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TERT promoter mutation is associated with poor prognosis in differentiated thyroid carcinoma, with 
US features varying by mutation status. However, this correlation in anaplastic thyroid carcinoma 
(ATC) is understudied. We investigated the association between clinicopathological characteristics and 
US features of ATC with TERT mutation status and prognosis. From November 1994 to May 2022, 58 
ATC nodules from 58 patients were analyzed. Two radiologists retrospectively reviewed US features 
based on the revised K-TIRADS and ACR-TIRADS. Of all 58 ATC nodules, 32 nodules were tested for 
TERT promoter mutation and detected in 11. TERT promoter-mutated ATC was larger than TERT 
wild-type ATC (p = 0.032); however, no other differences were observed. ATC with survival period of 
less than 12 months were more likely to have lymph node metastasis (p = 0.012) or distant metastasis 
at diagnosis (p < 0.001), larger size on US (p = 0.005), and suspicion for gross extrathyroidal extension 
on US (p = 0.04) compared to ATC with survival period of 12 months or more. Advanced disease at 
diagnosis was a critical factor associated with 1-year survival in patients with ATC, whereas the TERT 
promoter mutation status was not.
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Anaplastic thyroid carcinoma (ATC) accounts for only 1%–2% of all thyroid cancers but is responsible for 
over 50% of thyroid cancer-related deaths1,2. In a recent single-institution study on a cohort spanning the past 
20  years, changes in management have been reported to increase the median overall survival (OS) of ATC 
patients, with the median OS for the entire cohort reaching 9.5 months3. However, despite this improvement, 
ATC remains one of the most aggressive and fatal solid tumors, with disease-specific mortality approaching 
100%1,3. Studies have identified several factors associated with ATC prognosis, including age, sex, tumor size, 
resectability, extent of disease, gross residual disease after surgery, and the presence of distant metastasis1,4–8.

Recently, the identification of diagnostic and prognostic molecular markers has led to improved risk 
stratification and personalized management of patients with thyroid cancer9,10. Among these markers, the BRAF 
mutation is one of the most common alterations and serves as a key oncogenic driver in thyroid cancer, observed 
in approximately 27.3%–87.1% of all papillary thyroid carcinoma (PTC)11. Previous studies have demonstrated 
that the BRAF V600E mutation was associated with high-risk clinicopathological features12,13. However, other 
studies have presented conflicting evidence, with some reporting no significant correlation between the BRAF 
mutation and prognosis14–16. ATCs are frequently characterized by additional molecular alterations, including 
telomerase reverse transcriptase (TERT) promoter mutation. TERT promoter mutation is highly prevalent in 
advanced thyroid cancers, with a collective prevalence of 11.3% in PTCs, 17.1% in follicular thyroid carcinomas 
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(FTCs), and 40.1% in ATCs17. TERT promoter mutation is associated with aggressive tumor characteristics, 
increased recurrence, and higher mortality rates in PTC17–24. The coexistence of BRAF V600E and TERT 
promoter mutations is known to significantly enhance the aggressiveness of PTC, particularly in terms of tumor 
recurrence and patient mortality7,17,20,25. Moreover, several studies have reported that TERT promoter mutations 
are also associated with worse survival outcomes in FTC, further highlighting their clinical significance beyond 
PTC18,19,22–24. However, studies have reported inconsistent results regarding the association between the TERT 
promoter mutation status and prognosis in ATC. Some studies have reported that TERT promoter mutation is 
associated with frequent distant metastasis or worse overall survival7,8,26, while others have shown no association 
between TERT promoter mutations and the prognosis of ATC19,27–29.

Despite the characteristic of a rapidly enlarging thyroid mass in ATC, ultrasonography (US) remains one 
of the fundamental diagnostic modalities. Several studies have investigated the relationship between the US 
features of DTCs and patient prognosis30–35. In terms of TERT promoter mutation, research indicates that TERT-
mutated PTCs are more likely to exhibit malignant-like US features34,35. Another recent study indicates that 
FTCs with TERT promoter mutations are more frequently categorized as high suspicion according to Korean 
Thyroid Imaging Reporting and Data System (K-TIRADS) and American College of Radiology-TIRADS (ACR-
TIRADS) criteria31. However, due to the rarity of ATC, it remains uncertain whether US findings of ATC vary 
based on the TERT promoter mutation status and how these findings correlate with patient prognosis. Therefore, 
this study aimed to explore the association between the clinicopathological characteristics and US features of 
ATC with the TERT promoter mutation status and patient survival.

Materials and methods
Study population
This retrospective study was approved by the Institutional Review Board of Samsung Medical Center (IRB No. 
SMC 2024-07-031), which waived the requirement for informed consent due to the retrospective nature of the 
study. In addition, all methods were performed in accordance with the relevant guidelines and regulations.

