Thyroglobulin is a poor predictor of differentiated thyroid cancer in patients operated for thyroid nodular diseases
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Abstract
Objective: Thyroglobulin, produced exclusively by thyroid follicular cells, serves as a specific tumor marker for the follow up of differentiated thyroid cancer (DTC) patients after thyroidectomy. However, its role as a predictor for malignancy in patients with thyroid nodules is controversial. We aimed to assess the potential role of preoperative serum thyroglobulin concentration to predict DTC in patients who were referred to partial or total thyroidectomy without preoperative diagnosis of malignancy.
Methods: This retrospective study included patients who had partial or total thyroidectomy between January 2014 and May 2019, with preoperative diagnosis of benign multinodular goiter (MNG) or a thyroid nodule with indeterminate cytology (INC) (Bethesda system categories 3/4). We compared patients for demographic, clinical, imaging, and biochemical data according to their final diagnosis: DTC or benign thyroid nodular disease. Further statistical analysis included odds ratios calculation and receiver-operator curves (ROC) analysis.
Results: Of 131 patients who met inclusion and exclusion criteria, the indication for surgery was benign MNG in 69, and thyroid nodule with INC in 62 patients. Final diagnosis of DTC was reported in 18/69 (26%) and 30/62 (48%) of patients with preoperative diagnosis of benign MNG and INC thyroid nodule, respectively. Preoperative measurement of nodule diameter, TSH, and thyroglobulin serum concentration did not differ between patients with final diagnosis of DTC versus those with benign histology.   
Conclusion: Preoperative serum thyroglobulin alone is insufficient to differentiate preoperatively between malignant and benign thyroid nodular disease. 
Introduction
Thyroid nodules (TN) are a common finding on neck imaging and physical examination (1).  Solitary TN or those identified in multinodular goiter (MNG) are usually benign and their prevalence depends on the method of detection: palpitation (2-6%), ultrasonography (19-68%), or autopsy (8-65%) (2). The prevalence of differentiated thyroid cancer (DTC) is 7-15% of all TN (3).
The evaluation of TN begins with neck ultrasound (US) accompanied by the measurement of serum thyroid-stimulating hormone (TSH) levels. According to their diameter and specific ultrasonographic features (e.g., hypoechoic or the presence of microcalcifications) TN should be further investigated using fine needle aspiration (FNA) biopsy for cytological assessment(3,4). The Bethesda System for reporting thyroid cytopathology is the standard for interpreting FNA specimens; category II signifies benign nodule while categories V and VI have very high malignancy rates (75 and above 95% respectively). The malignancy risk for Bethesda III category (defined as atypia of undetermined significance/follicular lesion of undetermined significance) is 10-30%, while the risk for Bethesda IV category (follicular neoplasm/suspicious for follicular neoplasm) is 25-40%. These two categories are commonly defined as indeterminate cytology (INC) (5,6). 
Evaluation of malignancy risk in INC nodules includes consideration of worrisome clinical and sonographic features and repeat of FNA with or without molecular testing. Surgery is a valid option when repeat FNA for cytology and/or molecular testing are inconclusive or not preformed (6). Indications for surgical intervention in cases of MNG are not as clear-cut. Surgery may be considered for patients with large MNG causing respiratory or swallowing compromise or for esthetic deformation (3,4). 
[bookmark: _Hlk96921282]Thyroglobulin (Tg), a storage protein, crucial for thyroid hormones biogenesis, is synthesized exclusively by thyroid follicular cells and released to the serum along with thyroid hormones. In patients after thyroidectomy for DTC it serves as a specific tumor marker (7). Elevated serum Tg concentration can be the result of several thyroid pathologies other than DTC including Grave’s disease, toxic adenoma, thyroiditis and benign nodular thyroid disease (3,4,8).  Importantly, anti-Tg- antibodies (Tg-Ab) may interfere with Tg measurements producing falsely low Tg concentration (9). Whether serum Tg concentration may serve as a predictor for DTC in patients evaluated for a TN or MNG is controversial. Different cut-off values for Tg which may discriminate malignant from benign nodules were offered by several research groups. However, these suggested Tg cut-off values differed significantly from 75 to 1000 ng/ml (10–13).  A systemic review by Trimboli et al., which addressed specifically this question, included 13 studies, 9 of them included data of TN with INC. The pulled analysis demonstrated that preoperative serum Tg concentration had suboptimal accuracy in discriminating malignant from benign nodules with a significant overlap of values between these groups. However, the authors signified that most studies showed a statistically significant higher preoperative serum Tg concentration in patients with DTC compared with those with final histology reporting benign TN. Accordingly, they conclude that Tg is an independent preoperative predictor of DTC in patients with INC (8).  Nevertheless, the 2015 American Thyroid Association (ATA) differentiated thyroid cancer guidelines, published shortly thereafter, strongly recommended against (with moderate-quality evidence) the routine measurement of serum Tg for the initial evaluation of TN, stating that “serum Tg levels can be elevated in most thyroid diseases and are an insensitive and nonspecific test for thyroid cancer”(3). This recommendation however addresses TN as a whole and does not discuss specific clinical scenarios where preoperative Tg measurement may have a role.
Regarding this controversy and in the absence of ‘high-quality evidence’, we aimed to assess the association between preoperative serum Tg concentration and final histology of DTC in two distinct groups of patients, who had thyroid lobectomy or total thyroidectomy; first, patients with MNG who were operated for an indication other than suspected DTC and second, patients with TN who had an FNA result classified as INC.

