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Background

The preoperative distinguishment of lymph nodes with reactive hyperplasia or tumor metastasis plays a pivotal role in guiding the surgical extension for papillary thyroid carcinoma (PTC) with Hashimoto’s thyroiditis (HT), especially in terms of the central lymph node (CLN) dissection. We aim to identify the preparative risk factors for CLN metastasis in PTC patients concurrent with HT.



Materials and Methods

We retrospectively reviewed and analyzed the data including the basic information, preoperative sonographic characteristics, and thyroid function of consecutive PTC patients with HT in our medical center between Jan 2019 and Apr 2021. The Chi-square and Fisher’s exact tests were used for comparison of qualitative variables among patients with or without CLN metastasis. Univariate and multivariate logistic regression analyses were used to determine the risk factors for CLN metastasis. The nomogram was constructed and further evaluated by two cohorts produced by 1,000 resampling bootstrap analysis.



Results

A total of 98 in 214 (45.8%) PTC patients were identified with CLN metastasis. In multivariate analysis, four variables including high serum thyroglobulin antibody (TgAb) level (>1,150 IU/ml), lower tumor location, irregular margin of CLN, and micro-calcification in the CLN were determined to be significantly associated with the CLN metastasis in PTC patients with HT. An individualized nomogram was consequently established with a favorable C-index of 0.815 and verified via two internal validation cohorts.



Conclusions

Our results indicated that preoperatively sonographic characteristics of the tumor and lymph node condition combined with serum TgAb level can significantly predict the CLN in PTC patients with HT and the novel nomogram may further help surgeons to manage the CLN in this subpopulation.
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Introduction

Over the past few years, the standardized clinical management for papillary thyroid carcinoma (PTC) has aroused wide concern in global researchers (1–3), due to the significant increasing prevalence and overdiagnosis of thyroid cancer (4–6). According to the latest management guidelines derived from the American Thyroid Association (ATA), lobectomy without central lymph node dissection (CLND) was evaluated to be a sufficient surgical extension for clinically lymph node negative (cN0) patients with differentiated thyroid carcinoma (DTC) (3). The consensus of “less is more” has been gradually accepted by the thyroid surgeons, which recommends less extensive surgeries, less radioactive iodine, and less surveillance testing (7–9). However, for patients with enlarged cervical lymph nodes at initial screening, whether the prophylactic CLND should be performed was rarely discussed, especially weighing on the surgical completion and the increasing risk of postoperative complications. Notably, with the high concomitant of Hashimoto’s thyroiditis (HT) in PTC (10), reactive hyperplasia was often observed in central lymph nodes (CLN). Moreover, one recent study identified that the number of examined lymph nodes during the CLND was increased in PTC patients with HT. However, it did not increase the detection rate of positive lymph nodes (11). On the other hand, the role of two thyroid antibodies in inducing malignant transformation of the thyroid tissue, regional lymph node invasion, and even the long-term disease-free survival was still unclear (11–14). Thus, how surgeons could preoperatively distinguish malignant from benign lymph nodes in PTC patients coexisting with HT seems to be an interesting topic in the field of thyroid surgery. Recently, several studies (15–18) have evaluated the clinicopathological characteristics associated with CLNM in patients with HT. To the best of our knowledge, none of them measured the ultrasonic characteristics of the CLN in this population.

Hereby, in the present study, we aim to identify the independent clinical risk factors for promoting the CLNM in PTC patients with HT. Besides, an individualized predicting nomogram model was further established to help surgeons make the preoperative clinical decision on whether the prophylactic CLND is warranted.



Materials and Methods


Data Source

The data of histological confirmed PTC patients with HT between Jan 2019 and Apr 2021 were derived from the Department of Breast and Thyroid Surgery, the Second Affiliated Hospital of Chongqing Medical University. Ethical approval was waived by the local Ethics Committee of the Chongqing Medical University. The specific including and excluding criteria are summarized in Figure 1.




Figure 1 | The patient selection process for the present study. Patients with no lymph node examined (n = 12*): CLND was not performed or lymph node was not found in the postoperative histopathological examinations.





Variable Definition and Evaluation

The following information was collected to establish a retrospective database:

Basic information: gender (male and female), race (Chinese-Han and Chinese non-Han), age (between 18 and 85 years; divided into two groups: <55 years and ≥55 years according to the 8th edition UICC/AJCC TNM staging system), BRAFV600E mutation status (mutant, wild-type, or not performed), and extrathyroidal invasion (a visible invasion of surrounding muscle or soft tissues by intraoperative findings).

Preoperative Color Doppler ultrasound features: primary tumor size (the largest diameter ≤1 cm and >1 cm), multifocality (more than two primary tumor focus), aspect ratio (anteroposterior diameter/transverse diameter, divided as ≤1 and >1), tumor location (left, right, isthmus, and bilateral of the thyroid gland), tumor longitudinal location (upper, middle, and lower of the thyroid gland), tumor composition (defined as cystic, solid, and solid with cystic), tumor boundary (clear and unclear), margin (smooth, semi-regular, and irregular), calcification (no calcification, microcalcification: <1 mm in diameter, and macrocalcification: >1 mm in diameter; microcalcification is prior to macrocalcification if the tumor presences of both microcalcification and macrocalcification), echogenicity (defined as hypoechoic, isoechoic, and hyperechoic), capsular relation (invasion or not), and blood flow in the tumor (avascularity, peripheral vascularity, limited vascularity, and strip-like vascularity). The central lymph node ultrasound features: lymphadenopathy (yes or not), margin (regular and irregular), lymph Cortex (thinning: the thickness of the cortex is less than half of the diameter of hyperechoic area, normal, thickening: the thickness of the cortex is more than half of the diameter of hyperechoic area), lymphatic hilum (normal, unclear, and disappear), and calcification and blood flow (refer to the tumor calcification and blood flow) (Table 1).


