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Editorial on the Research Topic 

Risk-Benefit Considerations and Staging of Differentiated Thyroid Cancer



Introduction

The incidence of differentiated thyroid cancer (DTC) has steadily increased since the 1980´s (1, 2). This highly significant rise is thought to be primarily due to the increasing use of thyroid ultrasound screening leading to overdiagnosis and overtreatment of early stage papillary thyroid microcancers (microPTC) (3, 4). In contrast with the steep increases observed for incidence, long-term DTC mortality, being generally low, declined or stabilized in many countries worldwide during over two or three decades. Guidelines today, recommend non-aggressive treatment for early stage microPTC (5) or even active surveillance only, based on positive experiences made with this concept in Japan (6).

However, not all cancer registries worldwide recorded a significant increase of only small, early-stage tumours but a rise of larger, later-stage tumours too (1, 2, 7), which is contrary to the idea of the dominant impact of screening (8). In addition, in North America, Australia and Asia, the downward trend of thyroid cancer mortality levels off or slightly increases since around 2000 (1, 2). So not all thyroid cancers can be considered as “indolent” or “harmless” (8) and the challenge is to make decisions for therapy based on proper differentiation between low, intermediate and high-risk thyroid cancers which may be difficult even in small DTC (9).

Fifteen papers in this Research Topic address important questions, which have to be answered if the approach of “personalized” or “precision” medicine, which today is generally accepted, shall be applied to DTC too.

Very relevant issues to be solved relate to risk-benefit considerations covering a broad spectrum from small, non-aggressive papillary thyroid cancers (PTC) in young patients, to aggressive, metastasizing cancers in elderly people.


Early Diagnosis - Risk Adapted Therapy

Krajewska et al., Gliwice Poland contribute a comprehensive review on: “Early diagnosis of low-risk papillary thyroid cancer results rather in overtreatment than a better survival” with more than 100 references. The main message of this paper is that there is overdiagnosis in (very) early stages of PTC cases stage pT1 worldwide, which need not be treated aggressively - if at all. But – on the contrary – the increasing detection of more advanced cases of PTC demands adequate treatment. Benefits and side effects of surgical therapy, I-131 treatment and thyroid hormone supplementation should be carefully considered. Finally, the authors state that “numerous clinical trials are needed to change the clinical management of low and intermediate risk PTC”.

Concerning the other side of the spectrum of DTC’s aggressiveness, Qiu et al. from Shanghai, China, present a paper on “Long-term Outcomes and Prognoses of Elderly Patients (≥65-years-old) with Distant Metastases from Well-differentiated Thyroid Cancer during Radioiodine Therapy and Follow-up”. In a study of 193 DTC patients ≥ 65 years of age, distant metastases are prevalent in 31% of the cases, which were followed-up for up to 24 years. The 5 and 10 year disease specific survival is reported to be 77% and 49% respectively. Gross thyroidal extension and I-131 responsiveness could be identified to be significant, independent prognostic indicators, thus confirming the effectiveness of radioiodine therapy (RIT) in patients with advanced thyroid cancer.



Genetic Risk Stratification

To decide properly which treatment should be recommended to a given patient, it is necessary to stage the tumour properly and to assign this clinical stage to defined risk categories. This today should be done including appropriate instruments of genetic profiling. Zhao et al., Hangzhou China present “Identification of A Prognostic 3-Gene Risk Prediction Model for Thyroid Cancer” using 506 DTC samples and 56 controls from the TCGA cancer genome database. Using receiver operator characteristics (ROC) to test predictability of 3-year survival, the area under the curve (AUC) corresponds remarkably to 0.85 for the 3 gene model with GHR, GPR125 and AtP2c2 versus AUC´s of 0.79-0.84 for single genes. GHR is a gene coding for transmembrane receptors of growth hormone, GPR125 promotes cell adhesion and AtP2c2 is a calcium transport coding gene.

Similarly, Xie et al. from Shenyang, China, used the same TCGA database for “Analysis of the prognostic value and potential molecular mechanisms of TREM-1 overexpression in papillary thyroid cancer via bioinformatics methods”. They focus on the triggering receptor expressed on myeloid cells-1 (TREM-1) described as biomarker in many cancers, but not up to now in thyroid cancer. Genes co-expressed with TREM-1 participate in immune related pathways. Xie et al. identified TREM-1 expression to be correlated with immune infiltration, tumour progression, and poor overall survival, with an AUC of 0.84. These interesting results obtained with bioinformatics methods have to be confirmed with much larger samples and experimental research.



Staging the Primary, Uni Versus Bilateral PTC

PTCs are frequently diagnosed by chance if a non-suspicious nodule is surgically resected or lobectomy is performed for non-oncological reasons. In this case it is of utmost importance to know if the cancer disease is restricted to the lobe surgically resected or if possibly the contralateral lobe is affected too.

Feng et al., Changzhou, China, present a study on “Management of Clinically Solitary Papillary Thyroid Carcinoma Patients According to Risk-scoring Model for Contralateral Occult Carcinoma” in which 573 clinically solitary PTC patients undergo lobectomy, identifying 3.7% ipsilateral and 15,5% contralateral occult cancers with their approach. The 10-point risk scoring model for contralateral cancer includes the points “benign nodule (point-load 2)”, “tumour size > 1cm (load 1)”, “extrathyroidal extension (load 3)”, “central LN-metastases (load 2)”, “lateral LN-metastases (load 2)”, the ROC area under the curve amounting to 0.91 for a cut-off of 3.5 summarized points.

Zhang et al., Shenyang, China, contribute to the same Research Topic with a paper on “Risk Factors for Contralateral Occult Carcinoma in Patients with Unilateral Papillary Thyroid Carcinoma: A Retrospective Study and Meta-Analysis”. The meta-analysis in 4,347 patients includes 26% occult contralateral cancers. Significant risk factors are “tumour size > 1cm” with an odds ratio (OR) of 2.16, “central neck lymph node metastases” OR 2.80 and “multifocality ipsilateral” OR 5.62. Sex, age, ETE, capsular invasion, Hashimoto´s disease and lateral lymph node metastases are not described as risk factors for contralateral occult carcinoma.



Staging the Lymph Nodes

Today’s guidelines for treatment of early-stage DTC (5, 10) strongly rely on lymph node staging. In this context it is important to use up-to-date diagnostic procedures like Colour-Doppler, or Contrast-Enhanced-Ultrasound. Eight papers of this section address multiparameter approaches to predict lymph node metastases (LNM) in different anatomic locations of the neck.

“Predictive factors of lymph node metastasis in patients with papillary microcarcinoma of the thyroid: a retrospective analysis on 293 cases” is the title of a paper by Medas et al. from Cagliari, Italy. An incidence of 13.7% of LNM (in any location) is described in their single hospital study in 293 PTC patients. Independent risk factors are: “age < 45”, “tumour size > 6 mm”, “tall cell variant”, “extrathyroidal extension (ETE)” and “angioinvasion”. The authors conclude that “size of the tumour being the most significant predictive factor” and that “smaller size of the tumour should be considered for active surveillance strategies”.

Two papers focus on preoperative prediction of central lymph node metastases. Chen et al. from Changsha, China, describe “Sonographic characteristics of papillary thyroid carcinoma with coexistent Hashimoto’s thyroiditis in the preoperative prediction of central lymph node metastasis”. They report a single hospital study of 177 patients with histologically verified PTC and Hashimoto Thyroiditis using colour-doppler (CDUS) and contrast enhanced ultrasound (CEUS). Risk factors for central lymph node metastases (CLNM) by univariate statistics are “age < 45” (P=0.03), “tumour size >10mm” (P<0.0001), “shape wider than tall” (P=0.0019), “CEUS hypoenhancement” (P=0.012), “CDUS peak intensity < 1” (P=0.11). Using multivariate logistic regression, the most significant risk factors for CLNM are “tumour size > 10mm” (OR 4.3, P< 0,0001) and “CEUS hypoenhancement” (OR 2.9, P =0,002).

Xue et al. from Changchun, China, include strap muscle infiltration (SMI) as risk factor, studying “Predictive Factors of Central-Compartment Lymph Node Metastasis for Clinical N0 Papillary Thyroid Carcinoma with Strap Muscle Invasion”. Their single hospital study comprises the considerable number of 9,866 PTC patients recruited between 2009 and 2017, among them 281 with SMI and 50.7% with CLNM. Risk factors for CLNM in patients with SMI turn out to be “male gender” with an OR of 6.22 (P<0,02) and “age < 40” OR=9.94 (P<0,001).

LNM of PTC anatomically close to the right recurrent laryngeal nerve (RLN) represent a special challenge for the surgeon. In their paper “Metastasis of cN0 Papillary Thyroid Carcinoma of the Isthmus to the Lymph Node Posterior to the Right Recurrent laryngeal Nerve”, Du et al. from Zhengzhou, China, investigate risk factors for such LNM in patients who presented clinically without central LNM. Their single hospital study comprises 357 patients who underwent bilateral central lymph node dissection. LNM posterior to the right RLN are described in 23 cases (6.7%) and only, when other LNM were prevalent (especially of the anterior right RLN with an OR of 6.9). Other significant independent factors were “tumour size > 5mm” (OR=2.8), “multifocality” (OR=2.2), and extrathyroidal extension (ETE) (OR=5.8). Zheng et al., Yantai, China focus on the “Clinical relevance and management of recurrent laryngeal nerve inlet zone lymph nodes metastasis in papillary thyroid cancer”, defining the zone of 10 mm around the inlet of the RLN as “inlet zone”. In their single hospital study of 947 patients with PTC, 150 received lymph node dissection, among them 47 (31%) present with such RLN inlet zone LNM. Additional ipsilateral LNM turn out to be highly predictive for RLN inlet zone LNM (OR 7.1). The authors conclude that “Once central or lateral LNM are confirmed preoperatively, RLN inlet zone dissection should be carefully performed to reduce the rate of structural recurrence in the central compartment”.

A more advanced approach for lymph node staging is to combine clinical and sonographic parameters in a model with a whole set of findings. This can be done using relatively simple nomograms or better applying recent advances of artificial intelligence and machine learning. The first two among three papers on nomograms for PTC consider all stages of primaries but focus on central LNM, whereas the last one focuses on microPTC considering all possible locations of LNM.

Li et al. from Tianjin, China, describe a “Diagnostic model incorporating clinicopathological characteristics of Delphian lymph node metastasis risk profiles in papillary thyroid cancer” The Delphian lymph node is located pretracheally and considered an effective indicator of aggressive disease and recurrence. In their single hospital study with 936 PTC patients, 177 presented with LNM to the prelaryngeal nodes (18.9%). Risk factors by multivariate statistics are “male gender” (OR 4.1, P <0.0001), “younger age (OR 1.0, P =0.0039), “larger tumour size” (OR 1.1, P <0.0001), “ETE” (OR 2.2, P=0.008), “lymphovascular invasion” (OR 4.4, P=0.007), “central LNM” (OR 4.5, P< 0.0001). The proposed nomogram to predict LNM to the Delphian node is considered to be a clinically sensitive predictor of further LN in the central compartment” (ROC AUC 0.75; verified in an independent cohort).

Feng et al., Changzhou, China, present “A Nomogram Based on Clinical and Ultrasound Characteristics to Predict Central Lymph Node Metastasis of Papillary Thyroid Carcinoma”. This has been developed in single hospital study with 886 PTC patients with LNM in 50% of the cases. It has to be emphasized that two different subsets of the cohort were used for training (n=617) and validation (n=269). Clinical and US variables are tested as potential predictors for central LNMs: “male sex” (OR 2.8, P<0.001), chronic lymphocytic thyroiditis (OR 1.9, P<0.001),”tumour size > 1cm” (OR 2.4, P<0.001), “tumour size > 2cm” (OR 4.0, P <0.001), “irregular margin” (OR 2.3, P <0,.001), “tumour location middle/lower quadrant” (OR 3.6, P< 0.001). ROC analysis results in AUCs for training of 0.81 and for validation of 0.80 respectively.

The third paper on nomograms by Sun et al., Wuxi, China, “Nomogram for preoperative estimation of cervical lymph node metastasis risk in papillary thyroid microcarcinoma” focuses on micro-PTC, but not on central LNM only, as the previous papers. The single hospital study comprises 552 patients, among them 61% with LNM. Seven variables of clinical and US features are identified as potential predictors including “male sex” (OR 2.0, P =0.004), “age < 45 years” (OR 4.6, P < 0.001), “US-reported central LN status” (OR 1.9, P =0.005), “multifocality of the tumour “ (OR 1.8, P =0.007), “tumour size ≥ 0.6cm” (OR 1.7, P =0.018), “ETE” (OR 3.8, P< 0.001) and “microcalcification by US” (OR 2.3, P < 0.001). In this study ROC analysis results in an AUC of 0.84.

According to a recent review, artificial intelligence and machine learning are very promising methods to improve the diagnostic sensitivity and specificity of ultrasound thyroid imaging (11). Up to now, the focus has been mainly on specification of malignancy in thyroid nodules. The following contribution of Wu et al. from Beijing, China, on “Machine learning algorithms for the prediction of central lymph node metastasis in patients with papillary thyroid cancer” takes another approach. The single hospital study in 1,103 PTC patients aims at predicting central LNM comparing seven different machine learning approaches and a set of 22 variables (including US parameters plus clinical data). For prediction of central LNM, a seven parameter machine learning gradient boosting decision tree, works best by including male sex, young age, low TPO-AB, US suspected LNM, microcalcifications, tumour size > 1.1 cm and TSH. The AUC is 0.73 in the training dataset, but no validation in a separate dataset has been performed up to now. Such approaches will gain rapidly increasing clinical relevance, provided that the data sets used are well defined, much larger and separate as well as independent sets are used for training and validation. Only cooperative networks of clinicians and computer scientists can meet these challenges.
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Objective: We aimed to screen the genes associated with thyroid cancer (THCA) prognosis, and construct a poly-gene risk prediction model for prognosis prediction and improvement.

Methods: The HTSeq-Counts data of THCA were accessed from TCGA database, including 505 cancer samples and 57 normal tissue samples. “edgeR” package was utilized to perform differential analysis, and weighted gene co-expression network analysis (WGCNA) was applied to screen the differential co-expression genes associated with THCA tissue types. Univariant Cox regression analysis was further used for the selection of survival-related genes. Then, LASSO regression model was constructed to analyze the genes, and an optimal prognostic model was developed as well as evaluated by Kaplan-Meier and ROC curves.

Results: Three thousand two hundred seven differentially expressed genes (DEGs) were obtained by differential analysis and 23 co-expression genes (|COR| > 0.5, P < 0.05) were gained after WGCNA analysis. In addition, eight genes significantly related to THCA survival were screened by univariant Cox regression analysis, and an optimal prognostic 3-gene risk prediction model was constructed after genes were analyzed by the LASSO regression model. Based on this model, patients were grouped into the high-risk group and low-risk group. Kaplan-Meier curve showed that patients in the low-risk group had much better survival than those in the high-risk group. Moreover, great accuracy of the 3-gene model was revealed by ROC curve and the remarkable correlation between the model and patients' prognosis was verified using the multivariant Cox regression analysis.

Conclusion: The prognostic 3-gene model composed by GHR, GPR125, and ATP2C2 three genes can be used as an independent prognostic factor and has better prediction for the survival of THCA patients.

Keywords: THCA, WGCNA, prognostic 3-gene risk prediction model, prediction, prognosis


INTRODUCTION

Thyroid cancer (THCA), derived from parafollicular cells or thyroid follicular cells, is the most common endocrine malignancy accounting for about 1% of all kinds of human cancers (1). Papillary (PTC), follicular, anaplastic and medullary thyroid carcinomas are the four subtypes of THCA (2), among which papillary and follicular carcinomas are common and have better prognosis (3), while anaplastic carcinoma is rare to be seen with extremely poor prognosis (4). Therefore, it's very important to find effective approaches for the improvement of the overall THCA prognosis.

At present, the conventional prognostic model of THCA in clinical practice is constructed according to predictive factors like age, tumor size and lymph nodule metastasis (5). With the development of high-throughput sequencing technology, mRNA expression profiles of specific cancers are easy to obtain, which helps us better find more robust prognostic signals (6). For instance, microarray-based gene expression analysis enables us to identify the important genes during tumor progression and helps to define and diagnose prognostic characteristics (7). In this way, many THCA prognostic biomarkers have been verified. However, these markers are almost single genes and have not been widely accepted (8). Polygenic combination has been reported to possess better predictive ability for cancer prognosis than single genes (9). Therefore, recent studies have involved in the identification of the biomarkers for THCA prognosis (10). However, restricted by research methods, novel biological algorithm needs to be explored to construct more accurate diagnostic or prognosis models.

In the present study, a large number of mRNA expression profiles of THCA patients were accessed from TCGA database, and modules associated with THCA were identified by WGCNA. A 3-gene risk prediction model was constructed using Cox and LASSO regression models, which could help us better predict THCA prognosis.



MATERIALS AND METHODS


Data Resource

Expression profiles of THCA mRNA and corresponding clinical data were accessed from TCGA database (https://cancergenome.nih.gov/), including 506 cancer samples and 56 normal tissue samples. The study was in line with the guidelines released by TCGA (http://cancergenome.nih.gov/publications/publicationguidelines).



Identification and Confirmation of THCA-Associated Genes

“edgeR” package (https://bioconductor.org/packages/release/bioc/html/edgeR.html) was used to perform differential analysis between cancer tissues and normal tissues. Genes met the criteria (|logFC| > 1 and P < 0.05) were considered to have significant differences.



Module Selection With WGCNA

The mechanism of WGCNA is the research for co-expression modules and the exploration of the correlation between the gene network and the phenotypes, which is motivated by the analyses of scale-free clustering and dynamic tree cut on expression profiles. In the present study, modules that were most related to THCA tissue types in the co-expression network constructed by WGCNA package (https://cran.r-project.org/web/packages/WGCNA/index.html) were selected, and genes meeting P < 0.05 and |COR| > 0.5 were extracted for further study.



Construction of the Prognostic Risk Prediction Model

THCA prognosis-associated genes were screened using univariant Cox regression analysis. Then, a prognostic model was constructed using the least absolute shrinkage and selection operator (LASSO). According to this model, risk score of each sample was calculated, and patients were divided into the high-risk group and low-risk group with the median risk score as the threshold. Kaplan-Meier was used to evaluate the survival of the two groups. The ROC curve was drawn for the evaluation of the prognosis performance of the model, and the area under the curve (AUC) was calculated. Furthermore, multivariant Cox regression analysis was performed to assess the correlation between the risk score and patients' prognosis. Kaplan-Meier and ROC curves of each gene in this model were plotted to make a comparison with those curves of the model.



Statistical Analysis

Univariant and multivariant Cox regression analyses were both performed in TCGA dataset. “glmnet” package of the R software (https://www.r-project.org/) was used for LASSO statistic algorithm. IBM SPSS 22.0 statistical software (IBM Corp., Armonk, NY, USA) was applied for statistical analysis. P < 0.05 was considered statistically significant.




RESULTS


Identification of THCA-Associated Modules

As shown in Figure 1A, a total of 3207 DEGs were identified (|logFC| > 1, P < 0.05). WGCNA was used to screen THCA related modules, and appropriate adjacency matrix weight parameter β (power) was selected to ensure the scale-free distribution of the co-expression network as possible (11). In the range of 1 ≤ β ≤ 20, log k and log P(k) were calculated for linear models' construction, respectively. β is the squared value of the coefficient R. As shown in Figure 1B, the soft threshold (power) is higher with the elevated R2, suggesting that the network closely approaches to scale-free distribution. In the present study, β = 5 (R2 = 0.9 for the first time) was selected to ensure the realization of scale-free distribution as possible and make the values on the curve approach to the minimum threshold. When β = 5, the mean connectivity of RNA in the network was 5 (Figure 1C), which was consistent with the small-world network in the scale-free one. Then, cluster dendrogram was constructed (Figure 1D) and dynamic tree cut was performed (deep split = 2). Modules obtained were merged with the minimum size of 50, and 10 modules were eventually developed.


[image: Figure 1]
FIGURE 1. Identification of the THCA tissue type-associated RNA functional modules. (A) Volcano plot of DEGs; (B) Analysis of scale-independence index for various soft threshold powers. Horizontal axis is the soft threshold (power), and vertical axis is the scale-free topology fitting indices (R2). The red line refers to the standard corresponding to the R2 of 0.9; (C) Analysis of the mean connectivity under different soft threshold powers; (D) Cluster dendrogram of all DEGs clustered based on a dissimilarity measure; (E) Distribution of average gene significance and errors in the modules associated with the progression of THCA; (F) Venn diagram of the genes in the four modules for co-expression genes selection.


The correlation and significance between the module characteristics and sample phenotypes were calculated. Among the 10 modules, genes in blue, brown, pink and turquoise modules were verified to be most associated with THCA prognosis (Figure 1E). 23 THCA tissue type-associated genes were obtained from the four modules taking the P < 0.05 and |COR| > 0.5 as the threshold (Figure 1F).



Construction of a Prognostic 3-Gene Risk Prediction Model for THCA

Univariant Cox regression was performed for analysis of the 23 co-expression genes, suggesting that eight genes were significantly correlated with survival as shown in Table 1. LASSO regression model was constructed to analyze the genes and an optimal prognostic risk prediction model was eventually developed (Figure 2A). Risk Score = (0.185780133850552 × GHR) + (0.277546742101366 × GPR125) + (0.257150281664915 × Atp2c2). Risk prediction was performed according to this model, and patients were ranged based on the risk scores (Figure 2B). The median risk score was used as the critical value to group the patients into the high-risk group (n = 248) and low-risk group (n = 249). As shown in the Kaplan-Meier curve in Figure 2C, patients in the high-risk group had worse overall survival (OS) than those in the low-risk group. ROC curve was plotted to predict the 3-year survival and the results showed in Figure 2D revealed that AUC of the 3-gene model was 0.854, which indicated the good performance of the risk score in survival prediction. Multivariant Cox proportional hazards regression analysis was then performed combined with clinical factors and the correlation between the risk score and prognosis of patients was verified (Figure 2E). From the heat maps of the expression profiles of these three genes (Figure 2F), the expression levels of GHR, GPR125, and Atp2c2 were found to be positively correlated with the risk score, and all of them were regarded as high-risk genes.


Table 1. Basic information of the eight prognostic genes.
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FIGURE 2. Construction of a 3-gene risk prediction model. (A) LASSO regression model; (B) 3-gene based distribution of risk scores; (C) Survival analysis of real hub genes in the TCGA-THCA dataset; (D) ROC curve of real hub genes in the TCGA-THCA dataset; (E) The correlation between the risk score and patients' prognosis; (F) Heatmap of the 3 genes expression profiles.




Evaluation of the 3-Gene Risk Prediction Model

Kaplan-Meier curves of the three genes were drawn using the log rank test. As shown in Figures 3A–C, THCA patients with low expression of GHR, GPR125, and Atp2c2 had longer survival time, indicting that these three genes were high-risk genes, which was in agreement with the results predicted by univariant Cox regression analysis. Furthermore, ROC curves (Figures 3D–F) revealed that the AUC of GHR, GPR125, and Atp2c2 was 0.803, 0.788, and 0.84, respectively, all of which were smaller than that of the 3-gene risk prediction model. Findings above demonstrate that risk score is a good indicator for prognosis, and the 3-gene model has a higher accuracy.


[image: Figure 3]
FIGURE 3. The evaluation of the 3-gene risk prediction model. (A–C) Survival analyses of GHR, GPR125, and Atp2c2 in the TCGA-THCA dataset; (D–F) ROC analyses of GHR, GPR125 and Atp2c2 in the TCGA-THCA dataset.





DISCUSSION

With the development of the microarray and RNA sequencing technologies, new era of large data on biology is coming. It has been reported that microarray-based gene expression analysis could achieve characterization in human cancers, identification of the important genes during tumorigenesis and the definition as well as the diagnosis of prognostic features (7). However, the role of genes as prognosis factors has been few investigated (12). In the present study, a large amount of RNA-seq profiles and clinical prognosis data of THCA patients were accessed from TCGA database, and co-expression gene modules were screened using WGCNA. Studies have shown that gene modules are much reliable in cancer prognosis than biomarkers. While there are few studies on the cross-talk among the modules, and some important modules might be ignored (13). Therefore, in our study, gene co-expression network was constructed via WGCNA, and was used to identify THCA tissue type-associated gene modules, including blue, brown, pink and turquoise. Twenty-three common genes were obtained from the four modules, and an optimal prognostic 3-gene risk prediction model was then constructed by univariant Cox and LASSO regression analyses. Along with the LASSO model, all independent variables can be processed simultaneously, verifying the more accurate performance than the stepwise regression model (14). GHR, GPR125, and Atp2C2 were the three genes in this model. GHR is a kind of protein-coding gene coding transmembrane receptors of the growth hormone. In prior studies, GHR has been verified to be a oncogene in some cancers, such as breast cancer (15), pancreatic ductal carcinoma (16) and melanoma (17), but the role in THCA prognosis is firstly reported. GPR125, a 57-KDa factor for transmembrane signal transduction, is considered to play a key role in cell adhesion and signal transduction (18). It's reported that GPR125 is up-regulated in human cerebral cancer tissues (19) and promotes cell adhesion as well as the formation of myelosarcoma (20). In our study, GHR and GPR125 were verified as high-risk genes in THCA, which was consistent with the previous studies. Moreover, we found that these two genes could be used as independent risk predictive factors, but the accuracy was lower than that of the 3-gene risk prediction model, which was further verified by ROC and Kaplan-Meier curves.

As the expression profiles of THCA and clinical information are just from one dataset of TCGA, the samples for analyzing the prognostic 3-gene model are limited. In addition, the model constructed in this study might be not available when it comes to other databases, and it's necessary to improve the model with more datasets. In a word, a 3-gene model is constructed to be an independent predictor in this study, which provides novel view and approach for the prognosis of THCA patients.
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Introduction: Papillary thyroid microcarcinoma (PTMC) is defined as a tumor with a larger diameter ≤ 1 cm and is considered having an indolent course and an excellent prognosis. Nevertheless, the incidence of lymph node metastasis in PTMC is not negligible, reaching up to 65% in some series. The aim of this study was to assess the incidence of lymph node metastasis in patients with PTMC and to evaluate predictive factors for lymph node metastasis.

Methods: We included in this retrospective observational study patients who underwent thyroidectomy with pathological diagnosis of PTMC at our department from January 2003 to June 2019.

Results: Two hundred ninety-three patients were included in the study. The incidence of lymph node metastasis was 13.7%. Multivariate analysis revealed as independent risk factors for lymph node metastasis age <45 years, nodule size ≥6 mm, tall cell variant of PTC, extrathyroidal extension, and angioinvasion. Conversely, autoimmune thyroiditis was found as a protective factor for lymph node metastasis. A subgroup of patients, with nodule size ≤ 5 mm, presented non-aggressive features.

Conclusion: The incidence of lymph node metastasis in PTMC is considerable; the size of the tumor appears to be the most significant predictive factor for lymph node metastasis. The traditional cut-off value used for definition of microcarcinoma could be reconsidered to identify patients with an indolent course of the tumor, where active surveillance could be the appropriate treatment, and on the other hand, patients with potentially aggressive tumors requiring an adequate surgical intervention.

Clinical Trial Registration: The trial was registered at ClinicalTrials.gov (ID: NCT04274829).

Keywords: thyroid carcinoma, lymph node metastasis, microcarcinoma, thyroidectomy, lymph node dissection


INTRODUCTION

Papillary thyroid carcinoma (PTC) is the most common variety of differentiated thyroid carcinoma. Its incidence has increased in the last decades, mainly due to the diffusion of ultrasound (US) examination of the neck (1–3). Furthermore, the diffusion of screening programs for thyroid cancer has allowed detecting a larger number of tumors at an early stage. Papillary thyroid microcarcinoma (PTMC) is defined as a tumor with the larger diameter ≤ 1 cm (4, 5). In the absence of aggressive features, the American Thyroid Association (ATA) guidelines include this entity in the low-risk category, with a risk of recurrence estimated as 1–2% (6); on the other side, if aggressive characteristics are present, the risk of relapse is not negligible, with lymph node (LN) metastases and extrathyroidal extension being the most important predictive factors of recurrence. Because of its indolent course and its excellent prognosis, in the last few years, active surveillance has been purposed as an alternative to immediate surgery (7). Nevertheless, the incidence of lymph node metastasis in PTMC is not negligible, also in patients with clinically uninvolved lymph nodes (cN0), reaching approximately up to 65% in some series (8–11); this finding raises questions on the most appropriate treatment for PTMC.

The aim of this study was to assess the incidence of lymph node metastasis in patients with PTMC and to evaluate predictive factors for lymph node metastasis.



METHODS

We included in this retrospective observational study patients who underwent thyroidectomy at our department from January 2003 to June 2019 with pathological diagnosis of PTMC, defined as a PTC with a larger diameter equal or inferior to 1 cm. Patients were selected from a prospectively institutional maintained database including all patients with thyroid carcinoma. Exclusion criteria were concomitant tumors with a larger diameter >1 cm, patients in which an evaluation of lymph node status was not available because any sample of lymph node was obtained during surgery, and those with incomplete data.

The primary outcome of the study was the incidence of lymph node metastasis in PTMC, and the secondary was to identify independent risk factors for lymph node metastasis.

Preoperative assessment included anamnesis, physical examination, blood tests to assess thyroid function and autoimmune thyroiditis, and high-resolution US of the neck with careful evaluation of the central and of the lateral compartment of the neck. Fine needle cytology aspiration (FNAC) was performed in case of suspicious nodules; the cut-off value for FNAC was 5 mm. An FNAC with dosage of Thyroglobulin (Tg) was performed in case of positive lymph nodes at US in central or lateral neck compartment. Thyroid scintigraphy was done only in case of hyperthyroidism, defined as low serum TSH (<0.4 mIU/L) and normal or high serum FT3 and FT4. Preoperative laryngoscopy was routinely performed to assess vocal fold mobility.

Surgical procedure consisted of extracapsular total thyroidectomy (TT) or lobo-isthmectomy (LH). In case of low-risk tumors with clinically uninvolved lymph nodes (cN0), a lymph node sampling of the central compartment was performed. Prophylactic central lymph node dissection (CLND) was done in case of clinically uninvolved central lymph neck nodes (cN0) in high-risk tumors, including patients with preoperative US or intraoperative suspicion of extracapsular extension of the tumor, or in case of clinically involved lateral neck nodes (cN1b), as suggested from ATA guidelines. A therapeutic CLND was performed in case of preoperative or intraoperative suspicion of lymph node metastasis of the central compartment. Therapeutic lateral neck dissection (LND) was performed only in case of preoperative evidence of lateral neck node metastasis.

In case of multifocal tumor, the tumor size was determined as the larger diameter of primary tumor. Extrathyroidal extension was defined as the presence of gross infiltration of perithyroidal tissues found at pathological examination, and vascular invasion as the invasion of vessels in the tumor capsule or beyond, with intravascular tumor cells attached to the vessel wall.

Autoimmune thyroiditis was defined in case of positive Thyroglobulin-Antibodies (Tg-Ab) and/or Thyroid Peroxidase-Antibodies (TPO-Ab) and confirmed at pathological examination.

Tall cell variant of PTC was defined in case of presence of columnar cells (height is twice the width) representing at least 50% of tumor cells.

Lymph node yield was defined as the number of lymph nodes retrieved after lymphectomy, and lymph node ratio as the ratio of metastatic lymph nodes out of the total lymph nodes removed.

Four preoperative and seven pathologic features were tested as risk factors for lymph node metastasis: sex, age, hyperthyroidism, autoimmune thyroiditis, size of the tumor, thyroid weight, histological subtype of PTC, multicentricity, angioinvasion, and the presence of extrathyroidal extension.

Univariate analysis was conducted using chi-squared test for categorical variables and Student's t-test for continuous variables. Factors with a p-value ≤ 0.10 in univariate analysis were considered potentially significant and were included in the multivariate analysis. Logistic regression was employed to identify independent risk factors for lymph node metastasis; results were considered statistically significant for p-value < 0.05.

Calculations were performed with MedCalc® vers. 19.1.3. Continuous variables are reported as the mean ± standard deviation of the mean.



RESULTS

During the study period, a total number of 584 patients with pathological diagnosis of PTMC underwent surgical therapy; 240 patients were excluded because pathologic N status was not assessed, and 51 because of incomplete data. Therefore, 293 patients met inclusion criteria and were included in the study.

Preoperative data are reported in Table 1. Diagnosis of PTMC was incidental in 115 (39.2%) patients, whereas it was suspected at preoperative exams in 178 (60.8%) cases. There were 61 (20.8%) males and 232 (79.2%) females, with a mean age of 49.8 ± 14.3 years. Autoimmune thyroiditis was present in 175 (59.7%) cases, and 44 (15%) patients had a hyperthyroidism status (21 had a Graves' disease, 21 a toxic multinodular goiter, and 3 a toxic adenoma).


Table 1. Preoperative data and surgical procedure.
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Among the 178 patients with a preoperative suspicion of PTMC, US examination demonstrated a hypoechogenic nodule in 121 (67.9%) cases, microcalcifications in 21 (11.8%) patients, and intranodular vascularization in 84 (47.2%) cases.

A lobo-isthmectomy associated with lymph node sampling of the central compartment was performed in 9 (3.1%) cases and with complete CLND in 2 (0.7%) patients. Total thyroidectomy with lymph node sampling was performed in 175 (59.7%) cases, associated with prophylactic or therapeutic CLND in 100 (34.1%) patients and to LND in 7 (2.4%) cases.

Full pathological features are reported in Table 2. Overall, the lymph node yield was 4.3 ± 4.8; specifically, the lymph node yield was 2.1 ± 1.1 in lymph node sampling, 7.3 ± 4.7 in CLND, and 24.8 ± 8.16 in LND.


Table 2. Pathological features of 293 patients with papillary thyroid carcinoma.
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The incidence of lymph node metastasis was 13.7%, with a lymph node ratio of 0.49 ± 0.32. Specifically, the incidence of metastasis of the central compartment was 12.9%, and that of the lateral neck compartment was 2%. Unexpected lymph node metastasis was found in 29 (9.8%) patients, whereas in 11 (3.8%) patients, pathological examination confirmed preoperative US finding. Extranodal extension was found in 4 (1.4%) patients.

During univariate analysis, age, autoimmune thyroiditis, nodule size, tumor histotype, extrathyroidal extension, and angioinvasion were found as potentially significant risk factors for lymph node metastasis (Table 3).


Table 3. Univariate and multivariate analyses of preoperative data and pathological features of 293 patients with papillary thyroid microcarcinoma.
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Multivariate analysis revealed age <45 years (36.4% in pN0 group vs. 57.5% in pN1 group; OR 3.249; p = 0.0041), nodule size ≥ 6 mm (47% in pN0 group vs. 77.5% in pN1 group; OR 3.878; p = 0.0476), tall cell variant of PTC (13% in pN0 group vs. 37.5% in pN1 group; OR 3.479; p = 0.0074), extrathyroidal extension (5.5% in pN0 group vs. 22.5% in pN1 group; OR 3.642; p = 0.0196), and angioinvasive carcinoma (4% in pN0 group vs. 22.5% in pN1 group; OR 3.49; p = 0.0322) as independent risk factors for lymph node metastasis. Conversely, autoimmune thyroiditis was found as a protective factor for LN metastasis (63.2% in pN0 group vs. 37.5% in pN1 group; OR 0.348; p = 0.0408).

As reported in Figure 1, a further analysis demonstrated a positive correlation between the tumor size and the lymph node ratio, with a correlation coefficient of 0.2409 (CI 0.1134–0.3606; p = 0.0003).


[image: Figure 1]
FIGURE 1. Scatter diagram reporting correlation between tumor size and lymph node ratio. Correlation coefficient = 0.2409; CI = 0.1134–0.3606; p-value = 0.0003.




DISCUSSION

Papillary thyroid microcarcinoma is considered a tumor with an indolent behavior and a low risk of recurrence; for these reasons, ATA 2015 guidelines included this entity in the low-risk category, not recommending post-operative RAI, and also suggesting active surveillance management as an alternative to surgery in patients without evidence of lymph node metastasis or local invasion.

Nevertheless, in a subset of patients, PTMC exhibits aggressive behavior, presenting with lymph node metastasis and, in some cases, with local recurrence. The incidence of node metastasis in PTMC varies widely in the literature, ranging from 29.5 to 65% (8–10, 12–15), and node metastasis is considered the main predictive factor for local recurrence (16, 17).

The aim of this study was to assess potential risk factors for lymph node metastasis to identify patients with PTMC in whom aggressive surgery could be justified.

In the present study, ~13% of patients had lymph node metastasis of the central compartment, and 2% of the lateral neck compartment. Interestingly, we observed three cases of “skip metastasis” in which only the lateral compartment was involved, without evidence of node metastasis in the central compartment.

According to other studies present in the literature (12, 13, 18–23), we found younger age, tumor size, tall cell variant of PTC, extrathyroidal extension, and angioinvasion as independent risk factors for lymph node metastases.

It is interesting to note that size of the tumor appears to be an independent predictive factor for lymph node metastasis in almost all the series reported in the literature. Specifically, in our study we found an incidence of lymph node metastasis of 6.3% in patients with tumors with size up to 5 mm, and of 20.6% in patients with larger tumors; we also reported a significant correlation between tumor size and lymph node ratio.

Wang et al. (24) reported that 5.75 mm at preoperative ultrasound is the best cut-off value to predict the risk of central lymph node metastasis. In the study of Gong et al. (25), including over 1,100 patients, a cut-off value of 8.5 mm was calculated based on receiver operating characteristics (ROC) curves: tumors with larger size demonstrated an aggressive behavior with a poorer prognosis, including, other than a higher incidence of lymph node metastasis, the presence of extrathyroidal extension, multifocality, and local recurrence. Xu et al. (23) reported in a large series of over 3,000 patients with PTMC that a tumor size larger than 7 mm is strongly associated with a higher incidence of lymph node metastasis, suggesting in these patients a careful preoperative examination of central and lateral compartment and an aggressive surgical approach.

Furthermore, in our series, ~10% of patients with cN0 stage had lymph node metastasis at final pathology; when considering only patients with tumors larger than 6 mm, the incidence of unexpected lymph node metastasis was nearly 18%.

As extensively reported in Table 4, in our series, the subgroup of patients with tumors with size up to 5 mm presented significantly with non-aggressive features: as already remarked, the incidence of lymph node metastasis was 6.3% in this group, whereas it was 20.7% in tumors larger than 5 mm. Furthermore, angioinvasion was present only in 2 (1.4%) cases and extrathyroidal extension only in 5 (3.5%) patients in the first group, while it was found in 17 (11.3%) and 18 (12%) cases in the larger group, respectively.


Table 4. Characteristic of tumors considering a cut-off value of 6 mm.
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It is important to note that, among all the predictive factors of lymph node metastasis, the only feature preoperatively assessable is the size of the tumor; conversely, the other features, including extrathyroidal extension, tall cell variant of PTC, and angioinvasion, are pathological findings that are significant in follow-up but are not helpful for surgeons at the operating table.

Given all these considerations, it is reasonable to assume that the cut-off value of 10 mm, traditionally used as a discriminant for the definition of microcarcinoma, is too high to discriminate tumors with favorable pathological features from those with potential aggressive behavior that could require a more aggressive surgical approach.

As already stated, an active surveillance has been purposed for PTMC as an alternative to surgery (7). However, recent evidences deriving from the works of Choi et al. (26) and Oh et al. (27) suggested that the indication for active surveillance should be carefully weighted and applied for selected patients. In fact, the authors reported that some low-risk PTMC can progress significantly during the delayed intervention period for active surveillance, and that patients who underwent delayed surgical intervention had more aggressive disease and unfavorable oncologic outcome than those who underwent immediate surgery.

In our series, the diagnosis of PTMC was incidental in about 40% of the patients; in this case, even if the incidence of lymph node metastasis and of other pathologic aggressive features is uncommon, a risk stratification following ATA guidelines is recommended to identify potential tumors with medium or high risk of recurrence.

On the contrary, diagnosis of PTMC was made preoperatively in nearly 60% of the patients. In this case, an accurate preoperative US evaluation of cervical lymph nodes should always be performed, especially in tumors with size larger than 6 mm. Furthermore, intraoperative exploration of the VI level should be accurate, considering that US has low accuracy for node metastasis of the central compartment; a recent meta-analysis of Zhao et al., which included 19 articles and over 4,000 patients with PTC, reported a poor sensitivity of US in detecting metastases of the central compartment (pooled sensitivity of 33%, range 10–57%) with an incidence of lymph node metastases of 48% (28). Xue et al. reported similar results, with a sensitivity of US for diagnosis of metastatic lymph nodes of the central compartment of 22–55% (29).

A therapeutic neck dissection is always indicated in case of clinically involved lymph nodes. On the other hand, in case of clinically uninvolved lymph nodes, a prophylactic lymph node dissection of the central compartment is not indicated, also considering ATA guidelines.

Furthermore, it should be underlined that the incidence of lymph node metastasis depends from the tumor histotype. In our series, we found the tall cell carcinoma as an independent risk factor for lymph node metastasis: more than one third of patients with metastatic lymph nodes had a tall cell carcinoma. On the other hand, a follicular variant of PTC seems to be a less aggressive variant, with a lower incidence of lymph node metastasis, even if this difference was not significant in our series.

Another interesting finding is that we identified autoimmune thyroiditis as a protective factor for lymph node metastasis. In our series, the incidence of lymph node metastasis was 8.5% in patients with autoimmune thyroiditis and 21% in patients without autoimmune thyroiditis. This finding is discordant with other studies that identified autoimmune thyroiditis being associated with the aggressive behavior of PTC (30–32), including a higher incidence of lymph node metastasis. Indeed, some studies indicated that a different antibody status is associated with a distinct risk of development of PTC and of its prognosis: Paparodis demonstrated that high levels of TPOAb protect against DTC development in autoimmune thyroiditis (33), and Wen demonstrated that TPOAb are associated with a lower incidence of lymph node metastases (30).

This study has several limitations. First, this is a unicentric, retrospective study. Then, not all the patients underwent a complete CLND; thus, it is possible that the real incidence of lymph node metastasis is underestimated. Patients with autoimmune thyroiditis were not differentiated based on the different antibody status but were all included in the same category, and this could invalidate our finding of autoimmune thyroiditis as a protective factor for lymph node metastasis. In addition, a separate analysis was not performed to evaluate predictive factors for central or lateral lymph node metastasis. Finally, this study demonstrates a not negligible incidence of lymph node metastasis in PTMC, but, in this work, we did not evaluate if this finding has a significant prognostic value: further studies are required to specifically develop this issue.



CONCLUSION

Despite the fact that PTMC is considered an indolent tumor with an excellent prognosis, the incidence of lymph node metastasis is high, even in patients with clinically uninvolved lymph nodes. The size of the tumor represents the most important predictive factor for lymph node metastasis, with tumors larger than 6 mm being at a higher risk for lymph node metastasis. Further studies could question the definition of PTMC to redefine a new cut-off value in order to better discriminate tumors with aggressive behavior, which could require aggressive surgery, from indolent tumors.
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Background: Papillary thyroid carcinoma (PTC) patients with anterior extrathyroidal extension (ETE) involving the strap muscle have a relatively better prognosis than those with posterior gross ETE involving the recurrent laryngeal nerve. Whether prophylactic central-compartment lymph node dissection (CLND) should be performed in PTCs with only strap muscle invasion (SMI) is still unclear.

Methods: A retrospective cohort study was conducted in clinical N0 (cN0) PTC patients with SMI who underwent thyroid surgery from 2009 to 2017. A total of 152 patients were included, and predictive factors of central-compartment lymph node metastasis (CLNM) were determined.

Results: Among the 281 PTCs patients with SMI, 152 (51.1%) did not clinically present with lymph node metastasis. Microscopic CLNM was identified in 77 (50.7%) cN0 PTC patients with SMI. According to the univariate and multivariate analyses, male patients and those aged <40 years were more likely to be diagnosed with CLNM than female patients and those aged >40 years (odds ratio [OR] = 6.22 [95% confidence interval (CI), 1.43–27.10], p = 0.02 vs. OR = 9.94 [95% CI, 2.79–35.44], p = 0.00). The CLNM positive rate of male patients aged <40 years was 87.5%, while that for female patients aged ≥55 years was 23.8%. However, risk factors associated with large-volume CLNM were not identified because of the small number of patients.

Conclusions: Taken together, nearly half of PTC patients with SMI did not clinically present with lymph node metastasis. Male sex and patients aged <40 years were identified as the predictive factors of CLNM in cN0 PTCs with SMI. Hence, the results of this single-center study raise the possibility that prophylactic CLND may be more often considered for younger male PTC patients with SMI.

Keywords: predictive factors, central-compartment lymph node metastasis, clinical N0, papillary thyroid carcinoma, strap muscle invasion


INTRODUCTION

The incidence of papillary thyroid carcinoma (PTC) has significantly increased worldwide during the past decades (1, 2). Central-compartment lymph node metastasis (CLNM), considered a poor clinical feature, is associated with the prognosis of PTC (3, 4). Patients with >5 lymph node metastasis (LNM), are associated with structural recurrence, distant metastasis, and mortality (4, 5), even despite being micrometastases. Therefore, prophylactic central-compartment lymph node dissection (CLND) was recommended for T3 or T4 primary tumors, or if the information of LNM would be used to plan further treatment strategies, like completion thyroidectomy or radioiodine ablation (5). However, the sensitivity and specificity of ultrasonography (US) for diagnosing CLNM is poor (6, 7). Therefore, several preoperative clinical factors of CLNM for PTC have been identified by several studies, suggesting that high-risk PTCs require aggressive treatment (8, 9). However, the conflicting results from these studies contribute to different therapeutic strategies for PTC (10).

Extrathyroidal extension (ETE) is defined as a tumor spread outside of the thyroid and into the surrounding tissues (11). The degree of extrathyroidal extension (ETE) in PTC plays a significant role in recurrence and mortality (11). The American Thyroid Association guidelines recommend CLND in PTCs with gross ETE (5). Along with the degree of gross ETE, the site of the tumor gross invasion is also associated with disease outcome. However, only strap muscle invasion (SMI) has an effect on the prognosis of PTC, which has already been confirmed by a substantial amount of evidence (12–15). It was reported that DTC patients with only gross SMI had the same recurrent rate as those with microscopic ETE (12–14). Patients with anterior SMI have a relatively better prognosis compared with patients with posterior gross ETE involving the recurrent laryngeal nerve or esophagus because SMI can be easily resected with negative margins (16, 17). Hence, whether prophylactic CLND should only be performed in PTCs with only SMI is still unclear.

This study aimed to evaluate CLNM in clinical N0 (cN0) PTC with only SMI by performing a retrospective analysis of our clinical PTC cohort and identifying the clinicopathological features to predict CLNM, which may guide physicians in planning further treatment strategies.



