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Abstract

:

Simple Summary


Treatment effect and safety of external beam radiation therapy (EBRT) for unresectable locally advanced thyroid cancer are not established. Tyrosine kinase inhibitors (TKIs) are used in first-line treatment for unresectable thyroid cancer; however, these treatments are sometimes unsuitable for patients with poor performance status or tumors invasive to trachea or large vessels. EBRT might have potential to treat these conditions. This single-center retrospective study aimed to evaluate the treatment effect and safety of EBRT for advanced thyroid cancer. Our findings indicate that EBRT for unresectable thyroid cancer has the potential to provide a highly objective response rate without severe toxicities. Although TKIs are the choice for first-line treatment for unresectable thyroid cancer, EBRT may also be considered if TKIs are unsuitable. However, because the present study evaluated a small number of patients with heterogenous histological tumor types, our findings are not conclusive.




Abstract


We evaluated treatment outcomes of external beam radiation therapy (EBRT) for unresectable locally advanced thyroid cancer (LATC) with or without metastasis. We enrolled 11 LATC patients who underwent EBRT (median age: 76 (45–83) years; six males and five females). Eastern Cooperative Oncology Group performance statuses of 0 (n = 3), 1 (n = 1), 2 (n = 6), and 3 (n = 1) were observed. Histologic types included papillary carcinoma (n = 5), anaplastic carcinoma (n = 3), and squamous cell carcinoma (n = 3). The organs invaded by the tumor that caused it to be deemed unresectable were common carotid artery (n = 5), trachea (n = 4), aorta (n = 1) and larynx (n = 1). The median follow-up time was 6 months. One, seven, two, and one patient showed complete response (CR), partial response (PR), stable disease, and progressive disease, respectively. The rate of local CR+PR was 73%; moreover, 75% of patients achieved a >30% tumor size reduction within 6 months. The median local progression-free survival of patients with local CR+PR was 11.5 (4–68) months. The median overall survival was 6 (1–68) months. Grade 3 acute complications occurred in five (45%) patients. No patients had Grade 4 or 5 complications. In conclusion, EBRT reduced the tumor volume in 75% of LATC patients without inducing severe toxicity. This therapy should be considered as a treatment option for LATC.
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1. Introduction


Surgical resection with or without radioactive iodine is a standard therapy for operable advanced thyroid cancer [1,2,3]. Unresectable thyroid cancers can be treated using three tyrosine kinase inhibitors (TKIs), namely lenvatinib, sorafenib, and vandetanib. These TKIs have shown high response rates and survival benefits in phase II/III studies [4,5,6]. However, locally advanced thyroid cancer (LATC) involving invasion of the trachea or neck vessels has a high risk for TKI-related toxicities, including trachea or vessel perforation, which renders TKIs unsuitable for use [7,8].



The role of external beam radiation therapy (EBRT) for unresectable thyroid cancer remains unclear. Studies with small patient numbers have reported benefits of EBRT for LATC [9,10,11,12,13]; however, most of the previous studies on EBRT assessed it as an adjuvant or salvage therapy for pathological or gross remnants of thyroid cancer after surgery. There have been no large-scale or prospective studies on EBRT for unresectable LATC. To our knowledge, only a few studies reported on EBRT for unresectable LATC, and one of them reported that locoregional disease control at 1 year was 33% in patients with gross unresectable thyroid cancer treated using EBRT with a 60–70 Gy dose [10]. Furthermore, the efficacy and safety of TKI and EBRT combination therapy, either concurrently or sequentially, remain unclear. Therefore, there is a need to evaluate the effectiveness and safety of EBRT for unresectable LATC. This retrospective study aimed to evaluate the efficacy and tolerability of EBRT for unresectable LATC.




2. Materials and Methods


2.1. Ethical Statement


This retrospective study protocol was approved by the Akita University Hospital institutional review board (no. 1951, approved on 27 April 2018). All methods were performed following the guidelines and regulations of the ethics board. The requirement for informed consent was waived since this study used anonymized data.




2.2. Patients


We included 11 consecutive patients with LATC who underwent EBRT between January 2002 and December 2017 in our institution. We retrospectively obtained data regarding medical history, imaging, and radiation plans. The clinical T stage was determined according to the 8th edition of the Union for International Cancer Control TNM Classification of Malignant Tumors [14].




