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Purpose: To compare the diagnostic value of the Thyroid Imaging Reporting and Data System (TI-RADS) of the American College 
of Radiology (ACR) versus the Chinese Thyroid Imaging Reporting and Data System (C-TIRADS) scoring and classification system 
for elderly thyroid cancers.
Patients and Methods: A total of 512 nodules from 465 patients aged ≥60 with surgical pathology-proven thyroid nodules were 
enrolled in our study. The ultrasound features of thyroid nodules were independently evaluated by the ACR TI-RADS and C-TIRADS 
classification systems, and the receiver operating characteristic curve (ROC) was plotted. The optimal cut-off values of the ACR TI- 
RADS and C-TIRADS scoring and classification systems for diagnosing elderly thyroid nodules were estimated, and the diagnostic 
efficacy was analyzed.
Results: The ACR TI-RADS and C-TIRADS scores and classifications of thyroid cancers were both higher than benign nodules (both 
P < 0.05). The area under the curve (AUC) of ACR TI-RADS and C-TIRADS scoring and classification systems were 0.861, 0.897, 
0.879, and 0.900, respectively, and the AUC of the scoring system was greater than the classification system for both criteria. When the 
Youden index was the highest, the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of the 
ACR TI-RADS scoring and classification systems were consistent, ie, they were 89.66%, 41.70%, 89.93%, and 59.00%, respectively; 
the sensitivity, specificity, PPV, and NPV of the C-TIRADS scoring and classification systems were also consistent, ie, they were 
88.71%, 44.26%, 90.23%, 59.69%, respectively. The diagnostic efficacy between the two systems was not statistically significant.
Conclusion: ACR TI-RADS and C-TIRADS systems had relatively high diagnostic efficacy for elderly thyroid cancer. The 
diagnostic efficiency of the scoring systems of ACR TI-RADS and C-TIRADS were higher than the classification systems. In 
addition, the two systems had high clinical practical values, while there is still a significant risk of missed diagnosis.
Keywords: thyroid imaging reporting and data system, ultrasound, thyroid nodules, elderly

Thyroid cancer is the most common endocrine tumor and the 11th most common malignant tumor worldwide.1 Moreover, 
thyroid cancer is also one of the malignancies with the highest increasing rate, ie, a 3-fold increase in incidence has been 
observed during the past 3 decades, with an increasing global annual rate of 3.6%.2 Thyroid cancer has good overall prognosis 
and sees a > 90% 5-year survival rate.3 However, elderly patients who are elderly have the greatest risk of mortality and 
morbidity in this age group. It has been shown that this age group costs the health service a significant amount of revenue per 
annum for what should be considered a relatively rare malignancy.4,5

Thyroid Imaging Reporting and Data System (TI-RADS) has been used for the malignancy stratification of thyroid 
nodules, thereby providing imaging evidence for the clinical diagnosis and treatment.6–9 The American College of 
Radiology (ACR) Thyroid Imaging Reporting and Data System (TI-RADS) and Chinese Thyroid Imaging Reporting and 
Data System (C-TIRADS) are the two most authoritative ultrasound thyroid nodule classification systems, both of which 
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have been widely used in China. However, which TI-RADS system is more suitable for elderly patients with thyroid 
nodules has not yet been reported.

In this study, the ultrasound features of 512 elderly thyroid nodules were analyzed to explore the diagnostic value of 
the C-TIRADS classification system for elderly thyroid cancer.

Materials and Methods
General Information
All procedures performed in this study involving human participants were in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethics Committee of the Affiliated Hospital of Jiangnan University. 
Individual consent for this retrospective analysis was waived. A total of 465 elderly patients with surgical pathology- 
proven thyroid nodules were included in the Affiliated Hospital of Jiangnan University, General Hospital of Eastern 
Theater Command (the former Bayi Hospital), and Southeast University Affiliated Zhongda Hospital between 
January 2021 and December 2022. The major indications for surgery included the following: 1) confirmed or suspected 
with malignant thyroid tumor according to the fine needle aspiration (FNA) findings; 2) with no clear pathological result, 
but the nodule was highly suspicious based on ultrasound findings and was >1 cm; 3) the nodule was ≤1 mm and the 
FNA result was unknown, but the ACR TI-RADS or C-TIRADS classification of the nodule was ≥4; 4) patient was 
extremely anxious and required surgical treatment; 5) the nodule was very large and caused compression symptoms of 
surrounding tissues.

