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Purposes

To provide novel aspects for the preoperative diagnosis and appropriate differentiation strategies for follicular thyroid carcinoma (FTC) and follicular thyroid adenoma (FTA).





Methods

Among 25,765 cases, a total of 326 patients with follicular thyroid neoplasms between 2013 and 2019 were enrolled. Patient demographics, perioperative parameters, surgical profiles and oncologic outcomes were collected and analyzed.





Results

There were no significant differences in preoperative ultrasound findings between FTA and FTC patients. The true positive rate (sensitivity) and true negative rate (specificity) of fine needle aspiration (FNA) for FTA patients were 0.6956 and 0.5000, respectively, and those for FTC patients were 0.0714 and 0.9348, respectively. Patients with FTC presented significantly higher serum thyroglobulin (TG) levels than patients with FTA. Preoperative TG level was positively related to tumor invasiveness and recurrence or distant metastases in FTC patients. There were 55 patients with Hashimoto’s thyroiditis (HT), accounting for 16.87% of enrolled patients. HT patients had significantly lower serum TG concentrations than antibody-negative patients. Among HT patients, no significant differences were observed in TG levels between the FTA and FTC groups. Instead, FTA patients had significantly higher serum thyroid stimulating hormone (TSH) levels and lower serum T3 (Triiodothyronine) levels compared to FTC patients. Serum TSH level >1.736U/L was associated with benign follicular neoplasms in HT patients according to the receiver operating characteristic (ROC) curve.





Conclusion

Distinguishing FTC from FTA remains a challenge for ultrasonography and FNA. Serum TG should be measured as a risk factor of FTC. However, in HT patients, serum TSH levels can serve as a more reliable indicator for differentiating FTC from FTA preoperatively.
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1 Introduction

The incidence of thyroid cancer has increased dramatically over the past few decades in the world, with an estimated 43,720 new cases a year in the United States (1). As the second most common type of differentiated thyroid cancer (DTC), the incidence of follicular thyroid carcinoma (FTC) is much lower than that of papillary thyroid carcinoma (PTC) (2). Compared to PTC, patients with FTC have a two-fold and ten-fold higher risk of developing lung and bone metastases, respectively, due to its propensity for vascular invasion and hematogenous dissemination (3). Therefore, the outcome of FTC is less favorable than that of PTC (4–6). FTC is defined as a malignant epithelial tumor showing follicular cell differentiation, without the nuclear features of PTC (7). Preoperative examinations, such as ultrasonography and fine needle aspiration (FNA), are usually not sufficient to distinguish FTC from its benign counterpart, follicular thyroid adenoma (FTA) (8–10). The histological differences between FTC and FTA are capsular and vascular invasion (10). Thus, it remains challenging for clinicians to determine appropriate extent of therapy and to avoid unnecessary surgery in patients diagnosed with follicular thyroid neoplasms. Several factors have been reported to be associated with the malignancy of a follicular neoplasm, such as large tumor size, but the diagnosis of FTC still mostly relies on postoperative pathology (11). More research may be required to better evaluate the risk of malignancy in patients with follicular thyroid neoplasm.

As one of the most common thyroid diseases, Hashimoto’s thyroiditis (HT) was first described by a Japanese physician, Haraku Hashimoto in 1912. It is the most frequent autoimmune thyroid disease characterized by enlarged thyroid volume, parenchymal lymphocytic infiltration, and thyroid-specific autoantibodies (12). Currently, the incidence of HT is 0.3-1.5 cases per 1000 people, and it has been constantly increasing in recent years (13–17). Women are 4-10 times more likely to have HT than men (17). Circulating antibodies to thyroperoxidase and thyroglobulin are two serological markers of HT, which are widely used in clinical diagnosis (18). Most HT may cause endocrine disorder and ultimately develop to hypothyroidism, although at presentation patients can be euthyroid or hyperthyroid (15, 19). Although several reports have confirmed that HT could be associated with a higher risk of PTC, PTC combined with HT have less metastasis and better outcomes of PTC than patients without HT (20, 21). As to FTC, less relationship between HT and FTC has been established yet.

In this study, the clinical features of patients with follicular thyroid neoplasms were analyzed to portrait the differences between FTA and FTC. Then, the influence of HT on FTC diagnosis and differentiation was further investigated. Our findings are expected to explore new aspects for the preoperative diagnosis and appropriate differentiation strategies in patients with follicular thyroid neoplasms.




