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The clinical value of repeat
ultrasound-guided fine-needle
aspiration biopsy in the
management of Bethesda
Category III thyroid nodules

Chong Chen †, Qingfeng Fu †, Rundong He, Yiming Guo,
Shuai Zhang, Ping Sun, Le Zhou* and Hui Sun

Department of Thyroid Surgery, China-Japan Union Hospital of Jilin University, Jilin Provincial Key
Laboratory of Translational Medicine in Surgery, Jilin Provincial Engineering, Laboratory of Thyroid
Disease Prevention and Treatment, Changchun, China
Objective: This study aimed to evaluate the clinical value of repeat fine-needle

aspiration biopsy (rFNAB) for thyroid nodules initially classified as Bethesda

Category III, to explore the optimal timing for repeat biopsy, and to optimize

the biopsy strategy by integrating ultrasonographic characteristics.

Methods: We retrospectively analyzed the clinical data of 109 patients (114

nodules) who underwent rFNAB at our hospital from December 2020 to

December 2025, including 87 females and 22 males. Based on rFNAB results,

the nodules were divided into a definitive diagnosis group (93 nodules) and a non-

definitive diagnosis group (21 nodules). The definitive diagnosis group was further

subdivided into amalignant group (62 nodules, Bethesda V/VI) and a benign group

(31 nodules, Bethesda II). We recorded biopsy results, intervals between biopsies,

postoperative pathological findings, and ultrasonographic features. Statistical

differences between groups were analyzed. Statistical methods included the c²
test, Fisher’s exact test, binary logistic regression analysis, and ROC curve analysis.

Results: Among the 114 Bethesda Category III nodules, 93 (81.6%) obtained a

definitive diagnosis through rFNAB, including 62 malignant (66.7%) and 31 benign

(33.3%) nodules; 21 nodules (18.4%) remained non-diagnostic. Forty-seven

patients with malignant rFNAB results underwent surgical treatment, including 9

(19.1%) in the <3-month interval group and 38 (80.9%) in the ≥3-month interval

group. No significant differences were observed in lymph nodemetastasis rates or

recurrence risk stratification between the two groups. Among the

ultrasonographic characteristics of the malignant, benign, and non-diagnostic

groups, only calcification type showed a statistically significant difference (P <

0.05). Additionally, ROC curve analysis confirmed the diagnostic efficacy of the

TI-RADS score for Bethesda Category III nodules (AUC = 0.746). The maximum

Youden index (0.403) was achieved at a cut-off value of 8 points (specificity

83.9%, sensitivity 56.5%).

Conclusion: Repeat fine-needle aspiration biopsy (rFNAB) significantly improves

the diagnostic rate for thyroid nodules initially diagnosed as Bethesda Category III,

and the time interval between the two biopsies does not affect diagnostic

performance. For the follow-up of nodules with an initial Bethesda Category III

FNAB result, rFNAB is recommended when the TI-RADS score is ≥8, especially if
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suspicious ultrasonographic signs such as new or persistent microcalcifications

are present. During the procedure, multi-point sampling should target non-

calcified areas at the nodule periphery to improve the accuracy and reliability

of rFNAB.
KEYWORDS

ACR TI-RADS, bethesda Category III, fine-needle aspiration cytology, repeat fine-
needle aspiration biopsy, Thyroid nodule
1 Introduction

