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Abstract

Original Article

Introduction

The average prevalence of malignancy rates across the 
world in thyroid nodules from different studies selecting 
high risk nodules for further evaluation, as evaluated by 
invasive procedures ranges from 5 to15%.[1,2] In India, 
incidence of differentiated thyroid cancer  (DTC) has 
increased over a decade by 62% and 48% in women and men 
respectively.[3]

To stratify the risk for malignancy and for selection of 
thyroid nodules for fine‑needle aspiration cytology (FNAC), 
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ultrasound‑based (US) risk‑stratification systems have been 
developed by many national and international thyroid societies 
and by the American College of Radiologists (ACR).[4] The 
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various ultrasound stratification systems also recommend size 
cut off criteria above which biopsy is indicated. Among various 
US risk stratification systems, the revised ACR TIRADS 
published in 2017 is considered to be more objective with 
lesser interobserver variability.[5]

Most studies on diagnostic accuracy of 2017 ACR TIRADS 
were retrospective where histopathological reports were 
correlated with ultrasound report derived TIRADS score. Hence 
it includes selection bias for surgery. Molecular diagnostic 
study for indeterminate nodules are not accessible to most parts 
of the population. Hence clinician has to rely upon clinical, 
ultrasound and cytological characteristics to take a decision 
for surgery in indeterminate nodules. Diagnosing thyroid 
malignancy while keeping oneself within the narrow balance 
between overdiagnosis and underdiagnosis is a relevant clinical 
concern. We aim to study the diagnostic accuracy of revised 
ACR TIRADS prospectively and formulate a cumulative 
prediction scoring system for malignancy in thyroid nodule.

Materials and Methods

All patients, 12 years of age or above, with thyroid nodule on 
palpation or by ultrasonography, attending the Endocrinology 
Outpatient department, during the study period were 
consecutively included in the study after getting written 
informed consent. Those patients who already have a diagnosis 
of thyroid cancer by FNAC from elsewhere, or lobectomy 
with histopathology report of thyroid cancer and nodules in 
the residual thyroid were not included. Hormonal parameters 
evaluated include serum total thyroxine  (T4), Thyroid 
stimulating hormone (TSH) and Anti TPO antibody levels. The 
hormonal evaluation was done by electrochemiluminescence 
method (ECLIA) using Cobas e 411 analysers with commercially 
available Elecsys kits (Roche, Germany).

All consecutive patients who did not meet exclusion 
criteria;  (pregnancy, thyrotoxic state) were selected for the 
study. All those patients underwent ultrasonography by a single 
qualified radiologist experienced in reporting TIRADS. The 
ultrasound machine used was Philips IU22 machine equipped 
with L17‑5 transducer (high frequency broadband linear array 
transducer). Inclusion criteria was then applied. Nodules 
were taken up for further evaluation by FNAC if they met the 
following criteria; a) All nodules more than or equal to 1cm in 
maximum diameter b) All nodules more than 5 mm if TIRADS 
score was 4 or 5. Maximum of three nodules were selected 
for FNAC from one patient. In those patients with more than 
three nodules, three nodules with highest TIRADS score were 
taken for FNAC. In case of same TIRADS score, the next 
criteria for selection was maximum diameter of the nodule. 
Ultrasound guided FNAC was done from all nodules by the 
principal investigator. For hyperthyroid patients, euthyroidism 
was achieved before performing FNAC.

Subjects with Bethesda category 4, 5 and 6 nodules underwent 
total thyroidectomy. Those nodules with cytology report of 
Bethesda 1 underwent repeat FNAC after 1 month of the initial 

FNAC. Those nodules with a report of Bethesda 3 were given 
options of close follow up or surgery. Bethesda 3 nodules were 
given the treatment options of active follow up versus upfront 
surgery; patients preferring surgery were facilitated for the 
same. Large nodules causing pressure symptoms were advised 
surgery irrespective of Bethesda or TIRADS score.

Ethical aspects
The study was approved by the Institutional research 
committee and the Human ethics committee, Government 
Medical College, Thiruvananthapuram vide letter number 
HEC.No.06/04/2019/MCT dated 10.05.2019, for a period of 
one and half years from the date of ethics committee approval. 
Written informed consent was obtained for participation in the 
study and use of the patient data for research and educational 
purposes. All the procedures followed the guidelines laid down 
in Declaration of Helsinki 1964 and as revised later.

