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Purpose

To investigate the clinical characteristics of papillary thyroid cancer (PTC) classified as Bethesda category III [atypia of undetermined significance (AUS)/follicular lesion of undetermined significance (FLUS)] by fine-needle aspiration (FNA) for precision treatment.



Methods

A total of 1,739 patients diagnosed with Bethesda category III (AUS/FLUS) by FNA were investigated, and 290 patients diagnosed with PTC were analyzed.



Results

The rate of papillary thyroid microcarcinoma (PTMC) was 82.1% (238/290). The rates of lymph node metastases were 44.9% (22/49) and 25.2% (56/222) for PTC and PTMC, respectively (p = 0.006). The rates of extra-thyroid extension were 46.2% (24/52) and 19.8% (47/237) (p < 0.001). Compared with PTMC, PTC had significantly higher odds ratios (ORs) of 3.41 (1.81–6.44, p < 0.001), 2.19 (1.16–4.13, p = 0.016), and 2.51 (1.29–4.88, p = 0.007) for extra-thyroid extension, multifocality, and lymph node metastases, respectively, after adjustment for age and gender. The larger size and BRAF V600E mutation had a robust synergistic effect for invasive features. The rates of lymph node metastases, multifocality, and extra-thyroid extension were significantly increased with larger sizes harboring BRAF V600E mutation. Compared with PTMC harboring wild type (WT)-BRAF, PTC harboring BRAF V600E mutation had adjusted higher ORs of 3.01 (1.26–8.68, p = 0.015), 3.20 (1.22–8.42, p = 0.018), and 5.62 (2.25–14.01, p < 0.001) for lymph node metastases, multifocality, and extra-thyroid extension, respectively.



Conclusions

In this study, risk stratification was recommended for patients with Bethesda category III (AUS/FLUS) nodules with a size under 1 cm harboring WT-BRAF being regarded as low risk and should be recommended for active surveillance. Nodules with a size over 1 cm harboring WT-BRAF or those under 1 cm harboring BRAF V600E mutation could be regarded as moderate risk, and molecular testing should be recommended. However, those with a size over 1 cm harboring BRAF V600E mutation should be regarded as high risk, and a diagnostic surgery should be recommended.
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Introduction

Thyroid cancer (TC) was the most common endocrine malignancy, with a rapidly increasing number of cases over the past decades and 52,890 new cases in the United States in 2020 (1–4). TC was reported to be the fifth most common malignant tumor in women in 2020, with an incidence rate of approximately 4% (4). The increased rate can be predominantly attributed to the rapid development of various new imaging technologies (ultrasound (US), CT, and MRI) for the assessment of the thyroid gland. Moreover, environmental risk factors are also possible causes; the underlying causes of thyroid cancer incidence may be multifactorial (5, 6). Incidental thyroid nodules are found on 20% to 67% of US examinations (7). Fine-needle aspiration (FNA) played an important role in the management of the thyroid nodules by estimating the risk of malignancy and assisting the initial treatment of patients (8).

In 2009, The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) was released to refine cytologic definitions and improve clinical management for patients with thyroid nodules with surgery or surveillance (9). Based on the TBSRTC criteria, cytological diagnoses consist of six categories: I) non-diagnostic or unsatisfactory; II) benign; III) atypia of undetermined significance or follicular lesion of undetermined significance (AUS/FLUS); IV) follicular neoplasm or suspicious for a follicular neoplasm (FN/SFN); V) suspicious for malignancy; and VI) malignant (10). The “atypia of undetermined significance/follicular lesion of undetermined significance” (AUS/FLUS) category, known as Bethesda category III, has been ascribed to have a malignancy risk of 5%–15% (10). However, previous studies reported much higher malignancy rates in thyroid nodules classified as (AUS/FLUS) (11, 12), and the treatment for these cases remains controversial. The American Thyroid Association (ATA) guidelines recommended that repeat FNA or molecular testing should be applied to assist malignancy risk stratification instead of a strategy of either surveillance or diagnostic surgery for nodules with AUS/FLUS cytology (13). Sonographic features, patient preference, and feasibility should also be taken into consideration in treatment decision making (13). However, it is still challenging for clinicians to treat patients with Bethesda category III (AUS/FLUS), and the initial management requires further investigation.

The objective of this study was to describe the experience of a retrospective cohort of patients with Bethesda category III (AUS/FLUS) at Shanghai Center of Thyroid Diseases and diagnosed with papillary thyroid cancer (PTC) by surgery, as well as to investigate if there were any clinical characteristics that could assist to make risk stratification for Bethesda category III (AUS/FLUS).



Materials and Methods

This retrospective study was approved by the Ethical Committee of the Shanghai Tenth People’s Hospital affiliated with Tongji University School of Medicine. Written informed consent was obtained from all patients (SHSY-IEC-4.1/21-33/01).


Patients and Clinical–Pathological Data

Patients who underwent thyroidectomies or thyroid lobectomies at the Shanghai Tenth People’s Hospital from August 2015 to September 2020 were investigated. A total of 1,739 patients were diagnosed with Bethesda category III (AUS/FLUS) by FNA; 523 patients underwent thyroidectomy or thyroid lobectomy. The postoperative pathological results were 210 benign lesions and 23 other types of malignant tumors. In this study, 290 cases with PTC were analyzed. BRAF V600E mutation analysis was performed by the Sanger sequencing method in 287 postoperative tissue specimens at the pathology department of the university hospital.



