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Abstract 1 

Background: The Bethesda System for Reporting Thyroid Cytopathology is a commonly used 2 

classification for fine needle aspiration (FNA) cytology of suspicious thyroid nodules. The risk 3 

of malignancy (ROM) for each category has recently been analyzed in three international 4 

databases. This paper compares the diagnostic performance of the Bethesda classification in 5 

a high-volume referral center in Belgium. 6 

Methods: All consecutive thyroid procedures were registered in a prospective database from 7 

January 2010 till August 2022. Patient and surgical characteristics, preoperative Bethesda 8 

categories, and postoperative pathology results were analyzed. 9 

Results: Out of 2219 consecutive thyroid procedures, 1226 patients underwent preoperative 10 

FNA. Papillary thyroid cancer was the most prevalent malignancy (N=119, 70.4%), followed 11 

by follicular (N=17, 10.1%), and medullary thyroid cancer (N=15, 8.9%). Micropapillary 12 

thyroid cancer was incidentally found in 46 (3.8%) patients. Bethesda categories I, II, III, IV, 13 

V, and VI respectively represented 250 (20.4%; ROM 4.4%), 546 (44.5%; ROM 3.8%), 96 14 

(7.8%; ROM 20.8%), 231 (18.8%; ROM 15.2%), 62 (5.1%; ROM 72.6%), and 41 (3.3%; 15 

ROM 90.2%) patients. Overall ROM was 13.8%. An NPV of 96.2% was found. Overall 16 

specificity was 64.2% with a positive predictive value (PPV) of 31.9%. Diagnostic accuracy 17 

was 67.8%. Compared to international databases (CESQIP, EUROCRINE, UKRETS), ROM 18 

in this study appeared lower for Bethesda category IV (15.2 vs 26.7%, p=0.612).  19 

Conclusion: Despite being validated in numerous studies, ROM based on preoperative FNA 20 

cytology classified according to the Bethesda classification may vary amongst surgical 21 

centers and countries as this study reveals a higher NPV and lower PPV. 22 

 23 

  24 
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Introduction 1 

Thyroid nodules are highly prevalent as about 5% of the adult population has palpable 2 

nodules in the thyroid region and up to 70% of adults show thyroid nodules on neck 3 

ultrasound [1]. Most thyroid nodules are asymptomatic and are detected by patients 4 

themselves or during a routine check-up. The most common benign cause of thyroid nodules 5 

are adenomas, single or as part of a multinodular goiter, however, thyroid cancer is seen in 6 

7-15% of incidentally found nodules [1]. 7 

Incidence of thyroid cancer has strongly increased over the last few decades.  According to 8 

the Global Cancer Observatory (IARC), 586 202 new cases of thyroid cancer were estimated 9 

worldwide in 2020, with an age-standardized rate of 10.1/100 000 and 3.1/100 000 in women 10 

and men respectively. Recent data from the Belgian Cancer Registry also reveal an increase 11 

in thyroid cancer as in 2004 an incidence of 3.1/100 000 in men and 8.9/100 000 in women 12 

was seen compared to an incidence of 5.2/100 000 in men and 13.1/100 000 in women in 13 

2017. 14 

Increased detection of asymptomatic thyroid nodularity due to liberal use of thyroid 15 

ultrasound has been the most important cause of the elevated incidence of thyroid cancer 16 

[2]. A less aggressive diagnosis and treatment of asymptomatic, incidentally found nodules 17 

has stabilized the number of surgical procedures in recent years [3]. When referred for a 18 

thyroid nodule, an ultrasound of the neck will be carried out [4]. 19 

The American Thyroid Association (ATA) guidelines to assess and classify thyroid ultrasound 20 

findings are used in many countries. When a nodule is considered suspicious for its size 21 

based on several criteria, fine needle aspiration (FNA) is offered to the patient, as it is the 22 

most accurate and cost-effective method of evaluating thyroid nodules [5]. 23 

The ACR Thyroid Imaging, Reporting and Data System (TI-RADS) classifies ultrasound 24 

findings into five categories, each with an ascending suspicion for malignancy [6]. TI-RADS 1 25 

