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Background

Local control of metastases is critical to improving the life quality of patients with radioactive iodine-refractory (RAIR) thyroid cancer accompanying regional lymph node metastasis.



Case report

The reported patient suffered from RAIR thyroid cancer accompanying poorly controlled cervical lymph node metastasis. The patient’s lesions were controlled through 125I seed implantation combined with ultrasound-guided radio-frequency ablation (US-guided RFA). Such a combination therapy has not been reported to date.



Conclusion

This study found US-guided RFA combined with 125I seed implantation to be safe and effective for the control of cervical local metastases in patients with RAIR thyroid cancer.
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Background

In recent years, the incidence of thyroid cancer in China has been increasing, with differentiated thyroid cancer (DTC) a dominant type. Some patients with DTC can develop radioactive iodine-refractory differentiated thyroid cancer (RAIR-DTC) as they gradually lose the capacity to uptake iodine during disease treatment and progression (1). Patients with RAIR-DTC accompanying regional lymph node metastasis struggle with poor prognosis because they cannot benefit from 131I diagnosis and treatment. Although conventional diagnosis and treatment methods employed in clinical practices, such as targeted medical therapy and surgery, can improve the prognosis of patients with RAIR-DTC to a certain extent, the overall response is not satisfactory. Some patients suffer from skin rupture caused by poorly controlled metastases, which seriously affects their quality of life. Studies have shown that 125I seed implantation in the treatment of RAIR-DTC accompanying regional lymph node metastasis can safely deliver a good local control effect, making it of clinical value (2). However, the effectiveness of this treatment is usually limited to metastases of a small size. When lymph node metastases are large, with skin rupture and internal liquefactive necrosis, 125I seed implantation alone has limitations. For example, in metastases of this kind, it is not easy to control the location of the implanted seeds since they are likely to fall into the liquid components, thereby reducing the therapeutic effect. New and effective methods are needed for controlling metastasis locally. As a minimally invasive treatment method, RFA has been used to treat benign thyroid nodules, papillary thyroid cancer and recurrent thyroid cancer (3–6). It is safe and feasible, especially when patients refuse surgery, have high requirements for aesthetics or have surgical contraindications, RFA as an alternative treatment can reduce patients’ anxiety and improve their quality of life (7). In our case,during the operation the patients was under monitoring and questioning, the operation was sucessfull and safe.

This report presents the results achieved using ultrasound- (US) guided aspiration of metastatic liquid components, radio-frequency ablation (RFA), and 125I seed implantation in the local control of metastases.



Case report

A 70-year-old woman was admitted to our hospital with “lung metastasis after papillary thyroid carcinoma surgery and new cervical masses detected over 2 years.” Two years earlier, in May 2004, she had received a thyroid mass resection under local anesthesia in a local hospital to remove the cervical mass; subsequently, the postoperative pathology revealed lymph node metastasis of papillary thyroid carcinoma. With a recurrent cervical mass, the patient visited our hospital for the first time in August 2006 and underwent a radical resection of a left thyroid carcinoma under general anesthesia. The postoperative pathology indicated papillary thyroid carcinoma. The patient continued to suffer regional lymph node metastasis and received lymph node dissection twice in combination with 131I therapy.


Operation history

In October 2010, the patient received a left neck dissection under general anesthesia in our hospital. Postoperative pathology indicated that one in five level-III and -IV lymph nodes had metastases of papillary thyroid carcinoma, with level VI showing the formation of a cancerous node. On March 26, 2015, the patient received a radical resection of recurrent thyroid cancer and a right recurrent laryngeal nerve anatomic exploration. The postoperative pathology indicated the infiltration of papillary thyroid carcinoma at levels IV and VI of the left neck. At levels IV and VI of the right neck, all the four lymph nodes detected were found with metastases of papillary thyroid carcinoma, accompanied by the formation of a cancerous node.



History of 131iodine therapy

The patient received 131I treatment in our hospital in December 2011, May and October 2012, May and October 2013, August 2014, June 2015, April 2016, and April 2017, with doses of 150, 150, 150, 100, 150, 150, 150, and 100 mCi, respectively.

