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INTRODUCTION

The rate of detection of thyroid nodules and carcinomas 
has increased with the widespread use of ultrasonography 
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Objective: To evaluate the diagnostic performance of the modified Korean Thyroid Imaging Reporting and Data System 
(K-TIRADS), and compare it with the 2016 version of K-TIRADS using the Thyroid Imaging Network of Korea.
Materials and Methods: Between June and September 2015, 5708 thyroid nodules (≥ 1.0 cm) from 5081 consecutive patients 
who had undergone thyroid ultrasonography at 26 institutions were retrospectively evaluated. We used a biopsy size threshold 
of 2 cm for K-TIRADS 3 and 1 cm for K-TIRADS 4 (modified K-TIRADS 1) or 1.5 cm for K-TIRADS 4 (modified K-TIRADS 3). The 
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biopsy rate of the benign nodules were 94.9%, 24.4%, and 60.9% for the 2016 K-TIRADS; 91.0%, 39.7%, and 48.6% for the 
modified K-TIRADS 1; 84.9%, 45.9%, and 43.5% for the modified K-TIRADS 2; and 76.1%, 50.2%, and 40.1% for the modified 
K-TIRADS 3. For small nodules (1–2 cm), the diagnostic sensitivity of the modified K-TIRADS decreased by 5.2–25.6% and 
the rate of unnecessary biopsies reduced by 19.2–32.8% compared with those of the 2016 K-TIRADS (p < 0.001). For large 
nodules (> 2 cm), the modified K-TIRADSs maintained a very high sensitivity for detecting malignancy (98%).
Conclusion: The modified K-TIRADSs significantly reduced the rate of unnecessary biopsies for small (1–2 cm) nodules while 
maintaining a very high sensitivity for malignancy for large (> 2 cm) nodules.
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(US), which is the primary diagnostic tool for the assessment 
of thyroid nodules [1]. With an associated increase in the 
incidence of thyroid cancer, the use of thyroid fine-needle 
aspiration (FNA) has increased rapidly [2,3]. Although FNA 
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is a simple and safe diagnostic tool for thyroid nodules, 
the procedure causes discomfort to patients, and additional 
costs are associated with repeat biopsies or more expensive 
testing [4,5]. Therefore, identifying the optimal indications 
for FNA for US-detected thyroid nodules are important. 
Several international societies have developed guidelines 
using US-risk stratification systems to assist physicians 
in determining when it is appropriate to perform FNA or 
follow-up examinations of thyroid nodules in patients [6-
10]. Recently, several studies have compared the diagnostic 
performance of various US- risk stratification systems for 
diagnosing thyroid malignancy and the rate of unnecessary 
biopsies [11-16]. A previous comparative study revealed 
that the Korean Thyroid Imaging Reporting and Data System 
(K-TIRADS) exhibited higher sensitivity and a higher rate 
of unnecessary biopsies than other US-risk stratification 
systems [11-16]. The lower size cutoff for biopsies is known 
to be the main cause of the high rate of unnecessary 
biopsies associated with K-TIRADS [11,16]. In light of this 
finding, it is necessary to modify the size cutoff for biopsies 
in the 2016 K-TIRADS to reduce the rate of unnecessary 
biopsies while maintaining an appropriate sensitivity for 
malignancy.

The nodule size should be considered when determining 
the optimal biopsy size cutoff, as the size of a thyroid 
cancer is an important prognostic factor [17]. A previous 
study revealed that a size threshold of 2 cm maximizes the 
prognostic discrimination of tumors. A size of > 2 cm is 
associated with a five times higher risk of recurrence than 
a size of ≤ 2 cm [18]. Therefore, it is necessary to evaluate 
the diagnostic performance and rate of unnecessary biopsies 
associated with the US-risk stratification system based on 
nodule size. 

Therefore, this study aimed to evaluate the diagnostic 
performance and rate of unnecessary biopsies associated 
with the modified K-TIRADS, which has different cutoff 
sizes for biopsy, and to compare the results with those of 
the 2016 K-TIRADS. Furthermore, we performed a subgroup 
analysis to determine the optimal cutoff size based on 
nodule size with a threshold of 2 cm.