MATERIALS AND METHODS


Patient Selection

This retrospective study was approved by the Institutional Review Board of the First Hospital of Jilin University, and the need for informed consent was waived. A total of 9,866 consecutive PTC patients from January 2009 to July 2017 who underwent surgery at our department were analyzed retrospectively. The inclusion criteria for patient selection were as follows: (1) patient information found in a hospital database; (2) postoperative pathological diagnosis of conventional PTC with SMI (without other gross ETEs); and (3) absence of suspicious cervical lymph nodes observed during US, computed tomography (CT), and/or fine-needle aspiration (FNA) preoperatively (cN0). The exclusion criteria were as follows: (1): age <18 years, (2) history of neck radiotherapy, and (3) history of previous thyroid surgery. Finally, 152 PTC patients with SMI were enrolled in our study. The flowchart of patient selection is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Flowchart of patient selection.




Diagnosis and Treatment

The majority of PTCs were identified by US examination, which was performed to evaluate thyroid tumor and neck lymph nodes by a trained radiologist (Y Yin) and surgeons preoperatively (SX, RP, and J Liu). FNA was recommended in patients with suspicious thyroid nodules ≥5 mm. For suspicious thyroid nodules <5 mm, after providing a full explanation of the potential risks and benefits of surgery, patients' decision on whether to undergo surgery was considered. Suspicious SMI was previously defined by US according to the following criteria: (1) a tumor was located in the anterior portion of the thyroid and (2) the thyroid capsule was disrupted by the growing tumor, or >25% of the tumor perimeter was abutting the thyroid capsule. All patients with suspicious SMI underwent neck-enhanced CT to further evaluate the SMI and cervical lymph nodes. FNA for suspicious lymph nodes was recommended when the largest diameter of the cervical lymph node was >0.8 cm and when patients presented with ≥1 malignant US/CT features (microcalcifications, cystic aspect, peripheral vascularity, hyperechogenicity, and rounded shape). The total thyroid and invaded strap muscle were dissected. Bilateral prophylactic CLND was performed (18). Radioactive iodine and thyroid-stimulating hormone-suppressive hormonal therapy were recommended to postoperative patients according to the established guidelines (5).



Histopathological Examination

Histological specimens were examined and reviewed (19). Histopathological characteristics, including the largest tumor diameter (LTD), location of the tumor, ETE, presence of Hashimoto thyroiditis (HT), and LNM (the number and diameter), were recorded. The concordance rate between the two pathologists for the 152 enrolled patients in this study was 100%.



Statistical Analysis

Nominal variables were described as a frequency with a percentage and a mean with a standard deviation for continuous variables. To identify the differences between groups for specific variables, the Statistical Package for the Social Sciences (SPSS) version 22 software (SPSS Inc., Chicago, IL) was used for statistical analysis. Nominal variables and continuous variables were assessed by performing Pearson's chi-squared test and Mann-Whitney U-test. A logistic regression model was used to evaluate the risk factors for CLNM and high-volume CLNM (≥5-mm metastatic central lymph nodes). A p < 0.05 was considered statistically significant (two-sided).




RESULTS


Baseline Characteristics

Among the 281 PTC patients with SMI, 152 (51.1%) did not clinically present with lymph node metastasis. The baseline clinicopathological and genetic characteristics of the 152 PTC patients with SMI are summarized in Table 1. A total of 136 (89.5%) patients were female, and the average age of all patients was 46.9 years. Ninety-five (62.5%) patients presented with a solitary tumor, while a total of 57 (37.5%) patients presented with multifocal tumors. Microscopic CLNM was identified in 77 (50.7%) cN0 PTC patients with SMI.


Table 1. Clinicopathological characteristics of cN0 PTC with SMI.
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Univariate and Multivariate Analysis of Risk Factors for CLNM

To identify the risk factors for CLNM in cN0 PTCs with SMI, univariate analysis for variables associated with CLNM was performed, including sex, age, bilaterality, multifocality, location of the tumor, LTD, and HT. According to the univariate and multivariate analyses, males and patients aged <40 years were more likely to be diagnosed with CLNM (odds ratio [OR] = 6.22 [95% confidence interval (CI), 1.43–27.10], p = 0.02; OR = 9.94 [95% CI, 2.79–35.44], p = 0.00) than females and patients aged >40 years, as shown in Table 2. The CLNM positive rate of male patients aged <40 years was 87.5%, while it was only 23.8% in female patients aged ≥55 years, as indicated in Figure 2.


Table 2. Univariate and multivariate analysis of clinicopathological characteristics for CLNM in cN0 PTCs with SMI.
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FIGURE 2. Central-compartment lymph node metastasis rate according to sex and age.




Univariate and Multivariate Analysis of Risk Factors for Large-Volume CLNM

To identify the risk factors for large-volume CLNM in cN0 PTCs with SMI, univariate analysis for variables associated with large-volume CLNM was performed, including sex, age, bilaterality, multifocality, location of the tumor, LTD, and HT. According to the univariate and multivariate analyses, risk factors associated with large-volume CLNM were not identified, as shown in Table 3.


Table 3. Univariate and multivariate analysis of clinicopathological characteristics for large volume CLNM in cN0 PTCs with SMI.
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DISCUSSION

To the best of our knowledge, this is the first paper to determine the risk factors for CLNM in cN0 PTCs with SMI. In our 152 PTC patients with SMI, only 77 of the 152 patients (50.7%) presented with microscopic CLNM. Moreover, only 18 patients (11.8%) were reported to have large-volume CLNM (≥5-mm metastatic central lymph nodes). Furthermore, male sex and patients aged <40 years were identified as the risk factors for CLNM in cN0 PTCs with SMI.

It has been well-known that prognosis is worse in patients with gross ETE than in those with microscopic local invasion (11). However, SMI has little effect on the outcome of PTC patients, which has already been confirmed by a substantial amount of evidence (12, 16). Moran et al. reported that non-metastatic differentiated thyroid cancer patients with SMI shared similar locoregional recurrence-free rates with those with microscopic ETE (20). Compared with patients with gross ETE in the trachea, esophagus, and recurrent laryngeal nerve, patients with anterior SMI had a relatively better outcome because the invaded strap muscle can be resected easily with negative margins (17, 21, 22). Accordingly, some researchers recommended that the actual effects of SMI should be reevaluated and revised in future staging systems.

Whether routine prophylactic CLND should only be performed in PTCs with only SMI has remained controversial. The potential benefits of performing routine prophylactic CLND, such as better risk stratification of recurrence according to micrometastatic central lymph nodes and lower thyroglobulin levels after operation, should be balanced by the potential risks, such as permanent hypoparathyroidism (23, 24). Hence, a number of researchers believed that prophylactic CLND was an optimal treatment for cN0 PTCs with risk factors (25). Additionally, we previously summarized a total of 1,555 cN0 PTC patients and identified that male sex and younger age were considered as the risk factors for CLNM (25). Andrew MT also reported that younger age and male sex were the strongest predictive factors for CLNM in PTC cases, which is consistent with our results (26). Regarding papillary thyroid microcarcinoma (PTMC), multiple studies have also found that male sex and younger age were associated with CLNM (27, 28). Moreover, large-volume CLNM was more frequently observed in younger and male PTMC patients than in older and female PTMC patients (29). Considering the significant number of debates on prophylactic CLND, it is recommended only in PTC patients with some risk factors. In our study, only 50.7% of cN0 PTC patients with SMI presented with microscopic CLNM. Furthermore, the CLNM positive rate of male patients aged <40 years was 87.5%. Accordingly, prophylactic CLND may be more often considered for younger male PTC patients with SMI.

This study has several limitations. First, this study was a retrospective single-center study, which may limit the generalization of the findings on a broader scale because of selection bias. Hence, prospective studies with a randomized controlled selection might be required. Second, considering the small number of cN0 PTC with SMI, predictive factors may be generated using a multivariate logistic regression model with some biases. Finally, the difference of disease outcome between SMI patients with and without CLNM was not reported in our study because of the lack of follow-up data. Despite these limitations, our study was the first study to analyze the risk factors of CLNM in cN0 PTC with SMI. Furthermore, sex and age can be easily identified preoperatively. It may have potential significant implications for prophylactic CLND in cN0 PTCs with SMI.



CONCLUSION

In conclusion, nearly half of PTC patients with SMI did not clinically present with lymph node metastasis. Male sex and patients aged <40 years were identified as the predictive factors of CLNM in cN0 PTCs with SMI. The results of this single-center study suggest the possibility that prophylactic CLND may be more often considered for younger male PTC patients with SMI.
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We are witnessing a rapid worldwide increase in the incidence of papillary thyroid carcinoma (PTC) in the last thirty years. Extensive implementation of cancer screening and wide availability of neck ultrasound or other imaging studies is the main reason responsible for this phenomenon. It resulted in a detection of a growing number of clinically asymptomatic PTCs, mainly low-risk tumors, without any beneficial impact on survival. An indolent nature of low-risk PTC, particularly papillary thyroid microcarcinoma (PTMC), and the excellent outcomes raise an ongoing discussion regarding the adequacy of treatment applied. The question of whether PTMC is overtreated or not is currently completed by another, whether PTMC requires any treatment. Current ATA guidelines propose less extensive preoperative diagnostics and, if differentiated thyroid cancer is diagnosed, less aggressive surgical approach and limit indications for postoperative radioiodine therapy. However, in intrathyroidal PTMCs in the absence of lymph node or distant metastases, active surveillance may constitute alternative management with a low progression rate of 1%–5% and without any increase in the risk of poorer outcomes related to delayed surgery in patients, in whom it was necessary. This review summarizes the current knowledge and future perspectives of active surveillance in low-risk PTC.
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Introduction

Thyroid cancer is the most common endocrine malignancy. The vast majority of patients, more than 90%, are diagnosed with differentiated thyroid carcinoma (DTC). Among them, 89.8% have papillary thyroid carcinoma (PTC), 4.5% follicular thyroid carcinoma, and 1.8% Hurthle cell carcinoma. The remaining cases are diagnosed with medullary thyroid carcinoma (1.6%) or anaplastic thyroid carcinoma (0.8%) (1).

We are witnessing a rapid global increase in the number of detected thyroid carcinomas in the last thirty years. Its incidence, relatively stable until the early 1990s, has nearly tripled in the United States since 1975, from 4.9 to 14.3/100,000. Interestingly, an absolute increase in women was almost four times greater than in men. Similar data come from European registries (2–4). For example, in Switzerland, the age-standardized incidence of thyroid cancer increased from 5.9 to 11.7/100,000 in women and 2.7 to 3.9/100,000 in men (2). The most spectacular data come from South Korea, where thyroid cancer incidence changed in women from 10.6/100,000 in 1996 up to 111.3/100,000 in 2010 (5). Currently, thyroid carcinoma is the most common cancer in Korean women. It has been estimated that thyroid cancer will be the four most common malignancy by 2030 (6). However, this phenomenon concerns only PTC as the number of other histological types of thyroid cancer remains stable (2, 7).

Only 38% of thyroid cancers produce clinical symptoms such as a neck lump, throat and neck discomfort, swallowing difficulties, and rarely cough, voice change, dyspnea, or symptoms related to a metastatic disease that prompt patients to start diagnostics (8). Currently, the size of the detected PTCs decreased. Twenty-five percent of thyroid cancers, diagnosed between 1988 and 1989, had ≤ 1 cm in diameter, whereas 42% were larger than 2 cm. In 2008-2009, the number of diagnosed tumors > 2 cm was 33%, whereas the smaller ones ≤ 1 cm 39% (7). Small intrathyroidal PTC ≤1 cm represents between 23% and 51% of all thyroid cancers (8–12), identified mainly by neck ultrasound or found in at least 10% of thyroids removed for benign conditions (13). It has been demonstrated that even 71% of PMTCs were incidentally identified in histopathological material after thyroid surgery (14). PMTC was diagnosed in 2%–15.2% of cases of multinodular goiter (14).

Conversely, thyroid cancer-related mortality is somewhat stable (15) and ranges between 0.4 and 0.6 deaths/100,000 persons (16, 17) or even slightly decreased (2). The results of the most recent international age-period-cohort analysis showed that the long-term declines in thyroid cancer mortality were accompanied by decreases over calendar periods and birth control, indirectly confirming the critical role of overdiagnosis in thyroid cancer epidemy (17). However, according to the data concerning the last decade, a slight increase in the mortality rate from 0.4 per 100,000 person-years in 1994–1997 up to 0.46 per 100,000 person-years in 2010–2013 (18), first in men and next in women is noticed in the USA, the UK, some European countries (Spain, Germany, Italy), Australia, and in Japanese men (19). This increase in mortality rate is higher or restricted to patients above 40 years of age (19). Likewise, the number of incidentally detected DTCs in an autopsy carried out in patients died due to other reasons, without known thyroid pathology, has remained unchanged since 1970 (20). The prevalence of incidental DTC depends on the way of thyroid examination on autopsy. Based on the meta-analysis of 35 studies involving 12,834 autopsies, it was 4.1% for the partial examination and 11.2% for the whole examination of the thyroid gland (20). Similar data were provided by a systematic review of 15 papers, published between 1969 and 2005. Latent PTC was found in 989 out of 8,619 autopsies (21). The highest prevalence (35.6%) of occult PTC was found in the Finish population (22). These data clearly demonstrate not only the indolent nature of PTC but also prove the lack of meaningful health consequences related to these tumors.

Papillary thyroid microcarcinoma (PTMC) is a small thyroid malignancy measuring ≤1 cm. An intrathyroidal PTMC without nodal and distant metastases is recognized as a very low-risk thyroid carcinoma. The tumor diameter is frequently less than 2 mm, as observed in 60% of patients (13). However, according to other data, it may range from 4.1mm to 8 mm in 35.2%–79% of cases (14). Such lesions are usually detected either by imaging procedures or through a histopathological examination of the thyroid gland operated due to benign disease. A meaningful percentage of the occult PTMC (33%–79%), found in autopsies, was smaller than 1 mm. Twenty-seven up to fifty percent were multifocal lesions (13), whereas extrathyroidal extension was observed in 25.7% of cases (14). Lymph node metastases occurred in 4.4% of patients with tumor diameter ≤5 mm. This percentage was a bit higher in tumors >5 and >8 mm. Lymph node metastases at diagnosis also correlated with nonincidental tumors, extracapsular invasion, the follicular PTC variant, or presence of Hashimoto thyroiditis (14). Similarly, according to an analysis of 1,066 patients, the male gender, younger age ≤ 45 years, multifocality, extrathyroidal extension, and larger primary tumor size > 6 mm were risk factors for lymph node metastases (23). Distant metastases at initial presentation occurred in a meager percentage of patients—0.37% (14).

PTMC represents an indolent type of thyroid carcinoma characterized by a very low mortality risk of less than 1% after 20 years following thyroid surgery (24). No differences in mortality risk were noticed between PTMC patients with incidental and non-incidental thyroid tumors (25). More importantly, no deaths were reported in nontreated patients subjected to active surveillance programs (26–28). The risk of recurrence is also extremely low, ranges between 1% and 5%, regardless of the presence of palpable lymph nodes at diagnosis. Extrathyroidal extension, large lymph node metastases ≥ 2 cm, and poorly differentiated component were risk factors of unfavorable outcomes in symptomatic PTMC (29). This risk is even lower <1% if palpable lymph nodes are excluded (13). Data obtained in a meta-analysis, published in 2008, showed the risk of local/nodal recurrence of 2.4% (231 out of 9,379 analyzed patients), whereas distant metastases were reported in 26/9,379 cases (0.27%) (14). The risk of local recurrence was significantly higher in younger patients (< 45 years), in clinically overt carcinomas, in case of multifocal tumors and the presence of lymph node metastases at diagnosis (14). According to another systemic review and meta-analysis comprising 854 patients with incidental PTMC and 2,669 patients with non-incidental PTMC it was demonstrated that the recurrence rate was significantly lower for incidental tumors (0.5%) compared to non-incidental ones (7.9%) (30). However, nor age, neither sex, size, tumor multifocality, lymph node involvement, and treatment modality were considerably associated with disease relapse (30).



Is Overdiagnosis the main Reason of a Growing Incidence of Low-Risk PTC?

Cancer overdiagnosis, by definition, “occurs if the disease is diagnosed correctly, but the diagnosis produces an unfavorable balance between benefits and harms” (31). One shall distinguish an overdiagnosis from a false-positive result. According to Carter and Barratt, a false positive diagnosis concerns a patient who is incorrectly informed that may have cancer (31). The question of whether we face the apparent or true increase in thyroid cancer incidence is still open. The analysis of new DTC cases registered in the SEER database, diagnosed between 1988 and 2005, showed an increase not only of PTMCs but also of more advanced tumors > 4 cm in diameter and those with distant metastases (15). Similar data were obtained for children, adolescents, and young adults. Significant increasing trends were noticed for small PTCs <5 mm, 5–9 mm, 10–19 mm, as well as for tumors larger than 20 mm (32). Such findings may speak for a true increase. One of the most recent analyses demonstrated an increase in PTC incidence during 2000–2016 in women aged 20–29 years and during 2000–2012 in women aged 30–39 years, whereas between the years 2012–2016, PTC incidence stabilized in a group aged 30–39 years or even decreased in a group aged 40–49 years. There were ethnic/racial differences in the analyzed groups, with the highest incidence in white and Hispanic women aged 20–29 years. (33). The authors concluded that better diagnostic scrutiny was not probably the only cause of the growing number of PTC cases. Racial disparities with the highest incidence among white persons were also reported by the Marcadis group (34).

As the thyroid cancer increase almost exclusively concerns PTC, Pellegriti et al. (35) considered a possible role of specific carcinogens that might favor certain molecular abnormalities, characteristic for PTC. Such a hypothesis is reflected by an increase in the number of BRAF (B-Raf-proto-oncogene, serine/threonine kinase)-mutant PTC (35). The frequency of BRAF-positive PTC differs in distinct geographical localizations, so, a potential role of dietary factors or chemical compounds has to be considered (36, 37). A two-fold higher risk of BRAF mutation was noticed in regions with high iodine concentration in drinking water compared to those of normal iodine concentration (38). Similarly, regarding the follicular PTC variant, an increase in the frequency of RAS (Rat sarcoma viral oncogene homolog) mutations was observed.

Radiation exposure due to extensive use of X-rays in medical and dental diagnostic procedures, particularly in younger age, iodine intake, different environmental factors such as pollutants, high concentration of boron, vanadium, manganese, and iron in volcanic regions, chemical factors including polybrominated diphenyl ether flame retardants (PBDEs), viruses (herpes, Epstein-Barr virus), body weight and insulin resistance, TSH level, or estrogens are among factors definitely or potentially contributed to thyroid cancer incidence (35, 36, 39).

Radiation exposure is the only factor, which role in thyroid carcinogenesis was clearly demonstrated. Depending on the modality and severity of irradiation, the thyroid damage may lead to cell death or, if less severe, may cause specific genetic abnormalities leading to thyroid carcinogenesis. (40). The thyroid is very radiosensitive, particularly at a young age, so there is an inverse relationship between the age at radiation exposure and thyroid cancer risk (41). First data demonstrating a negative impact of medical radiation exposure on the thyroid, leading to an increased risk of thyroid carcinoma, were reported in 1950. Significant growth in thyroid cancer incidence in childhood was observed after the Chernobyl Nuclear Power Plant Accident (39, 40). However, radiation exposure is not likely to be a cause of the PTC epidemic as the percentage of RET-PTC rearrangements, believed to be a molecular fingerprint of radiation-induced PTC, decreased (12).

The impact of other factors is not so definite and requires further studies. The role of iodine intake, although it changed the epidemiology of DTC, is still discussed. Based on available data, Zimmerman and Galetti suggested iodine deficiency as a risk factor for follicular thyroid cancer and possibly for anaplastic thyroid cancer. However, the question regarding the causal role of iodine intake in PTC is equivocal. In many countries, the introduction of iodized salt was related to an increase in PTC incidence, whereas in some countries, including Australia, the US, and Switzerland, the number of new PTCs grew despite stable or decreasing iodine intake (42). Other micro- and macronutrient factors may influence the risk of the development of thyroid cancer. Some data pointed out the relationship between thyroid cancer incidence and obesity, carbohydrate, or excess in carbohydrate accumulation, or protein consumption (35, 36, 39).

Xenobiotics, the exogenous compounds and chemicals, may also interfere with thyroid function and thereby may change DTC risk. Such so-called “endocrine disruptors” may act as competitive inhibitors of the sodium/iodide symporter (perchlorate and nitrate), inhibit thyroperoxidase (TPO) activity (isoflavones), inhibit binding of thyroid hormone to transport protein (polybrominated diphenyl ethers; PBDE), bind to thyroid hormone receptors (PBDE and bisphenol A; BPA), inhibit peripheral deiodinase activity (styrenes), or decrease the half-life thyroxine (T4) in serum (PBDE and dioxins). The exposition to these compounds may result in a decrease in serum T4 concentration and an increase in serum TSH levels. However, the question of whether they promote carcinogenesis remains open (35, 39). The polluted atmosphere, water, and soil are among other environmental factors, which role in thyroid cancer development has to be considered. The data published by Drozd et al. suggested that nitrate pollution in drinking water may modify the risk of radiation-induced childhood thyroid cancer in Belarus (37). An increased exposition to hexachlorobenzene in Spanish people leaving near an organochlorine factory was probably the reason for a high incidence of thyroid cancer (39). Another question is related to a higher risk of thyroid cancer in volcanic areas, among others in Sicily, Iceland, French Polynesia, or volcanic islands of Hawaii (36, 39). A high concentration of boron, vanadium, manganese, iron, fluorine, selenium, and different trace elements in volcanic regions act as endocrine disruptors, influence the function of the thyroid gland and may promote thyroid cancer (43). The data on the role of tobacco smoking, although it is a well-recognized risk factor in numerous malignancies, are conflicting. Some of them demonstrated even an inverse relationship between DTC and cigarette smoking (39).

The discrepancy between a growing number of low-risk PTCs and a stable number of latent PTC found in autopsies indicates that this high incidence is related to more accurate and easily accessible diagnostic methods than reflects a real trend (4, 7, 11, 44, 45). Palpable thyroid nodules could be detected in 3%–7% of the world population. This percentage increases even up to 76% if ultrasonography is used as it is able to found lesions as small as 2 mm (36, 46). Tumors ≤ 1 cm in diameter were associated with older age (≥45 years), female sex, and a higher probability of being detected with thyroid ultrasound (9). According to the Medicare data, the number of thyroid ultrasound as initial imaging per 100,000 people has increased over time at a rate of 20.9% per year between 2002 and 2013 (10). A significant relationship between the use of thyroid ultrasound and PTC incidence in particular areas has been demonstrated (10). Clinically asymptomatic thyroid nodules are also accidentally found in up to 25% of contrast-enhanced chest computed tomography (CT), 16%–18% of neck CT or MRI (magnetic resonance imaging), and in 1%–2% of fluorodeoxyglucose (FDG) PET (positron emission tomography) scans (47).

The patients more frequently tested by routine medical procedures are diagnosed with more thyroid cancers (48). Interestingly, it is more probable that screening programs detect slow-growing and indolent tumors than fast-growing and aggressive cancers. The time intervals between diagnostic procedures, based on the best cost-benefit ratio and least harm, are too long for aggressive tumors. On the contrary, fast-growing cancers producing symptoms are more likely to prompt a patient to contact a doctor any time (31). It has been estimated that about 11,000 cancers in women and 18,000 cancers in men are overdiagnosed in Australia each year (49). Interestingly, the screening program introduced in Fukushima after the nuclear plant accident showed thyroid cancer incidence 30 times higher than the national incidence in children and adolescents both in contaminated and non-contaminated regions (13). National screening procedures in South Korea were responsible for thyroid cancer incidence more that was 15 times greater than that in the UK and 5.6 times that of the USA (11, 50). Increasing use of thyroid sonography in the US between 2003 and 2013 detected at least 6594 thyroid cancers in adults ≥ 65 years. Patients with one or two comorbidities were more likely to be diagnosed with thyroid cancer as they more frequently had neck ultrasound (10).

Improvement of diagnostic accuracy of thyroid sonography may help to reduce the number of unnecessary fine-needle aspiration biopsies (FNAB). The goal of the recent analysis of 502 thyroid nodules was the comparison of five commonly used risk-stratification systems: American College of Radiology Thyroid Imaging Reporting and Data System (ACR TIRADS), American Thyroid Association (ATA) risk stratification, American Association of Clinical Endocrinologists (AACE), Korean Society of Thyroid Radiology (K-TIRADS) and European TIRADS (Eu-TIRADS). It was demonstrated that application of these systems resulted in the reduction of FNAB number by 17.1% up to 53.4%. The ACR TIRADS was characterized by the highest negative predictive value of 97.8%, with a false negative ratio of 2.2%. It allowed for the largest reduction of unnecessary FNABs (51).

Extensive implementation of cancer screening may lead not only to its overdiagnosis but also may exert, among others, a significant financial health-care impact as one of its consequences is an overtreatment. So, a possible way to resolve this problem is to reduce the number of new cases diagnosed, particularly very low-risk PTMC. It is reflected in the current ATA guidelines. Thyroid sonography with the assessment of cervical lymph nodes is recommended in all patients with known or suspected thyroid nodules but not as a screening procedure (52). The indications for FNAB, in turn, are limited to thyroid nodules, larger than ≥ 1 cm in the greatest dimension. What is more important, not all thyroid nodules ≥1 cm require FNAB. FNAB is recommended in nodules ≥ 1 cm only if high-risk (strong recommendation, moderate-quality evidence) or intermediate-risk (strong recommendation, low-quality evidence) sonographic features are present. If nodules have with low or very low-risk sonographic pattern, the biopsy is recommended in tumors ≥1.5 or ≥2 cm, respectively (52). It substantially differs from the Japanese attitude. At Kuma Hospital, they believe that it is better to diagnose a suspicious small nodule and discuss the FNAB result with a patient (26). Their idea is to avoid unnecessary treatment when patients contact another physician less familiar with thyroid carcinoma.



Overtreatment Does Not Result in Better Outcomes

An indolent nature of the low-risk PTC, particularly PTMC, and the excellent outcomes, including data coming from first reports on active surveillance, raise an ongoing discussion, regarding the adequacy of treatment applied. The question of “whether PTMC is overtreated or not” is currently completed by another, “whether PTMC requires any treatment”. The current ATA guidelines (52) comparing to the previous one (53) meaningfully move PTC management toward a less aggressive approach. In 2009 ATA recommended total or near-total thyroidectomy in all DTC cases > 1 cm in diameter unless there were no contraindications for such procedure. Thyroid lobectomy alone was considered as sufficient treatment only in patients with small (<1 cm), unifocal, intrathyroidal PCA in the absence of prior head and neck irradiation or radiologically or clinically evident lymph node involvement (53). In 2015, total thyroidectomy was definitely recommended only for patients with thyroid cancer >4 cm, or if gross extrathyroidal extension, clinically apparent lymph node involvement or distant metastases are present. Patients with lower local advancement, including DTC >1 and <4 cm, clinically N0, without extrathyroidal extension, may be subjected to either bilateral (total or near-total thyroidectomy) or unilateral one (thyroid lobectomy) surgical procedure (52). Regarding PTMC, the guidelines use the statement “if surgery is chosen for thyroid cancer <1cm without extrathyroidal extension and cN0, the initial surgical procedure should be a thyroid lobectomy unless there are clear indications to remove the contralateral lobe”. Although there is no recommendation, which defines the criteria for active surveillance, such a statement may be cautiously interpreted that ATA considers it as an option for PTMC. One may expect a more precise guideline in the next update as ATA listed active surveillance among the directions for future research.

Following the increase in thyroid cancer incidence, a growing number of thyroidectomies is observed (2). It was demonstrated that 38.2% of 2,563 patients subjected to surgery had thyroid cancer ≤1 cm in diameter (9). Moreover, more that 50%, even up to 80% of patients operated due to low-risk PTC, including tumors ≤ 2 cm in diameter, still undergo total thyroidectomy, although the risk of death from small PTC is extremely low and not influenced by the extent of surgical procedure (lobectomy vs. total thyroidectomy) (54–56). Even for larger PTC tumors, between 1 and 4 cm in adults, there were no differences in overall survival depending on the surgical approach (total thyroidectomy vs. lobectomy) (57). However, in this study, patients subjected to total thyroidectomy more frequently had multifocal tumors, extrathyroidal extension, lymph node involvement, distant metastases, positive surgical margins, and received radioiodine. Similarly, the risk of recurrence in PTMC without lymph node metastases at presentation does not differ between patients after lobectomy and total thyroidectomy (13).

The analysis of 29,512 PTMC patients, based on the SEER registry (1998–2010), does not show any significant differences in disease-specific survival between patients who underwent partial or total thyroidectomy. What is more important, PTMC patients subjected to any thyroid surgery had similar overall survival to the USA general population (58). Another study, also based on the SEER registry data, involved PTC staged T1-4N0M0, stratified by nonsurgical (1,453 patients) and surgical management (54,718 patients). Regrading younger patients (aged between 14 and 55 years) surgical and nonsurgical approach did not significantly differ in the 10-year disease-specific survival among 0–4cm PTCs, 4.1–6 cm PTCs, or even among tumors larger than 6 cm (59). Although indications for surgery in patients with larger PTCs do not seem disputable, these data clearly reflect an indolent nature of PTC. There are some published data demonstrating that patients who underwent total/near-total thyroidectomy and lymph node excision had a lower risk of recurrence. However, these differences were not significant (14). Such data raise the question of whether surgical treatment is necessary for PTMC patients?

If no other adverse features are present, radioiodine (RAI) is not recommended after lobectomy or total thyroidectomy for PTMC patients. Considering low-risk PTC patients, ATA does not routinely recommend RAI remnant ablation. Individual patient features, patient preferences, and disease follow-up implications should be involved in a decision-making process (52). Such a position results from the lack of EBM (evidence-based medicine) proofs confirming a beneficial impact of postoperative RAI treatment on disease-free and overall survival in low-risk PTC. However, this recommendation is weak and based on low-quality evidence. The recent analysis, published in 2019, which involved 32,229 PTC patients, among them 17,286 low-risk cases, demonstrated that nearly 25% (4,300) of low-risk cases still undergo RAI remnant ablation in the USA. Patients who were given RAI were younger (mean age 49.9 years), more often Hispanic or Asian, and more often insured than those who did not receive RAI. Moreover, patients treated with RAI more frequently had a total thyroidectomy and lymph node resection. Noteworthy, no patient treated with RAI died during the follow-up, whereas in the non-treated group—0.04% (5 patients) (55). Even a substantial percentage of PTMC patients (14,146 out of 60,586 analyzed cases) received postoperative RAI therapy according to the American National Cancer Data Base. These patients more often had a multifocal disease, larger tumors, Hispanic origin, low income, and were treated in non-academic centers. However, along with the increase of PTMC incidence, the number of PTMC or low-risk PTC patients treated with RAI decreased (60, 61). Currently, the probability of RAI administration in patients with localized PTC is lower if the patients are older > 65 years, had tumors <1 cm, and when they are treated in academic centers (61).



Active Surveillance—Is it a Proper Direction for PTMC?

Active surveillance consists of close monitoring of cancer without initial surgery or other treatment. One shall notice the difference between active surveillance and watchful waiting, which primarily is based on symptom management in patients who are likely to die due to other reasons (62). PTMC represents a large reservoir of subclinical thyroid cancer. According to Leboulleux et al. occult PTMC may “affect roughly 20 million adults in the USA and 48 million in Europe” (13). It is unlikely that its indolent biological behavior, discussed above, will change over time. Thus, the idea of active surveillance seems to be an option for very low-risk small PTCs.

The history of active surveillance started more than 25 years ago in Japan. Based on a high incidence of latent thyroid cancer found in autopsies and on the results of screening procedures detecting thyroid carcinoma in 3.5% of otherwise healthy Japanese women, Dr. Akira Miyauchi hypothesized that the majority of low-risk PTCs did not progress at all or showed a very slow progression. He assumed that 1. active surveillance could identify a small percentage of PTMC that progressed and developed lymph node metastases, 2. delayed surgery for these PTMC did not result in poorer outcomes, 3. surgical management applied in all PTMCs did more harm than good (26).

The data on active surveillance in low-risk and very low-risk thyroid carcinoma published so far are encouraging (Table 1). The first retrospective report came from the Kuma Hospital in Japan, where the idea of active surveillance in thyroid carcinoma was introduced (63). One hundred sixty-two out of 732 patients diagnosed with PTMC between 1993 and 2001 chose follow-up without surgery. More than 70% of nodules remained unchanged. Only 10.2% increased by more than 10 mm, whereas lymph node metastases in the lateral neck compartment occurred in 1.2% of patients. Regarding 626 operated patients, 570 persons chose surgery at diagnosis, and the remaining 56 were operated after the follow-up period. Lymphadenectomy was performed in 594 patients, and, what is surprising, lymph node metastases were diagnosed in 50.5% of them. Multifocal tumor growth was observed in 48.2% of patients. The rate of recurrence in this group was 2.7% after 5 years and 5.0% after 8 years (63). Subsequent retrospective analysis, carried out at the Kuma Hospital between the years 1993 and 2004, was published in 2010. In this paper, the outcomes of 340 PTMC patients subjected to active surveillance were compared to 1,055 patients who underwent immediate surgery. The risk of 5 and 10-year tumor enlargement by 3 mm was 6.4% and 15.9%, respectively. Lymph node metastases occurred in 1.4% of patients after 5 years and in 3.4% of patients after 10 years. The mean follow-up was 74 months (range 18–187 months). No factors related to the tumor increase or nodal metastases were found. None of the patients after delayed surgery showed PTC recurrence (27). The latest summary of active surveillance at the Kuma Hospital was published in 2014. It reported a retrospective follow-up (mean time 60 months; range 18–228) of a group of 1235 PTMC patients, who chose the observation. Only 58 (4.6%) patients showed the enlargement of the nodule. The number of patients who developed lymph node metastases was lower −19 (1.5%). The percentage of patients with progression was lowest in older patients. Age < 40 years and tumor size 9 mm or larger were independent factors related to disease progression. Importantly, there were no distant metastases or cancer-related death under this study (28).


Table 1 | Summary of the results of studies on active surveillance presented in this review.



Prospective data concerning active surveillance are scarce. After the observation of 300 asymptomatic PTMC at the Cancer Institute Hospital in Tokyo for a mean of 5 years (range 1–17) 269 tumors (90%) remained unchanged, 9 (3%) decreased, whereas the remaining 22 (7%) increased in size. Three patients (1%) with lymph node metastases and nine (4%) with tumor increase underwent surgery. Nobody had an extrathyroidal extension or developed distant metastases, as well as no postoperative recurrences, were diagnosed. On the contrary, 10-year cause-specific survival in a group with symptomatic PTMC was only 80%. (29). The authors did not clearly define which patients were considered symptomatic. One may guess that term “symptomatic PTMC” concerned patients with lymph node or distant metastases or extrathyroidal invasion confirmed by imaging studies. In another analysis, carried out in a group of 291 low-risk PTC patients with intrathyroidal tumors ≤15 mm, nodule progression by 3 mm or more were stated in 11 (3.8%) patients, with a 5-year cumulative incidence of 12.1%. No lymph node or distant metastases occurred in this group. The mean follow-up was 25 months (range 6–166 months) (64). Recently, the cut-off value of the PTC diameter qualified for active surveillance has moved toward pT1bN0M0 tumors. Japanese researchers reported the results of a prospective analysis in a group of 392 T1bN0M0 PTC patients, among whom 61 persons chose active surveillance over surgery, and compared them to 331 patients who underwent surgery. Tumor diameter ranged from 11 to 16 mm. After a mean observation of 7.4 years, four (7%) T1bN0M0 tumors increased in size, whereas two patients (3%) developed lymph node metastases. Weak calcification and rich vascularity were risk factors for tumor growth, while younger age was a predictor for lymph node metastasis (65).

First European experiences with active surveillance in PTMC come from Italy. Ninety-three patients with a thyroid nodule ≤1.3 cm and cytological diagnosis of PTC (Bethesda VI) or suspicious for PTC (Bethesda V) were enrolled in a prospective observational study with the median duration of follow-up of 19 (range 6–54) months. Clinical or sonographic evidence of extrathyroidal extension, lymph node or distant metastases, and hyperthyroidism were among the key exclusion criteria. Twenty patients dropped out of the study for personal reasons. Three percent of patients (3/93) showed PTMC progression, among them two persons—tumor increase by more than 3 mm in each dimension, and one patient lymph node metastases. All of them were diagnosed with the Bethesda V category. At the time of data cut-off, 71 patients (76%) were still in follow-up (66).

A systematic review and a meta-analysis (67), published in 2019, was based on the evaluation of 6 studies, including four presented above (27, 28, 64, 65). The pooled proportion of the tumor diameter increase and lymph node metastasis at 5 years was 5.3% and 1.6%, respectively (67). The most recent meta-analysis included 9 papers, 4,156 patients at a mean age ranged from 51 to 54 years, mainly females, among them 3,120 persons from Japan, 688 from South Korea, 291 from the United States, and 57 from Colombia. Searching criteria included relevant studies of active surveillance for low-risk PTC defined as T1a or T1b N0M0. Seven studies enrolled patients with tumors ≤ 10 mm, while the remaining two expanded size criteria up to 15 mm. The pooled data demonstrated the risk of tumor growth to be 4.4%, whereas metastatic spread to cervical lymph nodes – 1.0%. Thyroid cancer-related pooled mortality was 0.03%. The pooled percentage of delayed surgery, reported in 8 out of nine analyzed studies, was 9.9%. However, patient preference but not a disease progression was the main reason for surgery—51.9%. The recurrence rate after a delayed surgery was 1.1% only (68). Such data clearly demonstrate that active surveillance in low-risk PTC may be a safe option for the patients and does not produce any substantial risk related to a delayed surgery, in patients in whom it was necessary. We have to wait for the outcomes of other ongoing clinical trials. We may expect new EBM data sufficient to introduce active surveillance into daily clinical practice in the USA and Europe.

Younger age, mainly below 45 years, was a factor associated with PTC progression in some studies on active surveillance (28, 64, 65, 69, 70), whereas in other not (71, 72). Some sonographic features may help to predict PTC progression during active surveillance, among them weak calcification and rich vasculature (65). Kim et al. reported that sustained, high mean TSH level, above the cut-off point of 2.5 mU/L, was associated with PTMC progression during active surveillance (69). However, the earlier report did not find any significant correlation between the mean TSH level and PTMC progression (72). Hirokawa et al. analyzed pathological features of PTMC tumors that demonstrated progression or developed lymph node metastases during active surveillance ≥ 1 year. The values of Ki67 indices were above 5% and 10% in 50% and 22% of growing tumors, respectively. Simultaneously, these values were significantly higher than those observed in non-progressing tumors. Intraglandular dissemination and psammoma bodies, in turn, correlated with the occurrence of lymph node metastases (70).

Considering active surveillance, one should define its protocol, determine the duration of monitoring, identify who is an appropriate candidate, and finally, its effect on the patient’s emotional health (62). One of the most critical issues is to accurately define a candidate for active surveillance to avoid overtreatment on the one hand and simultaneously not to produce any increase in the risk of cancer-related mortality. It seems evident that not all low-risk PTC patients should be subjected to active surveillance. Miyauchi et al. listed several contraindications, among them the presence of lymph node and distant metastases, suspicion of high-grade malignancy on FNAB, and some sonographic features. When the nodule is located next to the recurrent laryngeal nerve or attaches the trachea at an obtuse angle, such patients should be referred to surgery (26, 73) (Figure 1). On the contrary, a nearly right angle was associated with an unclear or moderate risk, whereas an acute angle between the tumor and trachea with a low risk (73). The risk of the laryngeal nerve invasion was greater in the absence of a normal thyroid rim close to the nerve location (73). However, according to the Japanese researchers, multifocal tumors and a positive family history of non-medullary thyroid carcinoma did not exclude from active surveillance (26).




Figure 1 | The scheme of sonographic classification of thyroid nodules based on the risk of tracheal and the recurrent laryngeal nerve invasion. (A–C) The risk of tracheal invasion depends on the angle between the nodule and tracheal wall. (A) High-risk nodule—an obtuse angle; (B) Intermediate-risk nodule—a right angle; (C) Low-risk nodule—an acute angle. (D) The risk of the laryngeal nerve invasion. Low-risk nodule (right) is surrounded by a thin of the normal thyroid. High-risk nodule (left)—no rim of the normal thyroid is observed. A nodule closely adheres to thyroid capsule and the nerve. The figure was modified by the authors based on Akira Miyauchi paper (67).



In 2010 three distinct types of PTMC were proposed. Type I represented harmless, asymptomatic, incidentally identified the lowest risk PTMC. Type II involved an early stage of usual low-risk PTC, whereas type III comprised of clinically apparent high-risk PTMC. The choice of treatment strategy varied depending on the tumor type. Type I tumors qualified for active surveillance, type II for lobectomy when increasing size was observed, and type III for more aggressive treatment with total thyroidectomy and RAI (29). Unfortunately, no precise criteria for each type were given. Such a risk-stratified approach should evaluate three interrelated but distinct domains, including tumor/neck ultrasound characteristics, patient characteristics, and finally, medical team characteristics. Tumor/neck ultrasound characteristics has to consider primary tumor size, its location within the thyroid, molecular profile, and the status of cervical lymph nodes. Regarding patient characteristics, age, child-bearing potential, family history of thyroid cancer, comorbidities, patient’s willingness to defer immediate surgery, and compliance with follow-up are among the factors for consideration. Medical team characteristics, in turn, is based on the availability and expertise of the multidisciplinary team, the quality of sonography, and the experience of the treating physician (74). Based on these domains and the data presented above, an ideal candidate would be an older patient, with a probable or proven solitary PTMC, characterized in sonography by a well-defined margin, confined to thyroid parenchyma, and not adjacent to the thyroid capsule. Younger patients, with multifocal disease, tumor adjacent to the thyroid capsule in noncritical locations, potentially more aggressive phenotype, or the presence of other sonographic features that make follow-up difficult (thyroiditis, non-specific lymphadenopathy, etc.) are considered as inappropriate candidates. Finally, patients with tumors showing critical subcapsular location (adjacent to the recurrent laryngeal nerve or trachea) with the evidence of extra thyroid extension, metastases, or progression on serial examinations are inappropriate candidates (74).

Currently conducted a Multicenter Prospective Cohort Study of Active Surveillance on PTMC (MAeSTro study) involves adult patients, with a thyroid nodule ≤ 1 cm, diagnosed by fine-needle aspiration biopsy as Bethesda V (suspicious for thyroid cancer) or Bethesda VI (thyroid cancer). Multifocal tumors or a positive family history of non-medullary thyroid carcinoma are allowed. The infiltration of adjacent structures (trachea, esophagus, major vessels, nerves, or muscles), suspicious lymph nodes, poorly differentiated histology or a higher risk PTC variant, and Graves’ disease with an indication for RAI treatment or surgery are the main exclusion criteria (75). A Canadian prospective observational study of decision-making on active surveillance for low-risk PTC consider adult patients as eligible if they have PTC ≤ 2 cm in diameter, confined to the thyroid and simultaneously not adjacent to trachea or the recurrent laryngeal nerve, without lymph node involvement, or the diagnosis of poorly differentiated or non-papillary thyroid cancer (76, 77).

Although the molecular profile of the nodule may be helpful in the risk stratification, there are no currently validated molecular risk factors used in the decision-making process qualify for active surveillance to differentiate between an early stage aggressive lesion and an indolent occult cancer (74). BRAF mutations are commonly observed in PTMC, with a frequency ranging between 0% and 92.6%, on average, 57.4% (78). Importantly in some papers, their occurrence in PMTC did not significantly differ from PTC. In a Korean study, it was 65.5% and 67.2%, respectively (79). However, other reports demonstrated a higher percentage of BRAF mutations in PTC (78). BRAF mutations were more prevalent in classic (43%–81% of cases) and tall cell (93%–100% of cases) PTMC variants than in follicular one (0–67% of cases) (78). According to the most recent study, published by these Korean researchers, the frequency of BRAF mutation was higher in PTMC > 0.5 cm than in smaller ones ≤ 0.5 cm and decreased again in PTCs > 2 cm (80). Such a high prevalence speaks against using the BRAF mutation as an independent prognostic or predictive factor. However, Kim and coworkers believe that BRAF status may facilitate choosing the candidates for active surveillance. Their most recent multicenter study that included 743 PTMC patients, treated with total thyroidectomy, showed a significantly higher risk of tumor recurrence in BRAF positive group than BRAF negative one, 10.8% vs. 6.4%, respectively (81). These data are concordant with a meta-analysis, which involved 2,247 PTMC patients and demonstrated an increased risk of recurrence in BRAF positive tumors (82). On the contrary, in Yabuta study, described below, the BRAF mutation was not a predictive factor in term of tumor behavior as in was present in 64%, 70%, and 80% of PTMC from the non-progressing group, size-increase group, and lymph node metastasis group, respectively (83).

Yabuta and coworkers analyzed the risk of PTMC progression on active surveillance with reference to the TERT promoter mutations. They selected three groups of patients: the non-progressing group, the size-increase group, and the lymph node metastasis group. They did not find TERTp mutations in any of the analyzed groups (83). However, such mutations may be incidentally present in PTMC (84), even in tumors <5 mm in diameter (80), without any significant correlation with unfavorable clinical features (85, 86).

Rodrigues and coworkers concluded their comprehensive review regarding the molecular biology of PTMC, based on currently available data, nor the BRAF mutation alone, neither any other molecular alternation is sufficient to predict an aggressive behavior of PTMC (78). We share their opinion. Similarly, there are also no unequivocal clinical data. Further prospective studies are necessary to resolve this question.

Another important point is to define the protocol of active surveillance. At Kuma Hospital, ultrasound examination is repeated 6 months after the initial one, and next once a year (26). Sugitani et al. proposed a follow-up with ultrasonography every 6 or 12 months. MAeSTro study started in June 2016, scheduled follow-up visits every six months during the first two years, and every year thereafter (75).

The definition of tumor progression is not less important. Kuma Hospital proposes a tumor increase by > 3 mm or the development of lymph node metastases (26). According to the MAeSTro study, an increase in the longest tumor diameter by at least 3 mm, or ≥ 2 mm in two dimensions, suspected organ involvement, or the occurrence of lymph node/distant metastases fulfills the criteria of disease progression. Similar criteria of disease progression are proposed by the Canadian study, mentioned above. An additional criterion concerns PTC growth in a location adjacent to the trachea or the recurrent laryngeal nerve (76). Tuttle et al. demonstrated that three-dimensional measurement of the tumor volume allowed for the identification of the tumor progression with the median of 8.2 months (range 3–46 months) earlier than an increase in a single diameter (64). Changes in tumor volume were also evaluated in a retrospective Korean study, carried out in 192 PTMC patients. Seventy-two patients showed an increase in tumor volume more than 50% without an increase of the longest tumor diameter ≥ 3 mm. This finding confirmed the observation published by Tuttle group. Only four patients from the Korean group had both an increase in tumor volume and in the longest dimension ≥3 mm (71).



