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INTRODUCTION 

Thyroid nodule is a common presentation and requires a 

structured diagnostic approach to ascertain the risk of 

malignancy and determine appropriate management.1 

Thyroid nodules can be detected by palpation in 10% of 

women and 2% of men.1 The prevalence of thyroid 

nodules can be 50% or more if ultrasonography (US) is 

used.1 Although thyroid nodule is a common 

presentation, thyroid cancer is rare representing 1% of all 

cancers. Thyroid cancer has a favorable prognosis and 

accounts for less than 0.5% of cancer deaths.2 The well 

differentiated thyroid cancer (WDTC), which includes 

papillary and follicular cancer, comprises the vast 

majority (90%) of all thyroid cancers.3 A thyroid nodule 

is defined as a discrete lesion within the thyroid gland 

that is clinically and radiologically distinct from the 

surrounding thyroid parenchyma. A thyroid nodule can 

be either a solitary nodule or a dominant nodule in a 

multinodular gland and can be clinically non-palpable. 

The non-palpable nodules are usually detected by 

incidental USG or other imaging studies and are termed 

incidentalomas and these non-palpable nodules have the 

same risk of malignancy as palpable nodules.3   The risk 

of malignancy in generalized thyroid swelling is about 

3% and in solitary thyroid nodule it is about 15%.4 The 

multinodular goiters (MNG), defined as an enlarged 

thyroid gland with multiple nodules, have historically 

been thought of as a benign condition with a low risk of 

associated malignancy, and may be present in up to 4% 

of the population in iodine sufficient countries.5  

The patients with multiple thyroid nodules have the same 

risk of malignancy as those with solitary nodules.6 
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However, one large study found that a solitary nodule had 

a higher likelihood of malignancy than did a non-solitary 

nodule (p<0.01), although the risk of malignancy per 

patient was the same and independent of the number of 

nodules.7 

Traditional risk factors for thyroid cancer in a thyroid 

nodule have been largely clinical and include age, gender, 

history of radiation exposure, family history of thyroid 

cancer, and cancer syndromes.  

While the data refining the significance of these risks 

continue to evolve, recent area of research has been on 

several biochemical factors which are associated with the 

risk of malignancy in thyroid nodules.8 Some of these 

biochemical factors include levels of serum thyroid 

stimulating hormone (TSH), thyroglobulin (Tg) and anti 

TG antibody (Anti-Tg).   

Hence, the present study is designed to evaluate the 

potential role of biochemical factors especially levels of 

serum TSH, TG and anti-TG as preoperative indicators of 

thyroid malignancy. 

METHODS 

This study was conducted in the Department of General 

Surgery in Rajah Muthiah Medical College & Hospital 

(RMMC&H), Annamalai University, Annamalainagar, 

Chidambaram from May 2014 to May 2017 (3 years). 

Present study was a prospective, observational study 

carried out with a sample size 90 patients. This is a 

prospective study of patients presenting with complaints 

of thyroid swelling presenting to the Departments of 

General Surgery in RMMC&H. 

Methodology   

All patients presenting with the thyroid nodules in the age 

group 18 to 70 years who are willing to participate in the 

study will be evaluated clinically with detailed history, 

physical examination, ultrasonography of neck, 

biochemical tests like thyroid profile (serum TSH, T3 and 

T4), TSH (0.4-4.0mIU/L), T3 (100-200ng/dl), T4 (4.5-

11.5mg/dl), thyroglobulin, anti-thyroglobulin antibody 

and FNAC of the thyroid nodule. The size of the nodule 

as measured by using 10MHz high frequency 

ultrasonographic probe is taken for analysis. Other 

investigations like contrast enhanced CT scan of the neck 

etc are left to the discretion of the clinician treating the 

patient. Based on the results of the FNAC a treatment 

plan is arrived and those who are undergoing surgery are 

further evaluated for fitness of surgery. A decision of 

hemi vs total thyroidectomy is made based primarily on 

the FNAC report and secondarily on the presenting 

clinical scenario. 