MATERIALS AND METHODS

Institutional Review Board approval was obtained from 
all participating institutions for this retrospective study. 
The requirement for informed consent was waived due 
to the retrospective nature of the analyses and the use 

of anonymized medical records. The study methods and 
data reporting were performed following the Standards for 
Reporting of Diagnostic Accuracy Studies [19].

Study Population
This retrospective analysis was based on patient data 

collected from 26 different hospitals in Korea (Thyroid 
Imaging Network of Korea registry). Consecutive patients 
who underwent thyroid US between June 2015 and 
September 2015 were enrolled in this study. Only patients 
who met the following criteria were included: 1) patients 
who had nodules of size ≥ 1 cm, and 2) patients who had 
undergone FNA, core-needle biopsy (CNB), or surgery for 
nodules. Patients were excluded from the study if 1) the 
thyroid nodule was smaller than 1 cm, 2) there was no 
reference standard test (biopsy or surgery), or 3) the image 
quality was suboptimal. Among 22775 consecutive patients 
who had undergone thyroid US from 26 institutions, 16679 
patients were excluded due to the absence of a reference 
standard test (biopsy or surgery) (n = 4304), a thyroid 
nodule size less than 1 cm (n = 12130), or suboptimal 
image quality (n = 245). Among them, 1015 patients with 
1102 nodules were further excluded because of inconclusive 
biopsy results (Fig. 1). 

Finally, 5708 thyroid nodules (1111 malignant and 4597 
benign nodules) in 5081 consecutive patients (4176 female 
and 905 male; mean age, 53.2 years; age range, 19–76 
years) were included in the study. For malignant nodules  
(n = 1111), a final diagnosis was confirmed during surgery 
(n = 947, 85.2%) or FNA or CNB (n = 164, 14.8%). For 

22775 consecutive patients underwent thyroid US 
from 26 institutions from June to September 2015

-  No reference standard test  
(n = 4304)

-  Thyroid nodule less than 1.0 cm  
(n = 12130)

- Suboptimal image quality (n = 245)
-  Inconclusive final diagnosis  

(n = 1015)

5708 thyroid nodules in 5081 patients

Benign 
(n = 4597)

Malignant
(n = 1111)

Fig. 1. Flowchart of the study. US = ultrasonography
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benign nodules (n = 4597), a pathologic diagnosis was 
confirmed during surgery (n = 394, 8.6%), single FNA or 
CNB (n = 3602, 78.3%), and repeated FNA or CNB on at 
least two occasions (n = 601, 13.1%). 

US Examination and Image Analysis
All US examinations were performed using high-resolution 

US systems and 5–14 MHz linear probes. US images in the 
Digital Imaging and Communications in Medicine format 
were reviewed by 17 experienced radiologists using an 
online program (AIM AiCRO: https://study.aim-aircro.com). 
Initially, two meetings were held to establish a baseline 
consensus in the lexicon for the US criteria. The US features 
of the nodules were strictly assessed using the definitions 
in the US lexicon of the K-TIRADS to minimize the 
misclassification of nodules [8]. The reviewers evaluated 
the images of 15 biopsy-proven thyroid nodules that were 
not included in the study and were asked to assess the US 
features including internal content, echogenicity of the solid 
portion, shape, orientation, margin, calcifications, presence 
of a spongiform appearance, and comet-tail artifacts. In 
the modified K-TIRADS, nonparallel orientation was defined 
as a longer anteroposterior diameter than the transverse 
diameter of a nodule in the transverse plane. The benign 
category included spongiform or partially cystic nodules 
with intracystic echogenic foci and comet-tail artifacts, 
regardless of suspicious US features. The echogenicity of the 
solid portion was classified as hyperechoic, isoechoic, mild 
hypoechoic, and marked hypoechoic. A nodule with marked 
hypoechogenicity is hypoechoic or has similar echogenicity 
relative to the anterior neck muscle [20]. All reviewers, 
who were blinded to the biopsy results and final diagnoses, 
assessed the US features of the thyroid nodules.