Quality of Life, Psychological, and Economic Considerations

The diagnosis of malignant neoplasm is not only an essential medical event, but it also concerns different economic, psychological, and sociological issues. It is of particular relevance in some malignancies, showing a growing incidence. Early detection does not result in any improvement of their curability, like in non-invasive breast, thyroid, and prostate carcinoma (49), leading to overdiagnosis. Patients overdiagnosed with thyroid cancer are harmed by the psycho-social aspect of cancer diagnosis, treatment applied, and treatment-related consequences. Rogers et al. defined ethical concerns related to thyroid cancer overdiagnosis. The way we informed a patient about the disease, treatment modalities, and possible risk is of particular relevance. We are obliged to give objective data, respect patient’s autonomy, promote patient’s wellbeing, avoid harm, and consider matters of justice. One should consider pain, inconvenience, and anxiety at diagnosis, short and long-term impact of therapeutic approach (postoperative transient and permanent complications, postoperative follow-up, complying with medications), worry about recurrence, threats to personal identity, social participation and relationships. Surprisingly, a thyroid cancer diagnosis may result in a significant financial disadvantage as in the USA, patients diagnosed with any cancer had a higher bankruptcy rate than people without malignant neoplasms. Other points are a considerable economic impact on health care and various conflict of interest (87).

Active surveillance has been implemented for managing low-risk prostate cancer for many years. It has risen to limit the overtreatment, the related risk, and other important consequences. The idea of its adoption for low-risk thyroid cancer has been slowly developed since 1993. The number of its supporters gradually increases (88). However, the question of whether both physicians and patients are ready for it remains open. On the one hand, active surveillance may protect a significant number of patients from surgery with its potential complications and their treatment, life-long thyroid replacement therapy, or even from RAI administration and its consequences. On the other hand, active surveillance may be related to a potential disease progression or other disadvantages, including anxiety due to untreated malignancy or the possibility of non-compliance to follow-up protocol (89).

The majority of papers analyze the outcomes of different treatment methods and other issues outstanding from the medical point of view. In contrast, the studies evaluating patient participation in the decision-making process are rarer. The choice of treatment method more frequently depends on physician decisions than on patient preference. The analysis based on the SEER registry, including 1,319 PTC patients, demonstrated that 55.8% of persons felt they did not have any choice regarding RAI administration and presented a lower satisfaction with the treatment decision. Nearly 95% of patients whose physicians recommended such therapy, were treated with RAI. On the contrary, only 22.5% of patients received postoperative RAI therapy, if their physician recommended against this treatment (90). Sawka et al. reported the results of a prospective mixed-methods study of decision making on surgery or active surveillance for low-risk PTC < 2 cm in maximum diameter. Standardized medical information was provided for all patients. Next, patients were interviewed after making the decision. Ninety-four percent of 100 patients enrolled independently chose the management for their disease, whereas the remaining persons shared the decision with their physicians. Seventy-one patients chose active surveillance, 29—immediate surgery. PTMC was more prevalent in individuals choosing active surveillance compared to patients choosing surgery, 54.9% vs. 27.6%, respectively. The vast majority of patients (96.6%) opting for surgery had postsecondary education. On the contrary, 33.8% of patients who preferred active surveillance finished their education at the high school level. Nearly all patients (98%) were satisfied with the decision they made. Perceived risk of thyroidectomy or cancer, family history of thyroid cancer or other malignancies, family considerations, trust in physicians, and treatment timing concerning life circumstances influenced their decision (77). Korean scientists compared the impact so-called “usual care” with the “conversation aid” approach on the decision-making process concerning treatment options in a group of 278 PTMC patients. In total, 233 (84%) patients preferred active surveillance, whereas 53 (16%) individuals – thyroid surgery. Patients from the conversation aid group showed a higher probability of choosing observation than surgical treatment, 88.9% vs. 77.0%, respectively (91). These data clearly demonstrate the importance of the conversation between patients and health caregivers. The authors emphasized that conversation meant much more than information.

A widely accepted paradigm that early detection and treatment is related to a higher cancer curability is deeply rooted in patients’ minds. They are much less familiar with the term “overdiagnosis” or “overtreatment”. Regardless of the level of decision satisfaction in PTC patients choosing active surveillance, anxiety or emotional stress related to cancer diagnosis and resignation from surgery is reported by a majority of patients (77, 92, 93). It has been demonstrated that the so-called disease label may exert a meaningful impact on the patient’s decision. An online survey, completed by 1068 predominantly healthy responders, showed their preferences between a series of two hypothetical vignettes concerning incidental detection of a small thyroid nodule, varied on disease label (cancer, tumor, or nodule), treatment (active surveillance, or lobectomy), and risk of progression/recurrence (0%, 1%, 2%, or 5%). The cancer label played a crucial role in the patient’s decision, independent of proposed therapy and progression/recurrence risk (94). The role of the terminology used to define the disease was also confirmed by the results of other survey conducted in 550 Australian patients without a history of thyroid cancer. Total thyroidectomy was chosen more frequently when the term PTC was used to name the condition, compared to using papillary lesion or abnormal cells, 19.6%, 10.5%, or 10.9%, respectively (95). Similar data were reported by a discrete choice experiment also carried out in the Australian population. This study involved 2,054 participants, also without a history of thyroid carcinoma, who were randomly assigned to receive 1 of 2 groups differed with terminology used to characterize the condition: “cancer” or “lesion”. Patients may decide to choose between one out of three options: thyroidectomy, lobectomy, and active surveillance. If the condition was labeled with “cancer”, patients were ready to accept a higher number of adverse effects, life-long medications, calcium problems, and fatigue to avoid cancer-related death than persons which condition was called lesion (96). We agree that the terminology used by health caregivers may influence the anxiety or emotional stress related to the unfavorable diagnosis. However, we are not sure that we are allowed to use a softer term when a malignancy is diagnosed. To avoid unnecessary treatment and different psychological, physical or social consequences related to overdiagnosis, ATA does not recommend screening for thyroid nodules and a biopsy of small lesions. As it was mentioned above, Japanese doctors prefer patients to be clearly informed about the disease, prognosis and any potential risk. One should stress, ATA approach seems much acceptable for cancerphobic European patients than a Japanese one.

The terms “overdiagnosis” or “overtreatment” are raised not only by physicians or scientists. Also, patients may feel overdiagnosed or overtreated. Interesting data come from a qualitative study carried out in persons aged 21 to 75 years, in whom thyroid nodule known or suspected to be malignant was found incidentally and who questioned the treatment method proposed by their physician. Eighteen patients from this group decided not to intervene. The median of the follow-up was 40 months (range 1–88 months). Twelve out of these patients, despite significant anxiety about cancer progression, chose the observation based on understanding issues of precision in diagnostics, cancer behavior, surgical risk, medication use, and a low risk of cancer-related death. These patients felt unsupported both by medical professionals and friends. Importantly, seven patients said they wished they did not know the diagnosis, four were ambivalent, whereas only six patients were feeling glad they were informed about the disease (92). Valuable data were provided by analyzing the experience of active surveillance in Japanese patients from Kuma Hospital. Thirty-seven percent out of 243 patients rated their worry about cancer as occurring sometimes or more. Thirty-two percent reported that concern about cancer affected their mood somewhat or a lot, whereas, in 14% of patients, it affected their ability to carry out routine activities somewhat or a lot. The cancer-related worry was most potent when they found out about the diagnosis, and in 60% of patients subsequently decreased. Eighty-three percent of patients agreed or strongly agreed that choosing active surveillance was the best one they could make (93).

Quality of life shall always be taken into consideration when deciding on how to manage a patient. The evaluation of physical and psychological health is one of the outcomes of the MAeSTro study currently conduced in PTMC in South Korea. This assessment involved 203 patients choosing active surveillance and 192 individuals treated with surgery who completed questionnaires at least at two time-points. There were no differences between the groups regarding age, tumor size, TSH, thyroglobulin (Tg), and Tg antibodies level. Among persons, who opted for immediate surgery, 58 patients underwent total thyroidectomy, 133—lobectomy, 171—central lymph node dissection, and 4—lateral neck lymphadenectomy. Hypoparathyroidism and voice changes were diagnosed in 16.2% and 8.3% of patients, respectively. Regarding the active surveillance group, four patients resigned from observation due to other reasons than disease progression, mainly because of worry and anxiety. Only one patient from the active surveillance group showed disease progression. Significantly better psychological, physical, and overall health was observed during follow-up in patients who resigned from surgery (97). The risk of surgically related complications is also of great importance. All patients after total thyroidectomy require life-long thyroid hormone replacement therapy, whereas a considerable percentage of them had hypoparathyroidism or voice changes. The risk of permanent voice cord paralysis and permanent hypoparathyroidism at the Kuma Hospital were 0.2% and 1.6%, respectively (26). It is not surprising that the group managed by immediate surgery showed a higher risk of transient vocal cord paralysis, and transient or permanent hypoparathyroidism than the active surveillance group, 4.1%, 16.7%, and 1.6% vs. 0.6%, 2.8%, and 0.08%, respectively. The ratios of patients requiring L-thyroxine supplementation and those who had the local postoperative complications were also higher in operated patients (98). The study conducted in Argentina reported an even higher risk of postoperative complications, observed in 24.4% of patients, which became permanent in 9.6% of low-risk PTC cases who did not decide for active surveillance (99). At least 1 year following surgery, patients who needed prolonged calcium and vitamin D administration demonstrated a lower quality of global health, physical, role, and emotional functioning, or insomnia compared to patients not receiving the supplementation (100). Even PTMC patients subjected to less aggressive thyroid surgery, like lobectomy, reported a worse quality of life compared to patients who decided not to operate (101). Choosing between surgery and active surveillance in PTMC, one should remember that long-term outcomes are similarly excellent in both groups. What is even more important, delayed surgery in PTMC, based on the data presented earlier in this paper, is not related to a higher risk of distant metastases or cancer-related mortality. Both approaches are associated with emotional stress and anxiety. Besides, surgery, particularly total thyroidectomy still performed in PTMC patients, may lead to permanent complications in a relatively large number of patients. Thus, the quality of life may play a crucial role in the decision-making process.

Some other issues not related to the tumor features may influence the choice between surgery and active surveillance. In some cases, insurance status exerts an impact on the extent of treatment applied (55, 102, 103). The analysis of The American College of Surgeons’ National Cancer Database aimed to identify independent predictors of more intensive treatment used in PTMC patients. This study involved 190,298 PTMC individuals without nodal or distant metastases diagnosed preoperatively. The majority of patients (73.4%) from the analyzed group had private insurance. These patients were the least likely to be diagnosed with cancers showing high-risk features. On the contrary, uninsured patients more frequently had an extrathyroidal extension, lymphovascular invasion, positive surgical margins, and distant metastases. The differences between insured and noninsured patients were significant. Patients with private or public health insurance were more likely to have PTMC compared with noninsured ones. Regardless of less aggressive carcinomas, privately insured patients were more likely to be treated more extensively. Private insurance independently increased the probability of total thyroidectomy, lymphadenectomy, and postoperative RAI therapy (102). It seems indisputable that such disparities should be avoided. Valuable data come from the most recent analysis based on 34 semi-structured interviews with 12 surgeons, 12 endocrinologists, and 10 patients diagnosed with <1.5 cm PTC. Both surgeons and endocrinologists believed that overdiagnosis led to overtreatment. They considered overdiagnosis as a key issue. Biopsy, usually a reflexive or habitual action, in their opinion, was a critical point for further intervention (104). We share this opinion. When the FNAB result is positive, it usually starts the treatment process. However, the patients did not use the term overdiagnosis. In their view, the way from diagnosis to treatment seemed automatic and inevitable. Moreover, some patients and physicians prefer biopsy, regardless of the guidelines, to minimize diagnostic uncertainty. Although physicians were aware of possible overtreatment, they emphasized the difficulties in resignation from treating a diagnosed cancer. Total thyroidectomy seemed a reasonable treatment option for them (104). Similar scenarios are not rare in daily practice. We realize, changing a well-established paradigm is not easy and requires time.

Economic aspects are not less important than medical, psychological, or ethical issues. Lubitz et al. estimated that US$ 1.6 billion of the medical costs spent on thyroid cancer care in 2013 might increase up to 3.5 billion in 2030. The calculated cost includes diagnostics, surgery, adjuvant therapy for newly diagnosed patients (41%), surveillance of survivors (37%), and nonoperative death costs attributable to thyroid cancer care (22%) (105). A possible way to reduce these costs is to reduce the number of newly diagnosed very low-risk patients as well as the number of patients followed-up for a long time in referral centers (106). FNAB was related to a greater mean 12-month direct costs than observation of small incidental thyroid nodules < 2 cm in diameter, 542.47$ compared to 411.55$, respectively (107). Another way is to change treatment schemes to be equally effective but more cost-effective ones. Japanese experiences demonstrated active surveillance was more cost-effective than surgery (26). A total 10-year cost of active surveillance in patients without delayed surgery was 167,780 yen/patients, whereas in patients referred to immediate surgery, it was 794,770–1,086,780 yen/patient (108). Similar conclusions come from other reports. The non-surgical approach was more cost-effective than immediate surgery during the first 16 years after PTMC diagnosis and thereafter, regardless of patient age (< 40 and ≥ 40 years), complications, and progression rates (109). However, one may found some opposite data pointing on better cost-effectiveness of surgery compared to active surveillance in PTMC (110, 111). Australian data showed the cost of surgical therapy of 10,226 Australian dollars, whereas hypothetic active surveillance 756 Australian dollars per year. So, the cost of surgery corresponded to the cost of 16.2 years of active surveillance (111).



Conclusions

To sum up, overdiagnosis of indolent low-risk PTCs is a global phenomenon leading to overtreatment in many cases without any beneficial effect on survival and patients’ well-being. Numerous clinical trials are needed to provide the data, fulfilling evidence-based medicine criteria necessary to change our routine clinical management in PTMC patients. We may expect substantial changes in the near future. The question is whether we, both patients and physicians, are ready for it?
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Objective

The aim of this study was to investigate risk factors of occult carcinoma in clinically solitary papillary thyroid carcinoma (PTC) patients, and to put emphasis on the predictive value of risk-scoring model to determine the optimal scope of surgery



Methods

A total of 573 clinically solitary PTC patients who underwent total thyroidectomy (TT) from two hospitals were retrospectively analyzed. Clinicopathological features were collected, univariate and multivariate analyses were performed to determine risk factors of occult carcinoma. The Cox proportional hazards model was used to analyze the risk factors of recurrence. A scoring model was constructed according to independent risk factors of contralateral occult carcinoma.



Results

19.2% of clinically solitary PTC patients had occult carcinoma, among which 3.7% patients had ipsilateral occult carcinoma and 15.5% patients had contralateral occult carcinoma. Factors such as male, the presence of benign nodule, and vascular invasion increase the risk of ipsilateral occult carcinoma. Tumor size >1 cm, the presence of benign nodule, extrathyroidal extension, central lymph node metastasis, lateral lymph node metastasis are independent predictors of contralateral occult carcinoma. Contralateral occult carcinoma is the independent predictor of recurrence. A 10-point risk-scoring model was established to predict the contralateral occult carcinoma in clinically solitary PTC patients.



Conclusion

Lobectomy is sufficient for clinically solitary PTC patients with risk factors of ipsilateral occult carcinoma. For clinically solitary PTC patients with score ≥4, careful preoperative evaluations are required to rule out the contralateral occult carcinoma. Even if contralateral occult carcinoma is not detected preoperatively, TT is recommended for high-risk patients.
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Introduction

Papillary thyroid carcinoma (PTC) is the most common endocrine malignant tumor worldwide, accounting for approximately 80.0% of thyroid malignant tumors (1, 2). Although the incidence of PTC has increased rapidly in incidence, understanding of PTC has become more and more thorough from the molecular, diagnostic, and prognostic perspectives. According to the 2004 World Health Organization “Thyroid and Parathyroid Diseases and Genetic Classification”, in addition to the most common classic PTC, there are 15 subtypes of PTC, among which highly aggressive PTC variants, such as diffuse sclerosing, tall-cell, insular, and poorly differentiated subtypes, exhibit heterogeneous clinical behavior and a wide range of mortality risk (3). Fine needle aspiration (FNA) of thyroid nodules can detect different gene mutations and other molecular changes in PTC, and the use of molecular pathways has permitted the development of new targeted therapies for aggressive PTC (4).

Despite the progress has been made in understanding the basic biological characteristics of PTC, the optimal scope of surgery, lobectomy vs total thyroidectomy (TT), is still controversial. As reported, PTC frequently occurs as multifocal lesions, with the prevalence of multifocality ranging from 20.0 to 36.1% (5–7). For tumors preoperatively detected in the bilateral lobes, there is no controversial to perform TT. Considering the possibility of recurrent or persistent carcinoma in the remnant contralateral lobe, TT seems to be applicable for tumors confined to the unilateral lobe. The rate of contralateral occult PTC discovered by TT was reported to range from 10 to 30% (8–11). Considering the high incidence of postoperative complications, the routine use of TT is not recommended for all patients with unilateral PTC. However, multifocal PTCs were reported to be associated with poor outcome, and increased risk of recurrence (7, 12, 13). High resolution of ultrasonography (US), which could detect foci as small as 2–3 mm, is currently used in detecting PTC and determining the scope of surgery (14). However, smaller tumors remain undetected. In addition, the ability of US to detect small malignant tumors would be significantly reduced when patients had diffuse thyroid disease (15).

Therefore, identifying risk factors of occult carcinoma in the thyroid lobe may help surgeons determine the optimal scope of surgery. By using a large series of patients who underwent initially TT for the treatment of a single PTC confined to only the unilateral lobe, we aimed to identify risk factors of occult carcinoma. In addition, we investigated the effects of occult carcinoma on clinical outcomes of patients. Different from previous studies, we established a model based on the risk factors of occult carcinoma. According to this risk-scoring model, we can predict high-risk populations of occult carcinoma among solitary PTC patients for the avoidance of unnecessary TT, and provide individualized treatment for high-risk populations of occult carcinoma.



Materials and Methods


Patients

This multi-center retrospective cohort study consisted of patients from Changzhou First People’s Hospital and Suzhou Municipal Hospital between January 2011 and January 2018. These patients underwent initially TT for the treatment of a single PTC confined to only the unilateral lobe, without other suspicious carcinoma lesions in the contralateral lobe by preoperative image examinations or FNA. The Institutional Review Board of Changzhou First People’s Hospital and Suzhou Municipal Hospital approved this retrospective study. All participants gave written informed consent for their clinical records to be used in this study. Patients were excluded from the study if they have any of following factors: (1) patients with preoperative clinical evidence of multiple PTCs or other pathologic types of thyroid malignancies; (2) patients with the single PTC had another suspicious lesion, but FNA was not performed for the suspicious lesion; (3) non-PTCs (medullary/follicular/anaplastic) or other subtypes than classic PTC (such as mixed PTC and so on); (4) patients did not undergo the TT; (5) patients had another malignancy before thyroidectomy; (6) patients with diffuse thyroid disease; (7) reoperation; (8) distant metastasis at diagnosis on pathological or clinical analysis; (9) history of neck radiation or familial cancer; (10) incomplete clinical data or missing follow-up. Finally, a total of 573 patients were enrolled in this study.



Surgical Procedures

We used the US, computed tomography (CT), or FNA to evaluate primary lesions and lymph nodes in the neck preoperatively. All patients underwent TT. TT was defined as the removal of two lobes, the isthmus, and the pyramidal lobe. For patients with clinically positive central lymph node metastasis (CLNM), therapeutic central neck dissection (CND) would be performed. All clinically lymph node-negative (cN0) PTC patients underwent prophylactic central neck dissection (pCND). CND plus therapeutic ipsilateral lateral neck dissection (LND) were performed for patients with clinically positive or intraoperative suspected lateral lymph node metastasis (LLNM). The central compartment refers to level VI. CND and pCND included the removal of prelaryngeal, pretracheal, and bilateral paratracheal lymph nodes (16). LND was performed in the usual fashion from at least level II to level V, sparing the internal jugular vein, spinal accessory nerve, and sternocleidomastoid muscle (17). According to neck levels, all lymph nodes specimens were separated by the surgeon and were sent to the department of pathology for paraffin fixation and histological analysis.



Histopathologic Examination of Surgical Specimens

Two or more experienced pathologists reviewed and cross-checked all pathology specimens microscopically. Contralateral occult carcinoma, the tumor lesion detected by pathology postoperatively in the contralateral lobe rather than detected by preoperative examinations. Similarly, ipsilateral occult carcinoma was the tumor lesion detected by pathology postoperatively in the ipsilateral lobe rather than detected by preoperative examinations. Two or more PTC foci within the thyroid was defined as multifocality. Two or more PTC foci in a single lobe were ipsilateral multifocality, while two or more PTC foci in both lobes were bilateral multifocality. Papillary thyroid microcarcinoma (PTMC) was defined as PTC ≤1 cm in its maximum diameter. Extrathyroidal extension (ETE) was defined as the primary tumor extending through the thyroid capsule to perithyroidal soft tissue, or involving strap muscles, or extending to surrounding structures (18). PTC was subdivided into the following three groups according to the position: upper pole (upper part of the high plane of the isthmus), middle pole (parallel to the isthmus), and lower pole (lower part of the low plane of the isthmus). The location of the tumor was determined by the largest dominant lesion when the patient had multifocal lesions. When the dominant lesion occupied 2 adjacent parts, the location of the tumor was determined by the portion containing more than two-thirds of the tumor volume. Recurrence was defined as the any new lesions detected in cervical lymph nodes, or other organs on cytology from aspiration biopsy. Recurrence-free survival (RFS) was used to evaluate the outcomes. RFS was the duration started from the surgery to recurrence.



Postoperative Management and Follow-Up

Postoperative suppressive levothyroxine (LT4) treatment was conventionally performed in all patients. Thyroid-stimulating hormone (TSH) suppression therapy (serum TSH level below 0.5 mIU/L) with LT4 with or without radioactive iodine (RAI) ablation was administered to patients who underwent TT. After the initial surgery, physical examinations, US of the neck, and serum thyroid function (free thyroxin, TSH, thyroglobulin and anti-thyroglobulin antibodies) were performed for all patients every 6 months for a period of 2 years, and thereafter once a year. The criteria for remission was defined as (1) no evidence of tumor recurrence in clinical or radiologic examination, and (2) serum thyroglobulin levels of <2 ng/ml during TSH stimulation and <1 ng/ml during TSH suppression in the absence of anti-thyroglobulin antibodies. Disease recurrence, which included the local, regional, and distant recurrence, was defined as new evidence of pathologically proven recurrence in patients who initially met the criteria of remission. After the radiographic or biochemical examinations, histological examination of new lesion would be performed to verify whether the lesion was the recurrent PTC.



Statistical Analyses

All statistical analyses were performed using the SPSS v 25.0 software (Chicago, IL, USA). The continuous variables were expressed as means ± standard deviations (SD). Univariate analysis for the comparison between patient groups was used Pearson’s chi-square test or Fisher’s exact test. Variables with a P <0.05 in the univariate analysis were included in the multivariate analysis, which were performed logistic regression analysis to assess risk factors of contralateral/ipsilateral occult carcinoma. The potential relationship between clinicopathological variables and recurrence was used the Cox proportional hazards model to analyze. A risk-scoring model was constructed to calculate the probability of contralateral occult carcinoma on the basis of results in the multivariate analysis. The independent risk factors were selected as scoring items. According to the beta coefficient obtained from the logistic regression model, the score of each risk factor was weighted. To make the scoring model simple, all the beta coefficient divided the least one and then rounded to the nearest whole number. The total score for each patient represented the sum of scores for each risk factor. Receiver operating characteristic (ROC) curve was used to evaluate the predictive performance of the scoring model and find an appropriate cut-off point.




Results


Base Clinicopathological Characteristics of Patients

The baseline clinicopathological characteristics of patients are summarized in Table 1. Among the 573 PTC patients, there were 134 men and 439 women with the mean age of 44.7±12.3 years (range from 19 to 80 years). The mean BMI was 22.39±5.34 kg/m2 (range from 11.03 to 39.06 kg/m2), and 208 (36.3%) patients were overweight. The diameter of the tumors ranged from 0.10 to 6.00 cm with the mean diameter of 1.20±0.87 cm. Among 64 PTC patients who performed BRAF mutation analysis, 56 (87.5%) patients had BRAF mutation positivity. Histopathological examination of specimens showed that one hundred and six (18.5%) patients had benign thyroid nodules. Occult PTC foci were detected in the contralateral lobe in 89 (15.5%) patients, and in the ipsilateral lobe in 21 (3.7%) patients. The ETE and vascular invasion were detected in 84 (14.7%) and 28 (4.9%) patients, respectively. Tumor located in the upper portion of the thyroid gland was detected in 221 (38.6%) patients, and tumor located in the middle/lower lobe of thyroid was detected in 352 (61.4%) patients. CLNM only was present in 207 patients (36.1%), both CLNM and LLNM were present in 64 patients (11.2%), and LLNM only was present in 20 patients (3.5%). The mean number of removed and metastatic lymph nodes in the central compartment was 6.0±4.6 and 2.5±1.5, respectively. And the mean number of removed and metastatic lymph nodes in the lateral compartment was 18.3±11.5 and 5.0±4.8, respectively.


Table 1 | Clinicopathological characteristics of 573 PTC patients.





Clinicopathological Factors Associated With Contralateral Occult Carcinoma

Among 89 patients with occult lesions in the contralateral gland, 31 patients had occult lesions in the upper portion of the thyroid glands, and 58 patients had occult lesions in the middle/lower lobe poles of the glands. The mean size of the contralateral occult lesion was 0.27±0.19 cm (range 0.10–0.35 cm). No contralateral occult lesions exhibited the ETE. In Table 2, contralateral occult carcinoma presented the significant association with tumor size, the presence of benign nodule, ETE, vascular invasion, CLNM, and LLNM by univariate analysis (all P < 0.05). All of these factors were included in the multivariate analysis and showed that tumor size >1 cm (OR: 2.280, 95% CI: 1.111–4.680, P = 0.025), the presence of benign nodule (OR: 7.361, 95% CI: 3.678–14.731, P < 0.001), ETE (OR: 15.324, 95% CI: 7.428–31.615, P < 0.001), CLNM (OR: 4.125, 95% CI: 1.914–8.891, P < 0.001), LLNM (OR: 6.983, 95% CI: 3.492–13.966, P < 0.001) remained independent predictors of contralateral occult carcinoma.


Table 2 | Associations between clinicopathological characteristics and contralateral occult carcinoma in PTC patients.





Clinicopathological Factors Associated With Ipsilateral Occult Carcinoma

Of 21 patients with occult lesions in the ipsilateral gland, 6 patients had occult lesions in the upper portion of the thyroid glands, and 15 patients had occult lesions in the middle/lower lobe poles of the glands. The mean size of the ipsilateral occult lesion was 0.24±0.16 cm (range 0.10–0.31 cm). No ipsilateral occult lesions exhibited the ETE. As summarized in Table 3, univariate analysis revealed that male, the presence of benign nodule, ETE, and vascular invasion were significantly associated with the presence of ipsilateral occult carcinoma (all P < 0.05). All of these factors were included in the multivariate analysis and revealed that male (OR: 45.286, 95% CI: 4.819–425.574, P = 0.001), the presence of benign nodule (OR: 9.858, 95% CI: 2.120–45.842, P = 0.004), and vascular invasion (OR: 68.081, 95% CI: 7.440–662.304, P < 0.001) were independent predictive factors of ipsilateral occult carcinoma.


Table 3 | Associations between clinicopathological characteristics and ipsilateral occult carcinoma in PTC patients.





Predictors of RFS

Postoperative follow-up ranged from 7 to 89 months (average follow-up period: 32 months). During follow-up, 31 (5.4%) patients developed recurrent disease, including 29 (5.1%) patients had cervical lymph nodes recurrence and 2 (0.3%) patients had lung recurrence.

Cox regression model in relation to RFS was conducted to determine variables which influenced recurrence. Our results showed tumor size, bilaterality, ETE, and CLNM were factors associated with recurrence (all P < 0.05). Multivariate analyses showed tumor size >1 cm (HR: 2.147, 95% CI: 1.005–4.585, P = 0.048), bilaterality (HR: 5.818, 95% CI: 2.196–15.415, P < 0.001), ETE (HR: 2.447, 95% CI: 1.033–5.793, P = 0.042), and CLNM (HR: 5.230, 95% CI: 1.818–15.046, P = 0.002) were independent risk predictors of recurrence, while other investigated variables had no significant influence on RFS (Table 4).


Table 4 | Cox proportional hazards model demonstrating factors associated with recurrence-free survival in PTC patients.





Development of Risk-Scoring Model to Predict Contralateral Occult Carcinoma

Considering that the bilaterality was the independent risk predictor of recurrence, we established the risk-scoring model to predict the contralateral occult carcinoma in solitary PTC patients. As shown in Table 5, based on the beta coefficient of the five independent risk factors (tumor size, the presence of benign nodule, ETE, CLNM, and LLNM) identified in the multivariate analysis of contralateral occult carcinoma, a 10-point risk-scoring model was constructed.


Table 5 | Development of a 10-point risk-scoring model to predict contralateral occult carcinoma in PTC patients.



According to the scoring model, the percentage of positive contralateral occult carcinoma ranged from 1.3 to 100.0% in order of total score in PTC patients (Table 6). A ROC curve of the risk-scoring model for contralateral occult carcinoma was plotted, and the area under the curve of the model for the prediction of contralateral occult carcinoma was 0.910 (95% CI: 0.872–0.948, P < 0.001), indicating that the discriminative power of this model is acceptable (Figure 1). Moreover, a total score of 3.5 with the highest Youden’s J value (0.717) was selected as the appropriate cut-off value for the model. Patients with a total score between 0 and 3 had the low risk of contralateral occult carcinoma, while patients with a total score ranging from 4 to 9 had the high risk of contralateral occult carcinoma.


Table 6 | Risk scores and percentage of contralateral occult carcinoma in PTC patients.






Figure 1 | Receiver operating characteristic curves of the ability of risk-scoring model to predict the risk of contralateral occult carcinoma.






Discussion

Continued attention has been paid to PTC given its increasing incidence, which is reaching epidemic proportions. The treatment of PTC, especially PTMC, remains the controversial topic. According to the latest American Thyroid Association (ATA) guidelines, TT is recommended for patients with tumor size >4cm, gross maximal ETE (T4), cervical lymph node metastasis, or distant metastasis. For preoperatively detected bilateral PTMC patients, TT is generally accepted, while for unilateral PTMC patients without ETE or cervical lymph node metastasis, lobectomy may be sufficient. In addition, considering that PTMC behaves more like a benign lesion, some scholars have proposed less aggressive strategies, such as “watch-and-wait” rather than surgery (19). However, some PTMCs may be occult and accompanied by aggressive behavior, which may lead to the local recurrence and cervical lymph node metastasis (8). In this study, we investigated the association between clinicopathological characteristics and occult carcinoma in order to identify solitary PTC patients with high risk of occult carcinoma, who would clearly benefit from a more extensive treatment.

In our study, we used the entire thyroid to determine the prevalence and distribution pattern of occult carcinoma in 573 consecutive patients with isolated nodule detected by preoperative US. Different from previous studies which defined “occult carcinoma” as the undetected carcinoma in the contralateral lobe when TT was performed in patients with preoperative unilateral PTC (20), we divided the occult carcinoma into contralateral and ipsilateral occult carcinoma. Our study found that 19.2% of clinically solitary PTC patients had occult carcinoma, among which 3.7% patients had ipsilateral occult carcinoma and 15.5% patients had contralateral occult carcinoma. The incidence of contralateral occult cancer in this study is consistent with the 10 to 30% reported in previous studies (8–11). Considering serious complications of TT, such as vocal cord paralysis and hypoparathyroidism, the 15.5% incidence of contralateral occult carcinoma cannot convince all patients with clinically solitary PTC to routinely undergo TT. Hence, we further examined any clinicopathological characteristics related to the presence of occult carcinoma, especially contralateral occult carcinoma, to help select high-risk patients with occult carcinoma.

In this study, factors such as male, the presence of benign nodule, and vascular invasion were independent predictors of ipsilateral occult carcinoma. As for contralateral occult carcinoma, tumor size >1 cm, the presence of benign nodule, ETE, CLNM, LLNM were independent predictors. Our results were consistent with previous studies regarding the risk factors of multifocality (21–23). To our surprise, the presence of benign nodule was the risk factor of both contralateral and ipsilateral occult carcinoma. This result may be due to the presence of occult small carcinoma obscured by benign nodules. Moreover, the accurate of US in detecting lesions with diameters less than 5 mm was only 53.8% (24), and 7.9 to 18% of the aspirates were classified as “indeterminate” by FNA, which carry the risk of malignancy (25, 26). Therefore, the presence of benign nodule in the lobe by preoperative evaluation should be regarded as the significant predictive factor of potential presence of the occult carcinoma in the both contralateral and ipsilateral lobe.

Due to the excellent prognosis of PTMC, some people hold the view that the treatment of PTMC should be different from PTC (19). We further analyzed risk factors of recurrence. In addition to the tumor size >1 cm, ETE, and CLNM, which previously confirmed to be associated with recurrence (27–30), we found bilaterality, that is, the occult carcinoma in the contralateral lobe, is also the independent predictor of recurrence. However, ipsilateral multifocality, that is, the occult carcinoma in the ipsilateral lobe, has no association with recurrence. This result was consistent with previous studies. For example, a recent study involving 2,211 Chinese PTC patients showed the 10-year disease-free survival rate of patients with bilateral PTC was much lower than that of those with unilateral-multifocal and solitary PTC (78.8 vs 85.7 and 89.3%, respectively; P = 0.005) (31). Moreover, a study of 2,095 patients with PTC who underwent TT found that multifocality rather than bilaterality was the independent predictor of disease recurrence or persistence (32). Therefore, conservative treatment, such as lobectomy, can be performed for clinically solitary PTC patients with risk factors of ipsilateral occult carcinoma.

In addition to showing contralateral occult carcinoma risk stratification data, we developed and validated a 10-point risk-scoring model to predict the presence of contralateral occult carcinoma in clinically solitary PTC patients based on tumor size, the presence of benign nodule, ETE, CLNM, and LLNM in our study. Predictive models can not only understand the response probabilities of each predictor to other factors, but also quickly assess the response probabilities of individual subjects. According to the ROC curve, the area under the curve of the model for the prediction of contralateral occult carcinoma was 0.910 (95% CI: 0.872–0.948, P < 0.001), showing the high discrimination accuracy of the scoring model. The average incidence of contralateral occult carcinoma in PTC patients with score ≥4 (high risk) was significantly higher than that in patients with score ≤3 (low risk) (58.3 vs. 3.5%, P < 0.001). The risk scoring model is simple and effective, which could be implemented in clinical work. By identifying the high-risk groups in the relatively objective manner, it can provide the personalized treatment for these patients. For example, combined with preoperative image examinations, clinically solitary PTC patients with score ≥4 are recommended to undergo extensive treatment, such as TT, to improve the prognosis, while clinically solitary PTC patients with score ≤3 should undergo the lobectomy in consideration of high complication rates of TT

There are several potential limitations in our study, which expects to be extended upon in the further researches. First, our research was a retrospective study, which might have the selection bias. Compared with the prospective studies, retrospective studies tend to have more errors and biases. For instance, the data we provided were extracted from the document and were not captured in the actual conversation. The possibility of residual confounding variables of unmeasured factors could not be ruled out. Second, different surgeons were involved in performing TT and lymph node dissection. Postoperative results may be affected by surgeon-specific factors. Third, since LND is not generally recommended as a prophylactic procedure, there may be undetected LLNM. Moreover, the follow-up time was relatively short (average time: 32 months), which may lead to a low recurrence rate. Longer follow-up period may make the result more stable. Finally, more external validation, such as validation of the risk-scoring model in other institutions or other countries, is still necessary in the future.

In conclusion, our study found that male, the presence of benign nodule, and vascular invasion increase the risk of ipsilateral occult carcinoma in clinically solitary PTC patients. And tumor size >1 cm, the presence of benign nodule, ETE, CLNM, LLNM were independent predictors of contralateral occult carcinoma in clinically solitary PTC patients. Considering that bilaterality (occult carcinoma in the contralateral lobe) is the independent predictor of recurrence, we developed a 10-point risk-scoring model for contralateral occult carcinoma to better guide the treatment in clinically solitary PTC patients. For clinically solitary PTC patients with score ≥4, careful preoperative evaluations are required to exclude the contralateral occult carcinoma. Even if contralateral occult carcinoma is not detected preoperatively, TT is recommended for high-risk patients.
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Background

Central lymph node metastasis (CLNM) occurs frequently in patients with papillary thyroid cancer (PTC), but performing prophylactic central lymph node dissection is still controversial. There are no reliable models for predicting CLNM. This study aimed to develop predictive models for CLNM by machine learning (ML) algorithms.



Methods

Patients with PTC who underwent initial thyroid resection at our hospital between January 2018 and December 2019 were enrolled. A total of 22 variables, including clinical characteristics and ultrasonography (US) features, were used for conventional univariate and multivariate analysis and to construct ML-based models. A 5-fold cross validation strategy was used for validation and a feature selection approach was applied to identify risk factors.



Results

The areas under the receiver operating characteristic curve (AUC) of 7 models ranged from 0.680 to 0.731. All models performed significantly better than US (AUC=0.623) in predicting CLNM (P<0.05). In decision curve, most of the models also performed better than US. The gradient boosting decision tree model with 7 variables was identified as the best model because of its best performance in both ROC (AUC=0.731) and decision curves. Based on multivariate analysis and feature selection, young age, male sex, low serum thyroid peroxidase antibody and US features such as suspected lymph nodes, microcalcification and tumor size > 1.1 cm were the most contributing predictors for CLNM.



Conclusions

It is feasible to develop predictive models of CLNM in PTC patients by incorporating clinical characteristics and US features. The ML algorithm may be a useful tool for the prediction of lymph node metastasis in thyroid cancer.





Keywords: machine learning, cross-validation, central lymph node metastasis, papillary thyroid cancer, feature selection



Introduction

Thyroid cancer is the most common malignant endocrine carcinoma (1, 2). With the rapid advancement of molecular and radiological technologies, the diagnostic accuracy on thyroid cancer has been improved (3). Papillary thyroid cancer (PTC), accounting for 85% to 90% of all thyroid carcinomas, has been increasing in incidence in recent years (4, 5), especially for papillary thyroid microcarcinoma (6). Central lymph node metastasis (CLNM) occurs frequently in PTC, with a prevalence that could be as high as 40% to 90% (7). It was reported that patients with CLNM might be more likely to have distant metastasis and poor survival than those without CLNM (8). Thus, central lymph node dissection (CLND) is required for these patients. However, considering operative complications such as laryngeal nerve paralysis and hypocalcemia caused by the removal of CLND, it is still controversial whether CLND should be performed in all PTC patients. There are also some patients with microscopic and undetectable CLNM who are hard to evaluate by preoperative examination (9), though the significant difference of prognoses among micrometastatic PTC patients who is typically resected with prophylactic CLND appears minimal (10), but whether micrometastases could cause recurrence or distant metastasis remains unclear. Therefore, it is clinically significance to identify patients with a high risk for CLNM before surgery.

Furthermore, central compartment of lymph nodes seems to be the first station of nodal metastasis among thyroid cancer (11). The current approaches to evaluating lymph status before operation mainly included ultrasonography (US) and invasive fine needle aspiration (FNA), though with limited sensitivity (12, 13). There is still lack of more accurate method for identifying the risk of cervical lymph node metastasis. Developing new diagnostic tools for predicting cervical lymph node status is highly necessary.

Machine learning (ML) is a novel computer-based method for data analysis that has been widely applied in clinical medicine (14). ML can find more interactions between variables and outcomes by learning from dataset patterns than conventional statistical methods such as multinomial naïve Bayes (MNB) (15). Since very few studies have developed ML-based predictive models for thyroid cancer, this study aims to construct multiple ML-based models for the preoperative prediction of CLNM and identify risk factors associated with CLNM in patients with PTC.



Materials and Methods


Patients

This retrospective study was approved by the Ethics Committee of Peking Union Medical College Hospital (PUMCH), and written informed consent was obtained from all patients. A total of 1103 patients who underwent initial thyroid resection in PUMCH between January 2018 and December 2019 were enrolled in this study. All patients had PTC proven by final pathology. The exclusion criteria were as follows: 1) other types of thyroid tumors; 2) undergoing any chemotherapy or radiotherapy for thyroid malignancy before surgery; 3) no CLND; and 4) incomplete clinical information.



Surgical Approach

For unilateral lobe PTC, lobectomy plus isthmusectomy with ipsilateral CLND was performed. For bilateral PTC or PTC in the isthmus, total thyroidectomy with bilateral CLND was performed. If lateral lymph node metastasis was suspected by preoperative ultrasound or proved by fine-needle aspiration cytology, lateral lymph node dissection was also performed. The dissection of the central compartment was considered level VI and included the pretracheal, paratracheal, and prelaryngeal lymph nodes. The lateral lymph nodes involve levels II, III, IV, and V. All surgical specimens were identified through intraoperative frozen section and postoperative paraffin section examination by pathological experts from PUMCH.



Clinical Characteristics and Ultrasonographical Features

The following clinical characteristics were retrospectively collected for analysis: age, sex, body mass index (BMI), mean arterial pressure (MAP), fasting blood glucose (FBG) and thyroid function test results. All data were recorded before operation. Thyroid function tests were performed within one month before the operation at our hospital and included assessments of triiodothyronine (T3), tetraiodothyronine (T4), free T3 (FT3), free T4 (FT4), thyroid stimulating hormone (TSH), thyroid peroxidase antibody (TPO-Ab) and thyroglobulin antibody (TG-Ab).

All patients underwent cervical US within one month before surgery at our hospital with Phillips IU 22 (Philips Healthcare, Eindhoven, Netherlands), GE Logiq 9 (GE Healthcare, Milwaukee, WI, USA) devices equipped with 5 to 12MHz linear-array transducer (Thermal Index in soft tissue=0.1, Mechanical Index=0.06). There were only few patients that also underwent cervical computed tomography (CT) and FNA, which were performed if necessary, and thus the findings of CT and FNA were not included in this study. Based on US, the following features were recorded: tumor size, tumor location, hypoechogenicity, multiple nodules, bilateral nodules, microcalcification, irregular shape, unclear margin and capsular invasion. Tumor size was defined as the maximal tumor diameter for unifocal cases and as the maximal diameter of the largest tumor for multifocal cases (16, 17). Tumor location was divided into two areas (left or right lobe, and isthmus). Classification of internal echogenicity was made as hypoechogenicity (totally solid) or non-hypoechogenicity (including mixed cystic, solid and iso-echoic nodules). The presence of multiple nodules was confirmed when there were other nodules (benign or malignant) in the thyroid in addition to the primary tumor. On a special occasion, when the additional nodules located in the contralateral lobe of the primary tumor, they were called bilateral nodules. Microcalcifications were defined as punctate echogenic foci ≤ 1 mm inside tumors. Classification of tumor shape was made as regular or irregular. Unclear margin was confirmed when the tumor nodules’ margin could not be well defined under US. Capsular invasion was defined as the disruption of the perithyroidal echogenic line between the thyroid capsule and the tumor. In addition, the metastatic status of cervical lymph nodes (LNs) on US was also included, which was based on multiple characteristics of lymph nodes, including size, shape, margin, cortex, echogenicity, echotexture, microcalcification, necrosis, hilar echogenicity and vascularity (18). For cases with multifocal thyroid tumors, some features such as hypoechogenicity, microcalcification, irregular shape, unclear margin and capsular invasion were identified if they were observed in any one of the tumors. All of the US features above were assessed by sonographers at our hospital with more than 10 years of experience in analyzing US image of thyroid cancer.



Development of ML-Based Models

A total of 22 variables involving clinical characteristics and US features (Table 2) were used to develop ML-based models for the preoperative prediction of CLMN. Seven algorithms were applied in this study, including six representative supervised ML algorithms [random forest classifier (RFC), artificial neural network (ANN), decision tree (DT), gradient boosting decision tree (GBDT), extreme gradient boosting (XGBoost) and adaptive boosting (AdaBoost)] (19–24) and the conventional algorithms (MNB). Most of the algorithms are inexplicable except DT and MNB, in which the function between variables and the outcome cannot be visible to users. The ANN algorithm is a widely parallel inter-connected network composed of adaptable simple units, which can simulate the interaction of the biological nervous system with real-world objects. The DT algorithm divides a difficult prediction problem into two or more simpler subsets like branches of the tree, and thus into different sub-problems structurally. RFC is a more advanced algorithm based on DT, which can used for both regression and classification. GBDT, XGBoost and AdaBoost fall into one kind of important ML algorithms called ensemble learning. It can improve the generalization ability of the classifiers by training multiple classifiers and then combining them to achieve better prediction performance. Moreover, to construct more reliable models, all continuous variables underwent preprocessing for z-score normalization, except for MNB, in which min-max normalization is preferred (25).

The predictive performance of these models was evaluated by the area under the receiver operating characteristic (ROC) curve (AUC). In addition, decision curve analysis (DCA) was used to assess the clinical utility of these models. The predictive performance of cervical US for CLNM was also evaluated and compared with that of the models using a t-test.



Validation Strategy and Feature Selection

To minimize the adverse effect of overfitting, a common problem in ML algorithms, 5-fold cross-validation and feature selection were performed (26, 27). A classifier-specific importance evaluator was applied to identify the optimal variables for each model (28). A ranked list of variables was generated for each model, and all of the variables were compared to determine their predictive importance for CLNM. The AUCs of different numbers of variables were also calculated to find the optimal dimension (number of variables) of each model.



Statistical Analysis

Univariate and multivariate analysis (LR forward) was performed using IBM SPSS 25.0 (SPSS Inc; Chicago, IL, USA). The development and validation of ML-based models were performed using Python programming language (version 3.7, Python Software Foundation). Student’s t-test was used to compare models’ predictive performance (AUC). The normality of quantitative data was tested by the Shapiro-Wilk test. Non-normally distributed data are expressed as the median with interquartile range (IQR). Normally distributed quantitative parameters were compared by Student’s t-test, while non-normally distributed parameters were compared by the Mann-Whitney U test. For categorical data, Pearson’s chi square test was applied. A P value < 0.05 was considered statistically significant.




Results


Demographic Characteristics

As shown in Table 1, this retrospective study cohort consisted of 297 (26.9%) males and 806 (73.1%) females, with a median age of 41 (IQR: 33–51) years. Of all patients, the median BMI, MAP, FBG and tumor size were 24.33 (IQR: 21.97–26.67), 93 mmHg (IQR: 86–102), 5.1 mmol/L (IQR: 4.8–5.5), and 1.0 cm (IQR: 0.7–1.5), respectively. There were 560 (50.8%) patients with tumors ≤ 1.0 cm, 385 (34.9%) patients with tumors 1.0 to 2.0 cm and 158 (14.3%) patients with tumors ≥ 2.0 cm. The presence of multiple nodules was observed in 660 (59.8%) cases, and bilateral nodules were observed in 542 (49.1%) cases. A total of 612 (55.5%) patients were proven to have positive central LNs by postoperative pathology. There were 439 (39.8%) patients who underwent lobectomy plus isthmusectomy with ipsilateral CLND and 664 (60.2%) who underwent total thyroidectomy with bilateral CLND. The median number of harvested central LNs was 7 (IQR: 5–11), while that of positive central LNs was 3 (IQR: 1–5).