The 54 patients included in this study were part of a previous study, which focused on the clinicopathological 
characteristics and survival between symptomatic and asymptomatic ATC36. The current study focuses on the 
US features of ATC, the status of TERT promotion mutation, and the survival period. A total of 120 patients 
with ATC registered at our hospital between November 1994 and May 2022 were identified. Among them, 37 
patients without initial US images, eight patients with recurrence, five patients lost to follow-up, four patients 
without pathologic review at our institution, four patients with anaplastic foci found only in the lymph nodes, 
and four patients with US images inappropriate for analysis were excluded. Finally, 58 patients were included in 
the study. Two of the 58 patients exhibited two ATC nodules; in such cases, only the larger nodule was included 
in the analysis. A flowchart of the study population is shown in Fig. 1.

Clinicopathological data
Clinicopathological data were collected through a review of electronic medical records. The data included 
patient age, sex, TERT promoter mutation status, BRAF mutation status, presence of pathological extrathyroidal 
extension (ETE) if surgery was performed, lymph node metastasis at the time of diagnosis, distant metastasis 
at the time of diagnosis, and the survival period. The survival period was defined as the time interval between 
diagnosis and death for deceased patients or between diagnosis and the most recent hospital visit for living 
patients. TERT promoter mutation and BRAF V600E mutation statuses were analyzed using either next-
generation sequencing (NGS) or Sanger sequencing. The details of mutation analyses are described in the 
Supplementary Materials and Methods, Tables S1, and S2.

US examinations and US image analysis
All thyroid US examinations were performed using a 7–15 MHz linear array transducer with HDI 3000 or 5000 
(Philips Healthcare), a 5–12 MHz linear array transducer with iU22 (Philips Healthcare), or a Logiq 700 scanner 
(GE Healthcare). Examinations were conducted by one of 53 radiologists (including six faculty members and 
47 fellows) with 1–19 years of experience in thyroid imaging. Two radiologists (S.Y.H. and H.K.) retrospectively 
reviewed the US images and resolved any discrepancies through consensus. The radiologists were blinded to the 
clinicopathological characteristics of the patients during the analysis.

Tumor size on US was measured as the maximum diameter on transverse or longitudinal grayscale images. 
Following the revised K-TIRADS37, ATC nodules were evaluated based on following criteria: (1) composition 
(purely cystic, predominantly cystic, predominantly solid, or solid), (2) echogenicity (hyperechoic, isoechoic, 
mild hypoechoic, or marked hypoechoic), (3) margin (smooth, ill-defined, or irregular), (4) echogenic foci 
(punctate echogenic foci, macrocalcification, rim or peripheral calcification, or intracystic echogenic foci with 
comet tail artifact), (5) orientation (parallel or non-parallel). Additional features assessed included lobulation 
(defined as rounded protruding areas where the base measures 2.5 mm or more)38 and heterogeneity (defined 
as the presence of two distinct echogenic regions within the solid part). Thyroid nodules were classified into 
five categories in the final K-TIRADS assessment: category 1, no nodule; category 2, benign nodule (isoechoic/
hyperechoic spongiform, partially cystic nodule with intracystic echogenic foci and comet tail artifact, or purely 
cystic); category 3, low-suspicion nodule (partially cystic or isoechoic/hyperechoic nodule without any of the 
three suspicious US features such as punctate echogenic foci, non-parallel orientation, and irregular margin); 
category 4, intermediate suspicion nodule (solid hypoechoic nodule without any of the three suspicious US 
features, partially cystic or isoechoic/hyperechoic nodule with any of the three suspicious US features, or 
entirely calcified nodules); and category 5, high suspicion nodule (solid hypoechoic nodule with any of the three 
suspicious US features). The ACR-TIRADS US lexicon is summarized in Table S339.
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Statistical analysis
All categorical variables were analyzed using the Chi-square test or Fisher’s exact test, and continuous variables 
were analyzed using the Student’s t-test or the Wilcoxon rank-sum test.

Advanced disease was defined as positive if two or more of the following four criteria were met: presence of 
lymph node metastasis at the time of diagnosis, presence of distant metastasis at the time of diagnosis, nodule 
size larger than 4 cm on US, and suspicion of gross ETE on US.

We performed univariable and multivariable logistic regression analysis to identify the factors associated 
with a survival period of < 12 months. A logistic regression model was run for rare events using Firth’s penalized 
maximum likelihood estimation method. In multivariable analysis, we included variables with p values less than 
0.1 in the univariable analysis. Survival curves were constructed using the Kaplan–Meier method and compared 
using the log-rank test. All statistical analysis were performed using SAS version 9.4 (SAS Institute, Cary, NC, 
USA). Statistical significance was set at a two-sided p value < 0.05.

