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Background

Radioiodine (RAI) therapy plays a vital role in the postoperative treatment of differentiated thyroid cancer (DTC) patients underwent total thyroidectomy (TT). However, even in the presence of capsular invasion and lymph node metastasis prognosis can be excellent and a postoperative RAI treatment might not be necessary for all patients. Therefore, this study explored the criteria for avoiding unnecessary RAI therapy in these patients.



Method

We applied response to therapy assessment immediately after surgery and prospectively recruited 179 excellent or indeterminate response DTC patients with capsular invasion and/or LNM who underwent TT without RAI therapy. During the follow-up, thyroglobulin (Tg), thyroglobulin antibody (TgAb) levels, and cervical ultrasonography were collected and analyzed. Disease-free survival (DFS) was calculated using the Kaplan-Meier method. In addition, response to therapy assessments was performed on patients during each follow-up.



Results

The mean follow-up period was 29.85 ± 17.44 months, and the 3- and 5-year DFS for all the patients was 99.3% in each. At the last follow-up, 165 (92.2%) patients had excellent responses, while 12 (6.7%) had an indeterminate response, and one (0.6%) each had biochemical and incomplete responses. No significant difference was observed in response to therapy between the subgroups of LNM and tumor invasion (P>0.05). For patients with capsular invasion and a number of metastatic lymph nodes ≤5 and >5, the proportions of recorded excellent responses were 95.9%, 91.0%, and 85.7%, respectively. Better responses were observed in females (excellent response: 95.5%, P=0.023), patients with stimulated Tg (s-Tg) ≤1ng/ml (excellent response: 100%, P<0.001), s-Tg ≤ 2ng/ml (excellent response: 98.4%, P<0.001), and excellent response for the immediate postoperative assessment (excellent response: 98.5%, P=0.004).



Conclusions

The current study suggested that the response to therapy assessment immediately applied postoperatively could help avoid unnecessary RAI therapy among DTC patients with capsular invasion and/or LNM. Moreover, excellent response patients and patients with indeterminate response and s-Tg ≤ 2ng/ml could be managed without RAI therapy.
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Introduction

Differentiated thyroid cancer (DTC) is the most common thyroid malignancy, accounting for 85-90% of thyroid cancer (1, 2). The standard treatments of DTC include surgical resection, radioactive iodine (RAI) therapy, and thyroid-stimulating hormone (TSH) suppression (3). Therefore, the decision to perform RAI therapy is an essential consideration after total thyroidectomy (TT). Generally, RAI therapy is unnecessary for low-risk thyroid microcarcinomas (TMC). In contrast, it is routinely undergone in high-risk patients with gross extrathyroidal invasion or distant metastases (DM). However, RAI therapy in patients with risk of recurrences, such as capsular invasion and lymph node metastases (LNM), remains controversial (4). Thus, the benefits of RAI therapy remain uncertain in these patients. Furthermore, it may cause adverse effects like sialadenitis and rise the concern of second primary malignancy (SPM) (5–9). Therefore, the pros and cons of RAI therapy should be weighed in these patients.

Previous studies have reported that capsular invasion and LNM occurred in 38.1%-49.8% and 25.7%-60% of the overall DTC patients, respectively, indicating a large amount of patients with uncertain RAI decisions (10–12). Several studies have revealed that RAI treatment improves overall survival (OS) and disease-free survival (DFS), especially in patients with the involvement of multiple lymph nodes (LN) (13–15). However, some studies contradicted such outcomes. For example, a study by Ballal et al. with a median follow-up of 10.3 years indicated no significant difference in the overall prognosis of intermediate-risk patients undergoing RAI therapy (16). Similarly, in a large sample study involving 8297 intermediate-risk patients, Kim et al. reported that RAI therapy could not reduce the local recurrence risk (LRR, hazard ratio (HR) = 0.852, P = 0.413) (17). Thus, a further investigation into whether patients with recurrence risk can benefit from RAI therapy and how the treatment should be administered is warranted.

Response to therapy assessment is a widely accepted dynamic risk stratification tool among postoperative follow-up patients who have received TT (18, 19). In this study, we utilized the tool immediately after surgery to assist in the decision-making of RAI therapy in patients who underwent TT (20).



Method


Patients

A prospective single-center, observational study was conducted by recruiting patients who underwent TT from January 1st, 2016, to April 30th, 2022, at the Peking Union Medical College Hospital. The study included adult DTC patients who did not receive RAI therapy after TT and cervical LN dissection, with capsule invasion and/or LNM, confirmed by postoperative pathology, and with excellent or indeterminate response in the immediate postoperative response to therapy assessment (21). Patients with local recurrence or DM, incomplete clinical information, or receiving RAI were excluded. This study adhered to the guidelines of the Declaration of Helsinki and was approved by the Ethics Review Committee of Peking Union Medical College Hospital. All the patients signed informed consent to participate in the study.



Procedures

In this study, TT with central LN dissection (CLND) was undergone in patients with cN1 or bilateral cancer or primary tumor size over 2cm (12, 21). For cN1b patients, based on preoperative examination (ultrasound, computer tomography scan, and/or fine-needle aspiration biopsy), a lateral LN dissection (LLND) covering level IIa-IV was performed. Levels I, IIb, and V; were not routinely dissected unless LN metastases were confirmed. Before discharge, the baseline information was collected, including age, gender, primary tumor size, number of lesions and metastatic LN, histological subtype, BRAF mutation, etc.



Follow-up protocol and endpoints

The immediate postoperative response to therapy assessment was performed 1.5-2 months after surgery. All the accessed patients required four weeks of levothyroxine withdrawal before the assessment to ensure a significant serum thyroid-stimulating hormone (TSH) ≥30μIU/ml level (4). Patients were also instructed to avoid iodine-rich foods and iodine-containing drugs during this period.

