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INTRODUCTION 

Thyroid nodule has been a common and serious threaten 

to human health.1 The prevalence of thyroid nodules is 

about 1% per life year and about 5 % of the detected 

nodules are malignant.2 The progress in diagnostic 

techniques for thyroid nodules resulted in accumulation of 

large volumes of examination reports in clinical practice.1 

Thyroid carcinomas are a heterogeneous group of 

neoplasms which vary in aggressiveness, depending on the 

histotype, in a wide range from nearly normal life 

expectancy with papillary carcinoma (PTC) to the few 

months’ survival in case of anaplastic carcinoma.3 

However, more than 50% of patients with PTC have 

cervical lymph-node metastasis on diagnosis, and up to 

30% show nodal recurrence after surgery plus radioactive 

iodine therapy.4 

ABSTRACT 

 

Background: Evaluation of diagnostic ability of preoperative estimation of serum thyroglobulin (TG) to detect 

malignant thyroid nodules (TN) in comparison to the American College of Radiology, Thyroid imaging reporting and 

data system (ACR-TIRADS), fine needle aspiration cytology (FNAC) and intraoperative frozen section (IO-FS). 

Methods: 34 patients with ACR-TIRADS 2-4 TN were evaluated preoperatively for identification of malignancy and 

all underwent total thyroidectomy with bilateral neck block dissection if indicated. Results of preoperative 

investigations were statistically analyzed using the Receiver operating characteristics (ROC) curve analysis as 

predictors for malignancy in comparison to postoperative paraffin sections. 

Results: Preoperative serum TG levels had 100% sensitivity and negative predictive value, while ACR-TIRADS 

scoring had 100% specificity and positive predictive value with accuracy rates of 95.35% and 97.67% for TG and 

TIRADS, respectively. ROC curve analysis defined preoperative ACR-TIRADS class and serum TG as highly 

diagnostic than FNAC for defining malignancy with non-significant difference between areas under curve for TIRADS 

and TG. For cases had intermediate risk of malignancy on TIRADS, IO-FS had missed 3, FNAC missed 4, while serum 

TG levels were very high in the 13 cases and were defined by ROC curve as the only significant predictor for 

malignancy.  

Conclusions: Preoperative estimation of serum TG showed higher diagnostic validity than FNAC, high predictability 

of cancer and ability to verify the intermediate findings on TIRADS. Combined preoperative TIRADS and TG 

estimation could accurately discriminate malignant TN with high accuracy and spare the need for preoperative FNAC 

or IO-FS.  
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Ultrasonographic classification of thyroid nodules using 

the American College of Radiology (ACR), Thyroid 

Imaging Reporting and Data System (TIRADS) depends 

on the visual and textural characteristics of nodules 

including composition, shape, size, echogenicity, 

calcifications, margins, and vascularity.5 The ACR-

TIRADS has higher specificity in comparison to other risk 

stratification systems, reduces the number of unnecessary 

biopsies of benign nodules by 19.9-46.5% and the risk of 

missing significant cancers using ACR-TIRADS can be 

reduced by the use of the documented recommendations 

for nodules that do not meet criteria for biopsy.7 

Thyroglobulin (TG) is a dimeric iodoglycoprotein of 660 

kDa, the most abundant thyroid gland protein and is the 

protein precursor of tetra and tri-iodothyronine (T4, T3), 

TG processing and secretion is under control of extensive 

interactions with chaperone, trafficking, and degradation 

factors that comprises the secretory proteostasis 

network.8,9 

Hypothesis  

The current study supposes that preoperative estimation of 

serum thyroglobulin (TG) levels and ACR-TIRADS could 

spare the invasive procedures for diagnosis of cancer 

thyroid. 

Objectives 

Evaluation of the diagnostic ability of preoperative 

estimation of serum TG to detect malignant thyroid 

nodules (TN) in comparison to ACR-TIRADS, fine needle 

aspiration cytology (FNAC) and frozen section. 

METHODS 

Design 

Prospective comparative interventional study. 

Setting 

Department of General Surgery, Mansoura Military 

Hospital, Mansoura, Egypt.  

Patients and methods 

The current study was conducted according to the 

conditions of the Local Ethical Committee since June 2017 

till September 2020. All patients presenting with TN were 

vulnerable for evaluation for inclusion and exclusion 

criteria. After registering the demographic and general 

clinical data, patients underwent local clinical evaluation 

and gave blood samples for routine laboratory 

investigations and estimation of serum TG. Then, patients 

underwent neck gray scale ultrasonography (US) that was 

scored according to ACR-TIRADS (10) and FNAC by 

specialized pathologist.  