Results
Clinicopathological characteristics and US features of overall study population
We included 58 ATC nodules from 58 patients (mean age ± standard deviation, 66.74 ± 12.44 years). Females 
were more common (36/58, 62.07%) than men. BRAF mutation testing was performed in 38 (65.51%) of the 58 
ATC nodules and was present in 18 (47.37%) of the 38 nodules. Thirty-nine (67.24%) ATC nodules underwent 
surgery, with pathological ETE identified in 31 (79.49%) of the 39 cases. Forty-one (70.69%) of the total 58 ATC 
nodules had lymph node metastasis at the time of diagnosis, and 30 (51.72%) of the total 58 ATC nodules had 
distant metastasis at the time of diagnosis. The overall median survival period of the total included patients was 
7.12 months (interquartile range, 2.67–28.53).

The mean size of the ATC nodules on US was 4.69 ± 1.65 cm. The majority of ATC nodules were solid (42/58, 
72.41%), markedly hypoechoic (44/58, 75.86%), had a parallel orientation (53/58, 91.38%), had calcifications 
(47/58, 81.03%), were heterogeneous (49/58, 84.48%), and were lobulated (38/58, 65.52%). Twenty-eight 
(48.28%) of the 58 ATC nodules had smooth margins, 27 (46.55%) had irregular margins, and 3 (5.17%) had ill-
defined margins. Of the 58 ATC nodules, 48 (82.76%) were suspected of gross ETE on US. Thirty-two (55.17%) 
ATC nodules were classified as K-TIRADS 5 (high suspicion) and 49 (84.48%) as ACR TI-RADS 5 (highly 
suspicious).

At the time of diagnosis, 50 (86.21%) of the 58 ATC nodules met the criteria for advanced disease, defined 
as meeting two or more of the following four conditions: lymph node metastasis at the time of diagnosis, distant 
metastasis at the time of diagnosis, nodule size greater than 4 cm on US, and suspicion of gross ETE on US.

Fig. 1.  Flow chart of study population. ATC, anaplastic thyroid carcinoma.

 

Scientific Reports |        (2025) 15:11736 3| https://doi.org/10.1038/s41598-025-96774-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Clinicopathological characteristics and US features of ATC according to the TERT promoter 
mutation status
Of the 58 ATC nodules, 32 were tested for TERT promoter mutation: 11 had mutation while 21 did not. Age, 
sex, BRAF mutation status, presence of pathological ETE, lymph node metastasis at the time of diagnosis, distant 
metastasis at the time of diagnosis, and survival period showed no significant differences between the groups 
(p > 0.05) (Table 1). Kaplan–Meier analysis (Fig. 2) showed no significant difference in survival in relation to 
TERT promoter mutation status (log-rank p = 0.409).

ATC nodules with TERT promoter mutation were significantly larger on US than those without the mutation 
(5.47 ± 1.12  cm vs. 4.14 ± 1.77  cm, p = 0.032), while other US features—composition, echogenicity, margin, 
orientation, echogenic foci, heterogeneity, lobulation, gross ETE, K-TIRADS, and ACR TI-RADS—showed no 
significant differences (p > 0.05) (Table 1).

Although all 11 ATC nodules with TERT promoter mutation showed advanced disease at the time of 
diagnosis, they did not statistically differ from the nodules without TERT promoter mutation (100.00% vs. 
76.19%, p = 0.138).

Clinicopathological characteristics and US features of ATC according to survival period
The clinicopathological characteristics of ATC nodules based on the survival period (< 12 months vs. ≥ 12 months) 
were assessed (Table 2). Patients with a survival period of less than 12 months were more likely to have lymph 
node metastasis at the time of diagnosis (82.86% vs. 52.17%, p = 0.012) and distant metastasis at the time of 
diagnosis (74.29% vs. 17.39%, p < 0.001). Other factors such as age, sex, TERT promoter mutation status, BRAF 
mutation status, and pathological ETE did not differ significantly between the two survival groups (p > 0.05).

When comparing US features based on survival period, nodules in patients with a survival period of less than 
12 months were larger (5.17 ± 1.49 cm vs. 3.95 ± 1.63 cm, p = 0.005) and more likely to be suspicious for gross 
ETE on US (91.43% vs. 69.57%, p = 0.04) (Table 2, Fig. 3 and Fig. 4). Other US features, such as composition, 
echogenicity, margin, orientation, echogenic foci, heterogeneity, lobulation, K-TIRADS, and ACR TI-RADS, did 
not significantly differ between the two groups (p > 0.05).

ATC nodules in patients with survival period of less than 12  months more frequently showed advanced 
disease at the time of diagnosis (97.14% vs. 69.57%, p = 0.005).

Factors associated with survival period less than 12 months in ATC
Univariable and multivariable analysis were performed to identify factors associated with a survival period of 
less than 12 months (Table 3). Univariable analysis revealed that lymph node metastasis at the time of diagnosis 
(odds ratio [OR], 4.43; 95% confidence interval [CI], 1.33–14.72; p = 0.015), distant metastasis at the time of 
diagnosis (OR, 13.72; 95% CI 3.67–51.27; p < 0.001), larger nodule size on US (OR, 1.70; 95% CI 1.13–2.54; 
p = 0.01), suspicion of gross ETE on US (OR, 4.67; 95% CI 1.06–20.49; p = 0.041), and advanced disease (OR, 
14.87; 95% CI 1.69–131.31; p = 0.015) were significantly associated with a survival period of less than 12 months.

