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Purpose

Telomerase reverse transcriptase (TERT) has been reported in papillary thyroid carcinoma (PTC). This study aimed to investigate the correlation of TERT promoter mutations with clinical and ultrasound (US) features in PTC and to develop a model to predict TERT promoter mutations.





Methods

Preoperative US images, postoperative pathological features, and TERT promoter mutation information were evaluated in 365 PTC patients confirmed by surgery. Univariate and multivariate factor analyses were performed to identify risk factors for TERT promoter mutations. A predictive model was established to assess the clinical predictive value.





Results

Of the 365 patients with PTC (498 nodules), the number of those with TERT promoter mutations was 67 cases (75 nodules), and the number of those without mutations was 298 cases (423 nodules). The median age was 40 years in the wild-type group and 60 years in the mutant group. Male patients made up 35.82% of the mutant group and 22.82% of the wild-type group. Multivariate analysis revealed that the independent risk factors associated with the occurrence of TERT promoter mutation in PTC were as follows: older age (odds ratio (OR) = 1.07; p = 0.002), maximum diameter of ≥ 10 mm (OR = 3.94; p < 0.0001), unilateral (OR = 4.15; p < 0.0001), multifocal (OR = 7.69; p < 0.0001), adjacent to the thyroid capsule (OR = 1.94; p = 0.044), and accompanied by other benign nodules (OR = 1.94, p = 0.039). A predictive model was established, and the area under the curve (AUC) of the receiver operating characteristic was 0.839. TERT promoter mutations were associated with high-risk US and clinical features compared with the wild-type group.





Conclusion

TERT promoter mutations were associated with older ages. They were also found to be multifocal, with a maximum diameter of ≥ 10 mm, unilateral, adjacent to the thyroid capsule, and accompanied by other benign nodules. The predictive model was of high diagnostic value.
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Introduction

Thyroid cancer (TC) is the ninth most prevalent cancer worldwide, with its incidence has gradually increased in recent years (1, 2). Among all types of TC, papillary thyroid cancer (PTC) is the most common and shows an increasing trend in all regions, despite wide regional variations (3). With further studies on the pathogenesis of TC, similar to other cancer types, TC occurs and develops through the gradual accumulation of various genetic and epigenetic alterations (4, 5). Recent advances in the genetic characterization of TC have provided molecular markers for adjuvant diagnostic and therapeutic targets (6–8).

Telomerase reverse transcriptase (TERT) promoter mutations are most commonly observed in malignant melanoma, uroepithelial bladder cancer, glioblastoma, mucinous liposarcoma, as well as in certain skin cancer and medulloblastoma subtypes. The TERT promoter mutation rate in these cancers can reach 80%–90%, with intermediate rates of 10%–50% in TC (9). TERT promoter mutations occur mainly in two hotspots on chromosome 5 (1,295,228 and 1,295,250, or −124 bp and −146 bp of the ATG) with cytidine to thymidine (C>T) dipyrimidine transitions, known as C228T and C250T, respectively (10, 11).

Previous studies have found a significant correlation between TERT promoter mutations and distant metastases, higher pathological stage, disease recurrence, disease-specific mortality, and other adverse prognostic features in 647 differentiated thyroid carcinoma lesions, especially in PTC (12). These have also been confirmed in other studies (13–17). Therefore, in the American Association of Endocrine Surgeons Guidelines for the Definitive Surgical Management of Thyroid Disease in Adults, there is an acknowledgment of the inclusion of the TERT promoter mutation in the assessment of the overall mutational burden in thyroid cancers (18). At present, clinical testing for mutations in the TERT promoter is usually done by performing Fine needle aspiration (FNA) on the target nodule, but the cost of testing is a burden for patients. This study aims to adopt a simpler, more economical, and noninvasive approach to predict TERT promoter mutations and to assist in screening high-risk PTC populations with adverse prognostic features such as a high recurrence rate and mortality rate in order to adopt corresponding clinical management strategies timely.

In this study, we propose to compare the differences in clinical and ultrasound (US) features between the TERT promoter mutation group and the wild-type group. Subsequently, to predict TERT promoter mutations in PTC, we will combine clinical features and US characteristics to construct a predictive model. It will provide a noninvasive way to identify high-risk individuals, enabling doctors to tailor personalized treatments and monitoring strategies promptly.