Apparatus and Methods
The S60 color Doppler ultrasonic imaging machine and linear array probe with a 7.8–15 MHz frequency were used. The 
patient was placed in the supine position, the bilateral sides of the neck were fully exposed, and the combination of cross- 
sectional and longitudinal scanning was used for the thyroid gland scanning, and the thyroid nodules within the range 
were observed from multiple sections and angles. To evaluate the nodules, the ACR TI-RADS and C-TIRADS scoring 
systems were used simultaneously by two attending or higher sonographers (with more than 10 years’ working 
experience) independently. In case of disagreements, a chief physician was invited.

ACR TI-RADS Score and Classification
According to the ACR TI-RADS system,8 the criteria of ultrasound evaluation and ACR TI-RADS scoring and 
classification are showed in Table 1 and Table 2.

C-TIRADS Score and Classification
According to the C-TIRADS system developed by the counting method,9 the criteria of ultrasound evaluation and 
C-TIRADS scoring and classification are showed in Table 3 and Table 4.

Statistical Analysis
SPSS 27.0 and MedCalc19.3.1 software were used to calculate the study size and the statistical analysis. Quantitative 
data with normal distribution were described by mean ± standard deviation and compared by independent t-test. 
Quantitative data with non-normal distribution were described by M (P25, P75) and compared by the Mann–Whitney 
U-test. Qualitative data were described by frequency and percentage and compared by χ2 or Fisher Exact tests. Surgical 
pathological findings were used as the gold standard; the receiver operating characteristic curve (ROC) was plotted, and 
the area under the curve (AUC) and Youden index were calculated. The AUC of 0.85–0.95 indicated high diagnostic 
efficacy, the AUC of 0.70–0.85 indicated fair diagnostic efficacy, and the AUC of 0.50–0.70 indicated poor diagnostic 
efficacy. The scores of the groups at the highest Youden index were considered the best cut-off value of the scores. Z test 
was used for the comparison of AUC. P<0.05 was considered statistically significant.
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Table 1 Five Ultrasonic Features and Corresponding Scores in ACR TI-RADS Classification

Composition Echogenicity Sharp Margin Echogenic Foci

Cystic or almost completely 

cystic,

0 points Anechoic 0 points Wider-than- 

tall

0 points Smooth 0 points None or large comet-tail 

artifacts

0 points

Spongiform 0 points Hyperechoic or 
isoechoic

1 points Taller-than- 
wide

3 points Ill-defined 0 points Macrocalcifications 
calcifications

1 points

Mixed cystic and solid 1 points Hypoechoic 2 points Lobulated or irregular 2 points Peripheral(rim) calcifications 2 points

Solid or almost completely solid 2 points Very hypoechoic 3 points Extra-thyroidal 
extension

3 points Punctate echogenic 
Foci

3 points
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Results
Pathological Results
A total of 512 nodules from 465 elderly patients with surgical pathology-proven thyroid nodules were included. 
According to the 5th edition of the WHO classification of tumors of endocrine organs (Thyroid),10,11 512 elderly thyroid 
nodules included 254 malignant nodules with an incidence rate of 49.61%, 254 benign nodules with an incidence rate of 
49.61%, and 4 low-risk nodules with an incidence rate of 0.78%. The pathological results of the thyroid nodules in 
different groups are distributed as shown in Table 5. Among these nodules, nodular goiter is the main type of benign 
thyroid nodules, and papillary thyroid carcinoma is the main type of malignant thyroid nodules.

Table 2 The ACR TI-RADS Based on the Counting Method

Score ACR TI-RADS Category Malignancy Rate (%)

0 TR 1 Benign
2 TR 2 Not suspicious

3 TR 3 Mildly suspicious

4–6 TR 4 Moderately suspicious
>7 TR 5 Highly suspicious

Table 3 Ultrasonic Positive and Negative Features and Corresponding Scores

Positive features Vertical orientation +1

Solid composition +1

Markedly hypoechoic +1

Microcalcification +1

Ill-defined/irregular margins or extrathyroidal extensions +1

Negative features Comet tail artifacts −1

Table 4 The C-TIRADS Based on the Counting Method

Nodule Score Malignancy Rate (%) C-TIRADS Category

Absent NA 0 1, no nodule

Present −1 0 2, benign

0 <2 3, probably benign
1 2–10 4A, low suspicion

2 10–50 4B, moderate suspicion

3–4 50–90 4C, high suspicion
5 >90 5, highly suggestive of malignancy

NA NA 6, biopsy proved malignant

Table 5 Pathological results of the elderly thyroid nodules

Benign n Low-risk n Malignant n

Nodular goiter 171 Follicular tumor of undetermined malignant potential 2 Papillary carcinoma 240
Follicular adenoma 20 Hurthle cell tumors of undetermined malignant potential 1 Undifferentiated carcinoma 4