Among the variables with p values less than 0.1 in the univariable analysis, only the “advanced disease” 
variable was included in the multivariable analysis instead of the four following variables (lymph node metastasis 
at the time of diagnosis, distant metastasis at the time of diagnosis, size on US, and suspicion of gross ETE on 
US) because those are incorporated in the ‘advanced disease’ variable. Advanced disease was the only significant 
factor associated with a survival period of less than 12 months in patients with ATC (OR, 12.68; 95% CI 1.40, 
114.87; p = 0.024) (Table 3).

Discussion
In this study, the TERT promoter mutation in ATC was associated with a larger tumor size but did not exhibit 
significant differences in other clinicopathological characteristics or US features compared to ATC without the 
mutation. Notably, ATC nodules in patients with a survival period of less than 12 months were more likely to 
be larger, suspicious for gross ETE on US, and to present with distant or lymph node metastasis at the time 
of diagnosis. However, the TERT promoter mutation status was not associated with a survival period of less 
than 12 months in patients with ATC. These findings highlight that advanced disease at the time of diagnosis 
may serve as a more critical predictor of shorter survival periods in patients with ATC compared to the TERT 
promoter mutation status.

Although numerous studies have shown that TERT promoter mutations are associated with poor prognosis 
in thyroid cancer, these findings are mostly derived from DTC18–20,24. However, research on the association of 
TERT promoter mutations with ATC is rare, likely due to the rarity of ATC itself, even though TERT promoter 
mutations are more prevalent in ATCs than in DTCs24,40,41. In our study, distant metastasis at the time of 
diagnosis was likely more frequent in TERT promoter-mutated ATC compared with TERT wild-type ATC; 
however, the difference was not statistically significant. Other findings, including pathological ETE, lymph node 
metastasis, and survival period, exhibited no significant differences between TERT promoter-mutated and wild-
type ATC. A previous study showed that TERT promoter mutation was associated with distant metastasis in 
ATC; however, no association was found with lymph node metastasis and ETE of ATC8. In contrast, another 
study found that TERT promoter mutations in DTC were associated with distant metastasis; however, there was 
no such correlation in PDTC and ATC, which is consistent with the results of our study24. Regarding the survival 
period, several studies have shown conflicting results concerning the association between the TERT promoter 
mutation status and the survival of patients with ATC. Some studies indicate that TERT promoter-mutated ATC 
is associated with worse overall survival7,26, whereas others suggest that survival is not significantly influenced 
by the TERT promoter mutation status in ATC19,27–29. We did not find an association between TERT promoter 
mutation and prognosis-related factors other than nodule size, raising questions about the usefulness of testing 
for TERT promoter mutation in ATC. However, it is known that beyond a certain cutoff, an increase in cancer 
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Characteristics Total ATC (n = 58)
ATC with TERT promoter 
mutation (n = 11)

ATC without TERT promoter 
mutation (n = 21)

p 
value*

Age (years), mean ± SD 66.74 ± 12.44 65.22 ± 10.32 68.26 ± 11.82 0.478

Sex 0.142

 Male 22 (37.93%) 7 (63.64%) 7 (33.33%)

 Female 36 (62.07%) 4 (36.36%) 14 (66.67%)

BRAF mutation 0.142

 No 20 (34.48%) 7 (63.64%) 7 (33.33%)

 Yes 18 (31.03%) 4 (36.36%) 14 (66.67%)

 Not available 20 (34.48%) – –

Pathological ETE 0.999

 No 8 (13.79%) 1 (12.50%) 3 (23.08%)

 Yes 31 (53.45%) 7 (87.50%) 10 (76.92%)

 Not available 19 (32.76%) – –

Lymph node metastasis at diagnosis 0.667

 No 17 (29.31%) 3 (27.27%) 4 (19.05%)

 Yes 41 (70.69%) 8 (72.73%) 17 (80.95%)

Distant metastasis at diagnosis 0.061

 No 28 (48.28%) 2 (18.18%) 12 (57.14%)

 Yes 30 (51.72%) 9 (81.82%) 9 (42.86%)

Survival period (months), median (IQR1, IQR3) 7.12 (2.67, 28.53) 11.17 (4.50, 20.37) 6.70 (4.07, 28.53) 0.475

Size (cm), mean ± SD 4.69 ± 1.65 5.47 ± 1.12 4.14 ± 1.77 0.032

Composition 0.999

 Predominantly cystic 1 (1.72%) 0 (0.00%) 0 (0.00%)

 Predominantly solid 15 (25.86%) 3 (27.27%) 7 (33.33%)

 Solid 42 (72.41%) 8 (72.73%) 14 (66.67%)

Echogenicity 0.999

 Iso/Hyperechoic 1 (1.72%) 0 (0.00%) 0 (0.00%)