Materials and methods




Patients

This was a retrospective study that was reviewed and approved by the Ethics Review Committee of Ruijin Hospital, Shanghai Jiaotong University School of Medicine, and the requirement for obtaining informed consent from patients was waived because of its retrospective nature. We reviewed 365 patients who were diagnosed with primary PTC and underwent surgery at Ruijin Hospital between Jane 2018 and June 2023; they were enrolled in the present study. Molecular testing for TERT promoter mutations was performed on all PTC cases. Clinicopathologic information was retrieved from electronic medical records. The inclusion criteria were as follows: (1) all underwent surgery treatment with a pathologically confirmed diagnosis of PTC; (2) complete postoperative pathological tissue specimens were available; and (3) complete records of TERT promoter testing were available. The exclusion criteria include the following: (1) incomplete US image data and (2) minor patients under 18 years old.





Clinical, US, and pathology assessment

All patients’ clinical characteristic information, US images, and pathology results are from the HIS system. All grayscale and Doppler sonographic examinations were performed with a 4- to 13-MHz linear probe (MyLab 90, EsaoteSpA, Genoa, Italy; iU22 System, Philips, Seattle, WA, USA; and Resona 7, Mindray, Shenzhen, China) by two radiologists with more than 10 years of experience in thyroid US. Doppler parameters were optimized to maximize Doppler sensitivity. Adjacent to the thyroid capsule refers to the distance between the thyroid nodules and the thyroid capsule, which is less than 2 mm. Accompanied by other benign nodules means that, in addition to the malignant nodules, there are other nodules categorized as TI-RADS 2 to TI-RADS 3 in the same patients. Cervical lymph node metastasis was detected via US. The reference ranges for Thyroid Stimulating Hormone (TSH), Thyroglobulin (Tg), Thyroid peroxidase antibody (TPOab), anti-thyroglobulin antibodies (Tgab), and calcitonin are as follows: TSH ranges from 0.27 µIU/mL to 4.2 µIU/mL, Tg ranges from 3.5 ng/mL to 77 ng/mL, TPOab ranges from 0 IU/mL to 34 IU/mL, Tgab ranges from 0 IU/mL to 115 IU/mL, and calcitonin ranges from 0 pg/mL to 6.4 pg/mL. The determination of histological diagnosis is based on the criteria and terminology proposed by the World Health Organization.





Detection of TERT promoter mutations

For each tumor, a tissue block with the most representative tumor area and high tumor cell enrichment (tumor cell purity > 50%) was selected for amplification-refractory mutation system PCR (ARMS-PCR). Tumor cell areas were labeled and macroscopically dissected to detect tumor purity. ARMS-PCR was performed for the TERT promoter mutations, as described previously (19, 20). TERT promoter mutant DNA is detected by the TERT gene mutation kit (Amoydx, Shanghai, China), according to the manufacturer’s instructions. ARMS-PCR was performed on Stratagene Mx3000P™ (Stratagene, USA) and following the standard procedures: initial template denaturation at 95°C for 5 min was followed by 15 cycles of 95°C for 25 s, 64°C for 20 s, and 72°C for 20 s, and 31 cycles of 93°C for 25 s, 60°C for 35 s, and 72°C for 20 s. FAM and HEX signals were collected at 60°C to perform real-time PCR. Positive values and results are interpreted according to the kit instructions: when the CT value is greater than or equal to the negative threshold Ct value (28 or 29), it is regarded as negative; when the mutant Ct value of the sample is less than the negative threshold Ct value and is less than 26, it is regarded as positive. When the Ct value ranges from 26 to the negative threshold, it is necessary to combine it with the ΔCt cut-off value to determine the positive value.





Statistical analysis

Categorical variables were compared using the Pearson’s Chi-square test or Fisher’s exact test based on TERT promoter mutation status. Independent samples t-test or Mann–Whitney U test was used to compare continuous variables. Univariate and multivariate logistic regression analyses were performed to identify clinical features and US associated with TERT promoter mutation status. Results were considered statistically significant with a two-tailed p-value of less than 0.05. All data were analyzed using SPSS v.22.0 software (IBM Corp.), STATA 16 (Stata Corp.), and R version 3.6.3 (http://www.r-project.org/).