to 5 are respectively considered “Benign”, “Not Suspicious”, “Mildly Suspicious”, “Moderately 26 
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Suspicious” and “Highly Suspicious”. Nodules classified as TI-RADS 1 and 2 do not warrant 1 

additional FNA. FNA is considered appropriate for TI-RADS 3 nodules ≥ 2.5 cm, TI-RADS 4 2 

nodules ≥ 1.5 cm and TI-RADS 5 nodules ≥ 1 cm. 3 

‘The Bethesda System for Reporting Thyroid Cytopathology’ is the most used classification 4 

for FNA cytology. The Bethesda classification divides cytology specimens into six categories: 5 

I 'Nondiagnostic' or 'Unsatisfactory', II ‘Benign’, III 'Atypia of undetermined significance (AUS)' 6 

or 'Follicular lesion of undetermined significance' (FLUS), IV 'Follicular neoplasm' or 7 

'Suspicious for a follicular neoplasm', V 'Suspicious for malignancy', and VI 'Malignant'. Each 8 

of these categories is linked to a specific risk of malignancy (ROM) and subsequently to an 9 

evidence-based clinical guideline for further diagnosis and treatment [7]. Recently, the ROM 10 

for each Bethesda category has been assessed within three international databases [8]. 11 

Whether these ROMs apply to individual centers remains to be analyzed. Differences in 12 

health care organization and quality, as well as environmental factors and treatment policies 13 

might influence local results. Results of big datasets should not be blindly applied to local 14 

centers [9]. 15 

The main aim of this paper is to analyze the diagnostic performance of The Bethesda 16 

classification within a high-volume, tertiary referral center in Belgium. Second objective is to 17 

analyze possible differences with the international data and evaluate how this could impact 18 

future clinical and surgical behavior. 19 

 20 

 21 

Materials and Methods 22 

All patients who underwent thyroid surgery in a single tertiary referral center (OLV hospital, 23 

Aalst, Belgium) were consecutively included in an ongoing, prospectively gathered, 24 

endocrine-surgical database from January 2010 onwards. Within this database, a study 25 

cohort was retrospectively compiled with patients who received thyroid surgery up to August 26 
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2022. Types of surgery included total thyroidectomy, hemithyroidectomy, isthmusectomy, or 1 

completion thyroidectomy. All procedures were performed by the same, experienced 2 

endocrine surgeon (SVS), with a personal activity of over 200 thyroidectomies per year. 3 

Patients were excluded if no preoperative FNA was performed or if the Bethesda category 4 

was missing on FNA cytology report (Figure 1). Part of the study cohort has already been 5 

described [10, 11]. All patients provided written informed consent prior to the study. 6 

Demographics, FNA cytology, data on surgical and associated procedures, and the final 7 

histopathology report were collected. 8 

Preoperative Bethesda categories on FNA cytology were compared to postoperative 9 

histopathological classifications of the resected specimen to obtain the ROM for each 10 

category. The 2017 WHO classification was used to classify thyroid cancer [12]. Sensitivity, 11 

specificity, positive (PPV) and negative predictive values (NPV), as well as diagnostic 12 

accuracy and risk of malignancy (ROM) of given Bethesda categories were calculated. 13 

Incidental thyroid malignancies (i.e., separate from the index nodule that received FNA) 14 

consisted of micropapillary thyroid carcinomas and were excluded from calculations of ROM. 15 

Bethesda category I is nondiagnostic, therefore sensitivity, specificity, PPV and NPV are 16 

meaningless within this category. Bethesda category II on FNA cytology was considered true 17 

negative when the final histopathology report was benign, and false negative when the result 18 

was malignant. Indications for surgery in patients with Bethesda II thyroid nodules consisted 19 

of symptomatic thyroid enlargement, compressive symptoms, Graves’ disease, bleeding 20 

cysts, branchial cleft cysts, Hashimoto thyroiditis, and other forms of thyroiditis. Bethesda 21 

categories III and IV are “indeterminate” as they do not differentiate between benign and 22 

malignant. However, because a lobectomy is one of the suggested approaches for these 23 

categories, the histology result could be considered “positive” for possible malignancy. To 24 

assess the impact of Bethesda categories III and IV on diagnostic accuracy, different 25 

calculations were made including and excluding these categories. For analysis, Bethesda 26 

categories III, IV, V and VI on FNA cytology were considered true positive when the final 27 
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histopathology report was malignant, and false positive when the result was benign. Non-1 

invasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP) was not 2 

considered malignant and its effect on ROM was not studied. 3 

Results were compared to recently published data evaluating ROM for each Bethesda 4 

category within three international databases (CESQIP, EUROCRINE, and UKRETS) [8]. 5 