Table 1 | Demographic characteristics of the patients.





Univariate and Multivariate Analyses of Variables

Univariate analysis (Table 2) showed that CLNM was significantly associated with age, sex, FBG, FT3, FT4, TPO-Ab and US features such as tumor size, microcalcification, irregular shape and suspected LNs (P<0.05). Then, variables with P<0.05 in the univariate analysis were selected for multivariate analysis using LR forward stepwise selection. The results showed that age (OR=0.959, 95% CI: 0.948–0.971, P<0.001), male sex (vs. female, OR=1.527, 95% CI: 1.132–2.059, P=0.006), TPO-Ab (OR=0.998, 95% CI: 0.997–0.999, P=0.003) and US features such as tumor size (OR=1.234, 95% CI: 1.058–1.439, P=0.007), microcalcification (OR=1.911, 95% CI: 1.461–2.500, P<0.001) and suspected LNs (OR=3.268, 95% CI: 2.401–4.448, P<0.001) were independent risk factors for CLNM (Table 3).


Table 2 | Univariate analysis of clinical characteristics and ultrasonography features related to central lymph node metastasis (CLMN).




Table 3 | Multivariate analysis of clinical characteristics and ultrasonography features related to central lymph node metastasis (CLMN).





Predictive Performance and Clinical Usefulness of ML-Based Models

Using all 22 variables, predictive models for CLNM were developed based on 7 algorithms. The predictive performance of the models is shown in Figure 1 and Table 4. All models we developed performed significantly better than US (AUC=0.623, SD=0.017, P<0.05). The AUC values of ML models were higher than the conventional MNB except DT and XGBoost, though the differences were not significant (P>0.05).




Figure 1 | Receiver operating characteristic (ROC) curves of predictive models based on machine learning algorithms. US, ultrasonography; GBDT, gradient boosting decision tree; RFC, random forest classifier; AdaBoost, adaptive boosting; ANN, artificial neural network; MNB, multinomial naïve Bayes; XGBoost, extreme gradient boosting; DT, decision tree.




Table 4 | Predictive performance of models and ultrasonography alone and their optimal number of dimensions (number of variables).



To evaluate the clinical utility of these models, DCA was performed (Figure 2). According to the incidence of CLNM among patients with PTC, the reasonable range of thresholds was set as 0.4 to 0.9. Almost at the entire range, all ML-based models showed higher net benefits than the two extreme lines (treat-none and treat-all) except AdaBoost. It was noteworthy that three ML-based model, GBDT, ANN and RFC, always performed better than US and other models. There were sharply decreases at the threshold range of 0.7 to 0.9 for ANN and 0.6 to 0.8 for RFC, but the GBDT model remained a stably-high net benefit across almost the entire reasonable range of threshold probabilities.




Figure 2 | Decision curve for predictive models based on machine learning algorithms. US, ultrasonography; GBDT, gradient boosting decision tree; RFC, random forest classifier; AdaBoost, adaptive boosting; ANN, artificial neural network; MNB, multinomial naïve Bayes; XGBoost, extreme gradient boosting; DT, decision tree.





Variable Importance

With favorable AUCs and clinical benefits according to the DCA, GBDT, RFC and ANN were selected to be the models with the most potential for predicting CLNM in PTC patients. By the feature selection approach, the top 10 variables were ranked based on their predictive importance in each potential model (Figure 3). The variables were arranged in order of mean ranking: suspected LNs, tumor size, age, microcalcification, gender, TPO-Ab, TSH, irregular shape, hypoechogenicity, and capsular invasion. The ranks of each variable in different models were described in Supplementary Table 1.




Figure 3 | Ranks of the top 10 variables for the prediction of central lymph node metastasis. Variables were ranked using a classifier-specific importance evaluator based on machine learning algorithms. The variables are ordered according to the mean ranking of three potential models, which were GBDT, RFC and ANN. A lower rank represents more predictive importance. For example, age was ranked 1st, 3rd, and 10th in GBDT, ANN, and RFC, respectively. LNs, lymph nodes; Micro-Cal, microcalcification; TPO-Ab, thyroid peroxidase antibody; TSH, thyroid stimulating hormone; Ir. shape, irregular shape; Cap. invasion, capsular invasion; Hypo-echo, hypoechogenicity; GBDT, gradient boosting decision tree; RFC, random forest classifier; ANN, artificial neural network.



GBDT was identified as the best predictive model in this study because of its best performance in both ROC curve (Figure 1) and decision curve (Figure 2). The AUCs of GBDT reached the highest when 7 variables were introduced (Figure 4). These 7 variables were as follows: age, suspected LNs, tumor size, microcalcification, irregular shape, TPO-Ab and TSH.




Figure 4 | Predictive performance of the gradient boosting decision tree (GBDT) model with different numbers of variables. The AUC was the highest (0.731) with seven variables.






Discussion

Currently, the prevalence of PTC has shown rapid growth as US has been widely used for cervical examination. Despite the fact that patients with PTC have a 10-year survival rate of more than 90% (29), lymph node metastasis occurs very frequently. The central compartment is regarded as the first metastatic station, whose metastatic incidence could reach up to 90% (7). Previous studies have shown that CLNM was significantly associated with local recurrence and survival (8, 30, 31). Then, prophylactic CLND was proposed, but this procedure would be irrelevant for patients without nodal metastasis and even cause a higher incidence of complications. Thus far, whether to perform CLND for PTC patients without preoperative and intraoperative suspected lymph node metastasis remains controversial. There are no reliable predictive models for CLNM in PTC patients. Therefore, in addition to univariate and multivariate analysis, we developed multiple models for the prediction of CLNM by ML algorithms and compared these models with US. ROC analysis and DCA were used to assess these models’ predictive performance and clinical utility, respectively. Then, potential models were confirmed to identify risk factors for CLNM by feature selection.

In this study, a retrospective cohort of 1103 PTC patients was reviewed. A total of 22 variables including clinical characteristics and US features were used to predict CLNM. The predictive performance of all models was significantly better than that of US (Table 4). The three excellent models, including GBDT, RFC and ANN, performed better in both the ROC analysis and DCA than the other models (Table 4, Figures 1 and 2).

Despite the invisible connection between variables and outcomes in most ML-based models, the predictive importance of the variables in each potential model was obtained by using the classifier-specific evaluator (Figure 3). Thus, the top ten variables were considered to be the most important risk factors for CLNM: suspected LNs, tumor size, age, microcalcification, gender, TPO-Ab, TSH, irregular shape, hypoechogenicity and capsular invasion.

Currently, the definitive diagnosis of CLNM mainly depends on postoperative pathology. The preoperative risk factors for CLNM in PTC patients remain unclear. Our study suggested that CLNM had a significant tendency to appear in young patients. The optimal cut-off age was 40 years old (AUC=0.648; sensitivity: 0.68; specificity: 0.56), which is similar to previous studies that reported age < 45 years was a risk factor for CLNM (16, 17, 32, 33). In addition, a sex predisposition was also observed in our study. We found that males were associated with a higher incidence of CLNM, which was also supported by previous reports (16, 17, 32–35). Overall, male patients < 40 years old might be considered a high-risk population for CLNM and should be evaluated carefully when choosing surgical procedures. In addition, TPO-Ab was also identified as an independent risk factor by multiple analysis and ML algorithms. Actually, several studies have reported the association between nodal metastasis and chronic lymphocytic thyroiditis (CLT), which can demonstrate an increased serum level of TPO-Ab. A meta-analysis from Lee et al. concluded that CLT occurred more in PTC patients but might indicated no lymph node metastasis. However, Antonio et al. found the coexistence of CLT among PTC patients was associated with more risk of nodal metastasis. On the other hand, very few studies focused on the association between TPO-Ab and CLNM. In our study, we found that a reduced serum TPO-Ab level might indicate a high risk for CLNM, but this association still requires further confirmation of future prospective studies. The TSH value was not significantly different between CLNM (+) and CLNM (–) patients in our study or previous studies (16), but this variable was ranked 7th according to the mean rankings of three potential models (Figure 3). TSH was also involved in the GBDT model with a rank of 7. This might also indicate the superiority of ML algorithms on data mining and reveal that variables having a P value > 0.5 in the use of conventional statistical methods should not be totally overlooked.

Previously, the sensitivity of US in predicting LNM was reported to be as low as 41.3% to 61.0%, although US is most commonly used for the assessment of cervical LNs (36–38). Other imaging examinations, such as CT, performed slightly better in terms of sensitivity than US, but the difference was not significant (37, 38). In our study, all patients underwent preoperative US, which showed that 332 (30.1%) patients possessed suspected LNs (AUC=0.623; sensitivity: 0.41; specificity: 0.83). Moreover, the presence of suspected LNs was also identified as the most predictive risk factor for CLNM based on ML models. Thus, the previous suggestion that all patients with suspected lymph nodes on US should undergo CLND is reasonable, but US alone is still not enough to predict CLNM status. Tumor size on US images is an important indicator of tumor growth. It has been reported that large tumor size was an independent risk factor for CLNM, but the cut-off values are inconsistent. Liu and Ahn et al. thought that tumors > 1.0 cm were a risk factor for CLNM (16, 17), while Zhou et al. suggested a tumor size threshold > 0.7 cm (39). Our study also indicated that tumor size was an independent risk factor for CLNM (Table 3), and this variable ranked third in mean ranking of ML models (Figure 3). The optimal cut-off tumor size was calculated to be > 1.1 cm (AUC=0.634; sensitivity: 0.59; specificity: 0.37), which is almost consistent with that in previous reports (16, 17). In addition, microcalcification on US images also indicated CLNM. Eun et al. classified calcifications inside thyroid carcinoma into four types: microcalcification, macrocalcification, rim calcification and non-calcification (40). Many studies have reported that the presence of microcalcification was significantly associated with a higher incidence of cervical LNM (16, 40, 41). It is thought that the formation of microcalcifications is caused by the rapid proliferation of cancer cells (42). Therefore, PTC patients with the presence of microcalcification on US images should be evaluated more carefully before surgery. Furthermore, irregular shape, capsular invasion and hypoechogenicity might be potential risk factors for CLNM. Tumors with these US features deserve more attention.

In addition to the clinical indications, there were some methodological innovations in this study. First, this is the first study to develop ML-based models for the prediction of CLNM in PTC patients. By incorporating clinical characteristics and US features, these ML-based models showed excellent predictive performance and clinical utility by ROC analysis and DCA. Second, in addition to conventional multivariate analysis, using feature selection approach, we identified risk factors for CLNM by mean ranking three well-selected ML-based models. The mean ranks of these variables indicated their predictive importance. Third, our study identified the best ML-based model for the prediction of CLNM in PTC patients, which was the GBDT model with 7 variables. In the future, an online application of the GBDT model should be developed based on the clinical characteristics and US features to allow surgeons and patients in other hospitals to benefit from this study.

Several limitations were needed to be noted. First, this is a retrospective study in which data bias might be unavoidable. A prospective cohort should be used to construct an ML-based model for further evaluation. Second, more than 50% of the tumors included were microcarcinomas (≤ 1 cm). Actually, many other centers do not biopsy or operate on thyroid nodules less than 1 cm, which limited the reproducibility of this study.



Conclusions

Using ML algorithms, it is feasible to incorporate clinical characteristics and US features to predict CLNM in PTC patients. All ML-based models performed better than US in the prediction of CLNM. The GBDT model with 7 variables was identified as the best model according to ROC analysis and DCA. Based on multivariate analysis and feature selection, younger age, male sex, low serum TPO-Ab and US features such as suspected LNs, microcalcifications and tumor size > 1.1 cm were important risk factors for CLNM. ML algorithms can be useful for the prediction of lymph node metastasis in PTC.
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Objective

The objective of this study was to investigate the clinicopathological characteristics, long-term outcomes, and prognostic factors of elderly patients with distant metastases at initial diagnosis from well-differentiated thyroid cancer (WDTC) during radioactive iodine (131I) treatment and follow-up.



Methods

A retrospective review of medical records identified 183 elderly patients with DTC who underwent 131I treatment at our institution between 2006 and 2019.



Results

In total, 57 elderly WDTC patients with distant metastases were enrolled in this study. After 131I treatment, 32 (56.14%) patients had 131I avidity and 25 (43.86%) had non-131I avidity; 35 (61.40%) cases were classified as radioiodine refractory (RR)-WDTC and 22 (38.60%) as non-RR-WDTC. At the end of follow-up, 25 (43.86%) patients had died and 32 (56.14%) were alive. The 5- and 10-year overall survival (OS) rates were 71.50% and 30.49%, respectively, while the 5- and 10-year disease-specific survival (DSS) rates were 76.89% and 48.71%, respectively. Multivariate analyses showed that gross extrathyroidal extension and RR-DTC were independent prognostic factors for poor OS (P=0.04 and P=0.03, respectively), while gross extrathyroidal extension, extrapulmonary distant metastases, and RR-WDTC were independent prognostic factors for poor DSS at the end of follow-up (P=0.02, P=0.03, and P=0.02, respectively).



Conclusions

WDTC with distant metastases at initial diagnosis accounted for 31.15% of all elderly patients with DTC. Gross extrathyroidal extension and RR-DTC were the major factors associated with poor OS; gross extrathyroidal extension, extrapulmonary distant metastases, and RR-DTC were independent prognostic factors for poor DSS in elderly DTC patients with distant metastases.
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Introduction

Over the past two decades, differentiated thyroid cancer (DTC) has become the most common endocrine malignancy with the fastest growth rate worldwide (1). Despite its rising incidence, it has an excellent prognosis, and the vast majority of patients sustain long-term survival, with the 10-year overall survival (OS) rate currently >90% after total or near-total thyroidectomy combined with radioiodine (131I) ablation therapy (2). Previous studies have shown that age at initial diagnosis of DTC is the factor most associated with recurrence, survival, and prognosis (3). Elderly patients have a poorer prognosis and more aggressive DTC, which is characterized by larger tumors, extrathyroidal invasion, and distant metastasis (4). Although the AJCC/UICC revised the age cut-off from 45- to 55-years-old in the latest TNM staging system (2016), elderly DTC patients continue to have significantly decreased survival compared with younger patients (5). Regarding the optimal cut-off value for defining “the elderly” DTC population, 60, 65, and 70 years have been reported in different studies (6, 7). According to the World Health Organization, most developed countries have adopted the definition of ≥65 years as “the elderly”.

It has been reported that the prevalence of distant metastasis is relatively rare in DTC, with previous reports varying from 4% to 23% (8, 9). Lung and bone are the most common distant metastatic sites, and other less common organs include brain, kidney, skin, muscle, and pleura (10). For nearly eighty years, 131I has been the main treatment for distant DTC metastases after thyroidectomy. For radioiodine-refractory (RR)-DTC with distant metastases, clinical trials have demonstrated that molecular targeted drugs have good therapeutic efficacy, advancing the prospects for these patients. Now, sorafenib and lenvatinib are recommended as the first-line therapy for progressive RR-DTC according to the latest ATA management guidelines (11–13). It has been reported that several independent prognostic factors are related to the poor prognosis of DTC patients with distant metastases, such as age at initial diagnosis of distant metastases, loss of 131I avidity for distant metastases, presence of extrapulmonary distant metastases, and patients who initially present with distant metastases (8, 9, 14, 15).

Although the incidence of distant metastases in elderly DTC patients has significantly increased (4); to the best of our knowledge, there is little published information on the long-term outcomes of elderly well-DTC (WDTC) patients with distant metastases. To address this issue and raise awareness of this disease, this study reviewed the experience of a single tertiary medical center in China with a relatively large series of elderly (≥65 years) WDTC patients who presented with distant metastases at initial diagnosis. We analyzed the clinicopathological characteristics, long-term outcomes, and independent prognostic factors for overall survival (OS) and distant metastatic disease-specific survival (DSS) in these elderly patients with distant metastases.



Materials and Methods


Eligible Patients

We retrospectively reviewed the medical records of 11,984 consecutive DTC patients treated with 131I after total or near-total thyroidectomy between 2006 and 2019 at Shanghai Sixth People’s Hospital, a major 131I treatment center in China. In total, 57 elderly WDTC patients were enrolled in this study (Figure 1). This study was approved by the Institutional Review Board of the Shanghai Sixth People’s Hospital.




Figure 1 | Flow diagram of the selection process for elderly (≥65-years-old) well-differentiated thyroid cancer (WDTC) patients with distant metastases at initial diagnosis.





Baseline Variables

Demographics, clinicopathological characteristics, 131I treatment results, and follow-up data for all eligible patients are shown in Table 1. Age was determined at the time of initial diagnosis of distant metastases from WDTC. Pathological type only included classic PTC and follicular thyroid cancer (FTC). Follicular variant of PTC (FV-PTC) and Hürthle cell cancer were classified into the PTC and FTC subtypes, respectively. Poor-DTC and aggressive subtypes of PTC were excluded. Extrathyroidal extension was divided into three categories: “No,” “Minimal,” and “Gross” according the 2015 ATA guidelines (11). “Minimal” was defined as microscopic tumor invasion into the perithyroidal soft tissues, while “Gross” was defined as macroscopic tumor invasion into perithyroidal soft tissues. N stage was evaluated based on the eighth edition of the AJCC/TNM cancer staging system (16). According to a past report, distant metastases confirmed within 1 year from the initial thyroid surgery were considered distant metastases at initial presentation, while distant metastases detected >1 year after initial diagnosis were considered delayed distant metastases (15).


Table 1 | Patient characteristics of well-differentiated thyroid cancer (WDTC) with distant metastases.





Diagnosing Distant Metastases From WDTC

Diagnoses of distant metastases from WDTC were established and confirmed by at least one of the following criteria, which was similar to our previous study (17, 18). Criterion I: distant metastases were found or detected according to clinical manifestations and comprehensive imaging such as computed tomography (CT), magnetic resonance imaging (MRI), and/or 18F-fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG-PET/CT), and pathological results from operations or biopsies that confirmed the lesions originated from thyroid tissue; Criterion II: 131I uptake of distant metastatic lesions was found on therapeutic 131I whole body scan (131I-WBS), with the distant metastases detected on at least one imaging modality, including 131I-single-photon emission computed tomography/computed tomography (131I-SPECT/CT), CT, and/or MRI; and Criterion III: even if therapeutic 131I-WBS did not show positive lesions but the DTC patients had elevated thyroglobulin (Tg) or progressively increased thyroglobulin antibody (TgAb) levels, the distant metastases could be found on 18F-FDG-PET/CT scans.



131I Treatment of Distant Metastases

To implement 131I treatment after total or near-total thyroidectomy, all DTC patients consumed a low-iodine diet and were withdrawn from levothyroxine therapy for at least two weeks to achieve thyroid stimulating hormone (TSH) levels of ≥30 mIU/L, according to the ATA guideline (11). All patients were subjected to routine measurements of TSH, free triiodothyronine (FT3), free thyroxine (FT4), Tg, and TgAb, neck ultrasonography (US), CT, and/or MRI scans prior to 131I treatment. Next, if distant metastasis were diagnosed before 131I treatment, patients received an oral dose of 131I with standard activity of 5.55–7.40 GBq (150–200 mCi) to ablate remnant thyroid disease and treat distant metastases. If distant metastases were diagnosed on the 131I-WBS and another imaging modality after the first 131I therapy, 3.7 GBq (100 mCi) was used for the initial treatment to ablate remnant thyroid disease, and then 5.55–7.40 GBq (150–200 mCi) was taken orally for subsequent treatments aimed at treating distant metastases. The intervals for repeated 131I treatments were 4–12 months. Subsequent 131I treatments were interrupted in patients with weakly 131I-avid or non-131I-avid distant metastases on therapeutic 131I-WBS.



Evaluating RR-DTC

We evaluated RR-DTC according to the 2015 ATA management guidelines, which defined structurally evident RR-DTC depending on the following criteria: (1) the primary and/or metastatic lesions do not absorb 131I on 131I-WBS; (2) the primary and/or metastatic lesions lose the ability to concentrate 131I after previously being 131I-avid lesions; (3) 131I is heterogeneously concentrated into some lesions on 131I-WBS but not others; and (4) primary and/or metastatic lesions show progressive disease (PD) within 1 year following 131I treatment despite sustained concentration of 131I. The therapeutic effect of 131I was divided into two categories: PD and non-PD. Similar to our previous report (15), PD responses were evaluated by the Response Evaluation Criteria in Solid Tumors Guideline Version 1.1 (RECIST1.1) (19) for pulmonary metastases and the MDA criteria (20) for bone metastases. For pulmonary metastases from DTC, PD was defined as at least a 20% increase in the sum of diameters for all measured target lesions with an absolute increase of at least 5 mm in the sum of diameters and/or the appearance of new lesions, while for bone metastases from DTC, PD was defined as at least a 25% increase in the size of measurable lesions using CT or MRI, at least a 25% subjective increase in the size of ill-defined lesions using CT or MRI, and/or the appearance of new lesions.



Other Treatments for Elderly Patients With Distant Metastases

For RR-DTC, molecular targeted therapies, such as tyrosine kinase inhibitors (TKIs), have emerged as new treatment modalities (21, 22). The ATA guidelines recommend sorafenib and lenvatinib for the treatment of progressive RR-DTC (11–13). Since September 2017, only sorafenib has been approved as a first-line drug for progressive RR-DTC in China. In this study, sorafenib was used to treat progressive RR-DTC with distant metastases in eight patients. Other treatment modalities for distant metastases include external radiotherapy, palliative surgery, chemotherapy, bisphosphonates, and interventional therapy (11). In addition to 131I therapy, palliative surgery was performed in four patients, and seven patients underwent external radiotherapy during 131I treatment and follow-up. No other therapies were performed on the elderly patients with distant metastases in this study.



Follow-Up Strategy

After 131I treatment, routine follow-up was performed for every patient, and the follow-up period for this study was until the end of June 2019. During the follow-up period, FT3, FT4, TSH, Tg, and TgAb levels were measured and physical examination and US of the neck were performed every 3–6 months, chest CT was performed annually to compare changes in the pulmonary metastatic lesions with previous results. For bone metastases, at least one imaging examination (CT, MRI, or 18F-FDG-PET/CT) was conducted annually to evaluate the clinical course of metastatic lesions and confirm PD. At the end of follow-up, the OS of these patients was calculated according to the time from initial detection of distant metastatic lesions to end of follow-up or death from any cause, while DSS was calculated from the time of initially detecting distant metastatic lesions to the end of follow-up or death from the distant metastatic disease.



Statistical Analysis

All statistical analyses were performed using GraphPad Prism 7 (GraphPad Software, San Diego, CA, USA) and MedCalc version 17.0 (MedCalc Software, Mariakerke, Belgium). Continuous variables are presented as median and means ± standard deviations with range. Categorical variables were expressed as exact numbers with proportions. OS and DSS survival curves were analyzed by Kaplan–Meier method from the initial diagnosis of distant metastasis to the end of follow-up or death. To evaluate prognostic factors for OS and DSS at the end of follow-up, univariate analysis was performed using the Log-rank test, and then multivariate analysis was calculated using the Cox proportional hazard model. A p-value <0.05 was considered significant. Parameters with P-values <0.1 that displayed significant influence on the OS and DSS rates of elderly WDTC patients with distant metastases in univariate analyses were included in multivariate analyses. In contrast, parameters with P-values ≥0.1 were not included in multivariate analyses.




Results


Patient Demographics

Between 2006 and 2019, 183 elderly patients (≥65-years-old) with DTC were treated with 131I after total or near-total thyroidectomy in our department. Among them, 57 (31.15%) elderly WDTC patients with distant metastases were confirmed according to the inclusion criteria. Baseline clinicopathological features of these elderly WDTC patients with distant metastases are shown in Table 1.



Diagnoses and Clinical Symptoms of Distant Metastasis

According to the diagnostic criteria for distant metastases in elderly WDTC patients, 13 cases (22.81%) were diagnosed according to Criterion I, 29 (50.88%) were diagnosed by Criterion II, and 15 (26.32%) were detected by Criterion III. Among the cases detected by Criterion III, three were negative for Tg and had persistently elevated TgAb levels, while the remaining 12 cases with positive Tg levels were included. In this study, 27 (47.37%) patients were symptomatic and 30 (52.63%) lacked any clinical symptoms upon the initial diagnosis of distant metastases. Among the 27 patients with clinical symptoms, 15 suffered from cough and expectoration, fiver had hemoptysis, six suffered from shortness of breath and/or breathing difficulties, three cases had pleural effusion, nine hade bone pain, two had pathologic fractures, and one patient had spinal cord compression.



The Distribution of Initial Distant Metastases

Among the 57 elderly DTC patients with distant metastases, 33 (57.89%) were found to have lung metastases alone, eight (14.04%) presented with only bone metastases, and 16 (28.07%) had at least two synchronous distant organ metastases including 10 with synchronous bone and lung metastases, two with synchronous lung and brain metastases, two with synchronous lung and renal metastases, one with synchronous bone and brain metastases, and one with synchronous bone, lung and renal metastases (Table 1). Among the 48 cases with lung metastases, 17 were classified as micro-metastases (<1 cm) and 31 as macro-metastases (≥1 cm) according the largest size of the lung lesions. For the 20 patients with bone metastases, 16 had multiple bone metastases and four had a single bone metastasis.



Response to 131I Therapy

The responses to 131I treatment are showed in Table 1. 131I-WBS showed that 32 elderly patients (56.14%) could concentrate 131I, while 25 (43.86%) did not show therapeutic 131I concentration ability. According to the evaluation criteria for RR-DTC, 35 cases (61.40%) were classified as RR-WDTC and 22 (38.60%) as non-RR-WDTC. Among the 35 RR-DTC cases, 25 (43.84%) were identified by criterion 1, three (5.36%) by criterion 2, two (3.51%) by criterion 3, and five (8.77%) by criterion 4 (Figure 2A). According to the evaluation criteria of PD during 131I treatment, 40 patients (71.18%) did not show PD, while 17 (29.82%) had PD, including 12 who were classified by criterion 1, one by criterion 2, and five by criterion 4.




Figure 2 | Distribution and percentage of 131I treatment status according to the RR-DTC evaluation criteria (A); A1: non-RR-WDTC; A2: identified by Criterion I; A3: by Criterion IV; A4: by Criterion II; and A5: by Criterion III. Distribution and percentage of causes of death for these patients (B); B1: patients alive at the last follow-up; B2: patients who died of distant metastases; B3: patients who died of other reasons; B4: the patient who died of locally invasive disease.





Clinical Outcomes

At the end of follow-up, 25 patients (43.86%) had died and 32 (56.14%) were alive. Among those who had died, 19 (33.33%) were caused by distant metastatic disease, including 10 from lung metastases, six from bone metastases, two from brain metastases, and one from renal metastasis; five (8.77%) deaths were caused by other causes, including one patient from heart failure, one from colorectal cancer, one from lung infection, two from cerebrovascular diseases, and one (1.76%) from locally invasive WDTC (Figure 2B). The median survival after the initial diagnosis of distant metastasis was 7.3 years (range: 0.1–13.3 years). The OS rate was 18.29% at the last follow-up, with 5- and 10-year OS rates of 71.50% and 30.49%, respectively (Figure 3A). The DSS rate was 29.23% at the last follow-up, with 5- and 10-year DSS rates of 76.89% and 48.71%, respectively (Figure 3B).




Figure 3 | Kaplan–Meier analysis of cumulative overall survival (OS) (A) and disease-specific survival (DSS) (B) rates from the initial diagnosis of distant metastasis to the end of follow-up for these patients.





Prognostic Factors for OS

The univariate analysis of prognostic factors for elderly DTC patients with distant metastases at the last follow-up is shown in Table 2. Four factors were found to be associated with OS, including pathological type, extrathyroidal extension, site of distant metastases at initial diagnosis, and RR-DTC status. Patient stratification showed that the median OS values of elderly patients with DTC who had gross extrathyroidal extension, extrapulmonary distant metastases, and RR-DTC were significantly lower than those of patients with FTC, no or minimal extrathyroidal extension, pulmonary only or no distant metastases, and non-RR-DTC (P=0.04, P=0.02, P=0.03, and P=0.02, respectively) (Figure 4). However, no significant differences were observed in OS for the other factors (P>0.05) (Table 2). Multivariate analyses that included five factors (P<0.1) from the univariate analysis indicated that gross extrathyroidal extension (hazard ratio [HR]: 3.07, 95% confidence interval [CI]: 1.413–9.382, P=0.04) and RR-DTC (HR: 2.36, 95% CI: 1.029–6.314, P=0.03) were independent factors associated with poor prognosis (Table 3). The other three factors from the univariate analysis (pathological type, N stage, and site of distant metastases) were not independent prognostic factors for OS (P>0.05) (Table 3).




Figure 4 | Univariate analysis of the prognostic factors for median overall survival (OS) at the end of follow-up; the median OS of patients differed significantly according to extrathyroidal extension (A), pathological type (B), site of distant metastases at initial diagnosis (C), and RR-DTC status (D).




Table 2 | Univariate analysis showed the influence of prognostic factors on the overall survival (OS) of the elderly well-differentiated thyroid cancer (WDTC) patients with distant metastases by using the Log-rank test at the end of follow-up.




Table 3 | Multivariate analysis of prognostic factors for the overall survival (OS) of the elderly differentiated thyroid cancer (DTC) patients presenting with distant metastasis according to Cox’s Proportional Hazards Model at the end of follow-up.





Prognostic Factors for DSS

Factors predictive of DSS were determined by univariate analysis using the log-rank test (Table 4). Univariate analysis demonstrated that extrathyroidal extension, symptoms of distant metastases, site of distant metastases at initial diagnosis, and RR-DTC status were associated with DSS in these patients. Patients without or with minimal extrathyroidal extension, without symptoms of distant metastases, with only pulmonary metastases, and without RR-DTC had better median DSS rates those with gross extrathyroidal extension, symptomatic distant metastases, extrapulmonary distant metastases, and RR-DTC (P=0.01, P=0.02, P=0.02, and P=0.01, respectively) (Figure 5). Multivariate analysis that included four factors (P<0.1) from the univariate analysis showed that gross extrathyroidal extension (HR: 4.94, 95% CI: 1.511–17.319, P=0.02), extrapulmonary distant metastases (HR: 2.48, 95% CI: 1.030–9.001, P=0.03), and RR-DTC (HR: 2.89, 95% CI: 1.378–9.017, P=0.02) were independent prognostic factors related to poor DSS. There was no significant association between DSS and the presence of symptomatic distant metastases (P=0.05) (Table 5).


Table 4 | Univariate analysis showed the influence of prognostic factors on the disease-specific survival (DSS) of the elderly well-differentiated thyroid cancer (WDTC) patients with distant metastases by using the Log-rank test at the end of follow-up.






Figure 5 | Univariate analysis of the prognostic factors for median DSS at the end of follow-up; the median disease-specific survival (DSS) of patients differed significantly according to extrathyroidal extension (A), the presence of symptomatic metastases (B), site of distant metastases at initial diagnosis (C), and RR-DTC status (D).




Table 5 | Multivariate analysis of prognostic factors for the disease-specific survival (DSS) of the elderly differentiated thyroid cancer (DTC) patients presenting with distant metastasis according to Cox’s Proportional Hazards Model at the end of follow-up.






Discussion

Although the prevalence of distant metastasis from DTC in elderly patients has been increasing, there have been few reports about the incidence, clinicopathological features, long-term outcomes, and prognostic factors of patients over 65-years-old with distant metastases from WDTC. To the best of our knowledge, only Han et al. (23) have described this patient population, finding that 17 of 86 elderly patients (>65-years-old) experienced distant metastases from DTC between 1994 and 2012, with an incidence rate of 19.77%. In this study, we retrospectively found that 57 of 183 elderly WDTC patients had distant metastases, an incidence rate of 31.15%, which represents a relatively large series of elderly patients with distant metastases who were treated with 131I at a single center. Most studies have shown that distant metastases occurred in 4%–23% of DTC patients (8, 14, 24, 25), which was lower than the results of our study. Our data support the conclusion that elderly DTC patients are more prone to having distant metastases.

In previous studies, the 5-year OS rates of DTC patients with distant metastases ranged from 42% to 88% and the 10-year OS rates ranged from 25% to 77% (8, 24–34); the 5-year DSS rates of DTC patients with distant metastases have ranged from 57.9% to 80% and the 10-year DSS rates have ranged from 26% to 48.3% (27, 30, 33, 34). In our study, the 5- and 10-year OS rates were 71.50% and 30.49%, respectively, while the 5- and 10-year DSS rates were 76.89% and 48.71%, respectively. All of these studies, including ours, have found heterogeneous clinical outcomes and a wide range of mortality risks for DTC patients with distant metastases, which may be caused by different sample sizes, diagnostic criteria, inclusion and/or exclusion criteria, and treatment modes. For instance, our inclusion criteria only included the well-differentiated pathological type among all DTC patients ≥65 years with metastatic disease. Regarding DTC patients with distant metastases, previous studies have demonstrated several independent prognostic factors associated with poor prognosis, including age at initial diagnosis of distant metastases, 131I avidity, timing of distant metastases, pathological type, and presence of extrapulmonary distant metastases (8, 9, 14, 15). Because of the inconsistencies in these previous studies regarding OS and DSS, we thought it valuable to assess the prognostic factors in our cohort of elderly DTC patients with distant metastases. Our multivariate analysis revealed that gross extrathyroidal extension and RR-DTC were independent factors associated with poor OS, while gross extrathyroidal extension, extrapulmonary distant metastases, and RR-DTC were independent prognostic factors related to poor DSS in elderly WDTC patients with distant metastases.

The most common pathological types of of DTC include PTC and FTC. Previous studies have showed the different ratios between PTC and FTC of DTC patients with distant metastases, with ratios varying from 4:1 to 1:1 (8, 24–34). However, our study found a significantly higher ratio than any previous study, with a PTC to FTC ratio of 4.18:1. This difference may be due to the different pathological subtypes included in PTC and FTC. In our study, PTC consisted of classical PTC and its subtype FVPTC, while FTC comprised classical FTC and its subtype Hürthle cell cancer. Most previous studies have also found no significant differences in the prognoses of DTC patients with distant metastases between the PTC and FTC subgroups, which was in accordance with our findings (8, 14, 24–26, 28, 29, 31, 32). Although our study found that FTC had a better OS than PTC by univariate analysis, there was not a significant difference in OS between PTC and FTC by multivariate analysis.

Distant metastases from DTC are usually located in the lungs and/or bones. The sites of distant metastases can be divided into three categories: lung only, bone only, and lung and/or bone with or without other distant metastases (≥2 organ systems). All previous studies have found that lung-only metastasis accounted for the largest proportion of all distant metastases, with rates varying from 43% to 66%; these data are in concordance with our study (57.89%) (8, 24, 26–34). Most studies have found that the proportion of patients with bone-only metastases was significantly higher than that of patients with ≥2 distant organ system metastases (14, 24, 26, 28, 34). In contrast, a few studies have indicated that the proportion of cases with ≥2 organ system metastases was significantly higher than that of bone-only metastases cases (30, 32), which is what we found in this study (28.07% vs. 14.4%). This finding may be due to the fact that elderly patients are more likely to have multiple distant metastases. Most previous studies have found that patients with lung or bone metastases only had better survival outcomes than patients with synchronous bone and lung metastases (10, 17). However, in this study, the numbers of patients with bone-only metastases were relatively small, so this could have been caused by statistical deviation. Thus, we divided our patients into two groups: those with pulmonary-only and extrapulmonary distant metastases. Univariate analysis showed that there were significant differences between the two groups in OS, but multivariate analysis revealed that pulmonary-only metastasis was not an independent factor associated with poor OS. These differences may have been caused by the six patients who died from other causes, which may have led to biases. For example, univariate and multivariate analysis for DSS demonstrated that site of metastasis was a significant prognostic factor in these patients.

A previous meta-analysis demonstrated that gross extrathyroidal extension is a major predictive factor for distant metastases from DTC, with a prevalence rate in DTC patients with gross extrathyroidal extension of 14.3% compared with only 3.8% in DTC patients without gross extrathyroidal extension (35). However, it is unclear if gross extrathyroidal extension is a major prognostic factor for DTC patients with distant metastases because extrathyroidal extension has not been included as a variable for univariate or multivariate analyses in most previous studies (8, 14, 24, 26–28, 30–34). Additionally, the study by Hirsch et al. revealed that gross extrathyroidal extension was not associated with improved OS or disease progression in DTC (including PTC and FTC) patients with distant metastases (9). In another study, gross extrathyroidal extension was found to be associated with decreased cancer-specific survival in PTC patients with distant metastases (36). These unexpected results may be explained by statistical deviations from the relative frequency of gross extrathyroidal extension in FTC (37). In this study, we found that gross extrathyroidal extension was an independent prognostic factor for elderly DTC patients with distant metastasis upon initial diagnosis that was associated with poor OS and DSS. An explanation for this finding may be that elderly patients with gross extrathyroidal extension tend to show more dedifferentiation, which can increase the formation of metastatic lesions (38).

In previous reports, the incidence of non-131I-avid distant metastases in DTC patients was approximately 30% (14, 25, 30, 31, 39, 40). In this study, distant metastatic lesions did not accumulate 131I in 43.86% (25/57) of the patients, which is higher than previous reports. This could suggest that distant metastatic lesions are less likely to have 131I uptake in elderly (>65-years-old) patients than in those <45-years-old (41). However, this finding could also represent differences caused by selection bias, small sample sizes, and/or screening methods for the referral population in our department and/or in clinical management measures after DTC diagnosis. Any of these factors could also affect the incidence of non- 131I uptake in elderly DTC patients with distant metastases. 131I avidity is the strongest prognostic factor for survival in DTC patients with distant metastases. Some studies have indicated that 131I avidity was associated with longer OS, DSS, progression-free survival, and disease-free survival compared cases without 131I avidity (14, 25, 30, 31, 39, 40). However, we found no difference in the median OS or DSS between 131I avid and non-131I avid cases. A possible explanation for this finding is that in some elderly DTC patients, although the metastatic lesions could absorb 131I, they had insufficient 131I uptake or resistance to the effects of 131I therapy, so disease progression was found during 131I treatment and/or follow-up. The classification of RR-DTC has been widely used in clinical practice recently. A literature report showed that approximately 50% of DTC patients with distant metastases were evaluated as RR-DTC (42), which has an important impact on survival data, as the mean survival time of these patients is approximately 3–5 years and their 10-year OS rate is usually <10% (11). In our study, 35 (61.40%) elderly patients with distant metastases were estimated to be RR-DTC using the univariate and multivariate analyses, which was higher than previous reports and suggested that elderly WDTC patients with distant metasets had higher levels of dedifferentiation and poorer prognosis. Our study also revealed that RR-DTC was an independent factor for poor OS and DSS.

In addition to 131I treatment, other treatment modalities are usually used for RR-DTC with distant metastases, such as external radiotherapy, palliative surgery, chemotherapy, bisphosphonates, and interventional therapy. Currently, there is no curative treatment modality available except for complete surgical resection, which is not always possible. Generally, RR-DTC is not sensitive to external radiotherapy or chemotherapy. Although TKIs such as sorafenib and lenvatinib have been recommend for RR-DTC by the ATA management guidelines (11), the challenge of using these drugs is how to maintain their continued use and control their adverse effects; moreover, many clinical trials have shown that TKI treatment can only improve the PFS and objective response rate, but has limited efficacy in prolonging OS (21, 22). In this study, 131I combined with other treatment modalities were performed in 29.8% (17/57) of the elderly patients with distant metastases. When we compared outcomes with patients who only received 131I treatment, there was no evidence that 131I combined with other treatments improved the median OS or DSS of these elderly patients with distant metastases.

The primary limitations of this study were as follows: first, it has certain inherent limitations related to its retrospective observational nature; nonetheless, this is the first study to evaluate the clinical outcomes of elderly patients with distant metastases from WDTC. Second, as the study spanned a long period, selection bias may have occurred. Third, because this was a single-center study conducted in China, further studies are needed to confirm the repeatability of our results in other countries and with other races. Moreover, except for standardized 131I treatment, the individualized treatment model and incomplete acquisition of treatment data may have led to deviations in clinical outcomes.

In summary, to the best of our knowledge, this is the first study to evaluate the long-term outcomes and prognostic factors of distant metastases in elderly WDTC patients and included the largest series of patients treated with 131I at a single center to date. We found that the 5- and 10-year OS rates for these elderly patients with distant metastases from WDTC were 71.50% and 30.49%, respectively, while their 5- and 10-year DSS rates were 76.89% and 48.71%, respectively. Absence of or minimal extrathyroidal extension and non-RR-DTC were independent factors associated with improved OS, while absence of or minimal extrathyroidal extension, lung-only metastases, and non-RR-DTC were independent prognostic factors related to improved DSS in these patients. These findings may contribute to clinical decision-making during the treatment and follow-up of elderly DTC patients with distant metastases. However, the sample size should be further increased, and a future perspective study is needed to obtain more thorough conclusions.
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The purpose of this study was to evaluate the usefulness of the sonographic characteristics of papillary thyroid carcinoma (PTC) with Hashimoto’s thyroiditis (HT) for predicting central lymph node metastasis (CLNM). One hundred thirty-three patients who underwent thyroidectomy and central cervical lymph node dissection for PTC with coexistent HT were retrospectively analyzed. All PTCs with HT were preoperatively evaluated by ultrasound (US) regarding their nodular number, size, component, shape, margin, echogenicity, calcification, capsule contact with protrusion, vascularity and contrast enhanced ultrasound (CEUS) parameters. Univariate analysis demonstrated that patients with PTCs with HT and CLNM more frequently had age ≤ 45 years, size > 10 mm, a wider than tall shape, microcalcification, hypo-enhancement and peak intensity index < 1 than those without CLNM (all p<0.05). Binary logistic regression analysis demonstrated that size > 10 mm and CEUS hypo-enhancement were independent characteristics for the presence of CLNM. Our study indicated that preoperative US characteristics could offer help in predicting CLNM in PTCs with coexistent HT.




Keywords: contrast enhanced ultrasound, papillary thyroid carcinoma, conventional ultrasound, Hashimoto’s thyroiditis, central lymph node metastasis (CLNM)



Introduction

Papillary thyroid carcinoma (PTC) is the most common type of thyroid malignant tumor with a significantly increased incidence in recent years (1–3). Although PTC has an indolent course with a low mortality rate and satisfactory long-term prognosis, cervical lymph node metastasis remains an important factor associated with local recurrence and distant metastasis (4–7). Zaydfudim et al. identified 30,504 PTC patients (49% > 45 years old) and 2,584 follicular carcinoma patients (55% > 45 years old). The study by these researchers found that cervical lymph node metastases conferred an increased risk of death in all patients with follicular carcinoma and in those patients with PTC who were > 45 years old (8). A retrospective analysis of 399 patients demonstrated that prophylactic central compartment (level VI) neck dissection (CCND) improved disease-free survival in patients with intermediate- and high-risk differentiated thyroid carcinoma (9).

According to the American Thyroid Association’s (ATA’s) guidelines, PTC patients with clinically involved central lymph nodes (CLNs) are strongly recommended to undergo therapeutic CCND, while PTC patients with clinically uninvolved CLNs can be considered for prophylactic CCND (10). However, prophylactic CCND can result in overtreatment and lead to nerve injury to the voice, permanent hypoparathyroidism and airway function compromise (7).

Preoperative neck US for the cervical lymph nodes is recommended to evaluate the range of surgery, especially for lymph node dissection according to the ATA’s guidelines (10). However, approximately 90% of CLNMs might not be found preoperatively (11), since the sensitivity of conventional US for CLNM is less than 50% (4, 12–14). Thus, it is urgently important to identify the risk factors for PTCs with CLNM to design individualized surgical treatment strategies to avoid unnecessary prophylactic lymph node dissection.

Hashimoto’s thyroiditis (HT) is one of the most common autoimmune thyroid diseases. HT can cause the destruction of the thyrocytes by lymphocytic infiltration and interstitial fibrosis, and it results in thyroid nodules with atypical sonographic features for overlapping morphologies, margins, echogenicities and internal bloodstreams between benign and malignant lesions against an HT background. It also induces lymphadenopathy in the central compartment, which can increase the difficulty of judging metastatic lymph nodes by sonography (15).

Some authors have evaluated the biological behavior of PTC with CLNM associated with US features (16–19). In addition the widespread application of conventional B-mode US as the basis of examination, the additional use of contrast-enhanced ultrasound (CEUS) could elucidate the micro-vasculature and improve the diagnostic accuracy of thyroid nodules (20–23). However, to the best of our knowledge, the capability of CEUS for predicting CLNM in PTCs with coexistent HT has been only rarely reported. In this study, we studied the clinical characteristics and conventional US and CEUS features of PTCs with coexistent HT with or without CLNM and explored the ability to predict CLNM in PTCs against an HT background.



Materials and Methods


Patients

The study was approved by the ethics committee of the Second Xiangya Hospital of Central South University in China and was performed in accordance with the Declaration of Helsinki for human studies. From May 2016 to December 2018, 177 consecutive patients who had been preoperatively examined using conventional US and CEUS and had undergone surgery were enrolled in this retrospective study. The inclusion criteria were as follows: (i) pathological examination confirming PTCs with HT after surgery; (ii) patients who underwent conventional US and CEUS examinations.

Forty-two patients were excluded because they did not undergo central lymph node dissection. Two patients were excluded because they had different types of thyroid cancers: 1 medullary thyroid carcinoma and 1 follicular cancer. In patients with multifocal PTCs, only the largest was selected. In addition, thyroid-stimulating hormone (TSH), free thyroxine, free triiodothyronine, thyroid peroxidase antibody (A-TPO) and thyroglobulin antibody (A-TG) were measured in all of the patients before pathological examination. Thus, 133 patients (19 men and 114 women, age mean: 40.92 ± 11.21 y, range: 18-74 y) with 133 PTCs were ultimately included (Figure 1).




Figure 1 | Flowchart for the selection of thyroid cancer patients. PTC, papillary thyroid carcinoma; CLNM, Central Lymph Node Metastasis.





Conventional US and Color Doppler US

All of the images in our study were acquired with Siemens Acuson S3000 US scanner (Siemens Medical Solutions, Mountain View, CA, USA) equipped with a 9L4 linear array transducer (4-9 MHz) for conventional US and CEUS. All of the selected thyroid nodules were evaluated for the following US features: size (largest diameter); composition (solid or mixed); shape (taller than wide or wider than tall); margins (well-defined or ill-defined); echogenicity (marked hypo-echoic, hypo-echoic, iso-echoic or hyper-echoic); calcification (no calcification, microcalcification<1 mm in diameter, macrocalcification >1 mm in diameter; the presence of both microcalcification and macrocalcification was defined as microcalcification); capsule contact with protrusion (present or absent); halo sign (present or absent); and internal vascularity (present or absent).