According to the patient’s latest physical examination, she had multiple palpable enlarged lymph nodes in the neck, with tough texture and poor mobility. In 2014, new masses were detected in the right neck, which eventually ruptured in 2019. The patient received a lymph node puncture in the right neck on November 30, 2019, in the Nuclear Medicine Department of the Shanghai Sixth People’s Hospital (affiliated with Shanghai Jiao Tong University). An analysis showed papillary thyroid carcinoma due to the BRAF V600E mutation. The ruptured lesion in the right neck was not under control, and a new mass was found in the left neck, protruding through the skin. This mass had a diameter of around 30 mm and was accompanied by bruising of the local skin. The patient’s quality of life was significantly affected. The patient was not provided with a therapeutic regimen after visiting upper-level hospitals several times, so she returned to our hospital. After admission, the possibility of lymph node metastasis was considered based on a contrast-enhanced computed tomography (CT) scan of the neck showing multiple nodules and tumor shadows in the thyroid region, bilateral parotid region, bilateral neck, bilateral subclavian and supraclavicular fossae, and the mediastinum. Thyroglobulin in the puncture fluid from the right cervical ruptured lesion was measured at 413 ng/ml, and the lesion was considered to be a thyroid lymph node metastasis. In recent years, the patient had undergone several surgeries, 131radioiodine therapy, systemic anti-tumor therapies, and treatment with sorafenib, vemurafenib, and pembrolizumab. Unfortunately, the effects were not satisfactory, and the metastases in the cervical lymph nodes remained uncontrolled. At that point, the patient’s condition was severe, and there was no effective anti-tumor therapy.

After admission, the patient was given targeted systemic anti-tumor treatment comprising anlotinib (1 tablet/day) and Euthyrox (112.5 µg/day) as inhibition and replacement therapy. As the left cervical mass was relatively large, local cytoreductive surgery was considered for lowering the risk of skin ulceration. Given the large volume of the left cervical mass, with a diameter of approximately 30 mm, a total of 33 125I seeds were implanted one by one at an interval of 5 mm under CT scan guidance to achieve local cytoreduction for the metastases and reduce the risk of skin rupture.

Three days after 125I seed implantation in the left cervical metastases, the patient reported feeling slightly better. However, the mass in her left neck remained large; it was accompanied by liquefactive necrosis, and seeds were entering the liquid components. To prevent further enlargement and development of the metastases, as well as to avoid radiation damage to adjacent tissues and organs, we proposed during multidisciplinary consultations that RFA be used to reduce the metastases in combination with other therapies for symptomatic treatment. Under the guidance of US, the size of the left cervical mass was measured to be 33 × 19 mm, which protruded through the surface of the skin. Accordingly, we aspirated the liquid components in the lesion, considering the continuous new production of fluid, seed implantation was not carried out, but RFA inactivation was performed on the solid portion at the same time as fluid extraction (Figure 1). Postoperative ultrasonography showed no obvious contrast enhancement in the metastatic lymph nodes of the left neck (Figure 2). The left lesion recover over the month following the RFA. After 23 days, the metastases no longer protruded through the skin, and all that could be seen on the cervical skin was a slight crust. Thirty days after the RFA, a contrast-enhanced CT scan of the neck revealed that the cervical anterior subcutaneous nodule could no longer be seen, which was a postoperative change. The patient’s left neck completely recovered 32–35 days after the RFA.




Figure 1 | US-guided RFA for left cervical mass.






Figure 2 | No contrast enhancement in left cervical mass according to postoperative ultrasonography.



The findings of the contrast-enhanced CT scan and the recovery of the patient’s left neck provide evidence that US-guided RFA combined with 125I seed implantation can deliver a complete local response for large metastases in a safe, effective manner. US-guided RFA is particularly effective in treating lymph node lesions with fluid.

As the therapeutic effect of US-guided RFA for the patient’s left cervical metastases was quite considerable, we continued with RFA of a fluid-containing lymph node metastasis in the patient’s right neck at a safe location. The US-guided measurements showed one of the lymph nodes in the right neck was around 21 × 11 mm, another was around 24 × 17 mm (Figures 3, 4), and there were heterogeneous internal echoes.