The included patients were subjected to postoperative routine follow-up of thyroid cancer at three months, six months, and 12 months, followed by every six months within two years and annually over two years. Thyroglobulin (Tg), thyroglobulin antibodies (TgAb), and TSH were evaluated, and an ultrasound was performed at each follow-up visit. Patients who did not return to follow-up on time were contacted through telephone or social media to obtain the results of relevant laboratory and imaging investigations.

The primary endpoint of this study was DFS, which was defined as the time from the primary surgery to recurrence or death. The secondary endpoint was the classification of response to therapy assessment at the last follow-up, subdivided into four categories: excellent response, indeterminate response, biochemical incomplete response, and structural incomplete response, based on the 2015 American Thyroid Association (ATA) guidelines. For TgAb-positive patients with negative imaging, those with declining or stable TgAb (less than a 50% rise from the initial value) were classified as an indeterminate response, and those with a rising TgAb trend (a >50% rise from the initial value) were designated as biochemical incomplete response (22, 23).



Statistical analysis

All the data analyses were performed using R version 4.1.2. Descriptive statistics were used to summarize the data. The continuous variables were expressed as mean ± standard deviation or median (range), and the categorical variables were expressed as numbers and percentages. The groups were compared and analyzed appropriately using the Student’s t-test, Kruskal-Wallis test, Mann-Whitney U test, or χ2 test. DFS was estimated by the Kaplan-Meier method. The statistical significance was defined at a p-value < 0.05.




Results

Out of the 515 patients evaluated, 186 patients satisfied the inclusion criteria. Three patients were lost to follow-up, and four changed their willingness to receive RAI therapy (Figure 1). Finally, 179 patients were included in the study. The average follow-up period was 29.85 ± 17.44 months with a median of 26.40 months (range:4.47-69.23 months).




Figure 1 | Flow diagram for inclusion and follow-up of this study.




Clinical characteristics

Table 1 summarizes the baseline information of the included patients. The mean age was 44.6 ± 10.1 years; 74.9% were females. The average tumor size was 1.24 ± 0.66 cm. LNM suggested by the preoperative US was found in 74 (41.3%) patients. Among them, 48.6% had lateral LNM and received LLND. The number of harvested LN during surgery for all patients, patients who received CLND only, and patients who received both CLND and LLND was 21.2, 15.1, and 45.4 on average, respectively. Pathologically confirmed LNM was present in 106 (59.2%) patients, and 26.4% had over five involved LN. Chronic lymphocytic thyroiditis was found in 71 (39.7%) patients. Tumor invasion of the capsule and/or surrounding tissue was present in 157 (87.7%) patients. Twenty-four patients had minor extrathyroidal extension (mETE), and three had important structures involved but achieved R0 dissection.


Table 1 | Demographic and clinicopathologic characteristics of included patients.





Immediate postoperative response to therapy assessment

Table 2 shows the outcomes of the immediate postoperative response to therapy assessment. Thirty-three patients were found TgAb positive (115 IU/mL). Of those, 75.8% had lower TgAb than pre-operation, and others had stable TgAb. All patients had stimulated Tg (s-Tg) <10ng/ml. In addition, the s-Tg in TgAb-negative patients were 69.9% <1ng/ml, 87.0% <2ng/ml, 98.0% <5ng/ml. Of note, no abnormal iodine uptake was found in 99 patients who underwent a diagnostic whole-body scan (DX-WBS), and 16.2% of them had no residual thyroid bed uptake. Excellent and indeterminate responses were 36.3% and 63.7% in the immediate postoperative assessment, respectively. Three cases involved important structures, one was classified as an excellent response, and two were indeterminate.


Table 2 | The results of immediate postoperative response to therapy assessment.





Primary and secondary endpoints

The Kaplan–Meier analysis for DFS revealed that the 3-year and 5-year DFS rates in these 179 patients were 99.3%, and the median DFS was not achieved (Figure 2). DFS did not differ among the subgroups in all the factors.




Figure 2 | Kaplan-Meier survival curve for DFS.



Seven patients were TgAb positive during the last follow-up. Of these, one had elevated TgAb, and six had reduced TgAb. Table 3 summarizes the unstimulated Tg (u-Tg) of 172 TgAb-negative patients at the last follow-up. The average u-Tg was 0.058± 0.058ng/ml. All the patients had u-Tg ≤ 1ng/ml, and 96.5% were <0.2ng/ml.


Table 3 | u-Tg level and distribution at the last follow-up.



During the last follow-up, 92.2% of patients achieved excellent responses (Table 4), and only one patient had LN recurrence. Females had a significantly better response distribution than males (P =0.023). The proportions of excellent responses were 95.5% and 84.4% for the two groups, respectively. Among the TgAb negative patients, significant differences were found in response distribution between the groups when the cutoff value of s-Tg was either 1ng/ml or 2ng/ml (p<0.001). The proportions of excellent responses were 100% and 84.1% for over and under 1ng/ml group, respectively. Additionally, 98.4% of the under 2ng/ml group and 75.0% of the over 2ng/ml group were classified as excellent responses. Moreover, 98.5% of excellent response patients and 88.6% of indeterminate response patients at the immediate postoperative assessment achieved excellent response at the last follow-up, with significant differences between the groups (P=0.004). No significant difference was observed between the groups regarding age, lateral LN dissection, pathological subtype, multifocality, LNM, tumor invasion, tumor size, and BRAF mutation (P>0.05).


Table 4 | Response to therapy at the last follow-up.