CEUS and Analysis

Contrast pulsed sequencing (CPS) technology and dedicated analysis software (Contrast Dynamics, Mountain View, CA, USA) were used for CEUS. Three-milliliter SonoVue microbubbles (Bracco, Italy) were injected intravenously, followed by a saline flush of 5 mL. The thyroid nodule imaging lasted 60 s; the time intensity curves (TICs) within selected regions of interest (ROIs) were acquired. CEUS features of the thyroid nodules were classified as follows: enhancement type, compared with surrounding thyroid parenchyma enhancement (hyper-enhancement, iso-enhancement or hypo-enhancement); enhancement uniformity (heterogeneous enhancement or homogeneous enhancement); perfusion pattern (centripetal perfusion, the perfusion of microbubbles from the periphery to the center; centrifugal perfusion, the perfusion of microbubbles from the center to the periphery); surrounding ring enhancement, with the surrounding of the nodule revealing a ring enhancement (hyper ring enhancement, hypo ring enhancement or no ring enhancement); peak intensity (PI, expressed as a percentage); time to peak (TP, expressed in seconds); area under the curve (AUC, expressed as a percentage by seconds); and washout time (WT, expressed in seconds). PI index, TP index, AUC index and WT index are reported as indices by the ratio of the ROIs of nodules to the ROIs of thyroid parenchymal tissue.



Statistical Analysis

SPSS software (SPSS, Chicago, IL, USA), version 21.0, was used for statistical analyses. The mean ± standard deviation (SD) was used to express continuous data, and the independent t-test was used to compare them. Percentages were used to express categorical data, and the χ2test were used to analyze them. Binary logistic regression was used to assess independent factors in PTCs with coexistent HT and CLNM. p<0.05 indicated significant differences.




Results

A total of 133 patients with PTCs with coexistent HT, 72 (54.1%) with CLNM and 61 (45.9%) without CLNM, were included in the analysis. The clinical characteristics of the patients are shown in Table 1. One hundred fourteen (85.7%) PTC patients with HT were female, and 19 (14.3%) were male. Male patients constituted 16.7% of patients with CLNM and 11.5% of patients without CLNM (p = 0.394). The average age of PTC patients with HT with or without CLNM was 38.29 ± 10.78 years (range: 18-66 years) or 44.03 ± 10.99 years (range: 23-74 years), respectively. Fifty-three (73.6%) patients with CLNM were younger than 45 years, while only 29 (47.5%) patients without CLNM were younger than 45 years (p = 0.002), showing that the patients with CLNM were more inclined to be younger. Twenty-six (36.1%) patients with CLNM had multifocal cancers, and 21 (34.4%) patients without CLNM had multifocal cancers (p = 0.839). Forty-nine (68.1%) HT patients with CLNM had increased A-TG levels, and 55 (76.4%) had increased A-TPO levels, whereas 44 (72.1%) HT patients without CLNM had increased A-TG levels, and 42 (68.9%) had increased A-TPO levels (p = 0.610 and p = 0.330).


Table 1 | Clinical characteristics of PTC patients with Hashimoto’s thyroiditis based on CLNM.



The US features of the patients are reported in Table 2. In patients with multifocal PTCs, only the largest was selected. The mean diameters of PTCs with or without CLNM were 16.03 ± 7.62 mm (range: 6-40 mm) and 10.77 ± 5.14 mm (range: 4-26 mm), respectively, and the mean diameters of the former were significantly larger than those of the latter (p = 0.000). Fifty-two (72.2%) patients with CLNM had size > 10 mm, while only 24 (39.3%) patients without CLNM had size > 10 mm (p = 0.000). For PTCs with coexistent HT with or without CLNM, all of the nodules were solid in this study. In the PTCs with CLNM group, 60 (83.3%) the nodules had ill-defined margins (Figure 2), 52 (72.2%) nodules exhibited hypoechoic echogenicity (Figure 2), 5 (7.0%) nodules exhibited isoechoic or hyperechoic echogenicity (Figure 3), 62 (86.1%) nodules had microcalcification (Figures 2 and 3), 20 (27.8%) nodules had capsule contact with protrusion (Figure 2), 17 (23.6%) had the hypoechoic halo sign (Figure 2), and 23 (31.9%) nodules had internal blood flow (Figures 2 and 3). For CEUS parameters, 56 (77.8%) nodules exhibited hypo-enhancement (Figure 2), and 16 (22.2%) nodules exhibited hyper or iso-enhancement (Figure 3), indicating that the majority of the nodules underwent lower enhancement than those in parenchymal tissue. Fifty-one (70.8%) nodules showed heterogeneous enhancement (Figure 2), and 21 (29.2%) nodules showed homogeneous enhancement (Figure 3), indicating that most of the nodules received an ununiform perfusion of microbubbles. Sixty-five (90.3%) nodules had the centripetal perfusion pattern (Figures 2 and 3), representing most of the nodules receiving the perfusion of microbubbles from the periphery to the center. Six (8.3%) nodules existed hyper-ring enhancement (Figures 2 and 3). The quantitative CEUS parameters showed that 14 (19.4%) nodules had a PI index ≥1 (Figure 3), indicating that 19.4% of nodules had a higher PI than those of parenchymal tissue. Ten (13.9%) nodules had an AUC index ≥1 (Figure 3), representing that 13.9% of nodules had a larger AUC than those of the parenchymal tissue.


Table 2 | Ultrasonographic nodule characteristics of PTC patients coexisted with Hashimoto’s thyroiditis based on CLNM.






Figure 2 | Conventional US and CEUS images of a 36-y-old female PTC patient with Hashimoto’s thyroiditis of the left thyroid lobe with CLNM. (A) B-mode US image revealing an 18.6-mm solid thyroid nodule with hypo-echogenicity, ill-defined margins, microcalcification, capsule contact with protrusion and halo sign. (B) Doppler image revealing abundant peripheral and slight internal vascularity. (C, D) CEUS images revealing a centripetal heterogeneous hypo-enhancement with a surrounding incomplete ring of thyroid nodule from the periphery to the center, at (C) 8s (wash-in) and (D) 13s (time to peak). (E) TICs of the thyroid nodule and peripheral thyroid parenchyma with different ROIs (different color circles). (F) Parametric color map indicating the PI values for the center of nodule was lower than those of the periphery of nodule and adjacent thyroid parenchyma.






Figure 3 | Conventional US and CEUS images of a 31-y-old female PTC patient with Hashimoto’s thyroiditis of the right thyroid lobe with CLNM. (A) B-mode US image revealing a 35.0-mm solid thyroid nodule with iso-echogenicity, ill-defined margins and microcalcification. (B) Doppler image revealing abundant peripheral and internal vascularity. (C–F) CEUS images revealing a centripetal homogeneous hyperenhancement with an incomplete ring of thyroid nodule from the periphery to the center, at (C) 11s (wash-in), (D) 12s, (E) 14s and (F) 17s (time to peak). (G) TICs of the thyroid nodule and peripheral thyroid parenchyma with different ROIs (different color circles). (H) Parametric color map indicating the PI values for the center of nodule was lower than that of the periphery of nodule, but higher than that of adjacent thyroid parenchyma.



n the PTCs without CLNM group, 22 (36.1%) nodules had taller than wider shapes (Figure 4), 49 (80.3%) nodules had ill-defined margins (Figure 4), and 52 (85.2%) nodules exhibited hypoechoic echogenicity (Figure 4). For CEUS parameters, 26 (42.6%) nodules exhibited hyper- or iso-enhancement (Figure 4), 17 (27.9%) nodules showed homogeneous enhancement (Figure 4), 53 (86.9%) nodules had the centripetal perfusion pattern (Figure 4), and 53 (86.8%) showed no ring enhancement (Figure 4). The quantitative CEUS parameters showed that 24 (39.3%) nodules had a PI index ≥1 (Figure 4), 56 (91.8%) nodules had a TP index ≥1 (Figure 4), and 16 (26.2%) nodules had an AUC index ≥1 (Figure 4). Univariate analyses indicated that PTCs with coexistent HT with CLNM more often had size > 10 mm, wider than taller shape, microcalcification, hypo-enhancement and peak intensity indices < 1 compared those without CLNM (all p < 0.05).




Figure 4 | Conventional US and CEUS images of a 26-y-old male PTC patient with Hashimoto’s thyroiditis of the right thyroid lobe without CLNM. (A) B-mode US image revealing a 8.0-mm solid thyroid nodule with a taller than wider shape, hypo-echogenicity, ill-defined margins. (B) Doppler image revealing abundant peripheral vascularity and no obvious internal vascularity. (C–F) CEUS images revealing a centripetal homogeneous hyperenhancement of thyroid nodule from the periphery to the center, at (C) 2s, (D) 20s (wash-in), (E) 22s and (F) 34s (time to peak). (G) TICs of the thyroid nodule and peripheral thyroid parenchyma with different ROIs (different color circles). (H) Parametric color map indicating the PI values for the nodule was higher than that of adjacent thyroid parenchyma.



Binary logistic regression analysis was performed on all of the ultrasonographic statistically significant variables (p < 0.05). The results indicated that size > 10 mm (B= 1.460, OR = 4.306, 95% CI = 2.239-8.278, p=0.000) and CEUS hypo-enhancement (B = 1.064, OR =2.899, 95% CI = 1.457-5.767, p=0.002) were independent characteristics for the presence of CLNM (Table 3).


Table 3 | Multivariate logistic regression analysis of association of CLNMs and US characteristics in PTC patients with Hashimoto’s thyroiditis.





Discussion

High-resolution US is a popular method for the preoperative diagnosis of PTC and the evaluation of cervical lymph nodes. Previous studies have reported that PTC with CLNM is associated with a poor prognosis; however, not all CLNMs can be detected by US preoperatively (6, 11).

In the present study, univariate analysis showed that age ≤ 45 years was a clinical risk factor associated with CLNM in PTC patients with coexistent HT, showing that patients with CLNM were more inclined to be young people. Similar findings have been reported by other authors (17, 24, 25).

Recently, a few studies showed that US features were helpful for predicting CLNM in PTC patients. Kim et al. found that size >1 cm and markedly hypoechoic echogenicity were identified to be prognostic factors predicting CLNM (18). Nam et al. retrospectively reviewed 488 patients who underwent surgery for PTC. Malignant-looking PTCs (M-PTCs) more frequently had LN metastasis, extrathyroidal extension, and a higher stage than benign-looking PTCs (B-PTCs), especially when tumor size > 1 cm (19). In our study, we found that the tumor size > 10 mm was one of the predictive factors for CLNM.

For malignant nodules, among the US features, microcalcification, internal flow, capsule contact and involvement were identified to be independent prognostic factors for predicting CLNM (17). Subsequently, researchers found that tumor size < 10 mm was also an independent factor for CLNM in PTCs (4). In this study, on univariate analysis, we found that a wider than taller shape and microcalcification were significantly associated with CLNM of PTCs with HT, and the former perhaps contributed to the size of thyroid nodules. In this study of 22 PTCs with taller than wider shape in the non-CLNM group, 21 nodules had a size ≤ 10 mm, and the other nodule had a size > 10 mm and < 20 mm, indicating that smaller-sized thyroid nodules were more inclined to exhibit the taller than wider shape of PTCs in HT patients. Regarding microcalcification, as one of the predictive factors for CLNM, as also reported by other studies (17, 25), was exhibited in 62 (86.1%) PTCs with CLNM and 44 (72.1%) PTCs without CLNM in this study.

CEUS detects more tumor microvessels than the color Doppler techniques. Some studies have reported that CEUS could improve the diagnostic accuracy of thyroid nodes (22, 23). However, few studies have reported the association of CEUS characteristics with the predicting of CLNM in PTC patients, especially with coexistent HT. In a study by Huang et al., hyper- or iso-enhancement was predictive of the presence of CLNM (25). Hyper- or iso-enhancement suggests that the tumor blood supply is greater or equal to the surrounding thyroid parenchyma. Hypo-enhancement indicates that the tumor blood supply is less than in the surrounding thyroid parenchyma. However, in our study, 42 (31.6%) PTCs with HT showed hyper- or iso-enhancing parametric maps, while only 16 (38.1%) of these patients presented with CLNM, which was significantly less than in HT patients with PTCs without CLNM (61.9%). The results indicated that hypo-enhancement in PTC patients with HT was considerably more frequent in the CLNM group than in the non-CLNM group, inconsistent with the study of Hong et al. (25). Similarly, the peak intensity index was significant lower in HT patients with PTCs with CLNM than that of HT patients with PTCs without CLNM. Due to the destruction of thyrocytes by lymphocytic infiltration and interstitial fibrosis in HT disease, the thyroid parenchyma displayed changes in echogenicity and blood supply; the abundant blood supply in the thyroid parenchyma could strengthen the parenchymal enhancement in CEUS mode and bring out a lower nodule enhancement by contrast, which was variable for the degrees of lymphocytic infiltration and interstitial fibrosis. To the best of our knowledge, these CEUS parameters for predicting CLNM in PTCs with coexistent HT have not been explored to date. According to the results of binary logistic regression analysis, tumor size >10 mm and CEUS hypo-enhancement were independent characteristics for the presence of CLNM in PTC patients with coexistent HT. If a young PTC patient has a thyroid tumor size > 10 mm and CEUS hypo-enhancement preoperatively, prophylactic CCND is suggested according to this study.

This study had several limitations. First, only patients with pathological results were enrolled, some of the PTC patients did not undergo surgery, and some of the PTCs subjected to thyroidectomy without central lymph node dissection were missed; thus, selection bias was present. Second, the nodule size differences in this study were enormous, which might have affected the US characteristics of PTCs. A large-scale and prospective multicenter study is needed to clarify these findings.



Conclusions

In HT patients, age ≤ 45 years, size > 10 mm, wider than tall shape, microcalcification, hypo-enhancement and peak intensity index <1 in the preoperative US and CEUS findings were significantly associated with CLNM of PTCs. Multivariate analysis demonstrated that tumor size > 10 mm and CEUS hypo-enhancement were independent characteristics for the presence of CLNM. Thus, preoperative US characteristics could be helpful in predicting CLNM in PTC patients with HT.
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The Delphian lymph node (DLN), also known as the prelaryngeal node, is one component of the central lymph node. The DLN has been well studied in laryngeal cancer, although its significance in papillary thyroid cancer (PTC) remains unclear. We retrospectively analyzed 936 patients with PTC who underwent thyroidectomy by a single surgeon in Tianjin Cancer Hospital from 2017 to 2019. Moreover, 250 PTC patients who underwent thyroidectomy by another surgeon in Tianjin Cancer Hospital from January 2019 to April 2019 were used as a validation cohort. Among the 936 patients with PTC, 581 patients (62.1%) had DLNs, of which 177 samples with metastasis (177/581, 30.5%) were verified. DLN metastasis was significantly correlated with sex, age, tumor size, bilateral cancer, multifocality, extrathyroidal extension, lymphovascular invasion and central and lateral neck lymph node metastasis. Multivariate analysis revealed that independent risk factors for DLN metastasis included age, gender, tumor size, extrathyroid extension, lymphovascular invasion and central lymph node metastasis, which determined the nomogram. In particular, tumor size was proven to be one of the most predominant single predictors. The diagnostic model had an area under the curve (AUC) of 0.829 (95% confidence interval, 0.804–0.854). The internal and external validations of the nomogram were 0.819 and 0.745, respectively. Our results demonstrate that DLN metastasis appears to be a critical parameter for predicting metastatic disease of the central compartments. Furthermore, this study provides a precise criterion for assessing DLN metastasis and has great clinical significance for treating PTC.




Keywords: risk factor, nomogram, diagnostic model, papillary thyroid cancer, Delphian lymph node



Introduction

Thyroid neoplasms are the fifth most prevalent malignancy in women and account for 3% of all human malignancies (1). Papillary thyroid carcinoma (PTC) is the most common histopathological subtype, accounting for approximately 90% of all thyroid carcinomas (2). Although the 20-year overall survival rate of PTC reaches up to 90% and its disease-specific survival rate is approximately 97% (3), metastasis to regional cervical lymph nodes occurs early and frequently, and the rate of lymph node metastasis is as high as 90% in PTC (4). The central neck nodes are the most common sites of nodal metastasis in PTC patients (5, 6). Emerging evidence has suggested that cervical lymph node metastasis acts as an unfavorable factor that contributes to locoregional recurrence (7–9).

The DLN, also known as the prelaryngeal or precricoid lymph node, usually consists of a single node or a group of lymph nodes and receives lymphatic drainage from the larynx and thyroid (10, 11). The Delphian, pretreacheal, and paratracheal lymph node groups compose the central neck lymph nodes. Increasing evidence indicates that DLN metastasis is an effective predictor of regional lymph node disease and recurrence in many malignant head and neck cancers, including PTC (12–16). Currently, the role of DLN metastasis in PTC has gained substantial attention (17–19). Reports have indicated that DLN metastasis is an aggressive disease and predicts a high risk of recurrence in PTC (14, 20). At the moment, it is controversial whether clinically lymph node-negative (cN0) PTC patients should undergo prophylactic central lymph node dissection. The DLN, one component of central neck node clusters, may be an available preoperative indicator to help surgeons to make individualized treatment plans. Hence, a high-efficiency DLN metastasis evaluation system will be of clinical significance.

Thus far, DLN has been well studied in laryngeal cancer while its role in thyroid cancer remains unknown. The aim of this study was to assess the incidence and risk factors of DLN metastasis, and to develop a clinicopathologic characters-based diagnostic model to help surgeons predict preoperative DLN metastasis.



Materials and Methods


Patients

We reviewed 936 patients who were diagnosed pathologically with PTC. All the patients underwent thyroidectomy by a single surgeon at the Head and Neck Surgery Department of Tianjin Cancer Hospital from June 2017 to January 2019. The precricoid region was deliberately excised and labeled as DLNs (Figure 1) and then diagnosed by histopathology. Overall, 250 patients who underwent thyroidectomy by another surgeon at Tianjin Cancer Hospital from January 2019 to April 2019 were used as a validation cohort to evaluate the performance of the diagnostic model. Of the 250 patients with PTC, 127 (50.8%) patients were found to have DLNs. DLN metastasis was observed in 28 (22.4%) patients. The mean number of metastatic DLNs was 1.89. The clinicopathologic information was gathered, and the protocol in this study was approved by the Tianjin Cancer Hospital Ethics Committee.




Figure 1 | The Delphian lymph node (DLN).





Surgery

All the patients underwent thyroidectomy according to the Chinese practice guidelines in thyroid cancer (21, 22). For bilateral PTC patients, Total thyroidectomy was performed. For unilateral PTC patients, total thyroidectomy or lobectomy plus isthmusectomy were performed. When unilateral PTC patients met one of following conditions: tumor size >4 cm, multifocal in one lobe, extrathyroid invasion or distant metastasis, which were diagnosed by the use of frozen section analysis and preoperative examination, total thyroidectomy plus isthmusectomy may be considered, according to the guidelines of Chinese Thyroid Association. Meanwhile, pretracheal nodes, ipsolateral or bilateral paratracheal nodes, and peripheral fatty tissue were routinely dissected. The DLNs were removed once they were identified by the surgeon. Ipsilateral prophylactic central node dissection (pCND) was performed in cN0 PTC patients. When any of the cervical lymph nodes were verified as suspicious through preoperative ultrasonography, palpation or intraoperative inspection, a contralateral CND was performed. If lateral neck lymph node (Level II-V) was suspected with metastasis by preoperative ultrasound examination or affirmed with metastasis by fine needle aspiration, lateral node dissection (LND) would be performed.



Statistical Analysis

The characteristics of patients were displayed as the mean ± SD or frequencies with percentages. The correlation between DLN metastasis and various clinical factors was analyzed by univariable analysis using Student’s t-test (for continuous variables) or the chi-squared test (for categorical variables). Logistic regression was used to identify the factors that were independently associated with DLN metastasis. The tolerance for all the potential predictors was > 0.1 and the variance inflation factor (VIF) was < 10. A multiple-variable logistic regression model, including all the variables with P values less than 0.05 in multivariate analysis, was used for translation into a nomogram diagnostic model. The model performance was assessed using discrimination and calibration (23). A nomogram was created to calculate individual probabilities (24). We evaluated the performance of the diagnosis model in the validation cohort and determined the means and 95% confidence intervals of the AUROC. The analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R-software version 3.5.1 (R foundation for statistical computing, Vienna, Austria. URL http://www.R-project.org).




Results


Patient and Clinicopathologic Characteristics

Of all the 936 patients, DLNs were detected in 581 (62.07%, 581/936) patients, and the median numbers of DLNs were 2.1 (range, 1–10). In the group with identified DLNs, 177 (30.46%, 177/581) patients were confirmed to be DLN positive. The percentage of central lymph node metastasis in PTC patients was 59.40% (Table 1).


Table 1 | Rates of Delphian lymph node (DLN) detection and metastasis.



The univariate analysis revealed that metastatic disease to the DLN was associated with male sex (52.5% vs. 22.2%, p<0.001), younger age at diagnosis (38.27 ± 11.997 vs. 43.86 ± 10.752, p<0.001), larger tumor (13.79 ± 8.8659 vs. 9.38 ± 4.3466, p<0.001), bilateral (39.0% vs. 24.9%, p<0.001), multifocality (46.3% vs. 30.7%, p<0.001), extrathyroid extension (ETE) (87.0% vs. 73.3%, p<0.001), lymphovascular invasion (10.7% vs. 1.5%, p<0.001), central neck node metastases (43.2% vs. 7.9%, p<0.001) and lateral neck node metastases (58.9% vs. 25.0%, p=0.022) (Table 2), whereas the correlations between DLN metastasis and thyroiditis (p=0.636) or tumor location (p=0.774) were not statistically significant.


Table 2 | Comparison of clinicopathological characteristics between the patients with and without DLN metastasis.



All the variables with P values less than 0.05 in univariate analysis were selected for multivariate logistic analysis. As shown in Figure 2, gender (male, p<0.0001), age (younger age, p=0.0039), tumor size (>10mm, p<0.0001), ETE (p=0.0081), lymphovascular invasion (p=0.0071) and central neck node metastasis (p<0.0001) were independent risk factors of DLN metastasis. However, lateral neck lymph node metastasis was not included in the multivariate logistic analysis due to the limited number of cases. For central compartment metastasis, DLN status had a sensitivity, specificity, positive and negative predictive values of 43%, 92%, 91% and 47%, respectively. And for lateral lymph node metastasis, DLN metastasis had a respective sensitivity, specificity, positive and negative predictive values of 59%, 75%, 97% and 11% (Table 3).




Figure 2 | Multivariate logistic regression analysis of DLN metastasis.




Table 3 | Ability of Delphian node metastasis to predict central and lateral lymph node metastasis.





Diagnostic Model Development and Its Validation

A multivariate logistic regression model was adopted to establish the diagnostic model for DLN metastasis. Gender, age, tumor size, ETE, lymphovascular invasion and central neck node metastasis were included as the clinicopathologic features. For internal validation, the study population (n=556) was randomly assigned to training data sets (66%) or test data sets (33%). The diagnostic model was established with the training data while the test data were used to assess model performance with AUC. The area under the ROC curve (AUC) of the training data and testing data was 0.829 (95% CI, 0.804–0.854) and 0.819 (95% CI, 0.764–0.870), respectively (Figures 3 and 4). For external validation, 250 PTC patients who underwent thyroidectomy by another surgeon were used to evaluate the performance of the diagnostic model. The area under the ROC curve was 0.745. Calibration plots recalibrated the diagnostic models to predict risk of DLN metastasis. Calibration of the diagnosis model was satisfactory (Figure 5).




Figure 3 | The AUC of the ROC curve of the proposed methods for the diagnosis of DLN metastasis.






Figure 4 | An external cohort verification of the prediction model for DLN metastasis.






Figure 5 | Calibration plots of recalibrated prognostic models to predict risk of DLN metastasis. In the case of perfect calibration, all the groups of predicted probabilities fit close to the blue diagonal line, corresponding to an intercept of 0 and a slope of 1 for the calibration plot. The vertical lines in grouped observations represent 95% confidence intervals.





Risk Factors-Based Nomogram Development

A nomogram was developed to calculate the degree of individual risk in order to improve clinical diagnosis. The nomogram based on these significant variables was established (Figure 6). Among the six significant features, tumor size was one predominant predictor of DLN metastasis in the nomogram. When all these criteria were satisfied, the specificity was infinite close to 100%. For example, a 45-year-old man was diagnosed initially with PTC. His tumor size was 3 mm, and central lymph node metastasis on preoperative ultrasonography was positive. ETE was confirmed by intraoperative frozen biopsy, although there was no lymphovascular invasion. The DLNs were excised, and then, histopathological examination showed that the DLN had no metastasis. The probability of DLN metastasis assessed by nomogram was approximately 30%.




Figure 6 | Risk factor-based nomogram for predicting DLN metastasis. Predictor points (“Points” scale; top) correspond to each variable.






Discussion

Delphian was first used as an eponym for the prelaryngeal node in thyroid disease by Raymond B. Randall, and it is hypothesized that metastasis to this lymph node predicts a poor prognosis from cancer (13, 20). Previous literature has reported that DLN positivity is a measurable parameter to predict extensive lymph node metastasis, recurrence and poor overall survival in laryngeal and hypopharyngeal cancer (25, 26). As for PTC, recent reports detected the DLN in 23% to 75% of PTC patients, and the DLN positivity rate was 8% to 25% (12, 13, 15, 16, 27–30). Metastasis to the DLN is associated with several clinicopathological characteristics of PTC patients, including age, gender, tumor size, tumor location, multifocality, ETE, lymphovascular invasion and central and lateral neck node metastasis (12–14, 16, 27, 28, 30). In our series, male PTC patients were more likely to have positive DLNs. In addition, the rate of positive DLNs in younger patients was higher than that in elderly patients, suggesting that age was negatively correlated with DLN metastasis. Crucially, several adverse prognostic factors in PTC, including ETE, increased volume (number and size) of primary tumor, lymphovascular invasion and central and lateral node metastasis were verified to be positively related to DLN metastasis. Multivariable analyses revealed that gender, age, tumor size, ETE, lymphovascular invasion and central neck node metastasis were independent risk factors.

The DLN receives afferent lymph flow from the larynx and thyroid gland, which then flows towards the central and lateral neck lymph nodes (12). Studies have reported that patients with DLN metastasis are five to eight times more likely to have central compartment disease and 3.5 to 4 times more likely to have lateral neck lymph node metastasis (12–14). DLN positivity is predictive of further central and lateral lymph node metastasis (20). Hence, once metastatic disease to the DLN is identified, the surgeon should pay greater attention to the central and lateral neck compartment. We confirmed that the metastatic rate to the central lymph node and lateral neck lymph node in DLN-positive patients was 161 of 177 (90.96%) and 103/106 (97.17%), respectively. There has been debate over many years regarding whether prophylactic central node dissection should be performed in clinically N0 (cN0) PTC patients, and the prognostic significance of metastasis in this node group is controversial. Although NCCN clinical practice guideline in thyroid carcinoma and the American Thyroid Association guidelines no longer recommend prophylactic central compartment clearance in all cN0 PTC patients (31, 32), the Chinese Thyroid Association guidelines (21, 22) still recommend prophylactic central neck dissection, because the occult neck lymph node metastasis rate in cN0 PTC is still up to 72% (14), which could be the seeds of recurrence. Therefore, the central compartment should still be critically evaluated in all patients with cN0 PTC. The DLN, as one component of Level VI, is relatively sensitive for estimating Level VI metastatic disease. Joseph D. et al. (13) investigated 103 patients with thyroid cancer, and 21.4% of the patients were DLN positive. In that analysis, DLN involvement was associated with greater nodal disease (9.8 vs. 1.6 nodes), larger tumor size (19.4 mm vs. 11.1 mm) and younger age (41 vs. 47 years). Importantly, these anthors confirmed that DLN positivity remarkably predicted further disease in the neck lymph nodes. DLN-positive patients were approximately 8 times, 4 times and 60 times more likely to have central node disease, lateral node disease, and any neck nodal disease respectively. Our results were similar to the data mentioned above. Additionally, in our study, the diameter of the tumor was more than 5mm in 96.05% (170/177) of DLN-positive PTC and more than 10 mm in 66.67% (118/177) of DLN-positive PTC patients. Moreover, our results showed that DLN involvement was predictive of further disease in the central lymph node (sensitivity: 41%, specificity: 92%, positive predictive value (PPV): 91% and negative predictive value (NPV): 60%) and moderately predictive of further disease in the lateral neck compartment (sensitivity: 59%, specificity: 75%, PPV: 97%, NPV: 11%). Collectively, evaluating the status of the DLN is beneficial for the selection of lymph node management. Based on these data, once the status of DLN is sensitively evaluated, we can better predict the criticality of lymph node involvement.

In our study, conclusive evidence of DLN metastasis was obtained by a nomogram that was developed according to all adverse factors. These factors greatly contribute to a high risk of disease metastasis and recurrence (31). Ideally, a more accurate measurement before the operation and evaluation of the frozen sections of samples collected during the operation is essential for diagnosing DLN and Level VI nodal metastases. The nomogram proposed in this study, incorporating independent risk factors, provides a useful tool for surgeons to improve metastatic disease prediction and decision-making. To the best of our knowledge, this is the first retrospective study in PTC patients to search for clinicopathologic risk factors and further develop a diagnostic model for DLN metastasis. However, further studies should be conducted to validate the potential application value of nomograms in PTC patients with suspicious or confirmed DLN metastasis. Admittedly, our study was inherently limited by the retrospective single-center design with a probable selection bias. Moreover, lateral lymph node dissection was performed only when there was evidence of metastasis, which resulted in insufficient enrollment of negative cases. Hence, we excluded lateral lymph node metastasis from the multivariable analyses and the significance of lateral neck node metastasis might be underestimated.

In conclusion, our findings demonstrate that metastatic PTC to the DLN is associated with a number of clinicopathologic characteristics. As the DLN could be a clinical sensitive predictor of further neck lymph nodes, particularly the central compartment, we developed a diagnostic model that includs all adverse factors. If there is strong suspicion of metastatic DLN disease in cN0 PTC, the remainder of the central compartment should be evaluated for further nodal metastasis, and the appropriate dissection should be performed.
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Objective

Accurate preoperative identification of cervical lymph node metastasis (CLNM) is essential for clinical management and established of different surgical protocol for patients with papillary thyroid microcarcinoma (PTMC). Herein, we aimed to develop an ultrasound (US) features and clinical characteristics-based nomogram for preoperative diagnosis of CLNM for PTMC.



Method

Our study included 552 patients who were pathologically diagnosed with PTMC between January 2015 and June 2019. All patients underwent total thyroidectomy or lobectomy and divided into two groups: CLNM and non-CLNM. Univariate and multivariate analysis were performed to examine risk factors associated with CLNM. A nomogram comprising the prognostic model to predict the CLNM was established, and internal validation in the cohort was performed.



Results

CLNM and non-CLNM were observed in 216(39.1%) and 336(60.9%) cases, respectively. Seven variables of clinical and US features as potential predictors including male sex (odd ratio [OR] = 1.974, 95% confidence interval [CI], 1.243-2.774; P =0.004), age < 45 years (OR = 4.621, 95% CI, 2.160-9.347; P < 0.001), US-reported CLN status (OR = 1.894, 95% CI, 0.754-3.347; P =0.005), multifocality (OR = 1.793, 95% CI, 0.774-2.649; P =0.007), tumor size ≥ 0.6cm (OR = 1.731, 95% CI,0.793-3.852; P =0.018), ETE (OR = 3.772, 95% CI, 1.752-8.441;P< 0.001) and microcalcification (OR = 2.316, 95% CI, 1.099-4.964; P < 0.001) were taken into account. The predictive nomogram was established by involving all the factors above used for preoperative prediction of CLNM in patients with PTCM. The nomogram model showed an AUC of 0.839 and an accuracy of 77.9% in predicting CLNM. Furthermore, the calibration curve demonstrated a strong consistency between nomogram and clinical findings in prediction CLNM for PTMC.



Conclusions

The nomogram achieved promising results for predicting preoperative CLNM in PTMC by combining clinical and US risk factor. Our proposed prediction model is able to help determine an individual’s risk of CLNM in PTMC, thus facilitate reasonable therapy decision making.
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Introduction

The World Health Organization defines papillary thyroid microcarcinoma (PTMC) as a subset of papillary thyroid carcinoma (PTC), which is ≤1.0 cm at the greatest dimension (1). The incidence of PTC, particularly PTMC, has risen considerably across the world in the past few decades (2). Most of these tumors are not easy to identify clinically because they are not palpable. Thus, the discovery of PTMC can be attributed to the application of routine high-resolution ultrasonography (US), as well as other imaging techniques (3). Despite slow growth and good prognosis are usually observed, some PTMC are accompanied by high-risk features at the time of diagnosis, such as cervical lymph node metastasis (CLNM) and extrathyroidal extension (ETE). This is strongly linked to distant metastasis, high locoregional recurrence, and enhanced death risk (4, 5). Recent evidence indicates a 24-64% incidence of CLNM in PTMC, which usually affects the central neck compartment (6–10).

Patients with PTMC usually undergo central lymph node dissection (CLND) as a standard and necessary procedure when they are suspected of having lymph node involvement in the neck (1). Nevertheless, prophylactic CLND for PTMC is still controversial and uncertain, because prophylactic CLND is expected to enhance therapy-related morbidities like recurrent laryngeal nerve injury, chyle leak, brachial plexus palsy, phrenic nerve palsy, hypoparathyroidism (11). So that, identifying risk factors for CLNM in patients with PTMC before surgery can have a profound impact on the prognosis.

Many studies have reported on the preoperative clinicopathologic risk factors of CLNM for PTMC (3, 6). But the findings have been conflicting (12, 13), and therefore, there has been no agreement on the subject. In addition, only clinicopathologic features were incorporated into the studies (14, 15). As a result, their clinical application is rather limited. Ultrasound (US) examination is a widely applied method for assessing thyroid nodules and cervical lymph node (CLN). The technique has several advantages: radiation-free, convenience, noninvasiveness, inexpensiveness, and real-time. Different from previous studies, our study aimed to establish a simple nomogram based on clinical, haematological and US features to predict the risk of CLNM preoperatively in PTMC. This will enable clinicians to make better clinical decisions and thus improve patient outcomes.



Materials and Methods


Population

The approval to conduct this retrospective study was provided by the Affiliated Renmin hospital of Jiangsu University. Informed consent requirement was not applicable. Records of 594 patients with surgically confirmed PTMC from January 2015 to June 2019 were retrieved from the hospital’s database. All patients had thyroid US examination as part of the presurgical evaluation. After reviewing the records, we excluded 42 patients due to the following reasons: without CLND, history of thyroidectomy, thyroid treatment before US examination, poor-quality US images, distant metastasis, or incomplete medical records. Finally, we included 552 patients in this study.



US Examination

US was performed using a high-resolution ultrasound scanner (iU22; Philips Healthcare, Eindhoven, the Netherlands) with a 5-12-MHz linear probe by an experienced radiologist. Then, the instrument was operated using a specific “Thyroid” program. Each patient adopted the supine position with the neck fully exposed, and the head lowered and moved slightly backward. Two experienced radiologists independently reviewed the US imaging features of every patient, both of them unaware of sample identity. If the radiologists disagreed, the final decision was made by consensus. Both cross-sectional and longitudinal examinations were conducted to determine the location. The following were the imaging features of each nodule: tumor size (the maximum diameter of the primary lesion), tumor margin, tumor shape, multifocality, bilaterality, aspect ratio (height divided by width on transverse views, A/T), microcalcification, tumor internal echo pattern, ETE and Hashimoto’s thyroiditis. Multifocality was considered in cases where one or both lobes exhibited two or more foci. Regarding multifocal PTMC, the largest, dominant tumor was first analyzed. For example, in multifocal cases, tumor size was classified based on the diameter of the largest tumor. The A/T was classified as ≤1 or > 1. Tumor margin was classified as smooth or ill-defined. Tumor shape was classified as either regular or irregular. Internal echo pattern was divided into heterogeneous or homogeneous. Microcalcifications were defined if their largest diameter was ≤ 2 mm (Figure 1). Based on the American Joint Committee on Cancer guidelines (16), ETE was defined by at least one of the following US features: thyroid capsule in contact with > 25% of the lesion perimeter, echogenic capsule line loss at the contact site of the lesion, tumor extension past the thyroid capsule, and invasion of the larynx, trachea, esophagus, recurrence laryngeal nerve, common carotid artery, mediastinal vessels, and subcutaneous soft tissues (Figure 1). The diagnosis of Hashimoto’s thyroiditis (HT) was made based on the US images and thyroid autoantibodies.




Figure 1 | (A) A patient’s thyroid ultrasound showed punctated hyperecho in the nodule, indicating the presence of microcalcification. (B) A representative patient with ETE showed echogenic capsule line loss at the contact site of the lesion (red arrow) and microcalcification in the nodule.



In the preoperative evaluation of CLNs, a suspicious lymph node exhibited the following characteristics: internal microcalcifications, hyperechoic change, round shape, vascularity, loss of hilar echogenicity, size > 5 mm, round shape, or necrosis.

The precision of operator-reported imaging features determined the diagnostic performance of our model; as such, we evaluated the interobserver reproducibility of the US features.



Surgical Treatment

The protocol of thyroid surgery was established as per the guidelines of the American Thyroid Association (2015). Surgeries of ipsilateral lobectomy plus ipsilateral CLND were conducted as initial surgical therapy for PTMC patients with unilateral lesion. Total thyroidectomy plus ipsilateral or bilateral CLND was performed when PTMC lesion with ETE or multifocal carcinomas were restricted to a single lobe. When malignant lesions were found in both lobes of the thyroid, a total thyroidectomy plus a bilateral CLND was performed. Lateral lymph node dissection (LLND) was performed only in cases with clinically evident lateral neck lymph node metastasis (LLNM).



Assessment of Clinical Variables

The clinical variables included age, sex, pre-operative TSH level, pre-operative TGAb level and pre-operative TPOAb level.



Statistical Analysis

Clinical variables and US features were analyzed using univariate analysis. The R software (version 3.5.1) was used for data analysis. Data on continuous variables were expressed as mean ± standard deviation (SD). Categorical variables involved the number of cases. The importance of variables with CLNM was determined by binary logistic regression. A nomogram was established according to the results the binary logistic regression to evaluate risk of CLNM preoperatively. ROC was employed to quantify the discriminative capability of the nomogram by comparing nomogram-predicted versus the observed CLNM probability. Internally validated was performed by bootstraps with 1,000 resample to assess the accuracy of the constructed logistic regression model. A probability(p) value of 0.05 defined statistical significance.




Results


Demographics of PTMC Patients

In total, 552 patients were confirmed by pathological examination of surgical specimens, consisting of 450 (81.5%) women and 102 (18.6%) men. The patients had an average age of 45.5 ± 10.0 (22-75) years. Based on the pathological examination of surgical samples, 216 (39.1%) patients had CLNM, out of which 129 (23.4%) exhibited only central lymph node metastasis. In total, 63 (11.4%) patients had LLNM, whereas 24 (4.3%) patients had LLNM without central lymph node metastasis (leap metastasis). The subjective US-reported CLN status had a low accuracy of 0.677 for the whole cohort. The specificity was high (84.5%) but with low sensitivity (40.3%). A total of 127 patients were reported as LN negative but verified to have CLNM after the operation.



Comparison Between Metastasis and No Metastasis Groups

The baseline clinical characteristics and US features with versus without CLNM are listed in Table 1. The age was significantly younger (p<0.001), and the CLNM group had considerably more male patients, relative to the non-CLNM group (27.8% vs. 19.3%, p=0.009). Based on US findings, the incidence of multifocality, bilaterality, and ETE was substantially higher in CLNM, relative to non-CLNM (p= 0.008, P=0.002, and p< 0.001, respectively). By contrast, the tumor size was relatively larger in CLNM than in non-CLNM (p< 0.001). Additionally, PTMC that had CLNM was more prone to microcalcifications, but no considerable difference was observed in HT rate, location, Pre-operative TSH, Pre-operative TGAb, Pre-operative TPOAb, tumor shape, tumor margin, A/T and internal echo between the two groups. Agreement was satisfactory between the two radiologists for the US features, with kappa coefficients between 0.78 and 0.89.


Table 1 | Clinicopathological characteristics and US features associated with CLNM in PTMC patients.





Analysis of CLNM Risk Factors

Regarding univariate analysis, sex (P =0.002), age (P < 0.001), US-reported CLN status (P < 0.001), multifocality (P =0.001), bilaterality (P = 0.024), ETE (P < 0.001), tumor size (P=0.005) and microcalcifications (P < 0.001) are strongly linked to CLNM. Several variables were shown to be substantially related to CLNM based on multivariate logistic regression modeling. These included male sex (odd ratio [OR] = 1.974, 95% CI, 1.243-2.774; P =0.004), age < 45 years (OR = 4.621, 95% CI, 2.160-9.347; P < 0.001), US-reported CLN status (OR = 1.894, 95% CI, 0.754-3.347; P =0.005), multifocality (OR = 1.793, 95% CI, 0.774-2.649; P =0.007), tumor size ≥0.6cm (OR = 1.731, 95% CI,0.793-3.852; P =0.018), ETE (OR = 3.772, 95% CI, 1.752-8.441; P < 0.001) and microcalcifications (OR = 2.316, 95% CI, 1.099-4.964; P < 0.001) (Table 2).


Table 2 | Univariate and multivariate analysis of 552 PTMC primary sites with clinical and US features for predicting CLNM.





Nomogram Construction

Figure 2 shows a nomogram created from important factors linked to CLNM. The nomogram contained seven risk factors (sex, age, US-reported CLN status, multifocality, tumor size, microcalcification, and ETE) to estimate the metastasis risk of CLNM for PTMC before surgery. Age yields the largest contribution to the prediction model, while ETE provides the next largest contribution. We assigned a score to every level within variables based on the point scale. Subsequently, we determined the risk of CLNM in each subject by summing up all total scores and identifying it on the total point scale. The predictive nomogram was also verified (Figure 3, AUC = 0.839,95%CI, 0.741-0.947) with sensitivity, specificity, and accuracy as 0.779, 0.715, and 0.830. The calibration plots exhibited an excellent consistency between the actual metastasis probability of CLN and predicted metastasis probability with additional 1000 bootstraps (Figure 4; Mean absolute error = 0.014).




Figure 2 | Nomogram for predicting CLNM in PTMC patients.






Figure 3 | ROC curve analysis to predict CLNM in PTMC patients.






Figure 4 | Calibration curves of the nomogram for predicting CLNM in PTMC patients.






Discussion

To avoid overdiagnosis and the associated treatment, the guidelines of the American Thyroid Association (2015) recommend that active surveillance should be taken instead of surgical treatment for low-risk PTMC (1). The definition of low-risk PTMC is based on the absence of local invasion or distant metastasis, and convincing cytological evidence (1). Even in developed countries, the management of low-risk PTMC remains unclear (17, 18). This is because some PTMC progress during active surveillance, and are wrongly considered as low-risk (19). The study conducted by Choi et al. (20) showed that active surveillance could lead to poor disease outcomes because of clinically apparent lymph node metastasis. Most studies indicated that CLNM is a crucial recurrence risk factor, but is usually not detected in patients clinically (10, 21, 22). Therefore, identifying predictive factors that are linked to CLNM could guide appropriate surgical approaches for patients. Several previous studies have shown that CLNM prevalence ranged between 24% and 64% (8–10). Herein, the CLNM incidence in PTMC was 39.13%, and this was consistent with previous findings.

In our research, we established and internally validated a prediction model based on clinical and US features for predicting the probability of CLNM in PTMC patients. We have a major difference with other published studies (12, 23) because we evaluated non-invasive and preoperatively the individual probability of CLNM in PTMC. We analyzed the positive CLN involvement correlations between clinical characteristics, US features of primary thyroid lesions, and hemato-immunological parameters. Multivariate analysis revealed that male and young age (<45 years) were independent predictors for CLNM. This was consistent with the present results reported by others in patients with PTMC (24, 25). A higher basal metabolic rate in young male patients might enhance the proliferative and thus metastatic ability of tumor cells, and it will lead to more metastasis (26). Elevated levels of TSH, especially in conjunction with HT, are considered a risk factor for the development of thyroid malignancy and have been associated with a more advanced status of papillary thyroid carcinoma (27). However, the data regarding the impact of TSH and HT on CLNM in PTMC were inconsistent. Some studies have shown more lymph node metastasis in PTMC patients with HT (28), but others less (29). Some previous literatures focusing on PTMC patients found no association between the coexistence of HT and CLNM (30, 31). This is consistent with our study. Currently, ultrasonography is extensively applied in the evaluation of CLNM in PTMC patients, not only at the initial staging, but also in the course of subsequent surveillance after thyroidectomy (12). In our study, US features were the risk factors including US-reported CLN status, tumor size, ETE, multifocality and microcalcification. Tumors that exhibit certain features like a larger size, multifocality, and microcalcification on US examination were strongly linked to CLNM in our research, and similar findings have been reported previously (12, 32–34). Usually, ETE is a clinicopathological factor associated with CLNM (3, 12, 23, 28). But in our study, ETE was evaluated by US examination, which is determined by the purpose of our study. In addition, some studies have confirmed that US is satisfied with the evaluation of preoperative ETE (35), which provides the possibility for accurate prediction of CLNM before surgery. In our results concerning PTMC, univariate analysis indicated bilaterality as a risk factor for CLNM, however, multivariate analysis showed no statistical significance. The reason may be that multifocality and bilaterality were partially overlapped.

Our study built a predictive nomogram using the predictors identified in the multivariate regression model (Figure 2). The nomogram incorporates seven factors to generate a probability of a clinical event that is unique to an individual. This will finally assist clinicians in decision (36). The nomogram showed excellent discriminative capability (0.839, 95%CI, 0.741-0.947). Incorporating the clinical and US features into an easy-to-use nomogram enables preoperative individualized CLNM prediction. The nomogram established herein will help determine the existence of CLNM, which may avoid over-as well as under-treatment. Based on our results, we recommend that PTMC patients at a high risk of CLNM should undergo prophylactic lymph node dissection to prevent reoperations because of recurrence. Meanwhile, patients at low risk of CLNM should not receive prophylactic lymph node dissection because this may lead to unnecessary damage to the neck and possible surgical complications.

This retrospective observational study has some limitations. First, patients were enrolled from a single tertiary medical center, hence there was a potential for selection bias. Errors and biases tend to be higher in retrospective studies than in prospective studies. Second, for multifocal nodules, we only analyzed the largest one, when the information about other nodules was not available. Third, the performance of our nomogram depends on the operators with different levels of experience. The criteria used to evaluate the US signature were subjective. Nonetheless, there was shown to be an excellent interobserver agreement in our study. Finally, the sample size was not sufficiently large. As such, there is a need to conduct further studies involving a larger sample size and evaluation in external datasets to verify these findings.

In summary, we have built a predictive nomogram incorporating two clinical and five US features that can give a precise preoperative estimation of CLNM risk for each PTMC patients. However, further researches that involves larger samples sizes should be conducted to verify our findings.
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Background

The status of lymph nodes in the central compartment is crucial to determining the surgical strategies for papillary thyroid carcinoma (PTC). We aimed to develop a nomogram for predicting central lymph node metastasis (CLNM).