Figure 3 | Metastatic lymph nodes accompanying internal liquefactive necrosis in right neck as shown in ultrasonography.






Figure 4 | Right cervical lymph node metastasis.



We aspirated the liquid components and performed RFA. According to postoperative ultrasonography, no obvious contrast enhancement was found in the cervical metastatic lymph nodes, and there was no residual ablation. The day following the right cervical lymph node RFA, there was a special location of one ulcerated lymph node on the right neck, and there was no safe entry point, so seeds were implanted in the patient’s right cervical ruptured lymph node. The ruptured mass shrank following the implantation of nine 125 I one by one at an interval of 5 mm.

Two months later, the mass had gone. The ablated cervical mass disappeared over 40 days. Following this success, the masses of the patients in the subsequent treatment were all solid masses, and the location was deep adjacent to the important cervical nerve, so the patient had three more occasions when 125I seeds were implanted into the cervical lymph nodes: 9, 16, and 9 seeds were implanted, respectively. Now, the patient is recovering well, with the local metastases in the cervical lymph nodes well under control. She was discharged from hospital and is receiving systemic targeted drug therapy.




Discussion

Most patients with DTC achieve a good prognosis after receiving surgery, 131I radiotherapy, thyrotropin inhibition, and other therapies, with a 10-year survival rate of up to 90%. However, about 15% of these patients develop local recurrence and/or distant metastases and have a 10-year survival rate below 10% (8). As some cases are not sensitive to radioactive iodine therapy, they may develop RAIR-DTC, which is characterized by fast progression and high mortality. It is difficult for these patients to achieve satisfactory results with the traditional methods referred to above.

Currently, the diagnosis and treatment of RAIR-DTC are controversial. According to the usual definition of RAIR-DTC, in the absence of exogenous iodine load interference when the level of thyroid-stimulating hormone is greater than 30 m IU/L, the lesion loses its iodine uptake capacity. Consequently, favorable results are not expected from 131I treatment. In the case of the present study, the patient’s condition was severe. Her cervical metastases could not be surgically removed, and a high dose of radioactive iodine, if allowed to accumulate around her neck, would likely have caused radiation damage to the larynx and tracheal mucosa, resulting in radiation tracheitis or radiation pneumonia. In this case, the patient was treated as RAIR-DTC because radioactive iodine therapy was not feasible for her (9). The treatment for RAIR-DTC is controversial, and cases accompanying cervical regional lymph node metastasis remain a problem to be solved (10). Surgery, chemotherapy, targeted therapy, and other related methods are now applied in clinical practices. In this case, the patient’s condition was severe, and her cervical metastases could not be surgically removed. As studies in molecular biology on thyroid cancer have advanced, a large number of targeted therapeutic drugs have been developed in recent years (11–13), making targeted drug therapy a major option for patients with RAIR-DTC. However, this patient did not respond well to sorafenib, vemurafenib, pembrolizumab, and other targeted therapy drugs. Chemotherapy is mainly used for terminally ill patients with obvious invasive symptoms which are uncontrollable via radioactive iodine therapy or surgery. However, as most patients with RAIR-DTC are not sensitive to chemotherapy, traditional chemotherapy drugs are unsuitable (14).

For 15 years (2004–2019), the patient suffered from recurrent cervical lymph node metastases, which progressively increased in size and number and were not effectively controlled. Patients need an effective local therapy that includes surgery and external irradiation, with a focus on cytoreduction, to improve the quality of life (15). However, in this case, the patient’s condition was severe, and the cervical metastases could not be surgically removed. The patient was not provided with any effective therapeutic regimen despite repeatedly visiting several hospitals. After the patient came to our hospital, we initially treated the cervical metastases with 125I seed implantation and US-guided RFA.

