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Purpose

The purpose of this research was to evaluate the feasibility and efficacy of 125I seed brachytherapy as salvage treatment for recurrence from non-anaplastic thyroid cancer refractory to other modalities.



Methods

Between June 2006 and September 2019, fifteen patients with recurrent non-anaplastic thyroid cancer were treated with 125I seed brachytherapy. 125I seeds were implanted into the tumor under the guidance of CT and/or ultrasound images with the median prescription dose of 120 Gy (range, 100-140 Gy). The median seed number was 80 (range 10-214). Clinical efficacy was evaluated with Response Evaluation Criteria in Solid Tumors.



Findings

Fifteen patients were selected, eleven of whom had papillary carcinoma, two suffered from follicular carcinoma, and two were diagnosed with medullary carcinoma. These patients had twenty-four nodes in total. After they received salvage surgery and/or radioactive iodine (RAI) therapy, local recurrence was detected in all of them. No less than one node was observed in everyone’s cervical or supraclavicular areas, and four patients had lung metastatic. The median follow-up period lasted 48 months (range, 5-93 months). All patients did not develop locoregional recurrence after experiencing 125I seed brachytherapy. Only three of them formed new metastases in nontarget regional nodes after brachytherapy, and additional brachytherapy can solve all regional failure problems. No significant adverse events were observed in any patient.



Implications

For the chosen patients, 125I seed brachytherapy is feasible for treating refractory local recurrence from non-anaplastic thyroid cancer. Further studies are required to determine the role of 125I seed brachytherapy in the treatment of thyroid cancer.
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Introduction

Thyroid cancers are primarily papillary, follicular, medullary, or anaplastic thyroid cancer (1, 2). Surgery remains the mainstay of treatment for non-anaplastic thyroid cancer. The most recommended management of aggressive thyroid cancers is the surgical removal of the thyroid gland (thyroidectomy) followed by radioactive iodine (RI) ablation and thyroid-stimulating hormone (TSH) suppression therapy (3, 4). Early-stage non-anaplastic thyroid cancer is treated with surgery ± RI with recurrence rates of 15–22%. However, recurrence rates for Stage III and IV non-anaplastic thyroid cancer after surgery ± RI are 46% and 66% respectively (5).

Thyroid cancer is insensitive to conventional chemotherapy. Many targeted drugs are increasingly being used to treat refractory loco-regional recurrence of non-anaplastic thyroid cancer due to many signaling pathways and gene mutations that driving thyroid tumorigenesis have been identified (6, 7). Sorafenib and lenvatinib have been approved by the U.S. Food and Drug Administration to be used in radioactive iodine refractory differentiated thyroid cancer,although they have been demonstrated to improve progression free survival and overall response rate, the serious toxicities may affect patients’ quality of life (8, 9).

Loco-regional recurrence in patients with thyroid cancer is recommended to undergo local treatment such as surgical resection, ethanol ablation, radiofrequency ablation and involved-field radiotherapy (10, 11). Resection again is difficult to remove the tumor completely and have a high rate of recurrent laryngeal injury (12). External beam radiotherapy (EBRT) is not routinely used to treat thyroid cancer. At the same time, it is hard to cure the tumor because of the low radiation sensitivity and dose limit of normal tissue. Furthermore, there is no evidence showing that radiotherapy can prolong overall survival (13). The current indications for EBRT in thyroid cancer have been largely derived from retrospective data (14). Stereotactic body radiotherapy (SBRT) can accurately deliver a high dose of conformal radiation to the target area with a small dose. However, existingresearch reported only nine cases with the largest tumor volume of 43.6ml (15). Therefore, there are insufficient instructions on the role of radiotherapy in thyroid cancer.

The therapeutic research emphasized the importance of individualizing treatment strategies in patients with a recurrence of disease limited to a local site (4). As brachytherapy, 198Au, 192Ir and 125I seed were reported to treat recurrent thyroid cancer and got effective results (16–18). In this context, we propose a valuable salvage technique using image-guided 125I seed brachytherapy to treat the refractory recurrence of non-anaplastic thyroid cancer after conventional treatment.