Patients with thyroid lesions of ACR-TIRADS 2-4 were 

only included in the study, while patients with ACR-

TIRADS ≥5, autoimmune thyroid lesions, skin cutaneous 

lesions and coagulopathy were excluded from the study. 

Patients with suspicious US examination (ACR-TIRADS 

4a and 4b) underwent intraoperative frozen section (IO-

FS).  

Surgical technique  

All surgical procedures were performed under general 

inhalational anesthesia with endotracheal intubation. After 

skin sterilization and patients' positioning, total 

thyroidectomy was conducted (Figure 1a and 1b) as 

previously described by Jain and bilateral neck dissection 

was performed for cases with ACR-TIRADS 4c lesions 

and lesion that was proved to have cancer thyroid by IO-

FS (Figure 2a and 2b).11 Wound was closed in layers with 

deep wound drainage using multi-pore vacuum drainage. 

Patients had received their immediate postoperative (PO) 

care at the postanesthetic care unit and were transferred to 

words after assurance of stability of vital signs.  

 

Figure 1: A) Post-thyroidectomy pare trachea. B) 

Total thyroidectomy with bilateral neck block 

dissection. 

 

Figure 2: A) Block dissection of left-side lymph nodes. 

B) Block dissection of Rt-side lymph nodes. 

All patients were managed as one-day surgery and were 

home discharged to re-attend the hospital for drain 

removal and wound checking. All excised specimens were 

sent for histopathological examination of paraffin sections 

(PO-PS) to assure of diagnosis. After complete wound 

A. B. 

A. B. 
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healing, patients who had cancer thyroid were referred to 

receive their nuclear their radioactive iodine therapy. 

Statistical analysis  

Obtained data were presented as mean, standard deviation, 

numbers, percentages, median and interquartile range. 

Results of preoperative investigations were evaluated as 

predictors for malignancy using the ROC curve analysis 

judged by the area under the curve (AUC) compared 

versus the null hypothesis that AUC=0.05 and paired-

analysis of AUC was conducted versus the null hypothesis 

that AUC=0. Statistical analysis was conducted using the 

Statistical package for social sciences (SPSS) (Version 26, 

2015) for Windows statistical package. P<0.05 was 

considered statistically significant. 

RESULTS 

The study included 51 patients with TN; 8 patients were 

excluded for not fulfilling inclusion criteria and 43 patients 

were included in the study; patients’ demographic data are 

shown in table 1. 

Table 1: Demographic and clinical data of studied 

patients. 

Data  Findings  

Age 

(years) 

<40 6 (14%) 

40-50 20 (46.5%) 

>50 17 (39.5%) 

Mean (±SD) 47.8 (5.6) 

Range 31-57 

Gender 
Male 9 (20.9%) 

Female 34 (79.1%) 

Body mass 

index 

(kg/m2) 

Average 

(<24.9) 
2 (4.7%) 

Overweight 

(25-30) 
21 (48.8%) 

Obese (>30) 20 (46.5%) 

Mean (±SD) 30.2 (3) 

Range 24.3-34.6 

According to the ACR-TIRADS classification of TN, 17 

TN were scored 0, 4 nodules were scored 1, 9 TN were 

scored 2 and 13 TN were scored 3. Cytological 

examination of FNAC aspirate suggested malignancy in 

samples of 17 nodules (39.5%), and absence of malignant 

cells in samples of 22 nodules (51.2%) but in the remaining 

four patients (9.3%) the procedure was cancelled. The 

median level of preoperative serum TG was 826 ng/ml 

(IQR: 57.55-821.45). Thirteen patients had IO-FS that 

detected malignancy in 10 specimens and denied the 

presence of malignancy in three specimens. PO paraffin 

sections detected malignancy in 27 specimens and 

approved the benign pattern in 16 specimens (Table 2). 

Evaluation of the diagnostic validity of preoperative 

investigation in comparison to the results of PO-PS 

showed that preoperative estimation of serum TG levels 

had 100% sensitivity and negative predictive value (NPV), 

while ACR-TIRADS scoring had 100% specificity and 

positive predictive value (PPV) and both had accuracy of 

diagnosis of 95.35% and 97.67% for TG and TIRADS, 

respectively (Table 3). 

 

Figure 3: ROC curve analysis of preoperative 

investigations as predictors for malignancy of TN. 

 

Figure 4: ROC curve analysis for predictors of 

malignancy in suspicious thyroid nodules on TIRADS. 