2.3. Evaluation


Tumor response to therapy was evaluated according to the Response Evaluation Criteria in Solid Tumors version 1.1; furthermore, adverse events were scored according to the common terminology criteria for adverse events version 5.0. Local response, overall response, and overall survival (OS) were analyzed in all patients. Local progression-free survival (L-PFS) was examined in patients with complete response (CR) or partial response (PR) to irradiation. OS and L-PFS were defined as the time from the initiation of EBRT to death from any cause and local tumor relapse/death from any cause, respectively. The Kaplan-Meier method was used to analyze L-PFS and OS; furthermore, a waterfall plot was constructed to analyze the local response. The Mann–Whitney U test was used to analyze the effects of the irradiation dose with concurrent systemic therapy on the maximum percent change in the local tumor size. To compare irradiated dose schedules, we used BED10, which is calculated as “total dose × (1 + dose per fraction/10)” for analysis [15]. Statistical significance was set at a p-value < 0.05. All analyses were performed using BellCurve for Excel (version 3.20; Tokyo, Japan).




2.4. Radiation Therapy


All EBRT plans were based on three-dimensional conformal radiotherapy with a computed tomography (CT) simulation scan. The target volumes were contoured on CT simulation images according to pretreatment diagnostic images, including contrast-enhanced CT and ultrasound. All radiation targets included the primary thyroid tumor mass. In contrast, the inclusion of involved neck lymph nodes as a radiation target was determined by the radiation oncologist-in-charge based on the treatment intent, patient condition, and tumor condition. The gross tumor volume (GTV) was determined as the primary tumor mass with or without the involved neck lymph nodes. The clinical target volume (CTV) was defined as the GTV plus an approximate 0.5–1 cm margin in all directions or inclusion of the total thyroid body. The planning target volume was determined as the CTV plus 0.5 cm in all directions. The dose reference point was defined at the iso-center. The radiation dose was 50–60 Gy and was often divided into 1.8–2.5 Gy per fraction and administered over 5–6 weeks. However, a shorter radiation schedule with higher doses per fraction was used for patients depending on the decision of the radiation oncologist-in-charge. Radiation was delivered with 1–4 fields from multiple directions, with the delivery method being determined by the radiation oncologist in charge. A 4- or 6-megavoltage X-ray beam was used for all patients. For organs at risk surrounding the thyroid, the following dose constraints were to be met as much as possible in the present study: the maximum dose of spinal cord, larynx, and esophagus were 44 Gy, 66 Gy and 60 Gy, respectively. Furthermore, we planned to avoid high-dose distribution area that exceeded 110% of the prescribed dose where possible.





3. Results


3.1. Patient Characteristics


Table 1 summarizes the patient characteristics. We included 11 patients (median age: 76 (45–83) years; six males and five females). Three, one, six, and one patient had an Eastern Cooperative Oncology Group performance status (PS) of 0, 1, 2, and 3, respectively. Seven (64%) patients were in bad condition, as indicated by a PS of 2 or 3. Regarding the histological tumor types, five, three, and three patients had papillary cell carcinomas, undifferentiated cell carcinomas, and squamous cell carcinomas, respectively. The organs invaded by the tumor that caused it to be deemed unresectable were common carotid artery (n = 5), trachea (n = 4), aorta (n = 1) and larynx (n = 1). The total radiation doses (30–60 Gy) were administered in 15–30 fractions with 1.8–2.5 Gy/fraction. The radiation targets included primary tumors with or without the involvement of neck lymph nodes. The biological effective dose at an alpha/beta of 10 (BED10) of the administered doses was 36–72 Gy10 (median: 63.7 Gy10). Two patients prematurely stopped EBRT owing to tumor progression or worsening of patient condition. Five patients received irradiation with concurrent chemotherapy or TKI, including docetaxel (n = 2), cisplatin/fluorouracil/docetaxel (n = 1), cisplatin/etoposide (n = 1), and lenvatinib (n = 1). Four patients underwent chemotherapy or TKI (TS-1 (n = 2), nedaplatin/etoposide (n = 1), and sorafenib followed by lenvatinib (n = 1)) after completing EBRT as adjuvant or second-line treatment for progression.