Results




Clinical and US characteristics of individual patient

A total of 365 PTC patients confirmed by pathology were included for analysis of clinical and ultrasound risk factors associated with TERT promoter mutations. Of these, 67 were in the mutant group and 298 in the wild-type group. It showed differences in median age (40 years vs. 60 years; p < 0.05) and in the gender distribution (percentage of men, 22.82% vs. 35.82%; p < 0.05) at the time of consultation. Furthermore, the two groups exhibit significant differences in TSH, Tgab, Tpoab, Tg, cervical lymph node metastasis in the lateral neck region, and the number of malignant thyroid nodules between the two groups. However, there were no significant differences in calcitonin, family history, cervical lymph node metastasis, and cervical lymph node metastasis in the central region (Table 1).


Table 1 | Clinical and US characteristics of individual patients.







US characteristics of nodules

A total of 498 nodules were included to analyze the relation between US characterization of nodules and TERT promoter mutations. Nodules with TERT promoter wild-type (n = 423) and TERT promoter mutation (n = 75) showed differences in the following nine characteristics: maximum diameter of ≥ 10 mm, unilateral, multifocal, markedly hypoechoic, irregular margin, absence of microcalcification, rich blood supply, adjacent to the thyroid capsule, and accompanied by other benign nodules. In contrast, there were no significant differences in terms of location in the left, right, or isthmus (p = 0.760) and vertical orientation (p = 0.206) (Table 2).


Table 2 | US characteristics of thyroid nodules.







Lasso regression and multivariate analysis

Univariate analysis was used to compare the clinical features and US characteristics of the patients, as well as the US characteristics of the nodules, between the two groups. Preliminary results showed that risk factors associated with the development of TERT promoter mutations in PTC were older age, male, low TSH, normal Tgab and Tpoab, low Tg, cervical lymph node metastasis in the lateral neck region, number of malignant thyroid nodules, maximum diameter of ≥ 10 mm, unilateral, markedly hypoechoic, irregular margin, nonmicrocalcification, rich blood supply, adjacent to the thyroid capsule, and accompanied by other benign nodules. To exclude the effect of multicollinearity, we used lasso 10-fold cross-validation to screen for true risk factors from the candidate variables identified by univariate analysis (Figure 1). After correction, risk factors analyzed by univariate analysis were male, older age, number of malignant thyroid nodules, cervical lymph node metastasis in the lateral neck region, maximal diameter of ≥ 10 mm, unilateral, multifocal, markedly hypoechoic, nonmicrocalcification, adjacent to the thyroid capsule, and accompanied by other benign nodules. Further multivariate analysis revealed that the independent risk factors for TERT promoter mutation were older age (OR = 1.07; p = 0.002), maximum diameter of ≥ 10 mm (OR = 3.94; p < 0.0001), unilateral (OR = 4.15; p < 0.0001), multifocal (OR = 7.69; p < 0.0001), adjacent to the thyroid capsule (OR = 1.94; p = 0.044), and accompanied by other benign nodules (OR = 1.94; p = 0.039) (Tables 3, 4).




Figure 1 | Lasso regression for risk factors from univariate analysis. Lasso regression screening was performed on nodule features that showed differences in the results of the preliminary univariate analysis, and the colored lines from right (blue) to left (purple) in order represent the following factors: maximum diameter of ≥ 10 mm, multifocal, unilateral, microcalcification, accompanied by other benign nodules, adjacent to the thyroid capsule, markedly hypoechoic, irregular margin, rich blood supply (A). Selection of the tuning parameter lambda (B). Lasso regression was performed to screen for patient characteristics that showed differences, and the first four colored lines from right (red) to left (green) represent, in order, the following indicators: age, gender, cervical lymph node metastasis in the lateral neck region, and number of malignant thyroid nodules, while others represent TSH, Tgab, Tpoab, and Tg (C). Selection of the tuning parameter lambda (D).




Table 3 | Clinical and US feature analyses of patients.




Table 4 | US feature screening based on multifactor logistic regression.







Predictive model

Six clinical and US features were identified as independent risk factors for predicting the occurrence of TERT promoter mutations in PTC. These include older age, maximum diameter of ≥ 10 mm, unilateral, multifocal, adjacent to the thyroid capsule, and accompanied by other benign nodules. Based on these factors, a predictive model was established with an area under the curve (AUC) of the receiver operating characteristic of 0.839 (Figure 2).