Lymphocytic thyroiditis 14 Well differentiated tumors of undetermined malignant potential 1 Medullary carcinoma 4

Lymphoma 3
Follicular carcinoma 2

Metastatic cancer 1
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Ultrasound Features and C-TIRADS Positive Indicators of Benign and Malignant 
Thyroid Nodules
In order to facilitate the analysis, the low-risk thyroid nodules were classified as malignant nodules in this study. The 
ultrasound features of benign and malignant thyroid nodules in elderly patients are shown in Table 6, and the 
composition, echogenicity, shape, margin, and echogenic foci of benign and malignant thyroid nodules were all 
statistically significantly different (all P<0.05). The positive indicator classifications of C-TIRADS are shown in 
Table 7, and the classifications of malignant nodules were significantly higher than benign nodules (all P<0.05). The 
typical benign and malignant thyroid nodules in the elderly are shown in Figures 1 and 2.

Comparison of ACR TI-RADS versus C-TIRADS Scoring and Classification Systems 
for Thyroid Nodules
In this study, the mean ACR TI-RADS score of the 1599 thyroid nodules was 6.53 ± 3.45 (0–14), and the mean 
C-TIRADS score was 2.19 ± 1.61 (0–5). The ACR TI-RADS and C-TIRADS scores for benign nodules were both 
significantly lower than malignant nodules (all P < 0.05) (Table 8). The nodules were classified according to the ACR TI- 
RADS and C-TIRADS scores and then compared with the pathological results. The number of benign and malignant 
thyroid nodules of different types of nodules is shown in Table 9. The ACR TI-RADS and C-TIRADS classifications of 
malignant nodules were significantly higher than benign ones (P<0.05). The typical ultrasound images of benign and 
malignant thyroid nodules are shown in Figures 1 and 2.

ROC Curves and Diagnostic Efficacies of ACR TI-RADS and C-TIRADS Scoring and 
Classification Systems
The ROC curve was plotted based on the scoring and classification results of benign and malignant thyroid nodules 
(Figure 3). The respective AUC of ACR TI-RADS scoring and classification system was 0.861 (95% CI: 0.828 to 0.890) 
and 0.897 (95% CI: 0.867 to 0.922) (Z = 4.403, P < 0.001). When the Youden index was the highest, the respective best 
cut-off value of the ACR TI-RADS scoring and classification system was >6 and >TR 4. The respective AUC of the 
C-TIRADS scoring and classification system was 0.879 (95% CI: 0.848 to 0.906) and 0.900 (95% CI: 0.870 to 0.924) 
(Z = 3.653, 0.0003). When the Youden index was the highest, the respective best cut-off value of the C-TIRADS scoring 
and classification system was >2 and >C-TR 4B. The AUC of ACR TI-RADS scores and C-TIRADS scores were not 
significantly different (Z = 0.350, P = 0.7263 > 0.05), while the AUC of ACR TI-RADS classifications was significantly 
lower than C-TIRADS classifications (Z = 1.944, P = 0.0519 > 0.05).

The indicators reflecting the diagnostic efficacies of ACR TI-RADS and C-TIRADS scoring and classification 
systems for elderly thyroid nodules are shown in Table 10. The sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) of the ACR TI-RADS scoring and classification systems were 89.53%, 78.35%, 
80.77%, and 88.05%, respectively. The sensitivity, specificity, PPV, and NPV of the C-TIRADS scoring and classification 
systems were 86.05%, 81.10%, 82.22%, and 85.12%, respectively. The diagnostic efficacies of ACR TI-RADS and 
C-TIRADS scoring and classification systems were not significantly different (all P values >0.05).

