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ARTICLE INFO ABSTRACT
Keywords: Background: In recent years, most studies believe that high TSH level is positively correlated with
Thyroid cancer, TSH,Meta-analysis the incidence of thyroid cancer, but it is still controversial. For this reason, the purpose of this

Diagnosis, Sensitivity and specificity study is to analyze the correlation between preoperative TSH level and thyroid malignant nodules

using pathological diagnosis as the gold standard. To evaluate the role of serum TSH in predicting
malignancy of thyroid nodules with uncertain cytology.As an important member of the hypo-
thalamus-pituitary—thyroid axis in the endocrine system, TSH plays a crucial role in regulating
the growth, differentiation, and function of thyroid cells (Zhang et al., 2023) [1]. Therefore, it has
always been considered closely related to TC. Currently, most studies have compared the TSH
levels of TC patients and individuals with benign thyroid disease or healthy controls. These
findings from various studies indicated that TC patients often demonstrate elevated TSH levels,
even when their TSH falls within the normal range. However, it is important to highlight that the
current evidence primarily relies on cross-sectional studies, which mainly describe a phenomenon
without establishing causal relationships. The involvement of TSH in the early onset or late
progression of TC remains unknown, the interaction between TSH and other factors and how it
affects TC is not well understood (Gubbi et al., 2020) [2].Symptoms of thyroid cancer are usually
insidious, and early thyroid cancer often has no obvious clinical symptoms. Therefore, early
detection and early treatment are particularly important, and how to improve the preoperative
diagnosis rate of thyroid nodules is also a problem that clinicians pay close attention to.
Objective: To evaluate the value of serum TSH concentration in the diagnosis of differentiated
thyroid carcinoma in patients with thyroid nodules.

Methods: Our study searched databases in both Chinese and English.China Academic Journals
FULL-text Database (CNKI), China Online Journals, Chinese Scientific Journals database and
Chinese Biomedical Literature Database (CBM) were searched by computer. The English literature
was established by PubMed, Embase, Cochrane Library, Web of Science and other databases until
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June 2022 to search for relevant literatures on the diagnostic test of serum TSH concentration in
patients with thyroid nodule. The literatures that met the criteria were screened, the data were
extracted, and the literature quality was evaluated. The sensitivity, specificity, positive likelihood
ratio, negative likelihood ratio and diagnostic odds ratio of the method for the diagnosis of
differentiated thyroid carcinoma were calculated and summarized. The receiver operating char-
acteristic (SROC) curve was drawn and the area under the curve was obtained.

Results: A total of 23 diagnostic tests were included (5348 lesions). Meta-analysis showed that the
combined sensitivity, specificity, positive likelihood ratio, negative likelihood ratio and diag-
nostic odds ratio of serum TSH concentration in the diagnosis of differentiated thyroid carcinoma
were 0.64, 0.72, 2.511, 0.386 and 7.14, respectively. The area under SROC curve (AUC) was 0.79,
and the Q index was 0.7283, indicating no statistically significant difference.

Conclusion: Based on current evidence, detection of serum TSH concentration in thyroid nodule
patients has high sensitivity and specificity for the diagnosis of differentiated thyroid cancer,
which has good clinical application value. However, other auxiliary examinations are still needed
to improve the diagnosis rate.