Statistical Analyses

Statistical analyses were performed with SPSS version 22.0 software (IBM Corporation, Armonk, NY, USA). Descriptive statistics were displayed as mean ± SD. Count data were expressed as number (n) and percentage (%). An independent-samples t-test was used to compare continuous data between two independent groups. The chi-squared test was used to analyze the categorical variables as appropriate. Univariate and multivariable logistic regressions were performed to analyze the correlation between lymph node metastasis, multifocality, extra-thyroid extension, and different tumor sizes combined with BRAF V600E mutation status. Odds ratios (ORs) with 95% CIs were calculated. A two-tailed p-value of less than 0.05 was considered statistically significant.




Results


Demographic and Clinical Characteristics

The clinical characteristics of all patients with PTC classified as Bethesda category III (AUS/FLUS) are shown in Table 1. The malignancy rate in thyroid nodules classified as Bethesda category III (AUS/FLUS) was 18.0% (313/1739). A total of 290 patients were diagnosed with PTC, and another malignant pathology was detected in 4.4% (23/523) and benign nodules in 40.2% (210/523) of patients. The cohort of 290 patients with PTC (227 females and 63 males) had a median age of 48 years (interquartile range [IQR], 21–77) and was investigated retrospectively. Papillary thyroid microcarcinoma (PTMC) was more common than PTC, with a rate of 82.1% (238/290) (Table 2). The rates of lymph node metastasis were 44.9% (22/49) and 25.2% (56/222) for PTC and PTMC (p = 0.006), respectively. The rates of BRAF V600E mutation for PTMC and PTC were 64.6% (153/237) and 64.0% (32/50), respectively (Table 2). The rates of extra-thyroid extension were 46.2% (24/52) and 19.8% (47/237) for PTC and PTMC, respectively (p < 0.001). Compared with PTMC, PTC had higher crude ORs of 3.47 (1.84–6.52, p < 0.001), 2.20 (1.17–4.13, p = 0.014), and 2.42 (1.28–4.58, p = 0.007) for extra-thyroid extension, multifocality, and lymph node metastasis, respectively. After adjustment for age and gender, PTC had higher ORs of 3.41 (1.81–6.44, p < 0.001), 2.19 (1.16–4.13, p = 0.016), and 2.51 (1.29–4.88, p = 0.007) for extra-thyroid extension, multifocality, and lymph node metastasis (Table 3).


Table 1 | The demographic and clinical characteristics of PTC patients by cytology type (n = 290).




Table 2 | The demographic and clinical characteristics of PTC patients by tumor size (n = 290).




Table 3 | Logistic regression analysis of factors of PTC with different tumor sizes.





The Synergistic Effect of Tumor Size and BRAF V600E Mutation Status in Papillary Thyroid Cancer With Atypia of Undetermined Significance/Follicular Lesion of Undetermined Significance by Fine-Needle Aspiration

The effects of risk stratification by tumor size and BRAF V600E mutation are shown in Table 4. The rates of lymph node metastasis were 21.4% (18/84), 24.8% (38/153), 38.9% (7/18), and 43.8% (14/32) for PTMC harboring wild type (WT)-BRAF, PTMC harboring BRAF V600E mutation, PTC harboring WT-BRAF, and PTC harboring BRAF V600E mutation, respectively. The rates of multifocality were 15.5% (13/84), 28.1% (43/153), 44.4% (8/18), and 37.5% (12/32) for PTMC harboring WT-BRAF, PTMC harboring BRAF V600E mutation, PTC harboring WT-BRAF, and PTC harboring BRAF V600E mutation, respectively. The rates of extra-thyroid extension were 17.9% (15/84), 20.9% (32/153), 33.3% (6/18), and 56.3% (18/32) for PTMC harboring WT-BRAF, PTMC harboring BRAF V600E mutation, PTC harboring WT-BRAF, and PTC harboring BRAF V600E mutation, respectively. PTC harboring BRAF V600E mutation had the highest rates of lymph node metastases and extra-thyroid extension, while PTMC harboring WT-BRAF had the lowest rates. Compared with PTMC harboring WT-BRAF, PTC harboring BRAF V600E mutation had a crude OR of 2.55 (1.06–6.12, p = 0.036) for lymph node metastasis and remained significant after adjustment for age and gender [3.01 (1.26–8.68), p = 0.015]. Compared with the PTMC harboring WT-BRAF group, PTC harboring BRAF V600E mutation had a crude OR of 5.83 (2.38–14.26, p < 0.001) for extra-thyroid extension and remained significant after adjustment for age and gender [5.62 (2.25–14.01), p < 0.001]. Compared with the PTMC harboring WT-BRAF group, the other three groups had crude ORs of 2.14 (1.07–4.25, p = 0.031), 4.37 (1.45–13.15, p = 0.009), and 3.28 (1.30–8.29, p = 0.012) for multifocality, and all remained significant after adjustment for age and gender (Table 5).