 Mild hypoechoic 13 (22.41%) 3 (27.27%) 6 (28.57%)

 Marked hypoechoic 44 (75.86%) 8 (72.73%) 15 (71.43%)

Margin 0.863

 Smooth 28 (48.28%) 6 (54.55%) 11 (52.38%)

 Ill-defined 3 (5.17%) 0 (0.00%) 2 (9.52%)

 Irregular 27 (46.55%) 5 (45.45%) 8 (38.10%)

Orientation 0.534

 Parallel 53 (91.38%) 11 (100.00%) 18 (85.71%)

 Non-parallel 5 (8.62%) 0 (0.00%) 3 (14.29%)

Echogenic foci 0.93

 No 11 (18.97%) 3 (27.27%) 6 (28.57%)

 Macrocalcification 16 (27.59%) 4 (36.36%) 5 (23.81%)

 Rim calcification 1 (1.72%) 0 (0.00%) 1 (4.76%)

 Punctate echogenic foci 30 (51.72%) 4 (36.36%) 9 (42.86%)

Heterogeneity 0.374

 No 9 (15.52%) 1 (9.09%) 6 (28.57%)

 Yes 49 (84.48%) 10 (90.91%) 15 (71.43%)

Lobulation 0.266

 No 20 (34.48%) 3 (27.27%) 11 (52.38%)

 Yes 38 (65.52%) 8 (72.73%) 10 (47.62%)

Suspicious of gross ETE on US 0.999

 No 10 (17.24%) 2 (18.18%) 5 (23.81%)

 Yes 48 (82.76%) 9 (81.82%) 16 (76.19%)

K-TIRADS 0.999

 3 (Low suspicion) 1 (1.72%) 0 (0.00%) 0 (0.00%)

 4 (Intermediate suspicion) 25 (43.10%) 7 (63.64%) 12 (57.14%)

 5 (High suspicion) 32 (55.17%) 4 (36.36%) 9 (42.86%)

ACR TI-RADS 0.552

 3 (Mildly suspicious) 1 (1.72%) 1 (9.09%) 0 (0.00%)

Continued
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Fig. 2.  Kaplan–Meier survival curve stratified by TERT mutation status. TERT, telomerase reverse 
transcriptase.

 

Characteristics Total ATC (n = 58)
ATC with TERT promoter 
mutation (n = 11)

ATC without TERT promoter 
mutation (n = 21)

p 
value*

 4 (Moderately suspicious) 8 (13.79%) 2 (18.18%) 3 (14.29%)

 5 (Highly suspicious) 49 (84.48%) 8 (72.73%) 18 (85.71%)

Advanced disease† 0.138

 No 8 (13.79%) 0 (0.00%) 5 (23.81%)

 Yes 50 (86.21%) 11 (100.00%) 16 (76.19%)

Table 1.  Clinicopathological characteristics and US features of anaplastic thyroid carcinoma according to the 
TERT promoter mutation status. Unless otherwise specified, the data are presented as the number of nodules 
with percentages in parentheses. ACR-TIRADS, American College of Radiology Thyroid Imaging Reporting 
and Data System; ATC, anaplastic thyroid carcinoma; ETE, extrathyroidal extension; IQR, interquartile range; 
K-TIRADS, Korean Thyroid Imaging Reporting and Data System; SD, standard deviation; TERT, telomerase 
reverse transcriptase. *Comparisons were performed between ‘ATC with TERT promoter mutation’ and ‘ATC 
without TERT promoter mutation.’ Patients with missing data were also excluded. A p value of < 0.05 was 
considered statistically significant. †Advanced disease was defined as positive if two or more of the following 
four criteria were met: presence of lymph node metastasis at the time of diagnosis, presence of distant 
metastasis at the time of diagnosis, nodule size > 4 cm on US, and suspicion of gross ETE on US.
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Characteristics Total ATC (n = 58) Survival period < 12 months (n = 34) Survival period ≥ 12 months (n = 24) p value*

Age (years), mean ± SD 66.74 ± 12.44 68.26 ± 12.65 64.44 ± 12.03 0.256

Sex 0.34

 Male 22 (37.93%) 15 (42.86%) 7 (30.43%)

 Female 36 (62.07%) 20 (57.14%) 16 (69.57%)

TERT promoter mutation 0.703

 No 21 (36.21%) 14 (70.00%) 7 (58.33%)

 Yes 11 (18.97%) 6 (30.00%) 5 (41.67%)

 Not done 26 (44.83%) – –

BRAF mutation 0.111

 No 20 (34.48%) 15 (62.50%) 5 (35.71%)

 Yes 18 (31.03%) 9 (37.50%) 9 (64.29%)

 Not done 20 (34.48%) – –

Pathological ETE 0.426

 No 8 (13.79%) 2 (11.76%) 6 (27.27%)

 Yes 31 (53.45%) 15 (88.24%) 16 (72.73%)

