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Purpose: The present study aimed to examine the molecular profiles of cytologically indeterminate 
thyroid nodules stratified by American College of Radiology Thyroid Imaging Reporting and Data 
System (TI-RADS) categories and to determine whether certain ultrasonographic features display 
particular molecular alterations. 
Methods: A retrospective review was conducted of cases from January 1, 2016 to April 1, 2018. 
Cases with in-house ultrasonography, fine-needle aspiration Bethesda System for Reporting 
Thyroid Cytopathology (TBSRTC) diagnoses, molecular testing, and surgery were included. 
All cases were diagnosed as TBSRTC indeterminate categories. The ultrasound studies were 
retrospectively reviewed and assigned TI-RADS scores (TR1-TR5) by board-certified radiologists. 
The final diagnoses were determined based on the surgical resection pathology. Binary logistic 
regression analysis was used to study whether demographic characteristics, TI-RADS levels, and 
TBSRTC diagnoses were associated with ThyroSeq molecular results.
Results: Eighty-one cases met the inclusion criteria. RAS mutations were the most common 
alteration across all TI-RADS categories (TR2 2/2; TR3 10/19, TR4 13/44, and TR5 8/16), and did 
not stratify with any particular TI-RADS category. Only TR4 and TR5 categories displayed more 
aggressive mutations such as BRAFV600E and TERT. ThyroSeq results were positively correlated 
with thyroid malignancy when non-invasive follicular thyroid neoplasm with papillary-like nuclear 
features (NIFTP) was categorized in the malignant category (odds ratio [OR], 6.859; P<0.01), but 
not when NIFTP was removed from the malignancy category. Echogenicity scores were found to 
be negatively correlated with ThyroSeq results in thyroid nodules (OR, 0.162; P<0.01). 
Conclusion: Higher-risk molecular alterations tended to stratify with the higher TI-RADS 
categories.

Keywords: Thyroid nodule; American College of Radiology Thyroid Imaging Reporting and Data
System; ThyroSeq; Cytology; Fine-needle aspiration

Key points: Higher-risk molecular alterations tended to stratify with higher Thyroid Imaging 
Reporting and Data System categories; however, some alterations presented in both benign and 
neoplastic or malignant entities (e.g., RAS alterations). Only TR4 and TR5 categories displayed 
more aggressive mutations such as BRAFV600E and TERT. Echogenicity scores were negatively 
correlated with genetic alterations, but should be viewed together with other sonographic 
features.
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Introduction

Thyroid nodules occur commonly, with a prevalence of 68% in the 
adult population of the United States [1,2]. The incidence of thyroid 
cancer has increased during recent years with a decrease in the size 
of malignant nodules [3,4]. Improvement in ultrasound technology 
and increases in incidental detection may account for the increase 
in smaller malignant nodules [5]. In 2017, the American College 
of Radiology (ACR) published the 5-level classification system 
Thyroid Imaging Reporting and Data System (TI-RADS) based on 
both ultrasound characteristics and nodule size to stratify the risk of 
malignancy as determined by ultrasound features [2,6,7], including 
composition, echogenicity, shape, margin, and echogenic foci. It has 
been reported that the TI-RADS criteria have good concordance with 
The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC), 
especially in benign nodules [8].  

Fine-needle aspiration (FNA) cytology is regarded as the most 
efficient method for evaluating thyroid lesions [9,10]. Thyroid 
FNA cytology samples are categorized using TBSRTC at most 
institutions [10], with accuracy rates ranging from 62% to 85% 
[11,12]. Indeterminate TBSRTC diagnostic categories (category 
III lesions, atypia of undetermined significance/follicular lesion 
of undetermined significance [AUS/FLUS]; category IV, follicular 
neoplasm/suspicious for follicular neoplasm [FN/SFN]; and category 
V, suspicious for malignancy) may pose diagnostic challenges and 
comprise up to 25% of FNA cytology diagnoses [10]. Moreover, 
there is no consensus on the standard of care and management 
for cytologically indeterminate thyroid nodules. Of note, genetic 
alterations are detected in approximately 90% of papillary thyroid 
carcinomas (PTCs), and more than 60% of thyroid malignancies 
[13-22]. Therefore, in order to further risk-stratify patients with 
indeterminate thyroid cytology diagnoses, molecular studies have 
been utilized to detect genetic alterations and play an important role 
in the therapeutic triage of thyroid lesions [13,14]. Molecular tests 
demonstrate a high negative predictive value (92%-96%) in thyroid 
nodules [13,14,23]. Accordingly, diagnostic hemithyroidectomy 
can be avoided in approximately 50%-60% of indeterminate FNA 
cytology cases with adjunctive molecular testing. 