Discussion
The results of an epidemiological survey of 78,470 subjects from 31 provinces and cities in China showed that the overall 
prevalence of thyroid disease was 50.96%, which was higher in the elderly than in the general population.12 Previous 
studies have also shown that age is an independent risk factor for the prognosis of thyroid cancer.13 Most thyroid cancers 
have good prognosis; however, due to the distinctively different two gene mutations in elderly and young patients,14 the 
risk of recurrence and metastasis of thyroid cancer is linearly related to age; also, the survival rate decreases with age and 
vascular invasion and early metastasis are more common in elderly patients.15,16 Therefore, it is important to assess the 
diagnostic value of current classification systems for elderly thyroid cancer. The findings of this study showed that both 
ACR-TIRADS and C-TIRADS have high diagnostic efficacies for elderly thyroid cancer. The results of this study 
showed that both ACR-TIRADS and C-TIRADS had good diagnostic efficacy for thyroid cancer in the elderly, and the 
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Table 6 Ultrasonic Features of Benign and Malignant Thyroid Nodules (n)

Group Number Composition Echogenicity Shape

Cystic or Almost 
Completely Cystic

Spongiform Mixed 
Cystic and 
Solid

Solid or Almost 
Completely Solid

Anechoic Hyperechoic 
or Isoechoic

Hypoechoic Very 
Hypoechoic

Wider- 
Than- 
Tall

Taller- 
Than- 
Wide

Benign 254 12 0 113 129 12 63 168 11 223 31
Malignant 258 1 0 4 253 1 5 181 71 71 187

χ2 values 151.084 103.140 176.998
P values <0.001 <0.001 <0.001
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sensitivity, specificity, positive predictive value, and negative predictive value are high as well. However, the ACR TI- 
RADS score and classification system correspond to the optimal thresholds of >6 points and >4 categories, and the 
C-TIRADS score and classification system correspond to the optimal thresholds of >2 points and >4B categories, which 
may increase the underdiagnosis of elderly thyroid cancer to some extent.

A total of 512 elderly thyroid nodules were analyzed in this study. The classification analysis showed that although 
the classification of malignant nodules was higher than benign nodules, there were still overlaps between the ACR TI- 
RADS and C-TIRADS classifications of benign and malignant nodules. The benign nodules included nodular goiter, 
follicular adenoma, and lymphocytic thyroiditis. Previous studies found evident overlaps between the ultrasound features 
of lymphocytic thyroiditis and PTMC,17,18 which could be easily misdiagnosed to a certain extent. However, for most 
nodular goiters, the typical ultrasound features included solid-cystic, clear margin, and wider-than-tall.16 However, the 
ultrasound features of some nodular goiters in this study were similar to PTMC, which could easily result in mis-
diagnosis. Previous studies have shown that such nodules mostly degenerate benign thyroid nodules caused by bleeding, 
degeneration, infarction, or fibrosis. During the process of hematoma absorption, the degenerated thyroid nodules 
gradually became irregular with the shrinking of the nodules, which also showed malignant ultrasound features.19,20 

Furthermore, when the nodular goiters are accompanied by interstitial collagenization, calcification, and crystal forma-
tion, some nodular goiters could also show the accompaniment of punctate echogenic foci with the elapse of time. 
However, in solid thyroid micronodules, it is difficult to accurately distinguish such nodules from microcalcifications.21 

Figure 1 72-year-old man with thyroid papillary carcinoma.

Table 7 C-TIRADS Positive Indicators of Benign and Malignant Thyroid Nodules (n)

Group Vertical 
Orientation

Solid 
Composition

Markedly 
Hypoechoic

Microcalcification Ill-Defined/Irregular 
Margins or Extrathyroidal 

Extensions

Benign (n=254) 31 118 11 31 67

Malignant (n=258) 187 249 71 103 249
χ2 values 190.198 157.973 51.167 50.891 266.461

P values <0.001 <0.001 <0.001 <0.001 <0.001
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In addition, due to the small size of the nodules, the probability of cystic change is very low, which increases the 
difficulty of distinguishing them from thyroid cancer to a certain extent.

The analysis of ROC curves showed that the AUC of ACR TI-RADS and C-TIRADS scoring and classification 
systems was 0.861, 0.897, 0.879, and 0.900, respectively, which was between 0.85 and 0.95, indicating that both the 
ACR TI-RADS and C-TIRADS scoring systems had high diagnostic efficacies for elderly thyroid nodules, which is 
consistent with the results reported by Jianqiao et al, who reported an AUC of 0.890.8 In the study by Qi et al,22 who did 

Table 8 Comparison of ACR TI-RADS versus C-TIRADS Scores of 
Elderly Thyroid Nodules

