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Purpose: To compare the diagnostic performance and unnecessary ultrasound-guided fine-needle aspiration (US-FNA) biopsy rate of 
the 2015 American Thyroid Association (ATA), 2016 Korean Society of Thyroid Radiology (KSThR), and 2017 American College of 
Radiology (ACR) guidelines for patients with and without Hashimoto’s thyroiditis (HT).
Patients and Methods: This retrospective study included 716 nodules from 696 consecutive patients, which were classified using 
the categories defined by the three guidelines: ATA, KSThR, and ACR. The malignancy risk in each category was calculated and the 
diagnostic performance and unnecessary fine-needle aspiration (FNA) rates of the three guidelines were compared.
Results: In total, 426 malignant and 290 benign nodules were identified. Patients with malignant nodules had lower total thyroxine 
levels and higher thyroid-stimulating hormone, thyroid peroxidase antibody, and thyroglobulin antibody levels than those without 
malignant nodules (all P<0.01). The margin difference was significant in non-HT patients (P<0.01), but comparable in HT patients 
(P=0.55). The calculated malignancy risks of high and intermediate suspicion nodules in the ATA and KSThR guidelines and 
moderately suspicious nodules in the ACR guidelines were significantly lower in non-HT patients compared with HT patients 
(P<0.05). The ACR guidelines showed the lowest sensitivity, highest specificity, and lowest unnecessary FNA rates in patients with 
and without HT. Compared to non-HT patients, HT patients had significantly lower unnecessary FNA rates (P<0.01).
Conclusion: HT was associated with a higher malignancy rate of thyroid nodules with intermediate suspicion according to the ATA, 
KSThR, and ACR guidelines. The three guidelines, especially ACR, were likely to be more effective and could allow a greater 
reduction in the percentage of benign nodules biopsied in patients with HT.
Keywords: ultrasound-based malignant risk stratification system, Hashimoto’s thyroiditis, thyroid nodules, diagnostic value, papillary 
thyroid cancer

Introduction
The prevalence of thyroid cancers is increasing all over the world, especially papillary thyroid cancer (PTC).1 

Accurate diagnosis of PTC is essential to avoid misdiagnosis and unnecessary thyroidectomy. Ultrasound-guided 
fine-needle aspiration (US-FNA) serves as a useful tool for accurate PTC diagnosis, and there are different 
ultrasound (US)-based malignant risk stratification systems to help make decisions about the use of fine-needle 
aspiration (FNA). Of the various systems, the following guidelines are newly published and widely used in practice: 
the 2015 American Thyroid Association (ATA) management guidelines,2 the 2016 Korean Society of Thyroid 
Radiology (KSThR) guidelines,3 and the 2017 American College of Radiology (ACR) guidelines.4 Each guideline 
stratifies thyroid nodules into different categories according to their own malignancy risks, and FNA biopsies are 
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recommended because of the nodule category and largest diameter. However, these guidelines recommend different 
US features and size cut-off for FNA, and a deep understanding of the US-FNA criteria is required to optimize 
patient management.

Hashimoto’s thyroiditis (HT) is the most common autoimmune endocrine disease and is characterized by extensive 
lymphocytic infiltration of the thyroid gland. Thyroid nodules are common in HT patients.5 The association between 
PTC and HT has been a topic of discussion,6–12 and some researchers have suggested that HT is more positively 
associated with PTC.6,7,12 However, the association between HT and PTC is poorly understood. The sonographic 
characteristics of HT are complex and show different changes in the course of the disease,13,14 especially when 
coexisting with nodules. Echogenic septations, inhomogeneous parenchyma, and diffuse hypoechogenicity and pseu-
donodules, are the characteristics of HT under US imaging, which may influence the identification of nodules14,15 and 
make it difficult to differentiate between cancers and benign lesions.16 These difficulties are commonly aggravated by 
small nodules. Therefore, to precisely identify thyroid cancer with HT, a better understanding of US images of thyroid 
nodules in HT patients is required. Several studies have been conducted to compare the diagnostic performance of two 
or more guidelines in predicting the likelihood of malignancy of each category and the need for FNA. The results have 
been inconsistent, with most studies focusing on the nodules with a normal thyroid background.17–22 However, it 
remains unclear whether HT background influences the diagnostic performance of these sonographic classification 
guidelines.