Methods

A total of 886 PTC patients who underwent total thyroidectomy or lobectomy with central neck dissection (CND) from July 2019 to June 2020 were retrospectively retrieved. Clinical and ultrasound features were collected. Univariate and multivariate analysis were performed to determine risk factors of CLNM. A nomogram for predicting CLNM was developed, internal and external calibration was performed for the established model.



Results

Variables (sex, chronic lymphocytic thyroiditis, tumor size, the number of foci, tumor location, margin) significantly associated with CLNM were included in the nomogram. The nomogram showed excellent calibration in the training group and validation group, with area under curves of 0.806 (95% CI, 0.771 to 0.825), and 0.799 (95% CI, 0.778–0.813) respectively.



Conclusion

Through this accurate and easy-to-use nomogram, the possibility of CLNM can be objectively quantified preoperatively. Clinicians can use this nomogram to evaluate the status of lymph nodes in PTC patients and consider prophylactic CND for those with high scores.





Keywords: papillary thyroid carcinoma, central lymph node metastasis, central neck dissection, nomogram, surgery



Introduction

The incidence of thyroid cancer is rising worldwide, and more than 90% of all thyroid cancers are differentiated thyroid cancer (DTC) (1). Papillary thyroid carcinoma (PTC) is the most common type of DTC, and tends to metastasize to cervical lymph nodes. Central compartment lymph nodes are the first to be involved in PTC. According to the American Thyroid Association Surgery Working Group, the central compartment refers to level VI. The VI region extends from the lower edge of the hyoid to the upper edge of the sternum, and the bilateral boundary is the bilateral common carotid artery. The central neck compartment is subdivided into four zones for the dissection: prelaryngeal (delphian), pretracheal, right and left paratracheal regions. As reported, the risk of lymph node metastasis (LNM) in the central neck compartment was the highest, ranging from 18% to 80% (2–4). Some studies reported that central lymph node metastasis (CLNM) was even associated with an increased risk of regional recurrence (5, 6).

Preoperative detection techniques such as high-resolution ultrasonography (US) and US-guided fine-needle aspiration (FNA) biopsy can greatly improve the diagnosis of PTC. However, due to the limitations of imaging technology, the detection rate of CLNM is relatively low before surgery. For example, the diagnostic sensitivity of US for CLNM is only 51% to 58.3%, and the false negative rate is as high as 44.6% (7, 8). Currently, there is no uniform standard to measure the advantages and disadvantages of routine central neck dissection (CND). Hence, there has been controversy about the role of routine CND. Under these circumstances, an appropriate and noninvasive tool that could quantify the risk of CLNM may be helpful for the optimal treatment of PTC patients.

Different from previous studies that only determine the risk factors of CLNM, we aimed not only to identify risk factors for predicting CLNM, but also to develop and validate the nomogram via clinical and US variables. Through this accurate and easy-to-use nomogram, which has excellent user-friendliness and convenience in formulating personalized treatments for patients, the possibility of CLNM can be objectively quantified preoperatively.



Materials and Methods


Patients

The study was approved by the Institutional Review Board of Changzhou First People’s Hospital. All participants gave written informed consent for their clinical records to be used in this study. The records of patients with PTC who underwent surgery from July 2019 to June 2020 at the Department of Thyroid Surgery of Changzhou First People’s Hospital were retrospectively reviewed. Patients were excluded from the study if they have any of the following factors: (1) non-PTCs (medullary/follicular/anaplastic) or other subtypes than classic PTC (such as mixed PTC and so on); (2) patients who underwent non-curable surgery or did not undergo CND; (3) patients with another malignancy before thyroidectomy; (4) patients with previous thyroid operation; (5) distant metastasis at diagnosis on pathological or clinical analysis; (6) history of neck radiation or familial cancer; (7) incomplete clinical data or missing follow-up. According to above criteria, 886 patients with PTC were enrolled in this study. Figure 1 showed the flow chart of the patients enrolled in our study.




Figure 1 | Flow chart of the patients enrolled in our study.





Preoperative Examination and Surgical Procedures

With the discovery of thyroid nodule(s), a complete examination would be carried out. Apart from the routine measurement of thyroid hormone levels, US of the neck would be used to evaluate the primary lesions and cervical lymph nodes. We routinely conducted FNA to confirm the histopathologic diagnosis before surgery. The BRAF V600E mutation, which could help to diagnosis PTC, was also performed. Preoperative US characteristics of each nodule included the following features: aspect ratio (height divided by width on transverse views, A/T), tumor site (upper pole, upper part of the high plane of the isthmus; middle pole, parallel to the isthmus; and lower pole, lower part of the low plane of the isthmus), nodular composition (cystic or spongiform; mixed cystic and solid; solid), echogenicity (anechoic; hyperechoic or isoechoic; hypoechoic; very hypoechoic), margin (smooth; lobulated or irregular; extrathyroidal extension (ETE)), echogenic foci (none or large comet-tail artifacts; macrocalcifications; peripheral calcifications; punctate echogenic foci). Cervical lymph nodes were considered suspicious if they had one of the following characteristics: hyperechoic change, a round shape or necrosis, loss of the fatty hilum, microcalcifications.

Combined with FNA or imaging diagnosis, if patients have any of the following factors (tumor located in the thyroid isthmus, bilateral multifocality, tumor size >4.0 cm, or 1cm< tumor size ≤4.0 cm with risk factors of recurrence, presence of ETE), they would undergo the total thyroidectomy (TT). Otherwise, they would only undergo the lobectomy (9). CND was routinely performed in our institution. Bilateral CND was performed during TT, and ipsilateral CND was performed during lobectomy. TT was defined as the removal of two lobes, the isthmus, and the pyramidal lobe. Lobectomy was defined as the removal of the involved lobe, with the isthmus and the pyramidal lobe. The central compartment refers to level VI. Ipsilateral CND included the removal of prelaryngeal, pretracheal and ipsilateral paratracheal lymph nodes, whereas bilateral CND included the removal of prelaryngeal, pretracheal and bilateral paratracheal lymph nodes (10). All specimens were sent to the department of pathology for paraffin fixation and histological analysis.



Pathological Examination

All pathology specimens were reviewed and cross-checked by two or more experienced pathologists microscopically. Two or more PTC foci within the thyroid was defined as multifocality. Two or more PTC foci in a single lobe were unilateral multifocality, while 2 or more PTC foci in both lobes or one lobe plus isthmus were bilateral multifocality. The diameter of the largest tumor focus was taken as the primary tumor size in multifocal tumors. Papillary thyroid microcarcinoma (PTMC) was defined as PTC ≤1.0 cm in its maximum diameter while macro-PTC was PTC >1.0 cm in its maximum diameter. The location of the tumor was determined by the largest dominant lesion when the patient had multifocal lesions. The location of the tumor was determined by the portion containing more than two-thirds of the tumor volume when the dominant lesion occupied 2 adjacent parts. We used a holistic definition of chronic lymphocytic thyroiditis (CLT) that included (i) elevated antibodies to thyroid peroxidase level, and/or (ii) findings of diffuse heterogeneity on US, and/or (iii) diffuse lymphocytic thyroiditis on histopathology to avoid selection bias (11).



Statistical Analyses

All statistical analyses were performed using the SPSS v 25.0 software (Chicago, IL, USA), and R software version 3.5.3 (The R Foundation for Statistical Computing). Continuous variables were expressed as the means ± standard deviations (SD), categorical variables were reported as numbers and percentages. Patients were divided to a “training group” and “validation group” randomly. A t-test, Pearson’s chi-square test or Fisher’s exact test was used to compare the baseline characteristics of these two groups. Variables with a P<0.05 in the univariate analysis were included in the multivariate analysis, which were performed logistic regression analysis to assess risk factors for CLNM in PTC Patients. Variables with a P<0.05 in the multivariate analysis were then used to construct a risk prediction model – Nomogram, in R software. We used the receiver operating characteristic (ROC) curve to test the discriminative power and consensus of our established prediction model. The performance of the nomogram was further evaluated by the calibration chart, which plotted the predicted probability of the nomogram against the observed probability. According to our nomogram, the possibility of CLNM was quantified as a risk score, and each patient was divided into different subgroups through the calculated CLNM risk score. When there were total statistical differences between groups, Pearson’s chi-square test or Fisher’s exact test was used for pairwise comparison, and the P value of pairwise comparison was corrected by Bonferroni method.




Results


Baseline Clinical and US Characteristics of Patients With PTC

As summarized in Table 1, a total of 886 PTC patients including 205 males (23.1%) and 681 females (76.9%) underwent thyroidectomy plus CND in our institution. The average age at diagnosis was 43.4 ± 12.1 years (range from 23 to 77 years), the average BMI was 24.2 ± 4.57 kg/m2 (range from 11.13 to 38.67 kg/m2), and the average tumor size was 1.21 ± 0.92 cm (range from 0.11 to 8.53 cm). Diabetes was present in 59 patients (6.7%), and CLT was present in 274 patients (30.9%). A total of 714 patients (80.6%) were positive for BRAF V600E mutation, and 172 patients (19.4%) tested negative. Six hundred patients (67.7%) had solitary lesion, 184 patients (20.8%) had 2 foci, and 102 patients (11.5%) had 3 or more than 3 foci. Among 286 patients with multifocal lesions, 182 (20.5%) were confirmed to have bilateral multifocality, 104 (11.7%) were confirmed to have unilateral multifocality. Tumors located in the upper portion of the thyroid gland were detected in 296 (33.4%) patients, and tumors located in the middle/lower lobe of thyroid were detected in 590 (66.6%) patients. The detailed description of the tumor by US was shown in Table 1. There were 248 patients (28.0%) suspected of CLNM before surgery by US. And 437 (49.3%) were pathologically confirmed to have CLNM. The average number of removed lymph nodes in the central compartment was 7.8 ± 4.9 (range from 2 to 35); and the average number of metastatic lymph nodes was 2.6 ± 1.6 (range from 0 to 15). There were 737 patients (83.2%) with 6 or more lymph nodes removed during the operation and 149 patients (16.8%) with less than 6 lymph nodes removed during the operation.


 Table 1 | Baseline clinical and US imaging characteristics of patients with PTC.




There were 617 patients in the training dataset and 269 patients in the validation dataset. The training and validation groups had no significant differences in clinicopathological characteristics and US features of thyroid nodules (P>0.05 for all comparisons), which justified their use as training and validation cohorts.



Clinical and US Factors Associated With CLNM in the Training Group

In the univariate analysis, CLNM presented the significant association with sex, CLT, tumor size, multifocality, the number of foci, tumor location, A/T, margin, echogenic foci (all P<0.05) (Table 2). We further conducted the multivariate logistic regression modeling to screen for significant variables associated with CLNM.


Table 2 | Univariate analysis and multivariate analysis of factors associated with CLNM in the training dataset and score.



Multivariate analysis showed that male (OR: 2.735, 95% CI: 1.716–4.416, P<0.001), absence of CLT (OR: 1.877, 95% CI: 1.236–2.853, P=0.003), tumor size ranging between 1.0 and 2.0 cm (OR: 2.357, 95% CI: 1.866–4.403, P<0.001), tumor size ranging between 2.0 and 4.0 cm (OR: 3.999, 95% CI: 2.735–5.847, P<0.001), tumor size > 4.0 cm (OR: 5.342, 95% CI: 1.424–20.043, P=0.013), two tumor foci (OR: 1.628, 95% CI: 1.196–3.106, P=0.007), three or more tumor foci (OR: 2.924, 95% CI: 1.564–5.468, P=0.001), tumors located in the middle/lower pole (OR: 3.604, 95% CI: 2.309–5.625, P<0.001), lobulated or irregular margin (OR: 1.704, 95% CI: 1.205–2.410, P=0.003), and ETE (OR: 2.330, 95% CI: 1.612–3.973, P<0.001) remained independent predictive variables of CLNM, as shown in Table 2.



Development of the Nomogram for Predicting CLNM in PTC Patients

All risk factors that showed statistical significance in the logistic regression model were included in the nomogram, which could help estimate the metastasis risk of central compartment for individual patients with PTC (Figure 2). Each variable was proportionally assigned as the point on a scale from 0 to 100 in the nomogram based on the regression coefficient for CLNM. The nomogram confirmed tumor size as the largest contributor to scores. Detailed scores were listed in the Table 2. By adding the total score and positioning it on the scale of the total score, the corresponding probability of CLNM in each person can be determined.




Figure 2 | The nomogram for predicting CLNM in patients with PTC.





Validation of the Prediction Nomogram

We then performed ROC analysis for the training and validation groups using this model (Figures 3A, B). The area under the curves (AUCs) in the training group and validation group were 0.806 (95% CI, 0.771 to 0.825), and 0.799 (95% CI, 0.778–0.813) respectively. Moreover, we calculated the AUC for preoperative US of predicting CLNM (Figure 3C). And the AUC was 0.558 (95% CI, 0.542–0.573) only, which was smaller than that of nomogram (P<0.001).




Figure 3 | ROC curves for different models. (A) The ROC of the training group (AUC =0.806); (B) The ROC of the validation group (AUC =0.799); (C) The ROC of the preoperative US (AUC=0.558).



Furthermore, we used the similar bootstrap resampling procedure to conduct the internal and external calibration plot for the established model. Predicted and observed metastasis risks of CLNM were in good agreement. Moreover, the corrected risks also showed excellent agreement with observed metastasis risk after the adjustment for optimism, and only minor discrepancies were observed (Figures 4A, B).




Figure 4 | Calibration curve of the model in the training cohorts (A) and validation cohorts (B). The diagonal dashed line represents the ideal prediction by the perfect nomogram; the solid line represents the calibration estimate from internally validated model; the dotted line indicates the apparent predictive accuracy. The closer the solid line is to the dotted line, the stronger the predictive ability of the model.





Novel Risk Stratification Based on the Predictive Nomogram

Considering that each variable contained in the nomogram has its corresponding risk point, and the total risk score calculated for all patients can quantitatively predict their respective CNM risk, we thereby determined three cut-off values (50, 100, 150) by using recursive partition analysis. As shown in Table 3, we established four subgroups as follows: (1) extreme low-risk group (patients with the nomogram score of ≤ 50), (2) low-risk group (50 < risk score ≤ 100), (3) moderate-risk group (100 < risk score ≤ 150), and (4) high-risk group (patients with the score of >150). In the training group, the rates of CLNM for extreme low, low, moderate, and high-risk groups were 12.6%, 29.7%, 62.1%, and 82.9%, respectively (P<0.001). Similarly, in the validation group, the rates of CLNM for extreme low, low, moderate, and high-risk groups were 12.0%, 31.6%, 60.3%, and 83.6%, respectively (P<0.001). We further studied whether the relative risk for CLNM in each risk category identified by the nomogram were significantly different from each other. After paired comparison, we found there were significant differences between all groups.


Table 3 | Metastasis risk stratification of patients with PTC based on risk scores of nomogram model.






Discussion

With the increasing incidence of thyroid cancer, surgical resection is generally considered to be the most effective treatment for PTC. Decisions regarding the extent of surgery for the patient with PTC are mainly based on the preoperative assessment of lymph node status. But the role of prophylactic CND for clinically lymph node-negative (cN0) patients with PTC is still under debate. Supporters pointed that prophylactic CND not only eliminated potential recurrent sources, thereby reducing the risk of reoperation, but also improved the accuracy of staging (12, 13). Considering the potential complications of prophylactic CND, such as permanent hypoparathyroidism, recurrent laryngeal nerve injury and so on, opponents hold the view that prophylactic CND had the low prognostic benefits and many surgeons worldwide still preferred therapeutic CND only (14, 15). For cN0 PTC patients, the incidence of CLNM detected by histopathological examination ranged from 31% to 60.9% according to previous reports (16, 17). Therefore, routine CND is preferred for patients with PTC in our country due to the high risk of CLNM and unreliability of preoperative examinations in detecting CLNM.

The incidence of CLNM in our study was 49.3%, which was in accordance with the data of 24% to 58% reported in other studies (18, 19). We aimed to develop a nomogram, which could behave as a novel strategy to personalize and quantify the probability of CLNM in patients with PTC. Although some previous studies have also attempted to develop nomograms to predict CLNM for PTC patients, there were some limitations. For example, despite a nomogram with good discrimination (AUC=0.764) was built by Thompson et al. (13), only four variables were considered in this nomogram, which limited the clinical guidance. Moreover, these results were not reproducible in the external validation (AUC=0.615). Based on the 845 cN0 PTC patients with tumor size larger than 2 cm, Lang et al. (20) developed a nomogram, which showed a low discrimination (AUC=0.69) and was not validated in this study. Although enrolled larger patient cohorts, the AUC of 0.711 was not high for the nomogram established by Wang et al (21). In our study, we not only evaluated a large number of PTC patients, but also conducted both internal and external verification.

According to our findings, sex, CLT, tumor size, the number of foci, tumor location, margin were independent risk factors of CLNM among PTC patients by both univariate and multivariate analysis. Many clinicopathological factors related to CLNM have been reported previously, including sex (22–24), tumor size (13, 25), location (26), ETE (27), and the number of foci (28, 29). The incidence of PTC in women was significantly higher than that in men, and the ratio of women to men was approximately 3.7:1. However, the rate of CLNM in men was significantly higher than that in women (22–24). The relationship between multifocality and CLNM remains controversial (30). We divided the multifocality into unilateral multifocality and bilateral multifocality according to the location of tumors, and we found multifocality was not the independent risk factor of CLNM by multivariate logistic regression analysis. Instead of limited to investigating the difference between solitary and multifocal tumors, we further investigated the significance of the number of tumor foci on the incidence of CLNM. We found the proportion of CLNM increased with the number of foci, which was consistent with the study of Afif et al. (28) and Qu et al. (29). PTC cells from the upper region are more likely to be transported to the lateral lymph nodes through the lymph flow along the superior thyroid artery (31). Hence, tumor located in the upper pole of the thyroid lobe conferred a lower risk of CLNM and a higher risk of lateral cervical metastasis. It was known that larger tumor size was associated with more aggressive features in PTC. Interestingly, tumor size was the largest contributor to scores in our nomogram. Considering the guiding role of the nomogram before surgery, we took ETE diagnosed by preoperative US as variable instead of pathological ETE in this study. As reported, US showed high sensitivity (80%) for predicting minimal ETE of PTC (32). In addition, when US and magnetic resonance imaging (MRI) are combined, the diagnostic value of preoperative prediction of ETE would be greatly improved. Since our study is a retrospective study, MRI examinations were not performed for all patients. But we found lobulated or irregular margin and ETE detected by US were independent risk factors of CLNM. The pathogenetic mechanisms linking CLT and PTC are still poorly understood since1955 when the association between CLT and PTC was first proposed. Some mechanisms, such as elevated thyroid-stimulating hormone, RET/PTC rearrangement, and promoting tumor inflammation, have been proposed to explain the association between CLT and PTC (33). Our results showed that CLT was a protective factor against CLNM in PTC patients, which was in agreement with the meta-analysis of Lee et al. (34), that the lymphocytic infiltration counteracted tumor progression. Because the punctate echogenic foci were the strongest predictor of PTC in the US characteristics, the potential impact of microcalcification on CLNM should be discussed. In our study, echogenic foci were associated with the CLNM in the univariate analysis. But echogenic foci, especially punctate echogenic foci, were not the independent risk factors of CLNM by multivariate analysis. This may be due to other pathological structures, such as focal fibrosis of nodular goitres, which look similar to microcalcifications on US.

We incorporated the US characteristics and clinical risk factors into this easy-to-use nomogram, which may help individualized prediction of CLNM before surgery. The usage of nomogram is as follows: locate the patient’s sex on the sex axis. Draw a line straight upward to the point axis to establish how many points toward the probability of CLNM the patient may get. Repeat the process for each of the other variables. Calculate total points for each of the predictors. Pinpoint the final score on the total point axis. Draw a line straight down to determine the patient’s predicted probability of CLNM. For example, nomogram predicted a PTC male (43 points) patient with only one tumor (0 point) located in the middle portion (65 points), without CLT (24 points). According to US, the tumor had irregular margin (21 points), the size of tumor was 1.5cm (33 points). The total point was 186 for this patient. This patient had more than 80.0% chance of CLNM. By comparison with preoperative US, this nomogram showed a significant advantage over preoperative US (Figure 3). Apart from identifying the existence of CLNM, nomogram could also be used to guide surgeons to stratify patients so as to avoid unnecessary surgery. Based on the predictive nomogram, we proposed a risk stratification scheme and divided PTC patients into four quantified risk stratification (Table 3). For patients with different ratings, we can offer different treatment options. For example, for patients with extreme low risk or low risk of CLNM, prophylactic CND should be avoided to reduce surgical complications and damage; for patients with moderated risk of CLNM, prophylactic CND can be considered; for patients with high risk of CLNM, prophylactic CND is highly recommended to reduce the incidence of recurrence. In addition, for PTC patients who have not undergone CND, our nomogram may be helpful in detecting residual CLNM.

Despite some encouraging results were achieved, this study still had some limitations, which we would address in future studies. First, our study is a retrospective study. Compared with prospective studies, retrospective studies tend to have more errors and biases. For example, the criteria used to evaluate the US signature were subjective. Sonographers with insufficient experience may cause errors in a small sample. Nevertheless, the consensus of each feature among the sonographers in our study was consistent. The data we provided were extracted from the document and were not captured in the actual conversation. This model could also be improved by adding more useful technological parameters such as elastography and computer-aided diagnosis system. Second, the validation of the nomogram might be biased by institutional diagnostic patterns. Hence, strict external verification is required in prospective multi-center institutional trials to obtain more objective conclusions. Moreover, different surgeons were involved in performing thyroidectomy and lymph node dissection. Postoperative results, such as the number of metastasized lymph nodes may be affected by surgeon-specific factors.

In conclusion, our study found that CLNM was independently associated with sex, CLT, tumor size, the number of foci, tumor location, and margin. By using above variables, we constructed a nomogram that stratifies PTC patients into four groups that possess different CLNM risk levels. Clinicians can use these nomograms to evaluate the status of lymph nodes in PTC patients and consider prophylactic CND and meticulous postoperative evaluation for those with high scores.
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Objective

The association between metastasis to the lymph node posterior to the right recurrent laryngeal nerve (LN-prRLN) and cN0 papillary thyroid carcinoma (PTC) located in the thyroid isthmus remains unknown; therefore, our goal was to analyze the characteristics of LN-prRLN metastasis of cN0 PTCs of the thyroid isthmus and determine its potential predictors.



Patients and methods

This retrospective study included patients who underwent bilateral central neck dissection between January 2018 and January 2021. The specimen was divided into five groups of prelaryngeal lymph node (LN), pretracheal LN, left paratracheal LN, lymph node anterior to the right recurrent laryngeal nerve (LN-arRLN), and LN-prRLN. Univariate and multivariate analyses were used to assess the association between the clinical pathologic variables and LN-prRLN metastases. Surgical complications were presented descriptively.



Results

A total of 357 patients were included, LN-prRLN metastasis occurred in 23 (6.4%) patients, and LN-prRLN was positive only when there were other LN metastases, especially LN-arRLN metastases. Other independent risk factors for LN-prRLN included foci numbers ≥2, tumor size ≥5.0 mm, and extrathyroidal extensions. The rates of permanent hypoparathyroidism and vocal cord paralysis were 1.1% and 2.0%, respectively.



Conclusion

LN-prRLN metastases should not be ignored in cN0 PTC located in the thyroid isthmus; however, its dissection is a safe procedure, and the status of LN-arRLN can be a reliable predictor for LN-prRLN metastases.
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Introduction

Of all thyroid cancers, papillary thyroid carcinoma (PTC) is the most common histologic type. It has a relatively high occult central neck lymph node (LN) metastasis rate ranging from 25.7% to 60% (1–7). The importance of prophylactic central neck dissections (CNDs) in PTCs has been confirmed by a recent ATA guideline (8). Central neck LNs consist of prelaryngeal (Delphian) LNs, pretracheal LNs, and paratracheal LNs. Based on anatomical differences, the right paratracheal LNs are divided into two subgroups: LN posterior to the right recurrent laryngeal nerve (LN-prRLN) and LN anterior to the right recurrent laryngeal nerve (LN-arRLN). Dissection of the LN-prRLN requires patience and experience and could lead to nerve damage, affecting the patient’s quality of life. Its use has been controversial and often overlooked.

However, there is increasing evidence that LN-prRLN metastases can occur in up to 26.6% of cN0 PTCs and that an additional removal procedure is not associated with an increased possibility of transient or permanent hypoparathyroidism or vocal cord paralysis (9–15). Common risk factors for LN-prRLN metastases include multiple foci, extrathyroidal extensions (ETE), right lobe tumors, tumor size, LN-arRLN metastases, and the number of positive LNs in the central neck. However, these finding were based on studies that included only patients with PTCs located in the right lobe (9) or with PTC, irrespective of tumor site (7, 10–12). Studies on patients with PTCs located in the isthmus had very limited sample sizes (13–15). However, PTCs located in the thyroid isthmus have significantly different pathologic features. They present with a higher incidence of multifocality, invasions of the thyroid capsules and adjacent tissues, and central node involvement compared to carcinomas located in other parts of the thyroid (16). Therefore, in current study, we aimed to analyze the metastatic characteristics of the LN-prRLN and its potential predictors in PTC located in the thyroid isthmus.



Patients and Methods


Ethical Considerations

Our hospital Institutional Research Committee approved this study, and all the participants signed an informed consent agreement. All the procedures involving human participants were conducted in accordance with the ethical standards of the Institutional and/or National Research Committee and the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.



Patient Selection

Medical records of all the patients (>18 years) who received surgical treatment for PTC between January 2018 and January 2021 were reviewed retrospectively. The selection criteria were as follows: having a primary PTC confirmed by postoperative pathology; location of the PTC in the thyroid isthmus without any suspicious malignant nodules in the bilateral thyroid lobes, confirmed with preoperative ultrasonography; presence of cN0 neck, confirmed with preoperative ultrasonography and computed tomography (CT). Patients with previous neck surgeries, family histories of cancer, and histories of neck radiotherapy were excluded. The following data were extracted and analyzed for the included patients: demographic data; pathologies including ETE, capsular invasions, perineural invasions (PNIs), and lymphovascular invasions (LVIs); BRAF 600E mutations; and postoperative complications.



Definitions of Important Variables

An isthmus PTC was defined as a tumor with its boundaries within the lateral borders of the trachea (17). A cN0 neck was defined as a neck which did not have following features on ultrasonography: the absence of an echogenic hilum, a round shape, microcalcification, peripheral blood flow on color Doppler images, and cystic changes (18) and on CT: areas with clear evidence of nonfat, low-density, or liquid components; the largest diameter >15 mm at level II and >10 mm at other levels; and ratios of the longest to smallest diameter ≤2 (19). Tumor size was defined as the longest diameter of the tumor.

Capsular invasion was defined as the invasion of the thyroid capsular by a tumor and ETE as tumor invasion of structures outside the thyroid, including the trachea, anterior cervical muscle, larynx, and cricothyroid muscle. Both capsular invasion and ETE were evaluated based on intraoperative findings and postoperative pathologies.



Surgical Treatment Procedures

There was no specific guideline for treating a cN0 PTC located in the thyroid isthmus in China. In our cancer center, there are two procedures available, total thyroidectomy and wide field isthmusectomy. The choice of treatment method depended on the surgeon’s preference and the patient’s condition.

From January 2018, a prophylactic bilateral CND was performed for all patients with cN0 PTCs located in the thyroid isthmus. The surgical specimens of patients were divided into five subgroups: prelaryngeal LN, pretracheal LN, left paratracheal LN, LN-arRLN, and LN-prRLN. A pathologic analysis was conducted separately for every patient.



Statistical Analysis

The association between the clinical pathologic variables and LN-prRLN metastases was assessed first using a Chi-square test, and then to find the independent predictors, a multivariate analysis of the variables that were found to be significant in the univariate analysis was performed. All the statistical analyses were performed using SPSS 20.0, and a P<0.05 was considered to be significant.




Results


Baseline Data of the Enrolled Patients

A total of 357 patients were included in the study; of these patients, 281 (78.7%) were female and 76 (21.3%) male. The mean age was 47.6 years with a range of 20 to 68 years. The mean tumor size was 7.7 mm with a range from 1.7 to 13.6 mm. Coexistent Hashimoto’s disease was found in 103 (28.9%) patients and BRAF 600E mutations were noted in 257 (72.0%) patients. Multiple foci (≥2) occurred in 31 (8.7%) patients, while ETE and capsular invasions were noted in 48 (13.4%) and 78 (21.8%) patients, respectively. PNI and LVI were observed in 26 (7.3%) and 21 (5.9%) patients, respectively. Total thyroidectomy and wide field isthmusectomy were performed in 204 (57.1%) and 153 (42.9%) patients, respectively.



Central LN Metastatic Characteristics

Central LN metastases were noted in 129 (36.1%) patients. Prelaryngeal and pretracheal LN metastases occurred in 60 (16.8%) and 56 (15.7%) patients, respectively. Forty six (12.9%) patients had left paratracheal LN metastases, while LN-arRLN and LN-prRLN metastases occurred in 52 (14.6%) and 23 (6.4%) patients, respectively.

Table 1 describes the metastatic pattern in the 129 patients. Prelaryngeal LN metastasis alone was the most common pattern, which occurred in 38.8% of the cases, followed by a pattern of concurrent metastases of the pretracheal LN, left paratracheal LN, and LN-arRLN. The two least common patterns were the metastases of the LN-arRLN and LN-prRLN and the metastases of the pretracheal LN and left paratracheal LN. There was no case of LN-prRLN metastasis alone.


Table 1 | Pattern of the central lymph node (LN) metastasis in the 129 patients.





Predictor for LN-prRLN Metastases

The results of the univariate analysis (Table 2) showed that male patients had a LN-prRLN metastasis rate of 11.8%, which was significantly higher than the 5.0% observed in female patients (P = 0.038). In the 31 patients with multiple foci, 19.4% had LN-prRLN metastases, which was statistically different from the rate observed in 326 patients with solitary foci (P = 0.009). Fourteen (9.9%) of the 141 patients with tumor size ≥ 5.0 mm and 4.2% of the 216 patients with tumor size <5.0 mm had LN-prRLN metastases. The difference was significant (P = 0.030). A positive LN-prRLN was observed in 18.8% of patients with ETE. The rate was significantly higher than the 4.5% seen in patients without ETE (P=0.001). Of the patients with LN-arRLN metastases, 44.2% also had LN-prRLN metastases, and none of the patients without LN-arRLN metastases showed LN-prRLN metastases. The difference was significant (P<0.001).


Table 2 | Univariate analysis of predictor for lymph node posterior to the right recurrent nerve metastasis (LN-prRLN).



The multivariate analysis showed that foci number ≥2, tumor size ≥5.0 mm, ETE, and LN-arRLN metastases were associated with an increased possibility of LN-prRLN metastases (all P<0.05, Table 3).


Table 3 | Multivariate analysis predictor for lymph node posterior to the right recurrent nerve metastasis.





Postoperative Complication

Transient hypoparathyroidism occurred in 47 patients (13.2%), and 43 cases gradually returned to be normal within 6 months after surgery, while four patients had permanent hypoparathyroidism, which was equivalent to a rate of 1.1%.

Hoarseness occurred in 17 (4.8%) patients immediately after surgery. During follow-up, the voice of 10 patients recovered without vocal cord immobility confirmed by a direct laryngoscope; four patients had a normal voice with vocal cord paralysis, while three patients showed consistent voice change with vocal cord immobility.




Discussion

To our best knowledge, this was the first study to analyze the features of LN-prRLN metastasis of cN0 PTCs located in the thyroid isthmus. A metastasis rate of 6.4% was observed, and there was no skip metastasis of LN-prRLN. The status of LN-arRLN can be used as a reliable predictor for LN-prRLN metastases, and the dissection of the LN-prRLN did not increase the possibility of recurrent laryngeal nerve and parathyroid gland damage occurring.

A study by Grodski et al. found that LN-prRLN resection may be recommended in routine CNDs (20); however, this procedure was related to an increased risk of nerve injury due to the traction and elevation that occurs during the LN removal. Therefore, a series of researchers explored the incidence of LN-prRLN metastases, and the safety and necessity of LN-prRLN dissections. Lee et al. (13) enrolled 123 PTC patients, including 86 cases staged as T2-T4, and reported that 14 patients showed metastases in the LN-prRLN with an overall rate of 11.4%. Furthermore, all these patients had LN-arRLN metastases while skip metastases were not found. In addition, the T2-T4 tumors had a metastasis rate of 13.9%, which was comparable to the 5.4% found in T1 tumors. In a study by Liu et al. (15), which had a comparable sample size to that of Lee et al.’s study, the LN-prRLN metastasis rate was 11.0% in 145 PTC patients; however, four patients were negative for LN-arRLN metastasis.

However, several studies have reported higher rates and different findings than those of ours. Luo et al. (12) performed a prospective study that included 595 PTC patients, of whom a total of 102 (17.1%) patients had LN-prRLN metastases, and of these patients, 52 showed concurrent LN-arRLN negativity. In a large-scale study by Pinyi et al. (1) comprising 405 patients, LN-prRLN positivity was observed in 108 patients at a rate of 26.7%. The authors also noted that 26 patients showed LN-prRLN metastases without LN-arRLN positivity. Another large sample size study by Li et al. (10) found that LN-prRLN metastases occurred in 124 (15.1%) PTC patients, and of the 434 patients without LN-arRLN metastases, 41 (9.4%) presented LN-prRLN positivity. In a study by Chang et al. (21), which had the largest cohort size till date, of the 5556 enrolled patients, 148 were positive for LN-prRLN metastases and six did not have LN-arRLN metastases. The findings of these studies suggested that over 10% of PTC patients could have had a residual LN-prRLN disease if the dissections were not performed; however, we discovered that all of the authors had considered cN0, cN1a, and cN1b patients together. Thus, in theory, cN1 patients had increased possibility of occurrence of LN-prRLN metastases as well as that of skip metastases, making it acceptable that our incidence of LN-prRLN metastasis was 6.4% and that there was no skip metastasis observed.

A few authors have also evaluated the LN-prRLN metastases in cN0 patients. Li et al.(7) and Ito et al. (9) found that 28 (8.3%) of 338 patients and 127 (14%) of 922 patients had LN-prRLN metastases, respectively. These rates were still a little higher than the rates of our study. Usually PTCs located in the thyroid isthmus have more aggressive biologic behavior than that of PTCs arising from other sites of the thyroid (16). This viewpoint was supported by the fact that our overall central LN metastasis rate was 36.1%, which was higher than the rates in the studies by Li et al. (7) and Ito et al. (9). Moreover, the two most common metastatic sites were prelaryngeal and pretracheal LNs in the current study, which was consistent with results of previous similar studies (22). Our lower LN-prRLN metastasis rate may be explained by the small tumor size and lower multiplicity.

The safety of LN-prRLN dissection is a point of concern. Wang et al. (11) divided 1487 patients into two groups: the 378 patients who underwent CND with LN-prRLN dissection were defined as group A and the 1109 patients who underwent CND without LN-prRLN dissection as group B. Although group A had a higher incidence of hypocalcemia (7.4% vs. 4.0%, P=0.012), the two groups had similar rates of persistent hypocalcemia, transient and permanent recurrent laryngeal nerve palsies, chyle leakages, hematomas, and wound infections. Pinyi et al. (1) reported that transient recurrent laryngeal nerve injuries and hypoparathyroidism occurred in 1.0% and 1.7% patients in their cohort, respectively, and there was no persistent dysfunction. Similar results were also reported by Lee et al. (13), Yu et al. (14), Chang et al. (21), and us. All of these finding suggested LN-prRLN dissection is safe if it is performed patiently and meticulously. However, we must keep in mind that the daily life of the patients might be significantly affected if there was permanent dysfunction (23), some improvements had been introduced. Calò et al. (24) had commented intraoperative neuromonitoring had a very high sensitivity and negative predictive value, but also good specificity and positive predictive value in predicting postoperative nerve function during thyroid surgery and could assist the surgeon in intraoperative decision making. Docimo et al. (25) introduced a good option of total thyroidectomy without prophylactic central neck dissection combined with routine oral calcium and vitamin D supplements in selected differentiated thyroid cancer patients to prevent postoperative hypocalcemia for increasing the likelihood of a safe and early discharge from the hospital.

Risk factors for LN-prRLN metastases have been analyzed frequently. Age < 45 years, male sex, tumor sizes>1 cm, lateral LN metastases, ETE, multifocalities, capsule invasions, LN-arRLN metastases, and central LN metastases were all reported to be associated with LN-prRLN metastases (22). Our findings also supported these conclusions. Moreover it was noted that LN-prRLN was positive only when there were other LNs metastases, especially LN-arRLN metastasis. This finding is highly significant as it indicates that an intraoperative pathologic examination of the LN-arRLN could determine which patients would require LN-prRLN dissection.

This study had some limitations. First, this was a retrospective study with an inherent selection bias. Second, our sample size was relatively small, and more studies are required to validate the findings. Third, without a control group or survival data, our statistical power was decreased.

In summary, while LN-prRLN metastases of cN0 PTC located in the thyroid isthmus is not common, it should not be ignored; its dissection was found to be a safe procedure. LN-arRLN metastases were the most significant risk factor for LN-prRLN metastases, and it could act as a reliable predictor for LN-prRLN metastases.
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Background

Triggering receptor expressed on myeloid cells-1 (TREM-1) has been reported as a biomarker in many cancers. However, the biological function of TREM-1 in papillary thyroid carcinoma (PTC) remains unknown.



Methods

We obtained TREM-1 expression data from The Cancer Genome Atlas (TCGA) database. Enrichment analysis of coexpressed genes and TREM-1 methylation analysis were performed via LinkedOmics. The correlations between TREM-1 and immune infiltrates were investigated via ESTIMATE, TIMER and TISIDB. We analyzed the association of TREM-1 expression with pan-cancer overall survival via Gene Expression Profiling Interactive Analysis (GEPIA).



Results

TREM-1 has lower methylation levels and higher expression levels in PTC tissues compared to normal tissues. TREM-1 expression is significantly associated with poor prognosis, advanced T classification, advanced N classification, and an increased incidence of BRCA2 and BRAF mutations. Genes coexpressed with TREM-1 primarily participate in immune-related pathways. TREM-1 expression is positively correlated with immune infiltration, tumor progression and poor overall survival across cancers.



Conclusions

TREM-1 is a good prognostic and diagnostic biomarker in PTC. TREM-1 may promote thyroid cancer progression through immune-related pathways. Methylation may act as an upstream regulator of TREM-1 expression and biological function. Additionally, TREM-1 has broad prognostic value in a pan-cancer cohort.





Keywords: TREM-1, papillary thyroid carcinoma, diagnostic biomarker, prognostic biomarker, immune infiltration, DNA methylation



Introduction

Thyroid carcinoma (1) is the most prevalent endocrine malignancy, and its global incidence has rapidly increased in recent decades (2). Papillary thyroid carcinoma (PTC) is the most common type of TC and accounts for nearly 85% of all thyroid cancers (3). With standardized treatment, PTC often exhibits a favorable prognosis, with a 10-year survival rate of 93% (4). However, a high tendency of early lymph node metastasis or recurrence occurs in more than 30% cases (5). Therefore, identifying reliable and accurate biomarkers for the diagnosis and prognosis of PTC is essential.

Triggering receptor expressed on myeloid cells-1 (TREM-1) is a cell surface receptor belonging to the immunoglobulin superfamily (6). The function of TREM-1 is to enhance the inflammatory response by inducing large amounts of proinflammatory mediators (6). Human TREM-1 is predominantly expressed by blood neutrophils and by a subset of monocytes/macrophages (7). Furthermore, TREM-1 is also highly expressed by neutrophils and epithelial cells in skin and lymph nodes infected with bacteria or fungi (8). The tissue distribution of TREM-1 expression indicates a role for TREM-1 in inflammation (9). Because TREM-1 is widely distributed throughout the body and plays an important role in the inflammatory process, it has attracted great attention in the context of tumor formation, development and metastasis. TREM-1 overexpression has been reported in many malignancies and correlates with poor prognosis. A previous study has indicated that lung cancer cells upregulate TREM-1 expression and that tumor-associated macrophages have increased levels of TREM-1 (10). Functional experiments involving hepatocellular carcinoma (HCC) have suggested that TREM-1 promotes proliferation, increases invasiveness and inhibits apoptosis of HCC cells (11, 12). TREM-1 is involved in the establishment of a prognossis model for liver cancer (13). High-risk prognostic subgroups defined by TREM-1 expression have been identified for colorectal cancer (CRC) (14). In addition, signaling via TREM-1 is significantly related to the development and progression of chronic lymphocytic leukemia (15). TREM-1 is induced in macrophages by the androgen receptor signaling pathway in prostate cancer, and increases the motility and invasive capacity of prostate cancer cells (16). In recent years, many studies have suggested various strategies for regulating TREM-1 expression and activity to block the interaction between TREM-1 and its ligands to treat a number of diseases, including cancer (17, 18).

However, the biological function of TREM-1 in PTC remains unknown. Here, we investigated TREM-1 expression in PTC patients using data from The Cancer Genome Atlas (TCGA) and the National Center for Biotechnology Information Gene Expression Omnibus (GEO) databases. Through multidimensional analysis, we evaluated the genomic functional networks related to TREM-1 in PTC and further explored the role of TREM-1 in tumor immunity. Our results suggested that TREM-1 may be a new potential target for PTC diagnosis and treatment.



Materials and Methods


Materials

The TCGA THCA dataset, containing normal thyroid samples (N) =58 and PTC samples (T) =512, was selected as the discovery cohort. The normalized RNA-seq data (FPKM, level three), DNA methylation data and single nucleotide variation data (VarScan) were downloaded from TCGA via the Genomic Data Commons (GDC) portal (https://portal.gdc.cancer.gov/). The clinical data of the TCGA THCA dataset were downloaded from the University of California at Santa Cruz (UCSC) Xena browser (https://xena.ucsc.edu/).

To assess the diagnostic value of TREM-1, we selected data-sets containing both PTC and normal tissues in the GEO database. The following six RNA-seq microarray datasets were downloaded from the National Center for Biotechnology Information GEO database (http://www.ncbi.nlm.nih.gov/geo): GSE3467 (N=9, T=9), GSE27155 (N=4, T=51), GSE33630 (N=45, T=49), GSE53157 (N=3, T=15), GSE58545 (N=18, T=27) and GSE60542 (N=30, T=33).



Comparison of TREM-1 Expression Between PTC and Normal Thyroid Tissues

TREM-1 mRNA expression in PTC and normal thyroid tissues was compared based on TCGA data. We defined the top quartile based on the mRNA expression rank in the THCA dataset as the H-TREM-1 group, and the remaining samples were defined as the L-TREM-1 group. Receiver operating characteristic (ROC) curve analysis was used to evaluate the diagnostic efficacy of TREM-1. The diagnostic value of TREM-1 was further verified in 6 GEO datasets (GSE3467, GSE27155, GSE33630, GSE53157, GSE58545 and GSE60542).

Additionally, direct comparison of TREM-1 protein expression between PTC and normal thyroid tissues was performed by using immunohistochemical images from the Human Protein Atlas (https://www.proteinatlas.org).



Analysis of the Potential Mechanism of TREM-1 in PTC


LinkedOmics Database Analysis

LinkedOmics is an online website for analyzing multiomics data within and across 32 cancer types (http://www.linkedomics.org/) (19). Pearson correlation coefficient values were used to analyze TREM-1 coexpression, and the results were visualized with a volcano plot and heatmap. The functional modules of LinkedOmics were based on the RNA-seq and methylation data of TREM-1. In addition, gene set enrichment analysis (GSEA) was performed for gene ontology (GO) biological process terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. We used a weighted set cover approach for redundancy reduction, and we set the minimum number of genes to 10 and the number of simulations to 1000. In addition, we investigated the relationships between TREM-1 expression and gene mutations in PTC as well as between TREM-1 methylation and clinical parameters.



Protein-protein Interaction (PPI) Network Analysis

The 100 genes with the most significant coexpression with TREM-1 in LinkedOmics were input into String (version 11.0, https://string-db.org/) to analyze the interaction network of the encoded proteins. The minimum required interaction score was 0.7 (high confidence), and the results were visualized with Cytoscape (v3.7.2).




Analysis of the Relationship Between TREM-1 and Immune Infiltration in PTC


ESTIMATE

Using ESTIMATE (20)to evaluate the immune cell infiltration level (immune score), matrix content (stromal score), comprehensive score (ESTIMATE score) and tumor purity of each THCA sample, we compared the tumor microenvironment among patients with different TREM-1 expression levels.



TIMER

The TIMER online database (21) was used to analyze and visualize the associations between TREM-1 and 6 subtypes of tumor-infiltrating immune cells [B cells, CD4+ T cells, CD8+T cells, macrophages, neutrophils and dendritic cells (DCs)]. Purity-corrected partial Spearman-correlation coefficients were calculated.



TISIDB

We used TISIDB, a web portal for analyzing tumor and immune system interactions (22), to analyze the Spearman correlation between TREM-1 expression and 28 types of tumor-infiltrating lymphocytes (TILs), immunomodulators (immunoinhibitors, immunostimulators and MHCs), chemokines and receptors as well as tumor stage and overall survival (OS) across human cancers.



CIBERSORT

CIBERSORT (23) is a deconvolution algorithm that uses RNA-seq data to calculate the composition ratio of 22 immune cells in each blood or tissue sample. We performed 1,000 permutations and kept samples with p <0.05 to ensure the accuracy of the results, and the sum of various immune cells was 1. In this study, CIBERSORT was used to analyze the Spearman correlation between TREM-1 expression and the proportion of various immune cells in THCA.



Immune Cell Abundance Identifier (ImmuCellAI)

ImmuCellAI (24) (http://bioinfo.life.hust.edu.cn/web/ImmuCellAI/) is a method based on single sample gene set enrichment analysis (ssGSEA), which can be used to accurately estimate the abundance of 24 immune cells from gene expression data, including 18 T cell subgroups. We used ImmuCellAI to analyze the Spearman correlation between TREM-1 expression and the abundance of various immune cells in THCA.




Analysis of TREM-1 Methylation in PTC

Based on DNA methylation data downloaded from TCGA, we compared the methylation levels of TREM-1 between PTC and normal tissues. In addition, we performed Spearman correlation analysis to assess the correlations between TREM-1 expression and methylation at each methylation site in the TREM-1 gene. The remaining methylation analysis was performed by LinkedOmics.



Gene Expression Profiling Interactive Analysis (GEPIA)

We used the online pan-cancer analysis platform, GEPIA (http://gepia.cancer-pku.cn/) (25), to analyze the differences in TREM-1 expression levels between tumors and normal tissues across human cancers (P-value <0.05 and |logFC| >1) and the association of TREM-1 expression with pan-cancer OS.



Statistical Analysis

The Chi-square test was used to assess differences in clinical parameters between the L-TREM-1 and H-TREM-1 groups. The Spearman method was used to test correlations. The Mann-Whitney test was used to compare data between two groups. The log-rank method was used to calculate significant P values in the survival analysis. The R software (v3.6.0) and SPSS software (v25.0) were used for statistical processing. Data visualization was performed with GraphPad Prism V.8.0 and R software.