In recent years, the incidence of thyroid nodules has been

increasing annually. In the general population, the detection rate of

thyroid nodules can reach 60%, of which approximately 5% are

ultimately confirmed to be malignant (1). Therefore, determining the

nature of thyroid nodules is of paramount importance. Fine-needle

aspiration biopsy (FNAB) is the preferred method for diagnosing

thyroid nodules, with studies reporting a sensitivity of up to 82% and

specificity approaching 100% (2, 3).However, initial FNAB results

may be non-diagnostic or indeterminate due to insufficient sampling

or ambiguous cytological features, leading to non-diagnostic or

uncertain results in up to 20%-30% of cases (4). Repeated fine-

needle aspiration biopsy (rFNAB) can serve as an effective

supplementary method. Studies have shown that rFNAB can

significantly improve the diagnostic rate and reduce unnecessary

surgeries. Nevertheless, the clinical value and optimal timing of

rFNAB remain subjects of debate. This study aims to evaluate the

impact of rFNAB on the clinical management of Bethesda Category

III nodules and to further optimize the biopsy strategy.
2 Materials and methods

2.1 Study population

This study retrospectively analyzed the clinical data of 109

patients (114 nodules) who underwent rFNAB at the Department

of Thyroid Surgery, China-Japan Union Hospital of Jilin University

from December 2020 to January 2025, including 87 females and 22

males. Based on rFNAB results, the nodules were divided into a

definitive diagnosis group (93 nodules) and a non-definitive diagnosis

group (21 nodules). The definitive diagnosis group was further

subdivided into a malignant group (62 nodules, Bethesda V/VI)

and a benign group (31 nodules, Bethesda II), while the non-

definitive diagnosis group included Bethesda I/III/IV nodules.

2.2 Inclusion and exclusion criteria

Inclusion criteria were: ① initial FNAB result of Bethesda

Category III (atypia of undetermined significance or follicular

lesion of undetermined significance); ② underwent two rFNAB

procedures at our center with complete ultrasonographic features

and pathological data. Exclusion criteria were: ① lack of complete
02
pathological data; ② received other treatments during follow-up; ③

the two biopsies targeted different nodules. All patients and their

families provided informed consent.

2.3 Research methods

2.3.1 Thyroid biopsy procedure

The puncture site and surrounding skin (≥5 cm) were routinely

disinfected preoperatively. The ultrasound probe was sterilized

using a sterile sheath isolation technique. After identifying the

nodule’s location, size, margins, calcifications, and blood supply

using high-resolution real-time ultrasound, a 22–23 G fine needle

was inserted into the nodule under ultrasound guidance. The needle

was moved back and forth 10–20 times, with this process repeated

three times per nodule. The core material was expelled onto glass

slides, fixed with 95% ethanol, and immediately sent for

cytopathological examination.

2.3.2 Data collection

Cytological specimens were classified by pathologists according

to the Bethesda system, with diagnostic categories as follows:

Category I (non-diagnostic), Category II (benign), Category III

(atypia of undetermined significance or follicular lesion of

undetermined significance), Category IV (follicular neoplasm or

suspicious for follicular neoplasm), Category V (suspicious for

malignancy), and Category VI (malignant). Demographic data

and clinical characteristics of the nodules were recorded,

including maximum diameter, echogenicity (hypoechoic/other),

aspect ratio, shape (regular/irregular), calcification type

(microcalcification/other), and TI-RADS classification. For

patients with malignant rFNAB results who underwent surgery,

surgical pathological results were recorded, including lesion size,

lymph node metastasis status, and recurrence risk stratification

(low, intermediate, high risk).

2.3.3 Statistical analysis

Statistical analysis was performed using SPSS 25.0 software.

Categorical data are presented as proportions (%), and group

comparisons were conducted using the chi-square test, Fisher’s

exact test, or one-way ANOVA. Binary logistic regression analysis

and ROC curve analysis were also employed. A P-value < 0.05 was

considered statistically significant.
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3 Results

3.1 Diagnostic performance of repeat FNAB

Among the 114 Bethesda Category III nodules, 93 (81.6%)

obtained a definitive diagnosis through rFNAB, including 62

malignant (66.7%) and 31 benign (33.3%) nodules. Twenty-one

nodules (18.4%) remained non-diagnostic (Table 1).

3.2 Postoperative pathological analysis

Forty-seven patients with malignant rFNAB results underwent

surgical treatment. Their clinical characteristics were as follows:

There were 9 patients (20.8%) with an rFNAB interval of <3

months. Among them, 3 had lesion diameters ≥1 cm, 2 had lymph

node metastasis, and postoperative recurrence risk stratification

showed 9 (100.0%) as low risk. There were 38 patients (79.2%) with

an rFNAB interval of ≥3 months. Among them, 4 had lesion

diameters ≥1 cm, 8 had lymph node metastasis, and postoperative

recurrence risk stratification showed 34 (89.5%) as low risk and 4

(10.5%) as intermediate risk. The lymph node metastasis rates were

similar between the two groups (22.2% in the <3-month group vs.

21.1% in the ≥3-month group) (Table 2).