2 Materials and methods



2.1 Patient recruitment

There were 25,765 patients with thyroid tumors received initial surgery at the Department of General Surgery, Ruijin Hospital Shanghai Jiao Tong University School of Medicine from 2013 to 2019. Our series included 19,069 malignant and 6,696 benign tumors. Patients meeting any of the following criteria were excluded from our study: 1) non-follicular thyroid neoplasms pathological type; 2) having received thyroid-related surgery previously; 3) history of neck radiation. 4) performed LT4 (Levothyroxine) therapy before. According to these criteria, a total of 326 patients were enrolled in current study. Patient demographics, perioperative parameters, surgical profiles and oncologic outcomes were collected and analyzed. The informed consent form was signed by every patient to indicate that they agreed to undergo the operation and to the use of the perioperative data. The research consent was approved by the Ethics Committee and the Institutional Review Board of Shanghai Ruijin Hospital (Approval No. RHE-D-2021-024).




2.2 Clinicopathological features and follow-up visits

Patients demographics including age, gender, primary tumor size, preoperative serum concentrations of thyroid hormones, TG, TGAb (Thyroid Stimulating Hormone), and TPOAb (Thyroid Peroxidase Antibodies), were retrospectively collected. HT was diagnosed when TGAb>4.11 IU/mL or TPOAb>5.61 IU/mL. Preoperative neck ultrasonography was performed in all patients, while some patients received FNA due to suspicious malignant nodules. All enrolled patients were diagnosed as FTA or FTC by postoperative pathological examination. The follow-up visits were initiated at the fourth week postoperatively. Biochemical investigations were estimated on the first postoperative visit. All patients with complete follow-up accepted ultrasonographic examination every six months postoperatively for recurrence estimation. Recurrence and distant metastases were focused on in FTC patients.




2.3 Statistical analysis

Data were analyzed using R software (ver. 3.5) and SPSS 23.0 statistical packages. Continuous variables were described using mean and standard deviation and were compared using Student’s t test or one-way ANOVA test followed by Least Significant Difference (LSD) test. Categorical variables were described as number and percentage, and the percentage of categorical variables among groups were compared using Chi-square test. P-values < 0.05 was accepted as statistically significant. Receiver-operating characteristic (ROC) curve analysis was performed using pROC packages of R software (22, 23).





3 Results



3.1 Thyroid ultrasonography of FTA and FTC

Totally 201 patients with FTA and 125 patients with FTC were included in this study. The diagnoses were confirmed by pathological examination (Figure 1). All patients enrolled were received neck ultrasonography before operation and were classified according to the Thyroid Imaging and Reporting Data System (TIRADS) (24). As shown in Table 1, 218 in 326 were reported as “TIRADS 4A”, accounting for 66.9%. Among patients with TIRADS 4A, 118 patients were considered as “possible follicular tumor”. There were 74 cases (62.7%) in FTA group and 44 cases (37.3%) in FTC group. According to Chi-square test, there was no significant difference in preoperative ultrasound TIRADS classification to differentiate FTA from FTC (p=0.461). In addition, no significant variance could be identified between FTA and FTC groups in terms of ultrasonic characters, such as shape, margin, echogenicity, echogenic foci, and the degree of blood supply, and the p values were 0.591, 0.465, 0.150, 0.212, and 0.359, respectively.




Figure 1 | Pathological features of FTA (Follicular Thyroid Adenoma) and FTC (Follicular Thyroid Carcinoma) (hematoxylin and eosin staining). (A) FTA (B) FTC with capsular invasion. (C) FTC with vascular invasion.




Table 1 | Comparison of thyroid ultrasonography in patients with FTA and FTC.






3.2 FNA of FTA and FTC

There were 74 patients received FNA before operation, including 46 cases in FTA group and 28 cases in FTC group. Among 46 FTA patients, 32 patients were truly reported as “FTA”, and 9 patients were considered as “nodular goiter”. Three patients were diagnosed as “FTC”, and 2 patients were reported as “PTC”. The sensitivity and specificity are 0.6956 and 0.5000, respectively for FTA patients. Whereas in FTC group, only 2 patients were successfully diagnosed. One was reported as “FTC”, and the other as “oncocytic carcinoma”. Among the rest patients with FTC, 14 patients were faultily diagnosed as “FTA”. Eight patients were considered to be “PTC” and 4 patients were reported as “nodular goiter”. The sensitivity and specificity are 0.0714 and 0.9348, respectively for FTC patients. The comparison of FNA in patients with FTA and FTC was summarized in Table 2.


Table 2 | Comparison of FNA in patients with FTA and FTC.