Results


Diagnostic Value of TREM-1 in PTC

We initially evaluated TREM-1 mRNA levels in PTC tissues from TCGA. Comparison of normal thyroid tissues (n=58) and PTC tissues (n=512) revealed that TREM-1 mRNA expression was significantly higher in PTC tissues than in normal tissues (P<0.0001) (Figure 1A). ROC curve analysis was performed to evaluate the diagnostic value of TREM-1 (Figure 1B). Additionally, the immunohistochemical results indicated that TREM-1 protein expression was much higher in PTC tissues than in normal tissues (Figure 1C). Furthermore, we analyzed gene expression data from 6 GEO cohorts, and all results supported the above conclusion [GSE3467 (P<0.0001), GSE27155 (P<0.0001), GSE33630 (P<0.0001), GSE58545 (P<0.05), GSE53157 (P<0.0001) and GSE60542 (P<0.0001)] (Figures 1D–I). ROC curve analysis was performed to evaluate the diagnostic value of TREM-1 using data from GEO cohorts (Figures 1J–O). The areas under the ROC curve (AUCs) were 0.8407, 1.000, 1.000, 0.9048, 0.9333, 0.9414, and 0.9000 in the seven cohorts, suggesting that TREM-1 is a potential biomarker for distinguishing PTC cases from normal controls.




Figure 1 | Diagnostic value of TREM-1 in PTC. (A) Comparison of TREM-1 mRNA expression between PTC and normal tissues in TCGA. (B) Diagnostic efficacy of TREM-1 as shown by the ROC curve. (C) Comparison of immunohistochemical images indicating TREM-1 expression in PTC and normal thyroid tissues. (D–I) TREM-1 mRNA expression in the six GEO verification cohorts (GSE3467, GSE27155, GSE33630, GSE58545, GSE53157 and GSE60542). (J–O) ROC curve showing the diagnostic performance of TREM-1 expression in the verification cohorts. *P < 0.05, ****P < 0.0001 here.





Prognostic Value of TREM-1 in PTC

Univariate and multivariate analyses of TCGA cohort were conducted to assess the prognostic value of TREM-1 (Table 1). Univariate analysis revealed that age (per year of age), clinical stage, tumor mutation burden (TMB) and TREM-1 expression are significant risk factors for progression-free survival (PFS) (P<0.001). Multivariate analysis further revealed that high TREM-1 expression is an independent prognostic biomarker for poor PFS [hazard ratio (HR) = -1.032; 95% CI 1.012-1.053].


Table 1 | Results of univariate and multivariate logistic regression analysis.





Relationship of TREM-1 Expression With Clinical Parameters

The PTC patients in TCGA cohort were separated into two groups according to TREM-1 expression level (H-TREM-1 and L-TREM-1). Comparison of the two groups indicated significant differences in the N and T classification between the groups (P<0.01). In addition, the H-TREM-1 group included more patients with classical and tall cell types but fewer patients with follicular type cells (P<0.01). Notably, high TREM-1 expression was significantly associated with lymph node metastasis and advanced T classification (Table 2).


Table 2 | Association between TREM-1expression and clinical parameters.





TREM-1-Related Genes in PTC

To gain insights into the biological meaning of TREM-1 in PTC, the functional module in LinkedOmics was used to examine the TREM-1 coexpression mode in the THCA cohort. A total of 9616 genes showed significant positive correlations with TREM-1, whereas 10312 genes showed significant negative correlations [false discovery rate (FDR) < 0.01] (Figure 2A). The top 50 genes with the most significant positive and negative correlations with TREM-1 are shown in the heat map, respectively (Figures 2B, C). Moreover, we constructed a PPI network with 43 hub genes and found that ITGAM plays a key role (Figure 2D). Regarding the relationship between TREM-1 and mutations in other genes, mutations in BRCA2 and BRAF were most closely related to TREM-1 (Figure S1A). Furthermore, TREM-1 expression levels in the BRAF mutant group were significantly higher than that in the BRAF wild-type group (Figure S1B).




Figure 2 | Potential mechanisms of TREM-1 in PTC. (A) Genes highly correlated with TREM-1 identified by Pearson correlation analysis in the THCA cohort. (B) Heatmaps showing the top 50 genes positively and (C) negatively correlated with TREM-1 in the TCHA cohort. (D) PPI of the top 100 significantly correlated genes. (E) GO biological process terms and (F) KEGG pathways significantly enriched in genes coexpressed with TREM-1 in the THCA cohort.





Functional Enrichment Analysis of TREM-1

Annotation of significantly enriched GO terms by GSEA showed that genes coexpressed with TREM-1 were primarily involved in functions described by the following terms: adaptive immune response; neutrophil-mediated immunity; positive regulation of leukocyte activation; regulation of leukocyte activation; immune response-regulating signaling pathway; and I-kappaB kinase/NF-kappaB signaling. In contrast, activities related to the following terms were inhibited: nucleoside bisphosphate metabolic process; cellular amino acid metabolic process; ncRNA processing; and cilium organization (Figure 2E). KEGG pathway analysis showed enrichment of these genes in the following pathways: complement and coagulation cascades; cell adhesion molecules (CAMs); cytokine-cytokine receptor interaction; phagosome; natural killer cell mediated cytotoxicity; and chemokine signaling pathway (Figure 2F).



Relationship of TREM-1 Expression With Immune Infiltration

The stromal score, immune score, ESTIMATE score and tumor purity data for TCGA cohort were obtained and compared between the H-TREM-1 and L-TREM-1 groups (Figures 3A–D). The H-TREM-1 group had a higher stromal score (P<0.0001) and ESTIMATE score but a lower tumor score (P<0.0001) and tumor purity (P<0.0001). Correlation analysis of TREM-1 expression with tumor purity revealed that TREM-1 may influence the immune status of the tumor microenvironment. Moreover, we investigated whether TREM-1 expression is correlated with immune infiltration in PTC via the TIMER database. TREM-1 expression was significantly correlated with tumor purity (r=-0.102, P<0.05) and the infiltration levels of the dominant immune cells (Figure 3E). Specifically, TREM-1 expression was significantly correlated with the infiltration levels of dendritic cells, neutrophils and CD8+T cells. In addition, TISIDB analysis suggested that TREM-1 expression was positively correlated with the levels of 28 TIL types (Figure 3F) and immunostimulators (Figure 3G) across human cancers and that these correlations were particularly significant in THCA. In addition, correlations between TREM-1 expression and the levels of immunoinhibitors, MHCs, chemokines and receptors were analyzed (Figure S2).




Figure 3 | TREM-1 is closely related to immunity in PTC. ESTIMATE analysis of (A) stromal scores, (B) immune scores, (C) ESTIMATE scores and (D) tumor purity between the L-TREM-1 and H-TREM-1 groups. (E) TIMER analysis of purity-corrected partial Spearman correlations between the expression of TREM-1 and the infiltration of 6 types of immune cells in the THCA cohort. (F) Correlation analysis between the expression of TREM-1 and 28 types of TILs across human cancers via TISIDB. (G) Correlation analysis between the expression of TREM-1 and the levels of immunostimulators across human cancers via TISIDB. ****P < 0.0001 here.





Relationship of TREM-1 Expression With Various Immune Cells

To further explore the relationship between TREM-1 expression levels and the immune system, we used CIBERSORT to examine the relationship between TREM-1 expression levels and the proportion of different immune cells in PTC tissue, as well as ImmuCellAI to examine the relationship between TREM-1 expression levels and various immune cell abundances in PTC tissues. The findings (Figure 4) revealed that TREM-1 over-expression was related to a higher proportion of resting dendritic cells, activated dendritic cells, neutrophils, monocytes, Tregs and resting memory CD4+ T cells (P<0.05), while TREM-1 over expression is related to a decline in the proportion of T cells gamma delta, resting NK cells, CD8+ T cells, and eosinophils (P<0.05) (Table S1). TREM-1 over expression was also associated with a higher abundance of dendritic cells, macrophages, monocytes, nTregs, iTregs, Tr1, Tfh, cytotoxic T cells, exhausted T cells, Th1, Th2, effector memory T cells and CD8+ T cells (P<0.05) and a lower abundance of naive CD4+ T cells, neutrophils, naive CD8+ T cells, central memory T cells, Th17, T cells gamma delta, B cells and CD4+ T cells (P<0.05) (Table S2). The results reflect that TREM-1 expression has a stronger correlation with innate immune cells.




Figure 4 | The relationship between TREM-1 and immune cells in PTC. (A) Correlation analysis between TREM-1 expression and the proportion of immune cells in PTC (CIBERSORT, n=259). (B) Correlation analysis between TREM-1 expression and the abundance of immune cells in PTC (ImmuCellAI, n=512).





DNA Methylation of TREM-1

We performed Pearson correlation analysis to assess the correlation between TREM-1 expression and TREM-1 DNA methylation based on DNA methylation data from patients with PTC downloaded from TCGA (Figure 5A). The methylation level of TREM-1 DNA was significantly negatively correlated with TREM-1 mRNA expression levels (r=-0.7113, P<0.0001). Methylation at DNA TREM-1 methylation sites, including cg21328082, cg10981439, cg09310966, cg06196379, c18505453, cg03843170, cg04451353 and cg17430214, exhibited the most significant negative correlations with TREM-1 expression levels (Table 3). Additionally, the methylation level of TREM-1 in PTC tissues was significantly lower than in normal tissues (P<0.0001) (Figure 5B). Therefore, we hypothesized that DNA methylation may be the upstream mechanism regulating TREM-1 in PTC. Patients were classified according to clinical indicators, and we compared their TREM-1 methylation levels (Figures 5C–F). Lower methylation levels of TREM-1 were found in patients with advanced clinical stage, advanced T classification, advanced N classification and tall cell variant PTC. To understand the biological significance of TREM-1 methylation in THCA, a functional module of LinkedOmics was used to examine TREM-1 coexpression patterns in the THCA cohort. Using RNAseq, we screened 19928 genes related to TREM-1 methylation (false discovery rate (FDR) <0.01). The GO (biological process) analysis results derived by GSEA were significant. The results indicated that TREM-1 methylation-coexpressed genes primarily participate in generation of precursor metabolites and energy, ncRNA processing, cilium organization, and small molecule catabolic process, while extracellular structure organization, positive regulation of defense response, adaptive immune response, cell-cell adhesion via plasma-membrane adhesion molecules, granulocyte activation and leukocyte migration were inhibited (Figure 5G). KEGG pathway analysis showed that genes related to carbon metabolism, aminoacyl-tRNA biosynthesis, and thermogenesis were activated, while phagosome, chemokine signaling pathway, osteoclast differentiation, transcriptional misregulation in cancer, cytokine-cytokine receptor interaction, complement and coagulation cascades and cell adhesion molecules (CAMs) were inhibited (Figure 5H).




Figure 5 | TREM-1 Methylation in PTC. (A) Correlation analysis between TREM-1 methylation and TREM-1 expression in PTC (B) TREM-1 methylation levels were compared between PTC and normal tissues. TREM-1 methylation level among patients with different (C) clinical stages, (D) T classifications, (E) N classifications and (F) histological types of PTC. (G) GO biological process terms and (H) KEGG pathways significantly altered by TREM-1 methylation in the THCA cohort. *P < 0.05, **P < 0.01 and ****P < 0.0001 here.




Table 3 | Spearman correlation between TREM-1 methylation sites and TREM-1 expression.





Generalization Value of TREM-1 Across Cancers

To investigate whether TREM-1 has broad value across cancers, we performed a series of studies on TREM-1 in a pan-cancer cohort. GEPIA showed that the TREM-1 expression status varied across cancers (Figure 6A). TISIDB analysis showed that high expression of TREM-1 in the pan-cancer cohort was accompanied by a more advanced tumor stage (Figure 6B) and shorter OS time (Figure 6C). Kaplan-Meier (K-M) survival analysis showed that the high TREM-1 groups in the cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), glioblastoma multiforme (GBM), kidney renal clear cell carcinoma (KIRC), brain lower grade glioma (LGG), liver hepatocellular carcinoma (LIHC), lung squamous cell carcinoma (LUSC) and pancreatic adenocarcinoma (PAAD) cohorts had significantly shorter OS times (Figures 6D–J). The difference was the most significant in the survival statistics of a large sample in the pan-cancer cohort (N = 9502, HR = 1.7, P <0.0001) (Figure 6K).




Figure 6 | Generalization value of TREM-1 across cancers. (A) Comparison of TREM-1 mRNA expression between cancer and paracancerous tissues across cancers. (B) Associations between TREM-1 expression and stage across human cancers. (C) Associations between TREM-1 expression and OS across human cancers. K-M survival analysis between the L-TREM-1 and H-TREM-1 groups in the (D) CESC, (E) GBM, (F) KIRC, (G) LGG, (H) LIHC, (I) LUSC, (J) PAAD and (K) pan-cancer cohorts.






Discussion

The present study utilized PTC patient sequencing data in public databases and presented the first report of the expression level and biological function of TREM-1 in PTC. The expression level of TREM-1 in PTC tissues was significantly higher than that in noncancerous thyroid tissues at both the transcriptional and translational levels. Furthermore, our results indicated the prognostic and diagnostic value of TREM-1. Our findings suggest a clinical correlation of disease severity and subclassification with gene expression levels, indicating that TREM-1 may affect disease progression. Previous research has identified a significant correlation between TREM-1 mRNA expression and TREM-1 DNA methylation levels (26). Our TREM-1 methylation analysis data also implied that DNA methylation is an epigenetic regulatory mechanism of TREM-1 resulting in transcriptional silencing. The finding of TREM-1 hypomethylation also validated its high protein levels in PTC and its effect on disease progression. Our results suggested that the functional consequences of TREM-1 mainly include effects on immune-related responses. Therefore, we adopted the ESTIMATE and TIMER algorithms to investigate the infiltration of immune cells and found that TREM-1 expression is associated with tumor-infiltrating immune cells, and exhibited positive associations with immune infiltration of dendritic cells, neutrophils and CD8+T cells. TREM-1 has extensive prognostic value in pan-cancer.

TREM-1 is expressed at late stages of myeloid cell differentiation (27) and is found on monocytes/macrophages and neutrophils with high CD14 expression (7). TREM-1 acts as an important mediator of intracellular signaling by immune cells during physiological processes and plays an important role in the triggering and amplification of the inflammatory response. The interaction of cancer cells with inflammatory cells, in addition to cytokine responses, in the tumor microenvironment may contribute to tumor growth, progression and immunosuppression (28). Therefore, we reasoned that TREM-1 may participate in carcinogenesis in vivo mainly through immune-related mechanisms.

Duan et al. (11) showed that TREM-1 induces the expression and secretion of various cytokines and chemokines, thereby promoting the development of the tumor microenvironment and ultimately contributing to tumor progression. These researchers revealed that TREM-1 overexpression upregulates the secretion of IL-1, IL-6, IL-8, MCP-1, MCP-3, MIP-1, TNF-a, GM-CSF, MPO, and VEGF but decreases the secretion of IL-10. We also found positive correlations between TREM-1 and IL-6 (Figure 3G), IL-8 (Figure S2C, shown as CXCL8), MCP-1(Figure S2C, shown as CCL2), the GM-CSF receptor (Figure S2A, shown as CSF1R) and IL-10 (Figure S2A). In addition, the expression of the TNF-α receptor, TNFRSF1A, was significantly and positively correlated with TREM-1 expression (Figure 2B). Immune infiltration is associated with PTC and may play a critical role in carcinogenesis regulation and carcinoma progression (29). Therefore, we hypothesized that in PTC, TREM-1 induces cytokine expression and produces an inflammatory microenvironment. Long-term inflammatory damage induces cell renewal and repair of defective tissues. During the repair process, carcinogens or macrophages can cause DNA damage in cells, and cell proliferation and differentiation become disordered, establishing conditions supporting tumor formation and metastasis.

The metastatic potential of primary tumors can be enhanced via exploitation of aberrant immune cell crosstalk (30). Infiltration of immune cells in tumors modulates the local microenvironment and influences cancer progression and the therapeutic response. Our study showed that TREM-1 is significantly correlated with the infiltration of several immune cells (Figure 3E). Furthermore, correlation analysis between TREM-1 expression and 28 types of TILs across human cancers revealed that TREM-1 may participate in complicated immune cell crosstalk, possibly explaining why TREM-1 is closely related to lymph node metastasis in PTC.

Triggering receptor expressed on myeloid cells-2 (TREM‐2) is another member of the TREM family. Opposite to TREM-1, TREM-2 functions as an anti‐inflammatory modulator and phagocytic promoter (31). A previous study on melanoma found that the increased ratio of TREM-1 to TREM-2 may promote the pro-inflammatory and pro-tumor state of the tumor microenvironment (32). This evidence suggests a TREM-1/TREM-2 paradigm in which the relative levels of these two TREM family members, instead of the absolute expression levels of one or the other, dictate inflammatory and immune status, which provides a novel approach for TREM-1 functional studies in PTC.

TREM-1 is expressed as a transmembrane receptor complex with the DAP12 chain subunit. TREM-1 signaling activates the RAS gene, activates the mitogen-activated protein kinase (MAPK) pathway and mediates ERK phosphorylation (9). The RAS gene is the most common target for acquired somatic function mutations in human cancer (33). Oncogenic activation of BRAF enhances cancer progression by constitutively promoting RAS-independent MAPK pathway signaling (1). The BRAF V600E mutation is the most prevalent oncogenic mutation in PTC, occurring in an average of 45% of patients (34). As the TREM-1 expression level showed a significant correlation with BRAF mutation and the degree of PTC severity in our study, we assumed that the mechanism underlying this deterioration may be a synergistic interaction between TREM-1 and BRAF via MAPK pathway activation.



Conclusions

The identification of TREM-1 expression alterations in PTC tissues is an important step toward improving our understanding of PTC pathogenesis and identifying new therapeutic and biomarker targets. Several mechanisms have been proposed to explain the possible role of TREM-1 in PTC development. Although the molecular functions of TREM-1 in PTC have been analyzed using bioinformatics approaches, the conclusions have not been confirmed by experiments, and related experimental research is ongoing.
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Background

Bilateral lesions are common in papillary thyroid carcinoma (PTC). For patients with unilateral PTC, occult carcinoma that is not detected preoperatively, but pathologically after surgery, might remain in the contralateral lobe. In this situation, inadequate surgical extent could cause relapse and even lead to re-operation. Here, we explore the frequency and investigate the risk factors of contralateral occult PTC in unilateral PTC through a retrospective study conducted by our team and published articles online, respectively.



Methods

We collected the patients’ clinical data in our hospital, whose cancer was determined to be confined to the unilateral lobe by preoperative image examination (N = 204). These patients underwent initially total or near-total thyroidectomy and included their clinical data in the meta-analysis. We searched related literature in the PubMed, Embase, MEDLINE, Cochrane, and Web of Science databases until December 7, 2020, in order to perform a meta-analysis. The relevant articles were examined and the eligible studies were included to assess the association between clinicopathologic factors and contralateral occult PTC.



Results

The meta-analysis included nine studies (involving 4347 patients). Of these, eight studies were from the databases, and one study was our retrospective data. The meta-analysis showed that the prevalence of contralateral occult PTC was 26.6% in all patients. A tumor size > 1 cm, ipsilateral multifocality, contralateral benign nodule, and central lymph node metastasis were significantly associated with contralateral occult PTC. In contrast, sex, age, ETE, capsular invasion, BRAF mutation, Hashimoto thyroiditis, and lateral lymph node metastasis were insignificantly associated with contralateral occult PTC.



Conclusion

The meta-analysis identified a tumor size > 1 cm, ipsilateral multifocality, contralateral benign nodule, and CLNM as being significant risk factors for contralateral occult PTC. These findings may guide the extent of surgery in unilateral PTC patients.





Keywords: contralateral, meta-analysis, occult, papillary thyroid carcinoma, risk factors



Introduction

Thyroid carcinoma is the most frequent endocrine malignancy, accounting for approximately 2.9% of all newly diagnosed cancer (1). Its incidence has increased from 5.7 to 14.7 per 100,000 people over the past two decades (2). Papillary thyroid carcinoma (PTC), medullary thyroid carcinoma, follicular thyroid carcinoma, and anaplastic thyroid carcinoma are the four main types of thyroid carcinoma. PTC is the most common thyroid cancer type, accounting for approximately 80.0% of malignant thyroid tumors (3). In addition, papillary thyroid microcarcinoma (PTMC) is classified to PTC. According to the histological classification of thyroid tumors by the World Health Organization, PTMC is defined as tumors with a maximum size of 10 mm or smaller. PTC has an excellent prognosis, with the main treatment being surgical resection. The overall survival rate has remained between 90% and 96% in recent decades (4, 5).

Despite advances in the understanding of the underlying biological characteristics of PTC and the development of evidence-based guidelines for its treatment, the adequate extent of surgical management (lobectomy vs. total thyroidectomy) of PTC is still a matter of debate. Neck ultrasound (US) and US-guided fine-needle aspiration (FNA) are currently used in decision making for the surgical management of PTC. However, despite that high-resolution US can detect foci as small as 2 mm (6), smaller tumors remain undetected. Occult carcinoma is defined as a tumor that is not detected preoperatively but pathologically after surgery. As reported, PTC frequently occurs as multifocal or bilateral lesions, with the prevalence of multifocality ranging from 20.0% to 36.1% (7–9). The 2015 American Thyroid Association Guidelines (10) endorse thyroid lobectomy (TL) as an initial surgical approach for low risk, small- to medium-sized (T1-T2), N0 PTC in the absence of an extrathyroidal extension (ETE). For PTCs detected preoperatively in bilateral lobes, there is no controversy in performing total thyroidectomy (TT). Contralateral occult PTC is a specific subtype of bilateral multifocal PTC. It has been reported that the rate of occult PTC in the contralateral lobe ranges from 12% to 40% (11–13). For contralateral occult PTC, TL may be insufficient and could cause relapse and even lead to re-operation, which brings higher risks. Therefore, identifying risk factors of contralateral occult PTC could help surgeons to determine the optimal scope of surgery, but there is a limited number of studies focusing on risk factors of contralateral occult PTC. In this study, we used our retrospective research data and reviewed all related literature on the website that conducted this meta-analysis, aiming to estimate the risk factors for contralateral occult carcinoma in patients with unilateral PTC.



Materials and Methods

We collected the clinical data of patients with PTC treated in the First Hospital of China Medical University (Shenyang, China) from January 2016 to January 2021. Data collected included age, sex, thyroid ultrasound report, operation record, diagnosis, and pathology report. The inclusion criteria were as follows: PTC confined to the only unilateral lobe by preoperative image examinations or fine-needle aspiration cytology; patients who underwent initially total or near-total thyroidectomy; and postoperative pathological examination confirming the unilateral lesion was PTC. Also, the exclusion criteria were as follows: the patients had a suspicious lesion on the contralateral lobe; PTC located in the isthmus. Finally, 204 patients were included in our study, in which 27 patients were with contralateral occult PTC (confirmed by pathological examination). These clinical data were included in the meta-analysis.

Our meta-analysis was conducted according to the guidelines proposed by the preferred reporting items for systematic review and meta-analyses statement (14).


Search Strategy

An electronic search of the PubMed, Embase, MEDLINE, Cochrane, and Web of Science databases was performed to identify relevant articles until December 7, 2020. We used the following search terms in “all fields”: ((occult) AND (contralateral OR bilateral), AND (papillary thyroid) AND (carcinoma OR cancer OR tumor OR neoplasm)). Besides, a manual review of the references from the included studies was performed to identify additional relevant articles. Two authors independently performed the selection process, and the discrepancies were resolved by discussion. If multiple published studies illustrated the same population, we extracted the most complete or recent one.



Selection Criteria

We included studies that met the following criteria:

	Prospective or retrospective original studies.

	PTC confined to only the unilateral lobe by preoperative image examinations or FNA.

	Patients had initially undergone total or near-total thyroidectomy.

	Pathologic examination confirming the presence of contralateral occult PTC.

	Risk factors of contralateral occult PTC were available for extraction to calculate the pooled odds ratio (OR).



We excluded studies by the following criteria:

	Reviews, case reports, letters to the editor, and conference abstracts.

	Studies published in languages other than English and Chinese.

	Studies enrolled patients with follicular thyroid carcinoma, medullary thyroid carcinoma, or anaplastic carcinoma.

	The patients had a suspicious lesion on the contralateral lobe.

	PTC located in the isthmus.

	Lacked complete clinical data.






Data Extraction and Quality Assessment

Each eligible study was extracted by two independent reviewers. Disagreements were resolved by consensus or adjudication of the senior authors. We extracted the following data from the included studies: (1) study characteristics: first author, publication year, country of study, study design, study population (PTC or PTMC), number of patients, and surgical extent; (2) clinicopathologic factors for contralateral occult carcinoma: sex, age, tumor size, ipsilateral multifocality, ETE, capsular invasion, BRAF mutation, Hashimoto thyroiditis (HT), presence of contralateral benign nodule, central lymph node metastasis (CLNM), and lateral lymph node metastasis (LLNM).

The included studies were estimated using the Newcastle-Ottawa scale (15), which allows evaluation of cohort studies by a total of eight items of three major parts, including the study population selection, comparability, and the result. A score of 0 to 9 stars was used to assess each study. A study achieving more than six stars was considered a high-quality study. All quality assessments were performed by two independent reviewers.



Statistical Analysis

The retrospective research data statistical analyses were performed using the SPSS v 26.0 software (Chicago, USA). The continuous variables are expressed as a mean ± standard deviation (SD). Univariate analysis for comparisons between patient groups was performed using Pearson’s chi-square test or Fisher’s exact test. Variables with a p < 0.05 in the univariate analysis were included in the multivariable analysis. Logistic regression analysis was performed to assess the risk factors of contralateral occult carcinoma.

We performed the meta-analysis by Revman Manager 5.0 (Cochrane Collaboration, Oxford, UK). The OR was used to compare dichotomous variables. All results were estimated with 95% confidence intervals (CIs). A P-value < 0.05 was considered statistically significant. Heterogeneity was examined by using the Q-test and I2 statistic. When p > 0.1 and I2 < 50%, a fixed-effect model was used; otherwise, a random-effects model was applied. Possible publication bias was tested using Begg’s funnel plot.



Results


Retrospective Study


Patients and Tumor Characteristics

After screening the medical records, 204 patients met the criteria and were included in the study. Of these patients, 47 (23.0%) were men, and 157 (77.0%) were women. The average age was 42.5 years, and the age range was 22 to 67 years. Briefly, 172 (84.3%) patients were younger than 55 years, and 32 (15.7%) were 55 years and older. All patients underwent surgical treatment. The average tumor size was 1.28 cm, and the size range was 0.32 to 5.80 cm. In 93 (45.6%) patients, the tumor size was ≤ 1 cm; and in 111 (54.4%) patients, the tumor size was > 1 cm. For the patients included, 27 (13.2%) had contralateral occult carcinoma and 177 (13.2%) did not; 21 (10.3%) patients had ETE and 183 (89.7%) patients did not; 65 (31.9%) patients had central lymph node metastasis, 40 (19.6%) patients had lateral lymph node metastasis, and 99 (48.5%) patients were without lymph node metastasis (Table 1).


Table 1 | Associations between clinicopathological characteristics and contralateral occult carcinoma in PTC patients.





Clinicopathological Factors Associated With Contralateral Occult Carcinoma

Among the 27 patients with occult lesions in the contralateral gland, 5 (18.5%) were men and 22 (81.5%) were women. Twenty-three (85.2%) patients were younger than 55 years and four (12.5%) patients were 55 years and older. The mean tumor size of the contralateral occult lesion was 2.00 ± 1.29, and the non-contralateral occult lesion was 1.14 ± 0.60. Six (22.2%) patients had a tumor size ≤ 1 cm, and 21 (77.7%) patients had a tumor size > 1 cm. Contralateral occult carcinoma presented with a significant association with tumor size and the presence of ETE, CLNM, and LLNM by univariate analysis (all p < 0.05). All of these factors were included in the multivariate analysis, which showed that a tumor size >1 cm (OR = 3.461, 95% CI = 1.333–8.984, p = 0.011) and the presence of ETE (OR = 11.481, 95% CI = 4.231–31.154, p < 0.001), CLNM (OR = 2.086, 95% CI = 1.246–3.495, p = 0.005), and LLNM (OR = 6.765, 95% CI = 1.877–24.380, p = 0.003) were independent predictors of contralateral occult carcinoma (Table 1).




Meta-Analysis

After searching the databases, 118 studies were initially found, and 77 articles were determined to be non-overlapping articles. Eleven articles were excluded because of language, seven studies were excluded because they were case reports, and 43 studies were excluded because the title or abstract was not applicable. The remaining 16 articles were subjected to a full-text evaluation. However, patients in the five studies were non-unilateral PTC preoperatively, data could not be obtained in two studies, and one study had an overlapping population. A flowchart with details is displayed in Figure 1. Finally, a total of nine studies were included in the meta-analysis with our retrospective research data included. Table 2 shows the baseline characteristics and quality scores of the nine studies included, which consisted of two prospective and seven retrospective studies with a total of 4347 patients enrolled. Eight studies were conducted in China and one in South Korea. All the studies enrolled patients who underwent TT or NT for the treatment of PTC confined to the unilateral lobe, without suspicious carcinoma lesion in the contralateral lobe by preoperative image examinations or FNA. Contralateral occult PTC was defined as a tumor lesion detected by pathology postoperatively in the contralateral lobe rather than detected by preoperative examinations. The prevalence of contralateral occult PTC in each study was available and ranged from 11.95% to 46.9% (median 16.7%). Among the 4,347 patients enrolled, contralateral occult PTC was reported in 1,150 patients, and the prevalence was 26.6%. According to Newcastle-Ottawa Scale (NOS), three studies were rewarded 6 stars, and six studies were rewarded 7 stars. The average award of the nine studies was 6.7 stars on a scale of 0 to 9. All studies were considered adequate for meta-analysis.




Figure 1 | Flow chart of the study selection process.




Table 2 | Characteristics of the nine included studies.





Sex

There were 204 patients who met the criteria and were included in this retrospective study. Of these patients, 47 (23.0%) were men and 157 (77.0%) were women. There were 27 (13.2%) patients who had contralateral occult carcinoma and 177 (13.2%) did not; among the 27 patients with contralateral occult PTC, 5 (18.5%) were men, and 22 (81.5%) were women, sex had nothing to do with whether patients had contralateral occult PTC (Table 1).

Nine studies reported the relationship between the risk of contralateral occult PTC and sex, including our retrospective study. The pooled analysis revealed that sex was not associated with contralateral occult PTC (pooled OR = 0.98, 95% CI – 0.83–1.16, p = 0.80) (Figure 2A).




Figure 2 | Forest plots of the association between contralateral occult PTC (papillary thyroid carcinoma) and all risk factors: (A) Sex was not associated with contralateral occult PTC (pooled OR = 0.98, 95% CI = 0.83–1.16, p = 0.80); (B) The risk of age (cut-off value was 55) was not associated with contralateral occult PTC (pooled OR = 1.53, 95% CI = 0.87–2.68, p = 0.14); (C) The risk of age (cut-off value was 45) was not associated with contralateral occult PTC (pooled OR = 0.93, 95% CI = 0.69–1.25, p = 0.63); (D) The risk of contralateral occult PTC was significantly higher in patients with a tumor > 1 cm than patients with a tumor ≤ 1 cm (pooled OR = 2.16, 95% CI = 1.1.29–3.61, p = 0.003); (E) Compared with patients without ipsilateral multifocality, patients with ipsilateral multifocality had a higher prevalence of contralateral occult PTC (pooled OR = 5.62, 95% CI = 4.53–6.99, p < 0.00001).





Age

Age is a critical factor in outcomes for patients with well-differentiated thyroid cancer. Forty-five years was used as the cutoff value in staging before 2016. In four studies, the cutoff value for age was 45 years, and the pooled analysis revealed that 45 years as a cutoff value for age was not associated with the contralateral occult PTC (pooled OR = 0.93, 95% CI = 0.69–1.25, p = 0.33) (Figure 2B).

However, there is increasing evidence to suggest that regarded 45 years as the cutoff value for age may be too low. The newest guideline in the AJCC/UICC staging system changed the cutoff value for age from 45 years to 55 years in 2017. In our retrospective study, the patients’ average age was 42.5 years, and the age range was 22 to 67 years. Briefly, 172 (84.3%) patients were younger than 55 years, and 32 (15.7%) patients were 55 years and older. In the 27 patients who had occult lesions in the contralateral gland, 23 patients (85.2%) were younger than 55 years, and 4 patients (12.5%) were 55 years or older. There were no differences on whether which patients had contralateral occult PTC between the two groups younger than 55 years and 55 years or older (Table 1). The results of the meta-analysis showed that the age cutoff value of 55 years was not associated with the contralateral occult PTC (pooled OR = 1.53, 95% CI = 0.87–2.68, p = 0.50) (Figure 2C).



Tumor Size

In our retrospective study of 204 included PTC patients, the average tumor size was 1.28 cm, and the size range was 0.32 to 5.80 cm. In 93 (45.6%) patients, the tumor size was ≤ 1 cm, and for the other 111 (54.4%) patients, the tumor size was > 1 cm. However, in the contralateral occult PTC group, the mean tumor size of the lesion was 2.00 ± 1.29; and in the non-contralateral occult group, this value was 1.14 ± 0.60. In the contralateral occult PTC group, there were 6 (22.2%) patients whose tumor size was ≤ 1 cm, and 21 (77.7%) patients whose tumor size was > 1 cm. The results of the univariate analysis showed that the presence of contralateral occult PTC had a significant association with tumor size (p<0.05). Also, the multivariable analysis showed that tumor size >1 cm (OR = 3.461, 95% CI = 1.333–8.984, p = 0.011) was an independent predictor of contralateral occult PTC (Table 1).

There were four studies (included our study) that estimated the effect of tumor size on contralateral occult PTC using the cutoff value of 1.0 cm. Findings from the pooled analysis suggested that the risk of contralateral occult PTC was significantly higher in patients with a tumor size > 1 cm than patients with a tumor size ≤ 1 cm (pooled OR = 2.16, 95% CI = 1.29–3.61, p = 0.003) (Figure 2D).



Ipsilateral Multifocality

There were six studies that addressed the association between the risk of contralateral occult PTC and ipsilateral multifocality. Because of the low heterogeneity among the studies (I2 = 45%, p = 0.11), a fixed-effects model was used to analyze the data. Compared with patients without ipsilateral multifocality, patients with ipsilateral multifocality had a higher prevalence of contralateral occult PTC (pooled OR = 5.62, 95% CI = 4.53–6.99, p < 0.00001) (Figure 2E).



Extrathyroidal Extension (ETE)

In the 204 PTC patients included in this retrospective study, 21 (10.3%) patients had ETE and 183 patients (89.7%) did not. However, in the contralateral occult PTC group, there were 11 (40.7%) patients with ETE, the other 16 patients (59.3) did not. The results of the univariate analysis showed that the presence of contralateral occult PTC had a significant association with ETE (p<0.05). Also, the multivariable analysis showed that the presence of ETE (OR = 11.481, 95% CI = 4.231 (40.7%)31.154, p < 0.001) was an independent predictor of contralateral occult PTC (Table 1).

Seven studies analyzed the impact of ETE on contralateral occult PTC (including our new data). This pooled analysis suggested no significant association between ETE and contralateral occult PTC (pooled OR = 1.99, 95% CI = 0.63–6.26, p = 0.24) (Figure 3A).




Figure 3 | Forest plots of the association between contralateral occult PTC and all factors: (A) There was no significant association between ETE and contralateral occult PTC (pooled OR = 1.99, 95% CI = 0.63–6.26, p = 0.24); (B) The risk of capsular invasion was not associated with contralateral occult PTC (pooled OR = 1.20, 95% CI = 0.94–1.54, p = 0.15); (C) There was no significant association between a BRAF mutation and contralateral occult PTC (pooled OR = 1.58, 95% CI = 0.98–2.56, p = 0.06); (D) The risk of HT was not associated with contralateral occult PTC (pooled OR = 0.89, 95% CI = 0.61–1.30, p = 0.54); (E) Compared with patients without a contralateral benign nodule, patients with a contralateral benign nodule had a higher prevalence of contralateral occult PTC (pooled OR = 2.45, 95% CI = 1.20–5.03, p = 0.01).





Capsular Invasion

Five studies addressed the association between the risk of contralateral occult PTC and capsular invasion. This risk factor showed low heterogeneity among the studies (I2 = 30%, p = 0.22). Results from the meta-analyses exhibited that the risk of capsular invasion was not associated with contralateral occult PTC (pooled OR = 1.20, 95% CI = 0.94–1.54, p = 0.15) (Figure 3B).



BRAF Mutation

Six studies analyzed the impact of a BRAF mutation on contralateral occult PTC. The heterogeneity was 52% (p = 0.07). This pooled analysis suggested no significant association between a BRAF mutation and contralateral occult PTC (pooled OR = 1.58, 95% CI = 0.98–2.56, p = 0.06) (Figure 3C).



Hashimoto Thyroiditis (HT)

An association between the risk of contralateral occult PTC and HT was investigated in four studies. Because no statistically significant heterogeneity was detected between the studies (I2 = 0%, p = 0.67), a fixed-effects model was applied to assess the data. The results from the meta-analyses showed that the risk of HT was not associated with contralateral occult PTC (pooled OR = 0.89, 95% CI = 0.61–1.30, p = 0.54) (Figure 3D).



Contralateral Benign Nodule

Three studies estimated the effect of a contralateral benign nodule on contralateral occult PTC. Findings from the pooled analysis suggested that compared to patients without a contralateral benign nodule, patients with a contralateral benign nodule had a higher prevalence of contralateral occult PTC (pooled OR = 2.45, 95% CI = 1.20–5.03, p = 0.01) (Figure 3E).



Lymph Node Metastasis

In our new data results, there were 65 (31.9%) patients who had central lymph node metastasis, 40 (19.6%) patients had lateral lymph node metastasis, and 99 (48.5%) patients without lymph node metastasis. However, in the contralateral occult PTC group, there were 14 (51.9%) patients with CLNM, 8 (29.6) patients with LLNM, and 5 (18.5%) patients without LNM. The results of the univariate analysis showed that the presence of contralateral occult PTC had a significant association with LNM (p<0.05). Also, the multivariable analysis showed that the presence of CLNM (OR = 2.086, 95% CI = 1.246–3.495, p=0.005) and LLNM (OR = 6.765, 95% CI = 1.877–24.380, p=0.003) were independent predictors of contralateral occult PTC (Table 1).

An association between the risk of contralateral occult PTC and CLNM was investigated in six studies. The heterogeneity was high (I2 = 88%, p < 0.00001), and the results from the meta-analyses showed that the risk of contralateral occult PTC was significantly higher in patients with CLNM than patients without CLNM (pooled OR = 2.80, 95% CI = 1.35–5.81, p = 0.006) (Figure 4A).




Figure 4 | (A) The risk of contralateral occult PTC was significantly higher in patients with CLNM than patients without CLNM (pooled OR = 2.80, 95% CI = 1.35–5.81, p = 0.006); (B) There was no significant association between LLNM and contralateral occult PTC (pooled OR = 3.99, 95% CI = 0.81–19.67, p = 0.09).



There were three studies that analyzed the impact of LLNM on contralateral occult PTC. The analysis suggested no significant association between LLNM and contralateral occult PTC (pooled OR = 3.99, 95% CI = 0.81–19.67, p = 0.09) (Figure 4B).




Discussion

Thyroid cancer has been the most rapidly increasing cancer over the past few decades in many countries. PTC comprises 90% of all thyroid malignancies and has an excellent prognosis with conventional therapies, such as surgery and radioactive iodine therapy. According to the latest ATA guidelines, TT is recommended for patients with a tumor > 4 cm, gross maximal ETE (T4), cervical lymph node metastasis, or distant metastasis. In addition, TL is endorsed as an initial surgical approach for low-risk, small- to medium-sized (T1-T2), N0 PTC in the absence of ETE (10). Considering that TT is associated with an increased risk of complications, such as vocal cord palsy and hypoparathyroidism (3, 21), TL may be sufficient for unilateral PTC with tumors < 4 cm and without ETE or clinical evidence of lymph node metastasis. There is no disagreement to performing TT for tumors detected preoperatively in bilateral lobes. However, when unilateral lobectomy is performed for patients with contralateral occult PTC, occult foci would lead to local recurrence and cervical lymph node metastasis and even re-operation, which is related to higher surgical risks compared with primary surgery (22, 23). Hence, we attempted to identify the risk factors for contralateral occult carcinoma to help select high-risk patients with occult carcinoma who would benefit from more extensive treatment.

Among patients with PTC, male patients have higher rates of ETE, regional lymph node, and distant metastasis, and mortality than female patients, regardless of age (24). Liu et al. reported that the male gender is an independent poor prognostic factor for all PTCs, and more aggressive treatment options should be considered for men (25). However, our pooled data showed that sex is not associated with the occurrence of contralateral occult PTC. Thus, there is no need to consider expanding the scope of lymph node dissection due to sex differences.

The biology of PTC is highly dependent on age, with young patients outperforming older patients in terms of survival (26). The previous guideline for thyroid cancer used 45 years as the cutoff age, and 55 years was the cutoff age used since 2017 (27). Thus, inclusion of a few of the literatures that used the previous guideline standard was inevitable. We set up two forest figures to suit two different cutoff values. Considering the effect of age on PTC’s biological activity, older patients whose PTC might more malignant, contralateral occult PTC might more likely to happen. However, the results of meta-analysis showed that regardless of whether the age cutoff value is 45 or 55 years, it did not affect the occurrence of the contralateral occult PTC. However, there were only two studies (included in our new data) that regarded 55 years as the cutoff age, and the OR value was higher than the 45 years cutoff age. Therefore, after expanding the sample size, this difference may become more significant.

Tumor size is the first factor evaluated for the biological characteristics of PTC because it is easily measured by preoperative US. The relationship between the size of the tumor and the presence of contralateral occult carcinoma remains controversial. It was concluded that tumor size is an independent predictor of bilaterality in PTC patients (28, 29). This is consistent with our new results. However, Pitt et al. examined a cohort of 228 patients and reported a rate of contralateral PTC for patients with primary tumors ≥1, <1, and <0.5 cm (30%, 26%, and 27%, respectively; nonsignificant p-value for all) (30). Combining the results of our meta-analysis, we suspected that Pitt’s results are limited by sample size. We suggest that researchers should perform a larger cohort study to clarify this problem.

Multifocality is a unique feature of PTC, and the rate of multifocality is reported to be 20% to 30% (31, 32). It was reported that increased tumor number is associated with higher rates of capsular invasion, ETE, and lymph node metastasis (33). A recent meta-analysis showed that multifocality in thyroid cancer increases the risk of disease recurrence (hazard ratio = 2.81; 95% CI = 1.07–7.36; p < 0.001) (34). What is more, Yoon et al. identified that multifocal tumors in the unilateral lobe have a high risk of bilateral carcinoma (9). Therefore, aggressive treatment, such as total thyroidectomy, central neck dissection, or postoperative radioactive iodine ablation, is suggested as the adequate treatment for multifocal PTCs. Our meta-analysis showed that patients with ipsilateral multifocal tumors have a 5.6-fold more contralateral occult PTC than patients with single-tumor foci. Thus, we strongly recommend patients with multifocality to pay attention to the presence of contralateral occult PTC.

An ETE is defined as an extension of the primary tumor beyond the thyroid capsule into the perithyroidal soft tissues, strap muscles, and adjacent structures (35). ETE is a well-known and significant factor for poor prognosis. It was reported that patients with ETE have a lower 10-year survival rate (75.2%) and a lower 10-year disease-specific survival rate (84.2%) (36). Also, Feng et al. reported that ETE is more commonly found in bilateral PTC than unilateral PTC (20.2% vs. 11.4%, p = 0.016) (37). Therefore, it is conjectured that ETE would be a risk factor for contralateral concealed PTC, and our retrospective research also got the same results. However, this was not the case. The meta-analysis results showed that there was no association between ETE and contralateral occult PTC. We considered that the reason is that the ETE (+) patients’ number was insufficient, ETE (+) patients accounted for about 7% to 37% of the total number in every study. This led to greater heterogeneity. What is more, the two studies with OR value <1 (from Gu et al. and Wang et al. respectively) had a percentage <10%. Less ETE (+) patients included, greater heterogeneity was important factor for the effect of ETE to contralateral occult PTC. Therefore, we suggest that researchers should perform a more perfect cohort study to get more credible conclusions.

In encapsulated thyroid neoplasms, the presence of capsular invasion is the most important criterion for separating benign neoplasms from malignancy. Currently, capsular invasion is defined in major guidelines as complete penetration of tumor capsules by neoplastic cells (38). Capsular invasion is not rare and has been reported from 9.9% to 26.8% of PTC (39). It was reported that capsular invasion is more common in patients with multifocal PTC and is related to tumor recurrence (33, 40). In our meta-analysis results, there is no connection between capsular invasion and contralateral occult PTC.

BRAF is a cytoplasmic protein kinase, and it is the main subtype of RAF kinase that could trigger tumorigenesis through the activation of the MAPK pathway. PTC patients with a BRAF mutation are associated with a higher risk of unfavorable clinicopathological characteristics (41). A study of 2,048 patients showed that a BRAF mutation is an independent risk factor for bilateral multifocal PTC (OR = 1.233, 95% CI = 1.063–1.431, p = 0.006) (42). However, we found no association between BRAF mutation and contralateral occult PTC. This may be because of the coexistent benign nodules in the contralateral lobe that could have affected the observed rate of contralateral occult carcinoma. The more useful reason may be the limited sample size; we considered that if there is an expanded sample size, the results would be reversed.

HT is the most common autoimmune thyroid disease. It causes the immune system to attack and destroy the thyroid gland and is the most common cause of primary hypothyroidism and nonendemic goiter. Liang et al. reported that PTC patients with HT have a higher rate of multifocality (p = 0.024) than patients without HT (42). This meta-analysis results showed no relation between HT and contralateral occult PTC.

Among the patients with unilateral PTC, a portion of them had contralateral thyroid nodules. A study of 1,442 patients reported that 667 (46.95%) patients with contralateral benign nodules were ultimately confirmed to be PTC (19). The therapeutic strategy for patients in this situation is controversial and challenging. Our data demonstrate that patients with contralateral benign nodules have increased contralateral occult PTC. This result may be because some small foci masked by a benign nodule in the contralateral lobe could lead to incorrect assessment during preoperative US or FNA. Therefore, we suggest that surgeons should evaluate the huge possibility of the presence of contralateral occult carcinoma in PTC patients with contralateral thyroid nodules and to deal with it more actively.