3.3 Analysis of ultrasonographic features
and biopsy intervals in bethesda category
III nodules

Among the 114 nodules initially diagnosed as Bethesda

Category III, comparisons among the malignant, non-diagnostic,

and benign groups regarding maximum diameter, internal

echogenicity, aspect ratio, shape, TI-RADS classification, and

interval between the two biopsies showed no statistically

significant differences (P > 0.05). However, further pairwise

comparisons revealed that the differences in calcification type

between the malignant group and the benign group, and between

the malignant group and the non-diagnostic group, were

statistically significant (P < 0.05), suggesting that calcification

characteristics may have reference value for distinguishing benign

from malignant Bethesda Category III nodules (Table 3).
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3.4 Diagnostic efficacy analysis of TI-RADS
scoring

Using rFNAB cytopathological results as the gold standard, the

receiver operating characteristic (ROC) curve of TI-RADS scoring

for differentiating benign from malignant among initially biopsied

Bethesda Category III nodules is shown in Figure 1. The area under

the curve (AUC) was 0.746 (95% CI: [0.648–0.844], P < 0.001),

indicating good overall diagnostic value of this scoring system. As

shown in Table 4, the statistical optimal cut-off value corresponding

to the maximum Youden index (0.403) was 7.5 points, with a

sensitivity of 56.5% and specificity of 83.9%. Notably, a cut-off value

of 6.5 also demonstrated good diagnostic performance, with a

sensitivity of 72.6% and specificity of 61.3%, achieving a better

clinical utility balance (Table 4).
4 Discussion

Thyroid nodules are a common clinical endocrine disorder, and

their risk of malignant transformation has always been a focus of

clinical attention. Fine-needle aspiration biopsy (FNAB), as the gold

standard for preoperative diagnosis of thyroid nodules, has been

widely used. However, the incidence of Bethesda Category III

(AUS/FLUS) is approximately 10%–20% among FNAB results,

making AUS/FLUS a relatively common diagnostic category and

posing significant challenges for the diagnosis and clinical

management of thyroid nodules. The latest edition of The

Bethesda System for Reporting Thyroid Cytopathology (TBSRTC,

2023) indicates that the average risk of malignancy for Bethesda

Category III (AUS/FLUS) is as high as 22% (range 13%–30%) (4).

This risk level is significantly higher than that of benign nodules but

insufficient to warrant immediate surgical excision. Therefore,

clinicians face a dilemma in managing these nodules—they

cannot ignore the potential malignancy, nor do they want to lead

to unnecessary surgeries due to over-diagnosis. TBSRTC

recommends repeat fine-needle aspiration biopsy (rFNAB) for

Bethesda Category III (AUS/FLUS) nodules to further clarify their

nature (4). However, there are currently no clear guidelines

regarding the timing of rFNAB, its diagnostic value, or which

nodules should preferentially undergo rFNAB. These issues have

become hot topics in research and urgently require further

investigation and clarification to optimize the clinical

management strategy for thyroid nodules.

4.1 Value of repeat FNAB in diagnosing
Bethesda Category III (AUS/FLUS) thyroid
nodules

To further clarify the nature of Bethesda Category III (AUS/

FLUS) thyroid nodules, The Bethesda System for Reporting

Thyroid Cytopathology (TBSRTC) recommends performing

repeat fine-needle aspiration biopsy (rFNAB) under ultrasound

guidance (4). In this study, for nodules with an initial FNAB

result of Bethesda Category III, 81.6% obtained a definitive
TABLE 1 rFNAB results of thyroid bethesda category III nodules.

Diagnostic group
Number

(%)
rFNAB
result

Number
(%)

Diagnostic Group
Number (%)

21(18.4) Category I 1(0.9)

Category III 20(17.5)

Category IV 0

Definitive Group 93(81.6) Category II 31(27.2)

Category V 10(8.8)

Category VI 52(45.6)
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diagnosis after rFNAB, with a malignancy rate of 54.4% and a

benign rate of 27.2%. This result significantly improved the

reclassification rate of nodules and substantially increased the

detection rate of malignant nodules. Numerous studies have

confirmed the significant value of rFNAB in improving diagnostic

accuracy. A systematic review and meta-analysis including 3932

AUS/FLUS thyroid nodules showed that rFNAB reclassified

approximately 70% of AUS/FLUS samples into more definitive

cytological categories, with a benign detection rate close to 50%

(5), thereby avoiding unnecessary surgery for more patients.