Group ACR TI-RADS Score C-TIRADS Score

Benign 4.17±2.45 1.02±1.27
Malignant 8.86±2.62 3.33±0.95

t values 20.900 23.311

P values <0.001 <0.001

Table 9 ACR TI-RADS and C-TIRADS Classifications of Elderly Thyroid Nodules

Group ACR TI-RADS Classification C-TIRADS Classification

TR 1 TR 2 TR 3 TR4 TR 5 C-TR 2 C-TR 3 C-TR 4A C-TR 4B C-TR 4C C-TR 5

Benign 12 43 83 61 55 12 118 48 28 47 1
Malignant 0 1 4 22 231 0 4 6 26 202 20

χ2 values 250.444 264.927

P values <0.001 <0.001

Figure 2 63-year-old woman with nodular goiter.
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not stratify groups by age, the AUC of ACR TI-RADS and C-TIRADS classification systems for diagnosing malignant 
thyroid nodules were 0.937 and 0.854, respectively, which is in agreement with the AUC of this study, indicating that the 
diagnostic efficacies of the ACR TI-RADS and C-TIRADS classification systems for elderly thyroid cancer might not be 
affected by age. The best cut-off value of the ACR TI-RADS and C-TIRADS score were >6 and >4 points, and the best 
cut-off value of the classification was > TR 4 and C-TR 4B, respectively, which was in agreement with the findings 
reported by Kang et al and Hu et al.23,24 However, in the course of clinical practice, taking ACR TI-RADS >4 and 
C-TIRADS>4B as the optimal threshold will lead to the missed diagnosis of some cases. Especially for patients who 
require organ transplantation, thyroid nodules in potential organ donors need to be investigated to rule out cancer and 
avert any subsequent risk of transmission. If the donor is an elderly population with thyroid nodules, the misdiagnosis of 
thyroid cancer may have certain risks to organ transplant recipients.25 Meanwhile, the sensitivity is 86.05% at this time, 
which is significantly lower than that corresponding to taking ACR TI-RADS >3 and C-TIRADS>3 as the optimal 
threshold, although the specificity and accuracy are both higher. In view of the higher aggressiveness, as well as 
metastasis and recurrence rates of thyroid cancer in the elderly, the clinical diagnosis and treatment strategy of thyroid 
nodules with ACR TI-RADS >3 category and C-TIRADS>3 category can be appropriately adjusted for elderly patients, 
so as to avoid the misdiagnosis of thyroid cancer. Therefore, the authors believe that there is room for further 
optimization of both ACR TI-RADS and C-TIRADS for elderly thyroid cancer. Especially with the development of 
artificial intelligence technology in recent years, artificial intelligence can assist physicians in diagnosis thyroid nodules, 
improve diagnostic accuracy, reduce diagnostic bias caused by human factors and deserves a comment as maybe future 
direction for elderly thyroid cancer as well.26,27

Figure 3 ROC curves of ACR TI-RADS and C-TIRADS score and classification. (A) shows diagnostic efficiency of ACR TI-RADS score and classification system for the 
elderly thyroid cancers; (B) shows diagnostic efficiency of C-TIRADS score and classification system for the elderly thyroid cancers.

Table 10 Diagnostic Efficacy of the ACR TI-RADS and C-TIRADS Scoring and Classification Systems

Group Sensitivity Specificity PPV NPV

ACR TI-RADS scoring and classification system 89.53% (231/258) 78.35% (199/254) 80.77% (231/286) 88.05% (199/226)

C-TIRADS scoring and classification system 86.05% (222/258) 81.10% (206/254) 82.22% (222/270) 85.12% (206/242)
χ2 values 1.465 0.597 0.194 0.861

P values 0.226 0.440 0.659 0.354
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Limitations
The present study assessed the diagnostic efficacies of ACR TI-RADS and C-TIRADS scoring and classification systems 
for elderly thyroid cancer, using the surgical pathological findings as the reference. However, due to the strict indications 
for surgery, only 512 elderly thyroid nodules were included in this study. Also, under the background of over-diagnosis 
and –treatment of thyroid microcarcinoma, the 512 surgical pathology-proven thyroid nodules still contained 
a substantial proportion of thyroid micronodules, which could bias the results of this study to a certain extent.

Conclusions
ACR TI-RADS and C-TIRADS scoring and classification systems have high diagnostic efficacy for elderly thyroid 
cancer, which has high clinical practical values, but there is still a significant risk of missed diagnosis when taking ACR 
TI-RADS >4 and C-TIRADS>4B as the optimal threshold.
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