The lymph node metastases in her left neck, which were large with liquefactive necrosis, showed a positive therapeutic effect in the early stage of 125I seed implantation. Due to a short radiation distance, the 125I seeds can effectively kill tumor cells in lesions with little damage to surrounding tissues, thus achieving highly conformal brachytherapy (2). Nonetheless, its effect on killing cancer cells depends on precise positioning and reasonable arrangement. Studies have shown that the larger the lesion, the lower the therapeutic effect. This has been attributed to seed displacement due to liquefactive necrosis in the large lesions, which makes it impossible to precisely position and reasonably arrange the seeds. This leads to a lower conformal index of dose distribution in the lesion, thereby weakening the therapeutic effect. Furthermore, dose deposit by seed displacement poses a greater risk of radiation damage to healthy tissues, making inflammatory reactions more likely, forming adhesions between lesions and vital organs (such as peripheral vessels), and thus making further treatment, including replantation, more difficult (16). In this case, the patient had large lymph node metastases accompanied by liquefactive necrosis, and the US showed that implanted seeds had migrated into the liquid components. Considering the unsatisfactory nature of iodine seed implantation, it is important to explore new therapies for controlling local lesions.

During multidisciplinary consultations, our department suggested that the liquid components of metastasis be treated with US-guided aspiration and metastasis be treated with RFA. The RAF can be used for patients with recurrent or metastatic lymph nodes after standard surgical resection and neck lyphnode dissection (17). The patient had undergone at least one operation before, the anatomical structure of the operation area has changed and adhesions would be severe. High risk and difficulty hindered the second operation. besides, the patient is not easy to accept the second operation. In addition, some patients may be ineffective to the iodine therapy, these patients requires further local surgery or RFA. RFA has the unique advantages of safety and simple operation, which provides a more reliable treatment option (7).

The RFA technique has been increasingly applied in clinical practice since it is minimally invasive, has a beneficial therapeutic effect, and is well tolerated. The RFA needle is inserted into lesions under the guidance of US, inducing a thermal effect via a high-frequency alternating current in the targeted tissues, thereby inactivating lesion cells.

In this case, the left cervical lymph node metastasis was large (33mm×19mm) and accompanied with liquefaction necrosis. 125I was not effective at first for the particles fell into the liquid components. Under the guidance of ultrasound, we aspirated the liquid components of the left cervical lesion. Considering that the liquid would be generated continuely, we did not implant the particles again, but chose to inactivate the solid parts while aspirating the liquid. RFA was then performed on metastatic tumors at safety site of the right cervical. The solid mass was deep adjacent to important cervical nerves, so 125I was selected for the following treatment.

After RFA, the metastases in the patient’s left and right neck shrank. The metastases that ruptured in the upper part also shrank after the implantation of 125I seeds. In summary, the patient obtained the beneficial effect of local control of the metastases through US-guided RFA combined with 125I seed implantation. This is a safe method with high clinical application value.

In this case, RFA plays an important role in the safe location of fluid lymph node lesions, and seed implantation plays an important role in the subsequent treatment of lymph node lesions located deep adjacent to important cervical nerves in the right neck. The implantation of 125I seeds has good local control effect, high safety and high clinical application value for the patients with RAIR-DTC with regional lymph node metastasis. Especially, when the tumor showed liquid necrosis, the implantation position of 125I particles would be uncontrolled. If the particles fall off into the liquid components, the effectiveness will be greatly reduced. RFA has been used to treat benign thyroid nodules, papillary thyroid cancer, recurrent thyroid cancer and lymph node metastasis safely. The coagulative necrotic tissue gradually becomes smaller after the RFA operation, and the clinical symptoms caused by nodules are also significantly improved, which is safe and feasible. Besides, the solid part can be inactivated while the fluid is pumped for mixed lesions.



Conclusions

In conclusion, patients with RAIR-DTC with accompanying cervical lymph node metastases face limited therapy options and a poor prognosis. In addition to conventional therapies, such as surgery, chemotherapy, and targeted drug treatment, new local therapies are needed, particularly for lesions with large local mass accompanied by liquefactive necrosis. For such lesions, US-guided RFA is a valuable contribution to these therapies. Our patient was treated with targeted drugs and thyrotropin inhibition, combined with US-guided RFA and 125I seed implantation for local control, to achieve a complete clinical response for RAIR-DTC with accompanying cervical lymph node metastases.
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