However, in international studies, the detection rate of benign

nodules is higher than that of malignant nodules. This finding is

inconsistent with the results of this study and studies by YU Lulu,

ZHAO Na, et al. (6–8). This discrepancy may be related to the

domestic tendency to select nodules with high-risk features for

repeat biopsy, such as nodule growth or ultrasound suggesting

malignant features. Additionally, a more proactive attitude towards

interpreting repeat biopsy pathological results domestically might

also contribute to the higher proportion of malignant results, thus

improving the detection rate of malignant tumors. Nevertheless,

these results indicate that rFNAB can, to some extent, compensate

for the limitations of initial FNAB and provide a more reliable basis

for clinical decision-making.
Frontiers in Endocrinology 04
4.2 Timing of repeat US-FNAB and its
impact on patients

In the management of thyroid nodules, the timing of repeat

FNAB (rFNAB) after an initial Bethesda Category III (AUS/FLUS)

result is an important issue in clinical decision-making. The

Bethesda guidelines recommend waiting 3 months after the initial

biopsy for the second biopsy (4). Some previous studies support this

view, advising against repeating FNAB (rFNAB) on the same

nodule within a short period to avoid misinterpretation of cellular

atypia caused by the initial FNAB as cytological features of thyroid

cancer (4, 9). However, in recent years, more studies have suggested

that the time interval between two FNABs does not affect diagnostic

performance, and repeating FNAB within a short time does not

increase false-positive results (10–12) In this study, no significant

difference was found between the definitive diagnosis group and the

non-definitive diagnosis group regarding whether rFNAB was

performed before or after 3 months, which is consistent with the

views of most researchers. Some studies suggest that rFNAB should

be performed within a short period for Bethesda Category III

nodules to avoid poor patient prognosis (13). However, in this

study, we analyzed the postoperative pathology of patients who

underwent surgery after a follow-up period exceeding 3 months and
TABLE 3 Characteristics of ultrasound features in patients with thyroid nodules.

Group
Number of nodules Time interval

Maximum
diameter

Echogenicity
Aspect
ratio

<3 months ≥3 months <1cm ≥1cm Hypoechoic Other <1 ≥1

Malignant 62 9 53 47 15 59 3 30 32

Benign 31 3 28 26 5 29 2 21 10

Non-Definitive Diagnosis 21 1 20 17 3 20 1 15 6

X² – 1.259 – 5.11

P 0.528 0.533 1.000 0.078

Group
Number of Nodules Shape Calcification TI-RADS

枚 Regular Irregular

Microcalcification Other 4 5

Malignant 62 47 15 32 30 22 40

Benign 31 27 4 3 28 17 14

Non-Definitive Diagnosis 21 13 8 3 18 10 11

X² 4.415 20.558 3.385

P 0.11 0.001 0.184
fr
ontiers
TABLE 2 Postoperative pathological findings in patients with malignant rFNAB thyroid nodules [n (%)].

Interval Surgery cases
Lesion max diameter (cm) Lymph node metastasis (n) Recurrence risk stratification

<1 ≥1 Yes No Low risk Intermediate risk

<3 months 9 6(66.7) 3(33.3) 2(22.2) 7(77.8) 9(100.0)

≥3months 38 34(89.5) 4(10.5) 8(21.0) 30(79.0) 34(89.5) 4(10.5)
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found that only 10.5% of patients had an intermediate recurrence

risk, while the rest were low risk, with no serious consequences due

to delayed treatment. KOH et al.’s study also found that in the

absence of lateral cervical lymph node metastasis on ultrasound,

delayed surgery had no significant effect on extra thyroidal

extension and the extent of lymph node metastasis (14).