The nodules where the preoperative FNAC was 

inconclusive (either suspicious or indeterminate) will be 

sent for frozen section at the time of surgery. All the 

specimen will be sent for permanent paraffin section. A 

detailed note of the number, clinical size of the 

nodule/largest nodule (as measured clinical and by 

ultrasound), presence of voice change, age and sex of the 

patient, results of the FNAC, frozen section and final 

histopathology along with biochemical information such 

as 1) preoperative thyroglobulin, 2) anti-TG antibody and 

3) serum TSH will be made on Microsoft Excel spread 

sheet and factors will be analyzed. The further treatment 

and follow up of the patient will be decided as per the 

protocol of the departments based on the final 

histopathology. 

Inclusion criteria  

All patients presenting with thyroid nodules aged 

between 18-70 years willing to participate in the study. 

Exclusion criteria 

• Patients with poorly differentiated cytology, 

lymphoma or metastasis from elsewhere.  

• Patients with FNAC or biopsy proven lymph node 

metastases, extra thyroidal invasion, and previous 

thyroid surgeries or recurrence. 

• Patients who have undergone part of the treatment 

elsewhere. 

• Patients with diffuse enlargement of the thyroid 

gland, primary and secondary thyrotoxicosis. 

• Patients with frank clinical hypothyroidism. 

  

Statistical analysis    

Patients are grouped into benign or cancer group 

according to final diagnosis. Continuous variables are 

expressed as means±standard deviation, whereas 

categorical variables are presented as percentages. 

Differences between continuous variables were analyzed 

by unpaired Student’s t-test or ANOVA and between 

categorical variables by chi-square test. 

RESULTS 

The 90 enrolled patients included 50 patients with thyroid 

carcinoma (55.5%) and 40 patients with benign thyroid 

tumours (44.5%). The mean age of the participants for 

malignant and benign tumour were 47±10.1 and 45±9.2 

years, respectively. The majority of the patients were 

women (n=71, 78.8%), and malignancy was more 

common in female patients (n=39, 78%).  

We detected a higher rate of malignant disease in patients 

with increased size of nodule such as 48% (1.01-4cm) 

and 40% (4.01-6.0cm), respectively.  

Malignant tumours show high vascularity (62%), 

calcification (46%) and hypoechogenicity (60%) than 

benign tumours on ultrasound (USG) (Table 1). 
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Table 1: Characteristics of patients included in the 

study (n=90). 

Variables 
Malignant group 

(n=50) 

Benign 

group (n=40) 

Mean age (yr) 47±10.1 45±9.2 

< 30 4 (8%) 12 (30%) 

30–60 35 (70%) 27 (67.5%) 

>60 11 (22%) 1 (2.5%) 

Gender 

Male 11 (22%) 8 (20%) 

Female 39 (78%) 32 (80%) 

Size of nodules 

≤1 cm 1 (2%) 1 (2.5%) 

1.01–4 cm 24 (48%) 22 (55%) 

4.01–6.0 cm 20 (40%) 16 (40%) 

>6.0 cm 5 (10%) 1 (2.5%) 

USG features 

Vascularity 31 (62%) 17 (42.5%) 

Calcification 23 (46%) 16 (40%) 

Hypoechogenic 30 (60%) 18 (45%) 

Using ROC curve, the median thyroglobulin (TG) level 

in the malignant group was 94ng/ml (0.01-700ng/ml) 

compared with 20ng/ml (0.1-490ng/ml) in the benign 

group (p = 0.014). A cut-off value of 36mU/L had the 

highest sensitivity (62%) and specificity (68%) for 

diagnosing malignant disease (Figure 1). 

 

Figure 1: Thyroglobulin. 

 

Figure 2: Anti-Thyroglobulin. 

 

Figure 3: Thyroid stimulating hormone. 

The median anti-thyroglobulin (Anti-TG) level in the 

malignant group was 3.5IU/ml (0.01-520IU/ml) 

compared with 1.7 IU/ml (0.01–179 IU/ml) in the benign 

group (p = 0.042). A cut-off value of 3mU/L had low 

sensitivity (52%) and specificity (72%) for diagnosing 

malignant disease. Both Pearson chi-square test (p<0.01) 

and Fisher’s exact test (p<0.01) yielded statistical 

significance between the groups (Figure 2). 

 

Table 2:  Ultrasonography features. 