Discussion

RAI therapy is an effective postoperative intervention for a significant proportion of DTC patients, especially those with severe local invasion or DM. However, the beneficial effect of RAI therapy in patients with capsular invasion and/or LNM remains controversial (4). Several studies have postulated that RAI therapy is unnecessary for patients receiving an ideal surgery. Ballal et al. reported a 100% 10-year OS for intermediate-risk patients with or without RAI therapy after surgery and a 92% and 90% DFS rate for the two groups, respectively (16). Kim et al. suggested that RAI therapy does not decrease the LRR even in intermediate-risk patients with ETE (HR=0.762, P=0.228), LNM (HR=0.804, P=0.349), or multifocal (HR=0.103, P=0.926) (17). Similar results were obtained in the current study. The 5-year DFS reached 100% for both groups (data not shown) among patients with excellent response and TgAb-negative patients with s-Tg<2ng/ml and an indeterminate response in the immediate postoperative assessment. Moreover, the proportions of excellent responses at the last follow-up were 98.5% and 98.4%, respectively.

Some postoperative DTC patients with recurrence risk features could still have a good outcome without RAI therapy. A practical question is how to screen out this particular group of patients. To the best of our knowledge, no study is yet to answer this question. In the present study, we applied response to therapy assessment immediately after surgery to help screen out these patients. Our results revealed no recurrence in all the patients (with s-Tg<1ng/ml) who had an excellent response in the immediate postoperative assessment. Similarly, Ibrahimpasic et al. reported no significant difference in the 5-year recurrence-free survival (RFS) between the group of intermediate-risk patients with and without RAI therapy who have s-Tg<1ng/ml (97% vs. 96%, P=0.234) (24). Moreover, no recurrence was observed in 126 TgAb-negative patients with s-Tg<2ng/ml. Among them, 124 (98.4%) patients achieved excellent responses during the last follow-up. Similarly, Rosario et al. observed a very low recurrence rate (3.5%) in intermediate-risk patients with s-Tg<2ng/ml (25). Therefore, we consider RAI therapy might be unnecessary for the scenarios mentioned above. The preliminary results indicate that immediate postoperative assessment might be able to help avoid unnecessary RAI therapy among patients with risk recurrence features.

Although Momesso et al. designed response to treatment assessment for postoperative patients without RAI (26), we still incorporated the original version in this study. This is because the Tg cutoff values set for stratification were too lenient and the study population differs from the current study in the without RAI therapy version(91.5% low-risk patients) (20). Moreover, the clinical outcome of surgery alone is close to combined RAI therapy with the improvements in surgical technique and instruments (over 10% of patients in this study achieved negative iodine uptake in postoperative DX-WBS). Therefore, assessment with stringent standards can better evaluate the disease status of patients during the immediate postoperative period and assist the RAI treatment decision-making.

Postoperative LNM is a significant concern among surgeons and patients with an incidence of 20%-50% (4, 27). RAI therapy is considered an efficient method to treat LNM. However, lymph node recurrence is not rare despite RAI treatment. Furthermore, a long-term study from Mayo Clinic shows no difference in tumor recurrence between the TT and TT+RAI groups in both patients with and without LNM (28). Thus, the role of RAI therapy in LNM treatment remains doubtful. In the present study, only one patient was found with lateral LNM at seven months postoperatively but achieved excellent response after second surgery (without RAI therapy). The rates of excellent response during the last follow-up of patients with LNM (N=106/179), less (N=78/179), and over five LN involved (N=28/179) were 89.6%, 91.0%, and 85.7%, respectively, much better than the results reported by Leboulleux et al. in low-risk patients (73.0% excellent response with only 44% patients receiving neck dissection) (22). Moreover, the 5-year DFS estimates were 99.3% and 100% for all the patients and patients with over five LN involved, respectively, better than the result reported by Kim et al. in intermediate-risk patients without RAI treatment (a 5-year RFS of 95.7% with 83.9% patients received neck dissection) (17). One possibility is that all patients in this study routinely underwent cervical LN dissection, decreasing the risk of recurrence (29–31). Thus, thorough resection in surgery could avoid RAI therapy, and LNM or even over five LN involved should not be the basis of a routine RAI therapy.

A minor extrathyroidal extension is no longer an indicator of intermediate-risk patients in the eighth TNM staging system. Therefore, a part of patients with mETE will be downstaged and did not receive RAI (32). Moreover, a study by Rosario et al. reported that structure recurrence occurred only in 2.2% of patients with mETE and treated without RAI (33). Similarly, this study observed no recurrence in 24 patients with mETE, and 87.5% of these patients achieved excellent response at the last follow-up. Therefore, patients with mETE might not require ablation with RAI. Of note, all the three patients involved with important structures and R0 resection achieved excellent responses during the last follow-up. In these patients, evaluating their disease status for RAI therapy decisions still needs further exploration.

Endogenous TgAb may interfere in Tg measurement, impairing its ability to reflect the condition of the patients. Therefore, monitoring postoperative conditions in TgAb-positive patients can be challenging (4, 34). Previous studies have shown that the changing trends of TgAb can help the postoperative monitoring. A decreasing trend of TgAb could indicate remission (35), and a > 50% rise of TgAb could indicate a high risk of recurrence (23). In this study, most of the TgAb-positive patients had a decreasing trend of TgAb and showed excellent response during the last follow-up. Only one patient with a rising trend was assessed as biochemical incomplete and was not treated with RAI since no recurrence or metastatic lesion was indicated in the DX-WBS. Therefore, it is feasible for TgAb-positive patients with a stable or declining trend of TgAb to not receive RAI therapy.

Post-treatment whole body scans (ptWBS) are currently recommended in patients receiving RAI therapy. However, the accuracy of DX-WBS for identification of metastasis is controversial (36, 37). Nava et al. reported a sensitivity of 29% and a specificity of 97% for DX-WBS in ATA low-intermediate-risk DTC patients, indicating it should be reconsidered for routine DX-WBS in this subgroup (38). Even so, we still recommend that it should be routinely performed in the immediate postoperative assessment for the patient without RAI therapy. The DX-WBS can provide additional information for TgAb-positive patients since the trend of TgAb cannot monitor the condition precisely. Additionally, monitoring of disease condition by Tg alone, even in Tg-Ab negative patients, could still miss the local recurrence or DM (39).

