this case, EBRT could be the first therapeutic option to prevent airway obstruction and relieve the patient's symptoms (Carrillo et al. 2021; Cortes-Mateus et al., 2018; Terezakis et al., 2009). Several studies have recommended total radiation doses of 40–66 Gy for cases of radioactive iodine-refractory, unresectable thyroid carcinoma (Busaidy et al., 2012; Cortés-Mateus et al., 2018). However, there is limited literature regarding similar cases to the role of EBRT in mediastinal metastasis of refractory papillary thyroid carcinoma. A radiation total dose of 50 Gy in 25 fractions was delivered to the patient in this case. The considerations in administering this radiation dose were the patient's medical history of uncontrollable moderate hypertension, and the planned tyrosine kinase inhibitor targeted therapy after the patient has completed radiation therapy. With a total radiation dose of 50 Gy, we could minimize the radiation dose to the heart. Thus, the risk of radiation toxicity to the heart could be reduced, and the patient's blood pressure could be controlled. However, tyrosine kinase inhibitor targeted therapy has the most common side effect of high blood pressure, which could worsen the patient's hypertension. For these reasons, the total radiation dose for this patient must be carefully considered to achieve an effective radiation response while minimizing toxicities.

[bookmark: _GoBack]The volumetric modulated arc therapy (VMAT) technique was used to deliver a homogeneous radiation dose to the target volume while minimizing the radiation dose to the heart and lungs. tableFigure 12 shows that the mean dose to the heart was 6.7 Gy (13.4% of the total dose) and to the total lungs was 15.15 Gy (30.3% of the total dose). These results indicate that the radiation doses to the heart and lungs were within tolerance levels. Therefore, radiation toxicities to these organs could be minimized. During radiation therapy, the patient only complained of mild dysphagia (grade 1).

The patient had no complaints at the one-year evaluation post-EBRT. Although the maximal radiation dose could not be delivered, an effective clinical response was achieved with no late radiation toxicities occurring in this patient. This can be seen in the PET/CT scan evaluation results, which show a reduction in tumor size and SUVmax, as well as a decreased level of TgAg serum nine months after EBRT.

4. Conclusion

The role of EBRT in the management of papillary thyroid carcinoma remains controversial, and 
limited large-scale prospective studies are available
to evaluate its effectiveness.

In several cases, especially for unresectable or bulky tumors that are surrounded by vital organs, EBRT could be an effective therapeutic option for locoregional control and symptomatic palliation.

For very large tumors, however, EBRT may be ineffective, and severe toxicities may occur. Therefore, we must consider the tumor's size and location, as well as the patient's overall health, to ensure an effective response to EBRT. The use of EBRT should be carefully considered in relation to the associated benefits and radiation toxicities.

This case suggests that administering radiation with a total dose of ≥50 Gy may provide an optimal therapeutic response while paying attention to the patient's general condition and comorbidities. Long-term follow-up is necessary to evaluate the effectiveness of EBRT as well as any late side effects.

Knowing that the lack of histopathological confirmation is a limitation in this case, diagnosis of the patient was determined using established clinical and imaging criteria
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= decreased to 615 ng/mL. One year later, PET/CT Scan evaluation showed that the size of the

anterior mediastinal mass and SUV were decreased compare with the PET/CT Scan before
radiation therapy (the size was 3x2.4x2.2 cm vs 6.7x4.4x4.3 cm and SUV was 11.6 vs 29.4)
(Figure 3a and 3b) and the serum level of TgAg also decreased to 250 ng/mL. Based on these
results, the patient was still recommended to have targeted therapy with tyrosine kinase
inhibitor by the medical oncologist to control his disease and have routine evaluations of TgAg,
serum level and PET/CT Scan every 6 month.

P Fig. 1. External beam radiation therapy with VMAT technique
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