Methods and Materials


Clinical Information

Our hospital indications for 125I seed brachytherapy are as follows: 1) non-anaplastic thyroid cancer; 2) recurrent LNs stated inoperable or unresectable by experienced head and neck surgeons; 3) LN recurrence refractory to repeated RAI treatment; and 4) unfit for resection and RAI reviewed by multidisciplinary tumor board; 5) a Karnofsky Performance Score (KPS) of 70 or higher. The exclusion criteria applied are thyroid bed recurrence, any single LN greater than 10 cm, more than five metastatic LNs, major organ dysfunction, acute or chronic infections, severe organ and coagulation dysfunction, lethal important organ metastases. In all cases, whether delivering brachytherapy or not will be discussed by our multidisciplinary tumor board. Once the treatment is recommended, we will inform the patients of benefits and potential harm of brachytherapy. Then patients are required to submit informed written consent before participating in the protocol. Having received approval from the Institutional Review Board, we reviewed the medical records of fifteen consecutive patients who were treated by brachytherapy for LN recurrence of non-anaplastic thyroid cancer from June 2006 to September 2019 at our institution. Patients and tumor characteristics have been summarized in Table 1.


Table 1 | History of previous treatment in fifteen patients who received brachytherapy for neck LN recurrence.





Treatment


Preoperative Planning

The patients were immobilized with the vacuum cushion in the treatment position. A position line was drawn using the CT laser on the surface of the patient’s skin around the tumor location, and two marks were made 3–4 cm away on this line. Contrast-enhanced CT with a 5-mm slice thickness was performed. The planning was performed using the Prowess treatment planning system (TPS) (Panther Brachy version 5.0 TPS, Prowess Inc., Concord, CA, USA). The gross target volume (GTV) was defined as metastatic LN visible on CT images. Clinical target volume (CTV) was generated by expanding GTV by 3 mm three-dimensionally. The ultrasound images used in the metastatic LNs are invisible on CT images. Then the seed activity was selected, the needles were designed, and seeds were loaded. The prescription dose was 100 to 140 Gy. The pre-plan was committed when the target dose approached the prescription dose while normal tissue doses were minimized. If the seeds were implanted under the guidance of 3D-printed template, four steps were necessary: 1) the CT image series and space coordinates of all the needle locations were then exported after pre-plan; 2) the patient’s area of skin, the template to be printed, and needle coordinates were reconstructed; 3) the 3D-printed templates were printed by a 3D printer (Unicorn 3DSL450M, Beijing Unicorn Science and Technology Ltd., Beijing, China); 4) 1 day before operation, the 3D−printed template was disinfected and sterilized.



Seed Activity Measurement

A radioactivity meter (RM−905a well−type ionization chamber, National Institute of Metrology, BeiJing, China) was used to measure the activity of radioactive 125I seeds (model, 6711−99; activity, 0.3–3.0 mCi; length, 4.5 mm; diameter, 0.8 mm; average energy, 27–35 keV; Beijing Zhibo Pharmaceutical Company, BeiJing, China) before the operation. If activity error was <5%, all seeds would be blocked in the shell of brachytherapy applicator for disinfection.



Brachytherapy Procedure

During the operation, the vacuum cushion was used to fix the patient into position, ensuring the position was the same as that during the preoperative planning. The proper CT laser position was ensured such that the laser line aligns with the line drawn on the patient’s skin surface preoperatively. The needles were inserted into the tumor guided by a CT scan using a freehand implantation technique. If the seeds were implanted guided by a 3D−printed template, the 3D−printed template was disinfected with formaldehyde through a fumigation process and then was secured on the patient’s body surface based on the markers attached. A CT scan was performed to confirm that the template location was correct, and then the needles were fed into the tumor target based on the position of the template holes. After inserting all the needles, a CT scan was performed again to confirm the needle positions. Finally, the radioactive seeds were implanted according to a preoperative plan. If the tumor was invisible on the CT image, the seeds were implanted under the guidance of ultrasound.




Postoperative Verification Plan

After the procedure, another CT scan was performed immediately, with a slice thickness of 5 mm. The images were then transferred into the TPS to verify the dose distribution. The TPS was used to contour the target volume and the OARs, as well as identify the implanted seeds. Subsequently, the isodose lines and D90, seed number, and DVH were determined.



Follow-Up and Evaluation

Follow-up CT images and/or ultrasound images were used to investigate the responses of recurrent LNs to brachytherapy. Complete response (CR) was defined as the complete disappearance of the target. Partial response (PR) referred to at least a 50 percent decrease in the short axis of the target. And progressive disease (PD) meant at least a 20 percent increase in the short axis of the target. When there was not enough contraction to meet PR or insufficient growth to reach PD, people had stable disease (SD). In accordance with the National Cancer Institute Common Toxicity Criteria v4.0, we will also score the morbidity after brachytherapy.