As up to 25% of thyroid nodules yield indeterminate FNA cytology 
requiring molecular evaluation, but not all indeterminate FNAs 
have the same TI-RADS scores, it was hypothesized that particular 
ultrasonographic features may be associated with certain molecular 
alterations. The present study analyzed the molecular profiles 
of thyroid nodules stratified by TI-RADS categories, as assigned 
retrospectively by board-certified radiologists with expertise in 
ultrasonography, and evaluated the correlation between molecular 
alterations and TI-RADS scores.

Materials and Methods

Compliance with Ethical Standards
The Study was approved by the Institutional Review Board of NYU 
Langone Health (i19-00812). The requirement for informed consent 
was waived because the study was retrospective and involved no 
more than minimal risk to privacy.

Data Collection
A retrospective study was performed to analyze the correlation 
between ACR TI-RADS ultrasound findings and molecular alterations 
in TBSRTC indeterminate (categories III-V) thyroid nodules. FNA 
biopsies performed on adults from January 1, 2016 to April 1, 
2018 accompanied with follow-up molecular testing results and 
final surgical resection histopathology reports were included in the 
study. The information collected included ACR TI-RADS points and 
levels, patient demographics, FNA cytology results, molecular testing 
results, and final surgical outcomes. 

Between January 1, 2016 and April 1, 2018 there were 765 
ultrasound-guided FNA biopsies of thyroid nodules at our institution 
with subsequent ThyroSeq molecular testing, with cytologic 
classifications of indeterminate categories (TBSRTC III to V). Of these 
765 cases, 638 did not have surgical follow-up data available. Of 
note, 413 of the 638 cases displayed negative ThyroSeq test results, 
and therefore were not scheduled for surgical resection. Surgical 
follow-up data were available for 127 of the 765 cases, of which 
81 cases had preceding in-house ultrasound images for review. 
Therefore, 81 cases with in-house ultrasound images for review, 
FNA cytology diagnoses, in-house surgical resection pathology, and 
molecular studies were selected for this study (Fig. 1).

ACR TI-RADS
The sonographic features of each thyroid nodule were reported 
according to the published ACR TI-RADS guidelines. All ultrasound 
imaging was re-evaluated by two senior radiologists (J.Y. and S.S.), 
blinded to the original ultrasound diagnosis, to reach a consensus 
on the final diagnosis using the new ACR TI-RADS system. If a 
discrepancy existed between the two radiologists, a third senior 
radiologist (C.S.) evaluated the case and the final diagnosis was 
established on the consensus diagnosis of at least two radiologists. 
Briefly, the thyroid nodules were scored based on their size and five 
ultrasound features: composition, echogenicity, shape, margins, and 
the presence of echogenic foci. The ACR TI-RADS levels (TR1-TR5) 
were then determined by summarizing points for the five ultrasound 
features (Table 1).  
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FNA Procedure
Ultrasound-guided thyroid FNA biopsies were performed by expert 
radiologists, endocrinologists, or cytopathologists with 23- to 
27-gauge needles and 2 to 4 passes. The smears were air-dried and 
were stained with Diff-Quick and Ultrafast Papanicolaou. The smears 
were evaluated using the 2017 TBSRTC as the following categories: 
(I) non-diagnostic/unsatisfactory, (II) benign, (III) AUS/FLUS, (IV) FN/
SFN, (V) suspicious for malignancy, and (VI) positive for malignancy 
[10].

Molecular Study
All the FNA needles were routinely washed after each pass in 
ThyroSeq Preserve vials provided by ThyroSeq (CBLPath Laboratories, 
Rye Brook, NY, USA) in order to guarantee availability should those 
cases be diagnosed as cytologically indeterminate. ThyroSeq is 
a DNA- and RNA-based next-generation sequencing assay that 
analyzes genes for a variety of genetic alterations. 

After receiving a cytologically indeterminate diagnosis, the 

Fig. 1. Study flowchart. Initially, there were 765 ultrasound-guided 
thyroid fine-needle aspiration (FNA) biopsies of thyroid nodules at 
the authors’ institution with subsequent ThyroSeq molecular testing 
between January 1, 2016 and April 1, 2018. After excluding 638 
cases lacking surgical follow-up data (127 cases remaining), only 
81 cases that had preceding in-house ultrasound images for review 
were kept in this study. These 81 cases all had preceding in-house 
thyroid ultrasound images, in-house cytology FNA, and ThyroSeq 
molecular results. 

