

[image: Predictive Value of Thyroglobulin Changes for the Curative Effect of Radioiodine Therapy in Patients With Metastatic Differentiated Thyroid Carcinoma]
Predictive Value of Thyroglobulin Changes for the Curative Effect of Radioiodine Therapy in Patients With Metastatic Differentiated Thyroid Carcinoma





ORIGINAL RESEARCH

published: 10 May 2021

doi: 10.3389/fendo.2021.667544

[image: image2]


Predictive Value of Thyroglobulin Changes for the Curative Effect of Radioiodine Therapy in Patients With Metastatic Differentiated Thyroid Carcinoma


Congcong Wang, Ruiguo Zhang, Renfei Wang *, Zhaowei Meng, Guizhi Zhang, Feng Dong, Yajing He and Jian Tan


Department of Nuclear Medicine, Tianjin Medical University General Hospital, Tianjin, China




Edited by: 
Christoph Reiners, University Hospital Würzburg, Germany

Reviewed by: 
James Nagarajah, Radboud University Nijmegen Medical Centre, Netherlands

Eleonora Molinaro, University of Pisa, Italy

*Correspondence: 
Renfei Wang
 roslyn_en@163.com

Specialty section: 
 This article was submitted to Thyroid Endocrinology, a section of the journal Frontiers in Endocrinology


Received: 13 February 2021

Accepted: 14 April 2021

Published: 10 May 2021

Citation:
Wang C, Zhang R, Wang R, Meng Z, Zhang G, Dong F, He Y and Tan J (2021) Predictive Value of Thyroglobulin Changes for the Curative Effect of Radioiodine Therapy in Patients With Metastatic Differentiated Thyroid Carcinoma. Front. Endocrinol. 12:667544. doi: 10.3389/fendo.2021.667544




Background

Serum thyroglobulin (Tg) serves as a sensitive and easily available tumor marker for patients with metastatic differentiated thyroid carcinoma (m-DTC). The aim of the present study was to evaluate the predictive value of suppressed Tg changes (Δsup-Tg) and/or stimulated Tg changes (Δsti-Tg) to evaluate the efficacy of radioiodine therapy (RT).



Methods

We studied 117 patients with m-DTC who received RT. Δsup-Tg and Δsti-Tg were compared after the first RT in different therapeutic response groups and a receiver-operating characteristic (ROC) curve was used to determine the cut-off values to predict non-remission. Univariate and multivariate analyses were used to investigate the effects of 17 observed factors on the efficacy of RT.



Results

A total of 218 RT events in 117 patients with m-DTC were analyzed. After the last RT, the remission rate was 70.94% (83/117), and the proportion of remission events accounted for 74.77% (163/218). ROC curve analysis showed that the cut-off values for Δsup-Tg and Δsti-Tg after the first RT to predict the non-remission of RT were 21.54% and 27.63%, respectively. Age, the size of the metastasis, the maximum count of target metastatic lesions and the average count of contralateral non-target tissue on tomographic imaging (Tmax/NTmean) of the first RT, and Δsup-Tg after the first RT were identified as independent factors associated with RT efficacy.



Conclusions

Tg response was valuable to predict RT efficacy for patients with m-DTC. Age, the size of the metastasis, Tmax/NTmean, and Δsup-Tg after the first RT were verified as independent predictive factors of RT efficacy.
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Introduction

Differentiated thyroid carcinoma (DTC) accounts for approximately 90% of all thyroid carcinomas, and has a relatively good prognosis; however, 5-25% of patients with DTC develop distant metastasis (1–5). The 10-year survival rate of patients with metastatic differentiated thyroid carcinoma (m-DTC) is significantly reduced compared with patients with non-metastatic DTC (6). Radioiodine therapy (RT) has been recognized as a conventional therapeutic strategy for patients with 131I-avid m-DTC for nearly 80 years (6, 7). Studies have confirmed that RT can significantly reduce the tumor-related mortality of patients with m-DTC and improve their overall survival significantly (8, 9).

The 2015 American Thyroid Association (ATA) management guidelines pointed out that 131I-avid metastatic lesions can be treated with 131I, and the response to the previous RT and real-time disease status should be combined to assess whether the patient should undergo repeated RT (3, 4). Unfortunately, the guidelines failed to provide detailed indications for repeated RT. Therefore, how to evaluate the efficacy of RT on patients with m-DTC and how to determine the decision and timing of repeated RT have caused a considerable controversy, becoming important issues in current clinical work (1, 3, 4, 10).

A series of studies confirmed that multiple interrelated factors might change the uptake of 131I by metastatic lesions positively or negatively, and may ultimately change the RT outcome (1, 4, 10–12). Thyroglobulin (Tg) is an important and easily measured tumor marker for DTC, which reflects the patient’s tumor burden and is influenced by the levels of thyroglobulin antibody (TgAb) and thyroid stimulating hormone (TSH) (3, 4, 13). Meanwhile, Tg also has value to predict the response or resistance to RT.