Methods
Study population
This retrospective cohort study included patients, who were admitted to the Otolaryngology department of Soroka University Medical Center (SUMC), a tertiary referral center, for total thyroidectomy or thyroid lobectomy between January 2014 and May 2019, with preoperative diagnosis of benign MNG (group 1) or with TN with INC (group 2). Patients with both MNG and INC were included in group 2 only. Each group was divided according to the final histological diagnosis DTC or benign thyroid nodular disease. Inclusion criteria were at least one preoperative serum measurement of Tg and TSH, dated up-to one year prior to surgery, and available preoperative neck US. Patients with known DTC prior to the operation, and those with positive anti-Tg antibodies (Tg-Ab) were excluded. 
Data collection
Data were collected from the patient’s electronic medical records, including age, sex, type of surgery and pathology reports, and preoperative measurements of Tg, TSH and Tg-Ab. If more than one Tg measurement was available in the year prior to surgery, the most recent was recorded. Tg-Ab were classified as either positive or negative, based on the lab reference ranges. FNA-cytology based on the Bethesda system for reporting thyroid cytopathology (6) was recorded from the pathology report following the FNA procedure. Histological results were recorded from final pathology reports and classified as malignant or benign. For malignant results the histological type of DTC was recorded as well, classified as papillary thyroid carcinoma (PTC) or follicular thyroid carcinoma (FTC). 
All lab tests were performed in authorized laboratories. Most lab results were performed at the endocrinology lab in SUMU as follow: TSH- TSH3-UL- a Third-generation, two-site sandwich immunochemiluminescent assay, Advia CENTAYR XP, SIEMENS. Tg- a 2-site sandwich, solid-phase Immunometric IMMULITE Xpi, SIEMENS. Tg-Ab- a solid-phase chemiluminescent enzyme sequential immunometric assay, IMMULITE Xpi, SIEMENS. 
Thyroid nodule ultrasound (US) reports
Maximal diameter of the dominant nodule of the MNG (group 1), and of the nodule from which the FNA was performed (group 2) were recorded based on the formal US report. The US examinations were conducted in SUMC or in other medical imaging centers and interpreted by authorized clinical radiologists. 
Statistical analysis
Baseline characteristics of the study population were summarized using descriptive statistics. Continuous variables were compared using t test for normally distributed variables, and Mann-Whitney U test for non-normally distributed variables. Chi square test was used for categorical variables. Results are presented as means ± SDs (standard deviation) for normally distributed continuous variables and as medians and quartile 1 (Q1) and 3 (Q3) for non-normally distributed variables. Odds ratios (ORs) were calculated using logistic regression and are presented with 95% confidence intervals (CI). The Receiver-operating characteristic (ROC) was used to evaluate the performance of preoperative serum Tg concentration as diagnostic test to differentiate between malignant and benign nodules. For all analyses, a 2-sided p<0.05 was considered statistically significant. Statistical analyses were conducted using SPSS software (ver. 26.0 for Windows; SPSS Inc., Chicago, IL, USA).
The study was approved by SUMC IRB committee authorization number 0352-15-SOR.