Table 4 | The clinical characteristics of PTC patients by tumor size and BRAF V600E mutation status (n = 287).




Table 5 | The relationship of clinical invasive features and synergistic effect of tumor size and BRAF V600E mutation status by logistic regression analysis.






Discussion

The ATA guidelines recommend that repeat FNA or molecular testing should be applied to assess malignancy risk stratification instead of surveillance or diagnostic surgery for nodules with AUS/FLUS cytology (13). Patients diagnosed with AUS/FLUS by FNA were generally considered to be at low risk and usually have an excellent prognosis. It is still necessary to perform risk stratification to determine the intrinsic risk for clinical aggressiveness and therefore favor more aggressive treatments. Conversely, intrinsically low-risk AUS/FLUS nodules or PTMCs should be treated with surveillance and should not be overtreated.

In this study, we investigated the clinical aggressiveness of PTC with AUS/FLUS by FNA before surgery, to determine the clinical markers to facilitate risk stratification in patients with AUS/FLUS nodules. In accordance with the diagnostic criteria given by the Japan Society of Ultrasonics in Medicine (JSUM), nodules that are 5.1–10.0 mm in diameter that are strongly suspicious for thyroid carcinoma should be recommended for FNA (14). Korean studies have shown that 0.6- to 0.9-cm nodules could be indicated for FNA when they have highly suspicious US features (15). Generally, nodules larger than 5 mm in diameter with US findings of signs of malignancy are recommended for FNA in China. Our data indicated that PTMCs are much more common than PTCs in patients with AUS/FLUS nodules. In addition, patients with a tumor size over 1 cm were more likely to have extra-thyroid extension. A cutoff value of 1 cm for tumor size could clearly allow for distinction between high- and low-risk groups. Furthermore, BRAF V600E mutation is important for risk stratification. Therefore, we concluded that a combination of tumor size and BRAF mutation could clearly differentiate AUS/FLUS into three categories with varying risk for more precise management of Bethesda category III (AUS/FLUS) lesions.

The TBSRTC was developed in 2007 and is widely accepted today (9). The National Cancer Institute convened a conference to define cytology terminology for thyroid nodules that have a risk for malignancy (9). The Bethesda System has greatly facilitated the standardization of FNA reporting. It has enabled more precise decision making when patients are recommended for surgery (16). Lesions with non-diagnostic and benign cytology should be suggested for active surveillance (AS), while operation may be recommended for malignancies (13). However, the management for Bethesda category III (AUS/FLUS) remains controversial. Based on ATA guidelines, the nodules classified as Bethesda category III (AUS/FLUS) are recommended for repeat FNAs or molecular testing to assess malignancy risk, and a panel of mutations (BRAF, NRAS, HRAS, KRAS, RET/PTC1, RET/PTC3, and PAX8/PPARγ) or 167 Gene Expression Classifier (GEC) can be recommended for precise molecular testing before deciding between surveillance and diagnostic surgery (13). The three isoforms of RAS (HRAS, NRAS, and KRAS) mutations are the second most common mutation encountered in thyroid carcinomas. It was found in about 40% of follicular variant papillary thyroid carcinomas (fvPTC) and 10% in classical PTCs (cPTCs). RET/PTC rearrangements were seen in about 10%–20% of papillary thyroid carcinomas, RET/PTC1 was associated with a more indolent behavior, and RET/PTC3 mutations were related to more aggressive behavior. They could not help distinguish benign nodules from malignant ones (17, 18). PAX8/PPARγ rearrangements were detected in about 2%–10% of follicular adenomas, as in the fvPTC. In addition, about 0%–1% of PTCs had PAX8/PPARγ translocations (18). BRAF V600E mutation and RET/PCT rearrangements showed high specificity and might help diagnose malignancy in mutated thyroid nodules (19). Molecular tests in thyroid FNA specimens had already shown obvious clinical utility in improving the preoperative diagnosis of thyroid cancer and had been helpful in the risk stratification of Bethesda category III cytological results (20). Guo et al. reported that BRAF V600E and RAS mutations and RET/PTC rearrangements were found in 65.1%, 0%, and 1.6% of PTCs, respectively (21).