Previous studies postulate a worse prognosis in male DTC patients than in females (40). In the present study, though there was no difference in recurrence between the male and female patients, male patients depicted a worse distribution of response to therapy at the last follow-up. In contrast to gender, no difference in recurrence and response distribution was observed between the BRAF mutate. Unmutated patients in this study were in line with the latest randomized controlled study (RCT) by Leboulleux et al. in low-risk patients (22), indicating that the presence of BRAF mutation might not be an indication for RAI therapy.

For the first time, the current study applies the response to therapy assessment immediately after surgery in DTC patients to assist in decision making regarding RAI therapy, which broadens the utilization of existing assessment tools and helps avoid unnecessary RAI treatment. Of note, the results of this study are based on observations on only 179 patients over a short period of time and should only applied on the selected low-intermediate risk DTC patients. For intermediate-risk patients, though not uniform, there is a considerable body of evidence in favor of RAI therapy among them (41, 42). For example, Ruel et al. reported a 29% reduction in the risk of death among 15,418 intermediated patients received RAI, compared with 6,452 patients without RAI (43). However, according to our data, intermediate-risk patients underwent thorough resection in surgery and with an excellent or indeterminate response in the immediate postoperative assessment can still have an excellent short-term prognosis without RAI. In these patients, RAI therapy should be considered more cautiously considering the risks and benefits.

Several factors limited this study. First, the current study was a single-center and single-arm investigation with a relatively small sample size, which limits the strength of the evidence; multicenter validation and controlled studies with larger number of patients are warranted. Second, an follow-up period of two and a half years on average was relatively short, and some recurrence may not have had time to be observed. Although several previous studies reported that most recurrence occurred generally in the first 5 years of follow-up in patients underwent RAI therapy (44, 45), a high risk of late recurrence was also reported in young patients without RAI therapy (46). Therefore, a more extended follow-up period is required to assess recurrence.



Conclusion

The current study explored the criteria to avoid unnecessary RAI therapy in postoperative DTC patients with capsular invasion and/or LNM. It was observed that the immediate postoperative response to therapy assessment was an essential basis. For TgAb-negative patients with excellent response, indeterminate response, s-Tg<2ng/ml in the immediate postoperative assessment and TgAb-positive patients with a decrease or stable trend of TgAb, RAI therapy might be unnecessary.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Review Committee of Peking Union Medical College Hospital. The patients/participants provided their written informed consent to participate in this study.



Author contributions

Protocol and design of study: HZ, C-HL, X-YL. Acquisition and/or management of data: HZ, C-H.L, YZ. Analysis and/or interpretation of data: HZ, CH, X-YL. Drafting and revising the manuscript: HZ, X-YL, L-YZ, XZ, YX, Y-SL, Y-WL, H-FL. All authors contributed to the article and approved the submitted version.



Acknowledgments

The authors would like to thank Yanlong Li, Ph.D., for statistical consultation during data collection and analysis, and MogoEdit (https://www.mogoedit.com) for its English editing during the preparation of this manuscript.



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.



References

1. NationalCancerInstitute. (2021). Available at: https://seer.cancer.gov/statfacts/html/thyro.html.

2. Mao, Y, and Xing, M. Recent incidences and differential trends of thyroid cancer in the USA. Endocr Relat Cancer (2016) 23(4):313–22. doi: 10.1530/ERC-15-0445

3. Xing, M, Haugen, BR, and Schlumberger, M. Progress in molecular-based management of differentiated thyroid cancer. Lancet (2013) 381(9871):1058–69. doi: 10.1016/S0140-6736(13)60109-9

4. Haugen, BR, Alexander, EK, Bible, KC, Doherty, GM, Mandel, SJ, Nikiforov, YE, et al. American Thyroid 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) 26(1):1–133. doi: 10.1089/thy.2015.0020

5. Iyer, NG, Morris, LGT, Tuttle, RM, Shaha, AR, and Ganly, I. Rising incidence of second cancers in patients with low-risk (T1N0) thyroid cancer who receive radioactive iodine therapy. Cancer (2011) 117(19):4439–46. doi: 10.1002/cncr.26070

6. Molenaar, RJ, Sidana, S, Radivoyevitch, T, Advani, AS, Gerds, AT, Carraway, HE, et al. Risk of hematologic malignancies after radioiodine treatment of well-differentiated thyroid cancer. J Clin Oncol (2018) 36(18):1831–9. doi: 10.1200/JCO.2017.75.0232

7. Brown, AP, Chen, J, Hitchcock, YJ, Szabo, A, Shrieve, DC, and Tward, JD. The risk of second primary malignancies up to three decades after the treatment of differentiated thyroid cancer. J Clin Endocrinol Metab (2008) 93(2):504–15. doi: 10.1210/jc.2007-1154

8. Teng, CJ, Hu, YW, Chen, SC, Yeh, CM, Chiang, HL, Chen, TJ, et al. Use of radioactive iodine for thyroid cancer and risk of second primary malignancy: A nationwide population-based study. J Natl Cancer Inst (2016) 108(2):djv314. doi: 10.1093/jnci/djv314

9. Van Nostrand, D. Sialoadenitis secondary to 131I therapy for well-differentiated thyroid cancer. Oral Dis (2011) 17(2):154–61. doi: 10.1111/j.1601-0825.2010.01726.x

10. Du, W, Fang, Q, Zhang, X, and Dai, L. Metastasis of cN0 papillary thyroid carcinoma of the isthmus to the lymph node posterior to the right recurrent laryngeal nerve. Front Endocrinol (Lausanne) (2021) 12:677986. doi: 10.3389/fendo.2021.677986

11. Furlan, JC, Bedard, YC, and Rosen, IB. Significance of tumor capsular invasion in well-differentiated thyroid carcinomas. Am Surg (2007) 73(5):484–91. doi: 10.1177/000313480707300514