ROC curve analysis for the three preoperative 

investigations defined preoperative ACR-TIRADS class 

and serum TG as highly diagnostic than FNAC for 

defining malignancy (Figure 1). The paired-sample area 

difference under the ROC curve showed non-significant 
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between AUC for diagnostic ability of TIRADS 

classification and estimated serum TG, while the 

differences were significant between each of TIRADS 

classification and estimated serum TG and preoperative 

FNAC (Table 4). 

Intraoperative frozen section had missed three cancer 

cases of the studied 13 cases, which had confirmed to be 

malignant on PO-PS examination. Comparison of the 

result of frozen section versus the results of preoperative 

investigation showed that preoperative TIRADS and 

serum TG estimation had diagnosed these 13 cases as 

suspicious with high risk of malignancy, while FNAC 

missed 4 of these 13 cases. ROC curve analysis for 

differentiation between preoperative serum TG level, 

preoperative FNAC and IO-FS for assurance of 

malignancy among cases suspicious according to TIRADS 

classification, defined high preoperative serum TG levels 

as the only significant predictor for malignancy in such 

cases with AUC= 0.028±0.042 (95% CI: 0.000-0.110, 

p=0.009), while AUC was 0.306±0.167 (95% CI: 0.000-

0.605, p=0.280) for IO-FS and 0.542±0.177 (95% CI: 

0.194-0.889, p=0.817) for FNAC (Figure 2). 

 

Table 2: Results of preoperative investigations of studied patients.

TI-RADS classification  

 Score Significance Risk of Malignancy Number (%) 

Class 2 0 Noticeably benign pattern 0% 11 25.6 

Class 3 0 Probably benign nodules <5% 6 14 

Class 4a 1 Undetermined malignant 5-10% 4 9.3 

Class 4b 2 Suspicious for malignancy 10-50% 9 20.9 

Class 4c 3 Highly suspicious for malignancy 50-85% 13 30.2 

 

Fine needle aspiration cytology  

Positive for malignancy 17 39.5 

Negative for malignancy 22 51.2 

Procedure was cancelled  4 9.3 

Preoperative serum Thyroglobulin (ng/ml) 
Median  IQR 

628 57.55-821.45 

Intraoperative frozen section  Number (%) 

Positive for malignancy 10 76.9 

Negative for malignancy 3 23.1 

Postoperative paraffin section  Number (%) 

Positive for malignancy 27 62.8 

Negative for malignancy 16 37.2 

 

Table 3: Diagnostic validity characters of the used preoperative investigations in comparison to the results of 

postoperative paraffin sections as a gold standard for comparison. 

 US FNAC Serum TG 

True positive 26 19 26 

False positive 0 3 2 

True negative 16 14 15 

False negative 1 7 0 

Sensitivity 
96.3%  

(95%CI: 81.03-99.91) 

73.08%  

(95%CI: 52.2-88.43%) 

100%  

(95%CI: 86.77-100%) 

Specificity 
100%  

(95%CI: 79.41-100) 

82.35%  

(95%CI: 56.57-96.2%) 

88.24%  

(95%CI: 63.56-98.54%) 

Positive predictive value 100% 
86.36%  

(95%CI: 68.8-94.78%) 

92.86%  

(95%CI: 77.96-97.95%) 

Negative predictive value 
94.12%  

(95%CI: 70.04-99.1) 

66.67%  

(95%CI: 50.57-79.63) 
100%  

Accuracy 
97.67%  

(95%CI: 87.71-99.94) 

76.74%  

(95%CI: 61.37-88.24) 

95.35%  

(95%CI: 84.19-99.43%) 
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Table 4: ROC curve analysis for the identification of the best preoperative diagnostic modality for presence of 

cancer. 

ROC curve analysis 

 AUC (SE) P value 95% CI 

Preoperative serum TG 0.991 (0.011) <0.001 0.970-1.000 

TI-RADS classification 0.981 (0.022) <0.001 0.939-1.000 

FNAC 0.748 (0.077) 0.005 0.606-0.910 

Paired-Sample Area Difference under the ROC curves  

 AUC difference (SE) P value 95% CI 

TI-RADS versus FNAC 0.223 (0.293) 0.002 0.083-0.363 

Serum TG versus FNAC 0.233 (0.279) 0.001 0.097-0.368 

TIRADS versus serum TG 0.009 (0.170) 0.666 0.033-0.051 

 