3.3 Clinicopathological features of FTA and FTC

The basic clinicopathological features of patients with FTA or FTC were shown and compared in Table 3. Patients with FTC presented significantly higher serum TG levels than patients with FTA (257.9 ± 28.9 ng/mL vs. 138.4 ± 14.5 ng/mL, p=0.0011). ROC analysis was performed to evaluate the predictive accuracy of serum TG level for FTC (Figure 2). Serum TG level >158.75 ng/mL was associated with FTC (sensitivity 0.541, specificity 0.742), and the AUC was 0.637 (95% CI: 0.555-0.719). For other characteristics, such as gender, age, BMI, tumor size, rest thyroid-related hormone levels, and serum antibody levels, no significant differences were observed. The significant difference indicated that higher TG levels are related to the occurrence of malignant tumors.


Table 3 | Comparison of clinicopathological features between patients with FTA and FTC.






Figure 2 | Receiver-operating characteristic (ROC) curve analysis of serum TG (Thyroglobulin) level for predicting FTC.






3.4 Comparison of FTC patients between pathological classification

The 125 FTC patients were pathologically divided into 3 groups: minimally invasion, angioinvasion, and widely invasion group according to 2017 WHO classification of thyroid tumors (Figure 3). The clinical features of FTC patients among different pathological classification were shown in Table 4. Among the 3 groups, T4 (Thyroxine), FT4 (Free Thyroxine), TSH, and TG levels showed significant differences. Additionally, multiple comparisons were conducted using the LSD test. The results indicated that, T4 levels were significantly lower in widely invasion group than that in minimally invasion group (p=0.0003) and angioinvasion group (p=0.0016). FT4 levels of the widely invasion group were significantly lower than that in the minimally invasion group (p=0.005). Meanwhile, TSH levels were significantly higher in widely invasion group than that in minimally invasion group (p=0.0035) and angioinvasion group(p=0.0075). Compared to the minimally invasive group, the preoperative serum TG is significantly higher in the widely invasion group (p=0.0035) and the angioinvasion group (p=0.0075). Thus, tumor invasion was positively correlated with both TG and TSH levels in FTC patients.




Figure 3 | Pathological classification of FTC (Follicular Thyroid Carcinoma) (hematoxylin and eosin staining). (A) Minimally invasion. (B) Angioinvasion. (C) Widely invasion.




Table 4 | Comparison of FTC patients among pathological classifications.






3.5 Follow-up outcomes of FTC patients

Totally, 94 patients (75.2%) obtained complete follow-up data (Table 5), and the average follow-up time was 69.13 ± 19.56 months. Among 94 patients, recurrence or distant metastasis occurred in 6 patients, accounting for 6.38%. One patient died from FTC bone metastases 2 years after surgery, and the disease-specific mortality rate was 1.06%. Another patient died of bladder cancer 4 years after surgery, with a 5-year overall survival rate of 97.87%.


Table 5 | Comparison of patients with or without recurrence or distant metastasis.



Patients were divided into two groups according to the presence of recurrence and distant metastases or not. The preoperative TG level of patients with recurrence or distant metastasis was 625.00 ± 250.00 ng/mL, which was significantly higher than that of patients without recurrence or distant metastasis (222.47 ± 223.01 ng/mL, p=0.005). Other characteristics, such as gender, age, tumor size, and rest thyroid-related hormones, showed no significant differences. Altogether, higher TG levels were related with recurrence and distant metastases in the FTC.




3.6 Unique characteristics of FTC in HT patients

According to preoperative examination, 55 patients were found to have elevated serum TPOAb or/and TGAb levels (TGAb>4.11 IU/mL, TPOAb>5.61 IU/mL) in 326 patients, which were considered to have HT. HT patients accounted for 16.87% of enrolled patients. Patients with HT had significantly lower serum TG concentrations than antibody-negative patients (114.86 ± 23.19 ng/mL vs. 201.01 ± 17.17 ng/mL, p=0.005). Among HT patients, there were 35 cases in FTA group and 20 cases in FTC group (Table 6). The prevalence of FTC was 36.36% in HT patients, and 38.75% in patients without HT, which failed to show significant difference between them (p=0.7405). Meanwhile, no significant differences were observed in TG levels (109.4 ± 4.8 ng/mL vs. 124.5 ± 11 ng/mL, p= 0.66) between FTA and FTC group in HT patients. Instead, FTA patients has significantly higher serum TSH level (3.76 ± 0.2 μIU/mL vs. 1.38 ± 0.06 IU/mL, p= 0.013) and lower serum T3 level (1.61 ± 0.01 nmol/L vs. 1.82 ± 0.02nmol/L, p= 0.019) compared to FTC patients. Moreover, 4 out of 5 patients with lowered TSH levels were diagnosed with FTC, while in patients with elevated TSH levels, none was diagnosed with FTC. To conclude, in HT patients, TG levels have no significant differences between the benignity and malignancy. Moreover, contrary to results above, higher TSH levels indicate benign tumors in HT patients. Therefore, our results confirmed the unique characteristics of FTC related to HT.