Multifocality might occur through the spread of an original tumor via intraglandular lymphatics. Cancer cells can cause metastasis to the contralateral gland through lymphatic dissemination, as well as lymph node metastasis. It is well established that PTC has a strong propensity for lymph node metastasis. Lymph node metastasis in PTC follows a predictable pattern. Most commonly, tumor cells metastasize to the central lymph node, followed by those of the lateral lymph node. Rarely, some patients develop LLNM in PTC without CLNM (43). It was reported that multifocality increases the risk of CLNM (44). However, the role of multifocality in LLNM remains a topic of debate (43, 45). Our results showed that patients with CLNM have more contralateral occult PTC but no significant relationship between LLNM and contralateral occult PTC. This might be because only three studies evaluated LLNM, and we considered that the result would be reversed by bringing in a large sample size research.

There are some limitations to this study. First, all of the studies were conducted in Asian countries. Second, most of the pooled studies were not prospective or randomized case-control trials. Third, the number of included studies was limited, which might have affected the results of our study, especially the risk factor analysis.



Conclusion

The meta-analysis demonstrates the following risk factors for contralateral occult PTC: tumor size > 1 cm, ipsilateral multifocality, contralateral benign nodule, and CLNM. Sex, age, ETE, capsular invasion, BRAF mutation, HT, and LLNM do not affect contralateral occult PTC. Overall, although TT presents complications, the operation should be evaluated and implemented more actively when ≥ 1 risk factor is found in patients with PTC.
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Background

Recurrent nodal disease often occurs in recurrent laryngeal nerve inlet zone (RLNIZ), leading to difficult surgical management.



Methods

Medical records of 947 patients with PTC and 33 patients with recurrent PTC were retrospectively reviewed. Totally 169 sides of RLNIZ dissection in 152 patients (17 cases were bilateral and 135 cases were unilateral) with primary surgery and 4 patients with structural recurrent disease were included for the analysis.



Results

The rate of lymph node metastasis in RLNIZ was 31.3% (47/150). The incidence of transient hypoparathyroidism was 5.9% and no RLN injury and permanent hypoparathyroidism occurred. RLNIZ lymph nodes metastasis (LNM) was significantly associated with age <45 years, larger tumor size, number of CNLNM, and lateral node metastasis. CNLNM and lateral node metastasis were independent risk factors for RLNIZ LNM. Recurrent nodal disease in RLNIZ was identified in four of 33 patients and permanent recurrent laryngeal nerve (RLN) injury was observed in one of four patients.



Conclusion

Lymph nodes in RLNIZ are usually involved in patients with heavy tumor burden and can be removed safely at initial surgery. Once central or lateral LNM was confirmed preoperatively or intraoperatively, RLNIZ lymph node dissection should be carefully performed to reduce the rate of structural recurrence in the central compartment.





Keywords: papillary thyroid cancer, recurrent laryngeal nerve inlet zone, lymph nodes metastasis, recurrent nodal disease, neck dissection 



Introduction

Papillary thyroid cancer (PTC) is an indolent malignant tumor with low mortality. Central lymph node metastasis has been reported in approximately 31.5–50% of patients with PTC at initial surgery (1–4). In spite of low mortality, 3–7.9% of patients have loco-regional recurrence within 5 years after initial surgery (5–9). Of these patients, structural recurrence in the central compartment accounts for 20–55.6% of all loco-regional recurrences (4, 7, 9–11). This proportion of early nodal recurrence reflects the inadequacy of initial surgical management (12, 13). Surgical reintervention for central compartment recurrences especially for RLN inlet region is more challenging and may substantially increase the risk of recurrent laryngeal nerve (RLN) injury as well as permanent hypoparathyroidism. The latter results from tissue scarring, and disruption of normal anatomy may lead to an overall reduced quality of life for the survivor (11).

Clayman et al. (14) reported precise locations of recurrent lymph nodes within the central compartment and that 22.4% (47/210) of patients with recurrent disease had metastatic nodal disease in the RLN inlet. Such patients had high risk for treatment. However, this study did not have a clear definition of region for metastatic nodal disease in RLN inlet. The RLN inlet is closely surrounded by the thyroid gland, esophagus, trachea and cricoid cartilage, which form a latent space adjacent to RLN inlet, named RLN inlet zone (RLNIZ). RLNIZ belongs to paratracheal subregion of central compartment and lacks adipose tissue. Lymph nodes in RLNIZ are small and uncommon. Although lymph nodes in RLNIZ are part of paratracheal lymph nodes, these lymph nodes may be easily omitted during surgery or may be intentionally overlooked for concerns of RLN and parathyroid gland injury. Detailed investigation of lymph node metastasis in RLNIZ would provide crucial information for optimizing the initial surgical intervention. However, there is limited evidence focused on metastatic nodal disease in RLNIZ in patients with PTC.

This study aims to explore the prevalence and characteristics of metastatic lymph nodes in RLNIZ in patients with PTC at primary surgery and to determine the surgical management of patients with structural recurrence at RLNIZ.



Methods And Study Patients


Patients

We retrospectively reviewed the medical records of 947 patients with PTC and 33 patients with recurrent PTC between July 1, 2017 and June 30, 2018 in the Department of Thyroid Surgery and Department of Otorhinolaryngology-Head & Neck Surgery at the Affiliated Yantai Yuhuangding Hospital of Qingdao University. Recurrence was determined by fine-needle aspiration biopsy in all 33 patients with previous history of surgery for PTC. Structural recurrent disease in RLNIZ was evaluated by CT scan preoperatively and confirmed by histopathological examination postoperatively. Ipsilateral central neck dissection (CND) was performed routinely in all patients with PTC at primary surgery. Patients with pathological examination of tissues in RLNIZ removed separately were included in the study. This cohort is comprised of 152 patients who underwent primary surgery for PTC and four patients with structural recurrent disease in RLNIZ. The study protocol was approved by the Committee of Ethics in Research of our institution.



Anatomy of RLNIZ

RLNIZ refers to the convergence area of important anatomical structures related to the thyroid surgery including RLN, Berry ligament, branches of inferior thyroid artery that enter the thyroid lobe near the RLN inlet and superior parathyroid gland (SPG). In this region, Berry ligament firmly anchors the thyroid gland to the trachea and then forms a latent space lacking adipose tissue. The boundaries of RLNIZ are: cricoid cartilage, located superiorly; the upper part of trachea, located medially; and the lateral side of thyroid gland, located laterally. There is no clear inferior boundary of RLNIZ due to the variability of the horizontal segment of inferior thyroid artery traversing RLN. Therefore, based on the anatomical structures and the difficulty of surgical intervention, we defined RLNIZ as a 1-cm radius space around RLN inlet for the purpose of this study (Figure 1).




Figure 1 | The region of RLNIZ. Green line showed the region of RLNIZ needed to be dissected during surgery.





Surgery Strategies and Removal of RLNIZ Lymph Nodes

The surgery strategies for PTC were selected according to the guidelines in China as follows: Unilateral thyroidectomy plus isthmectomy was performed for unilateral PTC. Total thyroidectomy was performed for bilateral PTC or unilateral PTC with tumor size over 4 cm. Prophylactic central neck dissection (CND) was routinely performed on the tumor side. Lateral neck dissection was performed when metastatic lymph nodes on the lateral neck were confirmed preoperatively by fine needle aspiration biopsy and wash-out thyroglobulin (Tg) or by intraoperative frozen biopsy.

CND was performed after thyroidectomy. Removal of RLNIZ lymph nodes was performed under a direct vision of RLN as the final step of CND. RLNIZ was meticulously dissected and explored during primary surgery. Any tissue identified was deliberately removed, labeled as the RLNIZ lymph nodes and sent for paraffin pathology examination separately. In patients with recurrence disease, RLNIZ dissection was only performed with the confirmation of structural recurrence in RLNIZ by preoperative ultrasonography and/or enhanced CT scan in order to decrease the risk of RLN injury. All the surgeries were performed by high-volume surgeons.



Data Collection and Statistical Analysis

As RLNIZ dissection was performed bilaterally in some patients with bilateral PTC, the clinicopathological data were collected for analysis based on the sides of RLNIZ removal rather than the number of patients. SPSS v. 20.0 (SPSS, Inc., Chicago, IL, USA) was used for all statistical analyses. Categorical variables were tested with Chi-square test or Kruskal–Wallis test. Continuous variables were analyzed using the Student’s t-test or Mann–Whitney U test. Characteristics found to be significantly different between groups in the univariate analysis were included in the multivariate logistic regression analysis. Differences were considered significant when P <0.05.




Results


Characteristics of Patients Who Underwent Primary Surgery

Unilateral RLNIZ dissection was performed in 135 patients, and bilateral RLNIZ dissection was performed in 17 patients with bilateral PTC. Thus, totally 169 sides of RLNIZ dissection were performed in 152 patients. Of these patients, 83 (54.6%) were found to have central neck lymph node metastasis (CNLNM). Of 169 sides that had RLNIZ removed, thirteen (7.7%) were merely fibrous adipose tissue, nine (5.3%) had thyroid tissue, and three (1.8%) were confirmed as parathyroid glands by histopathology. Lymph nodes in RLNIZ were harvested in 150 sides of 136 patients (Table 1). Metastatic disease to RLNIZ was observed in 47 out of 150 sides (31.3%). The median number and size of lymph nodes in RINIZ was 1 (range: 1–4) and 0.25 cm (range: 0.1–0.6 cm), respectively. Of the 150 sides of RLNIZ, eight (5.3%) had only RLNIZ lymph node metastasis in the central compartment.


Table 1 | Clinical characteristics of patients with primary surgery for PTC who had lymph nodes in RLNIZ.



Univariate analysis was performed between the group with (n = 47) and without (n = 103) RLNIZ lymph node metastasis. Metastatic disease to RINIZ was associated with age<45 years (66.0 vs. 30.1%, P < 0.001, larger tumor size (1.2 ± 0.8 vs. 0.8 ± 0.5, P = 0.005), number of CNLNM (6.1 ± 4.7 vs. 1.1 ± 2.1, P < 0.001) and lateral node metastasis (38.3 vs. 2.9%, P < 0.001) as shown in Table 1. There were no significant effects of sex, tumor location, thyroiditis, capsular invasion, and BRAFV600E mutation. Multivariate analyses showed a statistically significant difference in age<45 years (P = 0.014), number of CNLNM (P < 0.001), and lateral node metastasis (P = 0.019) as shown in Table 2.


Table 2 | Multivariable analysis of RLNIZ lymph node metastasis in patients with primary surgery for PTC.



Of these 152 patients, no RLN injury or permanent hypoparathyroidism was observed. Temporary hypoparathyroidism occurred in nine out of 152 patients (5.9%). Nine patients with total thyroidectomy and lateral neck dissection were treated with adjuvant radioactive iodine (RAI) postoperatively. The median follow-up time was 16 months (range, 12–28), no recurrent disease was found by US or serum Tg.



Characteristics of Patients With Recurrent Disease in RLNIZ

During this study period, recurrent disease in RLNIZ was found in four of 33 patients (12.1%) as shown in Table 3 and Figure 2. The information of the primary tumors of those four patients was unknown because their initial surgery for PTC was performed in other institutions. Recurrent disease in RLNIZ was examined by enhanced CT scan and confirmed by histopathological examination after surgery. In case 1 (Figure 2A), recurrent disease in RLNIZ was the major finding by preoperative ultrasonography. Permanent RLN injury occurred in one of four patients (25%). No temporary RLN paralysis or hypocalcemia was noted. RAI was given to those four patients; none of them showed any evidence of recurrent disease during the follow-up period.


Table 3 | Characteristics of patients with recurrent nodal disease in RLNIZ.






Figure 2 | Recurrent nodal disease in RLNIZ diagnosed by enhanced computer tomography. (A) Recurrent nodal disease in RLNIZ in case 1. (B) Residual thyroid tissue in RLNIZ without tumor foci. (C) Recurrent nodal disease and residual thyroid tissue with tumor foci in RLNIZ in case 4. Red arrowhead: recurrent nodal disease; red arrow: residual thyroid tissue. RLNIZ, recurrent laryngeal nerve inlet zone.






Discussion

RLNIZ, a convergence zone of several important anatomical structures, is a region often involved with recurrent nodal disease of PTC that is difficult to manage because of the dense adhesion (14, 15). To the best of our knowledge, RLNIZ is defined based on a surgical experience, and the standardized definition remains lacking. However, surgeons should pay more attention to this region of primary surgery to reduce the risk of RLN injury, as this region may have surgeons perform subtotal thyroidectomy or unintentionally neglect small lymph nodes. In this study, we referred to RLNIZ as a 1-cm radius space around RLN inlet for several reasons. First, there is no clear inferior boundary of RLNIZ due to the variability of the horizontal segment of inferior thyroid artery traversing RLN; second, there are constant small vessels that enter the gland within 1 cm region near the RLN inlet, and bleeding usually occurs in this region when dissecting RLN and excising lymph nodes; and third, small gland and lymph nodes are usually left in the 1-cm radius space due to concern for RLN injury. Given that recurrent nodal disease in RLNIZ is not rare (14), more attention should be paid to the dissection of lymph nodes in RLNIZ for primary surgery.

Our results found that lymph nodes in RLNIZ were detected in 89.5% (136/152) of patients with PTC at initial surgery. Of the 150 RLNIZ sides removed, the incidence of RLNIZ LNM was 31.3%, which was not rare. The metastatic rate of lymph nodes in RLNIZ was lower than that (46.84%) reported by Tian et al. (15), which might be due to the different definitions of RLNIZ (0.5 cm from the outer edge of the lymph node to the RLN entrance point by Tian et al.) and sample sizes between the studies. The common locations of lymph nodes in RLNIZ were shown in Figure 3. As for the patients with recurrent disease in the central compartment, the rate of recurrent disease to RLNIZ was 12.1%.




Figure 3 | The common locations of lymph nodes in RLNIZ. (A) Lymph node located medially to the RLN inlet; (B) small lymph node located laterally to the RLN inlet; (C) lymph node located far from RLN inlet due the traction; (D) lymph node and SPG located closely to each other at RLNIZ. White arrow: lymph nodes in RLNIZ; black arrow head: RLN; white arrowhead: superior parathyroid gland. RLNIZ, recurrent laryngeal nerve inlet zone; RLN, recurrent laryngeal nerve; SPG, superior parathyroid gland.



More importantly, RLNIZ LNM was correlated with several poor prognostic factors, including larger tumor size, increased number of CNLNM, and lateral node metastasis. Thus, it means that lymph nodes in RLNIZ were usually involved in patients with heavy tumor burden. Given that metastatic lymph nodes in RLNIZ were usually too small to be detected preoperatively at primary surgery, the abilities of those related risk factors predicting RLNIZ LNM were studied. As shown in Table 4, patients with CNLNM and lateral node metastasis were respectively 4.8 and 3.8 times more likely to suffer from RLNIZ LNM. In addition, RLNIZ LNM was also associated with age less than 45 years. This result agreed with that of a study by Wang et al. (16) which showed an increased lymph node positivity among young patients with PTC. Although older age was considered as a high risk factor for decreased cancer-specific survival, patients younger than 45 years had worse outcomes than older patients within stage II (AJCC staging protocol) (17). Those results indicated that RLNIZ LNM would more likely occur in patients with PTC who suffer heavy disease burden, especially in patients younger than 45 years. Therefore, more attention should be paid to the dissection of lymph nodes in RLNIZ to reduce the risk of structural recurrence in the central compartment in those patients.


Table 4 | Ability of age<45 years, tumor size>1 cm, potential CNLNM and lateral nodes metastasis to predict RLNIZ lymph nodes metastasis.



It must be noted that RLNIZ dissection may be deliberately omitted by un-experienced surgeons in attempt to reduce the morbidity of RLN and parathyroid gland injury. A study by Zhang et al. (18) showed that the major mechanism of RLN injury was thermal injury, at a distal 1-cm below the inlet of RLN, during thyroidectomy. Liu et al. (19) reported that excessive stretch of thyroid lobe played an important role in RLN injury near the entry point of RLN, whereas, RLN injury in this region usually occurred in the procedure of thyroidectomy rather than lymph nodes dissection. In our cohort, no RLN injury during primary surgery was observed. Hypoparathyroidism should alarm the surgeon in the procedure of RLNIZ dissection. About 80% of SPGs were generally located within a 2-cm region about 1 cm above the crossing point of RLN and inferior thyroid artery, which could be easily identified and then protected (20). Rodrigues et al. (21) reported that 11.1% right SPG were located medially to RLN. Hence, some of SPGs can be found in RLNIZ (Figure 3D), which are more difficult to protect. In our cohort, 1.8% of SPGs were inadvertently removed during RLNIZ dissection, which may add to the risk of permanent hypothyroidism in patients undergoing bilateral CND. Transient hypoparathyroidism occurred in nine of 152 patients (5.9%), and no permanent hypoparathyroidism was noted after the primary surgery. Therefore, RLNIZ dissection can be performed safely by experienced surgeons at initial surgery.

In order to evaluate the significance of RLNIZ node metastasis, we included patients with recurrence disease in the same period time of the study because of the relatively indolent biological behavior of PTC which needed a long period of follow-up. In our cohort, the rate of recurrence of nodal disease in RLNIZ was 12.1%, which was not rare. Vocal cord paralysis was a major concern in those patients who needed a surgical reintervention in the central compartment. About 2–17.8% permanent RLN injury occurs in CND revision (11, 14). In our cohort, one of four patients (25%) with structural recurrence in RLNIZ suffered permanent vocal cord paralysis after reintervention for CND. Tian et al. (15) reported two cases of structural recurrence in RLNIZ, and both resulted in hoarseness after reoperation. Management of recurrent disease in RLNIZ requires meticulous dissection of the RLN. Intraoperative RLN monitoring could aid in nerve identification and protection (22). Given the tight adhesion and fibrosis in RLNIZ, only when recurrent nodal disease in RLNIZ is diagnosed preoperatively should RLNIZ dissection be performed in order to decrease the risk for iatrogenic RLN injury. Surgical approach from the lateral side of strap muscles may be optimal to access the RLNIZ.

Although no hypoparathyroidism was observed in the four patients undergoing reintervention in our study, hypoparathyroidism is still a potential complication in revised CND. The incidence of temporary and permanent hypoparathyroidism in reinterventions is reported to be 46.3–60% and 2–4.6%, respectively (11, 23). Since SPG is located near RLNIZ and is vulnerable to injury during removal of recurrent disease in RLNIZ, only recurrent disease or suspected lymph nodes in RLNIZ should be excised to decrease the risk of permanent hypoparathyroidism, on the premise that SPG may not be identified intraoperatively. When SPG is identified or auto-transplanted intraoperatively, any adipose tissues in or near RLNIZ should be excised radically.

In the evaluation of structural recurrence in RLNIZ, it is difficult to distinguish between residual thyroid tissue from metastatic lymph nodes (Figure 2B). Usually, thyroid remnants in RLNIZ were left by some surgeons with the purpose of reducing the morbidity of RLN injury at initial surgery. However, the presence of thyroid remnants is a substantial risk factor for predicting central compartment recurrence after salvage CND (14). In patients undergoing reintervention, 88.6% of thyroid remnants contained residual malignancy (14), which may add to the risk of metastatic disease to RLNIZ (Figure 2C) and invasion to RLN (11). Thus, given that the incidence of residual malignancy is high in the patients undergoing reintervention, total thyroidectomy of a lobe should be performed with the assurance of surgical safety.

This study has some limitations. Firstly, this is a retrospective study with relatively small sample, which might bias the findings of the current study. Secondly, the follow-up time was relatively short to precisely evaluate the effect of RLNIZ dissection on the recurrence of PTC after initial surgery. Thus, a larger well-designed prospective study with longer follow-up should be performed to further confirm the significance of RLNIZ dissection in PTC. Thirdly, the relationship between RLNIZ LNM and pathological subtype of PTC was not evaluated since such data could not be obtained from the pathology reports of these study patients. Highly invasive subtypes of PTC may contribute to the accuracy of the analysis for the relationships between RLNIZ LNM and clinicopathological factors. Fourthly, as the information of primary tumors of four patients with recurrent disease in RLNIZ was unknown, the correlation between primary tumor and recurrent nodal disease in RLNIZ could not be evaluated. Lastly, the number of patients with recurrent PTC disease admitted to our institution was small which may explain the lower rate of the recurrent disease in RLNIZ compared to results by Clayman et al. (14). This may lead to undervaluation of the morbidity of complications when reinterventions are needed for recurrent disease in RLNIZ.

In summary, this study provided valuable information regarding the involvement of RLNIZ lymph nodes in patients with PTC at initial surgery. Although the lymph nodes in RLNIZ adjacent to important anatomical structures such as RLN and SPG, RLNIZ dissection can be performed safely by experienced surgeons. The study results suggest that RLNIZ LNM is associated with several poor prognostic factors, and CNLNM and lateral node metastases were highly predictive of RLNIZ LNM. This is helpful for surgeons in optimizing the extent of CND at initial surgery in the patients with heavy tumor burden with a goal of reducing recurrence rate. Structural recurrent disease in RLNIZ is of substantial risk for RLN injury which may be avoided by intentional RLNIZ dissection at initial surgery. Studies with long-term follow-up are needed to affirm conclusions on outcomes and prognosis.
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Sensitivity Specificity PPV NPV LR+ LR-
Age<45 years 50 81.8 66 70 27 0.6
Tumor size >1 cm 44.1 76.9 55.3 68 19 07
Further CNLNM* 51.3 89.2 83 64.1 4.8 0.8
Lateral nodes metastasis 85.7 77.5 38.3 97.1 3.8 02

RLNIZ, recurrent laryngeal nerve inlet zone; CNLNM, central neck lymph nodes metastasis.
PPV, positive predictive value; NPV, negative predictive value.

LR+, positive likelihood ratio; LR-, negative likelihood ratio.

*Patients with only metastatic disease to RLNIZ in central compartment were excluded.
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Case Age/
number sex

1 59/F
2 59/M
3 46/F
4 16/M

Time to
relapse

6 years
2 years
10 years

6 months

Surgery

Left CND; Left LND

Bilateral CND; Right LND;

Bilateral CND; Bilateral LND; Parapharyngeal lymph
nodes dissection

Residual thyroidectomy; Bilateral CND; Bilateral LND

Location and size of recurrent nodal disease
in RLNIZ

Left 1.9 x 1.0 cm
Left 0.9 x 0.7cm
Right 0.5 x 0.5 cm

Left 0.7 x 0.5cm

RLNIZ, recurrent laryngeal nerve inlet zone; CND, central neck dissection; LND, lateral neck dissection; F, female; M, male.

Complications

No

No

Right vocal cord
paralysis

No
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Characteristics OR 95% CI {4

Age<45 years 0.274 0.097-0.771 0.014
Tumor size 1.343 0.613-2.944 0.462
No. of CNLNM 1.674 1.363-2.072 <0.001
Lateral nodes metastasis 7122 1.383-36.668 0.019

RLNIZ, recurrent laryngeal nerve inlet zone. OR, odds ratio; Cl, confidence interval.
CNLNM, central neck lymph nodes metastasis.
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Variables CLNM (+) CLNM () Univariate analysis Multivariate analysis

n=71% n=75% 0Odd ratio (95% CI) P-value 0dd ratio (95% CI) P-value
Sex

Female 64(83.1) 72 (96.0) 1 (reference) 1 (reference)

Male 13(16.9) 3(4.0) 4.88(1.33-17.89) 002 622 (1.43-27.10) 0.02
Age, Years

<40 27 35.1) 9(12.0) 7.2 (2.29-23.22) 0.00 9.94 (2.79-35.44) 0.00
40-54 43(55.8) 49(65.3) 2.13(0.81-5.63) 0.13 265 (0.92-7.65) 0.07
=55 701 17 (22.7) 1 (reference) 1 (reference)

Bilateral

Yes 36 (46.8) 29(38.7) 1.39(0.73-2.66) 1.51(0.65-3.52)

No 41(63.2) 46(61.3) 1 (reference) 031 1 (reference) 034
Multifocality

Yes 32(41.6) 25(33.3) 1.42 (0.73-2.75) 1.720.71-4.18)

No 45 (58.4) 50 (66.7) 1 (reference) 030 1 (reference) 0.23
Location of tumor with SMI

Upper third 17 (22.1) 22(20.8) 1 (reference) 1 (reference)

Midde third 33(42.9) 30 (40.0) 1.42 (0.64-3.18) 039 1.31(0.52-3.26) 057
Lower third 27 (35.0) 23(30.7) 1.52 (0.65-3.53) 033 1.87 (0.73-4.76) 0.19
LTD (mm)

<10 22(286) 27(36.0) 1 (reference) 1 (reference)

>10 56 (71.4) 48 (64.0) 1.41(0.71-2.78) 033 2.08 (0.92-4.49) 0.08
HT

Yes 30(39.0) 25(333) 1.28 (0.66-2.48) 1.44(0.68-3.02)

No 47 (61.0) 50 (66.7) 1 (reference) 0.47 1 (reference) 0.34

CLNM, central lymph node metastasis; PTC, papillary thyroid carcinoma; SMI, strap muscle invasion; LTD, largest tumor diameter; HT, Hashimoto's thyroi
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Variables Large volume CLNM ‘Small volume CLNM Univariate analysis Multivariate analysis

n=18% n=134,% Oddratio (95% Cl) ~ P-value  Oddratio (95% Cl)  P-value
Sex

Female 14 (77.8) 122 (91.0) 1 (reference) 1 (reference)

Male 4(222) 12(9.0) 2.90 (0.82-10.24) 0.10 2.30(0.59-8.93) 023
Age, Years

<40 7389) 29(21.6) 067 (0.16-2.73) 057 063 (0.15-2.76) 054
40-54 8 (44.4) 84(62.7) 1.69 (0.39-7.31) 0.48 1,67 (0.34-7.18) 0.56
255 3(16.7) 21(157) 1 (reference) 1 (reference)

Bilateral

Yes 11(61.1) 57 (42.5) 1.08 (0.40-2.91) 1.94(0.56-6.72)

No 7389) 77(575) 1 (reference) 088 1 (reference) 030
Multifocality

Yes 6(33.3) 51(38.1) 081 (0.29-2.30) 067 (0.19-2.39)

No 12 (66.7) 83(61.9) 1 (reference) 0.70 1 (reference) 054
Location of tumor with SMI

Upper third 4(22) 35(26.1) 1 (reference) 1 (reference)

Middle third 8 (44.4) 55 (41.1) 1.27 (0.36-4.55) 0.71 1.30(0.33-5.05) 0.71
Lower third 6(33.3) 44(32.8) 1.19 (0.31-4.56) 0.80 1.23(0.31-5.00) 077
LTD (mm)

<10 7(389) 42(313) 1 (reference) 1 (reference)

>10 11(61.1) 92 (68.7) 072 (0.26-1.98) 052 0.70 (0.23-2.11) 053
HT

Yes 5(7.8) 50(37.3) 065 (0.22-1.92) 0,65 (0.21-2.00)

No 13 (72.2) 84 (62.7) 1 (reference) 0.43 1 (reference) 045

CLNM, central lymph node metastasis; PTC, papillary thyroid carcinoma; SM, strap muscle invasion; LTD, largest tumor diameter; HT, Hashimoto's thyroiditis.
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Variables N =152 (%)

Sex

Female 136 (89.5)
Male 16(105)
Age, Years 469+£95
<40 36/(23.7)
40-54 92 (60.5)
255 24(15.8)
Bilateral

Yes 65 (42.8)
No 87(57.2)
Location of tumor

Solitary tumor 95 (62.5)
Upper third 29(30.5)
Middle third 37 (38.9)
Lower third 29(30.5)
Multifocal tumor 57(37.5)
In both lobes 42 (73.7)
In one lobe 15 (26.3)
LTD (cm) 14407
HT

Yes 55(36.2)
No 97 (63.8)
CLNM

Yes 77 (60.7)
No 75 (49.3)
Metastatic CLN 312201
Removed CLN 7334445

Categorical variables are presented as number (%, percentage). Continuous variables
are presented as the average  standard deviation. PTC, papillry thyroid carcinoma;
LD, largest tumor diameter; HT, Hashimoto's thyroiditis; CLNM, central lymph node
metastasis; CLN, central lymph node.
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Methylation site Palue
921328082 349869
10081439 1.19E-46
909310966 507626
906196379 042622
cq18505453 416611
903843170 214805
cgO4451353 1.90-02
cg17430214 NA

NA, Not applicable.
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Patients (n = 203)

Nodule size, mm (range) 5829 (0.5-10)
Thyroid weight, g (range) 321+ 26.7 (8-164)
Histotype

PTC 182 (62.1%)
FV-PTC 63 (21.5%)

Tall cell carcinoma 48 (16.4%)
Extrathyroidal extension 23(7.8%)
Multicentric carcinoma 97 (33.1%)
Angioinvasive carcinoma 19 (6.5%)
Lymph node yield (range) 43:+48(1-33)
Lymph node size, mm (range) 0.7 +£0.4 (0.4-21)
Lymph node metastasis 40 (13.7%)
Unexpected lymph node metastasis* 29 (9.8%)
Number of involved LN per patient'” (range) 25:+2.4(1-12)
Lymph node ratio** (range) 0.49 + 0.32 (0.06-1)
Extranodal extension 4(1.4%)

PTG, papillry thyroid carcinoma; FV-PTC, follcular variant of PTC.
*Pathological dlagnosis of lymph node metastasis that was unsuspected at preoperative
US examination.

‘Calculated on 40 patients with lymph node metastasis.
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Male sex
Age <45
Hyperthyroidism
Autoimmune thyroicitis
Nodule size >6mm
Thyroid weight
Histotype

PTG

FV-PTC

Tall cell carcinoma
Extrathyroidal extension
Multicentric carcinoma

Angioinvasive carcinoma

PTC, papillary thyroid carcinoma; FV-PTC, follicular variant of PTC. Bold values indicates statis

pNO
(n=253)

51(20.2%)
92 (36.4%)
38 (15%)
160 (63.2%)
119 (47%)
31.4+£324

164 (64.8%)
56 (22.1%)
33 (13%)
14 (5.5%)
80 (31.6%)
10 (4%)

Univariate analysis

PN1 (n = 40)

10 (25%)
23(57.5%)
6(15%)
15 (37.5%)
31(77.5%)
367257

18 (45%)
7 (17.5%)
15 (37.5%)
9(22.5%)
17 (42.5%)
9(22.5%)

p-value

0.6232
0.0178
0.8142
0.0036
0.0006
0.2381
0.0005

0.0006
0.2388
<0.0001

Regression coefficient

1.17840

0.84531
-0.93025

1.000
0.26498
1.24895
1.29263

1.26005

ically significant,

Odds ratio

3.2492

0.3488
3.8786

1.000
1.3034
3.4797
3.6420

3.4906

Multivariate analysis

95% CI

1.4531-7.2665

0.1751-0.6948
1.7742-8.4791

Reference
0.4762-3.5678
1.3980-8.6610

1.2302-10.7826

1.1117-10.9595

p-value

0.0041

0.0408
0.0476

0.6080
0.0074
0.0196

0.0322
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Record identified through
databases searching (N=118)

Y

Articles screened (N=77)

A4

Full-text articles assessed for
eligibility (N=16)

Y

—| Duplicates excluded (N=41)

Articles excluded (N=61)

- wrong language (N=11)

- wrong publication type (N=7)

- excluded based on title and abstract (N=43)

Full-text articles excluded (N=8)
- preoperatively non-unilateral PTC (N=5)
- data not given (N=2)

- overlapping population (N=1)

Included in this meta-analysis (N=9)
- Studies from database (N=8)
- Our new data (N=1)
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Tumors

<6mm
(n=143)
Nodule size (mm) 31£15
Histotype
PTC 105 (73.4%)
FV-PTC 28(19.6%)
Tall cell carcinoma 10 (7%)
Extrathyroidal extension 5(3.5%)
Multicentric carcinoma 32 (22.4%)
Angioinvasive carcinoma 2(1.4%)
Lymph node yield 34£35
Lymph node metastasis 9(6.3%)
Number of involved LN per patient' 1.9+ 2
Lymph node ratio* 05+03

Tumors
26mm
(n = 150)

83+15

77 (51.3%)
35 (23.3%)
38 (25.3%)
18 (12%)
65 (43.3%)
17 (11.3%)
52+56
31(20.7%)
27+26
05+03

P <0.001
p <0001

00128
p <0001
0.001
0001
p <0001
0.41
085

*Calculated on 9 and 31 patients with metastatic lymph nodes in the first and second

group, respectively.
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TREM-1

Univariate analysis
Hazard ratio (95%C)

1.035(1.017-1.059)
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2963(1.696-5.357)
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Palue.

<0001
027
<0001
<0001
<0001

Mttvariate analysis.
Hazard ratio 65°% CI)

1.014(0990-1.069)
1.232066-2:290)
11429(1.048-1.048)
1.3880633-3.043)
1.032(1.012-1.03)

P valuo

0267
0500
0024
a2
0001
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Patients (n = 203)

Sex
Male 61(208%)
Female 232 (79.2%)
Age, years (range) 498+ 14.3 (15-80)
Hyperthyroidism 44 (15%)
Autoimmune thyroiditis 175 (69.7%)
Preoperative diagnosis of PTMC 178 (60.8%)

- Hypoecholc nodule 121 (67.9%)"

- Microcalcifications 21 (11.8%)"

- Intranodular vascularization 84 (47.2%)"
Preoperative diagnosis of metastatic lymph nodes at US 11(3.8%)
Surgical procedure

- LH+ NS 9(3.1%)

- LH + CLND 2(0.7%)

S TT+INS 175 (59.7%)

- TT 4 CLND 100 (34.1%)

- TT+ GLND + LND 7 2.4%)

US, ultasound; TT, total thyroidectomy; LH, lobo-isthmectomy; LNS, lymph
node sampling; CLND, central compartment lymph node  dissection; LND, lateral
neck dissection.

*Calculated on 178 patients with preoperative diagnosis of PTMC.
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Exclude (n=125)

Pathological non-PTCs (n=18)
Other subtypes than classic PTC (n=7)
History with other malignancy (n=34)

History with previous thyroid operation (n=22)
With distant metastasis (n=1)

Incomplete clinical data (n=19)

Missing follow-up (n=24)

Enrolled patients (n=886)

1
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(validation dataset (n=269))
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Author Year Country  Study Period Study Study Case Surgical Extent Prevalence of contralateral Quality

Design Population occult PTC (%) assessment
Chen XH (12) 2020 China 2014/1-2017/9  Retrospective PTC 921 TT/NT+CLND/CLND+LLND 16.7 6
Feng JW (16) 2020 China 2011/1-2018/1 Retrospective PTC 552  TT+CLND/CLND+LLND 16.1 g
Gu JL (17) 2020 China 2012/9-2014/9  Retrospective PTC 300 TT+CLND/CLND+LLND 18.3 7
Koo BS (18) 2010 Korea 2005/3-2009/3  Retrospective PTMC 182  TT+CLND 16.7 7
Lv T (19) 2018 China 2014/1-2016/12  Retrospective PTC 1442 TT+CLND 46.9 it
Wan HF (13) 2015 China 2011/1-2013/12  Prospective ~ PTMC 89  TT+ selective LND 40.4 7
Wang N (11) 2020 China 2016/5-2018/6  Retrospective PTC 586 TT+ cervical LND 11.95 6
Zhou YL (20) 2012 China 2010/11-2011/11  Prospective =~ PTMC 100 TT+CLND 20 6
Ournew data 2021 China 2016/1-2021/1  Retrospective PTC 204  TT+CLND/CLND+LLND 13.2 7

PTC, papillary thyroid carcinoma; PTMC, papillary thyroid microcarcinoma; TT, total thyroidectomy; NT, near-total thyroidectomy; CLND, central lymph node dissection; LLND, lateral
lymph node dissection; LND, lymph node dissection.
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21 (19.1)
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0.005
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PTC, papillary thyroid carcinoma; Y, year; ETE, extrathyroidal extension; LNM, lymph node metastasis; CLNM, central lymph node metastasis; LLNM, lateral lymph node metastasis; OR,

odds ratio: 95% Cl. 95% confidence interval.
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Ciinicopathological characteristics No. (%)

Sex
Mo 134 (28.4%)
Fomalo 439 (76.6%)

Age (1), Mean=SD (ange) 447 =123 (19-80)
255 113(19.7%
<55 460 603%)

BMI (kg/m?), MeansSD (range) 22.39 2 534 (11.03-39.00
Nomal 365 637%)
Overveght 208 (36.3%)

Maximam tumor size cm), MeansSD (range) 1,20 087 (0.10-6.00)
Bl 263 (49.4%)
>1 200 (50.6%)

BRAF mutaton’

Avsence 8(125%
Prosence 5667.5%)

Wit benign nodule
Avsence 467 81:5%)
Prosence 106 (18.5%)

Occut carcinoma
Absence 463 (80.8%)
Contralateral ocoutt carcinoma 89 (15.5%)
Ipsiateral oocult carcinoma 216.7%)

T
Aosence 489 @5:3%)
Prosence 84 (14.7%)

Vasauar invason
Avsence 545 @5.1%)
Presence 28(4.9%)

Tumor ocalion
Upper 221(386%)
Nidde/Lower 352 (61.4%)

LNM
Wibout LNM 282 (49.2%)
CLNM onty 207 (36.1%)
LLNM only 20 3.5%)
GLNM and LLNM 64 11.2%)

No.ofremoved LN in CC, Mean=S0 (ange) 6046(2-32)

No. of removed LN n LG, Mean=SD (ange) 1832 115 (6-51)

No. of melastatc LNs i OG, MeanSD (ange) 25215018

No. of metastatc LNs in LG, Mean=SD (range) 50+480@-22)

Recurtence 316.4%)
s 29(5.1%)
Lung 203%

PTC, papitary thyrod carcinoms . year; SO, standard deviaton; ETE, extathyroc
extonsion; LM, hmph nodo melastasss; CLNM, central ymph nod metastasis; LUNM,
steral hmph node metastasis; LN, hmph node; CC, cential compartment; LC, letea
compartment.

"BRAF mulation analsis was started i 2017 and it was pertomad i 64 patients wit
ore:
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Variables Contraateral occult Soltary Paluo oR os% el Pvalue

N =89 (16:1%) N =463 (639%)
Sox

Fomao 22 24.7%) 95 (205%

Mo o7 753%) 68 (79.5%) oars
Ago ()

255 12(135%) 95 (205%

<55 77865%) 368 79.5%) o012
BM (k)

Nomnal 62(60.7%) 200 626%)

Oesignt 27 003N 173 67.4%) 0208
Tumor siza em)

a1 22 24.7%) 253 (54.6%) 1

1 67 753%) 210(5.4%) <0001 2280 1114680 0025
BRAF mutaton”

Apsonco 10.1% s0128%)

Prosenco 1392.9%) 4167.2%) o919
with benign nodue

Absenco 44 49.4%) 409 @8:3%) 1

Prosence 45(606%) 54117%) <0001 7361 3678-14731 <0001
=

osence a1 66.1% 40 @5.0%) 1

Prasence 8(639% 23(50%) <0001 15324 742831615 <0001
Vascuiar inason

Aosonco 80899% 459 ©0.1%) 1

Presence 9(10.1%) 409% <000t 1026 0220-4.708 0974
Tumorlocation

Upper 9 (38% 172(67.1%)

MiddelLower 50(662%) 291 (629%) 0208
cuw

Absence 15(169% 277 (50.8%) 1

Prosence 74(83.1%) 186 (402%) <0001 4125 1.914-8891 <0001
e

“Absence 45(606%) 427 @29%) 1

Prosenco 44 (49.4%) B <0001 6983 2.492-13966 <0001

PTC poplr thyro arcinome . year, BV, body mass e ETE, ettyroletension; CLNM, oot ymph oo metastass; LLNM, el ynph noce metastass: OR, 0
;. 95% G, 95% conoanon ol
A onain Saabas N slartec bs 0T ot B ik D ibied #4 07 PTO iiteits 15 060 b
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Variables Ipsilateral occult Soitary Palue oR oswl Pvalue

N=21(43%) N =463 ©5.7%)
Sox
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nodules included  pationts
subjected
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toapar) 28 PTMC 128
Prospectve stutos.
Sugtani Uapan) (29)  PTMC 20
@00
podes)
TWeUSAGY  PTCs 15mm 29
Saa Uapan) () PTCTIONOVO. 61

Molnaro 1) (66)  BethesdaV fsspidous 93
for PTC) o0V PTC)
Podes 213 mm

Disease progression criteria

Nodu increaso 22 mm.

Nodul ncreaso by 23 e devgopment of
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Characteristics RLNIZ+ (%)  RLNIZ- (%)  P-value

[n =47 [n=103] %
Sex 0.325*
Female 31 (66.0) 76(73.8)
Male 16 (34.0) 27(26.2)
Age <0.001*
<45 years 31(66.0) 31(30.1)
>45 years 16 (34.0) 7 2(69.9)
Tumor location 0.994
Upper 1/3 7 (14.9) 15 (14.6)
Middle 1/3 33 (70.2) 72 (69.9)
Lower 1/3 7 (14.9) 16 (15.5)
Thyroiditis 0.611*
Present 14 (29.8) 35 (34.0)
Absent 33(70.2) 68 (66.9)
Capsular invasion 32 (68.1) 58 (56.3) 0.172*
Tumor size(cm) 12+08 0.8+05 0.005"
Multifocality 0.628*
Yes 8(17.0) 21 (25.6)
No 39 (83.0) 82 (79.6)
BRAF6%%E gene 0.769"
Mutant 24 (51.1) 59 (57.3)
Wid type 13 (27.7) 24 (23.3)
Undetected 10 (21.3) 20 (19.4)
No. of central nodes removed 115£52 108 4.5 035!
No. of CNLNM 6.1+47 1121 <0.001"
Lateral nodes metastasis <0.001*
Present 18 (38.3) 3(2.9)
Absent 29 (61.7) 100 (97.1)
No. of lateral nodes removed 288 +9.6 23.7 +129 0.417"
No. of LNLNM 6.1+4.2 1.6+12 0.017*

*Chi-square test. TStudent's t-test. *Mann-Whitney U test. TKruskal-Walls test. SNumber
of the RLNIZ sides. + positive for metastatic disease; — negative for metastatic disease.
RLNIZ, recurrent laryngeal nerve inlet zone; CNLNM, central neck lymph nodes
metastasis; NLNM, lateral neck lymph node metastasis.
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Ciinicopathological characteristics Data

A patients, n (%) 1108(1000)
Age, years' 41(03-51)
Sex, n (%)

Male 207 269)

Female 806 (73.1)
BMI" 2433 (21 97-2667
MAP, mimHg" 9386-102)
F8G, mmo! 51(46-59)
Tumor size, o' 1007-15)

510 560 (50.8)

1020 38534.9)

220 158 (14.9)
Multiple nodues, n (%)

Yes 660 (59.8)

No 443(602)
Biateral nodues, n (%)

Yes 542(49.1)

No 561(509)
Central lymph nods metastasis

Posiive 612(55.9)

Negatve. 491 (@44.9)
Surgical resecton, n (%)

Lobectomy pius isthmusectomy with psiateral CLND 439(398)

Total thyroidectomy with biateral CLND 664 (60.2)
No. of harvested central ymph nodes' 7(6-11)
No. of positve central ymph nodes’ 3(1-5)

"Gontinous variables were expressed as medan with inerquartie ange.
BM, body mass ndex; MAP, mean arteral prossue; FBG, fasting bload gocoss; CLD,
Gachal Seriolt rocks- claeainn.
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Variable Univariate analysis

CLMN (4 CLMN(H)  Pvalue
Age, years' 45@7-59) BE-4D <0001
Sex, n (%)
Mae 100 222) 188(30.7) 0002
Femalo 382 (77.8) 424 (609
BMI" 2446 (2206-26.45) 2422 (21.76-2689)  0.764
MAP, mmHg' 94 (86-109) 9386101 0296
F8G, mmoL! 52(19-56) 51(48-55 0004
FT3, pg/mi* 306(262-328) 315291336 <0001
FT4, ng/a” 121(101-181)  122(113-183) 0048
13, pg/mi’ 104(094-114)  104(095-117) 0247
T4, ng/al! 790(7.008%)  763(690-870) 0090
TSH, U’ 172120264 176(122-262) 0941
TG-Ab, 1U/mi" 1869 (1043-83.94) 13.17 (10:30-7400) 0467
TPO-Ab, lU/mi* 1491 (1204-2384)  13.90(11.47-1967) 0027
Ultrasonography features
Tumor size, om' 09(07-13) 12(09-17) <0001
Tumor ocation, n (%)
Left orright obe. 471959) 590 (96.4) 0680
Isthmus 204 22006
Hypoechogenicty. n (%)
Yes 438(892) 554 (905) 0470
No 53(108) 58(05)
Mutple nodules, n (%)
Yes 306(623) 354678 0132
No 185 (37.7) 258(422)
Biateral nodules, n (%)
Yes 253(615) 28047.2) 0155
No 238485) 323628)
Microcalciication, n (%)
Present 252(613) 442722) <0001
Aosent 239(487) 170(2758)
imeguiar shape, n (%)
Yes 328(668) 452(139) 0011
No 163(302) 16026.1)
Unciear margin, n (%)
Yes 336(68.4) 439(71.7) 0233
No 165 (316) 173 (283)
Capsuar invasion, n (%)
Yes 38 (7.7) 61(10.0) 0.198
No 453(023) 551(900)
Suspected LN, n (%)
Present 81 (165) 251(41.0) <0001
Aosent 410(835) 361(690)

"Continuous varables were exprossad as medtan with inerquartio ange.

B, body mass index; MAP, mean ateril prossure; FBG, fasting blood gucose; T3,
wiodothyronine; T4, tetraodothyronine; FT3 free T3; FT4, frce T4; TSH, thyroid
stinuiating hormone; TPO-Ab, thyroid peroxidase antbody; TG-Ab, thyroglobuin
antboch: LNS, hrroh nodes.
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Variable oR 95% C1 P value

Age 0959 0948-0971 <0001
Sex

[ 1.527 1.162-2.059 0006

Fomalo Reference o -
TPO-Ab 0998 0.997-0999 0008
Tumor size 1284 1.058-1.439 0.007
Microcalifcation 1911 1.461-2.500 <0001
Suspected LNs 2268 2.401-4.448 <0001

TPO-Ab, thyroid peroxidase antibody: LNS, lymph nodes.
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Model ave No.of  Sensitivity Specificity
optimal
Mean SO Pvalue' gimension

GBOT 0781 0015 <0001

6% 717%

RFC 0730 0015 <0001 12 24%  613%
AdaBoost 0721 0015 <0001 8 7% 715%
ANN 0718 0015 <0001 s 642  787%
MNB 0717 0016 <0001 5 608%  627%
XGBoost 0690 0016 0002 1 510%  786%
or 0680 0016 0008 3 ars%  796%
us 0628 0017 - 1 0% 835%

'P valies were obtaned when compared with US. Senstily and specicity were
confimed acoording to maximal Youden's index.

AUC, arca undr tho cunve: SO, standrd dsiation; GEDT, gracient boosting decison
vee; RFC, ranciom fovest classif; AdaBoost, adaptve boosting: AN, anfcal neura
network; MNB, mutinomial nave Bayes; XGBoost, extrome gradient bodstig: T,
il fres: 115 MRIGOMONS:
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