Therefore, this retrospective clinical study aimed to evaluate the curative effect of RT by analyzing the clinical data of 117 patients with 131I-avid m-DTC, aiming to explore the value of Tg change in predicting the efficacy of RT, to identify relevant factors that affect RT efficacy, and provide a basis for clinical decision-making.



Materials and Methods


Study Conduct

The study protocol was approved by the Medical Ethics Committee of Tianjin Medical University General Hospital. All the patients who participated in this study provided written informed consent form before the start of the research. The authors performed anonymous analysis on all clinical data used in this study and fully guaranteed the accuracy and completeness of the data and analysis.



Study Populations

We screened retrospectively 1821 patients with DTC who had received a total thyroidectomy and RT at our hospital from January 2013 to June 2019 using our institutional radionuclide therapy information system. Among these 1821 patients, we identified 117 patients with 131I-avid m-DTC with no thyroid tissue residue, as demonstrated using post-therapeutic 131I whole-body scanning (Rx-WBS) (78 female, 39 male, sex ratio (F:M) 2:1; age range: 11-74 years). Data comprising the clinicopathological characteristics of the patients at the time of diagnosis with DTC, the time of diagnosis of metastasis, lesion location and size, the changes in suppressed thyroglobulin (sup-Tg) and stimulated thyroglobulin (sti-Tg) before and after each RT, and the efficacy evaluation, were collected.



Inclusion and Exclusion Criteria for This Study

The inclusion criteria of this study were as follows: (1) The patients underwent total or near total thyroidectomy. (2) The histopathological type was diagnosed as DTC. (3) The patient had undergone radioiodine residual ablation and no residual thyroid tissue was found upon Rx-WBS. (4) Focal or diffuse 131I-avid metastatic lesions were observed on Rx-WBS after excluding the physiological 131I uptake and contamination, with or without positive findings on other diagnostic/functional imaging modalities (computed tomography, CT; magnetic resonance imaging, MRI; ultrasonography, whole body bone static imaging, WBI; and Rx-WBS). (5) Negative TgAb. (6) Follow-up for more than six months after the last RT. The exclusion criteria comprised any of the following: (1) The patient did not undergo standard RT and efficacy evaluation. (2) Periodical follow-up data were incomplete. (3) The patient suffered from other malignant diseases.



RT Procedures

The preparation and protocol of RT for patients with m-DTC were carried out according to the recommendations of the 2015 ATA guidelines (4). All the subjects strictly withdrew from levothyroxine and followed a low-iodine diet for 2-4 weeks before RT (TSH>30mIU/L) (1). Oral 131I at a dose of 5.55-7.40 GBq was given for each round of RT, and the interval between rounds of RT varied from 6 to 12 months (4, 14). The patients underwent Rx-WBS and tomographic image fusion was performed using a single photon emission computed tomography/computed tomography instrument (SPECT/CT, GE Discovery NM/CT 670; GE healthcare, Chicago, IL, USA) 3-7 days after RT (15). The region-of-interest (ROI) technique was used to analyze the uptake of 131I of the metastatic lesion on tomographic imaging semi-quantitatively (16). Briefly, the regions of each target metastatic lesion (T) and contralateral non-target tissue (NT) were delineated separately, and the maximum T count (Tmax) and the average count of NT (NTmean) were recorded. Consequently, Tmax/NTmean was used as an index to evaluate the ability of the metastatic lesion to uptake 131I.



Tg Assessment Profile

In this study, we performed separate quantitative analysis of sup-Tg and sti-Tg during RT. Sup-Tg was measured 3-4 months before and 2-3 months after RT, which was denoted as sup-Tg1 (TSH < 0.1mIU/L) and sup-Tg2 (TSH < 0.1mIU/L), respectively. The sti-Tg and TSH (TSH > 30mIU/L) on the day or within 3 days before RT (sti-Tg1, TSH1) and at the next (sti-Tg2, TSH2) time of RT were measured and recorded. Δsup-Tg, the change in the value of sup-Tg, was defined as follows: [(sup-Tg1 - sup-Tg2)/sup-Tg1 ×100%]. To eliminate the influence of TSH, we defined the change in the value of sti-Tg as follows: Δsti-Tg= [(sti-Tg1/TSH1- sti-Tg2/TSH2)/(sti-Tg1/TSH1) ×100%].



Evaluation for the Efficacy of RT

According to the relevant literature (4, 6, 10, 11, 17), we combined the changes in serology and diagnostic imaging (Rx-WBS and ultrasound, CT, MRI, and WBI) to divide the efficacy of RT into a complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). Then, patients with CR and PR were included in the remission group, while those with SD and PD were included in the non-remission group.

	CR: No abnormal 131I uptake and the disappearance of all detectable metastatic lesions upon Rx-WBS and/or other imaging modalities, sti-Tg < 1ng/mL and/or sup-Tg < 0.2ng/mL.