12. Sun, QH, Zhang, L, Yang, JB, Liu, YW, Liang, F, Shi, H, et al. [Related factors analysis for lymph node metastasis in papillary thyroid carcinoma: A series of 2 073 patients]. Zhonghua Wai Ke Za Zhi (2017) 55(8):592–8. doi: 10.3760/cma.j.issn.0529-5815.2017.08.008

13. American Thyroid Association (ATA) Guidelines Taskforce on Thyroid Nodules and Differentiated Thyroid Cancer, Cooper, DS, Doherty, GM, Haugen, BR, Hauger, BR, Kloos, RT, et al. Revised American thyroid association management guidelines for patients with thyroid nodules and differentiated thyroid cancer. Thyroid (2009) 19(11):1167–214. doi: 10.1089/thy.2009.0110

14. 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) 16(12):1229–42. doi: 10.1089/thy.2006.16.1229

15. Chow, SM, Yau, S, Kwan, CK, Poon, PCM, and Law, SCK. Local and regional control in patients with papillary thyroid carcinoma: specific indications of external radiotherapy and radioactive iodine according to T and n categories in AJCC 6th edition. Endocrine-Related Cancer (2006) 13(4):1159–72. doi: 10.1677/erc.1.01320

16. Ballal, S, Soundararajan, R, Garg, A, Chopra, S, and Bal, C. Intermediate-risk differentiated thyroid carcinoma patients who were surgically ablated do not need adjuvant radioiodine therapy: Long-term outcome study. Clin Endocrinology (2016) 84(3):408–16. doi: 10.1111/cen.12779

17. Kim, SK, Woo, JW, Lee, JH, Park, I, Choe, JH, Kim, JH, et al. Radioactive iodine ablation may not decrease the risk of recurrence in intermediate-risk papillary thyroid carcinoma. Endocrine-Related Cancer (2016) 23(5):367–76. doi: 10.1530/ERC-15-0572

18. Castagna, MG, Maino, F, Cipri, C, Belardini, V, Theodoropoulou, A, Cevenini, G, et al. Delayed risk stratification, to include the response to initial treatment (surgery and radioiodine ablation), has better outcome predictivity in differentiated thyroid cancer patients. Eur J Endocrinol (2011) 165(3):441–6. doi: 10.1530/EJE-11-0466

19. Pitoia, F, Bueno, F, Urciuoli, C, Abelleira, E, Cross, G, and Tuttle, RM. Outcomes of patients with differentiated thyroid cancer risk-stratified according to the American thyroid association and Latin American thyroid society risk of recurrence classification systems. Thyroid (2013) 23(11):1401–7. doi: 10.1089/thy.2013.0011

20. Momesso, DP, Vaisman, F, Yang, SP, Bulzico, DA, Corbo, R, Vaisman, M, et al. Dynamic risk stratification in patients with differentiated thyroid cancer treated without radioactive iodine. J Clin Endocrinol Metab (2016) 101(7):2692–700. doi: 10.1210/jc.2015-4290

21. Guidelines Working Committee of Chinese Society of Clinical Oncology. Guidelines of Chinese society of clinical oncology ( CSCO) differentiated thyroid cancer. J Cancer Control Treat (2021) 34(12):1164–201.

22. Leboulleux, S, Bournaud, C, Chougnet, CN, Zerdoud, S, Al Ghuzlan, A, Catargi, B, et al. Thyroidectomy without radioiodine in patients with low-risk thyroid cancer. N Engl J Med (2022) 386(10):923–32. doi: 10.1056/NEJMoa2111953

23. Spencer, C, and Fatemi, S. Thyroglobulin antibody (TgAb) methods – strengths, pitfalls and clinical utility for monitoring TgAb-positive patients with differentiated thyroid cancer. Best Pract Res Clin Endocrinol Metab (2013) 27(5):701–12. doi: 10.1016/j.beem.2013.07.003

24. Ibrahimpasic, T, Nixon, IJ, Palmer, FL, Whitcher, MM, Tuttle, RM, Shaha, A, et al. Undetectable thyroglobulin after total thyroidectomy in patients with low- and intermediate-risk papillary thyroid cancer— is there a need for radioactive iodine therapy? Surgery (2012) 152(6):1096–105. doi: 10.1016/j.surg.2012.08.034

25. Rosario, PW, Furtado M de, S, Mourão, GF, and Calsolari, MR. Patients with papillary thyroid carcinoma at intermediate risk of recurrence according to American thyroid association criteria can be reclassified as low risk when the postoperative thyroglobulin is low. Thyroid (2015) 25(11):1243–8. doi: 10.1089/thy.2015.0294

26. Momesso, DP, and Tuttle, RM. Update on differentiated thyroid cancer staging. Endocrinol Metab Clin North Am (2014) 43(2):401–21. doi: 10.1016/j.ecl.2014.02.010

27. Chow, SM, Law, SCK, Chan, JKC, Au, SK, Yau, S, and Lau, WH. Papillary microcarcinoma of the thyroid-prognostic significance of lymph node metastasis and multifocality. Cancer (2003) 98(1):31–40. doi: 10.1002/cncr.11442

28. Hay, ID, Kaggal, S, Iniguez-Ariza, NM, Reinalda, MS, Wiseman, GA, and Thompson, GB. Inability of radioiodine remnant ablation to improve postoperative outcome in adult patients with low-risk papillary thyroid carcinoma. Mayo Clinic Proc (2021) 96(7):1727–45. doi: 10.1016/j.mayocp.2021.02.009

29. Popadich, A, Levin, O, Lee, JC, Smooke-Praw, S, Ro, K, Fazel, M, et al. A multicenter cohort study of total thyroidectomy and routine central lymph node dissection for cN0 papillary thyroid cancer. Surgery (2011) 150(6):1048–57. doi: 10.1016/j.surg.2011.09.003