Statistical Analysis

The prescription dose for SBRT was converted to an equivalent dose in 2-Gy fractions (EQD2). In a case where a daily fraction dose of d (Gy) was delivered in n fractions, EQD2 (Gy) was calculated as follows: . D is the D90 of brachytherapy, R0 is the initial dose rate, μ is the cell repair constant equals to 0.5h-1. λ is the seed decay constant equals to lin2/T1/2, α/β ratio of 10 was used to obtain the EQD2 for the tumor. The Kaplan-Meier method was used to estimate survival rates. Follow-up was timed from the first brachytherapy procedure. All statistical tests were performed using the 13.0 version SPSS statistical software (IBM, Armonk, NY USA).




Results


Patient Features and Pre-Brachytherapy Remedy

Between June 2006 and September 2019, fifteen patients were enrolled in the study and received brachytherapy. Among these patients, 60% were male and 40% were female. Their median age was 56 years (range 46-78 yrs). KPSs ranged from 80 to 100. Eleven patients had papillary carcinoma, two had follicular carcinoma, and two had medullary carcinoma. Synchronous distant metastasis was observed in five patients when implementing brachytherapy.Three had metastatic lesions in the lung, one patient had brain metastasis treated by SBRT and one had pleura metastases. All patients received at least one surgery and patient 1 received nine surgeries. Seven patients received RI treatment. Two patients were treated by chemotherapy and four patients were treated by EBRT. One patient with brain metastasis was treated by brain SBRT (γ-knife). One patient with tracheostenosis received endotracheal stent implantation. One patient was implanted 125I seeds with a very low prescribed dose. All patients had LN metastases in their neck by CT and/or ultrasound scans. Before receiving brachytherapy, these patients had developed thyroid cancer recurrence, distantly or in the neck. Patient characteristics are summarized in Table 1.



Brachytherapy Characteristics

In fifteen patients, a total of 24 metastatic LNs were treated in 36 brachytherapy sessions. Brachytherapy delivery and results are detailed in Table 2. The number of LNs treated per brachytherapy session ranged from one to two. Brachytherapy was administered more than once to most patients except six patients (patients 2, 11, 12, 13, 14, and 15). One patient experienced five sessions of brachytherapy in a year (patient 9). In their first brachytherapy sessions, all patients received brachytherapy directed to cervical LN metastases. Nevertheless, for most patients, it is difficult to give the LN an adequate dose in one session of brachytherapy. Brachytherapy was administered using the freehand technique in nine patients and a 3D-printed template technique in 6 patients. The median isodose level was 100 percent (range 90%-131.7%).


Table 2 | Details and outcomes of brachytherapy in fifteen patients.





Treatment Outcomes

Median follow-up was 48 months ranging from 5 to93 months. There was no local PD for any of the 24 LNs treated with brachytherapy. The number of LNs with CR, PR, and SD were respectively fifteen, six, and three. Regional failures were observed in four patients: one with papillary carcinoma (patients 10), one with medullary carcinoma (patient 5), and two with follicular thyroid cancer (patients 3 and 4). The 1-, 2-, 3-, 4-, and 5-year overall locoregional control rate was 92.9%, 83.3%, 54.6%, 45.5%, and 40%, respectively, and the 1-, 2-, 3-, 4-, and 5-year overall survival rate was, respectively, 91%, 82%, 71%, 58%, and 41%. An actuarial curve for overall survival is illustrated in Figure 1. Of these, two patients (patients 3 and 10) received additional sessions of brachytherapy directed to newly developed metastatic LNs. After additional sessions of brachytherapy for regional failure, one patient developed no further neck metastases and was rendered free of neck disease, the other died three months after the procedure because of heart failure. Three patients with lung metastases before the first brachytherapy procedure. One of them (patient 8) was ablated by microwave, one (patient 12) was told to receive active surveillance, and the other (patient 6) was treated by brachytherapy. Six patients developed distant metastases during follow-up. One (patient 1) developed brain metastasis, two (patients 3 and 4) lung metastasis, one (patient 7) mediastinum lymph node metastasis, one (patient 5) bone metastasis, and the other (patient 10) brain, lung and bone. Compared with brachytherapy, no grade three or higher adverse reactions were observed.




Figure 1 | The overall survival rates of the patients after 125I seed brachytherapy.