Table 1 | The definitions of the preoperative ultrasound features.



Surgical information: All the patients enrolled in the study underwent the lobectomy plus CLND or total thyroidectomy plus CLND. HT condition (HT can be diagnosed as meeting one of the following criteria: i) The ultrasound examination revealed diffuse enlargement of thyroid with abundant blood flow combined with TPOAb >34 IU/L or TgAb >115 IU/L; ii) postoperative histopathological confirmed HT) and the number of CLN harvested and positive. All acquired surgical specimens were examined by two or more board-certified pathologists from the department of pathology of the Second Affiliated Hospital of Chongqing Medical University.

Thyroid function tests feature: TSH (Non-pregnancy reference: 0.35–5.00 μIU/ml), fT3 (reference: 3.10–6.80 pmol/L), fT4 (Non-pregnancy reference: 9.50–24.50 pmol/L), TT3 (reference: 1.00–3.10 nmol/L), TT4 (reference: 60.00–160.00 nmol/L), TgAb (0.00–115.00 IU/ml), TPOAb (0.00–34.00 IU/ml), Tg (reference: 1.40–78.00 μg/L).



Statistical Analysis

Baseline characteristics by HT were compared using Pearson-chi square test (minimal expected value >5), Fisher’s exact chi-square test (minimal expected value ≤5), and quantitative variables (Student’s two-tailed t-test). Univariate and multivariate logistic regression analyses were used to identify the independent risk factors in patients. A two-tailed P-value of <0.05 was defined as the criterion for variable deletion when performing multivariate analyses. A nomogram for predicting the CLN metastasis based on the results of the multivariate logistic regression analysis was developed and evaluated by two cohorts produced by 1,000 resampling bootstrap analysis and calibration curves as well as decision curve analysis (DCA) curve. All analyses were performed using the SPSS24 (SPSS/IBM, Chicago, IL, USA) and R 2.15.3 software.




Results


Clinical Characteristics of PTC Patients With HT

Generally, 214 patients were ultimately enrolled in this study. The CLNM was found in 98 patients (45.8%, 92 female cases and eight male cases). There were significant differences in the tumor size (p = 0.021), tumor location (upper/middle/lower of the thyroid, p <0.001), the margin of the tumor (p = 0.027), calcification in the tumor (p = 0.001), the margin of CLN (p <0.001), the cortex of CLN (p = 0.001), lymphatic hilum (p <0.001), calcification in the CLN (p <0.001), and the extrathyroidal invasion (p = 0.006) among patients with CLNM or not. Notably, regarding the thyroid function test, the mean serum TgAb level in patients with CLNM was remarkably higher than patients without CLNM (656.95 ± 931.09 IU/ml vs. 363.49 ± 440.51 IU/ml, p = 0.002). By contrast, the serum TPOAb level in patients with CLNM was significantly lower than in patients without CLNM (137.70 ± 142.11 IU/ml vs. 195.26 ± 195.13 IU/ml, p = 0.016). Additionally, the CLN examined in the CLNM group was higher than the non-CLNM group (9.28 ± 4.93 vs. 5.80 ± 4.70, p <0.001). Only approximately 23% of patients with CLNM were identified coexisting with lateral lymph node metastasis (LLNM). The specific demographic and clinical characteristics of PTC patients with HT are summarized in Table 2.


Table 2 | Clinicopathological features of 214 PTC patients with HT.






Univariate and Multivariate Logistic Regression Analysis of CLN in PTC Patients With HT

A total of 25 selected indicators including gender, age, tumor size, multifocality, BRAFV600E mutation, aspect ratio, tumor location (left/right/isthmus/bilateral), tumor location (upper/middle/lower), tumor boundary, tumor margin, calcification inside the tumor, echogenicity capsular relation, and blood flow of the tumor, and the lymphadenopathy, margin, cortex, lymphatic hilum, calcification, blood flow of the lymph nodes as well as the serum thyroid antibodies and the Tg levels of the PTC patients with HT at the initial screening prior to the thyroidectomy. During the univariate logistic regression analysis, male gender (hazard ratio (HR) = 5.06; 95% confidence intervals (CI): 1.05–24.45, p = 0.043), tumor size >1 cm (HR = 2.01; 95%CI: 1.10–3.66, p = 0.022), lower tumor location (HR = 3.57; 95%CI: 1.65–7.73, p = 0.003), irregular tumor margin (HR = 3.68; 95%CI: 0.74–18.29, p = 0.03), micro-calcification (HR = 2.87; 95%CI:1.57–5.23, p = 0.002), irregular lymph node margin (HR = 8.65; 95%CI: 3.62–20.62, p <0.001), thinning cortex (reference, p=0.002), unclear and no lymphatic hilum (HR = 2.50; 95%CI: 1.36–4.57; HR = 5.96; 95%CI: 2.21–16.07, respectively, p <0.001), micro-calcification CLN (HR = 9.08; 95%CI: 3.02–27.23, p <0.001); serum TgAb level >1,150 IU/ml (HR = 3.74; 95%CI: 1.39–10.04, p = 0.026), and the ratio of TgAb/TPOAb >20 (HR = 3.88; 95%CI: 1.49–10.13, p = 0.021) were significantly associated with the CLNM (Table 3). However, only four variables including lower tumor location (HR = 6.85; 95%CI: 2.28–20.54, p = 0.001), irregular margin of the CLN (HR = 6.47; 95%CI: 2.08–20.15, p = 0.001); micro-calcification in CLN (HR = 9.96; 95%CI: 2.344–42.34, p = 0.002), and serum TgAb level >1,150 IU/ml (HR = 7.00; 95%CI: 1.56–31.28, p = 0.007) were the independent risk factors in promoting the CLNM in patients with HT (Table 4).