FNAs performed on adults
from Jan 1, 2016 to Apr 1,

2018 with subsequent 
ThyroSeq molecular testing

765 Cases

127 Cases remaining

81 Cases remaining

Exclusion of cases lacking
surgical follow-up

Exclusion of cases lacking
preceding in-house 
ultrasound images

Table 1. Cytologic, surgical, and molecular diagnoses with demographic data for TI-RADS TR 2-5 nodules
TR2 (n=2) TR3 (n=19) TR4 (n=44) TR5 (n=16) Total (n=81)

Age (year) 40.0 42.7 53.5 54.8 50.6a)

Sex (male:female) 0:2 5:14 10:34 5:11 20:61

Cytologic diagnosis
TBS IIIb) 1 (RAS, 1) 12 (Neg, 3; RAS, 6; EIF1AX, 1; 

TSHR, 1; DICER, 1)
31 (Neg, 8; ALK, 1; BRAFV600E, 1; BRAFK601E, 
1; EIF1AX, 1; RAS, 11; MET, 1; NTRK1/3, 1; 

PPARG, 4; P53, 1; Insuff, 1c))

10 (Neg, 2; RAS, 6; P53, 1; 
BRAFK601E, 1)

54

TBS IVb) 1 (RAS, 1) 6 (Neg, 1; RAS, 4; GEP-P, 1) 12 (Neg, 3; RAS, 2; MET, 2; GEP-P, 1; PPARG, 
1; TERT, 1; P53, 2) 

4 (Neg, 1; RAS, 1; TERT, 1; 
IGF2BP3, 1)

23

TBS Vb) 0 1 (PPARG, 1) 1 (NTRK1/3, 1) 2 (RAS, 1; Neg, 1) 4

Surgical diagnosis

Benign
FA 0 6 (Neg, 3; RAS, 1; TSHR, 1; 

GEP-P, 1)
12 (Neg, 3; RAS, 5; EIF1AX, 1; MET, 1; P53, 1; 

GEP-P, 1)
2 (RAS, 1; P53, 1) 20

NH 1 (RAS, 1) 1 (Neg, 1) 6 (Neg, 3; MET, 1; P53, 1; Insuff, 1c)) 5 (Neg, 1; RAS, 4) 13

Others 0 0 3 (Neg, 3)  1 (IGF2BP3, 1) 4

NIFTP 1 (RAS, 1) 8 (RAS, 6; EIF1AX, 1; DICER, 1) 13 (Neg, 1; RAS, 7; BRAFK601E, 1; PPARG, 4) 1 (RAS, 1) 23

Thyroid cancer

Conv-PTC 0 2 (RAS, 1; PPARG, 1) 3 (BRAFV600E, 1; MET, 1; NTRK1/3, 1) 5 (Neg, 3; RAS, 2) 10
FVPTC 0 2 (RAS, 2) 5 (RAS, 1; ALK, 1; NTRK1/3, 1; Neg, 1; 

PPARG, 1)
1 (BRAFK601E, 1) 8

FC 0 0 2 (TERT, 1; P53, 1) 1 (TERT, 1) 3
TI-RADS, Thyroid Imaging Reporting and Data System; GEP-P, genetic expression profile positive; FA, follicular adenoma; NH, nodular hyperplasia; NIFTP, non-
invasive follicular thyroid neoplasm with papillary-like features; Conv-PTC, conventional papillary thyroid carcinoma; FVPTC, follicular variant of papillary thyroid 
carcinoma; FC, follicular carcinoma; Neg, negative; Insuff, insufficient; RAS, including KRAS, NRAS, and HRAS mutations; PPARG, PAX8/PPARG gene fusion.
a)Mean age. b)TBS III, atypia of undetermined significance/follicular lesion of undetermined significance (AUS/FLUS); TBS IV, follicular neoplasm or suspicious for a follicular 
neoplasm; TBS V, suspicious for malignancy. c)Concurrent Afirma was "suspicious".
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reference to the TR scores are summarized in Table 1. 