USG features Sensitivity Specificity PPV NPV p value 

Vascularity 62% 57.5% 64.6% 54.8% 0.06 

Calcification 46% 60% 59% 47% 0.56 

Hypoechogenecity 60% 55% 62.5% 52.4% 0.156 
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The median TSH level in the malignant group was 

3.15mIU/L (0.14–14mIU/L), compared with 1.91mIU/L 

(0.08–5.2mIU/L) in the benign group (p = 0.01). A cut-

off value of 1.6mU/L had the sensitivity (68%) and 

specificity (52%) for diagnosing malignant disease 

(Figure 3). 

Diagnosis of malignancy based on vascularity has high 

sensitivity (62%), positive predictive value (64.6%) and 

negative predictive value (54.8%) (p value = 0.06) 

compared to other features such as calcification and 

hypoechogenicity on ultrasound (Table 2). 

Table 3: Comparison between FNAC and HPE. 

FNAC 
Final HPE 

Benign Malignant 

Benign (40) 27 (67.5) 13 (32.5) 

Follicular neoplasm (6) 2 (33.3) 4 (66.7) 

Suspicious of malignancy (19) 7 (36.8) 12 (63.2) 

Malignancy (25) 4 (16) 21 (84) 

Out of 40 benign nodules on FNAC, 13 (32%) nodules 

were diagnosed as malignant on final histopathology after 

surgery. Among 19 suspicious cases of malignancy on 

FNAC, 12 (63.2%) nodules were finally malignant after 

surgery. False positive rate: 26%; false negative rate: 

32% (Table 3). 

Table 4: Comparison between Frozen and HPE. 

Frozen 
Final HPE 

Benign Malignant 

Benign (11) 5 (45.5) 6 (54.5) 

Suspicious of malignancy (4) 1 (25) 3 (75) 

Malignant (11) 0 (0) 11 (100) 

Out of 11 benign nodules on frozen section, 6 (54.5%) 

were diagnosed as malignant on final histopathological 

examination after surgery. Among 4 suspicious cases of 

malignancy on frozen section, 3 (75%) nodules were 

finally malignant after surgery. Positive predictive value: 

46%; Negative predictive value: 73% (Table 4). 

DISCUSSION 

Thyroglobulin (Tg) 

In the present study, sensitivity is comparable, and 

specificity is low when compared to other studies. Using 

ROC curve, with cut-off Tg >36ng/ml, we obtained p 

value of 0.014. Both chi-square test (p<0.01) and Fisher’s 

exact test (p<0.01) yielded statistical significance. Anti-

Tg comparison with other studies (Table 5) 

• Kim et al, were first to report that a positive TgAb 

test is an independent predictor of thyroid cancer.9 

• In another study by Hosseini et al.10 

Table 5: Analysis of our study with other study. 

  Hosseini et al10 Present study 

No. of patients 405 90 

p-Value 0.01 0.042 

Cut-off 30 IU/ml 31 IU/ml 

Sensitivity 16% 52% 

Specificity 90% 72% 

PPV 65.3% 56% 

NPV 49.5% 64% 

Anti-Tg antibody 

There are very few studies on role of anti-Tg Ab in 

preoperative evaluation. With cut-off of 3IU/ml, we 

obtained p value of 0.042. In present study, sensitivity 

and specificity are low. Both Pearson chi-square test 

(p<0.01) and Fisher’s exact test (p<0.01) yielded 

statistical significance between the groups. 

TSH 

• A study by Zeng et al, on 108 patients reported that 

preoperative TSH level may be useful in predicting 

cancer in thyroid nodules. Mean TSH in malignant 

vs benign nodules are 1.94 vs 1.16mIU/L (p 

<0.005).11 

• Another study by Jin et al, on 653 patients, mean 

TSH in malignant and benign groups are 5.5 vs 

1.4mIU/L (p = 0.001).12 

• In the present study, mean TSH in malignant and 

benign nodules are 3.15 vs 1.91mIU/L sensitivity, 

specificity and p value are 68%, 52% and p = 0.001. 