Discussion

It is well known that thyroid cancer has innocent biological behavior and most of the patients have excellent prognosis. However, Zhu’s study showed an increasing incidence of recurrent thyroid cancer recently (19). Once recurrent, some locoregional treatment methods such as radiotherapy, surgery, radiofrequency ablation and brachytherapy can be used to treat recurrent thyroid cancer (11, 20–22). Butfor refractory recurrence of thyroid cancer, there is still no optimal treatment. Terezakis SA reported results for adjuvant and salvage EBRT in 76 patients with non-anaplastic thyroid cancer, and in patients with macroscopic residual disease, the four-year locoregional control rate was 62 percent (23). Kim et al. studied stereotactic body radiotherapy as salvage treatment for cervical recurrence from non-anaplastic thyroid cancer refractory to other modalities. No local progression was observed in the nodes during the 23-month follow-up (15). Parker et al. treated a patient with cerebral metastasis by craniotomy, postoperative external cerebral radiotherapy and 125I seed implantation in the tumor bed and made a complete recovery (24). This study was the pioneer of using 125I to treat cerebral metastasis from thyroid cancer. However, this paper studied only tumor bed implantation for cerebral metastasis after surgery. From 1990, no other report about 125I seed implantation used in recurrent thyroid cancer was found in PubMed. 125I seed implantation is a brachytherapy that belongs to radiotherapy. Numerous studies on outcomes of EBRT for thyroid cancer used elective nodal irradiation ENI (25–27). However, ENI is related to lengthy duration of treatment and radiation-induced morbidity. In addition, it remains to be determined whether ENI can decrease the possibilities of local recurrence in patients with recurrent thyroid cancerand ultimately improve relapse-free rates remains to be ascertained (28). In Terezakis’s study, the median total EBRT dose delivered was 63 Gy (59.4 – 70Gy). The overall local control rate was 77% for two years and 62% for four years for those with gross residual disease, and the 2- and 4-year overall survival rates were respectively 57% and 46% for those with gross residual disease (23). In Kim’s study, the dose (EQD2) delivered was 50 - 74.7Gy, and the overall survival rate was not reported. Five of nine patients developed regional failures, and the 1-year local control rate was 78% (15). In our study, the dose (EQD2) delivered was 85-123.25Gy and the overall local control rate was 92.9% for one year, 83.3% for two years, and 45.5%% for four years, the 2- and 4-year overall survival rate for all patients was 82% and 58%. Our 1-year, 2-year local control rate and 2-year, 4-year survival rate were better than Kim’s and Terezakis’s study respectively. The reason may have stemmed from our higher dose delivered. According to Kim’s study, SBRT seems only to be used for small recurrent thyroid cancer (1.6ml to 43.6ml) (15), while 125I seed brachytherapy can treat thyroid cancer with a larger volume (7.2ml to 448ml). Our 4-year local control rate is lower than EBRT. Two reasons may need to be taken into account. The first is the targets were the tumor bed with gross residual disease after surgery in the EBRT group while the targets were recurrent tumors in our study. The second is the treatment volume in the EBRT group may be much bigger than our study. Ji et al. reported a 44.2% 5-year local control rate if D90 was ≥120 Gy for recurrent head and neck tumors after radiation therapy treated by 125I seed brachytherapy (29). Our 5-year locoregional control rate (40%) is a little lower compared to Ji’s study. It may be mainly because the D90 of some patients in our study was not adequate. Compared to EBRT, the most important advantage of 125I seed brachytherapy is improving the dose of the target and at the same time, lowering the dose of the organ at risk. If we elevate the D90 of the target and at the same time control the dose of organ at risk, the results might be better. Furthermore, multiple times of salvage 125I seed treatment after local failure is another advantage of brachytherapy.

For ENI, the main disadvantage of treating thyroid cancer is radiation-related toxicity. The most common adverse reactions are dysphagia, pharyngitis, hoarseness, mucositis,dermatitis, and some late complications, such as tracheal stenosis, skin fibrosis, and esophageal stricture. One study reported that among 76 patients who underwent EBRT, 24 of them suffered from grade 3 dysphagia and 14 of them mucositis (23). Another study of 131 patients treated with EBRT asserted that ten patients had severe late radiation-induced morbidities; required dilation for esophageal stricture occurred in seven patients and two developed tracheal stenosis (30). However, there were no radiation-related toxicities in the present study, implying that 125I seed brachytherapy with a dose (EQD2) of 85-123.25Gy was safe for previously treated patients No brachytherapy related morbidities were observed during the up to 93 months follow-up. This may owe to the strict dose control of the organ at risk.