Associations between Ultrasound Features, ThyroSeq Status, 
and Malignancy
ThyroSeq results (OR, 6.859; 95% CI, 1.955 to 24.061; P=0.003) 
(Supplementary Table 1) were positively correlated with thyroid 
malignancy when NIFTP was categorized in the malignant category 
for the outcome (thyroid neoplasm) (Supplementary Table 1), but 
not when NIFTP was removed from the malignancy category (thyroid 
malignancy) (Supplementary Table 1). Thyroid neoplasm (including 
NIFTP) tended to present in younger age groups (48.19±14.3 
vs. 53.4±15.3; OR, 0.967; 95% CI, 0.933 to 1.003; P=0.071) 
(Supplementary Table 1). Nodule size, sex, cytology category, and 
TI-RADS levels did not show correlations with the outcome of 
thyroid neoplasm in surgical resection specimens. When NIFTP 
was not categorized as a malignant outcome (thyroid malignancy) 
(Supplementary Table 1), the TI-RADS levels (OR, 2.759; 95% CI, 
1.149 to 6.622; P=0.023) (Supplementary Table 1) were positively 
correlated with thyroid malignancy. However, nodule size, age, sex, 
cytology category (TBSRTC III to V), and ThyroSeq results did not 

ThyroSeq tubes were sent out as a reflex test for all Bethesda III and 
IV cases, and for selected Bethesda V cases depending on clinical 
necessity, regardless of the TI-RADS score. The specimens were sent 
out for ThyroSeq version 2 (January 1, 2016 to December 31, 2017) 
or version 3 (January 1, 2018 to April 1, 2018). The presence of any 
identified genetic alteration was considered a positive test.

Data Analysis and Statistics
A P-value of <0.05 was considered to indicate statistical 
significance. Continuous variables are presented as mean±standard 
deviation. The correlations between demographics, TI-RADS features 
and levels, ThyroSeq results (positive vs. negative) and TBSRTC 
diagnoses with thyroid malignancy as the outcome were analyzed 
using binary logistic regression and odds ratios (ORs) with 95% 
confidence intervals (CIs) (Supplementary Table 1), to study whether 
the above factors were predictive of malignancy in thyroid nodules. 
ThyroSeq results of "insufficient" were excluded in the binary 
logistic regression analysis. The diagnosis of non-invasive follicular 
thyroid neoplasm with papillary-like nuclear features (NIFTP) on 
surgical resection pathology was categorized in the malignant 
category ("thyroid neoplasm") or removed from the malignant 
category ("thyroid malignancy") for calculation purposes in binary 
logistic regression analysis (Supplementary Table 1). 

To study whether demographics, TI-RADS levels and TBSRTC 
diagnoses were predictive of ThyroSeq molecular results (positive 
vs. negative), binary logistic regression analysis was conducted, and 
ORs with 95% CIs were calculated (Tables 2, 3). 

Results

Detailed demographic information, nodule size, ACR TI-RADS 
features and levels, TBSRTC category, and molecular results are 
summarized in Table 1. Most cases were TR4 nodules (44/81, 
54.3%) (Table 1), and the most common cytologic diagnoses were 
TBSRTC III (64/81, 79.0%) (Table 1). Exemplary ultrasound images, 
cytopathology and histopathology photomicrography for thyroid 
nodules are presented in Figs. 2-5. 

Molecular Alterations Stratified by TI-RADS Categories
Molecular alterations were detected in 89.2% of cases (65/81) (Table 
1). RAS mutations were the most common mutation across all TI-
RADS categories (TR2 2/2, TR3 10/19, TR4 13/44, and TR5 8/16) 
(Table 1). On surgical pathology follow-up, 45.7% of thyroid nodules 
were benign (37/81) (Table 1). NIFTP diagnoses made up 28.4% of 
cases (23/81) (Table 1).

The age, sex distribution, cytology category, surgical pathology 
diagnosis, and molecular testing results for thyroid nodules in 

Table 2. Binary logistic regression analyses of the association 
between clinical and TI-RADS characteristics in correlation with 
molecular alterations on ThyroSeq

Odds ratio 95% Confidence interval P-value

Age 1.024 0.985-1.063 0.229

Nodule size 0.839 0.578-1.216 0.353

Sex 1.011 0.285-3.595 0.986

TI-RADS 0.308 1.458-2.183 0.670

Cytologic diagnosis 0.670 0.308-1.458 0.312

TI-RADS, Thyroid Imaging Reporting and Data System. 