The BRAF V600E mutation has drawn particular attention in thyroid FNA. Muzza et al. recommended two different categories of molecular tests for reducing the avoidable treatment of benign nodules and optimizing surgical management. Two different categories of molecular tests can be thought of as “rule-out” methods or “rule-in” tests for malignancy. The Afirma GEC of the “rule-out” methods aims to predict benign thyroid nodules and prevent overtreatment, while the ThyroSeq assay of “rule-in” tests could detect malignancy and optimize surgical management (22–24). The Afirma GEC was established as a good “rule-out” test and the ThyroSeq assay as a good “rule-in” test (17). Molecular tests can rule in cancer for indeterminate thyroid nodules with highly specific mutations for cancer, such as BRAF and RET/PTC. In selected cases, molecular testing can rule out thyroid cancer including a low prevalence of cancer without high-risk history, physical features, or US features (25). Ooi et al. demonstrated that BRAF mutational analyses are used in Asian centers especially in China and Korea, while gene panels and gene expression classifiers are used in the United States (26). Sun et al. reported that the synergism of BRAF V600E testing combined with FNA cytology could increase the diagnostic sensitivity and decrease the false-negative rate by 87.4% and 5.2%, respectively. In AUS/FLUS, the sensitivity rate of BRAF V600E was 40.1%, while the specificity rate was 99.5% (27). Cohen et al. investigated 231 patients and found that patients with BRAF V600E and RET mutations in thyroid nodules with AUS/FLUS features detected by FNA had a 100% risk of malignancy (28). Yin et al. reported that the diagnostic rates of AUS/FLUS could be reduced from 11.59% to 8.42% by BRAF V600E detection, while all AUS/FLUS cases harboring BRAF V600E were diagnosed as PTC from 10.92% to 7.93% in 2017. Therefore, the results of this study could help clinicians devise treatment strategies and determine patient prognosis effectively (29). Suh et al. investigated 667 patients with AUS/FLUS who underwent surgery and reported that the BRAF V600E mutation combined with K-TIRADS 5 could predict malignancy and reduce unnecessary surgeries for AUS/FLUS nodules (30).

Our data demonstrated that the nodule size and BRAF V600E status could be used to clearly divide AUS/FLUS into low-, moderate- and high-risk categories. Nodules under 1 cm harboring WT-BRAF were considered low risk, and once-a-year surveillance was recommended. Nodules under 1 cm harboring BRAF V600E mutation or nodules over 1 cm harboring WT-BRAF were considered a moderate risk, and molecular testing was recommended. If negative, surveillance once every 6 months should be applied, while diagnostic surgery could be recommended if the nodule tests positive. Nodules over 1 cm harboring BRAF V600E mutation were considered as high risk, and a diagnostic surgery is recommended.

In the 2017 TBSRTC, the malignancy rate for Bethesda category III (AUS/FLUS) was revised, and it was 10%–30% higher than originally estimated and reported in 2009 (10). The management of these patients included FNA repeating, molecular testing, or lobectomy (10). This resulted in further questions being raised regarding the appropriate testing to be used in further investigations. Herein, we recommended that AUS/FLUS nodules under 1 cm should receive testing for the BRAF V600E mutation and that WT-BRAF suggested a very low risk of the nodules, with surveillance once in a year considered to be adequate. Although there were some patients who had a high intrinsic risk for being a PTMC, surveillance was still appropriate for them. In the two past decades, the incidence of thyroid cancer has increased significantly in the United States (31), Korea (32), and China (33), while thyroid cancer-specific mortality has not increased. The overdiagnosis and overtreatment of PTMCs are common problems worldwide (31, 32). The initiation of AS for low-risk PTC was developed in Japan, in the Kuma Hospital, which conducted the first clinical trial; and the Cancer Institute Hospital in Tokyo started the second trial 2 years later (34). After a 10-year observation period in the Kuma Hospital with 1,235 patients, only 8% and 3.8% of the patients with PTMC showed size enlargement by ≥3 mm and novel appearance of node metastasis, respectively. In the Kuma Hospital, the 974 patients who underwent immediate surgery had significantly higher incidences of adverse events than the 1,179 patients who chose AS. Oda et al. proposed that the immediate-surgery group presented with a higher incidence of permanent vocal cord paralysis (0.2%) and permanent hypoparathyroidism (1.6%) compared with the AS group (35). In the AS group, the incidences of tumor growth and lymph node metastases were similar to those in other trials. Smulever et al. suggested that AS could be applied for low-risk PTCs because of unfavorable postoperative complications (36). The cost of treatment was particularly important. In the 10-year study, the total cost of immediate surgery was 4.1 times higher when compared with AS, including the cost of postoperative care. In the Cancer Institute Hospital trial, the rate of tumor enlargement and new lymph node metastasis for AS was 7% and 1%, respectively. In the two previous trials, none of the patients had obvious relapses or death due to PTC (37). For low-risk patients with PTMC, AS became the first-line treatment (37). Miyauchi et al. demonstrated that PTMCs were less likely to grow in older patients (≥60 years) in contrast to PTCs. Therefore, AS was recommended for elderly patients with low-risk PTMCs (37). In 2017, Tuttle et al. published the first research on AS for low-risk PTMC outside of Japan where they investigated 291 patients and found 3.8% showed growth in tumor diameter of 3 mm or more, and no patients had regional or distant metastasis during the surveillance (38). Ito et al. proposed that the rate of growth of PTMCs during pregnancy and delivery was low at 8%, and there was no lymph node metastasis. Therefore, AS was also recommended during pregnancy (39). Based on previous studies, AS was recommended to be the first-line management for low-risk PTMCs. It was also reasonable for low-risk AUS/FLUS nodules to be kept under surveillance, instead of performing repeat FNAs or molecular testing for anything other than a BRAF V600E mutation.