Results
[bookmark: _Hlk97025996]Between September 2014 and May 2019 one hundred and seventy-seven patients had thyroidectomy or lobectomy for MNG or thyroid nodule with INC at the SUMC Otolaryngology department. Of these, 131 fulfilled inclusion criteria without any exclusion criteria and consisted of the final study cohort. Sixty-nine patients were operated for benign MNG (group 1) and 62 patients were operated due to TN with INC (group 2). Pathology reports confirmed the presence of DTC in 18 patients (26%) in group 1, and in 30 patients (48%) in group 2 (figure 1). In the entire cohort 41 (31.3%), 7 (5.3%), and 83 (63.4%) patients had post-operative diagnosis of PTC, FTC, and benign thyroid nodular disease, respectively (table 1). ROC curve analysis of the entire cohort showed area under the curve (AUC) of 0.5, (p=0.89), demonstrating that preoperative Tg did not distinguish between malignant and benign TN when patients of both study groups were included in the analysis (Figure 1A).  
Group 1- MNG without preoperative diagnosis of DTC
[bookmark: _Hlk86477449]Table 2 summarizes the characteristics of 69 patients operated for apparently benign MNG, stratified by the postoperative diagnosis being DTC (18, 26%) or benign MNG (51, 74%). Mean age (49 ±15.69 and 41.5 ±14.27 years, p=0.06) and female gender 94.4% and 82.4%, (p= 0.27) did not differ between groups. Maximal TN diameter as reported by the preoperative US was 4.03 ±1.77 centimeters in patients with post-operative diagnosis of DTC versus 4.63 ±1.59 centimeters in those with post-operative diagnosis of benign MNG (p=0.28). Preoperative serum Tg concentration did not differ between patients with final diagnosis of malignant or benign MNG (median (Q1,Q3)): 148.5 ng/mL (67.8,1158.5) and 190 ng/mL (62.4,574), respectively, p= 0.97. Similarly, preoperative serum TSH concentration were comparable in both sub-groups; 1.5 ±0.84 mIU/L and 1.98 ±1.38 mIU/L, respectively (p=0.3). The ROC analysis for Tg as a potential predictor of DTC in patients who were operated for apparently benign MNG showed AUC of 0.49, (p=0.97), demonstrating that preoperative Tg did not distinguish between patients with postoperative diagnosis of DTC and benign MNG (Figure 2B). In addition, the ORs of group 1 patients for final diagnosis of DTC were not statistically significant for any of the assessed parameters, including preoperative serum Tg and TSH concentration or maximal nodule diameter (table 4). 
Group 2- Indeterminate cytology 
[bookmark: _Hlk75274969][bookmark: _Hlk75274982]Table 3 summarizes the characteristics of 62 patients operated for TN with INC, stratified by the postoperative pathology diagnosis of DTC (30, 48%) or benign (32, 52%). Mean age (46.80 ±12.83 and 48.93 ±13.93 years, p=0.56) and female gender 63.3% versus 71.9% (p= 0.47) did not differ between patients with final diagnosis of DTC or benign TN. Maximal TN diameter as reported in a preoperative US was comparable between the two sub-groups: 3.36 ±1.92 for postoperative DTC diagnosis vs. 3.64 ±1.75 centimeters for benign TN (p=0.5). Last preoperative serum Tg concentration was lower, though not statistically significant, in patients with postoperative DTC diagnosis compared with those diagnosed with benign TN (median (Q1,Q3)): 160.5 ng/mL (82.2,536.7) and 205.5 ng/mL (65.2-821.5), p= 0.93. The ROC analysis for Tg as a potential predictor of DTC in patients who were operated for TN with INC showed an AUC of 0.49 (p=0.93), demonstrating that preoperative Tg did not distinguish between patients with postoperative diagnosis of DTC and benign TN (Figure 2C). Among patients with INC results, the odds ratio of the TN in question being malignant were not statistically significant for any of the assessed parameters, including preoperative Tg level, TSH level or nodule diameter (table 4).
We further compared preoperative serum Tg concentration among patients in group 2 according to their Bethesda system subcategory (table 1). Of 62 patients, 33 and 29 patients had a cytology report of Bethesda III and IV, respectively. Among the 33 patients with Bethesda III cytology, 13 (39%) and 20 (61%) had final diagnosis of DTC and benign TN, respectively. Pre-operative Tg did not discriminate between patients with final diagnosis of DTC or benign TN (mean±SD, 694.7 ng/mL±1584.35 versus 1012.75 ng/mL±1874.61, respectively, p=0.61). The same was found among the 29 patients with Bethesda IV cytology. Seventeen (59%) patients with final diagnosis of DTC had mean preoperative Tg of 523.77 ng/mL ±587.04 and in12 (41%) patients with final diagnosis of benign TN the mean preoperative Tg was 563.77 ng/mL ±1427.71 (p=0.91).