Therefore, the study aimed to retrospectively compare the diagnostic efficiency and effectiveness at reducing the 
number of FNA biopsies of the ATA, ACR, and KSThR guidelines in patients with and without HT.

Materials and Methods
Study Participants
This retrospective study was conducted on 1064 consecutive patients who underwent US-FNA from January 2018 to 
March 2020 in Hangzhou First People’s Hospital, Hangzhou, China. The final diagnoses of the nodules were determined 
by the cytopathological results of the Bethesda System for Reporting Thyroid Cytology (BSRTC)23 or surgical findings. 
Nodules with the following criteria were included: (1) definitive diagnostic cytological finding of benignity (BSRTC II) 
or malignancy (BSRTC VI) on US-FNA, (2) definitive cytological findings of benignity or malignancy by repeated US- 
FNA or surgery, (3) complete US images, and (4) with results of serum thyroid peroxidase antibody (TPOAb) and 
thyroglobulin antibody (TgAb) or postoperative pathological diagnosis of HT. The nodules were excluded as follows: (1) 
nodules categorized as BSRTC II whose US follow-up interval was < 6 months, or increased in size or changed in US 
features; (2) inconclusive cytological findings by US-FNA; and (3) other types of thyroid cancer. Finally, 716 nodules 
from 696 participants were included in the present study (Figure 1). The protocol was followed in accordance with 
Declaration of Helsinki and approved by the local ethical committee of Hangzhou First People’s Hospital. Written 
informed consent was obtained from all the patients.

Laboratory Assays
Participants blood samples were collected early in the morning after an 8–10 h fasting window. Plasma total triiodothyr-
onine (TT3), total thyroxine (TT4), free triiodothyronine (FT3), free thyroxine (FT4), thyroid-stimulating hormone 
(TSH), TPOAb, and TgAb levels were measured using chemiluminescence methods with an ADVIA Centaur XP 
Immunoassay System (Siemens, Munich, Germany).

The Diagnostic Criteria for HT
HT diagnosis was based on high serum levels of thyroid antibodies (TPOAb and TgAb) in combination with the 
cytological and/or histological pathology of patients or abnormalities in thyroid US features including reduced echo or 
diffused heterogeneity echo of the thyroid.24
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US Examination and Image Analysis
All US examinations were performed using various commercially real-time US systems. The US features of the nodules, 
including composition, echogenicity, shape, margin, and echogenic foci, were recorded by experienced radiologists using 
one set of standards according to the published literature.25 The composition was classified as cystic or almost completely 
cystic, spongiform, mixed solid and cystic, and solid or almost completely solid. Echogenicity was classified as anechoic, 
hyper- to isoechoic, hypoechoic, or markedly hypoechoic. Shape was classified as wider than tall or taller than wide. 
Margin was classified as smooth or ill-defined, and lobulated or irregular. Echogenic foci were classified as none or large 
comet-tail artifacts, macro-calcifications, peripheral calcifications, or punctate echogenic foci. Figure 2 shows the US 

1093 nodules

716 nodules

Exclusion criteria:
(1) nodules categorized as BSRTC Ⅱ whose US follow-up
interval was less than 6 months, or increased in size or
changed in US features(n=270);
(2) inconclusive cytological findings by US-FNA(n=97);
(3) other types of thyroid cancer(n=10);

Surgery nodules
n = 319

FNA for BSRTC Ⅵ
n = 107

Malignant
n = 426

Benign
n = 290

Surgery nodules
n = 33

FNA for BSRTC Ⅱ
and Follow-up US

n = 257

Figure 1 Flowchart of the study. 
Abbreviations: BSRTC, Bethesda System for Reporting Thyroid Cytology; US, ultrasound; US-FNA, ultrasound-guided fine-needle aspiration; FNA, fine-needle aspiration.