3.2. Treatment Outcomes


The median follow-up time was 6 (range 1–68) months. The maximum percentage change in the primary tumor size is shown as a waterfall plot in Figure 1. Local treatment responses included local CR (n = 1), local PR (n = 7), stable disease (SD; n = 2), and progressive disease (PD; n = 1). The rate of local CR+PR was 73%; among them, 75% achieved a ≥30% tumor size reduction within 6 months. The local CR group (n = 1) consisting of squamous cell carcinoma which invaded to the common carotid artery with PS 2, was treated with EBRT and TKI concurrently. The local PR group (n = 7) consisting of four papillary carcinoma which invaded to two each of the common carotid artery and the trachea (two each of PS 0 and PS 2) were treated with EBRT alone. Two squamous cell carcinoma which invaded to the common carotid artery or the trachea (one each of PS 0 and PS 2) were treated with concurrent use of EBRT and systemic chemotherapy. One anaplastic carcinoma which invaded to the larynx (PS 1) was treated with concurrent use of EBRT and systemic chemotherapy. The local SD group (n = 2) consisting of one anaplastic carcinoma which invaded to the common carotid artery (PS 3) and one papillary carcinoma which invaded to the aorta (PS2), were treated with EBRT alone. The local PD group (n = 1) consisting of anaplastic carcinoma which invaded to the trachea (PS 2), was treated with concurrent use of EBRT and systemic chemotherapy.



The overall treatment responses included CR (n = 1), PR (n = 6), SD (n = 1), and PD (n = 3). Two patients who achieved local PR or SD were diagnosed with lung metastases during or soon after EBRT; therefore, they were defined as PD in the overall response. One patient treated with EBRT with a concurrent lenvatinib prescription achieved local and overall CR. However, the efficacy and safety of concurrent EBRT and lenvatinib remain unclear. The patient showed uncontrollable bleeding from the thyroid tumor with skin invasion even after lenvatinib administration; therefore, EBRT for the primary tumor was initiated after the patient received detailed explanations of the expected treatment merit and complications. Regarding the maximum percentage change in the primary tumor size, there were no significant differences according to the radiation dose (BED10 < 63.7 vs. ≥63.7 Gy10, p = 0.18) or concurrent systemic therapy (presence vs. absence, p = 0.54).



Figure 2 shows the Kaplan-Meier curves of OS in all patients and L-PFS in patients with local CR or PR with radiation. The median OS was 6 (range: 1–68) months. The median L-PFS of patients with local CR/PR was 11.5 (range: 4–68) months. One patient with clinical stage IVA papillary carcinoma who presented an overall PR survived until 68 months after EBRT without requiring any adjuvant therapy.




3.3. Toxicities


Table 2 lists the EBRT-related toxicities. Since this was a retrospective study, we could not assess laboratory data regarding thyroid hormones; therefore, we could not evaluate thyroid hormone complications. Acute Grade 3 complications occurred in five (45%) patients, including dermatitis (n = 4), pharyngeal mucositis (n = 2), anemia (n = 1), and leukopenia (n = 1). Five patients who underwent concurrent treatment using systemic chemotherapy and TKI experienced any grade hematologic complications. In contrast, patients who were irradiated without systemic therapy did not have hematological complications. There were no cases of Grade 4 or 5 acute toxicity and Grade 3 or higher late complications. Two patients who were concurrently or sequentially treated with EBRT and TKI did not develop any severe toxicities.





4. Discussion


This retrospective study investigated the treatment outcomes of EBRT for LATC and found that EBRT with or without systemic therapy could achieve local CR+PR in 73% of the included patients with LATC, among whom 75% achieved a ≥30% tumor size reduction within 6 months. Grade 3 complications occurred in 5 (45%) patients, with none of the patients having Grade 4 or 5 complications. Our results suggest that EBRT is an effective and safe treatment for LATC.