1. Introduction

Thyroid Nodules (TN) is a common Thyroid disease in the world. In the past two decades, with the widespread application of
imaging technology including ultrasound, the detection rate of Thyroid Nodules has increased exponentially [1], and the detection rate
of Thyroid Nodules in healthy people has been as high as 68 %. Among them, asymptomatic thyroid nodules are about 20%-76 % [2].
Symptoms of thyroid cancer are usually insidious, and early thyroid cancer often has no obvious clinical symptoms. Therefore, early
detection and early treatment are particularly important, and how to improve the preoperative diagnosis rate of thyroid nodules is also
a problem that clinicians pay close attention to. Horvath et al. drew on breast Imaging Reporting and datasystem (BI-RADS), In 2009,
the Thyroid Imaging Reporting and Data System (TI-RADS) was first proposed [3]. After ti-RADS classification was first proposed,
thyroid ultrasound reporting was more standardized and the diagnostic accuracy of two-dimensional ultrasound was significantly
improved. Later, other more specific classification criteria have been proposed at home and abroad [4,5]. Among them, the ti-rads
classification criteria customized by Kwak [6] in 2011 is more suitable for clinical use and similar to bi-rads classification. Accord-
ing to this classification, the five ultrasonic characteristics of nodular solid, hypoechoic, unclear boundary, microcalcification and
aspect ratio (A/T) >1 are considered as suspicious signs of thyroid malignant nodules. According to this classification standard, the
preoperative diagnosis of thyroid malignant nodules is greatly improved, but the malignant probability span of Ti-RADS type 4 nodules
is very large, ranging from 5 % to 85 % [7]. Ti-rads classification can improve the accuracy of preoperative ultrasound diagnosis, but
there is a certain misdiagnosis rate for type 4 thyroid nodules. Therefore, how to improve the diagnosis of Ti-RADS type 4 thyroid
nodules is also a problem faced by sonographers at present. International guidelines specify which nodules should be examined by fine
needle aspiration cytology (FNA) [2,8,9].FNA is clinically safe, cost-effective, minimally invasive, and has few complications [10]. For
nodule reports showing cytological uncertainty (TIR3), limitations arise because malignancy cannot be ruled out even if the incidence
is relatively low. In this case, molecular testing can represent an opportunity to identify thyroid cancer, although it does not guarantee
a correct diagnosis and is relatively costly [11]. Thyroid stimulating hormone (TSH) is a disubunit glycoprotein released by pituitary
gland in response to the release of hypothalamic thyrotropin-releasing hormone (TRH). TSH acts on thyroid cell signal transduction
through thyrotropin receptor and is responsible for regulating thyroid blood supply and cell proliferation. Recently, serum thyroid
stimulating hormone (TSH) levels have been evaluated as predictors of malignancy of thyroid nodules, Elevated serum TSH levels were
shown to be associated with an increased risk of thyroid cancer [12] (a simple and free adjuvant cost test for stratifying the risk of
malignancy associated with thyroid nodules has not previously been evaluated in thyroid nodules with definitive cytology). Studies
have shown that even if TSH is within the normal concentration range, the higher the TSH concentration, the higher the risk of thyroid
cancer [13]. Expert consensus on the clinical application of thyroid serum markers also clearly suggests that TSH level is of reference
significance in differentiating benign and malignant thyroid nodules to some extent, and routine preoperative use is recommended
[14]. Relevant studies have shown [15] that TSH not only promotes thyroid cancer, but also promotes breast cancer, pancreatic cancer,
ovarian cancer and other malignant tumors. Although most studies in recent years believe that high TSH level is positively correlated
with the incidence of thyroid cancer, there is still controversy. Sohn S et al. [16]. believe that serum TSH has no value in the evaluation
of thyroid papillary microcarcinoma. For this reason, the aim of this study was to analyze the correlation between preoperative TSH
levels and malignant thyroid nodules using pathological diagnosis as the gold standard to evaluate the role of serum TSH in predicting
malignant thyroid nodules with uncertain cytology.

2. Methods
2.1. Literature search
The retrieval strategy follows the PICOS principle (P: Participant; I: Intervention; C) Comparison O: Outcome; S: Study Design

developed search strategies for foreign language databases (including PubMed, Web of Science, Cochrane Library, EMbase) and
Chinese databases by computer. Including China Biomedical literature Database (CBM), Wanfang Data Medical journal database, VIP
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database and CNKI, etc. The retrieval time is from database construction to June 2022.