Table 3. Binary logistic regression analyses of the association 
between clinical and sonographic characteristics in correlation 
with molecular alterations on ThyroSeq

Odds ratio 95% Confidence interval P-value

Age 1.037 0.994-1.081 0.091

Nodule size 0.919 0.586-1.443 0.715

Sex 0.670 0.160-2.809 0.584

Cytologic diagnosis 1.458 0.515-4.128 0.477

Composition 2.913 0.590-14.383 0.190

Echogenicity 0.162 0.048-0.545 0.003*

Shape 1.062 0.469-2.406 0.885

Margin 1.383 0.496-3.860 0.535

Echogenic foci 0.725 0.412-1.277 0.266

*P<0.05, binary logistic regression.
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Fig. 2. Exemplary ultrasonography, cytopathology and histopathology photomicrography for TI-RADS TR2 nodule.
This nodule was a mixed cystic and solid, isoechoic and focal hypoechoic, well-circumscribed hypervascular thyroid nodule (TI-RADS TR2) 
(A, C, E), which exhibited architectural atypia (macrofollicles and microfollicles) and cytologic atypia (nuclear crowding and enlargement) 
on cytopathology (TBSRTC III, AUS; B, Diff-Quik stain, ×400; D, Papanicolaou stain, ×400) with a HRAS mutation and was confirmed to be 
nodular hyperplasia (F, H&E stain, ×100) on surgical resection.TI-RADS, Thyroid Imaging Reporting and Data System; TBSRTC, The Bethesda 
System for Reporting Thyroid Cytopathology; AUS, atypia of undetermined significance.

A B

C D

E F
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Fig. 3. Exemplary ultrasonography, cytopathology and histopathology photomicrography for TI-RADS TR3 nodule.
This is a solid hyperechoic thyroid nodule (TI-RADS TR3) (A, C, E), which exhibited architectural atypia (macrofollicles and microfollicles) and 
cytologic atypia (nuclear crowding and enlargement) on cytopathology (TBSRTC III, AUS; B, Diff-Quik stain, ×400; D, Papanicolaou stain, 
×400) with a HRAS mutation and was confirmed to be a follicular adenoma (F, H&E stain, ×100) on surgical resection. TI-RADS, Thyroid 
Imaging Reporting and Data System; TBSRTC, The Bethesda System for Reporting Thyroid Cytopathology; AUS, atypia of undetermined 
significance.

A B

C D

E F
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Fig. 4. Exemplary ultrasonography, cytopathology and histopathology photomicrography for TI-RADS TR4 nodule.
The nodule is a solid, isoechoic, lobulated thyroid nodule (TI-RADS TR4) (A, C, E) which exhibited cell crowding, microfollicles and dispersed 
isolated cells on cytopathology (TBSRTC IV, suspicious for follicular neoplasm; B, Diff-Quik stain, ×400; D, Papanicolaou stain, ×400) with a 
TERT mutation and was confirmed to be a follicular carcinoma (F, H&E stain, ×100; inset, extracapsular invasion, ×200) on surgical resection. 
TI-RADS, Thyroid Imaging Reporting and Data System; TBSRTC, The Bethesda System for Reporting Thyroid Cytopathology.

A B

C D

E F
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Fig. 5. Exemplary ultrasonography, cytopathology and histopathology photomicrography for TI-RADS TR5 nodule.
The nodule is an almost solid, hypoechoic thyroid nodule with punctate echogenic foci (TI-RADS TR5) (A, C, E), which exhibit cell crowding, 
microfollicles, and dispersed isolated cells with nuclear enlargement, nuclear pallor, nuclear grooves on cytopathology (TBSRTC V, suspicious 
for follicular neoplasm; B, Diff-Quik stain, ×400; D, Papanicolaou stain, ×400) on cytopathology with a negative ThyroSeq result and was 
confirmed to be a classic papillary thyroid carcinoma (F, H&E stain, ×100; inset, ×200) on surgical resection. TI-RADS, Thyroid Imaging 
Reporting and Data System; TBSRTC, The Bethesda System for Reporting Thyroid Cytopathology.

A B

C D

E F
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show a statistically significant correlation with a malignant outcome 
in surgical resection specimens (Supplementary Table 1). 