Biopsy Size Thresholds for the Modified K-TIRADS
Three different biopsy size cutoffs (modified K-TIRADS 

1–3) were simulated and used to compare the diagnostic 
performance and rate of unnecessary biopsies. The modified 
K-TIRADS 1 simulated biopsy size cutoffs for the low 
suspicion category (K-TIRADS 3) from 1.5 cm to 2 cm. 
The modified K-TIRADS 2 subcategorized the intermediate 
suspicion category (K-TIRADS 4) into 4A and 4 B, based 
on the malignancy risk of the US features (Supplementary 
Table 1) [20]. The size cutoff for the biopsies was 
subdivided into 1 cm for K-TIRADS 4B, 1.5 cm for K-TIRADS 
4A, and 2 cm for low suspicion (K-TIRADS 3) nodules. The 
modified K-TIRADS 3 simulated a biopsy size cutoff of 2 cm 

for the low suspicion category (K-TIRADS 3) and 1.5 cm for 
the intermediate suspicion category (K-TIRADS 4) (Table 1). 

Statistical Analyses
The thyroid nodules were dichotomized into two groups, 

biopsy-indicated and biopsy-not-indicated (test positivity 
and test negativity, respectively), based on the criteria 
for biopsy of each K-TIRADS. The diagnostic performance 
for the detection of thyroid cancer and sonographic 
recommendations for biopsy were evaluated based on 
sensitivity, specificity, positive predictive value, negative 
predictive value, and accuracy for each guideline (at 95% 
confidence intervals). The unnecessary biopsy rate for the 
diagnosis of thyroid cancer was calculated as a percentage 
of the benign nodules among the fine-needle aspiration 
biopsy-required nodules. The results were compared to those 
for the 2016 K-TIRADS using the generalized estimating 
equation method. Subgroup analysis was conducted for 
the biopsies with a cutoff size of 2 cm. Statistical analyses 
were performed using SPSS for Windows (version 23.0; IBM 
Corp.) and SAS for Windows (version 9.2; SAS Institute). 
The differences were considered significant at p < 0.05.

RESULTS

The sizes of the thyroid nodules ranged from 1.0 cm to 
10.0 cm (mean, 2.1 cm). The maximum diameter of the 
nodules was 1–2 cm (small) in 3576 nodules (62.6%) and 
> 2 cm (large) in 2132 nodules (37.4%). The malignancy 
rate was higher for the small thyroid nodules (1–2 cm) 
than for the large nodules (> 2 cm) (22.7% [810 of 3576] 
and 14.1% [301 of 2132]) (Table 2). The diagnoses of 
malignancy based on histological examination included 
papillary carcinomas (n = 1011), follicular carcinomas (n = 
62), medullary carcinomas (n = 12), anaplastic carcinomas  
(n = 6), poorly differentiated carcinomas (n = 7), 

Table 1. Simulated Size Criteria for Biopsy in Modified K-TIRADS

Category
2016 

K-TIRADS 
(cm)

Modified
K-TIRADS 1

(cm)

Modified
K-TIRADS 2

(cm)

Modified
K-TIRADS 3

(cm)

5 High suspicion ≥ 1.0 ≥ 1.0 ≥ 1.0 ≥ 1.0 
4 Intermediate 
  suspicion

≥ 1.0 ≥ 1.0 
4A ≥ 1.5 

≥ 1.5 
4B ≥ 1.0 

3 Low suspicion ≥ 1.5 ≥ 2.0 ≥ 2.0  ≥ 2.0  
2 Benign N/A N/A N/A N/A

K-TIRADS = Korean Thyroid Imaging Reporting and Data System, 
N/A = not applicable
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lymphomas (n = 3), squamous cell carcinomas (n = 1), 
metastasis (n = 5), and unspecified malignancy (n = 4). 
Supplementary Table 2 shows the frequencies and the risks 
of malignancy for the nodules for the 2016 K-TIRADS and 
modified K-TIRADS categories. 

Diagnostic Performance and Rate of Unnecessary Biopsy 
according to Nodule Size Cutoff Simulations

The 2016 K-TIRADS showed high sensitivity (94.9%) 
and a high rate of unnecessary biopsies (60.9%). Table 3 
compares the diagnostic performance in the prediction of 
thyroid malignancy and the rate of unnecessary biopsies 
of the modified K-TIRADS and the 2016 K-TIRADS for 
all nodules. The modified K-TIRADS 1, 2, and 3 showed 
significantly lower diagnostic sensitivity, higher specificity, 
and higher diagnostic accuracy than the 2016 K-TIRADS 
(p < 0.001). The modified K-TIRADS reduced the rate of 
unnecessary biopsies by 12.3-20.8% compared with those 

of the 2016 K-TIRADS (p < 0.001).