Figure 2 | Receiver operating characteristic based on results of multifactorial analysis. The receiver operating characteristics are established for older age, multifocal, maximum diameter of ≥ 10 mm, unilateral, adjacent to the thyroid capsule, and accompanied by other benign nodules. The AUC is 0.839.








Discussion

We examined the TERT promoter status in 365 PTC patients confirmed by pathology. The results of the univariate analysis suggest that the TERT promoter mutation may be associated with several factors, including older age, male, low TSH, normal Tgab, normal Tpoab, low Tg, cervical lymph node metastasis in the lateral neck region, number of malignant thyroid nodules, maximum diameter of ≥ 10 mm, unilateral, markedly hypoechoic, irregular margin, nonmicrocalcification, rich blood supply, adjacent to the thyroid capsule, and accompanied by other benign nodules. However, after correction using machine learning and further multivariate analysis, we discovered that older age, maximum diameter of ≥ 10 mm, unilateral, multifocality, adjacent to the thyroid capsule, and accompanied by other benign nodules were independent risk factors for predicting TERT promoter mutation. Finally, we established a prediction model for TERT promoter mutations based on the above independent risk factors. The model achieved an AUC of 0.839, indicating good predictive performance, and may become a promising predictive tool for clinical practice.

Our study showed that for older patients with PTC, the risk of TERT promoter mutation was higher (OR = 1.07; p < 0.05), and the risk of TERT mutation increased with each 1-year increase in age, that is, by 7%. Additionally, maximum diameter of ≥ 10 mm, unilateral, multifocal, and adjacent to the thyroid capsule were identified as independent risk factors for TERT promoter mutation in PTC patients. Furthermore, our study also counted and compared the presence of other benign nodules in patients with PTC and found that differences emerged between the two groups. This confirmed that the presence of other benign nodules could serve as an independent risk factor for predicting the occurrence of TERT promoter mutations in PTCs.

It is worth noting that when counting the variables, we recorded the number of malignant thyroid nodules in the PTC patients and compared the multifocality in the ultrasound features of the nodules between the two groups. Although both variables referred to the same thing and showed differences in the initial univariate analysis, the number of malignant thyroid nodules was excluded after eliminating the effect of multicollinearity. The multifocality ultimately remained an independent risk factor for predicting the TERT promoter mutations.

Previous studies have demonstrated that age, maximum diameter of the nodules, multifocality, and adjacent to the thyroid capsule are independent risk factors for TERT promoter mutations, which are consistent with our findings (21–23). Especially age, which has been widely reported in many studies, was consistently validated (24–26). In addition, other studies have suggested that indicators such as males, irregular margins, and vertical orientation can predict TERT promoter mutations (27, 28). In our study, the results of univariate analysis showed a possible relationship between TERT promoter mutations and male and irregular margins. However, these two variables were excluded for multiple covariance. In contrast, vertical orientation did not show significant differences in our study. While unilateral and accompanied by other benign nodules have rarely been analyzed before, even fewer studies have suggested an association with the presence of mutations in the TERT promoter. This study found that these two are independent risk factors for TERT promoter mutations.

A meta-analysis that included 51 studies indicated that cervical lymph node metastasis was associated with TERT promoter mutations, which was additionally confirmed by a meta-analysis that included a total of 2,035 patients from eight studies (29, 30). There is also a study suggesting that cervical lymph node metastasis is not associated with TERT promoter mutations (31). Therefore, the correlation between cervical lymph node metastasis and TERT promoter mutations remains controversial. Our results suggest that cervical lymph node metastasis detected by US was not an independent risk factor for the TERT promoter mutation.

In this study, a predictive model based on relevant clinical and US features can serve as an auxiliary tool for the precise management of PTC patients. The combination of clinical and US features can help predict TERT promoter mutations in a noninvasive way, replacing FNA to reduce patient pain and medical costs. Based on previous research reports and the results of this study, the mutation of the TERT promoter was found to be associated with the adjacent thyroid capsule and adverse prognostic features such as high recurrence rate and mortality rate. Therefore, detection of TERT promoter mutations can assist in rationally selecting appropriate treatment strategies for those high-risk populations, such as establishing more frequent follow-up plans. Conversely, individuals at relatively low risk can opt for more conservative treatment to reduce overtreatment.

There are some limitations to this study. First, the retrospective study design might limit the analysis of additional potential variables. Secondly, the predictive model lacks external validation. Additionally, although the sample size has notably increased compared to prior studies, a larger prospective cohort could provide more robust and persuasive findings. Therefore, future research will prioritize rigorous prospective, multicenter studies that focus on validating and optimizing this predictive model.