Figure 2 The ultrasound images of four thyroid nodules with or without HT. (A) Benign nodule without HT, solid, hyperechoic, wider than tall shape, smooth margin, no 
echogenic foci; (B) Benign nodule with HT, almost completely solid, isoechoic, wider than tall shape, smooth margin, no echogenic foci; (C) Malignant nodule without HT, 
solid, hypoechoic, taller than wide shape, smooth margin, macro-calcifications; (D) Malignant nodule with HT, solid, hypoechoic, taller than wide shape, irregular margin, no 
echogenic foci. 
Abbreviation: HT, Hashimoto’s thyroiditis.
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images of the four thyroid nodules with or without HT. One radiologist (20 years of experience with thyroid US) who 
was blinded to the clinical information and pathology results independently categorized the degree of suspicion of 
thyroid nodules according to the Thyroid Imaging Reporting and Data System (TIRADS) (proposed by the ACR or 
KSThR guidelines) and ATA guidelines. The ATA guidelines categorize thyroid nodules into the following categories: 
benign, very low suspicion, low suspicion, intermediate suspicion, and high suspicion based on different US patterns, 
which combine several individual sonographic characteristics.2 According to the ACR TIRADS,4 all the US features in 
a nodule were scored, with additional points awarded for more suspicious features. The sum of scores determines the 
TIRADS level of nodules, which ranges from benign, not suspicious, mildly suspicious, moderately suspicious, and 
highly suspicious nodules. For the KSThR TIRADS, thyroid nodules were categorized as benign, low suspicion, 
intermediate suspicion, and high suspicion nodules based on their malignancy risks stratified by the US patterns, 
which consisted of integrated solidity, echogenicity, and suspicious US features (irregular margins, taller than wide 
shape, and microcalcification).3

US-FNA Performance
The US-FNA was performed by several experienced radiologists (5–10 years of experience with US-FNA). 
Perpendicular puncture using a 21-/23-gauge needle without local anesthesia was performed under US guidance. US 
imaging was performed using a MyLab™70 XVG 6–10 MHz linear probe (Esaote Group, Barcelona, Spain). During 
US visualization, the needle tip was placed in the target nodule, and then tissue samples were collected using the 
“mixed sampling technique”,26,27 during which the operator moved the needle up and down rapidly for 5 to 10 
seconds, and the same procedure was repeated approximately two to three times. The specimens were smeared on the 
glass slides and then fixed with 95% alcohol. Three to four slides were obtained from each nodule and were sent for 
cytopathological diagnosis. All cytological smears were evaluated by two expert cytopathologists according to the 
BSRTC.

Statistical Analyses
Data are expressed as mean ± standard deviation for normal distribution, or as median (interquartile range, 25–75%) for 
skewed variables. For variables that were not normally distributed, we performed logarithmic transformation. Qualitative 
data are expressed as frequencies. Statistical analyses were performed using SPSS version 23.0 (SPSS, Chicago, IL, 
USA) for Windows. Differences in continuous and ratio variables were compared using two-sample t-tests and the chi- 
squared or Fisher’s exact test, respectively. Linear-by-linear association for trends was performed by entering the 
frequencies of each category of different guidelines. Sensitivity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV) were measured. The sensitivity, specificity, and rate of unnecessary FNA biopsies were compared 
using the McNemar test. For all analyses, two-sided P values < 0.05 were considered statistically significant.

Results
Patients’ Baseline Characteristics
Of the 716 thyroid nodules, 426 were malignant, and 290 were benign (Figure 1). The final diagnoses were determined 
via surgical resection in 319 malignant and 33 benign nodules, and the remaining 107 malignant and 257 benign nodules 
were diagnosed via US and FNA (Figure 1). The mean age of patients was 46.56±12.73 years, and patients with benign 
nodules were significantly older than those with malignant nodules (49.9±12.40 vs 44.29±12.46, P <0.01, Table 1). Both 
sexes were equally represented across the two groups. Compared with patients with benign nodules, patients with 
malignant nodules had lower TT4 levels and higher TSH, TgAb, and TPOAb levels (all P <0.05, Table 1). No significant 
differences were observed among TT3, FT3, and FT4 levels.