Table 3 | Univariate logistic regression analysis of 214 PTC patients coexisted with HT for CLNM.





Table 4 | Multivariate analysis of 214 PTC patients coexisted with HT and CLNM.





Nomogram Construction and Validation

Based on the multivariate logistic regression analysis results, four variables including tumor location, serum TgAb level, margin, and calcification of the lymph nodes were used to constructing an intuitive nomogram for predicting the CLNM in patients with HT (Figure 2). The specific value of each variable is summarized in Table S1. An optimistic C-index (0.815), which was in accordance with the AUC of the ROC (Figure 3A), was achieved. The model was further validated by two independent cohorts producing by 1,000 resampling bootstrap analysis which achieved 0.73 (Figure 3B) and 0.814 (Figure 3C), respectively. To evaluate the utility of the nomogram, three calibration curves of the CLNM risk nomogram in PTC patients with HT were displayed. The curves (apparent, ideal, and bias-corrected lines) suggested a great agreement in the training model as well as two internal validation cohorts (Table S1), with a mean absolute error of 0.017 (Figure 4A), 0.042 (Figure 4B), and 0.03 (Figure 4C), respectively. Moreover, the decision curve analyses (DCA) were performed to evaluate the utility of the model in detecting CLNM for PTC patients with HT. The DCA curves presented that the score derived from the nomogram would be more effective than a treat-none or treat-all strategy when the threshold probability ranged from 0.1 to 1.0 in three cohorts (Figures 4D–F).




Figure 2 | Clinical factor-based nomogram used for preoperatively predicting the CLNM in PTC patients.






Figure 3 | The receiver operating characteristics (ROC) curve and area under the ROC curve (AUC). (A) The ROC in the training cohort; (B). The ROC in the first validating cohort; (C). The ROC in the second validating cohort.






Figure 4 | The calibration curves for evaluating the accuracy of the nomogram and determination of decision points via Decision Curve Analysis (DCA). (A) The calibration curves in the training cohort; (B) The calibration curves in the first validation cohort derived from the 1,000 resampling bootstrap analysis; (C) The calibration curves in the second validation cohort derived from the 1,000 resampling bootstrap analysis; (D) The DCA in training cohort; (E) The DCA in the first validation cohort; (F) The DCA in the second validation cohort.






Discussion

With the increasing prevalence of DTC and the application of thyroid ultrasound around the world, thousands of patients were admitted to the hospital and further elect to undergo surgical intervention (5, 6). However, the trend of overdiagnosis and treatment modality has aroused wide concerns. Researchers were committed to exploring a more proper clinical management guideline to deal with this high prevalence but relatively low mortality disease (1–3, 9). Active surveillance (AS) for low-risk PTMC patients and thyroid lobectomy without prophylactic CLND for PTC patients with cN0 status are gradually accepted as reasonable management strategies, especially in developed countries (7, 8, 19–21). However, in China, the management of CLN has always been a subject of controversy in the field of thyroid surgery (1). Besides, as one of the most frequent autoimmune diseases in thyroid tissue, HT could generally cause cervical lymph node enlargement due to the chronic inflammatory immune response. Additionally, this chronic lymphocytic thyroiditis was often coexisted with the PTC, especially in terms of PTMC (10). As a result, how surgeons could preoperatively distinguish the hyperplastic and malignant lymph nodes becomes a pivotal step in guiding the precision surgical protocol in dealing with the CLN.

Reviewing recent studies on evaluating the prediction risk factors of CLNM in PTC patients (22–24), only a few studies were focusing on the PTC patients with the presence of HT condition (11, 12, 16–18). Moreover, a majority of prediction variables were only dependent on the single examination result, like the thyroid function test (18), sonographic characteristics (16), or clinical factors (17). Although Zhao and colleagues (15) determined multiple preoperative factors in predicting the CLNM in patients with HT, the ultrasound characteristics of CLN seemed to be missed.