Results

Three hundred and forty six nodules were detected in 
246 patients and 2017 ACR TIRADS score were noted for 
each of them. Inclusion criteria was applied. Twenty five 
nodules from 22 patients did not satisfy inclusion criteria. Three 
hundred and twenty one nodules from 224 patients satisfied 
inclusion criteria and were selected for FNAC. They underwent 
ultrasound guided FNAC by single investigator. Four nodules 
had FNAC report of Bethesda 1 or non diagnostic category on 
repeated FNAC and were excluded from analysis. Thus, 317 
nodules from 220 patients were included for analysis [Figure 1]. 
Baseline characteristics of study population are given in Table 1. 
There were 253 (Bethesda 2), 31 (Bethesda 3), 5 (Bethesda 4), 
5 (Bethesda 5) and 23 (Bethesda 6) nodules. The distribution 
of ACR TIRADS scores within different Bethesda Category 

Table 1: Baseline characteristics of the study population

Parameter (n=220 patients) Mean±SD/Median (IQR)/
Frequency (Percentage)

Mean age (years) 43.0±13.69
Males
Females

25 (11.4%)
195 (88.6%)

Body Mass Index (kg/m2) 24.75±3.12 
Euthyroid
Hypothyroid
Hyperthyroid 

154 (70%)
50 (22.7%)
16 (7.27%)

Goitre
0
1
2

15 (6.25%)
41 (17.08%)
164 (74.5%)

Mean TSH of euthyroid group (mIU/L) 1.74±1.15
Anti Thyroid peroxidase antibody levels

Positive
Negative

96 (43.63%)
124 (56.36%)

Nodules
Solitary
Multiple 

42 (19.09%)
178 (80.9%)

Mean Size (mm) 21.03±7.09
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results of the nodules are given in Table 2. All Bethesda 4, 5, 
6 nodules, 9 Bethesda 3 nodules and 8 nodules with Bethesda 
2 with pressure symptoms underwent surgery. Total of 50 
nodules hence underwent surgery. The rate of malignancy on 
histopathology (HPR) were 100% for Bethesda 6, 100% for 
Bethesda 5, 60% for Bethesda 4, 66% for Bethesda 3.

Final outcome variable was defined as FNAC report of Bethesda 
2 or all other nodules which had undergone surgery and HPR 
is available. Excluding the 22 Bethesda 3 nodules  (from 
20 patients) who did not undergo surgery, for which a definitive 
answer whether benign or malignant is not available, a total 
of 295 nodules (from 200 patients) had a definitive outcome 
at the end of the study; which could be a benign cytology 

report on FNAC or a histopathology report after surgery. Out 
of the 295 nodules with final outcome variable, 258 nodules 
were benign and 37 nodules malignant. Out of the 37 nodules 
with malignant histopathological reports, 33 were papillary 
carcinoma; 3 follicular carcinoma; 1 Hurthle cell carcinoma.

Considering final outcome variable as gold standard and ACR 
TIRADS score 1,2 or 3 as test negative and score 4 or 5 as test 
positive, the diagnostic performance of ACR TIRADS were: 
sensitivity 100%, specificity 60.5%, positive predictive value 
26.6%, negative predictive value 100%.

Performance of individual ultrasound features in predicting 
malignancy were assessed. The sensitivity and specificity 

Figure 1: Flow of patients in the study
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of each were: solid nodule (87.5%, 52.1%), hypoechoic and 
very hypoechoic  (62.5%, 68.8%), taller than wide (12.5%, 
98.38%), margin: lobulated/irregular and extra thyroidal 
extension (50%, 89.24%), punctate echogenic foci (93.75%, 
94.62%), presence of lymph nodes with suspicious 
features (38.46%, 98.5%).

The baseline characteristics between benign and malignant 
nodules were compared [Table 3]. Patients having multiple 
nodules with atleast one malignant nodule were grouped under 
malignant. Out of the 37 malignant nodules, 4 patients had 
multinodularity with a benign nodule also. These 4 benign 
nodules were excluded from the benign group. So the baseline 
characteristics of 37 malignant nodules from 37 patients and 
254 nodules from 163 patients were compared. Age and serum 
TSH level (compared only for euthyroid patients) were found 
to be significantly different between the groups. Younger age 
and a higher serum TSH level was found to be significantly 
associated with malignancy.

A prediction score  (named as Trivandrum prediction 
score  (TiPS)) was formulated with four variables namely 
age, TSH, 2017 ACR TIRADS score and Bethesda score, for 
predicting risk of malignancy in thyroid nodule. The AUC 
values of the components are as follows: Age 0.405 (SE 0.062), 
TSH 0.589  (SE 0.062), ACR TIRADS 0.874  (SE 0.029), 
Bethesda 0.999 (SE 0.001). Each of the four variables were 
stratified and weightage points assigned and individual scores 
added [Table 4]. ROC curve was analysed for cut off value of 
total prediction score which can predict risk for malignancy 
with final outcome variable as the gold standard [Figure 2]. 
Youden index was maximum  (0.937) for a total predictive 

score value between 5 and 6 (5.5). Total score of 6 or more had 
a sensitivity of 96.2% and specificity of 97.5% in predicting 
malignancy. Positive predictive value was 83.3%, and negative 
predictive value 99.5%.