In conclusion, our study demonstrated that older age, maximum diameter of ≥ 10 mm, unilateral, multifocal, adjacent to the thyroid capsule, and accompanied by other benign nodules were independent risk factors for TERT promoter mutations in PTC. The prediction model based on these characteristics was of high predictive value. The correct acquisition and interpretation of the patient’s clinical characteristics as well as the US characteristics of the nodule are important and may aid in predicting the TERT promoter status, providing a valuable reference for subsequent patient management and treatment options.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.





Ethics statement

The studies involving humans were approved by the ethics review committee of Ruijin Hospital, Shanghai Jiaotong University School of Medicine. The studies were conducted in accordance with the local legislation and institutional requirements. The requirement for obtaining informed consent from patients was waived because of its retrospective nature.





Author contributions

YH: Writing – review & editing, Writing – original draft, Visualization, Validation, Supervision, Software, Resources, Project administration, Methodology, Investigation, Formal analysis, Data curation, Conceptualization. SX: Software, Conceptualization, Writing – review & editing, Visualization, Validation, Supervision, Resources, Project administration, Methodology, Investigation. LD: Methodology, Formal analysis, Writing – review & editing. ZP: Investigation, Writing – review & editing, Resources, Formal analysis, Data curation. LZ: Methodology, Validation, Resources, Writing – review & editing. WZ: Visualization, Validation, Supervision, Project administration, Methodology, Funding acquisition, Writing – review & editing, Resources, Investigation.





Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the National Natural Science Foundation of China (82071923).




Acknowledgments

We thank our colleagues for their support in this work.





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. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

2. Pizzato, M, Li, M, Vignat, J, Laversanne, M, Singh, D, La Vecchia, C, et al. The epidemiological landscape of thyroid cancer worldwide: GLOBOCAN estimates for incidence and mortality rates in 2020. Lancet Diabetes Endocrinol. (2022) 10:264–72. doi: 10.1016/S2213-8587(22)00035-3

3. Aschebrook-Kilfoy, B, Ward, MH, Sabra, MM, and Devesa, SS. Thyroid cancer incidence patterns in the United States by histologic type, 1992-2006. Thyroid. (2011) 21:125–34. doi: 10.1089/thy.2010.0021

4. Network, CGAR. Integrated genomic characterization of papillary thyroid carcinoma. Cell. (2014) 159:676–90. doi: 10.1016/j.cell.2014.09.050

5. Yu, P, Qu, N, Zhu, R, Hu, J, Han, P, Wu, J, et al. TERT accelerates BRAF mutant-induced thyroid cancer dedifferentiation and progression by regulating ribosome biogenesis. Sci Adv. (2023) 9:eadg7125. doi: 10.1126/sciadv.adg7125

6. Pu, W, Shi, X, Yu, P, Zhang, M, Liu, Z, Tan, L, et al. Single-cell transcriptomic analysis of the tumor ecosystems underlying initiation and progression of papillary thyroid carcinoma. Nat Commun. (2021) 12:6058. doi: 10.1038/s41467-021-26343-3

7. Landa, I, Ibrahimpasic, T, Boucai, L, Sinha, R, Knauf, JA, Shah, RH, et al. Genomic and transcriptomic hallmarks of poorly differentiated and anaplastic thyroid cancers. J Clin Invest. (2016) 126:1052–66. doi: 10.1172/JCI85271

8. Cabanillas, ME, Ryder, M, and Jimenez, C. Targeted therapy for advanced thyroid cancer: kinase inhibitors and beyond. Endocr Rev. (2019) 40:1573–604. doi: 10.1210/er.2019-00007

9. Yuan, X, Dai, M, and Xu, D. TERT promoter mutations and GABP transcription factors in carcinogenesis: More foes than friends. Cancer Lett. (2020) 493:1–9. doi: 10.1016/j.canlet.2020.07.003

10. Huang, FW, Hodis, E, Xu, MJ, Kryukov, GV, Chin, L, and Garraway, LA. Highly recurrent TERT promoter mutations in human melanoma. Science. (2013) 339:957–9. doi: 10.1126/science.1229259