DISCUSSION 

The current study relied for preoperative diagnosis on neck 

ultrasonographic imaging and differentiation of nodules 

according to the ACR-TIRADS scores. TIRADS correctly, 

in relation to the results of PO paraffin section, defined 26 

malignant and 16 benign TN and missed only one 

malignant TN with specificity rate and PPV of 100% and 

sensitivity rate of 96.3% and NPV 94.12% and ROC curve 

analysis assured these results. These figures go in hand 

with Grani et al., who reported that TIRADS allowed the 

largest reduction of FNAC with a NPV of 97.8% and later 

on Grani et al., reported that ACR-TIRADS confirmed a 

significant discriminative performance with a NPV of 

100% in patients of all ages and concluded that the use of 

TIRADS could avoid a sizable number of biopsies when 

applied as rule-out test.12,13 Also, Zhang et al., documented 

that ACR- TIRADS demonstrated higher specificities than 

the TIRADS proposed by Kwak, and Korean Thyroid 

Association/Korean Society of Thyroid Radiology 

(KTA/KSThR) and significantly reduced the number of 

unnecessary biopsy in all the nodules (10-20 mm) than 

with the use of the American Thyroid Association and 

KTA/KSThR guidelines.14 

Preoperative estimation of serum TG levels, also did better 

with 100% sensitivity rate and PPV, 88.24% specificity 

rate and NPV of 92.86%. Moreover, paired-test analysis 

for AUC for both TIRADS and serum TG level showed 

non-significant difference a finding indicating similar 

diagnostic ability of both while in comparison, to AUC for 

FNAC the difference was significant, thus indicating 

diagnostic ability superior to that of FNAC. In support of 

these data, Hasukic et al., detected sensitivity, specificity, 

PPV and NPV of 66%, 76%, 73% and 69% for FNAC in 

detection of thyroid malignancy.15  

Furthermore, in cases with suspicious TIRADS, estimated 

serum TG level had superior diagnostic ability than that of 

FNAC and IO-FS. In line with obtained results, DU et al., 

documented that serum TG level reflects abnormal thyroid 

function and can indicate the textural abnormalities as the 

presence of goiter or TN and Patell et al., found 

preoperative TG correlated significantly with the gland 

size and the T stage of differentiated thyroid cancer.16,17  

Recently, Zhong et al., compared the diagnostic validity of 

serum TG for detection of recurrence of differentiated 

thyroid cancer versus 131I whole body scan (131I -WBS) 

and Positron Emission Tomography–Computed 

Tomography (PET/CT) and found that among 54 TG-

positive patients, 49 were positive for 131I-WBS and 32 

were positive for PET/CT imaging and all of the 15 TG-

negative patients both of 131I-WBS and PET/CT were 

negative.18 Also, Hulikal et al., in a series of 100 TN found 

the median serum TG, TSH and anti-TG levels were 29 

ng/ml, 1.6 mIU/L and 1.1 IU/ml, respectively in patients 

had documented benign lesion, while in those had 

documented malignant nodules serum levels were 162 

ng/ml, 1.7 mIU/L and 0.9 IU/ml, respectively and on ROC 

curve analysis TG can predict malignancy risk with a 72% 

sensitivity and 73% specificity, so documented that 

preoperative TG could be used for predicting risk of 

malignancy.19 

The increased serum TG could be attributed to increased 

rate of nodule growth with subsequent increase of the 

thyroid gland volume in association with hypothalamic-

pituitary system activation and so on.20 

 The obtained results illustrated the importance of the use 

of combination of preoperative TIRADS and estimated 

serum TG level to achieve accurate discrimination of 

cancerous TN. Similarly, Yu et al., (21) using preoperative 

TG level and US features of TN detected malignant 

nodules with accuracy, sensitivity and specificity rates of 

89.2%, 90.2% and 87.7% and the PPV was 90.7%, which 

was significantly higher than that of the intraoperative 

frozen sections and Miao et al., (22) found TG and free 

thyroid hormones had significant effects on the incidence 

of malignant nodules in patients and US analysis showed 

a PPV and NPV of 93.20% and 84.10%, respectively. 
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Limitations  

Estimation of TG-antibody titer was one of the study 

limitations for being an explanation for low serum TG 

levels in some patients had malignant TN. 

CONCLUSION 

The obtained results assured the proposed hypothesis for 

the use of preoperative estimation of serum TG for its 

higher diagnostic validity than FNAC, high predictability 

of cancer and ability to verify the intermediate findings on 

TIRADS. Thus, using both preoperative TIRADS and TG 

estimation could accurately discriminate malignant TN 

with high accuracy and spare the need for preoperative 

FNAC or intraoperative frozen section. 

Recommendations 

It is recommended to evaluate the same tools for 

evaluation of malignancy in thyroid autoimmune 

disorders. Also, multicenter comparative studies are 

mandatory to confirm the obtained results. 
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