Table 6 | Clinicopathological features of FTA and FTC patients with HT.






3.7 Predicting benign follicular thyroid neoplasm with TSH level in HT patients

ROC analysis was performed to evaluate the predictive accuracy of TSH level for benign follicular tumor in patients with HT (Figure 4). Serum TSH level >1.736U/L was associated with benign follicular thyroid neoplasm (sensitivity 0.6, specificity 0.8), and the AUC was 0.7 (95% CI: 0.5535-0.8465). Evidenced by quantitative study, higher TSH levels indicate benign tumors in HT patients, which may help distinguish FTC from FTA.




Figure 4 | Receiver-operating characteristic (ROC) curve analysis of TSH (Thyroid Stimulating Hormone) level for predicting benign follicular neoplasms in HT (Hashimoto’s Thyroiditis) patients.







4 Discussion

Neck ultrasonography has become the most common imaging tool for patients with thyroid disease (25). According to the TIRADS, thyroid nodules with specific ultrasound features, such as solidity, hypoechogenicity, taller-than-wide shape, irregular margins, and microcalcifications, are of high malignancy risk, which helps to identify PTC (24). However, these features are of limited value in diagnosing follicular tumors, especially when differentiating FTC from FTA. The common ultrasound presentations of these two follicular lesions are basically overlapped, including well defined, isoechoic or hypoechoic and with peripheral halo (9, 26). Although a recent paper reported that FTA were less frequently classified in the high-suspicious category compared with follicular variant of PTC and FTC by ultrasound (27), more clinical data are needed for further verification. Most studies have shown that the TIRADS classification is not helpful in differentiating FTC from FTA (28). Similarly, our research of 326 patients with follicular thyroid tumors also found that there was no significant difference in ultrasound TIRADS classification or other ultrasound features between FTA and FTC patients. These results suggested that it was difficult to distinguish FTA and FTC preoperatively solely by ultrasonography.

FNA is commonly used for preoperative judgment of thyroid nodules, which could be the most effective method for diagnosis of PTC before surgery (29). But in terms of follicular tumor diagnosis, only 2 patients were successfully diagnosed among 28 patients in FTC group, while 14 patients were misdiagnosed as “FTA”. The true positive rate (sensitivity) of FTC was only 0.0714, far below the clinical diagnostic requirements. FTCs are pathologically distinguishable from FTAs based on the capsular and vascular invasion, which can hardly be portraited in cytological specimens (10). Thus, it was challenging to distinguish FTA and FTC cytologically. Molecular testing to detect individual mutations has been used for the diagnosis and prognosis of thyroid cancer (30). Studies showed that the importance of RAS mutations detection in FTC diagnosis, with the prevalence of about 40-50% in FTC and 20-30% in FTA (31–33). However, different from the decisive role of BRAF mutation in PTC diagnosis, RAS mutations may not establish a clear cut-off boundary between FTC and FTA.

Hence, we focused on thyroid function indicators expected to clarify the diagnosis of FTC preoperatively. We found that TG levels were significantly higher in FTC patients compared to FTA, which is consistent with previous studies that the risk of DTC was positively correlated with TG levels (34–36). Furthermore, the association with TG was stronger in follicular cancer than PTC (34). Only synthetized in thyroid, TG is primarily determined by the mass of differentiated thyroid tissue present, physical damage or inflammation of the thyroid, and the magnitude of thyrotropin receptor stimulation (37). Elevated TG levels in DTC are likely due to enhanced secretion in the conversion to malignancy of the thyroid follicular cells (35). Preoperative serum TG level proved to be an effective predictor of cervical lymph node metastasis and distant metastasis in DTC (38, 39), especially in PTC (40, 41). Our data shows that high TG levels were also related with tumor invasion and poor prognosis in the FTC. Therefore, we believe that preoperative serum TG should be measured as a predictor of FTC and reference for surgery selection.