However, previous studies reported much higher malignancy rates in thyroid nodules classified as AUS/FLUS (11, 12). In this study, given the high malignancy rate of PTC (290/523, 55.4%), there were intrinsic high-risk PTCs that were contraindications for AS. Our data demonstrated that patients with tumors over 1 cm had a much higher OR of extra-thyroid extension. Huang et al. reported that the BRAF V600E mutation could help clearly differentiate low-risk solitary intra-thyroidal PTC into low- and high-risk categories (1). Kim et al. investigated 743 patients treated using a total thyroidectomy for PTMC (584 females and 159 males), and results showed that the rate of tumor recurrence was lower in BRAF V600E-negative (6.4%) than BRAF V600E-positive patients (10.8%) (40). Among the low-risk PTMC patients, recurrences were 1.3% for BRAF V600E-negative patients and 4.3% for BRAF V600E-positive patients. Therefore, the recurrence risk of PTMC could be identified by BRAF V600E mutation status, especially for low-risk PTMCs. In low-risk PTMC with WT-BRAF, conservative AS was suitable for management. Due to the increased recurrence risk and other adverse effects, including extra-thyroid extension, AS was still uncertain for BRAF V600E mutation patients with PTMC so far (40). In our study, patients with PTC tumors over 1 cm harboring BRAF V600E mutation had higher rates of lymph node metastasis, multifocality, and extra-thyroid extension. Based on our results and previous studies, the synergistic effect of nodule size and BRAF V600E mutation status has increased the possibility of predicting the risk of malignancy of PTC with AUS/FLUS nodules.



Conclusions

In conclusion, it is necessary to improve risk stratification for AUS/FLUS nodules. A combination of nodule size and BRAF V600E mutation status could help clearly differentiate AUS/FLUS into three categories with different risks for malignancy to help manage patients with AUS/FLUS nodules more precisely. An AUS/FLUS nodule with a size under 1 cm harboring WT-BRAF could be recommended for AS, those with a size over 1 cm harboring WT-BRAF or size under 1 cm harboring BRAF V600E mutation could be recommended for repeat FNAs or molecular testing, and AUS/FLUS nodules with size over 1 cm and BRAF V600E mutation could receive aggressive treatment, and a diagnostic surgery may be recommended.



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 author.



Ethics Statement

The studies involving human participants were reviewed and approved by the Ethical Committee of the Shanghai Tenth People’s Hospital affiliated with Tongji University School of Medicine. Written informed consent was obtained from all patients (SHSY-IEC-4.1/21-33/01). The patients/participants provided their written informed consent to participate in this study.



Author Contributions

Conception and design: XZ and YH. Acquisition, statistical analysis, or interpretation of the data: all authors. Drafting of the manuscript: all authors. All authors reviewed and approved the final version of the manuscript.



Funding

This study was funded by the National Natural Science Foundation of China (grant number 81902716) and Shanghai Pujiang Program (grant number 2019PJD040).



Acknowledgments

We would like to thank all the staff in the Shanghai Center of Thyroid Diseases and the Department of Endocrinology at Shanghai Tenth People’s Hospital.



References

1. Huang, Y, Qu, S, Zhu, G, Wang, F, Liu, R, Shen, X, et al. BRAF V600E Mutation-Assisted Risk Stratification of Solitary Intrathyroidal Papillary Thyroid Cancer for Precision Treatment. J Natl Cancer Inst (2018) 110:362–70. doi: 10.1093/jnci/djx227

2. Xing, M, Alzahrani, AS, Carson, KA, Shong, YK, Kim, TY, Viola, D, et al. Association Between BRAF V600E Mutation and Recurrence of Papillary Thyroid Cancer. J Clin Oncol (2015) 33:42–50. doi: 10.1200/jco.2014.56.8253

3. Xing, M, Alzahrani, AS, Carson, KA, Viola, D, Elisei, R, Bendlova, B, et al. Association Between BRAF V600E Mutation and Mortality in Patients With Papillary Thyroid Cancer. JAMA (2013) 309:1493–501. doi: 10.1001/jama.2013.3190

4. Siegel, RL, and Miller, KD. Cancer Statistics, 2020. CA Cancer J Clin (2020) 70:7–30. doi: 10.3322/caac.21590

5. Xie, SH, Chen, J, Zhang, B, Wang, F, Li, SS, Xie, CH, et al. Time Trends and Age-Period-Cohort Analyses on Incidence Rates of Thyroid Cancer in Shanghai and Hong Kong. BMC Cancer (2014) 14:975. doi: 10.1186/1471-2407-14-975

6. Rego-Iraeta, A, Pérez-Méndez, LF, Mantinan, B, and Garcia-Mayor, RV. Time Trends for Thyroid Cancer in Northwestern Spain: True Rise in the Incidence of Micro and Larger Forms of Papillary Thyroid Carcinoma. Thyroid (2009) 19:333–40. doi: 10.1089/thy.2008.0210

7. Hoang, JK, Langer, JE, Middleton, WD, Wu, CC, Hammers, LW, Cronan, JJ, et al. Managing Incidental Thyroid Nodules Detected on Imaging: White Paper of the ACR Incidental Thyroid Findings Committee. J Am Coll Radiol (2015) 12:143–50. doi: 10.1016/j.jacr.2014.09.038

8. Melany, M, and Chen, S. Thyroid Cancer: Ultrasound Imaging and Fine-Needle Aspiration Biopsy. Endocrinol Metab Clin North Am (2017) 46:691–711. doi: 10.1016/j.ecl.2017.04.011