The participants were further divided according to the presence of HT. Similarly, non-HT patients with malignant nodules 
were significantly younger and had lower TT4 and higher TSH levels than those with benign nodules (45.41±12.57 vs 50.10 
±12.21, P <0.01; 84.53±18.97 vs 88.69±19.94, P <0.05; 1.96±1.26 vs 1.69±1.09, P <0.05 (Table 1)). TT3, FT3, FT4, TgAb 
and TPOAb levels were comparable between the groups. For HT patients, significant difference was only observed in age 
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between patients with malignant nodules and benign nodules (42.44±12.11 years vs 49.2±13.15 years, P <0.01, Table 1), 
whereas TT3, TT4, FT3, FT4, TSH, TgAb, and TPOAb levels were comparable between groups.

Ultrasound Features of Nodules in Different Groups
The mean size of malignant nodules was significantly smaller than that of benign nodules in patients with and 
without HT (P<0.001, Table S1). Malignant nodules had significantly higher rates of solid composition, hypo- 
echogenicity or markedly hypo-echogenicity, taller than wide shape, and punctate echogenic foci than benign 
nodules in patients with and without HT (all P<0.01, Table S1). There were no differences between the benign and 
malignant groups for the left, isthmus, or right site (P=0.11, HT patients; P=0.203, non-HT patients (Table S1)). 
Notably, non-HT patients who had malignant nodules had significantly higher rates of lobulated or irregular 
margins (P<0.001), whereas the rates were comparable in HT patients (P=0.55, Table S1).

Malignancy Risks of Different Categories in the ATA, ACR, and KSThR Guidelines
In HT patients, for the ATA, the malignancy rates of nodules categorized as very low suspicion to high suspicion were 0%, 
7.7%, 57.4%, and 87.9% (Table 2), all of which were generally within the ranges of the suggested risk, except the 
“intermediate suspicion” category, which was higher than the suggested risk. Regarding the ACR, the malignancy rates of 
nodules categorized as not suspicious to highly suspicious were 0%, 7.7%, 61.1%, and 90.5% (Table 2). Similarly, the 
“moderately suspicious” category had a higher malignancy risk than the suggested category. Based on the KSThR, the 
percentages of malignancy from benign to high suspicion were 0%, 5.6%, 58.6%, and 88.8% (Table 2), and the calculated 
malignancy of all categories was almost within the ranges of the suggested ones. In non-HT patients, the calculated 
malignancy risks of intermediate suspicion nodules in ATA (35.3%) and the moderately suspicious nodules in the ACR 
guidelines (34%) were also higher than the recommended ones (10–20%, intermediate suspicion nodules in ATA; 5–20%, 
moderately suspicious nodules in ACR). Moreover, compared to HT patients, the calculated malignancy risks of high and 
intermediate suspicion nodules in the ATA and KSThR guidelines and the moderately suspicious nodules in the ACR 
guidelines were significantly lower in non-HT patients (P<0.05, Table 2), which were closer to the recommended risks.

Comparison of the Diagnostic Performance of the ATA, ACR, and KSThR Guidelines
High suspicion was used as the malignant cutoff value to distinguish between benign and malignant nodules. Regarding 
the diagnostic performance among the three guidelines, the ACR guidelines showed the lowest sensitivity (P<0.01, 
Table 3) and NPV, followed by the KSThR and ATA guidelines in HT patients. Specificity was higher in the ACR than in 
the ATA guidelines (P<0.05, Table 3). The specificity between the ATA and KSThR guidelines (P=0.5, Table 3) and the 