However, in our study, the lack of significant differences in TG levels between FTA and FTC patients with HT demonstrated the uniqueness of FTC related to HT. Studies suggested that the presence of TGAb in HT patients can influence the measurement of serum TG levels, which may result in reduced concentrations of TG levels (42). This is consistent with our study that the serum TG concentration of HT patients was significantly lower than that of antibody-negative patients. Therefore, TG in HT patients may be misty to reflect on the real difference between FTC and FTA. Our results were consistent with previous notion that TGAb limits the application of TG as a reference to predict malignant risk in DTC (36). On the other hand, interestingly, we confirmed that the gaps of serum TSH levels and T3 levels were much more apparent between FTC and FTA in HT patients.

As the major growth factor for thyroid follicular cells, TSH suppression is a mainstay of clinical thyroid cancer management (43). The positive correlation between TSH and tumor invasion in FTC patients was found in our study, which also confirmed the importance of TSH inhibition for patients diagnosed with thyroid cancer. However, no significant differences were observed in TSH levels between FTC and FTA in general investigation of all 326 patients. On the contrary, by more detailed stratification, HT patients with higher TSH levels were significantly associated with lower risk of FTC. The negative relationship between TSH level and thyroid cancer risk was also found in both categorical and continuous analyses and supported by a genetic predisposition research (34, 44). Low TSH levels may cause less differentiation of the thyroid epithelial, resulting in a predisposition to malignant transformation (44). In our opinion, the autoimmune response in HT patients induced thyrocyte destruction and attack benign and malignant cells indiscriminately. During this process, the damage of malignant cells may help reduce the risk of FTC. Unlike the variability of TSH among people, most HT patients go through a process that gradually develop to hypothyroidism with elevated TSH levels, which decrease the other noise to influence TSH levels. In our study, the incidence rate of FTA was higher with preoperative serum TSH >1.736U/L according to ROC curve, which suggested that TSH levels could be served as a predictor to separate benign or malignant thyroid neoplasms in HT patients. The detailed regulatory mechanism still deserves further exploration.

Our study has several limitations, including the relatively small sample size, and the underlying molecular mechanism remains unclear. Besides, to accurately differentiate FTC from FTA, a more comprehensive diagnostic approach involving serologic markers, molecular testing, and other diagnostic techniques is required. To this end, studies including larger sample sizes and multiple diagnostic techniques are still required.




5 Conclusion

There is still a challenge for Ultrasonography and FNA to distinguish FTC from FTA. Serum TG should be measured as a risk factor of FTC. However, in HT, serum TSH levels can be a more reliable indicator to distinguish FTC from FTA preoperatively.





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 humans were approved by Ethics Committee of Ruijin Hospital affiliated to Shanghai Jiaotong University School of Medicine (Approval No. RHE-D-2021-024, 5th Jan, 2021). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

JL: Investigation, Writing – original draft. JK: Investigation, Writing – original draft. HS: Formal analysis, Writing – original draft. LC: Formal analysis, Writing – original draft. QL: Investigation, Writing – original draft. LZ: Formal analysis, Writing – original draft. RH: Investigation, Writing – original draft. RL: Investigation, Writing – original draft. JY: Conceptualization, Writing – review & editing. WQ: Writing – review & editing. ZL: Formal analysis, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This research was funded by the National Natural Science Foundation of China, 82072947(WQ) and 81902943 (ZL).




Acknowledgments

We thank Dr. Ri Hong for the assistance for pathologic diagnosis.





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. Siegel, RL, Miller, KD, Wagle, NS, and Jemal, A. Cancer statistics, 2023. CA Cancer J Clin. (2023) 73:17–48. doi: 10.3322/caac.21763

2. Daniels, GH. Follicular thyroid carcinoma: a perspective. Thyroid. (2018) 28:1229–42. doi: 10.1089/thy.2018.0306

3. Segkos, K, Porter, K, Senter, L, Ringel, MD, and Nabhan, FA. Neck ultrasound in patients with follicular thyroid carcinoma. Horm Cancer. (2018) 9:433–9. doi: 10.1007/s12672-018-0345-6

4. Srinivasan, A, Iliescu, G, Chowdhuri, SR, and Grosu, HB. Follicular thyroid carcinoma presenting as a large rib metastasis. J Bronchol Interv Pulmonol. (2019) 26:e67–8. doi: 10.1097/LBR.0000000000000601

5. Delliturri, A, Pearl, J, Zahir, I, Weiss, MH, and Wiesel, O. Follicular thyroid carcinoma presenting as a manubrium mass. JAMA Otolaryngol Head Neck Surg. (2019) 145:581–3. doi: 10.1001/jamaoto.2019.0327