Furthermore, studies have suggested that papillary thyroid

carcinomas (PTC) smaller than 1.5 cm progress relatively slowly,

have a low rate of lymph node metastasis, and delayed surgery has

no adverse effect on patient prognosis in the absence of other high-

risk factors (14, 15). Therefore, patients with an initial FNAB result

of Bethesda Category III and no high-risk factors can undergo long-

term follow-up with ultrasound to monitor feature changes and

decide on further clinical management strategies. However, the

author believes that by combining the ultrasonographic features of

the nodule, repeat biopsy can be performed at a more appropriate

time. Monitoring changes in the nodule’s ultrasonographic features

(especially the appearance of microcalcifications) and the TI-RADS

score (especially ≥8) can improve diagnostic accuracy while

reducing unnecessary biopsies, avoiding over-medicalization.
Frontiers in Endocrinology 05
4.3 Ultrasonographic features of nodules
undergoing repeat US-FNAB

This study found that the presence of microcalcifications in the

benign, malignant, and non-diagnostic groups was of great

significance in predicting the nature of Bethesda Category III

thyroid nodules. The research results of Abdulrahman S Alamri,

Yoo, W. S., et al . also proved that highly suspicious

ultrasonographic features of microcalcifications aid in the

diagnosis of thyroid cancer among Bethesda Category III (AUS/

FLUS) nodules (16, 17). Therefore, during follow-up, heightened

vigilance should be maintained for nodules accompanied by

microcalcifications, and further rFNAB examination should be

performed to clarify the diagnosis. However, in the author’s

study, hypoechogenicity showed no statistical difference between

the malignant group and the benign group, or between the

malignant group and the non-diagnostic group, which is

inconsistent with the study by Abdulrahman S Alamri et al. This

may be related to the fact that physicians in this study initially

selected nodules with an aspect ratio greater than 1, irregular shape,

and hypoechogenicity for FNAB.

4.4 Diagnostic efficacy analysis of TI-RADS
scoring for nodules undergoing repeat US-
FNAB

This study confirmed through ROC analysis that TI-RADS

scoring is an effective tool for differentiating benign from malignant

among initially biopsied Bethesda Category III nodules (AUC =

0.746), which is consistent with conclusions from previous relevant

studies (18, 19). The ROC curve coordinates showed that the

maximum Youden index (0.403) occurred at a cut-off value of

7.5, with a specificity of 83.9% and sensitivity of 56.5%. Given that

scores in clinical practice are integers, and based on the principles of

ROC curve construction, this cut-off value is statistically entirely

equivalent to the clinical decision rule “TI-RADS score ≥ 8 points”.

Therefore, from a statistical perspective, this study recommends

using ≥8 points as the clinical operational threshold for performing

biopsy. However, when applying this threshold, one must be

cautious of its relatively low sensitivity; for nodules with scores

close to this threshold, comprehensive judgment combining

ultrasonographic features is advisable. It is worth noting that a

cut-off value of 6.5 (corresponding to a “score ≥ 7 points”) also

demonstrated good diagnostic performance, with a sensitivity

(72.6%) and specificity (61.3%) achieving a better balance for

clinical utility. How to choose the operational cut-off value is

essentially a clinical decision problem, depending on our

assessment of the relative harms of two types of errors: “false

negatives” (missed diagnosis) and “false positives” (over-biopsy).

The accurate selection of the final threshold should be based on a

specific weighing of the clinical situation.

4.5 Optimization of FNAB

This study thoroughly investigated potential factors influencing

Bethesda Category III results in thyroid nodule fine-needle

aspiration biopsy (FNAB). Statistical analysis of age and gender
TABLE 4 Efficacy Analysis of TI-RADS Scoring in Diagnosing Benign and

Malignant rFNAB Thyroid Nodules.

Score Sensitivity Specificity Youden Index

≥ 2.0 1.000 0.000 .000

≥ 3.5 .968 .032 .000

≥ 4.5 .919 .258 .177

≥ 5.5 .806 .387 .194

≥ 6.5 .726 .613 .339

≥ 7.5 .565 .839 .403

≥ 8.5 .371 .968 .339

≥ 9.5 .306 1.000 .306

≥ 10.5 .177 1.000 .177

≥ 11.5 .161 1.000 .161

≥ 12.5 .032 1.000 .032

≥ 14.0 .000 1.000 .000
The maximum Youden Index is 0.403, corresponding to a cut-off value of ≥7.5. Bolded rows
indicate key cut-off values with significant clinical reference importance.
FIGURE 1

Receiver operating characteristic (ROC) curve of TI-RADS score for
differentiating benign and malignant thyroid nodules by rFNAB.
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among the benign, malignant, and non-diagnostic groups showed

that these factors were not statistically significant, which is

inconsistent with previous study results (20). The author believes

this result may be related to the following factors: Firstly, the

relatively small sample size of this study may not have sufficiently

revealed differences between groups; Secondly, physicians in this

study tended to select nodules with higher TI-RADS classifications

for repeat FNAB (rFNAB), which may have led to a relatively

concentrated age and gender distribution in the population with

initial Bethesda Category III results. Currently, the unsatisfactory

rate of FNA specimens is as high as 20% (21). Calcifications, cystic

changes, and necrotic areas within the nodule can affect the quality

of sampling, while nodule size and an aspect ratio greater than 1

also influence the satisfaction level of the sampling (22–24).