 Not available 19 (32.76%) – –

Lymph node metastasis at diagnosis 0.012

 No 17 (29.31%) 6 (17.14%) 11 (47.83%)

 Yes 41 (70.69%) 29 (82.86%) 12 (52.17%)

Distant metastasis at diagnosis  < 0.001

 No 28 (48.28%) 9 (25.71%) 19 (82.61%)

 Yes 30 (51.72%) 26 (74.29%) 4 (17.39%)

Size (cm), mean ± SD 4.69 ± 1.65 5.17 ± 1.49 3.95 ± 1.63 0.005

Composition 0.855

 Predominantly cystic 1 (1.72%) 1 (2.86%) 0 (0.00%)

 Predominantly solid 15 (25.86%) 8 (22.86%) 7 (30.43%)

 Solid 42 (72.41%) 26 (74.29%) 16 (69.57%)

Echogenicity 0.197

 Iso/Hyperechoic 1 (1.72%) 0 (0.00%) 1 (4.35%)

 Mild hypoechoic 13 (22.41%) 10 (28.57%) 3 (13.04%)

 Marked hypoechoic 44 (75.86%) 25 (71.43%) 19 (82.61%)

Margin 0.147

 Smooth 28 (48.28%) 19 (54.29%) 9 (39.13%)

 Ill-defined 3 (5.17%) 3 (8.57%) 0 (0.00%)

 Irregular 27 (46.55%) 13 (37.14%) 14 (60.87%)

Orientation 0.999

 Parallel 53 (91.38%) 32 (91.43%) 21 (91.30%)

 Non-parallel 5 (8.62%) 3 (8.57%) 2 (8.70%)

Echogenic foci 0.83

 No 11 (18.97%) 7 (20.00%) 4 (17.39%)

 Macrocalcification 16 (27.59%) 8 (22.86%) 8 (34.78%)

 Rim calcification 1 (1.72%) 1 (2.86%) 0 (0.00%)

 Punctate echogenic foci 30 (51.72%) 19 (54.29%) 11 (47.83%)

Heterogeneity 0.135

 No 9 (15.52%) 3 (8.57%) 6 (26.09%)

 Yes 49 (84.48%) 32 (91.43%) 17 (73.91%)

Lobulation 0.243

 No 20 (34.48%) 10 (28.57%) 10 (43.48%)

 Yes 38 (65.52%) 25 (71.43%) 13 (56.52%)

Suspicious of gross ETE on US 0.04

 No 10 (17.24%) 3 (8.57%) 7 (30.43%)

 Yes 48 (82.76%) 32 (91.43%) 16 (69.57%)

K-TIRADS 0.271

 3 (Low suspicion) 1 (1.72%) 0 (0.00%) 1 (4.35%)

 4 (Intermediate suspicion) 25 (43.10%) 17 (48.57%) 8 (34.78%)

 5 (High suspicion) 32 (55.17%) 18 (51.43%) 14 (60.87%)

Continued
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size is associated with a poorer prognosis42. While our study did not find statistically significant differences in 
other prognostic factors, the association between TERT promoter mutations and larger nodule size suggests 
that TERT promoter mutations may still contribute to tumor aggressiveness by driving increased tumor size, 
which then might affect prognosis. Therefore, TERT promoter mutations should not be regarded as completely 
unrelated to patient outcomes. The small sample size may have hindered our ability to draw definitive conclusions.

The four most common mutations in ATC are TP53 alterations, RAS mutations (H-K-N RAS), BRAF 
mutations (primarily V600E), and TERT promoter alterations (C228T and C250T), with TP53 alterations being 
the most frequent7,27,43,44. TP53 mutations cause protein inactivation, leading to the inhibition of apoptosis and 
uncontrolled cell cycle progression, which are very rare in DTC, supporting the notion that they occur as a 
late event in tumor dedifferentiation2. In our study, all six patients with TERT promoter mutations detected 
by NGS had accompanying mutations (Table S4). Three cases had three co-mutations, while the remaining 
three cases had two co-mutations. The most common co-mutation was TP53, found in four cases, followed by 
BRAF in three cases and RAS in two cases. The coexistence of BRAF V600E and TERT promoter mutations 
is known to significantly enhance the aggressiveness of PTC7,17,20,25, but studies on the association between 
other co-mutations and prognosis in ATC are lacking. Furthermore, a study analyzing 168 patients with PTC 
demonstrated that a high percentage of BRAF V600E alleles in PTC is associated with a poorer outcome45. This 
supports the idea that the prognostic relevance of genetic mutations may depend on the proportion of mutant 
alleles present. Although our small sample size limited the assessment of prognostic differences based on variant 
allele frequency (VAF) of TERT promoter mutation in ATC, future studies with a larger cohort may clarify 
whether VAF levels influence prognosis. In conclusion, in ATC, further research may be needed to investigate 
not only the presence of TERT promoter mutations alone but also the synergistic effects of co-mutations and 
factors such as VAF in relation to prognosis.