In addition, we analysed the potential role of preoperative Tg to predict postoperative diagnosis of DTC within the INC group (62 patients), according to the histological subtypes of DTC (PTC, FTC) compared with benign TN. PTC was diagnosed in 24 (38.7%) patients, FTC in 6 (9.7%) patients, and benign TN in 32 (51.6%) patients (table 1). Preoperative serum Tg concentration of patients with PTC or of those with FTC did not differ from the preoperative serum Tg concentration of patients with final histology of benign TN (405.38 ng/mL ±478.7 [PTC] and 1367.81 ng/mL±2286.2 [FTC] versus 844.38 ng/mL±1710.53 [benign TN], p=0.17 and 0.51, respectively).  
Discussion
In the current retrospective study, we evaluated the potential role of preoperative serum Tg concentration to predict final DTC diagnosis in patients who were operated (partial or complete thyroidectomy) for apparently benign MNG (group 1) or for a TN with INC (group 2). In general, preoperative Tg concentration was significantly elevated in both groups. This may suggest that elevated serum Tg concentration was a consideration in those who were referred for thyroid surgery. In our surgical cohort with malignancy rate of 18% in group 1 and 48% in group 2, neither preoperative serum Tg concentration nor preoperative serum TSH concentration or TN diameter could discriminate benign from malignant thyroid nodular disease in both groups. Furthermore, these findings were consistent when we analyzed separately Bethesda 3 and 4 categories within group 2, and when we grouped and investigated patients who were diagnosed with FTC or PTC against those with benign final histology. Importantly, to the best of our knowledge there were no studies which investigated preoperative Tg as a predictor of DTC in patients who were operated for MNG. Our results support the notion that in this group of patients that thyroid mass in the main component determining Tg concentration and not the presence of DTC within a large MNG (7).
Several studies investigated the potential role of preoperative Tg concentration in patients with TN resembling INC, mainly of Bethesda 4 category. The results of these studies were conflicting. Among those, few supported our results. A study by Suh et al., included 39 TN that were classified by cytology as follicular or Hurtle cell neoplasms (Bethesda IV), found no correlation between preoperative serum Tg concentration and postoperative DTC diagnosis (14). Kihara et al. also investigated preoperative serum Tg  concentration in 137 patients with INC nodules who underwent surgery (15). The included patients had serum Tg concentration which was comparable with that observed in our cohort. There was no statistically significant difference in serum Tg concentration between patients with final histology of DTC and benign TN. In contrast with our results, Lee et al. examined 164 Korean patients with INC, who underwent thyroidectomy. They found that preoperative Tg concentration had a significant role as a predictor of FTC, and suggested additional risk factors for DTC such as younger age, male gender, and specific sonographic features including larger TN (10). All these parameters were not found to be valuable predictors of DTC in our cohort. Interestingly, mean serum Tg concentration in this study was lower than most similar studies including ours. This difference may be explained by surgical intervention for relatively small TN, reported in Korea, where this study was conducted (16,17).
Two other studies which addressed specifically TN with cytology reported follicular or Hürthle cell neoplasms, supported the role of higher preoperative serum Tg concentration as a predictor of DTC. Petric et al. suggested three independent predictors of DTC in a cohort of 388 patients: age (younger than 45), solitary tumor and preoperative serum Tg concentration above 400 ng/mL (13). Besic et al. evaluated preoperative serum Tg concentration in a cohort of 244 patients with follicular or Hurtle cell neoplasm < 2 centimeters. This group suggested a much lower cut-off, of 80 ng/mL, as a discriminator for DTC diagnosis, with somewhat low sensitivity (54.8%) and specificity (31.1%) (12). A recent prospective study by Hulikal et al. included 92 patients who were evaluated and operated for TN. The authors used ROC analysis to assess the role of preoperative serum Tg concentration as a potential predictor for DTC. They found that a Tg cut off value of 53ng/ml predicted malignancy risk with a sensitivity and specificity of 72% and 73% respectively (p<0.001). This study included only 33 patients with INC. In this sub-group, 13/17 patients (76%) with preoperative serum Tg concentration above 53 ng/ml had final histology of DTC compared to 20/33 patients (60%) with Tg concentration below this cut-off. The authors however, did not calculate the sensitivity and specificity of preoperative serum Tg concentration of for this subgroup (11). 