2.2. Retrieval strategy

The search terms in Chinese database were: (thyroid hormone OR TSH) And (thyroid nodule OR thyroid tumor OR thyroid cancer)
And (diagnosis). English Database Search terms: (Thyroid Neoplasms OR Neoplasm, Thyroid OR Thyroid Neoplasm OR Neoplasms,
Thyroid OR Thyroid Carcinoma OR Carcinoma, Thyroid OR Carcinomas, Thyroid OR Thyroid Carcinomas OR Cancer of Thyroid OR
Thyroid Cancers OR Thyroid Cancer OR Cancer, Thyroid OR Cancers, Thyroid OR Cancer of the Thyroid OR Thyroid Adenoma OR
Adenoma, Thyroid OR Adenomas, Thyroid OR Thyroid Adenomas And Thyroid Hormones OR Hormones, Thyroid OR Thyroid Hor-
mone OR Hormone, Thyroid OR TSH And sensitiv*[Title/Abstract] OR sensitivity and specificity [MeSHTerms]OR (predictive [Title/
Abstract] AND value*[Title/Abstract]) OR predictive value of tests [MeSH Terms] OR accuracy*[Title/Abstract].

2.3. Inclusion criteria

Inclusion criteria @ Subjects: Thyroid nodule was detected by cervical ultrasound; Thyroid function test was performed on all
patients. @ Postoperative pathological results were regarded as the "gold standard".

3069 of records identified through database
searching(CBM=493;Pubmed=708;Web of
science=965;WANGFANG=6;Cochrane=33;Emb

0 of additional records
identified through
other sources

ase=81;CNKI=834;VIP=219)

352 of records after
duplicates removed

|

2478 of records after
screened

239 The number of reviews, systematic
reviews,reviews and animal experiments
were excluded

h 4

2455 Articles with inconsistent research
contents or inconsistent intervention/control
measures were excluded( by reading the
abstract)

23 of studies included 0 Articles with
in qualitative *| inconsistent outcomes
synthesis were excluded

A
23 of studies included
in quantitative
synthesis( meta-
analysis)

Fig. 1. Flow chart for study selection.
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2.4. Exclusion criteria

The exclusion criteria include review, conference papers, systematic evaluation, academic dissertations, animal experiments,
republished studies, inability to obtain full text or incomplete data extraction, low literature quality or obvious research defects; Prior
to admission, she had suffered from hyperthyroidism, Hashimoto’s thyroiditis, subacute thyroiditis and other thyroid related diseases;
Previous use of thyroid hormones and antithyroid drugs; Prior I'*! treatment and thyroid surgery.

2.5. Study selection and data extraction

Literature screening and data extraction Three researchers who have received systematic and evidence-based training indepen-
dently read, screened and extracted relevant materials according to inclusion and exclusion criteria. Excel was used to input and
extract data, and cross-check was conducted after completion. If there was any disagreement, it was decided through discussion or
joint consultation with fourth-party researchers. Relevant data of the included literatures were extracted and sorted out, including
literature title, first author, publication time, study country (region), sample size, intervention time, evaluation indicators and other
information (see Fig. 1).

2.6. Study quality assessment

Literature quality evaluation was carried out by Three researchers who had received systematic and evidence-based training,
according to the bias risk assessment method of QuadAS-2 [17], to evaluate the quality of the included literature. In case of different
opinions, the quality evaluation was conducted through discussion or joint consultation with fourth-party researchers. Evaluation
items include (1) case selection: A. Whether continuous or random cases are included B. Whether the case-control study design was
avoided c. Whether the study avoided inappropriate exclusions D. Evaluation of clinical suitability for case selection (2) Trials to be
evaluated: a. Whether the results of the trials to be evaluated were interpreted without knowing the results of the Gold standard test B.
If A threshold is used, is it predetermined (3) Evaluation of clinical applicability of the test to be evaluated: A. Implementation and

Risk of Bias Applicability Concerns
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Fig. 2. Summary diagram of the QUADAS 2 bias risk assessment in this study.
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interpretation of tests to be evaluated and evaluation of matching of evaluation questions (4) Gold standard: A. Whether the gold
standard correctly identifies the target disease states b. Whether blinding was used in the gold standard outcome interpretation (5)
Whether blinding was used in the gold standard outcome interpretation: A. Matching of objective conditions defined by gold standard
and evaluation questions (5) Case process and progress: A. To be evaluated is there an appropriate time interval between the trial and
the gold standard B. are all patients receiving the same gold standard C.Whether all cases were included in the analysis.In this study,
two evaluators independently evaluated the methodological quality of the included literatures using quadAS-2, a diagnostic test ac-
curacy quality evaluation tool. The 14 quadAS-2 tools were evaluated as "yes", "no" or "unclear". In Fig. 2, "+" is qualified, "-" is not
qualified, and "? "is unclear. Fig. 3 is a bar chart of bias risk assessment. See Figs. 2 and 3 for details.