All quantitative results are presented as median with interquartile ranges (IQR). All statistical 6 

analyses were conducted in STATA® (StataCorp, V.16·1/MP).  7 

 8 

Results 9 

From January 2010 until August 2022, a total of 2219 consecutive thyroid surgeries were 10 

carried out. Of these thyroid surgeries, 1226 patients received preoperative FNA with 11 

cytology and a subsequent Bethesda classification. A final histopathology report was 12 

obtained for all resected specimens (Figure 1). Median age of the study cohort was 53 years 13 

(IQR 43 - 63). Sex ratio (female/male) was 3.94. Out of 1226 included patients, 250 (20.4%) 14 

were preoperatively diagnosed as Bethesda category I, 546 (44.5%) as category II, 96 15 

(7.8%) as category III, 231 (18.8%) as category IV, 62 (5.1%) as category V, and 41 (3.3%) 16 

as category VI (Table 1).  17 

NIFTP was found in nine patients. A total of 169 malignancies were found (Table 2), the 18 

majority of which were papillary carcinomas (N= 119, 70.4%), followed by follicular 19 

carcinomas (N=17, 10.1%), and medullary carcinomas (N=15, 8.9%). Other malignant 20 

findings consisted of Hürthle cell carcinoma (N=6, 3.6%), anaplastic carcinoma (N=5, 3.0%), 21 

metastases of other primary malignancies (N=4, 2.4%), poorly differentiated carcinoma (N=2, 22 

1.2%), and lymphoma (N=1, 0.6%). ROM was 4.4% for Bethesda category I, 3.8% for 23 

category II, 20.8% for category III, 15.2% for category IV, 72.6% for category V, and 90.2% 24 

for category VI. Overall ROM was 13.8%, excluding incidentally found micropapillary thyroid 25 

cancer, which was found in 46 cases. 26 
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Lesions preoperatively classified as benign (Bethesda category II) were malignant or false 1 

negative in 3.8% of cases, which leads to an NPV of 96.2%. 2 

Lesions preoperatively classified as malignant or highly suspicious (Bethesda categories V 3 

and VI) were benign or false positive in 20.4% of cases, leading to a specificity of 96.2%. For 4 

Bethesda categories III and IV, 83.2% false positives were seen. Together, this resulted in a 5 

total of 68.1% false positives for categories III, IV, V, and VI. Given the low ROM in Bethesda 6 

categories III and IV, overall specificity reduced to 64.2%.  7 

If only “conclusive” Bethesda categories II, V, and VI were included, a sensitivity of 79.6% 8 

was found.  9 

Individual PPVs for Bethesda categories III, IV, V, and VI were 20.8%, 15.2%, 72.6% and 10 

90.2% respectively. An overall PPV of 31.9% was found. Diagnostic accuracy of the 11 

Bethesda classification was 67.8%. 12 

In both the studied cohort (44.5%) and international cohorts (32.4%) Bethesda category II is 13 

most represented (Table 3). Respective percentages of Bethesda categories I, III, IV, V and 14 

VI are 20.4% in the studied cohort versus 6.7% in international data, 7.8% versus 14.5%, 15 

18.8% versus 21.6%, 5.1% versus 7.7% and 3.3% versus 17.2%.  ROM of Bethesda 16 

category V in the studied cohort (72.6%) was comparable to international data (73.7%). ROM 17 

of Bethesda categories I (4.4%), II (3.8%), III (20.8%), IV (15.2%) and VI (90.2%) in the 18 

studied cohort was lower than the reported ROM of international data (respectively 13.6%; 19 