In this study, 75% of patients achieved ≥30% tumor size reduction without presenting severe toxicities. This retrospective study lacked data regarding post-EBRT thyroid hormone levels; therefore, we could not investigate toxicities related to thyroid hormones. Nonetheless, thyroid gland irradiation has been reported to decrease thyroid hormone levels [16,17]. Therefore, there is a need for careful examination for late thyroid toxicity and dysfunction. Regarding the treatment approach for thyroid cancer, it is crucial to consider both survival benefits and local tumor reduction. Specifically, the latter endpoint is important given the risk of mass effect and compression or invasion to the trachea or major vessels, which could precipitate a medical emergency. We found that tumor size reduction could be achieved in 75% of patients treated with EBRT within 6 months of treatment completion. A secondary analysis of a phase 3 trial on lenvatinib for radioiodine-refractory differentiated thyroid cancer (SELECT trial) reported that the median maximum percentage change in tumor size was −42.9%, with a median tumor reduction of -24.7% at 8 post-randomization weeks [18]. Therefore, lenvatinib yields a strong tumor response. However, irradiation may be the preferred treatment option for tumor reduction in patients where TKI is deemed unsuitable, such as those who present a high risk of severe complications or a fragile condition.



In our study, two patients were treated with TKI, concurrently or after EBRT, without presenting severe toxicities. Few studies have investigated the concurrent or sequential use of TKI with EBRT for LATC. In vitro studies have reported that combination therapy with irradiation and lenvatinib significantly inhibited thyroid cancer growth by inducing apoptosis and G2/M phase cell cycle arrest and increasing cellular uptake of lenvatinib into cancer cells [19]. Some clinical reports have highlighted the positive treatment effects with the concurrent use of TKI and EBRT for thyroid cancer without severe toxicities [20,21]. However, other reports have shown that TKI could induce severe toxicities in patients with extended tumor invasion to the carotid artery or a history of neck irradiation [7,22]. No prospective trials have investigated the combined therapy with irradiation and lenvatinib for thyroid cancer; therefore, there is a need for careful consideration and patient discussion before clinically applying this combined therapy.



In this study, a conventional dose schedule using 3D-conformal radiotherapy with X-ray was employed. With the evolution of irradiation techniques, a higher radiation dose can be administered to target lesions with less exposure to the surrounding normal tissues and organs. Total radiation doses >45 Gy have been reported to be associated with good prognosis in anaplastic thyroid carcinoma [11]. Furthermore, a cumulative dose >64 Gy may be more effective than lower doses in achieving locoregional control [9]. However, it can be difficult to use such high doses with conventional techniques, especially for bulky tumors surrounding high-risk organs, including the spinal cord and esophagus, which lack tolerability for such high radiation doses. In these situations, intensity-modulated radiation therapy (IMRT) could be considered for delivering high radiation doses while reducing late side effects, including esophageal stricture and subglottic laryngeal stenosis [10,12]. Although there remains no evidence regarding proton beam therapy and carbon ion therapy for unresectable thyroid cancer, from a perspective of radiation physics, they could improve dose distribution for higher radiation doses compared with X-ray therapy, without increasing radiation exposure of the surrounding normal tissues and organs. A phase II trial reported that boron neutron capture therapy (BNCT), which is a cancer cell-specific radiation therapy involving high linear energy transfer alpha rays, was effective for locally advanced or recurrent head and neck cancer [23]. Although this previous trial did not include patients with thyroid cancer, BNCT may allow safe delivery of high-dose radiation for thyroid tumors. In addition to increasing the total dose, there have been studies on increasing the daily dose and shortening the treatment period. Accelerated hyperfractionated radiotherapy, which involves irradiation twice a day with a shorter total treatment period and is effective for small cell lung carcinoma [24], has been applied with the aim of improving treatment outcomes in anaplastic thyroid cancer, although there was no significant survival benefit [25]. Further investigation using these new techniques or ingenuity of radiation schedules is needed to improve the treatment outcomes of EBRT for unresectable thyroid cancer.



This study had two important limitations. First, this was a small-scale, retrospective, single-center study, which could have limited our findings. Given that EBRT for LATC is not well established, the opportunity for delivering EBRT to patients with LATC is rare. Our search for patients who met the inclusion criteria during a 15-year period yielded only 11 cases. To evaluate treatment outcomes of EBRT for LATC, a multicenter prospective study is necessary. The second limitation pertains to the variability in the irradiation dose and field, with missing data regarding tumor size and thyroid hormone function. Uniformed radiation planning with respect to the radiation dose and target should be applied to compare treatment outcomes. Moreover, there could have been unidentified cases of late toxicity of thyroid hormone. Despite these limitations, our results suggest that EBRT for LATC has a tumor-reductive effect without producing severe toxicities. There is a need for further prospective studies that employ advanced techniques, including IMRT, charged-particle therapies, and BNCT, as well as ingenuity of radiation schedules, including accelerated hyperfractionated radiotherapy and hypofractionated therapy, with higher doses per fraction for improving the treatment outcomes of EBRT for unresectable thyroid cancer.