Additionally, the operator’s skill level, the adequacy of specimen

preparation, and the typicality of cytological features of malignancy

can also affect the pathologist’s judgment. To improve the specimen

quality and diagnostic accuracy of FNAB, the biopsy strategy should

be optimized based on the ultrasonographic features of the nodule.

For large solid nodules, priority should be given to sampling the

peripheral cell-rich areas, avoiding central necrosis or liquefaction

areas; for cystic-solid nodules, the solid components need to be

precisely targeted, and cystic fluid should be aspirated for

examination. When biopsying very small nodules with a diameter

less than 3 mm, the first needle must ensure precise targeting under

ultrasound guidance to avoid bleeding that obscures the target.

Furthermore, the needle insertion strategy should be adjusted

according to the calcification morphology: peripheral

calcifications can be targeted at the central area, while coarse or

arc-shaped calcifications should be sampled from their edges or

internal solid parts. The aforementioned targeted measures can

effectively improve the success rate of sampling and the reliability of

pathological evaluation, reducing diagnostic uncertainty caused by

improper sampling (25, 26). The author re-reviewed the data: there

were 21 nodules with Bethesda Category III results on both biopsies,

among which 5 patients underwent surgery and postoperative

pathology reported malignancy. Relevant studies also suggest that

malignancy rates are higher for nodules with non-diagnostic results

after more than two biopsies. Surgical treatment is recommended,

which is consistent with the author’s view (26). Additionally,

molecular testing can guide surgical decision-making in cases of

insufficient cytological evidence. Among the 21 nodules with

Bethesda Category III results on both biopsies in this study, 3

patients underwent molecular testing, all with positive results;

postoperative pathology confirmed malignancy in 2 cases, and 1

received radiofrequency ablation therapy. In a 2015 survey of

clinical practice patterns in the United States, 38.8% of 820

respondents performed molecular testing after an initial AUS/

FLUS result (27). A high negative predictive value of 95% became

the basis for physicians to postpone surgery (28). Another study

also pointed out that molecular testing is more cost-effective than

diagnostic lobectomy for Bethesda Category III nodules (29).

Therefore, combining molecular testing technology can serve as a

supplement to rFNAB, providing stronger guidance for surgical

decision-making.
Frontiers in Endocrinology 06
4.6 Limitations and future perspectives

This study possesses certain inherent limitations that warrant

careful consideration. As a retrospective analysis conducted at a single

institution, our findings may be influenced by selection bias and

institutional-specific clinical practices. Although stringent inclusion

and exclusion criteria were applied to enhance data reliability, the

relatively limited sample size may restrict the generalizability of our

conclusions. Furthermore, the observed higher malignancy rate in our

cohort could partially be attributed to the clinical tendency to

prioritize repeat biopsy for nodules exhibiting suspicious

ultrasonographic features, such as microcalcifications or high TI-

RADS scores. Future research should aim to validate these findings

through prospective, multicenter studies with larger and more diverse

patient populations. Additionally, integrating molecular testing with

repeated cytological evaluation may further refine risk stratification

and guide personalized management strategies for Bethesda Category

III nodules.
5 Conclusion

Bethesda Category III thyroid nodules carry a relatively high

risk of malignancy. Repeat fine-needle aspiration biopsy (rFNAB)

significantly improves the diagnostic rate for thyroid nodules

initially diagnosed as Bethesda Category III,and our study showed

the time interval between the two biopsies may not affect diagnostic

performance. For the follow-up of nodules with an initial Bethesda

Category III FNAB result, rFNAB is recommended when the TI-

RADS score is ≥8, especially if suspicious ultrasonographic signs

such as new or persistent microcalcifications are present. During the

procedure, multi-point sampling should target non-calcified areas

at the nodule periphery to improve the accuracy and reliability of

rFNAB. On this basis, future combination with molecular marker

testing is expected to further optimize the precise management of

such nodules, ultimately advancing their diagnosis and treatment

strategies towards individuation and refinement.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

This study was approved by the Ethics Committee of China-

Japan Union Hospital of Jilin University (Approval No.