7.8%; 24.5%; 26.7% and 95.4%). 20 

 21 

 22 

Discussion 23 

With 1226 included cases over a time span of over 12 years, the diagnostic accuracy of the 24 

Bethesda classification at the OLV Aalst was 67.8%. With the exception of Bethesda 25 
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category IV, which showed a lower ROM than Bethesda category III in the studied cohort, a 1 

comparable ROM to international data was seen, with Bethesda category I having a higher 2 

ROM than Bethesda category II in both the studied cohort and international data. 3 

Thyroid cytology following FNA is a very important part of the diagnostic work-up of thyroid 4 

nodules. A clinician needs a performant, non- to little invasive, low-cost pre-operative 5 

technique to distinguish benign from malignant thyroid nodules. Cytopathology was 6 

standardized by implementation of the Bethesda classification in 2010, with an update in 7 

2018 withholding a higher ROM for the lower Bethesda categories. By using the Bethesda 8 

classification clinicians can approximate a ROM for each patient, which in turn has an impact 9 

on disease management and decision for surgery. Differences in ROM of Bethesda category 10 

I can be explained by the uncertainty related to this category. When Bethesda category I is 11 

concluded on FNA, either FNA is repeated, conservative treatment is offered, or surgery is 12 

carried out in case of suspicious clinical or ultrasound findings. A different approach to this 13 

uncertainty is reflected in the amount of Bethesda category I diagnoses included in the 14 

studied cohort (20.4%) compared to the amount in international data (6.7%). A lower ROM of 15 

Bethesda category II in the studied cohort (3.8%) might reflect a higher accuracy of benign 16 

detection and is associated with a lower rate of false negatives (3.8% versus 7.8%) and a 17 

higher NPV (96.2% versus 92.2%) compared to international data. For the “indeterminate” 18 

Bethesda categories III and especially IV, the lower ROM in the studied cohort (respectively 19 

20.8% and 15.2% versus 24.5% and 26.7%) might confirm the uncertainty of these 20 

diagnoses. This uncertainty also explains the higher false positive rates when Bethesda 21 

categories III and IV are included in the false positive calculations. 22 

Differences in ROM of Bethesda category VI can be seen as a statistical pitfall, as only 41 23 

patients (3.3%) received a Bethesda category VI diagnosis in the relatively small, studied 24 

cohort of 1226 patients. Overall ROM in the studied cohort (13.8%) was much lower than 25 

international data (33.7%) and more comparable to data reported in Bethesda guidelines [7]. 26 

An interindividual difference in ROM of Bethesda categories I to IV between the three major 27 
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databases featured in the review by Inabnet et al is also seen, which reflects variation in the 1 

application of Bethesda guidelines in each center [8]. Lower ROM in Bethesda categories III, 2 

IV, and VI might reflect a more cautious interpretation of guidelines when examining FNA 3 

specimens. The results suggest overtreatment of Bethesda III and IV nodules compared to 4 

the literature, with similar treatment of Bethesda V nodules. 5 

Other single-center studies of surgical patients who received preoperative FNA, report 6 

distributions of Bethesda I between 3.0 - 4.2% [13, 14, 15]; of Bethesda II between 20.6 – 7 

36.0% [13, 14, 15]; of Bethesda III between 11.5 – 28.0% [13, 14, 15, 16]; of Bethesda IV 8 

between 7.5 – 24.9% [13, 14, 15, 16]; of Bethesda V between 3.2 – 8.9% [13, 14, 15, 16]; 9 

and of Bethesda VI between 18.0 – 25.8% [13, 14, 15]. In comparison, findings in this study 10 

show a higher proportion of Bethesda I and II, a lower proportion of Bethesda III and VI, and 11 

comparable proportions of Bethesda IV and V. ROM in these single-center studies varies 12 

between 0.0 – 29.0% for Bethesda I [13, 14, 15, 17]; between 2.8 – 11.0% for Bethesda II 13 

[13, 14, 15, 17]; between 7.3 – 51.0% for Bethesda III [13, 14, 15, 16, 17, 18]; between 15.5 14 