Discussion

The advantage and clinical utility of objective point based 
ultrasound classification system over pattern based systems 
for stratification of malignancy risk in thyroid nodules have 
been subject of interest lately. Yoon et al.[6] have demonstrated 
that the ATA guidelines were unable to classify 3.4% of 1,293 
nodules, of which 18.2% were malignant. Other comparative 
studies have demonstrated a sensitivity of ACR TIRADS 
2017 ranging from 75‑97% and specificity ranging 53‑67%,[7] 
which is the highest sensitivity and lowest specificity amongst 
compared systems [Supplementary Table 1].[5,7‑10]

Overall, from various studies ACR TIRADS system had better 
test performance characteristics predicting malignancy and 
avoiding unnecessary biopsies. The present study is also in 
agreement with it. The main reason for the better performance 
of ACR TIRADS considered could be the objectivity of the 
assessment based on points. More combinations of ultrasound 
characteristics could be classified.

In the present study, punctate echogenic foci, solid composition 
and hypoechogenicity were the ultrasound characteristics of 
nodule that better predicted malignancy with a sensitivity of 
93.755, 87.5% and 62.5% respectively. Taller than wide shape 
had a specificity of 98.38% but sensitivity of 12.5% only. It 
may be due to the decreased specificity in reporting this feature 
in smaller nodules or lack of a pathological basis for such a 

Table 3: Comparison of baseline characteristics between benign and malignant nodules

Malignant (n=37 patients) Benign (n=163 patients) P
Age 35.08±13.78 43.69±13.07 0.002
Gender

Males: Females 1:25 1:7
0.41

SIZE (mm) 21.97±11.39 22.68±12.15 0.78
BMI (kg/m2) 23.71±3.38 24.98±3.05 0.051
TSH 2.48+1.49 1.62+1.03 0.002
Thyroid status

Euthyroid
Hypothyroid
Hyperthyroid 

25 (67.5%)
9 (24.3%)
3 (8.1%)

98 (60.1%)
42 (25.8%)
23 (14.1%)

0.52

Anti TPO antibody status (positive) 15 (40.5%) 73 (44.8%) 0.64

Table 2: ACR TIRADS score and Bethesda category distribution of the study population

Bethesda 2 Bethesda 3 Bethesda 4 Bethesda 5 Bethesda 6 Row total
TIRADS 1 2 0 0 0 0 2
TIRADS 2 59 1 0 0 0 60
TIRADS 3 93 6 1 0 0 100
TIRADS 4 79 16 2 3 5 105
TIRADS 5 20 8 2 2 18 50
Column total 253 31 5 5 23 317
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shape in malignancy. In the present study, presence of cervical 
lymph node with features suspicious of malignancy such as 
loss of fatty hilum had a sensitivity of 38.46% and specificity 
of 98.5% in predicting malignancy. In a study by Liu et al.,[11] 
loss of echogenic fatty hilum in cervical lymph node had a 
sensitivity of 29.7% and specificity of 98.7% in predicting 
malignancy. Henrichsen et  al.[12] showed that out of 360 
malignant nodules 88% were either entirely solid or less than 
5% cystic. Hypoechogenicity and markedly hypoechoic, are 
associated with an increased risk for malignancy according to 
Moon et al.[13] Punctate echogenic foci that lack the comet‑tail 
sign, are more likely to represent microcalcifications, and 
are typically associated with papillary thyroid cancer in 
several studies.[14] The presence of punctate echogenic foci 
on sonography was 74% sensitive, was 46% to 53% specific 
in studies.[15]

Among the baseline characteristics of the study population, 
younger age and higher serum TSH level were significantly 
associated with malignancy. In a study by Kwong  et al.,[16] 
between the ages of 20 and 60 years, each advancing year in age 
was associated with a 2.2% reduction in the relative risk that 
any newly evaluated thyroid nodule was malignant in a patient 
and the risk of malignancy stabilized after age 60 years. Kwong 
et al.[16] demonstrated a linear increase in the number of thyroid 
nodules per patient with age, a 1.6% annual increased risk for 
multinodularity. In the study population, as the patients age 
increased from 20 years to more than 70 years, the cancer risk 
decreased by every decade from 22.9% to 12.6% (P < 0.001).[17]

Haymart et  al.[18] demonstrated that, higher serum TSH 
concentrations, even within the normal reference range, is 
an independent risk factor that a thyroid nodule is cancerous. 
Serum TSH level of ≥2.7  mIU/L predicted thyroid malignancy 
with a sensitivity of 61% and a specificity of 65% in euthyroid 
patients affected by thyroid nodules with indeterminate 
cytology.[19]