Associations between Ultrasound Features and ThyroSeq 
Status
Demographic characteristics, nodule size, TI-RADS levels, and 
TBSRTC diagnoses did not show correlations with positive ThyroSeq 
results (genetic alterations) (Table 2). When the ultrasound features 
(composition, echogenicity, shape, margins, and the presence 
of echogenic foci) composing the TI-RADS levels were analyzed 
in correlation with ThyroSeq results as the outcome (Table 3), 
echogenicity scores were found to be negatively correlated with 
ThyroSeq results in thyroid nodules (OR, 0.162; 95% CI, 0.048 to 
0.545; P<0.01) (Table 3). Among the 23 hyperechoic or isoechoic 
nodules (echogenicity score of 1: 23/81, 28.4%) (Table 4), 21 
showed genetic alterations on ThyroSeq (21/23, 91.3%) (Table 4), 
most commonly RAS mutations (13/21, 61.9%) (Table 4). Most of 
the hyperechoic or isoechoic nodules were TI-RADS TR3 nodules 
(15/23, 65.2%) (Table 4), and classified as TBSRTC category III on 
cytology (16/23, 69.6%) (Table 4). Follow-up surgical resection 
for these cases showed a rate of malignancy (ROM) of 69.6% in 
the thyroid neoplasm category (16/23) (Table 4) and 26.1% in the 
thyroid malignancy category (6/23) (Table 4). Hypoechoic nodules 
(echogenicity score of 2) were the most common (51/81, 63.0%) 
(Table 4). Genetic alterations were detected in 37 hypoechoic 
nodules (37/51, 71.5%) (Table 4). The majority of the hypoechoic 
nodules were TI-RADS TR4 (33/51, 64.7%) (Table 4), and TBSTRC 
III (35/51, 68.6%) (Table 4). Follow-up surgical pathology showed 
a ROM of 52.9% in the thyroid neoplasm category (27/51) (Table 
4) and 23.5% in the thyroid malignancy category (12/31) (Table 
4). The least common were very hypoechoic nodules (echogenicity 

score of 3: 7/81, 8.6%) (Table 4). Genetic alterations were detected 
in three of the seven very hypoechoic nodules, including one MET 
mutation, one RAS mutation, and one TERT mutation. The majority 
of the very hypoechoic nodules were TI-RADS TR4 (5/7, 71.4%) 
(Table 4), and TBSTRC III (4/7, 57.1%) (Table 4). Follow-up surgical 
pathology showed a ROM of 14.3% in both the thyroid neoplasm 
and thyroid malignancy categories (Table 4). Despite a higher rate 
of alterations detected in thyroid nodules with lower echogenicity 
scores (hyperechoic/isoechoic group), the majority of the nodules 
displayed RAS mutation in both the hyperechoic/isoechoic nodules 
(61.9%) and hypoechoic nodules (51.4%) (Table 4). 

Age, sex, nodule size, and other sonographic features (composition, 
shape, margin, and echogenic foci) did not show correlations with 
ThyroSeq status in the binary logistic regression analyses (Table 3).

Discussion

Thyroid nodules are generally evaluated with the ACR TI-RADS in 
combination with cytologic findings and molecular studies for risk 
stratification and triage [24,25]. ACR TI-RADS levels have been 
shown to correlate with TBSRTC [8] and ROM [26]. Cytologically 
indeterminate thyroid nodules may pose diagnostic challenges. 
Therefore, molecular studies have been utilized for therapeutic 
triage of these cases and are of excellent clinical efficacy with a high 
negative predictive value (92%-96%) [13,14,23]. Our study aimed 
to examine the molecular profiles of thyroid nodules stratified by TI-
RADS categories.

NIFTP is considered an indolent thyroid neoplasm with excellent 
long-term survival. Though it is agreed that NIFTP cannot be 
definitively diagnosed preoperatively and is a surgical entity, the 
categorization of NIFTP remains an area of debate. Therefore, in 

Table 4. ThyroSeq results, TI-RADS levels, cytopathology categories, and surgical pathology outcomes in different echogenicity groups

Echogenicity 
scores

Count
ThyroSeq 
positive

Common alterations
TI-RADS TBSRTC Surgical pathology 

TR2 TR3 TR4 TR5 III IV VI
Thyroid 

neoplasma) 
Thyroid 

malignancya)

Hyperechoic or 
isoechoic 1

23 21 
(91.3)

RASb): 13 (61.9), EIF1AX: 2 (9.5), NTRK1/3: 
1 (4.8), BRAFV600E: 1 (4.8), DICER1: 1 (4.8), 
ALK: 1 (4.8), PPARG: 1 (4.8), TSHR: 1 (4.8),

2 
(8.7)

15 
(65.2)

6
(26.1)

0 16 
(69.6)

6 
(26.1)

1 
(4.3)

16 
(69.6)

6
(26.1)

Hypoechoic 2 51 37 
(72.5)

RASb): 19 (51.4), PPARG: 5 (13.5), P53: 
4 (10.8), BRAFK601E: 2 (5.4), MET: 2 (5.4), 

TERT: 1 (2.7), NTRK1/3: 1 (2.7), IGF2BP3: 
1 (2.7), GEP-P: 2 (5.4)