9. Cibas, ES, and Ali, SZ. The Bethesda System for Reporting Thyroid Cytopathology. Thyroid (2009) 19:1159–65. doi: 10.1089/thy.2009.0274

10. Cibas, ES, and Ali, SZ. The 2017 Bethesda System for Reporting Thyroid Cytopathology. Thyroid (2017) 27:1341–6. doi: 10.1089/thy.2017.0500

11. Heller, KS. Malignancy Rate in Thyroid Nodules Classified as Bethesda Category III (AUS/FLUS): Is There a Correct Answer? Thyroid (2014) 24:787–8. doi: 10.1089/thy.2014.0142

12. Kuru, B, Atmaca, A, Tarim, IA, Kefeli, M, Topgul, K, Yoruker, S, et al. Risk Factors Associated With Malignancy and With Triage to Surgery in Thyroid Nodules Classified as Bethesda Category III (AUS/FLUS). Eur J Surg Oncol (2016) 42:87–93. doi: 10.1016/j.ejso.2015.09.026

13. 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) 26:1–133. doi: 10.1089/thy.2015.0020

14. Suzuki, S. Childhood and Adolescent Thyroid Cancer in Fukushima After the Fukushima Daiichi Nuclear Power Plant Accident: 5 Years on. Clin Oncol (R Coll Radiol) (2016) 28:263–71. doi: 10.1016/j.clon.2015.12.027

15. Shin, JH, Baek, JH, Chung, J, Ha, EJ, Kim, JH, Lee, YH, et al. Ultrasonography Diagnosis and Imaging-Based Management of Thyroid Nodules: Revised Korean Society of Thyroid Radiology Consensus Statement and Recommendations. Korean J Radiol (2016) 17:370–95. doi: 10.3348/kjr.2016.17.3.370

16. Ho, AS, Sarti, EE, Jain, KS, Wang, H, Nixon, IJ, Shaha, AR, et al. Malignancy Rate in Thyroid Nodules Classified as Bethesda Category III (AUS/FLUS). Thyroid (2014) 24:832–9. doi: 10.1089/thy.2013.0317

17. Moore, MD, Panjwani, S, Gray, KD, Finnerty, BM, Zarnegar, R, and Fahey, TJ. 3rd. The Role of Molecular Diagnostic Testing in the Management of Thyroid Nodules. Expert Rev Mol Diagn (2017) 17:567–76. doi: 10.1080/14737159.2017.1321987

18. Ferrari, SM, Fallahi, P, Ruffilli, I, Elia, G, Ragusa, F, Paparo, SR, et al. Molecular Testing in the Diagnosis of Differentiated Thyroid Carcinomas. Gland Surg (2018) 7:S19–29. doi: 10.21037/gs.2017.11.07

19. Rossi, ED, Larocca, LM, and Pantanowitz, L. Ancillary Molecular Testing of Indeterminate Thyroid Nodules. Cancer Cytopathol (2018) 126 Suppl 8:654–71. doi: 10.1002/cncy.22012

20. Yip, L, and Ferris, RL. Clinical Application of Molecular Testing of Fine-Needle Aspiration Specimens in Thyroid Nodules. Otolaryngol Clin North Am (2014) 47:557–71. doi: 10.1016/j.otc.2014.04.003

21. Guo, HQ, Zhao, H, Zhang, ZH, Zhu, YL, Xiao, T, and Pan, QJ. Impact of Molecular Testing in the Diagnosis of Thyroid Fine Needle Aspiration Cytology: Data From Mainland China. Dis Markers (2014) 2014:912182. doi: 10.1155/2014/912182

22. Muzza, M, Colombo, C, Pogliaghi, G, Karapanou, O, and Fugazzola, L. Molecular Markers for the Classification of Cytologically Indeterminate Thyroid Nodules. J Endocrinol Invest (2020) 43:703–16. doi: 10.1007/s40618-019-01164-w

23. Khan, TM, and Zeiger, MA. Thyroid Nodule Molecular Testing: Is It Ready for Prime Time? Front Endocrinol (Lausanne) (2020) 11:590128. doi: 10.3389/fendo.2020.590128

24. Vargas-Salas, S, Martinez, JR, Urra, S, Dominguez, JM, Mena, N, Uslar, T, et al. Genetic Testing for Indeterminate Thyroid Cytology: Review and Meta-Analysis. Endocr Relat Cancer (2018) 25:R163–77. doi: 10.1530/ERC-17-0405

25. Roth, MY, Witt, RL, and Steward, DL. Molecular Testing for Thyroid Nodules: Review and Current State. Cancer (2018) 124:888–98. doi: 10.1002/cncr.30708

26. Ooi, LY, and Nga, ME. Atypia of Undetermined Significance/Follicular Lesion of Undetermined Significance: Asian vs. non-Asian Practice, and the Singapore Experience. Gland Surg (2020) 9:1764–87. doi: 10.21037/gs-20-555

27. Su, X, Jiang, X, Xu, X, Wang, W, Teng, X, Shao, A, et al. Diagnostic Value of BRAF (V600E)-Mutation Analysis in Fine-Needle Aspiration of Thyroid Nodules: A Meta-Analysis. Onco Targets Ther (2016) 9:2495–509. doi: 10.2147/OTT.S101800