In the present study, we included 214 PTC patients with HT to explore the potential risk factors in promoting CLNM based on the combinations of clinical characteristics, thyroid function tests, and ultrasound parameters of these patients. Among 214 PTC patients with HT, 98 of 214 cases (45.8%) were displayed with CLNM, which was similar to the previous reports of Wen et al. (18) and Zhao et al. (15) (44.9 and 45.7%, respectively). It’s believed that preoperative ultrasonography has limited sensitivity for small metastases of PTC, and the accuracy of ultrasound-based diagnosis was highly dependent on radiologists’ experience (22, 25, 26). Similarly, our study showed that the suspected lymphadenopathy was only detected in 57% (55/98 cases) of patients with histological confirmed CLNM during the initial ultrasound examination, which indicated approximately 43% (43/98 cases) of patients with CLNM could be omitted. Thus, univariate and multivariate analyses were performed to discover more indicators in predicting the CLNM. In accordance with the previous findings (16, 24, 27), male gender, tumor size (>1 cm), and micro-calcification of the tumor were the risk factors of CLNM during the univariate analysis. Among the PTC patients with HT, the serum TgAb level was significantly higher in the CLNM group (656.95 ± 931.09 vs. 363.49 ± 440.51, p = 0.002) and the serum TPOAb level was lower in the CLNM group (137.70 ± 142.11 vs. 195.26 ± 195.13, p = 0.016). Furthermore, the multivariate analysis supported that a very high level of serum TgAb, especially 10-fold higher than the reference level (1,150 IU/ml), was an independent risk factor in promoting the CLNM. Although the overall TPOAb level was not determined to be a protective factor in CLNM (p = 0.070), a high level of TPOAb (>340 IU/ml) had a negative correlation with CLNM (HR = 0.34, 95%CI: 0.13–0.86). Interestingly, we identified that the ratio of TgAb and TPOAb levels were significantly associated with the risk of CLNM once the ratio index was higher than 2 (p = 0.021), but this predicting ability was disappeared during the multivariate analysis (p = 0.321). With the same reference standard of thyroid function test, Wen et al. (18) determined that serum TgAb was a risk factor in CLNM as our result presented while Zhao et al. (15) did not find any correlation between antibody statuses and CLNM. On the other hand, the raised level of Tg was frequently used for predicting the recurrence of PTC patients with reasonable sensitivity and specificity during the postoperative follow-up. But some recent studies (28, 29) have proved that serum Tg level was markedly related to distant lymph node metastasis and skip metastasis in PTC patients. However, we did not include this factor in the further analysis as a result of it could be impaired by the HT condition, especially in the presence of TgAb. Besides, we also identified irregular tumor margin, irregular CLN margin, the disappearance of lymphatic hilum, and micro-calcification of the CLN had a positive correlation with the CLNM during the univariate analysis. In addition, regarding the tumor location, it was recently identified to be an indicator for predicting the regional LNM (30, 31). For instance, based on a large Korean population, Back et al. determined that the superior located PTC had a higher risk of lateral lymph node metastasis (adjusted HR = 3.17, p <0.0001) (30). Besides, the results of one recent meta-analysis also yielded that locations of the primary tumor in the central area and low pole were the risk factors of CLNM in cN0 patients (HR = 1.86, p <0.00001) (23). In the present study, we found lower tumor location was significantly associated with CLNM in PTC patients with HT (HR = 6.27, 95%CI: 2.08–18.90; p = 0.002).

After the multivariate analysis, four variables including tumor location (low), high level of TgAb (>1,150 IU/ml), the irregular margin of CLN, and micro-calcification in the CLN were independent risk factors in promoting CLM in patients with HT. However, in PTC patients with HT, we did not successfully validate the clinical factors which were previously confirmed significantly associated with the CLNM like male gender, large tumor size, age <55 years, or multifocality (27, 32, 33). Possible reasons were the relatively small sample size, the different including criteria, and study setting compared with our previous work on predicting the cervical lymph node metastasis in classic PTC patients (34). Thus, the results, especially those that were significant during the univariate analysis but not in multivariate analysis, need to be further evaluated via a multicenter study with a larger sample size.

To visualize the results for conveniently applying to the clinical practice, a prediction nomogram was established with four variables involved. Moreover, the C-index of our nomogram was higher than 0.7 and even reached 0.815, which was higher than the C-index of Zhao et al. (15) (0.815 vs. 0.723), indicating that our model has sufficient discrimination ability. Noticeably, the nomogram was further successfully evaluated by two cohorts produced by 1,000 resampling bootstrap analysis. The calibration curves in both training and validation cohorts indicated that the nomogram we developed has a favorable agreement between the ideal and appear lines. Moreover, the DCA graphically shows the clinical usefulness of the model.

Nonetheless, there were still some limitations that should be mentioned. First, the weakness of this nomogram is a lack of external validation which limits the clinical application in other regions. Thus, more external validation cohorts by the prospective study are urgently demanded to further evaluate the feasibility of our nomograms. And the use of intraoperative ultrasound study of central compartment lymph nodes could help surgeons to decide the better surgical approach. Second, this was a retrospective study from a single-center experience which did introduce some selection biases. Third, in our department of pathology of our medical center, whether the lymph nodes were microscopically or macroscopically positive were not further distinguished. Therefore, the future study and validation cohorts are supposed to make up this limitation. Last, there were only four preoperative indicators ultimately included in our nomogram, which indicated there might be potential variables waiting to be discovered that could make our nomogram completer and more reliable in future practice.



Conclusion

In summary, our results present that lower tumor location, very high serum TgAb level (>1,150 IU/ml), irregular margin, and micro-calcification of the CLN were determined to be significantly associated with the CLNM in PTC patients with HT. The nomogram we constructed maintains satisfying discrimination for preoperatively predicting the risk of CLNM in these patients, which could help surgeons better stratify patients who are at a high-risk level for prophylactic CLND. Meanwhile, we propose more external validations to further strengthen our conclusions.



Code Availability

The software application generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.



Data Availability Statement

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



Ethics Statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

All authors contributed to the conception and design of the study. YM, YF, XWe, and HC organized the database. YM, YF, JC, KX, GY, and MW performed the statistical analysis. All authors wrote the first draft of the manuscript. All authors wrote sections of the manuscript. All authors contributed to the article and approved the submitted version.