2.7. Statistical analysis

When studying the value of serum TSH concentration in the diagnosis of differentiated thyroid cancer in patients with thyroid
nodules, we searched various databases. In our meta-analysis, we calculated the Spearman correlation coefficients of sensitivity
logarithm and (1-specificity) logarithm to evaluate whether there is a threshold effect. We plotted a summary receiver operating
characteristic (SROC) curve and calculated the area under the curve. We used sensitivity bias analysis to test the robustness of the data.
Meta-Disc 1.4, Stata 15.0, and Review Manager 5.3 were used as statistical software for meta-analysis processing. The diagnostic
indicators of heterogeneity between studies were analyzed using the r-test. The heterogeneity source was analyzed using meta-
regression analysis. The Spearman correlation coefficient was calculated between sensitivity logarithm and (1-specificity) loga-
rithm to evaluate the presence of a threshold effect. The summary receiver operating characteristic (SROC) curve was plotted to obtain
the area under the curve and Q+ index. Funnel plots were drawn using Stata 15.0 software to evaluate publication bias. P < 0.05 was
considered statistically significant for differences.

2.8. Results

Results 3069 related papers were retrieved for the first time through Chinese and English databases and other channels. 352
duplicate papers were removed by Note Express software, title and abstract were read, 239 reviews, systematic evaluation, reviews and
animal experiments were deleted according to inclusion and exclusion criteria, and fulltext links were further obtained. After reading
the whole paper, 23 literatures were obtained by excluding 2455 literatures with inconsistent research content or inconsistent
intervention/control measures, 0 literatures with inaccurate experimental design or inconsistent experimental scheme, and O litera-
tures with inconsistent outcome indicators. A total of 23 literatures were included in the analysis, including 2 English literatures and 21
Chinese literatures.

Basic features of the included literatures a total of 23 literatures were included [18-40], published between 2012 and 2021, and the
languages of the included literatures were English and Chinese, including 2 English literatures and 21 Chinese literatures, respectively.
A total of 5348 subjects were involved, and the basic characteristics and quality evaluation of the included literature are shown in
Table 1.

A total of 23 studies involving 5348 patients were eligible for this study. Elevated serum TSH concentration is an independent risk
factor for differentiated thyroid cancer, as well as one of the factors affecting cervical lymph node metastasis. Serum TSH can be used as
an auxiliary clinical indicator to judge benign and malignant thyroid nodules. The AUC of TSH detection is 0.79, and the sensitivity and
specificity are 0.64 and 0.72.

2.9. Results of data analysis
2.9.1. Heterogeneity test
1. Threshold effect

The data were imported into Meta Disc software for analysis, and the Spearman correlation coefficient between sensitivity loga-
rithm and (1-specificity) logarithm was 0.078 (P = 0.725 > 0.05), which was not significant, indicating that there was no threshold