– 57.9% for Bethesda IV [13, 14, 15, 16, 17, 18]; between 65.0 – 100.0% for Bethesda V [13, 15 

14, 15, 16, 17]; and between 96.5 – 98.8% for Bethesda VI [13, 14, 15, 17]; with total ROM 16 

varying between 30.0 – 61.0% [13, 14, 15]. ROMs in this study are similar, except for a 17 

slightly lower ROM for Bethesda IV, a lower ROM for Bethesda VI, and lower overall ROM. 18 

These percentages may implicate differences in FNA quality between centers. Some of 19 

these discrepancies and the wide ranges of distribution and ROM can also be explained 20 

using molecular testing before surgery in some studies, and the exclusion of malignancies 21 

not related to the index nodules (i.e., the nodule in which FNA was performed). For 22 

indeterminate nodules (Bethesda III, IV and V on FNAC), consideration of molecular testing 23 

is recommended for further diagnosis [19]. Molecular testing has been shown to predict 24 

aggressiveness of thyroid malignancies [20], to decrease the surgical rate in patients with 25 

indeterminate nodules [21] and to guide optimal management of Bethesda VI nodules [22]. 26 

Molecular testing or gene expression profiling was not offered to patients given the higher 27 
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cost, lack of reimbursement, and the absence of specific recommendations regarding this 1 

topic in Belgium. 2 

Distribution of histological subtypes of malignancies in the studied cohort was grossly similar 3 

to international cohorts. Less frequent subtypes such as anaplastic carcinoma, metastases of 4 

other primary malignancies, poorly differentiated carcinoma, lymphoma, and C-cell 5 

hyperplasia (which was not observed in the studied cohort) were not fully proportional to 6 

international data, presumably due to the smaller population in this study. 7 

Limitations of this study include the relatively small study population with higher risk of 8 

statistical pitfalls. Another limitation is the risk of certain types of bias. Since only patients 9 

who underwent thyroid surgery were included, patients who received conservative treatment 10 

after FNA remain unnoticed, which may lead to selection bias. The studied population might 11 

differ from other databases given a different approach to Bethesda I (i.e., lower threshold for 12 

surgery) and higher portion of Bethesda II with more symptomatic benign goiters. The 13 

database used in this study was prospectively gathered by different assessors, which might 14 

cause information or diagnostic bias. Differentiation between index nodule or malignancy 15 

separate from index nodule was not possible on gathered information. It is possible that 16 

some malignancies were not index nodules, therefore affecting FNA accuracy. 17 

A strength of this study is the single center approach with standardized work-up and all 18 

surgeries being performed by a single surgeon, thus limiting interobserver bias. Furthermore, 19 

the strength of diagnostic pathway execution in the study center (OLV hospital, Aalst, 20 

Belgium) is reflected by the study cohort since all FNAs were followed by cytopathological 21 

examination and allocation to a Bethesda category. 22 

This study shows that even though specific guidelines exist, the diagnostic accuracy of FNA 23 

and the Bethesda classification differs between centers. The studied population included a 24 

greater proportion of patients with benign FNA results who received surgery, which alters 25 

ROM compared to other databases. Reported ROMs for each Bethesda category by 26 
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international guidelines can serve as indicators, but values should not be blindly copied and 1 

applied to individual centers. Centers should evaluate their own results and preoperative 2 

ROM based on specific center data should be discussed with patients instead of, or in 3 

combination with data in literature. 4 

 5 

  6 
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Figures 1 

Figure 1 Flow Chart of Study Cohort 2 

 3 

 4 
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Tables  1 

 2 

Table 1 Distribution, malignancies, ROM, and test statistics. 3 

 4 

  Bethesda I  Bethesda II  Bethesda III  Bethesda IV  Bethesda V  Bethesda VI  Total  

 Number of cases, N 

(%)  
250 (20.4)  546 (44.5)  96 (7.8)  231 (18.8)  62 (5.1)  41 (3.3)  1226 (100)  