Acknowledgments

We acknowledged Binbin Liu for data collection and the designers of “Hiplot” software for drawing figures.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2021.713475/full#supplementary-material



References

1. Gao, M, Ge, M, Ji, Q, Cheng, R, Lu, H, Guan, H, et al. 2016 Chinese Expert Consensus and Guidelines for the Diagnosis and Treatment of Papillary Thyroid Microcarcinoma. Cancer Biol Med (2017) 14(3):203–11. doi: 10.20892/j.issn.2095-3941.2017.0051

2. Patel, KN, Yip, L, Lubitz, CC, Grubbs, EG, Miller, BS, Shen, W, et al. Executive Summary of the American Association of Endocrine Surgeons Guidelines for the Definitive Surgical Management of Thyroid Disease in Adults. Ann Surg (2020) 271(3):399–410. doi: 10.1097/sla.0000000000003735

3. Haugen, BR, Alexander, EK, Bible, KC, Doherty, GM, Mandel, SJ, Nikiforov, YE, et al. 2015 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

4. Rahman, ST, McLeod, DSA, Pandeya, N, Neale, RE, Bain, CJ, Baade, P, et al. Understanding Pathways to the Diagnosis of Thyroid Cancer: Are There Ways We Can Reduce Over-Diagnosis? Thyroid (2019) 29(3):341–8. doi: 10.1089/thy.2018.0570

5. Wang, J, Yu, F, Shang, Y, Ping, Z, and Liu, L. Thyroid Cancer: Incidence and Mortality Trends in China, 2005-2015. Endocrine (2020) 68(1):163–73. doi: 10.1007/s12020-020-02207-6

6. Zhai, M, Zhang, D, Long, J, Gong, Y, Ye, F, Liu, S, et al. The Global Burden of Thyroid Cancer and its Attributable Risk Factor in 195 Countries and Territories: A Systematic Analysis for the Global Burden of Disease Study. Cancer Med (2021) 10(13):4542–54. doi: 10.1002/cam4.3970

7. Ito, Y, Miyauchi, A, and Oda, H. Low-Risk Papillary Microcarcinoma of the Thyroid: A Review of Active Surveillance Trials. Eur J Surg Oncol (2018) 44(3):307–15. doi: 10.1016/j.ejso.2017.03.004

8. Cho, SJ, Suh, CH, Baek, JH, Chung, SR, Choi, YJ, Chung, KW, et al. Active Surveillance for Small Papillary Thyroid Cancer: A Systematic Review and Meta-Analysis. Thyroid (2019) 29(10):1399–408. doi: 10.1089/thy.2019.0159

9. Sugitani, I, Ito, Y, Takeuchi, D, Nakayama, H, Masaki, C, Shindo, H, et al. Indications and Strategy for Active Surveillance of Adult Low-Risk Papillary Thyroid Microcarcinoma: Consensus Statements From the Japan Association of Endocrine Surgery Task Force on Management for Papillary Thyroid Microcarcinoma. Thyroid (2020) 31(2):183–92. doi: 10.1089/thy.2020.0330

10. Vita, R, Ieni, A, Tuccari, G, and Benvenga, S. The Increasing Prevalence of Chronic Lymphocytic Thyroiditis in Papillary Microcarcinoma. Rev Endocr Metab Disord (2018) 19(4):301–9. doi: 10.1007/s11154-018-9474-z

11. Song, E, Jeon, MJ, Park, S, Kim, M, Oh, HS, Song, DE, et al. Influence of Coexistent Hashimoto’s Thyroiditis on the Extent of Cervical Lymph Node Dissection and Prognosis in Papillary Thyroid Carcinoma. Clin Endocrinol (Oxf) (2018) 88(1):123–8. doi: 10.1111/cen.13475

12. Marotta, V, Sciammarella, C, Chiofalo, MG, Gambardella, C, Bellevicine, C, Grasso, M, et al. Hashimoto’s Thyroiditis Predicts Outcome in Intrathyroidal Papillary Thyroid Cancer. Endocr Relat Cancer (2017) 24(9):485–93. doi: 10.1530/ERC-17-0085

13. Graceffa, G, Patrone, R, Vieni, S, Campanella, S, Calamia, S, Laise, I, et al. Association Between Hashimoto’s Thyroiditis and Papillary Thyroid Carcinoma: A Retrospective Analysis of 305 Patients. BMC Endocr Disord (2019) 19:(S1). doi: 10.1186/s12902-019-0351-x

14. Ralli, M, Angeletti, D, Fiore, M, D’Aguanno, V, Lambiase, A, Artico, M, et al. Hashimoto’s Thyroiditis: An Update on Pathogenic Mechanisms, Diagnostic Protocols, Therapeutic Strategies, and Potential Malignant Transformation. Autoimmun Rev (2020) 19(10):102649. doi: 10.1016/j.autrev.2020.102649

15. Zhao, W, He, L, Zhu, J, and Su, A. A Nomogram Model Based on the Preoperative Clinical Characteristics of Papillary Thyroid Carcinoma With Hashimoto’s Thyroiditis to Predict Central Lymph Node Metastasis. Clin Endocrinol (Oxf) (2021) 94(2):310–21. doi: 10.1111/cen.14302

16. Chen, S, Niu, C, Peng, Q, and Tang, K. Sonographic Characteristics of Papillary Thyroid Carcinoma With Coexistent Hashimoto’s Thyroiditis in the Preoperative Prediction of Central Lymph Node Metastasis. Front Endocrinol (Lausanne) (2021) 12:556851. doi: 10.3389/fendo.2021.556851

17. Li, L, Shan, T, Sun, X, Lv, B, Chen, B, Liu, N, et al. Positive Thyroid Peroxidase Antibody and Thyroglobulin Antibody are Associated With Better Clinicopathologic Features of Papillary Thyroid Cancer. Endocr Pract (2021) 27(4):306–11. doi: 10.1016/j.eprac.2020.10.017