Patient Selection NN [
indexTest NN
Reference Standard MMM [

Flow and Timing | |

4 | 4 4 4 |
0% 25% 0% 78%  100% 0% 29% 50% Ta%  100%

Risk of Bias Applicability Concerns
.High |:|Unclear .Low

Fig. 3. The QUADAS 2 bias risk assessment bar chart of this study.
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Table 1
Characteristics and details of the included studies.
The author Published time Sample size (examples) TSH The gold standard
DTCB TP FP FN TN
Denglu Lu [18] 2021 46 174 38 29 8 145 Postoperative pathological
Carlo Cappelli [19] 2020 74 304 48 112 26 192 Postoperative pathological
Ariannia A [20] 2020 20 60 16 13 4 47 Postoperative pathological
Xi Zhou [21] 2020 157 84 116 30 41 54 Postoperative pathological
Upur. Imaer [22] 2018 65 179 52 53 13 126 Postoperative pathological
Fengling Wu [23] 2016 54 35 15 1 39 34 Postoperative pathological
Danfeng Xu [24] 2019 63 121 47 25 16 96 Postoperative pathological
Lizhi Sun [25] 2021 32 48 20 22 12 26 Postoperative pathological
Xun Tao [26] 2018 32 95 26 49 6 46 Postoperative pathological
Na Wang [27] 2021 44 37 32 13 12 24 Postoperative pathological
Yannan Yang [28] 2020 106 39 85 19 21 20 Postoperative pathological
Jintao Qian [29] 2021 221 137 122 52 99 85 Postoperative pathological
Rongxian Chu [30] 2020 88 159 80 16 8 143 Postoperative pathological
Xiaohui Yang [31] 2019 24 66 17 32 7 34 Postoperative pathological
Weiying Liu [32] 2014 30 59 25 13 5 46 Postoperative pathological
Jianlin Tang [33] 2012 28 12 22 3 6 9 Postoperative pathological
Huali Peng [34] 2019 57 139 43 32 14 107 Postoperative pathological
Shengjun You [35] 2017 178 149 929 20 79 129 Postoperative pathological
Limin Liu [36] 2016 90 388 79 122 11 266 Postoperative pathological
Xi Peng [37] 2017 497 126 229 30 268 96 Postoperative pathological
Runxiao Zhang [38] 2017 200 200 115 49 85 151 Postoperative pathological
Jiacheng Li [39] 2018 110 441 89 113 21 328 Postoperative pathological
Yuyu Guo [40] 2014 29 51 26 30 3 21 Postoperative pathological

Note: DTC was Benign, while B was Benign. TP was true positive, FP was false positive, FN was false positive, TN was true negative, and postoperative
pathological results were used as the gold standard to judge benign and malignant.

effect in this study. Furthermore, there is no "shoulder arm shape" by drawing symmetrical sSROC curve, which further indicates that
there is no threshold effect in this study (see Fig. 4).

2. Heterogeneity of non-threshold effects
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The Cochran-Q test of the diagnostic odds ratio (DOR) shows that Cochran-Q = 129.35, P < 0.001, indicating that heterogeneity
caused by non-threshold effect exists in this study. Furthermore, the sensitivity, specificity, positive likelihood ratio, negative likeli-
hood ratio and I2 of DOR are all greater than 50 %. The above five effect sizes were combined by random effect model (see Fig. 5).

3. Evaluation indexes of diagnostic tests

The combined sensitivity was 0.64 (0.62-0.66), the combined specificity was 0.72 (0.77-0.73), the combined positive likelihood
ratio was 2.511 (2.105-2.993), the combined negative likelihood ratio was 0.386 (0.312-0.478), the combined AUC was 0.79
(0.75-0.82), Q index = 0.7283, and the odds ratio of combined diagnosis was 7.14 (4.94-10.30).Shown in Table 2.

2.10. Sensitivity analysis

STATA 15.0 was selected for sensitivity analysis of the data in this study, and the results are as follows:It can be clearly seen from
Fig. 6 that 2 original studies have strong sensitivity, while other original studies do not cause sensitivity of calculation results. Overall,
the results of this study are relatively stable.

2.11. Published bias test

STATA 15.0 was selected to conduct publication bias test for the data of this study, as shown in Fig. 7:It can be clearly seen from the
above results that P > 0.05 means that the funnel plot is symmetrical and there is no publication bias in this study (see Fig. 8).