Owing to the rarity of the disease, only a few studies have evaluated the US findings of ATC. Previous studies 
showed that typical malignant-favoring US features such as uncircumscribed margins and irregular shapes are 
the common US features of ATC46–48. In our study, 91.38% ATC nodules showed parallel orientation, which is 
not a typical malignant-favoring US feature37,39. The mechanism of the “taller-than-wide sign” is no or minimal 
compressibility of a thyroid mass by the US probe, which occurs more frequently in malignant masses than in 
benign masses49,50. In cases of large ATC, the tumor often replaces nearly an entire thyroid lobe; since the thyroid 
itself is generally wider than it is tall, lesions that replace the entire thyroid might appear parallel in US images. 
Regarding the margin, nodules with smooth margins (48.28%) were slightly more common than those with 
irregular margins (46.55%) in our study. Circumscribed margins are usually benign-favoring US features, but 
some high-grade or rapidly growing tumors, such as those in breast cancer, can also present with circumscribed 
margins51. Similarly, rapidly growing ATC might present smooth but expanding and pushing border margins 
in some areas. On the other hand, US may be limited in comprehensively assessing the overall margins of large 
ATCs compared to CT. Therefore, some circumscribed margins may be evaluated using US, whereas irregular 
and infiltrative margins on the other side of the tumor may not be adequately assessed. This limitation is due to 
the large size of ATCs and the restricted field of view of US. This might explain our finding that only 55.17% of 
ATC nodules were classified as 5 (high suspicion) based on the K-TIRADS, whereas 84.48% were classified as 5 
(highly suspicious) using the ACR TI-RADS. The ACR TI-RADS assigns a score of 3 if there is ETE regardless 
of the nodule margin, whereas nodules with smooth margins are more likely to be classified as K-TIRADS 4 
(intermediate suspicion). Therefore, when evaluating large ATCs that do not fit within a single US screen, closely 
examining the entire lesion margin is crucial.

Among the US features of ATC, larger size and suspicion of gross ETE on US were common in ATCs with 
a survival period of less than 12 months. Even in the presence of distant disease, achieving local control can 
improve short-term survival rates, as the rapid local progression of ATC, often leading to suffocation, is the 

Characteristics Total ATC (n = 58) Survival period < 12 months (n = 34) Survival period ≥ 12 months (n = 24) p value*

ACR TI-RADS 0.244

 3 (Mildly suspicious) 1 (1.72%) 1 (2.86%) 0 (0.00%)

 4 (Moderately suspicious) 8 (13.79%) 3 (8.57%) 5 (21.74%)

 5 (Highly suspicious) 49 (84.48%) 31 (88.57%) 18 (78.26%)

Advanced disease† 0.005

 No 8 (13.79%) 1 (2.86%) 7 (30.43%)

 Yes 50 (86.21%) 34 (97.14%) 16 (69.57%)

Table 2.  Clinicopathological characteristics and US features of anaplastic thyroid carcinoma according to 
survival period. Unless otherwise specified, the data are presented as the number of nodules with percentages 
in parentheses. ACR-TIRADS, American College of Radiology Thyroid Imaging Reporting and Data System; 
ATC, anaplastic thyroid carcinoma; ETE, extrathyroidal extension; K-TIRADS, Korean Thyroid Imaging 
Reporting and Data System; SD, standard deviation; TERT, telomerase reverse transcriptase. *Comparisons 
were performed between ‘Survival period < 12 months’ and ‘Survival period ≥ 12 months’. Patients with missing 
data were also excluded. A p value of < 0.05 was considered statistically significant. †Advanced disease was 
defined as positive if two or more of the following four criteria were met: presence of lymph node metastasis 
at the time of diagnosis, presence of distant metastasis at the time of diagnosis, nodule size > 4 cm on US, and 
suspicion of gross ETE on US.

 

Scientific Reports |        (2025) 15:11736 8| https://doi.org/10.1038/s41598-025-96774-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


most frequent cause of death in these patients1,2. ATC with a larger size and obvious ETE on US, revealing direct 
invasion into the adjacent trachea or critical perithyroidal structures, may be prone to an uncontrollable disease 
state, resulting in a shorter survival period. In contrast, an intrathyroidal ATC nodule on US, which lacks the 
US features of gross ETE, might be expected to show a longer survival period, in line with a previous study4,6.

This study has several limitations. First, the study population was small, reflecting the rarity of ATC. Second, 
because the data were collected retrospectively over an extended period, advances in treatment that could affect 
patient survival were not considered. Third, not all patients underwent surgery, resulting in the absence of 
pathological ETE data for 19 patients. Additionally, not all patients were tested for BRAF or TERT promoter 
mutations, leaving 20 and 26 cases, respectively, without this information. Among the 26 cases in which TERT 
promoter mutation testing was not performed, 7 were from the 39 surgical cases.