30. Zhao, W, You, L, Hou, X, Chen, S, Ren, X, Chen, G, et al. The effect of prophylactic central neck dissection on locoregional recurrence in papillary thyroid cancer after total thyroidectomy: A systematic review and meta-analysis. Ann Surg Oncol (2017) 24(8):2189–98. doi: 10.1245/s10434-016-5691-4

31. Rosenbaum, MA, and McHenry, CR. Central neck dissection for papillary thyroid cancer. Arch Otolaryngol Head Neck Surg (2009) 135(11):1092–7. doi: 10.1001/archoto.2009.158

32. Seifert, R, Schäfers, MA, Heitplatz, B, Kerschke, L, Riemann, B, and Noto, B. Minimal extrathyroid extension in papillary micro carcinoma of the thyroid is an independent risk factor for relapse through lymph node and distant metastases. J Nucl Med (2021). 62(12):1702 doi: 10.2967/jnumed.121.261898

33. Rosario, PW, Mourão, G, and Calsolari, MR. Risk of recurrence in patients with papillary thyroid carcinoma and minimal extrathyroidal extension not treated with radioiodine. J Endocrinol Invest (2019) 42(6):687–92. doi: 10.1007/s40618-018-0969-y

34. Reverter, JL, Rosas-Allende, I, Puig-Jove, C, Zafon, C, Megia, A, Castells, I, et al. Prognostic significance of thyroglobulin antibodies in differentiated thyroid cancer. J Thyroid Res (2020) 2020:8312628. doi: 10.1155/2020/8312628

35. Matrone, A, Latrofa, F, Torregrossa, L, Piaggi, P, Gambale, C, Faranda, A, et al. Changing trend of thyroglobulin antibodies in patients with differentiated thyroid cancer treated with total thyroidectomy without 131I ablation. Thyroid (2018) 28(7):871–9. doi: 10.1089/thy.2018.0080

36. Garger, YB, Winfeld, M, Friedman, K, and Blum, M. In thyroidectomized thyroid cancer patients, false-positive I-131 whole body scans are often caused by inflammation rather than thyroid cancer. J Investig Med High Impact Case Rep (2016) 4(1):2324709616633715. doi: 10.1177/2324709616633715

37. Oral, A, Yazıcı, B, Eraslan, C, and Burak, Z. Unexpected false-positive I-131 uptake in patients with differentiated thyroid carcinoma. Mol Imaging Radionucl Ther (2018) 27(3):99–106. doi: 10.4274/mirt.37450

38. Nava, CF, Scheffel, RS, Zanella, AB, Zelmanovitz, F, Maia, AL, and Dora, JM. Reappraising the diagnostic accuracy of post-treatment whole-body scans for differentiated thyroid carcinoma. Horm Metab Res (2020) 52(12):834–40. doi: 10.1055/a-1212-8594

39. Lou, K, Gu, Y, Hu, Y, Wang, S, and Shi, H. Technetium-99m-pertechnetate whole-body SPET/CT scan in thyroidectomized differentiated thyroid cancer patients is a useful imaging modality in detecting remnant thyroid tissue, nodal and distant metastases before 131I therapy. a study of 416 patients. Hell J Nucl Med (2018) 21(2):121–4.

40. Hsieh, SH, Chen, ST, Hsueh, C, Chao, TC, and Lin, JD. Gender-specific variation in the prognosis of papillary thyroid cancer TNM stages II to IV. Int J Endocrinol (2012) 2012:379097. doi: 10.1155/2012/379097

41. Eilsberger, F, and Verburg, FA. Controversies in radioiodine treatment of low- and intermediate-risk thyroid cancer. Clin Oncol (2021) 33(2):68–74. doi: 10.1016/j.clon.2020.11.009

42. Sawka, AM, Brierley, JD, Tsang, RW, Thabane, L, Rotstein, L, Gafni, A, et al. An updated systematic review and commentary examining the effectiveness of radioactive iodine remnant ablation in well-differentiated thyroid cancer. Endocrinol Metab Clin North Am (2008) 37(2):457–80. doi: 10.1016/j.ecl.2008.02.007

43. Ruel, E, Thomas, S, Dinan, M, Perkins, JM, Roman, SA, and Sosa, JA. Adjuvant radioactive iodine therapy is associated with improved survival for patients with intermediate-risk papillary thyroid cancer. J Clin Endocrinol Metab (2015) 100(4):1529–36. doi: 10.1210/jc.2014-4332

44. Durante, C, Montesano, T, Torlontano, M, Attard, M, Monzani, F, Tumino, S, et al. Papillary thyroid cancer: time course of recurrences during postsurgery surveillance. J Clin Endocrinol Metab (2013) 98(2):636–42. doi: 10.1210/jc.2012-3401

45. Dong, W, Horiuchi, K, Tokumitsu, H, Sakamoto, A, Noguchi, E, Ueda, Y, et al. Time-varying pattern of mortality and recurrence from papillary thyroid cancer: Lessons from a long-term follow-up. Thyroid (2019) 29(6):802–8. doi: 10.1089/thy.2018.0128

46. Markovina, S, Grigsby, PW, Schwarz, JK, DeWees, T, Moley, JF, Siegel, BA, et al. Treatment approach, surveillance, and outcome of well-differentiated thyroid cancer in childhood and adolescence. Thyroid (2014) 24(7):1121–6. doi: 10.1089/thy.2013.0297



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhao, Liu, Cao, Zhang, Zhao, Zhang, Lin, Xia, Liu, Liu and Li. 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



      		

        An immediate postoperative response to therapy assessment can help avoid unnecessary RAI therapy

      

        		

          Background

        



        		

          Method

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Method

        

          		

            Patients

          



          		

            Procedures

          



          		