11. Horn, S, Figl, A, Rachakonda, PS, Fischer, C, Sucker, A, Gast, A, et al. TERT promoter mutations in familial and sporadic melanoma. Science. (2013) 339:959–61. doi: 10.1126/science.1230062

12. Melo, M, da Rocha, AG, Vinagre, J, Batista, R, Peixoto, J, Tavares, C, et al. TERT promoter mutations are a major indicator of poor outcome in differentiated thyroid carcinomas. J Clin Endocrinol Metab. (2014) 99:E754–65. doi: 10.1210/jc.2013-3734

13. Bullock, M, Ren, Y, O’Neill, C, Gill, A, Aniss, A, Sywak, M, et al. TERT promoter mutations are a major indicator of recurrence and death due to papillary thyroid carcinomas. Clin Endocrinol (Oxf). (2016) 85:283–90. doi: 10.1111/cen.12999

14. Xing, M, Liu, R, Liu, X, Murugan, AK, Zhu, G, Zeiger, MA, et al. BRAF V600E and TERT promoter mutations cooperatively identify the most aggressive papillary thyroid cancer with highest recurrence. J Clin Oncol. (2014) 32:2718–26. doi: 10.1200/JCO.2014.55.5094

15. Lee, SE, Hwang, TS, Choi, YL, Han, HS, Kim, WS, Jang, MH, et al. Prognostic significance of TERT promoter mutations in papillary thyroid carcinomas in a BRAF(V600E) mutation-prevalent population. Thyroid. (2016) 26:901–10. doi: 10.1089/thy.2015.0488

16. Song, YS, Lim, JA, Choi, H, Won, JK, Moon, JH, Cho, SW, et al. Prognostic effects of TERT promoter mutations are enhanced by coexistence with BRAF or RAS mutations and strengthen the risk prediction by the ATA or TNM staging system in differentiated thyroid cancer patients. Cancer. (2016) 122:1370–9. doi: 10.1002/cncr.29934

17. Liu, R, Bishop, J, Zhu, G, Zhang, T, Ladenson, PW, and Xing, M. Mortality risk stratification by combining BRAF V600E and TERT promoter mutations in papillary thyroid cancer: genetic duet of BRAF and TERT promoter mutations in thyroid cancer mortality. JAMA Oncol. (2017) 3:202–8. doi: 10.1001/jamaoncol.2016.3288

18. Patel, KN, Yip, L, Lubitz, CC, Grubbs, EG, Miller, BS, Shen, W, et al. The american association of endocrine surgeons guidelines for the definitive surgical management of thyroid disease in adults. Ann Surg. (2020) 271:e21–93. doi: 10.1097/SLA.0000000000003580

19. Han, D, Min, D, Xie, R, Wang, Z, Xiao, G, Wang, X, et al. Molecular testing raises thyroid nodule fine needle aspiration diagnostic value. Endocr Connect. (2023) 12:e230135. doi: 10.1530/EC-23-0135

20. Li, X, Li, E, Du, J, Wang, J, and Zheng, B. BRAF mutation analysis by ARMS-PCR refines thyroid nodule management. Clin Endocrinol (Oxf). (2019) 91:834–41. doi: 10.1111/cen.14079

21. Kim, MJ, Kim, JK, Kim, GJ, Kang, SW, Lee, J, Jeong, JJ, et al. TERT promoter and BRAF V600E mutations in papillary thyroid cancer: A single-institution experience in Korea. Cancers (Basel). (2022) 14:4928. doi: 10.3390/cancers14194928

22. Nakao, T, Matsuse, M, Saenko, V, Rogounovitch, T, Tanaka, A, Suzuki, K, et al. Preoperative detection of the TERT promoter mutations in papillary thyroid carcinomas. Clin Endocrinol (Oxf). (2021) 95:790–9. doi: 10.1111/cen.14567

23. Choi, YS, Choi, SW, and Yi, JW. Prospective analysis of TERT promoter mutations in papillary thyroid carcinoma at a single institution. J Clin Med. (2021) 10:2179. doi: 10.3390/jcm10102179

24. Sun, J, Zhang, J, Lu, J, Gao, J, Ren, X, Teng, L, et al. BRAF V600E and TERT promoter mutations in papillary thyroid carcinoma in chinese patients. PloS One. (2016) 11:e0153319. doi: 10.1371/journal.pone.0153319