Conclusions

125I seed brachytherapy was effective for controlling LN recurrence in thyroid cancer. Compared to EBRT and SBRT, brachytherapy has better local control, overall survival, and lower radiation-induced complications. Nevertheless, further large-scale research should be carried out to determine the role of brachytherapy in patients with local recurrence of thyroid cancer.
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OEBPS/Images/table2.jpg
Patient no. Brachytherapy session LN (s) (n) Seeds number Brachytherapy Implantand guide Brachytherapy EQD2 (Gy) Response Status (mo)

dose (Gy) technique

1 4 2 150 120 FH/CT and US 102 CR DWD(48)
2 1 1 31 110 FH/CT and US 93.5 CR NED(92)

3 2 1 89 95/110 FH/CT and US 80.75/93.5 CR/SD  DWD(93)
4 5 2 214 90 FH/CT 76.5 PR DWD(59)
5 3 2 90 110 FH/CT and US 93.5 CR AWD(64)
6 5 3 89 100/140 FH/CT and US 85/119 CR AWD(56)
7 2 2 83 107/100 3D/CT 90.95/85 SD DWD(31)
8 2 2 22 181.7 FHUS 11.9 CR AWD(52)
9 5 1 179 145 3D/CT 123.25 PR AWD(27)
10 2 3 52 123/124 3D/CT 104.565/105.4 PR DWD(65)
1l 1 1 10 120 FH/CT and US 102 CR NED (21)
12 1 1 4 118 3D/CT 100.3 PR AWD(5)

13 1 1 70 121 FH/CT and US 102.85 CR DWD(15)
14 1 1 60 120 FH/CT and US 102 CR AWD(12)
15 1 1 80 120 FH/CT and US 102 PR DWD(23)

AWD, alive with disease; DWD, dead with disease; NED, no evidence of disease; EQD2, equivalent dose in 2-Gy fraction; 3D, 3D-printed template guided brachytherapy; FH, Freehand
brachytherapy; US, ultrasound image.
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Sex Age Diagnosis Surgery location Primary/retreatment Total LN volume Seed activity Prescription dose

(year) (cm3)* (mCi) (Gy)
1 Male 54 PTC I-NLN, r-NLN 9 neck surgeries 107.5 0.4/0.6 120
3 Rl treatments
2 Female 56 PTC r-NLN 2 neck surgeries 225 0.4 120
1 Rl treatments
3 Female 69 FTC I-NLN 5 neck surgeries 12 0.5 100
4 Male 64 FTC I-MLN, dorsal metastasis 1 neck surgery 448 0.5-0.7 100
1 endotracheal stent implant
5 Male 53 MTC I-NLN, I-NLN 1 neck surgery 140 0.3/0.4 120
1 chemotherapy
1 neck EBRT
6 Male 46 PTC r-NLN, I-NLN, Lung 2 neck surgeries 22.4 0.3 100/140
Metastasis 1 neck EBRT
7 Male 53 PTC I-NLN, r-NLN 4 neck surgeries 85.2 0.5 100
1 Rl treatment
1125l seeds
8 Male 46 PTC I-NLN, I-NLN 1 neck surgery 82 0.3/0.4 100
3Rl treatments
Male 47 PTC I-NLN 2 neck surgeries 165.5 0.3-3.0 140
10 Male 68 PTC r-NLN, I-NLN, Lung 3 neck surgeries 61 0.5 120
Metastasis 4 Rl treatments
11 Female 54 PTC I-NLN 3 neck surgeries 2 0.5 120
1 Rl treatment
12 Male 78 PTC Submental lymph node 3 neck surgeries 15.4 0.3 120
3Rl treatment
1 neck EBRT
13 Female 63 PTC I-NLN 1 neck surgery 60 0.6 120
14 Female 58 PTC I-NLN 1 neck surgery 100 0.65 120
1 chemotherapy
1 brain SBRT
15 Female 67 MTC I-NLN 2 neck surgeries 30 0.6 120

1 mediastinum EBRT

PTC, papillary thyroid cancer; FTC, follicular thyroid cancer; MTC, medullary thyroid cancer; I-NLN, left neck lymph node; RI, radioactive iodine; r-NLN, right neck lymph node; I-MLN, left-
mediastinum lymph node; SBRT, stereotactic body radiotherapy; EBRT, external beam radiotherapy.
*Total I N volume is a sum of volumes of all treated | Ns.