            Follow-up protocol and endpoints

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Clinical characteristics

          



          		

            Immediate postoperative response to therapy assessment

          



          		

            Primary and secondary endpoints

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Total (N=179)

TgAb negative ~ TgAb positive

(N=146) (N=33)

s-Tg level (ng/ml) 0.89 + 1.14 0.40 + 0.86
Distribution of s-Tg

<0.2ng/ml 47 (32.2%) 22 (66.7%)

0.2-1ng/ml 55 (37.7%) 8 (24.2%)

1-2ng/ml 25 (17.1%) 2 (6.1%)

2-5ng/ml 16 (11.0%) 1 (3.0%)

5-10ng/ml 3(2.1%) 0%
TgAb level change

Decrease - 25 (75.8%)

Stable - 8 (24.2%)
Abnormal US (No) 146 (100%) 33 (100%)
DX-WBS

NA* 64 (43.8%) 16 (48.5%)

Residual thyroid bed uptake 67 (45.9%) 16 (48.5%)

No uptake 15 (10.3%) 1 (3.0%)
Immediate postoperative response

Excellent 65 (44.5%) 0%

Indeterminate 81 (55.5%) 33 (100%)

*NA, not available; s-Tg, stimulated thyroglobulin; DX-WBS, diagnostic whole-body scan.





OEBPS/Images/table4.jpg
Total (N=179)
Gender
Female (N=134)
Male (N=45)
Age
<55 (N=145)
255 (N=34)
Lateral LN dissection
No (N=143)
Yes (N= 36)
Pathological subtype
PTC (N=126)
FTC (N=28)
PTC and FTC (N=22)
Others (N= 3)
Multifocality
No (N=79)
Yes (N= 100)
Tumor invasion
No (N=22)
Capsular invasion (N=130)
Extracapsular extension (N=27)
Tumor size
<lcm (N=75)
>lem (N=104)
LNM
No (N=73)
<5 LN involved (N=78)
>5 LN involved (N=28)
s-Tg level (N=146)
Ing/ml as cutoff value
<lIng/ml (N=102)
>1ng/ml (N=44)
2ng/ml as cutoff value
<2ng/ml (N=126)
>2ng/ml (N=20)
5ng/ml as cutoff value
<5ng/ml (N=142)
>5ng/ml (N=4)
Immediate postoperative response
Excellent (N=65)
Indeterminate (N=114)
BRAF mutation
No (N=16)
Yes (N=81)

Excellent

165 (92.2%)

128 (95.5%)
38 (84.4%)

133 (91.72%)
32 (94.1%)

132 (92.3%)
33 (91.7%)

115 (91.3%)

26 (92.9%)

21 (95.5%)
3 (100%)

73 (92.4%)
92 (92.0%)

20 (90.9%)
121 (93.1%)
24 (88.9%)

68 (90.7%)
97 (93.3%)

70 (95.9%)
71 (91.0%)
24 (85.7%)

102 (100%)

37 (84.1%)

124 (98.4%)
15 (75.0%)

136 (95.8%)
3 (75.0%)

64 (98. 5%)
101 (88.6%)

14 (87.5%)
73 (90.1%)

Distribution of response

Indeterminate Biochemical incomplete
12 (6.7%) 1(0.6%)
5 (3.7%) 0%

6 (133%) 1(22%)

10 (6.9%) 1(0.7%)

2 (5.8%) 0%

10 (7.0%) 0%

2 (5.6%) 0%

10 (8.0%) 1(0.8%)

2 (7.1%) 0%
0% 0%
0% 0%

5 (6.3%) 1(1.3%)

7 (7.0%) 0%

1 (4.5%) 1 (4.5%)

8 (6.2%) 0%

3 (11.1%) 0%

6 (8.0%) 0%

6 (5.8%) 1 (1.0%)

3 (4.1%) 0%

6 (7.7%) 0%

3 (10.7%) 1.(3.6%)
0% 0%

6 (13.6%) 0%

2 (1.6%) 0%

4(20.0%) 0%

5 (3.5%) 0%

1(25.0%) 0%
0% 1(1.5%)

12(10.5%) 0%

1(63%) 1(63%)

7 (8.6%) 0%

Structural incomplete

1 (0.6%)

1(0.7%)
0%

1 (0.7%)
0%

1(0.7%)
1 (2.8%)

0%
0%
1(4.5%)
0%

0%
1 (1.0%)

0%
1 (0.8%)
0%

1(1.3%)
0%

0%
1 (1.3%)
0%

0%
1(2.3%)

0%
1 (5.0%)

1(0.7%)
0%

0%
1(0.9%)

0%
1 (1.2%)

P value

0.023

>0.99

0.533

0.408

0.861

0.322

0.571

0.233

<0.001

<0.001

0.180

0.004

0.322





OEBPS/Images/table3.jpg
Total (N=172)
Gender
Female (N=129)
Male (N=43)
Age
<55 (N=149)
255 (N=33)
Lateral LN dissection
No (N=137)
Yes (N= 35)
Pathological subtype
PTC (N=119)
FTC (N= 28)
PTC and FTC (N=22)
Others (N=3)
Multifocality
No (N= 74)
Yes (N= 98)
Tumor invasion
No (N=20)
Capsular invasion (N=125)
Extracapsular extension (N=27)
Tumor size
<lcm (N=73)
>lem (N=99)
LNM
No (N=70)
<5 LN involved (N=75)
>5 LN involved (N=27)
s-Tg level (N=146)*
Ing/ml as cutoff value
<lIng/ml (N=102)
>1ng/ml (N=44)
2ng/ml as cutoff value
<2ng/ml (N=126)
>2ng/ml (N=20)
5ng/ml as cutoff value
<5ng/ml (N=142)
>5ng/ml (N=4)
Immediate postoperative response
Excellent (N=65)
Indeterminate (N=117)
BRAF mutation
No (N=15)
Yes (N=80)