Indeterminate nodules and nodules with high TIRADS score 
but Bethesda 2 cytology usually pose a dilemma for the 
treating clinician to take a decision for surgery or follow up. 
Non availability and affordability of molecular studies are 
another limitation. Hence scoring systems which takes into 
consideration multiple risk factors for malignancy could 
aid management of thyroid nodules without overtreating 
them. Kannan and Mehta[20] has proposed a scoring system 
considering summated score of 2017 ACR TIRADS and 
Bethesda score. A BETHTR score ≥7 gave a sensitivity of 
92% specificity of 74% and correctly identified malignant 
nodules in 86% of cases. Another predictive model was 
proposed with the following parameters: TSH  >2.5  =  1, 
Age‑group <30 or >60 = 1, presence of microcalcification = 2, 
male gender  =  2, irregular nodule margins  =  2, mixed 
echogenicity  =  1, and hypoechogenicity  =  2. Overall, 
scores >4 were highly sensitive  (86.9%), whereas >7 were 
highly specific (94.87%) for malignancy; and in patients with 
indeterminate cytology, the negative predictive value of a score 
of 2 or less was 95–100%.[21] A Predictive Model for Selecting 
Malignant Thyroid Nodules in Patients With Nondiagnostic 
or Indeterminate Fine‑Needle Aspiration Cytologic Findings 
integrating TI‑RADS category, elastographic score and 
cytologic finding was published by Lin et al.[22] Sensitivity 
and specificity for a score higher than 3 reached 79.37% and 
85.85%, respectively, and the positive and negative predictive 
values were 76.9% and 87.3%. Prediction score  (TiPS) 
formulated from present study had higher specificity of 97.5% 
when compared to ACR TIRADS alone, while retaining a high 
sensitivity and negative predictive value.

The strengths of the study are that, the study had prospectively 
validated the diagnostic accuracy of 2017 revised ACR 
TIRADS, thus avoiding the selection bias seen in retrospective 
studies on validation of ultrasound risk stratification systems 
with histopathology reports. Hence, the study represents the 
malignancy risk in a thyroid nodule before surgery itself and 

Table 4: Prediction score for malignancy in thyroid 
nodule

Variable Categories Points assigned
Age (in years) >40

<40
0
1

TSH (mIU/L) <2
>2 or on treatment 
for hypothyroidism

0
1

2017 ACR 
TIRADS score 
[ACR TIRADS 
score ‑1]

1
2
3
4
5

0
1
2
3
4

Bethesda category 
[Bethesda 
category – 2]×2

2
3
4
5
6

0
2
4
6
8

TiPS=age score + TSH score + [TIRADS‑1] + [Bethesda ‑2]×2

Figure  2: ROC curve for cut off value of total Trivandrum prediction 
score (TiPS) which can predict risk for malignancy with final outcome 
variable as the gold standard
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also helps in selecting nodules that need to undergo further 
evaluation and surgery.

The limitations of the study are that, in the present study 
patients with Bethesda 2 report on FNAC were considered 
as benign for analysis of predictive accuracy of 2017 ACR 
TIRADS. Gold standard for analysis of malignancy in thyroid 
nodule is considered to be surgery and histopathological report; 
but the same may not be ethical to be done in all Bethesda 2 
nodules. The number of indeterminate nodules in this study 
are less for separate analysis.

Conclusion

ACR‑TIRADS is a sensitive tool in selecting nodules 
for malignancy evaluation agreeing with the previous studies. 
Owing to its high sensitivity and lower specificity, it should be 
considered as a valid tool to rule out malignancy but not to predict 
the same. Hence tests with higher specificity like Bethesda 
system on FNAC continues to hold a significant position as an 
additional investigation to Ultrasonography, in the evaluation 
of thyroid nodule for diagnosing malignancy.

Predictive score  (TiPS) combining multiple risk variables 
such as age, TSH level, 2017 ACR TIRADS and Bethesda 
could predict malignancy with better specificity and sensitivity 
than either ACR TIRADS or Bethesda alone and can help 
clinician to plan further management of thyroid nodule without 
overtreating them.
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Supplementary Table 1: Comparison of predictive 
accuracy of 2017 ACR TIRADS in various studies

Study Number of 
nodules

Sensitivity Specificity

Ha et al., 2018[7] 2000 74.7% 67.3%
Ting Xu et al., 2019[5] 2465 96.6% 52.9%
Ha EJ et al., 2018[8] 902 80.2% 68.9%
Grani et al., 2018[9] 477 83.3% 56.2%
Zheng et al., 2018[10] 1033 99% 43.4%
Present study 317 100% 61.53%