18. Wen, X, Wang, B, Jin, Q, Zhang, W, and Qiu, M. Thyroid Antibody Status is Associated With Central Lymph Node Metastases in Papillary Thyroid Carcinoma Patients With Hashimoto’s Thyroiditis. Ann Surg Oncol (2019) 26(6):1751–8. doi: 10.1245/s10434-019-07256-4

19. Davies, L, Roman, BR, Fukushima, M, Ito, Y, and Miyauchi, A. Patient Experience of Thyroid Cancer Active Surveillance in Japan. JAMA Otolaryngol Head Neck Surg (2019) 145(4):363–70. doi: 10.1001/jamaoto.2018.4131

20. Jeon, MJ, Kim, WG, Chung, KW, Baek, JH, Kim, WB, and Shong, YK. Active Surveillance of Papillary Thyroid Microcarcinoma: Where Do We Stand? Eur Thyroid J (2019) 8(6):298–306. doi: 10.1159/000503064

21. Sugitani, I, Ito, Y, Miyauchi, A, Imai, T, and Suzuki, S. Active Surveillance Versus Immediate Surgery: Questionnaire Survey on the Current Treatment Strategy for Adult Patients With Low-Risk Papillary Thyroid Microcarcinoma in Japan. Thyroid (2019) 29(11):1563–71. doi: 10.1089/thy.2019.0211

22. Thompson, AM, Turner, RM, Hayen, A, Aniss, A, Jalaty, S, Learoyd, DL, et al. A Preoperative Nomogram for the Prediction of Ipsilateral Central Compartment Lymph Node Metastases in Papillary Thyroid Cancer. Thyroid (2014) 24(4):675–82. doi: 10.1089/thy.2013.0224

23. Sun, W, Lan, X, Zhang, H, Dong, W, Wang, Z, He, L, et al. Risk Factors for Central Lymph Node Metastasis in CN0 Papillary Thyroid Carcinoma: A Systematic Review and Meta-Analysis. PLoS One (2015) 10(10):e0139021. doi: 10.1371/journal.pone.0139021

24. Yang, Z, Heng, Y, Lin, J, Lu, C, Yu, D, Tao, L, et al. Nomogram for Predicting Central Lymph Node Metastasis in Papillary Thyroid Cancer: A Retrospective Cohort Study of Two Clinical Centers. Cancer Res Treat (2020) 52(4):1010–8. doi: 10.4143/crt.2020.254

25. Park, AY, Kim, JA, Son, EJ, and Youk, JH. Shear-Wave Elastography for Papillary Thyroid Carcinoma can Improve Prediction of Cervical Lymph Node Metastasis. Ann Surg Oncol (2016) 23(Suppl 5):722–9. doi: 10.1245/s10434-016-5572-x

26. Kim, E, Park, JS, Son, KR, Kim, JH, Jeon, SJ, and Na, DG. Preoperative Diagnosis of Cervical Metastatic Lymph Nodes in Papillary Thyroid Carcinoma: Comparison of Ultrasound, Computed Tomography, and Combined Ultrasound With Computed Tomography. Thyroid (2008) 18(4):411–8. doi: 10.1089/thy.2007.0269

27. Zhao, L, Sun, X, Luo, Y, Wang, F, and Lyu, Z. Clinical and Pathologic Predictors of Lymph Node Metastasis in Papillary Thyroid Microcarcinomas. Ann Diagn Pathol (2020) 49:151647. doi: 10.1016/j.anndiagpath.2020.151647

28. Kim, H, Park, SY, Choe, JH, Kim, JS, Hahn, SY, Kim, SW, et al. Preoperative Serum Thyroglobulin and Its Correlation With the Burden and Extent of Differentiated Thyroid Cancer. Cancers (Basel) (2020) 12:(3). doi: 10.3390/cancers12030625

29. Huang, Z, Song, M, Wang, S, Huang, J, Shi, H, Huang, Y, et al. Preoperative Serum Thyroglobulin is a Risk Factor of Skip Metastasis in Papillary Thyroid Carcinoma. Ann Transl Med (2020) 8(6):389. doi: 10.21037/atm.2019.10.92

30. Back, K, Kim, JS, Kim, JH, and Choe, JH. Superior Located Papillary Thyroid Microcarcinoma is a Risk Factor for Lateral Lymph Node Metastasis. Ann Surg Oncol (2019) 26(12):3992–4001. doi: 10.1245/s10434-019-07587-2

31. Xue, S, Han, Z, Lu, Q, Wang, P, and Chen, G. Clinical and Ultrasonic Risk Factors for Lateral Lymph Node Metastasis in Papillary Thyroid Microcarcinoma: A Systematic Review and Meta-Analysis. Front Oncol (2020) 10:436. doi: 10.3389/fonc.2020.00436

32. Shirley, LA, Jones, NB, and Phay, JE. The Role of Central Neck Lymph Node Dissection in the Management of Papillary Thyroid Cancer. Front Oncol (2017) 7:122. doi: 10.3389/fonc.2017.00122

33. Yan, B, Hou, Y, Chen, D, He, J, and Jiang, Y. Risk Factors for Contralateral Central Lymph Node Metastasis in Unilateral cN0 Papillary Thyroid Carcinoma: A Meta-Analysis. Int J Surg (2018) 59:90–8. doi: 10.1016/j.ijsu.2018.09.004

34. Feng, Y, Min, Y, Chen, H, Xiang, K, Wang, X, and Yin, G. Construction and Validation of a Nomogram for Predicting Cervical Lymph Node Metastasis in Classic Papillary Thyroid Carcinoma. J Endocrinol Invest (2021). doi: 10.1007/s40618-021-01524-5




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 Min, Huang, Wei, Wei, Chen, Wang, Chen, Xiang, Feng and Yin. 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-12-713475-g003.jpg





OEBPS/Images/fendo-12-713475-g001.jpg
Aol of 1253 postoperuive pacs with
g ononed PIC o gl
w0 2019 Ape 20T were rvened

[ T s it 1 e o .