	PR: Decreased 131I uptake or reduced numbers of metastatic lesions upon Rx-WBS and/or other imaging modalities, with decreased sti-Tg and/or sup-Tg levels.

	SD: No obvious change in the size of the metastatic lesions or 131I uptake upon Rx-WBS and/or other imaging modalities, with any change in sti-Tg and/or sup-Tg.

	PD: Increased size or number of metastases, or higher 131I uptake upon Rx-WBS and/or other imaging modalities, with increased sti-Tg and/or sup-Tg levels.





Statistical Analysis

IBM SPSS 26.0 software (IBM Corp, Armonk, NY, USA) was used to perform the statistical analysis of the data. Data are presented as means ± standard deviations, medians with ranges, numbers with percentages, or proportions. The Mann-Whitney U test was used to compare the Δsup-Tg and Δsti-Tg values in the different efficacy groups. Receiver-operating characteristic (ROC) curves were established to predict non-remission of RT for patients with m-DTC. The Mann-Whitney U test, chi-squared tests, or two-sample t test were performed for univariate analyses according to needs, and significant factors were then included in the logistic regression analysis to identify the independent risk factors that affect the efficacy of RT. P < 0.05 was considered statistically significant.




Results


Therapeutic Efficacy of RT

The 117 patients with m-DTC included in this study were followed-up regularly after receiving RT. The rates of CR, PR, SD, and PD were 19.66% (23 cases), 51.28% (60 cases), 16.24% (19 cases) and 12.82% (15 cases), respectively. The remission group (CR+PR) comprised 83 cases (70.94%), while the non-remission group (SD+PD) included 34 cases (29.06%). The enrolled patients with m-DTC received RT for one to five times, and a total of 218 RT events were finally recorded. Among them, the events of CR, PR, SD, and PD accounted for 10.55% (23/218), 64.22% (140/218), 18.35% (40/218), and 6.88% (15/218), respectively. The proportions of remission events (CR+PR) and non-remission events (SD+PD) were 74.77% (163/218) and 25.23% (55/218), respectively.



Comparison of the Δsup-Tg and Δsti-Tg After The First/Single RT in Different Therapeutic Outcomes

The median Δsup-Tg after the first RT in the patients in the remission group was 31.68%, while that in the non-remission group was only 12.02%. There was a statistical difference between the two groups (z = -6.801, P < 0.001). Meanwhile, the median Δsti-Tg after the first RT in the patients in the remission group was 39.72%, which was also significantly higher than the 21.63% in the non-remission group (z =-5.961, P < 0.001) (Table 1).


Table 1 | Comparison of the Δsup-Tg and Δsti-Tg values after the first or single RT for different therapeutic outcomes.



Out of 218 RT events, remission RT was obtained for 163 events, while 55 yielded non-remission events. In the remission events, the median Δsup-Tg and Δsti-Tg after a single RT event were 29.06% and 34.24%, respectively, while they were only 5.99% and 12.54% in the non-remission events, which were statistically significantly different between the two types of therapeutic efficacy events (z =-10.298 and -9.005, both P < 0.001) (Table 1).



ROC Curve Analysis of Δsup-Tg and Δsti-Tg After the First/Single RT to Predict the Curative Effect

The ROC curve showed that the Δsup-Tg and Δsti-Tg values after the first RT showed a good performance to predict non-remission (Figure 1A). A cut-off value of Δsup-Tg after the first RT at 21.54% was achieved to detect patients that did not achieve remission, with a sensitivity of 86.7% and specificity of 88.2%, and area under the curve (AUC) of 0.901. Meanwhile, a cut-off value of Δsti-Tg after the first RT at 27.63% was obtained, with a sensitivity of 88.0%, a specificity of 73.5%, and the corresponding AUC of 0.852, respectively. Thus, if the Δsup-Tg was lower than 21.54% and/or Δsti-Tg was lower than 27.63% after the first RT, the curative effect was more likely to be non-remission.




Figure 1 | (A) Receiver operating characteristic (ROC) curves for Δsup-Tg and Δsti-Tg after the first RT to predict non-remission. (B) ROC curves for Δsup-Tg and Δsti-Tg after a single RT to predict non-remission.



The cut-off value of Δsup-Tg after a single RT at 12.90% and Δsti-Tg after single RT at 22.69% were obtained by ROC curve analyses to best distinguish remission and non-remission events, with corresponding specificities of Δsup-Tg and Δsti-Tg after single RT separately of 85.5% and 81.8%, and sensitivities of 93.9% and 87.1%, and AUCs of 0.965 and 0.906, respectively (Figure 1B). That is, after single RT, a Δsup-Tg was less than 12.90%, and/or Δsti-Tg of less than 22.69% indicated that the single RT has poor efficacy.