3. Discussion

Thyroid cancer is a common malignant tumor with a rapid increase in clinical incidence in recent years, papillary thyroid cancer is
the type with the highest incidence, and the possibility of early lymph node metastasis is greater, among which the cervical lymph node
metastasis rate is the highest, about 21 %-90 % [41,42]. Differentiated thyroid cancer (DTC) is one of the types with prominent clinical
manifestations, and related studies have shown that early diagnosis and treatment can effectively improve the survival rate of patients
[43]. In recent years, there has been controversy about whether TSH is related to the occurrence and development of thyroid cancer. It
is generally believed by scholars that conventional oral levothyroxine can effectively inhibit TSH level and significantly reduce the
mortality and recurrence rate of patients in the postoperative treatment of thyroid cancer, indicating that reducing serum TSH level has
a positive effect on reducing the incidence of thyroid cancer, thus there is a close relationship between the two [44-47]. Recent studies
have confirmed the close correlation between TSH level and thyroid malignant tumor. Wei WEI et al. [48] showed that with the
increase of serum TSH concentration, the proportion of PATIENTS with thyroid nodules suffering from DTC increased, and when
TSH>4.20 mIU/L, the proportion of PATIENTS with DTC could reach more than 70 %. Zhang Jiangjia et al. [49]. reported that serum
TSH level is one of the effective indicators for predicting thyroid cancer, especially for thyroid nodules larger than 10 mm in diameter,
which has high reference value. However, Che Weijuan [50] believed that although there are differences in serum TSH levels between
benign and malignant thyroid nodules, it is not appropriate to use normal human body reference value as the standard for benign and
malignant thyroid nodules, and a more suitable threshold value for screening malignant thyroid nodules should be explored. Guo M ET
al [51]. combined serum TSH and ultrasound detection for the diagnosis of thyroid nodule nature, and the results showed that the AUC
of TSH detection was 0.651, the AUC of the combined detection was 0.812, and the sensitivity and specificity were 0.851 and 0.782,
respectively. However, the ultrasound examination used in this study was mainly qualitative examination. Grey scale score was not
used as quantitative basis. Studies have found a close relationship between TSH level and thyroid cancer, and high TSH level can be
considered as an independent predictor of thyroid cancer [52].The results of this study showed that the AUC of TSH detection was
0.79, and the sensitivity and specificity were 0.64 and 0.72, respectively. The results of this study indicated that elevated serum TSH
concentration was an independent risk factor for differentiated thyroid cancer and one of the factors affecting cervical lymph node
metastasis. Serum TSH can be used as an auxiliary clinical indicator for the diagnosis of benign and malignant thyroid nodules. It is
expected that the combined application of TSH with other diagnostic methods should be regarded as the direction of future research, so
as to provide a stronger evidence-based basis for improving the diagnostic sensitivity of thyroid cancer patients.

In this study, only published Chinese and English literatures were retrieved, and the retrieval of literatures in other languages and
grey literatures was insufficient, which may cause certain publication bias. In addition, future studies should evaluate whether TSH in
combination with other tests improves diagnostic sensitivity.

Table 2

Evaluation criteria for diagnostic tests.
Detection Combined sensitivity ~ Combined specificity =~ Combined positive Combined negative Combined diagnostic odds
method (95%CI) (95%CI) likelihood ratio (95%CI) likelihood ratio (95%CI) ratios (95%CI)
Serum TSH 0.64(0.62-0.66) 0.72(0.70-0.73) 2.511(2.105-2.993) 0.386(0.312-0.478) 7.14(4.94-10.30)
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Fig. 5. Diagnostic odds ratio diagram.
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Fig. 6. Sensitivity analysis "From the above figure, it can be clearly seen that there are 2 original studies with strong sensitivity, while other original
studies will not cause sensitivity in the calculation results. Overall, this research result is relatively stable."

4. Conclusion

The results of this study suggest that elevated serum TSH concentration is an independent risk factor for differentiated thyroid
cancer and also one of the factors affecting cervical lymph node metastasis. Serum TSH can be used as an auxiliary clinical indicator to
judge benign and malignant thyroid nodules.
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Limitations of this study and implications for future research

10

Only published Chinese and English literature was retrieved in this systematic evaluation, and there was a lack of retrieval of other
languages and grey literature, which may cause a certain publication bias. In addition, future studies should also evaluate how TSH in
combination with other tests may improve diagnostic sensitivity.
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Key messages

The results of this study shows elevated serum TSH concentrations are independent risk factors for the development of differen-
tiated thyroid cancer, is one of the factors that affect transfer analysis, serum TSH can be used as a judgment of thyroid nodules of
benign and malignant tumor auxiliary index of clinical application of expectation in the future should apply TSH associated with other
diagnosis methods as the research direction of the future, To provide stronger evidence-based basis for improving the diagnostic
sensitivity of thyroid cancer patients.
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