The conflicting results between our study and most other cohorts may be explained by different inclusion criteria and time periods. For example, the largest reported cohort by Petric et al (15) included patients with Bethesda 4 sub-category only, while we included patients with Bethesda 3 and 4 categories.  Moreover, their study reported on data from as early as 1988. Thus, the patients that were included may differ from patients undergoing thyroidectomy nowadays, as imaging modalities and cytopathology reporting systems have been changed considerably. In addition, with the tendency to report on ‘positive’ results more frequently than on ‘negative’ ones, a publication bias cannot be excluded (18). Considering the large range of reported Tg cut-offs, a main question is the reproducibility of these values from one cohort to another. To address this question, we tested the cut-off of 400 ng/mL, suggested by largest cohort reported by Petric at al (15) on our 29 patients of Bethesda 4 sub-category.  Using 2X2 table (Supplementary table 1) we found that this cut-off had positive and negative predictive values of 75% and 47% respectively. Hence, this cut-off missed approximately 50% of patients in our cohort with preoperative serum thyroglobulin below 400 ng/mg, classifying them as having benign TN, while they truly harbored DTC.	
Our study has several limitations, the most important being its retrospective nature and relatively small sample size. In addition, this study is a surgical series, which introduces a selection bias. It may be assumed that the size of the TN, suspicious US features, and possibly preoperative Tg levels were a consideration for surgical treatment. The current study did not include patients with TN with INC or MNG who were not operated, where serum Tg concentration may be significantly lower than that seen in our study cohort. We did not consider the number of nodules each patient had or thyroid and nodule volume prior to Tg measurement, rather we focused on the suspicious nodule which the FNA was obtained from. It is important to note that most of the studies reviewed here did not mention whether the dominant nodule was solitary or part of MNG.
Despite of its limitations, this study has few significant strengths. First, this is a real-life study which reflects the management of patients with MNG or INC TN in a single institution. This allowed for uniform blood testing and implied that the study population was relatively homogenous. In addition, we excluded patients with positive anti Tg antibodies thus eliminating the possibility for falsely low Tg levels. To increase the credibility of our results, larger prospective studies, preferably multi-central, incorporation preoperative serum Tg concentration in the diagnostic algorithm of patients evaluated for nodular thyroid diseases may be warranted.
In conclusion, consistent with the current ATA (3), our results demonstrated that preoperative serum Tg concentration alone is insufficient to differentiate preoperatively malignant from benign nodular thyroid disease. Thus, currently presurgical measurement of Tg cannot be recommended for this purpose.
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Figures and tables
177 patients were operated for the following indications:
1. Pre-operative diagnosis of benign MNG
2. A thyroid nodule with INC
Final Study Cohort- 131 patients 
Excluded: 46
32: Missing preoperative Tg
4: Missing preoperative cytology 
10: Missing preoperative imaging
Final histology DTC 30 (48%)
Final histology benign TN  32 (52%)
Group 1: 69 patients
Pre-operative diagnosis of benign MNG
Group 2: 62 patients
Pre-operative diagnosis of TN with INC
Final histology DTC 18 (26%)
Final histology benign MNG 51 (74%)
Abbreviations: MNG- multinodular goiter, INC- indeterminate cytology, Tg- thyroglobulin, TN- thyroid nodule, DTC- differentiated thyroid carcinoma.
Figure 1. Flowchart summarizing study design, population selection and exclusion.