Univariate Analyses of the Efficacy of RT for m-DTC Patients

Upon analyzing the relationship between clinicopathological features and the therapeutic efficacy of 131I, a total of 17 factors were involved in the univariate analysis (Tables 2, 3). We found that older patients, subjects with a bigger primary tumor, higher T stage, extrathyroidal invasion, BRAFV600E mutation positive, metastatic lesions > 1cm, extrapulmonary distant metastases, higher sti-Tg levels at diagnosis, lower Tmax/NTmean after the first RT, and those with lower Δsup-Tg and Δsti-Tg after the first RT had a higher probability of non-remission (P= 0.000, 0.000, 0.017, 0.027, 0.006, 0.000, 0.022, 0.003, 0.000, 0.000, and 0.000, respectively). However, we found no statistically significant differences in sex (P = 0.249), histological type (P = 0.208), N stage (P = 0.283), primary tumor multifocal (P = 0.587), diagnosis time of metastases (P = 0.105), and the first RT dose (P = 0.306).


Table 2 | Univariate analyses for the continuous variables.




Table 3 | Univariate analyses for the categorical variables.





Multivariate Analyses of the Efficacy of RT for Patients With m-DTC

Multivariate logistic regression analysis was performed on efficacy-related factors from the univariate analysis. Multivariate logistic regression (Table 4) revealed that only the age, the size of the metastases, the Tmax/NTmean of the first RT, and the Δsup-Tg after the first RT were verified as independent factors that predicted non-remission after RT. In summary, older patients with m-DTC (odds ratio [OR]: 1.180; 95% confidence interval [CI]: 1.063-1.308; P = 0.002), subjects with larger metastases (OR: 31.890, 95%CI: 2.832-359.162; P = 0.005), lower Tmax/NTmean of the first RT (OR: 0.719, 95%CI: 0.568-0.910; P = 0.006), and lower Δsup-Tg after the first RT (OR: 0.832, 95%CI: 0.746-0.927; P = 0.001) had a higher probability of non-remission.


Table 4 | Logistic regression analyses of the variables affecting non-remission after RT in 117 patients with m-DTC.






Discussion

Lungs, bones, and lymph nodes are the most common sites of DTC metastasis. The existence of metastatic lesions is the main cause of the decline in the quality of life and death of patients with m-DTC (6, 11, 18). If an early diagnosis and effective treatment are not undertaken, the 5-year mortality rate can be as high as 50% (19). 131I is one of the main methods of postoperative adjuvant treatment for patients with intermediate or high-risk DTC, which can significantly improve the overall survival rate and reduce the risk of recurrence, metastasis, and death (17, 20).

However, the conventional response evaluation criteria in solid tumors (RECIST) are usually imperfect to assess the RT response of patients with m-DTC, because un-measurable lesions are often found. In addition, because of the indolence and well differentiation of 131I-avid m-DTC, it is difficult to detect the morphological changes of the lesions in the early stage upon anatomical imaging (1, 6, 21). Although the response to therapy classification modified by the 2015 ATA guidelines can dynamically assess the patient’s disease status in real time (4), the effectiveness of RT cannot be adequately reflected because patients with 131I-avid m-DTC have been in a state of “structural incomplete response” under imaging evaluation for a long time.

Tg, an important biochemical marker for DTC, reflects the tumor burden of patients with DTC with total thyroidectomy accurately (4). The presence of TgAb will interfere with the determination of Tg and affect the accuracy of disease monitoring; therefore, the levels of Tg and TgAb were monitored simultaneously in this study and those subjects with TgAb positivity were excluded. Regular monitoring of Tg can be used to assist the evaluation of the efficacy of RT for patients with 131I-avid m-DTC, and a decrease in Tg is one of the important signs of effective treatment (13, 22, 23).

Therefore, the combined use of serological and imaging indicators has been established an indispensable tool to evaluate the efficacy of RT. Our previous study (17) showed that the sti-Tg value at diagnosis was an independent and significant predictor of RT efficacy in patients with DTC with pulmonary metastasis. The ROC curve analysis took a sti-Tg value of 55.50 ng/mL as the cut-off value, and the sensitivity and specificity of predicting non-remission was 78.7% and 73.1%, respectively. However, this was a static cut-off method to predict efficacy and judge prognosis, which did not consider the influence of the magnitude of ΔTg on prognosis during the treatment. Miyauchi et al. (24) proposed that the Tg doubling time could predict the recurrence and overall survival of patients with DTC. Barres et al. (25) reported that in patients with DTC treated using repeated RT, the reduction in sti-Tg after the first RT was related to prognosis. Patients with a 60% decrease in sti-Tg after the first RT were more likely to achieve CR upon subsequent RT. In this retrospective study, we found that patients with a decrease in sup-Tg of less than 21.54% and/or a decrease in sti-Tg of less than 27.63% after the first RT would have a higher probability of non-remission.