[T Tt [ P ————

ot ooy
£y wor o i son

)

e ——

et i B i

£ P i amoryr o ot

ks vy

o e o i o 421

At o214 pstopertive PIC s

Cambind wih HT i b
2019 d Ape 2021 were shimily o

21 s were sl oty 1000 e,

RFTC s e dagrsed i CLNM TG PIC s were dagped wiboa LY g e abdnion e, (11107 s
w2107 )






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Preoperatively Predicting the Central Lymph Node Metastasis for Papillary Thyroid Cancer Patients With Hashimoto’s Thyroiditis

      

        		

          Background

        



        		

          Materials and Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Data Source

          



          		

            Variable Definition and Evaluation

          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Clinical Characteristics of PTC Patients With HT

          



          		

            Univariate and Multivariate Logistic Regression Analysis of CLN in PTC Patients With HT

          



          		

            Nomogram Construction and Validation

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Code Availability

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2a.jpg
Variabes Subgroup % of patients 13

With CLNMM Without CLNM
0=98) (=116
Gender e s 2 ‘0046
fomalo 2 %
Age <55 & 8 718
255 " 1
Race Han o7 % 0720
Nontan 3 4
Thyroid nodule
sizo <tom & 7 “oo21
21om 57 22
BRAF" mutation No ° s 0,106
Yes & 7
A s 18
Multifocaiity No 6 2 0201
Yes 3% 28
Aspect ratio st & 7 *0s83
>t W a7
Location (LR//B) I3 2 3 0357
rgnt Ed )
sthus 1 2
biatera 2 3
Location (UML) upper 1 28 “<0.001
midde s s
Tover r 1
Composition oysic ) o 1000
sold % B
sokdwith oystc 2 2
Boundary cear 2 32 0058
wncear % 68
Margin smootn 2 6 ‘0027
somioguar 1 P
reguar & 66
Calcfication No 2 a7 “0001
Nicro-calcicaton 3 50
Macro-cakitcaton 4 3
Echogenicity Hypoechoic % 9 %020
isoochoc 2 5
Hyperechoic o o
Capsular reation No 3 7 0093
vason K 2
Blood flow avascuarty 2 @ 000
perhera vascuarty 21 23
imited vascutarty Fd 3
stip-ke vascuarty s 2
Central ymph node
Lymphadenopathy No i 50 0207
Yes 57 50
Margin roguiar & 9 <0001
raguar % 6
Cortex thiving s o 0001
nomal 3 7
ickening o 2
Lymphatic hilum nomal 2 50 “<0.001
e % a
disappear s 6
Calcitication No % o7 “<0.001
Miro-calcfcaton 2 s
Macro-caiciicaion o o
Blood flow No El P 0347
ited & 3

Preinpess % o





OEBPS/Images/table3b.jpg
bl
30
ToALTPORD 2
5200520
>20

NSE AN
034(0.13-086)
Roteronco
1.25(0.70-224)
388 (1.49-10.19)

o021

PTC. papitey o carcinoma; H, Hashmoto's yrcsts: CLNM, conral mh nodo motastass; UIRVB, eUrghists/biatrl UM, uppesimadofon; TSH, hyotopi

To3b, nthyrogobusn antbocl: TPO, anthyrod peroidaso antbac.
ok valind incioass sttboal Sballeace B < 0.08





OEBPS/Images/table4.jpg
Variables Subgroup Multivariable

Hazard ratio P’
Gender female Reference 0.106
male 4.90 (0.71-33.67)
Tumor size (cm) <1 Reference
>1 1.65 (0.68-4.03) 0.267
Location (U/M/L) upper Reference 0.001
middle 2.17 (0.74-6.40)
lower 6.85 (2.28-20.54)
Margin smooth Reference 0.377
semi-regular 0.95 (0.12-7.09)
irregular 1.78 (0.27-11.70)
Calcification No Reference 0.280
Micro-calcification 1.87 (0.85-4.10)
Macro-calcification 1.09 (0.13-9.01)
Central lymph node
Margin regular Reference 0.001
irregular 6.47 (2.08-20.15)
Cortex thinning Reference 0.778
normal 0.64 (0.05-8.11)
thickening 0.85 (0.06-11.27
Lymphatic hilum normal Reference 0.144
unclear 1.70 (0.74-3.88)
disappear 3.90 (0.96-15.84)
Calcification No Reference 0.002
Micro-calcification 9.96 (2.344-42.34)
TgAb (IU/ml) normal Reference 0.007
>115 and <575 0.76 (0.31-1.85)
>575 and <1,150 0.60 (0.14-2.51)
>1,150 7.00 (1.56-31.28)
TgAb/TPOAb <2 Reference 0.441
>2 and <20 0.85 (0.35-2.09)
>20 2.06 (0.47-8.90)

PTC, papillary thyroid carcinoma; HT, Hashimoto’s thyroiditis; CLNM, central lymph node metastasis; U/M/L, upper/middie/low; TSH, thyrotropin; TgAb, anti-thyroglobulin antibody;
TPOAD, anti-thyroid peroxidase antibody; TG, thyroglobulin.
Bold values indicate statistical significance (p < 0.05).