Subgroup Analysis in Small Nodules (1–2 cm)
Table 4 shows the diagnostic performance and rate of 

unnecessary biopsies for the modified K-TIRADS for small 
nodules (1–2 cm). The modified K-TIRADS 1, 2, and 3 
showed significantly lower diagnostic sensitivities, higher 
specificities, and higher diagnostic accuracies than the 
2016 K-TIRADS (p < 0.001). The diagnostic sensitivities of 
modified K-TIRADS 1, 2, and 3 were significantly decreased 
by 5.2%, 13.6%, and 25.6%, respectively, compared with 
those of the 2016 K-TIRADS (p < 0.001). The modified 
K-TIRADS, compared with the 2016 K-TIRADS, reduced the 
rate of unnecessary biopsies by 19.2–32.8% (p < 0.001). 

Subgroup Analysis in Large Nodules (> 2 cm)
Table 5 shows the diagnostic performance and rate of 

unnecessary biopsies of the modified K-TIRADS for large 

Table 2. Demographic Data of 5708 Nodules in 5081 Patients in This Study
Total Benign Malignant

Patients
Number 5081 4063 1018
Age, year* 53.2 ± 12.7 54.3 ± 12.2 48.9 ± 13.9
Sex

Female 4176 (82.2) 3393 (83.5) 783 (76.9)
Male   905 (17.8)   670 (16.5) 235 (23.1)

Nodules
Number 5708 4597 1111
Size of nodule, cm* 2.1 ± 1.1 2.1 ± 1.1 1.9 ± 1.1

≤ 2 3576 (62.6) 2766 (60.2) 810 (72.9)
> 2 2132 (37.4) 1831 (39.8) 301 (27.1)

Data are number of patients or nodules with percentage in parentheses, unless specified otherwise. *Data are mean ± standard deviation.

Table 3. Diagnostic Performance of Biopsy Criteria by the Modified K-TIRADS and 2016 K-TIRADS in All Nodules (n = 5708)

Category Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Diagnostic 

Accuracy (%)
Unnecessary 

Biopsy Rate (%)

K-TIRADS
94.9 

(93.4−96.0)
24.4 

(23.2−25.7)
23.3 

(22.1−24.5)
95.2 

(93.8−96.3)
38.1 

(36.9−39.4)
60.9 

(59.6−62.1)

Modified K-TIRADS 1
91.0 

(89.2−92.5)
39.7 

(38.3−41.1)
26.7 

(25.3−28.2)
94.8 

(93.7−95.7)
49.7 

(48.4−51.0)
48.6 

(47.3−49.9)

Modified K-TIRADS 2
84.9 

(82.6−86.9)
45.9 

(44.5−47.4)
27.5 

(26.0−29.0)
92.6 

(91.5−93.6)
53.5 

(52.2−54.8)
43.5 

(42.3−44.8)

Modified K-TIRADS 3
76.1 

(73.6−78.6)
50.2 

(48.7−51.6)
27.0 

(25.5−28.6)
89.7 

(88.5−90.8)
55.2 

(53.9−56.5)
40.1 

(38.9−41.4)

Data in parentheses are 95% confidence intervals. Modified K-TIRADS 1 simulate the size cutoff for low suspicion category as 2 cm. 
Modified K-TIRADS 2 subdivide intermediate suspicion category as 4A and 4B and simulate the size cutoff for low suspicion category as 
2 cm, 4A as 1.5 cm, and 4B as 1 cm. Modified K-TIRADS 3 simulate the size cutoff for low suspicion category as 2 cm and intermediate 
suspicion as 1.5 cm. K-TIRADS = Korean Thyroid Imaging Reporting and Data System, NPV = negative predictive value, PPV = positive 
predictive value
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nodules (> 2 cm). The diagnostic sensitivity, specificity, 
and diagnostic accuracy of the modified K-TIRADS 1, 2, and 
3 were 98.0%, 9.4%, and 21.9%, respectively, revealing 
no significant change compared with those of the 2016 
K-TIRADS (p = 0.317). The rate of unnecessary biopsy 
decreased by 0.7% for the modified K-TIRADS compared 
with the 2016 K-TIRADS (p < 0.001). 