*s-Tg level: The s-Tg level measured at the immediate postoperative response to therapy assessment and only include the TgAb-negative patients.

u-Tg, unstimulated thyroglobulin.

u-Tg level (ng/ml)

0.058 + 0.058

0.050 + 0.032
0.085 + 0.098

0.060 + 0.062
0.054 + 0.039

0.058 + 0.057
0.061 + 0.061

0.063 + 0.067

0.044 £ 0.011

0.054 + 0.035
0.040 + 0

0.056 + 0.049
0.060 + 0.064

0.051 + 0.031
0.051 + 0.042
0.096 + 0.105

0.063 + 0.061
0.055 + 0.055

0.052 + 0.044
0.059 + 0.063
0.074 £ 0.074

0.047 +0.024

0.095 + 0.100

0.052 + 0.045
0.122 £ 0.108

0.060 + 0.060
0.105 £ 0.105

0.047 £ 0.024
0. 064 + 0.068

0.043 £ 0.008
0.062 + 0.064

P value

0.012

0.922

0.762

0.674

0.727

0.013

0.183

0.211

<0.001

<0.001

0.143

0.062

0.460

<0.2 ng/ml

166 (96.5%)

127 (98.4%)
39 (90.7%)

134 (96.4%)
35 (97.2%)

132 (96.4%)
34 (97.1%)

113 (95.0%)
28 (100%)
22 (100%)
3 (100%)

72 (97.3%)
94 (95.9%)

20 (100%)
122 (97.6%)
24 (88.9%)

69 (94.5%)
97 (98.0%)

69 (98.6%)
72 (96.0%)
25 (92.6%)

102 (100%)
38 (86.4%)

124 (98.4%)
16 (80.0%)

137 (96.5%)
3 (75.0%)

65 (100%)
111 (94.8%)

15 (100%)
76 (95.0%)

u-Tg distribution

0.2-1 ng/ml

6 (3.5%)

2 (1.6%)
4 (9.3%)

5 (3.6%)
1(2.8%)

5 (3.6%)
1(2.9%)

6 (5.0%)
0%
0%
0%

2 (2.7%)
4 (4.1%)

0%
3 (2.4%)
3 (11.1%)

4 (5.5%)
2 (2.0%)

1 (1.4%)
3 (4.0%)
2 (7.4%)

0%
6 (13.6%)

2 (1.6%)
4 (20.0%)

5 (3.5%)
1(25.0%)

0%
6 (5.2%)

0%
4 (5.0%)

>1 ng/ml

0%

0%
0%

0%
0%

0%
0%

0%
0%
0%
0%

0%
0%

0%
0%
0%

0%
0%

0%
0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

0%
0%

P value

0.035

>0.999

>0.999

0.574

0.701

0.087

0.403

0.265

<0.001

<0.001

0.180

0.090

>0.999





OEBPS/Images/fonc.2022.947710_cover.jpg
, frontiers ‘ Frontiers in Oncology

An immediate postoperative
response to therapy assessment
can help avoid unnecessary
RAI therapy





OEBPS/Images/fonc-12-947710-g001.jpg
Analysis

Accessed for eligibility (n=515)

PTC adults received TT
without post-surgery RAI (n=186)

Lost to follow-up (n=7)

- Did not answer the telephone (n=3)

- Willness change™* (n=4)

*patients change their willness to recieve
RAI therapy during follow-up

Analysed (n=179)
*No case exclued from analysis

Not meeting inclusion criteria (n= 329)






OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-12-947710-g002.jpg
Disease free survival

100

75
50
25
0
0 6 12 18 24 30 36 42 48 54 60 66
Months

Number at risk: n (%)

179 162 133 109 84 69 56 40 25 12 7 3
(100) (91 (74) (61) (47 (39 (€2)) (22) (14) ) (C)) (2

Months





OEBPS/Images/table1.jpg
Total (N=179)

Gender

Female 134 (74.9%)

Male 45 (25.1%)
Age 44.6 +10.1
Preoperative TSH (WIU/mL) 2.16 + 2.61
Preoperative Tg (ng/mL) 23.1 £489
Preoperative TgAb (IU/ml) 158 + 460
LNM (by US)

No 105 (58.7%)

Yes 74 (41.3%)

Without lateral LNM 38 (21.2%)
With lateral LNM 36 (20.1%)

Metastatic lymph node size (cm, N=74) 0.49 +0.71
Lateral lymph node dissection

No 143 (79.9%)

Yes 36 (20.1%)
Primary tumor size (CM) 1.24 + 0.66
Pathological subtype

Papillary 126 (70.4%)

Follicular 28 (15.6%)

Papillary and follicular 22 (12.3%)

Others 3 (1.7%)
Multifocality

No 79 (44.1%)

Yes 100 (55.9%)
Tumor invasion

No 22 (12.3%)

Capsular invasion 130 (72.6%)

Extracapsular extension 27 (15.1%)

Chronic lymphocytic thyroiditis

No 108 (60.3%)

Yes 71 (39.7%)
Number of LN harvested

Total 212 £16.7

CLND only 15:149.5

CLND+LLND 454 +17.4

LNM (by postoperative pathology)

No 73 (40.8%)
Yes 106 (59.2%)
< 5 LN involved 78 (43.6%)
> 5 LN involved 28 (15.6%)
ATA risk stratification
Low risk 110 (61.5%)
Intermediate risk 66 (36.9%)
High risk 3 (1.7%)
BRAF mutation (N=97)
No 16 (16.5%)
Yes 81 (83.5%)

TSH, thyroid-stimulating hormone; Tg, thyroglobulin; TgAb, thyroglobulin antibody;
LNM, lymph node metastases; US, ultrasound; LN, lymph node; CLND, center lymph
node dissection; LLND, lateral lymph node dissection.