6. Lira, M, Almeida, MA, Reis-Feroldi, MM, and Rocha, JA. Follicular thyroid carcinoma metastatic to skin: a small papule and a big diagnostic change. Bras Dermatol. (2019) 94:76–8. doi: 10.1590/abd1806-4841.20198299

7. Asa, SL. The current histologic classification of thyroid cancer. Endocrinol Metab Clin North Am. (2019) 48:1–22. doi: 10.1016/j.ecl.2018.10.001

8. Kuo, TC, Wu, MH, Chen, KY, Hsieh, MS, Chen, A, and Chen, CN. Ultrasonographic features for differentiating follicular thyroid carcinoma and follicular adenoma. Asian J Surg. (2020) 43:339–46. doi: 10.1016/j.asjsur.2019.04.016

9. Castellana, M, Piccardo, A, Virili, C, Scappaticcio, L, Grani, G, Durante, C, et al. Can ultrasound systems for risk stratification of thyroid nodules identify follicular carcinoma? Cancer Cytopathol. (2020) 128:250–9. doi: 10.1002/cncy.22235

10. Grani, G, Lamartina, L, Durante, C, Filetti, S, and Cooper, DS. Follicular thyroid cancer and Hurthle cell carcinoma: challenges in diagnosis, treatment, and clinical management. Lancet Diabetes Endocrinol. (2018) 6:500–14. doi: 10.1016/S2213-8587(17)30325-X

11. Turk, AT, and Wenig, BM. Thyroid tumors with follicular architecture. Ann Diagn Pathol. (2019) 38:51–8. doi: 10.1016/j.anndiagpath.2018.10.007

12. 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) 19:102649. doi: 10.1016/j.autrev.2020.102649

13. Caturegli, P, De Remigis, A, Chuang, K, Dembele, M, Iwama, A, and Iwama, S. Hashimoto’s thyroiditis: celebrating the centennial through the lens of the Johns Hopkins hospital surgical pathology records. Thyroid. (2013) 23:142–50. doi: 10.1089/thy.2012.0554

14. Ott, J, Meusel, M, Schultheis, A, Promberger, R, Pallikunnel, SJ, Neuhold, N, et al. The incidence of lymphocytic thyroid infiltration and Hashimoto’s thyroiditis increased in patients operated for benign goiter over a 31-year period. Virchows Arch. (2011) 459:277–81. doi: 10.1007/s00428-011-1130-x

15. Antonelli, A, Ferrari, SM, Corrado, A, Di Domenicantonio, A, and Fallahi, P. Autoimmune thyroid disorders. Autoimmun Rev. (2015) 14:174–80. doi: 10.1016/j.autrev.2014.10.016

16. Mcleod, DS, and Cooper, DS. The incidence and prevalence of thyroid autoimmunity. Endocrine. (2012) 42:252–65. doi: 10.1007/s12020-012-9703-2

17. Ragusa, F, Fallahi, P, Elia, G, Gonnella, D, Paparo, SR, Giusti, C, et al. Hashimotos’ thyroiditis: Epidemiology, pathogenesis, clinic and therapy. Best Pract Res Clin Endocrinol Metab. (2019) 33:101367. doi: 10.1016/j.beem.2019.101367

18. Caturegli, P, De Remigis, A, and Rose, NR. Hashimoto thyroiditis: clinical and diagnostic criteria. Autoimmun Rev. (2014) 13:391–7. doi: 10.1016/j.autrev.2014.01.007

19. De Leo, S, Lee, SY, and Braverman, LE. Hyperthyroidism. Lancet. (2016) 388:906–18. doi: 10.1016/S0140-6736(16)00278-6

20. Xu, J, Ding, K, Mu, L, Huang, J, Ye, F, Peng, Y, et al. Hashimoto’s thyroiditis: a “Double-edged sword” in thyroid carcinoma. Front Endocrinol (Lausanne). (2022) 13:801925. doi: 10.3389/fendo.2022.801925

21. Xu, S, Huang, H, Qian, J, Liu, Y, Huang, Y, Wang, X, et al. Prevalence of hashimoto thyroiditis in adults with papillary thyroid cancer and its association with cancer recurrence and outcomes. JAMA Netw Open. (2021) 4:e2118526. doi: 10.1001/jamanetworkopen.2021.18526

22. Robin, X, Turck, N, Hainard, A, Tiberti, N, Lisacek, F, Sanchez, JC, et al. PROC: an open-source package for R and S+ to analyze and compare ROC curves. BMC Bioinf. (2011) 12:77. doi: 10.1186/1471-2105-12-77