25. Na, HY, Yu, HW, Kim, W, Moon, JH, Ahn, CH, Choi, SI, et al. Clinicopathological indicators for TERT promoter mutation in papillary thyroid carcinoma. Clin Endocrinol (Oxf). (2022) 97:106–15. doi: 10.1111/cen.14728

26. Kim, TH, Kim, YE, Ahn, S, Kim, JY, Ki, CS, Oh, YL, et al. TERT promoter mutations and long-term survival in patients with thyroid cancer. Endocr Relat Cancer. (2016) 23:813–23. doi: 10.1530/ERC-16-0219

27. Shi, H, Guo, LH, Zhang, YF, Fu, HJ, Zheng, JY, Wang, HX, et al. Suspicious ultrasound and clinicopathological features of papillary thyroid carcinoma predict the status of TERT promoter. Endocrine. (2020) 68:349–57. doi: 10.1007/s12020-020-02214-7

28. Kim, TH, Ki, CS, Hahn, SY, Oh, YL, Jang, HW, Kim, SW, et al. Ultrasonographic prediction of highly aggressive telomerase reverse transcriptase (TERT) promoter-mutated papillary thyroid cancer. Endocrine. (2017) 57:234–40. doi: 10.1007/s12020-017-1340-3

29. Yang, J, Gong, Y, Yan, S, Chen, H, Qin, S, and Gong, R. Association between TERT promoter mutations and clinical behaviors in differentiated thyroid carcinoma: a systematic review and meta-analysis. Endocrine. (2020) 67:44–57. doi: 10.1007/s12020-019-02117-2

30. Yin, DT, Yu, K, Lu, RQ, Li, X, Xu, J, Lei, M, et al. Clinicopathological significance of TERT promoter mutation in papillary thyroid carcinomas: a systematic review and meta-analysis. Clin Endocrinol (Oxf). (2016) 85:299–305. doi: 10.1111/cen.13017

31. Du, Y, Zhang, S, Zhang, G, Hu, J, Zhao, L, Xiong, Y, et al. Mutational profiling of Chinese patients with thyroid cancer. Front Endocrinol (Lausanne). (2023) 14:1156999. doi: 10.3389/fendo.2023.1156999




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 © 2024 Hu, Xu, Dong, Pan, Zhang and Zhan. 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/Images/fendo-15-1322731-g001.jpg
‘Standardized coefficients

Standardized coefficients

Coefficient paths

Cross-validation plot

o Aoy
o]
—_— |
_ ©
& =
_ ] 5%
B
2
2o
5- 5"
5
2o
2=
3
° g
Sl
8. g
T T T G 01 .001
001 01 il A
A Acv Cross-validation minimum lambda. A=.0035, # Coefficients=9.
Coefficient paths D Cross-validation plot
o Mooy
LN
c
e
° 2
3
<
Sl
2=
z
g
o | A
: S
o
.o
2
< - - :
§ T T T A .01 .001
.001 01 4 A
A s Stopping tolerance reached. A=.00071, # Coefficients=8.





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Clinical features combined with ultrasound characteristics to predict TERT promoter mutations in papillary thyroid carcinoma: a single-center study over the past 5 years

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Patients

          



          		

            Clinical, US, and pathology assessment

          



          		

            Detection of TERT promoter mutations

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Clinical and US characteristics of individual patient

          



          		

            US characteristics of nodules

          



          		

            Lasso regression and multivariate analysis

          



          		

            Predictive model

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Characteristics TERT wt(n  TERT mut (n  p-value

= 423) =75)
MD (mm)
<10 262 M 61.94% 23 | 30.67% < 0.0001
> 10 161 38.06% 52 69.33%
Location
Left 190 44.92% 37 49.33% 0.76
Right | 212 50.12% 35 46.67% |
Isthmus 21 4.96% 3 4.00%
Unilateral
No 155 36.64% 13 17.33% 0.001
Yes | 268 " 63.36% | 62 ﬂ 82.67% q
Echo |
Markedly 3 | 0.71% 3 4.00% 0.033‘
hypoechoic
Hypoechoic | 414 97.87% 72 96.00% < 0.0001‘
Others 6 1.42% 0 0.00% |
Multifocal
No 188 44.44% 13 17.33% < 0.0001
Yes 235 55.56% 62 | 82.67% |
Vertical orientatioh
No 209 | 49.41% 43 | 57.33%7 0.206 A
Yes | 214 50.59% 32 | 42.67% |
Irregular margin
No 81 W 19.15% | 77 9.33% | 0.04
Yes | 342 80.85% 68 90.67%
Echogenic foci
No 127 30.02% 28 37.33% 0.028
MC 262 61.94% 47 62.67%
Others | 34 8.04% 0 0.00% |
Blood supply