The uptake of 131I determines the dose of radiation absorbed by metastatic lesions, which directly affects the efficacy of RT (12). A prospective study of 77 patients with 131I-avid m-DTC in China showed that the maximum target/background ratio (T/Bmax) upon Rx-WBS and the change in the value of the sup-Tg level (ΔTgon%) after previous RT were associated independently with the outcome of the next RT (1). In the present study, for patients with m-DTC with multiple 131I-avid metastatic lesions, we took the median Tmax/NTmean at the first RT as an index to evaluate the 131I uptake ability of the lesions. We found that the median Tmax/NTmean of the first RT in the remission group (17.50) was significantly higher than that of the non-remission group (8.14).

The efficacy of RT toward m-DTC is affected by many factors. Studies have shown that in older patients, DTC accompanied by distant metastasis (lung and bone metastasis), large tumor size, and high sti-Tg before the first RT have poor therapeutic effects (10, 11, 17). The univariate and multivariate analysis in the present study showed that age, the size of the metastases, the Tmax/NTmean of the first RT, and the Δsup-Tg after the first RT were related independently to the efficacy of RT. Notably, in predicting non-remission, the sensitivity and specificity of the Δsup-Tg value after the first RT at a cut-off value of 21.54% were 86.7% and 88.2%, respectively. This means that a lower decrease in sup-Tg after the first RT is directly associated with non-remission. The reason might be that older patients have a relatively long disease course and poor sensitivity to radiation. The poor uptake of 131I by the lesions would result in an insufficient absorbed dose of radiation in the lesions, thus affecting the efficacy of RT (2, 12). Therefore, the results allowed us to hypothesize that young patients with m-DTC with small metastatic lesions, good iodine uptake ability, and a Δsup-Tg after the first RT greater than 21.54% could benefit from repeated RT.

In this study, patients with extrathyroidal invasion had no abnormal neck uptake after successful radioiodine remnant ablation. The reasons may be as follows: Extrathyroidal invasion was discovered in the patients during surgery. After a standardized total or near total thyroidectomy, the tumor tissue was basically removed. After the patient was treated with radioiodine remnant ablation, the hidden tumor tissue was completely eliminated.

In terms of efficacy, patients with radioiodine refractory lesions (both with and without 131I-avid lesions) were classified into the non-remission group. For patients judged to have radioiodine refractory differentiated thyroid carcinoma (RAIR-DTC), especially those who did not absorb iodine or whose disease progressed despite absorbing iodine, RT termination may be considered. We should formulate an appropriate individualized follow-up treatment plan based on the patient’s condition (4). For some patients with RAIR-DTC with stable or slow progress, inoperable resection, and low tumor burden, the strategy of follow-up monitoring under TSH suppression therapy (TSH should be less than 0.1 mU/L) could be adopted. Local treatments (including surgical resection, external irradiation, and ablation) could be adopted for RAIR-DTC lesions with single occurrence, local clinical symptoms, and invasion of surrounding important organs and tissue structures. If the disease progresses rapidly, therapeutic strategies, such as targeted therapy, might be considered.

In RT decision-making and follow-up management for recurrent or metastatic DTC, sup-Tg and sti-Tg are important reference indicators to evaluate the response to RT, and a decrease in Tg often indicates a response to previous RT (4, 26). Our study further confirmed that not only can the trend of Tg be used to evaluate efficacy, but also the quantitative Tg change displayed a robust prediction of the outcome of RT. In brief, a decrease in sup-Tg less than 21.54% after the first RT indicated that patients had a higher probability of non-remission after RT.

Nevertheless, some limitations existed in this study. First, the presumed influence of the 131I remnant thyroid ablation on the effect of RT in the next course could not be determined definitively nor completely ruled out. Second, this retrospective single-center study did not include a large enough number of cases. Third, although we followed the inclusion criteria and exclusion criteria strictly to select the samples, selection bias might still exist because of the small number of cases eventually included in this study. Finally, the follow-up time was short, and thus the evaluation of long-term clinical outcome was lacking. Therefore, for the scalability of this study, we should seek multi-center institutions to establish a cut-off value of ΔTg to predict the efficacy of RT.



Conclusion

In summary, the present study demonstrated that most patients with m-DTC could benefit from RT. Older subjects with metastases > 1 cm, lower Tmax/NTmean and lower Δsup-Tg after the first RT were less likely to experience remission. The optimal cut-off value for Δsup-Tg after the first RT to predict RT efficacy for m-DTC was 21.54%. These findings have important guiding significance for the optimization of treatment strategies and the evaluation of prognosis of patients with m-DTC.



Data Availability Statement

The datasets used during the present study are available from the corresponding author upon reasonable request.



Ethics Statement

The studies involving human participants were reviewed and approved by Ethical Committee of Tianjin Medical University General Hospital. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

CW and RW contributed to the conception and design of the study. CW, RZ, and FD assisted with data acquisition. CW, RZ, and RW conducted the statistical analyses and drafted the manuscript. JT, ZM, YH, GZ, and FD critically revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was sponsored by the National Natural Science Foundation of China (Grant No. 81801732 and 81501510).