0 4
(7.8)

33 
(64.7)

14 
(27.5)

35
(68.6)

13
(25.5)

3
(5.8)

27
(52.9)

12
(23.5)

Very 
hypoechoic 3

7 3
(42.9)

MET: 1/3 (33.3%), RASb): 1/3 (33.3%), 
TERT: 1/3 (33.3%)

0 0 5 
(71.4)

2 
(28.6)

3
(42.9)

4
(57.1)

0 1
(14.3)

1
(14.3)

Values are presented as number (%).
TI-RADS, Thyroid Imaging Reporting and Data System; TBSRTC, The Bethesda System for Reporting Thyroid Cytopathology; GEP-P, genetic expression profile positive. 
a)Thyroid neoplasm: non-invasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP) was included in this category; thyroid malignancy: NIFTP was excluded 
from this category. b)RAS, including KRAS, NRAS, and HRAS mutations; PPARG, PAX8/PPARG gene fusion. 
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this study, NIFTP was classified within and then removed from 
the malignancy category. When NIFTP was removed from the 
malignancy category, the TI-RADS scores positively correlated 
with malignancy. Whereas, when NIFTP was classified in the 
malignant category, the TI-RADS scores did not show a significant 
correlation with malignancy. This is perhaps unsurprising since 
NIFTP has been shown to lack the ultrasound features typically 
associated with classic PTC (e.g., microcalcifications, taller-than-
wide shape, and irregular margins), which result in higher TI-RADS 
scores when present [27]. The predominant ultrasound features of 
NIFTP have been described as solid, hypoechoic, wider than tall, a 
circumscribed margin, no calcifications, and intermediate suspicion 
on ultrasonography [27]. These features may explain why TI-RADS 
levels only showed a positive correlation with thyroid malignancy 
when NIFTP was removed from (and thus no longer diluted) the 
malignancy category, as NIFTPs usually exhibit lower TI-RADS 
levels, similar to benign thyroid nodules [27,28]. However, as NIFTP 
nodules are usually solid, similar to malignant nodules, the individual 
feature of the composition score tended to be positively correlated 
to the thyroid neoplasm outcome when NIFTP was grouped in the 
malignancy category [28]. 

Molecular alterations occur not only in malignant nodules, but 
also frequently in neoplastic nodules such as NIFTP and even 
some benign thyroid lesions [29,30]. However, the significance of 
clonal genetic alterations observed in histologically benign nodules 
is relatively unclear. In our study, ThyroSeq showed a positive 
correlation with thyroid malignancy when NIFTP was categorized 
in the malignancy category (thyroid neoplasm). When NIFTP was 
removed from the malignant category (thyroid malignancy), the 
non-malignant category showed an increase in the number of 
neoplastic cases with molecular alterations; thus, no correlation 
was detected between ThyroSeq and malignancy. In our dataset, 
the most common mutations across all TI-RADS categories were 
RAS mutations, which occurred in both malignancies and NIFTP 
[29,31]. Only the TR4 and TR5 categories displayed more aggressive 
mutations such as BRAFV600E and TERT.  

Although the presence of a high TI-RADS score generally 
increased the likelihood of detecting a genetic alteration in 
ThyroSeq, the association was not statistically significant, which is 
consistent with previous studies [32]. Because ThyroSeq is generally 
only performed on cytologically indeterminate thyroid nodules, 
thyroid nodules with malignant diagnoses (e.g., classic PTC) that 
stratified in the higher TI-RADS categories were excluded from this 
study simply because they did not have an associated ThyroSeq test 
result. It is possible that statistical significance could have been 
achieved had molecular testing been performed on TBSTRC VI cases, 
thereby increasing our sample size and presumably increasing the 

number of aggressive (BRAF-like) alterations stratified in the higher 
TI-RADS categories. Thus, the ability to predominantly examine 
cytologically indeterminate nodules due to a lack of ThyroSeq testing 
in other categories is an inherent limitation in our study. Moreover, 
only cases with in-house surgical resection were included, which 
introduced selection bias, as the majority of benign cases could not 
be included in this study set due to the lack of necessity of surgical 
management. 