 Malignancies, N  11  21  20  35  45  37  169  

 ROM, %  4.4  3.8  20.8  15.2  72.6  90.2  13.8  

 False negatives, %  NA  3.8  NA  NA  NA  NA  NA  

 False positives, %  NA  NA  
83.2  20.4  

NA  
68.1  

 Sensitivity, %    86.7  

 Specificity, %    64.2  

 NPV, %    96.2  

 PPV, %    31.9  

 Diagnostic accuracy, 

%  
  67.8  

 5 

N: Number of cases; ROM: Risk of malignancy; NA: Not applicable; NPV: Negative predictive value; 6 

PPV: Positive predictive value.  7 

  8 

  9 
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Table 2 Histology by Bethesda category.  1 

Histology, % of 

malignancies (N)   
Bethesda I  Bethesda II  Bethesda III  Bethesda IV  Bethesda V  Bethesda VI  Total  

 Papillary  72.7  66.7  70.0  57.1  82.2  70.3  70.4 (119)  

 Follicular  9.1  23.7  15.0  17.1  4.4  0.0  10.1 (17)  

 Medullary  0.0  4.8  5.0  5.7  6.7  21.6  8.9 (15)  

 Hürthle cell  0.0  0.0  0.0  17.1  0.0  0.0  3.6 (6)  

 Anaplastic  9.1  0.0  0.0  0.0  2.2  8.1  3.0 (5)  

 Metastatic  9.1  4.8  5.0  0.0  2.2  0.0  2.4 (4)  

 Poorly differentiated  0.0  0.0  5.0  2.9  0.0  0.0  1.2 (2)  

 Lymphoma  0.0  0.0  0.0  0.0  2.2  0.0  0.6 (1)  

 2 

N: Number of cases. 3 

 4 
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Table 3 Comparison with international data [8]. 1 

  Bethesda I  Bethesda II  Bethesda III  Bethesda IV  Bethesda V  Bethesda VI  Total  

Number of cases, N (%) 

CESQIP [8] 269 (3.2) 2394 (28.5) 1714 (20.4) 1320 (15.7) 705 (8.4) 1994 (23.7) 8396 (100) 

UKRETS [8] 747 (11.1) 1736 (25.8) 713 (10.6) 2232 (33.2) 424 (6.3) 879 (13.1) 6731 (100) 

Eurocrine [8] 436 (6.6) 2911 (44.0) 722 (10.9) 1138 (17.2) 552 (8.3) 860 (13.0) 6619 (100) 

Pooled international 

data [8] 
1452 (6.7) 7041 (32.4) 3149 (14.5) 4690 (21.6) 1681 (7.7) 3733 (17.2) 21746 (100) 

Studied cohort 250 (20.4)  546 (44.5)  96 (7.8)  231 (18.8)  62 (5.1)  41 (3.3)  1226 (100)  

ROM, % 

Bethesda guidelines 

[7] 
5 – 10 0 – 3 6 – 18 10 – 40 50 – 75 97 – 99 NA 

CESQIP [8] 16.2 9.9 27.4 34.4 74.5 95.5 42.4 

UKRETS [8] 11.6 6.2 22.3 22.7 72.7 97.6 29.0 

Eurocrine [8] 15.6 7.1 20.2 26.2 73.6 92.7 27.9 

Pooled international 

data [8] 
13.6 7.8 24.5 26.7 73.7 95.4 33.7 

Studied cohort 4.4  3.8  20.8  15.2  72.6  90.2  13.8  

 2 

SD: Standard deviation; N: Number of cases; ROM: Risk of malignancy; NA: Not applicable; CESQIP: 3 

The Collaborative Endocrine Surgery Quality Improvement Program; UKRETS: UK Registry of 4 

Endocrine and Thyroid Surgery. 5 

 6 

[7] Cibas ES, Ali SZ (2017) The 2017 Bethesda System for Reporting Thyroid Cytopathology. Thyroid 7 

27(11):1341-1346 8 
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[8] Inabnet WB 3rd, Palazzo F, Sosa JA et al (2020) Correlating the Bethesda System for Reporting Thyroid 10 

Cytopathology with Histology and Extent of Surgery: A Review of 21,746 Patients from Four Endocrine Surgery 11 

Registries Across Two Continents. World J Surg 44(2):426-435 12 
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