	Table 1. Postoperative diagnosis of patients with preoperative diagnosis of benign MNG or INC thyroid nodule

	Preoperative diagnosis
	Postoperative diagnosis
	Overall (category)

	
	PTC
	FTC
	Benign 
	

	Benign MNG 
	17 
	1 
	51 
	69 

	INC thyroid nodule
	Bethesda III
	12 
	1 
	20 
	33 

	
	Bethesda IV
	12 
	5 
	12 
	29 

	Overall (final histology)
	41 
	7 
	83 
	131 

	Abbreviations: MNG- multinodular goiter, INC- indeterminate cytology, PTC- papillary thyroid carcinoma, FTC- follicular thyroid carcinoma, TN- thyroid nodule














	Table 2. Baseline characteristics of group 1- patients with preoperative diagnosis of benign multinodular goiter (MNG), according to the final diagnosis DTC or benign MNG

	 
	All
	DTC
	Benign MNG
	p value

	
	(N=69)
	 (N=18)
	(N=51)
	

	
	
	
	
	
	

	Demographics
	

	Age, years
Mean ± SD (n)
   Median 
   Min;Max
	43.46 (±14.91)
42
10;76
	49 (±15.69)
50
17;69
	41.5 (±14.27)
39
10;76
	0.06
	

	Female Gender, % (n/N)
(n= % within Gender, N= % within category)
	59 (100%. 85.5%)
	17 (28.8%, 94.4%)
	42 (71.2%, 82.4%)
	0.274
	

	Preoperative parameters
	

	Maximal thyroid nodule size by US 
centimeters (Mean(SD))
	4.48 (±1.64)
(n=64)
	4.03 (±1.77)
(n=16)
	4.63 (±1.59)
(n=48)
	0.28
	

	Last Preoperative serum Tg value, ng/mL 
Mean ± SD (n)
   Median 
   Min;Max
	925.25 (±1975.08)
(n=69)
171
7.68;12842
	904.01 (±1569.88)
(n=18)
148.5
14.9;5272
	932.75 (±2113.56)
(n=51)
190
7.68;12842
	0.97
	

	Last Preoperative serum TSH value, mIU/L (Mean(SD))
	1.85 (±1.27)
(n=69)
	1.5 (±0.84)
(n=18)
	1.98 (±1.38)
(n=51)
	0.3
	

	Abbreviations: DTC- differentiated thyroid carcinoma, MNG- multinodular goiter, US- ultrasound, Tg- thyroglobulin, TSH- thyroid-stimulating hormone.
	