Table 1 Clinical Characteristics of the Study Population

Total HT Non-HT

Malignant Benign Malignant Benign Malignant Benign

Number of patients 406 288 154 61 252 227

Number of nodules 426 290 161 62 265 228

Sex (men/women) 76/350 55/235 13/148 4/58 63/202 51/177

Age 44.29±12.46 49.9±12.40** 42.44±12.11 49.2±13.15** 45.41±12.57 50.10±12.21**

TT3 (ug/L) 1.10±0.20 1.09±0.21 1.09±0.19 1.04±0.20 1.10±0.21 1.10±0.21

TT4 (ug/L) 83.44±18.54 87.76±19.65** 81.70±17.76 84.59±18.42 84.53±18.97 88.69±19.94*

FT3 (pmol/L) 4.82±0.57 4.76±0.56 4.81±0.60 4.67±0.48 4.82±0.55 4.78±0.58

FT4 (pmol/L) 17.15±2.67 17.31±2.31 16.68±2.54 17.13±2.13 17.44±2.71 17.36±2.36

TSH (mIU/L) 2.39±2.47 1.91±1.33** 3.05±3.54 2.67±1.76 1.96±1.26 1.69±1.09*

TgAb (kU/L) 39.2(23.3, 128.5) 34.0 (23.0,62.0)* 144.0(60.0, 280.0) 170.9(63.4, 299.3) 27.3(18.9,39.6) 29.4(21.5,40.4)

TPOAb (kU/L) 37.2(28.0, 238.6) 33.9 (28.0,54.4)** 525.7(78.4, 1300.0) 579.1(47.4, 1300.0) 28.8(28.0,38.2) 30.0(28.0,40.8)

Notes: Data were expressed as mean ± standard deviation for normal distribution, and as median (interquartile range 25–75%) for skewed variables. *P<0.05, **P<0.01 vs 
patients with malignant nodules. 
Abbreviations: TT3, total triiodothyronine; TT4, total thyroxine; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; TgAb, thyroglobulin 
antibody; TPOAb, thyroid peroxidase antibody; HT, Hashimoto’s thyroiditis.
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ACR and KSThR guidelines (P=0.219, Table 3) did not reach statistical significance. Similarly, for non-HT patients, the 
ACR guidelines showed the lowest sensitivity and highest specificity among the three guidelines (P<0.01, Table 3), 
followed by the KSThR and ATA guidelines. The specificity between the ATA and KSThR guidelines did not reach 
statistical significance (P=0.063, Table 3).

Comparison of Unnecessary Rates of FNA
Among the 716 thyroid nodules, 246 (34.4%), 167 (23.3%), and 257 (35.9%) were recommended according to the FNA 
criteria by the ATA, ACR and KSThR guidelines, which revealed 101 (41.1%), 78 (46.7%), and 102 (39.7%) malignant 
lesions, respectively. Of the 272 nodules larger than 1 cm, 72 and 200 belonged to patients with and without HT, 
respectively. The unnecessary biopsy rates for patients with HT were 37.5%, 18.1%, and 40.3% for the ATA, ACR, and 

Table 2 The Malignancy Rates of Various Categories of the ATA, ACR and KSThR Guidelines

Malignant Benign Recommended 
Malignancy Risk (%)

Calculated 
Malignancy Risk (%)

Ptrend

HT Non-HT HT Non-HT HT Non-HT HT Non-HT

ATA guidelines <0.001 <0.001
High suspicion 124 217 17 57 >70–90 87.9 79.2*

Intermediate suspicion 35 41 26 97 10–20 57.4 35.3**

Low suspicion 1 3 12 48 5–10 7.7 5.9
Very low suspicion 0 0 6 19 <3 0 0

Benign 0 0 0 0 <1 0 0

ACR guidelines <0.001 <0.001
Highly Suspicious 105 195 11 40 >20 90.5 83.0

Moderately Suspicious 55 67 35 130 5–20 61.1 34.0**

Mildly Suspicious 1 3 12 44 5 7.7 6.4
Not Suspicious 0 0 3 10 <2 0 0

Benign 0 0 1 4 <2 0 0

KSThR guidelines <0.001 <0.001
High suspicion 119 210 15 52 >60 88.8 80.2*

Intermediate suspicion 41 52 29 108 15–50 58.6 32.5**

Low suspicion 1 3 17 64 3–15 5.6 4.5
Benign 0 0 1 4 <3 0 0

Notes: Data were showed as number of nodules. *Ptrend <0.05, **Ptrend <0.01 vs patients with Hashimoto’s thyroiditis. 
Abbreviations: ATA, American Thyroid Association; ACR, American College of Radiology; KSThR, Korean Society of Thyroid Radiology; HT, Hashimoto’s thyroiditis.