23. Mandrekar, JN. Receiver operating characteristic curve in diagnostic test assessment. J Thorac Oncol. (2010) 5:1315–6. doi: 10.1097/JTO.0b013e3181ec173d

24. Tessler, FN, Middleton, WD, and Grant, EG. Thyroid imaging reporting and data system (TI-RADS): a user’s guide. Radiology. (2018) 287:29–36. doi: 10.1148/radiol.2017171240

25. Lee, JH, and Anzai, Y. Imaging of thyroid and parathyroid glands. Semin Roentgenol. (2013) 48:87–104. doi: 10.1053/j.ro.2012.09.003

26. Kobayashi, K, Hirokawa, M, Yabuta, T, Masuoka, H, Fukushima, M, Kihara, M, et al. Tumor protrusion with intensive blood signals on ultrasonography is a strongly suggestive finding of follicular thyroid carcinoma. Med Ultrason. (2016) 18:25–9. doi: 10.11152/mu.2013.2066.181.kok

27. Matrone, A, Gambale, C, Pieroni, E, De Napoli, L, Torregrossa, L, Materazzi, G, et al. Ultrasound features and risk stratification system in NIFT-P and other follicular-patterned thyroid tumors. Eur J Endocrinol. (2023) 189:175–82. doi: 10.1093/ejendo/lvad095

28. Park, JW, Kim, DW, Kim, D, Baek, JW, Lee, YJ, and Baek, HJ. Korean Thyroid Imaging Reporting and Data System features of follicular thyroid adenoma and carcinoma: a single-center study. Ultrasonography. (2017) 36:349–54. doi: 10.14366/usg.17020

29. Tryggvason, G, and Briem, B. Evaluation of a thyroid nodule. Laeknabladid. (2017) 102:23–7. doi: 10.17992/lbl.2017.01.117

30. Haddad, RI, Nasr, C, Bischoff, L, Busaidy, NL, Byrd, D, Callender, G, et al. NCCN guidelines insights: thyroid carcinoma, version 2.2018. J Natl Compr Canc Netw. (2018) 16:1429–40. doi: 10.6004/jnccn.2018.0089

31. Macerola, E, Poma, AM, Vignali, P, Basolo, A, Ugolini, C, Torregrossa, L, et al. Molecular genetics of follicular-derived thyroid cancer. Cancers (Basel). (2021) 13:1139. doi: 10.3390/cancers13051139

32. Giordano, TJ. Genomic hallmarks of thyroid neoplasia. Annu Rev Pathol. (2018) 13:141–62. doi: 10.1146/annurev-pathol-121808-102139

33. Ohori, NP, and Nishino, M. Follicular neoplasm of thyroid revisited: current differential diagnosis and the impact of molecular testing. Adv Anat Pathol. (2023) 30:11–23. doi: 10.1097/PAP.0000000000000368

34. Rinaldi, S, Plummer, M, Biessy, C, Tsilidis, KK, Ostergaard, JN, Overvad, K, et al. Thyroid-stimulating hormone, thyroglobulin, and thyroid hormones and risk of differentiated thyroid carcinoma: the EPIC study. J Natl Cancer Inst. (2014) 106:dju097. doi: 10.1093/jnci/dju097

35. Kars, A, Aktan, B, Kilic, K, Sakat, MS, Gozeler, MS, Yoruk, O, et al. Preoperative serum thyroglobulin level as a useful predictive marker to differentiate thyroid cancer. ORL J Otorhinolaryngol Relat Spec. (2018) 80:290–5. doi: 10.1159/000491932

36. Li, S, Ren, C, Gong, Y, Ye, F, Tang, Y, Xu, J, et al. The role of thyroglobulin in preoperative and postoperative evaluation of patients with differentiated thyroid cancer. Front Endocrinol (Lausanne). (2022) 13:872527. doi: 10.3389/fendo.2022.872527

37. Spencer, CA, Takeuchi, M, and Kazarosyan, M. Current status and performance goals for serum thyroglobulin assays. Clin Chem. (1996) 42:164–73. doi: 10.1093/clinchem/42.1.164

38. 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) 12:625. doi: 10.3390/cancers12030625

39. Kim, H, Kim, YN, Kim, HI, Park, SY, Choe, JH, Kim, JH, et al. Preoperative serum thyroglobulin predicts initial distant metastasis in patients with differentiated thyroid cancer. Sci Rep. (2017) 7:16955. doi: 10.1038/s41598-017-17176-6

40. 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) 8:389. doi: 10.21037/atm.2019.10.92