In conclusion, TERT promoter mutations were not associated with pathological ETE, the presence of lymph 
node or distant metastasis at diagnosis, or the survival period in patients with ATC. Moreover, US features, 
apart from size, did not significantly differ according to TERT promoter mutation status, in contrast to findings 
in other DTCs. However, larger nodule size, suspicion of gross ETE on US, and the presence of lymph node or 
distant metastasis at diagnosis were critical factors associated with 1-year survival in patients with ATC. These 
findings emphasize that the extent of advanced disease at the time of diagnosis may be more closely associated 
with survival outcomes than TERT promoter mutation in patients with ATC.

Fig. 3.  A 78-year-old woman diagnosed with anaplastic thyroid carcinoma, confirmed to be negative for 
TERT promoter mutation. (A) The transverse US image displays a 5.9 cm lobulated, predominantly solid, 
markedly hypoechoic nodule in the left thyroid gland, exhibiting parallel orientation and suspicious gross 
extrathyroidal extension (ETE) (arrows). (B) Multiple suspicious cystic metastatic lymph nodes are evident 
in both bilateral necks (arrows). (C) The axial contrast-enhanced CT image reveals a large necrotic mass in 
the left thyroid gland that is heterogeneously enhancing, with gross ETE and direct invasion of the adjacent 
trachea, esophagus, and anterior strap muscle (arrows). (D) The PET-CT image illustrates uptake in the 
thoracic spine (arrow), suggestive of bone metastasis. The patient died 1.57 months following diagnosis. CT, 
computed tomography; PET-CT, positron emission tomography-computed tomography; TERT, telomerase 
reverse transcriptase; US, ultrasonography.
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Fig. 4.  A 56-year-old woman diagnosed with anaplastic thyroid carcinoma, confirmed to be negative for 
TERT promoter mutation. (A, B) The transverse and longitudinal US images reveal a 1.8 cm irregular, 
heterogeneous hypoechoic nodule with punctate echogenic foci in the right thyroid gland (arrows). The nodule 
is intrathyroidally located, and gross extrathyroidal extension (ETE) was not suspected on US. (C) Multiple 
metastatic lymph nodes are observed in the ipsilateral neck (arrow). (D) The axial contrast-enhanced CT 
image demonstrates a low-density mass in the right thyroid gland without evidence of ETE (arrow). There 
was no indication of distant metastasis at diagnosis. A total thyroidectomy with central neck dissection and 
right lateral neck dissection was performed, which revealed no pathological ETE. The patient remains alive, 
with a survival period of 59.77 months from diagnosis to the most recent follow-up, without recurrence. CT, 
computed tomography; TERT, telomerase reverse transcriptase; US, ultrasonography.
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Variable

Univariable analysis Multivariable analysis

Odds ratio (95%CI) p value Odds ratio (95%CI) p value

Age 1.03 (0.98–1.07) 0.253

Sex

 Male 1.71 (0.56–5.21) 0.342

 Female Reference

TERT promoter mutation

 No Reference

 Yes 0.60 (0.13–2.67) 0.503

BRAF mutation

 No Reference

 Yes 0.33 (0.08–1.31) 0.116

Pathological ETE

 No Reference

 Yes 2.81 (0.49–16.16) 0.246

Lymph node metastasis at diagnosis

 No Reference

 Yes 4.43 (1.33–14.72) 0.015

Distant metastasis at diagnosis

 No Reference

 Yes 13.72 (3.67–51.27)  < 0.001

Size (cm), mean ± SD 1.70 (1.13–2.54) 0.01

Composition*

 Predominantly cystic Reference

 Predominantly solid 0.38 (0.00–39.06) 0.681

 Solid 0.53 (0.01–51.63) 0.788

Echogenicity*

 Iso/Hyperechoic Reference

 Mild hypoechoic 9.01 (0.08–989.59) 0.359

 Marked hypoechoic 3.93 (0.04–378.12) 0.557

Margin*

 Smooth Reference

 Ill-defined 3.41 (0.10–114.35) 0.493

 Irregular 0.45 (0.15–1.35) 0.156

Orientation

 Parallel Reference

 Non-parallel 0.98 (0.15–6.40) 0.987

Echogenic foci*

 No Reference

 Macrocalcification 0.60 (0.13–2.87) 0.522

 Rim calcification 2.23 (0.02–315.37) 0.75

 Punctate echogenic foci 1.02 (0.24–4.24) 0.981

Heterogeneity

 No Reference Reference

 Yes 3.76 (0.84–16.97) 0.084 2.77 (0.54–14.32) 0.223

Lobulation

 No Reference

 Yes 1.92 (0.64–5.80) 0.245

Suspicious of gross ETE on US

 No Reference

 Yes 4.67 (1.06–20.49) 0.041

K-TIRADS*

 3 (Low suspicion) Reference

 4 (Intermediate suspicion) 6.18 (0.06–617.50) 0.438

 5 (High suspicion) 3.83 (0.04–373.98) 0.565

ACR TI-RADS*

 3 (Mildly suspicious) Reference
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Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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