2023020719). The studies were conducted in accordance with the

local legislation and institutional requirements. The participants

provided their written informed consent to participate in this study.

Written informed consent was obtained from the individual(s) for
frontiersin.org

https://doi.org/10.3389/fendo.2026.1750620
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Chen et al. 10.3389/fendo.2026.1750620
the publication of any potentially identifiable images or data

included in this article.
Author contributions

CC: Conceptualization, Writing – original draft, Writing –

review & editing. QF: Conceptualization, Writing – original

draft, Writing – review & editing. RH: Writing – original draft.

YG: Writing – original draft. SZ: Writing – original draft.

PS: Writing – original draft. LZ: Writing – review & editing.

HS: Writing – review & editing.
Funding

The author(s) declared that financial support was received for

this work and/or its publication. This work was supported by the

Department of Science and Technology of Jilin Province, China

[Grant No. 20260203159SF].
Acknowledgments

We thank the colleagues who provided technical support and

constructive suggestions for this study.
Frontiers in Endocrinology 07
Conflict of interest

The author(s) declared that this work was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declared that generative AI was not used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References

1. Grani G, Sponziello M, Pecce V, Ramundo V, Durante C. Contemporary thyroid
nodule evaluation and management. J Clin Endocrinol Metab. (2020) 105:2869–83.
doi: 10.1210/clinem/dgaa322

2. Lind P, Jacobson A, Nordenström E, Johansson L, Wallin G, Daskalakis K.
Diagnostic sensitivity of fine-needle aspiration cytology in thyroid cancer. Sci Rep.
(2024) 14:24216. doi: 10.1038/s41598-024-75677-7

3. Boudina M, Katsamakas M, Chorti A, Panousis P, Tzitzili E, Tzikos G, et al.
Diagnostic accuracy of ultrasound and fine-needle aspiration cytology in thyroid
Malignancy. Med (Kaunas). (2024) 60:722. doi: 10.3390/medicina60050722

4. Ali SZ, Baloch ZW, Cochand-Priollet B, Schmitt FC, Vielh P, VanderLaan PA. The
2023 bethesda system for reporting thyroid cytopathology. Thyroid. (2023) 33:1039–44.
doi: 10.1089/thy.2023.0141

5. Bayona A, Benavent P, Muriel A, Abuchaibe C, Sharpe SC, Tarasova V, et al.
Outcomes of repeat fineneedle aspiration biopsy for AUS/FLUS thyroid nodules. Eur J
Endocrinol. (2021) 185:497–506. doi: 10.1530/EJE-21-0330

6. Zhao N, Yao M, Han R, Chen W, Zhang F, Feng Y. The diagnostic value of second
ultrasound-guided fine-needle aspiration for thyroid nodules. J Clin Ultrasound. (2022)
50:405–10. doi: 10.1002/jcu.23119

7. Yu L, Liu L. Repeat ultrasound-guided fine-needle aspiration biopsy for diagnosing
Bethesda category I/III thyroid nodules. Chin J Med Imaging Technol. (2021) 37:1312–
6. doi: 10.13929/j.issn.1003-3289.2021.09.008

8. Allen L, Al Afif A, Rigby MH, Bullock MJ, Trites J, Taylor SM, et al. The role of
repeat fine needle aspiration in managing indeterminate thyroid nodules. J Otolaryngol
Head Neck Surg. (2019) 48:16. doi: 10.1186/s40463-019-0338-7

9. Recavarren RA, Houser PM, Yang J. Potential pitfalls of needle tract effects on repeat
thyroid fine-needle aspiration. Cancer Cytopathol. (2013) 121:155–61. doi: 10.1002/
cncy.21220

10. Benido Silva V, Borges Duarte D, Teresa Pereira M, Couto de Carvalho A, Freitas
C. Fine-needle aspiration cytology repetition in thyroid nodules with non-diagnostic
findings or atypia of undetermined significance/follicular lesions of undetermined
significance: Does time matters? Ann Endocrinol (Paris). (2022) 83:232–6. doi: 10.1016/
j.ando.2022.03.002