Table 3 The Diagnostic Performance of the ATA, ACR and KSThR Guidelines in Detecting Malignant Thyroid 
Nodules

Guidelines Sensitivity (%) Specificity (%) PPV (%) NPV (%)

HT

ATA guidelines 77.5(70.1–83.6) 72.1(59.0–82.5) 87.9(81.1–92.6) 55.0(43.5–66.0)
ACR guidelines 65.2(57.3–72.4)** 82.3(70.1–90.4)* 90.5(83.3–94.9) 47.7(40.0–57.5)

KSThR guidelines 73.9(66.3–80.4)## 75.8(63.0–85.4) 88.8(81.9–93.4) 52.8(42.0–63.4)

Non-HT
ATA guidelines 83.1(77.9–87.4) 74.2(67.8–79.7) 79.2(73.8–83.7) 78.8(72.5–84.1)

ACR guidelines 73.6(67.8–78.7)** 82.5(76.8–87.0)** 83.0(77.4–87.4) 72.9(66.9–78.1)

KSThR guidelines 79.2(73.8–83.9)*## 77.2(71.1–82.4)## 80.2(74.7–84.7) 76.2(70.1–81.4)

Notes: *P<0.05, **P<0.01 vs the ATA guidelines; ##P<0.01 vs the ACR guidelines. 
Abbreviations: PPV, positive predictive value; NPV, negative predictive value; ATA, American Thyroid Association; ACR, American College of 
Radiology; KSThR, Korean Society of Thyroid Radiology; HT, Hashimoto’s thyroiditis.
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KSThR guidelines, respectively (Table 4). For non-HT patients, the unnecessary biopsy rates were 59%, 38%, and 63% 
for the ATA, ACR, and KSThR guidelines, respectively (Table 4). The ACR guidelines were associated with the lowest 
unnecessary FNA rates in patients with and without HT (all P<0.01), whereas the difference in the unnecessary FNA rate 
between the ATA and KSThR guidelines was not significant. Compared to patients without HT, those with HT had 
significantly lower unnecessary FNA rates in the three guidelines (all P<0.01, Table 4).

Discussion
In our study, the incidence rates of HT were 37.9% in patients diagnosed with PTC and 21.2% in patients without PTC. The 
higher prevalence of PTC in patients with HT was similar to those of some previous studies.10,28 The rate of lobulated or 
irregular margin was comparable between malignant and benign thyroid nodules in the HT background, which raised the 
difficulty of US in evaluating thyroid cancer in HT patients. The ATA guidelines had the highest sensitivity, and the ACR 
guidelines had the highest specificity in patients with and without HT. The ACR guidelines had the lowest unnecessary FNA 
rates, and HT patients had significantly lower unnecessary FNA rates than those without HT did.

A growing number of studies have reported the association between thyroid hormones and PTC,29–33 but no clear 
conclusions have been drawn. Higher FT4 levels were reported to be positively associated with thyroid cancer risk.30 

Another study by Gul et al32 found that lower FT3 and FT4 levels, within the normal range, increased the risk of thyroid 
cancer. Most of the aforementioned studies investigating the association between thyroid hormones and thyroid 
malignancy did not include TT3 and TT4, which also play an important role in evaluating thyroid function.34,35 