Interestingly, in this study, low echogenicity scores (hyperechogenicity 
or isoechogenicity) correlated with a higher possibility of molecular 
alterations in the thyroid nodules (Tables 3, 4). The echogenicity of 
tissue refers to the ability to reflect or transmit ultrasound waves 
in the context of surrounding tissues, and a visible difference in 
contrast will be apparent on the screen when there is an interface of 
structures with different echogenicities [33]. Generally, hyperechoic 
or isoechoic nodules are considered as sonographically "benign" 
nodules, and the TR score can be as low as 1 point for these nodules 
[2]. Despite a higher rate of alterations detected in the hyperechoic/
isoechoic group, the majority of the nodules displayed RAS 
mutations in both the hyperechoic/isoechoic and hypoechoic groups. 
It is surprising to see that hypoechoic nodules did not show a higher 
rate of molecular alterations than hyperechoic/isoechoic nodules, as 
a number of studies have shown that malignant nodules more often 
display hypoechoic echogenicity [34,35]. However, it is hypothesized 
that while malignant nodules typically display a hypoechoic pattern 
on ultrasound, the reverse is not always true-hypoechoic nodules 
alone, without other concerning ultrasound features, do not 
necessarily indicate molecular alterations or malignancy associated 
with a thyroid nodule. It would be interesting to build upon these 
findings in a larger-scale prospective study.

Echogenicity itself is a feature used to evaluate thyroid nodules 
that should be considered in concert with other sonographic 
features. Na et al. [36] found that the malignancy risk of markedly 
and mildly hypoechoic nodules with any suspicious ultrasound 
feature (microcalcification, taller-than-wide shape, spiculated/
microlobulated margin) was very high, whereas the malignancy 
risk of markedly and mildly hypoechoic nodules without suspicious 
ultrasound features was only intermediate in the group of solid 
hypoechoic nodules. Moreover, microcalcification and spiculated/
microlobulated margins were independently predictive of 
malignancy in even the isoechoic and hyperechoic nodule group 
[36]. In the present study, RAS mutations were the most common 
genetic alteration in hyperechoic or isoechoic nodules, followed by 
EIF1AX mutations, both of which are relatively low-risk mutations. 
One hyperechoic or isoechoic nodule carried a BRAFV600E mutation. 
This nodule also showed punctate echogenic foci and a lobulated/
irregular margin, with a TI-RADS level of TR4. Additionally, as a 
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single-center study, there may also have been sampling limitations. 
For example, there were only two TR2 cases, since FNA biopsies are 
usually not performed on TI-RADS TR1 and TR2 nodules. Both TR2 
nodules were hyperechoic-or-isoechoic for echogenicity, showed 
cytologic atypia on FNA (TBSRTC III and IV, respectively), and a 
follow-up with ThyroSeq testing exhibited RAS mutations. Due to the 
limited sample size of TR2 nodules, this study could not demonstrate 
the spectrum of molecular features of low TI-RADS nodules with low 
echogenicity scores. 

The present study is limited in that only cytologically indeterminate 
thyroid nodules were included, as only TBSRTC class III, IV and V 
specimens underwent further molecular studies according to the 
current protocol. Therefore, the cytological classification did not 
show statistical significance in correlation with surgical pathology 
outcomes in this study set, as TBSRTC class III and IV specimens 
show similar ROM [10]. For similar reasons, TI-RADS scores did not 
show statistical significance in correlation with surgical pathology 
outcomes. Ultrasound studies with TI-RADS scores, however, aid in 
identifying thyroid nodules that require FNA cytology assessment 
with molecular tests for further risk stratification of indeterminate 
thyroid nodules. 

The rate of NIFTP was high in our study group. This may be caused 
by the selection bias mentioned above, as cytological indeterminate 
thyroid nodules are triaged first with ThyroSeq study, and surgical 
resection is usually performed when a genetic alteration is identified 
by ThyroSeq evaluation. Therefore, surgery may be performed more 
often on nodules with low-risk features on radiology and cytology 
when ThyroSeq results are positive. Moreover, NIFTP is a relatively 
common diagnosis in thyroid resection specimens at the authors’ 
institution [37].

In conclusion, this study analyzed the ultrasound features 
composing the TI-RADS levels in correlation with thyroid malignancy 
(including and excluding NIFTP) and genetic alterations in thyroid 
nodules. Higher-risk molecular alterations tended to stratify with the 
higher TI-RADS categories; only TR4 and TR5 categories displayed 
more aggressive mutations such as BRAFV600E and TERT. However, 
some alterations presented in benign, neoplastic, and malignant 
entities (e.g., RAS alterations) and did not stratify with any TI-RADS 
category in particular. While echogenicity scores were found to be 
negatively correlated with genetic alterations in thyroid nodules, 
other sonographic features and cytological features should be 
considered together in the evaluation of the biological behavior of 
thyroid nodules. 
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