	Table 3. Baseline characteristics of group 2- patients with preoperative diagnosis of  thyroid nodule with INC according to the final diagnosis of DTC or benign thyroid nodule

	 
	All
	DTC 
	 Benign TN
	p value

	
	(N=62)
	 (N=30)
	(N=32)
	

	
	
	
	
	
	

	Demographics 
	

	Age, years
Mean ± SD (n)
   Median 
   Min;Max
	47.74 (±13.33)
45
21;78
	46.80 (±12.83)
44
28;73
	48.93 (±13.93)
45.5
21;78
	0.56
	

	Female Gender, % (n/N)
(n= % within Gender, N= % within category)
	42 (100%, 67.7%)
	19 (45.2%, 63.3%)
	23 (54.8%, 71.9%)
	0.47
	

	Preoperative parameters
	

	Maximal thyroid nodule size by US 
centimeters (Mean(SD))
	3.51 (±1.82)
(n=60)
	3.36 (±1.92)
(n=29)
	3.64 (±1.75)
(n=31)
	0.5
	

	Last Preoperative serum Tg, ng/mL
   Mean ± SD (n)
   Median 
   Min;Max
	725.1 (±1445.71)
(n=62)
179
0.45;7838
	597.87 (±1111.87)
(n=30)
205.5
0.45;5895
	844.38 (±1710.53)
(n=32)
160.5
35.8;7838
	0.93
	

	Last Preoperative serum TSH, mIU/L (Mean(SD))
	1.65 (±0.97)
(n=62)
	1.72 (±1.17)
(n=30)
	1.59 (±0.75)
(n=32)
	0.73
	

	Abbreviations: DTC- differentiated thyroid carcinoma, MNG- multinodular goiter, INC- indeterminate cytology, US- ultrasound, Tg- thyroglobulin, TSH- thyroid-stimulating hormone, TN- thyroid nodule
	




	Table 4. Odds ratio for postoperative diagnosis of DTC among patients with preoperative diagnosis of benign MNG or thyroid nodule with INC. 

	Preoperative diagnosis
	Demographic characteristics
	Selected preoperative sonographic and biochemical features

	
	Age
	Female gender
	Maximal nodule size
	Last Preoperative serum Tg
	Last Preoperative serum TSH

	Benign MNG
	Odds ratio; 95% CI
	1.03; 0.99-1.07
	3.64; 0.42-31
	0.79; 0.56-1.13
	1; 0.99-1
	0.71; 0.43-1.17

	INC

	Odds ratio; 95% CI
	0.99; 0.95-1.02
	0.67; 0.23-1.97
	0.91; 0.69-1.21
	1; 0.99-1
	1.14; 0.68-1.92

	[bookmark: _Hlk94380139][bookmark: _Hlk94380106]Abbreviations: DTC- differentiated thyroid carcinoma, MNG- multinodular goiter, INC- indeterminate cytology, Tg- thyroglobulin, TSH- thyroid-stimulating hormone.














Entire cohort
B
[bookmark: _Hlk86479876][bookmark: _Hlk86479877]Figure 2. ROC curve of preoperative Tg concentration as a predictor of final diagnosis of differentiated thyroid cancer (DTC). A. Entire cohort. .B. Patients with preoperative diagnosis of benign multinodular goiter (MNG). C. Patients with indeterminate cytology (Bethesda III and IV). 



benign MNG




C

Benign MNG
Indeterminate cytology














Supplementary

	Table S1. Evaluation of the reproducibility of the cut-off value, (suggested by Petric et al) of Bethesda IV patients in our cohort.

	
	Postoperative malignant diagnosis
	Postoperative benign diagnosis
	

	Tg>400 ng/ml
	6
	2
	PPV 75%

	Tg<400 ng/ml
	11
	10
	NPV 47.62%

	
	Sensitivity 35.29% 
	Specificity 83.33%
	

	Abbreviations: Tg- Thyroglobulin, PPV- Positive Predictive Value, NPV- Negative Predictive Value. 
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