Jonklaas et al33 found an association between low TT3 levels and thyroid cancer. In our study, we observed an inverse 
association between TT4 and PTC in non-HT patients. Compared to TT3, TT4 originates from the thyroid gland and may 
better reflect thyroid function. A lower TT4 level may result in a remarkably higher TSH level, which was previously 
reported to be positively associated with PTC.36 TSH plays a major role in regulating thyroid hormone levels. TSH 
receptors are widely distributed on the surface of differentiated thyroid cancer cells. These cells respond to TSH 
stimulation by increasing the expression of several thyroid specific proteins.37 Serum TSH concentrations are positively 
correlated with the risk of thyroid cancer-related death and relapse.38 The present study also found a positive association 

Table 4 Comparison of Unnecessary FNA Rates for the Diagnosis of Thyroid Cancer (≥1cm)

Guidelines No. of Nodules 
Indicated for FNAs

No. of Malignant Nodules 
Among the FNAs

No. of Benign Nodules 
Among the FNAs

Unnecessary FNA 
Rate (%)

HT Non-HT HT Non-HT HT Non-HT HT Non-HT

ATA guidelines 68 178 41 60 27 118 37.5 59.0**
High suspicion 40 72 36 47 4 25

Intermediate suspicion 16 60 5 12 11 48

Low suspicion 8 34 0 1 8 33
Very low suspicion 4 12 0 0 4 12

Benign 0 0 0 0 0 0

ACR guidelines 47 120 34 44 13 76 18.1 38.0**
Highly Suspicious 31 51 30 38 1 13

Moderately Suspicious 15 46 4 6 11 40

Mildly Suspicious 1 23 0 0 1 23
Not Suspicious 0 0 0 0 0 0

Benign 0 0 0 0 0 0

KSThR guidelines 70 187 41 61 29 126 40.3 63.0**
High suspicion 34 66 32 45 2 21

Intermediate suspicion 23 71 9 15 14 56

Low suspicion 12 49 0 1 12 48
Benign 1 1 0 0 1 1

Notes: Data were showed as number of nodules. **P<0.01 vs patients with Hashimoto’s thyroiditis. 
Abbreviations: FNA, fine-needle aspiration; ATA, American Thyroid Association; ACR, American College of Radiology; KSThR, Korean Society of Thyroid Radiology; HT, 
Hashimoto’s thyroiditis.
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between TSH levels and PTC in non-HT patients. TgAb and TPOAb levels are independent risk factors for PTC at the 
cytological and histological levels.36,39 Spencer et al40 reported that the incidence of positive TgAb and TPOAb was 
approximately two-fold higher in patients with differentiated thyroid cancer. Our results are consistent with those of 
previous studies. However, for HT patients, there was no difference in TT4, TSH, TgAb and TPOAb levels between 
malignant and benign nodules. This may be partly due to the lower TT4 levels and higher TgAb, TPOAb, and TSH levels 
in HT, and their effect on thyroid malignancy may not be evident. However, further studies are required to evaluate the 
association between thyroid-related hormones and PTC in HT patients.

We found no differences in nodule sites between the benign and malignant groups. This may be due to the same foregut 
endodermal cells from which they originated. Notably, we found that the rate of lobulated or irregular margins was comparable 
in HT patients between the benign and malignant groups, indicating that margins may not be an independent factor in 
differentiating thyroid nodules with HT. This result was consistent with those of previous studies demonstrating that lobulated 
or irregular margins of benign thyroid nodules were more frequently observed in the thyroid glands with HT.41

We found that each category in the ATA and ACR guidelines were generally within the ranges of the suggested 
malignancy risks, except the “intermediate suspicion” category, whose malignancy risk was significantly higher than the 
suggested one. According to the KSThR guidelines, the calculated malignancy of all categories was within the ranges of 
the suggested risks. Similar results have been observed in a previous study.17 Regarding the intermediate risk categories, 
the ATA and ACR were relatively close to one another (5–10% and 5–20%, respectively), but the range of the KSThR 
was wider (15–50%). Therefore, we hypothesized that the ATA and ACR guidelines partly underestimated the malignant 
risks of the intermediate category, especially in HT patients. Moreover, our results showed a higher malignancy rate of 
thyroid nodules in patients with HT than in patients without HT, especially for nodules with high and intermediate 
suspicion. The higher malignancy rate of HT may be attributed to the close association between PTC and HT. Therefore, 
thyroid nodules with malignant features in HT patients deserve more attention than they are currently receiving.