Acknowledgments

We acknowledge the substantial contributions of the physicians and staff members of the Nuclear Medicine Department at Tianjin Medical University who participated in these patients’ management and follow-up. We thank Dr. Renfei Wang for her careful guidance. Finally, we acknowledge the numerous physicians’ and scientists’ efforts whose contributions were critical in the registry’s early years.



References

1. Sa, R, Cheng, L, Jin, YC, Fu, H, Shen, Y, and Chen, LB. Distinguishing Patients With Distant Metastatic Differentiated Thyroid Cancer Who Biochemically Benefit From Next Radioiodine Treatment. Front Endocrinol (Lausanne) (2020) 11:587315. doi: 10.3389/fendo.2020.587315

2. Sampson, E, Brierley, JD, Le, LW, Rotstein, L, and Tsang, RW. Clinical Management and Outcome of Papillary and Follicular (Differentiated) Thyroid Cancer Presenting With Distant Metastasis At Diagnosis. Cancer (2007) 7:1451–6. doi: 10.1002/cncr.22956

3. Albano, D, Bertagna, F, Bonacina, M, Durmo, R, Cerudelli, E, Gazzilli, M, et al. Possible Delayed Diagnosis and Treatment of Metastatic Differentiated Thyroid Cancer by Adopting the 2015 ATA Guidelines. Eur J Endocrinol (2018) 3:143–51. doi: 10.1530/EJE-18-0253

4. Haugen, BR, Alexander, EK, Bible, KC, Doherty, GM, Mandel, SJ, Nikiforov, YE, et al. 2015 AmericanThyroid 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) 1:1–133. doi: 10.1089/thy.2015.0020

5. Furuya-Kanamori, L, Sedrakyan, A, Onitilo, AA, Bagheri, N, Glasziou, P, and Doi, SAR. Differentiated Thyroid Cancer: Millions Spent With No Tangible Gain? Endocr Relat Cancer (2018) 1:51–7. doi: 10.1530/ERC-17-0397

6. Qiu, ZL, Song, HJ, Xu, YH, and Luo, QY. Efficacy and Survival Analysis of 131I Therapy for Bone Metastases From Differentiated Thyroid Cancer. J Clin Endocrinol Metab (2011) 10:3078–86. doi: 10.1210/jc.2011-0093

7. McCormack, KR. Bone Metastases From Thyroid Carcinoma. Cancer (1966) 2:181–4. doi: 10.1002/1097-0142(196602)19:2<181::aid-cncr2820190207>3.0.co;2-2

8. Podnos, YD, Smith, DD, Wagman, LD, and Ellenhorn, JDI. Survival in Patients With Papillary Thyroid Cancer is Not Affected by the Use of Radioactive Isotope. J Surg Oncol (2007) 1:3–7. doi: 10.1002/jso.20656

9. Verburg, FA. Advantages of Dosimetry in 131I Therapy of Differentiated Thyroid Carcinoma. Q J Nucl Med Mol Imaging (2019) 3:253–7. doi: 10.23736/S1824-4785.19.03196-0

10. Song, HJ, Qiu, ZL, Shen, CT, Wei, WJ, and Luo, QY. Pulmonary Metastases in Differentiated Thyroid Cancer: Efficacy of Radioiodine Therapy and Prognostic Factors. Eur J Endocrinol (2015) 3:399–408. doi: 10.1530/EJE-15-0296

11. Xu, L, Liu, Q, Liu, Y, and Pang, H. Parameters Influencing Curative Effect of 131I Therapy on Pediatric Differentiated Thyroid Carcinoma: A Retrospective Study. Med Sci Monit (2016) 22:3079–85. doi: 10.12659/msm.896876

12. Wierts, R, Brans, B, Havekes, B, Kemerink, GJ, Halders, SG, Schaper, NN, et al. Dose-Response Relationship in Differentiated Thyroid Cancer Patients Undergoing Radioiodine Treatment Assessed by Means of 124I PET/CT. J Nucl Med (2016) 7:1027–32. doi: 10.2967/jnumed.115.168799

13. Holsinger, FC, Ramaswamy, U, Cabanillas, ME, Lang, J, Lin, HY, Busaidy, NL, et al. Measuring the Extent of Total Thyroidectomy for Differentiated Thyroid Carcinoma Using Radioactive Iodine Imaging: Relationship With Serum Thyroglobulin and Clinical Outcomes. JAMA Otolaryngol Head Neck Surg (2014) 5:410–5. doi: 10.1001/jamaoto.2014.264

14. Cooper, DS, Doherty, GM, Haugen, BR, Kloos, RT, Lee, SL, Mandel, SJ, et al. Revised American Thyroid Association Management Guidelines for Patients With Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid (2009) 11:1167–214. doi: 10.1089/thy.2009.0110

15. Chen, LB, Luo, QY, Shen, Y, Yu, YL, Yuan, ZB, Lu, HK, et al. Incremental Value of 131I SPECT/CT in the Management of Patients With Differentiated Thyroid Carcinoma. J Nucl Med (2008) 12:1952–7. doi: 10.2967/jnumed.108.052399