5. Conclusions


In conclusion, EBRT achieved tumor size reduction in 73% of patients, among whom 75% had tumor size reduction within 6 months of EBRT completion. Treatment was well tolerated with few complications. Although TKIs are the main therapy for unresectable thyroid cancer, EBRT can be considered in cases with a clinical risk of using TKIs.
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Figure 1. Waterfall plot of primary tumor response. Percentage changes in primary tumor size before and after irradiation were evaluated based on the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. One patient (*) showed progressive disease (PD) during EBRT with a tumor increase of >20%. One patient (†) diagnosed with papillary carcinoma showed a tumor size reduction of only 1%. The PD and partial response (PR) cutoff lines represent +20% and −30%, respectively, based on the RECIST. R: Treated by EBRT without concurrent use of systemic therapy. R+C: Treated by concurrent use of EBRT and systemic chemotherapy. R+T: Treated by concurrent use of EBRT and tyrosine kinase inhibitor. The number in parentheses after the “R”, “R+C” or “R+T” indicates a performance status. 
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Figure 2. Overall survival and local progression-free survival. Overall survival (OS) in all patients and local progression-free survival (L-PFS) in patients who achieved local complete response or partial response with irradiation are shown. The median OS and L-PFS were 6 and 11.5 months, respectively. One-year OS and L-PFS rates were 51% (95% CI, 20–81%) and 80% (95% CI, 34–100%), respectively. 
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Table 1. Patient and tumor characteristics (n = 11).
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	Characteristics
	Value





	Age (years)
	



	Median
	76



	Range
	45–83



	Gender
	



	Male
	6



	Female
	5



	Performance status
	



	0
	3



	1
	1



	2
	6



	3
	1



	Histology
	



	Papillary carcinoma
	5



	Anaplastic carcinoma
	3



	Squamous cell carcinoma
	3



	Organ invaded by tumor(clinical T stage, UICC 8th)
	



	Common carotid artery (T4b)
	5



	Aorta (T4b)
	1



	Trachea (T4a)
	4



	Larynx (T4a)
	1



	Tracheostomy
	



	Yes
	4



	No
	7



	Irradiation dose
	



	60 Gy in 30 fractions
	7



	54 Gy in 30 fractions
	1



	50 Gy in 20 fractions
	1



	46 Gy in 23 fractions (canceled halfway)
	1



	30 Gy in 15 fractions (canceled halfway)
	1



	Concurrent systemic therapy
	



	Docetaxel
	2



	Cisplatin/fluorouracil/docetaxel
	1



	Cisplatin/etoposide
	1



	Lenvatinib
	1







Clinical T stage was according to 8th edition of the Union for International Cancer Control TNM Classification of Malignant Tumors.
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Table 2. Toxicities related to EBRT therapy.






Table 2. Toxicities related to EBRT therapy.





	
Toxicities

	
Number of Patients (%)




	

	
G1

	
G2

	
G3

	
G4

	
G5






	
Hematological

	

	

	

	

	




	
Anemia

	
2 (18%)

	
2 (18%)

	
1 (9%)

	
0 (0%)

	
0 (0%)




	
Leucopenia

	
1 (9%)

	
0 (0%)

	
1 (9%)

	
0 (0%)

	
0 (0%)




	
Thrombocytopenia

	
0 (0%)

	
1 (9%)

	
0 (0%)

	
0 (0%)

	
0 (0%)




	
Non-hematological

	

	

	

	

	




	
Dermatitis

	
4 (36%)

	
3 (27%)

	
3 (27%)

	
0 (0%)

	
0 (0%)




	
Pharyngitis

	
0 (0%)

	
2 (18%)

	
2 (18%)

	
0 (0%)

	
0 (0%)




	
Nausea

	
1 (9%)

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
0 (0%)








G: grade, according to the CTCAE version 5.0.
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