DISCUSSION

Our study evaluated the diagnostic performance and 
rate of unnecessary biopsies for the modified K-TIRADS, 
which raised the size cutoffs for biopsies within the 
intermediate and low suspicion category and those of the 
2016 K-TIRADS. For small nodules (1–2 cm), the modified 

K-TIRADSs significantly reduced the rate of unnecessary 
biopsy (19.2–32.8%) and the diagnostic sensitivity 
(5.2–25.6%), compared with the 2016 K-TIRADS. All the 
modified K-TIRADSs maintained a very high sensitivity of 
98.0% for large thyroid nodules (> 2 cm).

There are several US-risk stratification systems for 
assessing thyroid nodules, and each system assigns different 
size thresholds to identify nodules that require FNA. 
Previous comparative studies revealed that K-TIRADS showed 
the highest sensitivity and highest rate of unnecessary 
biopsies compared with the other US-risk stratification 
systems [11-15]. A study simulating different size cutoffs 
for biopsies for each US-risk stratification system revealed 
that a high rate of unnecessary biopsies in the K-TIRADS 
resulted from the lower size cutoffs for biopsies [11]. US-

Table 4. Diagnostic Performance of Biopsy Criteria by the Modified K-TIRADS and 2016 K-TIRADS in Smaller Nodules (≤ 2 cm) (n = 
3576)

Category Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Diagnostic 

Accuracy (%)
Unnecessary 

Biopsy Rate (%)

K-TIRADS
93.6 

(91.7−95.1)
34.9 

(33.1−36.7)
29.6 

(27.9−31.4)
94.9 

(93.4−96.1)
48.2 

(46.5−49.8)
50.4 

(48.7−52.0)

Modified K-TIRADS 1
88.4 

(86.0−90.4)
59.7 

(57.9−61.5)
39.1 

(36.9−41.4)
94.6 

(93.5−95.6)
66.2 

(64.7−67.8)
31.2 

(29.7−32.7)

Modified K-TIRADS 2
80.0 

(77.1−82.6)
70.1 

(68.4−71.8)
44.0 

(41.4−46.5)
92.3 

(91.1−93.4)
72.4 

(70.9−73.8)
23.1 

(21.7−24.5)

Modified K-TIRADS 3
68.0 

(64.7−71.1)
77.2 

(75.6−78.7)
46.6 

(43.8−49.5)
89.2 

(87.9−90.4)
75.1 

(73.7−76.5)
17.6 

(16.4−18.9)

Data in parentheses are the raw data used to calculate the percentages, and data in brackets are 95% confidence intervals. Modified 
K-TIRADS 1 simulate the size cutoff for low suspicion category as 2 cm. Modified K-TIRADS 2 subdivide intermediate suspicion category 
as 4A and 4B and simulate the size cutoff for low suspicion category as 2 cm, 4A as 1.5 cm, and 4B as 1 cm. Modified K-TIRADS 3 
simulate the size cutoff for low suspicion category as 2 cm and intermediate suspicion as 1.5 cm. K-TIRADS = Korean Thyroid Imaging 
Reporting and Data System, NPV = negative predictive value, PPV = positive predictive value

Table 5. Diagnostic Performance of Biopsy Criteria by the Modified K-TIRADS and 2016 K-TIRADS in Larger Nodules (> 2 cm) (n = 
2132)

Category Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
Diagnostic

Accuracy (%)
Unnecessary 

Biopsy Rate (%)

K-TIRADS
98.3 

(96.1−99.3)
8.6 

(7.4−10.0)
15.0 

(13.5−16.7)
96.9 

(92.8−98.7)
21.3 

(19.6−23.1)
78.5 

(76.7−80.2)

Modified K-TIRADS 1
98.0 

(95.6−99.1)
9.4 

(8.1−10.8)
15.1 

(13.6−16.8)
96.6 

(92.7−98.5)
21.9 

(20.2−23.7)
77.8 

(76.0−79.5)

Modified K-TIRADS 2
98.0 

(95.6−99.1)
9.4 

(8.1−10.8)
15.1

(13.6−16.8)
96.6 

(92.7−98.5)
21.9 

(20.2−23.7)
77.8 

(76.0−79.5)