16. Yang, X, Li, J, Li, XY, Liang, ZY, Gao, W, Liang, J, et al. Tert Promoter Mutation Predicts Radioiodine-Refractory Character in Distant Metastatic Differentiated Thyroid Cancer. J Nucl Med (2017) 2:258–65. doi: 10.2967/jnumed.116.180240

17. Wang, RF, Zhang, YQ, Tan, J, Zhang, GZ, Zhang, RG, Zheng, W, et al. Analysis of Radioiodine Therapy and Prognostic Factors of Differentiated Thyroid Cancer Patients With Pulmonary Metastasis: An 8-Year Retrospective Study. Med (Baltimore) (2017) 19:e6809. doi: 10.1097/MD.0000000000006809

18. Haq, M, and Harmer, C. Differentiated Thyroid Carcinoma With Distant Metastases At Presentation: Prognostic Factors and Outcome. Clin Endocrinol (Oxf) (2005) 1:87–93. doi: 10.1111/j.1365-2265.2005.02304.x

19. Nixon, LJ, Whitcher, MM, Palmer, FL, Tuttle, RM, Shaha, AR, Shah, JP, et al. The Impact of Distant Metastases At Presentation on Prognosis in Patients With Differentiated Carcinoma of the Thyroid Gland. Thyroid (2012) 9:884–9. doi: 10.1089/thy.2011.0535

20. Jonklaas, J, Sarlis, NJ, Litofsky, D, Ain, KB, Bigos, ST, Brierley, JD, et al. Outcomes of Patients With Differentiated Thyroid Carcinoma Following Initial Therapy. Thyroid (2006) 12:1229–42. doi: 10.1089/thy.2006.16.1229

21. Kwon, SY, Lee, SW, Kong, EJ, Kim, KY, Kim, BL, Kim, J, et al. Clinicopathologic Risk Factors of Radioactive Iodine Therapy Based on Response Assessment in Patients With Differentiated Thyroid Cancer: A Multicenter Retrospective Cohort Study. Eur J Nucl Med Mol Imaging (2020) 3:561–71. doi: 10.1007/s00259-019-04634-8

22. He, Y, Pan, MZ, Huang, JM, Xie, P, Zhang, F, and Wei, LG. Iodine-131: An Effective Method for Treating Lymph Node Metastases of Differentiated Thyroid Cancer. Med Sci Monit (2016) 22:4924–8. doi: 10.12659/msm.899028

23. Yang, X, Liang, J, Li, TJ, Yang, K, Liang, DQ, Yu, Z, et al. Postoperative Stimulated Thyroglobulin Level and Recurrence Risk Stratification in Differentiated Thyroid Cancer. Chin Med J (Engl) (2015) 8:1058–64. doi: 10.4103/0366-6999.155086

24. Miyauchi, A, Kudo, T, Miya, A, Kobayashi, K, Ito, Y, Takamura, Y, et al. Prognostic Impact of Serum Thyroglobulin Doubling-Time Under Thyrotropin Suppression in Patients With Papillary Thyroid Carcinoma Who Underwent Total Thyroidectomy. Thyroid (2011) 7:707–16. doi: 10.1089/thy.2010.0355

25. Barres, B, Kelly, A, Kwiatkowski, F, Batisse-Lignier, M, Fouilhoux, G, Aubert, B, et al. Stimulated Thyroglobulin and Thyroglobulin Reduction Index Predict Excellent Response in Differentiated Thyroid Cancers. J Clin Endocrinol Metab (2019) 8:3462–72. doi: 10.1210/jc.2018-02680

26. Thyroid cancer working group C. Chinese Society of Clinical Oncology (CSCO) Diagnosis and Treatment Guidelines for Persistent/Recurrent and Metastatic Differentiated Thyroid Cancer 2018 (English Version). Chin J Cancer Res (2019) 31(1):99–116. doi: 10.21147/j.issn.1000-9604.2019.01.06



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.

Copyright © 2021 Wang, Zhang, Wang, Meng, Zhang, Dong, He and Tan. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Predictive Value of Thyroglobulin Changes for the Curative Effect of Radioiodine Therapy in Patients With Metastatic Differentiated Thyroid Carcinoma

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Conduct

          



          		

            Study Populations

          



          		

            Inclusion and Exclusion Criteria for This Study

          



          		

            RT Procedures

          



          		

            Tg Assessment Profile

          



          		

            Evaluation for the Efficacy of RT

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Therapeutic Efficacy of RT

          



          		

            Comparison of the Δsup-Tg and Δsti-Tg After The First/Single RT in Different Therapeutic Outcomes

          



          		

            ROC Curve Analysis of Δsup-Tg and Δsti-Tg After the First/Single RT to Predict the Curative Effect

          



          		

            Univariate Analyses of the Efficacy of RT for m-DTC Patients

          



          		