28. Cohen, DS, Tongson-Ignacio, JE, Lolachi, CM, Ghaderi, VS, Jahan-Parwar, B, and Thompson, LDR. Rethinking Malignancy Risk in Indeterminate Thyroid Nodules With Positive Molecular Studies: Southern California Permanente Experience. Otolaryngol Head Neck Surg (2019) 161:419–23. doi: 10.1177/0194599819842859

29. Yin, L, Tang, Y, Yu, S, Wang, C, Xiao, M, Wang, Y, et al. The Role of BRAF V600E in Reducing AUS/FLUS Diagnosis in Thyroid Fine Needle Aspiration. Endocr Pathol (2019) 30:312–7. doi: 10.1007/s12022-019-09591-4

30. Suh, YJ, and Choi, YJ. Strategy to Reduce Unnecessary Surgeries in Thyroid Nodules With Cytology of Bethesda Category III (AUS/FLUS): A Retrospective Analysis of 667 Patients Diagnosed by Surgery. Endocrine (2020) 69:578–86. doi: 10.1007/s12020-020-02300-w

31. Davies, L, and Welch, HG. Current Thyroid Cancer Trends in the United States. JAMA Otolaryngol Head Neck Surg (2014) 140:317–22. doi: 10.1001/jamaoto.2014.1

32. Ahn, HS, Kim, HJ, and Welch, HG. Korea's Thyroid-Cancer "Epidemic"–Screening and Overdiagnosis. N Engl J Med (2014) 371:1765–7. doi: 10.1056/NEJMp1409841

33. Zhao, L, Pang, P, Zang, L, Luo, Y, Wang, F, Yang, G, et al. Features and Trends of Thyroid Cancer in Patients With Thyroidectomies in Beijing, China Between 1994 and 2015: A Retrospective Study. BMJ Open (2019) 9:e023334. doi: 10.1136/bmjopen-2018-023334

34. Miyauchi, A, and Ito, Y. Conservative Surveillance Management of Low-Risk Papillary Thyroid Microcarcinoma. Endocrinol Metab Clin North Am (2019) 48:215–26. doi: 10.1016/j.ecl.2018.10.007

35. Oda, H, Miyauchi, A, Ito, Y, Yoshioka, K, Nakayama, A, Sasai, H, et al. Incidences of Unfavorable Events in the Management of Low-Risk Papillary Microcarcinoma of the Thyroid by Active Surveillance Versus Immediate Surgery. Thyroid (2016) 26:150–5. doi: 10.1089/thy.2015.0313

36. Smulever, A, and Pitoia, F. High Rate Incidence of Post-Surgical Adverse Events in Patients With Low-Risk Papillary Thyroid Cancer Who did Not Accept Active Surveillance. Endocr (2020) 69:587–95. doi: 10.1007/s12020-020-02310-8

37. Miyauchi, A, Ito, Y, and Oda, H. Insights Into the Management of Papillary Microcarcinoma of the Thyroid. Thyroid (2018) 28:23–31. doi: 10.1089/thy.2017.0227

38. Tuttle, RM, Fagin, JA, Minkowitz, G, Wong, RJ, Roman, B, Patel, S, et al. Natural History and Tumor Volume Kinetics of Papillary Thyroid Cancers During Active Surveillance. JAMA Otolaryngol Head Neck Surg (2017) 143:1015–20. doi: 10.1001/jamaoto.2017.1442

39. Ito, Y, Miyauchi, A, Kudo, T, Ota, H, Yoshioka, K, Oda, H, et al. Effects of Pregnancy on Papillary Microcarcinomas of the Thyroid Re-Evaluated in the Entire Patient Series at Kuma Hospital. Thyroid (2016) 26:156–60. doi: 10.1089/thy.2015.0393

40. Kim, KJ, Kim, SG, Tan, J, Shen, X, Viola, D, Elisei, R, et al. BRAF V600E Status may Facilitate Decision-Making on Active Surveillance of Low-Risk Papillary Thyroid Microcarcinoma. Eur J Cancer (2020) 124:161–9. doi: 10.1016/j.ejca.2019.10.017




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.


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

Copyright © 2022 Zha, Miao, Huang, Wang, Xie, Jin, Zou, Yang and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Risk Stratification of Papillary Thyroid Cancer With Bethesda Category III (Atypia of Undetermined Significance/Follicular Lesion of Undetermined Significance) by Thyroid Fine‐Needle Aspiration Could Be Assisted by Tumor Size for Precision Treatment

      

        		

          Purpose

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patients and Clinical–Pathological Data

          



          		

            Statistical Analyses

          



        



        



        		

          Results

        

          		

            Demographic and Clinical Characteristics

          



          		

            The Synergistic Effect of Tumor Size and BRAF V600E Mutation Status in Papillary Thyroid Cancer With Atypia of Undetermined Significance/Follicular Lesion of Undetermined Significance by Fine-Needle Aspiration

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
PTMC (N = 238) PTC (N = 52) p