USG features 

Recently ultrasound has been suggested as a a valuable 

aid to enhance FNAC diagnostic performance.13 In a 

meta-analysis of 52 studies on 12,786 nodules done by 

Remonti et al concluded that all USG features are 

associated with malignancy with an odds ratio varying 

from 1.78-35.6.14 

FNAC vs HPE 

Sensitivity and specificity for FNAC in published series 

range about 65-98% and 73-100% respectively. FNAC is 

safe, accurate, and cost-effective. It is used as initial 

diagnostic test.15 Recently, ultrasound guidance has been 

suggested as a valuable aid to enhance FNAC diagnostic 

performance.16 FNAC should be undertaken with 

ultrasound guidance and if possible with a pathologist in 

attendance to assess sample adequacy. We recommend a 

high index of suspicion of thyroid cancer in the male 

patient who presents with a solitary nodule.17  

FNAC is a highly effective method for identifying those 

patients with thyroid enlargement who require surgery 

because of the presence of malignancy. We have 
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demonstrated that the serum TSH concentration at 

presentation, even when within the normal range, is an 

independent predictor of the presence of thyroid 

malignancy. Our study confirms that patients’ gender and 

age, as well as the size of nodule, are further independent 

predictors of the presence of thyroid malignancy. In a 

study by Bagga and Mahajan, FNAC showed a sensitivity 

of 66% and specificity of 100%. In a study by Sinna and 

Ezzat on 98 cases, FNAC showed a sensitivity of 93%, 

specificity of 94%, PPV of 95%, NPV of 92%.18,19 In the 

present study sensitivity is 74% and specificity is 67% 

(Table 6). 

Major reason for wide range of sensitivity and specificity 

among studies is difference in categorization of follicular 

neoplasm and suspicious of malignancy. Other factors 

that decrease efficacy are inadequate sampling due to 

calcified nodules and inexperienced cytologist. 

 

Table 6: Further analysis of the present study with other study group. 

  Sensitivity Specificity PPV NPV Accuracy 

Muratli et al20 65 87 76 80 92 

Mahar et al21 98 70 91 93 92 

Haberal et al22 93 91 83 96 92 

Present study 74 67 74 67 71 

 

In the present study, out of 40 benign nodules on FNAC, 

13 (32%) nodules are diagnosed as malignant on final 

histopathology after surgery. 

Out of 19 cases of suspicious of malignancy on FNAC, 

12 (63%) nodules are finally malignant. False positive 

rate: 26%; false negative rate: 32%. In Muratli et al, FP: 

7.3%; FN:15%.20 In other studies, it ranges: FP: 1-11%; 

FN:1-7%. 

Common reasons for false positives are follicular lesions 

and lesions that are suspicious of malignancy. 

Table 7: Changed management strategy after final 

HPE. 

Frozen Total 
Final HPE 

Benign Malignant 

Benign 11 5 6 

Suspicious of 

malignancy 
4 1 3 

Malignant 11 0 11 

Table 8: Comparison with other study by specificity 

and sensitivity. 

 Guevara et al23 Present study 

Specificity 100 80 

Sensitivity 75 75 

PPV 100 94 

NPV 95 46 

Accuracy 95 73 

In the present study, out of 13 FP, 7 cases are due to 

suspicious lesions. In the present study, false negative 

rate is high-32% and specificity is less when compared to 

other studies.  High false negative rate of FNAC may 

lead to misdiagnosis of a malignant nodule as benign 

(Table 7). In the present study, out of 26 frozen section 

cases, it changed management strategy in 11 cases. 

Out of 11 cases of malignant nodules on frozen and HPE, 

2 are reported as benign and 9 cases were reported as 

indeterminate nodules on FNAC (Table 8). Guevara et al, 

concluded that when is frozen section complimentary to 

FNAC, it allows immediate individual optimization of 

surgery intraoperatively.23 

In the present study, specificity and sensitivity are in the 

range of other studies. But accuracy is less when 

compared to other studies. 

CONCLUSION 

Preoperative Tg with cut-off >36 ng/ml is a significant 

predictor of malignancy. Anti-Tg Ab with cut-off of 3 

IU/ml along with TSH are independent predictors of 

malignancy. None of the USG features showed 

significance in predicting malignancy. FNAC and 

FROZEN has specificity of 67 and 75% and sensitivity of 

74 and 80%, respectively. Accuracy of FNAC and 

FROZEN are 71 and 73%. Further prospective studies are 

needed to evaluate role of these biochemical factors as 

predictors of malignancy. 
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