11. Cosme I, Nobre E, Bugalho MJ. Repetition of thyroid fine-needle aspiration
cytology after an initial nondiagnostic result: Is there an optimal timing? Endocrinol
Diabetes Nutr (Engl Ed). (2024) 71:216–20. doi: 10.1016/j.endien.2024.03.018

12. Dellal Kahramanca FD, Sacikara M, Kilicarslan A, Ogmen B, Aydin C, Topaloglu
O, et al. Correction: Timing of the repeat thyroid fine-needle aspiration biopsy: does
early repeat biopsy change the rate of nondiagnostic or atypia of undetermined
significance cytology result? Endocrine. (2024) 86:1204. doi: 10.1007/s12020-024-
03999-7

13. Yaprak Bayrak B, Eruyar AT. Malignancy rates for Bethesda III and IV thyroid
nodules: a retrospective study of the correlation between fine-needle aspiration
cytology and histopathology. BMC Endocr Disord. (2020) 20:48. doi: 10.1186/s12902-
020-0530-9

14. Koh J, Kim EK, Kwak JY, Yoon JH, Moon HJ. Repeat fine-needle aspiration can be
performed at 6 months or more after initial atypia of undetermined significance or
follicular lesion of undetermined significance results for thyroid nodules 10 mm or
larger. Eur Radiol. (2016) 26:4442–8. doi: 10.1007/s00330-016-4311-9

15. Saravana-Bawan B, Bajwa A, Paterson J, McMullen T. Active surveillance of low-
risk papillary thyroid cancer: A meta-analysis. Surgery. (2020) 167:46–55. doi: 10.1016/
j.surg.2019.03.040

16. Alshahrani AS, Alamri AS, Balkhoyor AH, Mahzari MM, Alshieban SS, Majed PM.
The prediction of Malignancy risk in thyroid nodules classified as bethesda system
category III (AUS/FLUS) and the role of ultrasound finding for prediction of
Malignancy risk. Cureus. (2021) 13:e17924. doi: 10.7759/cureus.17924

17. Yoo WS, Ahn HY, Ahn HS, Chung YJ, Kim HS, Cho BY, et al. Malignancy rate of
Bethesda category III thyroid nodules according to ultrasound risk stratification system
and cytological subtype. Med (Baltimore). (2020) 99:e18780. doi: 10.1097/
MD.0000000000018780

18. Alyousif H, Adam I, Alamin NA, Sid Ahmed MA, Al Saeed A, Hassoni AH, et al.
The prevalence and associated predictors for Bethesda III-VI for reporting thyroid
frontiersin.org

https://doi.org/10.1210/clinem/dgaa322
https://doi.org/10.1038/s41598-024-75677-7
https://doi.org/10.3390/medicina60050722
https://doi.org/10.1089/thy.2023.0141
https://doi.org/10.1530/EJE-21-0330
https://doi.org/10.1002/jcu.23119
https://doi.org/10.13929/j.issn.1003-3289.2021.09.008
https://doi.org/10.1186/s40463-019-0338-7
https://doi.org/10.1002/cncy.21220
https://doi.org/10.1002/cncy.21220
https://doi.org/10.1016/j.ando.2022.03.002
https://doi.org/10.1016/j.ando.2022.03.002
https://doi.org/10.1016/j.endien.2024.03.018
https://doi.org/10.1007/s12020-024-03999-7
https://doi.org/10.1007/s12020-024-03999-7
https://doi.org/10.1186/s12902-020-0530-9
https://doi.org/10.1186/s12902-020-0530-9
https://doi.org/10.1007/s00330-016-4311-9
https://doi.org/10.1016/j.surg.2019.03.040
https://doi.org/10.1016/j.surg.2019.03.040
https://doi.org/10.7759/cureus.17924
https://doi.org/10.1097/MD.0000000000018780
https://doi.org/10.1097/MD.0000000000018780
https://doi.org/10.3389/fendo.2026.1750620
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Chen et al. 10.3389/fendo.2026.1750620
cytopathology in Royal Commission Hospital, Kingdom of Saudi Arabia. Ther Adv
Endocrinol Metab. (2022) 13:20420188221122486. doi: 10.1177/20420188221122486
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