Our results on the different strengths of three guidelines in diagnosing thyroid nodules are consistent with those of 
recent studies.17,18 A retrospective study in patients with thyroidectomy reported that the ACR guidelines were less 
sensitive and had a higher specificity than the ATA guidelines.17 Ha et al18 demonstrated that the ATA guidelines had 
a higher diagnostic sensitivity and a lower specificity than the ACR guidelines. However, in other studies, the ACR 
guidelines showed a higher sensitivity, whereas specificity and PPV were higher in the ATA guidelines.19,20 The 
differences in these studies may be attributed to the differences in the study population and the size of the nodules. 
Recently, Xu et al20 indicated that the ATA guidelines had a higher specificity than the ACR guidelines, especially in 
nodules larger than 2 cm. However, more than 50% of nodules in our study were smaller than 1 cm, which was analyzed 
by Wu et al21 and they suggested that the ACR guidelines have a higher specificity and a larger PPV than the ATA 
guidelines in thyroid nodules smaller than 1 cm. In our study, the diagnostic performance of the three guidelines showed 
almost no difference between patients with and without HT. However, based on the ATA guidelines, nodules with 
hyperechoic and microcalcification were not classified, which would restrict their application.

Regarding the less aggressive natural history of thyroid cancer, we should also focus on minimizing the false-negative rates, 
and the unnecessary biopsy rates to reduce health-care burden, patient anxiety, and unnecessary interventions. Data from previous 
studies agree that the ACR guidelines recommend fewer nodules for biopsy than other guidelines.19–22 In our study, we confirmed 
these results in patients with and without HT. One of the reasons may be the different cut-offs of each FNA guideline. They all 
agreed on the 10-mm cut-off for highly suspicious nodules; however, the cut-offs for intermediate and low suspicion were higher 
in the ACR guidelines. Notably, the unnecessary FNA rate of each guideline was significantly lower in HT patients than in non- 
HT patients, indicating that the three guidelines, especially the ACR, were more effective for HT patients.

This study has some limitations. First, this was a retrospective study, and all the data were based on recorded static 
images, which implies a risk of misclassification owing to the inadequate and non-standard image acquisition during the 
examination. Second, some of the nodules were diagnosed based on cytopathological data, which may have caused false- 
negative and false-positive results. Third, the number of HT patients was small, and a larger sample size is required in 
future analyses. Fourth, the malignancy rate was relatively high in our study, possibly because the institution was 
a tertiary referral center in which patients always had more serious diseases. This may have caused a selection bias, and 
the diagnostic performance of the three guidelines may have been affected by this bias.
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Conclusion
In summary, all three guidelines performed well in predicting thyroid malignancy and enabled more optimized FNA in 
patients with and without HT, whereas the ACR guidelines showed a statistically lower unnecessary FNA rates especially 
in HT. The ATA guidelines had the highest sensitivity, and the ACR guidelines had the highest specificity in patients with 
and without HT. HT was associated with a higher malignancy rate of thyroid nodules with intermediate suspicion 
according to the ATA, KSThR and ACR guidelines. Thus, clinicians can have a better understanding of the benefits and 
risks of US-FNA criteria in different guidelines, especially for patients with HT.

Abbreviations
PTC, papillary thyroid cancer; US-FNA, ultrasound-guided fine-needle aspiration; US, ultrasound; FNA, fine-needle 
aspiration; TIRADS, Thyroid Imaging Reporting and Data System; ATA, American Thyroid Association; KSThR, 
Korean Society of Thyroid Radiology; ACR, American College of Radiology; HT, Hashimoto’s thyroiditis; BSRTC, 
Bethesda System for Reporting Thyroid Cytology; TPOAb, thyroid peroxidase antibody; TgAb, thyroglobulin antibody; 
TT3, total triiodothyronine; TT4, total thyroxine; FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid- 
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