Modified K-TIRADS 3
98.0 

(95.6−99.1)
9.4 

(8.1−10.8)
15.1 

(13.6−16.8)
96.6 

(92.7−98.5)
21.9 

(20.2−23.7)
77.8 

(76.0−79.5)

Data in parentheses are the raw data used to calculate the percentages, and data in brackets are 95% confidence intervals. Modified 
K-TIRADS 1 simulate the size cutoff for low suspicion category as 2 cm. Modified K-TIRADS 2 subdivide intermediate suspicion category 
as 4A and 4B and simulate the size cutoff for low suspicion category as 2 cm, 4A as 1.5 cm, and 4B as 1 cm. Modified K-TIRADS 3 
simulate the size cutoff for low suspicion category as 2 cm and intermediate suspicion as 1.5 cm. K-TIRADS = Korean Thyroid Imaging 
Reporting and Data System, NPV = negative predictive value, PPV = positive predictive value
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risk stratification systems are designed to identify nodules 
with a low risk of malignancy and deferrable cytologic 
assessment [13,20]. In light of this finding, it is necessary 
to modify the size criteria for biopsies for the K-TIRADS to 
reduce the rate of unnecessary biopsies while maintaining 
an appropriate sensitivity for malignancy.

Nodules that were within the high suspicion category 
were associated with biopsies when they were larger than 1 
cm, whereas nodules within the benign category were not 
associated with biopsies [6-10]. However, the size cutoffs 
for biopsies related to the low- and intermediate-suspicion 
categories vary among US-risk stratification systems. We 
used three different simulated biopsy thresholds for the 
low- and intermediate-suspicion categories and the data of 
a large population to evaluate the diagnostic performance 
and rates of unnecessary biopsies for the 2016 K-TIRADS. 
The modified K-TIRADS 1 reduced the rate of unnecessary 
biopsy by 12.3%, but it maintained a high sensitivity of 
91.0%. The modified K-TIRAD 3 showed higher reductions 
in the rate of unnecessary biopsy by 20.8% and diagnostic 
sensitivity by 18.8%. The rate of unnecessary biopsies 
and the diagnostic sensitivity of the modified K-TIRADS 
2 showed a moderate reduction compared with the 
modified K-TIRADS 1 and 3. The biopsy size threshold can 
be set within the range of 1–1.5 cm by considering the 
estimated malignancy risk and location of a nodule, clinical 
risk factors, and patient factors (age, comorbidity, and 
preference).

The sensitivity and specificity of US-risk stratification 
systems for detecting thyroid cancers remain controversial. 
The size of the nodule should be considered in relation to 
this issue. For small thyroid nodules (1–2 cm), a higher 
reduction in the rate of unnecessary biopsies may be 
appropriate, even though the sensitivity also slightly 
decreases. Most patients with small thyroid cancers have 
an excellent prognosis, and preventing overdiagnosis 
and the harm caused by overtreatment is an important 
consideration. At the same time, a higher sensitivity and 
a high rate of unnecessary biopsies may be appropriate for 
large nodules (> 2 cm), considering the higher likelihood of 
aggressive interventions for large malignant tumors [20,21]. 
For our study cohort, the subgroup analysis according to 
nodule size revealed that the modified K-TIRADS 3 reduced 
the rate of unnecessary biopsies by 32.8% for small thyroid 
nodules (≤ 2 cm), while maintaining a high sensitivity of 
98.0% for nodules larger than 2 cm. 

Our study had limitations. First, the evaluation of cases 

was retrospective, and included thyroid nodules that 
had undergone biopsy. Hence, there was an unavoidable 
selection bias. To minimize this limitation, we conducted 
a multicenter study involving a large sample. Second, the 
final diagnoses of non-surgical benign nodules (78.3%) 
were based on repeated biopsies. This may have resulted in 
false-negative results. Finally, the features were described 
by different radiologists, and this may have resulted in 
interobserver variability. 

In conclusion, the modified K-TIRADS significantly 
reduced the rate of unnecessary biopsies for small thyroid 
nodules (1–2 cm), while maintaining a very high sensitivity 
for large nodules (> 2 cm). These results may be helpful 
for the adjustment of size cutoffs for biopsies in future 
guidelines.
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