41. Pradhan, PK, Jain, S, Ponnuswamy, M, Arya, A, and Ora, M. Semi-quantitative assessment of diffuse hepatic uptake seen in I-131 scans - an indicator of functioning thyroid tissue and disease burden in differentiated thyroid cancer. Thyroid Res. (2019) 12:4. doi: 10.1186/s13044-019-0065-1

42. Giovanella, L, D’Aurizio, F, Algeciras-Schimnich, A, Gorges, R, Petranovic, OP, Tuttle, RM, et al. Thyroglobulin and thyroglobulin antibody: an updated clinical and laboratory expert consensus. Eur J Endocrinol. (2023) 189:R11–27. doi: 10.1093/ejendo/lvad109

43. Mcleod, DS, Watters, KF, Carpenter, AD, Ladenson, PW, Cooper, DS, and Ding, EL. Thyrotropin and thyroid cancer diagnosis: a systematic review and dose-response meta-analysis. J Clin Endocrinol Metab. (2012) 97:2682–92. doi: 10.1210/jc.2012-1083

44. Gudmundsson, J, Sulem, P, Gudbjartsson, DF, Jonasson, JG, Masson, G, He, H, et al. Discovery of common variants associated with low TSH levels and thyroid cancer risk. Nat Genet. (2012) 44:319–22. doi: 10.1038/ng.1046




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 Liu, Kuang, Sun, Chen, Li, Zhan, Hong, Li, Yan, Qiu and Liu. 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/fonc.2024.1395202_cover.jpg
& frontiers | Frontiers in Oncology

The alternative value of thyroid stimulating
hormone instead of thyroglobulin in
differentiation of follicular thyroid neoplasm
in Hashimoto’s thyroiditis





OEBPS/Images/fonc-14-1395202-g003.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The alternative value of thyroid stimulating hormone instead of thyroglobulin in differentiation of follicular thyroid neoplasm in Hashimoto’s thyroiditis

      

        		

          Purposes

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Patient recruitment

          



          		

            2.2 Clinicopathological features and follow-up visits

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Thyroid ultrasonography of FTA and FTC

          



          		

            3.2 FNA of FTA and FTC

          



          		

            3.3 Clinicopathological features of FTA and FTC

          



          		

            3.4 Comparison of FTC patients between pathological classification

          



          		

            3.5 Follow-up outcomes of FTC patients

          



          		

            3.6 Unique characteristics of FTC in HT patients

          



          		

            3.7 Predicting benign follicular thyroid neoplasm with TSH level in HT patients

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Gender, n (%) 0.48
Men 6(54.5) 5(45.5)
Women 29(65.9) 15(34.1)
Age (n=55) 459 + 04 455+ 0.7 0.97
Category, n (%) 0.73
<55 26(65.0) 14(35.0)
>55 | 9(60.0) 6(40.0)
BMI (n=33) 22.7 £ 0.1 229+ 04 0.68
Tumor size (cm, n=55) 3.27 £ 0.05 3.64 £ 0.14 091
VitaminD3 (nmol/ 48.9 £ 0.7 462 + 14 ‘ 0.65
L, n=41)
PTH (pg/ml, n=41) 51.6+ 0.9 556+ 1.5 037
FT3 (pmol/L, n=55) 4.3 +£0.01 4.6 + 0.03 0.083
FT4 (pmol/L, n=55) 12.7 £ 0.1 13.6 £ 0.1 0.083
TG (ng/mL, n=47) 109.4 £ 4.8 1245 £ 11 0.66
TSH (WU/mL, n=55) 3.76 £ 0.2 1.38 + 0.06 0.013*
Category, n (%) 0.040%
Lowered 1(20.0) 4(80.0)
Normal 30(65.2) 16(34.8)
Elevated 4(100.0) 0(0.0)
T3 (nmol/L, n=46) 1.61 + 0.01 1.82 + 0.02 ‘ 0.019*
T4 (nmol/L, n=46) | 81.7 £ 0.6 86 + 1.1 0.48
TPOAb (IU/mL, n=55) 1245+ 7 127.5 £ 12:6 0.46
TGAb (IU/mL, n=55) 374+22 7 385+ 42 0.35

Error estimate represents the standard error of the mean.

*p<0.05 was considered statistically significant.

FTA, follicular thyroid adenoma; FIC, follicular thyroid carcinoma; HT, Hashimoto’s
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Triiodothyronine; FT4, Free Thyroxine; TG, thyroglobulin; TSH, thyroid stimulating
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carcinoma; PTC, papillary thyroid carcinoma.
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T4, Thyroxine; TPOAD, thyroid peroxidase antibody; TGAb, thyroglobulin antibody.
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