No 18 4.26% 0 0.00% 0.011
Poor | 323 76.36% 53 70.67%
Rich | 82 | 19.39% 22 29.33%

ATC
No 205 48.58% 27 36.00% 7 0.044
Yes | 217 51.42% 48 64.00%

OBN |
No | 196 | 47.13% | 21 | 28.00% 0.002
Yes | 221 52.87% 54 82.00%

MD, maximum diameter; MC, microcalcifications; ATC, adjacent to the thyroid capsule;
OBN, accompanied by other benign nodules.





OEBPS/Images/table4.jpg
Variant

95% Cl p-value

MD (mm)
<10 Reference < 0.0001
210 3.94 2.08-7.44
Unilateral
No Reference ‘ < 0.0001
Yes 4.15 2.00-8.64
Multifocal
No Reference < 0.0001
Yes 7.69 3.74-15.82
Echo
Markedly Reference 0.065
hypoechoic
Hypoechoic 0.14 0.02-1.13
MC
Yes Reference 0.052
No 0.51 0.26-1.01
ATC
No Reference 0.044
Yes 1.94 1.02-3.70
OBN
No Reference 0.039

Yes 1.94 1.04-3.64





OEBPS/Images/table3.jpg
95% ClI p-value

Sex
Male Reference
0.059
Female 0.27 0.07-1.05
Age 1.07 1.03-1.12 0.002
NMTN
1 Reference
2 0.46 0.05-4.158 0.492
23 1.81 0.07-43.92 0.718
ICLNM
No Reference
0.440
Yes 1.83 0.39-8.55






OEBPS/Images/fendo.2024.1322731_cover.jpg
& frontiers | Frontiers in Endocrinology

Clinical features combined with ultrasound
characteristics to predict TERT promoter
mutations in papillary thyroid carcinoma: a
single-center study over the past 5 years





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo-15-1322731-g002.jpg
Sensitivity

100

80

60

40

20

AUC = 0.839
P <0.001

20 40 60 80 100
100-Specificity





OEBPS/Images/table1.jpg
Features TERT wt TERT mut p-value

(n = 298) (n = 67)

Age (year) 40 (32-53) 60 (50-70) 0.0001

Sex
Male 68 22.82% 24 35.82% ‘ 0.027
Female 230 77.18% 43 64.18%

TSH
Low 0 0 8 11.94% < 0.0001
Normal 291 97.65% 59 88.06%

High 7 2.35% 0 | 0

Tgab
Normal 256 85.91% 67 100% 0.001
High 42 14.09% 0 0

Tpoab |
Normal 214 71.81% 66 98.51% < 0.0001
High 84 28.19% 1 1.49%

Tg |
Low 19 6.38% 66 98.51% < 0.0001
Normal 236 79.19% 1 1.49%

High 43 | 14.43% 0 0.00%

Calcitonin | |
Normal 291 97.65% 67 100% 0.205
High 7 2.35% 0 0.00%

Family history ‘

No 265 88.93% 60 89.55% 0.98
TN 16 537% 41 597%
TC 4 1.34% 1 1.49% |
TFD 1 0.34% 0 | 0.00% |
oC 12| 4.03% 20 299%

CLNM
No 194 65.10% 43 64.18% 0.886
Yes 104 34.90% 24 35.82%

cCLNM
No 221 74.16% 52 77.61% 0.557
Yes 77| 25.84% 15 | 22.39%

(CLNM
No 255 |  85.57% 50 74.63% 0.029
Yes 43 1443% 17| 25.37%

NMTN
1 205 68.79% 63 94.03% < 0.001
2 69 23.15% 20 29%
>3 24 8.05% 20 299%

TERT wt, TERT promoter wild type; mut, TERT promoter mutation; TN, thyroid nodules;
TC, thyroid cancers; TFD, thyroid function disorder; OC, other cancers; CLNM, cervical
lymph node metastasis; cCLNM, cervical lymph node metastasis in the central region;
ICLNM, cervical lymph node metastasis in the lateral neck region; NMTN, number of
malignant thyroid nodules.