OEBPS/Images/fendo-12-713475-g004.jpg





OEBPS/Images/fendo-12-713475-g002.jpg
s

Points

- e
whe

o P =y

(e |
Pl

T L

ot o f - -

Risk of cantal LNM

&





OEBPS/Images/logo.jpg
’ frontiers
in Endocrinology





OEBPS/Images/fendo.2021.713475_cover.jpg
’ frontlers
n Endocrinology

Preoperatively Predicting the Central
Lymph Node Metastasis for Papillary
Thyroid Cancer Patients With
Hashimoto’s Thyroiditis





OEBPS/Images/table2b.jpg
SN Htion.

TSH /
ms /
ms /
a3 ’
T 7
ToAb /
TPOAD /
16 7
Surgicalinformation
Loboctomys CLND
ol thyoidectomy + CLND.
Histology Casscalarate
Follouar-vafate
otnor
Extrathyroidal invasion No
Yes
CLN oxamined 7

2795160
4851108
17112351
1732087
101,17 22217
65695 + 931,09
197.70 2 18211
1956 2 50.15

2
%
o
5
1
8
2
0282498

3662717
4621070
16342292
1722038
998222466
36349 2 44051
19526 2 196,13
3287 28698

£

o7

&

13

o

o7

3
5802470

0,006

“<0.001

PTC, papir ok caronoms AT, Hashimolo'shyodts: CLAM,contl mh pock metatass; LIRS, Ui /sinmus/biator: UM, upps/mksdow: TSH,Iyrtrop 13,
oo iocotryrone; T4, o thyoxing: T, iodolyonina: T, yrig: TOAD, ant-yrogiobutn antody. TROAD, ant-yroid porcwdase antbocy: TG, thyrogiobun; CLAD,

contal hmo pock dissocton: CLN, centa ymph nod; LLAM, el hnph e metastass.

o SO.
o1l Fishr xact s

Poarsons Ch'squared tot.

St to-ta st

ok vakios ciioats aeibical skiilicacce b < 0.0%.





OEBPS/Images/table1.jpg
Preoperative ultrasound features Definition and evaluation

Tumor

primary tumor size the largest tumor diameter <1 cm and >1 cm

Multifocality more than two primary tumor focuses

aspect ratio anteroposterior diameter/transverse diameter, divided as <1 and >1

tumor location left, right, isthmus, and bilateral of the thyroid gland

tumor longitudinal location upper, middle, and lower of the thyroid gland

tumor composition cystic, solid, and solid with cystic

tumor boundary clear and unclear

margin smooth, semi-regular, and irregular

Ycalcification no calcification, microcalcification, and macrocalcification.

echogenicity hypoechoic, isoechoic, and hyperechoic

capsular relation invasion or not

blood flow avascularity, peripheral vascularity, limited vascularity, and strip-like vascularity
Central lymph node

lymphadenopathy positive and negative

margin regular and irregular

&ymph cortex thinning, normal, and thickening

lymphatic hilum normal, unclear, and disappear

calcification no calcification, microcalcification, and macrocalcification.

blood flow avascularity, peripheral vascularity, limited vascularity, and strip-like vascularity

¥Calcification: microcalcification: <1 mm in diameter, and macrocalcification: >1 mm in diameter; microcalcification is prior to macrocalcification if the tumor presences of both
microcalcification and macrocalcification. *Lymph cortex: thinning: the thickness of the cortex is less than half of the diameter of hyperechoic area, normal, thickening: the thickness of the
cortex is more than half of the diameter of hyperechoic area.





OEBPS/Images/table3a.jpg
Variabes

Gender
Age

Tumor size (cm)
Multfocaiity
BRAFYC mutation

Aspect ratio

Location (LR/B)

Location (UML)

Boundary

Margin

Calcification

Capsular rlation

Blood flow

Central lymph node.
Lymphadenopathy

Margin

Cortex

Lymphatic hilum

Calcification

Blood flow

TSH (uU/m)

ToAb (U/m)

TPOAD

Subgroup.

semiequtr
irequir

Micro-calcfcaton
Macro-cacication
Hyposchoic
isoschoc
No
nvasion
avascuarty
perpherl vascuarty
ited vascutarty
siipke vascuarty

No
Yes
ragular
requir
thionng
normal
ickening
ormal
wnciear
disappear
No
micro-calcfcaton
avascuarty
mited vascuiarty
stiprko vascularty
035
5035 and <5
>5
normal
1150 575
557510 1,150
51,150
pormal
>34 and <170

Hazard ratio

Roterence
506(1.05-24.45)
Relarerce
1.14(055-2.36)
Relarerce
201(1.10368)
Relarence
145081-260)
Roterenco
094(035-249)
0380.11-135)
Rolererco
1.12(064-1.95)
Relarence
061(033-1.12)
047 (0.04-5.45)
1046-2.15)
Roterence
167(078-356)
357(165-7.73)
Rolerorco
182(097-3.42)
Relarence
169(031-0.11)
368(074-1829)
Roterenco
287(157-529
234(054-1020)
Rolererco
038(007-199)
Relarence
167(091-308)
Relarence
1.35(064-2.84)
1.95(1.03-3.70)
435(079-2099)

865362-2062)
Refarence
012(001-105)
031036289
Roterenco
250(1.36-4.57)
596221-1607)
Rolarerce
9088.02-27.29)
Retarence
076(0.42-139)
300(0295-3049)
Roteronce
131(035-4.81)
103(022-4.76)
Relarerco
094(050-1.76)
074(027-202)
374(1:39-1004)
Roterence
116058220

Univariable.

o215

0100

0297

<0001

<0001

<0001

o816

0026

0070