            Multivariate Analyses of the Efficacy of RT for Patients With m-DTC

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2021.667544_cover.jpg
’ frontlers
n Endocrinology

Predictive Value of Thyroglobulin
Changes for the Curative Effect
of Radioiodine Therapy in Patients
With Metastatic Differentiated
Thyroid Carcinoma





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-12-667544-g001.jpg
7 & 7

o P

Sensitivity
\

o) A Tgaferthe fistRT 02|~ AsupTgaficrsingle RT

——— asti-Tgaferth first T

g after single RT

b w o w w o T e W CET w T
1-Specificity 1-Specificity





OEBPS/Images/table2.jpg
Characteristics Remission group Non-remission group

Age (year) 40.83 + 12.61 55.03 + 9.562
Primary tumor size (cm) 1.9(1.2,2.7) 2.8(1.9,3.6)
sti-Tg levels at diagnosis (ug/L) 63.60(15.32,159.00) 146.50(67.53,275.48)
The first RT dose (GBq) 572+ 1.25 597 +1.15
Trmax/NTrmean Of the first RT® 17.50(9.58,28.51) 8.14(4.63,14.26)
Asup-Tg after the first RT (%) 31.68(25.31,37.82) 12.02(2.69,18.11)
Asti-Tg after the first RT (%) 39.72(31.82,53.63) 21.63(3.08,30.45)

AThe median Tmax/NTmean iS included in the study when the patient has multiple metastatic lesions. RT, radioiodine therapy.

torz

-6.902
-3.501
-2.952
-1.028
-4.824
-6.801

-5.961

P-value

<0.001
<0.001

0.003

0.306
<0.001
<0.001
<0.001





OEBPS/Images/table4.jpg
Characteristics B Standard error Wald P -value OR 95%ClI

Age 0.165 0.053 9.733 0.002 1.180 1.063-1.308
The diameter of metastatic lesions 3.462 1.235 7.858 0.005 31.890 2.832-359.162
Trmax/NTmean Of the first RT* -0.330 0.120 7.539 0.006 0.719 0.568-0.910
Asup-Tg after the first RT (%) -0.184 0.085 11.070 0.001 0.832 0.746-0.927
Constant -6.202 2.462 6.346 0.012 0.002

AThe median T,,./NTmean IS included in the study when the patient has multiple metastatic lesions; B, regression coefficient: OR, odds ratio; Cl, confidence interval: RT, radioiodine therapy.





OEBPS/Images/table3.jpg
Characteristics n Remission group (%) Non-remission group (%) x P-value

Sex 1.327 0.249
Male 39 25(64.10) 14(35.90)
Female 78 58(74.36) 20(25.64)

Histological type 1.584 0.208
Papillary 110 80(72.73) 30(27.27)
Folicular 7 3(42.86) 4(57.14)

T stage 10.146 0.017
T 43 35(81.40) 8(18.60)
T2 21 18(85.71) 3(14.29)
T3 28 14(60.87) 9(39.13)
T4 30 16(53.33) 14(46.67)

N stage 2525 0.283
NO 25 19(76.00) 6(24.00)
Nia 18 10(55.56) 8(44.44)
N1b 74 54(72.97) 20(27.03)

Primary tumor multifocal 0.294 0.587
Yes 89 62(69.66) 27(30.34)
No 28 21(75.00) 7(25.00)

Extrathyroidal invasion 4.882 0.027
Yes 64 40(62.50) 24(37.50)
No 53 43(81.13) 10(18.87)

BRAFY®%F mutation 7.526 0.006
Positive 74 46(62.16) 28(37.84)
Negative 43 37(86.05) 6(13.95)

Diagnosis time of metastases 2.630 0.105
After RT 25 21(84.00) 4(16.00)
Before RT 92 62(67.39) 30(32.61)

The diameter of metastatic lesions 26.358 0.000
<iem 73 64(87.67) 9(12.33)
>lcm 44 19(43.18) 25(56.82)

Metastases sites 7.627 0.022
Only lung metastases 64 52(81.25) 12(18.75)
Only lymphatic metastasis 24 15(62.50) 9(37.50)
Multi-site metastasis 29 16(55.17) 13(44.83)

T, tumor; N, lymph node. RT, radioiodine therapy.





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Images/table1.jpg
Efficacy

the first RT(n=117)

Asup-Tg (%) Asti-Tg (%)

Efficacy of the event

single RT event(n=218)

Asup-Tg (%) Asti-Tg (%)

Remission group
Non-remission group
Z

P-value

RT, radioiodine therapy.

31.68(25.31,37.82) 39.72(31.82,53.63)

12.02(2.69,18.11) 21.63(3.08,30.45)
-6.801 -5.961
<0.001 <0.001

Remission event
Non-remission event
z
P-value

29.06(22.10,35.10) 34.24(26.41,42.41)

5.99(-6.98,11.96) 12.54(-29.63,21.93)
-10.298 -9.005
<0.001 <0.001