Age (year) 47.93 +12.02 49.12 + 13.93 0.533
Gender 0.527
Male 50 (21.0%) 13 (25.0%)
Female 188 (79.0%) 39 (75.0%)
Cytology 0.981
AUS 188 (79.0%) 41 (78.8%)
FLUS and AUS/FLUS 50 (21.0%) 11(21.2%)
Focality 0.013
Unifocality 182 (76.5%) 31(569.6%)
Muttifocality 56 (23.5%) 21 (40.4%)
Extra-thyroid extension <0.001
No 190 (80.2%) 28 (53.8%)
Yes 47 (19.8%) 24 (46.2%)
Surgery 0.274
Total thyroidectomy 160 (67.2%) 39 (75.0%)
Thyroid lobectomy 78 (32.8%) 13 (25.0%)
BRAF V600E 0.940
Wild type 84 (35.4%) 18 (36.0%)
Mutation 153 (64.6%) 32 (64.0%)
Lymph node metastasis 0.006
No 166 (74.8%) 27 (65.1%)
Yes 56 (25.2%) 22 (44.9%)
131 therapy 0.001
No 226 (95.0%) 42 (80.8%)
Yes 12 (6.0%) 10 (19.2%)

One patient with the status of extra-thyroid extension remaining unknown was excluded.
Nineteen patients with the status of lymph node metastasis remaining unknown were
excluded. Three patients with the status of BRAF V600E mutation status remaining
unknown were excluded.

PTMC, papillary thyroid microcarcinoma; PTC, papillary thyroid cancer; AUS, atypia of
undetermined significance; FLUS, follicular lesion of undetermined significance.
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Variants <1cm+WT-BRAF (N = 84) <1cm+BRAF Mutation (N = 153) >1cm+WT-BRAF (N = 18) >1cm+BRAF Mutation (N = 32)

Lymph node metastasis

No 59 (70.2%) 106 (69.3%) 9 (50.0%) 18 (56.3%)

Yes 18 (21.4%) 38 (24.8%) 7 (38.9%) 14 (43.8%)

Unknown 7(8.3%) 9 (5.9%) 2 (11.1%) 0 (0%)
Multifocality

No 71 (84.5%) 110 (71.9%) 10 (55.6%) 20 (62.5%)

Yes 13 (15.5%) 43 (28.1%) 8 (44.4%) 12 (37.5%)
Extra-thyroid extension

No 68 (80.9%) 121 (79.1%) 12 (66.7%) 14 (43.8%)

Yes 15 (17.9%) 32 (20.9%) 6 (33.3%) 18 (56.3%)

Unknown 1(1.2%) 0 (0%) 0 (0%) 0 (0%)

One patient with the status of extra-thyroid extension, eighteen patients with the status of lymph node metastasis, and another three patients with the status of BRAF V600E mutation
remaining unknown were excluded.
PTC, papillary thyroid cancer.
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0.016
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0.007

OR, odds ratio; PTC, papillary thyroid cancer.

*Adjusted for age and gender.

bOne patient with the status of extra-thyroid extension remaining unknown was excluded. Nineteen patients with the status of lymph node metastasis remaining unknown were excluded.
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Variants AUS (N=229) FLUS and AUS/FLUS(N=61) p

Age (year) 47.68 +12.39 49.90 +12.19 0.212
Gender 0.794
Male 49 (21.4%) 14 (23.0%)

Female 180 (78.6%) 47 (77.0%)

Tumor size (cm) 0.981
<1 188 (82.1%) 50 (82.0%)

>1 41 (17.9%) 11 (18.0%)

Tumor size (cm) 0.68 + 0.54 0.69 + 0.53 0.968
Focality 0.360
Unifocality 171 (74.7%) 42 (68.9%)

Multifocality 58 (25.3%) 19 (31.1%)

Extra-thyroid extension 0.500
No 174 (76.3%) 44 (72.1%)

Yes 54 (23.7%) 17 (27.9%)

Surgery 0.790
Total thyroidectomy 158 (69.0%) 41 (67.2%)

Thyroid lobectomy 71 (31.0%) 20 (32.8%)

BRAF V600E 0.838
Wild type 81 (35.8%) 21 (34.4%)

Mutation 145 (64.2%) 40 (65.6%)

Lymph node 0.463
metastasis

No 148 (70.1%) 45 (75.0%)

Yes 63 (29.9%) 15 (25.0%)

I-131 therapy 0.945
No 211 (92.1%) 57 (93.4%)

Yes 18 (7.9%) 4 (6.6%)

One patient with the status of extra-thyroid extension remaining unknown was excluded.
Nineteen patients with the status of lymph node metastasis remaining unknown were
excluded. Three patients with the BRAF V600E mutation status remaining unknown were
excluded.

PTC, papillary thyroid cancer; AUS, atypia of undetermined significance; FLUS, follicular
lesion of undetermined significance.
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15 (17.9) Ref. Ref. Ref. Ref.
32 (20.9) 1.20 (0.61-2.37) 0.602 1.13 (0.57-2.26) 0.724
6(33.3) 2.27 (0.73-7.01) 0.155 2.01 (0.62-6.48) 0.244
18 (66.3) 5.83 (2.38-14.26) <0.001 5.62 (2.25-14.01) <0.001

“Adjusted for age and gender.

OR, odds ratio; PTC, papillary thyroid cancer.





